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Effects of Compositions in Plating Solution on the Structure and Deposition Rate
of Ni-Sn-P Coatings with High Sn Content

FAN Hong-yuan', XIAN Guang', GUI Yan-hua', GU Tan*, WANG Jun', WU Hua’
(1. School of Manufacture Science and Engineering, Sichuan University, Chengdu 610065; 2. Research Insti-
tute of Natural Gas Technology, PetroChina Southwest Oil &. Gasfield Co. , Chengdu 610213)

Abstract; To obtain the better corrosion resistance Ni-Sn-P coating and its plating solution, electroless Ni-
Sn—-P ternary coatings with high tin content were deposited on L.245 steel substrate in nine different constitutes
in plating bath that were designed on the basis of orthogonal experiment method. The concentration, structure
and deposition rate of Ni-Sn—P coatings were evaluated by scanning electron microscopy and X—ray diffraction
technique. The salt—spray corrosion test was used to evaluate the corrosion resistance of the as—deposited Ni
—Sn-P coatings. The results show that the structure of Ni-Sn—P ternary coatings with high tin content mainly
exhibited the amorphous state. The surface morphology of Ni-Sn—P coatings exhibites typically spherical nod-
ular structure. When the concentration of C; Hy O; and NiSO; is relatively low, and the concentration of SnCl,
and C; H; O; Na; « 2H, O were relatively high, the nucleation rate of Ni-Sn—P coatings is rather high, and the
surface quality is better, The Cs H;O; Na; « 2H, O agent and NiSO, salt are helpful for the growth of coatings,
while C; H; O; agent is harmful to the deposition. The best plating solution consists of NiSO, of 35 g/L, SnCl,
of 35 g/L, CsH;O;Nay « 2H, O agent of 25 g/L and C; H; O, agent of 40 ml/L, in which the Ni—-Sn-P coating
deposited exhibites the best corrosion resistance.

Key words: clectronless plating; Ni-Sn—P coating; plating solution; microstructure; deposition rate

i B HET. 2014-02-20; EE BHI: 2014-06-24; EETHE . * P4 RS R5 H (2012GZ0098)
EEBA: UL (1962—), BB, WIFEHA, #iZ. Mt HRAE . bR 5 o

Mg R EH: 2014-07-04 09 = 13; M HRRMAUE: http://www. cnki. net/kems/detail/11. 3905. TG. 20140704, 0913. 002. html
Sl ki, S, AHuE, & BEIRA X Sn & Ni-Sn-P 824 4UmgEdpgszm [J]. P EFm TR, 2014, 27(4).
49-57.



50 2 B X W L B 2014 4F
0 = )
5l & | B

b2 4 — i DI 3% 1 A BB R 7E
B 4 5 5L A T 7 L LR R 2 A R Y
5] AUBR /N R SRR AR S R . e
rh i i L I R R R R A Dy 3 D R ]
PIARME Ni-P4EE . Ni-P &40 200 B, i s
PR N el A R R AE 45 R T S A B T
LR HREE Tl H R 0 & R Al 2R
FE R, 0 Ni-P R4E)2 76 SR ik 25 14 T 1
N Z BT R s A A,
H,S.CO, ., [ i & & CL . ff Ji ol 2R 55 57 hn 2% 45
Ni-P 8 )2 th T 4120 b 77 76 B 8 i AL B, 1k
M LAl F = B PR B T AR A T ok K
£ Ni-P Z 082 RN Zn . Sn . Cu i 50 &K
HEAT A & Al vT DA Bt B 2 I T sk R BB
H, 76 Ni-P 852 iR Sn T R L) =76 Ni-
Sn-P 82 . fig W R #9582 1 FL KR %, Ni-
Sn—P 4§ JZ A ifit v BE W B AR

BEZH Sn RS B CLLR AR )
15 Ni—Sn—P 42 i ph Pk AT . 85 85 B R
Hh B S BE AR B I 23 AR B AL
SIS 1 o SR IR P 98 VR D 4 119 Ni-Sn—P 8§ J2
By e AR, EAHT AR A T B ALK
Xt B R 1 R ) T HE Y B I R R ) R VR T
TSN X ) R P B B o k3 A KL K T R
e TS U L B A, A PRSR AR
4 TR I B P AR R A R 1Y G KT 88 L i 2 )
0 B Y BE RTT E SRREAIRT SEBR b B R A
YL 5 Y8 AL o IR JE R pH S EH#HA
K F R MR 53 1 5 4= 45 Ni-Sn—P 8%
JEHH % LA N AR,

H A B WA T A 8 Ni-Sn-P = o2
(A BIF 9% H G AS 2, BLAT (1) — 6 Jig 3 3 B X Ni-
Sn—P 8% Z W i 5 Ni—-P 4 )2 947 Eb 8. 78
Ni—Sn-P 8 2 il & T. 20 J5 1l i WF o8 & 24 b 1
B 5 9 B S 4 Y Ni-Sn-P 85 2 L BRI
K& M08 W5 R A £ Ni-Sn—P §E 211
He 3B JE 22 [ PN A R T P O 45 i B o 1
Ni-Sn-P 82 WS ER A, SR IESE
I 7k, Bt 2 W R A E K Fib 28 Ni-
Sn—Pr S Jr 5, WF 58 5 W b 32 R A0 2% 5 R vk
XF Ni—Sn—P 8§ J2 20 ZURN9E 31 11 72 ), IR H b 25
i3 ot S 5 A1 B 2 A ok

