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Abstract

This study investigated the bath compositions and plating conditions and crystal structure used
for achieving nickel-thallium-phosphorus deposits by means electroless plating.

The electroless nickel-thallium-phosphorus deposits were achieved with a bath using sodium
hypophosphite as the reducing agent and sodium citrate as the complexing agent.

The depositing rate was 10.5mg-cm?™'-hr™' from the optimistic bath coraposition, 0.1M nickel
sulfate, 0.005M thallium sulfate, 0.2M sodium hypophosphite, and 0.05M sodium citrat and the
recommended plating conditions, pH 5.5 and 90C.

The composition of alloy deposits determined by X-ray analysis (EDS) that the Thallium was
increased with major increasing concentration of complexing agent and thallium ion in bath solu-
tion, it decreased according to the increasing concentrations of reduction agent in the bath solu-
tion, Bit Phosphorus showed a contrary to the thallium.

It was observed from X-ray diffraction analysis, Scanning Electron Microscopy and Transmis-
sion Electron Microscopy. The crystalline structure of deposits was amorphous at the first depos-
ited state but it was changed Ni-TI1-NisP, polycrystalline when subjected to 1 hour heat treatment
of more than 350°C.

TEM observation demonstrated that the microstructure was identical to the result of the XRD at as
deposited but it became Ni-T1-NisP, polycrystalline when heated. And grain size was 10-50nm
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Table 1. Pretreatment process

Process composition dipping time temperatu;]
1. Etching 10% HCL 3 min
2. Sensitizer | SnCl, 1g+HCI Iné/ £ |5 min

Toomm temp.

3. Actiator | PdCl; 0.1g+HC 1nt/ 4 | 5 min

HF 10v%, HsSOs 10%, CrO; 45g/ £ 2] §HoA 4
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Table 2. Basic bath compaositions and plating con-

ditions.
NiSO, 01M
T1.SO, 0.006 M
NaH,PO: 02 M
Na Cit. 0.05 M
pH 55
L Temperature 90°C
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Table 3. Effect of complexing agents for bath stability

. Amount ' Deposition
Complexing of diposit Ba'tl} pH after Deposit metals (w%)
agents (mg/cri/hr) stability plating appearance N #Tl 0
Sodium citrate 9.54 stable 53 bright 87.72| 804 | 4.24
Succinic acid 25.723% decomposition 4.0 semi-bright 85.89 | 11.69 | 2.42
Propionic acid 78.32% decomposition 3.2 seim'—bright 79.11| 891 | 11.98
Glycolic acid 2.28 stable 3.8 bright 79.67 | 9.00 | 11.33
Sodium acetate 61.153% | decomposition 3.7 bright 86.82 | 853 | 466
Lactic acid 31.713% decomposition 3.5 bright 90.53 | 3.99 | 548
Malic acid 0.54 stable 54 dull - - -
Na,~EDTA - nonreaction 55 -
|
% data is replace truth data into deposit amount of 1hr.
The plating bath composition : Complexing agents 0.1M, NiSO. 0.1M,
TL.SOs 0.006M, NaHPO, 0.2M,
The plating conditions : pH 5.5 and temperature 90°C




T4 9 & Ni-TI-PHilizni ol &3 5 129

Deposition rate (mg/cmzlhr)
Ti, P Content in deposit (wt.%)

0.0z (XT3 0.10 0.18 v20

Sedium citrate (M)

Fig. 1. Effect of sodium citrate concentration on
the deposition rate and composition of Ni-
TI-P deposit.

Al gt} o]& Thalliume] A& 41412 =
£33 7] i eoxm WMol

9 =FdRe AsAe) w3t

ol
utet Tio| dere Fristm Po e FAast
= Ao AFge B gEtA TIgEe] &
g dnz & A4 A3 =g E1A

o of

214 ¢l Sodium hypophosphite2]
Weol wure] Madwel o 24
9} 79kt Sodium hypophosphi-
7t A il e wxo Frte weA A
E&Te= waA Frrsigov 0.15Mel el =

#& FAR AZsted [Ni*]/[HLPO™Y]
2 059 W & NiSO, 0.1Mel}l thsll NaHPO.

N

Deposition rate (mg/cm /hr)

TL, P content in deposit (wL.%)

Fig. 2.

Sodium hypophosphite (M)

Effect of Sodium hypophosphite concentra-

tion on the deposition rate and composition

of Ni-Ti-P deposit.

NoME 718807 sfgsgdot) 0.1~0.2Me] A

ot pH 60070l |y 2313

i)
ot
rlo
e
=
il
oy
[0
_011‘
38,
0
o,
i
=
lo,
i

=
A
oM
)
%
S,
8
AL
>
e
L ol



)
A
s
OH

130

Deposttion rate (mg/tm’lhr)
T1, P content in deposit (wi.%)
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Thallum sulfate (M)

Fig. 3. Effect of Thallium sulfate concentration on
the deposition rate and composition of Ni-
TI-P deposit.
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Deposition rate (mg/cm’/hr)
T, P content in deposit (wt.%)

PH of bath

Fig. 4. Effect of solution pH on the deposition
rate and composition of Ni-TI-P deposit.
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Fig. 5. Effect of bath temperature on the deposi—
tion rate and composition of N-TI-P de-
posit.
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Photo 1. Scanning electron micrographs of electraless N-TI-P deposit various on the plating times.
(magnification 5,000X). A) 5 min. B) 10 min. C) 20 min. D) 30 min. E) 60 min. F) 80 min.
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Deposited weight (mg/cm?)

15 10 w3 & 0 120

Plating time (min)
Fig. 6. Relation between plating time and amount
of deposit
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Fig. 7. X-Ray diffraction patterrs of N-7.5%T1-5.
3%P deposit with various heating tempera-
tures. (Cu ka)
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Proto 2. TEM images and THEED patterns electroless N-TI-P deposit on various heat treatment temperatu-

res. A) as deposited B) 200°C C) 300°C D) 400C
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