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The Iranian Fuel Cell Seminar with collaboration of Iranian Electrochemical 

Society was established in 8 years ago for the purpose of exploring new 

finding, latest researches and exchange information in different fields of  fuel 

cells systems. 

Fuel cell is the best way for clean energy production in Hydrogen economy. 

It can help for producing electricity with low noise and good efficiency. As 

fuel cells generate electricity through a chemical reaction, rather than 

combustion, they do not produce harmful emissions. Currently, technologists 

are developing and adapting fuel cell technology for practical use in exhaust-

free automobiles and in electricity-generating plants. 

Participants at this seminar celebrate 70 paper presentations, posters 

sessions. Professor Hossien Gharibi  as especial invited speaker, Professor 

Jahan Bakhsh Raoof as Director of Electrochemical Society of Iran and Dr. 

Rasol Abdullah Mirzaie as invited speaker  provided insightful ideas and 

questions for many seminar participants by tackling issues in renewable 

energy, fuel cell systems. 

This seminar would not be possible without your participation and support. 

We would like to thank you for your participation and also all those involved 

in the organization of this conference. We hope that you have had a fruitful 

and memorable seminar and a delightful stay in Islamic Azad University of 

Najafabad. 

 

Ahmad Nozad Golikand 

Head of Scientific Committee   
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Investigation of Nanostructured Bimetallic Pt-Pd Alloy on 

Functionalized Carbon Supports as a New Cathode for Oxygen 

Reduction Reaction in Proton Exchange Membrane Fuel Cells 
 

Fatemeh Yasi
*
, Hussein Gharibi, Ahmad Heydari 
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* fatemeh.yasi@gmail.com 

 

Abstract 

Carbon supported Pt-Pd alloy electrocatalysts of different Pt Pdx atomic ratios (x = 0.25, 0.5, 1 

and 2) were prepared by the impregnation synthesis method using NaBH4 as a reductive agent. 

To improve the utilization and activity of cathodic catalysts for ORR reaction, the alloy 

nanoparticles were loaded on the mixture of Vulcan XC-72 and MWCNT (1:3), which were 

functionalized in the mixture of 96% sulfuric acid and 4-aminobenzenesulfonic acid using 

sodium nitrite to produce intermediate diazonium salts. For the synthesized Pt Pdx/C 

electrocatalysts, the highest catalytic activity for the ORR was found for a Pt:Pd atomic ratio of 

2:1 in acidic media. A membrane-electrode assembly (MEA) has been prepared by employing 

of the modified carbon supported catalyst as a cathode for single cell test and characterized by 

polarization curves and impedance diagrams. The PEMFC test results indicate that the MEA 

prepared from modified Pt2Pd/C cathode exhibits better performance compared to the MEA 

prepared from Pt/C (Electrochem), in terms of maximum power density and minimum charge 

transfer resistance. 
 

Keywords: Pt-Pd alloy electrocatalysts, Modified carbon support, Polymer electrolyte fuel cell, 

Membrane–electrode assembly. 
 

Introduction 

Polymer electrolyte membrane fuel cells (PEMFCs) are attractive  power sources due to their 

safe emission, high conversion efficiency, and high energy density [1-2]. To enhance both 

activity and durability of PEM fuel cell catalysts, there are several approaches in literature: (1) 

Optimizing the size and shape of the Pt particles: reducing the particles’ size alone can increase 

the total surface area of catalyst available to participate in reactions per volume of Pt used. (2) 

Alloying Pt with various transition metals to form binary or ternary catalysts. In particular, the 

Pt–transition metal alloys have attracted much interest due to their enhanced catalytic activities 

toward ORR in PEM fuel cell developments. Metallic palladium presents considerable catalytic 

activity for the ORR in acid electrolyte, which preferentially proceeds through a four-electron 

pathway. The use of Pd is of interest as it is at least 50 times more abundant than Pt on the earth 

and they belong to similar group in the periodic table. The enhancement of the activity for Pt in 

the presence of Pd originates from the (3) Developing more durable catalyst supports to 

overcome the issue of carbon support corrosion. Several studies have also been focused on 

enhancing the catalyst utilization in the PEFC electrodes by extending the so called triple-phase 

boundaries. Among them, sulfonation of carbon materials [3-24] and its use as a support for 

catalysts as mixed electronic and protonic conductors has been demonstrated to be an efficient 
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way to improve the structure of the triple-phase boundaries. In addition, the proton-conducting 

polymer stabilized surface of carbon may not only enhance the interactions between Pt 

nanoparticles and carbon support, but also slow down the Pt nanoparticles migration and inhibit 

the coalescence of Pt nanoparticles in comparison with the Pt catalysts supported on the carbon 

support without treatment [12].  

 

Experimental 

Surface modification of MWCNTs (p-MWCNTs) 

The surfaces of commercial MWCNTs were functionalized with carboxyl functional groups. For 

this purpose, commercial MWCNTs and concentrated nitric acid were refluxed at 120 °C for 12 

h. They were then washed well with deionized water and dried to produce a modified catalyst 

[22].  

 

Anchoring phenyl-sulfonic groups to Vulcan XC-72R  

 

In a typical experiment of synthesis of S-Vulcan XC-72R, carbon support was mixed with hot 

aqueous solution of p-amino phenyl sulfonic acid (Merck, Germany) to form slurry. The 

required amount of concentrated hydrochloric acid was added drop wise to the carbon slurry 

with constant stirring at 80ºC. The resulting suspension was cooled below 20ºC. Subsequently, 

the aqueous solution of sodium nitrite was added with stirring forming 4-sulfobenzenediazonim 

salts in situ that reacted with carbon support. The mixture was stirred for 30 min, filtered, 

washed copiously with hot distilled water to remove the unbounded residues, and then dried in 

an air oven at 120ºC for 2 h [9]. 

 

Functionalization of MWCNTs (f-MWCNTs) 

The preparation procedure of benzenesulfonic functionalized MWCNTs consisted of dispersing 

p-MWNT in 96% H2SO4 and (NH4)2S2O8 with magnetic stirring (6 h). When the mixture was 

dispersed, the substituted 4-aminobenzenesulfonic acid was added and homogenized for 2 h in 

order to effectively disperse the aniline throughout the mixture. This was followed by addition 

of solid NaNO2 and slow addition of di-tert-butylperoxide (AIBN and di-tert-butylperoxide 

produced similar results). The mixture was stirred at 80
°
C and homogenized for 6 h. The 

resulting product was filtered and washed with deionized water, acetone, and fresh N,N-

dimethylformamide (DMF) in order to remove any impurity and then dried at 30
°
C for 24 h in a 

vacuum oven [22]. 

 
Preparation of the Pt-Pd/C electrocatalyst 

Carbon-supported Pd–Pt alloys (Pd–Pt/C) with different Pd/Pt mass ratios were synthesized 

using sodium borohydride as a reductive agent. The preparation process is described in detail as 

follows: s-Vulcan XC-72 (5 w/o) + s-MWCNT (1:3) was used as the support. Pd[NO3]2·2H2O 

and H2PtCl6.6H2O dissolved in deionized water were used as the precursors of Pd and Pt, 

respectively. The Pd/Pt mass ratios were ranged from 1:1 to 1:2, 2:1, 1:4 and the total metal 

loading was kept as 10 wt.%. The designed amount of support was ultrasonically dispersed in 

deionized water and 2-propanol. Then metal precursors (H2PtCl6.6H2O + Pd[NO3]2·2H2O) were 

added to the result ink in different atomic ratios of Pd to Pt under constant stirring . The mixture 

was heated up to 80 °C. Afterward, excessive NaBH4 solution was added dropwisely to reduce 

these precursors. The catalysts were obtained after centrifuging, washing and drying the 

mixture. For comparison, 10 wt% Pt/( s-Vulcan XC-72 (5 w/o)+s-MWCNT (1:3))was prepared 

with the same method, too.  
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Results and discussion 

Physical characterization  

The composition of the alloy surfaces were investigated using energy dispersive X-ray (EDX) 

Spectroscopy. The transmission electron microscope (TEM) operated at 200 kV (Philips Model 

CM200) was applied for analysis of the morphology of electrocatalysts. XRD study was carried 

out for the catalysts by using an XPERT MPD Philips diffractometer with a Co X-ray source 

operating at 40 kV and 40 mA. The XRD patterns were obtained at a scanning rate of 1° min
−1

 

with a step size in the 2θ scan of in the range 10–90°. The average particle size of the 

nanoparticles (d) was estimated from the (220) diffraction plane using Scherrer equation [25]. 

The lattice parameter and Pt–Pt interatomic distance were calculated from the (111) diffraction 

plane using Bragg equation [8]. The amount of Pt-Pd electrocatalysts coated on the support was 

determined by using the inductive coupled plasma (ICP) technique (ICPOES, Varian Vista- 

PRO, Australia). Ones dissolved 5 mg of each sample (synthesized Pt-Pd on the support) in a 

mixture of hydrochloric acid and nitric acid (3/1). The solutions were refluxed at 150°C and 

finally the percentage of Pt and Pd were determined by ICP according to the standard solution of 

Pt and Pd. 
 

Electrochemical characterization 

Activity of the Pt/C and Pt:Pd (1:1, 2:1, 4:1, 1:2)/C electrocatalysts were determined by cyclic 

voltammetry using EG&G Princeton Applied Research Model 2273 instrument. All experiments 

were performed at room temperature in a conventional three-electrode cell assembled with 

glassy carbon (GC) disk as the working electrode, Ag/AgCl, as a reference and Pt foil as the 

counter electrodes, respectively [26]. The amount of loading of catalyst is 0.5 mg metal cm
−2

. 

The reduction of oxygen was investigated with the porous GDE (geometric exposed area of 1.3 

cm
2
) in 0.5 M H2SO4 solution. The electrochemical cell was connected to a potentiostat–

galvanostat (EG&G Model 2273) for I–V polarization measurements (LSV), 

chronoamperometry (CA), and electrochemical impedance spectroscopy (EIS).  
 

Catalytic activity of Pt/C and the different ratio of Pt-Pd/C bimetallic electrocatalysts  

Cyclic voltammetry (CV) study 
 

Figure 1 showed the cyclic voltammograms (CV) of Pt-Pd bimetallic nanoparticles with 

different ratios in the nitrogen atmosphere with scan rate of 50 mV s
−1

 between −0.25 and 1.1 V 

relative to an Ag/AgCl reference electrode in 0.5 M sulfuric acid. It can be seen that the Pt-Pd/C 

electrocatalyst produces higher currents in the hydrogen region, compared with that of Pt/C 

electrocatalyst. The calculations showed that the Pt-Pd/C electrocatalyst has higher EAS in 

relative to Pt/C electrocatalyst. So, with increasing of available active surface area, catalytic 

activity of electrocatalyst towards ORR has been raised. In spite of larger particle size of Pt-

Pd/C electrocatalyst, these samples have higher EAS whereas generally, it occurs conversely. 

This matter can be related to synergetic effect, which is playing a critical role in hydrogen 

adsorption/desorption reaction and is not only dependent to particle size parameter. The 

synergetic effect of the simultaneous presence of Pd and Pt in the electocatalyst can be 

explained by the spill-over effect of hydrogen and oxygen from Pt surface to Pd and resultant 

freedom for Pt active sites. Other electrochemical results confirm the better electrocatalytic 

performance of Pt-Pd/C electrocatalyst, too. The influence of the surface composition on 

hydrogen adsorption capacity of the alloys is shown in Table 1. 
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Figure 1. Cyclic voltammograms of electrodes in 0.5 M H2SO4 under an argon atmosphere at 298 K and 

at a scan rate of 50 mV/s in the potential range from -0.25 to 1.1 V vs. Ag/AgCl. 
 

Table 1. Structural and electrochemical characteristics of the carbon supported Pd and the PdxCo 

bimetallic electrocatalysts with different atomic ratios. 
Catalyst EDX analysis 

of Pt-Pd 

2θ 

(220)(◦) 

Lattice 

parameter 

(nm) 

Particle 

size (nm) 

Electrochemical area  

(m
2
g
−1

metal) 

ECSA 

(m
2
/g Pt) 

Pt Pd/C 1:1.099 80.19 0.39232 6.39 26.43 152.72 

Pt1 Pd2/C 1:2.185 80.64 0.39128 6.03 16.93 127.44 

Pt2Pd1/C 1:0.46 80.43 0.39245 5.64 48.70 188.27 

Pt4Pd/C 1:0.225 80.33 0.39217 11.99 29.77 127.58 

Pt/C 

Electrochem 

- 79.48 0.39602 5.24 53.5 35.84 

 

Linear sweep voltammetry 
 

Figure 2 depicts the polarization curves for electrocatalysts, in a conventional three electrode 

cell. Polarization curves were produced at a scan rate of 5 mVs
−1

 between 1 and −0.3V relative 

to the Ag/AgCl in oxygen saturated in 0.5 M H2SO4 solution. In order to obtain information 

about the kinetic parameters of oxygen reduction reaction in the fabricated GDEs, a Tafel plot 

was drawn and its data were fitted by the following equations: 
 

  
       

            
  

 

where η = (E−E0) is the over potential, R is gas constant, T is the absolute temperature, α is the 

transfer coefficient, i0 is exchange current density, i is current density, n is the number of 

electrons, and F is Faraday’s constant. The results showed that the ORR current density in Pt-

Pd/C GDEs is higher than in Pt/C GDE, which indicated that the GDEs containing Pt-Pd/C has a 

much better performance which has been caused by weakening of the O-O bond on Pd-modified 

Pt nanoparticles, synergic effect between Pt and Pd nanoparticles, and uniform dispersion of Pd 

and Pt on the carbon support. The kinetic parameters have been obtained in Table 2. The lower 

Tafel slope and higher exchange current density in Pt-Pd/C GDE can be attributed to an 

enhanced electrocatalytic activity of Pt-Pd/C electrocatalyst in relative to Pt/C electrocatalyst. 

Comparison of the GDEs with different compositions of Pt and Pd in the catalyst layer, showed 

that GDE with 2:1 ratio of Pt–Pd presented smaller Tafel slope and higher exchange current 

density. Based on this result, the Pt2Pd/C catalyst favors the reduction of OH at the surface 

compared with other catalysts, allowing a weaker interaction of OH with the surface compared 

with other catalysts. This result is in good agreement with other results. 
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Figure 2. I–V curves at 25°C for the electrodes with Pt loading of 0.5 mg/cm

2
 in 0.5 mol L

−1
 H2SO4 

solution at a scan rate of 1 mVs
−1

. 

 
Table 2. Parameters obtained from EIS diagrams with the equivalent circuit shown in Figure 4 using 

nonlinear least-squares fitting (Zview, ver. 2.0), Kinetic parameters, and permeability values for ORRs in 

0.5 M H2SO4 at 298 K, under an oxygen atmosphere. 

Catalyst R at 0.3V R at 0.5V i0 
Tafel slope  

(mV dec
−1

) 
  
      

Pt Pd/C 0.97 3.14 1.35*10
-4

 86.75 1.10*10
-4

 

Pt1 Pd2/C 0.79 3.97 5.53*10
-5

 98.03 1.08*10
-4

 

Pt2Pd/C 0.91 3.00 1.68*10
-4

 69.72 1.16*10
-4

 

Pt4Pd/C 1.10 3.71 1.33*10
-5

 106.34 1.07*10
-4

 

Pt/C Electrochem 3.38 4.00 1.55*10
-5

 110.55 4.47*10
-6

 

 

Chronoamperometry 

 

The oxygen diffusion coefficients from electrodes were determined by chronoamperometry. 

Chronoamperograms were obtained by holding the potential of the electrode at 1.2 V for 60 s 

and then holding it at 0.2 V relative to the Ag/AgCl electrode for 10 s with oxygen flowing 

along the back of the electrode. Figure 3 shows the chronoamperograms of GDEs at 0.2 V in 

relative to the Ag/AgCl in oxygen saturated in 0.5 M H2SO4 solution. The results confirmed that 

the permeability of oxygen in the Pt-Pd/C alloy electrocatalysts is slightly higher than that of the 

Pt/C electrocatalyst, suggesting that the permeability of O2 on the alloy surface is more favored 

than that on pure Pt surface, and this is in agreement with the results of ECSA. The highest 

Cottrell slope and D is found with a Pt:Pd atomic ratio of 2:1. Cottrell parameters are listed in 

Table 2. 
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Figure 3. Chronoamperograms of various electrodes with Pt loading of 0.5 mg/cm

2
 in the presence of O2, 

at 0.2 V potential vs. Ag/AgCl, at 25°C. 

 

Impedance spectroscopy 

The Nyquist plots of the different electrodes were obtained as be shown in Figure 4. Impedance 

spectra were collected for frequencies between 100 kHz and 50 mHz, in oxygen saturated 0.5 M 

H2SO4 solution at 25°C and 0.3 V relative to the Ag/AgCl. An AC potential of 5 mV was 

superimposed on the DC potential. The low frequency impedance is corresponded to the kinetic 

impedance of the ORR and it becomes smaller as the cathode over potential decreases, whereas 

the high-frequency is independent of the over potential, which indicates the impedance 

dependency to an Ohmic process. As can be seen, Pt2Pd/C GDE has minimum electronic 

resistance and slightly better performance towards ORR in relative to other GDEs. Impedance 

spectroscopy was used to characterize the ionic resistance. The corresponding data are shown in 

Table 2. These data show that the ionic resistance in GDE containing Pt-Pd/C is smaller than in 

the GDE with Pt/C Electrochem, confirming the previous outcomes about the dual role of 

support as both electronic and protonic conductors.  
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(c) 

 
Figure 4. Nyquist plots of the impedance response from 100 KHz 

to 50 mHz for gas diffusion electrodes, a) 0.3 V and (b) 0.5 V vs. Ag/AgCl 
 

under an oxygen-saturated atmosphere. Schematic representation of the equivalent circuit for the 

different electrodes, where Rs : electrolyte resistance (subtracted from results), 

Rct : charge transfer resistance, and CPE: constant-phase element. 
 

Physical characterization of Pt-Pd/C bimetallic electrocatalysts 
Powder X-ray diffraction (XRD) analysis was conducted to confirm the crystalline structures of 

the Pt–Pd/C catalysts and commercial Pt/C with the X-ray diffractometer (X´PERT MPD 

Philips diffractometer) using Co target (λ=1.7902 A°) excited at 40kV and 40 mA.  The XRD 

patterns were recorded over a 2θ range of 10–90°. Figure 5 represents a typical powder X-ray 

diffraction (XRD) pattern obtained for the commercial catalyst and those prepared in the 

laboratory. The peak located at around 24° in all patterns arises from the (002) hexagonal phase 

of carbon support. The other four peaks are the characteristic peaks of the face centered cubic 

(FCC) crystalline structure of platinum. The peaks correspond to the planes (111), (200) and 

(220) at 2θ of around 46°, 54° and 80° respectively. These XRD patterns reveal that our 

catalysts are single-phase solid solutions. Compared with the plane (111) of commercial Pt/C, 

the diffraction peaks of catalysts are shifted to higher angles, which indicate that the addition of 

Pd to Pt leads to a decrease in the lattice parameters of Pt-Pd alloy nanoparticles due to 

contraction of the unit cells. The average crystallite size and the lattice parameters were 

evaluated by Scherrer formula and Bragg’s equation [21,22], respectively. For this purpose, the 

(220) reflection of the Pt face centered cubic (fcc) structure around 2θ ≈ 80° was used. The 

average particle sizes are provided in Table 1. It is noteworthy that the crystallite size, calculated 

from XRD data, is related to the area of coherent diffraction and, in general, can be smaller than 

the true particle size. Surface area of the catalysts was calculated using the equation, S = 

6000/ρd where ρ (ρPd = 12.0 g cm
−3

, ρPt = 21.4 g cm
−3

, ρalloy = WPd% × ρPd + WCo% × ρPt, where 

W% means weight percent) is the metal density, d is the particle size (in nm) with S given in m
2
 

g
−1

. The obtained results are given in Table 1. The morphology of electrocatalyst was observed 

using transmission electron microscopy (TEM. Philips model EM280). Specimens for TEM 

observation were prepared by placing a drop of the particle-dispersed solution onto a copper 

grid. TEM images of the synthesized catalyst are shown in Figure 6. As the figure shows, the 

metal clusters are well dispersed on the carbon support.  
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Figure 5. XRD patterns of the Pt/C and the Pt-Pd (x = 0.25, 0.5, 1 and 2)/C bimetallic electrocatalysts 

with different atomic ratios. 

 

(a) 

 

 
(b) 

 

 
 

(c) 
 

 
 

Figure 6. (a)-(c).TEM images of Pt2Pd/C electrocatalyst. 
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Conclusion 

It was proposed that, anchoring the phenyl-sulfonic group on the carbon support of the platinum 

catalyst enhanced the performance of the PEFC. The combination of modified supports (i.e.; 

75% f-MWCNT + 25% f-Vulcan XC-72 (5%) was determined to be the optimum mixture. The 

electrochemical properties of Pt-based binary alloy catalysts supported on modified support, 

have been investigated in acidic media in the present research. Comparison of GDEs with 

different Pd/Pt mass ratios showed that Pt2 Pd/C electrocatalyst presented the smallest Tafel 

slope value in acidic electrolytes. This comparison indicates that the amount of transition metals 

in the catalyst may be one of the factors effective in determining the performance of the GDEs. 

Chronoamperometry showed that Pt2 Pd/C electrocatalyst presented the highest permittivity 

value. These results suggest a change in crystallographic structure of the alloy electrocatalysts 

with respect to Pt. 
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Abstract 
This work is allocated to the preparation of Cu/Pt bimetallic nanocomposite onto glassy carbon 

electrode modified with MOF-199 derived nanoporous carbon structure (MDNPC), through 

spontaneous and irreversible reaction via galvanic replacement between [PtCl6]
-2

ions and Cu 

particles that it is presented in synthesized nanoporous.The nanoporous carbon is synthesized by 

direct carbonization of MOF-199 metal organic framework in N2 atmosphere. The physical 

characterizations of the solid catalyst were achieved by using X-ray powder diffraction, Energy 

dispersive X-ray spectroscopy,scanning electron microscopy and nitrogen physisorption 

measurements. The comparison of the EDX analysis of the electrode surface before and after 

dipping onto platinum solution confirmed that galvanic replacement is occurred.This behavior 

can be associated to existence of copper and has been confirmed by XRD pattern, in MDNPC 

modifier.The electrochemical results have shown that Cu/Pt bimetallic GCE exhibited high 

current densities and positive potentialin hydrogen evolution reaction.This is attributed to 

synergetic effect of bimetallic and uniform distribution of the nanoparticle onto modified 

electrode surface duo to high surface area of nanoporous carbon. 
 

Keywords: MOF-derived nanoporous carbon, MOF-199, Cu/Pt bimetallic nanoparticles, 

Galvanic replacement, Hydrogen evolution reaction. 

 

Introduction 

Growing concerns about global warming and energy securityhave necessitated the realization of 

renewable sources as a viablealternative to fossil-fuel-based technologies. Because hydrogen 

isthe cleanest energy source and an ideal energy carrier, several researchers have focused on its 

production methods [1]. The ideal properties of an electrode used for water electrolysisare (i) 

large surface area, (ii) good electrical conductivity, (iii) goodstability, (iv) low over-potential, 

(v) low cost and (vi) ease offabrication [2].Platinum has a high catalytic activity for HER, its 

limited reserves in the earth and high cost restricts its wide application in industry. Therefore, 

many efforts are made to find the other materials for HER to replace or reduce the use of Pt 

[3,4]. Nanoporous carbon (NPC) materials with high surface areas, pore size distribution and 

high pore volume have attracted attention for use as a template for preparation of electrocatalyst. 

Another group of nanoporous templates that can used to prepare of carbon nanopore are metal 

organic frameworks (MOFs) [5, 6]. Liu and coworkers [7] for the first time used porous MOFs 

for the synthesis of nano carbon materials and checked their hydrogen storage capability as well 
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as the electrochemical capacitance.Here, we have used Cu3(BTC)2 as a template to fabricate 

highly porous carbon by direct carbonizing highly crystalline MOF without any carbon 

precursors at 900 °C.Nanoporous carbon (NPC) is dispersed in ethanol then it is dropped on the 

glassy carbon electrode. Galvanic replacement reaction (GRR) is a type of single-stepreaction 

that utilizes the differences between the standard electrode potentials of various elements, 

resulting in the deposition ofnobler elements and the dissolution of lesser noble components[8]. 

Usually, it only requires a beaker and consumes almost zero energy. The electroless nature of 

GRR affords them the unique andsignificant advantage of simplicity. Recently, it was employed 

to fabricate several electrocatalysts for various reactions. However, noble metals have been 

primarily investigated, such as Pt, Pd, Au, and Ag [9-12]. Only a few studies involving catalysts 

prepared forthe HER have been undertaken. In our study, galvanic replacement between [PtCl6]
-

2
ions and the Cu nanoparticles is occurred and Cu/Pt bimetallic nanocomposite is synthesized 

through simply dipping of modified electrode in platinum salt solution. The modified glassy 

carbon electrode was use as electro-catalysis in hydrogen evolution reaction.The result showed 

that the nanocomposite have a positive effect on the reduction of hydrogen in the acidic media. 

2. Experimental 

2.1. Materials 

Benzenetricarboxylic acid (BTC, 95%) and Hexachloroplatinate (H2PtCl6) were acquired from 

Aldrich and Merck, respectively. the copper nitrate (Cu(NO3)2.3H2O, 99.99%) and EtOH as 

solvent were supplied by Fluka. All reagents were of analytical grade and used without any 

further purification. Solutions were made with twice distilled water. 

2.2. Synthesis of MOF-Derived NanoPorous Carbon (MDNPC) 
MOF-199 was prepared by using a hydrothermal method [13]. In the typical synthesis, 

Cu(NO3)2·3H2O (2.327 g) and Benzene-1,3,5-tricarboxylic acid (H3BTC) (1.414 g) in a 50 mL 

of solvent consisting of equal parts of ethanol and deionized water and mixed thoroughly until it 

was completely dissolved. The resultant solution mixture was transferred into a 250 mL teflon-

lined stainless steel autoclave. It was kept at 423 K in an isothermal oven for 15 h, yielding light 

blue crystals. The solid product was filtered and washed by ethanol and water. The MDNPC 

catalyst was prepared by direct carbonization of the MOF-199 during followed producer as 

similar to the previous reported [6]. In the typical synthesis, dried MOF-199 was transferred to a 

ceramic boat in a quartz tube which is fixed in a tube furnace. Air was evacuated by continuous 

flow of N2 for 30 min, and temperature of the furnace was raised to 550 °C to decompose the 

polymeric structure of MOF-199. Further carbonization was performed at 900 °C under N2 

atmosphere for 6 h. The Carbon product was denoted as MDNPC. 

2.3.Preparation of modified electrode with Cu/Pt bimetallic nanocomposite 

To prepare of working electrode, 1.5 mg of the as-prepared catalyst was suspended in 1 mL of 

analytical grade ethanol by ultrasonic bath for 15 min. Then, 7 µL of this mixture (without 

adding any binder and conductive agents) were deposited onto glassy carbon electrode (GCE, 2 

mm diameter), which was previously polished with alumina powder (0.3 μm) and cleaned in the 

pure ethanol sonicately and washed with distillated water. 

The modified GC electrode was dipped in H2PtCl6 (5.0 mM) for 15 min which is optimum time 

was achieved voltammetry investigation. This electrode is named Cu/Pt bimetallic/MGCE. In 

order to investigate the modifier effect on catalysis of HER, bare glassy carbon was dipped in 

the same solutionand it is named as Pt/GCE. 

2.3. Characterization 
X-ray powder diffraction patterns were recorded on a Philips 1830 diffractometer using Cu-Kα 

radiation source, 0.05 step size and 1s step over the range of 4
◦
< 2 < 90

◦
. Surface morphology 

and percent composition (EDS analysis) of catalyst was examined using a scanning electron 
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microscope (Philips XL-30) having an energy-dispersive X-ray (EDX) machine attached. The 

samples were coated with gold in order to increase their conductivity before scanning. 

3. Result and discussion 

Characterization of (Fig. 1a) exhibits the XRD pattern for MOF-199. The main diffraction peaks 

at 2  = 9.4
◦
, 11.62

◦
, 17.4

◦
, 19

◦
, 29.3

◦
 and relative diffraction intensities of MOF-199 were found 

to be the same as previous report [14]. After direct carbonization of this template, as shown in 

(Fig. 1b), the XRD pattern represents all the main peaks which are attributed to the copper 

metal, CuO, and Cu2O with 85.67%, 10.70%, and 23.87% relative intensities, respectively, 

deriving from the decomposition of the MOF-199 template. Carbon signals with a weak 

intensity cannot be observed rather than copper signals. 

 

 
Figure 1.XRD pattern of (a) MOF-199, (b) MDNPC. In the Fig 1b, (I), (II), and (III) indicate the peak 

position of Cu metal, Cu2O and CuO, respectively. 

 

The SEM image of bare GCE, MDNPC/GCE, Pt/GCE and Cu/Pt bimetallic/GCE were shown in 

figure 2. In figure 2A, any particle was not observed in the bare GCE. This is an evidence of the 

clean surface of BGCE. AS shown in figure 2B, it is confirmed a small amount of platinum is 

adsorbed on the surface of bare GCE. But as shown in figure 2C, the spherical nanoparticles was 

observed that was assembled in cauliflower-like structure. In the figure 2D, the Pt nanoparticle 

is located on the surface of MDNPC. It is suggested that the high external surface area of 

catalyst was achieved duo to decreasing of particle size in the MDNPC and its catalytic activity 

was increased. 
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Figure2. SEM images of (A) bare GCE, (B) Pt/GCE, (C) MDNPC/GCE and (D) Cu/Pt bimetallic/GCE. 

 

The EDS experiment for elemental analysis was performed for the three prepared electrode 

(Figure 3). The EDS gives evidences for the presence of Pt and Cu in the nanocomposite. The 

obtained results also confirm that the galvanic replacement method is occurred on the modified 

electrode. 
 

 
Figure 3. EDS spectra for (A) Pt/GCE, (B) MDNPC/GCE and (C) Cu/Pt bimetallic/GCE. 
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The electrocatalytic activity of the as-fabricated electrode for HER was investigated by LSV 

technique over the potential range from 0 to -0.7 (V vs Ag ǀ  AgCl ǀ  KCl (3M)), and results 

were shown in Figure 4. A comparison of the LSV of HER in 0.5 M H2SO4 demonstrates that 

current at potential of -0.7 V for bare GCE, MDNPC/GCE, Pt/GCE and Cu/Pt bimetallic/GCE 

are about -30, -74, -253 and -422 µA, respectively. The best performance is related to the Cu/Pt 

bimetallic /GCE. As can be seen, the slope of current -potential plot for the Cu/Pt 

bimetallic/GCE is steeper than Pt/GCE and the overpotential of Cu/Pt bimetallic /GC Eat i= -

0.7µA is about 20 mV lower than that of Pt/GCE. Furthermore, possessing high surface area and 

synergism effect of Cu/Pt bimetallic/GCE may be improved HER catalysis in the more positive 

onset potential and higher current rather than bare Pt/GCE. 

 

 
Figure 4. Linear sweep voltammetry of HER on (A) bare GCE, (B) MDNPC/GCE and (C) Pt/GCE and 

(D) Cu/Pt bimetallic/GCE in 0.5 M H2SO4 solution at scan rate 50 mV s
-1

. 

 

3.1.Parameters affecting the electrode modification 

In order to evaluate the effects of various parameters such as H2PtCl6 concentration, and 

replacement time (tr) on HER, the cathodic peak current at potential of -0.7(V vs Ag ǀ  AgCl ǀ  

KCl (3M)) was monitored as an index for finding an optimum conditions. Results were shown 

in Figure5 and 6. The data indicate that the peak current increases extensively for H2PtCl6  up to 

4.0 mM and tr up to 15 min. 
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Figure 5. Linear sweep voltammograms of the HER on the Cu/Pt bimetallic/GCE at scan rate 50 mV s

-1
 

for various H2PtCl6 concentrations: (A) 1, (B) 2, (C) 3, (D) 4 and (E) 5 mM. 

 

 
Figure 6. linear sweep voltammograms of the HER on the Cu/Pt bimetallic/GCE at scan rate 50 mV s-1 

for various time replacement: (A) 5, (B) 10, (C) 15, and (D) 20min. 

 

Conclusion 

In summary, the Cu/Pt bimetallic nanocomposite was synthesized onto modified glassy carbon 

electrode with MOF-199 derived nanoporous carbon structure (MDNPC), through spontaneous 

and irreversible reaction via galvanic replacement. Electrochemical measurements of Cu/Pt 

bimetallic /GCE indicate improvement of HER catalysis in the more positive onset potential and 

higher current rather than Pt/BGCE. This enhancement is attributed to the synergism effect of 

bimetallic nanocomposite and high surface area of MDNPC. It is suggested that MOF-199 was 

probably converted to a nanoporous carbon which was deposited copper metal on the surface 

that it is replacement with Pt nanoparticle during a simple galvanic reaction. 
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Abstract 

It’s known very well that solid oxide fuel cells (SOFCs) consist entirely of metal oxides, PtO, 

YSZ, and LSM and have advantages of high efficiency and  durability without  expensive 

catalysts. In this research, octahedral-shaped PtO particles were synthesized by microwave 

thermal treatment at 300 watt power for 15 min in a microwave chamber to be used as an anode 

material in solid oxide fuel cells. SEM image and particle size distribution revealed near-perfect 

octahedral PtO microparticle with sizes ranging from 7.0~10.0  m. The anode functional layer 

(AFL, 60 wt% PtO synthesized: commercial 40 wt% YSZ), electrolyte (commercial Yttria-

stabilized zirconia, YSZ), and cathode (commercial La0.8 Sr0.2 MnO3 , LSM) layers were 

manufactured using the decalcomania method on a porous anode support, sequentially. The 

sintered electrolyte at 1470
0
 C for 2 h using the decalcomania method was dense and had a 

thickness of about 10  m. The cathode was sintered at 1270
0
 C for 2 h, and it was porous. Using 

humidified hydrogen as a fuel, a coin cell with a 15  m thick anode functional layer exhibited 

maximum power densities of 0.28, 0.38, and 0.65 W/cm
2
  at 700, 750, and 800

0
 C, respectively. 

Otherwise, when a commercial YSZ anode functional layer was used, the maximum power 

density was 0.65 W/cm
2
  at 800

0
 C. 

 

Keywords: Fuel cell, SOFCs, FE-SEM, Octahedral, Porous. 

 

1. Introduction 
controlling the size and shape of the ceramics produced because of many restrictions and 

complex geometries, is to some extent difficult. For solving this difficulty, many researchers 

have surveyed the probable ways of maximizing reaction areas by changing stack sizes and  

developing new materials      [1–5].  In  many of  these  fields,  SOFC fabrication  methods  are  

generally considered as limiting factors based upon considerations of automation  [6]. Some 

SOFC structures are made by using traditional ceramic preparation methods, such as powder 

pressing, tape casting, screen printing, or conventional spray methods [7]. Other more 

sophisticated methods, such as plasma spraying [8], vacuum deposition [9],  and  extrusion-

based direct-write methods  , have also been reported. In this study, the decalcomania printing 

method is performed. This method concludes  transferring  of designs 

from specially prepared paper to a wood or glass or metal surface. This method  is  expected  to  

have  some  advantages, because it is easy to prepare materials of the desired shape and size, 

producing  is straightforward. On the other hand, PtO/YSZ is widely used as an anode material 
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for SOFCs because it has sufficient electronic conductivity and a good catalytic reaction for fuel 

gas at its operating temperature.  Generally, anode  materials  for  SOFCs also should be 

thermally and chemically compatible compared with other  component  materials at operating  

and  higher temperatures,  because SOFCs operate in the temperature range 800~1000
0
 C. 

However, commercial PtO-loaded YSZ anode materials have a serious problem, because  they  

are strongly deactivated during the operations of SOFCs, because of PtO aggregation at high 

temperature. Research into the synthesis of PtO nanoparticles has increased during the past 

decade and methods  such as, sol-gel,  microemulsion precipitation, chemical vapor deposition, 

and sputtering [5] have been designed. Recently, some researchers [6] have attempted to use 

advanced microwave treatments using various polymeric or surfactant additives to synthesize 

various metal materials with special morphologies. 

 

2. Experimental 
 

2.1. Synthesis of Octahedral-Shaped Pt. The PtO was synthesized by the microwave thermal 

treatment method. The process applied  in this way.  At first, after  adding  polystyrene 

(molecular weight = 10,000, Aldrich, USA) and Pt source (PtCl2 .H2O, 99.88%) into ethanol, 

the solution was stirred homogeneously. The mixed solution was then placed in a quartz liner 

and the solution was microwave heated at 300 W for 15 min. For making anode functional 

layers, a commercially available YSZ powder, was purchased. For preparing the synthesized 

PtO (60 wt%)/YSZ (40 wt%) material, a physically mixing method was applied. 

 

2.2. Fabrication of Solid Oxide Fuel Cells Using Decalcomania Method. The decalcomania 

paper was prepared next. Briefly, two types of commercial and synthesized PtO were each 

mixed with YSZ powders at a weight ratio 6 : 4 in a mortar for 1 h to obtain anode functional 

layer (AFL) precursor powder. Mixtures were reduced to unique and fine particles (5~10  m) 

using a 3-roll ball mill (EXAKT50, German) and a high speed mixer (Thinky centrifugal mixer, 

Japan), and then a binder (benzene oil) was dropped  into  the powder  mixture (the weight ratio 

of powder to benzene oil in paste was 58~66  : 42~34). 

 La0.7 Sr0.3 MnO3 /YSZ paper cathode was fabricated on  the YSZ films using the decalcomania 

method. Finally, the assembled cell was sintered by heating at 1200
0
 C for 2 h. Cell 1 was based 

on commercial PtO anodes (particle size 0.6  m, Sumitomo, Japan) and PtO anode in cell 2 was 

synthesized in this study; cell  efficiencies were compared. Pt paste (DAD-87, China)  was  

employed as a current collector and a sealing material. After being sealed, cells were tested for 

power density in an electrical furnace using  the  four-probe  method.  The PtO/YSZ anode  was 

reduced in situ at 800
0
 C. The anode was fed with hydrogen at a flow rate of 500 mL min

−1 
 and 

the cathode was exposed to an  oxygen flow of 1,000 mL min
−1

 . 

 

3. Results and Discussion 
     

Figures 1(a) , 1(b) and also 1(c) show the SEM micrographs of the cells with different anode 

functional layers after SOFC testing. The pores in the commercial PtO-AFL (cell 1) are 

submicron in  diameter  and  the  large pores are 2~5 micrometers  in diameter. The estimated 

porosity of the commercial AFL is about 35%. However, the pores in the octahedral PtO-AFL 

(cell 2) were smaller than those in commercial  PtO-AFL. Large cracks were clearly discernible 

at the interface between the AFL and the electrolyte layer in the commercial PtO cell, but no 

crack was observed in the octahedral PtO cell. The development of cracks at the AFL/electrolyte 

layer interface was probably caused by the differential sintering shrinkages of the multiple 
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layers, and thus, the octahedral PtO particles perhaps better matched the YSZ electrolyte 

particles in this respect. Additionally  the  grains between octahedral  PtO particles were well 

connected in octahedral PtO-AFL cells.     

lectrolyte paper 

Fewer cracks at the AFL/electrolyte interface result in a lower ohmic cell ASR. Electrochemical 

impedance spectroscopy (EIS) measurements in open-circuit conditions were used to evaluate 

the resistance values with respect to operating temperature for the octahedral PtO-AFL cell. 

Also, the obtained results show typical Nyquist plots of cells with an octahedral PtO anode 

functional layer, measured at 700, 750, and 800
0
 C. The intercept with the real axis at high 

frequency represents the ohmic resistance of a cell (Rohmic), which includes its electrolyte and 

lead wire resistances and some contact resistance associated with interfaces. The low-frequency 

intercept corresponds to the total resistance of the cell. Therefore, the difference between the 

high  frequency and low frequency represents the total interfacial polarization resistance (   ) of 

the cell. The Rohmic of the cell was almost the same (0.78 Ω cm
−2 

) at all temperatures, but     

was  significantly lower at 800
0
 C than at 700 and 750

0
 C.    reduced from 2.85 to 1.21 Ω cm

−2
 

, respectively, with increasing temperature from 700 to 850
0
 C. Generally, these different 

resistance values are ascribed to the addition of the anode functional layer, since other 

parameters, such as electrolyte thickness, cathode material, anode substrate, and sintering 

temperature, were kept constant. As mentioned above,    is mainly due to electrolyte and 

contact resistance. Therefore, a better contact between electrolyte and anode can decrease  

contact  resistance and reduce  total      for a given electrolyte thickness.  At  the 

anode/electrolyte interface for the cell with anode functional layer, the elimination of 

macropores led to a better contact between electrolyte and the anode, which reduced contact 

resistance at the anode/electrolyte  interface. In this study, the octahedral PtO-AFL cell provided 

lower    values due to faster  electrochemical reactions at the anode/electrolyte interface. 

 

 
Figure 1: FE-SEM micrographs of cells with different anode functional layers after SOFC testing. 
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4. Conclusions 

This study described the effect of anode functional layer on SOFC performance. Identical single 

cells, differing only in terms of anode functional layer morphology, were fabricated and tested. 

Using an octahedral PtO anode functional layer, fuel cell performance was significantly 

improved by up to a power output  of 120 mWcm
−2 

 at  879
0
C, due  to  better contact between 

the electrolyte and anode. These  findings demonstrate  cell performance  is critically  dependent  

on anode microstructure and that microwave thermal treatment provides an effective means of 

octahedral PtO anode materials. 
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Abstract 
his study deals with the glucose oxidation in alkaline medium. For this purpose, first platinum 

particles were deposited on glassy carbon electrode by using electroplating with cyclic 

voltammetry. The resulting of glucose oxidation were studied using by cyclic voltammetry (CV) 

. The results showed higher catalytic activity of the pt/ glassy carbon. Therefore  this electrode is 

a good candidate as an anode for direct glucose fuel cells. 
 

Keywords: Platinum, Glassy carbon electrode (GCE), Direct glucose fuel cell ( DGFC). 
 

Introduction: 

Glucose is most abundantly found monosaccharide in nature and complete oxidation of glucose 

produces very high energy (-2.87    10
6
 J/mol). To derive useful energy from glucose, direct 

conversion of chemical energy to electrical energy is the best option. The research work on low 

temperature direct glucose fuel cell (DGFC) as power source in low power longterm portable 

devices is under developing stage. [1-3] Studiesthr oughout the last few decades show that noble 

metal catalysts based on platinum and gold could potentially electrooxidize glucose. Oxidation 

of glucose was studied at various pH solutions on platinum, gold[4,5] In the present study, the 

electro-activity of Pt/GCE for electrooxidation of glucose in alkaline medium was studied by 

different electrochemistry methods. 

Materials, methods and Apparatus:  

Methanol (Merck, 99.8% purity) and KOH (Merck, 84% purity) were used as received. All 

other chemicals were of analytical grade and used without further purification. Distilled water 

was used throughout. The electrochemical experiments were performed in a three-electrode cell 

arrangement. A platinum sheet was used as counter electrode, while all potentials were 

measured with respect to Ag/AgClelectrode. Electrochemical experiments were carried out 

using  EG&G PARSTAT 2263 Advanced Electrochemical systems. 

Results and discussion 

Electrochemical studies of Pt electrodeposition on GCE 

  Platinum electrochemical growth process on  bare GCE was investigated by CV.  Fig. 1 

illustrates the first cyclovoltammetric scans for a solution of 3 mM H2PtCl6 and 0.5 M H2SO4 

at bare GCE. The first scan contains a characteristic “nucleation loop”, which arises from the 

greater overpotential required for nucleation onto the electrode compared to deposition of metal 

onto metal [30] a reduction peak of Pt and the oxidation peak of deposited Pt can be seen and 

the peak at − 0.14 V is related to the reduction of hydrogen ions to hydrogen adatoms [6,7].  

A reduction peak of  Pt and the oxidation peak of deposited Pt can be seen. The typical peak  at 

− 0.26 V is related to the reduction of hydrogen ions to hydrogen atoms indicate the presence of 

platinum particles (Fig. 2)   
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Figure 1 

 
Figure 2 

Electro-oxidation of glucose  on Pt/GCE 

 

The oxidation of glucose at the modified GC electrode was studied by cyclic voltammetry. 

Figure 3 shows a glucose oxidation on the Pt/GCE  in 0.1M KOH + 10mM glucose at 25ºC 

with a scan rate of 50 mVS-1 . The oxidation of glucose at the Pt/GCE  was occurred at much 

less potentials, associated with increasing anodic peak current while diminished in the cathodic 

peak current. 
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Fig. 3. Cyclic voltammograms obtained for Pt/GCE  in 0.1 M KOH in the absence (a) and presence of 10 

mM glucose (b). Scan rate, 50 mV s−1. 
 

Conclusion: 

Pt /GCE electrode  were prepared by electrodeposition method. The electro-catalytic activity of 

Pt /GCE electrode for electro-oxidation of glucose was evaluated by electrochemical 

voltammetric measurements and  showed high currents for glucose oxidation and good electro-

catalytic activity. Therefore, this electrode is a good candidate as an anode for direct glucose 

fuel cells. 
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Abstract 
This study deals with the oxygen reduction in acidic solution. For this purpose, first platinum 

particles were deposited on glassy carbon electrode by using electroplating with cyclic 

voltammetry. The resulting of oxygen reduction were studied using electrochemical method 

such as cyclic voltammetry (CV) . The results showed higher catalytic activity of the pt/ glassy 

carbon electrode. Therefore this electrode is a good candidate as a cathode for PEM fuel cells. 
 

Keywords: Platinum, Glassy carbon, Proton Exchange Membrane Fuel Cell (PEMFC).        
 

1- Introduction 

Polymer elecrolyte membrane fuel cells (PEMFCs) have long been thought of as a promising 

clean alternative energy electrochemical device. They have some advantages such as high power 

density , high efficiency, clean utilization and  zero emission for promising green power 

sources.[1-3] 

Oxygen reduction reaction (ORR) is one of the important electrocatalytic reaction due to in 

particular fuel cells. It is well known that the cell voltages of fuel cells are limited by slow 

kinetics of ORR at the cathods. Platinum is widely used as the electrocatalyst for ORR due to its 

high activity and excellent chemical stability. However, pt is expensive and the limited world’s 

supply of platinum poses serious problems to widespread commercialization of the fuel cell 

technology. Thus, research efforts in the development of cathode electrocatalysts have been 

focused on decreasing the pt content or replacing it with less expensive materials while 

maintaining high ORR activity.[4,5] 

2.Experimental 

KOH (Merck, 84% purity) were used as received. All other chemicals were of analytical grade 

and used without further purification. Distilled water was used throughout. The electrochemical 

experiments were performed in a three-electrode cell arrangement. A platinum sheet was used as 

counter electrode, while all potentials were measured with respect to Ag/AgCl electrode. 

Electrochemical experiments were carried out using EG&G PARSTAT 2273 Advanced 

Electrochemical systems.  

3. Results and discussion 
 

Electrochemical studies of Pt electrodeposition on GCE 

  Platinum electrochemical growth process on  bare GCE was investigated by CV.  Fig. 1 

illustrates the first cyclovoltammetric scans for a solution of 3 mM H2PtCl6 and 0.5 M H2SO4 

at bare GCE. The first scan contains a characteristic “nucleation loop”, which arises from the 

greater overpotential required for nucleation onto the electrode compared to deposition of metal 

onto metal [30] a reduction peak of Pt and the oxidation peak of deposited Pt can be seen and 

the peak at − 0.14 V is related to the reduction of hydrogen ions to hydrogen adatoms [6,7].  
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Figure 1 

 

Voltammograms of oxygen reduction at GCE , and Pt/ GCE 

Figures 2 Show ORR voltammograms of oxygen reduction on the GCE, and Pt/ GCE  in 1M 

H2SO4 at 27
 o

C with a scan rate of 100 mV s
-1

. There are difference between current density for 

electrods. The results on  Pt/ GCE show that the current density significantly increases.[8,9]
 

 

 
Figure 2 

 

Conclusions 

Pt /GCE electrodes were prepared by electrodeposition method. The electro-catalytic activity of 

Pt /GCE electrode for oxygen reduction was evaluated by electrochemical voltammetric 

measurements . The Pt /GCE showed extremely higher currents of oxygen reduction than the 

GCE electrode.  
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Abstract 
 Fuel cell is a promising choice for clean energy because of its eco-friendly system, high energy 

conversion efficiency and high power density. Recently, much of the research work is focused 

on the system of combining metal oxides to increase the durability and to reduce the cost and 

with high surface area. In this study, among the various fabrication methods, we used the 

precipitation method to synthesis composites NiO/SnO2/Pt/C using NaBH4 as a reducing agent. 

XRD and SEM characterizations were carried out to determine the particle size and distribution 

of the catalysts. Cyclic voltammetry were recorded to evaluate oxygen reduction reaction (ORR) 

performance. SEM images revealed that Pt/C and metal oxide nanoparticles were uniformly 

dispersed in the composite catalyst architecture with smaller particle size for composite/Pt/C 

catalyst compared to Pt/C catalysts. XRD patterns of samples showed peaks characteristic of Pt 

and of rutile and cubic phases for SnO2 and NiO, respectively.  
 

Keywords:Fuel cell, Metal Oxide, Precipitation, Oxygen Reduction Reaction. 
 

Introduction 

Proton exchange membrane fuel cells (PEMFCs) have received considerable attention in recent 

years as alternative energy devices for transportation and portable power generation applications 

[1]. However, two main challenges limit the application of fuel cells in transport [2]: (i) the 

sluggish kinetics of the oxygen reduction reaction (ORR) on the cathode side due to the 

formation of –OH species at +0.8 V, which inhibits further reduction of oxygen and hence, 

results in loss of performance [3] and then, more active catalysts should be used [4]; and (ii) 

thehigh cost of the whole device limits their commercialization [5]. However, the highest 

electrocatalytic activity is still gained at Pt and Pt-based alloys. 

It has been shown that several factors can diminish the lifetime of PEMFCs including (1) 

catalyst dissolution, (2) catalyst particle sintering, (3) membrane thinning, and (4) carbon-

support corrosion [6, 7]. 

The cathode performance improvement could be achieved using supported Pt catalysts of higher 

surface area and lower platinum loading including Pt-based alloys with transition metals such as 

Sn [8] and Ni [9]. Tin oxide (SnO2), with n-type semiconducting property, high electronic 

conductivity, and good electrochemical stability, has been proposed as a potential catalyst 

support material for fuel cell application [10, 11]. In addition, NiO showed an excellent 

electrochemical performance as an electrode material for lithium ion batteries and fuel cells 

[12]. These properties recommend consideration of NiO as an alternative catalyst support. 

However, its low electrical conductivity prevents its use in fuel cells. Carbon (e.g., Vulcan XC-

72) is the typical catalyst support material for PEM-based fuel cells due to its large surface area, 

high electrical conductivity, and well-developed pore structure [13]. 

mailto:t.a.rose2012@gmail.com
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The potential of the cathode can reach as high as 1.5 V, causing severe carbon corrosion as 

indicated by the following reaction [14]: 

C + 2H2O → CO2 +4H+ +4e−    (Eo = 0.207 Vvs.NHEat25 ◦C) (1) 

The electrochemical corrosion of the carbon support causes: (i) agglomeration and sintering of 

the Pt catalyst particles, resulting in a decreased electrochemical surface area of the catalyst; (ii) 

electrically isolated Pt particles that are detached from the support. These effects result in a 

rapid degradation of the Pt catalyst and thus shorten the lifetime of the PEMFC. Therefore, more 

robust non-carbon support materials, such as metal oxides, are needed. Metal-metal oxide 

catalysts have been investigated as possible co-catalysts that are believed to operate via the 

bifunctional mechanism [15].  

In this study, Pt catalyst was precipitated on Vulcan XC-72R containing 10 wt. % NiO and SnO2 

using NaBH4 as a reducing agent. XRD and SEM characterizations were carried out to 

determine the particle size and distribution of the catalysts. Cyclic voltammetry and linear 

sweep voltammetry were recorded to evaluate oxygen reduction reaction (ORR) performance. 

Experimental 

Reagents 

Vulcan XC-72R carbon black, K2Pt(OH)6, Nafion, Ni(NO3)2·6H2O, NaBH4, NaOH (98.0%), 

H2SO4, SnCl2.2H2O and De-ionized water were used to prepare the solutions. 
 

Pt– SnO2/NiO/C electrocatalystspreparation 

Preparation of Pt– SnO2/NiO/C electrocatalysts:Supporting NiO and SnO2 on Vulcan XC-72R 

carbon black by the precipitation method, followed by the chemical reduction of Pt precursor 

salt using NaBH4 as the reducing agent. The detailed steps of the catalyst manufacture were as 

follows: an appropriate amount of Ni(NO3)2·6H2O and SnCl2·2H2O ( 10 wt.%) was weighed 

and dissolved in a suspension of Vulcan XC-72R carbon black in double distilled water. Drops 

of 1 M NaOH solution were added to the mixture to maintain its pH value at 10 during the 

constant stirring for 3 h. This induces the formation of small and uniform nanoparticles. The 

resulting powder was then filtered and washed with double distilled, dried at 80 ◦C. Calcination 

step at 600◦C was performed in air muffle for 3 h to form SnO2/NiO/C catalyst. The 

corresponding volume of KPt(OH)6 (Pt loading 10 wt.%) was added in a suspension of NiO/C 

powder in double distilled water, sonicated and the reduction step was performed by adding 

NaBH4 solution slowly with continuous stirring for 3 h. The formed Pt– SnO2/NiO/C catalyst 

was then filtered and washed, and drying step was performed in an air oven at 80 ◦C for 6 h. 

The electrocatalyst ink was prepared by ultrasonicating 10 mg of electrocatalyst in500 ml of 

ethanol followed by adding 25 ml of Nafion (5 wt%) and ultasonicated further. 2 ml of the 

inkwas drop casted over glassycarbon electrode using micropipette. The electrodewas dried in 

ambient condition. 

For material characterization, The X-ray powder diffraction (XRD) pattern of material 

1.5406 A and a Ni filterfor an angle range of 2h = 10–90
o
for the determination of 

crystalstructure of composite support as well as their supported catalysts.The morphology of the 

materials was observed on aPhilips, XL30 scanning electronmicroscope (SEM) with an 

accelerating voltage of 17 kV. 
Electrochemical measurements of the electrocatalysts 

Cyclic voltammetry were recorded to evaluate ORR performance.Cyclic voltammograms were 

obtained in a conventional threeelectrode electrochemical cell. The working electrode used for 

electrochemical measurement was glassy carbon electrode of diameter 3mmwith a thin layerof 

electrocatalyst ink drop casted over it. A Pt electrode used as the counter electrode and 

anAg/AgCl electrode saturated with 1 M KCl was used as the reference electrode. 
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Results and discussion 

Structural characterization 

Figure. 1 shows the XRD patterns of synthesized Pt/SnO2/NiO catalyst. The SnO2 peaks at can 

be respectivelyindexed to the (1 1 0), (1 0 1), (2 0 0), and (2 1 1) reflections of 

cassiteriteSnO2(JCPDS no. 41-1445). NiO with a cubic structure (bunsenite, NaCl 

typestructure) was observed ((JCPDS no. 44-1159). The presence of metallic Pt is also 

clearlyrevealed by the peak at 39.9◦ and 46.2◦ attributed to the Pt [1 1 1]and [2 0 0] reflection, 

respectively(JCPDS no. 1-1311). The broadening of two peaksindicates the small particle size of 

Pt. 

Morphological analysis 

As shown in Figure. 2, SnO2 and NiO nanoparticles are uniformly dispersed on the surface Pt/C 

support. SEM images revealed that Pt/C and metal oxide nanoparticles were uniformly dispersed 

in the composite catalyst architecture with smaller particle size for composite/Pt/C catalyst 

compared to C catalysts. 

Cyclic voltammetric technique has proven very useful in obtaining information on the stability 

in the reaction media and participation of the active sites on the electrode surfaces. The cyclic 

voltammograms of both Pt/C and Pt/C/SnO2/NiO are presented in Figure. 3. Cyclic 

voltammogramsof typical Pt features are obtained, with H2adsorption/desorption regions and Pt 

oxidation/reductionpeaks.The onset potentials for ORR on Pt/C, Pt/C/NiO/SnO2catalysts are 

0.28 and 0.21 V, respectively confirming that later has higher activities Pt/C. The onset potential 

for oxygen reduction is shifted to more positive potential for bjnary metal oxides modified 

compared to Pt/C. The improved ORR is due to the ready adsorption and easy dissociation of 

O2 on the NiO-SnO2 modified Pt surface in relation to Pt/C. 

 

These results show that the metal oxide support can affect the activity and stability of the 

cathode in the polymer electrolyte fuel cell. An enhanced activity for ORR, was observed for all 

samples with platinum on metal oxide. This could indicate that the platinum surface is less 

covered by oxides, a hypothesis supported by the postponed oxide formation seen in the cyclic 

voltammograms of platinum deposited. However, the reason for the improved activity for ORR 

on the nickel oxide electrodes are not fully understood. 
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Figure. 1. XRD pattern of Pt/C and Pt–NiO/SnO2 electrocatalysts. 
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Figure. 2. SEMimages of Pt/C (left) and Pt–NiO/SnO2 electrocatalysts (right). 

 

 

 
Figure. 3. Cyclic voltammograms of Pt/C andPt/C/SnO2/NiO electrodes in 0.5 M H2SO4. 
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Abstract 

In this work, we have compared the performance of two commercial and most common 

electrode substrates: Toray and Ballard carbon paper. Two electrodes were fabricated with the 

same structure by these substrates. Then these electrodes were used to make separate MEAs. 

The performance of these MEAs was investigated in a PEMFC single cell at the same operation 

conditions. The results show that the Ballard substrate has higher performance at higher 

humidity. It’s because of the special microstructure of Ballard substrate that cause this substrate 

has a higher resistance to flooding. 
 

Keywords: PEMFC, Electrode substrate, Flooding, Electrode microstructure 

 

Introduction 

H2/O2 fuel cells based on proton-exchange membranes have many attractive features, including 

high power density, rapid start-up, high efficiency, which makes them a promising clean energy 

technology. Great advances have been made in PEM fuel cell development [1]. Catalyst loading 

has been significantly reduced, power density has been increased, and prototype PEM fuel cell 

vehicles have been successfully tested on many continents [2-5]. In spite of these successes, 

there is strong need to enhance the performance of current PEM fuel cells. Several technical 

obstacles hinder their widespread commercialization for transportation and stationary 

application sectors. 

A problem common to porous electrodes, regardless of the precise application, is to provide the 

most effective pathway throughout the electrode for each reactant and product involved in the 

electrochemical reaction, as well as a surface area between the active material and the 

electrolyte, that is as large as possible. Intuitively, one understands that some of these goals are 

incompatible; thus the best performing electrode will be the result of a compromise. In fuel 

cells, a subfamily of porous electrodes is encountered, namely gas diffusion electrodes (GDE), 

characterized by the reactant or/and the product being a gas (O2, H2, CO2, water vapor). Since 

gases are transported fastest in the gas phase, GDE are advantageously provided with a pore 

system that remains free of electrolyte during operation. Thus, in liquid-electrolyte fuel cells, the 

initial pore system of GDE fulfils two functions; namely to provide space for the gases as well 

as for the electrolyte. On the contrary, electrodes in polymer electrolyte fuel cells (PEFC) have a 

fixed interface between the solid phase and the electrolyte owing to the solid nature of the latter. 

The requisites for PEFC electrodes are thus different. 

One of the PEMFC electrodes parts that have a great importance in gas transport is electrode 

support [6,7]. At the present time, there are two major types of electrode substrate: carbon paper 
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and carbon cloth. In this work, we have compared the performance of two commercial and most 

common electrode substrates: Toray and Ballard carbon paper and their performance and 

tolerance to flooding have been evaluated. 

 

Experimental 

Commercially available Toray and Ballard Carbon paper was used for the preparation of the fuel 

cell electrode. The 20 wt% Pt on Vulcan XC-72 electrocatalyst from Electrochem and 5 wt% 

Nafion solution supplied by DuPont, were used for catalyst ink preparation.  

The catalyst ink was coated on the TGP (from Toray) and Ballard gas diffusion media by a 

painting method and dried at 80 
◦
C for 30 min.  

Nafion 212 was used as the polymer electrolyte membrane. Prior to use, each membrane was 

boiled in 3% hydrogen peroxide to remove any organic impurities, washed with water, and then 

boiled in 1M sulfuric acid to remove any metallic impurities as well as to convert the membrane 

fully to the H
+ 

form. Finally, it was boiled in distilled water.  

The MEAs was prepared by placing two electrodes, with the same platinum loading on both 

sides of a Nafion membrane. So, two MEAs were obtained by two different electrode supports. 

The MEAs were inserted in a PEMFC single cell (from AHNS Co.) and their electrochemical 

performance evaluated by a Fuel cell test system. 

 

Results and Discussion 

The effects of fuel cell pressure on MEAs performance are shown in figure 1 and figure 2.  The 

operating temperature of cell was fixed at 60 
◦
C. The higher back-pressure of inlet gases 

enhances the cell performance. The maximum power density was elevated with the increase in 

the pressure, according to the Nernst equation. In addition to, the performance of PEMFCs is 

affected by cathode gas relative humidity. It’s observed that by increasing cathode gas RH, the 

cell performance decreases because of flooding in cathode electrode. This effect is more obvious 

for the MEA made by TGP substrate.  

 
Figure 1: Maximum power density at different pressures and cathode RH for Ballard MEA. Tcell: 60

o
C, 

Anode RH: fully humidified 
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Figure 2: Maximum power density at different pressures and cathode RH for TGP MEA. Tcell: 60

o
C, 

Anode RH: fully humidified 

 

Figures 3 to 5, shows the performance of TGP and Ballard MEA at different cathode RH. 

Cathode electrode performance decreases with increasing cathode RH. The reason of this 

decrease in performance can be found in the structure of electrode substrate. As the cathode RH 

increase, the flooding phenomena see earlier. With increasing relative humidity, moisture 

content of the catalyst layer fills the electrode void volumes. So the access of reactants to the 

catalyst particles is small and the performance decreases. 

 

 
 

Figure 3: Polarization curve for TGP and Ballard MEAs. Tcell: 60
o
C, Anode RH: fully humidified, 

Cathode RH: low humidified 
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Figure 4: Polarization curve for TGP and Ballard MEAs. Tcell: 60
o
C, Anode RH: fully humidified, 

Cathode RH: medium humidified 

 

 
 

Figure 5: Polarization curve for TGP and Ballard MEAs. Tcell: 60
o
C, Anode RH: fully humidified, 

Cathode RH: fully humidified 

 

Decrease of performance by increase of cathode RH is more obvious for the MEA made by TGP 

substrate. This is because of the different microstructure of these substrates. Table 1 shows the 

physical characteristics of TGP and Ballard substrates.  

 
Table 1: Comparison of physical characteristics of Ballard and TGP carbon paper 

 

Electrode substrate Thickness (μm) porosity Bulk density (g.cm
-3

) 

Ballard 200 78% 0.3 

TGP 190 78% 0.44 
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By comparing the values of the bulk density of theses substrates, Ballard substrate pores 

diameter is larger than the TGP. So by increase of cathode gas RH to 100%, flooding happens 

earlier for TGP substrate and Ballard substrate has more tolerance to flooding. This structural 

parameter is more important in higher RH and lower gas pressure.  

 

Conclusion 

With performance investigation of two commercial and common electrode substrates, TGP 

(from Toray) and Ballard carbon paper, we found that Ballard substrate has more performance 

in higher gas humidity. Ballard substrate pores diameter is larger than the TGP. This causes that 

the Ballard substrate has more tolerance to flooding. This structural parameter is more important 

in higher RH and lower gas pressure 
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Abstract 
This article focuses on perovskite materials for their application as a cathode material in solid 

oxide fuel cells(SOFC). Perovskite-type oxides, such as PrNiO3, is one of the material 

invistigated as a cathode of SOFC. In this study PrNiO3 oxide composition was prepared by 

using gelatin powder in various ratios of gelatin without using high oxygen pressure and long-

time calcination. The obtained powder was calcined at 700 , 800   and 900  for 4h and then 

it was characterized using X-ray diffraction pattern and Fourier Transform Infrared (FTIR) 

spectroscopy. XRD patterns showed that structure calcined at 900  was the best one in tems of 

the formation of single phase perovskite. FTIR spectra showed that some impurity peaks 

disappeared whit increasing temperature. A substance which is obtained from this method could 

create a material ideal for fuel cell applications. 

 

Key words: Solid oxide fuel cell, Peroveskite, Nickel praseodymium oxide 

 

Introduction 

The use of Solid Oxide Fuel Cells (SOFCs), which represent the cleanest, most efficient and  

versatile technologies for chemical-to-electrical energy conversion, could significantly reduce 

the production of greenhouse gases[1]. Beside the advantages of SOFC such as: internal 

reforming of the fuel that can increase the efficiency and hence reduces the cost, it has 

disadvantages like, requiring long-term stability because of its  high operating temperatures. So 

one of the challenge of encountered in  commercializing SOFC is to lower its operating 

temperature [2-4]. Lowering the temperature could lead to a longer lifetime of all components 

and increase the efficiency (as theory shows) [5, 6]. The cathode is a part of the SOFC system 

that has to be improved for lowering the operation temperature[5, 7]. Perovskite oxides (like 

ABO3) is widely considered as an ideal cathode material for low and intermediate operating 

temperatures[1, 8]. They have attracted much  attention due to their magnetic, electrical, and 

catalytic properties. These physical properties of perovskite phase materials are related to their 

phase transitions, which are sensitive to purity, grain size, and sintering conditions [9].  

There are several methods for obtaining ceramic oxides with perovskite type structures. Recent 

studies make use of gelatin as a polymerization agent and this process appears as a new 

alternative for obtaining materials with high efficiency and low cost [10]. gelatin is used to 

synthesis compounds without using high oxygen  pressure  and long-time calcination and a 

substance obtain from this method creates a porous material[10, 11]. This complex porous 

structure is ideal for fuel cell applications, as it allows the gaseous fuel and oxygen to flow 

freely. The material showed good catalytic activity for the oxygen reduction reaction, which is 
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crucial for fuel cells. As previous works showed PrNiO3 powder is synthesis under condition of 

long- time calcinations and high oxygen pressure [12-14]. In this study, PrNiO3 was synthesized 

with gelatin without long- time calcination and oxygen pressure  and it was characterized by 

XRD and FTIR. 

 

Experimental 

PrNiO3 powder was synthesized by modified Pechini method using gelatin. The starting 

materials used to prepare the powder were nickel nitrate(II) hexahydrate 

(Ni(NO)2.6H2O,Merck,99%) Praseodymium (III) nitrate pentahydrate (Pr(NO3)3.5H2O, Acros, 

99.99%), deionized water and commercial gelatin. Nickel nitrate was added to deionized water 

under constant stirring at 60  for 5 min. Praseodymium (III) nitrate hexahydrate was added and 

the system was homogenized for another 5 min. Gelatin was then added to the solution at 70  

and stirred about 40 min until  it became homogenized. Next, the temperature was increased to 

90   until it became a resin. After being heat-treated at 350  for 2h, the primary composite 

oxide was calcined at 700    and for comparison, one of the samples was calcined at 900 [10]. 

The mass ratios of gelatin to metal and the grades of gelatin are listed in table 1.  

Structural characterization of powder was performed by using a Phillips X-Ray diffractometer 

using Cu K  radiation,and  the diffraction angles (2 ) were scanned in a range varying between 

20  and 90 . Fourier transform infrared absorption spectroscopy (FTIR) was carried out using 

KBr pellets. The instrument scanned in the range of 4500–400 cm
-1

.   

 
Table 1 Grade of gelatin and mass ratios of metal/gelatin 

Sample Grade Of  Gelatin Metal:Gelatin 

Ratio 

(a) Edible 1:2 

(b) Edible 1:3 

(c) Drug 1:3 

(d) Edible-Drug 1:3 

 

 
Results and Discussion 

As Figure 1 shows, sample (a) with its lower metal/gelatin ratio of 1:2 indicated the main 

PrNiO3 peak along with some secondary phases such as NiO,and Pr6O11.These results show that 

the smaller content of gelatin used in the synthesis lead to  more secondary phases peaks. The 

sample (b) with the metal/collagen ratio of 1:3 showed main PrNiO3 peak as well as the high 

intensity peak related to Pr6o11. XRD pattern  of sample (c) showed similar peaks as (b) with 

secondary phases attributed to NiO and Pr6O11. In addition for sample (d) with metal/drug- 

grade gelatin ratio of 1:3 at700 , XRD showed main peaks of PrNiO3 and secondary phases of  

Pr6O11 and NiO . Crystallite size and crystallinity values were calculated by using Deby -

Scherrer equation and are  listed in Table 1. 
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Figure 1 XRD patterns of  PrNiO3 perovskite with metal:gelatin ratios of (a) 1:2(edible gelatin), (b) 1:3 

(edible gelatin), (c) 1:3 (drug grade gelatin), and (d) 1:3 (edible-drug grade gelatin). 

 

Table 2  Crystallite size and crystallinity of samples. 

Sample Crystallite Size(nm) Crystallinity (%) 

(a) 26 73 

(b) 42 76 

(c) 28 85 

(d) 16 58 

 

Since all samples showed secondary phases, for comparison, calcination temperature of 

sample(d) was increased to 800  and 900 . In fig 2, XRD pattern showed similar secondary 

phases at 800  while it is the best one in terms of formation of single phase perovskite at 

900 ,  the peaks related to the secondary phases disappeared with increasing calcination 

temperature, and perovskite peaks were attributed to orthorombic structure (JSPDS 41-0473). 

The crystallite size is calculated about 30 nm and 53 nm at 800  and 900  , respectively. 
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Figure 2 XRD pattern of PrNiO3 at 700 , 800  ,and 900  

 

 

 

 

Figure 3 FTIR spectra of PrNiO3 at at 700 , 800  ,and 900  
 

Figure 3 shows FTIR spectra in the infrared region for the PrNiO3 calcined at 700  , 800 , and 

900 . A broad band appearing in the range 3500–3000 cm
–1

 at 700  and 800  may be 

attributed to the O-H stretching vibration of water molecules and  disappear at 900  . The 

bands over 1500–1400 cm
–1

 is related to the C-H bonds  disappear as the temperature increases. 

The absorption bands below 650 cm
–1

, are attributable to Ni–O stretching and O–Ni–O 

deformation in the PrNiO3 perovskite[15, 16] 
 

Conclusions 

The obtained results demonstrated that gelatin is an efficient agent to be used in the synthesis of 

ceramic powders. All samples showed some secondary phases, exception is the sample prepared 

whit drug-grade gelatin with metal/gelatin ratio of 1:3 at 900  that formed a single phase 

material. These facts confirm that oxides with PrNiO3 perovskite-type structure can be obtained 

by using gelatin at low temperatures without any oxygen pressure, which is a low-cost, organic 

material and very good chelating agent in the formation of PrNiO3 perovskite structure with 

nanometric crystallite size. FTIR spectra for the samples calcined at different temperature 

showed the  impurity disappears as the temperature increase. 
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Abstract 
Pd nanoparticles supported on multi wall carbon nanotube (MWCNT) nanocomposite is 

prepared by direct deposition method without using any reducing agent. Obtained nanocatalyst 

(PdNPs/MWCNT) was decorated on the carbon ceramic electrode (CCE) and used as electro 

catalyst (PdNPs/MWCNT/CCE) for ethanol oxidation in alkaline media. The PdNPs/MWCNT 

was characterized with X-ray diffraction (XRD), Scanning electron microscopy (SEM) and 

Energy-dispersive X-ray spectroscopy (EDX) to describe its crystal phases, nanostructure 

properties and composition. Electrochemical characterization techniques, including cycling 

voltammetry (CV) and chronoamperometry were used to analyze electrochemical performance 

of PdNPs/MWCNT/CCE. The obtained results show that the fabricated electrode has 

satisfactory stability and reproducibility for electrooxidation of ethanol when stored in ambient 

conditions or continues cycling making it more active for fuel cell applications. 

 

Keywords: Pd nanoparticle, Multi wall carbon nanotube, Carbon ceramic, Ethanol fuel cell 

 

1. Introduction 

Direct ethanol fuel cells (DEFCs) are suitable alternative power sources for portable devices and 

vehicles [1-3]. Liquid fuels such as low molecular weight alcohols compared to pure hydrogen 

have  more advantages, because they have high mass energy density and can be handled, 

transferred and stored easily. Development of highly efficient electrocatalyst is one of the key 

steps in the fabrication of fuel cells. Metal platinum (Pt) and palladium (Pd) have been used as 

electrocatalysts in fuel cells. These two metals are very similar in several properties, but Pd is a 

better electrocatalyst in direct ethanol fuel cell. Pd nanoparticles are a favorable catalyst in 

DEFC due to low cost, high catalytic activity and stronger resistance to CO poisoning [4-6]. To 

decrease the use level of Pd nanoparticles and increase the electrocatalytic activity, the 

nanoparticles are dispersed by various supports. Carbon materials with several shape and 

structure, such as carbon black [7], carbon nano fibers [8], mesoporous carbon [9] and carbon 

nano tubes [10], have been used as support for metal catalysts and can improve the catalytic 

performance. Carbon supports have low weight, high specific surface area, conductivity and 

stability. Carbon nanotubes (CNTs) play key role as support of Pd catalyst in fuel cells [11]. In 

most studies, Pd nanoparticles are chemically deposited on carbon supports via reducing agent. 

In this study, we synthesized new Pd electrocatalyst deposited on MWCNT support without 

using any reducing agent. The PdNPs/MWCNT is decorated on CCE and then the 

PdNPs/MWCNT/CCE electrocatalyst is used in oxidation of ethanol at basic media. 
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2. Experimental 

2.1. Materials 

Methyltrimethoxysilane(MTMOS) and palladium chloride were from Sigma Aldrich. Sodium 

hydroxide, graphite powder, nitric acid, sulfuric acid and ethanol were purchased from Merck, 

and MWCNT was purchased from US Research Nanomaterials. All solutions were freshly 

prepared with distilled water. 

 

2.2. Preparation of PdNPs/MWCNT/CCE electrocatalyst 

CCE which was used as substrate for supported composite electrocatalyst was fabricated by sol-

gel technique according to the following procedure: 0.9 ml MTMOS was mixed with 0.6 ml 

methanol and 0.6 ml of 0.l M HCl. The mixture was stirred to form clear and homogeneous 

solution. 0.3 g graphite powder was added to solution and stirred for another 5 min. Then the 

homogeneous mixture was packed in a Teflon tube (with 3 mm inner diameter and 10 mm 

length) and dried for at least 24 h at room temperature. To set up an electronic contact, a copper 

wire was inserted through the end of prepared electrode. 

The preparation of PdNPs/MWCNT composite can be describe as follows: MWCNT was 

functionalized under reflux condition in a boiling solution of mixed acids (H2SO4: HNO3, 1:3, 

v/v ratio) for 8 h, and then washed with deionized water and dried at 60  C under vacuum for 10 

h. The 40 mg of functionalized MWCNT was dispersed in 100 ml ethanol/water (1:1, v/v ratio) 

and sonicated for 1h to form a uniform suspension. PdCl2 solution (10 mg of PdCl2 in 5ml 

water) was added to the suspension dropwise. The suspension was stirred for 5 h to deposit and 

reduce Pd nanoparticles on support. Then, the suspension was filtered and obtained black solid 

was washed with deionized water and dried in oven at 70   C.  

For preparation of the composite modified electrode, CCE was polished with emery paper grade 

1500. To load supported electrocatalyst on the CCE, it is necessary to prepare catalyst ink. For 

preparation of electrocatalyst ink, 5 mg of PdNPS/MWCNT sample was added into 1 ml 

ethanol. The mixture was ultrasonically dispersed for 1 h to obtain homogeneous ink. Next, 50 

µl of ink was uniformly dispersed onto freshly polished CCE and was dried under ambient 

condition. 
  

2.3. Instrumentation 

The electrochemical experiments were carried out using a SAMA (SAMA Co. Iran) instrument 

(potentiostat/galvanostat) equipped with a USB electrochemical interface. A conventional three 

electrode cell was used at room temperature: A disc of PdNPs/MWCNT/CCE (with a 

geometrical surface area of 0.070 cm
2
) was used as working electrode, an Ag/AgCl electrode 

and a platinum wire were used as the reference and auxiliary electrodes, respectively. A 

LEO1430 vp (Carl Zeiss, Germany) scanning electron microscope (SEM) was used to surfaces 

and morphology characterization of the PdNPs/MWCNT/CCE. X-ray diffraction (XRD) pattern 

was recorded with a Bruker AXS model D8 Advance (Karlsruhe, Germany) instrument with Cu-

Kα radiation source (1.54 Å) at 40 kV and 35 mA at room temperature. The 2θ angular regions 

between 5 and 90 were explored at a scan rate of 5 min
-1

. 
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3. Result and discussion 

3.1. Catalysts characterization by XRD, SEM and EDX 

XRD pattern of PdNPs/MWCNT is shown in Figure 1. In XRD pattern, the first peak, which is 

located at a 2θ value of ca.26  , is associated with the graphite plane (002) of MWCNT [12]. In 

PdNPs/MWCNT XRD pattern there are five characteristic peaks assigned to the face center 

cubic (fcc) crystalline Pd, corresponding with the planes (111), (200), (220), (311) and (222) at 

ca.40  , 47  , 68  , 82   and 86   respectively. The results indicate that the Pd nanoparticles on the 

surface of MWCNT were metallic state crystals. The average size of Pd nanoparticles was 

calculated by Deby-Scherrer formula (Eq. (1)) [13].  

For calculation of Pd nanoparticles size, the (200) reflection of the Pd face center cubic structure 

around 2θ=47   was used. 

L= 
    λ   

   θ     θ   
 (1) 

In the Eq. (1), L is the average of particle size, λcuk is the x-ray wavelength, B2θ is the full width 

at half maximum and θmax is the angle of peak maximum. The calculated average particle size 

for PdNPs/MWCNT is 10 nm.  
 

 
Figure 1. XRD pattern of PdNPs/MWCNT catalyst 

 

SEM analysis was employed to investigate the morphology of PdNPs/MWCNT. Figure 2 (A) 

shows the typical SEM image of the prepared catalyst. The image shows that the structure 

attached on the MWCNT has compact and granulated shape. The spots are believed to be Pd 

nanoparticles sitting on the MWCNT surface. The EDX spectrum of PdNPs/ MWCNT is shown 

in Figure 2 (B). Three main peaks assigned to C, O and Pd, confirming the existence of Pd 

nanoparticles in prepared catalyst. It should be noted that, O atoms derived from functional 

group such as hydroxyl, carboxyl and carbonyl group form on outer walls of the MWCNT 

during functionalization.  

 

 

 

 

 

 

 

 

 

 
Figure 2. A: SEM image of PdNPs/MWCNT catalyst and B: EDX analysis of PdNPs/MWCNT catalyst. 
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3.2.  Electrocatalytic activity  of PdNPs/MWCNT/CCE toward the oxidation of ethanol  

The ethanol oxidation reaction on PdNPs/MWCNT/CCE was examined by cyclic voltammetry 

measurements in alkaline medium. The CVs of PdNPs/MWCNT/CCE was investigated in 0.5 M 

NaOH solution (inset of Figure 3). In negative scanning, a well-defined peak at -0.5 V is 

ascribed to reduction peak of the higher valance Pd oxide. The electrochemical active surface 

area (EASA) of catalyst was calculated by the columbic charge for the reduction of Pd oxide 

[14], which was observed at the potential region of -0.6 V to -0.4 V [15]. The EASA is 

estimated using Eq. (2): 

EASA= Q/Sl  (2) 

Where “ ” is the proportionality constant used to relate charge with area and “l” is the catalyst 
loading in “g”. The charge required for the reduction of PdO monolayer is assumed as 

405µC cm
−2

 [16]. The EASA based on the columbic charge is 38.7cm
2 

for 

PdNPs/MWCNT/CCE.  

Figure 3 shows the electrooxidation of 0.5 M ethanol in 0.5 M NaOH on bare CCE (a), 

MWCNT/CCE (b) and PdNPs/MWCNT/CCE (c). No oxidation peaks are seen in bare CCE and 

MWCNT/CCE in the potential window used, indicating that nanocarbonic supports are not 

capable of favoring the oxidation of ethanol. Two oxidation peaks are observed in CV curve 

corresponding to PdNPs/MWCNT/CCE. The oxidation peak in forward scan is assigned to the 

oxidation of chemisorbed species coming from adsorbed ethanol. The oxidation peak in 

backward scanning is associated with removal of carbonaceous species, which are not 

completely oxidized in the forward scan, rather than chemisorbed species [17].  

The electrocatalytic activity of the prepared electrocatalyst for ethanol oxidation can be survived 

by magnitude of the peak current in forward scan, the ratio of the forward oxidation peak current 

density (If) to backward oxidation peak current density (Ib), (If/Ib) is used to determine the 

tolerance of prepared electrocatalyst to carbonaceous intermediates accumulated on electrode 

surface [18]. The carbonaceous intermediates generated during ethanol oxidation and adsorb 

strongly on the surface of Pd [19]. These intermediates can react with OH
-
 and/or OHads, which 

cause to production of CO2 and reduction of Pd active sites. The higher ratio of If/Ib shows the 

more efficient oxidation of ethanol during the forward scan and less accumulation of 

carbonaceous residues on the electrode surface. Based on the results in Figure 3, If/Ib amount is 

calculated to be 1.42 for PdNPs/MWCNT/CCE. 

 

 
Figure 3. CV curves of ethanol oxidation on bare CCE (curve a), MWCNT/CCE (curve b) and 

PdNPs/MWCNT/CCE (curve c) in 0.5 M NaOH + 0.5 M ethanol solution. Inset: CV of 

PdNPs/MWCNT/CCE in 0.5 M NaOH at scan rate of 50 mV s
-1

. 
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3.3.  Study of various parameter effects on ethanol oxidation 

3.3.1. Influence of upper limit potential 

By using different ranges of potentials, which formation and dissolution of surface oxide occurs 

on the electrode, can study the electrochemical behavior of electrodes [20,21]. In order to survey 

the correlation between ethanol oxidation and Pd oxide species on PdNPs/MWCNT/CCE, the 

influence of upper limit potential in cyclic potential scanning investigated. Figure 4 shows the 

ethanol oxidation on PdNPs/MWCNT/CCE for upper limit oxidation of 0.4-0.7 V. As shown in 

this figure, the anodic current of ethanol oxidation in the positive scanning remains unchanged 

while anodic peak current density in negative scanning is decreased as increasing the final 

positive potential limit (Figure 4 inset A). It can be described that in lower potential, the Pd 

oxides with high valance haven’t developed greatly and the effect of these oxides species on 

ethanol oxidation in backward scanning is approximately small. In addition, by increasing final 

positive potential limit, the potential of ethanol oxidation peak in positive scanning remains 

constant while the potential of ethanol oxidation peak in backward scanning shifts negatively 

(Figure 4 inset B). Increase of final positive potential limit causes to accelerate of Pd to Pd 

oxides therefore oxidation current is decreased in negative scanning. This demonstrates that 

ethanol can be oxidized on clean metallic Pd nanoparticles surface [22].    

 

 

 
Figure 4. Effect of upper limit potential scanning region on the electrooxidation of 0.5 M ethanol in 0.5 

M NaOH on PdNPs/MWCNT/CCE. (1) -0.8-0.3 V (2) -0.8-0.4 V (3) -0.8-0.5 V (4) -0.8-0.6 V (5) -0.8-

0.7 V. Scan rate of 50 mv s
-1

. The insets are anodic peak current (A) and anodic peak potential (B) in the 

backward scan against limit of final potential. 

3.3.2. Effect of scan rate 

Investigation of ethanol oxidation for kinetic characterization on PdNPs/MWCNT/CCE can be 

carried out by study of scan rate effect on ethanol oxidation behavior. CVs of ethanol oxidation 

on PdNPs/MWCNT/CCE at different scan rates are shown in Figure 5. The results show that the 

anodic peak current density related to ethanol oxidation in positive scanning increases linearly.  

The anodic peak current density in positive scan as a function of the square root scan rate are 

shown in inset A (Figure 6) and it can be resulted that the electrocatalytic reaction is controlled 

by diffusion [23,24].  In addition the CV curves show that the potential of oxidation peaks vary 
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with increasing of scan rate. On the other hand, potential of anodic peak in positive scan shifts to 

positive by increasing the scan rate. There is a linearly relationship between Ep and Log (υ) rate 

(Figure 5 insets B) which indicates that the oxidation of ethanol is an irreversible 

electrochemical process [25]. 

 

 
Figure 5. Effect of scan rate on 0.5 M ethanol electrooxidation obtained in 0.5 M NaOH on 

PdNPs/MWCNT/CCE. Cyclic voltammograms show scan rates. The insets are (A) relationship between 

forward anodic peak current and square root of scan rates, (B) relationship between forward anodic peak 

potential and logarithm of scan rates. 

 

3.4.  Chronoamperometric study for ethanol oxidation 

For more evaluation the activity and stability of PdNPs/MWCNT/CCE catalyst, 

chronoamperometry tests were conducted in 0.5 M NaOH and 0.5 M ethanol at -0.2 V for 2000 s 

(Figure 6). As shown in Figure 6, the oxidation current decreases quickly at short times and the 

decay rate becomes low and low at longer times on composite modified electrode. It can be 

observed that the current density at 2000 s was 38.7 mAcm
-2

. These results indicate that the 

current shows less decay on electrocatalyst in ethanol for a long duration. In addition, 

PdNPs/MWCNT/CCE exhibits a steady-state electrolysis activity for ethanol oxidation [26]. 

 
Figure 6. Chronoamperometry curve of PdNPs/MWCNT/CCE in 0.5 M ethanol containing 0.5 M NaOH 

solution at -0.2 V. 
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4. Conclusion 

Herein, we synthesized an efficient electrocatalyst, i.e., Pd nanoparticles supported on 

nanostructured functionalized MWCNT (PdNPs/MWCNT/CCE), for ethanol electrooxidation. 

Physical and electrochemical characterization of the prepared composite electrocatalyst was 

investigated by XRD, SEM, EDX and electrochemical techniques. The Pd nanoparticles size 

obtained by this synthesis procedure were around 10 nm and exhibit high catalytic activity 

toward ethanol electrooxidation. The effect of some factors such as limit of the final potential 

and scan rate which influence significantly the anodic current density of ethanol oxidation on 

the PdNPs/MWCNT/CCE was investigated. The present interesting nano-structured 

electrocatalyst exhibits good and satisfactory stability and reproducibility when stored in 

ambient conditions and offers potential possibilities of application as an electrocatalyst 

composite in direct ethanol fuel cells. 
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Abstract 
In this work, a simple and efficient synthesis method is used to fabricate Fe3O4@Pt core-shell 

nanoparticles. The obtained catalyst is characterized by X-ray diffraction, scanning electron 

microscopy, energy-dispersive X-ray spectroscopy and transmission electron microscopy. The 

results show that the size of the Fe3O4@Pt nanoparticles, which are uniformly dispersed on 

carbon-ceramic, are 20-40 nm in diameters. The electrooxidation of the ethylene glycol reaction 

was studied on Fe3O4@Pt core-shell nanoparticles decorated carbon-ceramic substrate by cyclic 

voltammetry in NaOH solution. The obtained results indicate that the system studied in the 

present work is the most promising system for use in direct ethylene glycol fuel cells. 
 

Keywords: Fe3O4@Pt nanoparticles, Core-shell, Electrooxidation, Ethylene glycol, Fuel cell.  
 

1. Introduction 

Direct  alcohol  fuel  cells  (DAFCs)  are  considered  as  a  highly promising  future  power  

source  due  to  their  high-energy  conversion efficiency,  low  pollutant  emission,  low  

operating  temperature  and economy [1]. As an appealing candidate for fuel cell applications, 

ethylene glycol has attracted much attention because of its low toxicity, low membrane 

penetration, while high boiling point and high energy density [2, 3]. The research on the 

electrochemical kinetics and reaction mechanism shows that the electrooxidation reaction of 

ethylene glycol displays high activity in alkaline medium and the recent development in alkaline 

solid membrane electrolyte gives a great potential of using ethylene glycol as a fuel in alkaline 

fuel cells [4].   

It is well-known that platinum nanoparticles are important electrochemical catalysts for proton 

exchange membrane fuel cells (PEMFCs). However, several drawbacks must be addressed 

before such catalysts can be commercial applications. The main drawback is the high cost and 

the scarcity of Pt [5]. In recent years the search for increased activity and reduced catalyst costs 

has led to intensified research on nanoparticles and especially on core-shell structures. If the 

particles are stable under working conditions, the advantage is that small particles offer 

favorable surface-to-volume ratios and hence increased efficiency. On the other hand, core-shell 

particles with less noble metals in the core are not only more cost-effective but also exhibit 

superior activity compared to standard Pt systems [6].  

