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ABSTRACT
The properties of the electroless nickel deposit mainly depends on the pH of the bath, the

plating temperature, and the molar ratio of nickel to hypophosphite but they are also affected by
its formulation and concentration of complexing and buffering agents.

According to changing the concentration of triethanolamine and boric acid, phosphorous con-
tents, microstructure, crystalline, hardness and wear resistance of deposits obtained from ammonia-
cal alkaline bath were investigated by EPMA, differential thermal analyser X-ray diffractometer
and wear tester. The results are as follows;

(1) Increasing concentration of triethanolamine in the bath, the deposit is slightly inclined to
increase its phosphorous content (3.7% P ). «

(2) In the as-plated state, the deposits are not crystallized state but they are thermally un-
stable phase, and they are crystallized with precipitating Ni3 P at 400°C,

(3) The deposit containing 2.3% P has higher hardness value in the as plated and heat treated
state at below 300°C than those of 3.7% phosphorous deposit (1090Hk).
But in the case of heat treating at 400°C, the former has lower hardness value (1000Hk)
than the latter and has remarkably Ni(III)orientation by heat treatment.

(4) The 3.7% phosphorous deposit heat treated at 400°C has better wear resistance than hard
chromium plating.
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Table 1. Composition of electroless Ni plating” baths.
No of bath
A—1 B—1 B—2 T—1 T—2
Composition
NiSO, 6 HLO (M) 0.1 0.1 0.1 0.1 0.1
NaH,PO, H,0 (M) 0.25 0.25 0.25 00. 25 0.25
H,BO, M) 0.5 0.25 1 0.5 0.5
Triethanolamine (ml/1) 50 50 50 25 100

2. aEYy

2-1 E329

Aol A5 =380 24 L Table 10l vhehd
o, 23 2ol glolAE 17 A% FH454)
2-3gict,

49 exv 259 9L A= AFHdle
FL2E A28 5012C 2 #4819l o 2] pH
9] Qg e AF Yol NHOHZ ZH3lo
2E 4% pH9Z 3+t

2-2 BN AR HE U BY

+A4 8 Aee 4939 gk 2HQla A A
-+ B2 44, 5% F4 A, ARG AH A%
Aol JA sl LFefst Al g L FHgol 4
A gt £AS =32 gt

2ul8l & 2] FAH =3& AFAIgA 9
AAE 3V AAE g BTo] PRE, &3
of 2sllalz e Aol o 127 $A e 230
o, zsljalal s 9ol 429 AYe Aoz
23AA elshed Ag st A439 P Y
2 Spectrometriés (U. S. A) Span [IB Argon Plas-
ma Emission Spectrometer® AR-&3te] 34 s}o ),

2-3 EPVMA 3 #HO|YH X% ag
A 8L AFF 400CAA AddE 0.3m 2

g F4IEA 125g FIE4 375¢ A4 100g o}
Al EA} 125g T/ 142 o] Fo)A Al et ol 4
+5 30C AFYE 30A/dm' o2 A dnlsied 34
et 238 AL dF AFFolA dARso =
2y 3o 234 2 Ao i



Eelolakgoluie el 2 AR TAa AT I8 A2

428 24 2 44 44 33

£ duty A4 10ml, FU4 90ml TF 50ml A
L oz F A& Union(Japan) Versamet-2 @
v} 7§ AH8-3ted 800w vl &2 BAsigd )

Ni#h Pe| FZ4eE 47193 EPMA B3 JS-
M 35(U.S. A) & A3t 7b4A g 25KVE skt

2-4 AMXMABMAME, XM HIAH %
Al

ARG EHA P& Ase B89 e AL
AHgEtglon AR YA XA HANHE Aas
Ynj7 27 ARLH 2L AL AH3stgdct. ol
EFFAE 256~30¢ A2 A A skt

Al zld 4 -2 Rigaku(Japan) Thermoflexd AL}
o A &% Wmg $E5E 10C/mno 2 A4 gasF
A4 282

XA 332 Rigaku(Japan) D/max A GeigerflexS
A3 Cu target , Ni filter& A4 30KV 15mAS]
2702 gt

74X Akashi (Japan) MVK-E Vickers micro ha-
rdness tester® Ab&3led 315 50g0 2 §3 Knoop
indentor 2. &4 3} oh,

RBEA = gL °]"2} 243l o HEAE A}
sl et

2-5 LHOMHAMAIH

Hetd A Y Ao A4+ Fig 17 2o

A8 AL 71AlF24 '4 7 SM50C(C0.50
% Si0.26% Mn 0.60%) & AH&3lgl o=, Fig. 13
Ae AHE LA, AALR), 54, 10% 34 A
Al, 4419 24 & AA, Na OH 10% Na:COs 20g/2,
Cu CN 10g/£, NaCN 20g/£2] }oll4 &% 70~80T
HFYE 10A/dwr o2 343 1027}, 3A/dmt &
2 FSAH 32744 o 437 PRASNSS 54
A g o]o] Fhdoll At AN £ 2F& g
o, FAH =39 A5 FHAY FAN U=
g T AL 1~227 AFAAA Fgct

Al B EFFAE 40p R QA o To-
yo Baldwin Co. (Japan) EFM- [[-E wear tester3A}
£33 A thrust load 10kg, spead 50mm/sec A7} 1hr.

