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Plating Bath Composition Optimization and Corrosion Resistance of Ni-Sn-Mn
Amorphous Coating Prepared by Electrodeposition

MENG Qing-bo, QI Hai-dong, LU Shuai, GUO Zhao, LI Yun-gang, YANG Hai-li
(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, Hebei)

Abstract: To improve the corrosion resistance of mild steel in marine environment, Ni-Sn-Mn alloy coatings were prepared on
the surface of Q235 steel by pulse electrodeposition. Plating bath composition was optimized by orthogonal experiment
method. Surface morphology, element content, phase structure, and corrosion resistance of the Ni-Sn-Mn coatings were
evaluated by scanning electron microscopy (SEM) with energy dispersive spectrometer (EDS), X-ray diffraction (XRD), Tafel
curve and electrochemical impedance spectroscopy (EIS). The results show that the optimized plating solution consists of
10 g/L nCl,-2H,0, 55 g/L iSO, 6H,0, 50 g/L MnSO,4-H,0 and 160 g/L Na;CsHs0,-2H,0 Ni-Sn-Mn coating deposited under
optimized plating bath composition has an amorphous structure. Uniform and fine cellular particles are distributed densely on
the surface of the coating. The mass fractions of Ni, Sn and Mn in the coating are 68.59%, 21.57% and 9.84%, respectively.
Compared with the Ni-Sn coating, the Ni-Sn-Mn coating exhibits better corrosion resistance in 3.5% NaCl solution shown by a
more positive corrosion potential (—0.346 V), a lower corrosion current density of 2.816x10™® A/cm?, and a bigger charge
transfer resistance of 12 580 Q-cm’.
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Table 1  Orthogonal factors and levels of Lo (3*) (g/L)
Level CsnCly2Hy0  CNiSO4-6Hy0  CMnSO4Hy0  CNayCgHs07:2H,0
(A) (B) © (D)
1 10 25 40 145
2 20 40 50 160
3 30 55 60 175

1.3 MERERT
K] S-4800 H87 K ST BT (SEM) WLEEHE

JEICE AR D/MAX2500PC B X SR A5
A Z AL ;. Axiovert200MAT 24 5] 4 4H o ik
B E RS ; ZAHNER 2\ 6] IM6eX %I Hi fk2%
TAER AT R ARSI, SR =R R, DIfF
RREE (TAETIAL 1 em?) B TAERM, 1R 1EHB)
MLt , AR H SR ARAE S L i, G % 2 7
3.5%NaCl i i il . Tafel 44 %
S 2mV/s, HBALERBTIELEIE S IEE S 5 mV,
MRS 10 mHz~100 kHz, 352108 i 56w (106
Tl A I A AV R 1L X sk A SRR, R
EEFE A SRR TR 43l 3 120, 240, 360 F1480 h
J&, SR b5 B R A
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Table 2 Experimental results and range analysis of Ly (3*) orthogonal test

Ay, 43N S N (SHEREES . RSO

Sample No. A B C D Score of surface  Joorr / (10°A-cm™) w(Ni)/% w(Sn)/% w(Mn)/ %
1 10 25 40 145 1 102.8 71.78 25.91 2.64
2 10 40 50 160 4 3.612 69.41 22.92 7.67
3 10 55 60 175 5 52.63 69.13 27.62 3.25
4 20 25 50 175 2 7.761 71.15 22.44 6.41
5 20 40 60 145 2 1159 71.74 26.73 2.56
6 20 55 40 160 5 40.43 72.23 2423 3.54
7 30 25 60 160 4 9.614 70.75 22.93 6.32
8 30 40 40 175 3 2412 71.42 27.41 1.17
9 30 55 50 145 1 23.29 71.45 23.96 4.59
K 333 233 3 1.33
Scorcof ko 3 3 2.33 4.33
surface 2,67 3.67 3.67 3.33
R 0.66 1.34 1.34 3
K 5281  4.005 1281  8.065
Jeorr ! ks 5469  12.02 1.155 1.789
(107Ac
m?) ks 9137 3858 5918  10.03
R 3856 8165  11.66  8.245
K 4.52 5.12 2.45 3.26
wMny/ Ko 4.17 3.80 6.22 5.84
% ks 4.03 3.79 4.04 3.61
R 0.49 133 3.77 2.58
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Fig.2 Surface morphologies of Ni-Sn-Mn coatings deposited under different plating bath compositions
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Fig.3 XRD patterns of Ni-Sn-Mn coatings deposited under
different plating bath compositions
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optimized plating bath compositions
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Table 3 Mn content of coatings deposited under optimized plating

