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Zn-Ni-SiO: composite electrodeposition technology of low hydrogen
embrittlement and high corrosion resistance
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Abstract: Zn-Ni alloys need to be electrodeposited on iron and steel parts to improve its corrosion
resistance. In order to solve the hydrogen embrittle problem caused by the side reaction of hydrogen
evolution during electrodeposition, the composition and coating properties of Zn-Ni-SiO, composite
coatings obtained in acidic chloride Zn-Ni alloy plating solution at different current densities were studied
in this paper. The coating was analyzed by means of neutral salt spray, scanning electron microscope and
energy dispersive spectrometer, and the possible mechanism of SiO, composite deposition on the surface
was discussed. The results show that under different cathode current densities, the Zn-Ni-SiO, composite
coating obtained by adding nano-SiO. particles to the Zn-Ni plating solution has more detailed
crystallization, and the Zn-Ni alloy coating has the characteristics of y phase (Ni5Zn21) and preferential
orientation toward (411) crystal surface. Moreover, due to the formation of SiO; gel film conducive to
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improving corrosion resistance on the surface of the composite coating, the Zn-Ni- SiO, composite
coating has better corrosion resistance than the Zn-Ni alloy coating. After electrodeposition of Zn-Ni-
SiO, composite coating, high-strength steel parts also have lower hydrogen embrittlement sensitivity than

the Zn-Ni coating.
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sensitivity
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Tab.1 Composition of cold-rolled carbon steel plate

% C Mn P S Fe

HE/(wt%) | 0.150 | 0.600 | 0.100 | 0.035 | &&

xR2 InNiSiO: EABIRNEERIREE
Tab.2 Composition and content of Zn-Ni-SiO2 composite

electrodeposition bath

J%5r aE
ZnCl/(g-L™") 50~80
NiCl/(g-L™") 120~140
SH#H(e L™ 120
AR (gL 160~200

Si02(%] 20 nm)/(g-L™) 6.0
ARG/ ml-L) 10

F£3 Zn-NiSiO: EAHANIEEH

Tab.3 Process parameters of Zn-Ni-SiO2 composite

electrodeposition
TEFM 28
pH 3.0+0.3
PR/ °C 40+5
LV % 2 /(A -dm ) 1~5
Eik e IV {EEZRinkS

RPREFER A SE UL NN Si0 48 K r 1)
ARG S5 MR %5 Zn-Ni& &85 2 M1 Zn-Ni-Si0» &
SHEHEWE. PR ERENR, 5 il dsm
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Tab.4 Effect of current density on composition of Zn-Ni-

SiO:2 composite coating

93 A% FL 90 4 Zn-Ni-SiOx B 55 2 5 /(wt.%)
(A-dm?) Ni SiO2 Zn
1 15.0 32 R
2 13.6 33 R
3 13.3 35 R
4 12.8 3.6 R
5 12.2 43 R
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152 76 B0 25 2 A/dm? [ 464 R 3R 1510
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(b) Zn-Ni-SiO,
1 FREERMRREHRE @2 A/dm?)
Fig.1 Micro-morphologies of different coatings(2 A/dm?)
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Tab.5 Relationship between Ni content and phase structure in Zn-Ni alloy coatings

HE 28 Ni B/(wt.%) 0.0 | 5.0

9.0~10.0 12.6 13.5 15.1 22.6 100.0

HAZEH n n

Y Y Y y+a o

e a0 ST R (fee); n-BRENTT i R (hep)s v-3LTT i R(ee), &JBIALEY
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Tab.6 Test results of hydrogen embrittlement rate of

different coatings on high-strength steel surfaces

after different hydrogen removal baking times

AL AN/ %
&AM | Zn | Zn-SiO2 | Zn-Ni | Zn-Ni-SiO:
0 55 53 51 50
2 52 51 51 50
6 52 50 49 48
12 50 45 32 25
24 48 41 1.5 1
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