Material Sciences #1#1%}22, 2025, 15(1), 54-59 Hans X
Published Online January 2025 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2025.151007

ZnCo,0.F= E R I HELL T HYFl &=
&, COzJZ_-ﬁ I‘itl.ﬁl: 31..

¥ @, & &
R Tl KR SRR B, R
Wk H . 20244F12 A6 H; FHER: 2025F1H12H; KA H: 20254F1H21H

HE

FEHEALE JR COA FI 7T LG RE K CORAL AT HUAL SR AT RSk, FRIRHEFER RSP HIC02, AR
BRI 77 B REJRATER 358 H) R« TR BE (ZnCo204) FFLAR 7 KRR RE L 3& I RE T S5 A0 R IF IOE
FRAL 2RI T B TR . AR, I A ZnCo207E YR AR R CO2 5 T AAAE — EE PR &, fnyefE g
MERIF i #EiEE. FH, XZnCo204#4T S MR R HOLAAUMER BBV LI AN ER . NEBA
WA 2 T BRI ke, BT & B 5 I RO A B T I 2 AR . B R
RInCo:04 AR, RAERBHERE, RFEZnCo20.%8 7] WIGHIFI 2, R4 BT - B4
HHME, BORT - FRMNEE; RFECOUIBRMANELL.

X 5in

HACEIRCO2, JeALTENE, NERAMY, SERRT

Preparation and Performance of
Surface-Etched ZnCo,0,4 Photocatalysts
for CO, Reduction

Yu Feng, Wa Gao”

School of Physical Science and Technology, Tiangong University, Tianjin

Received: Dec. 6, 2024; accepted: Jan. 12", 2025; published: Jan. 215, 2025

Abstract

Photocatalytic CO, reduction, utilizing visible light energy to convert CO, into organic compounds
or combustible gases while consuming atmospheric CO;, holds great potential in addressing energy
and environmental issues. Zinc cobalt oxide (ZnCo,0,) has become a research hotspot due to its
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excellent light absorption properties, moderate band structure, and good photoelectrochemical
characteristics. However, the performance of conventional ZnCo,0, in photocatalytic CO, reduction
is limited by factors such as low photocatalytic activity and poor selectivity. Therefore, modifying
ZnCo,0, to enhance its photocatalytic performance has become a key focus of current research. Bi-
metallic oxide materials are widely used to improve the performance of photocatalysts by con-
structing suitable interfaces that enhance the separation and transport of photogenerated charge
carriers. By exploring the interface construction of ZnCo,0,, its light absorption performance can
be optimized, improving ZnCo,0,’s utilization of visible light; the separation efficiency of photogen-
erated electron-hole pairs can be enhanced, reducing electron-hole recombination; and the adsorp-
tion and activation of CO, can be improved.
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i, Ak 8000 BEVSTH FER A A A RRL, SR A A REVSLE S A L 72 P HEBOK & — S AR (CO) M AL
BB ALY A T UA, BN SRR AR T R A A B R AR M 5 e L . ik 4b,
WHABREHERA IR, BT AT AT, PR A S REN, $RTHRE. KBHRE. ZREAE REVHSS
ey ol B SRR AT 8 R e I B LR AR [1] . DLREVEA I SRR BOR AT LED L REAL A RE AR e e, A&k
PUAT A T RE YR ML SR BE 2] o

EAER, S IR SR CO2 A e — AL R (COY M N RE AL M BR I 3 1) B B ik 42, 32 81 1T 2 IR RTE
COE J5 [ B (CORR) MY BER RO LR = AR RN, I RE W] FEAE REVR A7 ik 5 e AL SR A i 8 s .
THRE COMJRHIEFNE SRR, ITHFERIFIFRE T2, s Ay BREFEL
SEEMAESt S R E A RISER]. THEEA GE WA T A I, B et CoMiF ik
IR, RS CO. IR, ARG BT AN S SIALE R NBIETE LA S S 26 AF RO BT LAk, 129
N COLE JF e MR At 1B K AR S 5 LBk A T [4].

