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Electroless Nickel Plating on T10A Steel

BAO Yu-wei, FAN Jin—hui, ZHU Shi-gen
(College of Mechanical Engineering, Donghua University, Shanghai 201620)

Abstract: To obtain slight and low porosity eletroless nickel coating on T10A, the effects of temperature,
time, nickel sulfate, and sodium hypophosphite on thickness of the coating and porosity rate were studied u-
sing single—factor tests. The pleasant range of influencing factors was first obtained. Through orthogonal ex-
perimental design, an optimal bath formulation for electroless nickel plating was then determined as follows:
nickel sulfate 25 g/L, sodium hypophosphite 25 g/L., sodium acetate 35 g/L., auxiliary complex—former agent 30
g/L, polish 2 g/L, sulfocarbamide 2 mg/L, pH 4. 0 and temperature 70 C. The results show that the con-
centration of significantly influenced the thickness of the coating, porosity rate and hardness; the electroless—
nickel - plating with the porosity of 12 points per cm’, thickness of 4.1 ym and hardness of 487 HV, , can be
obtained.

Key words: T10A; electroless nickel plating; thickness of coating; porosity;orthogonal experimental design
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Table 2 Formula of electroless plating on T10A steel

Concentration of compounds Value

Nickel sulfate/(g « L") 25-45
Sodium hypophosphite/(g « L)
Natrium aceticum/(g « L") 35
Aucxiliary complex—former/(g « L")
Brightening agent/(g « L") 2

Sulfourea/(mg « L") 2

Element C Si Mn S P Cr

Content 1.01 0.18 0.26 0.003 0.009 0.018

Element Ni Cu A\ Ti Fe

Content 0.136 0.223 0.005 0.008 Bal.
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Fig. 1 Effect of temperature on coating thickness and po-

rosity
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Fig. 2 Effect of time on coating thickness and porosity
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Fig. 3 Effect of nickel sulfate on coating thickness and

porosity

2.4 REBANEREERIEZENZN
HHEPEIRE S 70 C LB [E] 2 10 min. &
MRAR Y W 25 g/ L, pH Oy 4 B, UCH R A
X R TR R ALBR R A R an e 4 o . e )
ORI o Bt e R Joi 2 A B2 P S L BB R TR R 0
SIS 3R N B BRTE AR B LB R 1
ARSI AR Ul IR A 7 B8 9 1) S S B

[Ni"" +- mL™] + 4H,PO; + H,O—>Ni+ P+
3H2P()g +3H++ m147n+H2 (4)

i 2T DL L AR R 1 mol Ni*¥ & 4
3 mol W W FR MR B T S B 4K 2 kAT L U A
U B R » S50 S B AR B TR R . SCR[ 8]
FW YR B IR B 30 g/ L i o I A b 2
BRUZBUTRUE R I T L A VR B IR 4T ik vk
Bk 25~30 g/L,

2.5 EXAWESH

FHUER A DAL E BB PR SR AR B T 82 R
JE TN 2 AL B R X PR AN S B b A1 2 1T I A R
JERRE—AEEIR bR, f S M E RS R &
B B Y B AR TR 3R B L S 0L T AR X B L
PR AT T 2 BB R A 3 ) B o b . R ot 2
o AV S 0 T o B v A 4 A b 3R T R Y
Ko FE 2. 1~2.4 Zp B i v 38 B3 16l i S Atk 1
45 45 32 H K010 BE AR E AT IE 3 I 43 AT .

IECIREE R A Lo (3D IRA IEAC IR R B
PRI 3% 43 1) A i 8 T 85 e B o () A R A O ot vk 2
IV R M o VR L VRN H A 2 R B 2
FLB AP )2 O B, 1E A8 B K- gk 3

Sodium hypophosphite / (g-L!)

