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Abstract: To investigate the influence of 0.76% Y addition on microstructure and high temperature properties of the AITiN
coatings, the AITiN and AITiYN coatings were deposited on cemented carbide (YG3X) by arc ion plating. The microstructure,
mechanical properties, oxidation and wear resistance of the coatings were analyzed by SEM, XRD, nano-indentation, scratch
test, annealing and high-temperature tribometer, respectively. The results show that the addition of Y element refines the grain
and improves the compactness of the coating. The coating hardness, toughness and adhesion strength increase due to the
addition of Y. When the AITiN coating is completely oxidized at 900 °C for 2 h in air, the AITiYN has an oxide layer of 1.1 pum.
Hence, it shows a better oxidation resistance than that of the Y free AITiN coating. Additionally, the friction coefficient and
wear rate of the AITiYN coating at 900 °C are lower than that of the AITiN coating, which indicates that adding Y element can
effectively enhance the high-temperature wear resistance of the coating.
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Table I Deposition parameters for AITiN and AITiYN films by

arc ion plating

Parameters Values
Working pressure/Pa 2.0
Deposition temperature/C 450
Cathode current/A 80
Deposition time/min 195
Bias voltage/V —80
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Table 2 Test conditions of friction and wear

Parameters Values
Load/N 5
Temperature/C 800, 900

Speed/(cm's™) 20
Radius/mm 2
Cycles/laps 5000
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Fig.1 XRD patterns of the AITiN and AITiYN coatings
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Fig.2 Surface and cross section morphologies of the AITiN and AITiYN coaings
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Table 3 Element of the AITiN and AITiYN coaings by EDS

analysis (al%)
Coating Al Ti Y N
AITIN 29.49 13.80 0 56.71
AITiYN 27.27 14.90 0.76 57.07
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Table 4 Micro-hardness and elastic modulus of the AITiN and
AITiYN coatings

Coating H/GPa E/GPa E HIE H/E”
AITiN  20.48+0.45 284.37+2.5 303.31 0.072 0.0933
AITiYN  26.67+0.33  323.15+2.8 335.11 0.081 0.1614
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Fig.3 Scratch tracks morphologies of the the AITiN and AITiYN
coatings

7L @Sub. ATIN A AN V¥ TO, VALO,

Relative intensity / (10° CPS)

25 30 35 40 45 50 55 60 65 70
20/ (%)
(a) 800 C

Relative intensity / (10° CPS)

WAET Y JSUR A BT 2038 0k J= (9 4 2145
Hy, REEEEECE; FF, EAZEREN, AITiYN
WRIERA R AR ERE S BB, e R 20
T, BRI RO, LS SRR T

24 REMSRSMEEE
2.4.1 XRD 437

E 4 & AITIN F1 AITiYN & JZ 2 800 Al
900 °C %A1k 2 h J5 Y XRD &3, M XRD [l
AL B2 0] 800 C MR L)5, AITIN il
AITIYN R ZHEE TR EL, B
THES I TiO2 AT Tus, I R T 7 4 1) Al2O3
I FHE MRS . MR ALIRESETEE] 900 C B,
AITIN )2 XRD E3% o R 1 B 819 A1203
M TiOo fit G0, U6 )2 & A ™ 5 4 Ak .
AITiYN R 2453 800 °C Ak 5 v WL 2 455 1
TiO2 506 . ARG AR 2 900 C 1), IR
ZEALYFERE N ALOs K TiO2, {BEALYINTE &
SREEAH LT AITIN RSREEELSS, RRZEHUAE L
PERES FIHETL

@ Sub.

ATIN A AN Vv TiO, VALO;

25 30 35 40 45 50 55 60 65 70
20/ ()
(b)900 C

El 4 AITIN Al AITIYN %24 800 °C 1900 °C %k 2 h 519 XRD Elj%
Fig.4 XRD patterns of the AITiN and AITiYN coating after oxidating at 800 °C and 900 °C for 2 h
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Fig.5 Surface morphologies of the AITiN and AITiYN coatings after oxidating at 800 “C and 900 °C for 2 h
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Fig.6 Cross section morphologies of the AITiN and AITiYN coatings after oxidating at 800 °C and 900 °C for 2 h
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Fig.7 Two-dimensional profiles of wear track on the AITiN and

AITiYN coatings under different temperatures
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Fig.8 Three-dimensional surface topographies of wear track on the AITiN and AITiYN coatings at 800 °C and 900 C
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