bath compositions in repeated tests %
No. 1 2 3 4 5
w(Mn) 9.52 10.18 8.87 9.84 10.03
Deviation -0.17 0.49 -0.82  —0.15 0.34

Element — w/%
Ni 68.59
Sn 21.57
2 Mn 9.84
2 _—
E
=
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o
1
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Energy / keV

6 fta 4l 44 Ni-Sn-Mn 8%)2 19 EDS BT
Fig.6 EDS patterns analysis of Ni-Sn-Mn coating deposited under
optimized plating bath compositions
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Table 4 Corrosion parameters and error analysis of Ni-Sn and Ni-Sn-Mn coatings in 3.5% NaCl solution

Sample No. Eeorr/V  Jeorn/ (107 A-cm™)

Deviation / (10 A-cm™) X/(10° A-cm™) S/(10°A-ecm®  RDS/%

1 —0.475 3342 —6.772
2 0486 41.31 1.125
Ni-Sn 3 -0471 43.26 3.073 40.19 5.817 14.47
4  -0.502 35.33 —4.864
5 -0.495 47.62 7.432
1 —0.343 0.879 3 —2.568
2 —0.352 5.146 1.699
Ni-Sn-Mn 3 —0.346 2.816 -0.631 3.447 2.668 77.40
4  —0.332 7.012 3.565
5 -0.347 1.242 —2.205
12 —a— Ni-Sn 80 12 =100 —— Ni-Sn
ol —e— Ni-Sn-Mn- 70 Lo L 800 —e— Ni-Sn-Mn
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(a) Bode plot
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(b) Nyquist plot

10 Ni-Sn Al Ni-Sn-Mn ¥/ 3.5%NaCl 8 i L AL 2 LD IS
Fig.10 EIS of Ni-Sn and Ni-Sn-Mn coatings in 3.5% NaCl solution
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Fig.11 Equivalent circuits of Ni-Sn and Ni-Sn-Mn coatings
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Table 5 Fitting parameters of the elements in equivalent circuit

Sample R,/ (Q-cm?) O/ (10° F-em™) na Ry / (Q-cm?) 0,/(10* F-em™) n R,/ (Q-om?)
Ni-Sn 54.95 1.769 0.904 3 6241 8.383 0.9932 4754
Ni-Sn-Mn 42.52 1.172 0.864 6 12580

(¢)360 h

(d)480 h

12 Ni-Sn-Mn 8§ )2 7EH5 7K H 5 AN [R] B [6] ) R T 5

Fig.12 Surface morphologies of Ni-Sn-Mn coatings in seawater for different corrosion periods
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(2) Wk opELUUA Ni-Sn-Mn 8% J2 i ioh M e 0 4%
Wizl M. SnCly-2H,0 10 g/L, NiSO,-6H,0 55 g/L.
MnSO,-H,0 50 g/L FI NayCsHs0,-2H,0 160 g/L.

(3) Fe L 4 /3 1 45 19 Ni-Sn-Mn 852k 3k
M EE R, B R R M AR S g/, HEFIF
BEE . PE)ZT NiL Sn. Mn BT 050530k
68.59%. 21.57%. 9.84%.
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