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Electrochemical Deposition of Graphene Supported PtCo Composite
Catalysts for Electrocatalytic Methanol Oxidation
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Xia, Yanzhi**“*  Li, Yanhui®
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Abstract Direct methanol fuel cells are excellent power sources due to their high energy density, low pollutant emission
and easy handling. However, commercial applications are limited by the high cost related to noble metal catalysts. Recent
findings have proved that appropriate catalyst support, which improves the utilization of the noble metals in great depth, may
be one breakthrough. Graphene nanosheet (GNS), a new two-dimensional carbon material with a single (or a few) atomic
thickness, as the combination of its high surface area, high conductivity and unique graphitized basal plane structure, has
recently attracted an enormous amount of interest from both theoretical and experimental scientists. It has been proved that
catalysts supported on GNSs show improved activity than those supported on carbon black. Furthermore, alloying Pt with
other metal is widely approved as a practical method to relieve the CO-poisoning of the catalyst, which can be ascribed to
both a bi-functional mechanism and a ligand (electronic) effect. In this experiment, PtCo/graphene (GN) composite catalysts
were synthesized on an indium tin oxide (ITO) substrate by the potentiostatic method. Catalyst samples were characterized by
scanning electron microscopy (SEM), X-ray energy dispersive spectroscopy (EDX) and electrochemical methods. SEM re-
sults showed that the addition of graphene could enhance the dispersion of the catalytic particles and reduce the particle size,
especially when the molar ratio of Pt and Co is 1 : 2.93, the particles had the smallest size and the best dispersion. Electro-
chemical tests demonstrated that graphene as the catalytic support could improve the CO-tolerance of the catalysts, which
was determined by the outstanding electric conductivity and rich oxygen-containing species of graphene, resulting in good
performance for electrocatalytic methanol oxidation. Furthermore, owing to the special electronic effect of Co, its addition
also influenced the catalytic activity. It was found that when the molar ratio of Pt and Co was 1 : 2.93, the composite catalyst
exhibited the most excellent catalytic performance for electrocatalytic methanol oxidation with the forward anodic peak cur-
rent density of 662 Asg,, ' and the Iy/], of 2.34 which was nearly 1.8 times that of the traditional PtCo/C catalyst (I#I,=1.32).
Keywords graphene; methanol oxidation; PtCo composite catalyst; electrodeposition; CO-tolerance
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B 1 PtCo (a)}% PtCo/GN (b, ¢, d, )] SEM

Figure 1 SEM images of PtCo (a) and PtCo/GN (b, ¢, d, e) composite
catalysts

n(Pt) : n(Co)=1.08 : 1 (a,b), 1 : 1.89 (c), 1 : 2.93 (d), 1 : 3.86 (e)

C

02 04 06 08 10 12 14 16 18 20
ElkeV
B2 Pty Coiltitt 11 2.93 1) PtCo/GN [¥) EDX [tk

Figure 2 EDX curve of PtCo/GN composite catalyst with the Pt : Co
molar ratio of 1 : 2.93

il % I PCE Y Pt 5 Co A LLE L™ fhge EDX Il
LRI LL L 1 TR
#1 Pl Co [MALT RELL S EDX 45 Fxfli#

Table 1 The comparison of the precursor molar ratios of Pt and Co and
the results of EDX

Pt 5 Co AL E &L 1:1 1:2 1:3 1:4
EDX 74 ) 1.08:1 1:1.89 1:293 1:386
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Fig 3 Cyclic voltammograms of PtCo (a) and PtCo/GN (b) in the solu-
tion of 1.0 molsL ™' H,SO, at a scan rate of 100 mVss ', n(Pt) : n(Co)=
1.08 : 1
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Figure 4 Cyclic voltammograms of PtCo (a) and PtCo/GN (b) in the
solution of 1.0 moleL ™' H,SO4 containing 1.0 moleL™' CH;OH at a scan
rate of 100 mVes ', n(Pt) : n(Co)=1.08 : 1
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Figure 5 Chronoamperometric curves for PtCo (a) and PtCo/GN (b)
catalysts in the solution of 1.0 moleL ™' H,SO, containing 1.0 moleL "
CH;0H at a fixed potential of 0.70 V vs. SCE (KCl sat.). n(Pt) . n(Co)=
1.08 : 1
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Figure 6 Cyclic voltammograms of PtCo/GN in 1.0 mol-L ' H,SO,at
100 mVes !

n(Pt) : n(Co)=(a) 1 : 0 (mp;=98 pgecm 2); (b) 1.08 : 1 (mp=83 pgecm 2);
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Figure 7 Cyclic voltammograms of PtCo/GN in the solution of 1.0
molsL™! H,S0, containing 1.0 moleL™' CH;0H at a scan rate of 100
mVes'. The molar ratios of Pt and Co are just as mentioned in Figure 6
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Table 2 Electrooxidation performance for methonal on PtCo/GN with
different molar ratios of Pt and Co

n(P) in(Co) 1:0 1.08:1 1:1.89 1:293 1:386 0:1
YRR AR R AAY

0.38 0.32 0.28 0.21 0.30 0.45

g H 38 285

(mAeem®) 1583 2318 2681  41.07  32.65  4.46
(Avgr V) 161.53 27928 35276 66242  616.04

I/l 160 1.8  2.03 234 210
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Figure 8 Chronoamperometric curves for PtCo/GN catalysts in the
solution of 1.0 moleL ' H,SO, containing 1.0 moleL ' CH;OH at a fixed
potential of 0.70 V vs. SCE (KCl sat.). The molar ratios of Pt and Co are
just as mentioned in Figure 6
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Figure 9 Cyclic voltammograms of the PtCo/GN (1 : 2.93) catalyst in
the solution of 1.0 molsL™' CH;0H with 1.0 mol-L™" H,SO,. Scan rate:
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