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ABSTRACT
Cathodic arc plasma deposition of CrN coating has been explored and extensively applied to

improve the wear and corrosion resistance of the steel. Metal vapor vacuum arc (MEVVA) source
implantation coupled with the cathodic arc plasma is a very attractive process for surface
modification in this study. The effect of the Cr implanted by MEVVA on the corrosion resistance
of CrN/steel was evaluated. Two assemblies derived from AISI 4140 i.e. CrN/steel and CrN / Cr /
steel were evaluated in an aerated 0.1N HCl solution.  The crystal structure for the MEVVA



implanted Cr and cathodic arc deposited CrN on steel were studied by TEM. The corrosion resistance for all assemblies
was measured using electrochemical impedance spectroscopy (EIS), simulated by the equivalent circuit to interpret the
effect of Cr-implanted on corrosion mechanism of CrN / Cr / steel. The corrosion products associated with the
microstructures were examined by EPMA. The results indicated that the corrosion resistance of steel is significantly
enhanced by MEVVA implanted Cr through the reduction of corrosive path on the outmost coating of CrN.
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TEM 

Fig.1 TEM micrograph of (a) CrN / steel and (b)

CrN / Cr / steel.
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2. (a) CrN / steel (b) CrN / Cr / steel 0.1N

HCl Bode

Fig.2 Bode plots as a function of immersion time in

a 0.1N HCl solution of (a) CrN / steel and (b)

CrN / Cr / steel.
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3. (a) CrN / steel (b) CrN / Cr / steel 

Fig.3 Equivalent circuit modeling of  (a) CrN / steel

and (b) CrN / Cr / steel.

-75-

MEVVA Cr CrN 



(a)

(b) 

4. (a) CrN / steel (b) CrN / Cr / steel Bode plot

Fig.4 Comparison of the simulated and measured as

a function of immersion time in a 0.1N HCl

solution of (a) CrN / steel and (b) CrN / Cr /

steel.
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Fig.5 Variation of R
ct

the CrN / steel and CrN  / Cr /

steel assemblies in 0.1N HCl.
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Fig.6 Variation of R
po

the CrN / steel and CrN / Cr /

steel assemblies in 0.1N HCl.

-76-

93 3



(a) (b)

7. (a) CrN / steel (b) CrN / Cr / steel 

SEM Cr Fe x-ray

mappings

Fig.7. SEM micrograph and its x-ray mappings of Cr

and Fe for specimen: (a) CrN / steel, and (b)

CrN / Cr / steel. 
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1. CrN / steel 

Table1 Electrochemical parameters derived from the

equivalent circuit of the CrN / steel assembly

2. CrN / Cr / steel 

Table2 Electrochemical parameters derived from the

equivalent circuit of the CrN/Cr/steel assembly
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