1.1 ERREITZ

TE AR B V4 T 22 T AN 1245 AF Sy K& 1R 41
B AR DI R S8 o B B R
BFLER N G R . R AR R T IE A R
T TR IR R BRI ik 5 L AL 0 VR B L TR
e B A FLIR B R FEAE N IE SRR L A W R 53
BIBEE 3 A K- IE 28R 5 P2 KK -k 1 fr
s MAEHEFT 9 R (L, (3')),

Jit 58 T T A R AT O R B il A B DA AR AR
15 T I BRI SR 4R 2 S AR I T . BT
Hh SR R IV Ak 2 A A A 0 D7) AR A0 i 30 7 B PR R
IR AT e BRI J5 700 e R 588 3 R VR R M 5
M AE K. 3 A5 R B IE A8 T2 (0 &2 sk A =4 0%
WA AN 2 s 9 B AS [ B8 9 41 3 2% 4 °F 1l
) Ni-Sn-P B)JZ MR S ik 3 .

K1 LFEEN-Sn-PL (3 EXREEAERKTE
Table 1 Orthogonal factors and levels of L, (3') for

electroless Ni—-Sn—P plating

(—:\I\S()_‘ / (‘/Sn(‘l‘1 / C(‘ES H5 ()7 \’113 . ZHf)()/ L‘/(% HG()3 /
Level :
(g« L) (g« L (g« L) (mL « L)
1 25 25 20 40
2 30 30 25 45
3 35 35 30 50

R2 UEEREARTIZSH

Table 2 Composition of the plating solution and process

parameters

Parameters Value
Cuanro, /(g + L) 25
Cenycoona/ (g + L7 20
Ce,n,coon/(g+ L) 2.2
Cuiso, /(g + LD 20-35
Couar, /(g = L7 25-35
Ceyin, ;8 - 2my0/ (g« L7 20-30
Ceymyo, /(g LD 40-50
pH 4.5
Temperature/ C 88
Time/h 2.2
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Table 3 Experimental program and data processing of Ly (3") orthogonal test

L\r\sol / CSn(‘lL / C(‘G H; O, Nag - ZH2()/ CL‘3 H Oy / w\u/ wsn/ wp/ Score of Deposition

o (g« L H(g+LYH (g« L™ (mL-L" % % % surface rate/(pm + h™)
1 25 25 20 40 81.78 6.26 11.96 3 7.2
2 25 30 25 45 79.41 10.57  10.02 1 7.6
3 25 35 30 50 79.13 10.97  9.90 3 7.2
4 30 25 25 50 81.15 9.54  9.31 2 6.8
5 30 30 30 40 81.76  9.66  8.58 2 15.2
6 30 35 20 45 82.10 8.21  9.69 1 6.4
7 35 25 30 45 82.76 5.94 11.30 1 12.0
8 35 20 20 50 80.42 6.88 12.70 1 7.2
9 35 35 25 40 81.40 7.53 11.07 3 10.0
k, 80.11  81.90 81.43 81.67
k. 81.67  80.53 80. 65 81. 42

'lU\'i/%
ks 81.53  80.88 81.22 80. 23
R 1.56  1.37 0.78 1. 44
ky 9.27  7.25 7.12 7.82
k. 9.14  9.04 9.21 8. 24

wsa/ %
ks 6.78  8.90 8. 86 9.13
R 2,49  1.79 2.09 1.31
k, 10.63  10.86 11. 45 10. 56
k. 9.19  10.43 10.13 10. 34

we/ %
ks 11.69  10.22 9.93 10. 64
R 2.50  0.64 1.52 0. 30
ky 2.3 2.0 1.7 2.7

Score of &, 1.7 1.3 2.0 1.0

surface x ks 1.7 2.3 2.0 2.0
R 0.6 1.0 0.3 1.7
I3 7.3 8.7 6.9 10. 8

Deposition 9.5  10.0 8.1 8.7

rate/

Cam e ks 9.7 7.9 11.6 7.1

R 2.4 2.1 4.7 3.7

Note: * Score of surface means the nucleation rate of the coatings during the growing process. The high score indicates the high nucleation rate.
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Fig. 2 Surface morphologies of the Ni-Sn—P coatings deposited in various plating solution
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Table 4 Correspondence table between the corrosion re-

sistance level and the corrosion area

Corrosion area/ % Corrosion resistance level

None 10
0.1 9
>0.1~0. 25 8
>0.25~0.5 7
>0.5~1.0 6
>1.0~2.5 5
>2.5~5 4
>5~10 3
>10~25 2
>25~50 1

&S5 Ni-Sn-PEREMMER

Table 5 Corrosion resistance level of the Ni-Sn—P coatings

Sample Corrosion resistance level
1 9
2 9
3 7
4 7
5 9
6 8
7 8
8 10
9 10

1.245 1
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