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Graphene synthesized by an environmentally benign technique is applied as a low cost 

electrocatalyst support in proton exchange membrane fuel cell. 
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ABSTRACT: In the present study, platinum nanoparticles decorated on graphene sheets have been 

employed as electrocatalyst for both oxygen reduction reaction and hydrogen oxidation reaction in proton 

exchange membrane fuel cell.  A green and simple approach has been followed for the reduction of 

graphite oxide using L-ascorbic acid (L-ARGO).  Platinum nanoparticle decoration on graphene (Pt/L-

ARGO) sheets has been carried out by polyol reduction technique. The structural and morphological 10 

characterizations have been done by different characterization techniques to confirm the formation of 

materials. The power densities have been evaluated from the recorded polarization curves. The single cell 

measurements show that the electrocatalytic activity of Pt/L-ARGO is superior in comparison to 

chemically reduced Pt-graphene systems. 

1. INTRODUCTION 15 

 The rapid depletion of fossil fuels and noxious emissions due 

to their consumption has triggered significant interest in 

development of alternate energy based conversion devices. 

Proton exchange membrane fuel cells (PEMFCs) are one of the 

promising energy conversion devices that can extract electrical 20 

energy from chemical reactions with only water as the by-

product1. High catalytic activity of the noble metal platinum at 

anode and cathode ensures oxidation and reduction of fuel and 

oxidant respectively to generate electricity and water in PEMFC. 

Major shortcomings hindering the successful commercialization 25 

of PEMFC are sluggish oxygen reduction reaction (ORR) 

kinetics, low abundance and cost of platinum2. Hence, efficient 

usage of platinum (Pt) electrocatalyst is essential to 

commercialize fuel cells rapidly3. The electrocatalytic activity of 

platinum can be improved by engineering its morphology, 30 

alloying or making composites4.  

 Recent research has focused mainly on the enhancement in the 

performance of fuel cell by minimizing the platinum content by 

depositing it on catalyst support materials. An ideal 

electrocatalyst support must have high electrical conductivity for 35 

fast electron transport to the collecting electrodes, good chemical 

stability under normal PEMFC conditions to ensure long term 

operation, strong affinity towards the catalyst particles and high 

surface area and porosity. The moderate electrical conductivity 

and surface area of carbon black (Vulcan XC 72) has made it a 40 

state-of-the-art electrocatalyst support in proton exchange 

membrane fuel cell. However, electrochemical oxidation and 

weak binding of platinum nanoparticles with carbon black results 

in the detachment of platinum particles causing aggregation. This 

leads to degradation in the performance as well as low durability 45 

of fuel cells5, 6. Considerable efforts have been devoted to the 

development of alternative electrocatalyst supports. Discovery of 

the one dimensional allotrope of carbon, carbon nanotubes by 

Ijima in 19917 opened a new era in science and engineering. 

Unique electrical and electronic properties, wide electrochemical 50 

window and high surface area prompted researchers to employ 

carbon nanotubes in energy conversion devices such as solar cells 
8, supercapacitors9, lithium ion batteries10. Application of carbon 

nanotubes as an electrocatalyst support in fuel cell is extensively 

reported in literature11-14. Hydrophobic surface of carbon 55 

nanotubes are not favourable for most of the applications. Acid 

treatment is a known technique, which is employed to get 

anchoring sites such as carboxylic, and hydroxyl functional 

groups for metal decoration on carbon nanotubes15, 16. 

Experimental realization of graphene in 200417 by micro 60 

mechanical cleavage has made it a revolutionary material in 

numerous disciplines. Most of the applications demand large-

scale synthesis of graphene. A clean solution to solve this issue is 

exfoliation of chemically modified form of graphite, graphite 

oxide. Several techniques such as hydrogen exfoliation18, focused 65 

solar exfoliation19, thermal exfoliation, vacuum exfoliation20 and 

chemical reduction21, 22 have been reported. The discovery of the 

graphene sheets has opened the possibility of a new low cost 

electrocatalyst support for holding platinum nanoparticles. 

