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Effects of Deposition Temperature on the Structure and Property of
AICrTiN Coatings
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(Tianjin Key Laboratory of High Speed Cutting and Precision Machining,
Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract: AICiTiN coating possesses good comprehensive properties, while the effect of deposition temperature on the microstructure
and properties needs to be further investigated. Two different AICrTiN coatings are prepared by arc ion plating and direct current pulsed
magnetron sputtering at 300 °C and 400 °C. Results show that the main phase of the two AICtTiN coatings is fecc—( Al,Ti,Cr) N phase,
which grows preferentially along the (111) crystal plane. The AITiCrN coating deposited at 400 °C possesses higher hardness, elastic
modulus, and lower residual stress, friction factor as well as wear rate indicating it has better mechanical properties and wear
resistance. After heat treatment at 700 °C for 1 h, the hardness and adhesive strength of the two coatings are enhanced, due to atomic
diffusion and defect healing. Cutting tests show that the cutting life of the AICITiN coated milling cutter is much higher than that of the
uncoated milling cutter. The cutting lives of the AICITiN coated cutters prepared at 300 C and 400 °C are 3.2 and 3.5 times larger
than that of the uncoated cutter. The uncoated cutter loses efficacy mainly due to abrasive wear, while the coated cutters fail caused by
abrasive, adhesive and oxidation wear. The research results have certain guiding significance for the preparation, theoretical research
and application of AICITiN quaternary coatings.
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Table 1 Cutting parameters

Width of cut

Cooling method a,/mm

Milling direction

Spindle speed

n/(remin”")

Feed rate Depth of cut

V/( mm-min~") a,/mm

Down milling

No cooling 0.3

6 366 1200 2
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Fig. 1 XRD diffraction patterns of AICITiN coatings
prepared at 300 °C and 400 C
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Fig.2 Surface and cross sectional morphologies of AICITiN coatings
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Table 2 Element compositions and surface roughness

of the two AICrTiN coatings

Deposition 1 o Crvat % Ti/an % Nvano U
temperature/ C roughness/nm

300 32.78  10.53  17.2 39.5 56. 67

400 32.48  9.85 15.98 41.68 56.39
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Table3 H,E*, H/E', H/E**, We, o and L, L, values of two AICTTiN coatings
Deposition temperature/°C H/GPa E” /GPa H/E™ H/E*? We/ % a/GPa L¢, /N Ley/N
300 10. 58 401. 80 0.028 0. 008 29.24 -2.042 29.0 40.2
400 17.23 422.92 0.042 0.039 40. 99 -1.032 31.9 39.4
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Fig. 5 Wear rate of AICrTiN coatings
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Fig. 7 XRD diffraction patterns of AICrTiN coatings
after heat treatment at 700 °C for 1 h
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Fig. 8 Loading and unloading curves of AICITiN coatings

before and after heat treatment

F4 FW AICITIN RE#RLEFEMHE" H/E" .
H/E** We &
Table4 H, E*, H/E®, H'/E'*, We value of the
two AICrTiN coatings after heat treatment

Deposition
H/GPa  E*/GPa H/E* H/E** We/%
temperature/ “C
300 24.32 522.39 0. 045 0. 056 47.67
400 25.97 547.23 0. 046 0. 060 47.29

& 9}y 300 °C 1 400 °C LB R 6l 5 # AICITiN
BIEAE 700 °C E55 R K5 Wi A e L, ML, {8,
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Fig.9 L., and L, values of the two AICITiN coatings

before and after heat treatment
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Fig. 10 Wear width vs cutting time curves of
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uncoated and two AICITiN coated milling cutters
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the uncoated and two AICITiN coated milling cutters
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