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A Study on the Microstructure and Materials Properties of CrN Films deposited by
CAIP method under various N, Partial Pressure
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Department of Material Science, Advanced Institute of Military Science and Technology,

P.0O. Box 77-14, Gongneung-Dong, Nowon-Gu, Seoul, 139-799 Korea

Hard Coatings such as CrN have a superior oxidation/corrosion resistance, a low
coefficient of friction against metallic materials, and greatly increased wear
resistance as shown in previous studies for PVD coatings. In this study, the materi-
al properties of CrN were exploited to enhance the surface properties of ordnance
materials which were subject to abrasive and/or corrosive environment. Thin films
of CrN were deposited on the Cr-Mn-Mo alloy steel by a cathodic arc ion plating
(CAIP) technique. As a result, with increasing the nitrogen partial pressure, the
CrN films gave a dense granular morphology. It was found that the films exhibited
a preferred (220) orientation under high nitrogen partial pressure during deposi-
tion. The wear resistance was dependent on the film structure, and showed a close
correlation with the adherence and the hardness of the films. It was revealed that
the dense CrN films had good adhesion, high hardness, and also had much better
resistance of wear and corrosion than the substrate steel.
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Table 1. Material properties of various films
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Table 2. Chemical
substrate material

composition of as-received

Component Cr Mn Mo C Si V P § Fe
wt.% 1.16 0.97 0.59 0.44 0.30 0.25 0.01 0.005 bal.
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2.2 CrN Deposition Process
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Table 3. Deposition condition for CrN coating

Arc Current 40 A

Insert Gas N,(99.9%)

Base Pressure 3x107% torr

N, Partial Pressure 9x 107 torr
5x 1073 torr
1x10°% torr
2x 107 torr

Deposition Distance 30cm £ 3cm

Deposition Temperature | =200T

Bias Voltage —700V:ion bombardment
—500V :interlayer coating
—200V:CrN coating
2min:ion bombardment

Duration Time
8min:interlayer coating
90min:CrN coating
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(a) CrN(Py,:5x107 torr)

(b) CrN(Py,:1x10? torr)

(¢) CrN(Py,:2%10° torr)

Fig. 2. Surface morphology of CrN thin films.
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Fig. 3. A Micrograph of the fracture surface.
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Fig. 4. Microhardness variations of CrN thin fims.
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Fig. 5. Photographs of CrN films after adhesion
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Fig. 6. Variation of dynamic friction coefficient.
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Fig. 8. Variation of corrosion current density.
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(a) Substrate

(c) CrN(Py, : 1x1072 torr)

(b) CrN(Py, : 5% 1072 torr)

(d) CrN(Py; : 2x 1072 torr)

Fig, 10. Surface morphologies of corroded substrate and CrN thin films(temp. : 23°C, solution : 3.5% NaCl).
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