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Research on Oxidation Resistance of CrN/Cr Coating on Titanium
Alloy Surface by Arc Ion Plating
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Abstract; To enhance the oxidation resistance of titanium alloys and prolong their service life in
high-temperature environments, CrN/Cr coatings were deposited on the surface of titanium alloys
using arc ion plating( AIP) technology. The high-temperature oxidation behavior of titanium alloys
and CrN/Cr coatings at 600,800 and 900 ‘C was investigated. The experimental results indicate that
during the high-temperature oxidation process of titanium alloys, the primary elements Ti and Al re-
acted with O, to produce TiO, and Al,O, mixed oxide films, which coat the surface of the alloy. As
the temperature rises , the ability of Al element to diffuse outward along the alloy’ s grain boundaries
and oxide particle gaps is enhanced. Consequently, the surface oxide content of the titanium alloy
has increased,and the thickness of the mixed oxide films also have escalated. After high-tempera-
ture oxidation,the CrN/Cr coating reacts with O, to form a Cr, O, oxide film, which protects the ti-
tanium alloy substrate. The higher the reaction temperature ,the more complete the oxidation, resul-
ting in more uniform oxide particles,denser oxide film,and better oxidation resistance of the coat-
ing.
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Table 1 Chemical composition of titanium alloys

JLE Ti Al Mo Zr Si C

FRE/% 89.01  6.96  0.36  1.60 0.29 1.78
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Fig.1 Morphology of the surface titanium alloys
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Fig.2 Surface topography and longitudinal-section

topography of the CrN/Cr gradient coating
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Fig.3 XRD patterns of titanium alloys and CrN/Cr

gradient coating after oxidation at different temperatures
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Table 4 Elemental content of different regions of

titanium alloys after oxidation at 900 °C

FEITTRAM A /%
DX
Ti Al 0
A 57.84 11.38 30. 48
81.01 3.13 8.26
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Fig.4 Morphology of the titanium alloys after

surface oxidation
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Table 2 Elemental content of different regions of

titanium alloys after oxidation at 600 °C

FEICRA R (FRGE0) /%
X3,
Ti Al 0
A 78.46 6.14 13.47
B 71.98 4.08 15.88
c 77.83 6.30 14.32
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Table 5 Elemental content of different regions of the

CrN/Cr gradient coating after oxidation at 600 °C

FEITTRAM (R E) /%
X 5
Cr N 0
A 96.78 0. 00 3.22
86.70 6.99 6.32
C 94. 15 1.79 4.05
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Table 6 Elemental content of different regions of the

CrN/Cr gradient coating after oxidation at 800 °C
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X 35
Cr N (6]
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Table 7 Elemental content of different regions of the

CrN/Cr gradient coating after oxidation at 900 °C

EROTRAM () /%
[X 32
Cr N (0]
A 69. 55 0. 00 30. 45
73.75 0. 00 26.25
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Table 8 Standard molar gibbs free energy of the

formation of Al,O, and TiO, at different temperature
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