HWAHAK KONGHAK Vol. 36, No. 5, October, 1998, pp. 751-758
(Journal of the Korean Institute of Chemical Engineers)

sejsha Fabest shshgatat
Rt gt spehgatal, 8 FET
(1998 49 23 AF, 1998 79 24 AH)

A Study on Electrochemical Reduction of CO,
by using the Perovskite Electrode

Jung-Hoon Park, Shung-Ik Lee, Jung-Ho Wee, Jun-Heok Lim*,
Jea-Keun Lee** and Hai-Soo Chun'

Department of Chemical Engineering, Korea University, Seoul 136-701, Korea
*Department of Chemical Engineering, **Department of Environmental Engineering,
Pukyong University, Pusan 608-707, Korea
(Received 2 April 1998; accepted 24 July 1998)

2 o

[~

AZIAEE7} w30 AHE g o] 9-<3F CuA| perovskite(LagSr,,Cu0s) =& o] £-3}o]

RECESEREEEIES

kS 54E A7sisiet. olalstRiaE KOH A del galiste] Ar|stety Hdbg(d9] W9l -20--3.0V vs.
Ag/AgChyE 3% A3, dFEERNE, oRhg, 2la e ag)m) °MIE°~Ms]£ Sol Eolzleh. A8 e AA &
&8 7HSE —2.0VellM HAolw, ek AT AP ES] BE2 w25k whlHElc}. vk R uhE
A EL] EED 5CollA] oM ELHF| =9} of5hE, 10 Collrl s 2232, lﬂL 30 CollA = vilkgo] Helghe 1

siet. w3 Egol 273 oabstk B9 dAYZ wEd o5k} ol e FA g s e

aatE et

Abstract— By using the electrode made of Cu based perovskite which has high conductivity and excellent redox power,
the characteristics of electrochemical reduction of carbondioxide were studied. After carbondioxide is dissolved in the
KOH electrolyte and carried out electrochemical reduction at the negative potential (range: —2.0-—3.0V vs. Ag/AgCl),
alcohols(mathanol, ethanol, and propanol) and acetaldehyde are produced. The total efficiency of products is optimum at —
V vs. Ag/AgCl and with the exception of methanol, the efficiency of products is inversely proportional to the reaction tem-
perature. The optimum reaction temperatures at which the highest efficiency could be got for individual products are 5 °C
for acetaldehyde and ethanol, 10 °C for propanol and 30 °C for methanol. And according to the tentative mechanism for
the reduction of carbondioxide on the basis of these experimental efficiencies of products, ethanol and acetaldehyde were

intermediates in this electrochemical reaction.

Key words : Perovskite Electrode, Carbondioxide Reduction, Potential Alcohols
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La(NO3)3-6H20 (aq)
Sr(NO3)2 (aq)
Cu(NO3)2 . 3H20 (aq)

Citric acid (aq)

Mixing and stirring

[

NH,OH

Evaporation at 80T

l

Calcination of Precursors

Grinding and Ball milling

l

LaosSro2Cu03 Powders

Fig. 1. Preparation process of perovskite type oxide.
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Fig. 2. The apparatus of electrochemical CO, reduction.

1. Potentiostat 7. Membrane
2. Working electrode 8. Luggin capillary
3. Reference electrode 9. Nitrogen

10. Carbon dioxide
11. Mass flow controller
12. Circulator

4. Counter electrode
S. Gas sparge
6. Gas chromatography

=1
0L X

3l
izl

T

-

ot 71 EAF o 2e Ag/AgClE ARslgl o, AT o2 e
£ Abgstole). 2 F-2 919 w2 ke perovskite 3
g
]

T

(@28, A7 1em)e) WL FEsho] ghalnt ukH) shod Ala
s} 2= 96l Luggin capillary 2] 7|28 X AHA o
AN ol gstdnt. Aol sk 4] §-9) 3
QAL A4zl Y Abash WS wkx|Elr) 9jsled 13‘—1_!’—-
=A|(Nafion Nx90209)Z o]-&-3}e] A)AFS 7hajere] A4S A
Asleict A 2= 0.5M KOHE A}85191 7, o] Aksielse
=9 WA A gle 5 o3-S 2A)sl] S5t &
315, 10, 20, 30 ‘O 71 A Al slgdc). sl sl 14}3}EL
A5 DA 80ml7} EAgE A Zo)A 147 Bk 23pA]7] &,
COE 40ml/min 2 2 {-2]FE] & -2 Uz -8 E3lo] FF
A Fesleh. T2 A0 4452 FID7} 338 G.C2 &
A3+ o] column-& Porapak Q& AM8-3}sic}. Cyclic voltame-
trye} A B2 EGEG 449134 (PARC 362 model)y o]
43l At el oA Ao s A Sasie] B
A 714 9 A X B A3 2] el wtgE AlFle]o),