Graphene sheets prepared by some of the exfoliation techniques 70 

have already been explored as electrocatalyst support in fuel 

cells23-28. There is a significant challenge hidden in the selection 

of method adopted to get uniform anchoring of Pt nanopatricles 

on electrocatalyst supports, which will greatly influence the fuel 

cell performance. Polyol reduction method has been found to be 75 

exceptionally good for anchoring Pt nanoparticles on 

functionalized carbon nanotubes as well as graphene14, 28.  

 In the present work, an easy and green-technique was chosen 

for mass production of graphene from graphite oxide. This 
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graphene was employed as an electrocatalyst support in anode as 

well as cathode of PEMFC. Multiwalled carbon nanotubes 

(MWNT) synthesized by catalytic chemical vapour deposition 

(CCVD) technique is the alternative electrocatalyst support 

employed in the present study. Pt nanoparticles were dispersed on 5 

graphene and functionalized MWNT by polyol reduction method. 

Single cell measurements of a series of membrane electrode 

assemblies were carried out to briefly examine the ORR activity 

of the prepared materials. The present work also briefly explains 

the hydrogen oxidation reaction (HOR) activity of platinum 10 

decorated graphene through single cell measurement and the 

result is compared with the same activity of Pt decorated MWNT 

(Pt/f-MWNT).  

2. EXPERIMENTAL SECTION  

2.1 Materials  15 

 Graphite used was purchased from sigma Aldrich. Sodium 

Nitrate (NaNO3, 99.5%), Potassium Permanganate (KMnO4, 

99.5%) and concentrated sulphuric acid (H2SO4, 98%) were 

purchased from Rankem chemicals, India. Hydrogen Peroxide 

(30%) was procured from SD Fine-Chem ltd India. 20 

Hexachloroplatinic acid (H2PtCl6.6H2O) was purchased from 

Sigma-Aldrich and ethylene glycol was purchased from Merck. 

DI water was used for all reactions.  

2.2 Materials synthesis 

 Graphite oxide (GO) was prepared by Hummers’ method29. 25 

The detailed experimental procedure followed is as follows. 2 g 

of graphite was added slowly to 46 ml of conc. H2SO4 under 

continuous stirring in an ice bath. There after 1 g NaNO3 and 6 g 

KMnO4 were added one after another. The suspension was taken 

out from the ice bath and allowed to cool down to room 30 

temperature. Then 92 ml of water was added to above mixture. 

After 15 min, 280 ml warm water was added to dilute the 

mixture. Further 3% H2O2 was added to get yellow coloured 

suspension. The suspension was filtered and washed with warm 

water, repeatedly. The product was diluted using water and the 35 

resulting suspension was centrifuged. The final product was dried 

under vacuum and stored in vacuum desiccators, for further use. 

Graphene sheets were synthesized by reducing GO by L-ascorbic 

acid30. 100 mg of GO was dispersed in water and aqueous 

solution of L-ascorbic acid was added to the above solution drop 40 

by drop under vigorous stirring. Further the solution was stirred 

vigorously for 20 h. The temperature maintained was 30 °C. The 

resultant sample was washed with copious amount of DI water, 

filtered and dried in vacuum oven, kept in vacuum desiccator for 

further use, named as L-ARGO. Required amount of L-ARGO 45 

was dispersed in ethylene glycol by ultrasonication and 1 wt% 

hexachloroplatinic acid was added under stirring to get loading of 

platinum on L-ARGO. Platinum nanoparticles formed by 

refluxing the above solution at 130 °C for 4h.  

