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Synthesis and electrocatalytic oxygen evolution performance of

cobalt doped copper-based composites

ZHANG Haicheng, YANG Bangzhi , ZHANG Jiao , GAO Peng , XIANG Wanxia , GUO Ting* , XU Haitao
(Shaanxi Key Laboratory of Catalysis, School of Chemical & Environment Science, Shaanxi University of
Technology, Hanzhong 723001, China)

Abstract: Copper-based nanomaterials have received much attention in electrocatalysis, but they suffer from low
catalytic activity, unstable structures, and poor stability, and it is of great practical importance to explore simple and
efficient strategies to solve these problems. In this study, a Co-MOF material was used to successfully construct co-
balt-doped Cu,Cl(OH)3;/CuCl composite materials on a nickel foam substrate through a hydrolysis-etching strategy
in a CuCl, solution at room temperature. By varying the hydrolysis-etching time of Co-MOF in the CuCl, solution,
the morphology and structure of the species and composites were controlled. The optimized catalyst only requires
an overpotential of 238 mV to drive a current density of 100 mA-cm™. After 50 h of stability testing, the current
density hardly decreases, indicating excellent stability. The excellent electrocatalytic oxygen evolution reaction
(OER) performance can be attributed to the cobalt atom doping, which optimizes the electronic environment
around the copper atoms, activating the catalytic activity of Cu,CI(OH); and CuCl, as well as the CuCl, etching of

the nickel foam, which increases the active sites. This study provides new ideas and strategies for the preparation of
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copper-based electrocatalytic materials and enhancing their electrocatalytic OER activity.
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Table1 Components of composites prepared
by etching for different time

Abbreviation of  Reaction

sample name time/h Component
Co-CuCO-2h/NF 2 CuCl, Co-MOF
Co-CuCO-4 h/NF 4 CuCl, Co-MOF

Co-CuCO-8h/NF 8 CuCl, Co-MOF, Cu,Cl(OH),4

Co-CuCO-

CuCl, Cu,Cl(OH
10 h/NF 10 uCl, Cu,CI(OH);
Co-CuCO-

CuCl, Cu,Cl(OH
12 h/NF 12 uCl Cu,CI(O),

Note: NF—Nickel foam.
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Fig.1 Schematic diagram of the preparation of cobalt-doped Cu,CI(OH)3/CuCl (Co-CuCO)/NF and the structure diagram of Co-MOF (a), digital
photographs of Co-MOF/NF (b) and Co-CuCO/NF (c) during the reaction
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|
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NN
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Ll N
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I
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©  Co-MOF
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(d) NF

L
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20/(°)
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€2 (a) Co-CuCO-10 h/NF & & #4817 XRD &lif%; (b) Co-CuCO-2h/NF, Co-CuCO-4h/NF, Co-CuCO-8 h/NF, Co-CuCO-12h/NF & &#1KHE)
XRD [&i#%; Co-MOF (c) AR (d) i) XRD &1

Fig.2 (a) XRD patterns of Co-CuCO-10 h/NF composites; (b) XRD patterns of Co-CuCO-2 h/NF, Co-CuCO-4 h/NF, Co-CuCO-8 h/NF, Co-CuCO-
12 h/NF composites; XRD patterns of Co-MOF powder sample (c) and bare nickel foam (d)
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[%13 Co-MOF ((a), (b)). Co-MOF 7£ CuCl, i/ $I/ )% 4 h
(), (d)). 10h((e), (D) 1 12h((g), (h)) ¥y SEM FElf%
Fig.3 SEM images of Co-MOF ((a), (b)), Co-MOF reacted in CuCl,
solution for 4 h ((c), (d)), 10 h ((e), (f)) and 12 h ((g), (h)), respectively
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F1 EDS 45 5 3 Bz A B 32 24 B i B 24 10
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X
0.540 nm”
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[5l4 Co-CuCO-10 h/NF & A4 TEM (a). HRTEM (b).
TEHE M ((c), (d)) 71 EDS i (e)
Fig.4 TEM (a), HRTEM (b) and corresponding elemental mapping
images ((c), (d)) and EDS spectrum (e) of Co-CuCO-10 h/NF composites
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) H XPS F A K48 7/~ & A K i Co-CuCO-10h/ TR AT DL B &8 B AE Cu, CLAT O JTZ ( 5(a)).

(b) Cu* Cu2p
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Binding energy/eV Binding energy/eV
© (d) CI2p,, Cl2p
Adsorbed H,O
ML
1 1 1 1 1 1 1 1 1 1 1 1
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Binding energy/eV Binding energy/eV
(e) Co2p () Nls
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
810 805 800 795 790 785 780 775 410 408 406 404 402 400 398 396 394 392
Binding energy/eV Binding energy/eV

Sat.—Satellite peak
[€15 Co-CuCO-10 h/NF A 41K XPS &lii: 43 (a). Cu2p (b). Ols(c). Cl2p(d). Co2p (e) Fl Nis (f)
Fig.5 XPS spectra of the Co-CuCO-10 h/NF composites: Survey (a), Cu2p (b), Ols (c), CI2p (d), Co2p (e), and N1s (f)
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