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Effect of Plating Condition and Plating
Rate on the Magnetic Properties of
Electroless Ni-Cu-P Deposits

Tae—Hee Lee

Department of Metallurgical Engineering Graduate School of
Industry Pukyong National University

Abstract

The effect of bath composition, plating condition and plating rate on
the magnetic properties of electroless Ni—Cu—P deposits were
investigated. With increasing CuSO,; concentration in the bath, plating
rate increased, while the Br value of deposits decreased sharply.
Plating rate increased up to 34% with the addition of 200ppm of
NaF and 0.8ppm of Thiourea to the bath. Plating reaction had been
ceased by the increase of pH above 11.3, bath temperature higher
than 90T and under 70TC. The Br value of deposit was uniform with
various concentration of complexing agent (sodium citrate,
ethylenediamine) in the bath. The Br value of deposit was almost
equal to that found by the addition of stabilizer(thiourea) and
accelerator(NaF). The Br value of deposit was uniform in plating
time (120 min) and heat treatment temperature(below 200TC), and

were confirmed to have adequate bath stability for practical use.
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Fig. 1 Potential-pH diagram of metal-water syst-
em(25TC)
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Fig. 2 Potential-pH diagram of metal-water system
solution(25T) in alkaline complex



Table 1. Standard oxidation potential of reducing

agents in acid solution

redox system ES V) Ea
HN;=3/2N;+H*+Q3 -3.09 —
H:Te=Te+2H'+2 -0.72 -
H;As=As+3H*+30 —-0.60 -
HiSb=8Sb+3H*+3O -0.51 —
H3P02+ Hzo= H3P03+
-0 — (.50 0. H
2terz0 | 0% 0.50-0.06 p
H,;Se=Se+2H*+Q ~0.40 -
Hs PO: + Hzo =H3PO¢ +
-0.27 —{.276 -0.06 pH
IH 420 276 276—-0.06p
N;Hs*=N,+5H*+4 3 -~0.23 ~(.23-0.075pH
S20:3"+2H;0=250%+
-0.22 -~0.22-0.12pH
4H*+268 22 2p
= ‘+
HCOOH@a)=CO+ 284 ) 106 | —0.196-0.06pH
26
HO, =0, +H*+ O -013 o
HS:0,+ 2H,0 =2H, S0, +
-0.0 -0.08-0. H
Hotr 20 8 0.08-0.03p
HCHO+H,;0=HCOOH + |
0058 +0.056—~006pH
sH*+20 | 0.056-0.06p
PH;=P+3H*+30Q +0.06 -~
HSi=Si+4H*+4 3 +0.102 e
H{C=C+4H*+40O +0.13 —
H,S=8+2H*+22 +0 141 -

E: : Standard potential in (H*) =1.



Table 2. Standard oxidation potential of reducing

agents in alkaline solution

redox system Eqx V) E»
H;PO;"+30H"=HPOy +
-1.5 —1.57+0 -pH
2H0+26 7 57+009 (14-pH)
BH,+80H-=8B0; +
§H:0+80 1.24‘ 1.24+006 (14—pH)
HPO +30H =PO} +
-112 t—-112+009 (14—pH
2H;0+26 _ te+ (14=pH)
S:0F+40H"=2S0,+ ’
: -112 [-112+0 ~pH
2H,0+20 1.12+0.12(14—pH)
CN-+20H=CNO-+H,;0
-097 |—-097+006 —pH
+20 (14-pH)
Pu(OH)3+ OH =Pu(OH), —0.95 _
+6
5032“"!‘ 2 OH~= SO;’*“*

H,0+20 093 093+006 (14—pH)
Set=Se+20 ~092 -
HSnO;"+H;0+30H"= —0.90

Sn(OH)s +26 '
PHy+30H =P +3H,0+
? 3H, ~0.89 -

30
H:+20H-=2H,0+20© —0.828 -

AsO; +40H = AsOF +
2 $Us -0.67 |—067+0.12(14—pH)

2H.0+20
S:062"+60H "= 2S0;7 + |

3H,04+40 0.57 057+009(14—pH)
ST=5+20 ~048 | -

E§ © Standard potential in (OH™) ~1.
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Table 3. Composition of 5086 aluminum substrate(Wt. %)

Mg Mn Si Fe Zn Cu Ni Cr Al

3.61 | 0.32 | 0.093 | 0.21 | 0.023 | 0.018 | 0.0058 | tr. | bal

1
A A
E
B
C
S N NN . NN N BN

: Steel bath

. Silicone oil

: Heater

* Air, bubbling equipment
: Solution

: Thermo—couple

cTmwmoom®

. Water—supply equipment

Fig. 3 Schematic diagram of experiment apparatus
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Table 4. Composion of zincate solution (g/1.)

NaOH Zn0O FeCly Rochelle salt NaNOs Container
120 20 2.5 25 1 steel
| Specimen

| Solid solution treatment I

|

| Cold working

|

| Polishing

l Cleaning

|

| Alkaline degreasing

|

| Pickling |
| © Zincating | |
| Acid d[ipping |
| © Zincating |

| Electroless plating

Fig. 4 Flow chart of electroless Ni-Cu-P plating process
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Table 5. Basic bath composition and plating condition
or electroless Ni-Cu-P plating

Concentration (M)
Classification Reagent
Base Variation
. NiSOy 0.1 0.05~0.2
Metal Source
CuS0y 0.01 0.001~0.1
Reducing agent NaH2>PO» 0.2 0.1~0.4
Complexing Sodium citrate 0.18 0.08~0.23
agent Ethylenediamine 0.04 0.02~0.08
Accelerator NaF 0.00~170ppm
Stabilizer Thiourea 0.4~1.6ppm
pH 9 8~11
Bath temperature 80T 70~90T

_13_
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Fig. 6 Effect of CuSOs concentration on plating rate
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