 MWNT were synthesized by catalytic chemical vapour 50 

deposition of carbon precursor, acetylene over AB3 (A= misch 

metal, B=Ni) based alloy hydride catalyst 31.  As grown MWNT 

were purified by air oxidation at 400 °C, which remove the 

amorphous carbon deposited during the growth process. The 

catalytic impurities were removed by refluxing the sample in 55 

concentrated nitric acid for 24 h. Further, the sample was washed 

and dried in vacuum oven at 60 °C. MWNT were functionalized 

by ultrasonicating the sample in concentrated nitric acid for 3 h 

followed by washing the sample to get neutral pH, dried at 60 °C, 

named as f-MWNT and kept in a desiccator until further use. 60 

Required amount of f-MWNT was dispersed in ethylene glycol 

by ultrasonication. 1 wt% hexachloroplatinic acid was added to f-

MWNT dispersion kept under stirring, to get loading of platinum 

on f-MWNT. The precursor was reduced to platinum 

nanoparticles by refluxing the above solution at 130 °C for 4 h. 65 

The sample was washed with DI water several times to remove 

ethylene glycol, dried at 60 °C, kept in desiccator for further use. 

2.3 Characterizations 

 Powder X-ray diffraction (XRD) measurements were carried 

out using a PANalytical X’PERT Pro X-ray Diffractometer with 70 

nickel-filtered Cu Kα radiation as the X-ray source. The pattern 

was recorded in the 2θ range of 5° to 90°. Identification and 

characterization of functional groups were carried out using 

PerkinElmer FT-IR spectrometer in the range 500–4000 cm-1. 

The samples were prepared by KBr pellet method. The Raman 75 

spectra were recorded using a Confocal Raman spectrometer 

(WITec alpha 300) with an excitation source of Nd:YAG laser 

(532 nm). Field emission scanning electron microscopy and 

transmission electron microscopy images were recorded using 

FESEM, (FEI QUANTA 3D) operated at 30 kV and TECNAI F 80 

20 (S-Twin) operating at 200 kV, respectively. For transmission 

electron microscope (TEM) image, the materials were dispersed 

in absolute ethanol using mild ultrasonication and cast onto 

carbon coated Cu grids (SPI supplies, 200 meshes). 

Thermogravimetric analysis was carried out using a SDT Q600, 85 

TA instruments.  

2.4 Preparation of electrodes and electrochemical 
measurement 

 The electrochemical experiments were carried by combining a 

CHI 6083 electrochemical analyzer (CH instruments) with a 90 

conventional three-electrode set up.  A three electrode set up 

contains a  Pt wire counter electrode,  Ag/AgCl electrode 

saturated with 1M KCl as the reference electrode and a modified 

glassy carbon electrode as working electrode. The electrolyte 

used was 1M H2SO4. All the experiments were performed at room 95 

temperature. The working electrode is a glassy carbon electrode 

with a thin layer of electrocatalyst ink drop casted over it. The 

catalyst ink was prepared by ultrasonicating 2 mg of 

electrocatalyst in 100µl of ethanol for half an hour followed by 

adding 5µl of Nafion and ultasonicated further. Then the ink was 100 

drop casted over glassy carbon electrode using micropipette. The 

electrode was dried in ambient condition. 

 

2.5 Preparation of membrane electrode assembly (MEA) and 
single cell measurements 105 

 The MEA is the central component of a fuel cell which is 

fabricated by sandwiching a Nafion 212 membrane between the 

anode and the cathode followed by hot pressing at 130 °C 

temperature and 1 ton pressure for 4 min. The Nafion membrane 

was pre-treated before fabrication as follows. The Nafion 212  110 
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Fig.1XRD of (a) Pt/L-ARGO and (b) Pt/f-MWNT 

Table 1. Configuration of the MEAs fabricated 

 
MEA Anode Anode 

loading 

(mg cm-2) 

Cathode Cathode 

loading 

(mg cm-2) 

