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Hydrogen evolution reaction activity of
electrodeposited amorphous/nanocrystalline Ni-Mo-La alloy electrode

GAO Cheng-hui, LI Ning

(College of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: The amorphous/nanocrystal Ni-Mo-La alloy coating electrode was obtained in alkaline solution from
amorphous/nanocrystal Ni-Mo deposited solution with an appropriate addition of LaCl;. The experimental results show
that the addition of La improves the Mo atom content of the deposits, the amorphous Ni-Mo phase formation, the refining
grain size and the micro-strain decrease with the real surface area increasing. The electrochemical tests at 25 ‘C, 7 mol/L
NaOH solution show that the hydrogen evolution activity of the Ni-Mo-La electrode is higher than that of Ni-Mo
electrode. When the current is 150 mA/cm?, the electrode hydrogen evolution overpotential of Ni-Mo-La alloy is lower

about 80 mV than that of Ni-Mo electrode. The Ni-Mo-La alloy has a property of hydrogen storage materials, and its

hydrogen evolution reaction is a adsorption hydrogen—hydrogen storage—desorption hydrogen process.
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SURERAE S FAR ) IR REUEAE 21 s T
RO AN, WK ISR IR A 2% T
io FNBHIAR H DSA EKBHARAT R LK, BHIF TR
FOTARRERE . =G IR B VH R o Ni-Mo
& USRI ATE T . BAR b S Fa A AR
Rl B Sy )2 Y, Ni-Mo £ 4 7E 150
mA/em® HIEE TSR N LAY Z) 80 mVP), {HER
MR, HAERSSRPIE ™ E, w782
AL MRS ST, La SEEIA

ks HER: 2009-10-26; &iTHHER: 2010-10-20

10.3% W BEIR 23 $0 FIAR B 5 S0 12 B B s Rase 1k
U AL TR . WANG 25T S5 PR ] 2
IEIRCALZS S AR R, BE9T La-Mo Al La-Co-Mo &4
I e RE AT H AL 2= T e, R I UG 3R AR AR
T EEWENNT AT, BT RS e R,

[ IS 2 285 4 FL AT B o R T it e R A IR BT &
SUN=ER YARIET =25 ST 1 W A e L R3S VAN
[9-121&W], Mt ooz R R IR - AR T8
JRF DR, RO I 3 AR S PRI 3

WIEEE: =, #Bd%, it Hig: 0591-87893182; E-mail: gech@fzu.edu.cn



2820 A G A R

2011411 H

PR PR ARG M AR R e A YR A
Hil AR S/ Ak Ni-Mo & 448 2P I3ERE -, 51N
La il % Ni-Mo-La &< Hifl, A 84 Ni-Mo &4
PR A AT S e RS E 1

1.1 5&BREHE

HLYTA! Ni-Mo-La £ 4 HLE M 4L Rl 48 g/L
NiCO;2Ni(OH),-4H,0. 10 g/L Na,MoO,42H,0- 1.6 g/L
LaCls. 50 g/L NasCeHsO,-H,O+ 16 g/L H;BOs. 2 g/L
BEKE . 24 mL/L %0050, ARk - e,
R IR R K L. HLPUREE S /40K B Ni-Mo
&t LRI AN LaCly, HAAH. T
20y pHAE N 10.5+0.1, F 10% kA6 IR 2 i 01
Ay LN 4.0~6.0 A/dm®, WYK—305 %I F ik
JE HL R R B s W (25+1) °'C, DF-101S £
L ) AP I BRI R s PRl
200 r/min; YUALES A 60 min. BHAR K 465 A
99.99% IR, s 3 M IR AR 284 Fr o LAtk
FAABIA, FIRHRR AR LE S 104, JE T AF RS g
Y. WHTRAET, BN AR S ARG, B
RIMAAALE, IR 10% K5 IR 10% K%
TR VR A5 B2 S BEA T BR AR AGAL B, Ab 5 F 2%
AR

1.2 BEBS REMWSHT

H XL30ESEM 4 i1 Wi Bi(35 kV)xS & 4%
JEFR OGS T 73 M RAE s A4 850 55 ok ] T
K H X Pert Pro MPD & X R ATHHX 73HT» Cu K, HE
FIGEE 2 (O)/mino SRS i o0 9% 2 B EA T
ST IR B HARAEIR AR, TR 2K pH
8~9, KIKIRE AFERHA, LL 8 mmol/L ] EDTA Frifk
VO NP AT s, w2 b 57 (R A 5