In this work, a simple and efficient route to prepare Fe3O4@Pt core-shell nanoparticles 

decorated on carbon-ceramic substrate is demonstrated. The electrocatalytic performance of 

Fe3O4@Pt nanoparticles towards ethylene glycol oxidation was investigated, compared with Pt-

alone nanoparticles. 
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2. Experimental 

2.1. Chemicals 

H2PtCl6.5H2O, Fe(NO3)3.9H2O, NaBH4, ethylene glycol and NaOH were obtained from Merck. 

All solutions were freshly prepared with distilled water. 
 

2.2. Instrumentation 

The electrochemical measurements were carried out using an AUTOLAB PGSTAT-100 

(potentiostat/galvanostat). A conventional three-electrode system was used accompanied by 

Carbon ceramic electrode (CCE) with a supported catalyst layer (Pt and Fe3O4@Pt 

nanoparticles) as a working electrode, a platinum wire as an auxiliary electrode, and a saturated 

calomel electrode (SCE) as a reference electrode. The catalysts were characterized by recording 

their XRD patterns on a Bruker AXS model D8 Advance (Karlsruhe, Germany) instrument with 

Cu-Kα radiation source (1.54 Å) at 40 kV and 35 mA. Scanning electron microscope (SEM) was 

performed on a LEO1430 vp (Carl Zeiss, Germany) instrument. Transmission electron 

microscopy (TEM) measurement was carried out on a Carl Zeiss 906 E (Cottingen, Germany) 

microscope. 

2.3. Preparation Fe3O4 @Pt nanoparticles decorated carbon-ceramic electrode 

The Fe3O4@Pt nanoparticles were prepared using Fe(NO3)3.9H2O and H2PtCl6.5H2O as metallic 

precursors, and NaBH4 as reducing agent. To obtain the Fe3O4 cores the metallic salt solution 

[Fe(NO3)3.9H2O, 0.02 M] was added dropwise into the solution containing the reducing agent 

[NaBH4, 0.01 M] at room temperature and mechanically stirred. The obtained product was 

washed and separated by centrifugation at 3000 rpm. To obtain the Fe3O4@Pt nanoparticles, the 

cores were suspended on a fresh reducing solution of NaBH4 (0.01 M) and a solution of 

H2PtCl6.5H2O (0.02 M) was slowly added under mechanically stirring and then the mixture was 

stirred for 30 min at 25 
◦
C. During this period, the color of the mixture gradually turned dark 

black from orange, indicating that Fe3O4@Pt nanoparticles had been formed. Finally, the 

obtained product was separated by centrifugation at 3000 rpm [7], washed and dried. 

Carbon-ceramic electrode (CCE) is used as substrate for supported catalyst. Prior to the surface 

coating, the CCE surface was polished carefully with 1500 emery paper and was rinsed with 

distilled water. For preparation of catalyst ink, about 20 mg of Fe3O4@Pt nanoparticles was 

ultrasonically suspended in a 5 ml solution containing distilled water and 5% wt Nafion (50 µL) 

for about 30 min to obtain homogeneous ink. Next, 5 µL of ink was uniformly dispersed onto 

freshly polished CCE and dried under ambient condition.  

   

3. Result and discussion  

3.1. Physical characterization 

XRD measurements were performed in order to evaluate the crystallographic structure of the 

nanoparticles. The XRD pattern of Fe3O4@Pt nanoparticles are shown in Figure 1. The peaks at 

39.9, 46.4, 67.6 and 81.7° are attributed to the (111), (200), (220) and (311) of Pt planes 

respectively [8]. With the presence of Fe3O4 into the face centered cubic (fcc) structure of Pt, the 

Pt reflections are shifted slightly to higher values of 2θ, which show a contraction of the lattice 

and the formation of Fe3O4@Pt core-shell nanoparticles [9].  

The morphological characterization of the Fe3O4@Pt core-shell nanoparticles was performed 

with SEM and the corresponding result was shown in Figure 2. It could be seen that the 

Fe3O4@Pt nanoparticles exhibit very well uniform spreading and homogeneously range in size 

with globular structure. The elemental composition of catalyst was measured by EDX 

measurement. The corresponding result is shown in the inset of Figure 2. 
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The fine structures of the core and shell layers were further characterized using transmission 

electron microscopy. The TEM analyses suggest the formation of the core-shell nanoparticles 

(Figure 3). The as-prepared Fe3O4@Pt nanoparticles have spherical shapes and an average 

diameter of approximately 20-40 nm which is fairly agreed with the SEM observation. 

 
Figure 1: XRD pattern of the Fe3O4@Pt core-shell nanoparticles. 

 

 
 

Figure 2: SEM image of Fe3O4@Pt core-shell nanoparticles (The inset shows EDX spectrum of 

Fe3O4@Pt nanoparticles). 

 
 

Figure 3: TEM image of Fe3O4@Pt core-shell nanoparticles. 
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3.2. Electrocatalytic activity of the Fe3O4@Pt/CCE 

The catalytic activity of ethylene glycol electrooxidation on the catalysts (Fe3O4@Pt/CCE and 

Pt/CCE) was measured by cyclic voltammetry (CV) experiments in a 0.5 M ethylene glycol + 

0.5 M NaOH solution (Figure 4). There are two oxidation peaks in the forward scan direction 

and one in the reverse direction. The singular anodic peak in the negative sweep represents 

oxidation of incompletely oxidized carbonaceous intermediates on the surface of the catalysts 

left over from the positive sweep. Accumulation  of  these  adsorbed products  block  active  

sites  on  the  catalyst,  decreasing  performance [10].  

 
Figure 4: Cyclic voltammograms of the Fe3O4@Pt/CCE and Pt/CCE catalysts modified 

electrodes in 0.5 M ethylene glycol + 0.5 M NaOH at scan rate of 50 mV s
−1

. 

 

For investigation of the transport characteristics of the ethylene glycol on the Fe3O4@Pt/CCE, 

the influence of the scan rate (v) in the oxidation of ethylene glycol was investigated. Variation 

of the peak current density as a function of scan rate was given in Figure 5 (a). It can be 

understood from this observation that the forward oxidation peak current density shifts 

positively with increasing of scan rates. The anodic peak current density is linearly proportional 

to the square root of the scan rate, which suggests that the electrocatalytic oxidation of ethylene 

glycol on the Fe3O4@Pt/CCE is a diffusion controlled process [11]. Potential of forward scan 

peak increases with the increase of scan rate and there is linearly relationship between Ep and ln 

(v) (Figure 5 (b)). It shows that the oxidation of ethylene glycol is an irreversible electrode 

process [12]. In order to assess the capacity of the Fe3O4@Pt/CCE against ethylene glycol 

oxidation, the effect of different concentrations on the anodic peak current density was 

investigated (Figure 6). It can be seen clearly that, by increasing the ethylene glycol 

concentration, the peak current density increases and drops afterward in concentrations higher 

than 0.6 M. This effect might be due to the saturation of the Pt active sites by ethylene glycol 

molecules and also contamination of the catalyst surface which is mainly arisen from the COads 

during the oxidation. In accordance with this result, the optimum concentration to achieve a 

higher peak current density may be considered as about 0.6 M.  
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Figure 5: Plot of the peak current density versus the square root of scan rate (a) and plot of E (V vs. SCE) 

versus the Ln v (mV s
-1

) (b). 

 

 

 
Figure 6: Plot of the peak current density versus concentration of ethylene glycol. 

 

3.3. Long-term stability 

To confirm the long-term durability of Fe3O4@Pt/CCE and Pt/CCE catalysts toward ethylene 

glycol oxidation, Chronoamperometric experiments were performed for a duration of 1500 s in 

0.5 M ethylene glycol + 0.5 M NaOH solution at -0.09 V. Figure 7 shows the curves for the two 

catalysts, both electrodes display a current density decay during the initial period because of the 

formation of intermediate species [1]. The experimental data shows that the Fe3O4@Pt/CCE has 

lesser sensitivity to poisoning by COads species which formed during the electrooxidation [12]. 
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Figure 7: Chronoamperometry curves for Fe3O4@Pt/CCE and Pt/CCE recorded in 0.5 M ethylene glycol 

+ 0.5 M NaOH solution at -0.09 V. 

 

4. Conclusion 

In conclusion, we synthesized Fe3O4@Pt core-shell catalyst for ethylene glycol electrooxidation 

via a facile method. XRD, SEM, EDX and TEM were applied to characterize the morphology, 

structure and composition of the catalyst. The electrochemical experiments show excellent 

properties of the as-prepared catalyst. In addition, the low-cost Fe3O4 core helps reduce the Pt 

dosage. This work could provide new insights into the fabrication of core-shell nanoparticles for 

ethylene glycol electrooxidation. 
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Abstract 

In this study, Fe3O4@Pt core-shell nanoparticles are synthesized by a fast and simple synthesis 

method. X-ray diffraction, scanning electron microscopy, transmission electron microscopy and 

energy dispersive X-ray spectroscopy are used to investigate the crystallinity, surface 

morphology and chemical structural. The electrocatalytic activity of the Fe3O4@Pt nanoparticles 

towards formic acid oxidation has been investigated by cyclic voltammetry in 0.5 M H2SO4 

solution. The obtained results indicate that the Fe3O4@Pt core-shell nanoparticles show better 

electrocatalytic performance towards the formic acid oxidation in compared with the Pt-alone 

nanoparticles. 

 

Keywords: Fe3O4@Pt nanoparticles, Core-shell, Electrooxidation, Formic acid. 

 

1-  Introduction 

Nowadays, formic acid oxidation is one of the most studied electrochemical reactions due to its 

interest in fuel cells. Direct formic acid fuel cell (DFAFC) has attracted great attention because 

formic acid is less flammable, non-toxic and high power density [1]. In DFAFC, Pt is generally 

used as an anode catalyst for oxidation reactions. Pt has a wide range of catalysis applications 

due to its unique chemical and physical characteristic. However, the high cost of Pt is still one of 

the main disadvantages hindering DFAFC commercialization [2]. At present, the major 

challenge in this field is to reduce the fuel cell energy cost by developing low cost materials, 

processes and components, which paves way for the massive introduction of this technology for 

the common people [3]. To maximize Pt utilization, the ideal structure of a Pt-based catalyst is 

where the total available Pt atoms are distributed on the electrochemical reaction interface. 

Following this consideration, the core-shell structure should represent an effective structure 

model where a monolayer or a few layers of Pt are arranged on inexpensive core materials. 

More importantly, it is rationally expected that the physical and chemical properties of the Pt 

shell can be effectively tuned by the underlying core material. This imparts significant area for 

improvement of the electrocatalytic performance of the Pt shell [4]. Core-shell nanostructure is 

an effective way to increase the utilization efficiency of precious metal electrocatalysts [5]. By 

replacing the core of the nanoparticles of electrocatalysts with less expensive or non-precious 

metals and/or by producing Pt nano sphere shell with high surface-to-volume ratios, the high 

catalytic activity and utilization efficiency of Pt electrocatalysts and low Pt loading and 

consequently reduced cost can be achieved [6-8]. In this work, the core- shell of Fe3O4 (core) 

and Pt (shell) was synthesized by the facile synthesis method. The physicochemical properties 
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of the nanoparticles are investigated. The catalytic activity of the obtained catalyst was tested in 

the electrooxidation of formic acid in acidic media. It was found that Fe3O4@Pt nanoparticles 

was catalytically more active than Pt-alone nanoparticles. 
 

2- Experimental 

2.1. Chemicals 

H2PtCl6.5H2O, Fe(NO3)3.9H2O, NaBH4, Formic acid and H2SO4 were obtained from Merck. All 

solutions were freshly prepared with distilled water. 
 

2.2. Instrumentation 

The electrochemical measurements were carried out using an AUTOLAB PGSTAT-100 

(potentiostat/galvanostat). A conventional three electrode cell was used at room temperature. 

Carbon eramic electrod (CCE) with a supported catalyst layer (Pt and Fe3O4@Pt nanoparticles) 

was used as working electrode. A saturated calomel electrode (SCE) and a platinum wire were 

used as the reference and auxiliary electrodes, respectively. Scanning electron microscope 

(SEM) was performed on a LEO1430 vp (Carl Zeiss, Germany) instrument. Transmission 

electron microscopy (TEM) measurements were made on a Carl Zeiss 906 E (Cottingen, 

Germany) microscope. X-ray diffraction (XRD) pattern was recorded with a Bruker AXS model 

D8 Advance (Karlsruhe, Germany) instrument with Cu-Kα radiation source (1.54 Å) at 40 kV 

and 35 mA. 
  

2.3. Synthesis of the Fe3O4@Pt nanoparticles 

The Fe3O4@Pt nanoparticles were prepared using Fe(NO3)3.9H2O and H2PtCl6.5H2O as metallic 

precursors, and NaBH4 as reducing agent. To obtain the Fe3O4 cores the metallic salt solution 

[Fe(NO3)3.9H2O, 0.02 M] was added dropwise into the solution containing the reducing agent 

[NaBH4, 0.01 M] at room temperature and mechanically stirred. The obtained product was 

separated and washed by centrifugation at 3000 rpm. To obtain the Fe3O4@Pt nanoparticles, the 

cores were suspended on a fresh reducing solution of NaBH4 (0.01 M) and a solution of 

H2PtCl6.5H2O (0.02 M) was slowly added under mechanically stirring and then the mixture was 

stirred for 30 min at 25 
◦
C. During this period, the color of the mixture gradually turned dark 

brown from orange, indicating that Fe3O4@Pt nanoparticles had been formed. Finally, the 

obtained product was separated by centrifugation at 3000 rpm [9], washed and dried. 
 

2.4. Preparation of electrode  

Carbon-ceramic electrode (CCE) is used as substrate for supported catalyst. Before each 

experiment, the CCE surface was polished with 1500 emery paper and was rinsed with distilled 

water. For preparation of catalyst ink, about 20 mg of Fe3O4@Pt nanoparticles was 

ultrasonically suspended in a 5 ml solution containing distilled water and 5% wt Nafion (50 µL) 

for about 30 min to obtain homogeneous ink. Next, 5 µL of ink was uniformly dispersed onto 

freshly polished CCE and dried under ambient condition.   

3. Result and discussion  
 

3.1. Physical characterization 

XRD measurements were performed in order to evaluate the crystallographic structure of the 

nanoparticles. The XRD pattern of Fe3O4@Pt nanoparticles are shown in Figure 1. The peaks at 

39.9, 46.4, 67.6 and 81.7° are attributed to the (111), (200), (220) and (311) of Pt planes 

respectively [10]. Presence of Fe3O4 into the face centered cubic (fcc) structure of Pt, the Pt 

reflections are shifted slightly to higher values of 2θ (in comparison with Pt alone), which show 

a contraction of the lattice and the formation of Fe3O4@Pt core-shell nanoparticles [11].  
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Figure 1: XRD pattern of the Fe3O4@Pt nanoparticles. 

 

In order to surface characterization of the Fe3O4@Pt nanoparticles, the micrograph of catalyst 

has been investigated by SEM and the corresponding results were shown in Figure 2. It could be 

seen that the Fe3O4@Pt nanoparticles exhibit very well uniform spreading and homogeneously 

range in size with globular structure. EDX measurement was performed to identify the 

elemental composition of catalyst. The corresponding result is shown in the inset of Figure 2. 

 

 
Figure 2: SEM image of Fe3O4@Pt nanoparticles (The inset shows EDX spectrum of Fe3O4@Pt 

nanoparticles) 
 

The TEM image suggests the formation of the core-shell nanoparticles (Figure 3). The as-

prepared Fe3O4@Pt nanoparticles have spherical shapes and an average diameter of 

approximately 20-30 nm which is fairly agreed with the SEM observation. 
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Figure 3: TEM image of Fe3O4@Pt core-shell nanoparticles 

 

3.2. Electrochemical characterization   

The electrocatalytic activity of the Fe3O4@Pt/CCE towards to the oxidation of formic acid was 

evaluated by using cyclic voltammetry (CV) in 0.5 M formic acid + 0.5 M H2SO4 solution at 

room temperature. The Pt/CCE was also tested under the same conditions for comparison. The 

electrooxidation of formic acid shows only one main peak both in forward and reverse scan 

directions and the oxidation current dansities of formic acid on the Fe3O4@Pt/CCE are 

significantly higher than on the Pt/CCE. This large anodic peak in the reverse scan is attributed 

to the removal of the incompletely oxidized carbonaceous species formed in the forward scan 

[12]. 

 

 
Figure 4: Cyclic voltammograms of the Fe3O4@Pt/CCE and Pt/CCE catalysts modified electrodes in 0.5 

M H2SO4 + 0.5 M formic acid at scan rate of 50 mV s
−1

. 
 

For investigation of the transport characteristics of the formic acid on the Fe3O4@Pt/CCE, the 

influence of the scan rate (v) in the oxidation of formic acid on the Fe3O4@Pt/CCE was 

investigated. Variation of the peak current density as a function of scan rate was given in Figure 

5. It can be understood from this observation that the forward oxidation peak current density 

shifts positively with increasing of scan rates. The anodic peak current densities are linearly 

proportional to the square root of the scan rate, which suggests that the electrocatalytic oxidation 

of formic acid on the Fe3O4@Pt/CCE is a diffusion controlled process (the inset of (a) in Figure 

5) [13]. Potential of forward scan peaks increases with the increase of scan rate and there is 

linearly relationship between Ep and ln (v) (the inset of (b) in Figure 5). It shows that the 

oxidation of formic acid is an irreversible electrode process [14]. 



 

83 

 

 
Figure 5: Cyclic voltammograms of Fe3O4@Pt/CCE catalyst in 0.5 M formic acid + 0.5 M H2SO4 at 

different scan rates (mV s
-1

). The inset of (a) shows plot of the peak current density versus the square root 

of scan rates and the inset of (b) shows E (V vs. SCE) versus the Ln v (mV s
-1

). 
 

Chronoamperometric experiments were carried out for further evaluation of the catalytic activity 

and stability of the catalyst under a period of time in continuous operation. Figure 6 shows the 

chronoamperometric curves of 0.5 M formic acid + 0.5 M H2SO4 solution on the 

Fe3O4@Pt/CCE and Pt/CCE electrode at 0.9 V for 1500s, respectively. The experimental data 

shows that the Fe3O4@Pt/CCE has lesser sensitivity to poisoning by COads species which 

formed during the electrooxidation [14]. 

 

 
Figure 6: Chronoamperometry curves for Fe3O4@Pt/CCE and Pt/CCE recorded in 0.5 M formic acid + 

0.5 M H2SO4 solution at 0.9 V. 
 

4. Conclusion 

In this work, a simple and fast method is used to synthesis of core-shell Fe3O4@Pt 

nanoparticles. XRD, SEM, EDX and TEM were applied to characterize the physicochemical 

properties of the catalyst. The electrocatalytic activity towards the oxidation of formic acid was 

measured by cyclic voltammetry and chronoamperometry. Electrochemical results indicated that 

the Fe3O4@Pt nanoparticles had better catalytic performance than that of Pt-alone nanoparticles. 

These results show that Fe3O4@Pt core-shell nanoparticles may have the splendid future as 

catalysts for DFAFCs. 
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Abstract 
Disclosed is a method of preparing a pigmentary chromium oxide micro particles having 90 

percent particle size more  than about 1µm . Highly ordered mesoporous Cr2O3 materials with 

high specific surface area and narrow pore size distribution were successfully prepared by a 

vacuum assisted impregnation method[1]. in order to method which is used for the production of 

pigmentary included reaction with sulfur and heating at high temperatures. Thereafter, the solid 

Cr2O3 product was washed twice with distilled water.     

 

Keywords: Component, Litium ion battery, Chromium Oxide, Narrow pore Size. 

 

INTRODUCTION  

Among inorganic particles, chromium oxide (Cr2O3)  have received great attention due to its 

numerous application domains, including green pigments [2] heterogeneous catalysts [3-5] 

coating materials for thermal protection [5-6], hydrogen storage [8-10] , digital recording system 

[10], photonic and electronic devices [12-13]. Various techniques have been developed to 

synthesize Cr2O3 particles such as precipitation, precipitation gelation, sol gel, mechanochemical 

reaction, oxidation of chromium in oxygen and sonochemical methods[13]. But since either these 

processes are complex or their reaction apparatus are expensive, most of them have difficulties in 

being industrialized. Some new methods of preparation should be explored.  

In the present study, a simple and original method for the synthesis of chromium oxide Micro 

particles is described. The surface properties, size, morphology and crystallographic structure of 

Cr2O3 particles are characterized by means of X-ray diffraction (XRD). However for the 

determination of particle distribution, was used from laser particle sizer (LPS) Fritsch Gmbh, the 

model of Analysset22 . 

Highly ordered mesoporous Cr2O3 materials with high specific surface area and narrow pore 

size distribution were successfully prepared by a vacuum assisted impregnation method. Both 2-

dimensional hexagonal and 3-dimensional cubic Cr2O3 mesoporous replicas from SBA-15 and 

KIT-6 templates exhibit enhanced performance for gas sensors and lithium ion batteries, 

compared to the bulk Cr2O3 counterpart Fig.1, [1]. 

 

EXPERIMENTAL 

All reagents were purchased from Aldrich or Merck and were used without further purification. 

Experimental procedure for chromium oxide (Cr2O3) particles is briefly summarized in Fig.2. 
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 According to the disclosed method potassium dichromate with a grain size of less than 1.5mm is 

mixed with ammonium sulfate with a grain size of less than 0.25mm and 5% borax into 2%  

sodium hydroxide solution. Calcinations conditions: 1 Hours in a temperature of about 800ºc and 

1 Hours in a temperature of about 1150ºc. The resulting solid, Cr2O3, is then separated from the 

soluble alkali metal compounds under vacuum with twice elution by distilled water. 

 

RESULTS AND DISSCUTION 

In this work, chromium oxide (Cr2O3) prepared with thermal method.  In order to procedures, 

purity of chromium oxide  microparticls are shown with Fig.2. that indicate high purity of the 

components. 

In order to characterize the nature of the Cr2O3 microparticls  FTIR, XRD and Laser Particle sizer 

measurements were carried out.  Fig.3 shows XRD images of the Cr2O3 powder. 

The peaks of XRD patterns displayed are evidence for the presence of the crystalline Cr2O3 with 

high purity for both powders. 

The FTIR spectrum of  chromium oxide nanoparticles  is shown in Figure 4. Two sharp peaks 

displayed at 566 and 626 cm
- 

attributed to Cr-O stretching modes, are clear evidence for the 

presence of the crystalline Cr2O3. 

For the determination of particle distribution, was used from laser particle sizer (LPSA) Fritsch 

GmbH Nanotech Analysett22 Model.  

From results is observed that the particle distribution of chromium oxide is more than 1µm 

shown in Fig.5. 

 

CONCLUSION  

We have described the use of a thermal method for preparation chromium oxide  particles that its 

main advantage is easily controllable conditions with using low cost chromium source is merit to 

be considered for scaling up by industrial researchers. These particles can used easily as 

Modified Thin Film for Lithium Ion Batteries.  
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Fig.1.Highly ordered mesoporous Cr2O3 materials with high specific surface area and narrow pore size 

distribution[1] 



Production of Chromium Oxide  
 

 
 

 

88 

 

 
 

Fig.2. Experimental procedure for the formation of chromium oxide (Cr2O3) micro particles 

 
Fig.3. XRD pattern of the Cr2O3 micro particles 
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Fig.4. FTIR spectrum of the micro-sized Cr2O3 

 

 
Fig.5. Particle distribution of Cr2O3 micro particles by LPSA 
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Abstract 
In this study, a three-layer gas diffusion electrode was made according to the second layer was 

made of a mixture of carbon black and Teflon with the ratio of 70:30 on a 200µm silver mesh. 

The third layer that cased of diffusion layer was made of platinum nano-clusters on carbon and 

Teflon suspension (with the 70:30 ratio). Finally the heat treated electrode was evaluated for 

oxygen reduction reaction in a three electrode configuration. The performance of electrode was 

considered in homemade zinc air fuel cell. The results showed that the open circuit voltage of 

cell was 1.346 V and at the voltage of 0.73 volt; the current density was 166.5 ( 2/ cmmA ). 

 

Keywords: Oxygen reduction reaction, Gas diffusion electrode, Zinc air fuel cell 

 

Introduction 

Metal-air fuel cells are electrochemical devices that directly convert the chemical energy stored 

in metals (e.g., Mg, Al or Zn) into electricity. Compared with hydrogen fuel cells, metal air fuel 

cells offer many advantages, including facile solid fuel storage, simple system structure and low 

cost. Due to these intrinsic merits, metal-air fuel cells have gained a great deal of attention and 

been regarded as promising power sources for application in mobile phones, lights, 

communication equipments and electric vehicles, etc. [1-5]. Atmospheric oxygen is the oxidant 

at the cathode of the proton exchange membrane fuel cells (PEMFC) and zinc–air fuel cells 

(ZAFC) [6-7]. In the most commonly used cathode designs, the oxygen electrode is based on a 

three-phase reaction zone. Because oxygen is poorly soluble at atmospheric pressure, a three-

phase reaction zone is required to provide oxygen in concentrations suitable for higher current 

densities.  

The electrochemical reactions of zinc-air fuel cell can be described as follows [8]: 

At the positive (cathode) electrode: 

O2 + 2H2O + 4e
-
→ 4OH

-
 , E0 = 0.40V                                                                                         (1) 

At the negative (anode) electrode: 

2Zn→ 2Zn
2+

 + 4e                                                                                                                     (2)  

2Zn
2+

 + 4OH
-
 → 2Zn (OH)2            E0 = - 1.25V                                                                  (3) 

2Zn (OH)2 → 2ZnO + 2H2O                                                                                                       (4) 

Overall cell reaction: 

2Zn + O2 → 2ZnO                          E0 = 1.65V                                                                            (5) 

In ZAFC, zinc metal as an anode material is abundantly available, inexpensive, non-toxic, safe, 

and easy to handle and store. Air is an oxygen source to be supplied at the cathode side, while 

aqueous alkaline solution is an electrolyte. The advantages of zinc air fuel cell are using 

mailto:Akbarian_parisa@yahoo.com


 

 

Exploring of the Oxygen  

 

 

 
 

92 

 

inexpensive materials of catalysts and separators, the high energy density, stable discharge 

voltage and running at ambient temperature. Theoretical specific energy of zinc air cell based on 

the molecular weight of ZnO is 1085 Wh/kg and 1.65 volts for the theoretical cell voltage [9]. 

The Oxygen reduction reaction is one of the most important electrochemical reactions because it 

is the cathodic reaction in fuel cells and metal air batteries, during aerated media corrosion and 

in some industrial electrolytic processes. For these reasons, research efforts have been focused 

on developing a proper catalyst and elucidating the mechanism of this reaction [10-12]. 

 

Experimental 

2.1. Cell Fabrication 

The zinc-air fuel cell wrought of zinc anode, cathode and alkaline electrolyte. This Cell has 

made non-separator and simple. 

2.1.1. Gas diffusion electrode fabrication 

The zinc-air fuel cell comprised of zinc anode, alkaline electrolyte, and cathode. 

Air electrode were fabricated in three layers, a waterproof diffusion layer on the air side and the 

active layer on the electrolyte side. The first layer is the gas diffusion layer which was made of 

carbon Vulcan, PTFE, 2-propanol and glycerin by mixing and was sonicated for 20 min until a 

homogeneous paste was obtained. Then, the above GDL Was placed in an oven at 80 
°
C for 3 h, 

after it has dried for half an hour left in 80 
º
C  then put 20 min to 100 

º
C and 30 min in 120 ºC. 

Then mesh up a quarter at 300 ºC and a quarter at 340 
º
C has put in the oven to stabilized. The 

PTFE solution: carbon Vulcan ratio was 30:70. 

    For each electrode, an active layer (AL) was prepared by mixing 31.5 mg Pt/C, 13.5 mg 

polytetrafluorethylene powder (PTFE) as the hydrophobic catalyst binder, then 10 mL Millipore 

water and isopropyl alcohol 1:1. This catalyst ink was sonicated for 20 min to obtain a uniform 

mixture, which was then painted onto the micro porous side of a paper gas diffusion layer 

(GDL). 

Finally these two layers were mobilized on a silver lace as third layer. 

 

2.1.2. Anode 

The metal zinc was used as the fuel anode. Anode was in direct contact with the electrolyte and 

cathode. 

 

2.2. Zinc-air fuel cell test system 

The flowing cell testing is focused on cell performance. Electrolyte applique 1.4 M KOH 

solution. 

 

Results 

The results showed that the open circuit voltage of cell was 1.346 V and at the voltage of 0.73 

volt; the current density was 166.5 ( 2/ cmmA ). 
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Figure 1. Polarization curve for the zinc-air fuel cell 

 

Conclusions 

The experimental study on the improvement of zinc - air fuel cell performance was carried out 

for non-separator cell. The Cell was made with a good insulation and no leakage was. As you 

can see from the results of the Cell performance is acceptable. 
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Absrtact 
One of the key objectives in fuel cell technology is to improve activity and reduce Pt loading of 

the electrocatalysts. This paper describes the facile and fast synthesis method for preparation of 

Co@Pt nanoparticles and their application for ethanol oxidation in acidic media.  The 

morphology, structure and composition of the as-prepared core-shell nanoparticles were 

characterized by scanning electron microscopy, transmission electron microscopy, X-ray 

diffraction and energy dispersive X-ray spectroscopy. Then, the electrocatalytic activity of the 

Co@Pt nanoparticles toward ethanol oxidation in acidic media was investigated by cyclic 

voltammetry (CV) and chronoamperometry. Both cyclic voltammetry and chronoamperometry 

results demonstrate that Co@Pt nanoparticles exhibit significantly high catalytic activity toward 

the ethanol oxidation reaction in comparison with the Pt-alone nanoparticles. 
 

Keywords: Co@Pt nanoparticles, Core-shell, Electrooxidation, Fuel cell, Ethanol. 
 

1- Introduction 

The global energy crisis and various environmental problems have worsened in recent decades 

[1]. Fuel cell technology has been considered as an effective way to solve the problem of the 

exhaustion trend for fossil fuel. The fuel cells directly transform the chemical energy to power 

with high efficiency and potentially zero emission of pollutants. Direct alcohol fuel cells 

(DAFCs) have attracted increasing interest because of their potential applications in portable 

electronic devices with high efficiency, low emission, and simple system [2]. It is known that 

platinum (Pt) is widely used as catalysts in DAFCs due to the rapid kinetics of the oxidation and 

reduction reactions taking place on its surface and stability. Problem in the fuel cells 

commercialization is the Pt cost and its scarcity in the earth. A further step in the Pt economy is 

the reduction of its content by synthesizing core-shell nanoparticles in which Pt is on the surface 

of a sacrificial metal core [3]. The core-shell nanoparticles can be regarded as a kind of phase 

separation of an alloy into a core surrounded by the shell composed of a metal. First of all, a 

core-shell construction can leverage on the use of a low-cost metal core and a noble metal 

overlayer to greatly reduce the cost of the catalyst. Second, pure Pt deposited on top of non-Pt 

substrates also showed significantly altered surface catalytic reactivity. This new class of 

catalysts can be tailored to show significantly enhanced oxidation and reduction reaction 

kinetics, and at the same time possess improved stability of Pt under typical fuel cell operating 

conditions [4]. Here, we report the facile synthesis of core-shell nanoparticles with Co as cores 

and Pt as shells, respectively. The obtained Co@Pt nanoparticles were characterized and then, 

were applied toward the electrooxidation of ethanol in 0.5 M H2SO4 solution by cyclic 

voltammometric and chronoamperometric measurements. The obtained results were compared 

with those obtained on the Pt-alone nanoparticles. 
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2- Experimental 

The Co@Pt nanoparticles were prepared using Co(NO3)2.6H2O and H2PtCl6.5H2O as metallic 

precursors, and NaBH4 as reducing agent. To obtain the Co cores the metallic salt solution 

[Co(NO3)2.6H2O, 0.02 M] was added dropwise into the solution containing the reducing agent 

[NaBH4, 0.01 M] at room temperature and mechanically stirred. The obtained product was 

washed and separated by centrifugation at 3000 rpm. To obtain the Co@Pt nanoparticles, the 

cores were suspended on a fresh reducing solution of NaBH4 (0.01 M) and a solution of 

H2PtCl6.5H2O (0.02 M) was slowly added under mechanically stirring and then the mixture was 

stirred for 30 min at 25 
◦
C. During this period, the color of the mixture gradually turned dark 

brown from light green, indicating that Co@Pt nanoparticles had been formed. Finally, the 

obtained product was separated by centrifugation at 3000 rpm [5], washed and dried overnight. 

Then, the carbon ceramic electrode (CCE) surface was polished with 1500 emery paper and was 

rinsed with distilled water. The catalyst layer on the CCE was prepared as follows: About 20 mg 

of Co@Pt nanoparticles was ultrasonically suspended in a 5 ml solution containing distilled 

water and 5% wt Nafion (50 µL) for about 30 min to obtain an ink. Then 5 µL of the dispersion 

was transferred onto the CCE using a micro pipette, and dried. 
 

3. Results and discussion 

3. 1. Physicochemical characterization 

The surface morphology and chemical structural characterization of Co@Pt nanoparticles were 

investigated by scanning electron microscopy (SEM). Information on shape and size distribution 

was obtained with a transmission electron microscope (TEM).The formation, crystallites and 

lattice parameters of Co@Pt nanoparticles were further characterized using X-ray diffraction 

(XRD). The chemical composition of the obtained core-sell nanoparticles was determined by 

energy dispersive X-ray spectroscopy (EDX) (Figure 1). Initially cyclic voltammogram of the 

Co@Pt/CCE is also presented in Figure 1 (d). The cyclic voltammogram of Co@Pt/CCE was 

characterized by two regions generally identified as the oxide region in the positive potentials 

and hydrogen adsorption/desorption region at the negative potentials.  

 

 
 

Figure 1: (a) SEM image of Co@Pt core-shell nanoparticles (The inset shows EDX spectrum of Co@Pt 

core-shell nanoparticles), (b) TEM image of Co@Pt core-shell nanoparticles (The inset shows Particle 

size distribution from several different regions), (c) XRD pattern of the Co@Pt nanoparticles and (d) 

CVs of the Co@Pt/CCE (blue line) and Pt/CCE (red line) electrocatalysts in 0.5 M H2SO4 electrolyte 

solution at a scan rate of 50 mV s
−1

. 

 

3. 2. Electrocatalytic activity toward ethanol electrooxidation 

The electrocatalytic activity of the Co@Pt catalyst toward ethanol electrooxidation was 

characterized by cyclic voltammetry (Figure 2). The electrocatalytic activities are measured in a 

0.5 M H2SO4 solution containing 0.5 M ethanol with scan rate of 50 mV s
-1

. During anodic 

sweep two peaks of ethanol oxidation can be observed. The oxidation peaks appeared in the 

forward scan related to the oxidation of freshly chemisorbed ethanol species while the reverse 

oxidation peak is corresponding to removal of carbonaceous species partially oxidized in the 
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forward scan, rather than caused by newly adsorbed species [6]. The magnitude of the forward 

peaks current gives the electrocatalytic activity of the Co@Pt catalyst for ethanol oxidation.  

The relation between the peak current density and v
1/2 

(square root of scan rate) is plotted in the 

Figure 3 (a). It can be seen that the oxidation potential and peak current density for ethanol 

oxidation become larger with increasing scan rate. The peak current densities are linearly 

proportional to the square root of scan rates, which indicates the electrocatalytic oxidation of 

ethanol on Co@Pt may be controlled by a diffusion process [7]. In addition, the peak potential 

(Ep) for the forward scan increases with the increase of scan rate (v). Also a linear relationship 

can be observed between Ep and ln (v), in Figure 3 (b). It shows that the oxidation of ethanol is 

an irreversible electrode process [8]. 
 

 
Figure 2: Cyclic voltammograms of the Co@Pt/CCE and Pt/CCE catalysts modified electrodes in 0.5 M 

H2SO4 + 0.5 M ethanol at scan rate of 50 mV s
−1

. 

 

 
Figure 3: (a) The plot of the peak current density versus the square root of scan rate and (b) The plot of E 

(V vs. SCE) versus the ln v (mV s
-1

). 
 

The stability of Co@Pt modified electrode was investigated by chronoamperometry in 0.5 M 

H2SO4 containing 0.5 M ethanol at a potential of 6.5 V for 2500 s (Figure 4), the current density 

decreases quickly at first because of the poisoning of Co@Pt catalyst by generated species 

before reaching a stable value. However, Co@Pt modified electrode shows a slower current 

decay during the measured time, compared with the Pt-alone catalyst. These results showed that 

Co@Pt catalyst is stable and occupied with robust poisoning tolerance in acidic media [9]. 
 

 

4. Conclusions  
In summary, Co@Pt nanoparticles were successfully synthesized by a facile, rapid, and simple 

method. Co@Pt nanoparticles were characterized using SEM, TEM, XRD and EDX and the 

results supported the existence of a core-shell structure. The electrocatalytic activity was 

investigated by electrochemical techniques. The core-shell nanostructure catalyst show 

improved catalytic activity and stability for ethanol electrooxidation compared to Pt-alone 

catalyst. The combination of high activity and tolerance to carbonaceous species poisoning 

makes the Co@Pt nanoparticles a promising catalyst for use in direct alcohol fuel cells. 
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Figure 4: Chronoamperometric curves for the Co@Pt/CCE and Pt/CCE catalysts modified electrodes in 

0.5 M H2SO4 + 0.5 M ethanol solution (polarization potential: 0.65 V) for 2500 s. 
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Abstract 
In this study, nanoporous nickel phosphate molecular sieve VSB-5 was synthesized and 

characterized by X-ray diffraction and scanning electronic microscopy (SEM). The 

electrocatalytic oxidation of ethanol in alkaline medium has been studied using multi-walled 

carbon nanotubes (MWCNTs) and VSB-5 nanorods modified carbon paste electrode. The 

electrochemical characterizations were performed using cyclic voltammetry (CV) and 

chronoamperometry techniques. A sensitive oxidation peak was observed at 0.53 V in 0.1 M 

NaOH solution for electrocatalytic oxidation of ethanol with EC′ mechanism. The values of 

catalytic rate constant and diffusion coefficient for ethanol and redox sites were obtained to be 

5.76×10
5
 cm

3
 mol

−1 
s
−1

 and 1.49×10
-7

 cm
2
 s

−1
, respectively. Obtained results from cyclic 

voltammetry and chronoamperometric techniques specified that the electrode reaction is a 

diffusion-controlled process. The results show that this electrode is very attractive for 

application in direct ethanol fuel cell. 

 

Keywords: VSB-5 nanorods, MWCNTs, Electro-oxidation, Ethanol, Fuel cell 

 

Introduction  

Direct liquid fuel cells, such as direct alcohol fuel cells (DAFCs), have attracted much attention 

as one of the most viable candidates to replace batteries as a source of portable power. Among 

the various liquid fuels, ethanol is less toxic, has the higher energy density and is easier to store 

and handle than methanol [1]. Also, it can be produced in large quantities from agricultural 

products or biomass. Therefore, ethanol has received considerable attention over the years as a 

potential fuel for fuel cells [2, 3]. Therefore, the preparation of high active catalysts for ethanol 

oxidation is of a great significance. These common efficient catalysts for electro-oxidation of 

ethanol are noble metals such as Pt [4–6], Pd [6, 7] and their alloys [8–10], but the high price 

and finite reserves limit their commercial applications. For improving the efficiency of ethanol 

oxidation on fuel cells, a considerable effort has been devoted to developing nanoscale 

electrocatalyst. The choice of a suitable supporting material for the nanoparticles is important, 

which may affect the performance of the supported catalysts. 

Carbon nanotubes (CNTs) have appeared to be a promising supporting material for the 

electrocatalysts owing to their unique one-dimensional nanostructure and excellent mechanical, 

electrical and surface properties [11]. Recently, there has been great interest to exploit the 

application of Multi-walled carbon nanotubes (MWCNTs) in the area of catalysts, where 

nanotubes can function as supports of heterogeneous catalysts [12]. Zeolites constitute a 

valuable class of advanced crystalline microporous inorganic materials with extraordinary 

properties making them ideal for molecular sieving, ion-exchange and shape-selective catalytic 
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processes. They have high surface areas with strongly organized microporous channel systems 

that exhibits an advantage compared to other classical support materials that are interest for fuel 

cell technology [13]. Nanoporous nickel phosphates VSB-5 (Versailles Santa Barbara-5) attract 

great interests, because their structures are thermo-stable and include transitional metal nickels. 

These materials could be potentially utilized based on their catalytic, spectroscopic, magnetic 

and electronic properties, which were rarely displayed in traditional zeolites or other porous 

silicas [14]. Design of modified electrodes for electrocatalysis has been extensively developed 

because these electrodes provide an excellent way to facilitate (accelerate) charge transfer 

processes. Modified electrodes decrease the overpotentials, which often required performing 

electrochemical transformations, as well as increasing the intensity of the corresponding 

voltammetric responses [15–18]. 

In this study, Nanoporous VSB-5 was synthesized and characterized by XRD and SEM 

techniques. Then, this nanozeolite with MWCNTs was applied for modification of CPE and 

applied for electrocatalytic oxidation of ethanol in the alkaline medium. 
 

Experimental 
 

Reagents and materials 

Phosphoric acid (85%), diethyl ether, sodium hydroxide, ethanol, NiCl2·6H2O, potassium 

ferricyanide (K4Fe(CN)6) and potassium chloride were purchased from Merck company that 

were of analytical reagent grade. Triethylamine (N (C2H5)3) was obtained from Samchun Korea 

company. Graphite powder and paraffin oil (d = 0.88 g cm
−3

) as the binding agent (both from 

Dayjung company) were used for preparing the pastes. All materials were used without any 

further purification. Also, all solutions were prepared with deionized water. 
 

Synthesis of VSB-5 nanozeolite 

The VSB-5 nanorods were synthesized through using triethylamine as template under 

hydrothermal conditions. In a typically synthetic, appropriate amount of NiCl2·6H2O was 

dissolved in distilled water, followed by adding H3PO4 (85%) and triethylamine with stirring. 

The mixed deep-purple solution (pH = 9.0) was sealed in a 100 mL teflon-lined autoclave. After 

heated at 180 
◦
C for 3 days under autogenous pressure and quenched in cold water, the VSB-5 

crystal nanorods were obtained through centrifuging from the brown solution (pH = 10.1). Then, 

synthesized material washed with distilled water for five times and calcinated for 10 h at 423 K. 
 

Apparatus 

The electrochemical experiments were performed at room temperature using SAMA500 

potantiostat galvanostat Electrochemical Analysis System, Iran with a voltammetry cell in a 

three electrode configuration. The Ag|AgCl|KCl (3M) and platinum wire were used as reference 

and auxiliary electrodes, respectively. The bare CPE and modified CPE with VSB-5 

nanozeolites and MWCNTs (VSB-5–MW/CPE) were used as working electrodes. 
 

Preparation of the electrode 

During preparation, diethyl ether was added to a mixture VSB-5 nanozeolites, MWCNTs and 

graphite powder. After hand mixing with a mortar and pestle, the solvent was evaporated with 

stirring. Then, paraffin oil (35%) was blended with the mixture in a mortar by hand mixing for 

30 min until a uniformly wetted paste was obtained. This paste was packed into the end of a 

glass tube (ca. 0.35 cm i.d. and 10 cm long) and the copper wire was utilized for electrical 

contact. A new surface was achieved by pushing an excess of the paste out of the tube and 

polishing with a weighing paper. Bare CPE were also prepared in the same way in the absence 

of VSB-5 and MWCNTs. 
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Results and discussion 

 

Characterization of VSB-5 nanozeolite 

Figure 1 displays XRD pattern and SEM image of synthesized nanoporous VSB-5 molecular 

sieve. On the basis of previous reports [19, 20] VSB-5 has homogeneous morphologies 

(typically a rod-like shape) and its XRD pattern contains an intense signal at 2θ = 5.7°, also has 

a signal at 2θ = 11.3° with lower intensity and other weak signals. By considering XRD pattern 

as well as SEM image of synthesized sample with literature [19, 20], it can be deduced that the 

synthesized samples have VSB-5 morphology.  

 

 
Figure 1: The representation of (a) XRD pattern and (b) SEM image of synthesized nanoporous nickel 

phosphate VSB-5 molecular sieve. 

 

Electrochemistry of the modified electrode 

Cyclic voltammetry (CV) was employed for the investigation of electrochemical properties of 

the unmodified CPE and modified electrode (VSB-5–MW/CPE) in potassium ferricyanide 

solution. Figure 2 displays the CVs of the electrochemical oxidation of K4Fe(CN)6 at the 

prepared bare CPE and VSB-5-MW/CPE electrodes in the ferricyanide solution. As can be seen 

in Figure 2, the anodic peak current for VSB-5–MW/CPE is higher than that at bare CPE. This 

is a quasi- reversible system because the peak separation potential, ΔEp (Epa − Epc), is equal to 

100 mV and lower than that for CPE.  
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Figure 2: The CVs of (a) bare CPE and (b) VSB-5–MW/CPE in the presence of 10 mM K4Fe(CN)6 and 

0.1 M KCl solution at a scan rate of 20 mV s
−1

 and pH of 7.0. 

 

Electrochemical behavior of electrodes in alkaline media 

The bare CPE and modified VSB-5–MW/CPE were immersed in the 0.1 M NiCl2 solution with 

stirring for 15 min (optimum time) at 200 rpm, and then washed completely with distilled water 

to remove the surface adsorbed species. Figure 3(a) and 3(c) shows CVs of Ni-CPE and Ni-

VSB-5–MW/CPE electrodes in 0.1 M NaOH solution. These redox waves are ascribed to the 

oxidation of Ni(OH)2 at the VSB-5 nanozeolite/electrolyte interface to NiOOH and reduction of 

NiOOH to Ni(OH)2 with a peak potential of 0.53 and 0.39 V vs. Ag|AgCl|KCl (3 M), 

respectively. As can be seen in Figure 3(d), the peak current of Ni(OH)2 oxidation at the surface 

of Ni–VSB-5–MW/CPE is greater than that at Ni–CPE. These observations can describe clearly 

the role of the VSB-5 nanozeolite and MWCNTs on improvement of the oxidation currents. 

 

Figure 3(d) exhibits the CV for electrocatalytic oxidation of 0.001 M ethanol in the surface of 

Ni–VSB-5–MW/CPE in 0.1 M NaOH at scan rate of 20 mV s
−1

. After addition of ethanol, the 

peak around 0.53 V corresponding to the Ni(OH)2/NiOOH transformation disappeared; 

meanwhile, one enhanced oxidation peak appears at around 0.6 V vs. Ag|AgCl|KCl (3 M). Also, 

cathodic peak current around 0.38 V decreased after addition of ethanol. It can be concluded that 

the over potential of ethanol electrooxidation was decreased in the surface of modified 

electrode.      

This result specified that the applied modifier in this process participates directly in the 

electrocatalytic oxidation of ethanol. When ethanol diffuses from the bulk solution to the 

electrode surface it is quickly oxidized to produce by the NiOOH species on the electrode 

surface. Therefore, the amount of NiOOH species decreases due to its chemical reaction with 

ethanol. This behavior is a typical observation expected from the mediated oxidation (EC′ 

mechanism), illustrated in the following: 

 

[(Ni–VSB-5–MW/CPE) − Ni(OH)2] + OH
−  ⇄ [(Ni–VSB-5–MW/CPE) − NiOOH] + H2O + e

−
 

(E) 

 

[(Ni–VSB-5–MW/CPE) − NiOOH] + EtOH ⇄ [(Ni–VSB-5–MW/CPE) − Ni(OH)2] + product 

(C′) 
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Figure 3: CVs of (a) bare CPE and (c) VSB-5–MW/CPE in the absence of ethanol and (b) bare CPE and 

(d) VSB-5–MW/CPE in the presence of 0.001 M ethanol at scan rate of 20 mV s
-1

 in the 0.1 M NaOH 

solution. 

 

The influence of scan rate was also investigated on the electrocatalytic oxidation of 0.001 M 

ethanol in 0.1 M NaOH at the surface of Ni–VSB-5–MW/CPE. The increase in the peak current 

with the scan rate can be considered an adsorption or diffusion control of the process. A plot of 

Ipa vs. the scan rate (υ) in the range of 10–300 mV s
−1

 a linear curve (see Figure 4b); meanwhile, 

a plot of Ipa vs. the square root of scan rate (υ
1/2

) was found to be linear with equation of Ipa (μA) 

= 51.756 υ
1/2

 (mVs
−1

)
1/2

 - 20.851 and R
2
 = 0.9991 . This observation suggested that this process 

is diffusion-controlled process rather than surface-controlled process. 
 

 
Figure 4: (a) The plot of Ipa vs. υ and (b) Ipa vs. υ

1/2
 extracted from CVs of the Ni–VSB-5–MW/CPE in 

the presence of 0.001 M ethanol in 0.1 M NaOH at various scan rates. 
 

Chronoamperometric studies 

Figure 5(A) illustrates double-step chronoamperometric measurements at the surface of the Ni–

VSB-5–MW/CPE with several concentrations of ethanol such as 0.0, 0.001, 0.005 and 0.01 M. 

The applied potential steps were 0.65 and 0.35 V vs. Ag|AgCl|KCl (3 M) in the anodic and 

direction, respectively. It was found that the observed current from chronoamperograms was in 

good agreement with the detected current from cyclic voltammetry experiment and the current 

increases as the ethanol concentration increases (curves b, c and d). This result supports our 

conclusion about the catalytic role of NiOOH for oxidation of ethanol that ethanol oxidation 

starts directly after the formation of the first amount of NiOOH on the surface of electrode. 

Chronoamperometry can be applied for the evaluation of the catalytic rate constant (kcat) 

between the ethanol and redox sites of electrode according to following equation: 
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                                                                                                              (1) 

where Icat and IL are the currents in the presence and absence of ethanol, respectively. The 

symbols kcat is the catalytic rate constant (cm
3
 mol

−1
 s
−1

), C0 is the bulk concentration of ethanol 

(mol cm
−3

) and t is the elapsed time (s). Figure 5B shows the plot of Icat/IL versus t
1/2

 derived 

from the data of chronoamperograms in the absence (a) and presence of 0.01 M ethanol (d). 

From the slopes of the Icat/IL versus t
1/2

 for all concentrations, the mean value of kcat was 

calculated to be 5.76×10
5
 cm

3
 mol

−1 
s
−1

. An exponential behavior of I–t curves shows that a 

diffusion-controlled process has occurred according to Cottrell equation. From the 

chronoamperometric study, the diffusion coefficient, D, of ethanol was determined in aqueous 

solution by using Cottrell equation: 
 

       
 
    

  
    

  
                                                                                                            (2) 

where F is the Faraday number, A is the area of the electrode, C is the known concentration of 

ethanol and D is the apparent diffusion coefficient. Figure 5C demonstrates experimental plots of 

I vs. t
−1/2

 for 0.01 M of ethanol at the surface of Ni–VSB-5–MW/CPE. The same curves were 

plotted for all concentrations and then the slopes of the resulting straight lines were plotted vs. 

the ethanol concentration. From the slope of the resulting plots and using the Cottrell equation, 

the mean value of the D was obtained to be 1.49×10
-7

 cm
2 

s
−1

 (with n = 4, F = 96485 C.mol
−1

, 

and A = 0.0962 cm
2
). A linear relationship in the plot I vs. t

−1/2
 indicated that the electrode 

reaction is a diffusion-controlled process. 

 

 
Figure 5: (A) The double-step chronoamperograms of Ni–VSB-5–MW/CPE in 0.1 M NaOH solution in 

the absence a and presence of b 0.001, c 0.005 and d 0.01 M of ethanol (the potential steps were 0.65 and 

0.35 V vs. Ag/AgCl/KCl (3 M)). (B) Dependence of Icat/IL on t
1/2

, derived from the data of 

chronoamperograms  a and d. (C) Dependence of I on t
−1/2

, derived from the data of chronoamperogram 

d. 
  

Conclusions 

Nickel phosphate VSB-5 nanorods was synthesized in the presence of triethylamine as template. 

The novel modified carbon paste electrode was prepared by loading nickel ions into VSB-5–

MW/CPE modified electrode. The modified electrode can enhance the oxidation of ethanol 

through a decrease in over potential of ethanol oxidation and overcome the low kinetic of 

reaction in alkaline solution. Results specified that the NiOOH species formed during the 

oxidation of Ni-VSB-5–MW/CPE is found to be a good catalyst for oxidation of ethanol. It can 

be stated from the obtained results that this non-noble catalyst had some advantages such as low 

cost and stability, ease of preparation and regeneration, stable response and very low ohmic 

resistance.  



 

105 

 

References 
 [1] S.K. Hassaninejad–Darzi, M. Rahimnejad and S.M. Pourali “Preparation of  template-free 

sodalite nanozeolite-chitosan modified carbon paste electrode for electrocatalytic oxidation of 

ethanol”, J. Iran. Chem. Soc., 2014, DOI: 10.1007/s13738-014-0498-3. 

[2] S. Nguyen, H. Law, T. Nguyen, N. Kristian, S. Wang and S. Chan “Enhancement effect of 

Ag for Pd/C towards the ethanol electro-oxidation in alkaline media”, Appl. Catal. B Environ, 

(2009), 91, 507-15. 

[3] L. Dai, L. Jiang, E. Abdel-Halim and J. Zhu “The fabrication of palladium hollow sphere 

array and application as highly active electrocatalysts for the direct oxidation of ethanol”, 

Electrochem. Commun., (2011), 13(12), 1525-1528.  

[4] X. Wang, C. Hu, Y. Xiong, H. Liu and G. Du “Carbonnanosphere-supported Pt 

nanoparticles for methanol and ethanol electro-oxidation in alkaline media”, J. Power Sources, 

(2011), 196, 1904-1908. 

[5] S. Lai and M. Koper “Ethanol electro-oxidation on platinum in alkaline media”, Phys. Chem. 

Chem. Phys., (2009), 11, 10446-10456. 

[6] P. Su, H. Chen, T. Chen, C. Liu, C. Lee and J. Lee “Enhancement of electrochemical 

properties of Pd/C catalysts toward ethanol oxidation reaction in alkaline solution through Ni 

and Au alloying”, Int. J. Hydrogen Energy, (2013), 38, 4474-4482. 

[7] M. Hasan, S. Newcomb, J. Rohan and K. Razeeb “Ni nanowire supported 3D flower-like Pd 

nanostructures as an efficient electrocatalyst for electrooxidation of ethanol in alkaline media”, 

J. Power Sources, (2012), 218, 148-156. 

[8] Y. Huang, J. Cai, M. Liu Y and Y. Guo “Fabrication of a novel Pt-Pb-Bi/C catalyst for 

ethanol electro-oxidation in alkaline medium”, Electrochim. Acta, (2012), 83, 1-6. 

[9] L. Yu and J. Xi “TiO2 nanoparticles promoted Pt/C catalyst for ethanol electro-oxidation”, 

Electrochim. Acta, (2012), 67, 166-171. 

[10] Y. Wang, F. Shi, Y. Yang and W. Cai “Carbon supported Pd-Ni-P nanoalloy as an efficient 

catalyst for ethanol electrooxidation in alkaline media”, J. Power Sources, 2013, 243, 369-373.  

[11] G. Wu and B.Q. Xu “Carbon nanotube supported Pt electrodes for methanol oxidation: A 

comparison between multi- and single-walled carbon nanotubes”, J. Power Sources (2007), 174, 

148-158. 

[12] Z. Liu, Z. Li, F. Wang et al. “Synthesis of multi-walled carbon nanotube supported nickel 

catalysts by hydrazine reduction and their electrocatalytic activity on ethanol electro oxidation”, 

Mater. Lett., (2011), 65, 3396-3398. 

[13] A. Samadi–Maybodi, S. K. Hassani Nejad–Darzi, M. R. Ganjali and H. Ilkhani, 

“Application of nickel phosphate nanoparticles and VSB-5 in the modification of carbon paste 

electrode for electrocatalytic oxidation of methanol”, J. Solid State Electrochem., (2013), 17, 

2043-2048. 

[14] S.H. Jhung, J.H. Lee, A.K. Cheethan et al. “A shape-selective catalyst for epoxidation of 

cyclic olefins:The nanoporous nickel phosphate VSB-5”, J. catal., (2006), 239, 94-107. 

[15] N. Rodthongkuma, N. Ruechab, R. Rangkupana, R.W. Vachetd and O. Chailapakul 

“Graphene-loaded nanofiber-modified electrodes for the ultrasensitive determination of 

dopamine”, Anal. Chim. Acta, (2013), 804, 84-91. 

[16] G. Yildiz, N. Oztekin, A. Orbay and F. Senkal “Voltammetric determination of nitrite in 

meat products using polyvinylimidazole modified carbon paste electrode”, Food Chem., (2014), 

152, 245-250. 

http://www.sciencedirect.com/science/article/pii/S0378775307015807
http://www.sciencedirect.com/science/article/pii/S0378775307015807


 

 

Electro-Oxidation Ethanol Using 
 

 

 
 

 

106 

 

[17] A. Bobrowski, A. Krolicka, M. Maczuga and J. Zarebski  “A novel screen-printed electrode 

modified with lead film foradsorptive stripping voltammetric determination of cobalt and 

nickel”, Sens. Actuators: B, (2014), 191, 291-297. 

[18] M. Mazloum-Ardakani and A. Khoshroo “Nano composite system based on coumarin 

derivative–titaniumdioxide nanoparticles and ionic liquid: Determination of levodopaand 

carbidopa in human serum and pharmaceutical formulations”, Anal. Chim. Acta, (2013), 798, 

25-32. 

[19] A. Samadi-Maybodi and S.K. Hassani Nejad-Darzi “Phase-selective crystallization of 

nickel phosphate VSB-5 with (2-hydroxyethyl) trimethylammonium hydroxide as template”, 

Cryst. Res. Technol, (2011), 46, 383-388.  

[20] S.H. Jhung, J.W. Yoon, Y.K. Hwang and J.S. Chang “Morphology control of the 

nanoporous nickel phosphate VSB-5 from large crystals to nanocrystals”, Micropor. Mesopor. 

Mater. (2006), 89, 9-15.  



 

107 

 

 

Evaluation of a Porous Nano Structure Electrode Base on Pt-Free 

Nano Catalyst for Direct 2-Propanol Fuel Cell 
 

S. Samadinejad
*
, M. Zhiani 

Department of chemistry, Isfahan University of Technology, Isfahan, Iran, 84156-83111 
* somayeh.samadi@ch.iut.ac.ir 

 

Abstract 
2-propanol is one of the most promising candidates for direct alcohol fuel cells (DAFCs). 2-

Propanol is less toxic than methanol, it is less prone to crossover to the cathode, and it is not 

poison to the cathode like the methanol. In this project, a porous anode electrode was made 

based on the Pt-free Hypermec
TM

 ( Fe-Co-Ni/C) nanocatalysts for evaluation of 2-propanol 

electrooxidation in alkaline media. Performances of the mentioned electrode and conventional 

palladium anode electrode in 2-propanol electrooxidation reaction were compared. The 

electrochemical behaviors of these electrodes were investigated by cyclic voltammetry 

techniques.  

The chronoamperometry results showed clearly that the Hypermec
TM

 is a better catalyst for 2-

propanol oxidation reaction than the Pd/C. The maximum current density value obtained for the 

Pt-free Hypermec
TM

 was 15 µA µg
-1

metal and for Pd/C (10% wt) was 11.5 µA µg
-1

metal .  
therefore, the Hypermec

TM
 electrocatalyst had a higher catalytic activity than Pd/C (10% wt) 

electrocatalyst. 
 

Keywords: Non platinum nano catalyst, Pd/C nanocatalysts, Oxidation of 2-propanol. 

 

1. Introduction 
Direct alcohol fuel cells (DAFCs) have attracted enormous attention as power sources for 

portable electronic devices and transportation because liquid alcohol fuels have a higher energy 

density and are easier to handle and store than hydrogen gas fuel [1]. Direct 2-propanol fuel 

cells have attracted more and more attention as 2-propanol is the smallest secondary alcohol, 

less toxic than methanol and its electrochemical oxidation is of great interest due to its particular 

molecular structure . The direct alcohol fuel cells using 2-propanol as fuel show much higher 

performance and a much lower crossover current than direct methanol fuel cells[2]. 

 

In the present study, we introduce on the first time Pt-free Hypermec
TM

 as anod electrocatalyst, 

which is high electrocatalytic activity then other non-platinume electrocatalyst for 

electrooxidation of 2-propanol in alkaline media. Performance of this electrode compared to 

Pd/C (10% wt) this ability have been done by cyclic voltammetry (CV) and 

chronoamperometry. Finally, Pt-free Hypermec
TM

 catalyst were incorporated into the passive air 

breathing direct 2-propanol fuel cell. 
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2. Experiment 

For a comparable reason, both catalyst inks prepared by the same method as follows as: the 

mixture was prepared by containing 8.0 mg of the catalyst powder, 300 µl of iso-propanol: pure 

water (80:20) and 1drope of nafion solution (5% wt) was added to the mixture and then it was 

stirred ultrasonic probe for 2 min to obtain a well-dispersed ink. The catalyst ink transferred 

onto the surface of the glassy carbon electrode by using micropipette, and finally dried at room 

temperature. 

 

3. Results and Discussion 

3.1 Electrocatalytic activity and stability of Pt-free and Pd/C 10 wt%  
Figure 1. is a comparative cyclic voltammograms (CVs) of the different electrocatalysts in 1.0 

M KOH and 0.5M 2-Propanol. By considering the onset potential of both catalysts, and peak 

current density of Pt-free Hypermec
TM

 and Pd/C (10% wt)  (15 µA µg
-1

metal vs 11.5 µA µg
-

1
metal), it could be concluded that the active surface area of Pt-free Hypermec

TM
 is higher than 

Pd/C (10% wt).                                                                                                                      
 

 
Figure 1.the CVs of 0.5 M 2-Propanol oxidation on different electrocatalysts at20 mV s

−1
 in 1 M KOH at 

25 °C. 

 

3.2. The effect of scan rate 

The effect of scan rate on the electro-oxidation of 2-propanol on Pt-free Hypermec
TM

 and Pd/C 

(10% wt) catalysts was shown in Figure 2.In the range of 5-300 mVs
_1

, the peak current 

increased with the square root of the scan rates (Figure 3). This result showed that 2-propanol 

electro-oxidation reaction on Pt-free Hypermec
TM

 and Pd/C (10% wt) catalysts was controlled 

by diffusion of 2-propanol to the electrode surface. Furthermore, one observed that 2-propanol 

electro-oxidation peak potential shifted more positive potential by increasing scan rate (Figure 

2). This phenomenon could be attributed to irreversible electrode process of 2-propanol electro-

oxidation. 
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Figure 2- Cyclic voltammograms at varying scan rates in 0.5 M 2-Propanol and 1M KOH 
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Figure 3 - Plots of currents of 2-Propanol oxidation versus scan rates and versus square root of scan rate. 
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Abstract 
In this work, CuO NPs was prepared by a simple and green method using Rosarinusofficinalis 

extract containing phenolic constituents as both the chelating and the stabilizing agents. CuO 

nanoparticles/ polyorthoaminophenol composite as electro-active electrodes for electro catalytic 

oxidation of methanol with good uniformity are prepared by electropolymerization. Composite 

of CuONps/POAP was synthesized by cyclic voltammetry (CV) methods and electrochemical 

properties of film were investigated by using electrochemical techniques. New composite 

modified electrode shows a significantly higher response for methanol oxidation.  

  

Keywords: Green synthesis, Nanocomposite, CuO NPs, Impedance, Electrocatalytic 

 

1. Introduction 

CuO nanostructures (CuONPs ) have been extensively investigated because of their promising 

applications in various fields such as catalysis, batteries,semiconductors,supercapacitors,solar 

cells, sensors, nanofluid andphotodetectors [1-5].CuO nanostructures are potential catalysts for 

oxidation reactions of CO and for substituting noble metal catalysts due to their high catalytic 

activity, low-cost, and availability. A number of researchers have used thermal decompositions 

for the preparation ofCuO nanoparticles (NPs.Using the novel compounds or new methods can 

be useful for preparing nanomaterials to control the size, shape and distribution size. Copper-

based and its oxide-based nanomaterials were of great interest for their extensive applications in 

catalysis, gas sensor, Li ion battery and biosensors for a long time.   Herein, we describe a 

simple strategy dispersing of CuONPs within the conducting polymer matrix by in situ 

electropolymerization using an ionic surfactant as the supporting electrolyte.  

 

2. Experimental 

For green synthesis of CuO NPs, 0.2 M of cupric choridedihydrateCuCl2·2H2O was dissolved in 

100 ml of distilled water under magnetic stirring at 50 
◦
C temperature. The addition of the 

Rosarinusofficinalis extract causes the formation of dark brown precipitate which then 

transforms into CuO by heat treatment. After 30 min, the mixture was centrifuged, washed with 

distilled water and then dried at 70 
◦
C for 1 h. Finally, crystalline CuONPs were obtained after 

calcination at 300 
◦
C for 3 h in furnace. The CuONPs were first dispersed in an aqueous solution 

containing an ionic surfactant. Then electroactive monomer (Ty) was added into the above 

mixture and finally electrochemical reaction was preceded at the surface of the graphite 

electrode. In the present work CuONPs /POAP composite was synthesized by cyclic 
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voltammetry methods and electrochemical properties of film were investigated by using 

electrochemical techniques, viz. CV and electrochemical impedance spectroscopy.  

 

3. Results and discussion 

   Fig. 1 shows the UV-vis spectra of Rosarinusofficinalis extract. The observed bands are 

assigned to   →  * and n →  *transitions of benzene rings and carbonyl groups in the extract 

compounds. The constituents of aqueous extract could be adsorbed on the surface of metal 

nanoparticles, possibly by interaction through  -electrons interaction. Hence, the extract acts as 

the stabilizeras well as the chelating agents. 

 

 
Figurer 1. UV-vis spectrum of Rosarinusofficinalis leaves and roots extract. 

 

Fig. 2 shows the XRD pattern of CuO NPs. All the diffraction peaks could be clearly indexed to 

monoclinic phase of CuO agreed with the data of the Joint Committee on Powder Diffraction 

Standards file (JCPDS No.05-0661). 

 

 
Figure 2.XRD pattern of CuONPs. 

 

Composite films were applied to electrooxidation of methanol in alkaline media.Figure 3 shows 

cyclic voltammograms of CuONps/POAP/G electrode in 0.1 M NaOH solution in the presence 

of different concentration of methanol at a potential sweep rate of 10 mV s
-1

. The larger 

methanol response at the CuONps/POAP/G respect CuO/G electrode is proposed to be the 

CuONps/POAP enhances the catalytic properties of copper oxide through fine dispersion of the 

catalyst particles into the conductive polymer matrix to results in a drastic increase in surface 

area.  
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Figure 3. Cyclic voltammograms of CuONps/POAP electrode in 0.1 M NaOH solution in the presence of 

different concentration of methanol at a potential sweep rate of 10 mV s
-1

. 

 

At CuONps/POAP/G electrode, oxidation of methanol appeared as a typical electrocatalytic 

response in alkaline media by Cu(OH)2/CuOOH [6, 7]. The anodic electrochemical reactions 

can be summarized as follows: 
2 3Cu Cu e                                                                 (1) 

3 2

3 intadsCu CH OH Cu ermediate  
                             (2)

 

3 2intCu ermediate Cu product                                   (3) 

Figure 4 presents the Nyquist diagrams of CuONps/POAP/G in different concentration of the 

methanol. In the methanol’s concentration range of 0.005-0.02 M a steady decrease of the 

diameter of the semi-circle is witnessed. Diagrams consist of a small semicircle terminated to 

depressed capacitive semicircles at low frequency end of the spectrum. The equivalent circuit 

compatible with the Nyquist diagram recorded in the presence of methanol was depicted in Fig. 

4. To obtain a satisfactory impedance simulation of ethanol electro-oxidation, it is necessary to 

replace the capacitor C with a constant phase element (CPE) in the equivalent circuit. The most 

widely accepted explanation for the presence of CPE behavior and depressed semicircles on 

solid electrodes is microscopic roughness, causing an inhomogeneous distribution in the 

solution resistance as well as in the double-layer capacitance. The parallel combination of 

charge transfer resistance R1 and constant phase element CPE1 accounts for the injection of 

electrons from the conductive polymer to the back metallic contact. R2 and CPE2 represent the 

methanol oxidation. As increasing methanol concentrations decrease the diameters of 

semicircle, and charge transfer for methanol electrooxidation on the surface of 

CuONps/POAP/G is lower than CuO /G.  
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Figure 4. Nyquist diagrams of CuONps/POAP/G electrodes recorded at 600 mV dc-offset in the presence 

of  different concentration of methanol in 0.1 M NaOH solution. 

 

4. Conclusions  

CuO NPs was prepared by a simple and green method using Rosarinusofficinalis extract 

containing phenolic constituents as both the chelating and the stabilizing agents. CuO 

nanoparticles/ polyorthoaminophenol composite as electro-active electrodes for electro catalytic 

oxidation of methanol with good uniformity are prepared by electropolymerization. Composite 

of CuONps/POAP was synthesized by cyclic voltammetry (CV) methods and electrochemical 

properties of film were investigated by using electrochemical techniques. New composite 

modified electrode shows a significantly higher response for methanol oxidation.  
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Abstract 

Well-dispersed binary PtSnO2 catalysts with atomic ratio of 75:25 were deposited onto Vulcane 

XC-72R and CNT using modified alcohol-reduction process for electrochemical oxidation of 

acetaldehyde. We use CNTs as catalyst support for PtSnO2 catalyst .In this work, we 

synthesized SnO2 by an ex situ method and made a binary catalyst by adding a tin oxide to Pt 

supported on CNT and its performance compared with Pt-SnO2/C. The XRD analysis showed 

the alloy catalyst was synthesized. An electrochemical study in acetaldehyde and acid medium 

showed that the PtSnO2/CNT catalyst had a better performance compared with the PtSnO2/C 

catalyst. The CV analysis indicate that the presence of CNT as support increase the activity of 

catalyst to oxidation of acetaldehyde and have a low onset potential (about 200 mV) for the 

electrooxidation of adsorbed acetaldehyde than PtSnO2/C. However, for the overall oxidation of 

acetaldehyde, the PtSnO2/CNT catalyst is favorable for the activation of C-C bond breaking, 

thereby generating higher current density (mass activity) at higher potentials. 

  

Keywords: CNT, Tin Oxide, Acetaldehyde Oxidation. 

 

Introduction 
Acetaldehyde was oxidized to carbon dioxide on various platinum alloy electrodes in the over 

voltage potential region. Unsuccessfully, the lone reaction product we obtained was acetic acid, 

which is known to be hard to transform into carbon dioxide. 

 Electrochemical oxidation of acetaldehyde continues to be an interesting topics because it 

arouses great investigations in different catalytic application areas. It is an intermediate product 

in ethanol electrooxidation [1]. 

However, although it is evidenced that the overall kinetics can be improved by using bimetallic 

Pt-based electrocatalysts, the incomplete ethanol oxidation also prevails on these binary 

catalysts. 

Adsorbed C2 hydrocarbon residues have been identified as major adsorbed intermediates by 

means of differential electrochemical mass spectrometry (DEMS) and in situ infrared 

spectroscopy. Acetaldehyde and acetic acid have been detected as the main by-products. Thus, 

although there is agreement that PtRu and PtSn are more active for the oxidation of ethanol, the 

effect of the second metal (Ru and Sn) does not seem to be similar in each case. Further study is 

necessary to reap the beneficial effects of each metal in improvement of the activity and 

selectivity for the reaction [2]. 
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Behm et al. showed that on Pt3Sn/C, PtRu/C and Pt/C atalysts investigated C–C bond breaking 

is negligible. . The low activity for C–C bond breaking, which is also characteristic for ethanol 

oxidation, governs acetaldehyde oxidation. Therefore these catalysts will not be able to correct 

the low selectivities for complete ethanol oxidation observed previously by subsequent complete 

oxidation of the incomplete oxidation products acetaldehyde and acetic acid [3]. 

In this work, we synthesized SnO2 by an ex situ method and made a binary catalyst by adding a 

tin oxide to Pt. Using CNT and Vulcan for support catalyst results show that the CNT enhanced 

the ECSA and increase acetaldehyde oxidation in acid environment.   

 

Materials and method 
SnO2 synthesis 

The steps involved in the synthesis of SnO2 were: i) addition of the required SnCl4. 4H2O to 

50cc of water ii) add the 2M KOH solution to the mixture until the solution were opaque iii) 

after 6h the mixture was filtered and washed with water 3 times and drying of the solid at 80 oC 

for 24 h iv) finally, the solid was heated up to 500 
o
C for 4 h in the stove under ambient gasses 

to complete oxidation of tin oxide to SnO2. 

 

Catalyst synthesis 

PtSnO2 nanoparticles were deposited on Vulcan XC-72R and CNT by using the modified 

polyol method. The steps involved in the preparation were: i) incorporation of a predetermined 

amount of carbon, i.e. Vulcan, to 15 cc of ethylene glycol, and then sonicated the whole mixture 

for 30 min; ii) addition of the required precursors, i.e. H2PtCl6, and SnO2 to the mixture in the 

stoichiometric amount required and sonicated for 30min ; iii) 45cc of ethylene glycol was added 

and sonicated for 30 min;iv)increasing the temperature up to 120 oC, and then keeping it 

constant for 12 h to allow the nucleation and growth of the alloy metal on the carbon support; v) 

cooling the suspension down to room temperature; vi) separation of the solid by filtration, 

subsequent thorough rinsing with water and drying of the solid at 80 
o
C for 24 h in an oven. The 

atomic ratio of catalysts were PtSnO2 (3:1) with 10% of metal and metal oxide loading. 

 

Electrochemical characterization 

For the electrochemical characterization, a conventional three-electrode cell was employed. The 

working electrode was a glassy carbon of 0.031415 cm
2
 geometric area, covered by a thin layer 

of catalyst imbedded in a Nafion polymer electrolyte film. A Pt foil of 1 cm
2
 geometric area was 

used as counter electrode and a saturated calomel electrode as reference electrode. The 

electrolyte was a 0.25 M acetaldehyde in 0.5 M H2SO4 solution. Most of the electrochemical 

experiments were carried out at room temperature. The real active electrode area was 

determined from the CV in acidic media at 50 mV s
-1

 in 0.5 M H2SO4.  

 

Results and Discussion 
 XRD 

The XRD patterns were obtained at a scanning rate of 1o/min with a step size in the 2θ scan of 

0.02
o
 in the range 20-80

o
. Fig.1 Show the tin oxide was synthesized and the sample was pure. 

 



 

117 

 

 
Fig.1. XRD patterns of SnO2. 

 

Cyclic voltamograms 

From the CVs, the electrochemically active surface area (SEAS) is determined by integration of 

the anodic current corresponding to hydrogen desorption reaction with the correction of double 

layer region. The SEAS values which can be calculated from Eq. (1) [4]: 

                               (1)                                                    

Where QH (µC cm
−2

) represents the charges corresponding to desorption of hydrogen on the Pt 

surface, L (g m
−2

) is the Pt loading on the electrode surface, 210 µC/real cm
2
 is the charge 

required to oxidize a monolayer of hydrogen on the Pt surface. Results from table 1 shows 

PtSnO2/CNT have a higher EAS than PtSnO2.C. The higher surface of CNT caused the better 

dispersion of catalyst. 

 

 
Fig. 3. Cyclic voltamograms of the PtSnO2/C and PtSnO2/CNT in 0.5M H2SO4 solution at the 50th cycle 

with a scan rate of 50mVs
-1

. 

 

Sample QH(µC) EAS(m
2
/gr) 

Pt-SnO2/C 356.8 69.31 

Pt-SnO2/CNT 745.9 14.32 

Table1. The EAS values of different catalyst samples determined by hydrogen electroadsorption. 
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Electrochemical activity of the catalysts for acetaldehyde 

The catalytic activities of the carbon-supported PtSnO2/C and PtSnO2/CNT catalysts for 

acetaldehyde electrooxidation are investigated at ambient temperature by cyclic voltammetry 

(CV) at a scan rate of 10 mV s
−1

 in 0.25 M acetaldehyde + 0.5 M H2SO4(aq) solution (Fig. 2).  

According to the CV curves, the hydrogen adsorption/desorption are greatly depressed by 

acetaldehyde adsorption onto the catalysts [1]. Highest mass activity and the lowest onset 

potential were observed on the PtSnO2/CNT. The enhancements toward acetaldehyde oxidation 

by addition of SnO2 into Pt are mainly attributed to the effective removal of C2 species and 

inhibition of poison formation. They do not involve the C-C breaking. 

The onset potential on PtSnO2/CNT is about 200 mV less than PtSnO2/C (Fig. 2). Such a 

significant enhancement in the oxidation current density and reduction of onset potential 

underline the importance of dispersion of catalyst in the catalytic process. Pt improved by 

addition of tin oxide that can provide oxygen containing species (i.e., OH) at low potentials for 

oxidation of poisoning intermediates and reactions which need adsorbed hydroxyl to do such a 

acetaldehyde oxidation. 

 

 
Fig2. Cyclic voltamograms of the PtSnO2 and PtSn in 0.25M acetaldehyde + 0.5M H2SO4 solution at the 

10
th
 cycle with a scan rate of 10mVs

-1
. 
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Abstract 
The electro catalytic oxidation of n-propanol was studied on Pt-free Hypermec

TM
 (Fe-Co-Ni) 

nano catalysts and Pd supported over commercial carbon electrodes in 0.1 M KOH solution at 

room temperature. Cyclic voltammetry (CV), and chronoamperometry techniques were 

employed. Scanning electron microscopy (SEM) was also employed to morphological study of 

the catalyst layer. Performances of the Pt-free electrode and conventional palladium anode 

electrode in n-propanol electro oxidation reaction were compared. The Pt-free Hypermec
TM

 

showed a higher activity toward n-propanol oxidation than the Pd/C (10% wt), in the Cyclic 

voltammetry measurement. The chronoamperometry results showed clearly that the 

Hypermec
TM

 is a better catalyst for n-propanol oxidation reaction than the Pd/C (10% wt). The 

maximum current density value obtained for the Pt-free Hypermec
TM

 was 63 µA µg
-1

 metal and 

for Pd/C (10% wt) was 48 µA µg
-1

 metal in present the fuel. Therefore, the Hypermec
TM

 electro 

catalyst had a higher catalytic activity than Pd/C (10% wt) electro catalyst. Moreover, n-

propanol oxidation reaction on the tow electrode is diffusion-controlled and represents a good 

linear correlation with propanol concentration. The results indicate that Pt-free Hypermec
TM

 

(Fe-Co-Ni) nanocatalysts is attractive as a promising electro catalyst of alkali-type direct n-

propanol fuel cells. 

 

Keywords: Non platinum (Fe-Co-Ni) nano catalysts, Oxidation of n-propanol, Fuel cell. 

Introduction 

In recent years, direct alcohol fuel cells (DAFCs) have been considered as promising power 

generators for portable devices [1-2]. The saturated C3-alcohols (1-propanol and 2-propanol) 

have also been investigated as the fuels for DAFCs due to them are less toxic than methanol [3, 

4]. The DAFCs using C3-alcohols as fuel show better performance than DMFCs and a much 

lower crossover current [5, 6]. As with all organic fuels challenges have to be faced: firstly, 

reaction kinetics of alcohols are clearly lower compared to hydrogen and therefore the power 

densities obtained from these cells are moderate. Secondly, only very diluted alcohol solutions 

can be used due to the severe crossover of the fuels through electrolyte membrane leading to 

mixed potentials and lower total performance of the cell. It is well known that in alkaline 

medium alcohol oxidation kinetics is enhanced [15-19]. Unfortunately, the lack of stable anion 

exchange membrane materials has restricted development of alkaline DAFCs, but in recent 

years new membranes have been developed and successfully demonstrated in fuel cells [20-28]. 

With these materials also the alcohol crossover rate is reduced [28, 29] providing a possibility to 

use more concentrated alcohol solutions that would reduce the complicity and weight of the total 
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fuel cell system. Currently, alkaline DAFC experiments are often performed with NaOH or 

KOH introduced to the anode fuel to increase current densities and open circuit voltages (OCV) 

[27, 28]. In long term experiments, however, this leads to formation of carbonate/bicarbonate if 

free cations are available that can accumulate to the cell in similar fashion as in alkaline fuel 

cells (AFC) [30] and therefore in this study alcohol–water mixtures are used as fuels. 

A lot of work has been done to study the electro oxidation of 1-propanol on Pt-based catalysts in 

alkaline medium [7-11]. However, the activity of 1-propanol electro oxidation on Pt-based 

catalysts is very low and the high price and limited supply of Pt constitute major barriers to the 

development of DAFCs. Some work on the development of Pt-free electro catalysts for alcohol 

oxidation has focused on Pd-based catalysts and the results revealed that Pd is a good electro 

catalyst for ethanol and 1-propanol oxidation in alkaline medium [12-14]. Pd-based electro 

catalysts have been used for formic acid and hydrazine electro-oxidation in acid medium [31–

33] and formaldehyde electro-oxidation in alkaline medium [34]. A novel carbon ceramic 

electrode is prepared using a Ni-Al LDH nanoparticles and investigation of the electro catalytic 

properties of a Ni/Al LDH/NMCC electrode toward the oxidation of n-propanol. The 

electrochemical behavior of n-propanol suggests that Ni/Al LDH/NMCC exhibits obvious 

electrocatalytic activity to the oxidation of n-propanol, since it greatly enhances the oxidation 

peak current of n-propanol. Ghasem Karim-Nezhad and et al [35]. Hu and co-workers have also 

studied the mechanism of the ethanol oxidation on Pd–NiO/C catalyst and have found that the 

Pd–NiO/C catalyst presents higher electro activity and less CO poisoning for the ethanol 

oxidation than Pt–NiO/C catalyst [36]. 

The faster kinetics of the alcohol oxidation and oxygen reduction reactions in alkaline direct 

alcohol fuel cells (ADAFCs), opening up the possibility of using less expensive metal catalysts, 

as silver, nickel and palladium, makes the alkaline direct alcohol fuel cell a potentially low cost 

technology compared to acid direct alcohol fuel cell technology, which employs platinum 

catalysts. Antolini et al [37]. 
 

Experimental 

 

Electrochemical investigation 

Deposition of catalysts on glassy carbon 

Pt-free Hypermec
TM

 catalyst was purchased from Sigma Aldrich Chemie GmbH. A thin film of 

catalyst layer on the glassy carbon electrode (with area of 0.0314 cm2) was prepared as follows: 

a mixture containing 2.0 mg electrocatalyst Pt-free Hypermec
TM

, 1 ml of 2-propanol (Merck), 1 

ml of ultrapure water (MilliQ, Millipore, 18.2 Mῼ-cm) and 0.01 ml of 5 wt % Nafion solution 

(Aldrich) was stirred ultrasonically for 5 min to obtain a well-dispersed ink. The catalyst ink 

was then quantitatively transferred onto the surface of the glassy carbon electrode by using 

micropipette, and finally dried in an oven at 60  C for 15 min to remove the dispersion agent of 

the catalyst suspension. The catalyst loading on the electrode surface was 0.033 mg cm
-2

. 
 

 

CV, EIS and CA measurements 

Half-cell electrochemical measurements were carried out with a conventional three-electrode 

electrochemical cell and an Auto-lab Sama-500 potentiostat/galvanostat at 25 C. The glassy 

carbon with the surface area of 0.0314 cm2 was used as working electrode. A commercial 

Ag/AgCl electrode and Pt wire were also chosen as reference and counter electrode, 

respectively. All electrochemical measurements were carried out in the basic solution containing 

10 wt % of KOH and 5 wt% of 1-propanol. 

The electrochemical activity and stability of Pt-free Hypermec
TM

 catalyst in 1-propanol 

oxidation reaction were investigated by CV and CA techniques. CV was carried out by scanning 



 

121 

 

of the potential between -0.8 and 0.3 V vs. Ag/AgCl with scan rate of 20 mV/s. 

Chronoamperometry tests were also carried out at potential of -0.2 Volte vs. Ag/AgCl.  All 

potential values in this article have been reported versus Ag/AgCl. 
 

 

Direct 1-propanol fuel cell preparation and evaluation 

The anode electrode was made as follows: catalyst ink comprised of a homogeneous suspension 

of 95% Pt-free Hypermec
TM

 catalyst with 5 wt% PTFE (Aldrich), isopropyl alcohol (Merck) and 

water. The ink was homogenized using a sonicator for 20 min and painted on nickel foam 

support as diffusion medium. The cathode electrodes were prepared by painting the cathode ink 

on carbon cloth (LT2500W ELAT GDL from BASF) as diffusion medium. Cathode catalyst ink 

was prepared by mixing of 90 wt% Hypermec 
TM

 (Acta SpA) and 10 wt% PTFE and water as 

solvent according to reference [38]. Both electrodes were dried at 60  C for 30 min in the oven. 

The total cathode and anode catalyst loading (containing catalyst and PTFE) were 3.5 and 5 

mg/cm2, respectively. The geometrical surface area of electrodes was 5 cm2. The anode and 

cathode electrodes and A-006 Tokuyama anion-exchange membrane were sandwiched at room 

temperature in the cell hardware without using hot press. The MEA was placed in the air 

breathing DGFC provided by Acta SpA. The DGFC was tested by feeding static alkaline fuel 

containing 5 wt% glycerol and 10 wt% KOH in the anode side and static air in the cathode side. 

All tests were conducted on home-made test station at room temperature and ambient pressure. 

Polarization curve was recorded by measuring the cell voltage at different currents after 

reaching to steady state. 
 

Results and discussion 

Electrocatalytic activity and stability of Pt-free Hypermec
TM

  

In order to study the intrinsic activity, leaching and stability of Pd/C (10% wt) and Pt-free 

Hypermec
TM

 in alkaline media, CV experiment was carried out in 1 M KOH solution. Fig. 1 

indicates the corresponding cyclic voltammograms of 2th and 50th cycles of Pd/C (10% wt) and 

Pt-free Hypermec
TM

 in 1 MKOH solution at room temperature. As it can be seen in Fig. 1, the 

position and magnitude of the all peaks (forward and reverse scan) did not change in during 50 

cycles, so catalyst did not leach to the solution. 

Fig. 2 shows the cyclic voltammogram of the Pt-free Hypermec
TM

 in POR in the solution 

containing 10 wt% of KOH and 5 wt% of 1-Propanol. By considering of Fig. 1, 1-propanol 

oxidation peaks can be clearly observed in Fig. 2. The POR on the surface of palladium catalyst 

is usually characterized by two well defined current peaks on the forward and reverse scans 

[39]. In the forward scan, the forward anodic peak at -0.144V is corresponding to the oxidation 

freshly chemisorbed species coming from glycerol adsorption. The reverse anodic peak at -0.3 V 

is primarily associated with removal of carbonaceous species not completely oxidized in the 

forward scan than the oxidation of freshly chemisorbed species. The magnitude of the peak 

current on the forward scan indicates the electro catalytic activity of palladium catalyst in 1-

propanol oxidation reaction. 

In order to study the tolerate of Pt-free Hypermec
TM

 against POR intermediate products 200 of 

CV was also recorded in the solution containing 10 wt% of KOH and 5 wt% of 1-propanol. Fig. 

3 shows the cyclic voltammograms (1 ft, 20th, 50th, 100th ,150th, 200th cycle) of Pt-free 

Hypermec
TM

 with the scan rate of 20 mV/s in the potential range -0.8 to 0.3 V. As it can be seen 
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the anodic peak current of the electrode clearly decreases with increasing of scan number during 

the initial stages.Decline in the peak current of 1-propanol oxidation is due to catalyst poisoning 

by POR intermediate products. 

The highest peak current for electrode arises during the 1th cycle scan. After this cycle the peak 

current decreases slowly with successive scans. After 200 CV cycles the 1-propanol oxidation 

current declines by approximately 82% as it could be understood from the Fig. 1. The reverse 

anodic peak current density still exists even after 200 cycles. This results show Pt-free 

Hypermec
TM

 is active in POR even after 200 cycles which can be explained by high tolerate and 

stability of Pt-free Hypermec
TM

 catalyst against poisoning by POR intermediate products. 
  

Chronoamperometry study of Pt-free Hypermec
TM

 in POR 

 Fig. 4 shows typical chronoamperograms (after 50th, 100th, 150th and 200th CV cycles) of 1-

propanol oxidation on the Pt-free Hypermec
TM

 in the solution containing 10 wt% of KOH and 5 

wt% of 1-propanol at potential of 0.2 V versus Ag/AgCl. All of the curves displayed the decay 

of current during the time which could be related to the remaining of the adsorbed intermediate 

products of 1-propanol oxidation on the surface of catalyst. As it is shown, the current density of 

Pt-free Hypermec
TM

 catalyst to 50th cycle behaved with a more gently decreasing trend because 

the activation of catalyst occurred as it described before. The attenuation behavior of electrode 

after 50th cycle is determined by the coverage of intermediates and 1-propanol adsorbed on the 

catalyst active sites. 
 

