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Abstract

A kinetic study on the electrodeposition of Ni-Zn-P ternary alloys onto a steel in chloride solutions

was carried out using a rotating disc electrode. The coatings were characterized using SEM/EPMA and A.

A. analysis. The results showed that the plating rates of three components were increased with applied po-

tential, disc rotating speed and temperature. The activation energies of Ni, Zn and P of the coatings were

6.1, 5.1 and 8.0 kcal/mole respectively. Therefore, the deposition rates were controlled partly by surface

electrochemical reaction and partly by mass transport. As the potential, temperature of bath and rotating

speed of cathode disc were raised, the vol. % ratios of Ni and P of coating layer were increased but that of

Zn decreased. The effect of coating parameters on the surface morphology was also examined.
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2=ZL electrode rotator(HR-103A, HOKU-
TO)Y2X JH3AR, FF& E64 A3 24
& AR ¥ &3 A" 6z #A
sgod, £39 JHA&EE 200r.p.m.oA 1200
rpm7tx] A3pAIZich Ate HA(Hp6642A),
potentiostat(HA301, HOKUTO) ¥ function ge-
nerater(HG104, HOKUTO)® =4dslgxm, A
o2 &% (circulator, Haake DI)oA +£0.5C
LAt 228 IR AAPBRL 93 15m
¢l AgtA ¥d ZR(E]l F2)E HzEgozr v
A& 5mn x}A3Igch Y 3H 493 L
AzE Bz 23391, dASAe dF3e &
2ZHE AH3IE-

Table 1. The chemical composition of the steel

plate
C Mn P Sol-Al | Tot-Al
0.002% | 0.12% 0.012% | 0.034% | 0.040%
S Ti N 0 Fe
0.10% | 0.039% | 13ppm | 36ppm Bal.

FeAe WY Lusl=Rd vlol2yd 4
AQl p-toluene-sulfuric acid'”?, FEHAAZE=
ammonium chlorideg& AF&3}l3, sodium citrate
£ buffer ¥ supporting electrolyte 24 A{-%
At E 29} Aok ZH40) Sastel 500mlo)
A sy, B =7 28L& 45C, pH 4.5,

4 volt, €F 3AEE 400r.p.m.o|th, AF2} 234
£ Z(E 1 F=2)E #150-#200071A] 9] ALE
(emery paper)Z gu}gt £ 80C, 40% NaOH
oo ge] X F A3, 50% HNO&
Hol A AT F, FAS A2F g AHREIA
t} =FEEE TEATY FAAlE 33} HA
(Mettler-H80) 2.2 ZA3 t}&, A7 W& =
FEEE ANSAS. =2F 279 0 2399
o 24 4 Mg SAA 30% G4 &
A F FFFER HNE 42 FFEY7)
(Varian Techtron 1475)2 &AMz, =3 2&
A& EPMA [JXA-—8600SX(JEOL)]2A X
o} vlm3t ot

Table 2. The composition of the Bath

Component Ad =&
Nickel chloride 2139¢g
Zinc chloride 123 g
Ammonium chloride 214 ¢
Sodium hypophosphite 200 g
Sodium citrate 294 ¢

3

|

1 6 -
[ ]
I
2

5. Anode

6. Reference electrode
7. Plating cell

8. Water bath

1. Power supply

2. X—~Y recorder
3. Electrode rotator
4. Cathode

Fig. 1 Experimental Apparatus of Electrodepos-
ition Cell.
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Fig. 2. The effect of rotating speed on the electro-
deposition rate of Ni at 4 volt and 45C.
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Fig. 3. The effect of rotating speed on the appar-
ent rate constant of Ni at 45C.
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Fig. 4. The effect of rotating speed on the appar-
ent rate constant of Zn at 45C.
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Fig. 5. The effect of rotating speed on the appar-
ent rate constant of P at 456°C.
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Fig. 6. Arrhenius plot for the electrodeposition in
Ni-Zn-P system.
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Fig. 7. Relation between compositions of electro-
deposited ternary alloys and a bath conce-
tration at 200rpm.
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Fig. 8. Relation between compositions of electro-
deposited ternary alloys and a bath conce-
tration at 400rpm.
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Fig. 7. Relation between compositions of electro-
deposited ternary alloys and a bath conce-
tration at 800rpm.
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Fig. 10. Effect of temperature on the composition
of electrodeposited ternary alloys.
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Fig. 11. Scanning electron micrographs of Ni-Zn-
Palloy coatings.
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