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Effect of Temperature on the Electrocatalytic Oxidation of Ethanol
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Abstract: The electrocatalytic activity of commercial Pt/C for ethanol

oxidation is relatively low, and the C—C bond is difficult to break. Thus,

the complete oxidation process is not easy, and the fuel utilization

efficiency becomes considerably reduced. Increasing the temperature

can increase the reaction rate and enhance the mass transport;

therefore, a temperature-controlled electrode was used during our in situ

FTIRS (Fourier Transform Infrared Spectroscopy) investigation. The

temperature sensor was placed at a certain distance from the surface of

the electrode; thus, the surface temperature needed to be corrected. The

temperature was calibrated using the “potentiometric” measurement

method, which was because the potential-temperature coefficient of the

redox couple is constant under certain conditions, and the electrode surface temperature was obtained by potential
conversion at different temperatures during the experiment. The experimental results showed that the relationship between
the heating temperature, Th, and the surface temperature, Ts, was Ts = 0.57Th + 7.71 (30 °C < Th < 50 °C) and Ts =
0.62Th + 5.12 (50 °C < Th < 80 °C), and according to error analysis, the maximum error was 1 °C. The temperature-
controlled electrode was applied to investigate the electrooxidation of ethanol using both in situ FTIRS and cyclic
voltammetry using a commercial Pt/C catalyst at different temperatures. Clearly, based on the CV curve for the oxidation
of ethanol, with increasing temperature, the overall oxidation current increased, and the onset potential and peak potential
both negatively shifted, indicating that thermal activation allows the oxidation reaction to proceed easier. Electrooxidation
of ethanol showed two positive oxidation peaks, and the ratio of the first peak current to the second peak current was used
to qualitatively evaluate the selectivity of CO2. Compared with at 25 °C, the first peak current increased by 30% at 65 °C,
indicating that the high temperature was conducive to C—C bond cleavage. Comparing the in situ FTIRS recorded at
50 °C, 35 °C, and 25 °C, we found that the onset potential of CO2 on the commercial Pt/C catalyst was lower by 200 mV,
indicating that Pt/C can provide oxygen-containing species at lower potentials at high temperature; however, the onset
potentials of CH3CHO and CH3COOH did not change with temperature. The CO:2 selectivity was semi-quantitatively
calculated by the area of CO2 compared with the area of CH3COOH from the FTIRS data. It was found that CO2 had the
highest selectivity at high temperature and low potential, indicating that high temperature is conducive to complete ethanol
oxidation during CO2 formation, possibly because both the ethanol bridge adsorption pattern and adsorbed OH (OHad)
increased with temperature, enhancing subsequent COas and OHad oxidation reactions. The low selectivity of COz2 at the
high potential was due to the adsorption of oxygen-containing species that occupied the surface-active site, blocking the
adsorption of ethanol.
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LR AN R B L ) R AN AT, I DR ON B (1) glassy carbon material; (2) PTFE coat; (3) thermal greas;

YJ]%L F'Fi Xﬂ‘ 4 @% /ET?\‘ ’Hﬂ *ﬂ, H %D 2j] jj # EI(] %ﬁ l]r@] E”5 'Ml%L' i E ° (4) wire; (5) temperature sensor; (6-9) wires; (10): heating material.
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Fig.2 Schematic diagram of the electrode potential

temperature coefficient measuring device.
WE: working electrode; RE: reference electrode; 1: constant
temperature water bath; 2, 3: electrolyte; 71, 75, T5: thermometer.
Ty: temperature of the heating piece of temperature controlled electrode;

Ts: surface temperature of the electrode.
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B3 (a—c)fE 5 mmol-L! K3 [Fe(CN)s] + 5 mmol-L™! K4 [Fe(CN)¢] + 0.5 mol-L™! KC1 BB PAFRERET
PUREKITTEE AL ()RR (Th) 5 BARRERE (Ts) KR
Fig. 3 (a—c) Open circuit electrode potentials (OCP) measured at different temperatures in
5 mmol-L™! K3[Fe(CN)s] + 5 mmol-L™! K4[Fe(CN)s| + 0.5 mol-L~! KClI solution; (d) relationship between
heating temperature (7h) and electrode surface temperature (7s).

inset: the linear relationship between OCP and 7.

7£40.5 C, 63.0 ‘C, 72.0 CHIMHEEZ ¥ E T PE IR 22 it 28 1] DLgh H R A0 2 OB 1 72 W
P AR T % A7 — I 1) ottt 2 an B4 Pl o, o 14T B 55, BEISHERMER M /k PyCHE 46 7 75 25—
KRB, R R R T 4 AR e R 2 ]

PLECOF Mg I 7E1 "C LAY

3.2 ARBEET ZEEEMENRTERIMR R

0.165

0.160 | 34.9-35.4T |

0.155 |
5
501501
o

0.145}

45-45.7TC
0.140 |
0.135 v B s AFEE TE PYC #ELFIZE 0.1 mol-L!
' . . . s : CH3CH20H + 0.1 mol-L™" HCIO ¥ * B ERMR % i £k B
0 100 200 300 400 500 600
ti's Fig.5 Cyclic voltammogram of commercial Pt/C
B4 ARINAEE T TR BALE catalyst at different temperatures in 0.1 mol-L™

Fig. 4 Open circuit potential diagram at different CH3CH20H + 0.1 mol-L™! HC1O4 solution

heating temperatures Th. scan rate: 50 mV-s ™.
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Table 1 Ratio of the first peak current to the second

#1

peak current on a commercial Pt/C catalyst at

different temperatures.

