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Preparation of New TiN-Nickel-Copper Alloy
Electroplating Additives Based on RSM-BBD

YAO Zhu, LIU Ding-fu

(College of Chemistry and Chemical Engineering, Guizhou University, Guiyang 550025, China)

ABSTRACT: The purpose is to prepare a copper-tin alloy electroplating additive, and use this additive to prepare a
tin-nickel-copper alloy coating with bright black and good overall performance. The method adopted is that the basic
composition of the plating solution: nickel chloride 33.28 g/L, tin chloride 29.33 g/L, copper sulfate 5 g/L, potassium
pyrophosphate 265 g/L, L-cysteine 6 g/L, and ethylenediamine 20 mL/L, triammonium citrate 40 g/L. The process conditions
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are pH=8.5, temperature of 40 °C, current density of 1.3 A/dm? and plating time of 5 min. Based on the bath and the single
factor test, the response surface method was used to design three factors (saccharin sodium, 1.4-butynediol and thiourea) and
three levels test in response surface method with the 60° gloss of the coating as response value. Through regression analysis, law
of effect of each component parameter of the electroplating solution on the response value was obtained, and the best formula of
the electroplating additive was obtained through optimization analysis. The adhesion and surface hardness of the coating
prepared with the best formula were analyzed by cross-cut tester and a Vickers hardness tester, the effect of additives on the
corrosion resistance of tin-nickel-copper alloy coatings was studied by AC impedance method, and the surface morphology and
composition were analyzed by SEM and EDS. According to the test analysis of response surface design, the optimal additive
formula selected solution formula was as follows: 0.4 g/L for 1.4-butynediol, 3.5 g/L for saccharin sodium and 0.06 g/L for
thiourea. By adopting the additive formula, under the above-mentioned basic plating solution and process conditions, a smooth and
bright gun black test piece can be obtained. The 60° glossiness of the coating reaches was 200 GU, the ISO grade of adhesion is 1,
the ASTM grade is 4B, and the Vickers hardness is 280.56HV, . The electrochemical analysis shows that the coating has good

corrosion resistance. In conclusion, the compound additive can prepare a flat and high gloss gun black coating, and the coating has

good adhesion, with a significant improvement in hardness and corrosion resistance, which can meet industrial requirements.

KEY WORDS: celectroplate; additives; tin-nickel-copper alloy; single factor; response surface; saccharin sodium;

2-butyne-1,4-diol; thiourea
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Fig.3 Effect of 1.4-butynediol mass concentration on glossiness
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Tab.2 Design scheme and results of Box-Behnken test

NO. Thiouflea S'accharini1 2-butyne-{i4-diol Glossiness
/(g'L7) sodium/(g-L™) /(g'L™) /GU
1 0.04 3.0 0.4 180
2 0.08 3.0 0.4 177
3 0.04 4.0 0.4 186
4 0.08 4.0 0.4 182
5 0.04 3.5 0.2 184
6 0.08 3.5 0.2 189
7 0.04 3.5 0.6 202
8 0.08 3.5 0.6 194
9 0.06 3.0 0.2 184
10 0.06 4.0 0.2 159
11 0.06 3.0 0.6 174
12 0.06 4.0 0.6 200
13 0.06 3.5 0.4 193
14 0.06 3.5 0.4 194
15 0.06 3.5 0.4 198
16 0.06 3.5 0.4 193
17 0.06 3.5 0.4 198
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Fig.4 Influence diagram of response surface methodology analysis of three factors: a) interaction between thiourea and saccharin
sodium; b) interaction between thiourea and 1.4-butynediol; c) interaction between saccharin sodium and 1.4-butynediol
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Tab.4 The adhesion of coatings

Test sample Peel value/%

1 2.0
2 3.0
3 4.0
4 2.0
5 4.0
Average value 3.0
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4 3.0%, I1SO % H 1,
AT A
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FHIME
ASTM %%k 4B, 245
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Tab.5 The hardness of coatings (HV 1)

Test point Average
Point 1 Point2 Point3 Point4 Point5 Vvalue

276.7 279.7 279.8 277.1 279.5 278.56
2774 277.8 279.5 2799 279.1 278.74
282.4 2809 278.6 279.6 2813 280.56
281.3 2799 280.6 282.1 280.3 280.84

2799 280.6 281.1 2809 2793 280.36
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Fig.5 Effect of additives on the polarization curve of Sn-Ni-Cu
alloy coating
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Tab.6 Effect of additives on the self-corrosion potential
and self-corrosion current of the coating

Ecorr/mV
—0.877
—0.589

Jeor/(HA-cm )
21.182
14.771

Condition
Base solution
Base solution+Additive

100
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0 1 1 1 1 1 1 1 1 1
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ZJ(Q - cm?)
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Fig.6 Effect of additives on electrochemical impedance spectra in
3.5% NaCl solution of Sn-Ni-Cu alloy electroplating
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Fig.7 Equivalent circuit for the corrosion of Sn-Ni-Cu coatings
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Tab.7 Fitting data of the AC impedance spectra for Sn-Ni-Cu alloy coatings

Condition Vo @ R/(kQ-ecm?) Cy/uF Ry/(Q-em?) LyH Ry/(Q-cm?) Cy/uF Ry/(Q-cm?)
Base solution 0.00243  0.424 3.26 6.00 150 145 0.192 22.8 166
Base solution + additive ~ 0.002 65  0.350 5.09 29.4 159 238 876 2.67 140

2.3.4 = SEM &R

RLUBE A R INIE 8 Frzn . AL 8a rhn] & i,
TEBEA IR AR BT, 75 21 ) 85 B R B J2= J0RE R /)N
A= ALY, BBRLRESEE . 18] 8b SEA
BIGRE SAFRIEZ , AT LUAR ), PR RIESANELT
Kl 8a A7 B RyRcaE , BURLAR Mk B kb o X
SRS NG AT LA B SR R v, BELAS e s S T i BRI
L, B T R R T RO, A0k TR SR,

4 A, MO R TR RECE | R R . W
Kl 8a, 8b WA, UMM HIPEZ L, )2
B, BUREtES .
2.3.5 8= EDS &#f

EDS /A & 9 fros . IR AT, AR 4%
PR S B P2 BRI KBUH R, 2248 2 i
AN A o B R B P AR 1 B R A G 4 )2 A
SR B 40.00%, B 51.93%, 4 8.07%. IKAh, 4



F50E 2l

WkBhAE . 2T RSM-BBD 5T R85 R4 5 < vl BN ) 1) ol 7

£ 345 -

a DISERHWAE BT

b AR R R e

B8 AT vy B B R0 A 4 i 4 il i
Fig.8 SEM images of the tin-nickel-copper alloy electroplating obtained under different conditions: a) base solution; b) base
solution+additives
Atom  Mass/% Atom  Mass/%
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Fig.9 EDS of the tin-nickel-copper alloy electroplating obtained under different conditions: a) the base solution; b) the base

solution+additives
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