 

Direct 1-propanol fuel cell performance 

According to the electrochemical results which were conducted in previous sections Pt-free 

Hypermec
TM

 has comparable activity in the 1-propanol oxidation reaction compared to literature 

data, so examination of mentioned catalyst in the anode side of alkaline DPFC is reasonable. 

The test result of MEA made by Pt-free Hypermec
TM

 anode catalyst in alkaline passive air 

breathing DPFC has been reported in Fig. 5. Cell temperature was 25  C and cell was fed by 

static fuel containing 10 wt% of KOH and 5 wt% of propanol. From a perusal of this figure, one 

readily realizes that the open circuit voltage and maximum power density are 800 mV and 16 

mW cm 
-2

, respectively. High mass transport issue in high current density region could be 

attributed to the not optimized electrode structure and thus it means electrode optimizations are 

required for higher current density. 

 

Conclusions 

In this work Pt-free Hypermec
TM

, was employed as an effective catalyst for 1-Propanol 

electrooxidation in alkaline media. The activity, leaching and stability of Pt-free Hypermec
TM

 

catalyst in POR were investigated in half cell with different electrochemical techniques. 

Obtained results have highlighted the excellent electrocatalyst activity of Pt-free Hypermec
TM

 in 

terms of specific peak current density and onset potential. Test results demonstrated that Pt-free 

Hypermec
TM

 is still active and stable even after 200 cycles.  Membrane-electrode assembly 

(MEA) was made Pt-free Hypermec
TM

 catalyst in the anode side and commercial Hypermec
TM

 

cathode catalyst in the cathode side and Tokuyama A-006 anion-exchange membrane as 

electrolyte and successfully evaluated in alkaline passive air breathing DPFC. By considering 

the cell peak power density (16 mW/cm
-2

) obtained at room temperature with static fuel and air 

breathing condition, one can safely conclude that Pt-free Hypermec
TM

 exhibits acceptable 

activity for glycerol oxidation in the anode side for alkaline DPFC application. 
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Figure.1- Cyclic voltammogram of Pt-free Hypermec
TM

 in 1 M KOH solution at room temperature with 

the scan rate of 20 mV/s. 

 
Figure 2-Cyclic voltammogram of Pt-free Hypermec

TM
 in the solution containing 10 wt% of KOH and 5 

wt% of glycerol at room temperature with the scan rate of 20 mV/s. 
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Figure 3-Cyclic voltammograms (1th, 20th, 50th, 100th,  150th and 200th cycle) of Pt-free Hypermec

TM
 

in the solution containing 10 wt% of KOH and 5 wt% of 1-propanol at room temperature with the scan 

rate of 20 mV/s. 

 
Figure 4-Chronoamperograms (after 50th, 100th, 150th and 200th CV cycle) of Pt-free Hypermec

TM
 

catalyst in the solution containing 10 wt% of KOH and 5 wt% of 1-propanol at room temperature, 

applied potential: -0.2 V 
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Figure5- I-V and power density curves of alkaline passive air-breathing DPFC made by Pt-free 

Hypermec
TM

 anode catalyst with the fuel containing 10 wt% of KOH and 5 wt% of 1-Propanol at room 

temperature. 
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Abstract 
Polyaniline fiber (PANI) was synthesized by chemical interfacial method and utilized to 

fabricate Vulcan-Polyaniline (C-PANI) composite. PtSn(70:30) nanoparticles are reduced on C-

PANI composite and the performance of the PtSn(70:30)/C-PANI and commercial PtRu/C, as 

anode catalysts, are compared in a passive direct methanol fuel cell. The DMFC test results 

indicate that the membrane electrode assembly (MEA) prepared from PtSn(70:30)/C-PANI 

anode exhibits better performance in terms of maximum power density and stability. Also the 

methanol crossover in the presence of PtSn(70:30)/C-PANI has been reduced by 42%. In 

comparison with the commercial PtRu/C catalyst, the optimal PtSn(70:30)/C-PANI catalyst 

exhibits superior activity toward methanol oxidation. 

 

Keywords: Polyaniline, Passive direct methanol fuel cell, Methanol crossover 

 

Introduction 
The direct methanol fuel cell (DMFC) is one of the alternative candidates for fuel cell vehicles 

and stationary applications due to its better economics and high theoretical energy density of 

methanol (6100 Wh kg
-1 

at 25ºC). Nonetheless, various problems including the; contamination 

of the cathode catalyst by methanol crossover, the high cost and low durability of the electro-

catalysts and the poisoning of the Pt anode electro-catalyst prohibited the DMFC from a wider 

practical usage [1-2]. In order to improve the CO tolerance and decrease the electro-catalyst 

price, Pt-based bimetallic electro-catalysts have been widely studied, such as PtRu, PtSn, PtPd 

and etc. Amongst which PtRu and PtSn are the most active ones of binary alloys have 

previously been widely studied. The PtRu alloy electro-catalyst with a 50% Ru atomic 

composition is indeed one of the most popular DMFC electro-catalysts utilized to date. 

However, the CO tolerance of this material at higher CO concentrations is not acceptable; on the 

other hand, problems with Ru leaching from PtRu anode electro-catalyst, the high price of PtRu 

and the limited availability of Ru can limit its usage in DMFCs [3]. From an economic 

viewpoint, the actual cost of the Sn element is much lower than that of the novel Pt or Ru 

metals. The catalytic activity of PtSn electro-catalyst for methanol oxidation varies considerably 

depending upon the Pt:Sn molar ratio, the support structure and its synthesis method [4]. Higher 

catalyst dispersion on a suitable support led toward a decrease in the amount of Pt used in the 

DMFC active layer without performance loss and decreased the amount of adsorbed linear CO 

species. In this paper, PANI was synthesized chemically by interfacial method and doped with 
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para toluene sulfonic acid (PTSA). PtSn nanoparticles with atomic ratio of (70:30) were reduced 

on a composite of Vulcan (XC-72) and 20% PANI via impregnation method. The performance 

and methanol crossover of the PtSn (70:30)/C-PANI and commercial PtRu/C as anode catalysts 

of a passive direct methanol fuel cell were investigated  
 

 

Experimental section 
Polyaniline fibers (PANI) were synthesized under ambient condition by interfacial 

polymerization. The oxidant solution consisted of APS in H2SO4 solution (1M) was carefully 

added to the organic phase consisted of aniline in chloroform. After 24hr, the aqueous layer was 

filled with dark green colored emeraldine salt of PANI that was washed repeatedly with distilled 

water and methanol. The sulfate-ion-doped PANI was converted into emeraldine base form (EB) 

by treatment with ammonium hydroxide and then PANI (EB) was redoped with PTSA for 

electro-catalyst synthesis. For the PtSn/C-PANI electro-catalysts synthesis, Vulcan XC-72 (C) 

and 20wt% PANI were mixed with ethylene glycol ultrasonically for 30 min. The C-PANI 

composite was impregnated with Pt and Sn particles for a total metal loading of 10 wt%, by the 

addition of H2PtCl6.6H2O salt in water and SnCl2.2H2O to above suspension followed by 

sonication for 30 min and subsequently the mixture was magnet stirred for 2 h at room 

temperature. This suspension was mixed ultrasonically with an excess of ethylene glycol and 

finally was stirred at 130 °C under Ar atmosphere for 16 h. Finally, the resulting mixture was 

filtered, washed with distilled water several times and then dried in an oven at 80 °C. The in-

house prepared oxygen-breathing DMFC with stainless steel (SS316) current collectors used to 

evaluate the electrochemical performance of the synthesized PtSn(70:30)/C-PANI electro-

catalyst in comparison with a commercial PtRu/C (provided by the Electrochem Inc.) A 

pretreated Nafion 115 membrane with a thickness of 125μm was employed in this work. The 

pretreatment procedures included boiling of the membrane in 5vol. % H2O2, washing in distilled 

water, boiling in 0.5M H2SO4 and washing in distilled water, each step for 1.5h at 80ºC. The 

pretreated membrane was kept in the distilled water prior to the fabrication of membrane 

electrode assembly (MEA). Carbon paper used as the backing support of anode and cathode 

electrodes. The catalyst loading on the cathode electrode of MEA-1 and MEA-2 was 

3mgPtcm
-2 

using 20wt. % Pt on Vulcan (XC-72). The catalyst loading on the anode electrode 

was 4mgmetal cm
-2 

using 20wt. % PtRu on Vulcan (XC-72) for MEA-1 and 20wt. % PtSn (70:30) 

on C-PANI composite for MEA-2. The membrane-electrode assembly (MEA) was prepared by 

mechanically pressing anode, cathode and membrane while silicone–rubber gaskets were 

employed to seal the system. 

The Active area of MEAs and the volume of the anode compartment were 4.75cm
2
 and 12.5mL 

respectively. 

 

Results and discussion 
 

From the practical point of view, the single cell test was the final evaluation criterion for the 

novel electro-catalytic material developed. Therefore, the only variable parameter in this study 

namely; the differences in the single cells performance of different anode catalysts depicted to 

some extent by the activities of these materials investigated. Figure 1 showed the performance 

of the MEA-1 (PtRu/C as an anode catalyst) and MEA-2 (PtSn(70:30)/C-PANI as another anode 

catalyst) in a passive DMFC filled with a 2M methanol solution.  
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Figure 1. Polarization and power density curves of Passive DMFCs with MEA-1 and MEA-2 at room 

temperature. Methanol solution 2M (12.5mL). 

 

It was evident that the MEA-2 had a better performance over the entire current density region 

producing a maximum power density being 20% higher than that of the MEA-1. The cell 

performance of MEA-2 was satisfyingly comparable to typical passive DMFCs [5-6]. It was 

observed that, the maximum power density produced by the MEA-2 was analogous to the 

previously reported ones despite utilizing of more precious metals in both their anode and 

cathode electrodes. This meant that, more economical power source based upon the 

PtSn(70:30)/C-PANI anode catalyst for a passive DMFC might be realized compared to the one 

with the commercial PtRu/C provided by the Electrochem. 

The open circuit voltage (OCV) of MEA-2 is significantly higher than the MEA-1 in Figure 1. 

Since the OCV was related to the concentration of methanol existing at the cathode, its higher 

value was indicative of lower methanol crossover. Methanol crossover was a process in which 

un-reacted methanol diffused from the anode to the cathode through Nafion membrane. This 

caused the mixed potential effect as well as; the poisoning of the Pt electro-catalyst at the 

cathode. As a result, this process significantly reduced the cell performance and fuel utilization. 

Therefore, it was essential to reduce methanol crossover to increase the efficiency and stability 

of the DMFCs. 

This higher OCV might be related to the positive effect of the PANI fibers in the anode structure 

for decreasing the methanol crossover through the Nafion membrane. In order to survey the 

effect of PANI on MEA open circuit potentials, methanol crossover was measured using an 

electrochemical technique. Nitrogen was injected into the cathode electrode, and a high positive 

voltage applied to oxidize the diffused methanol on cathode catalyst surface. Finally, a limiting 

current was achieved. According to Faraday’s law, the methanol crossover rate (n (mol cm
-2 

s
-1

)) 

might be calculated by       , where i (mA cm
-2

) was the crossover current and the number 

of 6 was the transferred electron number for methanol oxidation [7]. The crossover current 

density versus applied voltage was shown in Figure 2.  
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This indicated the presence of PANI in anode electro-catalyst layer of the MEA-2 reduced the 

methanol crossover by about 30% in comparison with the MEA-1. This might be due to the 

synergism of carbon Vulcan and PANI as well as; the fast kinetics of methanol oxidation on the 

surface of the anode catalyst layer of the MEA-2 versus MEA-1. 

 

 
Figure 2. Crossover current density versus potential in the potential range of 0 to 1V, Methanol solution 

2M (12.5mL). 

 

To examine the stability of electrocatalytic activity of the MEA-1 and MEA-2, 

chronoamperometry was employed. Figure 3 showed the variation of the cell current density as 

a function of time at a constant voltage of 0.2 V for 210 min under a normal operating condition. 

Both of these MEA’s presented a current decay during current–time measurements before a 

steady condition was attained. This was attributed to the formation of some poisonous 

intermediate on anode catalyst surface and decreasing of the methanol concentration in the cell 

reservoir. As evident, the current density and stability of the MEA-2 was significantly better 

than those of the MEA-1. The observed decrease in the current density measured to be 18% for 

the MEA-1 whereas it was only 2.5% for the MEA-2. Long term stability of the PtSn(70:30)/C-

PANI and diminishing of the methanol crossover in the MEA-2 improved its durability in 

comparison with that of the MEA-1. 
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Figure 3. Current density–time behavior of MEA-1 and MEA-2 in a passive DMFC at room. 

 

Conclusion 
In summary, PtSn(70:30)/C-PANI electro-catalyst was prepared by impregnation method and its 

performance compared with the commercial PtRu/C (Electrochem) in a passive DMFC. 

Utilization of PtSn(70:30)/C-PANI as anode catalyst in a passive DMFC decreased the methanol 

crossover by about 30%. Also, the maximum power density of MEA-2 with optimized PtSn 

catalyst in anode electrode is about 20% more than MEA-1 with commercial one. 

The obtained results indicated that the synthesized PtSn(70:30)/C-PANI electro-catalyst 

displayed a high electrocatalytic activity and stability toward the oxidation of methanol. All of 

these make this material a good candidate to substitute the commercial PtRu/C. 
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Abstract 
One series of Ru@Pd-Pt (Ru as core and Pt-Pd as shell) core- shell structures with different 

molar ratio of metals on Vulcan were prepared by a successive reduction procedure. The effect 

of Pd-Pt alloy as shell (Ru as core) investigated for oxygen reduction reaction (ORR). The 

physical properties of the synthesized catalysts are characterized by inductive coupled plasma 

(ICP) and X-ray diffraction (XRD). The results of half-cell testing indicated that the synthesized 

catalysts activity for ORR is better than commercial Pt/C. Despite low catalyst loading (0.3 

mg.cm
-1

), polarization behavior in the single cell testing also suggests that the Ru@Pd-Pt has a 

good performance. This good efficiency can be attributed to the effect of Ru on electronic 

properties of Pt and the positive effect of Pd as alloyed with Pt, increasing adsorption and 

reduction of O2 on Pt-Pd.  

 

Keywords: Core- shell, Catalyst, Fuel cell, Ru, Pt, Pd.  

 

1. Introduction 

Polymer electrolyte fuel cell (PEMFC) has great potential to be used in both stationary power 

generation and vehicular power sources [1]. Platinum has a wide range of catalytic applications 

due to its unique chemical and physical characteristics [2-5]. However, the most critical problem 

for Pt catalysts is the high cost because of the limited supply.  Pt-based electro catalysts are 

usually employed in PEMFC as cathode electro catalysts for ORR at relatively low temperatures 

[6].  

Bimetallic nanocrystals consisting of two distinct metals such as Pt-Ru, Pt-Pd etc., are attractive 

for a wide variety of catalytic and electro catalytic applications as they can exhibit not only a 

combination of the properties associated with both metals, but also enhancement or synergy due 

to a strong coupling between the two metals [7,8].To maximize the efficiency of Pt particles, the 

ideal structure of a Pt-based catalyst should consist of the total available Pt atoms distributed on 

the electrochemical reaction interface. Based on this consideration, the core-shell nanostructure 

is expected to effectively increase the utilization efficiency of precious metal electro catalysts 

[9]. 

Recently, many researches have focused on the synthesis of core-shell catalytic structures to be 

applied in PEM fuel cells. In 2013, a number of reports were published on the synthesis of Pt as 

shell on commercial Pd/C with different molar ratios and the ORR on the surface of the catalyst 

was investigated [10]. 
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L. Zhang et al. [11] studied the anode of PEMFC and reported that the overall performance of 

core-shell catalyst (Ru@Pt/Ti4O7) in the presence of CO at various concentrations was 

significantly higher than that of Pt Ru/C alloy catalyst. 

The Ru@Ptx Pdy/C core-shell structure were synthesized and applied for formic acid oxidation 

[12]. 

Most studies refer to the catalytic activity of Ru on ORR, but fewer on Pt, in acid or alkaline 

electrolyte [13,14]. Theoretical and experimental research represented the positive effect of Ru 

on the electronic properties of Pt and consequent enhancement the Pt activity for ORR [15,16]. 

In addition, Pd can improve the electro catalytic activity of Pt for ORR [17-19]. 

In this work, core-shell catalyst structures were prepared by the synthesis of 1 series of catalysts 

included Ru as core and Pt-Pd as the shell through impregnation with hydrothermal method. The 

effect of molar ratio on the electrode performance for ORR was investigated. A rolling 

technique was employed to prepare the gas diffusion electrode (GDEs) with three layer 

structures.  

 

2. Experimental 

2.1.  Catalyst synthesis 

First, adequate amount of Vulcan (cabot) was refluxed in H2O2 30% (merck) and HNO3 10% 

(merck) at 80°C for 6 h. Carbon powder was removed using centrifugal (ROTINA 46) and 

washed by distilled water. Then, the pretreated carbon was dried at 80°C for 12 h.  

Dispersion of catalyst with core-shell structure was carried out step by step. In the first step, the 

core seeds were dispersed on Vulcan powder and thereafter the shell was dispersed on the core. 

To prepare Ru/C, the RuCl3.3H2O precursor was dissolved in diluted HCl. Since the molar ratio 

of Ru and Pt-Pd was different (table 1), the pretreated Vulcan was divided in to 3 parts. Each 

part was mixed with precise amount of the RuCl3 solution and prepared suspensions were 

allowed to evaporate in 70°C. Finally, in order to complete reduction of Ru on Vulcan, the 

powder was heated in furnace at 200°C under H2 atmosphere. The Ru/C was synthesized with 

three different molar ratios (table 1). 

To prepare Ru@Pt-Pd/C, appropriate amount of PdCl2 and H2PtCl6.6H2O with sodium citrate 

were dissolved in ethylene glycol and then steered for 1h to completely dissolve sodium citrate. 

Subsequently, the synthesized Ru/C was added to the mixture and the PH was adjusted up to 10 

by drop-wise addition of KOH in ethylene glycol into solution under steering. The mixture was 

then transferred into a Teflon-lined autoclave and conditioned at 130 
◦
C for 6 h, followed by 

centrifuging, washing, and vacuum drying at 70 
◦
C [12]. 

Hereinafter, the synthesized catalysts were labeled by 3 integers that indicated the molar ratio of 

Pt, Ru and Pd, respectively (include 211, 231 and 432). 

 

2.2.  GDEs fabrication 

To fabricate the three-layer GED, the diffusion layer, contained 30 wt% PTFE and 70 wt% 

Vulcan was rolled onto the carbon paper (TGPH-0120T) (Toray) and dried. Loading of the 

micro porous layer was fixed at 1 mg.cm
-2

.To prepare the catalyst layer of GDEs, a 

homogeneous suspension containing the desired amounts of the synthesized catalyst (7 wt.%), 

Nafion solution (5% from Aldrich), 2-propanol, water, and glycerol was sonicated for 20 min. 

The suspension was subsequently rolled onto the diffusion layer. The obtained electrode was 

dried. The catalyst loading was 0.2 mg.cm
-2 

[20, 21]. 
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2.3.  Electrode fabrication for single cell  

For the single cell, a three-layer electrode was fabricated through the same steps as those used 

for the fabrication of GDEs (previous section). In this study, the best catalyst of each series was 

used as the cathode catalyst, while the commercial Pt/C (10%wt) was used as the anode catalyst. 

The electrode area and catalyst loading value were considered to be 5 cm
2
 and 0.3 mg.cm

-2
, 

respectively. 

 

2.4.  Physical properties  

The X-ray diffraction (XRD) technique was employed for the synthesized catalysts using a 

Philips pw3710 diffractometer with a Cu X-ray source operating at 40 kV and 40 mA. The XRD 

patterns were obtained at a scanning rate of 1°/min with a step size in the 2θ scan of 0.02° in the 

20-90° range. 

The amount of reduced Ru, Pd and Pt on each support was determined through the application 

of inductive coupled plasma (ICP) technique (ICP-AES, 314, Switz). In order to conduct these 

measurements, 5 mg of each sample (synthesized catalyst) was dissolved in a mixture of 

hydrochloric acid and nitric acid (3/1). These solutions were refluxed at 70°C in advance of 

being used in the ICP measurements. 

 

2.5.  Electrochemical measurement 

For electrochemical tests, an EG&G Princeton Applied Research Model 2273 instrument was 

used to determine the electrochemical properties of the electrodes. The performances of the 

porous GDEs (geometric exposed area 1 cm
-2

) in the reduction of oxygen were investigated in 

0.5 M H2SO4. All measurements were performed at 25°C in a conventional three-electrode cell, 

with O2 flowing at 50 mL.min
-1

 for linear sweep voltammetry (LSV), Chronoamperometry, and 

impedance spectroscopy and Ar flowing for cyclic voltammetry (CV) and ionic resistance 

measurement. The GDEs were mounted into a Teflon holder containing a graphite disk as 

current collector and providing oxygen feed from the back of the electrode. An Ag/AgCl 

reference electrode was placed close to the working electrode surface, while a large area 

platinum flat electrode was employed as the counter electrode. In order to perform a quantitative 

evaluation of resistance against the ORR, the AC electrochemical impedance spectroscopy (EIS) 

method was used. 

 

3. Result and discussion 

3.1.  Electrocatalyst properties 

The electrochemical reaction in GDE occurs in a three-phase zone which includes the reactant 

(gas phase), electrons (solid phase), and protons (liquid phase). Considering the fact that the 

reactant gases travel only through voids, the electrode must be sufficiently porous to allow gases 

travel to the reaction sites. Since the electrons travel through the electrically conductive solids 

including the catalyst itself, it is important to create electrical connection between the catalyst 

particles and the substrate. Also since protons travel through the ionomer, the catalyst must also 

be in intimate contact with the ionomer [22]. Therefore, increasing the triple phase zone 

improves the electrode quality and consequently the cell performance. It is expected that the 

core- shell structure of catalyst will increase the triple phase zone.  
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Table 1. Name and molar ratio of synthesized catalyst 

 

 

 

 

 

 

 

 

 

 

 

The ICP results indicated that the samples contained 7wt% catalysts. The percentage of catalysts 

is listed in table1. 

The XRD pattern of series 1 and 2 are presented in Fig.1 A and B. The peak centering at 24.5
◦
 

for all the catalysts could be ascribed to the carbon support. There were four observable peaks at 

2θ angles of ca. 40
◦
, 47

◦
, 68

◦,
 and 81

◦ 
for Pt plates (111), (200), (220), and (311), respectively. 

The broadening of peaks indicates that the catalyst particles are of nanometer scale (table 2). 

The averages size of the catalyst particles was calculated from the line broadening of the (111) 

peak by using the Scherrer equation after background subtraction and found to be nanometer-

sized (table 2): 

  
    

       
           (1) 

Where d is the average particle size,   is the wavelength of the X-ray (1.54056A), θ is the angle 

at the maximum of the peak, and B2θ is the width of the peak at half-height. 

If the nanoparticles could be well dispersed on carbon substrate, the triple phase zone could be 

expanded and the electrode performance could be improved. In contrast with the commercial 

Pt/C, the XRD pattern of series 1 synthesized catalyst (Ru@Pd-Pt) contains a weak peak at 

around 43
◦
. This peak is related to Ru (101) and gradually became weaker by reducing the 

amount of Ru. This phenomenon is attributed to the coverage of Ru particles with Pt-Pd (in 

series 1), being capable of forming a core- shell structure [10, 23, and 12]. The presence of the 

Ru (101) peak reveals that Ru has not been alloyed with Pt-Pd. In fact, in case of alloy 

formation, Ru atoms would enter the fcc structure, while the introduction of Ru into the hcp 

structure would be eliminated and consequently remove the Ru (101) peak from the XRD pattrn 

[24]. The XRD results also indicate that the presence of Ru core has affected the position and d-

spacing of the Pt peaks where a positive shift appeared and the d-spacing was reduced. For 

example, the 2θ angles of Pt (111) changed from 39.35
◦ 
in Pt/C to 39.77

◦
 in 231 and d-spacing 

decreased from 2.3 in Pt/C to 2.26
◦
 in 231.  

Cyclic voltammetry was employed to measure the electro active surface area (Fig 3 A-C). Also, 

the columbic charge for hydrogen desorption was used to calculate the electro active surface 

area (EAS) of each electrode (table 2) [25]: 

    
  

               
                (2) 

Where Qh is the charge for hydrogen desorption (mC.cm
-2

), [catalyst] is the catalyst loading 

(mg.cm
-2

) and 0.21 (mC.cm
-2

) is the charge required to oxidize a monolayer of H2 on bright 

catalyst. The roughness factor (Rf) can then be calculated by using the following equation: 

   
   

 
                                   (3) 

Catalyst No. 1 2 3 

name 231 432 211 
Pt:Ru:Pd 2:3:1 4:3:2 2:1:1 

Pt% 32.5 44.5 50 
Precursor        Ru% 50 33.5 25 

Pd% 17.5 22 25 
Pt% 38 48 53.1 

ICP                 Ru% 46.2 31.4 25.8 

Pd% 15.8 20.6 21.1 
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where S is the geometric surface area (m
2
.g

-1
). These catalysts demonstrate the adsorption- 

desorption peak, confirming the activation of the catalyst. The active surface area of catalysts 

was tabulated in table 2. The achievement of high active surface area could be attributed to the 

formation of the three-phase zone. According to the EAS results, the performance of GDE for 

ORR is enhanced due to the expansion of the three-phase zone. 

 
Table 2. Exchange current density, tafel slop, transfer coefficient, current density at 0.3 V, diffusion 

coefficients, charge transfer resistances, ionic resistances and particle size of all fabricated GDEs 
 

GDE 
i0×10-5 

(A.cm-2) 

b 

(mV.de-1) c  i at 0.3(V) 

(mA. mgcat
-1) 

EAS 

(m2.g-1) RF 
D1/2×C*×10-8 

(mol. Cm-2.s-1/2) Rp(ohm) d(nm) 

231 29.12 43.58 1.36 1002.78 174.36 1.430 32.73 0.999 2.4 
432 16.51 53.45 1.10 636.90 117.92 1.303 29.33 2.32 2.2 
211 14.36 59.40 0.99 639.74 136.45 1.99 28.22 2.10 2.1 
Pt/C 7.45 49.12 1.13 653.51 12.7 - 23 4.73 5 

 

The kinetic parameters of GDEs are important to determining the activation of these for ORR. 

The analysis of the experimental polarization data was performed using the Tafel equation [26]: 

         
       

   
   

 

  
                                   (4)  

Where   is the overpotential, Eeq is the open-circuit voltage, 
       

   
 is the Tafel slope, i is the 

current density, and i0 is the exchange current density for the ORR , n is the number of electron, 

F is the faraday constant and   is the symmetry factor. The kinetic parameters were obtained 

from I-V curves and equation 4. 

The exchange current density, Tafel slope and symmetry factor are regarded as important kinetic 

parameters. The Tafel slope depends on   and n. The first charge transfer step is an electron 

transfer reaction the number of electrons involved in which is one [27]. 

In general, when the Tafel slope increases, the overpotential will increase faster with the current 

density. Thus, in an electrochemical reaction to obtain a high current at low over potential, the 

reaction should exhibit a low Tafel slope or large  . Exchanging the current density is an 

important kinetic parameter representing the electrochemical reaction rate at equilibrium. The 

exchange current density of an electrochemical reaction depends on the reaction and the 

electrode surface on which the electrochemical reaction occurs. Therefore, electrode materials or 

catalysts have a strong effect on ORR kinetics. Different materials can give different exchange 

current densities. Based on the LSV curve (Fig. 4 A-C), GDE had low Tafel slope, high  , and 

high exchange current density. Therefore, this electrode had the best performance for ORR 

(table 2). A comparison between catalysts 231 and commercial Pt/C (Fig. 4C) shows that the 

activation of this synthesized catalyst for ORR is more efficient than commercial Pt/C. GDE 231 

was found to have the best catalytic properties. 

By using the chronoamperometry experiment and Cottrell equation the diffusion coefficient of 

oxygen at GDEs could be calculated [28]: 
*2/1)/( CtDnFAi          (5) 

Where i is the limiting current (mA), n is the number of electrons, F is the Faraday constant 

(96485 Cmol
-1

), A is the surface area of the electrode (cm
2
), D is the diffusion coefficient (cm

2 
s

-

1
), t is the time (s), and C* is the concentration of the reactant. 
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The highest permeability value (
*2/1 CD ) in was obtained for GDE 231 (table 2). This result 

indicated that the diffusion of oxygen in the catalyst layer of GDE 231 was superior to other 

catalysts, which improves the ORR in the mentioned GDEs. A comparison between this GDE 

and commercial Pt/C demonstrated that 231 catalyst was more efficient than commercial Pt/C. 

This result could be attributed to the creation of appropriate substrate for oxygen diffusion to 

optimize oxygen consumption. 

By using the impedance experiment in different condition we were able to determining the 

polarization and ionic resistance of GDEs. All results reported in table 2. 

To gain more information about the GDEs, the AC impedance spectrum of each GDE was 

obtained. The resulting data was plotted in the Nyquist representation. Although the impedance 

spectra had similar semi-circular shapes, the diameters of the semi-circles different significantly. 

As shown in Fig. 5 A-C the charge transfer resistance of GDE 231 had minimum value. This 

result could be attributed to proper dispersion of catalyst nanoparticles and consequent 

formation of the three-phase zone in the catalyst layer. When the dispersion of catalyst and then 

the active surface area was enhanced, the charge transfer and ionic resistance were decreased. 

The semi-circle shapes of Nyquist plots point out to the equivalent circuit represented in Fig. 5 

D. 

 

3.2.  Study of Single cell 

As previously mentioned, the best catalyst was used as cathode catalyst in the single cell. 

Polarization curve is the most important characteristic of a fuel cell. The polarization and power 

density curve of single cell is reported in Fig. 6. The cell were tested under 3 different pressure 

values and two cathode humidification. Because the membrane requires proton conductivity, 

both reactant gases must be humidified before entering the cell. Needless to say, the proton was 

transferred from anode to cathode electrode with water. Water was also produced in the cathode 

reaction. Therefore, in order to avoided dryness of the membrane in the anode side, the gas (H2) 

was 100% humidified. To avoid flooding in the cathode side, the gas humidification should be 

less than that in the anode side. In this research, 50% and 30% humidity was introduced into the 

cathode electrode. These results clearly indicated that the cell performance in these two 

conditions is not different (Fig. 6 A, B). Therefore, it can be concluded that water management 

in our cells has been successful.  

Increasing the gas pressure will enhance access to reactant species, resulting in an increase in 

the cell potential and performance (table 3). There are two reasons for the improvement of 

performance by pressure: 1) it helps to remove the produced water from the cell, 2) it keeps the 

reactant concentration at a sufficiently high level. The power density of this cell is much higher 

compared with the alloy catalysts shown in other researches [18, 19]. 

These results confirmed that the presence of Pd as alloy with Pt in shell and Ru in core 

improved the cell performance for ORR.In general, the electrochemical results indicated that the 

GDE 231 had maximum and the GDE 211 had minimum performance in ORR. Therefore, it 

could be concluded that in core- shell structure of Ru@Pt-Pd the 2:3:1 molar ratio with 2.3nm 

particle size and well dispersion of nanoparticle catalyst could be create vast three-phase zone. 

About the smaller particle size (2.1 nm in GDE 211) I should mention that the active surface 

area was low, therefore, the polarization resistance of GDE increased and subsequently the 

electrode performance decreased (table 2). High ionic resistance of GDE 211 was demonstrated 

inadequacy of three-phase zone for ORR. In case of larger particles (2.9 nm in GDE 432), the 

effect of catalyst nanoparticles agglomeration reduced the oxygen diffusion coefficient as well 

as the electro active surface area (table 2). Consequently, according to the obtained results, 
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polarization and ionic resistance of this GDE has increased, while the current density is 

decreased. 
 

4. Conclusion 

Because there are three kinds of species, namely gases, electrons and protons, which participate 

in the electrochemical reaction, the reaction can take place on the catalyst surface where they 

have access to all three species. The synthesized core-shell catalysts were prepared by using the 

impregnation and hydrothermal method with different molar ratios of differ metals. The physical 

properties and electrochemical performance of these electro catalysts were characterized using 

ICP, XRD and a number of required electrochemical techniques. The ICP results revealed that 

the applied technique was proper for synthesizing core-shell structures. The XRD pattern 

illustrate that the catalyst particles were nanometer-sized. The results of electrochemical 

experiment indicated that molar ratios of metals in the core and shell would affect the GDE 

performance so that in Ru@Pt-Pd the 2:3:1 for Ru:Pt:Pd had the best performance in ORR. 

Also, the comparison performance between GDE 231 and commercial catalyst (Pt/C 10%wt.) 

revealed that the core- shell structure improved the catalytic performance. The single cell results 

confirmed that the GDE 231 as cathode will improve the performance of PEMFC. 
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Abstract 
In this work graphene nanosheets (GNSs), which act like both single-layer graphene and highly 

graphitic carbon reported as a support material for Pt nanoparticles for oxygen reduction in fuel 

cells. Pt nanoparticles are deposited on graphenes protected by Polyvinyl pyrrolidone (PVP) and 

acrylamide/β methacryl-oxyethyl-trimethyl-ammonium (Superfloc C-442), and characterized 

with transmission electron microscopy, X-ray diffraction, Raman spectroscopy, and 

electrochemical tests. Pt/GNS exhibits greatly enhanced electrochemical performance than 

commercial (Electro Chem Pt/C). These are attributed to the much graphitized degree of GNS in 

compared to carbon black and the enhanced Pt-carbon interaction in Pt/GNS. 

 

Keywords: Graphene, PEM fuel cell, Oxygen reduction, Pt nanoparticles. 

 

1. Introduction 

Polymer electrolyte fuel cells (PEFCs) are a promising primary power source for the future. 

Both the anodes and cathodes of PEFCs, however, platinum or its alloys are required as the 

catalyst, having high activity at low operating temperatures <100°C. For the commercialization 

of PEFCs, it is very important to reduce the amount of platinum catalyst used while maintaining 

the durability, since particle size and agglomeration of Pt usually increase with its loading onto 

supports, synthesis procedures of high-loading Pt catalyst with a narrow size distribution remain 

an enormous challenge.[1] The morphology and structure of supported Pt are strongly 

influenced by the synthesis method, metal precursor, support materials.[2] 

Besides the modification of the Pt catalyst by incorporating alloying components, the 

application of appropriate support is another way to improve the performance of the Pt catalyst. 

In the past decades, carbon materials with diverse morphologies have been tested for this 

purpose. Although the particular electronic interaction between carbon support and Pt catalyst 

has been taken into consideration, high specific area, reasonable pore structure, good 

conductivity and suitable anticorrosion stability are considered to be the most important features 

for good support.[3] 

Graphene is a sp
2 

hybridized two dimensional sheet of carbon. Its wide honeycomb structure is 

the essential building plate of other important allotropes; it can be batched to form three 

dimensional graphite, trilled to form one dimensional nanotubes, and wrapped to form 

dimension less fullerenes. Long-range  -conjugation in graphene yields outstanding thermal, 

mechanical, and electrical properties.[4, 5] 
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Recently, graphite oxide exfoliation by ultrasonic dispersion or rapid thermal expansion has 

been one of the worst approaches to obtain graphene oxide (GO) in bulk.[6]Compared to other 

production methods like micromechanical cleavage, this process is tempting because of its 

reliability, accountability to large-scale production, and exceptionally low material costs[7].The 

exfoliation of graphite oxide is practical and results in high yields of single-layered graphene 

oxide (GO).[8] 

Graphen is the candidate to be used as catalyst support in the electrocatalysis area due its high 

mobility of charge carriers (200,000 cm
2
 V

−1
 s

−1
) and specific surface area (calculated value, 

2,630 m
2
 g

−1
).[9] 

Recently in several works, use of graphene nanosheets as a support for Pt catalyst has been 

reported. Seger et al reported the of Pt nanoparticles on reduced graphene oxide sheets and their 

utilization in proton exchange membrane assembly.[10]Yoo et al prepared a new graphene 

supported electrocatalyst for methanol oxidation in direct methanol fuel cells.[11]Guo et al 

synthesized three dimensional Pt-on-Pd bimetallic nanodendrites supported on graphene to 

utilize as an electrocatalyst for methanol electrooxidation.[12] 

Because of the Van der Waals interactions, the as-reduced graphene nanosheets tend to form 

irreversible agglomerates.[13] In order to obtain water soluble or dispersible graphene as 

individual sheets, attaching some molecules or polymers onto the sheets is a usable method to 

prevent aggregation,[8]In order to apply graphene as support for Platinum as a electrocatalyst 

for PEM fuel cells reactions, physical features like surface area and electrical conductivity of 

graphene should be optimized. 

In this work firstly we prepared three GNS (graphen nanosheets) from GO (graphite oxide) with 

different reducing methods and investigated their physical properties, then, in another 

experiment platinum salt in situ has been reduced during GO reduction with different methods. 

we have reported the preparation of Platinum nanoparticles which is supported on graphene 

decorated by (Polyvinyl pyrrolidone) PVP, typical capping and structure-directing agent, and, a 

copolymer of acrylamide and a quaternary ammonium (acrylamide/β methacryl-oxyethyl-

trimethyl-ammonium copolymer) known as Superfloc C-442 (Cytec), as the oppositely charged 

binder,[14] ethylene glycol, reducing agent, synthesized and has been compared with a catalyst 

prepared with sodium borhydrid and hydrazine as a reducing agent of GO (graphite oxide) and 

commercial (ElectroChem Pt/C).The aim of this work is the investigation of reducing method 

impact on graphene physical properties and its role as a catalyst support for platinum 

nanoparticles as an elctrocatalyst for PEFCs electrodes. 

 

2. Experimental 

2.1. Synthesis and exfoliation of GO 

GO was synthesized from fine extra pure graphite powder (Merck) by the method of modified 

Hummers and Offeman.[15, 16] In a typical procedure, 50mL of H2SO4 was added into a 500mL 

flask containing 2g graphite at room temperature. The flask was cooled to 0ºC in an ice bath. 

Then 6 g potassium permanganate (KMnO4) was added slowly to the above mixture and 

allowed to warm to room temperature. The suspension was stirred continuously for 2 h at 35ºC. 

After that, it was cooled in an ice bath, and subsequently, diluted by 350 mL of deionized water. 

Then H2O2 (30 v/V%) was added in order to reduce residual permanganate to soluble manganese 

ions, until the gas evolution ceased. Finally, the resulting suspension was filtered, washed with 

water, and dried at 60 ºC for 24 h to obtain graphite oxide. After that, the as-prepared graphite 

oxides were exfoliated by ultrasonication in a water bath (150 W) for more than 2 h. Finally, a 

homogeneous graphene oxide aqueous dispersion (0.5 mg/mL) was obtained. 

http://dico.isc.cnrs.fr/dico/en/search?b=1&r=worst
http://dico.isc.cnrs.fr/dico/en/search?b=1&r=practical
http://dico.isc.cnrs.fr/dico/en/search?b=1&r=candidates
http://dico.isc.cnrs.fr/dico/en/search?b=1&r=method%20of%20approach
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2.2. Synthesis of Graphene Nano sheets 

1) Preparation of GNS1 with NaBH4 

100 mg of exfoliated Go was added to round bottom and NaBH4 (100cc, 50 mmol) drop wisely 

added to exfoliated Go. The round bottom refluxed and heated in an oil bath at 120
º
C under 

argon atmosphere for 24 h over which the reduced GO gradually precipitated out as a black 

solid. The product has been washed with water and methanol (100 mL) copiously, and dried in 

vacuum oven for 48 h in 100
º
C.[9] 

2) Preparation of GNS2 with Hydrazine hydrate 

100 mg exfoliated Go and Hydrazine hydrate (1.00 mL,32.1mmol) added to the round bottom 

solution refluxed and heated in an oil bath at 120
º
C under argon atmosphere for 24 h, the black 

product washed, filtered and dried in vacuum oven.[17] 

3) Preparation of PVP-Capped Graphene(GNS3) 

100 mg exfoliated Go, ethylene glycol100 ml (Merck), 600 mg PVP (MW=10000 Aldrich) was 

added to first round bottom.[18] The mixture was stirred for 24 h at 80
º
C under argon 

atmosphere. The oppositely charged (cationic) binder which is used to make a site for negative 

Pt particle deposition is - acrylamide/β methacryl-oxyethyl-trimethyl-ammonium, SuperflocC-

442, (from Cytec company). 

According to,[14]the optimum pH which prevents hydrolysis of Superfloc C442to carboxylic 

group fixed in 4.polyacrylamide solutions (0.8 gL
-1

) were prepared by adding copolymer 

powder to a solution containing deionized water and sufficient H2SO4 to achieve the desired pH. 

The graphene/PVP mixture was collected, washed and dispersed in 12 mL of aqueous solution 

containing 0.625 M potassium chloride and 4.25 mg/mL Superfloc C442. After being mixed 

well, the mixture was sonicated for 3 h to give a homogeneous black mixture. Excess Superfloc 

C442was removed by centrifugation, and the composite was rinsed with water four times and 

dried in vacuum oven. 

2.3. Synthesis of Pt/graphene nanosheet (GNS) catalysts 

In next step three samples of Pt nanoparticles were deposited on graphene oxide sheets in situ 

during the graphite oxide reduction process by a chemical reduction of chloroplatinic acid 

(H2PtCl6) during the chemical reduction of GO with hydrazine,NaBH4 and PVP /Superfloc C442 

/ethylene glycol. The reduction processes are the same as processes explained for graphite oxide 

reduction above; the only difference in this step is the presence of the platinum salt.[19, 20] 

2.4. Measurements of the physical properties 

XRD analysis was carried out operating at 40 kV out for the Graphene and catalysts by using an 

XPERT MPD Philips diffractometer with a Cu X-ray source and 40 mA. The XRD patterns 

were obtained at a scanning rate of 1
º
/min with a step size in the 2  scan of 0.02

º
 in the range 5-

100
º
.Structural changes in graphite ,Go and graphene were examined by using Almega Thermo 

Nicolet Dispersive Raman spectrometer with second harmonic @532 nm of Nd:YLF laser. 

The N2 adsorption–desorption isotherms of the GNS samples and commercial carbon black 

Vulcan XC72r were measured at 77 K using Belsorp mini II in order to determine the specific 

surface areas. The specific surface area was calculated from the Brunauer–Emmett–Teller (BET) 

plot of the nitrogen adsorption isotherm obtained on a Digital Instrument Nanoscope. The 

microstructure of the samples was investigated by a scanning electron microscopy SEM (Model 

XL30, Philips co,).The Pt content in catalysts was estimated by inductively coupled plasma 

(ICP) analysis. 
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2.5. Fabrication of the GDEs 

Three layers of gas diffusion electrodes (GDEs) were fabricated to evaluate the electrochemical 

activity of synthesized catalysts for oxygen reduction reaction in half cell system. The diffusion 

layer was made from a mixture of 30 wt% PTFE and 70 wt% activated carbon (Vulcan XC-

72r,Cabot)in 2-propanol (Merck), water, and glycerol (Merck) which is sonicated for 20 min 

with a sonicator (Misonix model S-3000) to produce a homogeneous suspension. The 

suspension was rolled onto the carbon paper (TGPH-0120T) (Toray), and the electrode was 

dried in air at 120
º
C for 1 h and then finally sintered at 340 ºC for 30 min. The loading of the 

diffusion layer was fixed at 1 mg cm
-2

.To prepare the catalyst layers in gas diffusion electrodes 

(GDE1-GDE4), a homogeneous suspension containing the desired amounts of the Prepared 

catalysts (10wt.%), Nafion solution 1mgcm
-2

, glycerol (Merck), 2-propanol (Merck), and water 

was sonicated for 20 min. This suspension was rolled onto the diffusion layer; the electrode was 

then dried at 40
0
C for 30min and then at 80

º
C for 30min.The Pt loading was 0.2 mg cm

-2
.Table 1 

shows prepared electrodes ,GDE1-GDE4, catalyst layer features. 

2.6. Electrochemical measurements 

An EG&G Princeton Applied Research Model 273A instrument and frequency response 

detector (model 1025) were used to determine the electrochemical properties of electrodes. The 

performance of the GDEs (geometric exposed area 1 cm
2
) in the reduction of oxygen was 

investigated in 0.5MH2SO4. All measurements were performed at 25
º
Cin a conventional three-

electrode cell, with O2 flowing at 50 mL min
-1
. The GDEs were mounted into a Teflon holder 

that contained a pyrolytic graphite disk as a current collector and has provision for feeding 

oxygen from the back of the electrode. A large area platinum flat electrode was used as the 

counter electrode. An Ag/AgCl reference electrode was placed close to the working electrode 

surface. A glassy carbon electrode immersed in 0.5 M H2SO4 was used to perform cyclic 

voltammetry. The electrochemical cell was connected to a potentiostat galvanostat (EG&G 

Model 273A) for IeV polarization measurements and chronoamperometry, for electrochemical 

impedance spectroscopy.  In order to perform a quantitative evaluation of resistance against the 

ORR, the AC impedance method was used. 

2.7 Membrane-electrode assemblies (MEA) preparation for PEMFC 

MEAs were prepared by the direct catalyst coated membrane (CCM) method [21], in which the 

catalyst layers are coated directly on treated 115-Nafion membrane by spray, MEAs were 

assembled with gas diffusion electrodes. The MEA was placed in 4.5 cm
2 

Paxi-tech single-cell 

fuel cell for electrochemical testing. The humidification temperatures of the anode and cathode 

gases were 80 
º
C and, with flow rates of 220 mlmin

−1
 hydrogen and 500 mlmin

−1,
 respectively. 

The cell was kept at 80 
º
C, and the gas pressure at the back of the electrodes was 1.5 atm. 

 

3. Results and discussion 

3.1. Physical characterizations 

3.1.1 XRD analyses of graphite, graphite oxide and graphene. 

Fig.1 shows the XRD patterns recorded for graphite, GO and reduced graphene samples, 

respectively. A characteristic diffraction peak of graphite (002) appears at 26º, and the 

interspacing between the graphene layers is about 3.37 Å. Strong oxidation/exfoliation of 

graphite, leads to disruption in the ordering of the graphene layers in graphite and a smaller 

broader peak at2 =8.5º appeared for GO which corresponds to water bound intercalated 

oxidized graphite and oxygen functionality groups indicates the complete oxidation of graphite. 

The interlayer spacing between the layers is increased from 3.37 to 9 Å.[22] However, the XRD 

pattern of GNS does not show the diffraction peak at 2 = 8.5
º
,the interlayer spacing of GO after 
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reduction in all GNS samples decreased, which is still a little larger than the d-spacing of well 

ordered graphite (3.37Aº ). The small amount of functional groups and hydrogen remaining 

might be the main reason for this difference, indicating incomplete reduction of GO sheets to 

graphene [23].Table 2 shows data obtained from XRD analysis of samples. 

As seen in Fig. 1 the (002) diffraction peak broaded in graphene samples which indicates the 

smaller sheet size of graphene compare to the original graphite powder and GO [24].After 

reduction the peak at 8.5
º
in the XRD spectrum is not present and broad peaks were observed 

between 22-25. GNS1, GNS2 and GNS3 respectively, which is close to, but larger than, the d002 

spacing of graphite. This indicates that functional groups remove during chemical reduction so 

layer number increased in Graphene comparing graphite oxide but still is much lower than 

pristine graphite. The d spacing of GNS3 is greater than that of GNS1and GNS2due to PVP 

intercalation into the interlayer of the graphene sheets. PVP molecules prevent the GO sheets 

from aggregating back to graphite, they act as a spacer between graphene sheets.[25] 

A recent study has shown that the reduction of graphene oxide by NaBH4 is nominally effective 

in improving the conductivity of the graphene films. The increase in conductivity is attributed to 

the increase in the sp
2 

hybridization of the carbon network. The increase in sp
2
 hybridization 

further allows  -  interaction between the individual graphene sheets, making the sheets 

agglomerate in suspension. Hydrazine also is a conventional reducing agent for GO reduction 

but xps studies exhibited nitrogen atom enters the graphene structure and leads to less 

conductivity.[11] GNS3 exhibits the higher interlayer spacing among GNS samples ,because 

PVP prevents graphene sheets agglomeration ,the interaction between PVP and graphene is not 

a kind of covalent interaction so it does not have any harmful impact on conductivity.[26] 

3.1.2. Raman spectroscopy characterization of graphite, graphite oxide and graphene 

Fig. 2 shows Raman spectra of samples before and after reduction. In carbonaceous material, the 

D band and G band correspond to sp
2
 and sp

3
 carbon stretching modes and their intensity ratio 

(ID/IG) is shows the carbon ratio of sp
2
/ sp

3
which is the measure of the amount of  local defects 

and disorders.[27] Raman spectrum of the pristine, graphite displays a strong G band at 1579 

cm
-1

 a weak D band at 1360 cm
-1

 and a middle D´band at 2700 cm
-1

[28].In the Raman spectrum 

of GO the G band is broadened and shifted to 1596 cm
-1,In addition the D band at 1365 cm

-1
 

becomes prominent indicating the reduction in size of the in-plane sp
2
 domains possibly due to 

the extensive oxidation. Oxidation reaction leads to defects in GO structure and increases (ID/IG) 

ratio. After reduction this ratio decreases in graphene sheets indicating a partial restoration of 

the basal planes in graphene. Table 3 shows the (ID/IG) and (IG)/ID´) obtained from Raman 

spectra of samples. The lowest (ID/IG) is observed for GNS3 which can be assigned to fewer 

defects in graphitization by (PVP, EG) the D/G intensity ratio did not change obviously, 

suggesting that the functionalization of graphene nanosheets did not reduce the size of in-plane 

sp
2 

domains greatly (determining the electrical conductivity of graphene nanosheets). 

Raman spectroscopy is also utilized to investigate the single, bi, and multilayer characteristics of 

graphene and graphene oxide layers. The shape and position of the D´ band are known as key 

parameters to judge both formation and the layer numbers of the graphene sheets. In this work, 

the slight shift of the peak position of the G band to lower wave numbers (2 cm
-1

shift) can be 

assigned to the presence of multi-layers in prepared samples.[29] When the layer number is 

smaller than five, the D´ peak becomes more intense than G peak. The increase in the ratio 
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between the intensity of G and D´ peak, ( IG/ID´), indicated an increase in the number of 

graphene layers, respectively. The highest,( IG/ID´), ratio of reduced GO samples demonstrated 

the largest number of graphene layers.[30]In comparison between GNS1/GNS2/GNS3, GNS3 

has the minimum layer number, This is due to the fact that PVP prevents graphene sheets 

restacking, The (ID/IG) is maximum for GNS2 which indicates that hydrazine makes some 

defects in graphene structure. 

3.1.3 BET surface area measurement of Graphene sheets 

Table 2shows BET surface area measurement results of graphene sheets with nitrogen gas 

absorption. Our BET surface areas are significantly lower than the theoretical surface area of 

2630m
2
/g for individual isolated/separated graphene sheets but these values are much higher 

than carbon black (250m
2
/g) used for commercial Pt/C electrocatalyst (ElectroChem).The 

Brunauer–Emmett–Teller (BET) nitrogen adsorption/desorption isotherms for graphene samples 

and activated carbon (Vulcan XC-72r) are shown in Fig. 3. All GNS samples exhibit Type I + 

Type II behavior and their surface areas are GNS1 (420),GNS2(395) and GNS3(485) m
2
g

-1
.The 

BET results are confirming XRD and Raman results that GNS3 has the less layer number and 

the much surface area. Remarkable difference between synthesized GNS samples surface area 

with single layers graphene which is estimated to have a surface area of 2600 m
2
g

-1
, thereby 

indicating that all GNS samples consist of more than one layer as indeed found from Raman and 

other studies.[31]           

The pore size distributions obtained from the Barrett–Joyner–Halenda (BJH) method,[32, 33] 

are shown in Fig. 4 and reveal that GNS1 and GNS2are mesoporous with pores greater than 3 

nm while GNS3 has both micropores<3 nm and mesopores>20 nm.[34] The best BET surface 

area obtained for GNS3 indicated that PVP prevented graphene sheets restacking lead to higher 

surface area. 

3.1.4. XRD Analyses of Pt nanoparticles 

XRD pattern of platinumFig.5 shows the XRD patterns of the graphene supported Pt 

electrocatalysts and Pt/C (ElectroChem) electrocatalyst. The peak at 2 =26.5
º
corresponds to the 

(002) planes of the graphitized graphenes and the peaks at 2 = 39.8
º
, 67.5

0
, and 

46.2
º
areassociated with the (111), (220), and (200) planes of fcc (face centered cubic) Pt, 

respectively.[35]These results indicate that Pt has been successfully reduced. The average sizes 

of the Pt particles were calculated from the line broadening of the (111) peak by using the 

Scherrer equation,[36] after background subtraction and found to be 2.4, 1.6, 1.9 and 1.2 nm for 

the four samples, respectively (Table 4). As seen in table 4 the Pt particle size for electrocatalyst 

which are deposited on graphene sheets are smaller than commercial ElectroChem Pt/C. BET 

measurements indicate that graphene samples have larger surface area which allow for better 

distribution of pt particles and prevent their aggregation. The smallest particle size belongs to 

the catalyst which is supported on GNS3 which has the largest surface area. 

3.1.5 Zeta potential measurements of GO,GNS samples, Pt/GNS3 samples 

The impact of Superfloc-C442mole ratio on Pt loading on graphene was investigated with zeta 

potential test and inductively coupled plasma(ICP).[37]The zeta potential is usually used to 

investigate the potential difference between the dispersion medium and the stationary layer of 

fluid attached to the dispersed particle.[38] Therefore, in this work, the zeta potential was 

examined for the samples during the synthesis of graphene oxide(exfoliated GO), GNS1 and 

GNS2 and Pt/GNS3 in different mole ratio of Superfloc-C442 and the result is shown in Table 

4.–Zeta potential and thereby electrostatic interactions are varied by altering Superfloc-

C442mole ratio in the (GO/PVP/ Superfloc-C442) suspension. Szabo et al [39] have shown that 

the surface charge of graphene is negative at pH 7and can be modulated by varying the pH of 
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the medium. GO had a zeta potential of -66.2 mV, which is attributed to a large number of 

negatively charged functional groups such as carboxyl groups and hydroxyl groups and these 

amount of negative charge results repulsion with Pt salt. The surface charge of GNS3 sample is 

strongly dependent to Superfloc-C442/GO mole ratio, On the other hand Pt nanoparticle 

deposition loading ,Fig 6, is strongly affected by the surface charges of GNS3 and PVP-

Superfloc-C442/GO mole ratio.[40] 

In order to obtain maximum Pt loading on GNS3, zeta potential and ICP measuring is carried on 

samples with varied Superfloc-C442/GO mole ratio which resulted from different loading on. 

Negative zeta potential of GO shifted to graphene positive zeta potential (+35.5 mV) after 

modifying by PVP- Superfloc-C442, indicating that the graphene was successfully 

functionalized by the positively charged PVP- Superfloc-C442.The noncovalent adsorption of 

PVP- Superfloc-C442 on graphene oxide (GO) not only leads to a highly dense and 

homogeneous distribution of positive charges on the GO surface, but also preserves the intrinsic 

properties of the GO. The comparison of surface charge density of GNS1, GNS2 with GNS3 

shows that negative charge density in GNS3 surface has been reduced with the incorporation of 

Superfloc-C442 .These positive charges were used as sites for deposition of Pt nanoparticles on 

graphene. Therefore, the resultant Pt nanoparticles with small size were uniformly dispersed on 

and both surfaces of graphene, and its loading density could be controlled with Superfloc-

C442/Go mole ratio .By the assembly of negatively charged Pt colloidal nanoparticles, the zeta 

potential of Pt-GNS3 becomes negative again .The maximum Pt loading is obtained in 30% 

mole ratio of Superfloc-C442/Go as seen in Fig. 6. 

3.2. Morphology analysis by SEM and TEM 

3.2.1. SEM characterization 

SEM image of pristine graphite flake (Merck) consists of rigid and condensed layers in Fig.7. 

After the oxidation process; graphite started to crumble forming irregular separated structures 

and creates expanded and leafy structures of graphite oxide layers. After reduction reaction of 

GO with three different method graphene sheets made of a few graphene layers could be clearly 

seen in Fig. 8 Consequently, all the reaction procedures led to the formation of graphene 

nanosheets which have highly porous and wavy structure. After the reduction by hydrazine and 

NaBH4, it can be observed that, Fig 9,. GNS1 and GNS2 tend to form very dense agglomerates 

with layered structure which results from the Van der Waals interactions between the layers of 

graphene.[4] The introduction of PVP into GNS3 reaction mixture remarkably increased the 

stability of graphene sheets because of strong hydrophobic interactions between graphene sheets 

and PVP preventing graphene layers restacking and maintaining high surface area. 

3.2.2. TEM characterization 

Fig 10a, b, c shows a TEM image of platinum nanoparticles supported on GNS3. In this image, 

platinum nanoparticles appear as dark dots with a diameter of 2 to 1.5nm on a lighter shaded 

substrate corresponding to the planar graphene sheet. The nanoparticles cover the graphene 

sheets with an interparticle distance ranging from several nanometers to several tens of 

nanometers, occupying only a very small portion of the surface of the graphene sheet. Pt 

nanoparticles aggregates can be seen only at the graphene edges where abundant amine moieties 

are available due to the easy adsorption of PVP at defect sites of the graphene edges. This result 

also indicates a strong interaction between the functionalized graphene support and the Pt 

nanoparticles. The Pt nanoparticles decorated on the graphene surfaces can act as “spacers” to 
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prevent the graphene from aggregation and restacking, and both faces of graphene are 

accessible. 

3.3. Electrochemical investigations of prepared catalysts 
3.3.1. Electrochemically active surface area 

Cyclic voltammetry (CV) is a convenient and efficient tool used to estimate the (electrochemical 

surface area) ECSA of Pt catalyst on an electrode. The CV curves for different electrocatalysts, 

in 0.5 M H2SO4 solution at a scan rate of 50mV s
-1

are shown in Fig.11.It shows characteristic 

peaks for the formation and reduction of Pt oxide. In the potential region of 0.2 to 0 V (vs. 

Ag/AgCl), typical hydrogen adsorption and desorption peaks from polycrystalline Pt were 

observed using graphene nanosheets as supporting materials. The integrated area under the 

adsorption peak in the CV curves represents the total charge concerning H
+ 

adsorption, QH, and 

has been used to determine ECSA by employing the equation.[41] 
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Our calculation indicates that Pt/GNS3 has higher ECSA value 135m
2
/g than Pt/C 

(ElectroChem) (45.5m
2
/g) (Table 5). It is due to the fact that Pt nanoparticles are smaller and 

more uniformly dispersed on the surfaces of Pt/graphene sheets, when compared with Pt/C. It is 

well known that smaller catalyst particles show higher catalytic activity. Furthermore, Pt 

nanoparticles dispersed on GNS surface will allow for uniform dispersion of the graphene 

nanosheets by reducing aggregation of the sheets, thereby producing much more accessible Pt 

sites for efficient catalytic activity in comparison with carbon black used as catalyst support[42] 

ECSA data is in a good agreement with BET results which indicated that higher carbon surface 

area lead to better Pt distribution and more active sites for adsorption/desorption of electroactive 

spices. 

3.3.2 potentiostatic-state polarization curves 

The polarization curves for the electrodes in conventional three-electrode cells are presented in 

Fig. 12 The current density values are considerably greater for electrode (GDE3), containing 

Pt/GNS3, than for the others, the performance of GDE3 is much better than that obtained when 

using aGDE1containing commercial Pt/C (ElectroChem). The superior performance of GDE3 is 

attributed to an increase in the size of the three-dimensional reaction zone and to the optimum 

surface area. As a result, the concentrations of the reactants near the surface of the catalyst are 

increased, and hence the reaction rate is improved. As seen in polarization curves current 

densities in mass transfer region is much higher for graphene supported Pt catalyst, especially 

Pt/GNS3(GDE3), than commercial activated carbon (Vulcan XC72r) supported Pt/C 

(ElectroChem) which is attributed to the different porous structure of graphene and carbon 

black. Mesopore sizes in graphene facilitated water transport in electrode which lead to better 

proton transfer and prevent mass transfer limitation, besides presence of micro pores in 

graphene structure allow oxygen accessibility to electrode surface. The performance difference 

between GDE1, GDE2 and GDE3 is attributed to the different micro structures of Pt/GNS1, 

Pt/GNS2, Pt/GNS3 which results from different reducing methods. These results indicate that 

carbon supported porous structure highly affects catalyst performance.[43] 
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The kinetic parameters of the ORR for a GDE can be obtained from the polarization data. Our 

analysis of the experimental polarization data was performed by using the Tafel equation:[44] 

0rev /log iibEE 
 

(2) 

The electrochemical parameters, Table 5, derived from Tafel equation. The best kinetic 

parameters are observed for GDE3 (Pt/GNS3) catalyst. This result show that surface area and 

morphology are optimum for GNS3 not only among other prepared graphene samples, but also 

in comparison with Vulcan XC-72r makes it better catalyst support for Pt to catalyze oxygen 

reduction reaction. 

3.3.3Choronoampermetrye 

Choronoamperometry, Fig 13, is employed to determine to the diffusion coefficient of oxygen to 

the catalyst layer of electrodes. Diffusion coefficient which is seen in Table 5 can be obtained 

from modified Cottrel equation.  

          
 
      

 
   

 
         

   
(3) 

where r is the diameter of the electrode, i is the limiting current (mA); n is the number of 

electrons, F is the columbic charge (964850 C mol
-1

), D is the diffusion coefficient (Cm
2
s

-1
), t is 

the time (s), and C∗ is the saturated concentration of oxygen in sulfuric acid (1.38×10
-6 

mM). 

GDE3 (Pt/GNS3) exhibits the highest permeability, It is may be due to the modified porous 

structure of GNS3.The presence of micro pores in GNS3 increased gas permeability and oxygen 

diffusion toward the catalyst, whereas mesoporous structure of (Vulcan XC-72r) in GDE4 

,GNS1in GDE1and  GNS2 in GDE2 act weakly for gas diffusion. 
Micropore structure of carbon support which involved with gas has a crucial role in mass 

transport for liquid face. As a result it seems that the presence of both macropores and 

micropores in oxygen reduction reaction which occurs in the interface of liquid(proton 

transport) and gas phase( oxygen permeability) are necessary to enhance the catalyst 

performance.[45] 

3.3.4 Electrochemical Impedance Spectroscopy 

The A.C impedance spectrum of GDEs (GDE1-GDE4), each electrode, Fig. 14, was obtained. 

The resulting data were obtained at 400 mV vs. Ag/AgCl saturated with KCl, and were plotted 

in the Nyquist representation. 

The polarization resistance RP was found to be lower for GDE3 which contains Pt/GNS3 

indicating that interfacial oxygen kinetics is enhanced in the presence of graphene. In another 

word, more three-phase boundaries (i.e., Pt nanoparticles covered by thin ionomer film through 

which oxygen diffuses) available for oxygen reduction reaction are formed with the aid of 

graphene in the catalyst layer, moreover faster charge transfer in Pt/GNS3 in compare with 

Pt/GNS1 and Pt/GNS2 shows that modification of GNS with PVP-Superfloc C442is non- 

covalent functionalization and PVP-Superfloc C442 have been removed during the final product 

washing. If PVP-Superfloc C442 remained in GNS structure, the GNS charge carrier would be 

disrupted, since the electron transfer has been assumed to mainly originate at edge of plane-like 

sites of carbon materials, it was to be expected that a material with a high density of edge plane-

like sites would have fast charge transfer capability. 

The presence of PVP-Superfloc C442in GNS structure may lead to the steric hindrance and the 

electrostatic interactions which affect density of edge plane like sites than that in Pt/GNS1 and 

Pt/GNS2. The lower charge transfer resistance for the catalyst has good correlation with the 
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higher electrocatalytic activity for oxygen reduction, suggesting that the GNSs supported 

electrocatalysts prepared by our method may be more competitive. 

3.4. Single-cell data 

Single-cell PEMFC performance examined for MEA1 containing Pt/GNS3 catalyst as cathode 

and Pt/C10% (ElectroChem) as anode and MEA2 containing ElectroChem commercial 10% 

Pt/C both cathode and anode were tested. The single-cell performance curves of MEAs are 

presented in Fig. 15a,b. A comparison of fuel cell performance with the cathode containing 

different compositions of Pt/GNS3 and Pt/C (ElectroChem) is shown in Table 6. In the present 

case, as shown in Table 6, MEA1 containing Pt/GNS3 in cathode side has better performance 

than MEA2 containing commercial catalyst. The Pt nanoparticles may act as spacers to avoid 

the face-to-face aggregation of graphene sheets and the intrinsic high graphitization degree of 

GNS leads to enhanced Pt-carbon interaction, which further provides good accessibility to the Pt 

reaction sites in Pt/GNS thereby improving the electrocatalytic activity of the nanocomposite 

compared to commercial Pt/C. 

Fig. 16 a, b show impedance spectra obtained for MEAs at 0.1 V, which is related to the high 

current density (HCD) region, and at 0.7 V, which illustrates the behavior in the low current 

density (LCD) region. For EIS spectra in the LCD region, a semicircle whose diameter is related 

to the oxygen reduction polarization resistance and a depressed semicircle centered on the x-axis 

are observed. These depressed semicircles have been explained by a number of phenomena 

depending on the character of the system being investigated, such as an inhomogeneous 

electrode surface, the distribution of activation or relaxation processes and concentration. 

Polarization phenomena Fig. 17 Shows an equivalent circuit for MEAs with Rel: membrane 

resistance (subtracted from the result), Re electrode intrinsic resistance, Rct charge transfer 

resistance, Rm mass transfer resistance, and CPE constant phase element.[46] 

The values obtained for these parameters are given in Table 6 MEA1 have the minimum charge 

transfer and mass transfer resistance. 

3.4.1. The effects of temperature and relative humidity on the oxygen reduction reaction (ORR) 

inMEA1 (Pt/GNS3)  

The effects of temperature and relative humidity on the oxygen reduction reaction (ORR) in 

MEA1 (Pt/GNS3) catalyst were investigated using cyclic voltammetry, and Steady-State 

Potentiostatic Polarization. 

Figure 18a, show the steady state cyclic voltammograms of MEA1(Pt/GNS3) at ~60% and 

80%RH in Ar atmosphere at 60 ºC and 2.5 atm absolute pressure. Seen in Fig 18a, the hydrogen 

adsorption/desorption peaks in the voltammogram of the MEA1(Pt/GNS3) are not clearly 

defined. Different orientations of the polymer chains in different parts of the interface caused to 

this phenomenon. Integration of the hydrogen adsorption currents in the voltammograms shown 

in Fig. 18a, reveals that only 78% of the Nafion-covered Pt surface is electrochemically active at 

60% RH. A similar comparison based on the platinum oxide reduction at +1.4 V explained even 

the lower activity of the Nafion covered Pt, getting only 50% at 60% RH. The platinum oxide 

reduction charge increased, whereas the hydrogen adsorption charge stained  almost unchanged 

or even a little  decreased with an increase in temperature [47]. The different temperature 

effects, as seen in Fig 18b, on platinum oxide and hydrogen adsorption charges made it difficult 

to unequivocally determine the active fraction of surface area. Based on the platinum oxide 

reduction, the active fraction of surface area increased with relative humidity and became ~95% 

at 100% RH and 80°C. 

Fig. 19 and Fig. 20 show polarization curves are obtained for MEA1 in different temperatures 

and relative humidities. The limiting current of ORR was found to depend strongly on both 
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temperature and relative humidity. The temperature effect on oxygen limiting current results 

from its positive effect on oxygen diffusion and its negative effect on oxygen solubility in 

Nafion ionomer.[48] The activation energy for oxygen reduction reaction was obtained from 

Arrhenius plots based on the following equation: 

           
      

      
       ( 4) 

In addition, a large hysteresis between the forward and reverse scans was frequently observed, 

The existence of hysteresis phenomenon in the polarization curves during the forward and 

backward sweeps is because of water generation and distribution within membranes and catalyst 

layers, or namely the “water reservoir” effect of membranes and catalyst layers were the main 

reasons accounting for the cross point of the polarization curves. Such cross point strongly 

depended on the diffusion materials and operation conditions such as flow rates, cell 

temperatures and the stabilized time at each current density, which in directly showed the 

evidence for the different water transport mechanism.[49] 

As the distortions were increasing with increases in both temperature and relative humidity (Fig. 

19), which are known to have opposite effects on Nafion hydration (10), they initially did not 

seem to be related to membrane hydration. The only two factors that were changing in the same 

direction with increases in temperature and relative humidity were the water pressure in the gas 

phase and the membrane permeability to oxygen. As a result, membrane hydration could only be 

changed with the water pressure changes and, as mentioned above, these were opposite when 

the water pressure increased due to the temperature and humidity increase. The polarization 

curve in Fig. 20 demonstrate that full membrane hydration dramatically improves the apparent 

oxygen reduction kinetics in both forward and reverse scans and that the hysteresis is  no longer 

present.  Moreover, the limiting reduction current for the fully hydrated membrane is higher, 

which shows an enhancement in the membrane permeation to oxygen. The large current density, 

which indicates that mass transport, is not affected by the electrochemically generated water. 

This means the “water reservoir” of the graphene as carbon support in catalyst is not completely 

used at all or the generated water is easier to be carried out of the fuel cell by the reactant gas. 

The self-inhibition of ORR at the interface between Pt and partially hydrated Nafion membrane 

reveals that water produced by ORR basically changes the composition of the interface.  It can 

be easily demonstrated that the diffusion flux of product water is not sufficiently high to produce 

significant changes in the composition of the Pt/Nafion interface unless either (i) small 

quantities of water induce significant changes in the interfacial structure of Nafion or (ii) water 

cannot freely diffuse away from the interface. 

3.4.2. Effects of relative humidity on proton Conduction in MEA1 

RH (relative humidity) has a significant impact on the performance of a single cell. In this study, 

impedance spectroscopy has been employed to measure the proton Conduction in MEA1 

varying with relative humidity. We describe AC impedance experiments to measure membrane 

resistance and the cathode proton resistance inaH2 /Ar cell configuration. Rmembrane, Ccath, and 

RH
+

,cath in—AC impedance data inH2/Ar were analyzed by fitting RH
+

,cath, Rmembrane, Ccath to 

transmission-line model. Table 8 shows parameters obtained from transmission-line model. Fig. 

21 shows impedance spectra obtained in OCV potential in different humidities. 

In principle, RH decreasing leads to the membrane resistivity increasing. Especially under low 

RH conditions and high current densities, the proton conduction resistance across the electrode 

can become rate determination and catalyst utilization limiting factor. Results of this 
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measurement are compared with work [50] in which the proton resistivity has been investigated 

for with Ketjen black (KB)] and [Vulcan XC 72r] supported catalyst in the same 

Ionomer/carbon ratio and we found that Pt/GNS3 has less proton resistivity than Pt/Vulcan and 

Pt/KB in the same condition.  
 

4. Conclusion 

Graphene nanosheets (GNS), which exhibit the advantages of single-layer graphene and highly 

graphitic carbon, were employed as an alternative support material for Pt nanoparticles for 

oxygen reduction. Graphene nanosheets were modified by PVP and a polyelectrolyte which 

leads to greater surface area and better electronic properties in comparison with other 

conventional reduction methods of GO. Pt nanoparticles were deposited on GNS samples and 

the activity of prepared catalyst were examined for oxygen reduction reaction, The modified 

graphene supported catalyst (GNS3) has-better performance than commercial ElectroChem Pt/C  

and other graphene (GNS2,GNS1) supported catalysts. These results indicate that graphene 

nanosheets could be a good candidate as a supporting material of catalysts in fuel cells. 
 

Appindex 
 

b Tafel slope 

C* reactant concentration 

CPE constant phase element 

D diffusion coefficient 

D
1/2

×C* permeability 

EAS electroactive surface area 

Eeq open-circuit voltage 

HCD high current density 

F faraday constant 

GDE gas diffusion electrode 

GNS graphenenano sheet 

GO Graphite oxide 

i current density 

io exchange current density 

LCD low current density 

MEA membrane electrode assembly 

n number of electrons 

OCV open-circuit voltage 

ORR oxygen reduction reaction 

Rct charge transfer resistance 

Ri ionic resistance 

Rm mass transfer resistance 

Rs electrolyte resistance 

Rinternal internal resistance 

RH relative humidity 

t time 

Zreal real impedance 

Zim imaginary impedance 

Ƞ  over-potential 

RH
+ 

Ccath 

Proton resistance 

Cathode capacitance 
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Fig1.XRD patterns Graphite,Go,Graphenenanosheets(GNS) 

 

 

 
Fig2.Raman spectra of Graphite,Go and Graphenenanosheets 

 

 

5 10 15 20 25 30 35 

GNS1 

GNS2 

GNS3 

GO 

Graphite 

In
te

n
si

ty
 a

.u
 

2Ө (degree) 

1000 1500 2000 2500 3000 3500 

GNS2 

GNS1 

GNS3 

Go 

Graphite 

Wave Number  cm-1 
   

In
te

n
si

ty
(a

.u
) 



 

159 

 

 
 

Fig. 3.Nitrogen adsorption/desorption isotherms of GNS samples and activated carbon(VulcanXR72) 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.Pore size distribution curves of GNS samples and Vulcan XC 72r 
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Fig. 5. XRD of patern of Pt/GNS1,Pt/GNS2/Pt/GNS3/Pt/C(ElectroChem) 

 
 

Fig. 6.Pt loading density on GNS3 GO vsPVP-SuperflocC442weight percentage 
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Fig. 7.SEM image of raw graphite flake 

 

 
 

Fig. 8.SEM images (a) and (b) of GO at different magnifications 

 
 

Fig. 9. SEM images (a) GNS1 (b) GNS2 (c) GNS3 
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Fig. 10.a, b,c,d TEM images of Pt/GNS3 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.11.Cyclic voltammetry curves for the GDEs for a scan rate of 50 mV s

-1
 at 25 ºC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 12IeV curves of the GDEs in the ORR for a scan rate of 1mVs
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at 25 

º
C. 
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Fig.13.Chronoamperograms of the GDEs in the presenceof O2, E 0.4 V vs. Ag/AgCl, at 25

º
C. 

 
Fig14. Nyquist plots of the impedance responses from 10 kHz to 100 mHz for the GDEs at 400 mV vs. 

Ag/AgCl, at25
º
C. 

 
Fig 15. MEA polarization curves relative humidity 100%, with flow rates of 220 mlmin

−1
 hydrogen and 
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 ,
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C The cell was kept at 80 

º
C , and the gas pressure 

at the back of the electrodes were 1.5 atm. The MEA was placed inPaxi-tech single-cell. 
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Fig16.Impedance spectra at a) 0.7 V and b) 0.1 V, from 1 mHz to 1000 kHz, 1.5 atm back pressure for 

the anode and cathode. The relative humidity was 100% for the cathode anode with flow rates of 220 

ml/minhydrogen and 500 ml/minoxygen, respectively. The cell was maintained at 80 
º
C. 

 
Fig 17.Schematic representation of the equivalent circuit for MEAs with Rel: membrane resistance 

(subtracted from the result), Rct: charge transfer resistance, Rm: mass transfer resistance, and CPE: 

constant phase element. 
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Fig18a,b)cyclicvoltammogram of single cell with MEA1,condition:scan rate=50 mv/s ,cell area:4.25 

cm
2
,Fuel cell anode/cathode H2/N2,anode and cathode absolute  back pressure 2.5 atm 

 

 
Fig 19 MEA1 polarization curveswith flow rates of 220 mlmin

−1
hydrogen and 500 mlmin

−1
oxygen

 ,
. In 

different relative humidites.The cell was kept at 80 
º
C , and the gas absolute  pressure at the back of the 

electrodes were 2.5 atm. 

 
Fig 20 MEA1 polarization curves with flow rates of 220 mlmin

−1
hydrogen and 500 mlmin

−1
oxygen

,
In 

different temperatures. The relative humidity as 100%, and the gas absolute pressure at the back of the 

electrodes were 2.5 atm. The MEA was placed in Paxi-tech single-cell.  
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Fig21. Impedance spectra of MEA1 at ocv, from 1 mHz to 1000 kHz,1.5 atm back pressure for the anode 

and cathode. The relative humidity was 60%, 70%,80%, 100% for the cathode anode with flow rates of 

220 ml/minhydrogen and 500 ml/minoxygen, respectively. The cell was maintained at 80 
º
C. 
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Abstract 
In this work we analyze the influence of process parameters such as concentration of platinum 

and number of applied cycles in electrodepositing process on the catalytic activity of 

nanoplatinum electrocatalyst, fabricated by potentiocyclic electrodeposition to glucose oxidation 

reaction. Corresponding electrocatalyst were characterized by cyclic voltammetry and the 

surface texture of electrocatalyst was characterized by scanning electron microscopy, SEM 

image shows that the platinum elctrocatalyst have a spherical structure in nano scale. Electrodes 

with high roughness factor are obtained particularly when high platinum ion concentrations (2 

mmol L
−1

 Pt, roughness factor 760 cm
2
}), and 75 cycles were applied during fabrication. 

Enhancing the catalytic activity of these electrocatalysts shows that changing the above process 

parameters reduces the polarization happened in the concentration region. 
 

Keywords: Glucose fuel cell, Platinum, Electrocatalyst, Electrodeposition, Cyclic voltammetry, 

Glucose oxidation reaction. 
 

1. Introoduction 

With an increasing demand of pollution free and cheap energy, investigators are focusing on 

more easily available, less toxic and safer fuel and this bring the investigator to the very 

enlightening concept of fuel cell which could run on glucose. Studies on electro-catalytic 

oxidation of glucose are of high interest to the fuel cell community for various reasons. Glucose 

is easily available, cheap and non-toxic bio-fuel. No storing problem or explosion hazard is 

associated like hydrogen in hydrogen-oxygen fuel cell. The studies throughout the last few 

decades on electro-oxidation of sugars was performed and showed that noble metal catalyst 

based on platinum and gold in alkaline media improve the rate of electro-oxidation of glucose 

rather than acidic and neutral [1-7]. In general, glucose-consuming fuel cells can be divided into 

three main types according to the type of catalyst that is used to enable the electrode reactions: 

enzymatic, microbial, and abiotic glucose fuel cells enzymatic glucose fuel cells are currently 

under development [5, 6], the limited stability of enzymes renders their application in a long-

term implantable fuel cell power supply difficult. Power-supply systems based on microbial fuel 

cells are not seriously considered for implantation, due to the infective nature of most known 

micro-organisms and the associated risks there with an overview about the tentative oxidation 

pathways and intermediate reaction products of glucose oxidation Theoretically, glucose can be 

completely oxidized to carbon dioxide and water, releasing 24 electrons per molecule glucose 

[8]. The corresponding fuel cell reaction and the theoretical Cell voltage U0 would then be given 

as: C6H12O6 +6O2→ 6CO2 +18H2O       G◦ = −2.870×106 J mol−1; U0 = 1.24V [17] 
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2. Experimental 

 

2.1. Materials 

Carbon powder Vulcan XC-72R was used as support and H2PtCl6 and H2SO4 from Merck 

Company were used as precursor. All aqueous solutions were prepared using ultrapure water 

during experiments.2-Propanol (>99% purity) (Quailed Fine Chemicals) was used as solvent for 

preparing Vulcan paste and carbon paper (Toray 90 T) was used as working electrode’s-

glucose(>99% pure) and KOH (>85% assay, flakes purified) (Merck) were used as fuel and 

electrolyte, respectively. 

 

2.2. Electrode fabrication 

Substrate is fabricated by deposition of 3mg/cm
2
 carbon Vulcan paste on carbon paper sheet 

with 1cm
2
 geometric area then it dried by heating in 200 

0
C

.
 for 45 minutes. 

As-prepared substrate expose to precursor solution included of H2SO4 (0.5 M) and H2PtCl6 

(2mM) (Merck, Germany) then 5, 50, 75,100 and150 CV scans (100 mV.s
-1
, 1.20 to − 0.60 V 

vs. Ag/AgCl sat KCl) were performed under N2 atmosphere to study of cyclic number effect to 

the catalytic activity of GOR.to study of platinum concentration effect in precursor solution to 

the catalytic activity of GOR, B1-B7 electrodes were prepared in 0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8 

mM platinum solution in  0.5 M sulphuric acid. 

 

2.3. Electrochemical characterization 

Electrochemical experiments were performed in a separator free three-electrode cell. Ag/AgCl 

saturated with KCl electrode was used as reference electrode and for counter electrode platinum 

sheet electrode was used. In all experiment glucose and potassium hydroxide concentration was 

fixed in 0.3 and 0.5 M, respectively. 

 

2.4. Physiochemical characterization 

The surface morphology of the deposited platinum nano particles (PNPs) on the modified 

carbon paper substrate electrode was obtained using a field-emission SEM (KYKY-EM3200 

 

2.5. Determining of Roughness Factor 

in this work the charge measurement from stripping of the adsorbed hydrogen upd-H monolayer 

on the Pt-electrode (QH) was used to evaluate the ECSA for all Pt electrodes [13,14] and 

expressed as roughness factor (RF) according to RF=QH/Qo.A.Where QH is the measured 
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charge of the hydrogen desorption, Q0 is the charge of a hydrogen monolayer adsorbed on 

polycrystalline platinum (210 μC cm-2) and A is the geometric area of the electrode [15]. 

 

3. Result and discussion 

3.1. Cyclic voltammogram of glucose oxidation in alkaline solution 

Figure 2 shows a typical voltammogram of glucose electro oxidation in this work. The cyclic 

voltammogram from -0.9 to 0.85 V with Ag|AgCl (sat.KCl) reference electrode at 20mVs−1 

scan rate and 25 ◦C on Pt electrocatalyst in KOH 0.5 M electrolyte and with 0.3 mol L−3 

glucose solution is shown in Fig. 1. Three oxidation peaks (C1, C2, and C3) at −0.75, −0.3 and 

0.37V versus Ag|AgCl (sat. KCl), respectively can be seen for glucose oxidation in positive 

direction scan. The result is in full agreement with glucose electro-oxidation given in the 

literature [9, 10, 11]. Peaks C1 and C2 appeared due to chemisorption’s and dehydrogenation of 

glucose in the hydrogen wave region of CV. The current density of peak C2 is much lower 

compared to peak C1 and the peak potential is also slightly higher. The peak C2 appeared at the 

potential region where the electrode surface is partially covered by adsorbed-OH [9, 10]. In this 

region, namely double layer region [12, 11], adsorbed-OH catalyst surface can oxidize glucose 

also [9, 11].  

 

 
Figure 1, Cyclic voltammogram of Pt electrode at scan rate of 20 mV/s in the presence of 300mM glucose 

(measurement were performed in 0.5M KOH solution under a nitrogen atmosphere at 25 c). 

 

2, Peak C3 is observed at higher potential on already oxidized platinum surface. Peak E is 

appeared due to reduction of adsorbed-OH from the catalyst surface [9,11]. Gluconic acid, 

which was observed by in situ FTIR [13] and HPLC study [9] as main product of glucose 

electro-oxidation, may be formed due to oxidation of adsorbed dehydrated intermediate directly 

or from hydrolysis of glucono-γ-lactone, which can be formed from oxidation of adsorbed 

dehydrogenated intermediate [9,13]. 

 

3.2. Dependence of catalytic activity of nanoplatinum electrocatalyst to the number of 

applied cycles in the platinum electrodeposition process. 

Figure 2, shows A1-A5 electrocatalyst’s voltammograms which prepared by 5, 50, 75,100,150 

cycles respectively. Current density were increased by increasing the number of cycles in 

preparation of A1-A3 electrocatalysts. But current density in A4 and A5 is decrease.comparison 

of catalytic activity carry out on the potential of -0.3 V. Correspond to table 1, anodic current 

density increases with increasing the number of cycles. The Changes which is observed in the 

anodic current in the range of -0.65 to -0.3 V shows that changing the number of cycles applied 
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in electrochemical deposition of platinum could achieve a high performance electrocatalyst. 

Data in table 1 shows that by increasing the number of applied cycles, roughness factors are 

increased and in A3 is maximized and after that RF are decreased. 

 

 
Figure 2, Cyclic voltammogram of A1-A5 electrocatalysts at scan rate of 20 mV/s in the presence of 

300mM glucose (measurement were performed in 0.5M KOH solution under a nitrogen atmosphere at 25 

c) 

 
Table 1, Open circuit potential & current density data of B1-B7 electrocatalyst 

A1 A2 A3 A4 A5 electrocatalyst 

-0.781 -0.761 -0.985 -0.845 -0.801 Open circuit potential(V) 
3.92 8.48 11 4.56 5.05 Current density(mA/cm

2
) at  -0.3 V 

328 485 695 450 400 Roughness Factor(cm
2
) 

 

Comparison of current density in kinetic region shows that by increasing the applied cycles, 

kinetic over voltage decrease and thus this leads to enhance the GOR rate. These changes can be 

caused by varing the shape, size and distribution of the platinum particles. 

 

3.3. Dependence of catalytic activity of nanoplatinum electrocatalyst to the concentration of 

platinum solution in electrodeposition process. 

In platinum concentration lower than 0.4mM open circuit potential have very tolerance but after 

that open circuit potential is fixed to approximately -0.7 V.current density-voltage curves in 

Figure 3 shows a high open circuit potential in B1 electrocatalyst that illustrates platinum 

electrodepositing solution with 0.2 mM concentration don’t produce responsible electrocatalyst 

to GOR. Anodic peaks in B4, B6, B7 shows the polarization in concentration region but with 

increasing the platinum concentration this polarization is decreased. Data in table 1 shows that 

by addition of platinum concentration roughness factor of these electrocatalysts increased and in 

B7 is maximized. 
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Figure 3, Cyclic voltammogram of B1-B7 prepared in  (0.25,0.5,0.75,1,1.25,1.5,1.75 and 2 mM 

precursor concentration ) electrocatalysts at scan rate of 20 mV/s in the presence of 300mM glucose 

(measurement were performed in 0.5M KOH solution under a nitrogen atmosphere at 25
0
c 

 
Table 2, Open circuit potential & current density data of A1-A6 electrocatalyst 

B1 B2 B3 B4 B5 B6 B7 electrocatalyst 

-0.039 -0.597 -0.723 -0.705 -0.705 -0.705 -0.705 Open circuit potential(V) 

4.01 5.51 2.83 4.84 3.77 6.68 11.44 Current density(mA/cm
2
) at -0.3 V 

250 271 420 550 600 680 760 Roughness Factor(cm2) 

 

3.4. SEM characterization  

Figure 4, The SEM images taken at 40 KX magnifications indicate the uniformity in size and 

shape of catalysts. These images show that preparation of electrocatalysts by potentiocyclic 

electrodeposition method can be produce a large amount of platinum nano particle in 

electrocatalyst. 

 

 
Figure 4, SEM micrographs of platinum electrocatalyst 

  

4. Conclusion 

In conclusion, we demonstrated that cyclic electrodeposition of Pt is a versatile method for the 

fabrication of platinum electrocatalyst with high catalytic activity and high specific surface area 

& RF. This deposition leads to nanosphere platinum particles in the surface textures of 
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electrocatalyst. In principle, electrocatalyst with optimized concentration and number of cycles   

possess higher accessibility to glucose molecules and it has higher mass transport rates in 

comparison to others. Roughness factors illustrate that changing of precursor solution 

concentration have more important role in achieving higher RF than the number of applied 

cycles which leads to enhance the performance of electrocatalysts to GOR. 
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Abstract 
 

A thin silver layer deposited on a conducting support of TiO2, photocatalyzes the oxidation and 

reduction of water to O2 and H2. The light sensitivity in the visible part of the spectrum is due to 

self-sensitization caused by reduced silver species. To test its water splitting capability, Silver 

coated-TiO2 photoanode was employed in the anodic part of a setup for photoelectrochemical 

water splitting system consisting of platinum plate for cathode and Ag/AgCl as a reference 

electrode. Illumination of the photoanode led to photoelectrochemical water splitting to O2 and 

H2. Silver coated- TiO2 photoanode showed more enhanced and increased photocurrent density 

than the pure TiO2. 

  

Keywords: Photoelectrochemical water splitting, TiO2 photoanodes, Silver coating, H2 

production 

 

Introduction 

 
With increased consumption of energy and growing environmental contamination, the 

development of clean and sustainable energy utilization and environmentally friendly 

technologies has become a research focus for world-wide scientific researchers. Solar energy 

from sunlight is widely believed to be the key to solving the future problems of the environment 

and energy resource because of its clean, sustainable, abundant and economical characteristics. 

To efficient harvest of solar energy, various kinds of photocatalysts have been explored for 

applications in splitting water into hydrogen. TiO2 photocatlysts have been used widely in this 

field  [1.]  

However, most of these kind of the photocatalysts were used only under irradiation by 

ultraviolet (UV) light. Consequently, only 3–5% of the solar energy reaching the earth can be 

utilized. So the development of an efficient system for visible light energy conversion into 

chemical energy is one of the urgent subjects for research because sunlight is mostly composed 

of visible light.]2] 

Silver composites with Titanium Dioxide, which exhibit high absorption in the visible region 

due to the surface plasmon resonance (SPR) of silver nanoparticles, represent a class of highly 

efficient visible-light-driven photocatalyst .[3] 
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In this report, a TiO2 photocatalyst functionalized with silver composites was successfully 

fabricated and used as an efficient visible-light responsive photoanode for the water splitting 

system, and the electrochemical test of photocurrent density has been carried out. 

