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Abstract : Electrochemical CO, reduction has attracted attention because this technology could
convert from waste CO, into value-added chemicals. Propanol is one of the multi-carbon chem-
icals via electrochemical conversion from carbon dioxide. It is also spotlighted on the kind of
liquid fuels and industrial chemical feedstock by showing higher energy density per unit volume
and its versatile uses. However, it is well known that the electrochemical conversion (for pro-
panol) is lower energy efficiency than thermal catalyst process. In addition, propanol conversion
is only possible on Cu-based electrode. Therefore, it is still required to increase activity and
selectivity of electrocatalysts. By investigating recent research trend, Cu-based catalyst design
could be summarized as nanostructuring, controlling surface crystallinity and consisting of
binary metal system.

Keywords : Carbon dioxide, Copper, Electrocatalyst, Propanol, Liquid fuel

*E-mail: yongwook@kitech.re.kr

-120-



A73)8k8)A), A 28W, A 435, 2025 121

LM £

SAAS A= 2015 ] 71 FHS A (Paris
agreement) M-S F A7 7L FeE A
o 7IFE 2°CHT WFA A3 7| GSE
1.5°CE2 AT S M=k ol AAMA =
7P} Fodste 247k AEse AAE eSS
th adolx= Belal AkEeitt gF xpo|rt ot
7] F¢] olatsletiy(Carbon dioxide; CO,) S
IFel APt RYEHA A1} ol Z]1E(17509)
280 ppm ©lA1 20208 71F 410~417 ppm 7FA] A
£HoF FolAgon, FEF7 FAHE AHS olF
A7l B9 F48HA 7Kk 53, vl Al
FUE® A4 (Global Monitoring Laboratory)el] 4]
FAHxRAR U7l F CO, T=v 20259 4¥ 7=
426.81 ppmo2 Lol ZAAl flo] 7HHEA gi7]
9] olitstea s=rh Xgeb 71591 7](Climate
crisis)® 71&E3ketal QlE AA otk 7]129)7])E (1)
2 AS3E dslel] whE AEtE fH, (2) A
Aol Wi B A% St wE o7l WY /Af A
A, 3) AF2IstE Qg s et g 2
3t T o7 WA AR/ & AFEE0| EAE
zHstaL JAY dPdEeS?
A3t Ao] 7159718 2Hske 7P & o
1 F SR QIAEAL 7] wZel], o)itseas v
23k gAsigtEe] miEs Asl] fa vAE 2
A3l A3 Z& &-838l= CCUS (Carbon capture,
utilization, and storage) 71%&°] s|ZAHoT AL
AH8-10]. B3] oitsletiE o2 {83 4=
Hesl= 719 749, ol 9l (Ethylene), WH
(Methane), ZE4F(Formic acid), &-2(Alcohol) 5
o8 IFIPEA AFLE ARk (conversion)d T 9l
o fe 7|7 1ER FEWL . 53] AlAA
VRIS A3 F49] F2 oux|gdoz AREsHA #
ohd, g2ulE glo] 7188kl Walo g olitksiet
A5 IIPEAE 2 A8 BEAE S 5 9
oh. Wk opyel, AFAA AdA BlEEE '
o2 @ol HiEHe Bopt &55us 2
sofoltt. o] W AP YHEE, dE &
FEo] ‘nEe AZ(fuel of the future)Z
AEe FE32 k'Y 7, wEee A
2 oux] HxE I FEE FAS=
o HEtES ARE FXEH Yk Alvt
T2 e Folth? gt 43T Ayt
OIAFE TFI T olyR] DETt ol H (ol gt
21MI/L 2 Z2IE 27MIL), oUA LEr)
ARE ARETE ¢ EFAR) I5FHe] 9

[

1

A )
Moo R

]

flo F

o

A

=

o

A

o o
w2
Rl

A do B 2 o rfo

rlo

Table 1. Associated parameters about CO, electrochemical
reduction (CO2ER) including production capacity [14].

CO2ER CO, consumption Voltage vs.
products (kg CO;, per kg product) NHE
HCOOH 0.956 -0.19
(6(0) 1.57 -0.103
CH, 2.74 0.17
CH;O0H 1.37 0.017
C,H, 3.14 0.08
C,Hs;OH 1.91 0.085
CH;COOH 1.47 0.098
C;H,0OH 2.19 0.1
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20
Current industrial production methods
Ti Fe |Co [Ni Zn |Ga |Ge
99.7% 94.8% 889% | 67.5% |79.4% | 79.0%
Ru |Rh |Pd [Ag [Cd |In |[Sn
28.3% | 81.5% 78.4% | 94.9% 88.4%
26.2%
Os (Ir |Pt |Au |Hg |TI |Pb |Bi
95.7% | 87.1% |99.5% |951% |97.4% |77.0%
; HCOOH / hydrocarbons
H, O HCOO—- / oxygenates

Fig. 1. (a) Main products through CO2ER (top blue squares) and the respective current industrial production method
(bottom red squares). Reprinted under Creative Commons CC-BY from Ref. [22]. (b) Periodic table showing primary
products for CO2ER on metal electrocatalyst under bicarbonate-based electrolyte. Reprinted under Creative Commons

CC-BY from Ref. [24].
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Fig. 2. Reaction pathways for N-propanol production from (a) and (b). (a) is reprinted under Creative Commons CC-BY
from Ref. [27]. (b) is reprinted under Creative Commons CC-BY from Ref. [28]. Copyright 2025 American Chemical

Society.
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Fig. 3. The comparison between oxide-derived Cu (OD-Cu) and metallic Cu (Cu foil). Adapted with permission from
Ref. [31], Copyright 2025 American Chemical Society.
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Fig. 4. (a) Oxygen removal reconstruction on both CuO and Cu;O. (a) is reprinted under Creative Commons CC-BY-NC
from Ref. [33]. (b) The fabrication of Cu oxide based electrocatalysts showing different structures. (b) is reprinted with
permission from Ref. [35]. Copyright 2025 American Chemical Society.
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XRD spectra of synthesized Cu,O catalysts. Reprinted
with permission from Ref. [36]. Copyright 2025 American
Chemical Society.
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Fig. 6. (a) Schematic illustration of Pb-Cu electrocatalysts. Reprinted under Creative Commons CC-BY from Ref. [41].
(b) Mechanism of n-propanol formation on different CuSx based electrocatalysts with SSV (single sulfur vacancy) and
DSV (double sulfur vacancy). Reprinted under Creative Commons CC-BY from Ref. [50].
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