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ABSTRACT: Silver coating has been used extensively in the field of power electronics and aerospace industry. However, due to
its inherent FCC crystal structure and sensitivity to corrosive factors such as Cl and SiO,, it suffers from low wear and
corrosion resistance. Non-cyanide silver alloy plating shows promise in improving the comprehensive properties of silver
coating. The work aims to fabricate Ag-Bi alloy coating by brush plating technology and reveal its characteristic microstructure
and corrosion resistance property. Based on acidic non-cyanide sodium thiosulfate plating bath, pure Ag and Ag-Bi alloy

coatings were synthesized on copper by brush plating. Bi(NO); was used as the source of Bi element in the coating and varied in
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the plating bath to control the content of Bi in the alloy coating. T2 copper was used as the substrate, and it was ground with
sand paper and subject to electro-cleaning and activation before the brush plating process. XRD and SEM were used to analyze
the phase constituent and micro-morphology. Microhardness tester was employed to measure the hardness of the coatings.
Corrosion resistance of the coatings was characterized by polarization curve and electrochemical impedance spectroscopy.
Results showed that FCC supersaturated Ag(Bi) phase was presented for all the coatings, and hexagonal o-Bi phase was found in
the Ag-15.64Bi alloy coating, which indicated the phase separation for this coating. The phenomenon of Ag(Bi) diffraction peak
shifting to the left was found due to the solid solution effect of Bi element. The brush plated coatings possessed nano-sized grain
structure which was in the range of 13.5-21 nm. Surface of the pure Ag coating showed the cauliflower-like morphology, while
Ag-Bi coatings presented much refined granular structure. Compared with the pure Ag coating, brush plated Ag-Bi alloy
coatings showed improved compactness and surface roughness. With the increase of Bi content in the alloy coating, the
microhardness increased accordingly, reaching a maximum value of 220.7HV for the Ag-15.64Bi alloy coating. Electrochemical
test showed that in general, the incorporation of Bi element in the Ag coating improved the corrosion resistance of the alloyed
coating. Corrosion potential and charge transfer resistance increased firstly and then decreased with the increase of Bi content
in the coating, while corrosion current density showed the opposite trend. Ag-4.52Bi showed the best corrosion resistance
property, with corrosion potential of —0.189 V, corrosion current density of 1.76x102 mA-cm 2, and charge transfer resistance
of 1 635 Q-cm?. Electrochemical impedance spectroscopy of the tested coatings showed the feature of single time constant,
corresponding to the interface of Ag coating and electrolyte solution. Conclusion can be made that by adding sodium thiosulfate
in the acidic plating bath, Ag-Bi alloy coating can be fabricated by brush plating. Content of Bi has significant effect on the
microhardness and corrosion resistance of the coating. With the increase of Bi content in the coating, the hardness of the coating
is improved due to the solution strengthening and grain refinement strengthening. Corrosion medium is blocked because of the

reduction of structure defects such as pores and crevices, and Bi element can promote the formation of passive film on the
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coating, resulting in the enhancement of corrosion resistance of the Ag-Bi alloyed coating.

KEY WORDS: brush plating; Ag-Bi coating; corrosion resistance; microhardness
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Tab.1 Component of cyanide-free solution used in brush plating

Nomenclature AgNO,/(g-L™h Na,S,04/(g'L™") K»S,05/(g' L™ Bi(NO3);-5H,0/(g-L ™)
Ag 40 220 40 0
Ag-2.93Bi 40 220 40 5
Ag-4.52Bi 40 220 40 10
Ag-15.46Bi 40 220 40 15
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Fig.1 X-ray diffraction (XRD) patterns of the
brush plated coatings
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Fig.2 SEM images of the surface morphology of the brush plated coatings

HERRWGIEAT Ag FBEIT, JCTR AR B4 S BUR R
JZ, M AR . SRACHETIR BN TT LA Ag+7ii
AN, ERERREEERE (g p=12.5) 1
[Ag(S,0:),] &JR&AE T Bi BbRER BB N
0.308 V, [ Ag My BAA —E M, 250
Ag FIETURL, MACRHE RN EH . T B,
MG Pearson’s RUEAEMRBEFETS, HIE TR, 58
FE BRI RG2S G 1, WA A A 5 13
ik, TRASEAR S [ BRIE B4 &4, ik, B 24
SRECOIET (S, O) KIBRCHIRRIR AT LIS B &A%
A FUSE U7 [ 85 T [Bi(S,05): 1 1242, P, B
AR B R AR T LA R 55 Ag PRI B A A S R I 4%
BY, UGE 2 Fh e B B T Z MM R 25 0E, (it
SEPA AU, AR SCIR IR 25 RS T X —
PR Bi JCER M & R FE AR B B3N i
HOm, A EMTUR AR

PR RMIE SRS LW, Bi &4 b1 E
Ag BEIZTEH . SR 2 A T 4 R RRAE Jy T LA
PE o X T alAREE )2, T IE 5 A M0 () S AR
TES, 1 3 HLU R B T 25 i EAG A A e R A
IRRAE . BECh B BN, B 2 0 B DT RR & i
FEEAE TAE, B AOAETE (A5 f DURL 32 4 % I
sl A Ao R R R AR AT 2 02, b i il A 0 )2 A A
R R A BT DURUBUR, AT 3 B A A K
WG T LB . AEBR SO B 7=, 3R T 45
B RPN A SR,

23 EEMEMER
o s 6 B V2 1) R RE A ] 3 i o [ SRR

AL, &4 Bi RN G SH 2SR TS,
Wi A 4882 Bi JUE & it 0Y3G I b ik B 2 v 4
fn, Ag-15.64Bi #2109 W A B S, O 220.7HV,
2R E R 126.2HV MRS T 75%. 9520
B i £ R A SR AL A s b E . B2
Bi JUEAE NI, AT LA LA T Ag FEAR R AR itk
WS, WSO ASZ S RH T, (EME RS XE LA T, HEif
PR TR AR R L A, BEE A AN/ N gk
FUBE ) SRoRE 2548, R a7 A6 ] LU 7 5 1 S
FIBHA RN, $THEZMEE, XF Ag-15.64Bi A4
BEZ, OBURH AL 20 H B LA B Stk ) 32F— 25 i Ak fil L
H fo i BB

240}
220} ]
200 | /
180}

160}
140}

Microhardness (HV0.025)

%//

120+

100

0 2 4 6 8 10 12 14 16
Content of Bi/wt.%

3 A R BB )2 S
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Fig.4 Polarization curves of the brush plated coatings
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Tab.2 Electrochemical parameters of the polarization
curves of the brush plated coatings

Sample Corrosion current/ Corrosion

P (mA-cm?) potential/V
Ag 4.26x10"" -0.461
Ag-2.93Bi 2.09x1072 -0.193
Ag-4.52Bi 1.76x1072 -0.189
Ag-15.64Bi 3.18x1072 -0.236
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3.5% NaCl solution: a) Nyquist diagram; b) Bode diagram
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Tab.3 Fitting parameters of the equivalent circuit

Sample Ry/(Q-cm?) Yo/(Q " -em 28" n R /(Q-cm?) Chi-squared
Ag 2.935 0.038 99 0.625 4 380 0.013 53
Ag-2.93Bi 3.699 0.001 399 0.662 1 920.4 0.017 83
Ag-4.52Bi 2.968 0.000 849 6 0.6529 1635 0.018 25
Ag-15.64Bi 2.751 0.005 5 0.577 425.7 0.011 15
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Fig.7 SEM images of the surface morphology of the brush plated coatings after corrosion
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