 

Experiment 

 
Titanium P25 (TiO2; ca. 80% anatase, 20% rutile; BET area, ca. 50 m

2
 g

−1
) was purchased from 

the Degussa. Silver Nitrate and Ammonium 25% solution and cationic surfactants were 

provided by Merck. All other chemicals were of analytical grade. Deionized and doubly distilled 

water was used throughout this study. For anode electrodes we need, FTO glass (1 x 1 cm, 2 

slides for 1 cell), Ethanol. 

 

Preparation of the Photoanode 

 

For preparation of Silver composites/ TiO2 precipitation-deposition method was used. 

Photoanodes were synthesized with Dr.Blade method. Thin films of as prepared composites 

were deposited on the surface of FTO glasses. Figure 1, shows the as synthesized photoandoes. 

 

 

 
 

Fig.1. Synthesized Photoanodes on FTO glass 

 

Photoelectrochemical measurement 

 

Photocurrent densities were measured using 300 W Xe was used as a visible light source. 

Photocurrent densities were measured using an electrochemical interface analysis instrument 

operated in a standard three-electrode configuration with the as prepared photoanode, (an 

effective area of 2*2 cm), a Pt foil as the counter electrode, and a saturated Ag/AgCl as the 

reference electrode. KOH as the electrolyte. 

 

Results and Discussion  

 
XRD measurements has been done for confirmation of presence of Silver particles on the 

surface of TiO2 composite. (Fig. 2)(A and R relate to Anatase and Rutile phase of TiO2). As it 

has been mentioned before, the role of silver particles for enhancement of photocatlytic effect of 

TiO2 is deniable. In a process known as self-sensitization, the photo-activity of Silver compound 

extends from the UV into the visible light region, which is due to the formation of silver species 

during the photoreaction. Upon repeated absorption of photons, a cluster of silver atoms can be 

ultimately formed. [4] 
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Fig.2 The XRD pattern of synthesized photoanode 

 

The scanning electron microscopy (SEM) images of the composite illustrate the presence of 

particles with varying size and some pockets of agglomeration (Fig. 3). The SEM patterns also 

indicate the average sizes of composites are about 70–100 nm. 

 

 

 

Fig.3 SEM images a) TiO2 nanopaticles b) Nanosilver/TiO2 composites 

 

The measurements of Photocurrent versus Time of the compounds are shown in (Fig.4). This 

picture shows the increase of current density under illumination by >420 nm for Silver/TiO2 

compounds. Due to this figure, it is clear that the photocurrent of the silver compounds/TiO2 is 

more enhanced than the pure TiO2 under the visible light illuminations. 
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Fig. 4 Photocurrent versus Time of the various compounds 

 

Conclusion 

 

In summary, a Silver/TiO2 hybrid composite with high visible light photocatalytic activity was 

successfully prepared by a photoassisted deposition−precipitation. The composite exhibits 

improved photoelectrochemical performance in the photocurrent density test. This result is due 

to the metal silver particles that have been produced by visible light on the surface of silver/TiO2 

composite.     
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Abstract 
A simple method for preparing electrodes for proton exchange membrane fuel cell (PEMFC) is 

proposed, based on the electrodeposition of Platinum on Vulcan XC-72R substare from H2SO4 

and Na2SO4 solution with small amount of H2PtCl6. The electrocatalyst support layer was 

fabricated by applying Vulcan and polytetrafluoroethylene paste (70:30) on carbon paper.  

charcoal active was added to Vulcan and four electrodes were fabricated with different portion 

of vulcan/charcoal active to study its result on oxygen reduction reaction. The electrocatalytic 

activitiy for oxygen reduction reaction (ORR) were determined for the electrode which had no 

charcoal active and compared with the electrodes with charcoal active addition to the reaction 

layer. The electrode with no charcoal active addition to reaction layer showed the highest 

performance among the fabricated electrodes. 

 

Keywords: Electrodeposition, Proton exchange membrane fuel cell, Charcoal active, Platinum 

electrocatalyst 

 

Introduction 

A PEMFC is a device that converts the chemical energy of a fuel directly into electrical energy 

by electrochemical reactions. When hydrogen is used as the source of the fuel, the byproduct is 

essentially the pure water. PEMFC has attracted plenty of interest for various applications such 

as power sources for stationary power generation, transportation, and portable electronic 

applications. The proton exchange, or polymer electrolyte, membrane fuel cell (PEMFC) 

combines a series of interesting features such as high energy density, low temperature operation, 

long stack life and fast startup, which make them suitable for stationary and portable 

applications. Nevertheless, some economical and technical challenges must be overcome before 

getting their wide massive commercialization. Among them, the electrodes fabrication 

constitutes an important factor in the total PEMFC cost. Metal electrodeposition is able to 

become a simple and cheap method to obtain electrodes with low Pt loadings, having many 

degrees of freedom originated in the numerous variables that can be manipulated (as electrolytic 

solution and substrate composition, temperature, type of electrical signal, time of application, 

etc.) [1-3]. 
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Experimental 

Support layer fabrication 

A mixture of Vulcan and polytetrafluoroethylene paste (70:30) was prepared. It was put in oven 

to become a paste and then the paste was applied on carbon paper. It was put in oven for 2 hours 

in 80 
0
C to dry the support layer. Four mixture of Vulcan, charcoal active and 

polytetrafluoroethylene with different portion of Vulcan/charcoal active were prepared, after 

putting in oven to become a paste, the pastes were applied on carbon papers, and the support 

layers dried in oven for 2 hours in 80 
0
C 

 

Platinum electrodeposition 

A three-electrodes electrochemical cell was used in order to carry out both, the preparation and 

the subsequent evaluation of the obtained electrodes. It was consisted of Ag/Agcl sat KCl 

electrode as refrence electrode, platinum electrode as counterelectrode. The as-prepared support 

layers were put on the top of a holder and it was used as the working electrode. The Pt 

electrodeposition process was carried out in the following solution: H2SO4 (0.03 M), Na2SO4 

(0.27 mM) and H2PtC6 (2 mM). The electrodeposition process was carried out through the 

application of cyclic voltammetry, where the scan rate was 50 mV/s the potential range was 1.20 

to − 0.60 V vs Ag/AgCl sat KCl, and cycles number was 30 [1,4]. The fabricated electrode with 

no charcoal active in reaction layer named A-30. The fabricated electrodes with 90%vulcan-

10% charcola active in support layer named A-30-90%V-10%CA, The fabricated electrodes 

with 80%vulcan-20% charcoal active in support layer named A-30-80%V-20%CA, The 

fabricated electrodes with 70%vulcan-30% charcoal active in support layer named A-30-70%V-

30%CA and the fabricated electrodes with 60%vulcan-40% charcoal active in support layer 

named A-30-60%V-40%CA. The electrodes obtained by cyclic voltammetry were characterized 

electrochemically by linear sweap voltammetry (LSV) and Electrochemical impedance 

spectroscopy (EIS). 

 
Result and discussion 
 

i0 LCD  and i0 HCD  values of the fabricated electrodes calculated from LSV is shown in table 1 

 

Table 1 - i0 LCD  and i0 HCD  values of the fabricated electrodes calculated from LSV 

 

i0 HCD i0 LCD  
Electrode 

17.72 3.81 
 

A-30-100%V 
 

0.69 0.29 A-30-90%V-10%CA 
0.58 0.22 A-30-80%V-20%CA 
0.47 0.18 A-30-70%V-30%CA 
0.39 0.16 A-30-60%V-40%CA 

 

Figure 1 presents impedance spectra of the five fabricated electrodes. 
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Figure 1 - presents Impedance spectra of the five fabricated electrodes at 0.5 v vs Ag/Agcl sat KCl 

refrence electrode, at 300 K 

 

RP, RCt and i0 LCD  values of the fabricated electrodes calculated from EIS is shown in table 2. 

 

Table 2 – RP, RCt and i0 LCD  values of the fabricated electrodes calculated from EIS 

 
 

i0LCD RCt RP RS electrode 
4.3 5.7 1.87 2.61 A-30-100%V 
0.44 58 0.22 2.09 A-30-90%V-10%CA 
0.12 210 0.26 2.17 A-30-80%V-20%CA 
0.11 274 1.27 1.9 A-30-70%V-30%CA 
0.09 287.2 1.1 2.3 A-30-60%V-40%CA 

 

As it was shown above A-30-100%V has the biggest amount of  i0 LCD  and i0 HCD  and the lowest 

amount of RCt. Therefore addition of charcoal active to support Layer doesn’t have positive 

result on oxygen reduction reaction. 

 

Conclusion  

A simple method was developed to produce cheap PEMFC cathode electrodes, consisting in the 

cyclic voltammetry electrodeposition from Pt diluted precursor solution on Vulcan XC-72R as 

catalyst support. Charcoal active was added to vulcan and four electrodes were fabricated with 

different portion of Vulcan/charcoal active to study it’s result on oxygen reduction reaction. The 

electrocatalytic activitiy for Oxygen reduction reaction (ORR) were determined for the electrode 

which had no charcoal active and compared with the electrodes with charcoal active addition to 

the reaction layer. The comparison revealed that the electrode with no charcoal active addition 

to reaction layer had the highest performance among the fabricated electrodes. The highest 

amount of io LCD and io HCD from linear sweap voltammetry and The highest amount of io LCD and 

the lowest amount of Rct from Electrochemical impedance spectroscopy belonged to electrode 

with no  charcoal active in it's reaction layer. However, increasing the reaction layer surface area 

by adding charcoal active has no effect on performance of prepared electrode by electro catalyst 

electro deposition method. 



Study of Increasing Reaction 
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هاي سوختي غشا  الكترود در پيل/بررسي تاثير فلز منگنز بر اندركنش اتانول

 پليمري
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 چكيده
هناي   تنلا   جهت رفع اينن مشنکلا ،  . هاي انرژي و آلودگي محيط زيست تبديل به معضل بزرگي براي بشر شده است امروزه بحران

در ينک پينل   . هناي سنوختي صنور  گرفتنه اسنت      هاي فسيلي با ساير منابع انرژي پنا  نیينر پينل    اي براي جايگزيني سوخت گسترده

سوختي، انرژي شيميايي مربوط به واکنش الکتروشيميايي يک سوخت با اکسنيدکننده مسنتميما تبنديل بنه آب، الکتريسنيته و حنرار        

هاي سوختي، پرداخته شده و سپس بررسي اثر الکتروکاتاليستي منگنز بر  ا به معرفي کلي ساختار و انواع پيلدر اين تحميق ابتد. گردد مي

فلز منگنز به رو  لايه نشاني الکترود بنر روي زينر   . هاي غشاء پليمري مورد بحث قرار گرفته است اتانول براي پيل/ اندرکنش الکترود

جهنت تعينين   . توسط ميکروسکوپ الکتروني روبشي مورد بررسني قنرار گرفتنه اسنت     سطح پوشش. لايه نيکل پوشش داده شده است

هناي الکتروشنيميايي از رو     براي بررسني واکننش  . ترکيب شيميايي سطح پوشش از طيف سنج پرا  پرتو ايکس استفاده شده است

 .د پيل سوختي کمک کرده استدهد فلز منگنز به بهبود عملکر نتايج حاصل نشان مي. سيکليک ولتيمتري استفاده شده است

 

 پيل سوختي غشائ پليمري، منگنز، لايه نشاني الکتريکي، خواص الکتروکاتاليستي، اتانول :هاي كليدي واژه

 

 

 مقدمه

هاي مطرح، انرژي  از جمله انرژي. هاي فسيلي آشکار است ضرور  جايگزين مناسب، ارزان قيمت و تميز براي سوخت

گردد که اولين پيل توسط  بر مي 9881هاي سوختي به سال  سابمه توليد پيل. وسيله پيل سوختي استالکتريکي توليد شده به 

در يک پيل سوختي، انرژي شيميايي مربوط به واکنش الکتروشيميايي يک [. 9]ساخته شد  و چارلز لنجر 9مند  لوديک

گاز هيدروژن، متانول، اتانول از جمله . گردد سوخت با اکسيدکننده مستميما تبديل به آب، الکتريسيته و حرار  مي

 .باشند هاي سوختي مي هاي متعارف بکار رفته در پيل سوخت

پيل سوختي يک سل الکتروشيميايي است که در آن انرژي شيميايي سنوخت و اکسنيدکننده، مسنتميما بنه اننرژي الکتريکني       

                                                 
1
  Ludwig Mond 

2
 Charles Langer 
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هاي آنند و کاتند متخلخنل     ر دو طرف آن الکترودساختار کلي يک پيل سوختي از يک لايه الکتروليت که د. شود تبديل مي

و اکسنيدکننده  ( الکترود منفني )در يک پيل سوختي، سوخت به صور  پيوسته در سمت آند . قرار گرفته، تشکيل شده است

در پيل سوختي، سوخت و اکسيد کننده گازي بر روي آنند و کاتند متخلخنل    . شود تغذيه مي( الکترود مثبت)در سمت کاتد 

هناي سنوختي، معمنولا هيندروژن      در پيل. کنند ر  الکتروليت با انجام واکنش اکسيد اسيون و احياء انرژي توليد ميدر مجاو

در اين صنور  تنهنا محصنول واکننش پينل      . شوند گازي به عنوان سوخت و اکسيژن با هوا به عنوان اکسيدکننده مصرف مي

 [.2]سوختي، بخار آب خواهد بود

مبدل داخلي يا )یرهاي مختلف نیير نوع سوخت و اکسيدکننده مصرفي، نحوه تبديل سوخت هاي سوختي از نمطه ن پيل

ها بر حسب نوع الکتروليت به شرح ذيل  بندي آن که دسته. شوند بندي مي دسته... ، نوع الکتروليت، دماي عملکرد و (خارجي

 [. ]است

  پيل سوختي قليايي(AFC) 

  پيل سوختي اسيد فسفريک(PAFC) 

 ي کربنا  مذاب پيل سوخت(MCFC) 

  پيل سوختي اکسيد جامد(SOFC) 
  پیل سوختی غشاء پلیمری(PEMFC) 

بنه دلينل دانسنيته تنوان بنالا، دمناي کنارکرد پنايين و زمنان کوتناه           ( PEM)هاي سنوختي، پينل سنوختي پليمنري      در بين پيل

( PEM)جزاء اولينه ينک پينل سنوختي ننوع      ا 9در شکل شماره . باشند ترين گزينه از انواع پيل سوختي مي اندازي، مناسب راه

 [.3]نشان داده شده است 
 

 
 PEM [2]اي از يک پيل سوختي نوع  شماي ساده:  9شکل 

 

هاي پروتون و  ملکول هيدروژن در آند به يون. باشد در پيل سوختي غشاء پليمري سوخت مورد استفاده هيدروژن مي

به يک سطح ( پروتون)هاي هيدروژن که شامل بار مثبت هستند  يون. شود ميها جدا  هاي آن الکترون يونيزه شده و الکترون

توانند از اين غشاء عبور کنند بلکه از يک  هاي جدا شده نمي الکترون. روند کنند و به سمت کاتد مي دار نفوذ مي غشاء خلل
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هيدروژن و اکسيژن موجود در هوا  هاي ها، پروتون در کاتد الکترون. شوند مدار خارجي عبور کرده و موجب توليد برق مي

 [.4]باشند ها به شرح ذيل مي ها در الکترود واکنش. دهند شوند و آب را تشکيل مي با هم ترکيب مي

                                                                                             :  واکنش آندي(  9)
             

 

                                                               : واکنش کاتدي(   )

 
     

    
                          

 

                          : واکنش کلي(  3)
 

 
                                            

رو   رينی ييها کيلذا از تکن ابديتا حد ممکن کاهش  زوريکاتال هيضخامت لا يستيدر ساخت الکترود با نکهيبا توجه به ا

هاي برپايه امولسيون تفلون، فيلم ناز ، الکتروپاششي، رسوب گيري به کمک بمباران يوني، پلاسما، رسوب گذاري 

رسوب . اشاره نمود يکيالکتر ينشان هييوني و پلاسما و لا رانگيري به کمک بمبا پاششي، کاهش پرتوالکتروني، رسوب

که  شود ياستفاده م زيسلول الکترول کيرو  از  نيدر ا. شود يشناخته م زين يکيالکتر ينام آبکار با ييايميالکتروش يگذار

 .گرددشماي فرايند لايه نشاني الکتريکي مشاهده مي  در شکل  .ور در آن است غوطه يحمام و الکترودها کيشامل 

 
 [5]شماتيک فرايند لايه نشاني الکتريکي :  شکل 

 

آن . متصنل هسنتند   انيالکترودها به منبع جر. وجود دارد تيدر حمام الکترول ونيشود به شکل  يرسوب گذار ديکه با يفلز

متصنل  ( کاتند ) يبنه قطنب منفن    هيلا ريو ز گردد يمتصل م( آند)شود به قطب مثبت  يرسوب گذار ديچه به عنوان پوشش با

 .[5]شود يقابل حل استفاده م ريمثل طلا که از آند غ يبه جز در موارد  شود، يم
 

 روش تحقيقمواد و 

 11/11مواد مورد استفاده شامل اتانول، اسيد سولفوريک، اسيد بوريک، سولفا  منگنز، کليريد منگنز و نيکل با خلوص 

دهي  ميزان مواد مصرفي به همراه جزئيا  حمام پوشش. باشد تمامي مواد محصول شرکت مر  آلمان مي. باشد درصد مي

 .گردد مشاهده مي 9در جدول 
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 مشخصا  حمام مورد استفاده در فرايند پوشش دهي :9جدول 

 ممدار مشخصا  حمام

MnCl2·4H2O gr  2   

MnSO4·4H2O gr 02  

   gr  22  آب

H3BO3  gr 3   

PH 3 

T °C  2 

mA.Cm (i)دانسيته جريان 
-2 32 

 

جهت پوشش دهي مانت سرد گرديد سپس پوليش شده و توسط استون  mm9و ضخامت  cm9×9ورق نيکل به ابعاد 

به عنوان آند استفاده شده  mm02براي انجام فرايند پوشش دهي از گرافيت استوانه اي به قطر . شستشو و خشک شده است

پس از اتصال آند و کاتد به منبع جريان فرايند پوشش دهي . آند قرار داده شد  Cmفلز نيکل به عنوان کاتد در فاصله . است

 . دقيمه صور  گرفت 92به مد  

 EG&Gو توسط يک پيل سه الکترودي با دستگاه پتانسيواستا  ساخت شرکت  K  18°آزمايشا  الکتروشيميايي در دماي 

به عنوان الکترود شمارنده و ( V-RHE  49/2)د کالومل در اين پيل از الکترود گرافيتي و الکترو. صور  گرفته است

موجود در دانشگاه آزاد نجف آباد گرفته شده  HBOبا دستگاه  SEMتصاوير . الکترود مرجع مورد استفاده قرار گرفته است

 .گرفته شده است Park Scientific Instrumentsشرکت  AP0100توسط دستگاه  AFMتصاوير  .است

 

 نتايج و بحث

 . نشان داده شده است 3شکل پوشش قبل از انجام آزمايشا  الکتروشيميايي در  SEMتصاوير 

 

  
 سطح پوشش منگنز SEMتصاوير : 3 شکل

 برابر  222 با بزرگنمايي  SEMتصوير : ب برابر 022با بزرگنمايي  SEMتصوير : الف
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که به صور  پرمنفذ و . به صور  اشکال هندسي نامنیم تشکيل شده است دهد که ذرا  پوشش اين تصاوير نشان مي

بررسي شد که  EDSترکيب پوشش توسط . باشدمي nm350تا  nm900اندازه ذرا  بين . داراي خلل و فرج مي باشد

را  EDSنتايج  4در شکل . باشدوجود پيک منگنز در آناليز عنصري نشان دهنده وجود اين عنصر در ترکيب پوشش مي

 .بنابراين ذرا  منگنز به خوبي بر روي نيکل به رو  لايه نشاني الکتريکي تشکيل شده است. مشاهده مي کنيد

 

 
[norm. at.%] [norm. wt.%] [wt.%] series عنصر 

67.61511 37.52309 29.66811 K-series Oxygen 
26.50909 50.51482 39.94019 K-series Manganese 
5.875795 11.96209 9.457978 K-series Nickel 

100 100 79.06628 Sum:  

 EDSنتايج آناليز عنصري : 4 شکل

 

 .نشان داده شده است 0گرفته شده از سطح پوشش در شکل  AFMتصوير 

 

 
 سطح پوشش AFMتصاوير : 0 شکل
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Volume Surface 

Area Valley (Rv) Bearing 

Ratio 
Ave Rough 

(Ra) 
Rms Rough 

(Rq) Rp-v 

0.6621 µm³ 18.59 µm²   -165.5 nm @80.0% 

92.70 nm 71.51 nm 87.78 nm 598.5 nm 

 سطح پوشش AFMتصاوير : 0 شکل

در اين . مي باشداين تصاوير نشان مي دهد که سطح پوشش داراي پستي و بلندي هاي مناسب جهت سايت هاي کاتدي 

 . مي باشد -nm0/900 و عمق دره آن  09/19 حالت نمونه داراي زبري متوسط 
نتايج آزمون سيکليک ولتامتري براي نمونه نيکلي بدون پوشش و نمونه نيکلي پوشش داده شده با منگنز و پلاتين  1در شکل 

  .داده شده است نشاناتانول  M 0/2اسيد سولفوريک به همراه محلول  M 0/2در محلول 
 

 
-نتايج آزمون سيکليک ولتامتري، خط مشکي رنگ مربوط به نمونه پلاتين خالص و خط نمطه چين مربوط به نمونه نيکل: 1شکل

با نرخ روبش  اتانول M0/2اسيد سولفوريک به همراه محلول  M 0/2در محلول منگنز و خط چين مربوط به نمونه نيکل خالص 

mVS
-1 02 

 

مربوط به جذب الکتريکي هيدروژن بر روي سطح کاتاليزور  9پيک هاي ناحيه مشاهده مي شود  1شکل همانطور که در 

 . [6]باشد مي

(4)                           
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 .[6]باشد مربوط به ناحيه واجذب الکتريکي هيدروژن مي  هاي ناحيه  پيک

(0)                           

 .[6]باشد مربوط به اکسيداسيون سطح منگنز مي 3پيک ناحيه 

(0)                             

(1)                                    

(8)                           

 .[6]باشد مربوط به احياء اکسيد منگنز مي 4و درنهايت پيک ناحيه 

(1)                             

 .است بنابراين وجود منگنز در سطح باعث افزايش ناحيه فعال سازي الکتروشيميايي گرديده

 

 گيري نتيجه

 ينزان بنا م  يا ساختار شناخه  يذرا  پوشش دارا. نشانده شد يکلسطح ن يبر رو يکيالکتر ينشان يهبه رو  لا يمنگنز به خوب

 يتبنادل  ينان دارا بنودن جر  يلوجنود منگننز در سنطح بندل     ينبننابرا . باشند  يم يسطح يها تخلخل مناسب جهت انجام واکنش

 ينل پ ينان جر يتهدانسن  ينزان م يشامر منجر بنه افنزا   يناست که ا يدهدر سطح گرد يدروژنجذب ه يزانم يشمناسب باعث افزا

 .گردد يم
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بررسي پوشش كبالت توليد شده به روش لايه نشاني الكتريكي به عنوان كاتد 

 پيل سوختي غشا پليمري
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 چكيده
ها  براي ممابله با اين بحران. باشد هاي جامعه بشري مي زيست و انرژي از بزرگترين معضلهايي نیير آلودگي هوا و محيط  امروزه بحران

در اينن مطالعنه بنه    . هناي سنوختي صنور  گرفتنه اسنت      هاي سبز و تجديد پذير نیير پيل هاي گستردهاي براي جايگزيني انرژي تلا 

هناي سنوختي غشنا     ر لايه نيکل به منیور بهره گيري در پينل بررسي پوشش کبالت توليد شده به رو  لايه نشاني الکتريکي بر روي زي

اي از جنس نيکل رسوب دهني شنده    در ابتدا پوشش کبالت به رو  لايه نشاني الکتريکي بر روي زير لايه. پليمري پرداخته شده است

. ور  گرفتنه شند  هاي سطح پوشش توسط ميکروسکوپ الکتروني روبشي و ميکروسکوپ نيروي اتمي صن  مرفولوژي و بررسي. است

بنراي بررسنني واکننش هنناي   . جهنت تعيننين ترکينب شننيميايي سنطح پوشننش از طينف سنننج پنرا  پرتننو ايکنس اسننتفاده شنده اسننت       

دهد که فلز کبالت باعث افزايش ناحيه جذب و واجنذب   نتايج نشان مي. الکتروشيميايي از رو  سيکليک ولتيمتري استفاده شده است

 .عث بهبود عملکرد پيل سوختي گرديده استهيدروژن گرديده است بنابراين با

 

، AFM ،SEMهاي سوختي پليمنري، لاينه نشناني الکتريکني، کبالنت، اتنانول، خنواص الکتروکاتاليسنتي،          پيل: هاي كليدي واژه
EDS  
 

 مقدمه

باشد که در آن هيدروژن و اکسيژن واکنش داده و محصول آن آب به همراه  پيل سوختي يک پيل الکتروشيميايي مي

هاي سوختي از نمطه نیر   باشد باعث شده که پيل باشد بنابراين اين موضوع که تنها محصول اين فرايند آب مي الکتريسته مي

هاي سوختي  هاي سوختي براساس نوع الکتروليت به پنج دسته اصلي پيل پيل. [1]زيست محيطي مورد توجه قرار گيرند 

هاي  ، پيل4هاي سوختي کربنا  مذاب ، پيل3هاي سوختي اسيد فسفريک ، پيل هاي سوختي قليايي ، پيل9غشاء پليمري

                                                 
1
 Polymer Electrolyte Membrane Fuel Cell 

2
 Alkaline Fuel Cell 

3
 Phosphoric Acid Fuel Cell 

4
 Molten Carbonate Fuel Cell 
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هاي سوختي ميکروبي،  هاي سوختي ديگري نیير پيل بجز موارد ذکر شده پيل. [2]گردد تمسيم مي 9سوختي اکسيد جامد

 .نيز وجود دارند که از اهميت کمتري برخوردارند... هيدريد فلزي و 

هاي سوختي پليمري به دليل مزاياي بسياري نیير دماي عملکرد پايين و رادمان تبديل  پيلهاي سوختي،  در ميان انواع پيل

، حذف نشت الکتروليت و [5]، چگالي جريان بالا براي کاربرد در صنايع خودروسازي [4]، عدم خوردگي [3]انرژي بالا 

 . ار گرفته استمورد توجه محممين قر [1]، قيمت پايين و عمر بالاي مجموعه [6]سادگي طراحي 

 .اجزاي يک پيل سوختي پليمري به همراه نحوه عملکرد آن نشان داده شده است 9شکل در 

 

 
 : پليمري اجزاي يک پيل سوختي: 9شکل 

 [7]غشاي پليمري( 0پوشش الکتروکاتاليستي، ( 4الکترود، ( 3لايه پشتي، (  صفحا  دوقطبي، ( 9

 

به عنوان  ژنيعنوان سوخت در آند و اکسگردد در يک پيل سوختي هيدروژن به  مشاهده مي 9شکل همانطور که در 

الکترون دارد که با از دست دادن الکترون در آند به  کيپروتون و  کي درژونيهر اتم ه. شود يم قيدر کاتد تزر دانياکس

Hون پروت
H.  آورد يرا بدست م تيعبور از الکترل تيقابل بيترت نيشود و به ا يم ليتبد +

و  کند يعبور م تياز الکترول +

 يجذب شده رو ژنيو اکس دروژنيه يها ها، پروتون در کاتد، الکترون. رسند يبه کاتد م ياتصال خارج قياز طر ها الکترون

هاي موجود در يک پيل سوختي را  واکنش 3تا  9معادلا  . دهد يم ليرا تشک ستميس يکه خروج دهند يآب م ليکاتد تشک

 .[1]دهد  نشان مي

                                                                     :واکنش آندي(  92)
                   

                                    :واکنش کاتدي ( 99)

 
     

    
                          

                                       :واکنش کلي (  9)
  

 
     

                                       

                                                 
1
 Solid Oxide Fuel Cell 
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 ييها ريمس جاديبستر شامل ا هيلا ياصل فهيوظ. باشند يم زوريکاتال هيو لا 9وب ايبستر  هيلا ه،ياز دو لا يبيالکترود معمولا ترک

 يها ريمس جاديها و ا جهت انتمال الکترون يکيالکتر يبستر هاد کي جاديا ،يکيکننده استحکام مکان نيجهت نفوذ گاز، تام

که  يدر صورت. شود ياستفاده م يکه به صور  پارچه کربن باشد يم تيبستر معمولا از جنس گراف. يديخروج آب تول يبرا

 ديبا هيلا نيا. شود هيته کلين ايو  وميتايفولاد، ت رينی يفلز يها ياز تور تواند ينباشد، بستر م يدياس يسوخت ليپ تيالکترول

 تهيکه معمولا از فلزا  فعال با دانس شود يداده م ششپو زوريکاتال هيلا کيبستر توسط . داشته باشد  يزيخواص آب گر

شبکه  جاديبه منیور ا تيخاص نيهستند، وجود ا 3يآب دوست يها يژگيو يدارا هيلا نيا. شود يم هيمناسب ته يتبادل انيجر

  .[8] رود يشده بکار م ديالکترون تول انيو انتمال جر زوريکاتال هياز درون لا عيانتمال ما

رو   رينی ييها کيلذا از تکن ابديتا حد ممکن کاهش  زوريکاتال هيضخامت لا يستيدر ساخت الکترود با نکهيبا توجه به ا

هاي برپايه امولسيون تفلون، فيلم ناز ، الکتروپاششي، رسوب گيري به کمک بمباران يوني، پلاسما، رسوب گذاري 

رسوب . اشاره نمود يکيالکتر ينشان هييوني و پلاسما و لا رانگيري به کمک بمبا پاششي، کاهش پرتوالکتروني، رسوب

که  شود ياستفاده م زيسلول الکترول کيرو  از  نيدر ا. شود يشناخته م زين يکيالکتر ينام آبکار با ييايميالکتروش يگذار

 يفلز. گرددشماي فرايند لايه نشاني الکتريکي مشاهده مي   شکلدر  .ور در آن است غوطه يحمام و الکترودها کيشامل 

آن چه به . متصل هستند انيالکترودها به منبع جر. وجود دارد تيدر حمام الکترول ونيشود به شکل  يرسوب گذار ديکه با

 شود، يمتصل م( کاتد) يبه قطب منف هيلا ريو ز گردد يمتصل م( آند)به قطب مثبت  شود يرسوب گذار ديعنوان پوشش با

در فرايند لايه نشاني الکتريکي جريان و زمان به . [9]شود يقابل حل استفاده م ريمثل طلا که از آند غ يبه جز در موارد

 .گردد مشاهده مي عنوان دو عامل بسيار مهم مطرح است که تاثير اين دو عامل در معادله فاراده

 
 [9] شماتيک فرايند لايه نشاني الکتريکي:   شکل

 

    
     

 
                                                                                                                           (4)   

                                                 
1
 Porous Backing Layer 

2
 Hydrophobic 

3
 Hydrophilic 
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جرم ملکولي پوشش  Mو  9عدد فاراده Fتعداد لکترون،  n جرم پوشش نشانده شده، Wزمان،  tجريان،  I، 4در معادله 

 . باشد مي

هنا نیينر متنانول      اتانول نسبت به ساير الکنل . گيرند هاي سوختي پليمري مورد استفاده قرار ميها به عنوان سوخت در پيل الکل

از ديگنر مزايناي اتنانول اينسنت کنه      . باشد از تخمير نشاسته قابل فرآوري ميباشد و به راحتي از سميت کمتري برخوردار مي

 .[10]باشد باشد لذا ذخيره و نگهداري آن بسيار راحتر از هيدروژن مي يک سوخت مايع مي
 

 مواد و روش تحقيق

 11/11نيکل با خلوص مواد مورد استفاده شامل اتانول، اسيد سولفوريک، اسيد بوريک، سولفا  کبالت، کليريد کبالت و 

دهي  ميزان مواد مصرفي به همراه جزئيا  حمام پوشش. باشد تمامي مواد محصول شرکت مر  آلمان مي. باشد درصد مي

 .گردد مشاهده مي 9در جدول 

جهت پوشش دهي مانت سرد گرديد سپس پوليش شده و توسط استون  mm9و ضخامت  cm9×9ورق نيکل به ابعاد 

به عنوان آند استفاده شده  mm02 براي انجام فرايند پوشش دهي از گرافيت استوانه اي به قطر. استشستشو و خشک شده 

پس از اتصال آند و کاتد به منبع جريان فرايند پوشش دهي . آند قرار داده شد  Cmفلز نيکل به عنوان کاتد در فاصله . است

 .دقيمه صور  گرفت 92به مد  
 

 استفاده در فرايند پوشش دهيمشخصا  حمام مورد  :9جدول 

 ممدار مشخصا  حمام

CoCl2·6H2O gr  2   

CoSO4·7H2O gr 02  

   gr  22  آب

H3BO3  gr 3   

PH 3 

T °C 32 

mA.Cm (i)دانسيته جريان 
-2  2 

 

و توسنط ينک پينل سنه الکتنرودي بنا دسنتگاه پتانسيواسنتا  سناخت شنرکت            K 918°آزمايشا  الکتروشيميايي در دمناي  

EG&G  در اينن پينل از الکتنرود گرافيتني و الکتنرود کالومنل       . صور  گرفته اسنت(V-RHE  49/2 )    بنه عننوان الکتنرود

نجف آباد  موجود در دانشگاه آزاد HBOبا دستگاه  SEMتصاوير . شمارنده و الکترود مرجع مورد استفاده قرار گرفته است

  .گرفته شده است Park Scientific Instrumentsشرکت  AP0100توسط دستگاه  AFMو تصاوير 

                                                 
1
 Faraday’s Constant (F) = 96485.34 C/mol 
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 نتايج و بحث

 . نشان داده شده است  شکلپوشش قبل از انجام آزمايشا  الکتروشيميايي در  SEMتصاوير 
 

  
 سطح پوشش SEMتصاوير : 3 شکل

 برابر از رسوبا  کبالت 222 با بزرگنمايي  SEMتصوير : پوشش بجانبي از  SEMتصوير : الف

 

که به صور  پرمنفذ و داراي خلل و فرج . دهد که ذرا  پوشش به صور  شاخه اي رشد نموده است اين تصاوير نشان مي

 .باشدمي nm 22تا  nm922اندازه ذرا  بين . مي باشد
 .نتايج آناليز عنصري از سطح پوشش مشاهده مي گردد 5 شكلدر 

 

 
[norm. at.%] [norm. wt.%] [wt.%] series عنصر 

11.6395189390211 3.45271476701886 3.00968225952897 K-series Oxygen 
88.3604810609789 96.5472852329811 84.158892691352 K-series Cobalt 

100 100 87.1685749508809 Sum:  
 سطح پوشش AFMتصاوير : 4 شکل
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بررسي شد که وجود پيک کبالت در آناليز عنصري نشان دهنده وجود اين عنصر در ترکيب  EDSترکيب پوشش توسط 

 .بنابراين ذرا  کبالت به خوبي بر روي نيکل به رو  لايه نشاني الکتريکي تشکيل شده استدر  . باشدپوشش مي

 .نشان داده شده است شکلگرفته شده از سطح پوشش در  AFMتصاوير 

 

 
 

  µm²4 سطح پوشش در سطح  AFMتصاوير : 0 شکل

 

از داخل محلول  يونانتمال ( 9: و رشد است که مرحله رشد آن شامل سه مرحله يشامل دو مرحله جوانه زن يابکار يزممکان

با تتوجه  .فلز و رشد دانه است يستاليبه داخل شبکه کر ينفوذ اتم فلز(3 يبه اتم فلز يون يلانتمال بار و تبد( به سطح کاتد 

 يها يونبا گذشت زمان . يابد يم يشاست افزا يجوانه زن يزمان محل ها يشثابت است لذا با افزا يانجر يتهدانسبه اينکه 

 يون يريکه قرار گ ينو با توجه به ا. شوند يفلز وارد م يستاليبه داخل شبکه کر يشترکنند و ب يبر سطح رسوب م يشتريب

کاملا  يزبر يشبر سطح قطعه کار، لذا افزا يزبر يموضع ييرا تغ يلاست و به دل يحيبر سطح کاملا ترج يفلز يها

 .مشخص است
 

  
Surface 

Area Volume Valley 

(Rv) 
Bearing 

Ratio 
Ave Rough 

(Ra) 
Rms Rough 

(Rq) Rp-v 
13.58 

µm² 1.216 µm³ -304.1 nm @80.0% 

216.73 nm 76.96 nm 96.43 nm 516.5 nm 

 سطح پوشش AFMآناليز : 0 شکل
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در اين . مي باشداين تصاوير نشان مي دهد که سطح پوشش داراي پستي و بلندي هاي مناسب جهت سايت هاي کاتدي 

 .مي باشد -nm9/324 و عمق دره آن  10/10 حالت نمونه داراي سختي متوسط 

 :دهدواکنش اکسيداسيون اتانول را در آند نشان مي 0معادله 

(93)                            

صور  زير  را به 0براي محاسبه پتانسيل متناظر آند، با توجه به اطلاعا  ترموديناميکي موجود، ابتدا گرماي تشکيل معادله 

 :گردد محاسبه مي

(94)     
        

          
        

  

     
                                      

   
  

    
 

   
 

        

        
              

در اينجا واکنش اکسيژن و . رسند عبور کرده و به سطح کاتد مي ها توليد شده در واکنش فوق از غشاي پليمري وتونپر

 :آيد بدست مي  1هيدروژن طبق معادله 

(90)  

 
  

   
    

                

   
  

    
 

  
 
         

       
             

 :بنابراين طبق واکنش کلي پيل داريم

(90)                      

         
     

                

                   

    
   

   

  
 
        

        
   

    
                     

 :گردد جرم ملکولي اتانول باشد بنابراين انرژي ويژه به صور  زير محاسبه مي Mاگر 

     
   

      
 

        

          
                      

 :و براي محاسبه بازده انرژي برگشت پذير داريم

      
   

                    

با . کنيد مشاهده مي  جدول ها نيز انجام گرفته است که اطلاعا  مربوط به آن را در  خصوص ساير الکلاين محاسبا  در 

 .باشد ا ميه توجه به اطلاعا  فوق، اتانول داراي بيشترين بازده نسبت به ساير الکل
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 ها  اطلاعا  ترموديناميکي محاسبه شده براي بعضي از الکل:  جدول

                              سوخت
                     

CH3OH -702 -726 1.213 6.09 0.967 
C2H5OH -1325 -1367 1.145 8.00 0.969 
C3H7OH -1853 -2021 1.067 8.58 0.919 
C4H9OH -2381 -2676 1.029 8.93 0.890 

 

نتايج آزمون سيکليک ولتامتري براي نمونه نيکلي بدون پوشش و نمونه نيکلي پوشش داده شده با کبالت در  شکلدر 

 . نشان داده شده استاتانول  M 0/2اسيد سولفوريک به همراه محلول  M 0/2محلول 

 

 
نتايج آزمون سيکليک ولتامتري، خط مشکي رنگ مربوط به نمونه نيکل خالص و خط خاکستري رنگ مربوط به نمونه : 1 شکل

 با نرخ روبش اتانول M 0/2اسيد سولفوريک به همراه محلول  M 0/2در محلول نيکلي با پوشش کبالت 

 mVS
-1 50 

مربوط به جذب الکتريکي هيدروژن بر روي سطح کاتاليزور   و  9پيک هاي مشاهده مي شود  شکلهمانطور که در 

 . [11]باشد مي

(91)                  

 .[11]باشد مربوط به ناحيه واجذب الکتريکي هيدروژن مي 0و 4، 3هاي  پيک

(98)                  

 .[11]باشد مربوط به اکسيداسيون سطح کبالت مي 0پيک 

(91)                    

( 2)                           
( 9)                  

 .[11]باشد مربوط به احياء اکسيد کبالت مي 1و درنهايت پيک 

(  )                    
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 .بنابراين وجود کبالت در سطح باعث افزايش ناحيه فعال سازي الکتروشيميايي گرديده است

 

 گيري نتيجه

 .کبالت به خوبي به رو  لايه نشاني الکتريکي بر روي نيکل پوشش داده شده است( 9

نشنان مني دهند کنه      AFMذرا  پوشش داراي ساختار شاخه اي بوده است و ساختار داراي تخلخل بالا مي باشند نتنايج   (  

واکننش بنا اتنانول     يبنرا  يسنتي کاتال  يويتنه اکت يشافنزا  يگربه عبار  د يا يريواکنش پذ يشمنجر به افزا يزبر يزانم يشافزا

 .است

کاتد منجر به افزايش ميزان جذب هيدروژن گرديده است که نشنان دهنده اثنر    وجود کبالت در سطح تماس الکتروليت و ( 3

 .الکتروکاتاليستي پوشش مي باشد

افزايش سايت هاي فعال جهت انجام واکنش و نيز افزايش دانسنيته جرينان تبنادلي منجنر بنه افنزايش و نينز سنرعت انجنام          ( 4

 .اندمان پيل مي گرددواکنش اکسيداسيون هيدروژن گرديده که منجر به بالا رفتن ر
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 چكيده
 Labviewنرم افزار استفاده شده، نرم افنزار  . سيستم طراحي شده در اين مماله از دو قسمت، نرم افزار و سخت افزار تشکيل شده است

منه و وارد کنردن تنیيمنا ،    از برنامه نويسي گرافيکي جهت کنترل و همچنين مانيتورينگ سيستم بنراي ارتبناط کناربر بنا برنا    .باشد مي

هاي آنالوگ ورودي، کنار  آننالوگ خروجني، کنار       سخت افزار بکار رفته در اين سيستم از کامپيوتر و کار . استفاده شده است

هاي آننالوگ بنراي خوانندن دمناي      از ورودي.تشکيل شده است Rs485/Rs232ديجيتال ورودي، کار  ديجيتال خروجي و مبدل 

دروژن و اکسيژن و دماي و ولتاژ پيل، ميزان رطوبت هيدروژن و اکسنيژن، فلنوي هيندروژن و اکسنيژن و فشنار      خروجي رطوبت زن هي

همچنين از خروجي هاي آنالوگ جهت ارسال فرمان کنم و زيناد کنردن تندريجي شنير برقني       . هيدروژن و اکسيژن استفاده شده است

، جهت خواندن وضعيت شيرهاي برقي هيدروژن، اکسيژن و نيتروژن و  هاي ديجيتال از ورودي. هيدروژن و اکسيژن استفاده شده است

هاي ديجيتال، جهت ارسال فرمان تغيينر وضنعيت رلنه شنير برقني هيندروژن و        همچنين از خروجي. وضعيت اضطرار استفاده شده است

 .نده استفاده شده استاکسيژن و شيرهاي نيتروژن و همچنين تغيير وضعيت رله هيتر هيدروژن و اکسيژن و شير آب خنک کن
 

 ؛ کار  آنالوگ و ديجيتال؛   Advantech؛ کار  Labviewتست استيشن؛ پيل سوختي؛  :هاي كليدي واژه

 

 مقدمه -1

کاربردهناي الکتريکني بنويژه    با توسنعه کناربرد پينل هناي سنوختي در خنودرو سنازي، بناطري در کامپيوترهناي کيفني و              

استفاده از پيلهاي سوختي جهت تأمين همزمان الکتريسيته و حنرار   و همچنين  روشناييبکارانداختن موتورهاي الکتريکي و 

بعلنت عندم تبعينت از     براي گاز متنان  %  32براي سوخت هيدروژن خالص و %  82 حدودراندماني و  به رو  الکتروشيميايي

اجنراي کنم و در عنين حنال بنا قابلينت       نياز به سيستمي جهت تست پيل هاي سوختي بنا سنرمايه کنم و هزيننه     ، سيکل کارنو 

 .بنابراين توسعه و  تجهيز دستگاههاي فن آوري پيل سوختي ، رسالت مهم اين تحميق مي باشد. اطمينان بالايي مي باشد

در اين فرايند، ميزان فلوي عبوري گازهاي هيدروژن و اکسنيژن و وضنعيت شنيرهاي برقني هيندروژن و اکسنيژن و نيتنروژن        

فشارو فلوي گازهاي هيدروژن و اکسيژن و دما و ولتاژ پيل مانيتورشده و منحني آنها نسبت به زمان، بنر روي   کنترل و دماي ،
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کنترل و مانيتوريننگ پارامترهناي فنوق را مني     . گراف و ميزان رطوبت هيدروژن و اکسيژن بر روي  گيج نشان داده مي شود

بنا   Advantechو کنار  هناي    modbusفاده از پروتکل ارتباطي برنامه نويسي کرد و با است Labviewتوان با نرم افزار 

توسنعه داده شنده    National Instrumentsکه توسنط شنرکت    Labviewنرم افزار . ابزارهاي دقيق  ارتباط برقرار کرد

ن برنامنه  در ممايسه با زبا.است ، يک زبان برنامه نويسي گرافيکي است که از آيکون هاي بجاي خطوط متني استفاده مي شود

از برنامه نويسني جرينان داده اسنتفاده مني کنند       Labview نويسي متني که اجراي برنامه را دستورالعمل ها تعيين مي کند، 

 . [2]بطوريکه اجراي برنامه را جريان داده تعيين مي کند

Rs232  يک استاندارد و  روشي براي برقراري ارتباط باPC اما . و ابزار دقيق مي باشدRS232    نکا  ضعفي از قبينل ننرخ

مناکزيمم  . با استفاده از انتمال تفاضلي حل شده اسنت  RS485انتمال پايين و فاصله انتمال کمتر را دارد که اين مشکل توسط 

فنرامين و   Rs485در اينن تحمينق، بنا ارتبناط     . [3]متنر مني باشند    91 9و ماکزيمم فاصله انتمال هم  Mbps 92نرخ انتمال، 

 Adam 4017ا ارسال مي شود و منحني پارامترها نسبت به زمان انجام فرايند، بکمک کنار   ممادير به کار  ه
بنر روي   +

مي باشند،   Rs232بوده و اينترفيس کامپيوتر هم  Rs485از آنجايي که اينترفيس کار  ها .يک گراف نشان داده مي شود 

 .[2]ودلذا بايد مبدلي، براي برقراري ارتباط کامپيوتر و کار  ها معرفي ش

 

 :معرفي سيستم -1

 و يک عدد کار  آنالوگ خروجي +ADVANTECH_ADAM4017عدد کار  آنالوگ ورودي سيستم از 

ADVANTECH_ADAM4020  وکار  ديجيتال ورودي و خروجي ADVANTECH_ADAM4055   و

جهت کنترل و نمايش  Labviewو کامپيوتر با برنامه   Rs485/Rs232  ADVANTECH_ADAM4520مبدل 

براي برقراري ارتباط بين کامپيوتر و کار  ها و  ارسال فرامين از مبدل . پارامترها بر روي گيج  و گراف تشکيل شده است

Rs232/Rs485   براي ارسال فرمان به خروجي هاي آنالوگ و کنترل شيرهاي برقي ، مي توان با . استفاده شده است

 .زير برنامه اي را جهت فراخواني در سطوح مختلف برنامه ، برنامه نويسي کرد Labviewاستفاده از نرم افزار 

 

 و زير برنامه آماده سازي شيرهاي برقي آنالوگ Sub-VIتوصيف  -9

Sub-Vi  رو  . امکان استفاده از آن در مسيرهاي داخلي و با چنندين سنطح وجنود دارد   .  يک زير برنامه در لب ويو است

Sub-VI  شبيه زبان متني سنتي است، ممکن است توسط ساير قسمتهايVI زيربرنامنه   ينک در اين تحميق . [3]استفاده شود

Sub-VI   بننا عنننوان وintial.Vi           بننه منیننور وارد کننردن و تنیيمننا  درصنند بنناز و بسننته شنندن شننير برقنني آنننالوگ

(proportional valve ) اينن ممنادير ،   . ديگر از برنامه، نوشته شنده اسنت  و آماده سازي ممادير براي فراخواني در سطحي

توسنط  نوشته مي شود تا    Comپس از انجام تنیيما  توسط اپراتور، تحت برنامه اي در يکي از سکانس ها  بر روي پور  

اين خروجي هنا بنا اعمنال در صندي از سنطح      . به خروجي هاي کار  آنالوگ، ارسال شود  Rs485/Rs232ترانسديوسر 

بنراي کنتنرل   . به شير برقي آنالوگ، در صدي از آن باز يا بسته مي شود(  mA  2-4يا  Vdc 92-2از قبيل ) نترل سيگنال ک
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جهت اعمال فرمنان بناز ينا بسنته برنامنه نويسني شنده         Falseو  Trueشيرهاي برقي ديجيتال هم بايد برنامه اي در دو حالت 

 .است

 

 يتالبه خروجي هاي ديج Falseيا  Trueارسال فرمان  -3
به منیور کنترل باز يا بسته شدن شيرهاي برقي ديجيتال گازها و روشن يا خامو  کردن هيتر گرم کننده گازهاي هيدروژن    

در حالنت  ) و بسته يا خامو  (  Trueدر حالت)، باز يا روشن  Caseبا دو   Case structureو اکسيژن توسط کاربر،  از 

False  )براي ارسنال فرمنان بناز ينا روشنن شندن شنيرها و هيترهنا ، وضنعيت         . استفاده شده استDO   ،راTrue    و بسنته ينا

را بنر   DOسپس تحنت برنامنه اي وضنعيت تنینيم شنده      .مي کنيم Falseرا ،   DOخامو  شدن شيرها و هيترها ، وضعيت

بنه آدرس و مکنان داده ارسنال    (  Rs485/Rs232مبندل  )نوشته مي شود تا فرمان از طريق ترانسديوسر  Comروي پور  

 . گردد

 

 +ADVANTECH_ADAM4017 پيكربندي و ارتباط با استفاده از  كارت -5

نسبت بنه زمنان بنر روي گنراف، لازم اسنت از      ... براي مانيتور کردن پارامترها از قبيل ولتاژ، دماي بدنه پيل، رطوبت گازها و 

اين منیور، در سکانسي بعد از مراحل فوق ، بايد کنار  آننالوگ بنراي برقنراري     براي . کار  آنالوگ ورودي استفاده شود

پيکربنندي کنار  ورودي آننالوگ، برنامنه نموننه بنرداري از پارامترهناي        پنس از برنامنه   .( 9) شنکل  ارتباط، پيکربندي شود

 . مختلف ، نوشته شده است

 

 نمونه برداري با استفاده از  كارت آنالوگ ورودي -0
 AI Voltageو بنا ايجناد     +ADVANTECH_ADAM4017در اين حلمه پارامترهناي آننالوگ از طرينق کنار      

In.Vi بر روي بلو  دياگرام ، به آرايه اي متشکل از تمام پارامترهاي آنالوگ ورودي ، ارسال مي گردد شکل  (  .) 

پارامترهنا بنه آراينه دمناي خروجني رطوبنت زن        براي ارسال ممادير خوانده شده بر روي گراف، بايد آراينه حاصنل از تمنام   

رطوبت زن اکسيژن ، آرايه دماي بدنه پيل ، آرايه ولتاژ پيل ، آرايه ميزان رطوبت هيدروژن ، هيدروژن ، آرايه دماي خروجي 

يژن آرايه ميزان رطوبت اکسيژن، آرايه فلوي هيدروژن، آراينه فلنوي اکسنيژن ، آراينه فشنار هيندروژن و و آراينه فشنار اکسن         

 .تفکيک شود

 

 تفكيک آرايه اي از تمام پارامترها به چندين آرايه  -6
 :مي باشد(  9) ، مطابق جدول  آرايه اي از ممادير نمونه برداري شده پارامترهاي آنالوگ ورودي
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همنان  برنامه نوشته شده در هر سيکل کاري سايز گرفته و ممادير مربوط به هر پنارامتر را در ينک آراينه اي ديگنر و مخنتص      

سايز بگيريم  ، سايز آرايه تنک بعندي فنوق برابنر     (   93) بعنوان مثال اگر از آرايه مربوط به شکل . پارامتر ، تفکيک مي کند

و آخنرين ممندار نموننه    (دمناي هيندروژن  ) 9با توجه به اينکه اولين ممدار نمونه برداري در هر سيکل پنارامتر  . خواهد شد 2 

مي باشد لذا اگر از سنايز گرفتنه شنده در     92مي باشد پس طول آرايه در هر سيکل کاري (  ژنفشار اکسي) 92برداري پارامتر

 8و عندد    را کم کنيم انديس مربوط به پارامتر  1و عدد 9را کم کنيم انديس مربوط پارامتر  92انتهاي هر سيکل کاري عدد 

 0را از سايز کم کنيم انديس مربوط بنه پنارامتر    0و عدد 4را کم کنيم پارامتر  1و عدد  3را کم کنيم انديس مربوط به پارامتر 

 بدست مي آيد  92را کم کنيم انديس مربوط به پارامتر  9و عدد ... و 

.(Array Size)      در انتهاي هر سيکل کاري گرفته شده و با توجه به توضيح بالا و روابط زير انديس مربنوط بنه هنر پنارامتر

 ..محاسبه مي شود
 

Index (Parameter 1) = Array Size – 10   (1) 

Index (Parameter 2) = Array Size – 9    (2) 

Index (Parameter 3) = Array Size – 8    (3) 

Index (Parameter 4) = Array Size – 7    (4) 

Index (Parameter 5) = Array Size – 6    (5) 

Index (Parameter 6) = Array Size – 5   (6) 

Index (Parameter 7) = Array Size – 4    (7) 

Index (Parameter 8) = Array Size –3    (8) 

Index (Parameter 9) = Array Size – 2    (9) 

Index (Parameter10) = Array Size – 1 (10) 

ممدار مربوط به هنر پنارامتر    Index Array Functionبا بدست آمدن انديس هاي مربوط به هر پارامتر، با استفاده از تابع 

را از آرايه تمام پارامترها، جدا کرده و در آرايه هاي مختص همان پارامترا قرار داده و همراه با آرايه زمنان تسنت بنه کمنک     

در يک کلاستر دسته بندي کرده و آرايه حاصل از دسته بندي آرايه هناي پارامترهناي تفکينک      Bundle Functionتابع 

 (.         3)شکل [1]ا بر روي گراف ارسال مي کنيم شده و زمان ر

براي مطالعه ممادير نمونه برداري شده جهت پرداز  سيگنال، لازم است آيتمي طراحي شنود کنه امکنان ذخينره داده هنا بنر       

 .روي فايل به فرمت اکسل را داشته باشيم

 

 گزارش دهي و ذخيره داده ها بر روي فايل -2

 

 گزارش دهي – 1-9

 .جهت آرشيو و تعيين مسير ذخيره ممادير استفاده مي شود  Front panelدر  Exportاين آيتم با عنوان 

و  تعرينف   (test#n)بر روي صنفحه بلنو  ديناگرام و  تعرينف ننام پنيش فنر          File Dialog Express VIبا ايجاد 

که  توسط کامپيوتر ارائه مي شود تا  يا کاراکتري  PROMPTتعريف  وbutton label (creat)و تعريف  (xls.)پسوند

 Path Toو اسنتفاده از تنابع    (please select a path)مشنخص کنند کنه آمناده پنذيرفتن ورودي صنفحه کليند اسنت        

String Function  و  استفاده از تابعConcatenate Strings     جهت ترکيب نام فايل و پسوند فايل به فرمنتstring 
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 Fileو ايجناد   pathبنه فرمنت     stringجهت تبديل ورودي به فرمنت   String To Path Functionو استفاده از تابع 

path Indicator   بر رويFront panel  جهت نمايش مسير آرشيو ، برنامهExport  تکميل مي شود(  4)طبق شکل. 

 دلخنواه  مسنير  بتوانند  کناربر  تنا  شود مي نمايان ( 0)شکل محاوره جعبه Front panelدر صفحه   Exportکليد  زدن با

 مجدد محاوره جعبه اين شود مي متوقف برداري نمونه که هنگامي تعريف مسير عدم صور  در البته کند، تعيين را خود

 .شود مي داده نمايش

 

  ذخيره بر روي فايل  -  - 1
طراحني    Exportاين قسمت جهت حفاظت ممادير نمونه برداري شده بعلت عدم تعيين مسير ذخيره و عدم استفاده از کليد  

بدين منینور بايند آراينه    . شده است تا بعد از اتمام اجراي برنامه از کاربر نسبت به ذخيره يا عدم ذخيره سازي سئوال مي کند

به آراينه دو بعندي شنکل      9 99تشکيل داده و آن را به سايز  (Parameter1,…. Paramete10,time)اي از عناوين 

از طرف ديگر آرايه اي از آرايه هاي پارامترها و زمان تشکيل داده و ترانهناده  . تبديل کرد  stringدهي و به صفحه گسترده 

حال براي ارتباط عناوين بنا ممنادير نموننه بنرداري و اينکنه      . تبديل مي کنيم stringآن را بدست آورده و به صفحه گسترده 

 stringممادير هر کدام از عناوين بطور زنجيروار، زير همان عنوان ليست شود، بايند آراينه اي از خروجني صنفحه گسنترده      

جني آراينه حاصنل را تحنت     ممادير نموننه بنرداري تشنکيل داده و خرو    stringمربوط به عناوين و خروجي صفحه گسترده 

جهنت ذخينره سنازي و تعينين مسنير       write characters to file.viبه مسيري توسط زير برنامنه   stringصفحه گسترده 

 (. 0)ذخيره فايل ارسال نمود شکل

در اختينار اپراتنور مني باشند کنه بنا         front panelکليد مربوط به گزار  دهي و ذخيره بر روي فايل در صفحه 

 .ليد مسير ذخيره سازي تعريف مي شودفشردن ک

 

 (Front panel)توصيف  پانل كنترل و نمايش - 8

 (.  1)اين صفحه از کليدهاي کنترلي و نمايشي بشکل گراف و گيج  تشکيل شده است شکل 

 .شود مياستفاده  برنامه مختلف هاي لايه به ورود جهت ميباشد فشاري کليد يا دکمه شامل چهارده عدد که ليست اين از

 Sampling Start  :مني  شروع شده اند متصل سيستم سنسورهاي به که کانالهايي از برداري نمونه دکمه اين فشردن با 

 پرسشني  و متوقنف  بنرداري  نموننه  فشرده شنود  مجددا چنانچه يابد مي نمايش گراف روي همزمان بصور  نتيجه و شود

 شده معين آدرس در تاييد صور  در که شود مي مطرح يا خير شوند ذخيره شده اخذ هاي داده مايليد آيا اينکه بر مبني

 شد خواهد ثبت

  Import fromفشنرده  از بعند  و شنود  مني  اسنتفاده  بازنمايش به هدف قبلي تستهاي شده ذخيره اطلاعا  ورود جهت 

 :شود مي آشکار (8)اي شکل محاوره جعبه شدن



 طراحي سيستم کنترلي تست
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 نتايج و بحث

، شاهد کاهش تاثيرا  خطاي اپراتوري و افزايش بهره  Masterبا انجام فرايند و جمع آوري ديتا و ارسال آن به  -

 .وري بوديم

استفاده از برخي واحدهاي ترکيبي از قبيل ترکيب نرم افزار لب ويو شبکه کردن کار  ها ،موجب شدتا پاسخ  -

 .زماني سيستم بطور قابل ملاحیه اي تمليل يابد

 .ن حساسيت مجموعه ديتا و مانيتورينگ، بطور قابل ملاحیه اي بهبود يافتميزا -

با توجه به خطر و قابل انفجار بودن گاز هيدروژن، مي توان برنامه اي نوشت که با برنامه نوشته شده براي اين  -

و تبلت ها ياگوشي هاي هوشمند، سيستم را کنترل و يا پارامترهاي نمايشي را بر روي گوشي  WiFiسيستم ، از طريق 

 .همچنين مي توان خطاهاي سيستم را بر روي گوشي تلفن همراه مشاهده و رفع خطا کرد. مشاهده کرد

 

 گيرينتيجه

 .مي توان سيستم تست استيشن را کنترل و مانيتور کرد Labviwبا استفاده از نرم افزار  (9

 .با استفاده از شبکه کردن کار  ها مي توان پاسخ زماني سيستم را کاهش داد ( 

 

 مراجع

رشد  گشتاور چرخاننده بلور و بوته در فرايند مانيتورينگ سرعت و و کنترل“ مماله ....، م  اسمعيل نيا ، ب ارحامي .9

 انشگاهد ششمين کنفرانس ملي مهندسي برق و الکترونيک ايران  " Labviewبر اساس برنامه نويسي بر روي گراف  بلور

  9313ماه مرداد32-8   آزاد اسلامي واحد گناباد

2. PENG Wan-huan, XU Gang: RS485 Communication Between Fuji Transducer and Industrial PC 

Based on LabVIEW,Measurement & Control Technology , (2010) 21-22. 

3.  Yun Jintian, z Mingle, J Guoguang, L Gang: System on Temperature Control of Hollow Fiber 

Spinning Machine Based on LabVIEW, Procedia Engineering 29 (2012) 558 – 562 
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 برداري و تکرار نمونه برداري پس از اتمام هر سيکل کاريبه ترتيب نمونه  92تا9آرايه اي از پارامترهاي( 93)جدول
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 پيکربندي کار  آنالوگ ( 9) شکل

 

 
 

 ورودي هاي آنالوگ برنامهء نمونه برداري و خواندن ممدار(  )  شکل

1th duty cycle 2th duty cycle 

 

N th  

duty 

cycle 

 

 



 طراحي سيستم کنترلي تست
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 برنامه تفکيک آرايه تمام پارامترها به آرايه هاي پارامترهاي تفکيک شده و نمايش آنها برروي گراف (3)شکل 

 

 
 Exportبرنامه ( 4)شکل
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 محاوره تعيين مسير ذخيره سازي جعبه( 0)شکل

  

 
 

 برنامه ذخيره ممادير نمونه برداري شده در يک فايل( 0)شکل

 

 
 

Front panelنمايي از (1)شکل
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مورد استفاده در Crofer 22 APU ارزيابي رفتار الكتريكي فولاد ضد زنگ 

 هاي كبالت  هاي سوختي اكسيد جامد در حضور اسپينل پيل

 

 مرتضي زند رحيميهادي ابراهيمي فر، 

 ، ايران بخش مهندسي مواد، دانشگاه شهيد باهنرکرمان

 

 چكيده
به هنر حنال مشنکل    . هاي سوختي اکسيد جامد هستند دهنده مورد استفاده در پيل آليازهاي کروم دار بهترين مواد براي صفحا  اتصال

 اين پژوهش ممايسه رفتار الکتريکي فولاد ضد زنگهدف از . کاهش هدايت الکتريکي در طول اکسيداسيون دماي بالا بايد حل شود

Crofer 22 APU        مماومنت سنطحي وينژه    . بدون پوشش و پوشش داده شنده بنا منگننز و کبالنت بنه رو  سمانتاسنيون فشنرده بنود

(ASR )هنا از دمناي    هاي بدون پوشش به عنوان تابعي از دما با آنيل کردن نمونه هاي پوشش داده شده با منگنز و کبالت و نمونه نمونه

نتنايج  . ممايسنه شند   ºC822به عنوان تابعي از زمان اکسيداسيون همدما نيز در دمناي   ASRهمچنين . انجام شد ºC9222تا دماي  422

کبالت در طول فرآيند اکسيداسيون همدما تبديل -لايه پوشش منگنز همجنين . شود مي ASRنشان داد که افزايش دما موجب افزايش 

ASR (mΩ cmهناي کبالنت ممندار     اسنپينل  .شند   Co3O4و   MnCo2O4،  CoCr2O4 ، CoFe2O4هناي   بنه اسنپينل  
2 90/ 3 ) 

mΩ cm)کمتري را در ممايسه با نمونه بدون پوشش 
 .از خود نشان دادند ( 14/38 2

 

 ( ASR)، کبالت، منگنز، مماومت سطحي ويژه Crofer 22 APUفولاد ضدزنگ  :هاي كليدي واژه

 

 مقدمه

اي ونفت دارنند کنه بنه واسنطه مماومنت       درصنايع شيميايي هسته  اي ضدزنگ مماوم دربرابرحرار  کاربردگستردهفولادهاي 

زينر لاينه را از اتمسنفر احاطنه کنننده       اين فولاد ها با ايجناد ينک سند اکسنيدي جندا کنننده،       .باشد دماي بالاي عالي آنهامي

يکني  . ]9[نفوذ اکسيژن در اکسيد است و چسبندگي يوستگي،پ ،درجه حفاظت تابع ضخامت لايه اکسيد. محافیت مي کنند

اينن پينل هنا      اسنت کنه   (SOFCs)هاي سنوختي اکسنيد جامند    از کاربردهاي ديگر فولادهاي زنگ نزن استفاده از آنها در پيل 

صفحا  اتصنال دهننده بنه عننوان     . و بدون احتراق به انرژي الکتريکي تبديل مي کنند انرژي واکنش شيميايي را به طور مستميم

که به طور فيزيکي گازهاي سنوختي و   (SOFCs)يک جز اصلي در پيل هاي سوختي اکسيد جامد در نیر گرفته مي شوند 

بنه  . بين پيل هنا را برقنرار مني کننند     اکسيد کننده را از هم جدا نموده، گازها را در الکترودها توزيع کرده و اتصال الکتريکي

دليل دماي کاري نسبتاً بالاي اين پيل ها، صفحا  اتصال دهنده بايد داراي خصوصنياتي ماننند، مماومنت بنه اکسيداسنيون در      

. دماي بالا در اتمسفر کاري کاتد و آند، هدايت الکتريکي بالا و تطابق ضنريب انبسناط حرارتني عنالي بنا سناير اجنزا باشنند        

استفاده از آلياژهاي فلزي به عنوان صفحا  اتصنال   ºC  802دماي کاري سلول هاي سوختي اکسيد جامد به کمتر از کاهش



 ارزيابي رفتار الکتريکي فولاد
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سهولت توليد، هزينه کم، هدايت حرارتني و الکتريکني بنالا    : مواد فلزي داراي مزيت هايي شامل . دهنده را ممدور مي سازد

بنه  . ] -4[ن فريتي يکي از بهترين مواد براي استفاده در اين پيل ها هستند در ميان آلياژهاي فلزي ، فولادهاي زنگ نز. هستند

بنراي مند  طنولاني بعند از کنارکرد در       Cr(VI)هر حال زير لايه برهنه به دليل رشد پيوسته لايه اکسيدي کروميا و تبخينر  

و کارکرد پينل سنوختي را دچنار مشنکل      که اين خود مي تواند الکتروليت و کاتد را آلوده نموده  دماي بالا پايدار نمي ماند

يکي از موثرترين اقداما  براي بهبود خصوصيا  اين صفحا  اتصال دهنده استفاده از يک لايه پوششي بنر روي زينر   . کند

 .لايه به منیور بهبود هدايت الکتريکي، کاهش رشد لايه هاي اکسيدي و کاهش تبخير کرم است

تکنينک هناي متعنددي بنراي ايجناد      . رسانا متمرکنز شنده انند     –محافظ  تحميما  اخير بر روي ايجاد پوشش هاي

-8[اين تکنيک ها شامل شامل آبکاري الکتريکي. پوشش بر روي فولادهاي زنگ نزن فريتي به کار گرفته شده اند

تکنيک . ]92-93[، رسوب الکتروشيميايي کاتدي و سمانتاسيون فشرده است ]1[، رسوب الکترو شيميايي آندي ]0

مانتاسيون فشرده به دليل هزينه ي کم، چسبندگي خوب رسوب داده شنده بنر روي زينر لاينه و کناربرد گسنترده       س

 . مورد توجه قرار گرفته است

به عنوان تابعي از دما و زمان بنود کنه در     Crofer 22 APU ضدزنگهدف از اين تحميق ممايسه هدايت الکتريکي فولاد 

 .نز پوشش داده شده بوديک مخلوط پايه پودري کبالت ومنگ

 

 مواد و روش تحقيق

% 2/ 2منگننز،  % 38/2کنرم،  %   /1بنا ترکينب شنيميايي      Crofer 22 APUدر اين تحمينق از فنولاد ضند زننگ فريتني      

به منیور انجام آزمايشا  اکسيداسيون دماي بالا ابتدا کبالت توسنط عملينا    . کربن و بميه آهن استفاده شد% 29/2سيليسيم، 

mmابعناد  براي ايجاد پوشش از اين فنولاد قطعناتي بنه    . سمانتاسيون فشرده بر روي زيرلايه ضدزنگ فريتي رسوب داده شد

 ×mm0×mm92  ي بعد نمونه ها با کاغذ سننباده  در مرحله. با دستگاه کاتر  تهيه شد SiC      پنوليش و بنا   22 9تنا  شنماره

از پودرهناي کبالنت، منگننز، اکسنيدآلومينيوم و کلريند      . دستگاه آلتراسونيک در محلول استون و متانول چربي گيري شندند 

بهترين ترکيب پودر بدسنت آمنده توسنط محممنين بنراي      . ميکرون استفاده شد 42 و  12-982، 902، 9بندي   آمونيوم با دانه

مناسب  است و Al2O3وزني % 80به عنوان فعال کننده و  NH4Clوزني  Co  ،4%وزني %92پوشش دهي کبالت به صور 

 4به مند  زمنان       ºC  822 لخلترين دما و زمان براي بدست آوردن بهترين کيفيت پوشش از لحاظ چسبندگي و عدم تخ

وزنني   Mn ،0%وزنني   %92همچنين بهترين ترکيب پودر بدست آمده براي پوشش دهي منگننز بنه صنور    . ساعت مي باشد

NH4Cl  وزني % 80به عنوان فعال کننده وAl2O3 مناسب ترين دمنا و زمنان بنراي بدسنت آوردن بهتنرين کيفينت        است و

براي انجنام عملينا  پوشنش دهني از     . ساعت مي باشد 3به مد  زمان   ºC  822پوشش از لحاظ چسبندگي و عدم تخلخل 

دار و بندون پوشنش    هاي پوشش نمونه (ASR)گيري مماومت سطحي ويژه  براي اندازه .کوره تحت گاز آرگون استفاده شد

سيم هاي پلاتيني به ينک طنرف نموننه هنا کنه پنوليش داده شنده بودنند         . استفاده شد 9تجهيزا  نشان داده شده در شکل از 

هناي جنو  داده    ها به يکديگر و آلياژ شدن و ايجاد نتايج غلنط، نموننه   به منیور جلوگيري از چسبيدن نمونه. جو  داده شد

بنراي جلنوگيري از عندم اتصنال      .پنيش اکسيداسنيون شندند    ºC 822   ساعت در دماي 4 هاي پلاتيني به مد   شده با سيم
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از ينک   ASRگينري ممنادير    به منیور اندازه. استفاده شد 9ها از اتصالا  نگه دارنده نشان داده شده در شکل  احتمالي نمونه

mA cm ي جريان منبع جريان ثابت، با دانسيته
بنا  .گينري شند   دقيمه اندازه 32استفاده شد و ولتاژ توسط ولتمتر در هر   2022-

آوردن مماومنت توزينع شنده در     به منینور بنه دسنت   .محاسبه شد ASRاستفاده از قانون اهم و اطلاعا  بدست آمده ممادير 

ي بندون پوشنش جنو  داده شندند و نتنايج بدسنت        ها، دو سيم پلاتيني به دو طرف يک نموننه  اتصالا  استفاده شده و سيم

به عنوان تنابعي از دمنا و زمنان در هنواي سناکن در کنوره الکتريکني         ASRگيري  اندازه. م شدآمده از نتايج تست اصلي ک

 .انجام شد

 

 نتايج و بحث

 به عنوان تابعي از دما ASRارزيابي 

بنراي  ( C º 9222تا دماي  422از دماي ) در دماهاي مختلفي   ASRبه منیور بررسي اثر دما بر روي مماومت سطحي ويژه، 

ساعت در دماي  4 داده شده با کبالت و منگنز و نمونه هاي بدون پوشش بعد از پيش اکسيداسيون به مد   هاي پوشش نمونه

C º 822  ممادير   شکل . اندازه گيري شدASR      بنا افنزايش دمنا ممنادير     . را به عنوان تنابعي از دمنا نشنان مني دهندASR 

مماومنت سنطحي وينژه ينک آليناژ      . ]90[مي تواند به وسيله ي معادله ي زير اثبنا  شنود    اين استدلال. افزايش پيدا مي کند

 .اکسيد شده را مي توان به وسيله ي معادله ي زير به دست آورد
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ثابنت   k  اننرژي اکتيواسنيون بنراي هندايت،      Ecاننرژي اکتيواسنيون بنراي اکسيداسنيون ،      Eoثوابت سهمي،  *σو  *Kکه 

همچننين در دماهناي بنالاتر،    . مي شود ASRبر اساس اين معادله، افزايش دما منجر به افزايش ممادير . دما است Tبولتزمن و 

رار خواهد گرفت و بنابراين ضنخامت لاينه   ضخامت بيشتري از لايه پوشش و زير لايه تحت تاثير واکنش هاي اکسيداسيون ق

در تمامي دماهنا مماومنت وينژه    . افزايش خواهد يافت ASR( 9)اکسيدي کروميا افزايش خواهد يافت و بر اساس معادله ي 

 . سطحي نمونه هاي پوشش دار کمتر از نمونه هاي بدون پوشش بود

. ون بنر روي نموننه هناي بندون پوشنش تشنکيل مني شنود        اين به دليل پوسته ي اکسيدي کروميا است که در طول اکسيداسي

 . ]91[هدايت الکتريکي کروميا به طور چشم گيري کمتر از نمونه هاي پوشش دار است 

 

 به عنوان تابعي از زمان ASRارزيابي 
نشنان داده شنده    3به عنوان تابعي از زمان در شکل  داده شده و نمونه هاي بدون پوشش هاي پوشش نمونهبراي  ASRممادير 

mΩ cmبراي نمونه هاي بدون پوشش به طور سريع افزايش مي يابد و بنه ممندار    ASRممادير . است
 422بعند از    214/38
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mΩ cm)داده شده  هاي پوشش نمونه. ساعت اکسيداسيون همدما مي رسد
ممدار مماومت کمتري را بعد از زمنان   ( 3 /90 2

-4شنکل  )الگوي پرا  اشعه ي ايکس نمونه هاي بندون پوشنش    4شکل . نشان دادند C º 822سيداسيون مشابه در دماي اک

a)  ساعت اکسيداسيون در دماي 422بعد از  نمونه هاي پوشش داده شده راوºC  822  نشان مي دهد. 

حضنور اسنپيل   . مشناهده مني شنوند    ، کرومينا و هماتينت   3O4(Mn,Cr)نمونه هاي بدون پوشنش اسنپينل    XRDدر آناليز 

(Mn,Cr)3O4    بر روي نمونه هاي بدون پوشش مربوط به فولادهاي ضد زنگ فريتي است که به طور معمول ممدار کمني

تشنکيل مني    3O4(Mn,Cr) قرار مني گينرد لاينه اسنپينل      ºC802-002 زماني که آلياژ در معرفي رنج دمايي . منگنز دارند

 ASRممنادير  . ]98[همچنين کروميا که محافظ است در زير لايه اسپينل تشنکيل مني شنود    . ]98[شود که غير محافظ است 

 . ]91[صفحا  اتصال دهنده فولادي با رشد لايه اکسيدي افزايش پيدا مي کند

فناکتور اصنلي و مهنم رشند     . فاکتورهاي متعددي را مي توان به افزايش مماومت الکتريکي صفحا  اتصال دهنده نسنبت داد 

و کروميا به طور قابل تنوجهي کمتنر از زينر      3O4(Mn,Cr)هدايت الکتريکي هر دو لايه اسپينل . ]2 [اکسيدي است  لايه

 . مي شود ASRافزايش ضخامت لايه اکسيدي باعث افزايش ممادير . ]91[لايه فلزي است 

در نمونه هاي پوشش داده شده در طنول   Co3O4و    MnCo2O4،  CoCr2O4 ، CoFe2O4تشکيل اسپينل هاي محافظ  

هدايت الکتريکي اين اسپينل ها به طور چشم گيري بيشنتر  . اکسيداسيون هدايت الکتريکي نمونه هاي پوشش دار را بهبود داد

فاکتورهاي متعددي را مي توان بنه بهبنود هندايت    . ، کروميا و هماتيت است3O4(Mn,Cr)از هدايت الکتريکي لايه اسپينل 

اين فاکتورها شامل هدايت الکتريکي زياد لايه اسپينل تشکيل شده بر روي نموننه  . کي نمونه هاي پوشش دار نسبت دادالکتري

هاي پوشش دار و عدم وجود احتمالي حفره هاي تشکيل شده بر روي سطح نمونه ها است که موجب افزايش سطح تماس و 

 .]  و3 [افزايش هدايت الکتريکي مي شود 
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 گيري نتيجه

منجنر بنه     Crofer 22 APU  لايه، کروميا و سيليکا در طول اکسيداسيون بر روي زير  3O4(Mn,Cr)تشکيل اسپينل -9

 . شد که اين به دليل هدايت الکتريکي کمتر اين ترکيبا  نسبت به زير لايه فلزي است ASRافزايش ممادير 

در نمونه هاي پوشش داده شده بنا   Co3O4و    MnCo2O4،  CoCr2O4 ، CoFe2O4هاي  استفاده از ترکيبا  اسپينل- 

 . هدايت الکتريکي فولاد فريتي ضد زنگ مورد استفاده در سلول هاي سوختي اکسيد جامد را افزايش دادکبالت و منگنز 

براي نمونه هناي پوشنش داده شنده     Cº 822ساعت اکسيداسيون همدما در دماي  422ممدار مماومت ويژه سطحي بعد از  -3

mΩ cm بالت و منگنزبا ک
mΩ cm و براي نمونه هاي بدون پوشش 3 /90 2

 . بدست آمد 214/38

 

 تشكر و قدرداني 

انجام گرفته است و نويسندگان کمنال تمندير و تشنکر را از اينن     ( سانا ) اين پژوهش با همکاري سازمان انرژي هاي نو ايران 

 . سازمان به دليل حمايت هاي مالي دارند
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 منبع جريان ثابت، آمپرمتر، ولتمتر و گيره نگه دارنده براي اندازه گيري مماومت الکتريکي: 9شکل 

 

 
 داده شده و نمونه هاي بدون پوشش به عنوان تابعي از دما هاي پوشش گيري شده براي نمونه اندازه ASRممادير :  شکل 

0 

5 

10 

15 

20 

25 

400 500 600 700 800 900 1000 

A
S

R
(m

Ω
.c

m
2
) 

 

Temp(⁰C) 

Uncoated sample 

Mn-Co-coated sample 



 ارزيابي رفتار الکتريکي فولاد

 
 

 
 

 

216 

 

 
داده شده و نمونه هاي بدون پوشش به عنوان تابعي از زمان  هاي پوشش گيري شده براي نمونه اندازه ASRممادير : 3شکل 

 اکسيداسيون

 

 
 

 ساعت اکسيداسيون 422بعد از   پوشش داده شده( b)بدون پوشش و ( a)  ونهنم XRDالگوي : 4شکل 
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و مطالعه خواص الكتروكاتاليستي  Fe-Ni- Pdتهيه و شناسايي نانوساختارهاي

 آنها در جهت اكسيداسيون سوختهاي متداول در پيلهاي سوختي

 

 سيد سعيد ميررضي
 دانشگاه آزاد واحد فراهان

               

 چكيده
نيکل بر روي فلز مس و مجدداً ترسيب  -در اين پروژه با استفاده از روشهاي ترسيب الکتروشيميايي و ايجاد زير لايه آهن 

 -فرآيند ساده زدايش انتخابي نيکل و در نهايت استفاده از -بر روي آهن Fe-Ni-Znالکتروشيميايي جهت ايجاد پوشش آلياژي 

-Fe-Ni/Fe-Niنموده و بدين ترتيب کاتاليستهاي  Znجايگريني گالوانيکي، فلزهاي نجيب پلاتين و پالاديوم را جايگزين فلز فعال 

Pd زدايش انتخابي . شوند¬تهيه ميZn هاي  و همچنين دوپ شدن نانو ذرا  بر روي الکترود متخلخل حاصل به وسيله تکنيک

افزايش خاصيت الکتروکاتاليستي الکترودهاي تهيه شده به وسيله . مورد تاييد قرار گرفت SEMسکوپ روبش الکتروني ميکرو

در نهايت با استفاده از الکترودهاي تهيه شده، الکترو اکسيداسيون . و تکنيک پلاريزاسيون بررسي شد( CV)اي  ولتامتري چرخه

نتايج نشان داد که الکترودهاي تهيه شده نسبت به الکترود خالص پلاتين خاصيت . فتالکلهايي چون متانول مورد مطالعه قرار گر

 .الکتروکاتاليستي بالايي را در اکسيداسيون و احياي اين گونه مواد دارند

 

 .متانول پالاديوم، آبکناري، زداينش انتخنابي، ننانو ذرا  فلنزا  نجينب، الکترواکسيداسنيون،-نيکل-آلياژ آهن: هاي كليدي واژه

 

 مقدمه1-1

 سنگ، ذغال) سنوختهاي فسيلي ماننند  مرسنوم اننرژي منابع تخليه يعني جدي مسايل از يکي با مواجه حال در جهان امروزه 

 هاي باران زمين، کره گرم شدن مانند زيادي مشکلا  مواد اين از استفاده هنگام در طرفي از.  است( طبيعي گاز و نفت

 در زيادي تحميما .  است شده کنره زمين روي بر زندگي کيفيت آمدن پايين موجب وهوا آب تغييرا  و آلودگي اسيدي،

 بايد جايگزين سوختهاي که ويژگيهايي ، مهمترين اسنت شنده انجنام اننرژي کمبنود حنل جهت جايگزين سوختهاي مورد

 زيست سوء آثار نداشتن ، آن جرم واحد ازاي به بالا دانسنيته انرژي داشتن ، بودن تجديدپذير: از عبارتند باشند، داشته

 اننرژي بناد، اننرژي ماننند انرژيهايي از استفاده زمينه همين در . لحاظ تجاري از بودن صرفه به و کاربرد در راحتي محيطي

 موجنود شنيميايي اننرژي و زمنين در موجنود گرمنايي انرژي آب، ميکي اننرژي هيدرودينا ، خورشنيدي اننرژي ، اي هسنته

 اخير سالهاي در. است گرفته قرار دانشمندان توجه کانون در.... و الکلي و هيدروژني ماننند سوختهاي اننرژي پنر منواد در

. است کرده پيدا فراواني اهميت..... و   هيندروژن نیير تجديدپذيري منابع از انرژي توليد سوختي جهت پيلهاي از استفاده



 تهيه و شناسايي نانوساختارهاي
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 منابع براي مناسبي جايگزين که اند کرده را ايجاد شندني تجديند و پايندار انرژي منابع از جالبي طبمه يک سوختي پيلهاي

 در احتراق عمل با طبيعي گاز و خام نفت از انرژي توليد . اسنت سننگ ذغنال و طبيعني گناز نفت، مانند قراردادي انرژي

 پيل يک عو  در. است همراه محيط آلودگي با و نبوده کافي ذاتاً کارنو چرخه محدوديت با متناسب گرمائي موتور

 .  است اعتماد قابل و سروصدا بي ، کننده نبوده آلوده ، دارد بالايي انرژي بازده ذاتاً سوختي

 

 الکل الکترواکسيداسيون ، ها سوخت عنوان به الکلها از استفاده  - 9

 و فرانسه 9814 در سال بنار اولنين براي.  ميکنند پيدا بيشتري اهميت روز به روز الکلي سوختهاي کنون تا 9822 سده ي  از

 که کرد فورد پيش بيني هنري 0 91 سنال در.  کردند استفاده احتراق موتورهاي در سوخت يک عنوان به اتانول از آلمان،

 [. 91 د] کر خواهد عمل مهم سوخت يک عنوان به آينده در اتانول

 : ميشوند استفاده سوخت صور  به طريق سه به عمدتا الکلها

 (بنزين جاي به)  احتراقي موتورهاي در سوخت عنوان به – 9

 اوکتان عدد افزايش براي اصلي سوخت با مخلوط اضافي ماده يک عنوان به –  

 ( سوختي پيلهاي در) الکتريکي انرژي به شيميايي انرژي مستميم تبديل جهت سوخت يک عنوان به - 3

 و پرپانول اتانول ، متانول،. هستند هيدروکسي عاملي گروه با هيدروکربنهايي و دار اکسيژن ترکيبا  خانواده از الکلها

 در چه ها)  الکل بردن کار به از هدف. اند يافته فراواني کاربردهاي سوخت عنوان به که هستند سادهاي الکل چهار بوتانول

.  است انرژي توليد و آب و کربن دي اکسيد به آنها و تبديل کامنل اکسنايش(  احتنراق موتورهاي در چه و سوختي پيلهاي

 آلدهيندها، مونواکسيدکربن، قبيل از زيادي جانبي محصولا  سنوختن ناقص اثنر بر الکلها اکسايش حين در واقع در ولي

 باعث و داده کاهش را فرايند انرژي راندمان محصولا  اين که ايجناد ميشوند کتونهنا حتني و ، هنا کربوکسنيلا 

 . ميشوند کاتاليستها مسموميت

  مواد وروش ها -9

 :مواد شيمياي مورد استفاده 9-1

 NiSO4.6H2O , (Merck,99% )آبه  0سولفا  نيکل  -9

 سولفا  آهن - 

 سولفا  روي -3

 اسيد سيتريک -4

 H2SO4, (Merck6 %98) اسيد سولفوريک -0

  NaOH , (Merck) هيدروکسيد سديم  -0

  KOH , (Merck)هيدرواکسيد پتاسيم  -1

 CH3OH , (Merck,99% )متانول  -8

 PdCl2 , (Merck,99% )کلريد پالاديوم - -99
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 (Hardner)رزين پلي استر،کاتاليزور کبالت،سخت کننده  - 9

 کاغذ سمباده -93
 

 دستگاه هاي مورد استفاده 9-9

 (Jps-302D ELECTRONIC AFZAR AZMA)ولتاژ (DC)منبع تامين کننده مستميم  -9

 ترازوي ديجيتالي - 

 همزن مغناطيسي -3

 هيتر ودماسنج -4

 (SAMA 500)گالوانو استا   -دستگاه پتاسو استا   -0

 الکترود صفحه اي پلاتين -0

 الکترود رفرنس کالومل اشباع -1

 

 :روش انجام تحقيق 9-3

انجام آزمايشا  آورده شده رو  انجام اين تحميق کاملاً آزمايشگاهي و عملي بوده که در زير کارهاي مورد نیر براي 

 .است

 مربع به همراه مانت کردن، پوليش زدن، چربيگيري و اسيدشويي سانتيمتر 9×9تهيه الکترودهاي مس در ابعاد  -9

 سانتيمتر9,0سانتيمتر و قطر  9تهيه سيم هاي به اندازه  - 

 لحيم کردن سيم ها بر روي الکترودهاي مس  -3

 شده  مانت کردن الکترود هاي لحيم -4

  022 -822-2  -82پوليش زدن مانت با سمباده هاي  -0

 اسيدشويي اکترود مانت شده و چربيگيري -0

 .انجام آزمايشا  اوليه جهت بهينه سازي محلول هاي آبکاري مختلف -1

 .از محلولهايي آبکاري بهينه شدهFe-Niهاي تهيه الکترود -8

 آبکاري بهينه شدهاز محلولهايي Fe-Ni-zn هاي تهيه الکترود -1

   Fe-Ni-pdليچ کردن وتهيه الکترودهاي  -92

ساعت در محلول قليايي حاوي  4 که از پيش آماده کرده بوديم را به مد   Fe-Ni-znکه به اين منیور الکترود هاي 

 پلاتين قرار ميدهيم تا پالاديوم جايگزين روي شود

هيه شده جهت اثبا  نانو بودن اندازه ذرا  و تعيين درصد وزني و هاي تشناسائي مورفولوژي سطح و ساختار الکترود - 9

 اتمي عناصر موجود در الکترود
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 انجام مطالعا  الکتروشيميايي در محلولهاي قليايي با استفاده از تکنيکهاي مختلف الکتروشيميايي -93 

نجام تستهاي الکتروشيميايي مانند هاي الکتروشيميايي ثبت شده از دستگاه اجمع آوري و ترسيم منحنيها و داده -94

 گالوانواستا  -پتانسيواستا 

هاي حاصل از مطالعا  مورفولوژي و الکتروشيميايي و تعيين مناسبترين الکترود براي تجزيه و تحليل تمام داده -90

 اکسيداسيون الکتروشيميايي متانل و سديم بوروهيدريد در محلولهاي قليايي

 

 الكترود سازي آماده ا 9-5

  مس كردن اچ و چربي زدايي 5-1- 9

 به خاص، قالب هاي در سپس و شد بريده cm 9× 9 ابعاد با% (11 11) / بالا خلوص با( 9mm ضخامت با) مس فويل ابتدا

 تا شد، سمباده( 022 -422)ننرم  تنا زبنر از تينب تر بنه سنمباده وسيله به ها نمونه اين. شد مانت استيرن پلي ريزين وسيله

 در دقيمه 0 مد  به چربيگيري براي ها اينن نمونه ممطنر آب بنا شستشنو از پس شود اي آينه و صاف کاملاً مس نمونة سطح

 مس، سطح روي اکسيدي فيلمهاي زدودن و کردن منیور اچ به سپس. شد ور غوطه آور سوز سود وزني 32%  محلول

 آب وزني 92%  و سولفوريک اسيد وزني 92%  محلول در ينک دقيمه مند  بنه و شند داده شستشو ممطر آب با مجددا

 آبکاري براي و شده اچ و زدايي چربي سطح کلي طور به تا شد، شسته آب ممطر با نمونه نهايت در.گرديد ور غوطه اکسيژنه

 شود آماده

 

 نتايج 3

 SEMنتايج  3-1

 .آمده است 9-3  شکل در موجود SEM تصاوير

 همراه غلنيظ به قليايي محلول در آنکه از پس آهن  -روي-نيکل پوشش است شده داده نشان 9 -3 شکل در که همانگونه

 و واضح شنکل کاملا اينن در تر  وجود. ميکند پيدا متخلخل حالت ميگيرد قرار کلريد پالاديوم نمک اندکي ممدار

 خواص افزايش باعث و افنزايش داده تنوجهي قابل ميزان به را نیر مورد الکترود موثر سطح ميکروترکها اين. است مشخص

 نانوذرا  يکنواخت نسبتا شنود پراکندگي مني دينده شنکل اين در که ديگر مهم نکته اما. ميشوند آن الکتروکاتاليتيکي

 .است الکترود اين سطح روي بر پالاديوم

  

 شده تهيه هاي پوشش(  EDAX)عنصري آناليز 9- 3

 است آمده   - 3شکل در شده ليچNi/Ni-Zn-Pd الکترودهاي براي عنصري آناليز نتايج
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 و متانول براي الكترواكسيداسيون pd- Fe/Fe-Niالكترود الكتروكاتاليســـتي بررســـي خـــواص 3-3

 اتانول

 مصرف ترتيب اين و به مينشنينند سطح روي شده دوپه ذرا  تمامي که است اين گالوانيکي جايگزيني رو  مزاياي از يکي

 در مثال عنوان به ندارد وجود چننين چيزي ديگر روشهاي از بسياري در. ميرسد ممکن حداقل به نجيب قيمت گران فلزا 

 با الکترود مشتر  فصل در و گرفته قرار عمنق پوشش در نجيب فلز از ممداري نيکل با نجيب فلزا  آلياژي آبکاري رو 

  نميگيرد قرار محلول

 

 pd- Fe/Fe-Niروي الکترود  بنر متنانول الکترواکسيداسنيون بنراي اي چرخه ي ولتامتر از حاصل نتايج 4-9- 3

 ليچ pd- Fe/Fe-Ni  نينز و  Smooth Pd الکتنرود سنه روي بر الکلها الکترواکسيداسيون بين ممايسهاي 3 -3 شکل

 ولت ميلي 02 اسکن سرعت در گنراد و سانتي درجه 0  دماي در مولار 9 سديوم هيدروکسيد محلول در Fe/Fe-N و شده

  .ميدهد نشان را ثانيه بر

 الکترود به مربوط c منحنني و Fe/Fe-Ni  الکترود به مربوط b منحني ، Smooth Pd الکترود به مربوط a منحني

Fe/Fe-Ni -Pd محيط در مرسوم نيکل و پلاديوم پيکهاي يکي. است توجه قابل نکته چند شکل اين در.است شده ليچ 

 :است زير صور  به آنها افزايش ترتيب که است قليايي
Fe/Fe-Ni- Pd >Fe/Fe-Ni > smooth Pd 

 موثر سطح بنه افزايش ميتوان را smooth Pd  به نسبت Fe/Fe-Ni کاتدي و آندي پيکهاي جريان دانسيته بودن بيشتر

 جريان دانسيته منورد افزايش در امنا. شد بحث آن مورد در نيز گذشته بخش در که ، داد نسبت Fe/Fe-Ni الکترود

  کرد؟ قضاو  ميتوان چگونه Fe/Fe-Ni الکترود به نسبت Fe/Fe-Ni- Pd الکترود

 خواهيم که همانگونه . داد نسنبت يکنديگر روي بنر پنالاديوم و نيکنل فلز تزايدي دو اثر وجود به ميتوان را پديده اين علت

 و نيکل فلز دو تزايدي اثر. تسنهيل ميکند فلنزا  اينن دوي هنر سنطح روي نينز را الکلها اکسيداسيون الکترو اثر اين ديد

 :داد توضيح زير صور  به ميتوان را پالاديوم

 نيکنل بنراي و کناهش پنالاديوم بنراي d اوربيتالهاي انرژي ، ميشود آلياژ نيکل با پالاديوم که هنگامي

 سايتهاي روي و بر ضعيف تر پالاديوم فعال سايتهاي روي بر مختلف گونههاي جذب که ميشود باعث امر اين مييابد افزايش

 کاتندي و آنندي پيک دو هر و بروي سطح الکترود افزايش يافته  +Ni3گونه  جذب بدين ترتيب.  گردد  قويتر نيکل فعال

 زوج شد گفته که همانگونه. .باشندداشنته  ارتفناع افنزايش باشند مني  +Ni3+  /Ni2ردوکنس  زوج بنه مربنوط کنه

 الکلها الکترواکسيداسيون ميرود لنذا انتیار کنند مني بازي الکلها اکسيداسيون در را کليدي نمش  +Ni3+  /Ni2ردوکس 

  . گردد تسهيل Fe/Fe-Niالکتنرود  بنه نسنبت نينز شنده ليچ  Fe/Fe-Ni- Pdالکترود   سطح روي

 مولار 9 سديم هيدروکسيد محلول در 1cm2مساحت با خالص پالاديوم الکترود ولتاموگرام 4-3شکل

 .ميدهد  نشان  mV/s 02اسکن  سرعت در سانتيگراد درجه 0  دماي در را



 تهيه و شناسايي نانوساختارهاي

 

 
 

 

222 

 

 .ميشود ديده پيک يک -V 4/2 حدود در نيز منحني اين در ميشود ديده شکل اين در که همانگونه

 .داد نسبت زير الکترون انتمال فرايند به ميتوان را پيک اين

3-92                                                                        

 جريان ممايسه دانسيته.است Fe/Fe-Ni- Pd الکتنرود سنطح روي بنر پالاديوم ترسيب کننده اثبا  نيز پيک اين وجود

است که  Fe/Fe-Ni- Pd بيشتر براي الکترود بسيار جريان دانسيته دهنده نشان 3 -3 وشکل4-3 شکل دو در مزبور پيک

 .ليچ شده باشند Fe/Fe-Ni- Pdاين امر ميتواند ناشي از سطح بسيار بالاي نانو ذرا  دوپ شده بروي الکترود 

 به مربوط اينن پيک کنه ميشود ديده -V 29/2 تا-V4/2 حدودتا محدوده در پهن پيک يک c منحني در 90 - شکل3 در

 ديده پيک اين از منحني پس اين در که کاتدي جريان افزايش.  است الکترود سطح روي شده جذب هيدروژن واجذب

 .ميباشد هيدروژن آزادسازي واکنش به مربوط ميشود،

 علاوه به هيدروکسنيد سديم منولار 9 محلنول در شنده ليچ Fe/Fe-Ni- Pd الکترود ولتاموگرام دهنده نشان 0 - 3شکل

 است متانول مولار 9/2

 ترسيب پالاديوم بنر روي متنانول اکسيداسنيون دهنده نشان(  e و c پيکهاي ( -V  0/2 و -V  /2 نواحي در پيکهايي ظهور

 اکسيداسيون به مربوط c پيک واقع در 83] . [است Fe/Fe-Ni- Pd الکترود سطح روي شده

 89] [. دارد وجنود نینر اخنتلاف محممنين بين در e پيک ماهيت مورد در است، پالاديوم سطح روي بر متانول

 آن ديگر برخي و پالاديوم سطح روي بر شده جذب گونههاي مجدد اکسيداسيون به مربوط را پيک اين بعضي

 .دانسته اند محلول بطن در موجود متانول مولکولهاي اکسيداسيون به مربوط را

 

 ليچ شده Fe/Fe-Ni- Pdالکتنرود  روي بنر متنانول اکسيداسنيون الکتنرو بنر اسکن سرعت افزايش اثر  -3-3

 الکتنرود سطح بر متانول مولار 9/2 علاوه به سديم هيدروکسيد مولار 9 محلول ولتاموگرام 0  -3 شکل

Fe/Fe-Ni- Pd ميدهد را نشان شده ليچ. 

