PULSED ELECTOREDUCTION OF CARBON DIOXIDE ON
GLASSY CARBON ELECTRODE
Yuki Sasaki, Makoto Aihara, and Masahiro Komatsu*
Faculty of Human Environmental Science, Fukuoka Women’s University,
Kasumigaoka 1-1, Higashi-ku, Fukuoka 813-8529, Japan
*National Insititute of Advanced Industrial Science and Technology ,
Kyushu Center, Shuku 807-1, Tosu, Saga 841, Japan

Introduction

Results and Discussion

It is important to convert CO2 to valuable organic
substances from the point of view of CO2 recycling.
Electrocreduction of CO2 is one of important methods
for the conversion. Numerous papers have been
published with regard to this subject. 1-6) Few of papers
have dealt with the reduction of CO2 at glassy carbon
electrode.7-10)
It appears to be inadequate for the
evaluation of carbon electrode for the electroreduction
of CO2. We have been studying the comparison
between glassy carbon electrode and metallic
electrodes such as copper or copper-modified silver
electrode for the production of hydrocarbons (CH4 and
C2H4) by pulsed electroreduction, and also we are
studying the microstructural effect of carbon on the
productivity of hydrocarbons.

Faradaic efficiencies of hydrocarbons(CH4 and C2H4)
for the pulsed electroreduction of CO2 on glassy
carbon electrode were of a few percentages. The pulsed
electroreductions were performed in the presence of
copper(II) ions using KHCO3, K2SO4, KCl and NH4Cl
as a supporting electrolyte. Table 1 resumes the
faradaic efficiencies of CO2 to the hydrocarbons(CH4
and C2H4 ). Modification of glassy carbon electrode
surface caused the increases of faradaic efficiencies.
Faradaic efficiencies of the hydrocarbons were found
to increase at the supporting electrolytes, KHCO3 and
K2SO4 . The relationship between the supporting
electrolytes and the nature of the products is
remarkable. The highest faradaic efficiencies of
hydrocarbons were obtained in KHCO3. C2H4 is the
main product in K2SO4. The pulsed electroreduction
was performed using KHCO3 and K2SO4 from above
these results.

In this work, the pulsed electroreduction of CO2 on
glassy carbon electrode was investigated, especially,
the selectivity of CH4 and C2H4 studied.

Experimental
Pulsed electroreduction was carried out in a CO2
saturated solution using a conventional H-type gas-tight
plastic cell divided by an ion exchange membrane
(Nafion N-350). The working electrode was a 0.3 cm2
glassy carbon rod from Tokai Instruments. The
electrolyte solutions were 0.1 mole dm-3 KHCO3 and
K2SO4 containing 4.1-18 x 10-4 mole dm-3 CuSO4.
Before the electrolysis, CO2 gas was bubbled into the
solution to maintain a CO2-saturated solution.
Gaseous products were analyzed by FID and TCD
detectors after the reduction experiments.
A
potentiostat used was a Hokuto Denko HA-301. The
glassy carbon electrode was polished with a 0.3 mm
alumina powder (Buehler ) and cleaned in an ultrasonic
bath and then washed by purified water. Pulsed
electroreductions were carried out at 30 0C and Tc = Ta
= 1 sec(Tc and Ta represent time intervals during which
the cathodic and anodic bias were applied). The
electroreductions were carried out during 1 h.

Figs. 1 and 2 show the dependence of faradaic
efficiencies on the concentration of copper(II) ions.
The faradaic efficiency is a peak at
1.2 x 10-4 mol
-3
dm at KHCO3 and K2SO4.
Fig. 3 shows the dependence of faradaic efficiencies on
the on the cathodic bias VC at constant anodic bias,
VA = 0.7 V at [Cu(II)] = 1.2 x 10-4 mol dm-3. It is
apparent that the optimum conditions are Ec=-2.0,
Ea=0.7 V for the CH4 formation and Ec=-1.7, Ea=0.7
V vs. Ag/AgCl for C2H4 formation. The maximum
total faradaic efficiency for the hydrocarbons(CH4 and
C2H4) was ca. 50 %.
Fig. 4 shows the dependence of fradaic efficiencies on
the cathodic bias VB at constant anodic bias VA =-0.35
Vvs. Ag/AgCl for copper electrode. The maximum
total faradaic efficiency for the hydrocarbons was ca.
65 %. The selective production of CH4 and C2H4 was
found at the pulsed electroreduction by glassy
carbon electrode. The dependence of faradaic

efficiencies of the hydrocarbons on the cathodic
potential at glassy carbon electrode was found to be
very different to those at the copper electrode. This is
ascribed to the difference in surface properties of the
deposited copper on glassy carbon and a pure copper
electrode. We will report the microstructural effects
of glassy carbon on the productivity of CH4 and C2H4.
Fig. 5 shows the dependence of the values( C2H4/CH4)
on the cathodic bias. The values of C2H4/CH4 at
glassy carbon electrode were found to be larger than
those at the copper electrode.

Conclusions
The pulsed electroreductions on
glassy carbon
electrode were perfomed in the presence of copper(II)
ions using KHCO3 and K2SO4 as supporting
electrolytes. The optimum conditions are found to be
Ec = -2.0, Ea = 0.7 V for CH4 formation and Ec = -1.7,
Ea = 0.7 V vs. Ag/AgCl for C2H4 formation. The
maximum total faradaic efficiency for the
hydrocarbons(CH4 and C2H4) was ca. 50 %. The
selective production of CH4 and C2H4 was found at the
pulsed electroreduction by glassy carbon electrode.
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Table 1. Faradaic efficiencies of hydrocarbons at glassy carbon electrode.

Ec=-2.0, Ea=0.7 V vs.Ag/AgCl

Ec=-1.7, Ea=0.7 V vs.Ag/AgCl
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Fig.1. The dependence of the faradaic efficiencies
on Cu(II) concentration.
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Fig.2. The dependence of the faradaic efficiencies
on Cu(II) concentration.

KHCO3
70

total

60

40
Fradaic efficiency (%)

CH4
30
20
C2H4

10

-2.2 -2.1

-2

-1.9

-1.8 -1.7 -1.6 -1.5

total

50
40
CH4
30
20

0
-2.3

CH4

5

KHCO 3

50
Faradaic efficiency (%)

total

10

C2H4

Cathodic set potential (V vs Ag/AgCl)
Ea=0.7V [Cu2+]:12x10 -5mol dm -3
Fig.3. The dependence of the faradaic efficiencies
on the cathodic bias Vc.
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Fig.5. The dependence of the values for C 2H4 / CH4
on the cathodic bias Vc.
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Fig.4. The dependence of the faradaic efficiencies
on the cathodic bias Vc.

