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I nfluence of copper-sulfur ratio on the electrochemical performance
of CuS, catalystsfor CO, reduction
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(1. School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210023, Jiangsu, China;
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Abstract: CuS, catalysts were prepared via hydrothermal synthesis, with the morphology and reaction
pathway modulated by changing copper sulfur ratio of precursor [#(Cu) : n(S)], and characterized by XRD,
FESEM, and XPS. The CuS, catalysts were then used for catalysis on the efficient electrochemical
reduction of CO,to CO at mild potential, and the effect of copper sulfur ratio on their "structure-reactivity"
relationships in CO, reduction was analyzed. The results indicated that copper sulfur ratio affected the
nucleation and growth of CuS crystals, which in turn exerted impacts on the morphology and sulfur vacancy
defects of CuS, catalysts. As the copper sulfur ratio varied from 2 : 1 to 1 : 4, the morphology of CuS,
changed from the lotus shape to ball-flower structure, and the content of sulfur vacancies increased from
20.66% to 63.37%, which resulted in the significant enhancement of CO, reduction activity and CO
selectivity. CuS, catalyst (CuS-1 : 4) prepared by copper sulfur ratio of 1 : 4 showed a CO selectivity of
72.67% in 0.1 mol/L KHCO; electrolyte at a mild potential of —0.51 V vs. RHE (reversible hydrogen
electrode). The excellent CO, reduction performance of CuS-1 : 4 was attributed to the fact that its
spherical shape, high specific surface area and the unsaturated active sites provided by the gas diffusion
channel promoted gas diffusion, as well as the enhancement of the S vacancy defects on the electron
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transport and *COOH intermediates adsorption on the surface of catalyst.

Key words: CuS catalysts; electrochemical reduction of CO,; morphological change; sulfur vacancy

defects; catalysis technology
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Fig. 1 XRD patterns of different CuS, catalysts
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Fig. 2 FESEM images of different CuS, catalysts
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Fig. 3 XPS spectra of different CuS, catalysts
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Table 1 Binding energy and sulfur vacancy content of S 2p
for different CuS, catalysts

S 2p VRS IHIFR

CuS,  Cu—S  Cu—$ C;:E_ c::z— S i
1E4'tj%ﬂj S 2p3,2 S 2]7]/2 u " é\ﬁ/%
S 2psp S2pip
161.3eV  162.1eV  163.2¢eV 164.3 eV
CuS-2: 1 9166.62 21548.17 5611.57 2386.06 20.66
CuS-1: 1 11498.81 36482.08 22074.67 13224.57 42.39
CuS-1:2 51690.81 36854.84 30966.45 27936.93 39.95
CuS-1:4 12649.42 24259.09 42983.96 20865.10 63.37
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Fig. 4 Electrochemical reduction performance of CO, by
different CuS, catalysts
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Fig. 5 EIS curves of different CuS, catalysts
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Fig. 6 Products selectivity of different CuS catalysts in
electrochemical reduction of CO,
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Fig. 7 Stability of CuS-1 : 4 catalyst
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H CuS-1 : 4 FEF ) CO, HLMEALIRJE ] CO 1R
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(-0.67 F1-0.60 V vs. RHE ) &M TN R B FH
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Table 2 Performance comparison of different catalysts for
electrochemical reduction of CO, to CO

fEALT HL3/(V vs. RHE)  CO ##t/% &% 30k
SNC@Cu,S —0.84 51.60 [16]
CdS-CNTs -1.20 92.00 [17]
Ag-CdS, -1.10 87.10 [27]
Ag-Cu -1.00 64.60 [28]
Pd-Cu -0.89 86.00 [29]
ZnO -0.75 90.00 [30]
Au -0.67 90.00 [31]
Ag -0.60 92.00 [32]
Cus-1: 4 -0.51 72.67 A3

H: SNC@Cu,S S, C. N#HEBAA CusS,

& Cu bkt FA 1 1Y SNC@Cu,S AL 7E—0.84 V vs.
RHE HL 3R B HE TP Y CO,RR i, H CO k%
A 51.60%"%), 514 IR B AR A4 B AL ) Ag-Cu
F1 Pd-Cu 7£—1.00 #1-0.89 V vs. RHE HL 3 F i CO %
PEVESM B R 64.60%F1 86.00% %52, & & S A5 fvifik
FE4FJ CdS-CNTs il Ag-CdS . AT HY CO BEFEE
FTIR 92.00%F1 87.10%, fHJH: CO,RR HE# R i5-1.20
FM-1.10 V vs. RHE'? . MW, A SCHI & 10
CuS-1 : 4 4LFI7E-0.51 V vs. RHE SRR T
CO EFEAEIL 72.67%, T SNC@Cu,S Fl Ag-Cu fi#

), FRWIHHEAT R CO, RUHEALIE JRUERE .
3 #it

F KA B4 CuS, HEALFH] , 3 5 Me2s Ry
ORI L, AR T AR S0 RN By B A, TE TR
AT LI T CO, AL id )5 Co.

(1) BfiZE n(Cu) : n(STE 2 : 1~1 : 4 JLEINEAL,
KRG BT R S BRI, Cu™'y ST
H1 CuS FAR A f AN AT 45 45 1) S PR 5 S T 4 T
K, MALFE S far AR AL AR BRR, 55
RS A LB IA .

(2)BE#E n(Cu) : n(SYTE2 = 1~1 : 45BN 21k,
CuS, #1L5 CO, HLEIL IR IR P4 58, HER LY
BN, CO M RGN, CuS-1 : 4 7F
—0.51 V vs. RHE #iFIHLE R CO BRIk 72.67%.

(3)CuS-1 : 4 FULEERIE 30 n 4 R Ak 771 b 2
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