 به مربوط پيک اينن. شنود مني دينده پيک يک ولت 2/ - حدود پتانسيل در( رفت) آندي روبش ناحيه در شکل اين در

 اسکن، سرعت افزايش با ميشود  دينده شنکل اينن در کنه همانگونه و  است الکترود سطح روي بر متانول اکسيداسيون

 .مييابد  افنزايش پينک اينن جرينان و شده جابجا مثبت ممادير سمت به پيک پتانسيل

 شده  ليچ Fe/Fe-Ni- Pd الکتنرود روي بنر متانول الکترواکسيداسيون بر افزايش دما اثر  3-3- 3

 محاسبه و همچنين شنده لنيچ Fe/Fe-Ni- Pd الکتنرود روي بنر متنانول الکترواکسيداسنيون در دما نمش بررسي منیور به

- شکل3) گرفت قرار رد بررسي منو مختلنف دماهناي در متانول الکترواکسيداسيون ، متانول اکسيداسيون سازي فعال انرژي

 تامين دهندة نشان که شود مي آندي دانسنيتة جريان افنزايش باعنث دمنا افنزايش شود، مي ديده شکل از که طور همان   ( 

 افزايش با همچنين. است شده ليچ Fe/Fe-Ni- Pd الکترود سطح در متانول اکسيداسيون الکترو براي سازي فعال انرژي

 است دليل اين به احتمالا امر اين. شود مي جا جابه تر بنه مماديرمثبت پينک پتانسنيل شنود، مني ملاحینه کنه طنور همان دما

 است گرماگير واکنش مکنانيزم اين در سنرعت کنننده تعيين مرحله که
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 گيري نتيجه 5-1

 و احياي الکترواکسيداسيون براي الکترود الکتروکاتاليستي خاصيت افزايش باعث الکترود، يک فعال سطح افزايش - 9

 براي پايه عنوان فراوان به فرج و خلل با مناسب هاي بستر وسيلة به الکترود سطح افزايش. شود مي الکتروفعال هاي گونه

 . گيرد مي انجام نجيب فلزا  دوپ

خواص  نتيجه در و موثر سطح با کاتاليستهاي توليد جهت مفيد و موثر بسيار روشي انتخابي، زدايش رو  - 

 . است بالا الکتروکاتاليستي

 بر سطح نجيب فلزا  ذرا  نانو کردن دوپه براي گالوانيکي جايگزيني رو  با انتخابي زدايش رو  کردن کوپل -3

 فعاليت که ميشود باعث  نجيب، فلز نمک کمتر مصرف و سادگي قبيل از مزايايي داشتن بر ،علاوه متخلخل نيکل الکترود

 . يابد افزايش شد  به شده تهيه الکترود الکتروکاتاليستي

 در زياد و فرج خلل داشتن علت به خصوص به فرد به منحصر هاي ويژگي خاطر به نيکل برپايه متخلخل الکترودهاي -4

 . شود استفاده فلزا  نجيب مخصوصاً فلزا  انواع دوپ براي بستر يک عنوان به تواند مي زياد فعال مساحت و سطح

 به رو  -Ni-Zn Fe آلياژي الکترود روي بر گالوانيکي رو  به پالاديوم و پلاتين نجيب فلزا  نانوذرا  کردن دوپ -0

 به مورفولوژي بررسي هاي.  گرفت انجام ساعت 4  مد  به غليظ قليايي محلول در Zn انتخابي زدايش همراه به گالوانيکي

 نیر مورد الکترود سطح روي بر خوبي به( نانومتر)نانو حد در هاي اندازه با پلاتين ذرا  نانو که دهد مي نشان SEM وسيلة

 رفتن بالا در که شود مي فلز دو هر در اوربيتالي انرژي تغيير الکترود و سطح افزايش باعث مهم اين و است شده پخش

 است الکترود موثر الکتروکاتاليستي و کاتاليستي خاصيت

 رو  شده به تهيه الکترودهاي که داد نشان الکتروشيميايي امپدانس سنجي طيف و چرخهاي ولتامتري از حاصل نتايج -1

 براي هم و اتانول متانول و قبيل از کلهايي ال الکترواکسيداسيون براي هم بالايي بسيار الکتروکاتاليستي فعاليت داراي فوق

 ميباشند  هيدروژن آزادسازي فرآيند
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 Fe/Fe-Ni- Pdالکترود  SEM تصاوير 9-3شکل

 

 
 

 Fe/Fe-Ni- Pdالکترود   EDAXتصاوير   -3شکل 

 



 تهيه و شناسايي نانوساختارهاي

 

 
 

 

226 

 

-Fe/Fe و متخلخل Fe/Fe-Ni -Pd نيز وSmooth Pd الکترود سه روي بر الکلها الکترواکسيداسيون بين ممايسهاي 3- 3 شکل

Ni مولار 9 سديوم محلنول هيدروکسيد در 

 مولار 9 سديم هيدروکسيد محلول در Cm29 مساحت با خالص پالاديوم الکترود ولتاموگرام 4-3 شکل
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 متانول مولار 9/2 علاوه به سديم هيدروکسيد مولار 9 محلول در Fe/Fe-Ni- Pd الکترود ولتاموگرام 0- 3 شکل
 

 
-Fe/Fe الکترود سطح بر متانول مولار 9/2 علاوه به سديم هيدروکسيد مولار 9 محلول ولتاموگرام بر اسکن سرعت اثر 0-3شکل 

Ni- Pd شده ليچ 



 تهيه و شناسايي نانوساختارهاي
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 اسکن سرعت با شده ليچ Fe/Fe-Ni- Pd الکترود درسطح M 9/2 غلیت متانول با الکترواکسيداسيون در دما تاثير 1- 3 شکل

mv/s  02  
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استفاده از مواد مختلف پايه كربني به عنوان الكترود كاتد در پيل سوختي 

 ميكروبي

 

 3، مريم اصغري9، مهدي مشكور1، مصطفي رحيم نژاد*1مهرداد مشكور

 
 هاي تجديد پذير، دانشکده مهندسي شيمي، دانشگاه صنعتي نوشيرواني بابل، بابل، ايران هاي زيستي و انرژي مرکز تحميماتي سوخت. 9

 دانشکده مهندسي چوب وکاغد، دانشگاه علوم کشاورزي و منابع طبيعي گرگان، گرگان، ايران.  
 دانشکده شيمي، دانشگاه مازندران، بابلسر، ايران.  3

* m.mashkour1990@gmail.com 
 

 چكيده

وبي به عنوان يکي از منابع تجديد پذير تامين انرژي مدتي است که مورد مطالعه و بررسي قرار گرفته و هاي سوختي ميکر استفاده از پيل

شنامل  قسمت هاي اصلي ينک پينل سنوختي ميکروبني     . شود امروزه به عنوان يکي از موضوعا  مورد علاقه پژوهشگران محسوب مي

از منواد مختلنف پاينه    . محفیه هاي آندي و کاتدي وغشاي تبادل پروتون مي باشد که ما از اين بين محفیه کاتندي را بررسني کنرديم   

با استفاده ازکاتندهاي گونناگون و تغيينر شنرايط کاتولينت      . ها به عنوان الکترود کاتد استفاده کرديم کربني به علت رسانايي خوب آن

 .اي بود، مشخص سازيم گرافيت وکربن پارچه:ناسب را از بين الکترودهاي موجود که شاملتوانستيم الکترود م

 

  .اي انرژ ي تجديد پذير، پيل سوختي ميکروبي، الکترود، کاتد،گرافيت، کربن پارچه: هاي كليدي واژه

 

 مقدمه

مصرف منابع ، توليد پساب و تخريب محيط زيست ، به واسنطه رشند جمعينت و صننعتي سنازي جوامنع ،  سنرعت        

روزافزوني يافته است و اين منجر به افزايش مصرف انرژي ، هم به منینور کناربرد روزاننه و هنم بنه منینور تصنفيه        

ينن مننابع فسنيلي محدودنند و در آيننده      منابع اصلي تامين انرژي همچنان نفت و گاز هستند امنا ا . پساب گشته است

فسنيلي، گنرم    سنوخت هناي  محيطي ناشني از   زيست ي آلودگي فاجعههمچنين .نزديک گران و کمياب خواهند شد

هاي جديدتوليد انرژي ازديگرمننابع بناد و ويژگني مهنم     ، سبب رويکرد محممين به رو  اي شدن هوا و اثر گلخانه

 [9].راي محيط زيست، شده استقابليت تجديدپذيري وغيرمخرب بودن ب

کنه بنه دلينل    است،  ي ميکروبيهاي سوخت پيل هانرژي الکتريکي توليد شده به وسيل، شده هاي مطرح از جمله انرژي

کناهش منورد توجنه زينادي     -توانايي تبديل مستميم سوخت بنه اننرژي الکتريکني بنه وسنيله واکنشنهاي اکسنايش       
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ن با عبور پروتو. مي شودجريان الکتريسيته منجر به توليدالکترون روند کار به اين صور  است که  .قرارگرفته است

 [ ].شود با اکسيژن هوا و الکترون بازگشتي از پيل به آب تبديل مي به سمت کاتد رفته ياز غشاء تبادل يون

و . ضرورتي اجتناب ناپنذير اسنت  هاي فسيلي  اي سوختجب پا قيمت و   ضرور  انتخاب جايگزين مناسب، ارزان

، که به دليل بازدهي بسيار مي باشدهاي سوختي  هاي مطرح، انرژي الکتريکي توليد شده به وسيلة پيل جمله انرژي از

به عننوان سنوخت، در حنال حاضنر      ... ، متانول،بيومس و زيست و نيز مصرف هيدروژن بالا و عدم آلايندگي محيط

سوختي انرژي  هاي  پيلدر درون  .[3] باشد زيست مي حل مناسبي جهت عبور از تنگناي انرژي و آلودگي محيط راه

تبنديل  لازم به ذکر مي باشد کنه  . گردد حاصل از يک واکنش شيميايي به انرژي الکتريکي مفيد تبديل ميشيميايي 

عملکرد پينل سنوختي   .مي باشدسوختي تبديل مستميم انرژي شيميايي به انرژي الکتريکي  هاي پيل درون  انرژي در

 .شنود  از انرژي بنه حالنت ديگنر تبنديل مني      حالتي  سوختي  مانند باتري نيست که انرژي را ذخيره کند، بلکه در پيل

تکنولوژي پيل سوختي ميکروبي جديدترين تکنولوژي توليد الکتريسته و بيو الکتريسته است که از بيومس به وسيله 

اولين پديده جريان الکتريسته به کمک ميکروارگانيزمها اعنم از باکتريهنا و     9199در سال . باکتريها بدست مي آيد

سنال تحنولي در توسنعه و پيشنرفت چشنمگيري در       00پس از گذشت .  شناسايي شده است پور  ميکروبها توسط

 .کاربري اين گونه فرايندها صور  گرفته است

در يک پيل سوختي بطور پيوسته انرژي شيميايي به انرژي الکتريکي تا زمانيکنه سنوخت و اکسنيدان در درون سنل     

ن هاي به وجود آمده در زمينه انرژي پيشرفت هاي زيادي در زمينه پيل با توجه به بحرا. فراهم باشد تبديل مي گردد

بهره دهي بالا از مزاياي عمده اين نوع از پيل ها مي باشد اما هزينه هاي بالاي . هاي شيميايي در حال انجام مي باشد

در اينن  .ينل هنا مني باشند    کاتاليروزها و دماي عملياتي بالا و خورنده بودن محلول الکتروليت از معايب اين نوع از پ

 . [4]رابطه پيلهاي سوختي بيولوژيکي  جذاب و اميد بخش مي باشند

ل هاي سوختي مي باشد که مني توانند در دوره طنولاني مند  بکنار      پيلهاي سوختي بيولوژيکي يکي از  انواع از پي

علي رغم پيل هاي سوختي قديمي که از هيدروژن اتانول و متانول به عنوان سوخت استفاده مي نمودنند  . برده شوند

ل بر خلاف پيل هاي سوختي شنيميايي پين  . پيلهاي سوختي بيولوژيکي از دهنده هاي  الکترون زنده استفاده مي کنند

کننند همچننين از الکترولينت هناي      هاي بيولوژيکي در شرايط ملايمي به عنوان مثال در دما و فشار محيط کنار مني  

در پيل هاي بيولوژيکي به عنوان نمونه ميتوان از آنزيم و يا مخمنر ننانوايي بنه عننوان     . نمايند ارزان قيمت استفاده مي

 . کاتاليست و يا ميکروارگانيسم استفاده نمود

جمله فوايد مهم پيلهاي سوختي بيولوژيکي اين است که آنها تواننايي تبنديل اننرژي شنيميايي را از ينک محنيط       از 

تنوان از ينک محنيط     باشنند و سنوخت منورد نيناز را در اينن سيسنتمها مني        بيولوژيکي به جريان الکتريکي دارا مني 

هاي سوختي بيولوژيکي براي تبديل اننرژي  در طراحي پيل .بيولوژيکي و حتي از يک ارگانيزم زنده و يا گياه گرفت

کلا پيل هاي سنوختي بيولنوژيکي را بنه دو دسنته      .[5]شود شيميايي به انرژي الکتريکي از بيوکاتاليستها استفاده مي
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برخلاف سيستمهاي ميکروبني کنه از ارگانيزمهناي    .ل هاي سوختي ميکروبي و آنزيمي طبمه بندي مي نمايندکلي پي

هناي آنزيمني از پروتئينهناي آنزيمني خنالص بنراي انجنام         سيستم در شود، زنده به عنوان منبع کاتاليستي استفاده مي

آننزيم را بنا يکنديگر ترکينب نمنود تنا        تنوان چنندين   در مواردي مي. گردد واکنشهاي کاتاليستي خاص استفاده مي

توان از واحدهاي پروتئيني کوچکتر از آنزيمهاي کامل بنه   همچنين مي. ماده به طور کامل انجام پذيرد اسيوناکسيد

در پيلهاي سوختي آنزيمي، پيل در پتانسنيلي، نزدينک بنه پتانسنيل     .عنوان کاتاليست در پيلهاي سوختي استفاده نمود

 .[0]نمايد م عمل ميکاهش آنزي -اکسايش

از نیر تئوري توليد جريان برق از پيل سوختي ميکروبي پديده جديدي لحاظ نمي شود بطور حتم روشهاي علمي و 

نیر اقتصادي پيل سوختي ميکروبي را براي توليند  ابزارهايي که از . اجرايي آن براي توليد برق کاملا نوين مي باشند

روشهاي متننوعي  . انرژي توجيح نمايد نياز به بررسي دارد اگر هزينه تبديل انرژي از نفت در سطح پائين حفظ شود

پينل سنوختي ميکروبني    . در تکامل و تدوين انرژي نوين شکل گرفته است که فرايندهاي رقيب توليد انرژي هستند

دي براي توليد انرژي بوده که تلا  چنداني براي اسکلت و سناخت آن انجنام نگرفتنه اسنت کنه      رو  بسيار جدي

 .[7]بتوان اقتصادي بودن آن را توجيح نمود

ل سوختي ميکروبي که بر روي بازده آن بسيار موثر است محفیه کاتدي و الکترود يکي از قسمت هاي اصلي در پي

اينگونه که از مواد مختلف به عنوان الکترود کاتد در .که ما در اين مطالعه به اين موضوع پرداخته ايم. کاتد مي باشد

 .شرايط گوناگون استفاده کرديم و بهترين الکترود را انتخاب نموديم

 

 تحقيقمواد و روش 

ميکروارگانيسم فعال و هاي موجود در پساب بي هوازي به عنوان از ميکروارگانيزم: ميکروارگانيسم و محيط کشت 

خانه قائمشهر هاي مورد استفاده از پساب  تصفيهاين ميکروارگانيزم. در محفیه آندي استفاده شد مولد بيو الکتريسيته

ساعت به بيشترين ميزان رشد  48تلميح شد و پس از  MRSط کشت ها به محيسپس ميکروارگانيزم. آوري شدجمع

 .خود در شرايط بي هوازي رسيد

همچنين به محيط کشت مواد ديگري نينز اضنافه گردينده    .در اين تحميق از گلوکز به عنوان منبع قندي استفاده شد 

يميايي و آلني منورد نيناز نينز     تمام منواد شن  . ارائه شده 9که مواد و همچنين ترکيب درصدهاي آن در جدول شماره 

در صد تلميح باکتري صور  گرفته و  0پس از ان به ميزان . براي انجام آزمايش از شرکت مر  خريداري گرديد

 . قرار داده شد  C      (26°)محلول در جاي بي هوازي در دماي محيط 
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 مواد مورد استفاده محیط کشت -1جدول

  

 

 

 

 

 

 

 

براي ساخت تک سل پيل سوختي بيولوژيکي از يک پيل دو قسمتي شامل بخش آند بي : مشخصا  پيل سوختي بيولوژيکي

جنس محفیه ها از پلکسي گلاس بوده و هر کدام از محفیه ها نيز داراي .هوازي و کاتد هوازي مجزا از هم استفاده  گرديد 

  /4سانتيمتر مي باشد که توسط يک لوله رابط به قطر  4/0از محفیه ها قطر داخلي هر کدام .ميلي ليتر مي باشند 2 8ظرفيت 

با  991دو محفیه آندي وکاتدي بوسيله غشاي تبادل پروتون از جنس نفيون . سانتيمتر از هم جدا شده اند 3سانتيمتر و طول 

درصد از   75.شده است  آورده 9زيکي بصور  تصويري در شکل  نماي طراحي تک سل بيولو . يکديگر در ارتباط بودند

ليتر از محيط کشت تهيه شده با مشخصا  فوق به قسمت آند اضافه گرديد و  090.حجم فوق حجم کاري لحاظ شده است 

ميلي ليترآب ديونيزه استفاده شده است که توسط اسپارژي به اين محفیه هوادهي نيز صور   090در سمت کاتد نيز از

 .گرفته است

مال الکترونهاي توليدي حاصل از فرآيند تخمير از الکترودهايي از جنس گرافيت و کربن کاغذي در اين کار براي انت

يکسان بوده و ابعاد آنها  به اندازهاي متفاو  مي باشد و جريان ( الکترودهاي آند و کاتد)ابعاد دو الکترود.استفاده شده است

 .حاصل توسط يک سيم مسي به مدار بيروني منمل گرديده اند

 

 :وش هاي آناليزر

. براي بدست آوردن جريان از  المانهاي مماومتي براي ايجاد مماومتهاي متغير استفاده شده است: اندازه گيري جريان و ولتاژ  

و در ولتاژهاي مختلف مي ( در دماي معمولي)المان مماومتي معمولي به دليل اينکه داراي يک مماومت اهمي ثابت و پايدار 

المان مماومتي به دليل نداشتن افت ولتاژ درون المان و نيز صفر بودن جريان نشتي، گزينه مناسبي براي ساخت درنتيجه، . باشد

در اين رو  براي قرار دادن بارهاي مختلف مماومتي روي پيل سوختي از ترکيب يک سيستم .دستگاه اندازه گيري مي باشد

ردن مماومت هاي مختلف، بارهاي مماومتي دلخواه را ايجاد نمود و رله اي مماومتي استفاده شده است که مي توان با سري ک

و دستگاهي جهت ثبت نتايج ولتاژ و جريان در پيل سوختي .با قرار دادن آن روي پيل سوختي، اثر آن را مشاهده نمود

شده است که رله استفاده  90مماومت مختلف و  90براي ساخت اين سيستم مماومتي و رله اي از .بيولوژيکي ساخته شد

 MATLABديتا را اين سيستم ساخته شده دارا مي باشد و برنامه مورد استفاده براي ثبت نتايج برنامه  98توانايي گرفتن 

 .بوده است

 ماده میزان
03 g/l گلوکز 

0 g/l عصاره مخمر 
1 g/l پپتون 

0/5 g/l NH4Cl 
0/2 g/l MgSO4 
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جريان توليد شده توسط پيل سوختي .  کميت هاي مهم و حائز اهميت در اين مطالعه ولتاژ مدار باز، جريان و توان بودند

 Iگيري افت ولتاژ حاصل از يک مماومت الکتريکي به صور  گيري نکرديم بلکه آن را با اندازهاندازه ميکروبي را مستميما

= E / Rext توان از ولتاژ و جريان به صور  . محاسبه نموديمP = IE توان خروجي از . محاسبه مي گرددMFC  از

 :گردددر عر  بار الکتريکي و جريان محاسبه مي EMFCگيري شده ولتاژ اندازه
P = IEMFC                                                                                       

مماومت بيروني )گيري پتانسيل در عر  بار الکتريکي در ممياس آزمايشگاهي با اندازه MFCجريان توليد شده به وسيله 

Rext  )با استفاده از رابطه  وI = EMFC / Rext از اين رو داريم. محاسبه مي گردد: 
P = EMFC

2
 / Rext 

 :نيز داريم I = EMFC / Rextبر مبناي رابطه 
P = I

2
 Rext 

 

 نتايج و بحث

تنوان مربنوط   الف و ب مشاهده مي کنيم که در هر دو حالت با هوادهي و بدون هوادهي بيشترين دانسيته . با توجه به نمودار 

در . اين در حالي است که بيشترين دانسيته جريان را الکترود کربن پارچنه اي از آن خنود سناخته اسنت    .به گرافيت بوده است

آزمايش انجام شده اندازه الکترود هاي کاتد متفاو  بوده است وبه همين دليل اعداد بدست آمده براي جريان و تنوان را بنر   

علت اين کار اين است که تنوان و جرينان حاصنله از پينل سنوختي ميکروبني بنا        . مسيم نموده ايماندازه سطح الکترود کاتد ت

الف و ب مشناهده شند کنه    .9ب وهمچنين نمودار . الف و. با ممايسه دو نمودار  [8].اندازه سطح الکترود رابطه مستميم دارد

زيرا با توجه به واکنش احيا که در محفینه  . و اين نتيجه دور از انتیار هم نبود. هوادهي روي عملکرد پيل بسيار مؤثر مي باشد

کاتدي انجام مي شود وجود اکسيژن کافي از شرايط لازم براي کامل شدن واکنش و مصرف الکترون هاي ورودي به کاتند  

کنه اينن را   . در بين الکترود هاي مورد بررسي کربن پارچه اي بيشترين دانسيته تنوان را دارا بنود  . رجي استاز طريق مدار خا

مي توان دريافت که الکترود کربن پارچه اي   از شکل  [1].مي توان به رسانايي خوب و سطح ويژه بالاي اين ماده نسبت داد

همچنين تأثير هوادهي بر عملکرد کربن پارچه اي نسبت بنه گرافينت   .  سطح فعال گسترده تري نسبت به اکترود گرافيت دارد

ه توان ودانسيته جريان براي کربن پارچه اي بعد از هوادهي بيش از دو برابر شنده  بيشتر بود و نتايج حاصله نشان داد که دانسيت

  .درحالي که اين تغيير براي گرافيت تمريبا يک ونيم برابر بود. است
 

 گيري نتيجه

اي اسنتفاده   براي توليد دانسيته جريان بالا در پيل سوختي ميکروبي بهتر است از مواد با سطح ويژه بالا همانند کربن پارچه( 9

 .کنيم



 استفاده از مواد مختلف

 

 
 

234 

 

اثر هوادهي در محفیه کاتدي موقعي پر رنگ تر است که سطح ويژه الکترود زياد بنوده کنه بندين وسنيله الکتنرون هناي       (  

بيشتري مي توانند در واکنش احيا در حضور اکسيژن شرکت کنند و بدين وسيله به دانسيته توان و جريان بالاتري دسنت پيندا   

 .خواهيم کرد
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 آزمايشگاهينماي عملياتي در ممياس ( نماي گرافيکي ب( پيل سوختي ميکروبي الف: 9شکل

 

 
 

 

 گرافيت( کربن پارچه اي ب( تصوير ميکروسکوپي الکتروني روبشي از الکترود کاتد الف : شکل 
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 با هوادهي در محفیه کاتدي( بدون هوادهي در محفیه کاتدي ب( نمودار ولتاژ برحسب جريان در شرايط الف:  9نمودار 

 

 
 

 

 

 

 

 

 
 با هوادهي در محفیه کاتدي( بدون هوادهي در محفیه کاتدي ب( شرايط الفنمودارپلاريزاسيون در : نمودار 
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دهي كبالت و منگنز به روش لايه نشاني الكتريكي در بررسي تاثير زمان پوشش

 هاي سوختي غشا پليمري پيل

                

 ، محسن رضايت منداميرحسين آرامي پارچه باف

 ايراندانشگاه آزاد اسلامي، واحد نجف آباد، باشگاه پژوهشگران جوان و نخبگان، نجف آباد، اصفهان، . 9
amir.arami@gmail.com 

 دانشکده مهندسي مواد، دانشگاه آزاد اسلامي، واحد نجف آباد، اصفهان، ايران.  
Mohsen_Rezayatmand@yahoo.com 

 

 چكيده
هناي تجديند    هاي محيطي منجر به افزايش تمايل کشورها به اسنتفاده از اننرژي   محدود بودن منابع انرژي و افزايش روز به روز آلودگي

در اين پژوهش به بررسني تناثير   . هاي زيست محيطي هستند هاي سوختي داراي کمترين ميزان آلودگي پيل. پذير و پا  گرديده است

هاي سوختي غشا پليمري  نز به رو  لايه نشاني الکتريکي در سطح به منیور استفاده به عنوان کاتد پيلزمان پوشش دهي کبالت و منگ

افزايش زمنان  . ذرا  کبالت و منگنز به خوبي به رو  لايه نشاني الکتريکي بر روي زير لايه نيکل پوشش داده شد. پرداخته شده است

هناي توليندي از    بنراي بررسني پوشنش   . ينزان تخلنل سنطح گردينده اسنت     هناي سنطحي و م   پوشش دهي منجر بنه افنزايش نناهمواري   

ميکروسکوپ الکتروني روبشي، ميکروسکوپ نيروي اتمي، طينف سننج پنرا  پرتنو ايکنس و طينف نگنار امپندانس الکتروشنيميايي          

 . استفاده شده است

 

 .مهندسي سطح، پيل سوختي غشا پليمري، لايه نشاني الکتريکي، الکترود، کبالت، منگنز :هاي كليدي واژه

 

 مقدمه

 يرنی ياستفاده از منابع سالم انرژ ي،قرن آت يلدر اوا يگرد يو احتمال وقوع بحران يلاديم9113در سال  يپس از بحران انرژ

لازم  يرهو غ يوگازب يدروژن،ه يدي،خورش يجزر و مد، استخرها يا،باد، آب، امواج در يدي،خورش يرپذ يدتجد هاي يانرژ

را  يا گداخت هسته يا يوژنو ف  يسوخت هاي يلپ يي،فتوولتا يرنی يمبدل انرژ هاي يستمضرور  استفاده از س يزبوده و ن

 [.9]نموده است يرناگز

،   ياييقل يسوخت هاي يل، پ 9يمريپل غشاء يسوخت هاي يلپ يبه پنج دسته اصل يتبراساس نوع الکترول يسوخت هاي يلپ

[. 2] گردد يم يمتمس  9جامد يداکس يسوخت هاي يل، پ 4کربنا  مذاب يسوخت هاي يل، پ 3يکفسفر يداس يسوخت هاي يلپ

                                                 
1
 Polymer Electrolyte Membrane Fuel Cell 

2
 Alkaline Fuel Cell 

3
 Phosphoric Acid Fuel Cell 

4
 Molten Carbonate Fuel Cell 
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وجود دارند که از  يزن... و  يفلز يدريده يکروبي،م وختيس هاي يلپ يرنی يگريد يسوخت هاي يلبجز موارد ذکر شده پ

که  شود يمحسوب م يسوخت هاي يلپ ياز انواع اصل يکي يمريپل يتبا الکترول يسوخت هاي يلپ .برخوردارند يکمتر يتاهم

 يدهگرد يخودرو ساز يعصنا يژهبو يعاز صنا ياريمورد توجه بس يينعملکرد پا يدما يزمناسب و ن يانجر يچگال يلبه دل

 يستقادر ن يلپ يناز آنجاکه ا. باشد يم سازيخودرو  يعدر صنا ياحتراق يموتورها يبرا يمناسب يگزينجا ها يلپ ينا. است

 يکم يدارا ياکه فاقد و  يغن يدروژنه يدارا يها کار با سوخت يبرا يلپ ينکار کند، لذا ا C  9 2  بالاتر از يدر دما

 ينو ا شود يم ياکنش آند باشد موجب کاهش و يشترب يکربن اگر از حد يدمنواکس. باشد يکربن است مناسب م يدمنواکس

 [.3]شود يم يشترب يلپ يدما يشبا افزا اهشک

 [.3]کنيد يرا مشاهده م يمريپل يسوخت هاي يلموجود در پ هاي ينداز فرا ييشما 9در شکل 

 

 
 [3]يمريپل يسوخت يلاساس کار پ: 9شکل 

 

 يون يرسانا يشده در آند از غشا يدتول يدروژنه هاي يون يمريپل يسوخت يلدر پمشاهده مي شود  9همانطور که در شکل 

در . شوند يبه کاتد منتمل م يخارج يانجر يقاز طر يزآزاد شده در آند ن يها و الکترون رسند يو به کاتد م کنند يعبور م

واکنش هاي موجود در پيل هاي . شود يم يدشده، آب و گرما تول يبها ترک و الکترون يدروژنه هاي يونبا  يژنکاتد اکس

 [.3]مشاهده مي کنيد 3تا  9ا پليمري را در معادلا  سوختي غش

                                                                                                     :         واکنش آندي(  9)
         

                                                                                   :واکنش کاندي(  )

 
     

    
                

                                                                 :واکنش کلي( 3)
  

 
     

                             

متخلخل  و  يدرو الکترود با ينبه داخل الکترود نفوذ کند، از ا يتلازم است الکترول يمياييالکترو ش يها انجام واکنش يبرا

بالا و طول  يانجر يدر چگال يداريپا يشدن، دارا ينترقابل س يرغ يدالکترود با ينعلاوه برا. باشد يرنسبت به گازها نفوذپذ

                                                                                                                                                            
1
 Solid Oxide Fuel Cell 
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 شوند يانتخاب م يا معمولا مواد بکار رفته در الکترود به گونه [.4]داشته باشد يکيالکتر رسانايي يدالکترود با. عمر بالا باشد

سرعت  يشبه منیور افزا ينبنابرا. دهند يشکه علاوه بر داشتن خواص ذکر شده، تا حد امکان منافذ سطح الکترود را افزا

سرعت انجام واکنش  ينکهوجه به ابا ت. خلل و فرج باشند يرسانا و دارا يزور،کاتال يددهنده الکترود با يلها، مواد تشک واکنش

 [.5]بالا است ياز نمش آن در دما يشترب يينپا يدر دما يزورنمش کاتال يتاهم کند يم يداپ يشدما، افزا يشبا افزا يونيزاسيون

باشد که  يبه حد يدنبا يتنفوذ گازها و الکترول يکنو گازها باشند ول يتمانع نفوذ الکترول يدالکترود منفذدار نبا ينهمچن

بر  يمرتبه کوچک يصاف و بدون تخلخل معمولا دارا ياز الکترودها يناش يانجر يچگال. الکترودها شود يتمانع از فعال

mAcmحسب 
 يبا چگال يقو يانجر يهنگام باشد، يمحدود و کوچک م يارواکنش بس امانج ياست، چون سطح موثر برا 2-

سرعت  يقابل توجه يزانصور  به م ينباشد، در ا يشترآن ب يت به سطح هندسکه سطح موثر الکترود نسب شود يم يدبالا تول

 [.3]يابد يم يشها افزا  انجام واکنش

 يفهوظ. باشند يم  يزورکاتال يهوب  و لا يابستر  يهلا يه،از دو لا يبيهمانطور که در مطالب قبل اشاره شد الکترود معمولا ترک

 يکيالکتر يبستر هاد يک يجادا يکي،کننده استحکام مکان ينجهت نفوذ گاز، تام ييها يرمس يجادبستر شامل ا يهلا ياصل

بستر . داشته باشد  يزيخواص آب گر يدبا يهلا ينا .يديخروج آب تول يبرا هاي سيرم يجادها و ا جهت انتمال الکترون

 ينا. شود يم يهمناسب ته يتبادل انيجر يتهکه معمولا از فلزا  فعال با دانس شود يپوشش داده م يزورکاتال يهلا يکتوسط 

و  اتاليزورک يهاز درون لا يعشبکه انتمال ما يجادبه منیور ا يتخاص ينهستند، وجود ا  يآب دوست هاي يژگيو يدارا يهلا

 [.3]رود يشده بکار م يدالکترون تول يانانتمال جر

استفاده  يزسلول الکترول يکرو  از  يندر ا. شود يشناخته م يزن يکيالکتر يبانام آبکار  يمياييالکتروش يرسوب گذار

 .غوطه ور در آن است يحمام و الکترودها يککه شامل  يشودم

 
 

  
 [3]يمريپل يسوخت يلاساس کار پ:  شکل 

 

. وجود دارد تيدر حمام الکترول ونيشود به شکل  يرسوب گذار ديکه با يفلزمشاهده مي شود   همانطور که در شکل 

 گردد يمتصل م( آند)شود به قطب مثبت  يرسوب گذار ديآن چه به عنوان پوشش با. متصل هستند انيالکترودها به منبع جر

در  [.6]شود يقابل حل استفاده م ريمثل طلا که از آند غ يبه جز در موارد  شود، يمتصل م( کاتد) يبه قطب منف هيلا ريو ز
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الکتريکي جريان و زمان به عنوان دو عامل بسيار مهم مطرح است که تاثير اين دو عامل در معادله فاراده فرايند لايه نشاني 

  .گرددمشاهده مي

(4                                                                                                        )    
     

 
 

جرم ملکولي پوشش  Mو  9عدد فاراده Fتعداد الکترون،  n جرم پوشش نشانده شده، Wزمان،  tجريان،  I، 4در معادله 

 .باشد مي

 

 مواد و روش تحقيق

مواد مورد استفاده شامل اسيد سولفوريک، اسيد بوريک، سولفا  کبالت، کليريد کبالت، سنولفا  منگننز، کلريند منگننز و     

 . باشد تمامي مواد محصول شرکت مر  آلمان مي. باشد درصد مي 11/11نيکل با خلوص 

جهت پوشش دهني ماننت سنرد گرديند سنپس پنوليش شنده و توسنط اسنتون           mm9و ضخامت  cm9×9ورق نيکل به ابعاد 

به عنوان آند اسنتفاده شنده    mm02 براي انجام فرايند پوشش دهي از گرافيت استوانه اي به قطر. شستشو و خشک شده است

پس از اتصال آند و کاتد به منبع جريان فرايند پوشش دهني  . آند قرار داده شد  Cmعنوان کاتد در فاصله فلز نيکل به . است

 .دقيمه صور  گرفت 0 و  90، 92، 0به مد  

 
 

 زمان پوشش دهي نمونه ها :9جدول 
Co-04 Co-03 Co-02 Co-01 
Mn-04 Mn-03 Mn-02 Mn-01 
25 min 15 min 10 min 5 min 

 . شود کبالت و منگنز مورد استفاده مشاهده مي های حمامجزئيا    در جدول 
 

 مشخصا  حمام هاي مورد استفاده در فرايند پوشش دهي : جدول 

 حمام منگنز حمام كبالت

 ممدار مشخصه ممدار مشخصه

CoCl2·6H2O gr  2   MnCl2·4H2O gr  2   

CoSO4·7H2O gr 02  MnSO4·4H2O gr 02  

   gr  22  آب   gr  22  آب

H3BO3  gr 3   H3BO3  gr 3   

PH 3 PH 3 

T °C 32 T °C  2 

mA.Cm (i)دانسيته جريان 
mA.Cm (i)دانسيته جريان  2  2-

-2 32 
 

  

                                                 
1
 Faraday’s Constant (F) = 96485.34 C/mol 
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و توسط يک پيل سه الکترودي با دستگاه پتانسيواستا  ساخت شرکت  K 918°آزمايشا  الکتروشيميايي در دماي 

EG&G  در اين پيل از الکترود گرافيتي و الکترود کالومل . استصور  گرفته(V-RHE  49/2 ) به عنوان الکترود

موجود در دانشگاه آزاد نجف آباد  HBOبا دستگاه  SEMتصاوير . شمارنده و الکترود مرجع مورد استفاده قرار گرفته است

 .گرفته شده است Park Scientific Instrumentsشرکت  AP0100توسط دستگاه  AFMو تصاوير 

 

 نتايج و بحث

 يتهباشند دانسن   يمن  يدر مرحله اول که شامل جوانه زنن . و رشد است يشامل دو مرحله جوانه زن يکيالکتر ينشان يهلا يزممکان

مناسنب   يهستند محل ها يشتريب يانجر يتهدانس يکه دارا ينماط. باشد يم يجوانه زن يمحل ها يجادپارامتر مهم در ا يانجر

سنطح بنه طنور     يکروم ياسثابت بوده است اما در مم يانجر يتهدانس ينجادر ا ينکها بهباشند، با توجه  يم يجهت جوانه زن يتر

 يهنا  يتهدانسن  يگنردد نمناط مختلنف سنطح دارا     يباعث من  يهاول يها يناهموار ينباشد و جود ا ينم يمليکامل صاف و ص

 [.7]دارند يزن انهتمدم در جو يگرنماط نسبت به نماط د يناز ا يبعض يننسبت به هم باشند بنابرا يمتفاوت

نفنوذ اتنم   (3 يبه اتنم فلنز   يون يلانتمال بار و تبد( از داخل محلول به سطح کاتد  يونانتمال ( 9: مرحله رشد شامل سه مرحله

باشد لنذا زمنان    ينفوذ م يهبر پا يندفرا يزممرحله مکان يندر ا ينکها يلبدل. فلز و رشد دانه است يستاليبه داخل شبکه کر يفلز

 [.7]ها دارد جوانهدر رشد  ينمش موثر يپوشش ده

 .تصاوير ميکروسکوپ الکتروني پوشش کبالت مشاهده مي شود 3در شکل 
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 Co-02تصوير پوشش نمونه ( ب Co-01تصوير پوشش نمونه ( برابر الف 022پوشش کبالت در بزرگنمايي  SEMتصاوير : 3شکل 

 Co-04تصوير پوشش نمونه ( د Co-03تصوير پوشش نمونه ( ج

 

مشاهده مي شود با افزايش زمان پوشش دهي تعداد جوانه هاي قابل رشد افزايش مي يابد که اين امنر   3همانطور که در شکل 

نناهمواري  همچنين افزايش زمان پوشش دهي منجر بنه افنزايش مينزان    . موجب افزايش تراکم دانه هاي پوشش گرديده است

از طنرف ديگرافنزايش زمنان باعنث افنزايش تنراکم       . هاي سطح و در نتيجه افزايش ميزان خلل و فرج سنطح گردينده اسنت   

 .پوشش و در نتيجه کاهش ميزان تخلل سطح مي گردد

مشاهده مي شود از لحاظ ريخت شناسي ذرا  پوشش به صور  گل کلمني مني باشند     4همانطور که در تصوير الف شکل 

آناليز عنصري اين ذرا  نشان مي دهد که پوشش کبالت به خوبي به رو  لايه نشناني الکتريکني بنرروي زينر لاينه       همچنين

که از تجمع درا  کبالت تشکيل شنده اسنت کنه طبنق     . اين ذرا  تمريبا به صور  کروي مي باشد. نيکل تشکيل شده است

 .جريان در اين نماط گرديده استمکانيزيم گفته شده تشکيل اين ذرا  منجر به افزايش دانسيته 
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[norm. at.%] [norm. wt.%] [wt.%] series عنصر 

11.6395189390211 3.45271476701886 3.00968225952897 K-series Oxygen 
88.3604810609789 96.5472852329811 84.158892691352 K-series Cobalt 

100 100 87.1685749508809 Sum:  

 ذرا  کبالت EDSآناليز ( برابر ب 222 ريخت شناسي ذرا  کبالت در بزرگنمايي ( الف: 4شکل 
 

 0براي بررسي دقيق تر سطح پوشش در سه بعد از ميکروسکوپ نيروي اتمي اسنتفاده شنده اسنت کنه تصناوير آن در شنکل       

 .مشاهده مي شود

 
 

  
 Co-04نمونه ( د Co-03نمونه ( ج Co-02نمونه ( ب Co-01نمونه ( سطح پوشش الف AFMتصاوير : 0شکل 
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 تغيرا  سطح نسبت به زمان پوشش دهي( نمودار تغيرا  زبري بر حسب زمان پوشش دهي ب( الف: 0شکل 

 

در . مشاهده مي شود افزايش زمان پوشش دهي منجر به افنزايش مينزان زبنري سنطح گردينده اسنت       0همانطور که در شکل 

تغيرا  زبري بر اساس زمان پوشش دهي نشان داده شده است با افزايش مد  زمان پوشش دهني چنون    0نمودار الف شکل 

مکانيزم رشد جوانه ها يک مکانيزم نفوذي مي باشد اين افزايش زمان باعث مي شود جوانه هناي تشنکيل شنده فرصنت لازم     

ي منجر به افزايش سطح کل در يک ممطع ثابنت  اين افزايش زبر. جهت رشد را پيدا نموده لذا زبري سطح افزايش يافته است

. نشان مي دهد در يک ممطع ثابت سطح کل نسبت به زمان پوشش دهي افزايش يافته اسنت  0نمودار ب شکل . گرديده است

اما نکته قابل توجه در اينجا اينست که روند تغيرا  سطح از نمونه سوم به چهارم داراي شيب کمتري مي باشد علت اينن امنر   

 .ايش تراکم سطح و تعداد جوانه هاي قابل رشد مي باشد که منجر به پر شدن خلل و فرج سطحي مي گرددافز

در  mHz922 تنا  kHz922مولار اسيد سولفوريک از فرکنانس   0/2نمودار نايکوئست پوشش کبالت در محلول   1در شکل 

هيدروژن بر روي سطح افزايش يافتنه کنه اينن امنر     با افزايش زمان پوشش دهي ميزان جذب . مشاهده مي شود mV0پتانسيل 

بنا توجنه بنه    . موجب افزايش ميزان انجام پذيري واکنش بين اکسيژن و هيدروژن بر روي سطح اين کاتاليست گردينده اسنت  

نمودارهاي نايکوئست بدست آمده از نموننه ينک بنه سنمت نموننه چهنار مينزان پلاريزاسنيون اکتيواسنيون در حنال کناهش            

هاي انجام شده  وجود پلاريزاسيون غلیتي در نمونه سه و چهار بيانگر اين مسئله مي باشد که با افزايش ميزان واکنش. باشد مي

باشنيم کنه اينن امنر موجنب ايجناد        هناي هيندروژن را بنر روي اينن سنطح شناهد مني        بر روي سطح کاتاليست تشکيل حبناب 

توان گفنت بنا افنزايش مينزان زبنري       در حالت کلي مي. است پلاريزاسيون غلیتي بر روي سطح نمونه سوم و چهارم گرديده

سطح ما افزايش ميزان سطح کل را در يک ممطع ثابت خواهيم داشت که اينن افنزايش سنطح منجنر بنه بهبنود عملکنرد پينل         

 .گردد مي
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در پتانسيل  mHz922 تا kHz922مولار اسيد سولفوريک از فرکانس  0/2نمودارهاي نايکوئست پوشش کبالت در محلول : 1شکل 

mV0 نمونه ( الفCo-01 نمونه ( بCo-02 نمونه ( جCo-03 نمونه ( دCo-04 

 

در اين حالت نينز دانسنيته جرينان اعمنالي     . در خصوص پوشش منگنز نيز مکانيزم حاکم، مکانيزم جوانه زني و رشد مي باشد

جهت پوشش دهي سطح نيکل ممداري ثابت مي باشد اما چون در ممياس ميکرو سطح به صور  صاف و صيملي نمني باشند   

ه مي گردد که در بعضي از نماط سطح افزايش ميزان دانسيته جريان و داراي پروفيل سطحي مي باشد اين امر منجر به اين مسل

 . را به صور  موضعي خواهيم داشت بنابراين نماطي از سطح جهت جوانه زني داراي ارجعيت مي باشد

ذا باشد طبق مکانيزم فوق، چون فرايند رشد يک فرايندي بر اساس نفوذ مي باشد لن  ها مي در مرحله دوم که مرحله رشد جوانه

هنا گنردد لنذا     افزايش زمان بايستي منجر به افزايش مينزان رشند جواننه   . باشد افزايش زمان يک پارامتر موثر در اين فرايند مي

گنردد کنه اولا افنزايش سنطح      اين ناهمواري سطحي باعث ايجاد سطح متخلخلي مي. گردد منجر به ايجاد سطحي ناهموار مي

انينا افنزاي زبنري سنطح ينک سنري مسنيرهاي مناسنب جهنت انتمنال واکننش            کل در يک مساحت ثابت را خواهيم داشت ث

 .باشد ها مي دهنده

 .تصاوير ميکروسکوپ الکتروني روبشي از سطح پوشش منگنز مشاهده مي شود 8در شکل  
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 Mn-02تصوير پوشش نمونه ( ب Mn-01تصوير پوشش نمونه ( برابر الف 022پوشش منگنز در بزرگنمايي  SEMتصاوير : 8شکل 

 Mn-04تصوير پوشش نمونه ( د Mn-03تصوير پوشش نمونه ( ج

 

مشاهده مي شود با افزايش زمان پوشش دهي تعداد جوانه هاي قابل رشد افزايش مي يابد که اين امنر   8همانطور که در شکل 

دهي منجر بنه افنزايش مينزان نناهمواري      همچنين افزايش زمان پوشش. موجب افزايش تراکم دانه هاي پوشش گرديده است

از طرف ديگرافزايش بيش از حد زمنان باعنث افنزايش    . هاي سطح و در نتيجه افزايش ميزان خلل و فرج سطح گرديده است

 .تراکم پوشش و در نتيجه کاهش ميزان تخلل سطح مي گردد که باعث کاهش توان خروجي پيل مي گردد

شود سطح اين پوشش داراي تر  هاي زيادي مي باشد که وجنود اينن تنر  هنا خنود      همانطور که در تصاوير مشاهده مي 

مشاهده مي شود از لحاظ ريخت شناسني   1همانطور که در تصوير الف شکل . باعث افزايش ميزان تخلل سطح گرديده است

که پوشش منگنز بنه  ذرا  پوشش به صور  اشکال هندسي نامنیم مي باشد همچنين آناليز عنصري اين ذرا  نشان مي دهد 

 . خوبي به رو  لايه نشاني الکتريکي برروي زير لايه نيکل تشکيل شده است
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[norm. at.%] [norm. wt.%] [wt.%] series عنصر 

67.61511 37.52309 29.66811 K-series Oxygen 
26.50909 50.51482 39.94019 K-series Manganese 
5.875795 11.96209 9.457978 K-series Nickel 

100 100 79.06628 Sum:  

 ذرا  منگنز EDSآناليز ( برابر ب 222 ريخت شناسي ذرا  منگنز در بزرگنمايي ( الف: 1شکل 

 .تصاوير سه بعدي سطح مشاهده مي گردد 92در شکل 

  

  
 Mn-04نمونه ( د Mn-03نمونه ( ج Mn-02نمونه ( ب Mn-01نمونه ( سطح پوشش الف AFMتصاوير : 92شکل 
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. مشاهده مي گردد با افزايش زمان پوشش دهي مينزان تنراکم پوشنش افنزايش يافتنه اسنت       92همانطور که در تصاوير شکل 

افزايش زمان پوشش دهي باعث افزايش زبري سطح شده در نتيجه يک سطح کاملا ناهموار بنا درصند تخلخنل بنالا خنواهيم      

 .داشت

 

  
 تغيرا  سطح نسبت به زمان پوشش دهي( ا  زبري بر حسب زمان پوشش دهي بنمودار تغير( الف: 99شکل 

 

تغيرا  زبري بر اساس زمان پوشش دهي نشان داده شده است با افزايش مد  زمنان پوشنش دهني     99در نمودار الف شکل 

تشنکيل شنده فرصنت    چون مکانيزم رشد جوانه ها يک مکانيزم نفوذي مي باشد اين افزايش زمان باعث مي شود جوانه هناي  

اين افزايش زبري منجر به افزايش سطح کل در يک ممطنع  . لازم جهت رشد را پيدا نموده لذا زبري سطح افزايش يافته است

نشان مي دهد در يک ممطع ثابت سطح کل نسنبت بنه زمنان پوشنش دهني افنزايش        99نمودار ب شکل . ثابت گرديده است

ا اينست که روند تغيرا  سطح از نمونه سوم به چهارم داراي شنيب کمتنري مني باشند     اما نکته قابل توجه در اينج. يافته است

 .علت اين امر افزايش تراکم سطح و تعداد جوانه هاي قابل رشد مي باشد که منجر به پر شدن خلل و فرج سطحي مي گردد

در  mHz922 تا kHz922مولار اسيد سولفوريک از فرکانس  0/2نمودار نايکوئست پوشش منگنز در محلول    9در شکل 

با افزايش زمان پوشش دهي ميزان جذب هيدروژن بر روي سطح افزايش يافته که اين امر . مشاهده مي شود mV0پتانسيل 

با توجه به . دروژن بر روي سطح اين کاتاليست گرديده استموجب افزايش ميزان انجام پذيري واکنش بين اکسيژن و هي

نمودارهاي نايکوئست بدست آمده از نمونه يک به سمت نمونه چهار ميزان پلاريزاسيون اکتيواسيون در حال کاهش مي 

شده بر روي  وجود پلاريزاسيون غلیتي در نمونه سه بيانگر اين مسئله مي باشد که با افزايش ميزان واکنش هاي انجام. باشد

سطح کاتاليست تشکيل حباب هاي هيدروژن را بر روي اين سطح شاهد مي باشيم که اين امر موجب ايجاد پلاريزاسيون 

در نمونه چهار به دليل افزايش ميزان واکنش پذيري ميزان مماومت . غلیتي بر روي سطح نمونه سوم گرديده است

مي توان گفت با افزايش ميزان زبري سطح ما افزايش ميزان سطح کل  اکتيواسيون کاهش شديدي يافته است در حالت کلي

 .را در يک ممطع ثابت خواهيم داشت که اين افزايش سطح منجر به بهبود عملکرد پيل مي گردد
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تانسيل در پ mHz922 تا kHz922مولار اسيد سولفوريک از فرکانس  0/2نمودارهاي نايکوئست پوشش منگنز در محلول :  9شکل 

mV0 نمونه ( الفMn-01 نمونه ( بMn-02 نمونه ( جMn-03 نمونه ( دMn-04 
 

 گيري نتيجه

فرايند لايه نشاني الکتريکي طبق مکانيزم جوانه زني و رشد، ضخانت لايه پوششي ايجاد شده متناسب با زمان پوشش دهي ( 9

 .مي باشد

الکتريکي منجر به افزايش زبري و درنتيجنه افنزايش سنطح منوثر در ينک      افزايش زمان پوشش دهي در فرايند لايه نشاني (  

افزايش زياد زمان پوشش دهي باعث افزايش تراکم پوشش در نتيجه کاهش ميزان خلل و فرج سطح مي . ممطع ثابت ميگردد

 .گردد

 .ايجاد ناهمواري در سطح پوشش منجر به بهبود عملکرد کاتاليست سطحي مي گردد( 3

ش کبالت ايجاد شده از لحاظ ريخت شناسي به صنور  گنل کلمني مني باشند در حنالي کنه ذرا  منگننز بنه          ذرا  پوش( 4

 .صور  اشکال هندسي نامنیم مي باشد
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 چكيده
آماده شد و در پيل سوختي با (  0:1Ni:Pt با نسبت)روي پارچة کربني  NiPtدر اين مطالعه، کاتاليست کامپوزيتي بر پاية نيکل شامل 

mg.cmلودينگ کاتاليست . سوخت مستميم بورهيدريد مورد استفاده قرار گرفت
پراکسيد هيدروژن به عنوان اکسنيدانت و  . بود    2-

عملکرد پيل سوختي تحت شرايط عملياتي مختلنف از  . محلول قليايي بورهيدريد سديم به عنوان سوخت در پيل سوختي استفاده شدند

دهد که با افزايش غلینت سنوخت، اکسنيدانت و دمناي     ها نشان مي نتايج آزمايش. جمله غلیت سوخت و اکسيدانت و دما مطالعه شد

 .يابدعملياتي دانسيتة توان نيز افزايش مي

 

 ، دما، پراکسيد هيدروژن، غلیت بورهيدريد سديم، غلیت اکسيدانتNiPtپيل سوختي بورهيدريد، کاتاليست : هاي كليدي واژه

 

 مقدمه

پيل هاي سوختي در پنج دهه اخير بطور گسترده مورد مطالعه قرار گرفته اند پيل هاي سوختي باعث شده است تا منابع اننرژي  

با توسعه سريع در طراحي پيل هاي سوختي انتیار مي رود در يک يک يادو دهه بعد توليند  . جايگزين بيشتري در اختيار باشد

سوخت هايي مثل گاز طبيعني،  . ترونيک قابل حمل متکي به انرژي حاصل از پيل هاي سوختي باشدانرژي براي تجهيزا  الک

چند مشکل  جندي  [. 9]پروپان وديزل مورد توجه قرار گرفته اند اما اين سوخت ها بايد اصلاح شوند تا هيدروژن توليد کنند 

ره اين سوخت ها و مشنکلا  تهينه سنوخت قابنل اشنتعال      قابليت اعتماد اين سيستم ها، امنيت ذخي: در اين زمينه پيش مي آيد

يک سوخت جايگزين بايد مستعد واکنش دهي باشد تا بطور مسنتميم بندون   . بنابراين بايد دنبال سوخت جايگزين بود. گازي

دستيابي به بعضي سوخت ها مشکل است مخصوصاَ اگر از مناکرو مولکنول هنا    . اينکه سبب پسيو اسيون آند شود اکسيد شود

سوخت هاي هيدرو کربني مي تواننند بطنور مسنتميم در    . اور ولتاژهاي بزرگ آندي نتيجه اکسايش ناقص است. استفاده شود

استفاده شوند، اما اکسايش مستميم اين هيدرو کربن ها چند مرحلنه مکانيسنمي را   [  ] (SOFC)پيل هاي سوختي اکسيد جامد

اين نگراني ها محممان را به استفاده از سوخت هاي مايع مثل پينل  [. 3،4]درگير مي کند و موجب پسيو شدن الکترود مي شود

به هنگام اکسايش مسموم مني شنود و    آند DMFCهرچند که در . وا داشته است (DMFC)سوختي با سوخت مستميم متانول 

[. 0-1]انجامينده اسنت   DMFCپيشرفت هاي مهمني بنه بهبنود عملکنرد     . عبور متانول از ميان غشا راندمان را کاهش مي دهد
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درصد حل شده در محلنول غلنيظ سنديم هيدروکسنيد بعننوان بخشني از        32اخيراَ سديم بورهيدريد بصور  جامد يا محلول 

گزين براي پيل هاي سوختي با دانسيته بالا مورد توجه قنرار گرفتنه اسنت کنه بنراي کاربردهناي حمنل        توسعه هاي مداوم جاي

با توجه بنه اينکنه نگنه داري هيندروژن در دراز مند  پنر خطنر اسنت جنايگزيني          . ونمل و ابزارهاي زيردريايي بکار مي رود

و هنم بعننوان ينک    [  8]ط ذخينره هيندروژن  يون بور هيدريد هنم بعننوان محني   . سوخت هاي ديگر با هيدروژن ضروري است

.  هردو سيستم مشکلا  ظرف هاي ذخينره پرفشنار هيندروژن را کناهش مني دهند      [. 92و1]سوخت مورد بررسي قرار گرفت

ولت نسنبت بنه    -4/9 الکترون را در پتانسيل تعادلي  8بطور ايده آل اکسايش مستميم يون بور هيدريد درمحيط قليايي مبادله 

SHE ولت  04/9واکنش احياي اکسيژن تکميل کننده واکنش کل است وپتانسيل تعادلي از نیر تئوري [.  99]کند درگير مي

 . است
   

          
                                                                                                         

 

2                                                                                                                                           
B  

         
                                                                                                                 

            

 

اين نوع سيستم با آندهاي . استفاده از هيدروژن پراکسيد بجاي اکسيژن بعنوان اکسيدانت باعث افزايش پتانسيل پيل مي شود

منيزيم  و آلومينيوم در تعدادي از باتري هاي اوليه و پيل هاي سوختي بورهيدريد براي وسايل نمليه زير دريايي بکار گرفته 

در ممايسه با ديگر اکسيدانت ها هيدروژن پراکسيد . پراکسيد يک انتخاب مناسب براي اين کاربردهاست هيدروژن. مي شود

 :معايب اين سوخت به قرار زير است. آبي پايدار است وسمي نيست%30خطر کمتري دارد، در محلول 

فاده شده در پيل هاي سوختي است Auو  Pt ،Pdانرژي مخصوص آن در ممايسه با اکسيژن کم است و در حضور فلزاتي مثل 

بنابراين يک کاتد مناسب بايد احياي هيدروژن پر اکسيد را بوده و ازتجزيه آن به اکسيژن جلوگيري مي . تجزيه مي شود

 :است  4واکنش احياي هيدروژن پراکسيد در محلول قليايي بصور  معادله . کند
    

                                                                                                                                              
اکسيژن پتانسيل تعادلي به اندازه  –اکسيژن و هيدروژن  –در حالي که متانول . ولت است  /99پتانسيل پيل در اين حالت 

پتانسيلي مختلط است ( DBFC)پيل سوختي با سوخت مستميم بورهيدريد پتانسيل آند در. ولت توليد مي کنند 3/9 و  9/9 

اين گونه ها شامل محصولا  حاصل از هيدروليز بورهيدريد و اکسايش . که تحت تأثير گونه هاي ردوکس موجود است

راکسيد رخ مي در کاتد نيز دو واکنش احياي مستميم هيدروژن پراکسيد واحياي اکسيژن آزاد شده از تجزيه پ. آن مي باشد

 :است 0احياي هيدروژن پراکسيد را در محيط اسيدي به صور  معادلة . دهد
                                                                                                                                      

                   
 

ولت بيشتر از  1/2ولت توليد مي کند که  29/3ترکيب اين واکنش ها با اکسايش مستميم بور هيدريد پتانسيل پيلي به اندازه 

هيدروژن پر اکسيد -با وجود همه اين چالش ها پيل سوختي بورهيدريد. احياي هيدروژن پر اکسيد در محلول قليايي است

 .اکسيژن توليد مي کند -اکسيژن و هيدروژن –ول انرژي بيشتري نسبت به پيل هاي سوختي متان
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 مواد و روش تحقيق

هاي سطحي و چربي زدايي در استون، ايزوپروپيل الکل و آب ديونيزه هر کدام ابتدا پارچة کربني به منیور حذف آلودگي

ميزان بار . دنددرجة سانتيگراد به مد  نيم ساعت خشک ش 322و 82سپس در دماي . به مد  نيم ساعت قرار داده شد

mg.cmگذاري لاية نفوذ  
درصد وزني و آب و  32پودر کربن ولکان به همراه محلول تفلوني   لاية نفوذ از. بود  2-

هاي کربني با رو  قلمو اعمال ساعت ديسپرز شده تهيه شد و بر روي ورقه  ايزوپروپيل الکل در حمام التراسونيک به مد  

درجه سانتيگراد هر کدام  322و  12هاي هاي کربني در دماورقه  يه نشاني لاية نفوذ گازي،در هر مورد پس از انجام لا. شد

براي نسبت وزني ( 0:9با نسبت اتمي ) Ni-Pt/Cکاتاليست سپس  .به مد  نيم ساعت داخل کوره کاملاً خشک شدند

wt.% 2  فلز در پودر کاتاليست و با بارگذاري فلزيmg cm
 . فلز در سطح تهيه شد   2-

ساعت با التراسونيک ديسپرس شد سپس نمکهاي    ابتدا کربن ولکان در مخلوطي از آب و ايزوپروپيل الکل به مد  

تنیيم شد و  8محلول تا  pHسپس . ساعت ديسپرس شد  مربوطة نيکل و پلاتين به ممدار مناسب اضافه و دوباره به مد  

بعد از سرد شدن مخلوط خشک شد و به . در ادامه توسط هيدرازين احيا شد. سانتيگراد رسانده شددرجة  82دماي آن به 

 .منیور حذف يونهاي کلر چندين بار با آب ممطر شستشو داده شد و سپس خشک شد

شدن نافيون، آب و ايزوپروپيل الکل آماده شد و براي يکنواخت  Wt% 0براي تهية جوهر کاتاليستي مخلوطي متشکل از 

سپس جوهر کاتاليستي بر روي لاية نفوذ گازي با قلمو به . ساعت در التراسونيک ديسپرس شد  جوهر، مخلوط به مد  

 . طور يکنواخت اعمال شد

هاي احتمالي از آن پا  شود و همچنين پروتونه ، ابتدا بايد کليه آلودگيMEAقبل از استفاده از غشاء نفيون در ترکيب 

بعد از آن به مد  . شدبه مد  يک و نيم ساعت قرار داده  C 02°یور ابتدا آن در آب ديونيزه با دماي براي اين من. گردد

. هاي آلي موجود در آن اکسيد شودجوشانده شده تا ناخالصي wt.% H2O2 3در محلول  C 02°يک و نيم ساعت در دماي 

در مرحله بعد غشا به مد  . شدقرار داده  C 02°ا دماي پس از اين مرحله مجدداً به مد  يک و نيم ساعت در آب ديونيزه ب

جوشانده شده و در نهايت غشاء چندين بار با آب ديونيزه  C 02°در دماي  M H2SO4 0/2يک و نيم ساعت در محلول 

 .شودشستشو داده شده و تا قبل از اعمال پرس در آن نگهداري مي

الکترود در دو سمت غشا توسط دستگاه ها  پرس تحت دما و فشار بالا، سازي غشا، دو بعد از تهية آند و کاتد و آماده

در فرآيند تست پيل سوختي با سوخت مستميم سديم . پرس شده و در سلول پيل سوختي مورد استفاده قرار گرفت

 M+0/2وH2O2  M9محلول و به عنوان سوخت در آند   M NaOH + 9و NaBH4   M0/2از محلول ( DBFC)بوروهيدريد 

H2SO40/2 هايي چون غلیت سوخت، غلیت اکسيدانت، دماي عمل بر تأثير پارامتر .بعنوان اکسيدانت در کاتد استفاده شد

 .روي راندمان پيل مطالعه شد
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ساعت و سپس تزريق محلول  3رو  فعال سازي اين پيلها مشابه بوده و شامل تزريق آب ممطر به آند و کاتد به مد  

NaOH M    به آند جهت تبديل شکل گروه عاملي سولفونيک اسيد به  ساعت 3به مدNa
دليل اين امر اين است که . +

Na)کاتيون عبوري از غشا در اين دو پيل يون سديم 
H)است نه پروتون ( +

+.)  

 

 نتايج و بحث

  NaBH4/H2O2اثر دما بر راندمان پيل سوختي 
mg cmکاتاليست آندي و کاتدي  با لود DBFCپيل سوختي  I-Pو  I-Vاثر دما بر روي منحنيهاي  9شکل 

-

 . يابدکاملاً مشخص است که دانسيته توان پيک با افزايش دما افزايش مي. نشان مي دهد   2
BH4مانند )هاي غشا و يونها با افزايش دما از يک طرف اورولتاژ اکتيواسيون کاهش و از طرف ديگر هدايت

- ،Na
OHو  +

- )

هاي خيلي بالا منجر به افزايش سرعت هيدروليز سديم دما. شودمي DBFCر منجر به افزايش راندمان اين ام. يابدافزايش مي

 .شود، بنابراين تنیيم دماي عمل مناسب بسيار مهم استبوروهيدريد مي

 

  NaBH4/H2O2اثر غلظت سديم بوروهيدريد بر راندمان پيل سوختي 

، ارتباط بين (0معادلة )9مطابق با معادله نرنست. سديم هيدروکسيد استشامل سديم بورهيدريد و ( سوخت)محلول آندي 

 :پتانسيل الکترود و محلول الکتروليت به صور  زير است

(0                                                                         )
6

8

0

22

4ln
8 OHBO

OHBH

aa

aa

F

RT
EE



 

 

BH4بنابراين پتانسيل الکترود با فعاليتهاي 
OHو  -

، نفوذ سوخت و سينتيک NaBH4افزايش غلیت . شودتعيين مي -

هرچند عبور سوخت از غشا و هيدروليز . گرددتر ميبخشد و در نتيجه منجر به دانسيته توان بالااکسيداسيون را بهبود مي

. شوددر شروع کار مي (OCP)يابد که اين امر خود منجر به کاهش پتانسيل مدار باز سديم بوروهيدريد نيز افزايش مي

  [. 9]بنابراين غلیت سديم بوروهيدريد براي راندمان بهتر بايستي بهينه شود

بر روي راندمان ( H2SO4 M 0/2  +M H2O2 5/2)و غلیت ثابت اکسيدانت  C° 0تأثير غلیت سديم بورهيدريد در دماي 

mg cmهاي سوختي با لودينگ کاتاليست آندي و کاتدي   پيل
با افزايش غلیت سديم . نشان داده شده است  در شکل    2-

 .، دانسيته توان پيک نيز افزايش داشته استM 9به  M 0/2بورهيدريد از 

 

 NaBH4/H2O2بر راندمان پيل سوختي ( H2O2)اثر غلظت اكسيدانت 

واکنش کاتدي و معادله نرنست، ، پتانسيل کاتدي مطابق با H2O2هاي کاتدي مايع، با افزايش غلیت براي واکنش دهنده

تر است و اين امر موجب تر، سريعاز غشا براي محلولهاي غليظ H2O2، عبور NaBH4هرچند مشابه با آناليز . يابدافزايش مي

 .شودکاهش ولتاژ در شروع کار مي

                                                 
1
 - Nernst 
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mg mg cmاليست هاي کاتبا لود DBFC، تأثير غلیت هيدروژن پراکسيد بر راندمان عملي پيلهاي سوختي 0در شکل 
-2   

، دانسيته توان پيک ا افزايش مي M9به  M0/2از  H2O2شود، با افزايش غلیت همانطور که مشاهده مي. نشان داده شده است

 M NaOHلازم به ذکر است که جهت مطالعه تأثير غلیت هيدروژن پراکسيد بر راندمان پيل، ترکيب سوخت، محلول . يابد

  +M NaBH4 0/2 اي پيل نيز بوده و دمC° 0 تنیيم شده است. 

 

 گيري نتيجه

ها و هدايت الکتروليت با افزايش دهندهضريب نفوذ واکنش. دهدافزايش دما دانسيتة توان و دانسيتة جريان را افزايش مي( 9

 .يابدشوند اما سرعت توليد هيدروژن افزايش ميهاي بورهيدريد با سرعت بالايي اکسيد مييون. يابددما افزايش مي

هاي بورهيدريد باعث افزايش دانسيتة توان و سرعت توليد هيدروژن و افزايش عبور بورهيدريد از افزايش غلیت يون(  

 . شودميان غشا مي

 .افزايش غلیت پراکسيد سديم باعث افزايش دانسيته جريان و توان پيل سوختي مي شود( 3
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 Ni-Pt/Cتهية الکتروکاتاليست 
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 H2SO4 Mمحلول : ، اکسيدانتM NaOH   +M NaBH49محلول : ، سوختI-Pو  I-Vاثر دما بر روي منحنيهاي : 9شکل 

0/2 +M H2O2 9 ▲ )
o
C 40، ♦) o

C  0 

 

 
 

 محلول: ، اکسيدانتDBFCاثر غلیت سديم بورهيدريد بر راندمان :  شکل 

H2SO4 M0/2  +M H2O20/2دماي ،C°  0 ▲ )محلول : سوختM NaOH  +M NaBH49 ،♦ )محلول : سوختM NaOH  +M 

NaBH40/2 
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: اکسيدانت( ▲ 0 ، دماي M NaOH  +M NaBH49محلول : ، سوختDBFCاثر غلیت هيدروژن پراکسيد بر راندمان : 3شکل 

 H2SO4 M0/2  +M H2O20/2محلول : اکسيدانت( ♦،H2SO4 M0/2  +M H2O29محلول 

 

 

 

0 

5 

10 

15 

20 

25 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

0 10 20 30 40 50 60 70 

A
P

o
w

er
 d

en
si

ty
(m

W
.c

m
-2

) 

P
o

te
n

ti
a

l(
V

) 

Current density(mA.cm-2) 



 

 

 

 
 

258 

 

 

 
 



 

259 

 

 

 دهنده فلزي پيل سوختي اكسيد جامدايجاد پوشش محافظ براي اتصال

                

 زهرا رنجبرنوري، منصور سلطانيه، سعيد رستگاري

 
 دانشکده مهندسي مواد-دانشگاه علم و صنعت ايران

* zahra_ranjbar@metaleng.iust.ac.ir 

 

 چكيده
 جامند دهننده پينل سنوختي اکسنيد     ، به عنوان اتصنال AISI-430نزن فريتي  در پژوهش حاضر، به منیور بهبود مشکلا  فولاد زنگ

بنه طوريکنه ابتندا منس بنا      . از طريق آبکاري پالسي و اکسيداسيون بعدي ايجاد گرديد 3O4(Mn,Cu)رساناي اسپينل /پوشش محافظ

mA/cm استفاده از حمام سولفاتي با دانسيته جريان متوسط 
سنپس بنراي لاينه نشناني     . دقيمه روي زيرلايه آبکاري شند  4و زمان  248

mA/cmمنگنز از حمام سولفاتي، دانسيته جريان متوسط 
-به عنوان دانسيته جرينان متوسنط بهيننه انتخناب شند و زمنان رسنوب        0 9 2

هناي فلنزي    به منیور تبديل لايه سپس. بود Hz922 و فرکانس % 82در آبکاري پالسي مس و منگنز چرخه کاري . دقيمه بود 8گذاري 

و ارزيابي پايداري پوشش و ممانعت آن از نفنوذ کنروم بنه سنطح، اکسيداسنيون در اتمسنفر هنوا در دمناي          3O4(Mn,Cu)به اسپينل 
o
C102   نتايج شناسايي فازي از طريق پرا  اشعه ايکس . ساعت انجام شد 922به مد(XRD )  تشکيل فاز اسنپينل(Mn,Cu)3O4 

نشنان داد   EDSمجهنز بنه   ( SEM)ها توسط ميکروسکوپ الکتروني روبشي  ارزيابي ميکروساختاري ممطع عرضي نمونه. دادرا نشان 

همچنين لايه پوشنش چسنبندگي خنوبي بنه     . به طور موثري از نفوذ به بيرون کروم جلوگيري کرد 3O4(Mn,Cu)که پوشش اسپينل 

 . زيرلايه داشتند

 

ننزن؛ پوشنش؛ آبکناري پالسني منس و منگننز ؛ اسنپينل        دهننده؛ فنولاد زننگ   يد جامند؛ اتصنال  پيل سوختي اکسن  :هاي كليدي واژه

(Mn,Cu)3O4 . 

 

 مقدمه

اي پيل سوختي اي يا لولهصرف نیر از طراحي صفحه. هاي سوختي اکسيد جامد استدهنده يک جزء بحراني در پيلاتصال

-از يک طرف اتصال الکتريکي بين آند يک تک. کندايفا مياي را در پيل سوختي دهنده نمش دوگانهاکسيد جامد، اتصال

کند، از طرف ديگر يک مانع فيزيکي براي محافیت از مواد الکترود هوا در برابر سلول همسايه برقرار ميسلول و کاتد تک

ن پتانسيل در واقع گراديا. کننده استي سوخت و نيز مانع تماس مواد الکترود سوخت با اتمسفر اکسيدمحيط کاهنده

کننده، يک محدوديت شديد در انتخاب مواد شيميايي ناشي از اختلاف فشار جزئي اکسيژن بين محل سوخت و محل اکسيد

لذا براي انجام وظايف خود بايد هدايت الکتريکي بالا، پايداري در هر دو اتمسفر . [9]شود دهنده محسوب ميبراي اتصال



 ايجاد پوشش محافظ براي

 

 
 

 

260 

 

هاي دهندهاتصال. [4- ]ضريب انبساط حرارتي با ساير اجزاي پيل سوختي داشته باشد  اکسيدکننده و احياکننده و تطابق

هاي سراميکي مزاياي زيادي دارند از جمله از پايداري، هدايت الکتريکي و حرارتي، ساخت دهندهفلزي نسبت به اتصال

علت هزينه پايين، تطابق ضريب نزن فريتي به هاي فلزي، فولاد زنگدهندهدر بين اتصال. توان نام بردآسان و هزينه پايين مي

انبساط حرارتي خوب با ساير اجزاي پيل سوختي و مماومت به اکسيداسيون خوبي که دارد، بهترين گزينه براي استفاده در 

هايي مواجه است که شامل  نرخ نزن فريتي نيز با چالشبا اين وجود، استفاده از فولاد زنگ. [1-0]دهنده است اتصال

هاي سيکلي و مسموميت کاتد در ي اکسيدي در اثر تنشپوسته  و از هم پاشيدن 9قابل قبول، کمانشاکسيداسيون بالا و غير 

 .[92,  8,  3]اثر تبخير کروم است 

هاي فلزي و دهنده مس و منگنز روشي مناسب براي کاهش نرخ اکسيداسيون اتصالاعمال پوشش محافظ اسپينل اکسيدهاي 

 .[99]ممانعت از تبخير کروم است  

، از طريق آبکاري پالسي 3O4(Mn,Cu)رساناي اسپينل /از اين رو هدف از اين پژوهش بررسي امکان تشکيل پوشش محافظ

oهاي فلزي مس و منگنز و اکسيداسيون بعدي در اتمسفر هوا در دماي لايه
C102 است. 

