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Abstract: As an environmentally-friendly and cost-
effective biological 3D carbon nanomaterial, \BC \ CH@BC ’.HZO ” co, \:‘“
bacterial cellulose (BC) has been gradually used in

flexible electronics. However, the application of BC m‘
in electrochemical CO, reduction (ECR-COp;) ® cu» . Cu0/Cu * co .’ HCOOH

reactions is rare. Herein, to promote its applications

in ECR-CO,, BC with a 3D network structure was et

W il ®
used as a catalyst carrier, and a catalyst electrode g Sodium
L4~ Oscillation borohydride

(CuO/Cu@BC) supporting Cu and CuO
nanocomposites was prepared by in situ chemical J— /

reduction. To investigate optimal conditions, the

soaking time of the BC membrane was changed to

CuO/Cu@BC

achieve structure regulation. The results revealed
that at a soaking time of 24 h, the CuO/Cu,4n@BC electrode exhibited a high electroactive area (12 mF/cm?), providing
a considerable increase in the number of active sites for CO, absorption; this result was verified by investigation of the
electrocatalytic activity and performance. The electrochemical impedance test revealed that the activation resistor of
the electrode was small and that the activation energy was high, thereby improving the electron conductivity by building
an efficient transfer highway for Cu and CuO. Scanning electron microscopy analysis of the morphology of the
CuO/Cu@BC electrode revealed a uniform coverage in addition to the even decoration of nanoparticles (50~70 nm)
on the top, facilitating the penetration of the electrolyte. On the other hand, the seaweed structure of the CuO/Cugh@BC
electrode and the adverse combination of the nanoparticles of the CuO/Cuisn@BC electrode were disadvantageous to
the transformation of CO,. In terms of the product analysis by ECR-CO,, the CuO/Cu4n@BC electrode exhibited
outstanding selectivity for CO with a faradaic efficiency of 52% at a potential of —0.6 V vs. RHE in a 0.5 mol/L KHCO3
electrolyte. All the above results demonstrated that BC was superior as an efficient electrode substrate to support
electrocatalysts for CO; reduction and that the CuO/Cu4n@BC electrode exhibited good performance for the reduction
of CO» to CO.
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K1 BC H%El"] SEM [
Fig.1 SEM images of BC membrane

500 nm
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Fig.2 SEM images of CuO/Cuss@BC, CuO/Cuish@BC and CuO/Cu24n@BC electrodes
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Fig.3 High-resolution X-ray spectroscopic analysis of (a) Cu2p and (b) Ols for CuO/Cuss@BC electrode, Cu2p for (¢) CuO/Cuisn@BC
and (d) CuO/Cu24n@BC electrodes

% Cu JCPDS:04-0836
= @ CuO JCPDS:48-1548
8= = o
22 X 98 @758
“e® : I =289
8 . e *

Intensity

... Cu0iCu, @i
CuO/Cu,,@BC

A
‘CUO“\X‘ L ‘)‘/C/‘u‘ L Ly L Cqu/Cl\lgh@wBC

20 30 40 50 60 70 80 90

20°

K4 CuO/Cuss@BC, CuO/Cuish@BC Fll CuO/Cuzan@BC HIA%
(¥ XRD
Fig.4 XRD patterns of CuO/Cush@BC, CuO/Cuisnh@BC and
CuO/Cu24n@BC electrodes

4 N CuO/Cug@BC, CuO/Cuie@BC Al
CuO/Cur@BC HIHL ) XRD 1. HE s, T
35.081°, 38.560°11 61.281°Kb ) 5® &4 HiI % B F CuO [

(002), (111) 1 (11-3) & i (JCPDS, 48-1548) . 43.360°,
50.500°F1 74.100°4k FUEE 53 5% BT~ Cu BI(111), (200),
(220) 4 TH (JCPDS, 04-0836). 1l CuO/Cugy@BC ] XRD
MR EES Cu BI(111), (200), (220)4 1, 5 XPS )
SZER—3
3.2 NELRERE T CuO/Cu@BC BAREY CO, TR

M BEMIR

5 A ERR BT 1] F 1] 2% /) CuO/Cu@BC ¥ LSV
Hizk. W&, 78 CO MIAIN 0.5 mol/L KHCO; Hifif
JRIER, BT EARAE R AL P RN Ny MR
HAHERNBEREE, £ CuO/Cu@BC HAHEM
ECR-CO; LG . CuO/Curan@BC HLARAE CO, Al N,
TFIRT 0.5 mol/L KHCOs [] [ L 3 2 BEAE BT A7 HE Al 22
SR (7T mA/cm?), R CuO/Cuun@BC H) CO, i i
HREE I, Wl 5(c)fir, CuO/Cura@BC HLAK 1 HLE
ZE 081 V vs. RHE FfiA-27.05 mA/em?, #] K



994

BT E Y&

520 %

CuO/Cui6n@BC I BEVUfr . BEAk, MEBIFTA
HL UL B T A I AE DL R IR . CuO/Cupan@BC (-27.1
mA/cm?) > CuO/Cup@BC  (-182 mA/em?) >

'
w
T

'

—_

W
T

Current density, 7/(mA/cm?)
s
T

CuO/Cug,@BC-N,
- - - CuO/Cug,@BC-CO,

Ny
S
T

| . | . | . | . |
-0.8 -0.6 -0.4 -0.2 0.0

0.2
Potential/V vs. RHE

CuO/Cujh@BC(—6.9 mA/cm?). ] FIBEIR 5 [A] ZE K,
CuO/Cu@BC LN CO, F FL AR A 775 12 S ok 55 5 1 5

00F (b

=

2

< L

£ -2.5

=

2

z 50

3

5

2 as| CuO/Cu,, @BC-N,

&) -~~~ CuO/Cu,,@BC-CO,
-10.0 L | L | L | L | L | L

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2

Potential/V vs. RHE

'
W

Current density, 7/(mA/cm?)

30—

CuO/Cu,, @BC-N,
----CuO/Cu,, @BC-CO,

-1.0 -0.8

-0.6

-0.4 -0.2 0.0 0.2

Potential/V vs. RHE

K5 CuO/Cush@BC, CuO/Cuish@BC, CuO/Cuasn@BC HLIR [ LSV Hh £k
Fig.5 LSV curves of CuO/Cusn@BC, CuO/Cuish@BC, CuO/Cu2an@BC electrodes
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Fig.6 Double layer capacitances and Nyquist plots of CuO/Cusn@BC, CuO/Cuich@BC and CuO/Cu24n@BC electrodes
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