7c Ji/(A-mg™") Jo/(Amg™") Juj2

25 0.372 0.444 0.838
35 0.626 0.628 0.997
45 0.985 0.866 1.137
55 1.328 1.082 1.227
65 1.666 1.286 1.295

{a) PYC 25°C
-_— . 0av
——— — e —

o b AE 7E 7 Mk PUCHE AL 1) F B 25 C 1190.838 3
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Kl 642 1% B 2 25 W A7 B BR 7 VR 3EAT SR N
25 C. 35 C. 50 CHf L8 s A R L 40
. R LA AL RN AP AR Bl A
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FRHRFEC=0REN", 1640 cm "4 IH)E T IK K25
M IR, 12741284 cn b (I IH JE T 2 1R

R2 AHbE CBRELHENMRBER
Table 2 The various vibration frequencies of ethanol

oxidation in the infrared spectrum.

Wavenumber/cm™! Assignment
2341-2345 O—C—0 asymmetric stretching
2040-2060 linearly adsorbed COr
1713-1723 C—O stretching of acetaldehyde and acetic
acid in solution
1640-1650 H—O—H bending
1274-1284 coupling C—O stretching and OH
deformation of acetic acid
(b) Ptic 35°C

e ————— ¥ 1.
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B6 (a—c)AFERE TR PY/C AELFILE 0.1 mol-L™' CH;CH20H + 0.1 mol-L™" HCIO4 ¥ b I AL £ AM it 1
SEHNN-025V, [EF 0.05V; (AEATEHIFELE BhL
Fig. 6 (a—c) In situ FTIRS of ethanol electrooxidation on commercial Pt/C catalyst at different temperatures and

various potentials in 0.1 mol-L™! CH3CH20H + 0.1 mol-L™! HCIOs solution. Er = —0.25 V, Estp= 0.05 V;

(d) onset potential of each product.
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Fig. 7 The relationship between CO2 and CH;COOH
integrated intensities ratio and potential on

commercial Pt/C catalyst.
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B8 (a, b)RNFEEE TR P/C #E4EFI7E 0.1 mol-L~' CH3CH:OH + 0.1 mol-L ™! HCIOs ¥ i B AL 4L 41 6 18
SHHAIN-0.25V, FIfF0.1V; (c; )ARFRBAMT CO:A! CHsCOOH HIF M HER
Fig. 8 In situ FTIRS on commercial Pt/C catalyst at different temperatures in 0.1 mol-L™! CH3CH2OH + 0.1 mol-L!
HCIOq4 solution. Er =—0.25V, Estep = 0.1 V; (¢, d) integral area of CO2 and CH3COOH at different potentials.

B9 Rk P/C LTI HIAE 25 CHI 50 CHMET (a)ALXTE 0.05V £ 0.6 V i BN RAL R <
(PCH3CHOH)FAL 2 FHERASHOLIER, SEHBALAN-025V: O)ANFEBTFBA T CO2/2CO: HE
Fig.9 (a) Isotopic tracer method ('*CH3'2CH20H) in situ MS-FTIRS on commercial Pt/C at 25 ‘C and 50 ‘C under
different potentials from 0.05 V to 0.6 V, Er = —0.25 V. (b) The ratio of '*CO2/'2CO; under different potentials.

100 mV/(25°C)/-100 mV/(35°C,50°C)

“\\@; CH,CHOH*—>CH,OH* =>CH,CO*—>CH,+CO—> CH,+CO,
2
oS

CH,CH,OH"—+CH,CHOH" &
% 200 MV/(25,35,50°C) 350 mV/(25,35,50°C)
4" " CH,CHO —> CH,CO*— CH,COOH

B 10 AFEREE ZEAER L PY/C LT LRSI

Fig. 10 Oxidation mechanism of ethanol at different temperatures under acidic conditions on commercial Pt/C catalyst.
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3CO/"2CO, LU AE Y Bt I, B 18 i 8 k, Hipo.45 v SEATRAZ /A AR ST 25, DL A RT IR 45
F50 “CH&25 ‘CIrHI1.321% . iX 22 B B & B A7 1 18 n B, RAHEN 2. BELE25 CL 35 C. 50 C FHI%A
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50 ‘C HfCH3;CHO, CH;COOHE4E A7 5 &
TR AL R T COL M IR B o [FI AL 2 A5 1 1 S5
T WAL COr T ERIE T 4B 1 a-C IR
th, B-CHIZEALIZEAE0.25 VLS, H.BE IR R TT
T B-CAE AN F 3 B B R o 3R Ko T 188 i T gk A £ 575
HEEENSHNE, HHHA R TR b R
M, HEES SRS EEERE s, &
Wi B U SR, DRI T 0 AR IR AL 41 A Y6 B
RN W Sl 5E 3
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