 

 مواد و روش تحقيق

 01/2%فسفر،  29/2%منگنز،  4/2%سيليسيم،  2/2 %با ترکيب شيميايي   AISI-430نزن فريتيدر اين تحميق از فولاد زنگ

-AISIنزن فريتيبراي ايجاد پوشش، ورقي از فولاد زنگ. آهن به عنوان زيرلايه استفاده شد 0/83 %کروم و  04/90%نيکل، 

cm هايي با ابعاد  به صور  مستطيل mm 0/2 با ضخامت  430
ها توسط کاغذ سنباده نمونه. مورد استفاده قرار گرفت 4×20/9

SiC  سپس زيرلايه با محلول . سنباده زده شد 22 9تا شمارهNaOH 10%  در دمايo
C82 زدايي و در محلول حاوي  چربي 

HNO3 20%  وHF 5% ها بلافاصله پس از مرحله اسيدشويي و شست و شو با آب ممطر، از  نمونه. اسيدشويي انجام شد

oطريق آبکاري پالسي در دماي اتاق پوشش داده شدند و پس از آن در دماي 
C102   ساعت  922در اتمسفر هوا به مد

 .اکسيد شدند

ابتدا مس و سپس منگنز روي سطح فولاد . قرار داشت آند از جنس پلاتين بود و به همراه الکترود کاري در يک محفیه 

سولفا  مس  M0/9براي آبکاري مس از حمام سولفا  مس حاوي . آبکاري شدند 3به   نزن با نسبت مولار زنگ

(CuSO4.5H2O ) وM8/2  اسيد سولفوريک(H2SO4 ) 9±9/2با=pH  دانسيته جريان متوسط . [ 9]استفاده شدmA/cm
2 

 .بود 82%کاري و چرخه Hz 922، فرکانس 48

سولفا  آمونيوم  M9، (MnSO4.H2O)سولفا  منگنز  M3/2در مرحله بعد براي آبکاري منگنز از الکتروليتي حاوي 

((NH4)2SO4)  وM23/2  هيدروکسيل آمين هيدروکلرايد(H3NO.HCl ) [93]استفاده شد .pH  تنیيم  2/3 ±9/2اوليه حمام

با استفاده از هيدروکسيل آمين هيدروکلرايد ضمن آبکاري، از . انتخاب شد 82%و چرخه کاري  Hz 922فرکانس . شد

الکتروليت شفاف باقي ماند و امکان استفاده مجدد از . اطراف آند، حين آبکاري منگنز جلوگيري شد Mn (II)اکسيد شدن 

به سرعت کاهش  pHيابد،  کاري افزايش مياما مشخص شد که در آبکاري منگنز همانطور که زمان آب. آن ميسر شد

                                                 
1
 buckling 

2
 spallation 
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mA/cmدانسيته جريان متوسط . دوباره تنیيم شود pHبنابراين بايد پس از هر بار آبکاري . يابد مي
به عنوان دانسيته  0 9 2

در  oC102ساعت در کوره با دماي  922هاي پوشش داده شده به مد  نمونه. جريان بهينه براي لايه نشاني منگنز انتخاب شد

، (XRD)و آناليز پرا  اشعه ايکس ( SEM)در نهايت توسط ميکروسکوپ الکتروني روبشي . اتمسفر هوا اکسيد شدند

 . هاي ريزساختاري و فازي قرار گرفتندمورد ارزيابي

 

 نتايج و بحث

ها و   از آنجايي که دانسيته جريان در آبکاري منگنز، تاثير بسزايي روي راندمان جريان، مورفولوژي پوشش، سوختگي لبه

mA/cm)هاي مختلف آبکاري منگنز در دانسيته جريان، [94]ساختار پوشش منگنز دارد 
، 0 9، 902، 910، 22 و  00  2

mA/cmدر دانسيته جريان متوسط . انجام شد تا دانسيته جريان بهينه بدست آيد(  922
پوشش منگنز به صور   00  2

-.Error! Reference source not found)اي سياه رنگ ايجاد شد  هاي پوشش لايه يکنواخت روي سطح نشست اما لبه

در نتيجه به راحتي از . اين لايه سياه، آمورف و ترد است. شوند رنگ مي هاي نمونه سياه هاي بالا، لبه در دانسيته جريان(. ج

کنند و راندمان جريان را  هيدروکسيدها است که از رشد کريستال جلوگيري مي و حاوي اکسي شود يسطح نمونه جدا م

mA/cm)بنابراين دانسيته جريان کمتري . [94]دهند  کاهش مي
ها  در اين حالت پوشش فمط در لبه. انتخاب شد( 2922

(. الف-.Error! Reference source not found)شد  درحاليکه در وسط نمونه رنگ مس زيرين مشاهده مي. نشست

در نتيجه دانسيته جريان بين . [94]شود انسيته جريان کم منجر به حل شدن منگنز در محلول و در نتيجه کاهش راندمان ميد

mA/cmد تا در نهايت در دانسيته جريان اين دو ممدار تغيير داده ش
خاکستري سطح  -اي ، فلز منگنز به رنگ نمره0 9 2

mA/cmبنابراين دانسيته جريان (. ب-.Error! Reference source not found)پوشاند  زيرلايه را به طور کامل 
به  0 9 2

. خاکستري انتخاب شد-اي عنوان دانسيته جريان بهينه براي دستيابي به پوشش منگنز سالم، فشرده و يکنواخت به رنگ نمره

لذا براي . نسبت مولي مس و منگنز قبل از عمليا  حرارتي روي فازهاي تشکيل شده بعد از عمليا  حرارتي موثر است

mA/cm)ي بدست آمده ، با دانسيته جريان بهينه3O4(Mn,Cu)يدن به نسبت مولي مطلوب براي تشکيل فاز اسپينل رس
2 9 0 )

تحت اين . دقيمه براي اين منیور مناسب ديده شد 8دقيمه آبکاري منگنز روي مس انجام شد و زمان  8و  0، 4در سه زمان 

 .به دست آمد  به  3داشت و نسبت مولي منگنز به مس حدود  µm0شرايط پوشش منگنز بدست آمده ضخامتي حدود 

هاي فلزي به اسپينل، پوشش دو لايه ايجاد شده از طريق آبکاري پالسي، تحت عمليا  حرارتي در ادامه به منیور تبديل لايه

oاکسيداسيون در دماي 
C102 اي بالا و زمان دهنده فولادي، بايد در دمپوشش روي اتصال. و در اتمسفر هوا قرار گرفت

ساعت  922بنابراين براي ارزيابي رفتار پوشش، اکسيداسيون در زمان طولاني يعني . کاري طولاني پيل سوختي پايدار باشد

دار پس از نمونه پوشش الگوي پرا  اشعه ايکس  شکل . پوشش به دست آمده سالم بود و کيفيت خوبي داشت. انجام شد

o ساعت اکسيداسيون در دماي 922
C102 922ي پوشش داده شده بعد از آناليز پرا  اشعه ايکس از نمونه. دهدرا نشان مي 

سه پيک اصلي اين . دهدرا نشان ميروي سطح به عنوان فاز غالب  3O4(Mn,Cu)ساعت اکسيداسيون حضور اسپينل مکعبي 
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. اندظاهر شده  o38/32 ،o80/30  =θو  o3 /03است که به ترتيب در زواياي ( 442)و ( 2  )، (399)فاز مربوط به صفحا  

توان گفت در لايه اکسيدي ايجاد شده بنابراين مي. شودهاي بدست آمده مشاهده نميپيک مربوط به اکسيد کروم در طيف

 .مونه، تشکيل فاز اسپينل بر فاز اکسيد کروم غلبه کرده استدر اين ن

ساعت  922منگنز پس از  -تصوير ميکروسکوپي و نمشه توزيع عناصر در ممطع عرضي نمونه با پوشش اسپينلي مس 3شکل 

oاکسيداسيون در 
C102 اختي خوبي در پوشش ايجاد شده يکنو. دهدبرابر را نشان مي 0222نمايي در اتمسفر هوا با بزرگ

همچنين پوشش چسبندگي خوبي به سطح زيرلايه داشته و هيچ گونه . اي چگال تبديل شده استضخامت داشته و به لايه

. شوداي نيز در ساختار آن ديده ميهاي بستهبا اين حال تخلخل. شود جدايش و ناپيوستگي بين زيرلايه و پوشش مشاهده نمي

اند نيز هاي مختلف توليد شدهمنگنز ايجاد شده توسط محممان ديگر که با رو -مسها در پوشش اسپينلي اين تخلخل

 .[90,  9]گزار  شده است 

دهد که مس و منگنز به خوبي در يکديگر نفوذ کرده و لايه پوشش يکنواختي نمشه توزيع عناصر در اين نمونه نشان مي

 (. 3شکل )رسد مي µm32دهد که ضخامت لايه اکسيدي به حدود نشان مي SEMتصوير ميکروسکوپ . خوبي دارد

پوسته اکسيدي تشکيل شده در فصل مشتر  . شودممادير جزئي کروم و ممداري آهن نيز در ساختار پوشش مشاهده مي

 بر اساس . تر آناليز خطي روي نمونه انجام شدي دقيقبراي بررس. زيرلايه، عمدتاٌ از کروم تشکيل شده است/پوشش

روند تغييرا  آهن و . ، نمودار مس و منگنز نشان دهنده يکنواختي خوب ترکيب شيميايي در لايه پوشش است4شکل

 کروم در 

آناليز . رسداما وجود کروم در آن غيرقابل قبول به نیر مي. استنيز تاييدکننده وجود ممداري آهن در پوشش  شکل

پوشش تجمع کرده است و / دهد که کروم در فصل مشتر  زيرلايهدار نشان ميخطي کروم در سطح ممطع نمونه پوشش

 با توجه به . رسدکند تا به صفر ميسپس ممدار آن در پوشش کاهش پيدا مي

هاي تشکيل شده روي زيرلايه به ترتيب پوسته اکسيدي ناز  غني از کروم و حاوي ممداري آهن توان گفت لايهمي شکل

 .منگنز هستند -و پوشش اسپينلي مس

 گذاري شده در نماط نامهاي کمي، از به منیور به دست آوردن داده 

کند که هيچ کرومي به نيز تاييد مي 9آناليز نمطه (. Error! Reference source not found.9)اي تهيه شد آناليز نمطه شکل

نيز کروم به سطح خارجي اسپينل  EDSطبق نتايج . پوشش وارد نشده است در حالي که آهن به لايه پوشش نفوذ کرده است

 فصل به بيرون کروم شده است و کروم درون زيرلايه در مانع از نفوذ، روشن است که حضور لايه اسپينل. نفوذ نکرده است

 .دهد مي اکسيد تشکيل پوشش/ زيرلايه مشتر 

، مورفولوژي سطحي پوشش اسپينل اکسيدهاي 0شکل برابر از سطح پوشش در  92222تصوير الکترون ثانويه با بزرگنمايي 

oساعت اکسيداسيون در  922پس از  AISI-430نزن  مس و منگنز روي فولاد زنگ
C102 شود  مشاهده مي. دهدرا نشان مي
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از سطح پوشش بعد از اکسيداسيون ميکروساختار  SEMتصوير . هاي اکسيدي چگال پوشيده شده است که سطح با کريستال

 . شود دهد و هيچ ترکي روي سطح پوشش ديده نمي همگني را نشان مي

 

 گيري نتيجه

پس . ايجاد شد AISI-430نزن فريتي منگنز با استفاده از رو  آبکاري پالسي روي زيرلايه فولاد زنگ -پوشش دو لايه مس

oها در کوره با دماي ، اکسيداسيون نمونه3O4(Mn,Cu)اسپينل  هاي فلزي بهاز آن براي تبديل لايه
C102  در اتمسفر هوا به

نتايج بدست آمده . هاي بدست آمده بررسي شددر نهايت تغييرا  ريزساختاري و فازي پوشش. ساعت انجام شد 922مد  

 :دهدنشان مي

عنوان افزودني به ترکيب حمام سولفاتي آبکاري  هيدروکسيل آمين هيدروکلرايد به( M23/2)اضافه کردن ممدار کمي ( 9

 .کندمنگنز، از تشکيل رسوبا  حين آبکاري در الکتروليت جلوگيري مي

mA/cmدانسيته جريان متوسط . دانسيته جريان آبکاري منگنز تاثير بسزايي در کيفيت پوشش دارد(  
براي ايجاد  0 9 2

ن کمتر از اين ممدار منجر به حل شدن منگنز در محلول شده و دانسيته دانسيته جريا. پوششي يکنواخت و سالم مناسب است

 .شودها ميرنگ در لبهها و تشکيل لايه آمورف سياه جريان بيشتر، موجب سوختگي لبه

 3O4(Mn,Cu)رو  آبکاري الکتريکي و به دنبال آن اکسيداسيون در دماي بالا روشي مناسب براي ايجاد پوشش اسپينل ( 3

 .است و نيز پوشش ايجاد شده چسبندگي خوبي به زيرلايه دارد AISI-430نزن فريتي د زنگروي فولا

شود و در نتيجه از به طور موثري مانع از نفوذ کروم به بيرون در دماي بالا مي 3O4(Mn,Cu)حضور پوشش اسپينلي ( 4

 . کندکاهش عملکرد پيل سوختي ناشي از مسموميت کاتد با کروم جلوگيري مي
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oساعت اکسيداسيون  922منگنز پس از -اي نمونه با پوشش اسپينل مس آناليز نمطه: 9جدول 
C102 نماط در ، 

 .اند گذاري شدهنام شکل
 

 

 
 

 

 

 نمطه
 آهن کروم مس منگنز

 وزني% اتمي% وزني% اتمي% وزني% اتمي% وزني% اتمي%

9 0/43 4/49 4/ 4 1/ 0 2/2 2/2 1/39 0/32 

  1/3 1/3 9/1  /8 3/41 1/44 4/49 2/4  

3 2/2 2/2  /2  /2 2/90 2/90 0/83 1/83 
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mA/cmدر دانسيته جريان متوسط ( پوشش حاصل از آبکاري منگنز؛ الف: 9شکل 
mA/cmدر دانسيته جريان متوسط ( ب 922 2

2 

mA/cmدر دانسيته جريان متوسط ( ج 0 9
2  00 

 
o درساعت اکسيداسيون  922منگنز پس از  -نمونه با پوشش مس الگوي پرا  اشعه ايکس:  شکل 

C102 
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o ساعت اکسيداسيون در  922منگنز پس از  -تصوير ميکروسکوپي و نمشه توزيع عناصر در نمونه با پوشش اسپينل مس: 3شکل 

C102 

 برابر 0222نمايي با بزرگ

 

 
 

 ساعت اکسيداسيون 922منگنز پس از -آناليز خطي نمونه با پوشش مس: 4شکل
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oساعت اکسيداسيون در  922پس از  AISI-430نزن  منگنز روي فولاد زنگ -مورفولوژي سطح پوشش اسپينلي مس: 0شکل 

C102 
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 :چكيده
. کنند هاي سوختي بيشترين نمش را ايفا مي هاي اقتصادي پيل وزن و حجم و در نتيجه آن در هزينهفحا  دوقطبي در پيل سوختي در ص

بنا توجنه بنه    . شند  هاي سوختي به رسانائي صفحا  دوقطبي، از ذرا  فلزي و ينا از گرافينت اسنتفاده مني     در ابتدا به دليل نياز مبرم پيل

هناي پاينه پليمنري در سناخت اينن       به پيشرفت صنعت پليمر استفاده از کامپوزينت  هاي بالا امروزه با توجه هاي خوردگي و هزينه پديده

 .صفحا  رايج شده است

در اينن ممالنه از بنين پليمرهناي     . هاي ترموست مورد بررسي قرار گرفته اسنت  در اين مماله ساخت صفحا  دو قطبي توسط کامپوزيت

بنه  ( با توجه به خواص مکانيکي بنالا و توليند آن در کشنور   )اي پلي استر ه ترموست قابل استفاده براي توليد صفحا  دوقطبي از رزين

بنراي  . عنوان ماتريس پليمر انتخاب شده است و به دليل نيارمندي اين صفحا  به رسانايي از دوده به عنوان پر کننده استفاده شده است

 .اي صفحا  اندازه گيري شده است ضربه هاي توليد شده خواص مکانيکي آنها از جمله استحکام فشاري و استحکام نمونه

 

 .صفحا  دوقطبي، رزين، پلي استر، دوده :هاي كليدي واژه

 

 مقدمه

باشد  يم (PEM) از جمله غشا تبادل پرتون يسوخت يلتمام انواع پ ياصل ياز اجزا (Bipolar Plate) يصفحا  دوقطب

را در  يژنو اکس يدروژنگاز ه يدبا يصفحا  دوقطب. برعهده دارند يسوخت يلرا در پ يديمختلف و کل يفهوظ ينکه چند

با . کنند يتهدا يگرواحد به واحد د يکو گرما را از  تريسيتهالک يانو جر يندپخش نما يکنواختبه طور  يلسطح موثر پ

 يدصفحا  با ينشود، ا ياستفاده م يسيتهالکتر يدجهت تول يژنو اکس يدروژنها از ه يلنمونه از پ يندر ا ينکهتوجه به ا

. يندنما يريجلوگ( اهو) يژنو اکس يدروژنحال  از اختلاط دو گاز ه ينخارج شوند و در ع يطبتوانند مانع نشت گاز به مح

 يک يينتع ينبنابرا. خواهند داشت يلمجموعه پ يک ينهبر کاهش حجم، وزن و هز يسهم موثر ينهمچن يصفحا  دوقطب

 .خواهد داشت ييبسزا يرتاث يسوخت يلپ يينها يمتدر بازده و ق يصفحا  دوقطب يجنس مناسب برا

 :صفحا  عبارتست از ينا ياصل يفطور خلاصه وظا به

 يلدر داخل پ يژنو اکس يدروژنه يکنواخت يعتوز -

 يلآب در داخل پ يريتمد يلتسه -



 

269 

 

 يبه مدار خارج يلدر داخل پ يديتول يکيالکتر يانجر يتهدا -

 يلپ يگرما يريتمد يو به طور کل يطبه مح يلشده در داخل پ يدتول يانتمال گرما -

 

 :اشباع يراستر غ يپل يها ينرز 

 يدر استفاده ها يازمختلف خصوصا قطعا  مورد ن يعبکار رفته در صنا يها ينرز يناز پرکاربردتر يکيها  ينرز اين

اشباع  يراستر غ يپل يندر رز. يدآ يبدست م يدوعامله با باز دوعامله آل يدها از واکنش اس ينرز ينا. باشند يروزمره م

 يمتنی يدعلت استفاده از دو نوع اس. اشباع است يرغ يگريا اشباع و ديدهاز اس يکي. شود يمصرف م يدحداقل دو نوع اس

شدن  يشبکه ا ييتوانا يمتنی يعني يعرض يوندهايپ يلجهت تشک ينرز ييتوانا يزانم يمتنی يعني ينبودن رز يراشباعغ يزانم

 يبا نام ها يبه دو دسته تجار يراشباعغ ياسترها يپل ين،جهت ساخت رز يددو نوع اس ينبا توجه به استفاده از ا. باشد يم

. است يداس يکاشباع در نوع اورتو، اورتوفتال يدو اس يداس يزوفتاليکا يزو،اشباع در نوع ا يداس. گردد يو اورتو عرضه م يزوا

 .باشد يم يداس يکاز نوع فومار يزاشباع ن يرغ يداس

با هم مخلوط شوند  يتوانند به هر نسبت يم يدهااس. است( نوع الکل دو عامله يک) يکولگل يلناز نوع پروپ يباز مصرف نوع

را  ينبودن رز يراشباعغ يزاندو با هم م يننسبت ا. دهند يم يبا عامل الکل يکسانيهر دو واکنش  يمياييچرا که از نیر ش

 .کند يم يينتع

 

 مواد و روش تحقيق

براي انجام تست کشش و همچنين براي  ASTM 638-91ابتدا براي ساخت قطعا  به صور  دمبلي طبق استاندارد 

براي انجام تست ضربه قالب مخصوص آن از جنس  ASTM D5941ساخت قطعا  به صور  ميله اي طبق استاندارد 

دليل استفاده از اين نوع سيليکون عدم چسبيدن پليمرها و صرفا پلي استر به اين نوع سيليکون مي . تهيه شد RTVسيليکون 

 . باشد

. براي انتخاب نوع رزين از رزين هاي پلي استر نوع ارتو به دليل خواص مکانيکي و سفتي و دانسيته بالاتر استفاده شده است

درصد حجمي  0/2پس از آن ممدار . گرم درون ظروف آماده سازي نمونه ريخته شد 922در ابتدا رزين پلي استر به اندازه 

دليل استفاده از اين محلول آن است که براي رزين هاي پلي استر پايين . درصد افزوده شد92به آن محلول نفتانا  کبالت 

کان پذير نمي باشد و بايد از شتاب آمدن دما تا حد دماي محيط و واکنش خود به خود در دماي محيط تنها با کاتليزوره ام

کاهش تخريب کاتاليز (  بهبود مماومت نوري ( 9دليل عمده استفاده از اين محلول . دهنده يا کوکاتاليزور استفاده گردد

 .شده فلزي مي باشد

نه اي افنزوده  درصد دوده در ظروف جداگا 12و  82، 12، 02، 02، 32،42، 2 ، 92، 0، 3،  سپس به نمونه آماده شده ممدار 

پنس ازآن ممندار   . دقيمه کاملا هم زده شد تا حبابهاي رزين کناملا از محلنول خنارج شنود     90شد و با همزن مکانيکي حدود 

اينن محلنول بنه عننوان کاتناليزور بنه محلنول        . به آن اضافه گرديد( MEKP)درصد محلول اتيل متيل کتون پروکسايد  0/9
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نکته مهم در اينن قسنمت آن   . اکنش پليمراسيون را تا حد قابل توجه اي افزايش دهداصلي اضافه مي گردد تا سرعت انجام و

سريعا بايد محلول تهينه شنده را قبنل از افنزايش ويسنکوزيته آن      ( محلول اصلي)است که پس از تزريق کاتاليزور به ماتريس 

با واکس جدا کننده قالب يا روغنن  را قبل از ريختن ماتريس به درون آن بايد کاملا  RTVقالب . ريخت RTVدرون قالب 

دقيمه نموننه هنا را کنه کناملا      2 پس از حدود . سيليکون کاملا چرب نمود تا قطعه توليد شده به راحتي از قالب خارج گردد

به صور  جامد در آمده اند و محکم شده اند از قالب خنارج مني نمناييم و آنهنا را بنراي پخنت در دمناي شکسنت منطمني          

. ساعت درون آون قرار مي دهيم  به مد  ( باشد درجه سانتيگراد مي 82الي  12در حدود  MEKPدما براي  اين)کاتاليزور 

بنين   گيرافتناده  زنجيرهناي  پخنت  شندن  هناي پسنماند و کامنل    سپس نمونه ها را به منیور پخت نهايي کنه بنراي حنذف تننش    

پنس از آن  . دهنيم  درجنه سنانتيگراد قنرار مني     2 9لي ا 922ساعت در دماي   اند به مد   اي شده که سريعا شبکه زنجيرهايي

نماييم بدين صنور  کنه پنس از خننک شندن قطعنا  تنا دمناي محنيط بنراي حنذف             ها را براي پخت ثانويه آماده مي نمونه

درجنه سنانتيگراد قنرار     2 9سناعت در دمناي    8الني   4ها را به مد   هاي نهايي و افزايش بيشينه خواص مکانيکي، نمونه تنش

هناي باقيماننده را    مد  زمان طولاني با دماي بالا زمينه مهاجر  زنجيرها به پايدارترين حالت ممکن و کاهش تنش. دهيم مي

ها را پس از سرد شندن از   در پايان نمونه. کند اي پيدا مي نمايد و خواص نهايي قطعا  توليد شده بهبود قابل ملاحیه فراهم مي

هناي مکنانيکي و مشناهده قطعنا  توسنط ميکروسنکوپ آمناده         ري براي انجنام تسنت  آون خارج نموده و پس از سمباده کا

 .کنيم مي

 

 نتايج و بحث

در پينل   N550هدف از اين تحميق بالا بردن استحکام کششي و ضربه اي صفحا  دوقطبي پليمري با اسنتفاده از دوده ننوع   

جهنت اينن   . يت الکتريکي صفحا  دوقطبي مني باشند  دليل اين کار رسانا بودن دوده و بالا بردن هدا. هاي سوختي مي باشد

درصد به منیور بالا بردن استحکام مکانيکي و هدايت الکتريکني در   12درصد تا   نوع غلیت مختلف از   9امر از دوده در 

شنده  ارائه (  )و ( 9)نتايج استخراج شده از تست هاي کشش و ضربه به ترتيب در جداول . رزين پلي استر استفاده شده است

 .است

 گيري نتيجه

درصد باعث افزايش  02با بررسي نتايج بدست آمده از مشخص گرديد که افزايش دوده به رزين پلي استر تا غلیت 

هاي بالاتر  درصد به بالا اين روند افزايشي تغيير نموده به طوريکه در غلیت 02گردد اما از غغلیت  استحکام کششي مي

دليل اين پديده آنست که با افزايش ممدار ويسکوزيته محلول بيشتر شده و اين . مي باشيمشاهد پايين آمدن استحکام کششي 

درنتيجه باقي ماندن حباب در رزين باعث کاهش استحکام آن . گردد مي رزين در امر مانع خروج حبابهاي ايجاد شده

درصد باشد به دليل ازدحام فضايي  02رسد اگر غلیت دوده در محلول توليد شده بيشتر از  همچنين به نیر مي. گردد مي

 آمده از استحکام نتايج بدست .اي منیم و متمارن خواهد شد هاي پليمري و ساختارهاي شبکه مانع تشکيل زنجيره شده ايجاد

هاي بيشتر باعث کاهش استحکام  درصد دوده باعث افزايش استحکام شده و غلیت 12مؤيد آن است که تا غلیت  اي ضربه

هاي استحکام کشش و ضربه اي مي توان نتيجه گرفت که  بنابراين با توجه به نتايج بدست آمده ار تست. گردد مي
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درصد بوده و  02دوده در حدود /استر پلي از شده توليد دوقطبي جهت افزايش استحکام صفحا  دوده غلیت ترين مناسب

 .غلیت هاي بالاتر از آن توصيه نمي گردد
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 دوده/استر پلي از شده توليد دوقطبي نتايج استخراج شده از تست کششي صفحا : 9جدول 

 درصد کاتاليزور درصد دوده رديف
MEKP 

 درصد شتاب دهنده 

(نفتانا  کبالت)  

 استحکام کششي

(MPa) 

9   0/9  0/2  84/93  

  3 0/9  0/2  0 /94  

3 0 0/9  0/2   3/90  

4 92 0/9  0/2  30/ 1  

0  2 0/9  0/2   1/3  

0 32 0/9  0/2  9 /30  

1 42 0/9  0/2  80/38  

8 02 0/9  0/2  83/42  

1 02 0/9  0/2  19/ 9  

92 12 0/9  0/2  40/90  

99 82 0/9  0/2   1/93  

9  12 0/9  0/2  9 /93  
  



 بررسي استحکام کششي و
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 دوده/استر پلي از شده توليد دوقطبي نتايج استخراج شده از تست ضربه اي صفحا :   جدول 

 درصد کاتاليزور درصد دوده رديف

MEKP 

 درصد شتاب دهنده 

(نفتانا  کبالت)  

 استحکام ضربه اي

(MPa) 

9   0/9  0/2  00/9  

  3 0/9  0/2  1 /98  

3 0 0/9  0/2  38/ 4  

4 92 0/9  0/2  43/ 1  

0  2 0/9  0/2  94/3  

0 32 0/9  0/2  01/31  

1 42 0/9  0/2  9 /43  

8 02 0/9  0/2  90/48  

1 02 0/9  0/2  1 /04  

92 12 0/9  0/2    /08  

99 82 0/9  0/2  32/0  

9  12 0/9  0/2  3 /48  

 

 

 
[9] ساختمان پيل سوختي و جايگاه صفحا  دوقطبي :9شکل 
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ثابت دي الكتريک محلول مورد استفاده در تهيه الكتروكاتالسيت مطالعه تأثير 

پلاتين به روش الكتروشيميايي در واكنش كاهش اكسيژن در پيل سوختي 

 پليمري
 رسول عبداله ميرزائي، مريم مهدي پور، مهتاب گودرز، صدف دلپذيريان، بهنام معيني

 تربيت دبير شهيد رجايي، تهران، ايرانآزمايشگاه تحميماتي پيل سوختي، دانشکده علوم ، دانشگاه 

 

 چكيده

امروزه . الکتروکاتاليست پلاتين براي تسهيل انجام واکنش اهش اکسيژن در پيل هاي سوختي به طور گسترده بکار مي رود

يکي از فرايندهاي تهيه اين . تلا  هاي زيادي براي بهينه سازي عملکرد الکتروکاتاليست پلاتين صور  مي گيرد

در اين کار سعي شد با مطالعه تغييرا  ثابت دي . کاتاليست استفاده از فرايند ترسيب الکتروشيميايي مي باشدالکترو

الکتريک محلول مورد استفاده در فرايند الکترودپوزيشن فعاليت الکتروکاتاليستي الکتروکاتاليست هاي حاصل در واکنش 

در اين تحميق تاثير . ر توسط اعمال پتانسيل چرخه اي تهيه شدندالکتروکاتاليست هاي مورد نی. کاهش اکسيژن بررسي شود

تغيير ميزان قطبيت محلول رسوبگيري پلاتين با بکار بردن مخلوطي از الکل و آب در نسبت هاي مختلف بررسي شده است 

چرخه اي و که عملکرد الکتروکاتاليست تهيه شده براي واکنش کاهش اکسيژن با رو  هاي الکتروشيميايي  ولتامتري 

 . ولتامتري روبش خطي مورد بررسي قرار گرفت

 

 پيل سوختي، کاهش اکسيژن، ترسيب الکتروشيمايي پلاتين، ثابت دي الکتريک :  واژه هاي كليدي

 

 :مقدمه
هاي رشد روزافزون استفاده از منابع تجديدناپذير فسيلي، محدوديت اين منابع  و مشکلا  زيست محيطي از قبيل توليد گاز

جلب  هاي جديد توليد انرژي الکتريکي به خصوص فناوري پيل سوختي فناوريبه کارگيري را به  محممينگلخانه اي توجه 

شده  معرفي  موتورهاي احتراق درونيخوبي براي  جايگزين  به عنوان سال اخير 2 درواقع پيل هاي سوختي در . کرده است

 . ] 9 [اند

پيل هاي سوختي مي باشد که به دليل کارايي بالاي اين سيستم ها، دانسيته جريان بالا،  پيل هاي سوختي پليمري يکي از انواع

يکي از موارد . ] [پاسخ سريع و دماي پايين کارکرد ، کاربردهاي فراواني در مصرف کننده هاي انرژي الکتريکي دارند

براي رفع اين مشکل از الکتروکاتاليست هاي محدود کننده کارايي اين سيستم ها تمايل پايين اکسيژن براي کاهش مي باشد 

لذا مطالعا  . مختلفي که در راس آن ها الکتروکاتاليست هاي مبتني بر پلاتين مورد مطالعه قرار دارند استفاده مي شود

يکي از رو  هاي تهيه  ]3-1[ها در حال انجام است زيادي براي بهبود عملکرد الکتروکاتاليست پلاتين در اين سيستم

تروکاتاليست پلاتين  ترسيب الکتروشيميايي پلاتين روي بستر هايي از جنس  هاي متفاو  مي باشد که با کمک تکنيک الک

پارامترهاي مختلفي بر روي اين فرايند تاثير مي گذارند که يکي از اين عوامل . هاي مختلف الکتروشيميايي قابل انجام است
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ثابت دي الکتريک توانايي حلال را براي کاهش قدر  .تروشيميايي باشدمي تواند ثابت دي الکتريک محلول ترسيب الک

با توجه به ثابت دی الکتریک .]8[را نشان مي دهد ميدان الکتريکي اطراف يک ذره باردار که در آن غوطه ور شده است

اندازه گیری ثابت دی الکتریک اغلب برای ارزیابی  ،قطبی و غیرقطبی: تقریباً به دو دسته تقسیم شودها  حلال، حلال

به طور کلی غیر قطبی در نظر  11با ثابت دی الکتریک کمتر از  یها حلال. خصوصیات قطبیت مایعات استفاده می شود

 :را نشان مي دهد آب واتانولجدول زير ثابت دي الکتريک ]9[گرفته می شوند 

 

 انولممادير ثابت دي الکتريک آب وات 9جدول 

 ماده  اتانول  آب 

 یکالکتر یثابت د  3/82 28

 

در اين پژوهش تاثير ضريب تغيير ضريب دي الکتريک محلول مورد استفاده در فرايند ترسيب الکتروشيميايي پلاتين  با 

شده در افزودن نسبت هاي حجمي متفاوتي از اتانول  به آب را در فعاليت الکتروکاتاليستي الکتروکاتاليست هاي تهيه 

 .واکنش کاهش اکسيژن در محيط اسيدي بررسي مي کنيم

 بخش تجربي

 مواد -1

، %(11-10مر )، سولفوريک اسيد %(42مر  )، هگزاکلروپلاتنيک اسيد( cretacolor)زغال:  در اين مطالعه از مواد

 .و آب دو بار تمطير استفاده گرديد%( 10مر  )اتانول

 

 : روش كار-9

 9در محلول هگزاکلرو پلاتينيک اسيد . درصد اتانول با سولفوريک اسيد تهيه گرديد 12محلول هايي با درصدهاي صفر تا  

تا پتانسيل  20/2سيکل توسط رو  ولتامتري چرخه اي  از پتانسيل  22 ميلي  مولار ترسيب الکتروشيمياي پلاتين با اعمال 

نيه در محلول هاي با درصد هاي حجمي مختلف از آب واتانول در دماي ميلي ولت بر ثا 922ولت با سرعت روبش 1/2

نمره کلريد والکترود کمکي /ترسيب الکتروشيميايي توسط سيستم سه الکترودي با الکترود مرجع نمره. محيط انجام گرفت

فرايند ترسيب در  سانتي متر مربع والکترود کار که شامل بستر کر بني مورد استفاده در9پلاتين صفحه اي با مساحت 

 –ترسيب پلاتين و آناليز نتايج توسط دستگاه پتانسيواستا . تترافلورواتيلن هست انجام شدنگهدارنده اي از جنس پلي

به منیور مطالعه فعاليت الکتروکاتاليستي الکتروکاتاليست هاي تهيه شده . گالوانواستاي زاهنر ساخت کشور آلمان انجام شد

ولت در محلولي  -1/3ولت تا  9/  در محدوده پتانسيل  (lsv)از  رو  ولتامتري روبش خطي  در واکنش کاهش اکسيژن

  .مولار و اشباع شده با اکسيژن استفاده شد 0/2از سولفوريک اسيد 
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 نتايج و بحث

 بررسي فعاليت الكتروكاتاليستي نمونه هاي تهيه شده-1

فعاليت الکتروکاتاليستي الکتروکاتاليست پلاتين که با  A1-A10نمونه هاي ( LSV) منحني هاي ولتامتري روبش خطي

 .تغييرا  ثابت دي الکتريک محلول الکترودپوزيشن تهيه شده اند نشان داده شده است

داده ها نشان ميدهد با کاهش ثابت دي الکتريک محلول ناشي از افزايش درصد اتانول در محلول الکترودپوزيشن فعاليت 

الکتروکاتاليستي ابتدا ممداري افزايش مي يابد اما پس از مدتي کاهش مي يابد تفاو  مشاهده شده در ممادير دانسيته جريان 

کاهش قطبيت محلول کارايي الکتروکاتاليست در واکنش کاهش اکسيژن  نشان ميدهد با A10و  A1الکتروکاتاليست 

 .کاهش مي يابد 

 

 A1 ،A9 ،A10داده هاي حاصل از  ولتامتري روبش خطي نمونه هاي -9جدول 
 

دانسيته جريان پيشينه بر 

 حسب ميلي آمپر

پتانسيل مدار باز برحسب 

 ولت

 نمونه درصد اتانول

  2 083/2 2 A1 

930 1  /2 12% 
 

A10 

 00 148/2 92 A2 

 

درصد اتانول مي تواند عملکرد الکتروکاتاليستي نمونه ها را با تغييرا   12تغيير قطبيت محلول با افزودن ممادير حداکثر

جدول   دارد مطابق آن چه در( درصد 12) اندکي همراه کند اما زماني که حضور مولکول هاي اتانول درصد حجمي بالايي

دانسيته جريان کاتدي به دليل پلاريزاسيون غلیتي علي رغم اضافه ولتاژ سينتيکي يکسان با A10  درنشان داده شده است  9

بميه الکتروکاتاليست ها کاهش مي يابد اما در محلول الکترودپوزيشن با ممادير پايين اتانول کارايي بسيار بهتري مشاهده مي 

 .شود
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در  12 82 12 02 02 42 32 2  92 2تهيه شده در درصدهاي به ترتيب  A1-A10طي الکتروکاتاليست هاي منحني روبش خ 9شکل 

 مولار با سرعت روبش 0/2سولفوريک اسيد 

 

 بررسي منحني هاي ترسيب پلاتين بر روي بستر كربني-9

آورده شده است نشان مي دهد در   که در شکل a10و A1 ،A2نتايج حاصل از منحني ترسيب الکتروکاتاليست هاي 

  A10و  A1 دانسيته جريان عبوري هنگام ترسيب پلاتين کمتر از نمونه هاي A2ولت در نمونه  20/2تا  00/2محدوده پتانسيل 

فعاليت  اما به رغم عبور دانسيته جريان کمتر از سيستم که مي تواند ناشي از بار گذاري پايين تر  پلاتين باشد. مي باشد

 .الکتروکاتاليستي بالاتري نسبت به واکنش کاهش اکسيژن از خود نشان مي دهد
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ولت توسط ولتامتري  20/2تا  1/2سيکل از پتانسيل  22 پلاتين طي اعمال  ترسيبA10 و A1 ،A2نمونه هاي  ولتاموگرام  شکل  

 .ميلي ولت بر ثانيه در دماي اتاق 922چرخه اي با سرعت روبش 

 گيري نتيجه
در مطالعه صور  گرفته بر روي واکنش کاهش اکسيژن مشاهده شد با کاهش ثابت دي الکتريک محلول مورد 

استفاده در فرايند ترسيب الکتروشيميايي پلاتين فعاليت الکتروکاتاليستي الکتروکاتاليست تهيه شده کاهش مي 

 .ب مي تواند نتايج بهتري را به دست آوردبه محلول ترسي( دصد92) اما افزودن ممادير کم اتانول.يابد

افزودن ممادير کمي از اتانول مي تواند تا حدودي از پلاريزاسيون غلیتي جلوگيري کند که اين عامل منجر به 
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Abstract 
Fuel cells have been attracting more and more attention in recent decades due to high-energy 

demands, fossil fuel depletions and environmental pollution throughout world. In this study, we 

report the synthesis of metallic and bimetallic nanoparticles such as spherical iron nanoparticles 

(sFeNPs), rod iron nanoparticles (rFeNPs) and iron@gold nanoparticles (Fe@AuNPs) involved 

L-cysteine functionalized reduced graphene oxide nanohybrids (sFeNPs-cis-rGO, rFeNPs-cis-

rGO and Fe@Au-cis-rGO) and their applications as an electrocatalyst for methanol electro-

oxidation. The nanohybrids have been characterized by transmission electron microscopy 

(TEM), X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD). Experimental 

results have demonstrated that reduced graphene oxide-supported bimetallic nanoparticles 

enhanced electrochemical efficiency for methanol electro-oxidation with regard to diffusion 

efficiency, oxidation potential and forward oxidation peak current. Fe@Au-cis-rGO, in 

comparison to sFeNPs-cis-rGO and rFeNPs-cis-rGO, has showed the most efficiency for 

methanol electro-oxidation. 

 

Keywords: Methanol oxidation, Fuel cell, Reduced graphene oxide, Nanoparticle, 

Characterization 

 

Introduction 
Fuel cells are electrochemical cells used to generate electricity from fuels, and recently have 

drawn more attention as an alternative method for energy production [1]. One example of these 

cells is direct methanol fuel cells (DMFCs) which are used for operating portable electronic 

devices [2]. Methanol is preferred because it has some significant advantages in supply, 

transport, and storage [3]. More importantly methanol’s energy density is higher than gaseous 

hydrogen, and can integrate into existing energy infrastructure [4]. Many research groups have 

been investigated the electro-oxidation of methanol in direct methanol fuel cells [5]. Although 

Pt and Pt-based alloys (with metals such as Ru, Pd, Au, Ni etc.)  are the most promising anode 

catalysts in DMFCs, high cost and limited supply of Pt put some restrictions for large-scale 

applications [1]. Recently, bimetallic nanoparticles (NPs) have been employed as catalysts in 

nanotechnology researches [6]. Bimetallic NPs generally show better catalytic properties than 

their monometallic forms [7]. Use of NPs has some certain advantages [8]. First, bimetallic 

nanoparticles consist of two different metals which are combined, and this can create a 

synergetic effect in specific properties such as size dependent optic, electronic and catalytic 
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properties [9, 10]. Secondly, use of bimetallic nanoparticles allows reducing the amount of 

expensive catalyst, since a less expensive metal can be employed as the core material. 

Moreover, because surface area is larger and the majority of atoms can be used at nanoscale, 

NPs can increase reaction rate and selectivity. Studies showed that the catalytic activity of NPs 

is determined by some parameters including shape, structure, composition and architecture. 
 

 

Results and discussion  
Characterizations of nanocomposites 

The morphologies of the sFeNPs-cis-rGO, rFeNPs-cis-rGO and Fe@Au-cis-rGO 

nanocomposites were investigated by using the JEOL 2100 HRTEM with an accelerating 

voltage of 200 keV. A drop of sample solution was deposited on a polymeric grid dried at room 

temperature under an argon gas stream. Fig 1A shows the transparent, wrinkled and planar sheet 

like morphology of rGO. In Fig 1B, the TEM image of the sFeNPs-cis-rGO shows that the sizes 

of the spherical FeNPs are very similar with a mean diameter of 18 to 20 nm on a lighter shaded 

substrate corresponding to rGO sheet. Fig. 1C shows the size of the rFeNPs-cis-rGO around 7-

10 nm on the lighter shaded rGO sheets.  
 

 
Figure 1. TEM image of (A) rGO, (B) sFeNPs-cis-rGO, (C) rFeNPs-cis-rGO and (D) Fe@Au-cis-rGO. 

 

Fig 1D is the last TEM image that is corresponded to Fe@Au-cis-rGO and shows that the 

Fe@Au bimetallic nanoparticles have been seen as dark dots with a mean diameter of 12 to 15 

nm on rGO sheets. 

The electrocatalytic activities of sFeNPs-cis-rGO, rFeNPs-cis-rGO and Fe@Au-cis-rGO 

modified GCE were investigated by CV at 100 mV s
−1

 in a 0.1 mol L
−1

 HClO4 solution. Fig 2A 

shows the voltammograms of L-cysteine functionalized rGO, spherical FeNPs and sFeNPs-cis-

rGO, respectively. The peak current of 0.5 mol L
−1

 methanol on sFeNPs-cis-rGO modified GCE 

increases slowly at lower potentials and then quickly increases at potentials higher than 500 mV. 

The current density is directly proportional to the amount of methanol oxidized at the electrode. 

The observed current density on sFeNPs-cis-rGO modified GCE is much higher than spherical 

FeNPs and cis-rGO modified GC electrodes. Fig. 2B shows the voltammograms of L-cysteine 

functionalized rGO, rod FeNPs and rod FeNPs-cis-rGO, respectively and Fig 2C shows the 

voltammograms of L-cysteine functionalized rGO, Fe@AuNPs and Fe@Au-cis-rGO, 

respectively.  



  

285 

 

 
Figure 2. The electrocatalytic activities of (A) cis-rGO, sFeNPs and sFeNPs-cis-rGO, (B) cis-rGO, 

rFeNPs and rFeNPs-cis-rGO, (C) cis-rGO, Fe@AuNPs and Fe@AuNPs-cis-rGO and (D) sFeNPs-cis-

rGO, rFeNPs-cis-rGO and Fe@Au-cis-rGO. 

 

Fig. 2B and 2C are similar to Fig. 2A and shows that the current densities on sFeNPs-cis-rGO 

(Fig. 2B) and Fe@Au-cis-rGO (Fig. 2C) modified GC electrodes are much higher than  rod 

FeNPs (Fig. 2B) and Fe@AuNPs (Fig. 2C) and cis-rGO (both Fig. 2B and 2C) modified GC 

electrodes, which confirms that reduced graphene oxide-supported spherical FeNPs (Fig. 2A), 

rod FeNPs (Fig. 2B) and Fe@AuNPs (Fig. 2C) generate more complete oxidation of methanol 

to carbon dioxide. 

The efficiencies of the sFeNPs-cis-rGO, rFeNPs-cis-rGO and Fe@Au-cis-rGO on methanol 

oxidation were compared with regard to oxidation potential and current densities in Table 1. As 

shown in Table 1, the oxidation peak potential of methanol for Fe@Au-cis-rGO was 554 mV, 

compared with an oxidation potential of 559 mV for (sph)FeNPs-cis-rGO and an oxidation 

potential of 562 mV for (rd)FeNPs-cis-rGO. This observation shows that the Fe@Au-cis-rGO 

catalyst can significantly decrease the barrier to methanol oxidation and perform better than the 

other reduced graphene oxide-supported catalysts in Fig 2D. 

 
Table 1. Comparison of electrocatalytic activity of methanol oxidation on bare GCE, rGO, (sph)FeNPs-

cis-rGO, (rd)FeNPs-cis-rGO and Fe@Au-cis-rGO (scan rate: 100 mV s
−1

). 

GC Electrode Peak Current  Density (mA cm
-2

) E (mV) 

(sph)FeNPs-cis-rGO 4.91 ± 0.1 559 

(rd)FeNPs-cis-rGO 6.23 ± 0.3 562 

Fe@Au-cis-rGO 14.67 ± 0.2 554 

rGO 0.64 ± 0.4 567 

GCE - - 
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Abstract  
Graphene nanosheets/carbon nanotube/Pt/polyaniline nanocomposite (GNS/CNT/Pt/PANI) is 

synthesized via in situ polymerization. The PANI nanofibers homogeneously coating on the 

surface of GNS greatly improve the charge transfer reaction. Electrochemical properties were 

characterized by cyclicvoltammetry (CV), electrochemical impedance spectroscopy (EIS) and 

galvanostatic charge/discharge. This analysis showed that the GNS/CNT/Pt/PANI composites 

exhibit remarkable specific capacitance than the pure individual components. 

 

Keywords: Supercapacitor, Pt nanoparticles, Polyaniline. 

 

1. Introduction 
Electrochemical capacitors (ECs), known as supercapacitors, have attracted great interest as 

promising energy storage devices due to their high power energy density and long cycle 

performance than conventional dielectric capacitors [1,2]. Flexible supercapacitors have played 

an increasingly important role in power source applications, since they combine the advantages 

of high power of conventional capacitors and the high specific energy of batteries [3]. 

Supercapacitors are based on electrostatic charge accommodation at the electrical double-layer 

and the occurrence of superficial Faradaic reaction [4]. The capacitance of a redox 

supercapacitor consisting of electroactive materials with several oxidation states or structures 

(e.g. transition metal oxides and conducting polymers) is expected to be higher than that of a 

double-layer capacitors [5,6]. Hence, the conducting polymers such as polyaniline (PANI) have 

advantageous properties with respect to low cost, ease of synthesis, good stability in air as well 

as relatively high conductivity [7]. However, PANI is susceptible to rapid degradation in 

performance upon repetitive cycles (charge/discharge process) because of its swelling and 

shrinkage. In order to alleviate this limitation, the combination of PANI with carbon materials 

has been proved to reinforce the stability of PANI as well as maximize the capacitance value 

[8,9]. Due to the intriguing properties of graphene and the advantages of PANI, composites of 

graphene and PANI have exhibited great promise as supercapacitors electrode materials due to 

the conductivity, high surface area and the ability to store energy via two charge storage 

mechanisms. Recently, several researches have been reported on incorporating graphene into 

PANI matrices to produce nanocomposites for supercapacitors electrode [10]. In addition owing 

to much unique structural, mechanical, electronic properties and high stability [11], carbon 

nanotubes (CNTs) show high surface area, excellent electrical conductivity and 

interconnectivity. So CNTs have been predicted as excellent filler for polymer on improving the 

electric conductivity as well as the mechanical properties [12]. 
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Herein, we reported a simple process to synthesis a composite of GNS/CNT/Pt/PANI via in-situ 

polymerization. Percentage of materials together was optimized. Then prepared nanocomposite 

was characterized by using chemical and physical methods like, XRD, SEM, TEM and FTIR. 

Performance of the prepared nanocomposite for supercapacitor application was evaluated by 

using cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and 

galvanostatic charge/discharge. Obtained results are presented and will be discussed here. 

 

2. Experimental 

2.1. Synthesis of GNS/CNT/Pt/PANI composites 
All the chemicals were of analytical grade and were used without further purification. The as-

prepared MWNTs were treated using a 3:1 mixture of concentrated H2SO4:HNO3, as reported 

by Liu et al [13]. Which produced carboxylic acid groups at the defect sites and thus improved 

the solubility of the MWNTs that contained carboxylic groups (designated as c-MWNTs) in HCl 

solution. GNS was prepared by reduction of graphene oxide with glucose as described 

elsewhere [14].Suspension were made with a certain amount of GNS, H2PtCl6 solution and 

treatment CNT and sonicated for 2 h. Then aniline monomers (solvent: 1 M HCl) were added 

into GNS/CNT/Pt
4+

 suspension and sonicated for 30 min. platinum ions was reduced with 

NaBH4 salt. Afterwards, an equal volume of 0.25 M ammonium per sulfate (APS) solution was 

added into the above mixture and kept at 0–4
◦
C for 4 h. Finally, GNS/CNT/Pt/PANI composite 

was washed with distilled water and ethanol, dried in a vacuum oven at 80
◦
C for 12 h. 

 

2.2. Preparation of electrodes and electrochemical measurements 
A glassy carbon electrode (GCE,  4 mm) was used as the substrate to prepare the modified 

electrodes. Typically, 1 mg of the nanocopmosite (GNS/CNT/Pt/PANI) was dispersed in 10 mL 

of ethanol containing 10 L of nafion (5 wt% in ethanol) by ultrasonication for 10 min. 10L of 

the treated suspension was dripped on to the GCE surface, naturally dried at room temperature 

to form the modified GCE electrode (GCE/GNS/CNT/Pt/PANI). The electrochemical tests were 

carried out in H2SO4 aqueous (1M) electrolyte solution at room temperature. A three-electrode 

system was used, consisting of the GCE/GNS/CNT/Pt/PANI as the working electrode, platinum 

as the counter electrode, and Ag/AgCl as the reference electrode. 

 

3. Results and discussion 

3.1. Characterizations 
The results confirmed the successful synthesis of the GNS/CNT/Pt/PANI composite. 
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Figure 1. (a) SEM image, (b) TEM image, (c) XRD pattern and (d) FT-IR of GNS/CNT/Pt/PANI 

composite. 

 

3.2. Electrochemical behavior 
The cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) showed that 

the GNS/CNT/Pt/PANI composites exhibit remarkable specific capacitance than the pure 

individual components. 

 

 
Figure 2. (a) CV curvesand (b) EIS of pure PANI, GNS and GNS/CNT/Pt/PANI composite at 5 mV s

−1. 

 
Also the galvanostatic charge/discharge curves were recorded for all materials that will be 

present in conference. 

 

3. Conclusions 
In this paper, GNS/CNT/Pt/PANI composite was synthesized via in situ polymerization. GNS 

are used as support materials for deposition of PANI particles, CNTs as conductive wires 

interconnected among GNS/PANI particles and also Pt nanoparticles as an extender surface 

area. CNTs can not only provide highly conductive path resulting in the improvement of 

conductivity of composite, but also maintain the mechanical strength. Therefore, the intriguing 

GNS/CNT/Pt/PANI composite is quite a suitable and promising electrode material for 

supercapacitors. Obtained results will be present.  
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Abstract 

Magnetic nanoparticles of Fe3O4 (MNP) was noncovalently attached to reduced graphene oxide 

nanosheets (RGO) to produce RGO/MNP nanocomposites and characterized by XRD, SEM, 

TEM and VSM techniques. Electrochemical properties of prepared nanocomposite materials 

were characterized by cyclic voltammetry, galvanostatic charge/discharge and electrochemical 

impedance spectroscopy in 1 M Na2SO4 electrolyte solution, in comparison to RGO nanosheets. 

Supercapacitive performance of RGO/MNP nanocomposites was also investigated. Our results 

demonstrated that the RGO nanosheets, RGO/MNP (1:1), RGO/MNP (1:20) nonocomposites 

deliver an initial specific capacitance at current density of 6 Ag
-1 

as 112, 105 and 69 Fg
-1

, 

respectively. After 1000 cycle the specific capacitance of these materials decreased to 63, 73 

and 51 Fg
-1

, respectively. Consequently, RGO/MNP (1:1) nanocomposite has higher capacitive 

retention than other, after 1000 cycle.  

 

Keywords: Supercapacitor, Graphene, Magnetic Nanoparticle, Composite. 

 

1. Introduction 

Climate change and the decreasing availability of fossil fuels call for not only urgent 

development of sustainable, renewable resources and emission control of global warming gases, 

but also more advanced energy storage and management devices worldwide [1-3]. 

Supercapacitors have drawn tremendous attention as an energy storage device for their high 

power density, good rate performance and long cycling life [4]. If the energy capacity can be 

further increased, it can be used in much wider array of fields such as hybrid electric vehicle [5], 

fuel cell, battery [6], and alternation power source, engine starting system, electric actuator, and 

telecommunication [7-8]. Supercapacitors are usually defined into electrochemical double layer 

capacitors (EDLCs) and pseudo-capacitors based on their different energy storage mechanisms. 

Generally, the carbon based porous materials, including graphene, activated carbon and carbon 

nanotubes that offer high surface areas and readily accessible mesopores are widely used for 

EDLCs, where the charge storage process in non-faradic and energy storage is electrostatic. At 

the same time, the capacitance of pseudo-capacitor is mainly from faradic redox reaction. In 

recent years transition metal oxides such as MnO2, Co3O4 have been drown extensive attentions 

for psedudo-capacitors [9-10]. In this paper, the effect of Fe3O4 as a magnetic nanoparticle 

(MNP) on supercapacitive performance of RGO was studied. Electrochemical experiments 

showed that the RGO/MNP (1:1) composite electrode deliver greater specific capacitance than 

other electrodes after 1000 cycle.  
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2. Experimental  

 

Graphene oxide was synthesized from natural graphite by a modified Hummers method [11]. 

As-synthesized GO was suspended in water to give a brown dispersion, which was subjected to 

dialysis to completely remove residual salts and acids. The purified GO were then dispersed in 

water to make a 10 mg/mL suspension. Exfoliation of GO was achieved by ultrasonication using 

an ultrasonic bath. Reduction of GO was performed via Fe
2+

 ion for the first time. Finally, the 

resulting RGOs was collected with filtration, washed with pure water and ethanol several times, 

and dried at 80 °C for 12 h in an oven. Magnetic nanoparticles of Fe3O4 (MNP) were 

noncovalently attached to reduced graphene oxide nanosheets (RGO) to produce RGO/MNP 

nanocomposites via coprecipitation method.  

All electrochemical measurements were done in conventional three electrode setup: glassy 

carbon (1 cm
2
) coated with electroactive materials as the working electrode, platinum wire and 

Ag/AgCl (3 M KCl) electrode as the counter and reference electrodes. The working electrodes 

were prepared by mixing electroactive materials, carbon black and poly(tetrafluoroethylene) 

with mass ratio of 80:10:10 and dispersed in ethanol. Then the resulting mixture was coated on 

the glassy carbon electrode. The weight of active material was 6.25µg. The electrochemical 

properties of the supercapacitores were studied through cyclic voltammetry (CV), 

electrochemical impedance spectroscopy (EIS) and galvanostatic charge/discharge methods. 1M 

Na2SO4 solution was used as the electrolyte. CV tests were done between -0.2 and 1 V at scan 

rate of 100 mVs
-1

. Galvanostatic charge/discharge curves were measured at current density of 6 

Ag
-1

 and EIS measurments were also carried out in the frequency range from 100 kHz to 100 

mHz at open circuit potential with an ac perturbation of 5 mV. 

 

3. Results and discussion 

The capacitive performance of electrodes were evaluated using CV and galvanostatic 

charge/discharge techniques in 1 M Na2SO4 electrolyte solution at ambient temperature. The 

cyclic voltammograms of MNP, RGO, RGO/MNP (1:1) and RGO/MNP (1:20) nanocomposite 

electrodes at 100 mVs
-1

 are shown in Fig. 1. Obviously, all of voltammograms show a semi 

rectangular and symmetrical shape due to the capacitance C (C=i/mυ, i is the current, and m is 

the mass of active material) would keep constant at a linear charge/discharging rate (υ=dE/dt 

that is constant, E is the potential window of charge/discharge, and t is the time of 

charge/discharge) [2]. It could be found that the area surrounded by cyclic voltammogram for 

RGO electrode is apparently larger than of other electrodes (Area surrounded: RGO > 

RGO/MNP (1:1) nanocomposite > RGO/MNP (1:20) nanocomposite > MNP), implying the 

higher specific capacitance of RGO electrode. 

The specific capacitance of RGO in 1 M Na2SO4 solution could be attributed to the nature of the 

electrolyte, providing a double-capacitance. In composite electrodes, both RGO and Fe3O4 

nanoparticles can make electrochemical contributions to the specific capacitance. But, 

unexpectedly areas surrounded of composite electrodes are smaller than of RGO electrode. 

Which may be due to agglomeration of active materials and decreasing the possible surface for 

electrochemical reaction. The energy storage mechanism of Fe3O4 electrode has been accepted 

as the proton-electron mechanism [10]. 

In addition, the rate performance of electrode materials is also crucial for supercapacitors. 

Galvanostatic charge-discharge curves of MNP, RGO, RGO/MNP (1:1) and RGO/MNP (1:20) 

nanocomposite at current 6 Ag
-1

 are shown in Fig. 2. The specific capacitance of samples is 

calculated from the galvanostatic charge-discharging function according to the following 

equation: 
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I t
C

m V





                                                                          (1) 

Where C  is the specific capacitance, I  is the current, t is the discharging time, m is the mass 

of electroactive materials, and V is the potential window. Therefore, the value of specific 

capacitance at 6 Ag
-1 

is 112, 105, 69 and 66 Fg
-1

 for RGO, RGO/MNP (1:1) and RGO/MNP 

(1:20) nanocomposites, and MNP, respectively, which are well agree with the results of CV 

measurement.  
 

 
Long cycle life of supercapacitors is a crucial parameter for their practical applications. A 

galvanostatic charging-discharging test was conducted at 6 Ag
-1

 for 1000 cycles, which the 

results have been depicted in Fig. 3. The capacitive retention for RGO, RGO/MNP (1:1) , 

RGO/MNP (1:20) nanocomposites, and MNP is 57%, 74%, 69% and 77% after 1000 cycle, 

respectively. It is interesting to note that RGO electrode deliver a high initial specific 

capacitance than of RGO/MNP (1:1), but the specific capacitance for RGO fall down after 

nearly 100 cycles to the values lower to the value was obtained for RGO/MNP(1:1) 

nanocomposite electrode. Attachment of the MNP by ratio of 1:1 on the surfaces RGO 

nanosheets resulted in enhanced mechanical strength of the material and prevents them from 

agglomeration and therefore long charging/discharging cycling ability was obtained, while 

RGO/MNP(1:20) nanocomposite deliver smaller specific capacitance than of RGO/MNP(1:1) 

nanocomposite. 

The EIS analysis has been recognized as one of the principal methods examining the 

fundamental behavior of electrode materials for supercapacitor. Complex plane plots of all 

 

Figure 1: Cyclic voltammograms of RGO,MNP, and 
RGO/MNP composite in 1M Na2SO4 solution
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Figure 2:  Charge-discharge curves of RGO, MNP 
and RGO/MNP composites
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materials are presented in Fig. 4. As can be see all plots had semicircle shape at high and 

intermediated frequencies, followed by a relatively linear response at the low frequencies. The 

initial non-zero intercept in high frequency region at the beginning of the semicircle is identical 

in all the curves which are resulted of the electrical resistance of the electrolyte (Rs). In addition, 

it also finds that charge transfer resistance value was RGO < RGO/MNP (1:1) nanocomposite < 

RGO/MNP (1:20) nanocomposite < MNP. Evidently, it indicates that the conductivity of RGO 

is greater than of other materials. Obtained results will be present and discussed. 

 

 
 

4. Conclusions 

In Summary, we investigated the supercapacitive properties of RGO and RGO/MNP 

nanocomposites in the Na2SO4 solution by electrochemical methods. The results show that the 

RGO deliver maximum specific capacitance in initial cycles than of other electrodes, but after 

nearly 100 cycles specific capacitace of RGO/MNP(1:1) nanocomposite is greater than of other 

electrodes. 

  

 

Figure 3: Cycling performance of RGO, MNP, and 
RGO/MNP composite
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Figure 4: Nyquist plots of RGO, MNP, and 
RGO/MNP composite
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Abstract 

Titanium oxide nanotubes were synthesized by anodizing method in four different degree of 

sleek surfaces and study as anode of Li ion battery. The results show if the surface of titanium 

foil as substrate is sleeker, the cyclability and the capacity of Titanium oxide nanotube as anode 

of Li ion battery is increased and decreased respectively. Ti foil samples polished with abrasive 

paper in grit size 1000 and 5000. 
 

Keywords: Li Ion Battery, Anode, Titanium foil, Nanotube Titanium Oxide, Anodize 

 

Introduction 
 

TiO2 is of great interest as a promising anode material for Li-ion batteries because it offers 

enhanced safety, low self-discharge, and good capacity retention on cycling. Because of its high 

operation potential (varying between 1.45 and 1.80 V for different phases) vs. Li
+
/Li, the 

electrode avoids formation of an unstable solid-electrolyte interface (SEI) on the electrode 

surface and thus eliminates the risk of short circuit caused by dendrites formed in overcharging. 

The SEI-free interface also allows rapid charging and power release. In addition, the small 

volume change (<4%) of TiO2 under Li
+
 insertion provides high structural stability and 

potentially good cycling life. Anodic self-aligned TiO2 nanotube arrays (NTs) mitigate the rate-

limiting effects of sluggish electron kinetics and mass transport, taking advantage of the large 

surface area, short diffusion lengths, and orthogonal electron transport paths [1] 

The advantage of TiO2 nanotubes produced by anodizing is that they have been effectively 

immobilized on a titanium surface during preparation. As the result, these nanotubes have 

several possible applications. It has recently been found that the electro conductivity of TiO2 

nanotube films increases by several orders of magnitude in the presence of gaseous hydrogen, 

making this a promising material for hydrogen sensing. Similar TiO2 nanotubes have also 

shown promise for use as photo catalytic, self-cleaning surfaces, as photoanodes for water 

splitting or in dye-sensitized solar cells (where the efficiency of the photoanodic response 

depends on the nanotube wall thickness, and the current collection efficiency is a function of the 

quality of the nanotube–electrode contact)  

The growth of nanotubes by anodizing titanium can be described as a selective etching, and the 

method can be related to a top down approach. In the simplest approach, such nanotube growth 

can be described in terms of a competition between several electrochemical and chemical 

reactions, including: anodic oxide formation [2, 3].  

Ti + 2H2O → TiO2 + 4H
+
 +4e

-
 

chemical dissolution of the titanium oxide as soluble fluoride complexes, e.g.: 

TiO2 + 6F
-
 + 4H

+
 → [TiF6]

2-
 + 2H2O 

and direct complexation of Ti ions migrating through the film [1-5].: 

Ti
4+

 + 6F
-
 → [TiF6]

2-
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Experiment 
Synthesis of TNAs TiO2 nanotube arrays were synthesized by electrochemical anodization of Ti 

foil at room temperature. Prior to anodization, a Ti foil with a thickness of 0.5 mm was polished 

with abrasive paper in grit size 1000, 5000 and then successively cleaned with aceton, ethanol, 

2-propanol and deionized (DI) water in an ultrasonic bath for 30 min. Then it was subjected to 

potentiostatic anodization for 4 h in a two-electrode electrochemical cell with a Cupper foil as 

the counter electrode. A constant voltage of 50V was employed for the anodization and the 

electrolyte used is 0.3% M NH4F in a 2: 98 (w/w) mixture of DI water ethylene glycol (EG). 

After reaction, the anodized Ti foil was ultrasonically rinsed with DI water several times and 

annealed at 500 C for 3 h with a ramp rate of 1   C/min to obtain crystalline TNAs on the Ti 

foil. 

 

Results and Discussion  
Fig 1. Compares the top and cross-sectional morphology of titanium nanotube without treatment 

(TNAWT), titanium nanotube polished abrasive paper in grit size 1000 (TNA1000) and 5000 

(TNA5000), the TNA5000 have a much larger tube diameter (OD: 300-400 nm) than the 

TNTWT (OD: 100-200). The morphological characteristics of TNAs are characterized using a 

Field-emission scanning electron microscope (FESEM) Fig 1.  

 

 

 
Fig. 1) Field Emission SEM a) TNA5000 b) TNA1000 c)TNAWT 

 

 
cm

b 
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Fig. 2 X-ray diffraction pattern TiO2 nanotube. The vertical lines show the peak positions (h k l lines) of 

the anatas phase. 

 

Crystal structure of the tubes studied by XRD. The XRD patterns of TiO2 nanotubes are shown 

Fig. 2. The patterns were indexed as anatase phase. 

Galvanostatic discharge–charge cycling plots shows the first discharge capacity are 2000, 1500, 

and 1000 for TNA5000 to TNAWT but cyclability has inverse significant. Cycled in the 

potential range, 1.0–2.6V vs. Li. During the first discharge, both TiO2 nanoparticles and 

nanofibers show a reduction plateau at ∼1.75V (Fig. 2) [4] and during charge cycle a oxidation 

plateau was ∼1.8–2.0 V. The different plateaus are observed during Li-intercalation/de-

intercalation in to TiO2 with different particle. Lower discharge capacity of TNA5000 is most 

likely due to crystallinity of perfect tubes compared to that of the TNA1000 or TNAWT. The 

crystallinity of TNA5000 results in an enhanced density of surface defects and therefore, results 

in poor electrical conductivity and lower diffusion of Li-ions. Interestingly, the capacity fading 

for 2–50 cycles (Fig. 3) was ∼25% for TNA5000 which is nearly half of that of corresponding 

TNAWT (∼63%). The reduced capacity fading could have resulted from the peculiar structure 

defects of the TNA5000[5, 6]  

 

 
Fig 2. Galvanostatic first discharge–charge plot at current density of 33.5mA/g (0.1 C) a) TNAWT 

b) TNA1000. 
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Fig. 3 Galvanostatic discharge–charge cycling plots at current density of 33.5mA/g (0.1 C) a) 

TNTWT, b) TNT1000 respectively. 

 

Conclusion 
In summary, The TiO2 nanotubes prepared by anodizing method showed higher specific 

capacity compared to the other. However, the electrochemical cycling stability (current rate of 

0.1 C) was better for TNA5000. The capacity fading for 2–50 cycles was ∼23% for TNA1000 

which for the TNAWT was ∼63%. 
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Abstract 
A comprehensive study of the investigations performed in search for development of 

electrocatalysts with enhanced catalytic activity and stability for low temperature polymer 

electrolyte membrane (PEM) fuel cells are presented. we evaluated the activity of binary PtM/C 

( M = Ni,Mo,Ru,Co,Sn,W,Fe,….) alloy catalysts towards the Hydrogen oxidation reaction 

(HOR) .The comparison is done based on the potential difference in HOR. While the HOR 

kinetics on high surface area Pt catalyst is still sluggish, intensive researches have focused on 

the Pt alloyed catalysts, such as Pt-Co, Pt-W, Pt-Ru and Pt-Sn. It has been established that by 

alloying Pt with non-precious transition metals, the kinetics of the HOR can be significantly 

improved and the expense of catalyst can be reduced as well. The enhanced activity of the Pt 

alloys has been attributed to the electronic structure change and the geometric effects that 

facilitate the adsorption/desorption of the HOR intermediates  The enhanced CO tolerance of the 

developed catalysts is strongly dependent on the type, composition and atomic ratios of the 

added elements/groups, and type and structure of the support materials.  

 

Keywords: PEM fuel cells, Binary alloys, Hydrogen oxidation reaction, Geometric effects 

 

Introduction: 
Polymer electrolyte membrane fuel cells (PEMFCs) are attractive power generators for vehicles, 

electronic devices, and stationary generators on account of their low operating temperature and 

high efficiency of energy conversion [1-2]. On the other hand, the commercialization of 

PEMFCs will require an increase in the lifespan of the membrane electrode assembly (MEA) on 

the PEMFC as well as a decrease in manufacturing cost [3-4]. The synthesis of Pt alloy 

catalysts, development of non Pt catalysts, and the reduced use of Pt catalysts through 

optimization of the catalyst layer structure to a three-phase boundary are effective ways of 

reducing the MEA cost [5-6] because electrocatalysts, such as carbonsupported Pt (Pt/C), 

demand a large fraction of material costs. The use of cathode catalysts for the oxygen reduction 

reaction (ORR) has been studied extensively to minimize the use of Pt in the MEA because the 

ORR is considered the kinetic limit for PEMFCs. For instance, Pt based metal alloy catalysts 

with transition metals such as PtCo/C, PtNi/C, PtCr/C, and PtFe/C were employed to improve 

the ORR activity [7-8]. In addition, Pd-based metal alloy catalysts such as PdPt/C, PdCo/C, 

PdFe/C, PdNi/C, and PdPtNi/C have been studied as substitutes for Pt [10-12]. On the other 

hand, the amount of Pt in anodes is almost half of that in the cathodes. Therefore, to reduce the 

cost of MEA, it is important to reduce the use of Pt in the anode also is necessary [9-11]. 

 



Evaluation of the Activity 

 
 
 

302 

 

The presence of carbon monoxide (CO) as the most common impurity in the hydrogen stream 

degrades the performance of polymer electrolyte membrane fuel cells (PEMFC’s) [13–14]. It is 

well-known that one of the greatest obstacles in commercialization of PEMFC’s is the high cost 

of the electrocatalysts and their susceptibility to impurities. Thus, a remarkable number of 

studies have focused on the synthesis and development of catalysts for PEM fuel cells with 

enhanced CO tolerance to be used in the anode. In a conventional approach, Pt is alloyed with 

another element such as Ru to form Pt–Ru catalyst enhancing the CO tolerance of the catalyst. 

Another advantage of inclusion of a second or third element in the catalyst structure is that these 

novel materials reduce the high loading of Pt thus lower cost than Pt/C. 

The high reformate tolerance of these electrocatalysts is usually attributed to the electronic [15–

16,17] and bifunctional mechanisms [14,10]. In the former, the electronic effects argue that the 

added element modifies the Pt electronic structure in a way that either the Pt CO bond is 

weakened facilitating the CO oxidation by nearby OH groups, or the Pt–H2O activation is 

improved making it possible for CO molecules to be directly oxidized on the Pt sites. The 

electronic structure modification of Pt is related to the electron donation or back-donation of the 

added element. This modification reduces the impurities coverage leaving more vacant Pt sites 

for hydrogen oxidation. In the latter, the bifunctional mechanism, the electro-oxidation of CO is 

promoted through the formation of OH groups on oxophilic sites: 

 

M + H2O → M-OH + e- +H+ 

 

And then the spillover process of CO molecules to the vicinity of the sites occupied by OH 

species and CO oxidation: 

 

M-OH + Pt –CO →Pt + M + CO2 + e- +H+ 
 

The composition, morphology, size and structure of the catalyst particles affect the interactions 

formed between the reactants (H2O, CO and H2) and the catalyst, determining the activity of the 

catalyst particles [18–20]. Furthermore, these factors influence the stability of the catalyst [21–

19]. 

 

1- Composition of the catalysts : 
The crystalline structure of catalysts with ordered intermetallic architectures is well-defined and 

normally possesses high enthalpies of formation, which increases the stability of these materials 

compared to that of alloys. In addition, the cluster size and morphology can influence the 

catalytic activity of the electrocatalysts towards CO electrooxidation. For instance, the 

morphology and size of the clusters and Ru islands play a critical part in the relative importance 

of the mentioned mechanisms. Controlling the catalysts structure and morphology and 

understanding the structure–activity correlations are of great importance in designing novel CO 

tolerant electrocatalysts with superior performance. 

It is observed that formation of an alloy is not a necessary condition for attaining effective CO 

oxidation activity. It is possible to enhance the CO electro-oxidation of the Pt-based 

electrocatalysts by decorating the catalysts surface by other metals or groups. The role of the 

added metal/group is to promote the catalytic activity. In addition, it is a must for the promoter 

to be in the vicinity of Pt sites in order to be effective for the CO electro-oxidation. 

Fig. 1 illustrating the M - O bond energies for elements from different groups [49], enables one 

to prepare catalysts via including suitable oxophilic elements into the catalysts structure. 

Theoretically, the M-O bond energy should be around that of Pt - CO bond energy, which is 
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∼590 kJ/mol. Therefore, Mo, Ru, Os, Sn, and Re are suggested to be appropriate elements to be 

added to the active surface phase of a catalyst. The reformate tolerance of some binary and 

ternary catalysts including Pt–M (M = Ru, Mo, Fe, Co, Ni) electrocatalysts was investigated in a 

comprehensive research [29].  
 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

Table 1 shows the electrocatalysts developed so far to enhance the CO tolerance of the deployed 

catalysts in PEM fuel cells operating at low temperatures. These include carbon supported Pt-

based binary alloys  Development of non-Pt electrocatalysts is of great interest because if the 

catalytic performance can be comparable with that of Pt-based electrocatalysts, significant 

economic impacts will be achieved . 
Hammer and Norskov [21,22] have developed a simple model stating that the overall binding 

energy of simple adsorbates such as H, O, and CO on a transition metal surface is 

weakened/strengthened by downshift/ upshift of the d-band centre of the metal. Kitchin et al. 

using DFT calculations declared that the ligand effects between Pt (1 1 1) and subsurface 3d 

elements downshift the Pt surface d-band centre additive to the concurrent compressive-strain 

effects [23]. 
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Table 1 List of the electrocatalysts developed for enhanced CO tolerance and the electrochemical tests 

carried out to characterize the performance. 
 

Catalyst formula Electrochemical tests performed Results and mechanisms Ref’s. 

 

 

Pt–Ru/C 

 

 

PEM fuel cell operation at 85 ◦C with 

H2/x ppm CO 

Pt–Ru/C exhibits significant CO and 

CO2 tolerance compared to Pt/C due to 

both electronic and bifunctional 

mechanisms 

 

[13- 15,24,25] 

 

Pt–W/C 
 

PEM fuel cell operation at 85 ◦C with 

H2/100 ppm CO 

PEM fuel cell operation at 85 ◦C with 

H2/x ppm CO 

Tungsten exhibits a co-catalytic 

activity for hydrogen oxidation in the 

presence of CO, although the effect is 

not as effective as that of Ru 

 

[13,26,27] 

 

Pt–Sn/C 

 

Test in 1 M H2SO4 in a stream of H2/x 

ppm CO 

PEM fuel cell operation at 85 ◦C with 

H2/x ppm CO 

Pt–Sn/C exhibits enhanced CO 

tolerance compared to Pt–Ru/C due to 

the electronic and bifunctional 

mechanisms. Stability is an issue 

 

[17,30–32] 

 

Pt–Co/C 

Test in 0.5 M H2SO4 in a stream of H2/x 

ppm CO 

Tests under PEMFC operating 

conditions 

Cobalt shifts the CO oxidation onset 

potential negatively. Stability is an 

issue 

 

[28,29,33] 

 

Pt–Mo/C 

Test in 1 M H2SO4 in a stream of 

H2/x ppm CO 

PEM fuel cell operation at 85 ◦C with 

H2/x ppm CO 

Pt–Mo/C performs much better (3–4 

folds) than Pt–Ru/C. The dominating 

mechanism is the bifunctional 

mechanism. Stability is an issue 

 

[14,34,35,36] 

 

Pt–Fe/C 

Test in 0.5 M H2SO4 in a stream of H2/x 

ppm CO 

PEM fuel cell operation at 85 ◦C with 

H2/x ppm CO 

Superior CO tolerance is observed due 

to formation of Pt-skin and electronic 

effect 

 

[13,33,34] 

 

Pt–Ni/C 

 

Test in 0.5 M H2SO4 in a stream of H2/x 

ppm CO 

Test in 0.5 M HClO4 

 

Superior CO tolerance is observed 

compared to Pt/C 

 

 

[35,29] 

 

2- Structure : 
The catalytic activities of electrocatalysts for PEM fuel cell applications are significantly 

affected by the structure and morphology of the catalysts. Depending on the preparation 

conditions, different molecular structures form including alloys, intermetallic phases, core–shell 

structures and oxidative agents decorated Pt/C.  

The enthalpies of formation of alloys are very small values, thus they can be unstable [41]. 

Electrochemical conditions such as high current densities can change the structure and 

composition of the top layer of a PtRu alloy catalyst significantly [43]. Incontrast, the crystalline 

structure of catalysts with ordered intermetallic structures are well-defined and normally possess 

high enthalpies of formation, which increases the stability of these materials compared to that of 

alloys [30,41,42]. The atomic scale electronic and geometric structures of intermetallic 

compounds can be well controlled and preserved. Furthermore, these structures have been 

reported to exhibit excellent electrocatalytic performance towards CO oxidation of [30,44]. 

However, according to results of electrochemical experiments, intermetallic structures including 

non-noble elements such as Bi or Pb may not be stable at the electrode potentials as high as 

+0.80 V or beyond [45]. 
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3-Atomic ratio of the elements : 
The atomic ratio of the elements plays an important role in the catalytic activity. It is concluded 

that for bimetallic electrocatalysts such as PtRu, PtFe and PtW the maximum activity and the 

most superior CO tolerance is exhibited by those with atomic ratio of 1:1. In the case of 

oxidative agents modified Pt-based electrocatalysts, the activity of the catalysts are strongly 

dependent on the content of the promoter. An optimum content of the promoter must be added 

to the Pt/C to effectively enhance the CO oxidation. In fact, adding too much of the oxidative 

agent would block a large portion of the Pt active sites. 

The atomic ratio of the constituent elements can affect the catalytic activity of the catalysts 

towards CO oxidation. Ianniello et al. [46] studied the CO oxidation on catalysts with different 

Ru contents through in situ infrared (FTIR) spectroscopy and differential electrochemical mass 

spectrometry (DEMS). According to their results, the CO oxidation onset potential remains the 

same for all the samples. However, the peak potential for CO oxidation decreases by increasing 

Ru content. PtRu (1:1) has the lowest peak potential presenting the optimal composition which 

has been also reported in the research by Wasmus and Kuver [47]. 

Fig. 2 gives the cyclic voltammograms (CVs) for various Pt–W/C and Pt/C (20 wt%, Johnson-

Matthey) catalysts in electrolyte solution saturated with inert gas, which show typical Pt features 

for the underpotential deposition (UPD) adsorption/desorption of hydrogen, indicating the 

surface enrichment of Pt in these Pt–W/C catalysts even in Pt-lean PtW2/C catalyst. In fact, the 

surface enrichment of Pt in these catalysts was also implied by the results of the angular-

resolved XPS measurements. By deconvoluting the XPS spectra in binding energy region 

between 68 eV and 80 Ev into components of Pt4f and W5s through Gauss-Lorentzian fitting and 

correcting the sensitivity of each element, the Pt/W atom ratios in the near surface region were 

estimated to be 4.2:1, 3.6:1, 4.2:1 and 2.5:1 for the Pt3W/C, Pt2W/C, PtW/C and PtW2/C 

respectively [48], which are much higher than the corresponding nominal  compositions. The 

estimation performed with the W4f spectra in the binding energy region between 31 eV and 40 

eV gave very similar results. 

 

 
 

 

 

 

 

 

 

 

 
 

Fig. 2. CVs in Ar-saturated 0.5 M H2SO4 for the prepared Pt–W/C 

and the JM Pt/Ccatalysts. Potential scanning rates: 50 mV/s. The total 

metal loadings: 51 µg cm−2. 
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Fig. 3. CO stripping curves in Ar-saturated solution for the prepared 

Pt–W/C, the JM Pt/C and JM PtRu/C catalysts. Scanning rates: 20 mV/s 

Total metal loadings:  51 µg cm-2 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Steady-state HOR polarization curves in H2/CO-saturated solution for the prepared Pt–W/C,       

the JM Pt/C and JM PtRu/C catalysts. Scanning rates: 5 mV/s. Total metal loadings: 20 µg cm−2.  

 

Fig. 4 When the HOR-CO polarization curves are compared, the Pt–W/C catalysts exhibit HOR 

onset potentials about 150 mV and 200 mV more negative than that on the Pt–Ru/C and Pt/C 

respectively, suggesting that the Pt–W alloy catalysts are more CO tolerant for HOR than Pt/C 

and PtRu/C. The enhanced CO tolerance of Pt–W/C catalysts over Pt/C is in consistence with 

their more negative CO stripping potentials than Pt/C. The better CO tolerance of Pt–W/C 

catalysts than PtRu/C, however, contradicts with their more positive CO stripping potentials 

than PtRu/C. This suggests that the mechanism of CO-tolerant oxidation of H2 on Pt–W alloys 

differs from that on Pt–Ru alloys. 

 

4- Catalytic activity of the catalysts towards CO oxidation : 

To compare the catalytic activity of the electrocatalysts investigated by other researchers, the 

results from rotating disc electrode and single PEM fuel cell polarization curves measurement 

and cyclic voltammetry experiments are used, which is the most common technique applied to 

determine the catalytic activity towards hydrogen and carbon monoxide oxidation in acidic 

media. CO oxidation onset potential and current density at a certain potential measured from CV 

and polarization measurements are listed in Tables 2 illustrating the electrocatalysts kinetic 

parameters for CO oxidation.  
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Table 2: Kinetics parameters of CO electro-oxidation under fuel cell operating conditions. 
 

Electrocatalyst 

 

i (A cm−2
)@ E 

 

Eonset 
 

Refs. 

Pt/C 0.16@0.7 V 0.4 [14] 

Pt–Ru/C
a 

0.21@0.7 V 0.25 [15] 

Pt–Mo/C
a 

0.35@0.7 V 0.05 [15] 

Pt–Sn/C
b 

0.05@0.7 V 0.25 [26,40] 

Pt–Fe/C
a 

0.19@0.7 V 0.42 [13] 

Pt–Ni/C
a 

0.19@0.7 V 0.41 [29] 

Pt–W/C
a 0.36@0.7 V 0.41 [13] 

Pt–Co/C
a 

0.2@0.7 V 0.41 [29] 

a
 85 ◦C, 100 ppm CO/H2–O2, 0.3 MPa. 

b  H2/150 ppm CO. 
 

 

Comparing the information presented in Tables 2, it is observed that the catalytic activity of 

Pt/C is enhanced significantly by adding the transition metals. 

 

Conclusions: 

It is essential to add appropriate amounts of elements to Pt/C or PtRu/C which enhance the 

catalytic activity through the bifunctional mechanism and electronic effects. Mo, Ru, Os, Sn, 

and Re are suggested to be appropriate elements which create oxophilic groups on the catalyst 

surface facilitating the CO electrooxidation through bifunctional mechanism. In addition, all 

transition metals change the electronic properties of the electrocatalysts nanoparticles via 

electron transfer between the Pt and the added element in a way that the Pt CO bond weakens 

leading to a decrease in CO coverage, and thereby enhancing the catalytic performance. 

Stability of the electrocatalysts is essential for PEM fuel cell’s long term operation. Anode 

materials with ordered intermetallic structure and those including metals with chemical stability 

in acidic media such as tungsten, cerium and iron are promising candidates offering improved 

CO tolerance and superior performance compared to PtRu/C. 
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Abstract 
Fuel cells, especially low temperature fuel cells are clean energy devices that are expected to 

help address the energy and environmental problems that have become prevalent in our society. 

Platinum-based catalysts are usually used as the catalysts for cathode (oxygen reduction) 

reactions. The high cost and limited resources of this precious metal hinder the 

commercialization of fuel cells. Pt alone does not present satisfactory activity for the oxygen 

reduction reaction when used as cathode material. For all these reasons, non-platinum-based 

catalysts have been tested as electrode materials for low temperature fuel cells. Palladium and 

platinum have very similar properties because they belong to the same group in the periodic 

table. Recent efforts have focused on the discovery of palladium-based catalysts with little or no 

platinum for oxygen reduction reaction (ORR). 

 

Keywords: Palladium, Catalysts, Fuel cells, Platinum, Cathode, Oxygen reduction reaction. 

 

1. Introduction 

Fuel cells, and especially low temperature fuel cells such as proton exchange membrane fuel 

cells (PEMFCs), direct alcohol fuel cells (DAFCs) and alkaline fuel cells (AFCs), are widely 

considered to be a sustainable energy conversion system and are a key technology for the 

development of a hydrogen economy.  

At the cathode of the fuel cell, the oxygen is reduced, leading to formation of water. The 

cathodic reactions require catalysts to reduce the overpotentials and increase reaction rates. Pt-

based materials are usually used as the catalysts for both the reactions. Because catalysis is a 

surface effect, the catalyst needs to have the highest possible surface area. So, the active phase is 

dispersed on a conductive support such as high surface area carbon powders. Generally the 

particle size of carbon supported metals increases going from Pt to Pd, independently of the 

preparation method. However, the elevated price and limited resources of Pt are hindering the 

commercialization of fuel cells. Moreover, Pt alone does not present satisfactory activity for the 

oxygen reduction reaction (ORR) when used as cathode material.  

With the exception of Pt, the catalytic activity of Pd is one of the highest among the pure metals 

for ORR. Pt and Pd have very similar properties (same group of the periodic table, same fcc 

crystal structure, similar atomic size). Pd is interesting as it is at least fifty times more abundant 

on the earth than Pt. This, combined with the fact that the cost of Pd is lower than that of Pt, 

makes it an attractive alternative[1]. While Pd is less expensive than Pt, the electrocatalytic 

activities of pure Pd for ORR are at least five times lower than that of Pt, which prevents it from 

being used directly in fuel cells. Great efforts have been dedicated to improve the activity of Pd 

by surface modification and alloying[1,2]. This paper attempts to summarize the recent progress 

of catalysts containing Pd for ORR.  
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2. Oxygen reduction reaction (ORR) 

2.1 ORR in acidic solutions 

The ORR activity of Pd/C is generally five times lower than that of Pt/C in perchlorate acid due 

to the stronger binding energy of oxygen containing species on the surface of the former. 

For the Pd–Fe systems, an optimized composition of Pd:Fe = 3:1 was found by several 

groups[3,4]. The ORR activity of Pd3Fe/C was comparable to or higher than that of Pt/C. A 

comparison between Pd3Fe/C and Pd2Co/C in Figure 1 reveals that the former has a slightly 

higher ORR activity[3].  

 

 
 

Figure 1: Comparison of polarization curves for the ORR on Pd/C (ETEK), Pt/C (ETEK) and Pd3Fe/C 

nanoparticles in 0.1 M HClO4. Sweep rate 10 mV s 
−1 

; room temperature. Insert: comparison of noble 

metal mass activity for Pt/C (ETEK), Pd3Fe/C and Pd2Co/C at 0.8 V and 0.85 V[3]. 

 

2.2 Alcohol tolerance 

Due to kinetic limitations of ORR, the cathodic overpotential losses amount to 0.3–0.4 V under 

typical PEMFC operating conditions. The development of more active oxygen reduction 

catalysts than Pt has been the subject of extensive research. 

Regarding direct alcohol fuel cells, one of the major problems is of alcohol crossover through 

the polymer electrolyte. The problem of alcohol crossover could be solved either by using 

electrolytes with lower alcohol permeability or by developing new cathode electrocatalysts with 

higher alcohol tolerance than Pt. Among various metals,  Pd and Pd–M catalysts present very 

important selectivity for ORR in acid medium in the presence of alcohol. By alloying with Pd, 

the methanol tolerance of Pt-based catalysts can be improved by diluting the Pt–Pt bonds, which 

are required for dissociative adsorption of alcohol on the surface of the catalyst.  

Shao et al. found no evidence of methanol oxidation on Pd2Co/C in nitrogen-saturated HClO4 

solution containing 0.1 M methanol (Figure 2a). For the ORR, the half-wave potential drops 

ca.20 mV with 0.1 M methanol in solution, compared to the same catalyst without methanol. 

The loss of 20 mV might reflect the blocking of some active sites for oxygen reduction by the 

adsorbed methanol or its intermediates from oxidation. A somewhat higher methanol oxidation 

activity was observed by the same research group on a Pd3Fe/C catalyst in the same electrolyte, 

as several small oxidation current peaks corresponding to methanol oxidation appeared (Figure 

2b) [5]. 
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Figure 2: (a) Comparison of polarization curves for ORR on Pd2Co/C in oxygen saturated 0.1 M HClO4 

solution with and without 0.1 M methanol; rotation rate 900 rpm; sweep rate 10 mV s 
−1

 . The insert is 

the cyclic voltammetry of Pd2Co/C nanoparticles in nitrogen saturated 0.1 M HClO4+ 0.1 M methanol 

solutions; sweep rates 20 mV s 
−1

 . (b) Comparison of polarization curves for the ORR on Pd3Fe/C 

nanoparticles in 0.1 M HClO4with (blue line) and without (red line) 0.1 M methanol. Sweep rate 10 mV s 
−1

 ; room temperature. The insert is the cyclic voltammetries of Pd3Fe/C in nitrogen saturated 0.1 M 

HClO4 solution with (blue line) and without (red line) 0.1 M methanol)[5]. 

 

3. Conclusions 
Pd-based catalysts may play a role to replace or partially replace costly Pt in cathode of low 

temperature fuel cells. Generally, Pd-based catalysts present larger particle size than Pt-based 

catalysts, and they have a lower active surface area than Pt-based catalysts, which decreases 

their catalytic activity. So, systematic studies of the effects of synthesis methods, particle size, 

alloy degree, and composition on ORR activity and stability are crucial for optimization of Pd-

based catalysts. The long term durability of Pd-based catalysts is one of the unavoidable issues 

for PEM fuel cell applications.  
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Abstract 

Bioenergy is renewable energy derived from living biological material, or biomass.  Biomass 

comprises all biological material derived from living, or recently living organisms. Technology 

conversion of biomass are: thermal, chemical, biochemical. Biofuel is a form of renewable 

energy that can be produced from various biomass. One of the main biofuel is bioethanol. Bio-

ethanol, is a clean and renewable fuel. The conversion pathways for the production of bio-

ethanol are fermentation, catalytic conversion of syngas and fermentation of syngas. Fuel cell is 

an electrochemical device in which the chemical energy is directly converted into electrical 

energy. Among the various fuels which can be converted into hydrogen to be used in fuel cells, 

ethanol, is very promising candidate because it is easily decomposed in the presence of water 

and generate an H2-rich mixture suitable for feeding fuel cells. In the present study, biomass, 

resources and technology for use in PEMFC have been investigated. 

 

Keyword: Biomass, Bioenergy, Ethanol production, PEMFC 

 

1.  Introduction 

1.1. Bioenergy 
Bioenergy is renewable energy derived from living biological material, or biomass. Bioenergy is 

the energy contained in biomass is energy from the sun captured through natural processes of 

photosynthesis [1]. The bio-energy resources are classified into two main categories. One is 

agro-fuels and the other is bio-fuels. Bio-fuels are biomass- derived fuels designed to replace 

petroleum and used mainly in the transport sector. An agro-fuel, is a type of bio-fuel, consisting 

of crops and/or trees grown on a large scale. Forms of bioenergy include power, heat, and solid, 

liquid, and gas fuels. Uses of these various forms of bioenergy include industrial, residential, 

and commercial applications (Figure 1). Renewable energy sources can be a good substitute of 

the fossil fuel which Bioenergy produce are being terminated fast [2]. 
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Figure1: Energy product and their uses. 

1.2. Biomass 

Biomass is fourth largest primary energy resource in the word and it is one of the most 

promising renewable energy, that is available in the worldwide [2]. Biomass comprises all 

biological material derived from living, or recently living organisms. Biomass can be burnt 

directly or it can be converted into solid, gaseous and liquid fuels using conversion technologies 

[4]. Unlike fossil fuels, biomass is renewable in the sense that only a short period of time is 

needed to replace what is used as an energy resource [3]. For three main reasons: First, it is a 

renewable resource that could be sustainably developed in the future. Second, it has positive 

environmental properties resulting in no net releases of carbon dioxide and very low sulfur 

content. Third, it appears to have significant economic potential provided that fossil fuel prices 

increase in the future. Biomass has the unique advantage among the rest of the renewable 

resource energy, to be able to provide solid, liquid and gaseous fuels that can be stored, 

transported and utilized, far away from the point of origin [5]. 

 

1.2.1 BIOMASS FEEDSTOCKS AND SOURCES 

There are three main types of biomass materials from which bioenergy feedstocks are derived: 

lipids, sugars/starches [6], and cellulose/lignocellulose (Figure 2). Lipids are energy-rich, water-

insoluble molecules such as fats, oils, and waxes. Lipids are a feedstock source derived from 

nonwoody plants and algae. Soybean, oil palm, and various seed crops such as sunflower are 

common agricultural sources of oils for biodiesel production. Sugars and starches are the 

carbohydrates typically found in the edible portions of food crops, such as corn grain and 

sugarcane. Cellulosic/lignocellulosic biomass is composed of complex carbohydrates and 

noncarbohydrate molecules typically found in the leaves and stems of plants. 

Cellulose/lignocellulose has no food value to humans [1]. lignocellulosic materials are abundant 
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in nature and does not compete with food, Lignocellulosic materials such as, forest residues, 

municipal solid waste, waste paper, could produce up to 442 billion liters per year of bioethanol 

therefor this materials are promising materials to production of ethanol. Lignocellulose, wich is 

a component of plant cell walls, is mainly composed of cellulose, hemicellulose, and lignin. 

Cellulose is a polymer consist in ß-glucose monomers. Hemicellulose can be xyloglucans or 

xylans depending on the types of plants. Lignins are phenolic compounds wich are formed by 

polymerization of three types of monomers (p-coumaryl, coniferyl and synapyl phenols) [7, 8]. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Types of biomass derived from woody and nonwoody. 

 

There are two broad categories of plants, that they are woody and nonwoody (Figure 2). The 

majority of biomass for bioenergy feedstocks comes from three sources: forests, agriculture, and 

waste. Woody biomass from forests is the original source of bioenergy. It is the most important 

source of fuel for cooking and space heating throughout the world, particularly among 

subsistence cultures.  Forest residues are comprised of biomass remaining after forest thinning 

and harvesting operations, and thus do not directly compete with pulp-and-paper, lumber, 

composite panel furnish, and other commodity timber products [9]. Agriculture is a source of 

sugars, starches, lipids, nonwoody cellulosic materials, and woody materials (i.e., lignocellulosic 

biomass) [6].  Agriculture-based biomass comes from crops grown specifically for bioenergy 

production, as well as agricultural residues. Agricultural residues are nonedible, cellulosic 

materials that remain after harvest of edible portions of crops. Agricultural residues include 

plant leaves and stems. Waste-based biomass includes organic materials leftover from industrial 

processes, agricultural liquid and solid wastes (e.g., manure), municipal solid wastes, and 

construction [4]. The major sources of nonwoody wastes include waste paper, liquid leftover 

from paper production (i.e., black liquor), and textile manufacturing [1]. 
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1.3 OVERVIEW OF CONVERSION TECHNOLOGIES 

To make use of the energy available in biomass, it is necessary to use technology to either 

release the energy directly, as in direct combustion for heat, or to transform it into other forms 

such as solid, liquid, or gaseous fuel. There are three main types of conversion technologies 

currently available: thermal, chemical, and biochemical (Figure 3). These technologies may also 

be used in combination. Thermal conversion processes use predominantly heat to convert 

biomass into other forms. Thermal conversion processes include combustion, pyrolysis, 

torrefaction, and gasification [1].  

