
International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                                   Spl. Issue-3 Mar.-2016 

Synthesis of Gold-Graphenecatalysts For Alkalinedirect Glycerol Fuel Cell 
 

41 

SYNTHESIS OF GOLD-GRAPHENECATALYSTS FOR 
ALKALINEDIRECT GLYCEROL FUEL CELL 

 
1NANTIKA SANGAMPAI, 2APICHAI THERDTHIANWONG, 3SUPAPORN THERDTHIANWONG 

 
1,3Department of chemical Engineering, 2Fuel Cells & Hydrogen Research and Engineering Center,  

King Mongkut's University of Technology Thonburi, 126 Pracha-Uthit Rd, Bangkok, Thailand 
E-mail: 1ann_nantika@hotmail.com, 2apichai.the@kmutt.ac.thand 3supaporn.the@kmutt.ac.th 

 
 
Abstract—This paper presents a simple and less expensive synthesis method of Au-Graphene catalysts which is chemical 
reduction method of graphene oxide (GO) and gold precursor (HAuClସି). Simultaneous and sequential reduction steps were 
employed to reduce graphene oxide and gold precursor. The catalysts were characterized by Fourier transform infrared 
(FTIR) spectroscopy, X-ray diffraction (XRD), Transmission electron microscopy (TEM), Cyclic voltammetry (CV) and 
Chronoamperometry (CA). The results indicated that Au nanoparticles with the average particle sizes of 7.32 and 5.86nm 
were uniformly dispersed on graphene sheet for simultaneous and sequential reductions, respectively. Nevertheless, for 
glycerol oxidation in alkaline medium, the Au-Graphene catalyst reduced simultaneouslywas more active and stable than 
that was performedsequentially. 
 
Index Terms— Glycerol oxidation, Gold, Graphene. 
 
I. INTRODUCTION 
 
The development of energy for a sustainablefuture 
has been focused on clean technology and renewable 
fuels. Direct glycerol fuel cell has attracted a lot of 
attention because this device isone of the zero-
emission electricity generators. In addition, glycerol 
is anaffordable, renewable fuel with low 
flammability, less volatility, low toxicityand high 
theoretical energy density [1]. 
The primary components of fuel cell are 
conductingelectrolyte, cathode and anode.To enhance 
fuel cell performance, highly active catalysts 
arerequired for both cathode and anode. Normally, 
carbon supported catalyst is employed to fabricate the 
electrodes. Therefore not only active metal but also 
carbon type has an influenceon  catalyst 
performances. For active metals, it has been proven 
that gold (Au) is the best catalyst for glycerol 
oxidation in alkaline medium as compared with 
palladium (Pd) andplatinum (Pt) [2]. 
Graphene, a new class of synthesized carbon 
material, is a two-dimensional monolayer sheet of sp2 
bonded carbon atoms [3], which is the fundamental 
building material for a variety of 
carbonsincludingbuckyballs, carbon nanotubes and 
graphite [4]. Manyoutstanding properties of graphene 
(high thermal conductivity, high electrical 
conductivity, high mechanical strength, thermal-
chemical stability and large specific surface area 
(theoretical value of 2630m2/g) [5].) make graphene 
an excellent support for metal nanoparticles. 
According to the method of modified Hummers [6], 
graphene can be synthesized by oxidation of graphite 
to graphene oxide (GO) followed by exfoliation 
andreduction of graphene oxide to graphene or 
reduced graphene oxide (RGO).Functionalized 
groups on graphene oxide consist of hydroxyl, 
carboxyl, epoxide and carbonyl groups [7].However, 
graphene tends to restack because of the van der 

Waals interaction. From the previous work of 
Vinodgopal, et al. [8], synthesis of Au-Graphene 
nanocomposite was achieved by two separate 
procedures consisting of  simultaneous and sequential 
reduction of GO and Au (III). In the case of 
simultaneous reduction, both GO and tetrachloroauric 
acid (Au (III)) was reduced together. On the other 
hand, in the sequential reduction procedures, the GO 
was reduced first. From the results of plasmon 
absorption band, it indicated that two reduction 
methods provided comparable Au particle sizes 
without any aggregation effects.  
In this research work, we proposed to use both 
simultaneous and sequential reduction method, except 
that in the case of  sequential reduction procedure, Au 
precursor was reduced to form gold nanoparticles 
before the reduction of graphene oxide. It was 
proposed that, the Au nanoparticles can act as spacers 
for preventing the restacking of the reduced graphene 
oxide sheets. 
 
