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A Study on Electroless Ni-B Plating with DM AB
as Reducing Agent.
I. The Electrochemical Behavior of Precipitation Reaction
on Austenite Stainless Steel Substrates
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Dept. Materials Engineering, Hanyaﬁg University,
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Abstract

The effect of the DMAB concentration, temperature, deposition time, and stabilizer concen-
tration on the precipitation reaction of the electroless nickel plating using dimethylamine bo-
rane (DMAB) as reducing agent was investigated to by the weight gain and electrochemical
method. The deposition rate was dependent with DMAB concentration. The polarization resi-
stance of the precipitation reaction was reduced with DMAB concentration. The precipitation
reaction rate of Ni-B deposits was controlled by the oxidation rate of DMAB as the source
of electron. The boron content of the deposit was constant at about 5.5wt%, even when
DMAB concentration in the solution was increased. The effect of temperature and stabilizer
(Pb(NQOs).) concentration on deposition rate was shown to have co-dependent behaviors.
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Table 1. Bath Compositions for Electroless Ni-B Coating
DMAB Complex Agent Nickel Sulfate Satbilizer
""""""""" (mo/L) | (mo/L) | (mol/L) |  om)
0.01 0.1 0.1 2~6
0.03 0.1 0.1 2~6
0.05 0.1 0.1 2~6
0.07 0.1 0.1 2~6
0.10 0.1 0.1 2~6
* Reducing Agent : DMAB (Dimethylamine Borane, (CH;).NH -BH,)
* Complex Agent : Sodium Citrate (NaiCsH:07-H0)
* Stabilizer : Pb(NO3) .,
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Acidic Solution
(CH;) NH-BH;+3H,O+H"*
i (CHs) 2I\IH2++H3P)O3+3H2 (43)

Alkaline Solution
(CH,).NH-BH;+H, O+0OH"™
— (CH3) NH+BO, +3H, " (4b)
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« Anodic Reaction . Direct Oxidation of DMAB
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* Hydrolysis of DMAB : Decompose of DMAB
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o Total Anodic Reaction
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« Cathodic Reaction | Reduction of Ni**
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« Total Reaction (including the Ionization of
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3Ni**+2 (CHs) NH -BH;+6H:0
— 3Ni’+2(CHs) NH,* +2H:BOs+
3H,+4H™ (8)

catalyst
(CH3) .NH-BH; — (CHs).NH+BH;

H,+H*
I— (CHB)ZNH2++B+5/2HZ 9)

weld, AAA Ni-B £A8) =FHee e
e A¥aoz yepd & Ao,
3Ni** +3(CHs) .NH -BH;+6H:0
— 3Ni°+B +3(CH3) zNHz++2H3BOa+
9/2H,+3H* (10)

AFEE Ni-B 233 =3¢ ZE ulg
S 384 W ol 9] FHolx shte] A
318t Hhgo| wi=A] fAosles Zoz YA

. Paunovic®¢] 2]3lH DMABY} X3d =
49l =&4 (pH 7)olA DMABZ} A3 d7] st
dstebgel] fodate Ze] opd2t WA, 3}
BEE- (2 1D 9 ol Hr]sletd 84&

bElstgog FaEn o W BAHE F
Eo|l oy dAle] HatolFutgol A3}
=2

e o

(CHs) .NH-BH; —

(CH3) NH +BH; (11)
dof 2e A AR S RANLE Ful
&= DMAB® 713184 Jtslgbgel tiatd ot
27 2ol Yehd % U,

H.0
(CH:&)ZNH'BH:«}'*‘H+ —>
(CH3) NH+HBO3;+3H*+
3/2H,+3e (12)

a5, A6y T4 Aoz = dAH
Q Ni-B =542 41 (10) 3 L& wgAe
2 AddEd.



176 5 EAF 3 4329 A28 1999

3.2. Ni-B 23| =3=0Me| 23 EM

DMABE 897412 A% Ni-B =3¢ 4%
A9 2 H2EEE D719 B3IYe o] 43
o HrpET?. 39 1€ 0.05 M DMAB, 0.1
M #3401 M FRYUEF 2 6 ppm A4
o] E3HE 60T Ni-B Fs o)A 2 YEES
o 2gute 2 Bukgo] B BB 23T
9 oz Egulsd fF B
ojt}, B-E cathodic 39 #A
DMAB7 T35 @& &9 (Ni &)oA, 3
anodic B3¢ A$olE FA Ao TR @
& 34 (DMAB &)oA ZA=ch

Ni &4 AISI Type 304¢) A3 (Boc )
= -0.3V (vs. SCE)¥ 2™ DMAB £-ojx A=A
9 (Buoan) = -1.1V (vs. SCE) QTh 5 38 &
aRHe -090V 2N FHHADL. EY, Ni
ol& % DMAB #9417} 39 44 Ni-B 3
24 WIAYE 5 BEZH0] 2HHE A9
ddo] FAHAT WM, T 2B BITHo|
Z35E A9 gdo] A4 Ni-B E2ukgo] dol
e 4289 (E) 98 % 4 99 o A9
7oz & u Ni &2 A3H9E cathodic W
Fozg -06V A= EZE T DMAB &9 A=A
9= anodic WHo2 +021V AE BIZ50)

-100 1 ~—e— Electreless Ni-B Plating
-200 —e— 0,05 mol/dm’ DMAB
—v—Ni* Complex

© Temp. =60°C, SR = ImV/sec

g -600
Q -7001
v ~8001
>
S -9001
E -10001
W 11004

-1200 1

-1300 4

-1400 " -

107 107 107" 107 107 107
\/Area(A/cnt)

Fig. 1. The partial polarization curves for anodic
oxidation of DMAB and cathodic reduction
of NiZ* ion in the electroless Ni-B plating
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Fig. 2. The effect of DMAB concentration on
plating potential (Epl) and polarization resi—
stance (ohm)
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Fig. 3. The partial polarization curves for anodic
reaction with DMAB concentration and
the partial cathodic reduction of Ni** ion
in the electroless Ni-B plating
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Fig. 4. Effect of DMAB concentration on deposi—
tion rate {mg/cm*/hr.) and deposition thick-
ness (ym/hr.)
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time with various DMAB concentrations
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