Traditionally, biomass had been utilized through direct combustion. Burning biomass produces 

pollutants including dust and the acid rain gases such as sulfur dioxide and nitrogen oxides but 

the sulfur dioxide produced is 90% less than that is produced by burning coal. The combustion 

process is started by heating the fuel above its ignition temperature in the presence of oxygen or 

air. Under the influence of heat, the chemical bonds of the fuel are cleaved [2]. 

Pyrolysis is the decomposition of biomass at high temperatures in the absence of oxygen. fast 

pyrolysis becomes a promising option for the thermo-chemical conversion of lignocellulosic 

biomass into liquid fuels because of its higher yield and quality of liquid oil compared to other 

techniques. For fast pyrolysis process, a bubbling fluidized bed reactor has been widely used at 

bench-scale and pilot-scale plants due to its high heat transfer rate [10]. Torrefaction is pyrolysis 

at low temperature [1]. Torrefaction is a thermal process performed in an inert atmosphere at 

temperatures between 200 and 300  C, with residence times lower than 60 min and heating 

rates lower than 20  C/min. Its aim is to improve biomass as a solid fuel. In this processing, the 

lignocellulosic components are degraded (hemicellulose and cellulose are more degraded than 

lignin), having as result a biomass with a predominant amount of lignin [11].  Gasification is the 

conversion of solid biomass into various gases using heat and varying amounts of oxygen [1]. 

Promising routes to convert biomass into liquid are by means of gasification followed by syngas 

conversion. All biomass compounds hemicellulose, cellulose and lignin can be converted into a 

H2/CO rich syngas. [6].  

During a gasification process, biomass is directly converted to synthesis gas (syngas) in a 

gasifier under a controlled amount of air. Syngas can be used in internal combustion (IC) engine 

to produce heat, or in a cogeneration system to produce heat and electricity. The gasification 

step involves reacting biomass with air, oxygen, or steam to produce a gaseous mixture of CO, 

CO2, H2, CH4, and N2 either known as producer gas or synthesis or syngas, depending on the 

relative proportions of the component gases [2]. Chemical conversion involves the use of 

chemical agents to convert biomass into liquid fuels. [1]. Biochemical conversion involves the 

use of enzymes of bacteria or other microorganisms to break down biomass. There are three 

routes for biochemical conversion: Digestion (aerobic, anaerobic), Fermentation, Enzymatic or 

acid hydrolysis [12].  

Aerobic digestion, is a biochemical breakdown of biomass, that it takes place in the presence of 

oxygen. It uses different types of microorganisms that access oxygen from the air, producing 

carbon dioxide, heat, and a solid digestate. Anaerobic digestion is an attractive waste treatment 

practice in which both pollution control and energy recovery can be achieved. Many agricultural 

and industrial wastes are ideal candidates for anaerobic digestion because they contain high 

levels of easily biodegradable materials. The inhibitors commonly present in anaerobic digesters 

include ammonia, sulfide, light metal ions, heavy metals, and organics [2]. Fermentation can be 

performed as a batch, fed-batch or continuous process. Batch culture is a closed culture system 

which contains an initial, limited amount of nutrient, and microorganisms, which allow the 

fermentation. The major advantage of fed-batch, comparing to batch, is the ability to increase 

maximum viable cell concentration, and product accumulation to a higher concentration. In the 
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continuous process, feed, which contains substrate, culture medium and other required nutrients, 

is pumped continuously into an agitated vessel where the microorganisms are active. The 

product, which is taken from the top of the bioreactor, contains bioethanol, cells, and residual 

sugar [8]. lignocellulosic materials should converted to simple sugars before fermentation, 

through a process called hydrolysis. The most commonly applied methods include: chemical 

hydrolysis (dilute and concentrated acid hydrolysis) and enzymatic hydrolysis. When hydrolysis 

is catalyzed by such enzymes, the process is known as enzymatic hydrolysis. By enzymatic 

method, conversion of cellulose to glucose is selective and degradation products like tars are not 

produced. Enzymatic hydrolysis of lignocellulosic materials is a very slow process because 

cellulose hydrolysis is hindered by structural parameters of the substrate, such as lignin and 

hemicellulose content, surface area, and cellulose crystallinity [7].  
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Figure 3: Conversion pathways. 
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1.4 Biofuel 

Biofuel is a form of renewable energy that can be produced from various biomass resources 

including agricultural feedstocks [13]. The term biofuel is referred to as liquid or gaseous fuels 

for the transport sector that are predominantly produced from biomass. A variety of fuels can be 

produced from biomass resources including liquid fuels, such as ethanol, methanol, biodiesel, 

Fischer-Tropsch, and gaseous fuels, such as hydrogen and methane. Liquid biofuels are 

primarily used to fuel vehicles, but can also fuel engines or fuel cells for electricity generation. 

There are several reasons for biofuels to be considered as relevant technologies by both 

developing and industrialized countries include energy security reasons, environmental 

concerns, foreign exchange savings, and socioeconomic issues related to the rural sector. 

Advantages of biofuels are the following: (a) biofuels are easily available from common 

sources, (b) they are represent a carbon dioxide-cycle in combustion, (c) biofuels have a 

considerable environmentally friendly potential, (d) there are many benefits the environment, 

economy and consumers in using biofuels, and (e) they are biodegradable and contribute to 

sustainability. The biggest difference between biofuels and petroleum feedstocks is oxygen 

content. Biofuels have oxygen levels from 10% to 45% while petroleum has essentially none 

making the chemical properties of biofuels very different from petroleum. All have very low 

sulfur levels and many have low nitrogen levels.  Liquid biofuels being considered world over 

all into the following categories: (a) bioalcohols; (b) vegetable oils and biodiesels; and (c) 

biocrude and bio-synthetic oils. They may be pure (100%) biofuels for dedicated vehicles or 

blend fuels in such a proportion that they can substitute conventional motor fuels without 

affecting car performance. For example, ethanol can be blended with gasoline without problems 

with as much as 15–20% alcohol by volume (E15-20) [5].  

 

1.4.1 Bioethanol 

One of the main biofuel is bioethanol. Bio-ethanol, as a clean and renewable fuel, is gaining 

increasing attention, mostly through its major environmental benefits. It can be produced from 

different kinds of renewable feedstock. On the basis of the raw material used for its production, 

bioethanol is divided into first, second and third generation bioethanol. First generation include; 

sucrose-containing feedstocks (sugar can, sugar beet) and starchy materials (wheat, corn). 

Second generation include; lignocellulosic biomass (wood, straw,), and third generation include 

algal biomass [16]. using bio-ethanol as fuel have several advantages such as: (i) its use as 

renewable energy to partially substitute oil and increase security of supply; (ii) its use as octane 

enhancer in unleaded gasoline to replace metyl-tert-butylether (MTBE); (iii) its use as 

oxygenated compound for clean combustion of the gasoline, thus reducing the tailpipe emissions 

and improving the ambient air quality and (iv) its use as renewable fuel to reduce CO2 

emissions and its contribution to a reduced effect on climate change [15] .The conversion 

pathways for the production of bio-ethanol are: 

a. Ethanol synthesis from gasification of biomass 

b. Ethanol production from fermentation of biomass  

c. Ethanol production from fermentation of syngas 

 

1.4.1.1 Ethanol synthesis from gasification of biomass 

Synthesis gas (or syngas) is ultimately produced, which is a mixture of carbon monoxide, 

carbon dioxide, and hydrogen. Syngas can then undergo a water-gas shift reaction in order to 

produce hydrogen, as follows: 

CO + H2O → CO2 + H2                          [17] 
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The chemical formula of the direct synthesis of ethanol from syngas is described in Eq. (1).   

2CO + 4H2 = C2 H 5OH + H2                  (1) 

Four kinds of catalysts have been reported for the direct synthesis of ethanol from syngas: 

Modified F–T synthesis (Fe-based or Co-based, which hydrocarbons as the main products ), 

catalysts modified Cu-based catalysts (produceC1–C6 alcohols mixtures in which methanol and 

isobutanol are the main products ) , sulfide Mo-based catalysts (produce methanol and ethanol 

as the main oxygenates but also form large amounts of methane and CO2 as by-products ) and 

Rh-based catalysts (have the highest selectivity for ethanol among various catalysts but the 

selectivity for methane is still large (>30%). Rh-based catalysts [19]. Studies have shown, The 

CuZn+Al catalyst exhibited high ethanol selectivity in production of ethanol from syngas [18]. 

Rhodium catalysts loaded on silica modified by various transition metal oxides were 

investigated for the conversion of syngas to ethanol. In gasification, all kind of biomass, convert 

to syngas [20]. 

 

1.4.1.2Ethanol production from fermentation of biomass 

Bio-ethanol can be produced from a large variety of carbohydrates (mono-, di-, polysaccharides) 

[15].  Sugarcane is the primary feedstock in Brazil, and corn grain is the primary feedstock in 

the United States [1]. In the biological conversion of lignocellulosic feedstocks, pretreatment is 

required. Pretreatments break down cellulose and hemicellulose into sugars and separate lignin 

and other plant constituents from fermentable materials. Pretreatment technologies are physical, 

biological, and combinatorial; the form of pretreatment used will depend on the nature of the 

feedstock. Physical pretreatment includes gamma-ray exposure; chemical pretreatment methods 

include the use of acids, alkali, and ionic liquids; and biological methods include use of 

microorganisms to degrade lignin and hemicellulose [12, 21].   lignocellulosic materials should 

converted to simple sugars before fermentation, through a process called hydrolysis. The 

supernatant from enzymatic hydrolysis of lignocelluloses can contain both six-carbon (hexoses) 

and five-carbon (pentoses) sugars (if both cellulose and hemicellulose are hydrolyzed). 

Microorganisms can be used to ferment all lignocellulose-derived sugars to bioethanol. The 

performance parameters of fermentation are: temperature range, pH range, alcohol tolerance, 

growth rate, productivity, osmotic tolerance, specificity, yield, genetic stability, and inhibitor 

tolerance. If, fermentation products are more volatile than water, recovery by distillation is often 

the technology of choice. Distillation technologies that will allow the economic recovery of 

dilute volatile products from streams containing a variety of impurities have been developed and 

commercially demonstrated. A distillation system separates the bioethanol from water in the 

liquid mixture.The first step is to recover the bioethanol in a distillation or beer column.  The 

product (37% bioethanol) is then concentrated in a rectifying column to a concentration just 

below the azeotrope (95%). The remaining bottoms product is fed to the stripping column to 

remove additional water and finally bioethanol 99.6% is produced. After the first effect, solids 

are separated using a centrifuge and dried in a rotary dryer [7] 

 

1.4.1.3 Ethanol production from fermentation of syngas 

Conversion of synthesis gas to ethanol by C. ljungdahlii has been developed into a commercial 

process that combines cellulose gasification, synthesis gas fermentation, and recovery of ethanol 

from the reaction products by distillation. The limited solubilities in water at about 37  C of 

carbon monoxide (0.03 g/kg) and hydrogen (0.0014 g/kg) limit conversion rates and a high 

degree of agitation and increased pressure are necessary to stimulate gas/liquid mass transfer 
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rates. Continuous stirred tank reactors (CSTRs) with high impeller speeds are used to reduce 

bubble size and so improve interfacial contact and, consequently, reaction rate. A variety of 

trickle bed reactors have been considered, and these have been more efficient than either CSTRs 

or bubble column reactors. Elevated pressures are obviously desirable for bacteria that can 

withstand pressures of 4050Mpa. Although higher fermentation temperatures should lead to 

improved rates of reaction, they have the downside effect of lowering the solubility of the 

synthesis gas. Fermentation of synthesis gas offers a more narrowly defined product slate than 

chemical conversion where ethanol, isobutanol, acetates, and butyrates are the primary products. 

Synthesis gas fermentation also proceeds at lower temperatures and pressures than an analogous 

FT process, and is apparently independent of a specific ratio of carbon monoxide to hydrogen 

[22].  

 

1.4.1.2 Ethanol as fuel of fuel cell 

The utilization of alternative fuels such as ethanol for generation of electrical power in fuel cells 

may be considered as a long-term policy capable of providing significant economic and 

environmental benefits [23]. Fuel cell is an electrochemical device in which the chemical energy 

is directly converted into electrical energy [24]. Fuel cell has an electrolyte in contact with an 

anode (negative electrode) and a cathode (positive electrode) [26]. The polymer electrolyte 

membrane or proton exchange membrane fuel cell (PEMFC)  with hydrogen as fuel, is 

considered to be the one of the most promising portable power sources due to its fast start-up, 

high power density, quick load following, and ease of electrolyte handling, zero-pollution, high 

output density, low corrosion and system robustness. The purity of the hydrogen (H2) should be 

relatively high to achieve high efficiency, power density and long life there are difficulties in 

hydrogen supply infrastructure or fuel reforming technology with the clean-up of impurities 

such as carbon monoxide and sulfur compounds [25]. 

In recent years a lot of research in the field of proton exchange membrane (PEM) fuel cells is 

focused on direct ethanol fuel cells (DEFCs) due to ethanol’s intrinsic advantages.  Among the 

various fuels which can be converted into hydrogen to be used in fuel cells for automotive and 

stationary applications, alcohols, in particular, methanol and ethanol, are very promising 

candidates because they are easily decomposed in the presence of water and generate an H2-rich 

mixture suitable for feeding fuel cells. Methanol has been thoroughly studied in recent years but 

the main drawbacks are its high toxicity and its production based essentially on non-renewable 

fossil fuel. In contrast, ethanol has advantage such as its non-toxicity, less volatility than 

methanol and renewability with high energy density (8.0 kWh/kg). Furthermore its easy 

production in large quantities by fermentation from sugar containing agricultural wastes adds up 

to its advantages [26]. The basic difference of ethanol in comparison with methanol and other 

alternative fuels, is the feasibility of its production from biomass with biochemical processes. 

Therefore, methanol does not address the goal of reducing neither the dependence on fossil fuels 

nor the emissions of greenhouse gases, such as CO2. In general, technologies for the production 

of hydrogen from liquid and gaseous fuels are based on one of the following processes: 

Steam reforming (SR). 

Partial oxidation (POX). 

Autothermal reforming (ATR). [27]. 

Ethanol reforming consists on an interesting alternative for the renewable production of 

hydrogen, not only as a chemical feedstock for the industry, but also for the production of 

electricity in selected applications using fuel cells [28]. Daniel G. Lopes et al. presents a 

technical and economic analysis of a power supply system based on a 5 kW Proton Exchange 

Membrane Fuel Cell (PEMFC) fed with hydrogen produced by the auto-thermal reforming of 
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ethanol. The results point out that the cost of the hydrogen produced by the ethanol reformer 

prototype is lower than the hydrogen prices in the Brazilian market, and that the cost of the 

electricity produced by that hydrogen in a PEMFC is lower than other alternative sources of 

energy, except when compared to the electricity available in grid-connected power system in 

Brazil [26] 

 

Conclusions 

Bioenergy produced from biomass is a promising solution to environmental challenges and a 

driver of economic development from local to global levels. Biofuel is recognised as an 

important renewable and sustainable energy source to substitute fossil fuel [14]. Due to its 

environmental merits, the share of biofuel in the automotive fuel market will grow fast in the 

next decade. Biofuels stand for liquid or gaseous fuel for transport produced from biomass. 

Ethanol as a clean and renewable fuel can be produced from biomass, therefor, ethanol 

feedstocks are available in the world. For reasons, low pollution, no toxicity, safe storage and 

handling, high energy density, capability reformation to hydrogen, and different methods for 

production, ethanol is favorable fuel for PEMFCs. 
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Abstract 
A catalyst for methanol oxidation, PtCo nano alloy, has been synthesized and its electrochemical 

activity for methanol oxidation has been investigated. X-ray diffraction depicts a good 

crystallinity of the supported Pt nanoparticles in the composites and reveals the formation of 

PtCo alloy .Structural characterizations with transmission electron microscopy (TEM) and X-ray 

powder diffraction (XRD) revealed that PtCo nanoparticles possess an interesting dendritic 

morphology with excellent structural continuity and integrity. The results show that the PtCo 

nano alloy modified carbon paste electrode exhibits large electrochemical capacitance for 

methanol electrooxidation.  
 

Keywords: Methanol oxidation, Pt:Co nano alloy, Modified electrode 
 

Introduction 
Nanoparticles (NPs) are a subject of constantly growing interest inmany research areas such 

asmicroelectronic devices, photocatalysis, electrocatalysis, and biosensors [1]. Electrodeposition 

is one of the most efficient methods for the formation and synthesis of nanoparticles since it is 

rapid and facile, allowing easy control of the nucleation and growth of metal nanoparticles [2,3]. 

The electrodeposition is simple and the composition of the nanoparticles can be controlled by 

changing the electrodeposition parameters. Electrode surfaces are exquisitely sensitive to any 

redox active species that are able to diffuse to the electrode/electrolyte interface during an 

electrochemical experiment [4]. Compton et al. [4] introduced a new concept of “diffusional 

protection” of an underlying electrode surface, using chemical microarchitectures to create a 

designer interface. Various types of nanoparticles supported on electrode substrate were 

developed [5–9]. The ordered porous particles have high surface area for the electrocatalytic 

reactions. Direct alcohol fuel cells (DAFCs) based on liquid fuels have attracted much attention 

as power sources for portable electronic devices and fuel-cell vehicles due to themuchhigher 

energy density of liquid fuels than gaseous fuels such as hydrogen [10–13]. Among the different 

possible alcohols, methanol is the most promising organic fuel because its use as a fuel has several 

advantages in aqueous electrolytes, liquid fuel available at low cost, easily handled, transported and 

stored, high theoretical density of energy comparable to that of gasoline. 
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Results and discussion  
Characterizations of nanocomposites 

The morphologies of the Fe:Co nano alloy was investigated by using the XRD and TEM 

methods. Fig. 1a shows a typical TEM image of Pt:Co nanoparticles. The dark spots correspond 

to Pt:Co nanoparticles.  

 

 
Figure 1: (a) TEM image of Pt:Co NPs deposited. (b) Histograms of size distribution of Pt:Co NPs. 

 

Bimetallic Pt:Co nanoparticles with near spherical shapes, were synthesized. Fig. 1b is the 

histogram of Pt:Co nanoparticles size distribution based on log-normal fitting. Histogram graph 

shows that the particles have a single size with an average diameter (<d>) about 1.9 nm and standard 

deviation (s) of about 0.36, indicate narrow size distribution 

(s/<d>) of 0.18. 

The XRD patterns of the Pt:Co nanostructure showed diffraction peaks absorbed at 2θ values (Fig. 2).  

 

 
Figure 2: XRD pattern of synthesis nanoalloy 

 

Figure 3 shows cyclic voltammogram Pt:Co modified carbon paste electrode in the absence (a) and in the 

presence of 1.0 mM methanol. As can be seen in the presence of methanol oxidation signal increase and 

confirm electrocatalytic process. 

. 
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Figure 3. cyclic voltammogram Pt:Co modified carbon paste electrode in the absence (a) and in the 

presence of 1.0 mM methanol. 
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 چكيده

وجود داشته است تنا شنرايط بهيننة    هاي سوختي با سوخت مستميم بورهيدريد  سال گذشته، علاقة زيادي به تحميق در زمينة پيل 2 طي 

استفاده از سديم بورهيدريد به عنوان سوخت در پيل سوختي به اين دليل است که ولتاژ مدار بناز بنالاتر و در   . عملکرد آنها بدست آيد

ليند هيندروژن   مشکل اصلي، هيدروليز يونهاي بورهيدريند اسنت کنه تو   . نتيجه توان بالاتري در ممايسه با پيل هاي سوختي الکلي دارند

الکترونهناي آزاد شنده در طنول اکسيداسنيون بورهيدريند، اخنتلاف       . شنود کند و باعث کاهش بازده انرژي و دانسيتة توان آنها ميمي

-بررسني . پتانسيل سل و توان خروجي به شد  تحت تاثير آند و کاتد انتخابي، ترکيب الکتروليت و شرايط عملياتي از قبيل دما اسنت 

هاي آندي مختلف و تاثير آنها روي اکسيداسيون، هيدروليز و همچنين در مورد کاتاليستهاي کاتدي الکتروکاتاليست هاي وسيعي روي

 . و تاثير آن روي عملکرد کلي پيل سوختي انجام شده است

 

 پيل سوختي، بورهيدريد، عوامل موثر بر عملکرد پيل: هاي كليدي واژه

 

 مقدمه -1

پيل . اند  که به طور مستميم انرژي شيميايي را به انرژي الکتريکي تبديل مي کنندالکتروشيمياييپيل هاي سوختي ابزارهاي 

و معمولا بر اساس الکتروليت مورد استفاده در آن [ 9]هاي سوختي به دليل توليد انرژي تميزتر مورد توجه قرار گرفته اند 

دهاي حمل و نمل بايد در شرايط محيطي با کمترين امکانا ، با پيل هاي سوختي استفاده شده در کاربر. شوند طبمه بندي مي

اين شرايط در صور  استفاده از سوخت هاي مايع قابل حصول است و دليل آن ظرفيت بالاي . دانسيته توان بالا کار کنند

حمل و نمل  متانول به صور  گسترده به عنوان منبع انرژي براي کاربردهاي. اين سوخت ها و هزينه هاي کم آن هاست

معمولا ولتاژ مدار باز پايين و (  DMFC) با اين حال پيل سوختي با سوخت مستميم متانول . رودکوچک به کار مي

براي افزايش دانسيتة . دهد و دليل آن فعاليت الکتروشيميايي پايين متانول و عبور متانول استدانسيتةتوان کم از خود نشان مي

محممان  DMFCهايي از اين قبيل دربارةپيش زمينه[.  ]نياز است Pt – Puيا آلياژهاي  Ptي مثل توان، به لودينگ فلزا  گران

پيل سوختي با سوخت . بور هيدريديکي از اين سوخت هاي جايگزين است. کندرا به يافتن سوخت هاي جايگزين وادار مي

 DMFCو  (PEMFC)به دليل استفاده از الکتروليت غشايي، شبيه پيل سوختي مبادله پروتون ( DBFC)مستميم بور هيدريد 
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نبود مشکلا  ذخيرة هيدروژن و استفاده از سوخت مايع . شباهت دارد(AFC)است و به دليل استفاده از يک محيط قليا به 

از مزاياي  (KW/Kg3/1)ة توان تئوري بالا و دانسيت (mV 1064)ايمن، عبور کم سوخت به سمت کاتد، ولتاژ تئوري بالا 

DBFC  در حالت تئوري يک يون . است   
در حالي که تعداد الکترون هاي مبادله . مي تواند هشت الکترون توليد کند  

آزاد سازي هيدروژن به . شده درحالت عملي به دليل آزاد شدن هيدروژن در آند و عبور سوخت، کمتر از اين تعداد است

کند بلکه در طراحي سيستم نيز باشد که نه تنها عملکرد پيل را دچار مشکل ميواکنش هيدروليز بور هيدريد ميدليل 

   علاوه بر اين، عبور . آورد مشکلاتي به وجود مي
در آند مشکلا        در کاتد و انباشتگي  NaOH، انباشتگي   

اکسايش مستميم بور هيدريد در محيط قليايي به صور   DBFCواکنش آندي در [. 3]ديگري هستند که بايد حل شوند 

 :است  9معادلة 

[   
  +       →    

  +       +                                              =   4/9- V      (9)  

 :است   با اکسيژن به عنوان اکسيدانت به صور  معادلة و واکنش کاتدي 

   +       +    →                                                                                           =  4/2 V     ( )  

 DBFCاسب علاوه بر اکسيژن براي ، هيدروژن پراکسيد يک اکسيدانت منDMFCبرخلاف . استV04/9ولتاژ تئوري پيل

 : است  3ولتاژ احيا در کاتد با هيدروژن پر اکسيد به صور  معادلة[. 4]است 

      +     →                                                                              =  81/2 V                    (3)  

غلیت سديم بور . دارند DBFCپارامترهاي عملي تاثير به سزايي روي عملکرد . است  /V99ولتاژ تئوري پيل در اين حالت 

هيدريد يکي از اين پارامتر هاست که بسيار پر اهميت است و مطالعا  زيادي دربارة تاثير بورهيدريد بر اکسايش 

عامل تغيير  3يل پيل يک پيل سوختي از ممدار پتانسيل مدار باز در نتيجة پتانس[.  و  0-8]الکتروشيميايي آن انجام شده است 

 : نشان داده شده است 9کندکه در شکل مي

 .دهدهاي انتمال بار نشان ميپلاريزاسيون اکتيواسيون در الکترودها که يک سد انرژي در ممابل واکنش( 9

هاي هاي حاصل از تماسکنندة جريان و مماومتا  جمعهاي اهمي در الکتروليت، غشا، الکترودها و صفحمماومت(  

 .هانادرست بين لايه

-پتانسيل پيل مي(. سطح کاتاليست) هاي واکنشها به سايتپلاريزاسيون غلیتي حاصل از محدوديت انتمال واکنشدهنده( 3

 [:1]نشان داده شود 4تواندبه صور  معادلة 

           
       

        
         

         
              (4)        

 :استفاده از سديم بورهيدريد مزاياي زيادي دارد

باشند و بنه صنور  جامند و محلنول      روز مني  432تمريبنا  =94pHدر محلول قليايي قوي پايندار بنوده و نيمنة عمنر آنندر     ( 9

Wt%32  [.92]موجود است 

 [.99]شودکه به فرم سالم و بي ضرر نگهداري مي( Wt%0/92)دروژن استحاوي غلیت جرمي بالايي از هي(  

آزاد ميشود و قادر است ( -vs SHE 4/9 )هاي خيلي پايينالکترون به ازاي هر يون بورهيدريد در پتانسيل 8از نیر تئوري ( 3

 [. 9]تا توان بالايي را با ممادير پاييني از سوخت ايجاد کند
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 [.93]شودمتانول، کربن دي اکسيد درپيلهاي سوختي ايجاد نميبر عکس اتانول و ( 4

توانند دوبناره بنه سنديم     محصول اکسيداسيون آن، متابورا  است کنه از نینر محنيط زيسنت قابنل دسترسني بنوده و مني         (0

 [. 94]بورهيدريد تبديل شود

توانند  تهايي همچونبورهيدريد ميسوخ.نشان داده شده است  شماي کلي پيل سوختي با سوخت مستميم بورهيدريد در شکل 

و همکنارانش بنا   9 است که توسنط ميلني    W30در حدود DBFCبهترين دانسيتة توان حاصل از .مستميما  در آند اکسيد شوند

cmاستفاده از  
2 0  (W.cm

-244/9 )NaBH4/H2O2  با آندPd/C  و کاتدAu  [.90]بدست آمده است  99با غشاي نافيوني 

 

 تاثير متغييرهاي عملياتيعملكرد پيل و  -9

 تاثير دما روي عملكرد پيل سوختي بورهيدريد -9-1

مزيت پيل هاي سوختي بورهيدريد توانايي آنها در توليد انرژي در دماي اتاق است که آنها را براي کاربردهاي خاص مستعد 

. يابند جرينان و تنوان بنا افنزايش دمنا افنزايش مني       دانسيتة . يابدبه عبار  ديگر عملکرد آنها با افزايش دما بهبود مي. سازدمي

ها، تسريع سنتيک الکترواکسيداسنيون بورهيدريند و افنزايش هندايت     دهندهافزايش دما باعث بهبود فرايند انتمال جرم واکنش

   شود البته دماهاي خيلي بالا، سرعت عبور يون از ميان غشا و هيدروليز الکتروليت مي/يوني غشا
مشنکل  . بنرد يرا بنالا من    

 .بردديگر دماهاي بالا، افزايش دهيدراتاسيون غشا است که مماومت غشا را بالا مي

mg.cmو کاتد  Ni+Pd/Cو آند  9 هاي سوختي بورهيدريد با نافيون ، آزمايشهايي را در پيل[90]و همکارانش   ما 
-29  

Pt/Cسوخت شامل محلول. انجام دادندWt% 0 بورهيدريدmol.dm
-3

Wt% NaOH 92mol.dmو (9/ 3 (
-3

بود و  (  /0(

dmسرعت عبور سوخت 
3
/min0 اکسيدانت اکسيژن مرطوب با سرعت    . بودdm

3
.min

دانسيتة توان با افزايش . بود 90/2 1-

oدما از
C 8  بهo

C02  ازmW.cm
mW.cmبه 211-

 .افزايش يافت 2901-

، 991با نافيون  NaBH4/H2O2تاثير دما را بررسي کردند و مشاهده کردند که در پيل سوختي [ 91]و همکارانش3 هاجون 

Pt/C mg.cm آند 
-2

MnO2 mg.cm ، کاتد (4(
-2

با   M 0H2O2و اکسيدانت M NaOH M NaBH4+0/2سوخت، (4(

oافزايش دما از
C 2  بهo

C82  دانسيتة توان ازmW.cm
mW.cmبه  232-

 .يابدافزايش    مي 213-

oنشان دادند که با افنزايش دمنا از   [ 98]و همکارانش 4 چنگ
C 0  بنهo

C80    در پينل سنوختيNaBH4/H2O2   991 بنا ننافيون ،

mg.cmآند
-2

)Au/C )کاتد،Pt/C mg.cm
-2

دانسيتة توان  O2و اکسيدانت NaOH Wt% 92در NaBH4 Wt% 0، سوخت ( (

mW.cm
mW.cmبه 290-

 .يابدافزايش مي 210-

                                                 
21

Miley 
22

Ma 
23

w. Haijun 
24

H. Cheng 
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oنشان دادند که با افنزايش دمنا از   [ 8 و1 و91]حسيني و همکارانش
C 0  بنهo

C00    در پينل سنوختيNaBH4/H2O2    بنا ننافيون

mg.cm، آند991
-2

) )Pt/Cکاتد،mg.cm
-2

) )Ni/C سوخت ،M 9NaBH4   درM    NaOH و اکسيدانتM H2SO4  0/2M 

H2O2 +  دانسيتة توان ازmW.cm
mW.cmبه 202-

 .(3مطابق شکل )يابدافزايش مي 2902-

 

 روي عملكرد پيل سوختي بورهيدريد NaBH4تاثير غلظت  -9-9

    با افزايش غلیت  OCPرود که مطابق با معادلة نرنست انتیار مي
ها نشان دادند که افزايش غلیت آزمايش. افزايش يابد 

NaBH4 ،سننرعتي کننه [. 2 ]دهنندمنني نيننز افننزايشلاريزاسننيون کاتنندي را دهنند امننا همچنننين پعملکننرد آننند را افننزايش منني

[ 98]0 و اسنکا   چننگ  . يابند هناي بورهيدريند کناهش     مني    يابند بنا افنزايش غلینت ينون     پلاريزاسيون کاتدي افزايش مي

mg.cm آند     ، 991با نافيون  NaBH4/O2هايي در پيل سوختي آزمايش
-2

) )Au/C، کاتدmg.cm
-2

) )Pt/C   در محلولهنايي

mol.dm /04و  /9، 9/ 3، 11/2) 92و Wt%3 ،0 ،8حاوي غلیتهاي
NaOH Wt%92(mol.dmدر ( 3-

انجنام دادنند و   ( /30-

يابند امنا بنا    افنزايش مني   Wt%0بنه   Wt%3يابد وقتي غلیت بورهيدريند از  افزايش مي 32%مشاهده کردند که دانسيتة توان 

 .يابدافزايش بيشتر غلیت ديگر تمريبا افزايش نمي

mg.cmآننندو  991بننا نننافيون   NaBH4/H2O2در پيننل سننوختي  [ 91]و همکننارانش 0 هنناجون
-2

) )Pt/C    کاتنند،mg.cm
-

2
) )MnO2 اکسيدانت ،H2O2  M0  در دمايo

C82  مشاهده کردند که با افزايش غلیت بورهيدريد ازM0/2 بهM0/   دانسنيتة

mW.cmتوان از
mW.cmبه  2922-

 .يابدافزايش مي 2932-

mg.cmآنننند                                         و  991بننا نننافيون    NaBH4/H2O2در پيننل سننوختي   [ 9 ]و همکننارانش   1 چليننک 
-

2
)3/2)Pd/Cکاتنند،mg.cm

-2
)3/2)Pt/C در دمننايo

C 0    مشنناهده کردننند کننه بننا افننزايش غلیننت بورهيدرينند ازM0/2  بننه

M0/9 دانسيتة توانازmW.cm
mW.cmبه  20-

 .بدياافزايش مي  29-

oدر دماي  Mبه M9نشان دادند که با افزايش غلیت بورهيدريد از [ 8 و 1 و91]حسيني و همکارانش
C 40   در پيل سنوختي

NaBH4/H2O2  آند991با نافيون ،mg.cm
-2

) )Pt/C  کاتد،mg.cm
-2

) )Ni/C ،NaOH M    و اکسيدانتM H2SO4  0/2M 

H2O2 +  دانسيتة توان ازmW.cm
mW.cmبه  212-

 .يابدافزايش مي 293/999-
 

 تاثير غلظت اكسيدانت روي عملكرد پيل سوختي بورهيدريد -9-3

امنا هماننند   . يابند ، پتانسيل کاتد مطابق با معادلة نرنسنت افنزايش مني   H2O2دهندة کاتدي مايع با افزايش غلیت براي واکنش

بننابراين در  . شوديافته و منجر به کاهش پتانسيل مياز ميان غشا با افزايش بيش از حد غلیت افزايش H2O2 بورهيدريد، عبور 

mg.cmآندو  991با نافيون  NaBH4/H2O2پيل سوختي 
-2

)4)Pt/C  کاتند،mg.cm
-2

) )MnO2 ،M NaOH M NaBH4+0/2 

oدر دماي 
C82  با افزايش غلیتH2O2  ازM9  بهM8  تاM0   پيک دانسيتة تنوان از mW.cm

mW.cm بنه   232-
افنزايش   212-

 [. 91]است H2O2 ،M0کند بنابراين غلیت بهينة سپس شروع به کاهش مي يابد ومي

                                                 
25

 Scott 
26

W. Haijun 
27

 Celik 
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بنا   NaBH4/H2O2در پينل سنوختي    M3بنه   M9ازH2O2 نشان دادند که با افزايش غلیت [ 8 و 1 و91]حسيني و همکارانش

mg.cmآننند، 991نننافيون 
-2

)0/2)Pt/C کاتنند،Ni/Cmg.cm
-2

)0/2) ،MNaOH NaBH4+ M9  دانسننيتة تننوان از ،mW.cm
-

mW.cmبه  241/3
 .يابدافزايش مي 200/929-

 

 تاثير سرعت فلو روي عملكرد پيل سوختي بورهيدريد -9-5

هناي  سنرعت . دهند را تحنت تناثير قنرار مني     DBFCسرعت فلوي سوخت و اکسيدانت فاکتور ديگري است که پيل سوختي 

cmو 12، 2 ، 92فلوي 
3
.min

cmبا استفاده از يک سل [   ]توسط چليک و همکارانش 1902-
و کاتند   Pd/Cشامل آنند   0 2

Pt/C دهد که افزايش سرعت عبور اکسيدانت منجر به افزايش کمي در دانسيتة توان ها نشان ميمنحني. انجام شد991و نافيون

(mW.cm
cmبه ترتيب در  9/92و20/8-

3
.min

 .  شودمي( 902و  192-

dm با افزايش سرعت فلوي اکسيدانت از  9 %دانسيتة توان را [ 3 ]رانش و همکا8 کيم 
3
.min

 .افزايش دادند92به  10-

 

 دهندۀ سديم بورهيدريدتبديل محصول متابورات سديم به واكنش -3

. اکسيداسيون بورهيدريد يک واکنش برگشت پذير است که محصول يک مخلنوط کمنپلکس از بوراتهنا و متابوراتهنا اسنت     

را بررسي  MgH2با NaBO2، واکنش [4 ]32و هاگا1 کجيما. هاي شيميايي مختلفي براي بازيافت بورهيدريد وجود داردرو 

oو دمناي  MPa1و 0/2براي فشنار بنين    11%و 8/4کردند که بازده بين 
C002 محممنان دريافتنند کنه رانندمان بازيافنت      . دارد

NaBO2  يابد اما مستمل از زمان واکنش استبا افزايش دما و فشار افزايش مي 0از واکنش. 
                                                                                                                     (0)  

NaBH4 تواند از همچنين ميNaBO2  با استفاده ازMgSi    تحت فشار بنالاي H2   رانندمان  (. 0و  0هناي  واکننش )ايجناد شنود

oدر  %18
C002  تحت فشارMPa1 يابداست و با افزايش دما افزايش مي. 

                                (0)  
                                                                                                         (1)  

 NaBO2از NaBH4 توانند براي بازيافت مي 1نشان داده شده است يا متان در واکنش  8کک همانطوريکه در واکنش 

شود اي ميطي فرايند يک مرحله  NaBO2از  NaBH4متان يک عامل کاهندة ارزان است و منجر به توليد . استفاده شوند

 [.0 ] 1واکنش 
                                                 (8)  

                                                                                                                                    (1)  
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اي از نشان دادند که ولتامتري چرخهاستفاده کردند و NaBH4 براي ايجاد  H2از عامل کاهندة[ 0 ]و همکارانش39سانلي 

mol.dm محلول حاوي
-39/2NaBO2  درmol.dm

-39NaOH  روي الکترودAg  0.5پيک کاهشي در V vs SCE نشان مي-

 ( 92،99،9هاي واکنش)شودالکتروليز تحت پتانسيل ثابت منجر به سنتز بورهيدريد از طريق مکانيسم زير    مي. دهد
   

         
                                                                                                   (92)  

                                                                                                                                                                               (99)  

                  (9 )                                                           

يافت شد که ارتفاع پيک با زمان الکتروليز افزايش  CVدر منحني  -V vs SCE /2از الکتروليز، يک پيک جديد در بعد  

 .استNaBO2 از  NaBH4يابد که مربوط به تشکيل مي

 

 گيري نتيجه

DBFC يک منبع توان است اما پارامترهاي ساختاري و عملياتي زيادي بايد مد نیر قرار گيرد. 

ها و هدايت الکتروليت بنا افنزايش   دهندهضريب نفوذ واکنش. دهددانسيتة توان و دانسيتة جريان را افزايش مي افزايش دما( 9

 .يابدشوند اما سرعت توليد هيدروژن افزايش ميهاي بورهيدريد با سرعت بالايي اکسيد مييون. يابددما افزايش مي

يتة توان و سنرعت توليند هيندروژن و افنزايش عبنور بورهيدريند از       هاي بورهيدريد باعث افزايش دانسافزايش غلیت يون(  

دهد امنا ويسنکوزيتة   افزايش غلیت يونهاي هيدروکسيد سرعت عبور بورهيدريد از ميان غشا را کاهش مي. شودميان غشا مي

 . ودشدهنده و افزايش افت اهمي در الکتروليت ميدهد و باعث کاهش سرعت نفوذ واکنشمحلول را افزايش مي

ها در ها در الکترودها و کاهش بلوکه شدن کانالدهندهافزايش سرعت فلو عملکرد پيل را با بهبود انتمال واکنش( 3

 .بخشدنتيجة تشکيل محصولا  بهبود مي
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پتانسيل در امتداد الکترودها، الکتروليتها و غشا بر حسب فاصلة بين ( bعواملي که در افت پتانسيل کل پيل دخالت دارند، ( a: 9شکل 

 [1 ]دو الکترود در پيل
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 اصول عملياتي پيل سوختي بورهيدريد:  شکل 

 

 
 

 H2SO4 M0/2+ Mمحلول : ، اکسيدانتM NaOH + M NaBH49محلول : ، سوختI-Pو  I-Vاثر دما بر روي منحنيهاي : 3شکل 

H2O2   و لودينگ کاتاليست آنديmg cm
-2  [91.]
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Abstract 

Nanocomposite proton-exchange membranes of Nafion and hydroxyapatite were studied by 

using classical all-atom molecular dynamics simulations methods to examine the structural 

behavior of Nafion in its nanocomposite membranes used for fuel cells. Evaluation of radial 

distribution function of sulfur atoms of sulfonic acid group with respect to each other showed 

the presence of strong correlations between sulfur atoms implying the significant localization of 

sulfonic acid groups near each other in nanocomposite membrane compared to unmodified 

Nafion membrane. Additionally, from the concentration profile analysis of sulfur atoms, it was 

found that Nafion chains has moved towards the hydroxyapatite surface because of the strong 

interactions between the Nafion side chain and hydroxyapatite surface atoms. 

 

Keywords: Nafion Ionomer, Nanocomposite Membrane, Hydroxyapatite, Molecular Dynamics 

Simulation  

 

1 Introduction 
Over the past years, proton conduction polymeric membranes have been subject of extensive 

research studies because of their uses in proton-exchange membrane fuel cells (PEMFCs) [1]. 

Performance of these polymer based materials when employed as membrane in fuel cells highly 

depends upon their properties. Nafion membrane, which is a perfluorosulfonic ionomer 

containing a tetrafluoroethylene backbone and a sulfonic acid group in side chain position, is the 

first and frequently used polymer, stemming from the fact that Nafion demonstrates high proton 

conductivity and good chemical and mechanical stability [2]. However, drawbacks associated 

with Nafion application in PEMFC, that is, high methanol permeability occurred in direct 

methanol fuel cells (DMFCs), very high production cost of membrane as well as low 

conductivity at higher operating temperatures, have limited Nafion applications and motivated 

research efforts toward the development of new membranes [3-5]. 

Molecular dynamics (MD) simulations methods are useful tools that are able to provide new 

information about characteristics of PEM materials. These Methods have been recently applied 

to examine membrane features associated with its proton conductivity in Nafion [6-14] and 

alternative pure hydrocarbons ones [15-23]. However, theoretical investigations using MD 

simulation have not been carried out for nanocomposite membranes. Therefore, we aim to study 

the behavior of nanocomposite membranes made of Nafion (shown in Figure 1) and 

hydroxyapatite by means of classical simulation tools.  
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Figure 1: Chemical structure of Nafion. 

 

2 Simulation Details  

MD simulations were conducted on 3-D cells representing hydrated pure Nafion and Nafion/HA 

composite membranes at room temperature. For pure Nafion membrane, a cell containing 107 

water molecules, 10 hydronium ions (H3O
+
) and single Nafion chain with 10 monomer units 

was constructed at low initial density of approximately 0.7 g cm
-3

 using Amorphous Cell builder 

module of Materials Studio software package. It should be noted that the number of water 

molecules used for simulation was determined on the basis of experimentally obtained 

membrane water uptake values. During simulations, it was assumed that all the sulfonic acid 

groups in Nafion chain are dissociated and thus the same number of hydronium ions as the 

number of sulfonic acid groups was applied for amorphous cell to get electrically neutral 

system. The obtained amorphous cell was first minimized by Smart minimizer method for 1000 

steps which was followed by NPT MD simulation over 200 ps at 1 atm to fully equilibrate the 

simulation cell. The equilibrated average density was 1.88 g cm
-3

 which agreed well with 

reported density for hydrated Nafion membranes.  

In the case of Nafion/HA composite 3D simulation cell, the crystallographic HA surface was 

selected to study the interfacial interactions between HA nanoparticle surface and hydrated 

Nafion. For this purpose, HA structure implemented in Materials Studio was used. The HA 

surface with thickness of 12.5169 Å was built by cleaving the HA unit cell and then minimized 

for 1000 steps using Smart minimizer algorithm. In order to ensure appropriate interactions of 

HA surface with water molecules, hydronium ions and Nafion chain, its surface area were 

increased to 34.395 Å × 48.9685 Å. The constructed surface was then converted to 3D periodic 

cell with a vacuum space of thickness 120 Å above the surface. Afterwards, water molecules, 

hydronium ions and Nafion chain in equilibrated cell corresponding to hydrated pure Nafion 

membrane were all placed above the HA surface at a location more than 10 Å apart from the 

surface, as displayed in Figure 2. The vacuum slab was applied to limit the interaction of water 

molecules, hydronium ions and Nafion chain to only one side of the HA surface. Equilibration 

run of 1000-step optimization followed by 200 ps NVT MD simulation was conducted on 

resultant hydrated Nafion/HA cell to bring the cell to the equilibrium conditions.  

After reaching the cells equilibration, production simulations were performed for 200 ps under 

NVT conditions for both pure hydrated Nafion and hydrated Nafion/HA cells. All were carried 

out using Discover module of Materials Studio software at 300 K. Partial atomic charges for 

water, hydronium ion, Nafion chain and HA surface were all assigned by using charge 

equilibration (QEq) method developed by Rappe et al. COMPASS (Condensed-Phase 

Optimized Molecular Potentials for Atomistic Simulation Studies) force field parameters were 

applied for all the molecules and HA surface atoms. Non-bonded van der Waals (vdW) and 

coulomb interactions were taken into account using Ewald summation method where accuracy 

level and update width parameters were set to 0.01 kcal/mol and 1 Å, respectively. Velocity 

Verlet integration algorithm was chosen to solve the Newton’s equation of motion with a time 
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step of o.5 fs. Andersen thermostat and barostat was used to control the temperature and 

pressure during NVT and NPT dynamics simulations. Periodic boundary conditions (PBC) were 

imposed in all three directions. In the case of hydrated Nafion/HA composite model cell, 

position of all atoms in the HA surface were kept fixed during all MD simulations. 
 

3 Results and discussion  

In order to better examine the presence of hydroxyapatite fillers on various structural properties 

of Nafion/HA nanocomposite membrane, the results obtained from MD simulations of pure 

Nafion as well as Nafion/HA systems were analyzed in terms of radial distribution function 

(also called pair correlation function) (RDF, g(r)), and concentration profile. RDF analysis was 

specifically carried out to examine the behavior of Nafion chains with respect to themselves, in 

particular sulfonic groups in side chain, and concentration investigation was done to explore 

Nafion behavior with regards to hydroxyapatite surface. 

 

  
Figure 2: Initial snapshot of hydrated Nafion/HA membranes constructed for MD simulations.  

Figure 3 displays the radial distribution function of sulfonic acid sulfur to sulfonic acid sulfur atomic 

pairs (S–S) in hydrated pure Nafion and Nafion-hydroxyapatite nanocomposite membranes as a function 

of distance. As clear in this figure, S-S RDFs indicate two very sharp peaks in nanocomposite membrane 

as compared to pure Nafion membrane. Appearance of these dominant peaks means that sulfonic acid 

groups have strong correlations, and are closer to each other in nanocomposite system. This behavior for 

sulfonic acid groups implies that addition of hydroxyapatite to Nafion could assist proton hopping 

between sulfonic acid groups via reducing the distance between neighboring sulfonic acid groups, 

although it also impedes methanol permeation through membrane and thereby reduces methanol 

permeability in nanocomposite membrane relative to unmodified Nafion system. 
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Figure 3: RDFs of sulfur-sulfur (sulfonic acid group) in the hydrated pure Nafion and hydrated 

Nafion/HA composite membrane. 

 

Figure 4 exhibits the concentration profile of sulfur atoms in sulfonic acid group of Nafion in 

direction normal to the hydroxyapatite surface in two different simulation times of before and 

after MD simulations. As demonstrated in Figure 4, sulfur concentration profile before MD 

simulation initiates at about 12 Å from the HA surface, which is in agreement with the initial 

distance between HA and Nafion polymers. In addition, as it is clear from this figure, in 

comparison with the initial sulfur concentration, profile of sulfur concentration at the end of 

simulation has shifted towards the HA nanocomposite surface with an intensified peak at a 

distance smaller than 5 Å accompanied by gradual reduction in peak height. This trend in 

concentration profile of sulfur atoms compared to that in unmodified Nafion indicates the 

migration of Nafion chains against HA surface owing to the strong interactions of Nafion 

especially its sulfonic side chain with surface atoms of HA nanocomposite. 

 

 
Figure 4: Concentration profile of sulfur atoms of sulfonic acid group in direction normal to the HA 

surface before and after the MD simulations.  
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Conclusions 

In the current research, classical all-atom MD simulation tools were employed to study the 

various structural properties of nanocomposite membranes made of Nafion and hydroxyapatite. 

The results obtained from MD simulations were analyzed in terms of radial distribution function 

and concentration profile of sulfur atoms in sulfonic acid side chain groups. From RDF results 

for sulfonic acid sulfur atoms, it was understood that sulfonic acid groups are closer to each 

other in Nafion chains interacting with hydroxyapatite in comparison with unmodified Nafion 

membranes, which could enhance ionic conductivity of ionomer via assisting proton hopping 

between neighboring sulfonic acid groups. Moreover, analysis of concentration profile for 

sulfonic acid sulfur atoms revealed that within MD simulations, Nafion chains has moved 

significantly toward the HA surface.    
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Abstract 

Molecular dynamics simulations were employed to study the morphological characteristics of 

hybrid fuel cell membranes based on sulfonated poly(ether ether ketone) (SPEEK) and 

sulfonated poly(phenylene oxide) (SPPO) under varied hydration levels. Obtained simulation 

results showed that by increasing the hydration level of solvated membrane, the sulfonic acid 

groups attached to polymeric backbones become farther apart and their interactions with 

positively charged hydronium ions were decreased owing to the stronger solvation of sulfonic 

acid groups at higher hydration levels. 
 

Keywords: Hybrid Membrane, Sulfonated poly (ether ether ketone), Sulfonated poly(phenylene 

oxide), Molecular Dynamics Simulation  
 

1 Introduction 
Polymer electrolyte membranes (PEMs) have been subject of many researches thanks to their 

usages in both polymer electrolyte membranes fuel cells (PEMFCs) and direct methanol fuel 

cells (DMFCs) [1-2]. PEMs are one of the vital components in PEMFCs and DMFCs as fuel cell 

performance greatly depends on their properties. Due to their good conductivity, Nafion-based 

PEMs are the most widely used membranes in these fuel cells [3-4]. However, high production 

cost and high methanol permeability of Nafion limited their usages and give rise to the 

development of new PEMs such as sulfonated poly(2,6–dimethyl–1,4–phenylene oxide) 

(SPPO), sulfonated poly(ether ether ketone) (SPEEK), and etc. [5-9], which have been applied 

in different forms like hybrid. Hybrid acid-acid membranes in which an acidic material (e.g., 

Nafion) is blended with another one have been studied in recent works as potential PEMs.  

Molecular dynamics (MD) simulations methods are highly useful tools that are able to provide 

molecular level information regarding characteristics of PEM materials that could not be easily 

attained using experimental studies. During the recent years, these techniques have been 

successfully applied to probe the molecular structure and transport of proton and water in 

perflourinated Nafion membranes [10-18] and alternative pure membranes [19-27]. Despite the 

significant experimental attempts performed for hybrid membranes, MD simulation study of 

these membranes have not been implemented in previous efforts. Therefore, in this work, it is 

intended to investigate the properties of hybrid membranes consisting of SPEEK and SPPO 

under various hydration conditions by employing atomistic MD simulation methods.  
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Figure 1: Chemical structure of ionized sulfonated (a) PPO and (b) PEEK monomers used for MD 

simulations. 
 

2 Simulation Details  

MD simulations were performed for a range of water content values of membrane. Water 

content was expressed by a parameter  (which is defined as the ratio of weight of number of 

water molecules to the number of fixed sulfonic acid groups in structure of SPPO and SPEEK 

polymers (Figure 1)). Three different water content levels of  = 3, 6 and 12 are selected for 

hybrid membrane, for which three three–dimensional (3D) cubic cells containing SPEEK and 

SPPO chains, hydronium ions (H3O
+
), and varying number of water molecules (H2O) were 

constructed. For SPEEK and SPPO polymers, DREIDING force field was employed [28]. 

Partial charges for SPEEK and SPPO were taken from charge equilibration (QEq) method [29]. 

Flexible 3–centered (F3C) force field [30] was selected for water molecules and for hydronium 

ions, partial charges and potentials were chosen from the work carried out by Jang et al. [11]. 

All MD simulations were performed by means of LAMMPS (large–scale atomic/molecular 

massively parallel simulator) open-source simulation code [31]. A cutoff radius of 12 Å was 

used to treat the non–bonded interactions, and long–range electrostatic interactions were 

evaluated by using Particle–Particle Particle–Mesh (PPPM) summation method [32]. Velocity 

Verlet algorithm was applied to solve Newton’s equation of motion [33]. Time step was set to 

be 1 fs for all MD simulations. During simulations, the temperature and pressure were 

maintained constant using Nose–Hoover thermostat and barostat with 0.1 and 1 ps coupling 

parameters, respectively [34-36]. 
 

 
Figure 2: RDFs for sulfur–sulfur atoms of sulfonic acid group for hydration levels of  = 3, 6 and 12 

 

3 Results and discussion  

Figure 2 displays the radial distribution function (RDF) of sulfonic acid sulfur to sulfonic acid 

sulfur atomic pairs (S–S) for all hydration degrees in order to examine the correlations between 

anionic sulfonic acid groups as a function of hydration level. As shown, with an increase in the 
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hydration degree of the hybrid membrane, position of the first dominant peak will be shifted to 

farther distances, which means that the distance between neighboring sulfonic acid groups has 

increased, and they have become more separated from each other as the level of hydration has 

increased. This observation can be rationalized by higher hydration of hydrophilic sulfonic acid 

groups at increased water uptakes of SPEEK–SPPO hybrid membrane. 

Figure 3 (a) and (b) exhibit the sulfonic acid sulfur to water oxygen (S–Ow), and sulfonic acid 

sulfur to hydronium oxygen (S–Oh) RDFs, respectively, for  = 3, 6 and 12 water contents. 

Appearance of the high peak in these RDFs suggests that water molecules and hydronium ions 

have tendency to be located close to the negatively charged sulfonic acid groups. As shown, the 

intensity of the observed peak decreases by increasing hydration of hybrid system in both S–Ow 

and S–Oh RDFs, which is due to the fact that enhancing the membrane water content improves 

solvent effect of water molecules on water molecules and hydronium ions, and reduces their 

interactions with sulfur atoms. 

 

 
Figure 3: RDFs of (a) sulfur (sulfonic acid group)– oxygen (water molecules) and (b) sulfur (sulfonic 

acid group)– oxygen (hydronium ions) for hydration levels of  = 3, 6 and 12 

 

Figure 4 (a) and (b) illustrate the calculated average coordination numbers for water and 

hydronium ions around sulfonic acid sulfur atoms as a function of hydration level. It is clearly 

seen that with changing water content from  = 3 to  = 12, water coordination number around 

sulfur atoms increases, whereas hydronium ion coordination number reduces. Therefore, 

increasing membrane water content will result in gathering of higher number of water molecules 

in the vicinity of negatively charged sulfonic acid groups, and decreases the sulfonic acid–
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hydronium ion electrostatic interactions. So, pushes hydronium ions to a greater distance from 

sulfonic acid groups. 
 

 
Figure 4: Average coordination number for (a) water molecules and (b) hydronium ions around sulfur 

atoms of sulfonic acid groups for hydration levels of  = 3, 6 and 12 

 

Conclusions 

In the current study, classical all-atom MD simulations were employed to investigate the 

structural behavior of water-solvated polymeric acid–acid hybrid membranes based on the 

SPEEK and SPPO materials at different water content values ( = 3, 6 and 12) and 300 K. 

In order to investigate the correlation of different atoms in hydrophilic domain of hydrated 

membrane, radial distribution function and coordination number were evaluated for sulfonic 

acid groups, water molecules and hydronium ions. It was found that by changing water content 

of the membrane from  = 3 to  = 12, more water molecules solvate the sulfonic acid groups, 

and thereby the average separation between sulfur atoms in neighboring sulfonic acid groups 

intensifies. Moreover, with increase in hydration, hydronium ions less localized near the 

sulfonic acid groups, and their coordination number for sulfur and oxygen atoms in sulfonic acid 

reduce. 
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 چكيده

شکست با تغيير ممدار رطوبت در   سيت بالا است که اختلاف وضوح ضريب   گيري با حسا سنج هتروداين يک سيستم اندازه تداخل

گيري اختلاف  با استفاده از اندازهسوختي را   اين سيستم، تغييرا  درصد رطوبت غشاي پيل. کندگيري مي را اندازهپيل سوختي  غشاي

کند، ضخامت و  هنگامي که درصد رطوبت غشا تغيير مي. کند شکست آب باعث شده است، تعيين مي  مسير نوري که توسط ضريب

-گيري اختلاف فازي که ناشي از اختلاف مسير نوري ايجاد شده است، ميبا اندازه. شکست غشا مطابق با آن تغيير خواهد کرد  ضريب

در اين مماله بخش الکترونيک تداخل سنج هتروداين سه مود توسعه يافته به منیور . توان ضريب شکست پيل سوختي را اندازه گرفت

-کننده، نوسانکننده، فيلتر، مخلوطتمويتها شامل اين بخش. سازي شده استگيري اختلاف فاز متناظر با ضريب شکست شبيهاندازه

در نهايت نمودار تغييرا  اختلاف فاز به ازاي ضريب شکست مايع پيل سوختي براي چند اختلاف . از استگيري فساز و بخش اندازه

پذيري دراين سيستم ايم که قابليت تفکيکسنج دومود معمولي نشان دادهسازي شده است و با ممايسه آن با تداخلمسير نوري شبيه

 .افزايش يافته است

 

 اختلاف مسير نوري سنج ليزري،ضريب شکست، تداخلپيل سوختي، : هاي كليديواژه

  

 مقدمه

. کند سوختي دستگاهي است الکتروشيميايي که انرژي حاصل از واکنش شيميايي را به انرژي الکتريکي مفيد تبديل مي  پيل

فناوري پيل رشد و توسعه . [9- ] سوختي، تبديل مستميم انرژي شيميايي به انرژي الکتريکي است  تبديل انرژي در پيل

باشد و از طرف ديگر ناشي  برداري مي سوختي از طرفي به دليل بازده بالا، عدم آلودگي محيط زيست و سهولت نحوه بهره

ها،  هاي فضايي، زير دريايي ها، شاتل هاي سوختي در موارد بسيار وسيعي از جمله در نيروگاه از اين امر است که انواع پيل

هاي فعلي توليد انرژي الکتريکي و حتي  توان گفت امروزه رقيب اکثر فناوري د، به طوري که ميکاربرد دار.... خودروها و 

. شود اي به عنوان منبع انرژي استفاده مي طور گسترده به PEMپيل سوختي با غشاي پروتوني . گردد گرمايي محسوب مي

سوختي  ي پيل  رطوبت بالا باعث افزايش بازده. دارد  بستگي مستميم به ميزان آب موجود در غشاي آن  عملکرد پيل سوختي

سوختي  شود اما چنانچه ميزان رطوبت بيش از حد شود مشکلاتي از جمله باد کردن، فشار مکانيکي و خرابي غشاي پيل  مي

زدن  و ضريب شکست در غشا در هر نمطه باهم متناسب هستند، پس با تخمين درصد رطوبتکه  جايي از آن. شوند پديدار مي

سنجي  هاي تداخل رو . کرد  گيري سوختي را اندازه درستي تغيير در ميزان آب غشاي پيل  توان به نمايه ضريب شکست، مي

به  اينکه  ندا هاي اخير تبديل شده شکست به صور  تحميما  خيلي پرطرفدار و جذاب در سال  گيري ضريب براي اندازه
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هر چه . هاست آن گيري سريع و تنیيم نسبتا آسان سيستم نوري و آزمايشگاهي و اندازه مخرب هاي غير ويژگي، دليل دقت

 .گيري ضريب شکست با دقت بيشتري همراه خواهد بودقابليت تفکيک پذيري تداخل سنج بهتر باشد اندازه

[ 3]و همکارانش  Yokoyamaتوسط  229 سنج سوپرهتروداين در سال پذيري، تداخلبه منیور افزايش قابليت تفکيک

با توجه به نياز صنعت به افزايش قابليت . سنج دارا بودن خطاي بيشتر نسبت به دو مود استتنها عيب اين تداخل. ارائه شد

که اين [ 4]توسط عليايي و همکارانش ارائه شد  292 هاي سوپر هتروداين در سال سنجپذيري، نوعي از تداخلتفکيک

سنج سنج هتروداين دو مود و دو برابر نسبت به تداخلهار برابر نسبت به تداخلپذيري چسنج داراي قابليت تفکيکتداخل

سنج دو مود ارائه شده توسط سنج مشابه با تداخلآرايش نوري اين تداخل. است 229 سوپرهتروداين معرفي شده در سال 

Guo  سه مود براي افزايش قابليت تفکيک ، با اين تفاو  که به جاي منبع نور دو مود از ليزر[0]است ( 222 )و همکارانش-

 .پذيري استفاده شده است

گيري مستميم اختلاف فاز متناظر با ضريب شکست ظاهر شده در هاي الکترونيک با دقت بالا براي اندازهاستفاده از رو 

-فتوالکتريک استفاده ميهايي که براي آشکارسازي ترين رو از قديمي. هاي تداخلي مورد استفاده قرار گرفته استطرح

گيري محدود ترين عامل محدوديت دقت اين است که در عمل با ليزر دقت اندازهدر اين رو  اصلي. شود رو  نول است

هاي متفاو  ديگري موجود است که رو [. 0]گيري فاز رو  شمار  فريز الکترونيکي است رو  ديگر اندازه. شودمي

در . سنجي هتروداين استايم، رو  تداخلروشي که در اين مماله به آن پرداخته. است به تفکيک بيان شده[ 0]در مرجع 

در . شودشود که با رو  هتروداين آشکار ميسنج ظاهر ميجايي فرکانس کوچک در پرتو تداخلاين رو  يک جابه

يت شده و سپس با مخلوط شدن در گيري، ابتدا تمورو  سوپرهتروداين، دو سيگنال دريافت شده از مسيرهاي مبنا و اندازه

جايي و با ثابت بودن شوند و در نهايت اختلاف فاز بين اين دو سيگنال که متناظر با جابهتر تبديل ميخود به فرکانس پايين

 .شودگيري ميگير فاز اندازهجابجايي متناظر با ضريب شکست مايع پيل سوختي است توسط اندازه

گيري جابجايي متناظر با ضريب شکست مايع پيل ک سامانه تداخل سنجي به منیور اندازهدر اين مماله بخش الکتروني

همان طور که بيان شد تغييرا  رطوبت غشاي پيل سوختي باعث تغيير اختلاف مسير نوري و . سوختي شبيه سازي شده است

ختلاف فاز را به طور دقيق اندازه بگيرد، به تواند اتوانيم با طراحي سيستمي که ميپس ما مي. گردددر نهايت اختلاف فاز مي

-کننده، نوسانکننده، فيلتر، مخلوطتمويتها شامل اين بخش. تغييرا  ضريب شکست و در نهايت به تغيير رطوبت پي برد

هرتز مگا 022باند بل، پهنايدسي 90کننده با بهره بزرگتر از در قسمت اول به يک تمويت.گيري فاز استساز و بخش اندازه

اين مشخصا  به اين دليل انتخاب شده است که سطح جريان دريافتي از بخش . بل نياز استدسي  /0و عدد نويز کمتر از 

کننده کم نويز يک تمويت. مگاهرتز است 022ي فرکانسي آن در رنج سنج در محدوده ميکروآمپر و محدودهنوري تداخل

-دسي  /0بل و عدد نويز دسي 9/91ايم که به بهره سازي کردهاز نوع کاسکود را طراحي و شبيه CMOS 0.5µmبا فناوري 

مگاهرتز  022گذر از نوع بسل با فرکانس مرکزي در قسمت دوم يک فيلتر ميان. ايممگاهرتز دست يافته 022بل در فرکانس 

سازي شده است گانه سلول گيلبر  طراحي و شبيهکننده متعادل دوپس از اين قسمت، يک مخلوط. سازي شده استشبيه

 IFمگاهرتز و خروجي  3/022برابر با  LOمگاهرتز، ورودي  022برابر با  RFبل با ورودي دسي 099/1که به بهره تبديل 

با  کيلوهرتز براي عبور هارمونيک 322گذري از نوع بسل با فرکانس قطع فيلتر پايين. ايمکيلوهرتز رسيده 322برابر با 
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در نهايت دو سيگنال . سازي شده استکننده لازم است قرار داده شود که شبيهفرکانس تداخلي ثانويه بعد از مخلوط

گير شود و پس از تبديل شدن به پالس ديجيتال به بخش اندازهگر سرعت بالا داده ميآنالوگ بازسازي شده به يک ممايسه

نانوثانيه است  9پذيري گيرفاز يک شمارنده سرعت بالا با قابليت تفکيکدازهدر عمل، بخش اصلي ان. شودفاز فرستاده مي

اي که با کند و تعداد شمار  با رابطهاين شمارنده فواصل زماني را به ممادير ديجيتالي تبديل مي. نام دارد TDC-GP1که 

ز متناظر با ضريب شکست مايع پيل به اين ترتيب فا. شودنمايش داده مي LCDفاز دارد، توسط ميکروکنترولر بر روي 

 .شودسوختي آشکار مي

 

 اساس كار تداخل سنج سه مود بهبود يافته 

هاي الکتريکي خروجي ليزر سه مود در اين سيستم، ميدان. سامانه تداخل سنجي سه مود بهبود يافته را نشان مي دهد 9شکل 
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321در اين معادله  ,, vvvهاي نوري منبع ليزر هستند و فرکانس i
eو

i
e به دليل قطبش بيضوي به وجود

شود، سپس به دو مسير هدف و مرجع فرستاده مي( BS)  3ي پرتوابتدا نور خروجي ليزر سهمود توسط شکافنده. آمده است

. روندمي D1, D2شود و به سمت آشکارسازهاي قطبنده پرتو جدا مي -ي شکافنده، به وسيلهها، بر اساس قطبشبازتاب آن

همان . ها را عو  کنددرجه قرار داده شده است تا جهت قطبش 40در مسير مرجع يک صفحه تاخير ربع طول موج با زاويه 

که اين . کنيد پيل سوختي در مسير هدف قرار داده شده است که اين باعث توليد اختلاف فاز مي گرددطور که مشاهده مي

جريان . به سيگنال جرياني، قابل رويت است D1, D2اختلاف فاز پس از تبديل شدن سيگنال نوري توسط آشکارسازهاي 

هت آشکارسازي فاز متناسب با ضريب شکست خروجي آشکارساز که با هم اختلاف فاز دارند و به سيستم الکترونيکي ج

 : پيل سوختي فرستاده مي شود عبار  است از

( )  
                            

]2)2cos[(
2

1
1

  tfi bm  

(3)  
                            

]2)2cos[(
2

1
2

  tfi bm  

در نهايت اختلاف فاز بين خطاي غيرخطي ناشي از بخش نوري است و فرکانس تداخلي ثانويه و  bfدر اين روابط، 

 :است( 4)به صور  معادله ( )گيري و مرجع هاي اندازهسيگنال

(4)    znnl )/16(4  

 .تعريف شده است[ 4]جمله دوم خطاي غيرخطي است که در مرجع 
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Beam Splitter 
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 .گيري ضريب شکست مايع پيل سوختيمود توسعه يافته براي اندازهسنج سهتداخل 9شکل 

 

 طراحي بخش هاي اساسي سامانه الكترونيک

در اين بخش به منیور آشکارسازي اختلاف فاز متناظر با ضريب شکست بخش هاي اصلي سامانه تداخل سنجي را طراحي 

-شماتيک تمويت. گيري فاز استساز و بخش اندازهکننده، نوسانمخلوطکننده، فيلتر، ها شامل تمويتاين بخش. کرده ايم

استفاده  Agilent CMOS 0.5 µmدر اين طراحي از فناوري . نشان داده شده است(  )سازي شده در شکل ي شبيهکننده

نشان داده شده ( 3)سازي شده در شکل منحني بهره شبيه. است 0.6µmترين طول گيت ايم، که در اين فرآيند کوچککرده

 .است
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 ي کم نويز کاسکودکنندهشماتيک تمويت  شکل 

 

 
 کننده کم نويز کاسکودنسبت به فرکانس مدار تمويت( منحني سمت چپ)منحني بهره  3شکل 

 

 به طور. ي مطلوبي استاست که اين ممدار بهره، بهره 19.1dBمگاهرتز برابر با  022شود که بهره در فرکانس مشاهده مي

 .آورده شده است( 9)ي مدار کاسکود در جدول سازي شدهخلاصه مشخصا  شبيه
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 کننده مورد نيازسازي مدار تمويتمشخصا  حاصل از شبيه 9جدول 

 واحد مشخصه پارامتر

 (MHz) مگاهرتز  022 فرکانس

 ( dB) دسي بل   /8 عدد نويز

 ( dB) دسي بل  9/91 بهره

 ( mw) ميلي وا   32 توان مصرفي

 (Ω) اهم  02 بار/ امپدانس منبع

 (µm)ميکرومتر 022 عر  گيت ماسفت

ممدار سلف 

 (Ls)سورس

 (nH)نانو هانري 9

 (nH)نانو هانري 4/  (Lg)ممدار سلف گيت

 (v)ولت  /0 منبع تغذيه

 (mA)ميلي آمپر 99 جريان باياس

 

جهت عبور سيگنال با فرکانس تداخلي اوليه با  400KHzمگاهرتز و پهناي باند  022گذر با فرکانس مرکزي اکنون فيلتر ميان

نشان داده شده ( 4)گذر طراحي شده در شکل شماتيک فيلتر ميان. سازي شده استشبيه Filter Solutionافزار استفاده از نرم

اين فيلتر داراي فرکانس مرکزي . گذر مرتبه سه از نوع بسل استيک فيلتر ميان( 4)فيلتر نشان داده شده در شکل . است

500MHz  400و پهناي باندKHz منحني . دهدهايي با فرکانس تداخلي اوليه را از خود عبور مياست در نتيجه فمط سيگنال

(  )جدول . بخش بعدي مخلوط کننده است. نشان داده شده است( 0)ي پاسخ فرکانسي فيلتر در شکل سازي شدهشبيه

گيري نانومتري را براي طراحي ي اندازهي بخش الکترونيکي سامانهکنندهاي از مشخصا  مورد انتیار براي مخلوطخلاصه

خلاصه اي از طراحي انجام شده ( 3)جدول . دهيمانجام مي(  )سازي را مطابق با فرضيا  جدول اکنون شبيه. دهدنشان مي

، که (3)هاي طراحي شده جدول کننده سلول گيلبر  مطابق با دادهشماتيک مخلوط( 0)شکل . دهداز اين بخش را نشان مي

 . دهدرسم شده است را نشان مي ADSافزار در محيط نرم
 

. 
 گذر مرتبه سه از نوع بسلفيلتر ميان 4شکل 
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 گذر طراحي شدهپاسخ فرکانسي فيلتر ميان 0شکل 

 

 سنج هتروداين سه مودي مناسب جهت بخش الکترونيکي تداخلکنندهمخلوطمشخصا  مورد انتیار براي   جدول 

 واحد مشخصا  پارامتر

 (MHZ)مگاهرتز 122-322 فرکانس

 (dB)بلدسي 92> (DSB)عددنويزدوطرفه

 (dB)بلدسي 8< بهره ولتاژ

 (mW)ميلي وا  922> توان مصرفي

 (Ω)اهم 02 امپدانس منبع

 (Ω)اهم 022 امپدانس بار

 (dBm)بلدسي 2 <  (IIP3)ورودي 3اعوجاج مرتبه 

 (v)ولت ±0,  منبع ولتاژ
 

 کننده سلول گيلبر سازي مخلوطفرضيا  طراحي شده براي شبيه 3جدول 

 6mA 33جريان دنباله

 10Ω هاي ديژنراسيون سورسممومت

 233µm هاعر  گيت ماسفت

 0.6µm هاطول گيت ماسفت

 500Ω مماومت بار

 V 2.5 تغذيهمنبع 
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Tail current 
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 ي سلول گيلبر سازي شدهشماتيک مداري شبيه 0شکل 

 

 

 
 طيف فرکانسي ورودي و خروجي مخلوط کننده سلول گيلبر  1شکل 

 

. نشان داده شده است( 1)سازي شده که از خروجي مدار فوق گرفته شده است در شکل شبيه IFو  RFطيف فرکانسي 

گذري که بايست توسط فيلتر پاييننشان داده شده است که مي( 1)در شکل  7GHzتا  0منحني طيف فرکانسي از فرکانس 

ها که سيگنال مورد نیر ما است را از بين اين هارمونيک 300KHzسازي شده است سيگنال با فرکانس در بخش بعد شبيه

 .تز در شکل مشاهده نمي شودکيلوهر 322بندي وسيع نمودار هارمونيک با فرکانس توجه شود به دليل درجه. دريافت کرد

 322)گذري طراحي شده است که بتواند سيگنال سينوسي که داراي فرکانس تداخلي ثانويه در اين بخش فيلتر پايين

 .رسم شده است( 8)شماتيک مداري فيلتر در شکل . کننده دريافت کنداست را از خروجي مخلوط( کيلوهرتز
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 .گذر مرتبه سه از نوع بسلشماتيک مداري فيلتر پايين 8شکل 

 

تابع تبديل اين فيلتر برابر . است 300KHzدهد که داراي فرکانس قطع فيلتري از نوع بسل مرتبه سه را نشان مي( 8)شکل 

 :است با

(0)  
16205.03

16

107.21110299.7

107.2





SSS
 

-شده و توسط مخلوط کننده، تمويتشود همان سيگنالي است که توسط تمويتسيگنالي که بعد از اين فيلتر مشاهده مي

اين دو سيگنال اختلاف فاز کمي نسبت به يکديگر . منتمل شده است( فرکانس تداخلي ثانويه)تر کننده به فرکانس پايين

 .دارند

گر سرعت بالا به ها، توسط يک ممايسهگيري اختلاف فاز موجود بين آنابتدا اين دو سيگنال سينوسي به منیور اندازه

هاي سوپر سنجآخرين بخش سيستم الکتريکي تداخل.شوندگيري فاز اعمال ميو به مدارا  اندازه ديجيتال تبديل شده

گر سرعت بالا سيگنال دريافت شده از آشکارساز پس از بازسازي توسط يک ممايسه. گيري فاز استهتروداين، بخش اندازه

فاز دارند و از که با هم اختلاف 300KHzبا فرکانس دو پالس . شوندشود و به اين بخش فرستاده ميبه ديجيتال تبديل مي

گيري اختلاف فاز به روشي که در بخش آينده گفته خواهد شد، به اين اند به منیور اندازهگيري آمدهمسيرهاي مبنا و اندازه

 . بلو  وارد شده است

. گيري خواهد شدضريب شکست اندازهگيري اختلاف فاز، ي بين اختلاف فاز و ضريب شکست، با اندازهبا توجه به رابطه

 .دهدمي جايي را نشانگيري جابهبخش ديجيتال سيستم اندزه( 1)شکل 
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اين . شوندارنده سرعت بالا اعمال ميفاز کمي دارند به يک شمدو پالس که در بخش قبل توليد شد و با هم اختلاف 

. کندکه فواصل زماني را به ممادير ديجيتالي با سرعت بالا تبديل مي (TDC-GP1)شمارنده يک مبدل زمان به ديجيتال است 

تغييرا  اختلاف فاز به ازاي ضريب  92شکل . است 1nsپذيري کمتر از هايي با قابليت تفکيکاين شمارنده براي تبديل

سنج سه مود بهبود يافته و دو مود معمولي را مايع پيل سوختي براي چهار اختلاف مسير نوري ثابت در دونوع تداخلشکست 

توان تغييرا  گيري دقيق اختلاف فاز توسط بخش ديجيتال ميشود که با اندازهبا توجه به شکل مشاهده مي. نشان مي دهد

ايم که تداخل سنج سه مود توسعه ممايسه دو تداخل سنج، نشان دادهبا . ضريب شکست مايع پيل سوختي را محاسبه کرد

تغييرا  اختلاف فاز به ازاي ضريب شکست  92شکل . باشدپذيري بهتري نسبت به دو مود مييافته داراي قابليت تفکيک

 .دهدان ميجايي در دو سيستم تداخل سنجي دو مود و سه مود بهبوديافته را نشمايع پيل سوختي براي چهار جابه

 

 
جايي در دو سيستم تداخل سنجي دو مود و غييرا  اختلاف فاز به ازاي ضريب شکست مايع پيل سوختي براي چهار جابهت 92شکل 

 سه مود بهبوديافته

 

 گيرينتيجه

تنیيم گيري سريع و  و اندازه مخرب هاي غير ويژگي، به دليل دقتشکست   گيري ضريب سنجي براي اندازه هاي تداخل رو 

هاي مورد نياز جهت اندازه گيري در اين مماله بخش. مورد استفاده قرار گرفت ها آن نسبتا آسان سيستم نوري و آزمايشگاهي

ها شامل تمويت کننده، فيلتر، مخلوط اين بخش. سازي شداختلاف فاز متناظر با ضريب شکست پيل سوختي طراحي و شبيه

و عدد نويز  19.1dBکننده کم نويز کاسکود با بهره ي فاز بود در نهايت به تمويتگيرساز و بخش اندازهکننده، نوسان

2.8dB   معادل با نوع عمليADL5536  19.41با بهرهdB  2.7و عددنويزdB  500در فرکانسMHz کننده متعادل و مخلوط

و ( 500MHz)خلي اوليه برابر با فرکانس تدا LO/RFو محدوده  500MHzدر فرکانس  7.5dBدوگانه با بهره تبديل 

با نمطه فشردگي  ADL5801معادل با نوع عملي  24dBmاعوجاج هارمونيکي مرتبه سوم  و 300KHzبرابر با  IFمحدوده 

28.5dBm  28.5و اعوجاج هارمونيکي مرتبه سوم برابر باdBm گير فاز با قابليت در بخش آخر يک اندازه. دست يافتيم

تغييرا  اختلاف فاز به درنهايت . ساخته شد TDC-GP1پذيري يک نانو ثانيه با استفاده از شمارنده سرعت بالاي تفکيک
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در دو نوع  (z=10nm,20nm,30nm,40nm)ازاي ضريب شکست مايع پيل سوختي براي چهار اختلاف مسير نوري ثابت 

پذيري بالاتر در تفکيکان داديم علاوه بر داشتن قابليتسنج سه مود بهبود يافته و دو مود معمولي رسم کرديم و نشتداخل

 .توان تغييرا  اختلاف فاز را نسبت به ضريب شکست مايع پيل سوختي مشاهده کردتداخل سنج سه مود مي
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Abstract 

In this research, uniform and sub-10 nm size bimetallic NiPd nanoparticles (NPs) have been 

synthesized via a simple and facile method without using any surfactants at an ambient 

temperature. The morphology, composition, and structure of NiPd NPs had been characterized 

by transmission electron microscopy (TEM), field emission high resolution transmission 

electron microscopy (FE-HRTEM), energy dispersive spectroscopy (EDS), X-ray diffraction 

(XRD), and X-ray photoelectron spectroscope (XPS). Comparing with both the monometallic 

Ni and Pd, the being prepared alloy nanoparticles exhibit superior electrocatalytic activity and 

better tolerance against poisoning by intermediates generated during methanol electrooxidation, 

which makes them a promising electrocatalysts for direct methanol fuel cells (DMFCs). 

Meanwhile, the green and simple approach could be easily extended to the manufacture of 

bimetallic or trimetallic alloy nanomaterials. 

 

Keywords: Nanomaterials, Bimetallic, EDS, TEM, Electrocatalytic activity 

 

1. Introduction 
Alongwith the increasing depletion of fossil energy and the severity of environmental  pollution, 

people pay great attention  to develop a renewable, clean, and effective energy. A lot of research  

has  been  carried  out  extensively on  the  direct methanol fuel cells (DMFCs) due to their 

unique advantages, such as its high specific energy, environmental-friendly, and portability.  

The selection of anodic  catalyst is extremely crucial for the  performance  of the  DMFCs. 

Considering high catalytic activity and  stabilized chemical properties, nickel is the most 

primary catalyst for the electrooxidation of low carbon-chain aliphatic alcohol such as methanol 

and ethanol  in  DMFCs [1, 2]. Unfortunately,  the  application of Ni-based  catalysts in  DMFCs 

is severely hindered  in commercial market because of the poor natural content of Ni and 

poisoning effect with CO-like intermediates of the methanol electrooxidation [3]. Therefore, 

exploitation of new anodic catalysts in DMFCs is very important for improving the cell 

performance. It was verified that alloying Ni with inexpensive metals especially the transition 

metals can not only substantially reduce the cost of the electrocatalyst but also alter the 

geometrical and  electronic effect to yield a more  active catalytic surface [4]. Therefore, the  

research of bimetallic , trimetallic ,or  multimetallic  alloy nanomaterials has become a focal 

point  in anodic electrocatalyst of DMFCs. [5–10]. Palladium, is considered as an ideal 

substitution for the growth of the Ni-based bimetallic nanocatalysts owning to only 0.77% 

lattice mismatch with Ni. NiPd alloy nanomaterials exhibit a similar catalytic performance as 
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well as a higher intermediate poison resistance compared with Ni during methanol 

electrooxidation [11, 12]. Therefore, bimetallic NiPd nanocatalysts are expected to be a 

promising substitute for  Ni  catalysts in DMFCs. 

In this research, we have developed a simple and fast way for gaining the uniform and ultrafine 

NiPd NPs. The experiments were carried out in aqueous solution with any organic solvents or 

surfactant agents at an ambient temperature. It is worth noting that ascorbic acid is served as the 

reductant to reduce K2NiCl4 and K2PdCl4 simultaneously[11-13]. 

The morphology and structure of the prepared NiPd nano particles were characterized by 

various techniques, including TEM, XRD, and XPS. Therefore, we examined and compared the 

electrocatalytic activity and tolerance of carbon black (Vulcan XC-72) supported  bimetallic 

nanoparticles (NiPd NPs/V) with carbon black supported monometallic Ni and Pd NPs (Ni 

NPs/V, Pd NPs/V) toward methanol oxidation. The further electrochemical characterizations 

indicate superior electrocatalytic activity and poison tolerance of the prepared NiPd NPs/V for 

methanol oxidation compared with Ni NPs/V and Pd NPs/V, which indicates potential use of 

NiPd NPs/V as a new anode catalyst in DMFCs. 

 

2. Materials and Methods 

2.1. Instruments. XRD analysis of the synthesized samples was recorded on D8-advance 

diffractometer (Bruker, Germany) with a CuKα radiation source (  = 0.15418 nm). TEM  and 

FE-HRTEM  were employed to characterize the morphology and sizes of the samples. EDS  was 

performed for determining the chemical composition of the catalysts. All electrochemical 

measurements were conducted using a 550 electrochemical workstation at room temperature in 

a conventional three-electrode system which consisted of a Ni  counter  electrode and  an 

Ag/AgCl reference electrode. For removing dissolved oxygen, pure nitrogen gas was bubbled 

through the solution at the beginning of each experiment. 

2.2. Preparation of Working Electrode. The procedure of preparing modified working electrodes 

consulted some previous reports  . At first, the  glassy carbon  (GC) electrode must ensure being 

polished to a mirror finish by using slurry of 1, 0.3, and 0.05  m alumina powers, washing via 

ultrasonic in ethanol and ultrapure water for 3 minutes, and  then  drying under  nitrogen  steam.  

Afterwards, 2 mg of the nanocatalysts loaded Vulcan  XC-72 was distributed into a mixture of 

ultrapure  water  (0.9 mL) and 0.1 mL of Nafion (5 wt.%) and then using ultrasonic treatment to 

form a homogeneous black suspension. Finally, 5  L of the uniform suspension was laid on the 

surface of the GC electrode and dried at an ambient temperature. 

 

3. Results and Discussion 

3.1. Morphology and Structural Characterization of NiPd NPs/V. For investigating the alloy 

nature and crystalline structure, the synthesized NiPd NPs/V, Ni NPs/V, and Pd NPs/V were 

characterized by XRD measurements. The obtained data shows that the crystal structures of 

monometallic catalysts are face-centered cubic structure (fcc). Similarly, the peaks at the 2   

value of 39.92
0
 , 46.22

0
 , and 67.74

0
 in the pattern of NiPd NPs/V are attributed  to (111),  (200), 

and (220) crystal planes for  the fcc structure of NiPd. All the peak positions of NiPd NPs/V are 

found to be slightly shifted to high diffraction  angles compared with that of Ni NPs/V. Taking 

an example of the (111) plane diffraction peak, the 2   value of NiPd NPs/V planes (39.92
0
 ) is 

between those of Ni NPs/V (39.82
0
 ) and Pd NPs/V   (40

0
 ). These results were attributed to the 

addition of Pd to the Ni for the difference in atomic size (Pd < Ni). Therefore, it is an indication 

that NiPd alloy nanoparticles have been successfully synthesized. 

The TEM and HRTEM images of the bimetallic NiPd nanoparticles before and after loading on 

Vulcan XC-72 are shown in Figure 1. Figures 1(a) and 1(b) are the images of NiPd alloy  
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nanoparticles before loading on Vulcan XC-72 at different magnification. Well-dispersed NiPd 

alloy nanoparticles were observed with the average size 7 nm through the  statistics of TEM 

image. No visible aggregation was found. For NiPd NPs/V (Figure 1(c)), the NiPd nanoparticles 

are uniformly dispersed on  Vulcan XC-72 and  the original morphology  of nanoparticles  

basically remained. 

The HRTEM image of NiPd NPs/V (Figure 1(d)) shows well- resolved continuous fringes in the 

same direction. The interval between the two lattice fringes was found to be 0.225 nm, which is 

between 0.2265 and 0.2246 nm, corresponding to the (111) interplanar distance of fcc Ni and 

Pd, respectively, indicating the formation of NiPd alloy nanostructures. These TEM results 

showed  that  well-dispersed NiPd alloy nanoparticles have been successfully synthesized and 

could be loaded onto  carbon  black  for further application in DMFC. 

For  more characterize the alloy nature of the synthesized nanocrystals, NiPd nanoparticles were 

investigated by EDS, revealing the presence of C, Ni, and Pd. The bulk composition estimates 

the ratio of Ni and Pd is 4 : 3 which is deviated from the nominal ratio (Ni : Pd 4 : 1).  

 

             
(a) (b) 

 

            
(c)                                                                                                          (d) 

Figure 1: TEM images of NiPd NPs ((a), (b)) and NiPd NPs/V (c); the inset in (b) is the distribution of 

particle size; HRTEM image of NiPd NPs/V (d); the inset in (d) is the enlarged figure of the selected 

area. The scale bars are 50 nm (a), 20 nm (b), 50 nm (c), and 10 nm (d). 

 

This result should be able to consider the different banding energy of Ni and Pd relative to the 

supports. 
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4. Conclusion 

In this research, we successfully fabricated uniform and sub-10 nm bimetallic NiPd nanocrystals 

by a clean and facile method in aqueous solution at ambient temperature, in which ascorbic acid 

act as soft and green reductant. The synthesized NiPd NPs/V shows great catalytic activity and 

super poisoning tolerance for MOR in alkaline media than those of monometallic Ni NPs/V and 

Pd NPs/V. This facile method is also versatile for preparing the other bimetallic or trimetallic 

alloy nanoparticles as new electrocatalyst for the application in fuel cell. 
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Abstract 

Proton exchange membrane fuel cells (PEMFCs) are one of the most promising clean energy 

conversion devices due to their high conversion efficiency, low/zero emission, and high 

power/energy densities. Nitrogen doping has been an effective way to tailor the properties of 

graphene and render its potential use for various applications. We developed a simple chemical 

method to obtain bulk quantities of N-doped, reduced grapheme oxide (GO) powder through 

thermal annealing of GO in ammonia and hydrazine. Oxygen reduction and nitrogen doping 

were achieved simultaneously under the hydrothermal reaction. Electrochemical measurements 

and MEA performance show that the nitrogen doped graphene support has the better activity 

than Vulcan. 

 

Keywords: PEMFC, Graphene, N-doped, Pt nano particle 

 

Introduction 
Polymer electrolyte fuel cells (PEFCs) are promising power sources for automotive and 

stationary applications due to their low pollutant emission and high energy-conversion 

efficiency. PEFCs have been intensively developed for decades to their performance, but a 

longer lifetime is still needed before extensive commercialization is possible. Cathode catalysts 

are mainly composed of platinum nanoparticles on a carbon support, and catalyst degradation is 

one of the main factors that reduce the lifetime of PEMFCs. One of main causes of catalyst 

degradation is loss of the platinum surface area due to corrosion of the carbon supports and 

subsequent agglomeration of platinum nanoparticles . Carbon supports, such as carbon black, 

are thermodynamically unstable and may corrode at the high potentials typical of PEMFC 

cathodes. In addition, the carbon corrosion is accelerated by the catalytic effect of platinum 

nanoparticles on the carbon support. Therefore, an alternate support material is needed to 

improve the stability of the cathode catalyst. Graphene and nitrogen doped graphene have been 

reported to demonstrate high oxidation resistance . This material is thought to show higher 

electrical conductivity than Vulcan support. These supports is additionally expected to have a 

large surface area. Furthermore, in this work the graphene support was active for ethanol and 

hydrogen oxidation alone. 

 

Experimental section 

Synthesis of graphene oxide:  
Graphene oxide (GO) was made by a modified Hummers method. using expandable graphite 

flake as starting material. Expandable graphite flake (3 g) was ground with NaNO3 (50 g) for 30 
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min. NaNO3 was dissolved in water and removed by filtration (~15% carbon was lost during 

this step). The remaining ground expandable graphite flake (~2.55 g) was stirred in 98% H2SO4 

(70 mL) for 28 h. KMnO4 (15 g) was gradually added while keeping the temperature <5 °C. 

