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ABSTRACT
Double layer of Ni-P and Co-P coatings was prepared by electroless plating with sodium

hypophosphite as reducing agent. Based upon corrosion testing results of electrochemical analysis,
dipping test, and salt-spray test, Ni-P coating is more inert than Co-P coating. Corrosion potentials
are E

corr
=-446mV, and E

corr
=-585mV for Ni-P and Co-P coatings, respectively. Double layer with

Co-P coating as outer layer and Ni-P coating as inner layer is more corrosion-resistant. The
morphology of corrosion pattern was investigated by optical microscopy and closely related to the
rearrangement order of coatings in the double layer.
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1. /ECo(a) (b) 300 

Fig. 1. Surface morphology of low-carbon steel/ECo

(a)as-plated, (b)after 300hrs salt-spray test

2. /EN(a) (b) 300 

Fig. 2. Surface morphology of low-carbon steel/EN

(a)as-plated (b)after 300hrs salt-spray test
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3. /ECo/EN (a) (b) 300 

Fig. 3. Surface morphology of low-carbon

steel/ECo/EN (a)as-plated ,(b)after 300hrs

salt-spray test

4. /EN /ECo (a) (b) 300 

Fig. 4. Surface morphology of low-carbon steel / EN /

ECo (a)as-plated,(b)after 300hrs salt-spray test

-320-

92 12



5. /ECo/EN (a) 

(b) c

Fig. 5. Schematic diagrams of low-carbon

steel/ECo/EN during corrosion propagation (a)

pitting of Ni-P coating, (b) pitting corrosion at

the interface of layers, (c) lateral uniform

corrosion along Co-P coating

6. /ECo/EN 

Fig. 6. optical micrograph of cross-sectional view of

low-carbon steel/ECo/EN after dipping test

7. /EN/ECo (a) 

(b) 

c

Fig. 7. Schematic diagrams of low-carbon

steel/EN/ECo during corrosion propagation(a)

lateral uniform corrosion along Co-P coating ,

(b) pitting corrosion at the interface of layers,

(c) pitting of Ni-P coating

8. /EN/ECo 

Fig. 8. optical micrograph of cross-sectional view of

low-carbon steel/EN/ECo after dipping test
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9. /ECo/EN EPMA 

Fig. 9. EPMA line scanning of as-plated low-carbon

steel/ECo/EN

10. /EN XRD 

Fig. 10. XRD pattern of low-carbon steel/EN

11. /ECo XRD 

Fig. 11. XRD pattern of low-carbon steel/ECo

12. /ECo/EN XRD 

Fig. 12. XRD pattern of low-carbon steel/ ECo/ EN

13. 

1mV/s

Fig. 13. Polarization curves of EN and ECo Coatings

with scan rate 1 mV/s
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