F50E H2M KA
2021 42 A SURFACE TECHNOLOGY - 347 -

BT ZWMaERERERREE AR )R 0W

SR DFR° NWHE", BRE', FEN', DE°

(1.BAN%R (PE) FIMREAERAD, SLH BN 213200; 2. OBIEBET AR MRRZS
T2k, B8 200093; 3.4mEASY MRRNSZSTESR, MR 211189)

W OE: B EARABRAEEARATY, REABSSE I LAICTEEAR H A HmiE, Fik RA—
FPE B A TAAR-FARR S W8y Ak X E R A, @i X FEATH ER (XRD ), 2489 -F 248 (SEM)
A% KEYENCE #2824, 2R A KRETHESM ., HMNS EAREENK, &R wAEEM
X, BEEGKEAMK, BEAFEAT 1S A/dm® 8, BB ABE, HEKEAMARE ., W
MK, EEME, Ky MK, B4 15min B, EEEARBFRE., ClREMS, HENKE AEAK,
IR AT IR S A Wy e AR YL AT 1) B X B ARATH AR ME R, E M A A Ni(111) 824
BT, *F Ni(Q00) A I E), B BFAE 5k o) ey & T, BRI R ARG, B M, B E SR T
BEBMBAFRAL, LR HILS T, FFRMEERE A, & ERASBRBAE T, WA
JE. WA R VAR CLUIRE 693G KARA R EIG KK ), BB 5 ey Nt dh ke R B, s T 45 &
KR Hy

KEEIR: 4R, WIAM-TIREW; AN, RAERBRE; B, RBEK

hESZES: TQI53.1 XHFRIEE: A XEHES: 1001-3660(2021)02-0347-08

DOI: 10.16490/j.cnki.issn.1001-3660.2021.02.037

I nfluence of Electroplating Process on Internal Stress of
Nickel Coating in Sulfamate System

CAl Lei', MA Ze-xian?, LIU Xin-kuan?, SHENG Rong-sheng', LEI Xue-song*, FANG Feng®

(1.Sunnywell (China) New Material Technology Co., Ltd, Changzhou 213200, China; 2.School of Materials
Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China;
3.School of Science and Technology, Southeast University, Nanjing 211189, China)

ABSTRACT: In order to explore the influence of various electroplating process parameters on the internal stress of the coating
in the sulfamate electroplating system, a modified double anode-cathode bending method is used to test the coating stress. X-ray
diffraction experiment (XRD), scanning electron microscope (SEM) and KEYENCE digital microscope system were used to
analyze the coating texture, micro distortion and coating morphology under stress. The results show that the greater the current

density, the greater the tensile stress of the coating. When the current density reaches 15 A/dm?, the tensile stress value of the
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coating remains unchanged with the increase the current density. The longer the electroplating time, the thicker the coating and

the greater the tensile stress value. After 15 minutes of electroplating, the coating stress remains unchanged. The higher the CI”

is, The larger the tensile stress of the coating is. The influence of current density on tensile stress is more significant than the

length of plating time. Full spectrum fitting of X-ray diffraction shows that the addition of a magnetic field will inhibit the

formation of Ni(111) texture, have a preferential orientation to Ni(200), and at the same time make the microscopic distortion of

crystal grains smaller. The stronger the magnetic field, the smaller the stress. Ultrasonic cavitation has no obvious effect on the

texture, but it will reduce the microscopic distortion of the crystal grains and reduce the tensile stress of the coating. In

conslusion, in the nickel sulfamate system, the increase in current density, electroplating time and Cl™ concentration will

significantly increase the tensile stress. The addition of magnetic field and ultrasound reduces the internal stress of the coating

while refining the crystal grains.

KEY WORDS: nickel plating, double anode-cathode bending, internal stress, nickel sulfamate, magnetic field, ultrasonic
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Tab.1 Composition of basic plating solution

Compositions Experimental conditions

Nickel sulfamate

Ni(NH,SO3), 4H,0/(g L) 500~550
Basic nickel carbonate
NiCO;-2Ni(OH),-4H,0/(g-L™") 200
Boric acid H;BOs/(g'L™") 40~50
pH 4.4~4.7
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Fig.3 The influence of current density on stress
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Fig.4 Surface morphology of the coating under different current densities
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Fig.6 The influence of plating time on internal stress
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stress
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Fig.11 Coating morphology under different magnetic field strengths
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Tab.2 Grain microscopic distortion under different mag-
netic field strengths

Magnetic field strength/mT 0 4 8

Micro distortion/% 0.68 0.083 0.075
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