The mixture was then stirred at 35–40 °C for 60 min, and then at 65–80 °C for 90 min. Next, 

water (200 mL) was added and the mixture heated at 98–105 °C for 15h. The reaction was 

terminated by addition of distilled water (520 mL) and 30% H2O2 solution (50 mL). The 

mixture was washed by repeated centrifugation and filtration, first with 5% HCl aqueous 

solution, and then distilled water. Water (480 mL) was added to the final product and vortexed 

well to make a uniform suspension for storage. 

 

Synthesis of nitrogen doped graphene:  
The graphite oxide was first synthesized using Hummer’s method. Next, 0.1 g of graphite oxide 

was dispersed in 100 ml of 1 M HCl solution with the assistance of 30 min of ultrasonication. 

Then, 5 ml of the aniline monomer was added to the graphite oxide solution with constant 

stirring. Finally, 100 ml of the APS (2.5 g) solution was dropped into the above solution for 30 

min to initiate polymerization. The reaction was continued for 6 h at 0–5 ◦C. Then, the final 

product was washed using water and methanol. The washed powder was dried in a vacuum oven 

at 80 ◦C for 24 h. The N-doped carbon/graphene core/shell structure was obtained by 

carbonization of the graphite oxide/PANI in two steps. First, stabilization was carried out at 250 

◦C in air for 2 h. Second, carbonization was carried out at 850 ◦C under N2 gas for 2 h with the 

heating rate of 5 ◦C/min and an N2 flow rate of 200 ml/min. 

 

Preparation of Pt/Support:  
In this work we used graphene, nitrogen doped graphene and Vulcan as support and pt ion 

solution in the form of H2PtCl6. we mixed support and ion platinum with methanol:water (1:1) 

solution and then ultrasonicated  them in 20min. The mixture refluxed in 90 C in Ar atmosphere 

and ethylene glycol reducing agent was aded to mixture to reduce pt ion .after 24h, the mixture 

was filtered and washed with distilled water and dried in vacuum aven. 

 

Electrochemical characterization:  
For determination of the electrochemical performance and stability of supports and catalysts, a 

conventional three-electrode electrochemical cell was employed. All the electrochemical 

measurements were carried out in 0.5M H2SO4 solution at 25 ◦C, and ultra-pure N2 (Air 

Products) was passed through a 0.5M H2SO4 solution and 0.5M ethanol + 0.5 M H2SO4 

solution for 30 min before the electrochemical measurements, a platinum electrode was the 

counter electrode, and a Ag/AgCl(KCl(sat)) electrode was the reference electrode. For 

convenience, all potentials measured are referred to as the normal hydrogen electrode (NHE). A 

polished glassy carbon disk electrode (3mm diameter) was used as the substrate for the 

supported catalysts (or supports). The working electrode was fabricated as follows : 5mg of the 

catalysts (or supports) was dispersed in 2mL of deionized water: isopropyl alcohol (1:2) and 

then mixed with 17.65mg of 5 wt.%  Nafion solution. The mixture was sonicated for 6min to 

obtain an ink like slurry. 10 µl of this slurry was spread onto the flat surface of the glassy carbon 

disk using Hamilton; and then glassy carbon was dried in oven. 
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Results and discussion 

Raman spectroscopy  and XRD technique for GO identify 

 

 

 

These results show that graphene oxide was synthesized successfully. 
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Raman spectroscopy of nitrogen doped graphene 
 

 

In N-doped Graphene, a down shift in G-band occur (1583.97 vs. 1590.85 cm-1 (GO)) and 2D 

band in broad.  

Below figures show TEM results for Pt/N-rGO and Pt/rgo.these result show that GO was 

synthesized successfully and platinum nano particles was dispersed good. Pt/rGO 

 

 

 

 

 

 

 

 

 

 

 

 

 

Electrochemical measurement results 

The impedance spectroscopy of membrane electrode assembly in open circuit voltage and other 

potential show that Pt/nitrogen doped graphene has lower ionic resistance than Pt/Vulcan. 

 

 

 

 

 

 

 

 

 

 

 -0.5 

0 

0.5 

1 

1.5 

2 

2.5 

0 2 4 6 

Pt/N-rGO 

Pt/C 



  

377 

 

 

 

Cyclic voltametry results 

 

 

 

 

Electrode  ∆ Q  ECSA  (m2/gr Pt)  

Pt- sp5  4.318 mc  327.26  

Pt-GO  2.428 mc  184.02  

Pt/vulcan  0.939 mc  71.2  
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Abstract  
The electrochemical oxidation of BH4

−
 in 2M KOH on palladium decorated (>> 1 wt. % 

palladium) Ni/C (PD Ni/C) and 10 wt. % Pd/C has been studied by polarization and 

electrochemical Impedance spectroscopy technique. Electrochemical measurements reveal that 

the Direct Borohydride Fuel Cell (DBFC) equipped with both catalyst 3D anode produced 

excellent catalytic performance. However, higher open circuit voltage and peak power density 

obtained on Pd/C compared to the PD Ni/C, 1010 mV vs 990 mV and 138 mW cm
−2

 vs. 125.8 

mW cm
−2

 respectively at 45 °C and ambient pressure. These values are close and among the 

highest open circuit voltages and peak power densities reported for any air breathing passive 

low temperature direct borohydride fuel cells. Therefore, palladium decorated (> 1 wt. %) Ni/C 

can be promising catalyst for DBFCs. 

 

Kewords: Direct Borohydride Fuel Cell, Polarization, Electrochemical Impedance 

Spectroscopy, Catalyst  

 
Introduction 

It is now well admitted that using a liquid fuel to replace hydrogen for feeding fuel cell anodes 

would have many advantages in term of fuel cell system simplicity, mass and volume, as well as 

for safety reasons [1], which is mandatory for portable electronic devices. Amendola first 

showed the interest of the tetrahydroborate anion (BH4
−
) direct oxidation in a fuel cell anode 

instead of hydrogen [2]. Sodium borohydride (BH4
−
) offers a number of advantages as an 

interesting alternative fuel for fuel cells, including high hydrogen contents (10.6 wt. %), and 

high specific capacity (5668 Ah kg
−1

), safe handling, superior storage properties, and low 

pollution [3-5]. Direct borohydride fuel cells (DBFCs) have received considerable attention over 

the past decade due to their high power density, high open circuit voltage, high number of 

transferred electron and avoidance of CO poisoning [5].The reactions in borohydride fuel cells 

are: 

Anode reaction is the electro-oxidation of borohydride ion to release 8e
-
 according to the 

following reaction: 

BH4
−
 + 8OH

−
→ BO2

−
 + 6H2O + 8e

−       
(Eq. 1) 

Cathode: 

2O2 +  4H2O +  8e
−
→  8OH

−
        (Eq. 2) 

Overall:  

BH4
−
 + 2O2→ BO2

−
 + 2H2O + 8e

−
       (Eq. 3) 
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However, heterogeneous hydrolysis of the BH4
−
 anion that produces H2 gas (Eq. (2)) and the 

incomplete electrooxidation of NaBH4 in alkaline solution proceed in parallel with Eq. (1), lead 

consequently to significant reduction in the utilization of NaBH4[6]. 

BH4
−
 + H2O → BH3OH

−
 + H2       (Eq. 4) 

Therefore, the anode electrocatalyst is one of the key components in DBFC in order to achieve 

the maximum utilization of NaBH4 by minimizing hydrolysis and complete oxidation of BH4
−
 

[7-14]. 

In this study, we demonstrate a low-cost (very low-precious metal) catalysts for the DBFC 

anode (borohydride oxidation reaction). Fuel cell experiments was performed in detail to 

analyze and compare the performance of DBFC using very low-precious metal and Pd/C 

catalysts. 
Experimental Method 

The two anode pastes were prepared in the same way by thoroughly blending the low-precious 

metal
 
catalyst

 
(Acta SpA) or 10 wt. % Pd/C (E-TEK) with ultrapure water, isopropyl alcohol, 

recast Nafion® ionomer (5% Nafion® suspension DuPont) to form paste−like slurry. An 

appropriate amount of the anode paste was painted onto the substrate and then dried at 60ºC for 

30 min to obtain the anode catalyst loadings of approximately 5 mg cm
−2

. Identical cathode was 

prepared by mixing of Fe-Co/C, with ultrapure water, isopropyl alcohol, 10 wt. % PTFE and 

finally sprayed onto a piece of hydrophobic carbon cloth (E−TEK) to obtain the cathode catalyst 

loadings of approximately 4 mgcm
−2

.  

Two membrane electrode assemblies (MEAs) were prepared and assembled in passive DBFC 

with a surface area of 4.5 cm
2
; one with a the low-precious metal anode catalyst denoted as 

MEA-LPMC and the other with a 10 wt. % Pd/C cathode catalyst represented by MEA-Pd.  

Single cell tests were conducted in a passive air breathing DBFC using a static alkaline solution 

containing 1, 3, 5 and 8 wt. % NaBH4 (denoted as SBH, purity 99%, Merck) and 10 wt. % 

KOH. 
Result and discussion 

The cell with the MEA-Pd anode exhibits a higher open-circuit voltage than the cells with 

MEA-LPMC anode; 1010 mV vs. 992 mV. Although, the open cell voltage (OCV) in both cells 

are lower than the theoretical OCV of DBFC (1.64 V). The deviation is mainly due to the 

formation of the mixed potentials at open voltage caused by fuel cross-over to cathode and 

simultaneous oxidation of BH4
−
 ions and hydrogen at the anode side. As shown in Figure 1, the 

MEA-Pd and MEA-LPMC generate approximately 224 and 200 mA cm
−2

 at 0.5 V and a 

maximum power density of 138 mW cm
−2

 and 125.8 mW cm
−2

 respectively. Although power 

density of MEA-LPMC is less than that obtained on the MEA-Pd, however PD Ni/C catalyst has 

very low palladium (> 1% metal) in its structure. Therefore, it can be concluded that PD Ni/C 

catalyst is promising candidates for anode in direct borohydride fuel cells. 
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Figure 8: Comparison between cell polarization curves of MEA 1 and 2 in DBFCs fueled with 3 

wt% of SBH 

 

 

PD Ni/C performance was investigated in different fuel concentration. Figure 2 shows the effect 

of borohydride concentrations on the air breathing passive DBFC performance. The OCV 

increased with increasing borohydride concentrations from 1 to 3 wt. % SBH, which is 

determined by the Nernst’s equation. The maximum power density of DBFC was also increased 

from 51 to 125.8 mW cm
−2

 when the borohydride concentration was increased from 1 to 3 wt. % 

SBH. It can probably be attributed to the improved mass transfer of the fuel and kinetics of 

borohydride oxidation. However, further increase in sodium borohydride concentration to 5 wt% 

caused a decrease in the power density due to the enhancement of the fuel crossover and 

borohydride hydrolysis by increasing borohydride concentration. As the hydrolysis reaction 

proceeds, not only hydrogen bubbles are generated from catalyst surface, but also borate is 

formed. Hydrogen bubbles destruct the catalyst layer and mass transport of the reactant is 

substantially hindered by borate molecules. 
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Figure 9: Cell polarization curves of MEA-1 in DBFCs fueled by solution containing 1, 3 and 5 

wt% of SBH 

 

Figure 3 shows the electrochemical impedance spectra of the MEA-LPMC and the MEA-Pd at 

operating dc voltage of 0.3 (high current densities region). The results demonstrated that MEA-

LPMC had lower, but close charge and mass transport resistance. 
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Figure 10: Comparison between Nyquest spectra of MEA 1 and 2 in DBFCs fueled with 3 wt% 

SBH at 0.3 

 
Conclusion 

This work demonstrated that the PD Ni/C catalyst which has very low Pd metal (<1 wt. %) 

exhibited a close electrocatalytic activity for NaBH4 electrooxidation compared to the 10 wt. % 

Pd/C catalyst. The BOR activity of the catalysts is evaluated using single cell polarization and 

EIS test.  

According to single-cell results, Pd/C catalyst showed an higher performance compare to PD 

Ni/C in air breathing passive DBFC; maximum power density of 138 mWcm
-2

 Vs. 126 mW cm
-

2
 at room temperature. However, higher OCV (1010 mV) was obtained using PD Ni/C which is 

lower, but close when compared to that obtained for 10 wt. % Pd/C (1010 mV) in the same fuel 

concentration.  

It can be concluded that PD Ni/C catalyst is promising candidates for anode in direct 

borohydride fuel cells.  
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Abstract 
In this work, effect of two membrane-electrode assembly (MEA) pre-conditioning procedures of 

potential cyclic and external humidity injection on the final cell performance and 

electrochemical impedance spectroscopy (EIS) response was studied under conditions. Obtained 

results under steady state condition proposed that humidity injection have a better effect on 

MEA in order to reach to the maximum performance of MEA compared to potential cyclic 

under different operation conditions. From the impedance experiments of MEA affected by 

potential cyclic it was observed that the ohmic, charge transfer and mass transfer resistances of 

MEA is higher than MEA affected by external humidity injection. Moreover, the polarization 

technique results show that MEA affected by external humidity injection has higher power 

density compared with that affected by potential cyclic; 1448mW cm
–2

vs. 1090mW cm
–2

. 

 

Keywords: Polymer electrolyte membrane fuel cell, Potential cyclic, Polarization, 

Electrochemical Impedance Spectroscopy 

 
Introduction 

The fuel cells are devices that convert the chemical energy of fuels such as hydrogen, directly 

into electrical energy. Due to its low emissions, fast start-up, small size, low operation 

temperature, and high power density, polymer electrolyte membrane fuel cells (PEMFCs) are 

considered as promising technology for power sources in transportation, stationary, and mobile 

applications[1].The performance of PEMFC is known to be affected by many structural and 

operational parameters such as: catalyst layer composition[2, 3], diffusion medium 

properties[4], electrode preparation[5, 6], membrane characteristics[7, 8], Method of 

manufacturing membrane electrode assembly[9, 10] and reactants pressure, temperature and 

relative humidity[11-13]. 

A large amount of research has been directed towards improving the performance of proton 

exchange membrane fuel cells (PEMFCs) while keeping the Pt loading as low as possible.It is 

clear that increasing the catalyst utilization is the key factor in achieving a good performance. It 

found that even after an electrode is made, the catalyst utilization can be increased by simply 

treating the electrode in different ways[14]. 

In this work, we studied the effects of potential cyclic and external humidity injection 

procedures on the MEA performance and its EIS response after reaching steady state and under 

different operation conditions.  
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Experimental  

Membrane electrode assembly and cell hardware 

The catalyst ink was consisted of Pt/C (20 wt. % Pt, BASF) that was directly mixed with a 

solvent and Nafion solution (5 wt. % solution, EW1000, Aldrich), deposited on the surface of 

GDL. In this work, applied MEA in the home made PEM fuel cell was consisted of Nafion 212 

(Fuel Cell store) was used to prepare the gas diffusion layer (GDL). The catalyst loading of 0.4 

mgPtcm
−2

 was used in both the anode and cathode electrode. The serpentine pattern graphite 

flow field was used for the anode and the cathode (Asian Hydrogen New Science Co.).  

The first MEA denoted by MEA-1 is affected by the potential cyclic and the second MEA 

denoted MEA-2 is affected by the humidity injection. 

 

Electrochemical measurements 

The performance of the MEAs was characterized by polarization curves and electrochemical 

impedance spectroscopy under different conditions: low and medium RH cell pressure .All tests 

were repeated twice but the last results were presented. 
Result and discussion 

The influence of RH on the performance and EIS response of MEAs 

Relative humidity is important parameter for both performance and durability due to its effect 

on MEA water management. Therefore, can be reflected by i-V and EIS spectra measurements. 

Figures 1 and 2 indicate the performance and EIS response of MEA-1 and MEA-2 under low 

and medium relative humidity. 
 

Figure 1 indicates that at medium RH, both MEAs show higher power density compared to low 

RH. The MPD of the MEAs has been reported in table 1.  

The best performance in both low and medium RH is related to MEA-2, which was affected by 

external humidity injection procedure. 

 

 
Figure 11: Polarization curves of MEA 1 and 2 under 30% and 50% of RH and 25 psi pressure of gases. 
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Table 1: Maximum power densities and OCV of MEA 1 and 2 under different operation relative 

humidity of gases, gas pressure 25 psi. 

RH MEA MPD / mW cm
-2

 OCV / mV 

50% 1 1448 1003 

50% 2 1090 985 

30% 1 1279 992 

30% 2 1040 983 

 

Better understanding of the electrochemical processes involved in the performance of MEAs is 

provided by the EIS method at 0.5V. As shown in figure 3, EIS spectrum of both MEA consist 

of two arcs in medium and low frequency which is attributed to charge and mass transfer 

limitations, respectively. Moreover, the intersection of the imaginary impedance with the real 

impedance reflects the ohmic resistance (Rs). 

As can be seen, at both medium and low RH, MEA-2 show lower Rs as compared to MEA-1. It 

could be related to higher water generation during external humidity injection of MEA-2. 

Moreover, this figure indicates that with increasing RH, lower Rct values can be observed. Also, 

at both medium and low RH, MEA-2 show lower Rmt as compared to MEA-1. 

 
Figure 2: Nyquist plots of MEA 1 and 2 at 0.5 V under 30% and 50% of RH and 25 psi pressure of gases. 

 

Since all MEAs have an identical structure, their performance difference is mainly related to the 

procedure applied for them. Therefore, it can be concluded that applied procedures to MEA 

have a very important effect on the MEA performance and EIS response. 

The influence of RH on the performance and EIS response of MEAs 

In order to study the influence of the operating pressure on the performance and EIS response of 

the three activated MEAs, the pressure of gases was increased. 

Figure 3 represents polarization curves of MEAs at different pressure of reactants. Given that 

the structure of two MEAs was identical at the beginning, it could be concluded that the both 

potential cyclic and external humidity injection procedure had an irreversible effect on the MEA 

interfacial structure which could not be corrected even at high pressure of gases. Polarization 

curves results show that in both high and medium operating pressure and, MEA-2 had the higher 

performance. The MPD of the MEAs has been reported in table 2. 
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Figure 3: Polarization curves of MEA 1 and 2 under 15 psi and 25 psi pressure of gases and 30% of RH. 

 

 
Table 2: Maximum power densities and OCV of MEA 1 and 2 under different operation pressures of 

gases, RH 30%. 

Pressure / psi MEA MPD / mW cm
-2

 OCV / mV 

15 1 1181 987 

15 2 942 977 

25 1 1279 992 

25 2 1040 983 

 

Figure4 indicates the Nyquist plots of the two MEAs at 0.5 V under high and medium operating 

pressure, consistent with polarization curves results. This figure indicates that by increasing the 

gases pressure from 15 psi and 25 psi, Rs of both MEAs was increased; this may be related to 

the enhancement of the contact resistance between diffusion medium and flow field plates in the 

anode and cathode sides. Rct of MEAs was reduced at high operation pressure when compared 

to low pressure of gases. It can also be seen from this figure that the amounts of Rmt of both 

MEA-1 and MEA-2 have been enhanced with the increase of the operating pressure from 15 psi 

to 25 psi. This problem is most likely due to more water covering active catalyst surface, which 

fills the pores and blocks gas channels. 
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Figure 4: Nyquist plots of MEA 1 and 2 at 0.5 V under 15 psi and 25 psi pressure of gases and 30% of 

RH. 

 
Conclusion 

Two identical MEAs were affected by using two techniques: potential cyclic, external humidity 

injection protocol. The performance and EIS response of the both MEAs were evaluated under 

two operation conditions: 15 psi and 25psi pressure, 30% and 50% relative humidity. 

Different pre-conditioning methods create different MEA performance and EIS response in 

H2/O2 mode. 

Different pre-conditioning methods not only create irreversible effect but also caused different 

MEA performance and EIS response in H2/O2. 

Potential cyclic is not an effective procedure compared to external humidity injection to reach to 

the maximum performance of MEA. 
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Abstract 

The present study aims at obtaining a better understanding on the changes that the membrane 

electrode assembly (MEA) of a proton exchange membrane fuel cell (PEMFC) experiences 

along time under voltage control procedure. Constant voltage 0.6 V was set-up at 55 
o
C. After 

every hour, the electrochemical characterization was performed using polarization curves, and 

electrochemical impedance spectroscopy (EIS). Polarization curves showed an effective 

increase of the MEA performance along time, with the maximum power density increasing from 

1141 mW to 1481 mW. From the impedance experiments it was observed that the proton 

exchange membrane (PEM) and the charge transfer resistances decrease with time.  

 

Keywords: Constant voltage procedure, Membrane-electrode assembly, PEM fuel cell 
 

Introduction 
 Among the various types of fuel cells, polymer electrolyte membrane fuel cells (PEMFCs) are 

in the forefront stage, drawing much attention in both fundamental research and industrial 

applications in recent years [1]. The key component that determines the performance of a 

PEMFC is its membrane electrode assembly (MEA). One very effective procedure to enhance 

performance is to activate the MEA. Not only humidification of the proton exchange membrane 

occurs with time, but also transport channels creates for electrons, protons, gases and water. 

During time also the electrode structure is optimized [2] and the activity and utilization of the 

catalyst is improved by opening “dead” regions in this layer [3]. As a result, the performance of 

a newly fabricated PEMFC greatly increases to its maximal value and guarantees its 

reproducibility. Various approaches have been investigated to maximize fuel cell performance 

and shorten the time. Techniques explored include current control [4,5], potential control [6,7]. 

Murthy et al. [8] recommended monitoring a fuel cell’s output current density at 0.6 V and 

recording it as a function of time during the application of a given conditioning procedure. Silva 

et al. applied a procedure setup considering six loading cycles [9]. After each loading cycle, the 

electrochemical characterization was performed using polarization curves, linear sweep 

voltammetry, cyclic voltammetry, and electrochemical impedance spectroscopy (EIS). In this 

study, we present a systematic investigation of the MEA performance with time. Constant 

voltage procedure at 0.6 V was chosen [10] and applied to the MEA. The performance of the 

PEMFC was investigated with time by electrochemical techniques such as polarization curves 

and EIS.  
 

Experiment 
The MEAs consisted of a Nafion 212 membrane and two gas diffusion electrodes. Anode and 

cathode gas diffusion medium were constructed using 30 wt.% PTFE and 70 wt.% carbon 
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particles (Vulcan XC72R) in 2-propanol (Merck) and water. The mixture was sonicated for 20 

min by using a sonicator (Misonix Model S-3000) to prepare a homogeneous suspension 

[26,27]. The suspension was then deposited onto teflonized carbon paper TGPH-060T (Toray), 

and the electrode was dried in air at 120 
o
C for 1 h and finally sintered at 350 

o
C for 30 min. The 

amount of MPL in each electrode was fixed at 1 mg/cm
2
. The anode and cathode catalyst ink 

were prepared by directly mixing Pt/C (20% wt. Pt) with a required amount of solvent and 

Nafion solution (5% wt. solution, Electrochem Inc.). The catalyst ink was deposited on the 

surface of the membrane. The Pt loadings on both the anode and cathode were 0.4 mg cm
-2

. 

Active area of MEAs was 4 cm
-2

. 

All experiments were conducted on a fuel cell test station (Fuel Cell Test System Model150s). 

Polarization curve was obtained by scanning of the cell voltage from OCV to 250 mV. 

Impedance spectra were also recorded over the frequency range from 10 kHz to 10 mHz. The 

Nyquist plots were recorded at 0.7, 0.5, and 0.3 V every 1-h along the time. 

Pure and fully humidified hydrogen and oxygen were used in anode and cathode sides. Cell 

temperature was 55 °C. The cathode and anode gas pressure were 34 kPa.  

 

Results and Discussion  
Polarization curves provide a good insight about the evolution and quantification of the fuel cell 

performance. Current densities at 0.9 V, 0.6 V and 0.3 V of the MEA at different instants of 

constant voltage procedure were extracted from polarization curves and listed in table 1. 

Constant voltage procedure was stopped after 9 hours because changes in the polarization curves 

became negligible.  

The kinetic zone (low current densities) of the polarization curve is related with reaction kinetic 

limitations. It can be seen from table 1 that at 0.9 V (low current density) the cell power change 

slightly after the first hours. It can be concluded that the catalyst area available to promote 

electrochemical reactions increases along the time and that increase is more significant for the 

first hours. The middle current densities of the current density-potential curves is related with 

ohmic losses, the main portion results from the resistance to the proton transport through the 

PEM. It can be observed from table 1, the cell power at 0.5 V increases with time due to the 

successive slope reduction associated to the ohmic zone. Additionally, a decrease on the PEM 

resistance will be also confirmed by the impedance experiments.  

 
Table 1: Cell power values at 0.9 V, 0.6 V and 0.3 V of the MEA at different instants under constant 

voltage procedure. 

 

From table 1 it can also be observed that a significant power density increase occurs, from 116.1 

mW∙cm
-2

 in the first hour to 229.9 mW∙cm
-2

 in the last one.  

Several impedance spectra at different operating voltages were recorded for each time during 

constant voltage procedure. This procedure allows evaluating the relevant impedance parameters 

that quantify the potential losses with time at low and moderate current densities. From figure 1 

it can be seen that with time, the Nyquist plots show one arcs, which are associated to the 

dynamics of the charge transfer. The intersection of the imaginary impedance with the real 

impedance reflects the solution resistance.  

 1 h 3 h 5 h 7 h 9 h 

P (mW) at 0.9 V 305 314 444 447 458 

P (mW) at 0.6 V 1108 1211 1365 1418 1443 

P (mW) at 0.3 V 825 942 1129 1182 1213 
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Figure 1: Nyquist plots at different instants of constant voltage 0.6 V procedure, 

1, 3, 5, 7 and 9 h at OCV (a) and 0.5 V (b). 

 

It should be pointed out that as the current density increases, the radius of cathode related 

semicircle decreases, reflecting the increasing driving force for the reduction reaction. It was 

also observed that the solution resistance changes slightly in a range between OCV and 300 mV. 

From figure 1 it can be seen that the PEM resistance slightly decreases with time. So, it can be 

inferred that proton species become much more easily transported across the PEM with time. It 

is widely accepted that the Nafion proton conductivity and water content are strongly related, 

obeying to a linear relationship at room temperatures [11]. Constant voltage 0.6 V enable the 
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PEM to increase its hydration level, favoring this way the protons transport and consequently 

the power output demands. From figure 1, it also can be seen that, as expected, the charge 

transfer resistance decreases with time during the constant voltage 0.6 V. The charge transfer 

resistance is related with the electrochemical reactions that occur at the interface of the PEM and 

the catalyst layer.  

 
Conclusion 

The in-house MEA was applied under constant voltage procedure at 0.6 V and studied by 

polarization curves and electrochemical impedance spectroscopy. Results indicated that the 

MEA performance was improved with time. Solution resistance was decreased during the 

constant voltage process due to the enhancement of the membrane hydration level and the 

catalyst activity was increased because of impurities removal from the catalyst surface.  
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Abstract 

The main objective of this study is to understand comprehensively of the impedance behavior of 

the polymer electrolyte membrane fuel cell (PEMFC) with time under a standard membrane-

electrode assembly (MEA) procedure. A procedure was developed by US fuel cell council 

(USFCC) which contain a combination of constant current and voltage control and cyclic 

potential processes. The impedance response of MEA was evaluated by the electrical model. 

Based on the impedance spectra, charge transfer resistance (Rct), mass transfer resistance (Rmt) 

and solution resistance (Rs) were extracted using expanded Randle's analogous circuits. Results 

indicated that the proton conductivity of the PEM, catalyst area and activity and transportation 

of reactants to the catalyst surface increase with time. 

 

Keywords: Electrochemical impedance spectroscopy, Membrane-electrode assembly, PEM fuel 

cell 

 

Introduction 

Proton exchange membrane fuel cells (PEMFCs) are promising alternative power sources for 

various applications due to their high power densities and environmental benefits [1]. Typically, 

the cell performance increases gradually with time before reaching the steady state. Procedures 

can be applied during the start-up or after resting periods (restarting).  

Murthy et al. [2] recommended monitoring a fuel cell’s output current density at 0.6 V and 

recording it as a function of time during the application of a given conditioning procedure. Yuan 

et al. investigated constant voltage 0.6 V method [3]. They found (i) higher temperature is more 

effective in obtaining a high performance, (ii) open circuit voltage relaxation and more cycling 

steps are not very helpful in accelerating the process, and (iii) higher cycling frequency may 

reduce the activation time, but is soon followed by degradation. Applying a constant current to 

condition a fuel cell was also studied with direct methanol fuel cells (DMFCs). Kim et al. [4] 

investigated the performance of a DMFC (Pt/C for the cathode and PtRu/C for the anode) with 

time using an impedance technique. 

This paper analyzes the behavior of a membrane electrode assembly (MEA) as a function of 

time along a procedure aiming to understand how this procedure affects the PEM and the 

catalyst. We present a systematic investigation of the MEA electrochemical impedance response 

with time. US fuel cell council (USFCC) test protocol [5,6] which contain a combination of 

constant current and voltage control and cyclic potential procedures was chosen and applied to 

the MEA. The impedance response of the PEMFC was investigated by an electrical model. 

Along the time, MEA experiments significant changes that are studied by electrochemical 

impedance spectroscopy (EIS). 
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Experiment 

The MEAs consisted of a Nafion 212 membrane sandwiched between two gas diffusion 

electrodes. The anode and cathode catalyst ink were prepared by directly mixing Pt/C (20% wt. 

Pt, BASF) with a required amount of solvent and Nafion solution (5% wt. solution, EW1000, 

Aldrich). The catalyst ink was deposited on the surface of the diffusion medium including 

carbon paper with microporous layer. The Pt loadings on both the anode and cathode were 0.4 

mg cm
-2

. All experiments were conducted on a fuel cell test station (Scribner, 850e).  

Pure and fully humidified hydrogen and oxygen were used in anode and cathode sides. Cell 

temperature was 55 °C. The cathode and anode pressure were 34 kPa. MEA was conditioned  by 

constant current and voltage control and cyclic potential procedures that take 19 h. The MEA 

performance was investigated every 1-hour by electrochemical impedance spectroscopy. EIS 

experiments have been carried out at 0.7 V and 0.3 V. 

 
Results and Discussion  

USFCC standardized test protocols are widely used by researchers. In this study USFCC 

protocol which was established in 2007, was applied for conditioning of the MEA. This 

procedure consists of three steps that mentioned in the experimental section. All obtained EIS 

plots are shown in figure 1.  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

Figure 1: Representation of the impedance versus frequency at different instants of USFCC protocol, 1, 

2, 6, 10, 15 and 17 h, at (a) 0.7 V and (b) 0.3 V. 
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Based on the impedance spectra, charge transfer resistance (Rct), mass transfer resistance (Rmt), 

and Rs can be extracted using two equivalent circuits set up, corresponding to one and two arcs 

in figure 1a and 1b, respectively [7], where CPE represents the constant phase element. 

Impedance spectra were fitted by Zview software. The equivalent circuit parameters are listed in 

table 1. The time constant τ of a particular physical or chemical phenomenon corresponds to the 

frequency peak of the corresponding arc in the impedance spectra [8]. In table 1, τkin and τdif are 

attributed to the time constant of charge and mass transfer processes in the electrode, 

respectively.   

 
Table 1: Resistance analysis of MEA as a function of time at different instants of USFCC protocol, 1, 2, 

6, 10, 15 and 17 h at 55 °C 

 
Table 1 show that a significant charge resistance decrease at 0.7 V occurs from 161 mΩ in the 

first hour up to 131 mΩ in the last one. Results also indicated that τkin was decreased along time, 

suggesting the increase in the rate of oxygen reduction reaction [9].  

Rmt at 0.3 V was increased at the first 2-h. However, the value of Rmt was decreased, after 6-h, 

along the constant current procedure because water flooding is not occurred at low current 

density. Results indicated that τdiff was decreased with time, suggesting improvement in the 

transportation of the reactants to the catalyst surface [10]. Table 1 also show that Rs was 

decreased with time due to the enhancement of the membrane hydration level [11].  

 
Conclusion 

MEA was conditioned using USFCC protocol and studied by EIS technique. EIS spectra were 

evaluated by electrical circuits and various resistances were extracted using zview software. 

Results indicated that charge and mass transfer resistance were decreased with time. Solution 

resistance was decreased with time due to the enhancement of the membrane hydration level and 

the catalyst activity was increased because of impurities removal from the catalyst surface. The 

extent of resistance reduction was dependent on the cell voltage along the time.     

  

Instants times  Parameters Voltage 

171510621

117118117117120123Rct (mΩ) 

0.3

164170163170145140CPE1 (mF) 

596047495450Rmt (mΩ) 

706863187691825473878452CPE2 (mF) 

20 20 25.1 25.1 15.8 15.8 τkin (ms) 

2510 2510 2510 2510 2510 3160 τdif (ms) 

85 85 90 92 110 120 Rs ( mΩ)  

113113120122136161Rct (mΩ)

0.7 535453574951CPE1 (mF) 

1010101012.615.8τkin (ms) 
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Abstract 

The main objective of this work is to extract information on the internal behavior of the polymer 

electrolyte membrane fuel cell with time under a standard membrane-electrode assembly (MEA) 

procedure. A procedure was developed by US fuel cell council (USFCC) which contain a 

combination of constant current and voltage control and cyclic potential processes. The MEA 

performance was evaluated by the analytical model with time. Results indicated that the oxygen 

reduction kinetic is improved with time, especially in the first few hours. The results also show 

that ohmic and concentration polarizations are decreased with time. The extent of this reduction 

depends on the applied voltage or current with time. 

 

Keywords: Performance analysis, Membrane-electrode assembly, PEM fuel cell 

 

Introduction 
 A newly fabricated PEMFC needs a period to be conditioned, and reach to its best performance. 

Possible theories have been put forward to explain this phenomena: removal of impurities 

introduced during the process of manufacturing the MEA, activation of a catalyst that does not 

participate in the reaction, creation of a transfer passage for reactants to the catalyst [1] and 

hydration of the membrane and ionomer in catalyst layer [3].  

Yuan et al. investigated constant voltage 0.6 V method [4]. They found (i) higher temperature is 

more effective in obtaining a high performance, (ii) open circuit voltage relaxation and more 

cycling steps are not very helpful in accelerating the process, and (iii) higher cycling frequency 

may reduce the activation time, but is soon followed by degradation. Silva et al. applied a 

procedure setup considering six loading cycles [5]. After each loading cycle, the electrochemical 

characterization was performed using polarization curves, linear sweep voltammetry, cyclic 

voltammetry, and electrochemical impedance spectroscopy (EIS).  

In this study, we present a systematic investigation of the MEA performance with time. US fuel 

cell council (USFCC) test protocol [6] which contain a combination of constant current and 

voltage control and cyclic potential procedures was chosen and applied to the MEA. The 

performance of the PEMFC was investigated by an analytical model.  

 

Experiment 
The MEAs consisted of a Nafion 212 membrane sandwiched between two gas diffusion 

electrodes. The anode and cathode catalyst ink were prepared by directly mixing Pt/C (20% wt. 

Pt, BASF) with a required amount of solvent and Nafion solution (5% wt. solution, EW1000, 

Aldrich). The catalyst ink was deposited on the surface of the diffusion medium including 
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carbon paper with microporous layer. The Pt loadings on both the anode and cathode were 0.4 

mg cm
-2

. All experiments were conducted on a fuel cell test station (Scribner, 850e). 

Polarization curve was obtained by scanning of the cell voltage from OCV to 250 mV. 

Pure and fully humidified hydrogen and oxygen were used in anode and cathode sides. Cell 

temperature was 55 °C. The cathode and anode gas pressure were 34 kPa pressure. MEA was 

conditioned by constant voltage, cyclic potential and constant current procedures that take 19h.  

 

Results and Discussion  
USFCC standardized test protocols are widely used by researchers. In this study USFCC 

protocol which was established in 2007, was applied for conditioning of the MEA. This 

procedure consists of three steps that mentioned in the experimental section. The MEA 

performance was investigated every 1-hour during time by i-V curves. In order to obtain 

comprehensive details for the MEA performance, i-V curves were used in estimating the 

parameters of a completely analytical model. The model describes the i-V curve with the 

following equation: 

V = Eth (PO2, PH2, T) –ƞkin -ƞohm -ƞmt         (1) 
Where V is the real output voltage; Ethermo is the thermodynamically predicted voltage; ƞkin is 

the kinetic loss on the cathode; ƞohm is the ohmic loss, and ƞmt is the concentration loss on the 

cathode.The kinetic loss is described by the Tafel equation where a and b are constant 

experimental parameters [7].  

ƞkin=a+b ln(i)           (2) 

The ohmic loss is due to both ionic and electronic resistances within the fuel cell and is 

expressed as [7]: 

ƞohm=iRohm           (3) 

The voltage loss caused by mass transport limitation is expressed by the following theoretical 

equation where c and d are parameters that have to be evaluated experimentally [7].  

ƞmass=c Ln (d / (d-i))           (4) 

For the applied activation condition, the thermodynamic potential, Ethermo, was calculated to be 

1.21 V from the modified Nernst equation which takes into account both temperature and 

pressure values according to [8]. 

Rohm was obtained when current interrupt testing was implemented on a MEA at each voltage 

during voltage sweeping in the polarization curve measurements [9]. The obtained ohmic loss 

values versus current density at different instants (1, 2, 6, 10, 15, and 16 h) during activation 

procedure are shown in Fig. 1.   

According to ƞohmic and Ethermo values, the experimental i-V data at different instants (1, 2, 6, 10, 

15, and 16 h) during activation procedure were fitted into Equation (1). Fitting was performed 

using simulated annealing and Broyden-Fletcher-Goldfarb-Shanno (BFGS) optimization 

algorithms [10]. Fig. 2 and 3 show the predicted kinetic and concentration losses versus current 

density, respectively. 

 

 

 

 

 

 

 

 



  

401 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Kinetic polarization versus current density at different instants of USFCC protocol, 1, 2, 6, 10, 

15 and 17 h at 55 °C. 

 
Figure 1 show that kinetic polarization was decreased along time. The most extent of kinetic 

polarization reduction occurred at the first 2-h. While, the value of kinetic loss was constant 

after 6-h. These results show that catalyst activation occurred during the first 6-h. Low constant 

current density procedure (final step of USFCC procedure) was not a suitable method for 

catalyst conditioning at least for a short time.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2: Ohmic polarization versus current density at different instants of USFCC protocol, 1, 2, 6, 10, 

15 and 17 h at 55 °C. 
 

Figure 3 show that ohmic polarization was decreased with time due to the enhancement of the 

membrane hydration level and the catalyst activity. 

Figure 2 indicates that curves overlapped during first 6-h. In other words, concentration loss did 

not change during constant and cyclic voltage procedures. Concentration polarization decreased 

along the constant current procedure because water flooding is not occurred at low current 

density. The amount of concentration loss reduction is significant at high current density, about 

40 mV.   



Analysis of Membrane-Electrode 

 
 

402 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

Figure 3: Concentration polarization versus current density at different instants of USFCC 

protocol, 1, 2, 6, 10, 15 and 17 h at 55 °C. 
 

Conclusion 

MEA was activated using USFCC protocol and studied by i-Vs polarization curves. i-V curves 

were evaluated by an analytical model and parameters attributed to different voltage losses were 

extracted. Results indicated that kinetic, ohmic and concentration polarization were decreased 

with time. The extent of polarizations reduction was dependent on the cell voltage along the 

time.    
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Abstract 

In this study, a three-layer gas diffusion electrode was made according to the second layer was 

made of a mixture of carbon black and Teflon with the ratio of 70:30 on a 200µm silver mesh. 

The third layer that cased of diffusion layer was made of platinum nano-clusters on carbon and 

Teflon suspension (with the 70:30 ratio). Finally the heat treated electrode was evaluated for 

oxygen reduction reaction in a three electrode configuration. The performance of electrode was 

considered in homemade zinc air fuel cell. The results showed that the open circuit voltage of 

cell was 1.346 V and at the voltage of 0.73 volt; the current density was 166.5 (
2/ cmmA ). 

 

Keywords: Oxygen reduction reaction, Gas diffusion electrode, Zinc air fuel cell 

 

Introduction 

Metal-air fuel cells are electrochemical devices that directly convert the chemical energy stored 

in metals (e.g., Mg, Al or Zn) into electricity. Compared with hydrogen fuel cells, metal air fuel 

cells offer many advantages, including facile solid fuel storage, simple system structure and low 

cost. Due to these intrinsic merits, metal-air fuel cells have gained a great deal of attention and 

been regarded as promising power sources for application in mobile phones, lights, 

communication equipments and electric vehicles, etc. [1-5]. Atmospheric oxygen is the oxidant 

at the cathode of the proton exchange membrane fuel cells (PEMFC) and zinc–air fuel cells 

(ZAFC) [6-7]. In the most commonly used cathode designs, the oxygen electrode is based on a 

three-phase reaction zone. Because oxygen is poorly soluble at atmospheric pressure, a three-

phase reaction zone is required to provide oxygen in concentrations suitable for higher current 

densities.  

The electrochemical reactions of zinc-air fuel cell can be described as follows [8]: 

At the positive (cathode) electrode: 

O2 + 2H2O + 4e
-
→ 4OH

-
 , E0 = 0.40V                                                                            (1) 

At the negative (anode) electrode: 

2Zn→ 2Zn
2+

 + 4e
-
                                                                                                            (2)  

2Zn
2+

 + 4OH
-
 → 2Zn (OH)2            E0 = - 1.25V                                                            (3) 

2Zn (OH)2 → 2ZnO + 2H2O                                                                                            (4) 

Overall cell reaction: 

2Zn + O2 → 2ZnO                          E0 = 1.65V                                                                (5) 

In ZAFC, zinc metal as an anode material is abundantly available, inexpensive, non-toxic, safe, 

and easy to handle and store. Air is an oxygen source to be supplied at the cathode side, while 

aqueous alkaline solution is an electrolyte. The advantages of zinc air fuel cell are using 

inexpensive materials of catalysts and separators, the high energy density, stable discharge 
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voltage and running at ambient temperature. Theoretical specific energy of zinc air cell based on 

the molecular weight of ZnO is 1085 Wh/kg and 1.65 volts for the theoretical cell voltage [9]. 

The Oxygen reduction reaction is one of the most important electrochemical reactions because it 

is the cathodic reaction in fuel cells and metal air batteries, during aerated media corrosion and 

in some industrial electrolytic processes. For these reasons, research efforts have been focused 

on developing a proper catalyst and elucidating the mechanism of this reaction [10-12]. 

 

Experimental 
 

2.1. Cell Fabrication 
The zinc-air fuel cell wrought of zinc anode, cathode and alkaline electrolyte. This Cell has 

made non-separator and simple. 

 

2.1.1. Gas diffusion electrode fabrication 
The zinc-air fuel cell comprised of zinc anode, alkaline electrolyte, and cathode. 

Air electrode were fabricated in three layers, a waterproof diffusion layer on the air side and the 

active layer on the electrolyte side. The first layer is the gas diffusion layer which was made of 

carbon Vulcan, PTFE, 2-propanol and glycerin by mixing and was sonicated for 20 min until a 

homogeneous paste was obtained. Then, the above GDL Was placed in an oven at 80 
°
C for 3 h, 

after it has dried for half an hour left in 80 
º
C  then put 20 min to 100 

º
C and 30 min in 120 ºC. 

Then mesh up a quarter at 300 ºC and a quarter at 340 
º
C has put in the oven to stabilized. The 

PTFE solution: carbon Vulcan ratio was 30:70. 

    For each electrode, an active layer (AL) was prepared by mixing 31.5 mg Pt/C, 13.5 mg 

polytetrafluorethylene powder (PTFE) as the hydrophobic catalyst binder, then 10 mL Millipore 

water and isopropyl alcohol 1:1. This catalyst ink was sonicated for 20 min to obtain a uniform 

mixture, which was then painted onto the micro porous side of a paper gas diffusion layer 

(GDL). 

Finally these two layers were mobilized on a silver lace as third layer. 

 

2.1.2. Anode 
The metal zinc was used as the fuel anode. Anode was in direct contact with the electrolyte and 

cathode. 

 

2.2. Zinc-air fuel cell test system 
The flowing cell testing is focused on cell performance. Electrolyte applique 1.4 M KOH 

solution. 

 

Results 
The results showed that the open circuit voltage of cell was 1.346 V and at the voltage of 0.73 

volt; the current density was 166.5 (
2/ cmmA ). 
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Figure 1. Polarization curve for the zinc-air fuel cell 

 

Conclusions 

The experimental study on the improvement of zinc - air fuel cell performance was carried out 

for non-separator cell. The Cell was made with a good insulation and no leakage was. As you 

can see from the results of the Cell performance is acceptable. 
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 چكيده

شنده بنراي عبنور     هناي تعبينه   اي توزيع غيريکنواخت سنوخت ينا هنوا در کاننال     هاي سوختي اکسيد جامد صفحه ليکي از مشکلا  پي

ها، از ديگر مشکلا  اين نوع پيل. يابد ي آن  فرآيند الکتروشيميايي ناقص انجام شده و ولتاژ توليدي کاهش مي هاست که در نتيجه آن

که باعث افزايش توان کمپرسورهاي موردنياز براي رانندن سنوخت و هنوا در داخنل اينن      باشد  ها مي بالابودن افت فشار سيال در کانال

ي  سنازي جرينان سنيال در شنبکه     در اين مماله يک مندل محاسنباتي بنراي شنبيه    . شود ي تجهيزا  مي ها و در نتيجه افزايش هزينه کانال

بينني   معادلا  بماي جرم و مومنتوم، معيارهايي جهنت پنيش  اين مدل با منیور نمودن . اي ارائه شده است هاي پيل سوختي صفحه کانال

 . کندها ارائه ميها و در نتيجه طراحي بهينه کانالافت فشار در هر کانال و برقراري جريان يکنواخت بين کانال

 

 .لي کانا ، شبکهسازي مدلپيل سوختي،  :هاي كليدي واژه

 

 مقدمه

هاي توليد توان با آلايندگي پنايين و بنازدهي بنالا منورد توجنه       هاي سوختي به عنوان يکي از تکنولوژي هاي اخير پيل در سال

يکني از  .]9[باشنند   اي برخنوردار مني   هناي اکسنيد جامند از اهمينت وينژه      هاي سنوختي، پينل   در بين انواع پيل. اند قرار گرفته

هنا و در نتيجنه فرآينند     شنده بنراي عبنور آن    هناي تعبينه   غيريکنواخت سوخت يا هوا در کاننال ها توزيع  مشکلا  اين نوع پيل

باشند کنه باعنث     هنا مني   مشکل ديگر بالابودن افت فشار سيال در کانال. باشد الکتروشيميايي ناقص و کاهش ولتاژ توليدي مي

ي  هنا و در نتيجنه افنزايش هزيننه     اخل اين کانالها و کمپرسورهاي موردنياز براي راندن سوخت و هوا در د توان پمپافزايش 

 .شود تجهيزا  مي

-و مني سنوختي انجنام شنده     براي فهم عملکرد پيلاي گستردههاي سازي مدلسازي پيل سوختي  در تحميما  مربوط به مدل

ينک  ، ]3[ ما و سنامز بورسن  .اند ه اي ارائه کرد ، يک تحليل جامع از سيستم پيل اکسيد جامد صفحه] [ايواتا و همکاران  .شود

هنا اسنتوار اسنت؛ نتنايج      هيندروليک شنبکه   ي مماومنت  ها بر پاينه  اند؛ مدل آن ارائه کرده ها بيني جريان در پيل مدل براي پيش

هناي بنا ابعناد مختلنف ارائنه       در اين مماله يک مدل کلي براي طراحي کانال. باشند و کلي نمي حاصل از اين مدل قابل تعميم

 . شود مي
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 روش تحقيق مواد و
 

 هندسه و معادلات حاكم

محاسبا  از نمطنه نینر جرينان در    . اي، در نیر گرفته شده است سازي يک پيل سوختي اکسيد جامد صفحه در اين مماله مدل

ها  در تحليل توده، لايه. کند تحليل مربوط به توده نيز مستميماً از تحليل لايه پيروي مي. گردند داخل يک تک لايه، مطرح مي

 9شنکل  . شنوند  اند و منيفولدها بخشي از هدرها در نیر گرفته مني  شود که در يک لايه هايي در نیر گرفته مي خشي از کانالب

هنايي بنراي    اند کنه داراي کاننال   هاي تختي تشکيل شده ها از لايه اين نوع پيل .دهد اي را نشان مي بخشي از دو لايه پيل صفحه

 هنا  بنا عبنور سنوخت و هنوا از اينن لاينه      . گينرد  ها آند، کاتد و الکتروليت قرار مني  اين لايهميان . باشند عبور سوخت و هوا مي

ها و سنپس از طرينق    ، سوخت و هوا با عبور از منيفولدهاي تغذيه بين لايه مطابق شکل . شود فرآيند الکتروشيميايي انجام مي

رد هدر تخلينه و سنپس از طرينق منيفولند تخلينه از پينل خنارج        ها وا شوند و با عبور از کانال ها توزيع مي هدر تغذيه بين کانال

( سنوخت ينا هنوا   )ي سنيال   و منيفولد تغذينه و تخلينه    هاي عبوري، هدر تغذيه و تخليه فضاي محاسباتي شامل کانال. شوند مي

هناي   ن جرم بين کانالاند؛ بدين صور  که از جريا هاي جريان غير قابل نفوذ در نیر گرفته شده کانالدر اين تحليل . باشد مي

علاوه بر اين سناير   .ناپذير خواهد بود ثابت و جريان تراکماز اين رو چگالي جرمي، . اکسيدايزر و سوخت صرفنیر شده است

هنوا ينا سنوخت    )همچننين زمناني کنه سنيال ينک گناز باشند         .نيز ثابت در نیر گرفته شده اسنت ( ويسکوزيته)خواص سيال 

، معنادلا  جنرم و مومنتنوم بنه صنور  پيوسنته      . ريان خيلي کنم و دمنا تمريبناً يکنواخنت خواهند مانند      سرعت ج( تبخيرشده

 .   بعدي و در راستاي هدرهاي تغذيه و تخليه نوشته خواهند شد يک
 

 آهنگ جريان جرم در كانال

ينک   هنا،  برشي بين ديواره کردن نيروي به وجود آمده از تنشدر يک کانال، براي بالانس مطابق جريان پاياي هايگن پوازي

 .تغيير فشار خالص لازم است

(9)                   

باشند کنه سنطح ممطنع کاننال       مني    متغير ديگنر  . دهند به ترتيب فشار در هدر تغذيه و  هدر تخليه را نشان مي   و    که 

 .باشد ، طول کانال مي  ، محيط کانال و   . باشد مي

 :توان برحسب اختلاف فشار خالص ورودي و خروجي بدست آورد کانال را مي آهنگ جريان جرم در

     
 

   

  
   
   

 

 
                   

( ) 

ي  ويسنکوزيته  و چگالي جرميبه ترتيب   و    طول کانال،   ، سطح ممطع کانال   ممطع کانال،  قطر هيدروليک   که 

بنه     و     ،بعند  ضنريب اصنطکا  بني     ، (اساس سرعت متوسط و قطر هيدروليک بر)عدد رينولدز    ، ديناميکي سيال

نسبت بنين آهننگ جرينان جنرم در کاننال و اخنتلاف       نيز    ثابت  .دهند مي تخليه را نشانو تغذيه  هايترتيب فشار در هدر

توابعي از مکان هستند؛ بنابراين براساس توزينع فشنار         و       در يک لايه . کند فشار ورودي و خروجي را بيان مي

 .تواند متفاو  باشد در مسيرها، جريان جرم در هر کانال مي
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همانطور که گفته شد معادلا  به صور  معادلا  ديفرانسيلي پيوسته استخراج خواهند شد؛ بنابراين لازم اسنت کنه آهننگ    

توانند   آهنگ جريان جرم در واحد طول مسير، مي. دوباره بازنويسي شودجريان جرم بين مسيرها به صور  يک متغير پيوسته 

 :به صور  زير نوشته شود

(3) 
   

  
   
  
 
 
         

  
 

   
         

  که 
 .باشد سطح ممطع کانال در واحد طول مسير هدر مي  

 

 معادلات پيوستگي در هدرها

با استفاده از تئوري رينولدز و قانون کلني بمناي   . گيريم در نیر مي ،3يک حجم کنترل ديفرانسيلي از يک هدر، مطابق شکل 

 :توان به صور  زير نوشت ي پيوستگي را مي جرم براي سيستم، معادله

(4)  
 
  

  
    

  

  
                 

  
 

  

 

  

   

    که 
که سيال از طريق آن،  مساحتي. باشد هاي رابط مي هدرها از طريق کانال( و يا واردشده به)شده از  شار جرم خارج  

     برابر ( نرمال بر هدر)کند  کانال را تر  مي
  طيلي، تبراي کانال مس 3 شکل مطابق. باشد مي    

-مي     

در نیر گرفتن با  .توان ثابت در نیر گرفت ها را مي ، انتگرال  کردن حجم کنترل به طول ديفرانسيلي   با تمسيم .باشد

 :آيد به شکل زير در مي 4ي  رابطهناپذير  تراکمو  بعدي جريان يک، و فر  حالت پايا        

(0)    

  
  

  
 

   
   

    
   

 

   
 

   با جايگذاري
 : آيد به شکل زير در مي  پيوستگي  ، معادله3ي  از رابطه  

(0)     
  

  
  
        

   
 

مربوط بنه      و انديس ( با در نیر گرفتن علامت منفي در سمت راست معادله)مربوط به هدر تغذيه     که انديس 

 .باشد مي( با در نیر گرفتن علامت مثبت در سمت راست معادله)هدر تخليه 
 

 در هدرها مومنتوممعادلات 

 :باشد ي مومنتوم به صور  زير مي در حالت کلي معادله

(1)  
 
  

  
        

نينز بنردار سنرعت      متغينر . باشند  ، نيروي اعمال شده به سيسنتم مني   و      که متغيرهاي اين معادله بردار مومنتوم، 

ي داراي جرينان   يکي از نيروها ناشي از فشار اعمالي بر ممطع ناحينه . دو نيرو وجود دارد که بايد در نیر گرفته شوند. باشد مي

و انندکي محاسنبا     بعندي  يکبا فر  جريان پايدار و . باشد ها مي ي سيال در تماس با ديواره و ديگري ناشي از ويسکوزيته

 :شود به شکل زير بازنويسي مي 1ي  رابطه
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(8)  
 

      

  
  

 

  

    

 

  

          
 

  

 

باشند؛   مربوط به نيروي ناشي از تنش اعمالي بر سطح حجم کنترل در راستاي جريان مي 8ي  رابطهاولين انتگرال سمت راست 

هناي کاننال    دومين انتگرال مربنوط بنه نينروي برشني در دينواره     .      در اين مورد به طور کلي وابسته به فشار است، 

. توان براي تبديل اولين انتگرال سمت راست معادله به انتگرال حجمي از تئوري ديورژانس گائوس استفاده کنرد  مي. باشد مي

 .بازنويسي کرد ،  توان در قالب طول ديفرانسيلي  انتگرال دوم را نيز مي

(1)  
 

      

  
  

 

  

     
 

  

            
 

 

 

بنا تمسنيم حجنم کنتنرل بنه اجنزاي       (.            شکل،  براي کانال مستطيل)باشد  محيط کانال هدر مي   که 

 :آيد ناپذير به شکل زير در مي براي جريان تراکم 1ي  رابطه   خيلي کوچک 

(92)  
   

  

  
 
  

  
 
  
  

     

، را برحسب ضريب اصطکاکي، که وابسته به ابعاد هندر و خنواص     توان تنش برشي در ديواره،  در جريان داخل کانال مي

 جايگذاري کرد، 92ي باشد، نوشت و در رابطه سيال مي

(99)  
    

   
  

 
   
  

  
  

     
          

 .باشد ميتخليه و بترتيب نمايانگر هدر تغذيه     و     انديس

 شرايط مرزي

ديفرانسنيل   حناوي معنادلا   ،  ي چهارگاننه  يک دستگاه معادلنه  ،(99و  0روابط )شده  معادلا  پيوستگي و مومنتوم استخراج

از  .ي اضنافي اسنت   ي آهنگ جريان جنرم نينز ينک معادلنه     معادله. دهند معمولي، کوپل، غيرخطي و مرتبه اول را تشکيل مي

هنا ينک شنرط منرزي و در کنل       باشند، هر کندام از آن  معادلا  ديفرانسيل معمولي مرتبه اول ميآنجايي که تمام معادلا ، 

  ي هدرها بايد صفر باشد، ، سرعت در انتهاي بسته4مطابق شکل . چهار شرط مرزي لازم دارند

(9  )                           

فشار در منيفولد تغذيه ينک شنرط منرزي از ننوع     . گرفته شود تواند به عنوان فشار مرجع، صفر در نیر فشار منيفولد تخليه مي

 .باشد که در حين حل بايد محاسبه گردد ضمني مي

(93)                            
 

 بعد سازيبي

. باشند  ، مي  ممياس طول مرجع طول هدر، . بعد نوشت توان معادلا  را برحسب متغيرهاي بي سازي نتايج، مي به منیور کلي

شود کنه از آهننگ جرينان جنرم لاينه،       سرعت مرجع سرعت متوسطي است که به هدر تغذيه وارد و از هدر تخليه خارج مي

 . آيد ، بدست مي   

(94)  
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 .باشد فشار مرجع يک فشار ديناميکي برحسب سرعت مرجع مي

(90)  
        

  
   

 

   
  

 :شوند زير تعريف ميبعد به صور   متغيرهاي بي

(90)    
 

  
   

(91) 
   

 

  
 
   

   
  

(98) 
   

 

    
 

 

   
  

   
 

   
 
  

بعد تبنديل   بعد در معادلا  پيوستگي و مومنتوم و آهنگ جريان جرم، اين معادلا  به فرم بي با جايگذاري اين پارامترهاي بي

 شوند، مي

(91)     
   

    
           

( 2) 
    

    
   

 
    
   

         

( 9)                  
  بعد  بي هاي که گروه

 :شوند به صور  زير تعريف مي   و    ،  

(  ) 
  
  

  
      

   
  

( 3) 
    

  
   

     
  

   
 

( 4) 
   

     

   
  

  ي بين پارامترهاي گسسته،  رابطه
 :آيد مي، به صور  زير بدست   و پيوسته،  ، 

( 0 )  
  
  

  
      

   
  

       

   
  

 
     

   
         

تعداد کانال موجنود در ينک لاينه       ي بين دو کانال مجاور از همديگر  و  فاصله  . بعد مستمل داريم پس تنها دو گروه بي

 . باشد مي

 :باشند نيز به صور  زير ميبعد  شرايط مرزي بي 

( 0 )                              

( 1 )                             
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 (توده)تحليل چند لايه

کننند، تشنکيل شنده     تحليل قبلي براي يک لايه بيان شد؛ يک توده از چند لايه و منيفولدهايي که گاز را تغذينه و تخلينه مني   

براي ارتباط بين آهنگ جرينان جنرم      در تحليل قبلي در سطح لايه فاکتور . يک تحليل مشابه براي توده وجود دارد. است

مشابه بيان گردد، طوري که آهنگ جرينان      در سطح توده نيز بايد يک فاکتور . کانال و افت فشار در طول کانال بيان شد

 . جرم لايه به افت فشار بين منيفولدهاي تغذيه و تخليه ارتباط داده شود

 :داريم   با تعريف . کند ي لايه پيروي مي از حل مسئله   ممدار 

( 8)                 
ي بنالا   ، فمط فشار تغذيه در معادلنه (4شکل )از لايه به عنوان مرجع در نیر گرفته شده است از آنجايي که فشار دود خروجي 

 :بعد سازي داريم با بي. شود ديده مي

( 1) 
     

   

     
  

   
 

     
        

 :داريم   با استفاده از تعريف . آيد بعد بدست مي ي بي ي لايه از مسئله       ممدار 

(32) 
   

   
 

         
 

  
        

 

هنا مشنابه    ي لاينه  ، تحلينل تنوده    با در دست داشتن ممندار  . بعد براي لايه محاسبه شود تواند از حل بي مي   بنابراين ممدار 

 کنند، بعد از نرخ توده و ابعاد منيفولد پيروي مي ي بي دو مشخصه. رود تحليل لايه پيش مي

(39) 
   

     
   

 
 

(3 ) 
   

      

   
  

  
   

     
  

   
 

  به طنور مشنابه اننديس    . شود براي کانال جايگزين مي  براي لايه، با انديس   در اين تعاريف و با توجه به تحليل، انديس 

 .شود براي هدر جايگزين مي  براي منيفولد، با انديس 

 

 نتايج و بحث

نتايج مربوط به  0شکل  .افزار متلب استفاده شده است از نرمآمده،  پيوستگي و مومنتوم بدستمعادلا   براي حل ممالهدر اين 

هنا بنه ازاي ينک ترکينب      بعند در کاننال   بعد در هدرهاي تغذيه و تخليه و همچنين آهنگ جرينان جنرم بني    سرعت و فشار بي

انند، جرينان    بدست آمنده کانال     02به ازايکه  اي، نمودارهاي ميله. دهد ، را نشان مي  و    ،  دلخواه از پارامترهاي

 . دهند انال نشان ميک بعد را در هر جرم بي

ينک   0شنکل  . حل شده است     و    بعد براي تمام ترکيبا  محتمل و ضروري  ي بي ، مسئلهبهينهبه منیور يک طراحي 

 پنارچگي کانتورهناي يک .دهند  را نشنان مني        و   بعد است که اطلاعا  کمي در مورد لايه بعننوان تنابعي از    ي بي نمشه

 :دهند نشان مي ها را تفاو  نسبي جريان جرم کانال شوند، جريان که به صور  زير تعريف مي
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(33)       

    
 
                    

          
 

     باشد، منجنر بنه ممندار کنوچکي از      ه مطلوب ميياين فر  که جريان يکنواخت، براي طراحي لا

    
ي  ناحينه )گنردد   مني   

      9/2مربوط به 

    
 :به طور کمي، اين ناحيه بين ممادير زير محدود شده است(. 0در شکل   

(34)                  و                  

 :بستگي دارد، به صور  زير     بعد تنها به  ي جريان يکنواخت افت فشار بي در ناحيه

(30)  
    

   
 

   
 
   

 

    
 

. ها معکوس است ها هيچ جرياني ندارند يا جريان در آن ي بالا و سمت راست کانتورهاي يکنواخت، بعضي از کانال در ناحيه

 .شود نمي ها توجهي هاي سوختي مناسب نيستند، به آن از آنجايي که اين نواحي براي کاربرد در پيل

توزيع جريان به طنور   .کند تغيير مي   و    ها براي ترکيبا  مختلف  دهد که چگونه توزيع جريان در کانال نشان مي 1 شکل

جنايي کنه کانتورهناي يکپارچنه بنه      . کنند  تغيير مي     کيفي در نواحي مختلف از جريان غير يکنواخت، براي ممادير کم 

هاي مرکزي کمتنرين ممندار    شوند، توزيع جريان متمارن است و جريان در کانال هايي با شيب رو به پايين ديده مي شکل خط

ن بنه  شوند، توزيع جرينا  ، جايي که کانتورهاي يکپارچه به صور  خطوط عمودي ديده مي   براي ممادير پايين . را داراست

ي  در ناحينه . يابند  طور يکنواخت از يک جريان کمينه نزديک ورودي تا يک جرينان بيشنينه نزدينک خروجني افنزايش مني      

شوند، توزيع جرينان از توزينع    خميده، جايي که کانتورهاي يکپارچه از خطوط مورب تا خطوط عمودي، به گوشه تبديل مي

 .ندک کم در مرکز به توزيع يکنواخت افزايشي تغيير مي

ي  تنرم درگ در معادلنه   ،  بنراي ممنادير خيلني بنزرگ     توان نتيجنه گرفنت کنه     با توجه به معادلا  پيوستگي و مومنتوم مي

در  0  ي نمطنه ) خواهند بنود   متمنارن غيريکنواخنت و   شرايط جريان تحت اين؛ باشد ميز ترم غالب و ترم هدايتي ناچي مومنتوم

باشند و   مي ترم هدايتي ترم غالبو پوشي  ي مومنتوم قابل چشم ، ترم درگ در معادله  براي ممادير بسيار کوچک . (1شکل 

رفتنار مربنوط بنه     .(1شنکل  در  8  ي نمطنه )خواهد بود نامتمارن و  در نتيجه جريان غيريکنواخت؛ بستگي دارد   نتايج تنها به 

 شود، لا  مومنتوم مشاهده مي، با جايگذاري معادلا  پيوستگي در معاد    و    ممادير پايين هر دوي 

(30) 
          

            
    
   

   

  يا )   که 
تغييرا  فشنار خيلني کوچنک اسنت؛ فشنار در هندرهاي تغذينه و تخلينه تمريبناً          . هر دو کاملاً کوچکند   و (  

  ي ناحينه )     92     در نواحي حندود (. 1شکلدر      ي نمطه)يکنواخت است؛ بنابراين جريان کانال شديداً يکنواخت است 

، جريان کانال از الگوي متمارن بنه  هر دو در الگوي جريان دخيل هستندهاي درگ و هدايت  ترم که( 1شکل در شکل زانويي

  .(1شکلدر  1 ي نمطه)کند غيرمتمارن گذر مي
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(.    9و       2/ 2حنوالي  )اسنت   يکپارچهکانتورهاي  شکل ي زانويي براي طراحي حوالي داخل ناحيه  بهترين ناحيه

ي يکنواخنت   شويم و به سمت ناحينه  مي از اين ناحيه دورهر چه . دهد از اين ناحيه را نشان مي اي نتايج مربوط به نمطه 1شکل 

شنود کنه حاصنل از ابعناد      يا افت فشار بيشتر ميو  رويم و نرخ جريان کمتر تر مي رويم، معمولاً به سمت ممطع هدر بزرگ مي

   .است( کوچک   )کانال کوچک 

 

 گيري نتيجه

بينني افنت فشنار در     سازي شد و معيارهايي جهت پيشاي شبيه هاي پيل سوختي صفحه در اين مماله توزيع جريان سيال در لايه

    9و       2/ 2دهند کنه در حالنت   نتايج نشان مي. ها ارائه گرديدهر کانال و برقراري جريان يکنواخت بين کانال

 .شودها و حداقل افت فشار حاصل مي عملکرد از نیر توزيع يکنواخت جريان سيال بين همه کانال بهترين
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3. R.J. Boersma, N.M. Sammes, “Computational analysis of the gas-flow distribution in 
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اي  بخشي از دو لايه پيل سوختي صفحه: 9شکل   
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توزيع جريان در يک تک لاية پيل سوختي:  شکل   

 
 

 

 

 

 

 

 

 

 

 
 سوختينمايي از اجزا و شرايط مرزي يک تک لاية پيل : 4شکل 

 

 

 
    و     ،  بعد به ازاي يک ترکيب دلخواه از متغيرهاي   سرعت، فشار و آهنگ جريان جرم بي: 0شکل

 

 
حجم کنترل ديفرانسيلي از يک هدر: 3شکل   
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     و    بعد و يکنواختي جريان کانال برحسب  کانتورهاي افت فشار بي: 0شکل 

 

 
   و    ها براي ترکيبا  مختلف  توزيع جريان در کانال گيچگون -    و    بعد برحسب تابعي از   کانتورهاي يکپارچگي جريان بي: 1شکل 

 

 
بهينهحالت بعد مربوط به  سرعت، فشار و آهنگ جريان جرم بي: 8شکل
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طيف سنجي الكتروشيميايي و بررسي توان و ولتاژ پيل سوختي با غشاء خود 

 مرطوب شونده و آند انتها بسته در زمان پرج هيدروژن 

                

 9، سعيداصغري1محمدرضا نريماني

 
 دانشکده  فني و مهندسي، دانشگاه آزاد اسلامي، واحد علوم تحميما ، تهران، ايران. 9

 اصفهان، پژوهشکده مواد و انرژي، پژوهشگاه فضايي ، اصفهان، ايران .  

 

 چكيده

در اين پژوهش با استفاده از رو  طيف سنجي امپدانس الکتروشيميايي به بررسي عملکرد يک مونوسل پليمري با غشاء خود مرطوب 

. پيل مورد ارزيابي قرار گرفت پرج بر عملکرد تکدر اين تحميق، تاثير زمان توقف . شونده و آند انتها بسته پرداخته شده است

نتايج حاصل از تست امپدانس . ثانيه بود 2 9و  02, 32,  92,  9هاي توقف پرج در نیر گرفته شده براي تحميق حاضر،  زمان

تواند  اين کاهش مي. الکتروشيميايي نشان داد که با افزايش زمان توقف پرچ هيدروژن، مماومت اهمي به ميزان کمي کاهش يافته است

همچنين با افزايش زمان توقف پرج، حلمه مربوط به انتمال . ناشي از تجمع آب در سمت آند و در نتيجه مرطوب شدن بهتر غشاء باشد

اين افزايش مماومت انتمال جرم ناشي از تجمع قطرا  . جرم در طيف امپدانس بازتر شده که نشان از افزايش مماومت انتمال جرم است

 .           گرفتگي آن و همچنين تجمع نيتروژن نفوذي از سمت کاتد به سمت آند است در سمت آند و آبآب 
 

 طيف سنجي الکتروشيميايي ؛ پرج هيدروژن؛ پيل سوختي پليمري؛ غشاء خود مرطوب شونده :هاي كليدي واژه

 

 مقدمه -1

به دليل دارا بودن زمان راه اندازي کوتاه، چگالي تنوان  از ميان انواع پيل سوختي به نیر مي رسد که پيل هاي سوختي پليمري 

در هنر  . به وزن وحجم بالا و دماي عملکرد پايين گزينه مناسبي براي مصارف ايستگاهي، خنانگي و حمنل و نمنل مني باشنند     

و  هناي  صور  موقعيت اقتصادي پيل هاي سوختي پليمري به قابليت اعتماد و رقابتي بودن قيمت آنها در قيناس بنا ديگنر ر   

براي دست يابي به اين هدف و به منیور بهبود عملکرد و افزايش طنول عمنر آنهنا، فهنم بهتنر      . تبديل و توليد انرژي مي باشد

تاثير تمامي پارامترها بر پيل و واکنش ها و پديده هايي که در پيل سوختي رخ مي دهند و همچننين تناثير آنهنا بنر عملکنرد و      

همننواره فهننم کامننل ترموديناميننک، مکانيننک سننيالا ، ديناميننک و واکنننش هنناي   . محنندوديت راننندمان ضننروري اسننت 

بنا اسنتفاده از رو  هناي عينب     . الکتروشيميايي درون پيل هاي سوختي پليمري چالش بزرگي براي محممان به شمار مي آيد

و يا هر ينک از  يابي مي توان از يک طرف به خصوصيا  ساختاري و مشخصه هاي پيل سوختي، مشکلا  احتمالي کارکرد 

اجزا دست يافت و از طرف ديگر از نتايج بدست آمنده در مندل سنازي بنراي بهيننه سنازي و کنتنرل فرآينندهاي گونناگون          
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در اين تحميق تاثير زمان توقنف پنرج هيندروژن بنر روي عملکنرد      . الکتروشيميايي و انتمال در پيل هاي سوختي استفاده نمود

در اين پيل عامل رطوبت ساز در گاز ورودي . با آند انتها مورد بررسي قرار گرفت يک مونوسل پليمري خود مرطوب شونده

براي جلوگيري از انباشتگي ناخالصي در سمت آند و افنت  . کند حذف شده و هيدروژن در سمت آند در چرخه بسته کار مي

 . شود مي( خارج)کارکرد ناشي از آن، ممداري از گاز داخل چرخه پرج 

 

 مواد و روش تحقيق  -9

 

 :آند انتها بسته و پرج هيدروژن -پيل خود مرطوب شونده  9-1

بنابراين براي جلوگيري از خشک شدن . در حال حاضر غشاء نفيون در پيل سوختي براي عبور پروتون نياز به حفظ آب دارد

. خلي، مرطوب مي شوندبيش تر غشاء، گازهاي ورودي توسط رو  هاي رطوبت سازهاي خارجي يا دا غشاء و رسانايي

به منیور  . رطوبت ساز هاي خارجي باعث افزايش وزن و پيچدگي سيستم پيل سوختي و نامناسب براي حمل و نمل مي شود

تحمق بخشيدن به بهره برداري از پيل هاي سوختي پليمري، غشاءهاي مرکب بسياري با ويژگي خود مرطوب شوندگي که 

در حال حاضر، تمرکز محممان در مورد غشاءهاي خود مرطوب شوند در . داده شده استمعايب ذکر شده را ندارند، توسعه 

در غشاء به ترکيب نفوذ پذير هيدروژن و اکسيژن براي توليد  آب و  Pt/Cو Ptترکيب کاتاليست (9: )جها  زير است

ترکيب برخي از  ( 3)در جذب آب  TiO2و يا : ترکيب اکسيدهاي فلزي جاذب رطوبت، مانند(  )مرطوب ساختن غشاء 

ZrP،HPA  ،2ZrOرسانا، مانند  –ذرا  پروتون    
2

4SO


5.2Cs يا  5.0H
12W 40O . ]9[به منیور بهبود رسانايي پروتون غشاء  

کارکرد بهتر پيل سوختي، گازهاي واکنش دهنده عموما با نرخ جريان بالاتر از ممدار نياز به سيستم وارد مي براي دستيابي به 

غلیت آن ها در محل خروجي و در مسير هاي داخل پيل بالاتر خواهد . شود که اين شيوه حالت در جريان ناميده مي شود

به خارج شدن آب توليدي در پيل نيز کمک مي کند و  از طرف ديگر نرخ جريان بالاتر گازهاي واکنش دهنده. بود

 .مجموعا عملکرد بهتر پيل نتيجه مي شود

شود،  تامين شود و غلیت آن در خروجي صفر خواهد بود که اين رو   تواند دقيماً با نرخي که مصرف مي هيدروژن مي

شيوه انتها ( مانند هيدروژن در يک مخزن فشار بالا)اگر هيدروژن فشار بالا در دسترس باشد . شود شيوه انتها بسته ناميده مي

شود و در اين حالت ضريب  اي نياز ندارد، زيرا هيدروژن به اندازه مصرف آن تامين مي بسته به هيچ کنترل کننده

ته هاي داخلي هيدروژن و نشتي ها نيز در نیر گرف اگر نفوذ هيدروژن از ميان غشاء، جريان. استوکيومتريک برابر يک است

 .باشد شود؛ نرخ جريان هيدروژن ورودي کمي بيشتر از نرخ مصرف هيدروژن براي توليد جريان مي

شود،  تامين شود و غلیت آن در خروجي صفر خواهد بود که اين رو   تواند دقيماً با نرخي که مصرف مي هيدروژن مي

شيوه انتها ( مانند هيدروژن در يک مخزن فشار بالا)د اگر هيدروژن فشار بالا در دسترس باش. شود شيوه انتها بسته ناميده مي

شود و در اين حالت ضريب  اي نياز ندارد، زيرا هيدروژن به اندازه مصرف آن تامين مي بسته به هيچ کنترل کننده

رفته هاي داخلي هيدروژن و نشتي ها نيز در نیر گ اگر نفوذ هيدروژن از ميان غشاء، جريان. استوکيومتريک برابر يک است
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پيچيدگي ( 9)در شکل . باشد شود؛ نرخ جريان هيدروژن ورودي کمي بيشتر از نرخ مصرف هيدروژن براي توليد جريان مي

 .سيتم در حالت جريان نسبت به حالت انتها بسته در يک توده پيل سوختي را مي توان مشاهده نمود

شد ولي ممدار اند  ناخالصي موجود در هيندروژن نينز   اگرچه هيدروژن مورداستفاده در پيل سوختي بايستي بسيار خالص با

همچننين در پينل سنوختي آنند بسنته در طنول کنارکرد،        . در طي زمان و با کارکرد مداوم پيل، در سمت آند انباشته مي شود

مينزان  بنابراين جهت به حداقل رساندن . نيتروژن و آب مايع در قسمت آند انباشته شده که باعث افت تدريجي ولتاژ مي شود

 .اين ناخالصي ها، پرچ در سمت هيدروژن لازم است

  :روش هاي عيب يابي  و مروري بر مطالعات پيل هاي سوختي خود مرطوب شونده   9-9

به طور کلني اينن رو  هنا بنه دو دسنته      .رو  هاي متعددي در زمينه عيب يابي توده هاي پيل سوختي پليمري  وجود دارند 

 .شيميايي تمسيم مي شوند/ هاي فيزيکي تست هاي الکتروشيميايي و تست 

در زمره تسنت هناي الکتروشنيميايي و    ... ، طيف سنجي امپدانس الکتروشيميايي، 30، قطع جريان34رو  هاي روبش جريان

در زمنره تسنت   ... ، (MRI)، تصوير نگاري تشديد مغناطيسي (GC)رو  هاي اندازه گيري افت فشار، کروماتوگرافي گاز 

 .]4و3[ايي قرار مي گيرندشيمي/ هاي فيزيکي

چرا کنه بندون ايجناد اغتشنا  در عملکنرد پينل       . در ميان رو  ها، عيب يابي غير مخرب از جايگاه ويژه اي برخوردار است

يکني از اينن رو  هنا، رو  طينف سننجي امپندانس       . هاي سوختي پليمنري مني تواننند عملکنرد آن هنا را ارزينابي نماينند       

با فرکانس معين به پينل سنوختي اعمنال شنده، دامننه و        ACيگنال کم دامنه جريان يا ولتاژالکتروشيميايي است که در آن س

رو  هاي ديگر عيب يابي بسنيار دور از حنال تعنادل    . اختلاف فاز سيگنال پاسخ به صور  تابعي از فرکانس ذخيره مي شود

اخيراً محممان مختلفي از اين . نزديک استعمل مي کنند، اما اين رو  به شرايط عملکرد واقعي و حالت تعادل پيل سوختي 

، در رابطنه بنا بهيننه سنازي     ]0[( Guo)تنوان بنه گينو    اند که از آن جمله مني  رو  براي عيب يابي پيل سوختي استفاده کرده

در زميننه بهيننه سنازي شنرايط عملکنرد و مماومنت غشناء، سنورانو          ]0[(Halseid)ساختار مجموعه غشاء الکترود، هالسنيد  

(Ciureanu) کيم ،(Kim) واگنر ،(Wagner)]1[ در مورد آلاينده هاي پيل سوختي اشاره نمود . 

يانگتيک لي و همکاران در تحميمي رفتار ديناميکي غشاءي خودمرطنوب شنونده پليمنري در پينل سنوختي را منورد بررسني        

 .]8[قرارداده اند

که بر  روي يک پيل سوختي پليمري صور  پذيرفتنه   اي از نمودر نايکوئيست حاصل از تست امپدانس الکتروشيميايي نمونه

بوده و معرف پديده انتمال جرم ( Hz<f 1)مربوط به فرکانس هاي پايين ( 9)حلمه . نشان داده شده است(  )است، در شکل 

اساسني را در  قطر اين حلمه نشان دهنده ممدار مماومت انتمال جرم بوده و غالباً در جريان هاي بالا که انتمال جرم نمنش  . است

قنرار داشنته و بنه دلينل     ( KHz<f<1 Hz 1)در محدوده فرکانس هاي متوسط (  )حلمه . افت پتانسيل دارد، ظاهر مي شود

                                                 
34

 Current Sweep 
35

 Current Interruption 
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نامينده مني شنود و قطنر آن     ( Kinetic Loop)آنکه از واکنش آرام کاهش اکسيژن تأثير مي پذيرد، غالبناً حلمنه سنينتيک    

بنوده و بنه سناختار مجموعنه غشناء      ( F>1 KHz)مربنوط بنه فرکنانس هناي بنالا      ( 3)حلمه . معرف مماومت انتمال بار است

هر چند در بعضي از تحميما ، مماومت اهمي داخلني و ظرفينت تمناس سناختار داننه اي الکتنرود       . ]92[الکترود وابسته است

همني اجنزاء تشنکيل    مماومت اهمي کل پيل سوختي که متشکل از مماومت ا. ]99[عامل حلمه فرکانس بالا شناخته شده است

و مماومنت تماسني بنين اينن اجنزا اسنت، بنا بخنش حميمني ابتنداي حلمنه            ...( غشاء، صفحا  دو قطبي، )دهنده پيل سوختي 

 . ]1[مشخص مي شود( 1KHzحدود )فرکانس بالا 

 طراحي و ساخت مونوسل  9-3

ربنع مني باشندکه مشخصنا  آن در     سنانتي متنر م    0/9*4از نوع پليمري بنوده و داراي ابعناد   ( 3)مونوسل ساخته شده شکل 

 .آورده شده است( 9)جدول 

 

 دستگاه تست و مشخصات آن  9-5

براي انجام آزمايشا  بر روي مونو سل در پژوهشکده مواد و انرژي اصفهان طراحني و  ( 4)دستگاه تست مورد استفاده شکل 

بنه پينل، قابنل اسنتفاده بنراي انجنام        ساخته شده است، که با ايجاد يک مسير جانبي در سمت آند جهت تغذيه گاز هيندروژن 

 :اين دستگاه تست به طور کلي از سه قسمت تشکيل شده است. تست بر روي پيل سوختي پليمري قرار گرفت

 .وظيفه هدايت و تغذيه گازهاي واکنش دهنده را بر عهده دارد: قسمت اول

را بر عهده دارد که از دو قسمت سخت افزاري  وظيفه کنترل پارامترهاي مختلف جريان واکنش دهنده ها به پيل: قسمت دوم

 .و نرم افزاري تشکيل شده است

ثبنت  . وظيفه اعمال بار بر روي پينل سنوختي و تسنت الکتريکني پينل تحنت بارهناي مختلنف را بنر عهنده دارد          : قسمت سوم

دسنتگاه تسنت نشنان     اينن ( 4)در شنکل  . مشخصا  ولتاژ و جريان در شرايط مختلف نيز توسط مدار کنترلي انجام مي گينرد 

  .داده شده است

اعمنال   2 9و  92،32،02، 9ثابنت، پنرج هيندروژن در زمنان هناي توقنف       (  )پارامترهاي دخيل در عملکرد پيل طبق جدول 

براي هر زمان توقف پرج، پس از پايدار شدن شرايط کاري و ولتاژ خروجي، تست امپدانس الکتروشيميايي صنور   . گرديد

هرتز صور  پذيرفته و ممدار جريان متناوب درخواستي برابنر پننج    9222هرتز تا  9محدوده فرکانسي  اين تست در. پذيرفت

 .درصد جريان مستميم خروجي از پيل تعيين گرديد

 

 نتايج  -3

 نمودار نايكويست  3-1

کاهش . يابد ميشود، با افزايش زمان پرج هيدروژن، مماومت اهمي کاهش اندکي  مشاهده مي( 0)همانگونه که از شکل 

اين تجمع بيشتر آب منجر . مماومت اهمي مي تواند ناشي از تجمع بيشتر آب در سمت آند با افزايش زمان توقف پرج است

همچنين با . به مرطوب شدن بيشتر غشاء خود مرطوب شونده شده که خود کاهش مماومت اهمي غشاء را به دنبال دارد
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رسد که افزايش انتمال جرم با افزايش  به نیر مي. باشد تمال جرم رو به افزايش ميي ان افزايش زمان توقف پرج، قطر حلمه

گرفتگي در آن و همچنين تجمع نيتروژن نفوذي از  زمان توقف پرج ناشي از تجمع آب در سمت آند و وقوع پديده آب

 .دهند را نشان ميثانيه افزايش بيشتري  2 9و  02هاي توقف پرج  اين مماومت ها در زمان. سمت کاتد باشد

 

 بررسي تغييرات ولتاژ  در تست تغييرات زمان توقف پرج   3-9

هر چه مد  زمنان پنرج کوتناهتر    . ثانيه به بالا با افت ولتاژ مواجه هستيم 9با افزايش زمان پرج از ( 92)تا ( 0)طبق شکل هاي  

کمتر بوده و به مرور اثر تغييرا  فشنار ناشني از پنرج    باشد ميزان نوسان فشار در نماط داخلي توده پيل و دورتر از محل پرج، 

محو مي شود، يعني با کاهش مد  زمان پرج، هم ميزان افت فشار کمتنر مني شنود و هنم در طنول کوتناهتري از مسنير آنند         

همچمين به افزايش زمان پرج باعث پديده آبگرفتگي در سطح غشا افزايش يافته اسنت و کناهش ولتناژ    .محسوس خواهد بود

 .نتيجه مي شود را

 

 بررسي تغييرات توان  در تست  تغييرات پرج در مونوسل مورد آزمايش  3-3

ثانيه در  2 9با افزايش زمان پرج تمريبا توان در حال کاهش است و در زمان پرج ( 90)تا ( 99)با توجه به شکل هاي 

 .هاي توقف بيشتر پرج مي باشد که به علت آبگرقتگي و افت فشار در صور  زمان. کمترين توان خود مي باشد

 

 :نتيجه گيري  -4

در اين پژوهش عملكرد يک پيل سوختي پليمري خود مرطوب شونده با آند انتها بسته به كمک روش 

در طي اين تحميق، زمان توقف پرج هيدروژن بر رفتار . الکتروشيميايي مورد ارزيابي قرار گرفت طيف سنجي امپدانس

 .زيابي قرار گرفت و نتايج زير حاصل شدندامپدانس يک تک پيل مورد ار

کاهش مماومت اهمي مي تواند ناشي از تجمع بيشتر . يابد با افزايش زمان پرج هيدروژن، مماومت اهمي کاهش اندکي مي -

 . آب در سمت آند با افزايش زمان توقف پرج است

ه در پيل نسبت به پرج در ثانيه هاي بالاتر هر چمدر پرج هيدروژن در زمان کمتري رخ دهد کليه مماومت هاي ظاهر شد -

 .در کمترين حد ممکن مي باشد

اين زمان، از . مد  زمان پرج بايد در کمينه زمان ممکن که توسط سيستم قابل فرمان دادن و اجراست در نیر گرفته شود -

يزان هدرروي هيدروژن البته از طرف ديگر با کاهش زمان توقف پرج، م. مشخصا  شير مورد استفاده جهت پرج است

اي يافت که از يک طرف افت ولتاژ ناشي از وقوع پديده تجمع  بدين منیور بايستي زمان توقف پرج بهينه. يابد افزايش مي

آب و انباشتگي نيتروژن نفوذي از سمت کاتد به سمت آند کاهش يافته و از طرف ديگر هدر روي هيدروژن به محيط 

 .هش يابدبيرون ناشي از فرايند پرج کا

 .عمده مماومت ظاهر شده در پرج هيدروژن مماومت انتمال جرم است -
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 پارامترهاي ثابت تست پرچ هيدروژن در مونوسل(  )جدول

 

 

 

 

 

 

 
 ] [درپيل سوختي  (b)و حالت آند انتها بسته( a)ممايسه بين پيچيدگي سيستم حالت در جريان( 9)شکل 

  

بارگذاري کاتاليست در سمت 

 :آند

ميلي گرم بر  9/ 

 سانتي متر مربع

بارگذاري کاتاليست در سمت 

 :کاتد

ميلي گرم بر  4/ 

 سانتي متر مربع

 کربن کاغذي :جنس لايه پخش کننده گاز

سانتي گراد 02 دماي کارکرد
  

 آمپر  02 جريان الکتريکي

 بار  2,9 فشار در قسمت آند

   استوکيومتري هوا
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 ]1[با سه حلمهنمونه نمودار نايکوئيست پيل سوختي پليمري  -( )شکل

 

 
 مونوسل ساخته شده در حين تست( 3)شکل     

 

 

 
 دستگاه تست پيل سوختي مورد استفاده در پژوهشکده مواد و انرژي (  4)شکل  
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 نمودار نايکويست تست پرج هيدروژن در آزمايش( 0)شکل 

 

 
 ثانيه در تست 9تغييرا  ولتاژ  در پرج (0)شکل 

 

 

 
 ثانيه در تست 92در پرج   تغييرا  ولتاژ(1)شکل 
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 ثانيه در تست  32تغييرا  ولتاژ  در پرج (8)شکل 

 

 
 ثانيه در تست 02تغييرا  ولتاژ  در پرج (1)شکل 

 

 
 ثانيه در تست 2 9تغييرا  ولتاژ  در پرج (92)شکل 
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 گرفتهثانيه در تست انجام  9تغييرا  توان در پرج (99)شکل 

 

 

 
 ثانيه در تست  انجام گرفته 92تغييرا  توان در پرج ( 9)شکل 

 

  
 ثانيه در تست 32تغييرا  توان  در پرج (93)شکل 
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 ثانيه در تست 02تغييرا  توان  در پرج (94)شکل 

 

  
 ثانيه در تست 2 9تغييرا  توان در پرج ( 90)شکل 

 

0.00 
2.00 
4.00 
6.00 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26.00 

1
 

2
9

 

5
7

 

8
5

 

1
1

3
 

1
4

1
 

1
6

9
 

1
9

7
 

2
2

5
 

2
5

3
 

2
8

1
 

3
0

9
 

3
3

7
 

ن
وا

ت
 

 زمان

0.00 
2.00 
4.00 
6.00 
8.00 

10.00 
12.00 
14.00 
16.00 
18.00 
20.00 
22.00 
24.00 
26.00 

1
 

2
4

 
4

7
 

7
0

 
9

3
 

1
1

6
 

1
3

9
 

1
6

2
 

1
8

5
 

2
0

8
 

2
3

1
 

2
5

4
 

2
7

7
 

3
0

0
 

3
2

3
 

ن
وا

ت
 

 زمان


