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Preparation of composite Cu electrode hydrogen evolution materials
by co-electrodeposition of Ni, Mo and rare earth metals and their
catalytic hydrogen evolution properties

YUAN Meiling, CHEN Biging", JING Xinxin, ZHAI Jiaxin
( College of Chemistry, Qinghai Normal University, Xining 810000, Qinghai, China )

Abstract: In order to develop low-cost, efficient, and stable non-precious metal hydrogen evolution
materials for industrial hydrogen production, Ni-Mo-RE/Cu hydrogen evolution materials were prepared by
in-situ depositing the spherical rare earth composites Ni-Mo-RE (RE=Eu, Tb, Gd) on copper sheet (Cu) via
simple electrodeposition method. The effects of deposition voltage and rare earth species on the
morphology and structure of Ni-Mo-RE/Cu hydrogen evolution materials were analyzed by SEM, EDS,
XRD, TEM and XPS. Their hydrogen evolution (HER) activity in 1 mol/L KOH aqueous solution was
evaluated, while the linear voltammetry curves, electrochemical impedance spectroscopy and cyclic
voltammetry (CV) curves of Ni-Mo-RE/Cu hydrogen evolution materials prepared by different deposition
voltages and different rare earth types as well as the stability of cyclic voltammetry and chronoamperometry
were further investigated. The results showed that rare earth species (Eu, Tb, Gd) and deposition voltage
had significant effects on the surface morphology of Ni-Mo-RE/Cu hydrogen evolution materials. The
surface of Ni-Mo-Eu/Cu prepared at deposition voltage of —1.08 V formed spherical particles with uniform
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size and a large number of pores. At a current density of 10 mA/cm?, the Ni-Mo-Eu/Cu showed an

overpotential of 45 mV, a charge transfer resistance of 0.2497 Q/cm? and an electrochemical active area of

1475 cm?/g , while exhibited high hydrogen evolution activity. After 1000 cycles of voltammetry, the change

in Ni-Mo-Eu/Cu overpotential (48 mV) was less than 10% when compared with the initial overpotential (45

mV), and remained stable after 100 h continuous electrolysis.

Key words: hydrogen evolution reaction; electrodeposition; rare earth; copper; catalysts; functional

materials

ABETE N —FhE VR ST FAERETR, #i
PERT U AL A R s i e 2 — 1 EARZ A
W, KR ARG Sk T2
PSRRI AR S RBARE . RAE . I B SR ]
ARERMSS A, R EAT R A ARELD, B
fiff 7K ) S8 TR BRSO E N AR, Hod, B
P L KR AR R s, R Tl AR A 32
TR AR RN B, H e B KA e RE
KA ) AR AR PR S I P ot L A7 2 P ARG RE P
WA STF-Be, Pt w B AR i M e A R B PR AT A
R, EHAGREA D . A% S, MELISZEL Tl LB,
L, FFRACEA . ma AR E B M SRR KR
R E fige K 7 A S

AR Z &R TR Z A AR, BHEARITTER
Z B P FAVER, J&—RhnT DLeko st b1 kL e i At
BB 0T 5 o 1 U 4 JE il B R R RE
HICAE R EE . SRR, (R I 4 s Foue MR i
PR35 P A AN fE T Y AT R O W oo B Rk
W) 4f )R T, B2k n d HLis sy
B 47 BB, Hi4E Brewer-Engel Mg BRig™, 4 E
Aaalss d UM TE SR S0 ST d BT
AR AR, BRIERRELM T EMAER, A
F 4 m V& i L HERS | AR A RO R A
G REFIL B AT FE . A 4 Jm AW RE . K
R i oA S i M . MIDILLI 25:PVE K i W b
DU B Ni-Mo 882 HA RAr i s fb tkge, (H8%
ERE iz, Kt S i . WANG 451 F] A
224 I 45 T CeO,-NiB HLf# K AL AF R, 7 +
&JE Ce WWINA, AT THTFHE, B8RS T
R EILTE Y . 7R EILARN R &b, BRI AR AT
DSBS MRS Sl S A BE T AR S 25 b 1
LG ek b IE BRIOREE A | ket
T 11 5 LA A AL B ) A s 5 700 4 L A I LA o 4 v
SRR O ER iy R