3
-

-

o g u
SR g X

[+

orlo:\_,—‘

3. 20 Y oE
3-1. MW= gy
3-1-1. Perovskite 3 AF3}E Zujo] EX]
XP&*JEMH 04011] = Ali}g CaTlOr‘?—]- 7+ 725 7)x)= ABO,
A 9 zm | 4ol Fo
Aoz 4 el ek Perovskite®) T8 2 SHEL chorl
SR e W] L, sgErey Bigsis 4 ﬂﬂ o <z-of
A Sl AP A e & 4 i)
ABO,®A] 9] perovskited AFa}Eol4] A, BY 02] o]LubgEe

Fig. 3. Ideal perovskite structure.
(a) on based transition metal(B), (b) on based alkaline earth meal(A).
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Fig. 4. XRD patterns of La,Sr,,;CuO; prepared at different pH and
calcined at 450 °C.
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Table 1. Electrochemical reduction of carbon dioxide[1]

Reactants Products Reaction phase
CO,+5H,0+6¢ " CH,OH+60H" Liquid
2C0O,+7H,0+10e CH;CHO+100H Liquid
2C0,+9H,0+12¢ C,H,OH+120H Liquid
3CO,+13H,0+18e” C,H,OH+180H" Liquid
Faradaic efficiency[%)]
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Table 2. Faradaic efficiencies of various products from the electrochemical reduction of CO, on a Cu and perovskite electrode

Cat  Eearolye " | py 1rc CPMA gy Faradaic efficiency(%) -

/mol dm cm CH, GH, CH, EOH nPrOH CO HCOO H, Total

Cu KHCO(s)[25] 01 68 19 5  NHE-1.41 294 301 nd 69 30 20 97 109 920
(P KHCO,ms)[33] 0.1 -~ 25 163 AgAgCl1.57 v 001w nd nd nd nd 987 987
KCI[25] 01 59 19 5  NHE-1.44 115 478 nd 219 36 25 66 59 998

05 19 5  NHE-1.39 145 382 nd  nd nd 30 179 125 861

KCIO,[25] 01 59 19 5  NHE.-1.40 102 481 nd 155 42 24 89 67 960
K.SO,[25] 01 58 19 5  NHE.-1.40 123 460 nd 182 40 21 81 87 994
kppops) M1 65 1 5  NHE.-1.23 170 18 nd 0.7 ir 13 53 724 985

05 70 19 5  NHE.-1.17 66 10 nd 06 00 10 42 833 967

La,; LiOH 1 - 25 180 SCE.-2.6 nd nd nd 0 0 nd nd nd 0
St NaOH' 1 -~ 25 180 SCE-26 od  nd  nd 53 10 nd nd  nod 63
CuO, xomnr 1 - 25 180  SCE.-2.6 nd nd nd 6.9 1.7 nd nd nd 86
(2d) 0.5 - 25 180 SCE-26 nd  nd  ad 307 10 nd nd  nd 407
(23] Rpom 1 ~ 25 180 SCE-26 nd nd nd 17 075 nd nd nd 245
CsOH* 1 - 25 180 SCE-26 nd  nd  nd 33 16 nd nd  nd 49

s * stirring electrolyte, ns : without stirring electrolyte, tr: trace, nd : no data, pt : plate electrode, gd : gas diffusion electrode, Cat. : catalyst, C.D. : current density
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Fig. 8. Faradaic formation efficiencies of (a) Acetaldehyde, (b) Etha-
nol, (¢) iso-Propanol, and (d) n-Propanol at different temper-
ature.

Electrolyte : 0.5 M KOH, Reference electrode : Ag/AgCl.
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Fig. 9. Faradaic efficiencies of methanol formation at different temper-
ature on perovskite electrode.
Electrolyte : 0.5 M KOH, Reference electrode : Ag/AgCl.
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Fig. 10. Faradaic formation efficiencies of total products at different
temperature on perovskite electrode.
Electrolyte : 0.5 M KOH, Reference electrode : Ag/AgCl.
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Fig. 11. Faradaic formation efficiencies of the products as a function
of different potential.
Electrolyte : 0.5 M KOH, Reference electrode : Ag/AgCl.
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