& 4 R BEER AR Ni—P 95 J2 J5E B KL Bt 38 1) 5% 1)
Fig. 4 Effect of sodium hypophosphite on coating thick-

ness of and porosity

7S TR 7 58 el a2 v A BT A5 K He 45 R
FAPR.
2.5. 1 F DN E X B J5 BE 5 A 1) 5

HI 2% 4 BHs A5 Mt R B S 70 C B it
PERFR] G 10 min, i BR B BT W Ry 25 g/L. K
BAEWR B Jox i vk B O 25 @/ L I, B 2 JRE B AR SR (U
THEERM S5 pm), B AT LB N
A:B,C\Dy ., [RIB 38 o W 25 1 b 3 ml & B, B IR
LU A X T B R R Y ) A A W R
Jo R B VR 2, T B[R] A R W e /)

2.5.2 A PRE B 2 LB ARG AR 9 52

HI 3% 4 AT YR B Ry 70 Cul 75 CHY,
Jiti B Bsf 6] 24 10 min B BR B IR vk R 25 g/
YR W TR N Jo 6 vk B Oy 25 @/ L B, B R AL B 3 e
NGV T2 o8 ALBC Dy 8 AB;C Dy,
[ B 3 3 Wl 2 M E A AT ke B A T A I ke
T )2 LB S 1 S e 25K B[] ) 5 e U 22 T
JE B 5 8 /0N
2.5.3 £ PR Z P )2 T GUORE BB AR A 1) R i)

M1 2% 4 B W A5 Yl B o 70 C B e
PERFE] S 10 min, i B 87 BT W B2 Oy 25 /LK
WL #h ot & vk B Dy 25 /L I, B 2R W GORE B O
BV EAE T AT T AB.C Dy, [RIET, 58 3 B
ZEE L H AT & B, TR A IO o vk B ) B 2 R
JEE 5 M A T B R T 5 R R U L VAR B 11
M L F- AR ) T B 0 kS ok A B8 190 552 0 5 /N
2.5.4  ZEA 3 MIFE SRR T

CRATVEE PR AR AR VB E LB R 2
0 TR AR B A 4 1E S a5 R L AT DL (] R
JEJEE SR AL IR R R B S AT R R Y e



% 63 LB 5F : BFEUE AT TIOA R AR TS 67

T2 A:BsCiDy s JEH 4.1 pm fLBR N 12 50/ em® . 2 flORE BE
X EAE T E T RIS & B )28 487 HVe, . HIERREGE R RE T 20—,

RIUFERL (3 EXKBERKER

Table 3 Orthogonal factors and their levels of L, (3") for electroless nickel plating

Level Temperature(A)/C Time(B)/min Nickel Sulfate(C)/(g e« L™") Sodium hypophosphite(D) /(g « L")

1 65 8 25 25
2 70 9 30 30
3 75 10 35 35

RAL (P )EXHBHFREMER

Table 4 Experimental program and data processing of L, (3") orthogonal test

Number A/ B/ C/ D/ Thickness/  Porosity rate/ Hardness/
C min (g« L") (gL pm (points * em™) HV,.,
1 65 8 25 25 3.5 14 457
2 65 9 30 30 2.6 15 410
3 65 10 35 35 2.1 16 401
4 70 8 30 35 2.8 15 448
5 70 9 35 25 3.1 16 456
6 70 10 25 30 3.5 12 486
7 75 8 35 30 2.2 18 400
8 75 9 25 35 3.1 13 437
K1 8.2 8.5 10.1 10. 4
Thickness/ K2 9.4 8.8 9.2 8.3
pm K3 9.1 9.4 7.4 8.0
R 1.2 0.9 2.7 2.4
K1 45 47 39 42
Porosity rate/ K2 43 44 42 45
(points + cm™®) K3 43 40 50 44
R 2 7 11 3
K1 1268 1 304 1 380 1373
Hardness/ K2 1 390 1303 1319 1295
HVo, K3 1297 1348 1257 1287
R 122 44 123 87
2.6 pH 15%]'?[.5%%#‘]?2”[‘"] %JKIEJ pH TE%&FT%E%"E@%E%E@%*HEQ}#O }J\

WEHER Y 70 C L EBERF Y 10 min, g O FTRAE L BEE pH (AN B )2 2 1m0 B R
S B R W 0 TRV B R 25 /L L B 5 WIRE2E . R AR R WA R B Y pH
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Fig. 5 Metallograph of the sample obtained at different pH
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Table 5 The samples’ surface roughness (Ra/pm) before

and after plating

Number Before After /ARa
1 0. 365 0.262 0.103
2 0. 359 0. 259 0. 100
3 0. 364 0.262 0.102
4 0. 362 0. 260 0.102
5 0. 365 0.262 0.103
6 0. 363 0.261 0.102
7 0. 370 0. 265 0.105
8 0. 361 0. 260 0.101
9 0.363 0.261 0.102
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