II. EXPERIMENTAL 
 
Materials 
All chemicalsused in this experiment were analytical 
grade.Including graphite powder, H2SO4, NaNO3, 
KMnO4, 30% H2O2, HAuCl4.3H2O, NaBH4 and 
KOH. 
Preparation of graphene oxide 
Graphene oxide was synthesized by following the 
Hummers method [6]. At first, 1 g of graphite and 0.5 
g of NaNO3 was added into 24 mL of H2SO4. After 
the mixture was cooled down in an ice bath to below 
20๐C,3 g of KMnO4was slowly added into the above 
mixture. After the mixture was heated up to 35๐C for 
30 min, 46 mL of deionized water was added. 
Subsequently, the mixture was heated up to 95๐C and 
maintained for 15 min and 140 mL of deionized 
water was added. Afterword, 10 mL of H2O2was 
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added into the mixture. The mixture was then washed 
with 5% HCl (two times) and deionized water (three 
times). Finally, the solid was filtered off and dried at 
60๐C in a vacuum oven for 24 h to obtain graphene 
oxide. 
Preparation of Au-Graphene catalysts 
The Au-Graphene was synthesized by simultaneous 
and sequential reduction. The first method is 
performedby reducing graphene oxide and gold 
precursors simultaneously. The second method is 
aseparating reduction of graphene oxide and gold 
precursors. 
For the simultaneous reduction method,40 mg of 
graphene oxide was added into 1 mL of deionized 
water and the suspension was ultrasonicated for 1 h. 
After that the graphene oxide suspension was added 
into the gold precursor solution (20 mg of gold 
precursors + 70 mL of deionized water) under 
stirring. Within 1 h, 5 mLof freshly made 
NaBH4(8.378wt%) solution was slowly added into 
the above suspension and followed by vigorous 
stirring for 24 h.The suspension was filtered off and 
washed with deionized water. The solid product 
wasdried at 60๐C in a vacuum oven for 1 h andAu-
Graphene catalysts (simultaneous reduction) was 
obtained. 
For the sequential reduction method, the gold 
precursor solution (20 mg of gold precursors + 70 mL 
of deionized water)wasfirstly reduced to form gold 
nanoparticles by using 2.04 mL of freshly made 
NaBH4(0.378 wt%) solution. The graphene oxide 
suspension was then added into the above suspension. 
Within 1 h, 5 mL of freshly madeNaBH4(8 wt%) 
solution was slowly added into the suspension and it 
was vigorously stirred for 24 h. The suspension was 
filtered off and washed with deionized water. The 
solid product was dried at 60๐C in a vacuum oven for 
1 h to obtain Au-Graphene catalyst (sequential 
reduction). 
The prepared catalysts were characterized by Fourier 
transform infrared spectroscopy (frontier, 
PerkinElmer), X-ray diffraction (D8DISCOVER, 
BRUKER AXS), Transmission electron microscopy 
(JEM2010, JEOL), Cyclic voltammetry (SI 1287 
Potentionstat, solatron) and Chronoamperometry (SI 
1287 Potentionstat, solatron) techniques.  
 
III. RESULTS AND DISCUSSIONS 
 
Characterizationofgrapheneoxideandgraphene 
Fig. 1shows FTIR spectra of graphene oxide and 
graphene. For graphene oxide, the peak at 3346-3402 
cm-1 can be attributedto O-H stretching, 1733 (C=O 
stretching), 1627 (C=C stretching), 1227    (C-O-C 
stretching) and 1048 (C-OH stretching). These FTIR 
spectra belong to hydroxyl, carboxyl, epoxide and 
carbonyl groups, therefore it was anticipated that the 
synthesis of graphene oxide was achieved. For FTIR 
spectra of graphene, the intensity of the peaks 
attributed to oxygen groups were decreased, 

representing that the reduction of graphene oxide to 
graphene was taken place. 
 