PRIk, A3 Rbig b CO MIHRBOFRE I AL A F AL 2 i RUORE CL B — DR 22 A T ST 40K [5] . £
HERNJLHFER, PR TECEEFE CO MMM, Hro e fEIE JRPEA R —FiAT Al 5
(177 i% . JEAEAIE IR COp A AT AT IO BE SR H A A HLAL S W BT IATE AR, RNV FER KSR ) CO2o
SR, JEHEHIE IR COp A7 4 — L2 (R, Je MR ARIF Hsk Z ik 5 1E[6] -

EEREE(ZnC0204) HIE & Ve HEALIE S CO, [HEHT 45 4 AT R 45 (1 ' FELIE RE 10 BRI AR BT FU IR R [ 7] 28
M-8 38 ) ZnCo,04 HFHaff BRI AR LA R AL ZE DGR E . ELIRAE ] ZnCo,04 FF AN ERAR KL AEAL T,
AFIFRIEHEBNAE 8], B ATCHEA B A 7 17 £ 24 LR LA i —J5 i, EREME RS
e A P D R N B X 3R T R 3 LR, S IR B im VA i, 2B R R AL ANE R [9] [10]

A AL T I TR BGE ZnCo 04 JEEAL I COL I JRNERE - 8 1 2 M 2 ok Vil 42 7 1f 454
A R ARTES, AT LA ROmIRE ZnCo,04 HIDGHLERE, MR F CO» KPEHEMIE R . i), it
TRAWEFE ZnCo204 ££ CO YEMEAIA S5 A i) F IR » BATTRT LA B 4 S A HL e AR AR ATLEER O 528 ) 5 SRmes
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HITIRER ZnCoxO4 S MR, BATATEASEHLLAU LA Bs: B, UHelolictEfg, 321 ZnCo,04 X
AIIDEHIAIIER s Hk, ESREE R T - A B, T - B R G  RE, $EE CO,
W B AT S LA PR, i DGR %, (2 ik CO IR Y ANEE Ak o 33 4% ZnCo 04 MR ATESR, SEHL S I
. AFEH ZnCo204 b AR i EA A R IR T BEA S T 4544, R BOEIRIAD L TERE -

2. SKERRRSY
2.1. R

TEER 55 (Co(NO3)2-6H20. 99%. # Fi kAW RHE A PR A F) . AEREE(ZN(NO3)2-6H,0 99%. i i X
RSB BR A FT) JRE(CHaN20. 99%. 22 e kAL B A IR 2 ] ) « oK B R4 (NazSOs 99%-
TR T AR A A IR A ). JE/K ZFE(CHCH0HL 99.7%. #RRALZFRFIF R AR 8tk
SEM(H202+ 30%. KT KL= AFIRHHT B R A Fl). Nafion % (Nafion. 5 wt%. 3&[E DuPont 2
Al). ma AR (CO2 99.999%. BN THALIR Tk S AR E A IR AF]), 5256 BT FH BRI AR S AT 350
ANEFE,  SE6 P KA T K.

2.2. ZnCo,0, Rt &

# 1 mol Zn(NO3)2.6H,0. 2 mol Co(NO3),-6H20 i1 5 mmol JR £IEAFE 17.5 ml 25577k M 2.5 ml I
IKCEEF, TR R BRI KR 50 ml K GEF, 120CI#A 5 h ERE=E,
IR OWEEF Y, FJEK CEERER, IR 12 h, 1SEBERTARN K. BTk RTE 2 S5
N 400°CiB-k 2 h, FHEHEE N 5C-mint, 53] ZnCo04 Bk AR [11].