1 Pt/f-MWNT 0.2 Pt/L-ARGO 0.4 

2 Pt/f-MWNT 0.1 Pt/L-ARGO 0.2 

3 Pt/L-ARGO 0.2 Pt/L-ARGO 0.4 

4 Pt/L-ARGO 0.4 Pt/f-MWNT 0.2 

5 Pt/L-ARGO 0.2 Pt/f-MWNT 0.1 

 

membrane was heated with 2 % H2O2 for 1 h at 80 °C followed 5 

by  rinsing with DI water and  heating with 1M H2SO4  for 1 h at 

80 °C . There after the membrane was washed with DI water. The 

anode and the cathode contain a backing layer, gas diffusion layer 

and an electrocatalyst layer in sequence. The diffusion layer is a 

mixture of carbon (Vulcan XC 72) and poly tetrafluoroethylene 10 

coated over a carbon cloth. Brush coating the catalyst ink made 

the electrocatalyst layer uniformly over the gas diffusion layer. 

The electrocatalyst ink was prepared by ultrasonicating, the 

required amount of electrocatalyst with water, isopropyl alcohol 

and 5 wt% Nafion solution. The single cell measurement was 15 

carried out by assembling the MEA in between two graphite 

plates, which had a provision for gas flow (serpentine-type flow) 

throughout the operation. Respective mass flow controllers 

controlled flow rate of hydrogen and oxygen gases and the 

incoming gases were humidified using respective humidifiers 20 

before allowing into the anode and the cathode (inline heating 

was provided to avoid condensation). A series of membrane 

electrode assemblies were fabricated and single cell 

measurements were carried out. Area exposed to the 

measurement is 11.56 cm2. Prior to the measurement, the 25 

electrodes were activated between OCP and 0.1 V. The details of 

MEAs are given in Table 1. The polarization curves were 

recorded at different temperatures (40, 50, and 60 °C) without 

backpressure and with one atmospheric pressure. 

 30 

Fig.2 FESEM images of (a) MWNT,(b) Pt/f-MWNT,(c) L-ARGO and (d) 

Pt/L-ARGO  

3. Results and discussion 

 Application of graphene as an electrocatalyst support needs its 

large-scale production. This can be achieved through solution 35 

based chemical reduction of GO. Reduction of GO by 

environmentally friendly reducing agents needs to be explored 

rather than using toxic and explosive reducing agents. L- ascorbic 

acid is a nontoxic reducing agent. Also, L- ascorbic acid and its 

oxidizing products are environmentally friendly30. Here, Graphite 40 

oxide was synthesized by the chemical oxidation of pristine 

graphite and L-ascorbic acid was used to reduce GO to get L-

ARGO. L-ascorbic acid releases protons and gets converted into 

dehydroascorbic acid. The released protons will react with 

hydroxyl as well as epoxy groups on GO, which results in the 45 

formation of water molecules. The formed oxalic acid and 

gluronic acids, converted products of dehydroascorbic acid form 

hydrogen bonds with residual functional groups on reduced GO. 

This prevents the п- п stacking of the GO sheets and hence 

agglomeration (restacking) can be avoided.30. Pt nanoparticle 50 

decoration on L-ARGO and f-MWNT were carried out by well-

known ethylene glycol reduction, since glycolate produced by the 

oxidation of ethylene glycol acts as stabilizing medium for metal 

colloids. 

3.1 Structural and morphological analysis 55 

 Structural features of the samples are investigated by analysing 

the recorded powder XRD patterns, Raman spectra and 

FTIRspectra of the samples. Details of XRD patterns of as grown 

MWNT, air oxidized MWNT, MWNT, f-MWNT, graphite, GO 

and L-ARGO are given in †ESI (Fig. S1(a-g)).  XRD of Pt/f-60 

MWNT and Pt/L-ARGO are displayed in Fig. 1 (a&b). The 

strong diffraction peaks at 2θ= 39.9°, 46.1°, 67.9° and 81.9° are 

diffraction peaks of Pt (111), Pt (200), Pt (220) and Pt (311) 

planes, respectively. This confirms the formation of platinum 

nanoparticles from Pt precursor. Also, diffraction pattern  65 
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Fig.3TEM images of (a) MWNT, (b) Pt/f-MWNT, (c) L-ARGO and (d) 