1.3 E&BRMERERNE

KH =R R, TAEHA Ni-Mo. Ni-Mo-La
B A RIRN 1 em®, AT HE A ER ),
Ll H AR A MR H SR AR, X AR A B R, AR R
7 mol/L ) NaOH ¥, WiJE4 25 °C. TN Lk
TSRO W IFR ) CHI660C 8 Hifk 22 T Ak, i FLif
Wtk i, AL HLIR 8 EE A 200 mA/em?®e U E M S
(R LA A S B TS

2 HR5UHE

2.1 Ni-Mo-La $EERIEHD

2oy HTR W, Frsk4E)2 Niv Mo, La —JnE L
12, N Ni 741 Mo asolage, JEFELIN 82 um, K
PN LaCls, AI3R7H Ni-Mo-La — o)z,
5 EARMFI 2 B L & SANCHES 265 i =t
FH SRR . X EEREE 21BN NigooMo 1715
UL P I LaCls 325 T #%)=h Mo JC R ) & &,
Ni JCE W& EA Pk,

PIFAE 2 XRD &K 1 Fios. 1)~
Ni-Mo & 4:1E 20 24 43.87°. 50.40°, 74.67° kb1l
S, 7E 20 A 43.87° BT HA B8 v A0 R AT S U,
Lo B W] AR T A AT SR, (H D TR A AT
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o RN AR AT KA, I SR AR i AT . 4
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Fig.1 XRD patterns of deposited alloys
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B2 HefERIK SEM %
Fig.2 SEM images of deposited Ni-Mo (a) and Ni-Mo-La (b)
alloys

2.2 Ni-Mo-La & &EZ BRITSERE

PRI 4% 248 25 °C. 7 mol/L NaOH ¥ i
HraPEREdh < WP 3. Bl 3 AT, £E 150 mA/em” 1]
M & E R, Ni-Mo-La 4 HARAIHT & A7 He
Ni-Mo 5 4 AR AT LA FEARZ) 80 mV,  BilIH 1
La 15| N B R4S T R i S s . — 7,
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Fig.3 Hydrogen evolution curves of deposited Ni-Mo (a) and

Ni-Mo-La (b) alloy
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VRIME I Ni-Mo-La 1 Ni-Mo 444524 25
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Fig.4 Polarized curves of electrodes in 7 mol/L NaOH

solution at 25 C
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Table 1 Electrochemical kinetic parameters of electrodes

from polarized curves

1))
Electrode o o/ o 5 v Phase
mV mV (Acm”) mV
Ni-Mo —534.1 2893 1.67X10° 192 Amph-nano

Ni-Mo-Lagg, —417.9 182.1 8.92X10° 133 Amph-nano
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HA b Ni-Mo 5 @ bl 13 LV ARAS 22, S5 HT I &5
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Fig.5 Electrochemical impedance spectra and equivalent
circuit of Ni-Mo (a) and Ni-Mo-La (b)
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Fig.6  Equivalent circuit of deposited Ni-Mo (a) and
Ni-Mo-La (b)

F2 Ni-Mo &AL 5 Iul 24

Table 2  Fitted values of equivalent circuit for Ni-Mo alloys
Cy/(F-cm?) Crp
3.49%107°
4.68%107°

Sreal/crn2
2.07X107° 1745
453X107° 234

Electrode  RJ/Q
Ni-Mo 6.86
Ni-Mo-La  2.78

3 Zig

b=}

1) 7£ Ni-Mo G 5IAM 10 La, A H]
TN RL Bl NN AR R R P 2 T Mo S, B
IR i EURE TR AR Ak B Ni-Mo-La V59

2) Ni-Mo-La %54 A% LE Ni-Mo & 4 BA3 S = s
AL TEYE . TRESH Ni-Mo-La & 4 R IHT A
HLA7 LE AR S/ 40K i Ni-Mo 54 Hil A 25 °C 7 mol/L
NaOH ¥ FEAK T 27 80 mV, FLATEAR AT H
7o La B5INA R T4 i AR AT S AL 1

3) Ni-Mo-La & &2 B L7/ T Ni-Mo &
S A IR R, OB 1 IERS, R Ni-Mo-La
B S JE AR AT S J e R A H

La [R5 AATRIF- P 5 G AR IR Ay, 3R &y
HUAR PRI 5 P P

4) Ni-Mo i & F e A b sl e o — =45
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