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Preparation and Electrocatalytic Properties of Fe, Co, Ni-Polymer-C
Complex Catalysts for Ethanol Electro-oxidation

Qi, Wei Zhou, Debi* Chen, Sulin Huang, Yu Cheng, Xiang
(School of Chemistry and Chemical Engineering, Central South University, Changsha 410083)

Abstract P-M-C complex materials were prepared by polymer template coordination with metal-ion
loaded with a carbon-reduction method (P standing for polymer, M for nanometal Fe, Co and Ni particles,
and C for carbon XC72). The interim production was characterized by IR to be the target polymer P; then
the result of TEM indicated that the majority of the Fe, Co and Ni nanoparticles were between the size of 20
and 30 nm, part of which were at 10 nm, which were dispersed uniformly on polymer P. The existence of Fe,
Co and Ni was approved by SEM-EDS. The electrocatalytic activity of the P-M-C electrode was investi-
gated by cyclic voltammetry and chronopotentiography. The results showed that in alkaline medium the
catalysts exhibited very high electrocatalytic activity and stability for the electro-oxidation of ethanol. HPLC
result indicated that a part of the product after the oxidation of ethanol was a mixture of acetaldehyde and
acetic acid.
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Scheme 1 The scheme of phenylhydrazone preparation
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Scheme 2 The scheme of high polymer P preparation
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Figure 1 IR profiles of the phenylhydrazone production
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Figure 2 IR profiles of polymer P
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Figure 3 TEM image of catalyst

2.3 P-M-C SEM-EDS #4558
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Figure 4 SEM image and EDS results of catalyst
a: SEM image of catalyst, b: EDS energy spectrum of catalyst

TE R HTI & T Z AN 5 B L3 1, Fe, Co, Ni =
FHTCER IR 11 73 EE 350000 4.51%, 4.16%A1 4.92%, %
/i O W W oS L T Ei - Eo v I AN B EZ D S
LBl AR IR ). SR G P 5 =R & e & 1 IS Ar AL
HOEFRN, FNABIESE T Fe, Co, Ni =F&jgEita(M
FAAE.

F 1 Wit EDS SM U0 LA AL F ALK %)
Table 1 EDS measured chemical compositions (%) of spots in
catalyst

Element (6] S K Fe Co Ni

Wt% 4244 1190 1473 992 9.65 11.36
At% 6740 943 9.58 451 416 492
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Kl 5 24 P-M-C =24 Hpl /2% 1 KOH FIAN AR £
Mt P A v b I AR e th 2. eI L, 75 0.4 V
HIAL T 2k a BB/, (08 2.5 mA, HAEHEA
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0.2 V I HLFLEURIBE N, Ak E] 0.4 VI HL G CH]
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Uik E] 32 mA. HIRHAE LR BE IR, ARIR AL N T
LI AR S b R 2 386K, 10 A A 700 2 ) LA A
ST 2 EALVE . TE R 2k b A e H &%
HIL— 2R PR A A, A H RS T —0.05 V. iif
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Figure 5 Cyclic voltammetry curves in different electrolyte
(a) 1 mol/L KOH; (b) 0.5 mol/L C;H¢O+1 mol/L KOH; (¢) 1 mol/L C;HsO+1
mol/L KOH
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WD TE (T IS R I Ze (e b), TN HL I R A W
WA, B P-M-C MBS LR A HAT AR .
7t 1.0 mol/L CoHgO ¥ il e 1 vH iy v e th 2 (1th £k ),
Lk b AL, WL R A P, RIREE £k
38K, CWEAE P-M-C =AMk Wk 2= A A 5O
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Figure 6 Time vs. current plots of P-M-C electrode recorded at
03V
a—1 mol/L KOH, b—0.5 mol/L C;HsO+1 mol/L KOH, ¢—1 mol/L C,HsO+
1 mol/L KOH
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h R, HOE O, SRR S A, Y &
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RGO, FAb R CO, AL N HER, R i b
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N, 45— AN 9 em?® ) P-M-C it A, SRJER
FHTT I R4S 1.0 mol/L C,HaO 41 kA= gk 2484k,
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Jii, B A AT HPLC Rzl

B 7 AT, ZEOR IR R 2.46 AT 5.54 min A7
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Figure 7 HPLC image of the electrooxidation of ethanol

LB, Frld 5.54 min ARSI N 1% 02 2T Z IR )
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3 4
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S @ BURL FRLAE LU LD, #7r 2970 10 nm, K54
20~30 nm; Jf H. Fe, Co, Ni &J@4KPRi/E R EW P
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