AR SCADL T B €8 VR M 9 i 790 R 7 e %) B TR
A, Hil4 Ni. Mo FHs + 48 I PR A H F il
(Ni-Mo-RE/Cu ) Hr&#kl, 52 T AFRUIEAL
AN TRV A A 4 JE b e B R U T 500 LA B s = 4 U s
X L AR K BT L ( HER ) 1 BE FIRG & M 5200

LA Ay o] 26 T A B e il e L A A AT A 1 )
2%,

1 SRIGERSY

11 RAFENEE

44k BH B {[(CH3);NCH,CH,OH]Cl} . Z — [
(HOCH,CH,0H ), —/K& R ( CeHgO7+H0 ).
Tk &R e ( (NH4)sM070,4°4H,0 ). NIKEEA
B (NiClL*6H,0 ). &% (KOH ). /N/KAHR
EH( Bu(NO3)326H,0 ] 757K A ISR E Tb(NOs)3+6H,0 ],
ANIKAEIRELL GA(NO;);+6H,0 ), A ( CH;COCH; ).
FREhma (B aEk 10% ), 4rfrat, FiEpTsn T A4k
R B A R

SU-8010 %U¥ 37 & S+ W il%% (SEM) ,
H 7K Hitachi A7) ; X-MAXN % X H2feiE{Y (EDS ),
Ye[E Oxford Instruments A7) ; Ultima V-85 %l X 5t
LTS (XRD ), HZ Rigaku 23] ; Tecnai G2 F30
AU 5 i T 3R TEM ), 36 [# FEI /A 7] ; K-Alpha+
R X B EHL T AETS X ( XPS ), 35 [ Thermo Fisher
Scientific /3 ) ; CH660E M fb2# T ARG, FifFR
AR A PR AT
12 Ak
1.2.1 ##H &

B, 251 1000, 5000 HRPACET AR A28 H
LD, BTN TR 1.0 cmx1.0 cm A3 5 4%
Ja . WHNAERERR . TIEIH R 10 min, LIBR
EREWAAD SMg; Sa, BT, &H.
1.2.2 A a&MAHH &

HE, I n(EALIRER) : n(4 =1 : 2 FREL
SALAEB (20.00 g) FIZ —F (17.78 g), RG24
30mL, [FIRHELAHLfFM T, 75 80 °Ciliis FHiHkR
fie, 320 EALIRER- 2 — AR A% 7] (ChCI-EG );
RIG , I A E M 0.5 mol/L #71E% . 0.25 mol/L
AR . 0.25 mol/L HMREL, Wfka, FHIMAMKE
0.04 mol/L WIFHMREH. AT AL &inifis, it
fEHA TR, E = HIIR RS &M e, St
A Ag/AgCLHLIL,, XM EI R, TAERMN
ALFRAT A Fr, Aol AE LR -1.04, —-1.06, —1.08,
-1.10, -1.12 V ', U 10 min, % H Ni-Mo-



© 1962 ¢

M 4m 4 T FINE CHEMICALS

42

RE/Cu #T&# ¥, ic~ Ni-Mo-Eu/Cu.

SR R AR R 7 R AR, R A R Sk i R
Bt OTHEREL, P45 Ni-Mo-RE/Cu B &k BH3 5
it A Ni-Mo-Tb/Cu. Ni-Mo-Gd/Cu.

1.3 RIESMK

SEM k. I —¥kHF (LEI) X, TAE
HLUE 20 pA, HLFINEE & 5.0 kv, EDS MR:
B R 15kV, XRD Ui : ¥4 Cu, & HIE 40 kV,
BH 40 mA, K B2, 1=0.1541 nm, HH#ER
8 (°)/min, AL 0°~80°, TEM illix: i# i+ TEM
AT B TOTLTE 55 RN ik 2544, T A/EHL R 200 kV,
XPS Mk : ALK S U8, JFDL C1s (284.8eV) A
SRR TR OE
1.4 SN

K P AL 2 T AE 255 Ni-Mo-RE/Cu B8 & 1%
it LN 1 mol/L By KOH /KA, —HLilk
R SHHEPCNRAMRBEN, XFE A S,
TAER M Ni-Mo-RE/Cu.,

