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Effect of Mechanical Properties and Microstructure of Interlayer
TiAIN on Macroscopic Mechanical Properties of AICrSiN Coating

LI Jialin ZHAO Xueshu SONG Hongjia ZHONG Xiangli WANG Jinbin
(School of Materials Science and Engineering, Xiangtan University, Xiangtan 411100, China)

Abstract: AICrSiN multiple hard coating has excellent mechanical properties and has a wide application prospect in the tool field.
However, how to prepare AIC1SiN coatings with excellent mechanical properties on the substrate needs to be further studied. The tran-
sition layer between the substrate and AICrSiN coating has an important effect on the mechanical properties of AICrSiN. The effects of
the microstructure ( crystal orientation, grain size, relative density, etc) of the interlayer TiAIN on the mechanical properties of the
function layer AICrSiN were studied. TiAIN transition layers with different Ti/Al atomic ratios were deposited on cemented carbide sub-
strates by arc ion plating, and AICISiN coating was deposited on TiAIN transition layer. The experiment results show that the preferred
orientation of Ti-Al-N solid solution phase is (200). With the increase of Ti content, the (200) diffraction peaks broadens, the grain
refines, the density and the hardness increases. When Ti/ Al atomic ratio is 2. 75, TiAIN grain size is 9. 549 nm, and the hardness of
AICrSiN prepared on it reaches 3 139.6 HV, and the adhesion force between coating and substrate is up to 92 N. Refining the grains
of the TiAIN interlayer with (200) orientation can effectively improve the hardness of the AICrSiN function layer and the adhesion
strength between the function layer and the cemented carbide substrate. The research result has a guiding significance to improve the
mechanical properties of functional layer AICrSiN and increasing the life of coating tools.

Keywords: Ti/Al atomic ratio; TiAIN/AICrSiN coating; grain size; interlayer; adhesion force
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Fig. 1 Schematic diagram of TiAIN single layer structure
and TiAIN/AICrSiN double layer structure
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Table 1 Element composition of TiAIN coatings

at different Ti target currents

Ti target Elemental composition/%
current/A Ti Al N W Co Ti/Al
0 23.1 21.7 52.2 2.3 0.7 1.06
60 30.7 17.0 51.5 0.6 0.2 1.81
90 34.1 148 50.6 0.4 0.1 2.30
120 34.9 12.7 52.2 0.1 0.1 2.75
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Fig.2 SEM photos of cross-sectional images of TiAIN coatings at different Ti target currents
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Table 2 Angle, FWHM and grain size of the diffraction

peak at different Ti target currents

Ti target (200) diffraction

current/ A peak angle/(°) FWHM/rad Grain size/nm
0 43. 443 0. 600 14. 085
60 43. 366 0. 489 17.277
90 43.211 0.810 10. 425
120 43.122 0. 884 9. 549
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Fig. 5 SEM photos of cross-sectional images of TiAIN/AICISIN coatings with different target currents
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Acoustic emission and friction force curve of TiAIN/AICISiN coatings at different Ti target currents
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