E F8A glo] Aol gl
Aol Al YL &2} 2 SM S0CE ARE-3hsi et

15 (mm)
M.
RA
R
1

Fig.1 The specimen of wear fest
3. 4% % 0F
3-1 =3y Qo ERa

Fig. 2+ triethanolamine (13} TEA) & 77 25,50

100md /0 2 W73t o1 =Fuute] pRy Az}
ojt},

P content (%)

) i i
25 S0 75
Triethanolamine concentration (ml/l)

foo

Fig.2 Effect of triethanolamine concentration on

phosphorous content of deposits.



24 Z4udze] A198 A 23 1986
H2tFe pa-#el Wise 25~3.7%2 HH=z s
EddF TEA ¥571 3718 4% 2229 p¥
g 7t FohEE Aol ot
Fig. 3 ¥49] F=5 0.25, 0.5 IMZ ¥7 3l al-
A =Fute] PEA Axtza FAsse W
of whg 3o pRatel Mgk W axge p S
2.3~3.0%°) WA EFdFo) $Ate] FEr} 27} e
g4 22905 PRRE i BagE AP £
<+ vk o 2L
5 .
1 =
o 1 1 i
8 9 10
pH
Fig. 4 Effect of pH on phosphorous content of
o\ deposits.

P.content (%)
w
T

} - 1 ] /|
0,25 05 075 1.0

H,BO, concentration (M)

Fig.3 Effect of H,BO, concentration on phosphorous

content of deposits.

Fig. 4= A-1&-l4 pHE 8, 9, 1022 WA
3] A& =Fuinte] B-4A o)},

pH7t ¥345 =3995e) po Fake 74}
i, pH7t RE&4-5 Po] dapo] Fzlshe Aol QL
+2 &+ Ak

°l¥ pH7} F71¥ 4% R.M. Lukes"” 7} A2k}

2P0y +6H +4H,0—2P+3H,+80H ++++veeerveserns (1)
o wHg, &2 G.Gutzeit™ 7} A 2kd H,PO; +H—H,0
FOH - Prevereecerctinniiniiiiiiniie e (2)

o W$-& qA ] WEolzte 42ect

Fig. 5t €5§ WAsd de =29ate] 24
AH2A L2, 450l Be} 235} pol $3
e Fode A%e depige

51
s
S 5t
€
2
c
6
v
a
1
I 1 1 1
30 40 50 60
Temperature (°C)
Fig.5 Effect of temperature on phosphorous content

of deposits.



Eeelstgobl g A8 2 AT THN AR TG A
4289 24 % JA4 43 35

Photo 1€ 7 A¥7A el & =359 Ni ¥
PAE -E-.&&vl *&ﬂ«l%i —’&%ﬂlx} electron

of the ohc,tm!w Ni M""’ film obloined

EFdga A8 TR BAE 1A' /42 2
A-19o)4] 27) PH 9. &% 50t2C2 A% &
oje] B g zAglo]l Tl gl 5417 =38
A wutg Artstd £33 9] ol probe¥ A2
24 Ni® 44 FTol4 o] 2w 4ol
NAEsE F FA =do] AYslE A7kl w2t
Nig) kol &7} R4asn P FRFLS SN F
el AE%e B4 dod 2 AxE ofF vud
£ o4 et

3-2 @#olg =¥

L Aol Ao =Fvnte] e JHe]dE
st ot BAatel FE7F Z o (B-2)0lA &% 70T
ol Aboll 4 A& wute FHe-g e

Photo 2% E=-29ute) 4 Ael§ dehie &
o} Abgtelet,

a)+ A-1%, b)¥ B-2&, c) & T-28¢4 dojA
sute] 89 A2 TEAZL & ¥59 H(T-2)

photo. 2 Photomicrographs of the surface appe @ance of the electroless Ni  deposits as plated. (X800)



36 2<4udae] Avd A23: 1986

Photo. 3 Photomicrographs of the cross section of the electroless Ni deposits heat treated for 1 hour (X800)
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