Pt/L-ARGO 

indicates that the formed Pt nanoparticles have a face-centred 5 

cubic (fcc) structure.  The peak centred at 2θ =26.5° 

corresponding to the hexagonal graphitic plane of the carbon 

support materials. MWNT are hydrophobic in nature. Attachment 

of functional groups by the process of acid functionalization 

makes the MWNT hydrophilic and provides anchoring sites for 10 

metal decoration. The FTIR and Raman spectra of MWNT, f-

MWNT, graphite, GO and L-ARGO is discussed in †ESI (Fig. S2 

(a-e), Fig. S3 (a-e)). Loading of platinum confirmed from TGA is 

34 wt% for Pt/L-ARGO and 30 wt% for Pt/MWNT, which are 

shown in †ESI (Fig.S5). 15 

 The morphological and elemental analyses of the samples were 

carried out using scanning electron microscopy imaging, 

transmission electron microscopy imaging and energy dispersive 

X-ray analysis.  FESEM images of as grown MWNT and 

graphite are provided in supporting information for comparison. 20 

The presence of impurities such as amorphous carbon and alloy 

hydride (MmNi3-H) catalyst and tubular morphology of the 

nanotubes can be seen in the FESEM image of as grown MWNT 

(Fig. S4 (a)). FESEM image of graphite (Fig. S4 (b)) shows its 

crystalline and highly ordered nature. The FESEM image of 25 

purified MWNT displayed in Fig. 2 (a) confirms the absence of 

impurities by air oxidation and acid treatment. In the FESEM 

image of L-ARGO (Fig. 2(c)), highly wrinkled morphology and 

less number of layers can be seen. Uniform distribution as well as  

small particle size of Pt nanoparticles on f-MWNT and L-ARGO 30 

shown in Fig. 2 (b & d), which suggests the suitability of polyol 

reduction method for the decoration of Pt nanoparticles.  

 TEM images of MWNT (Panel (a) of Fig. 3) which shows its 

tubular morphology with hollow cores whereas that of L-ARGO 

(panel (c) of Fig. 3) shows wrinkled structure which strongly 35 

supports the observations made from FESEM images. TEM 

images displayed in Fig. 3 (b & d) and HRTEM images displayed  

 
Fig.4 HRTEM images and particle size histograms of (a & b) Pt/L-

ARGO, (c & d) Pt/f-MWNT. 40 

in Fig. 4 (a & c) show assembly of non agglomerated ultrafine Pt 

nanoparticles on the tubular surface of f-MWNT and on thin, flat 

sheets with occasional wrinkles and folding (L-ARGO). The 

histograms displayed in Fig. 4 (b & d) show diameter of 

maximum number of Pt nanopatricles is in the range of 4-6 nm 45 

for Pt/f-MWNT and Pt/ L-ARGO. 

3.2 Electrochemical analysis  

  

Cyclic voltammetry (CV) is a commonly used tool for assessing 

the electrocatalytic activity of the electrocatalysts. Fig. 5 shows 50 

the cyclic voltammogram of Pt/L-ARGO. CV has been recorded 

in the potential range from –0.2 t o 1.2 V vs. Ag/AgCl at a scan 

rate of 50 mV s-1 in aqueous solution of 1 M H2SO4. Hydrogen 

adsorption/desorption peaks are used to evaluate the ECSA  

 55 

 

Fig.5 Cyclic volttammogram of Pt/L-ARGO in1 molar H2SO4 
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 5 

Fig.6Polarization curves recorded at 40 °C, 50 °C and 60 °C without back backpressure for (a) MEA 1, (b) MEA 2, (c) MEA 3, (d) MEA 
4 and (e) MEA 5 

by employing the equation (1)32 

 