Fig. 1  FTIR spectra of graphene oxide and graphene 
 
CharacterizationofAu-Graphene 
The morphology and microstructure of the catalysts 
were investigated by TEM as shown the results in 
Fig. 2. It can be seen that gold nanoparticles were 
well dispersed onthe wrinkled surface of graphene 
with an average diameter of gold nanoparticles about 
7.32 and 5.86 nm for the Au-Graphene obtained from 
simultaneous and sequential reduction method, 
respectively. 
XRD was employed to analyze the crystal structures 
of gold nanoparticlesand the results are shown in 
Fig.3.In all of the catalysts, the diffraction peaks at 
2of 38.2๐, 44.3๐, 64.5๐, 77.5๐ and 81.3๐ indexed to the 
(111), (200), (220), (311) and (222) lattice planes of 
the face-centered cubic (FCC) structure of Au, 
respectively, were observed.The crystallite size of 
gold nanoparticles was obtained by x-ray diffraction 
peak ((220) lattice planes), the result indicated that 
Au nanoparticles with crystallite size of 8.88 and 7.94 
nm for simultaneous and sequential reduction, 
respectively. 
 

 
Fig. 2TEM images and particle size distribution of Au-

Graphene(A) simultaneous and (B) sequential reduction 

A 

B 
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Fig. 3  XRD patterns of Au-Graphene 

 
Electrochemical activity of Au-Graphene 
Catalytic properties of catalysts were characterized by 
cyclic voltammograms (CV)in blanksolution of KOH 
and in Glycerol + KOH solution at a scan rate of 20 
mV/s. As shown in Fig. 4, the reduction peak in blank 
KOH solution can be used to calculate 
electrochemical active surface area. They are4.7and 
7.1 cm2/g catalyst for Au-Graphene from the 
simultaneous and the sequential reduction method, 
respectively. In Glycerol + KOH solution, the 
catalytic acticity of the prepared Au-based catalysts 
towards glycerol electrooxidation can be determined 
from the current density of the anodic oxidation peak. 
For all the catalysts, the CV curves display two 
anodic peaks. The anodic peak observed at  0.3 V in 
forward scan is oxidation of glycerol and the other 
anodic peak observed at  0.2 V in backward scan is 
oxidation of glycerol after gold oxide film was 
reduced.The current density at 0.3 volts of the Au-
Graphene prepared by simultaneous reduction 
method was 24% higher than that obtained from 
sequential reduction one. 

 

 
Fig. 4  CV of Au-Graphene in (A) 0.1 M KOH and (B) 0.1 M 

KOH + 0.1 M glycerol with a scan rate 20 mV/s 

The stability of the prepared catalysts can be 
characterized by chronoamperometrytechnique. As 
shown in Fig. 5, before 2,500 s, the 
electrocatalyticactivity of Au-Graphene 
(simultaneous reduction) is higher than that of Au-
Graphene (sequential reduction). After 2,500 s, the 
activity of both catalysts is about the same, meaning 
that the catalyst prepared by the simultaneous 
reduction method was poisoned slower than that was 
obtained from the sequential reduction one. 

 
Fig. 5  CA of Au-Graphene in 0.1 M KOH + 0.1 M glycerol 

with a scan rate 20 mV/s 
 
CONCLUSIONS 
 
Insummary,Au-graphenecatalystsweresuccessfully 
synthesized by a simple chemical reduction method. 
The catalytic activity and stability properties of 
theAu-Graphene prepared by simultaneous reduction 
method were higher than that obtained from 
sequential reduction one. From these results, it was 
possiblethat gold particles were too small to act as 
spacers for preventing restacking of graphene sheets. 
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