Be & 1.5%F1 0.75%K & I XUAEIK, K 500 mg ZnCo 04 IR N ZI 1k 1 min J&, BOW&E-Y, H%
BT KM OB IRER, AT, R AT N B AR K ZnCo204-1.5 Fl ZnCo,04-0.75.

2.3. FEmEHIFCEW M REIIR

I T R (SEM)BE AT 1 RS RO S . AR SO R 4 5 22 77 1) TESCAN MIRA LMS
B R T BB RS RE R TIOR3 . SR T B> 5 T8 5 HORE OB R AT i
W FSSPRGTE SR b, FERI DR EIRGE 2 RFE i, WRE S EAT 5546 A 3 DASS IR i 5

TR X S RATH (XRDYWFE T FE S 1 AR 458 . AR SCR A Bruker D8 Advance B X 5217t
(XRD) T BGHAT IR . X S LRAIE N Cu 4, Ko 260 =1.5418R), % 0.02°, MK ER 40kV, H
W A0 mA, FEHEEEE S 5°-mint, SHVE Ry 20°~80°. HIRE AV REE SIS 5 4 BIE TR AR OR,
D R 1 R by ) S RN (2 P L8 W B ) 9 W 08

FeEALIE R CO, M RE U A it (GCI790IN) /AT 1S, e A S W 7E A7 T Je o 3% <, &4k &
HEAT, KR AR RE S TR SON # IR SRR BARTE, NN 0.4 ml Z2ESFUK S A OB g I 4l CO, <Ak,
A 20 2050 54 SN 2% B T UAT (Perfect Light PLS-SXE 300+) KL K B NP8 S 8i,  FE4FRE 1 /i
B 1 mi J 2 P AN SR S T AR A, KT DG Th 26 % B 2y 2000 Wiem 2.

S AL IR 1 F Ak 5 AR (CHI 760E), 4% = HUR A R IEATAH OGN, DUIER% 54 i) (RDE)
NLAEHNG, A SN R, Sy Ag/AgCH LR, HLARR )y 0.1 mol/L (A TE/KERERANVA W . i
H R T A ARG A6 A T I A F AR (RHE) LA, B A s

Exne = Eng/nger +0.197 +0.059 x pH (1)

Hort, Erue AAIR TS SR (), Eagaga NSRS AT T Ag/AQCI 25 IR FEAL(V),
pH HI LR pH TG . HIYEHMK: HL 0.5 mg FEAIEMEAE 2 ml Jo/K LBEH, N 8 ul Nafion ¥ 787>
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Figure 1. Figure 1. Scanning electron microscope (SEM) image of (a) ZnC0204 (b) ZnC0204-0.75 Energy Dispersive X-ray
Spectroscopy (EDX) of ZnC0204-0.75
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Figure 2. X-ray diffraction spectra of ZnCo204, ZnC0204-0.75
and ZnCo204-1.5
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Figure 3. (a) 5-hour photocatalytic performance data for ZnCo204, ZnC0204-0.75 and ZnC0204-1.5 (b) electrochemical
impedance (EIS) and (c) photocurrent response intensity curves

[& 3. ZnC0204, ZnC0204-0.75 F1 ZnC0204+-1.5 B (a) 5 /MBI AERIE (b) EEILFFEFL(EIS) (¢) JLELRMIRIRE
phzk

BAE CO A5G N MR IFAl T ZnCo,04 M EHELIE R CO, PEfE, ZnCo,04 Fl ZNC0,04-0.75 [ fH AL
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N T PR ZnC0204-0.75 YA REFE IR R, FRAT3d I i A 2% TR St 45 281 BT i 2 A i
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4, &g
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PR  Z) AL B A5 ZnC0204-0.75 7E CO2 45UH T 5 /NS = H 3.94 pmol gt ] CHa, #H%Z ZnCo204
$&F T 2.9 pmol-gt, BB ZnC0204-0.75 /& —FlG K FEHTI& MG A 7)o AR STHFF 5T 1 A X 2 T Z1 i Ak 34
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