���� � ��/	0.21 � ����� -----------(1) 10 

 

where [Pt] represents the loading of Pt and 0.21 mC cm-2 is the 

charge required to oxidize a monolayer of H2 on the Pt site, QH is  

the mean value of the charge exchanged during electro adsorption 

and desorption of H2 on the Pt sites. ECSA calculated for Pt/L-15 

ARGO is 40.6m2/g indicates platinum sites are accessible for 

hydrogen adsorption and desorption reactions. The peak at 

approximately 0.3V-0.4V is due to the phenolic and ester groups 

(surface oxides present in graphene).27 

3.3 Polarization Studies 20 

Table 2. Power density obtained at different temperatures and without 

backpressure, one atmospheric pressure. 

 
MEA Power density without  

backpressurea (mW cm-2) 

Power density with 1 atm. 

backpressureb (mW cm-2) 

40 °C 50 °C 60 °C 40 °C 50 °C 60 °C 

1 191 256 294 297 356 407 

2 88 107 126 125 136 184 

3 133 156 189 210 265 306 

4 239 307 361 351 429 532 

5 202 228 248 299 312 341 

 

a Power density is taken from polarization curves recorded, which is 25 

displayed in Fig. 5 

b Power density is taken from polarization curves recorded, which is 

displayed in †ESI (Fig. S5).  

A systematic and detailed study has been conducted for 

investigating the electrocatalytic activity of Pt/L-ARGO. MEAs 30 

have been fabricated and single cell measurements have been 

carried out as explained in the experimental section. Fig. 6 (a- e) 

represents the polarization curves recorded at temperatures 40 °C, 

50 °C and 60 °C, without back pressure for all MEAs (MEAs 1- 

5). Polarization curves recorded under similar experimental 35 

conditions with one atmospheric backpressure for MEAs 1-5 

have been provided in †ESI (Fig. S6 (a-e)). The maximum power 

densities obtained under various conditions have been tabulated 

in Table2. Pt nanoparticles decorated graphene as ORR 

electrocatalyst have been reported already in literature. Maximum 40 

power density reported for Pt nanoparticles decorated graphene 

prepared by chemical reduction method is (161mW cm-2)26 low in 

comparison to power densities obtained (407, 184, 306 mW cm-2) 

for MEAs (1-3) at 60 °C, one atmospheric pressure. Also, 

maximum power density reported for Pt nanoparticles decorated 45 

functionalized hydrogen exfoliated graphene at 60 °C, without 

back pressure (112 mW cm-2)33 is low in comparison to power 

densities obtained (294 mW cm-2, 126 mW cm-2,189 mW cm-2) 

for MEAs (1-3) at 60 °C, without back pressure. The above 

results clearly emphasize the higher ORR activity of Pt/L-ARGO 50 

with respect to existing chemically reduced Pt decorated 

graphene composites. The increase in performance can be 

attributed to the method adopted for the synthesis of graphene 

which avoids restacking by removing п-п interaction and uniform 

decoration of Pt nanoparticles over L-ARGO.  55 

 Furthermore, comparison of power densities of MEA 1 and 

MEA 3 shows an enhancement when Pt/f-MWNT as anode 

electrocatalyst than Pt/L-ARGO as anode electrocatalyst. This 

can be due to the lower electrical conductivity of graphite oxide 
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(insulator) reduced graphene in comparison to MWNT, which in 

turn reduce the electrocatalytic activity. Performance of MEA 2 

reduces 55% (at 60 °C, one atmospheric pressure) and 57% (at 60 

°C, without backpressure) in comparison to MEA 1 by 50% 

reductions in Pt loading (at 60 °C, one atmospheric pressure).   5 

 In addition to that, till now no single cell measurement has 

been reported with Pt decorated graphene as anode 

electrocatalyst.  The present work carried polarization studies 

with Pt/L-ARGO as anode electrocatalyst and Pt/f-MWNT (MEA 

4 and MEA 5). MEA 4 shows a 31% enhancement in 10 

performance (at 60 °C, one atmospheric pressure) with respect to 

MEA 1, where Pt/L-ARGO has been used as cathode 

electrocatalyst and Pt/f-MWNT as anode electrocatalyst. 

