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Inhibition and mechanism of hydrogen evolution reaction in
electroplating process
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Abstract: Electroplating is a commonly used surface treatment technology in the industry. However,
the plating processes are often accompanied by hydrogen evolution reactions (HER ) , resulting in
the entry of some hydrogen atoms into the substrate, leading to bubbling, substrate cracking. This
problem in industry is solved by employing a 4 - 24 h annealing post treatment of plated parts at 200 °C
to eliminate the potential for hydrogen embrittlement. However, the long time of dehydrogenation not
only reduces the production efficiency, but also consumes fossil energy. The effect of rare earth salts on
the hydrogen permeation behavior during electroplating was investigated using the Devanathan-Stachur-
ski double electrolytic cell technique. At the same time, the influence of rare earth salt as an additive on
cathode hydrogen evolution during electroplating was explored. The effect of rare earth salts on the
kinetic parameters of HER in electroplating was calculated using the Iyer-Pickering-Zamanzadeh (IPZ)

model. The results indicate that rare earth salts can inhibit hydrogen permeation during electroplating.
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Consequently, it reduces the post treatment time and the use of fossil fuels, thus providing a new idea

for energy saving and emission reduction.

Keywords: electroplating; hydrogen permeation; rare earth salts; hydrogen evolution reaction
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Fig.1 Potentiodynamic polarization curves of the speci-
mens to be plated in Zn-Ni plating solution with

different concentrations of rare earth salts
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Tab.1 Steady-state current density at different overpoten-

tials during Zn-Ni electroplating process

s TR g/ TSI R

s (mg-L") (nA-cm™)
0 4.77
0.60 160 4.03
200 2.94
240 3.81
0 4.32
e 160 3.65
200 2.51
240 3.54
0 3.96
054 160 3.37
200 2.25
240 3.31
0 3.62
051 160 3.04
200 1.92
240 2.86

2000 4000 6000

18] /s

(d) 240 mg/L

Hydrogen permeation curves of the specimens obtained from the Zn-Ni plating baths with different concentrations of

R2 In-NiGERBETEFAETEMCTHEERREE

Tab.2 Peak current density at different overpotentials

during Zn-Ni electroplating process

- Fi E3h s/ | AR
(mg-L") (pA-cm™)
0 7.56
160 6.69
060 200 4.89
240 6.49
0 7.12
160 6.35
S0 200 436
240 6.02
0 6.62
160 5.98
—04 200 4.03
240 5.65
0 5.97
160 534
—03t 200 3.54
240 531
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Tab.3 Effective diffusivity of the hydrogen atom in the
samples at different overpotentials during Zn-Ni

electroplating process
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160 4.24
—0.60
200 424
240 4.19
0 4.23
160 4.19
—0.57
200 4.23
240 4.18
0 431
160 4.23
—0.54
200 4.26
240 4.14
0 4.25
160 4.21
—0.51
200 4.22
240 4.23

AR R SR TR R AR AT SR R
A R MR R e 5 — e A 3
Zn-Ni 54882 W R SR T (C,) TR S5 R
FAPIR.

W MAR L2 )5 PEE R AR T
W (C)A —ERERAL, RIME4TTH LR UL
BB Y R RS e 2 R A U

BB AR e i B i 7 v B AR HER Bl 2 R v 2
B, DRI A i SO 2 Y 2 T Ui TV B AR A
F4 In-NigEBELSERAEETEMC THERE
SREFIRE
Tab.4 Sub-surface concentration of the hydrogen atom in
the samples at different overpotentials during Zn-

Ni electroplating process
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000 200 132
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0 1.93
160 1.75
07 200 125
240 1.65
0 1.74
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—04 200 1.13
240 1.42
0 1.62
160 1.49
—0 200 1.04
240 1.34
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Fig.3 EIS data obtained in Zn-Ni plating solutions with
different rare earth salt additions at —0.60 V.
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Tab.5 Key electrochemical parameters obtained by fitting

the EIS data

s CPE,/
Tt EhueiE/ | R/(Q- | CPE/ |R/I(Q- (uF R,/(Q:
(mg-L™") em’) | (pF-em?) | om’ " R cm’)
cm?)
0 14.3 85.4 473 246.3 147.2
160 13.9 86.3 51.1 186.4 158.1
200 14.1 91.4 54.5 184.2 163.9
240 14.6 87.2 49.3 190.3 159.4
) fi L3R I /(mg L)
8.1 _.,,-r""’"v i
— 160
g I ® 200
2 < & 240
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3
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i KX F

Fig.4 Relationship between In (i'*/i_ ) and i_ fitted by IPZ

model during Zn-Ni electroplating process
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Fig.5 Relationship between (i'*/i )iexp (anF/RT) and i,
fitted by IPZ model during Zn-Ni electroplating pro-
cess

x6 IRIEINIPZEEEETRPSSEMEN
MEER
Tab.6 The fitting results of hydrogen permeation curve in

electroplating process via the IPZ model

k(10"
Hii -5 1t/ k/(10* | ky/(10” mol-
) 1 2
. mol-cm™- s . f
(mg-L") 1 em”-s) cm?s™)
S
0 4.84 5.09 1.42 0.74
160 4.39 4.89 2.65 0.25
200 3.32 4.65 3.54 0.38
240 3.71 4.80 2.94 1.02
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