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Abstract: TiAISiN gradient coatings with different Si containing layer structures were deposited on cemented carbide tools
using ion source-enhanced multi-arc ion plating technique. XRD, SEM and cutting experiments were used to examine the
effects of different gradient structures on the phases, surface morphology, adhesive strength, residual stress, wear and cutting
performance of the deposited TiAISiN coatings. The results show that the TiAISiN coatings with different Si containing layer
structures are composed mainly of solid solution (Ti, A)N and (Al, Ti)N phases. Among all the three coatings, the S3 coating
with low Si content gradient structure exhibits high hardness, good adhesion, low residual stress and low friction coefficient.
The cutting results show that the typical wear mechanism of the coated tool is mainly represented by adhesive wear. When the
cutting speed is 80 m/min, the S3 coating coated tools exhibits the higher cutting length (925 m), which is much higher than
that of the S1 coated tools (525 m). With further increasing the cutting speed to 110 m/min, the cutting length of the S3 coating
coated tools increases to 1650 m. It is demenstrated that the improved adhesive strength and cutting performance of the coated
tools can be obtained by designing the gradient structure for the Si containing coating.
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Fig.2 Schematic diagram of structural design of TiAlSiN coating with different Si gradient layers
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Table 1 Parameters of coating depositing

Parameter S1 S2 S3
Step 1 2 3 4 1 2 3 1 2 3
Time / min 110 40 30 40 110 30 40 110 40 40
Pressure /Pa 2 2 2 2 2 2 2 2 2 2
N2/ 400 420 450 360 400 420 360 400 450 360
Temperature / ‘C 450 450 450 450 450 450 450 450 450 450
Voltage / V —60 —60 —60 —60 —60 —60 —60 —60 —60 —60
Current / A 120/- 120/120  120/120 /120 120/— 120/120 /120 120/— 120/120 —/120
Target 1 AlTi AlTi AlTi AlTi AlTi AlTi AlTi
Target 2 AITiSi AlTiSi AlTiSi AITiSi AITiSi AlTiSi AlTiSi
Target 3 AITiSi AITiSi AITiSi AITiSi AITiSi
Target 4 AlTi AlTi AlTi AlTi AlTi AlTi AlTi
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Fig.3 Surface morphologies of TiAISiN coatings with different Si gradient layer structures
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Table 2 Roughness of TiAlSiN coatings with different gradient

structures (nm)
Coating S1 S2 S3
Roughness 275 263 255
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Fig.4 Ball crater morphologies of TiAISiN coated with different Si gradient layer structures
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Table 3  Thickness of TiAlSiN coatings with different gradient

structures (nm)
Coating S1 S2 S3
TiAIN 1.51 227 2.31
TiAlSiN, low Si 0.98 0.63
TiAlISiN, middle Si 0.53 0.61
TiAlSIN, high Si 0.87 0.89 0.84
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Fig.5 Cross section morphologies of TiAISiN coatings with different Si gradient layer structures
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Fig.8 Microhardness of TiAISiN coating with different Si gradient
layer structure
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Location Fe o Si Al Ti
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7 70.7 19.9 7.0 1.5 0.9
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