Comparison of power densities of MEA 4 and MEA 5 shows that 

performance of MEA 5 lowers 36 % (at 60 °C, one atmospheric 15 

pressure) and 31 % (at 60 °C, without backpressure) with respect 

to MEA 4 by 50 % reduction in Pt loading. Comparison of power 

densities of MEA 3 and MEA 5 obtained through polarization 

studies clearly shows the superior ORR activity of Pt/f-MWNT in 

comparison to Pt/L-ARGO. Hence the study concludes that 20 

MWNT, which is synthesized over MmNi3 alloy hydride catalyst 

is a better electrocatalyst support in comparison to graphene 

obtained by chemical reduction of graphite oxide in the 

experimental conditions described in section 2.4.  

   Despite the low electrocatalytic activity of Pt/L-ARGO, easy, 25 

environmentally benign as well as cost effective synthesis of L-

ARGO makes it a promising electrocatalyst support in 

comparison to f-MWNT.   

 The kinetic parameters of the single cell measurement were 

evaluated by 30 

  � � �� � ����	�� � ��				-------------------(2) 

where E is the cell potential, E0 is a constant, which is dependent 

on the cell operating conditions and the cathode electrocatalyst, b 

is the Tafel slope, R is the ohmic resistance in the electrode and  

 35 

Fig.7Non-lenear curve fit of experimental data recorded at 60°C, 

without back pressure using semi empirical relation � � �� �

����	�� � �� 

 40 

electrolyte, i is the current density. The polarization data at 60 ° 

C, without back pressure were fitted to the semi empirical 

equation by a non-linear least-squares method in order to evaluate 

the kinetic parameters, which are displayed in Fig. 7. The results 

are displayed in Table 3. Single cell measurement with MEA 4 45 

shows lowest dc resistance in comparison to single cells with rest 

of the MEAs. 

 

Table 3. Kinetic parameters for fuel cells calculated by method of least-

squares fit of experimental data recorded at 60°C with semi empirical 50 

relation� � �� � ����	�� � ��, without back pressure. 

 
MEA R (ohm cm2) b (V dec-1) 

1 0.53 0.071 

2 1.23 0.048 

3 0.76 0.096 

4 0.43 0.031 

5 0.62 0.018 

 

3.4 Stability analysis 

 Stability of the prepared MEAs have been investigated by 55 

running the MEA for a period of 20 hours at a constant voltage of 

0.5 V, 60 °C without back pressure. The current density versus 

time has been recorded to investigate the stability of the MEAs. 

Fig. 8 shows the stability analysis of MEAs (1-5). The results 

suggest that all the MEAs show considerable stability for good 60 

period of time. 

 
 

Fig.8Stability studies of MEAs (1-5) at 60 °C, 0.5 V and without 
back pressure 65 

4. Conclusion  

In summary, L-ARGO has been synthesized from graphite oxide 

by applying an environmentally benign approach. The fuel cell 

power densities, examined from polarization curves recorded 

from a series of fabricated MEAs, wherein L-ARGO is the 70 

support for Pt, provide an insight into the superior ORR activity 

of Pt nanoparticles decorated L-ARGO as compared to the 

chemically reduced Pt-graphene composites. Even though Pt 

nanoparticles decorated L-ARGO shows a lower ORR and HOR 

activities in comparison to that of Pt/f-MWNT, considering the 75 
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ease and the green approach for the synthesis process, L-ARGO 

can be considered as a promising low cost electrocatalyst support 

in PEMFC. 
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