LR % (LSV) fhgeiif: mER 0~15V,
fE2EBR PR (EIS) MRt ATEE A 1.0~1.0x10° Hz,
PEARAZE (CV) #hgaiat: AR 10~100 mV/s,

HLE T 11 0.2~0.8 V,
A (1) AR MR (ECSA,
em?/g ) A (2) HHABREHEE (%),
ECSA=C4/C,x10? (1)
K. ¢ MEPRFEMMBA 1 cm® FEFAY HLHE 2,
40 pWF/em™; Cy AL AR AR FLZY , mF/em’,
AL R %=m xn xF/(Ix£)x100 (2)
K m AP EIRY AR, mol; n N NHL
TH; F RIS, 96485 C/mol; T RHL,
A; t AR, so

2 #HR5WR

21 RIEERHH
2.1.1 SEM #= EDS

HERMEREJA P 0T @ 50 . 5ok B iR o
ZITEPENLT, RTHEAE AT B 1 iR
HL R0 -1.04, —1.06, —1.10, —1.12 F1-1.08 V
il % 1 Ni-Mo-Eu/Cu LUK URTHL R -1.08 V il £
f) Ni-Mo-Tb/Cu Fl Ni-Mo-Gd/Cu ) SEM &, ¥
SEM [, Hra bkt 2 A E A

B 1 PO RS -1.04 (a). —1.06 (b). —1.10 (¢). -1.12 (d). =1.08 V (e) #1451 Ni-Mo-Eu/Cu 1 SEM &l ;
PURR LR —1.08 V il %% Ni-Mo-Tb/Cu ( f) 1 Ni-Mo-Gd/Cu (g) ) SEM [

Fig. I SEM images of Ni-Mo-Eu/Cu at deposition potentials of —1.04 (a), —1.06 (b), —1.10 (c), —1.12 (d), —1.08 V (e); SEM
images of Ni-Mo-Tb/Cu (f) and Ni-Mo-Gd/Cu (g) prepared at a deposition voltage of —1.08 V
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Fig. 2 EDS mappings of Ni-Mo-Eu/Cu

# 1 Ni-Mo-RE/Cu Hr & EHY TC R BT i 7341
Table 1 Elemental mass fraction of Ni-Mo-RE/Cu hydrogen
evolution materials

bt # L
Ni Mo Eu Tb Gd
Ni-Mo-Eu/Cu 88.9 10.8 0.3 — —
Ni-Mo-Tb/Cu 91.4 8.5 — — 0.1
Ni-Mo-Gd/Cu 97.3 0.8 — 2 —
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Fig. 3 XRD patterns of Ni-Mo-Eu/Cu (a) and Ni-Mo-Eu (b)
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Fig. 4 TEM (a) and HRTEM (b) images of Ni-Mo-Eu
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Fig. 6 LSV curves (a), Tafel curves (c), exchange current
density (e) of Ni-Mo-Eu/Cu prepared by different
deposition voltages; LSV curves (b), Tafel curves
(d), exchange current density (f) of Ni-Mo-Eu/Cu,
Ni-Mo-Tb/Cu and Ni-Mo-Gd/Cu

# 2 Ni-Mo-Euw/Cu 5 3CHRE AHT S AR A HL AL
Table 2 HER overpotential of Ni-Mo-Eu/Cu and hydrogen
evolution electrodes reported in the literatures
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NiMo EZiN 117 [2]
NiMo AR 60 [20]
NiCo HER 87 [23]
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Fig. 7 EIS spectra of Ni-Mo-Eu/Cu prepared at different

deposition voltages (a) as well as Ni-Mo-Eu/Cu,
Ni-Mo-Tb/Cu and Ni-Mo-Gd/Cu (b)
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Table 3 Equivalent circuit parameters fitted by impedance
spectra of Ni-Mo-Eu/Cu prepared by different
deposition voltages

LR ol fE AR AL
BIE/V  BEA(Qem®)  FEA(Qem?) H1 BH/(Q/cm?)
~1.04 0.5004 1.096 0.2807
-1.06 0.5019 1.094 0.2674
-1.08 0.5000 1.096 0.2497
-1.10 0.5024 1.090 0.2700
-1.12 0.5140 1.093 0.2807
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Fig. 8 CV curves of Ni-Mo-Euw/Cu at scan rates of 10~100 mV/s
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