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ABSTRACT: In order to study the effect of modulation ratio on the structure and properties of Cr/CrN/Cr/CrAIN multilayers.
Cr/CrN/Cr/CrAIN multilayers with different modulation ratios were prepared on TC4 titanium alloy by arc ion plating. Scanning
electron microscope (SEM) was used to observe the surface and section morphologies of the film, and Image-Pro software was
used to quantitatively analyze the large particles on the surface. The crystal structure of the film was characterized by X-ray
diffraction. The microhardness of the film was measured by Vickers hardness tester, and the binding force (critical load) between
the film and matrix was measured by scratch tester. The residual stress of the film was measured and calculated by the substrate
bending method. According to ASTM G76-05 standard, AS600-sandblasting tester was used to test the anti-erosion performance.
The depth of offset pits was measured by 3D surface profilometer. The results showed that Lcycn:Leycray modulation ratio was
closely correlated with the surface quality of the films. With the increase of Cr/CrN ratio, the surface quality of the films became
better and the preferred orientation changed from (111) plane to (200) plane. The hardness of multilayer films decreased with the
increase of Cr/CrN ratio, while the bonding force, residual stress and toughness increased first and then decreased, and reached
the best when the ratio of Lcyen:Leycran Was 1:2. The sand erosion resistance of multilayer film was also consistent with the
main mechanical properties, and it was the best when Lcycnn:Leycraiy Was 1:2. The erosion resistance of multilayer film was 3
times higher than that of TC4 substrate. The fracture surface of the multilayer film revealed a typically brittle feature. When the
modulation ratio Leyen:Leryerain=1:2, the film has the best anti-erosion performance.

KEY WORDS: Cr/CrN/Cr/CrAIN multilayer coating; titanium alloy; arc ion plating technology; modulation ratio; resistance to erosion
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. 1 0,
Leyen & Leyoran Atomic percent/%

modulation ratio Cr Al N
0:1 29.65 19.88 50.47
1:4 34.95 17.42 47.63
1:2 42.09 11.64 46.27
1:1 44.01 8.55 47.43
2:1 45.82 6.21 47.97
4:1 50.72 3.89 45.39
1:0 52.86 0.00 47.32
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Fig.2 Cross section morphology of Cr/CrN/Cr/CrAIN multilayers with modulation ratios
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Tab.3 Ahesion, residual stress, hardness, crack growth resistance and fracture toughness of Cr/CrN/Cr/CrAIN coatings

with different modulation ratios

Modulation ratio Lo /N Lo/N Residual stress/GPa Hardness (HV) CPR K.
0:1 10.7 16.3 —2.589 3501.89 59.92 1.35
1:4 13.6 22.7 —2.335 3446.43 123.76 1.51
1:2 18.2 31.8 -2.279 3253.89 247.52 1.70
1:1 13.7 26.0 —1.968 3204.36 168.51 1.47
2:1 11.8 22.8 —2.298 2930.70 118.00 1.30
4:1 9.1 18.6 —-2.108 2567.86 86.45 1.07
1:0 4.5 9.1 —2.158 2235.21 20.70 0.71
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Tab.4 Comparison of pitting depths of coatings at different erosion sand amounts under 90° erosion angle

Amount of sand/g TC4 0:1 1:4 1:2 1:1 2:1 4:1 1:0
1 3.057 2.100 1.800 0.800 0.964 0.948 1.544 2.639
2 6.531 3.500 2.459 1.414 1.500 2.343 2.150 4.489
3 9.233 7.301 6.424 3.876 4.489 6.100 6.154 8.800
5 15.469 14.623 12.247 5.500 7.858 9.500 12.900 15.011
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Tab.5 Comparison of erosion pit depths of coatings at different erosion sand amounts at a 30° erosion angle

Amount of sand/g TC4 0:1 1:4 1:2 1:1 2:1 4:1 1:0
5 8.863 6.154 1.200 1.005 2.928 4.299 4.250 6.173
10 22.211 8.309 4.500 3.665 3.900 7.000 7.858 9.800
15 41.245 26.613 21.462 10.535 13.100 15.300 23.400 29.000
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Fig.5 Erosion rate comparison of Cr/CrN/Cr/CrAIN multilayers with different modulation ratios
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Fig.6 Erosion morphology of the coating with Lcyen -
Leycrann=1 * 2 at an erosion angle of 90°
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Fig.7 Erosion morphology of the coating with Lcycn °
Lcycran=1 : 2 at an erosion angle of 30°
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