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ABSTRACT
In considering the popularly used corrosion-resistant Zn-Ni alloy coatings by electro plating,

the environmental compatibility and hydrogen embrittlement problems are generally encountered.
Cathodic arc plasma ion plating technology capable of high-speed deposition seems to be an
alternative of electroplating.  In this study, such a process was chosen to deposit Zn-Ni alloy
coatings on AISI 304 stainless steel.  The coating surface and cross sectional view of the deposited
alloy coatings were observed, and the film composition and crystal structure of Zn-Ni alloy
coatings was analyzed.  Potentiodynamic polarization experiment was carried in aerated 3.5 wt%
sodium chloride electrolyte to evaluate the feasibility of corrosion protection for the Zn-Ni alloy
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coatings deposited by cathodic arc plasma ion plating.

Experimental results show that target Zn
73
Ni

27
is brittle and its critical arc current is very small.  At low working

pressure the slow-moving single arc spot on the target surface induced local overheating on target, and caused chipping
near target edge.  When the working pressure was increased, the arc was split into multiple spots.  The spots may move
more rapidly on the target surface thus emitting higher ion flux suitable for Zn-Ni alloy depositing.  The major phases
in the deposited film are -Zn

21
Ni

5
and 1-Zn

3
Ni, and the thickness of the deposited film is about 2-3 m, with many

microparticles on the film surface.  The chemical composition of the Zn-Ni alloy film is Zn
87
Ni

13
with Zn composition

higher than that of the target source.  The results of potentiodynamic polarization experiment show that Zn-Ni film
increases the corrosion resistance.  A problem of brittle failure of the target Zn

73
Ni

27
during coating is pending.
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1.

Fig. 1 Schematic diagram of Zn-Ni coating system in

the study.

1.

Table 1. Steps and conditions for the depositing of Zn-

Ni coatings.
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2. Ar 

Fig. 2 Viewing through window when substrate is

submitted to Ar ion bombardment in first step.

2. ZnNi

Table 2. Influence of various parameter in depositing

Zn-Ni coatings.

(a)                                      (b)

3. (a) 

(b) 

Fig. 3 (a) A view of cathode arc when using low

target current and working pressure (b) using

the best deposit conditions.

(a)                                      (b)

4. (a) 

(b) 

Fig. 4 (a) Top view and (b) lateral view of the used

target. The target edge has been chipped away.

5. Zn-Ni 

Fig. 5 A metalographic view inside the target source

material showing a porous feature.
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(a)                                      (b)

6. AISI 304 (a) (b)

Fig. 6 (a) Before and (b) after Zn-Ni alloy coated

AISI 304 speciemen.

7. XRD 

Fig. 7 X-ray diffractograms of the specimens.

(a)                                      (b)

8. ZnNi (a) (b) 

Fig. 8 (a) Surface and (b) cross sectional view of

ZnNi alloy coatings.

9.

Fig. 9 GDOES compositional depth profile of the Zn-

Ni alloy target deposit.
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10.

Fig. 10 Potentiodynamic polarization curves of the

specimens.
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