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B ARSI w22 350 CIN, P H ISR 20 VB AL I Sy SR IR 42 25 Ny IRISAHEBEE N, & 350 CikF|hi K1E 19.4
GPa: RJZPWN I HEARE T A, H-0.8 GPa B Wi K 4-0.4 GPa /it .
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B ML PR e, B SRR L R B
PrGEhbE . ERPURRERE . RIFSER e MR E AR
TR DI JTE B FRs . TR Z AR
BEARE R ZIFE Y, W R RINE A 900~1000 C
CL I i AL 1 GPa PN g o W2 10 il 22
RO IEILE AR W B, MR AL AR
SETE. BEEEREL SHRRE I R B R, )RR
JE Rl AR AFEAE AU (CVD) R B AT
B (PVD), HLIRES A0 2 PVD FoAR ) 2 A
BRAEER . ArE BA SRS TIRER RGN, A
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B HH PR 5 5 7 B T AL SRR S O 5
M. T HIPIMS @Bk, 78 0k g e
SRS T RE R, TR R R R A S ) i
R INEEEH, W REMR. ST, A
FUA H HIPIMS HARAEA R E T 73 iR & AL &
AICTSIN 4PKEGURIZE, REWAR T TR BN IR 2L
SRy GRRITES. UIRUER . M. S5 amE. W
I )RR R B e, IFRE— PRI T AICISIN ¥R )2
A KM UER AR L o
1 %X I

FIH V-TECH HIPIMS 610/610 7 i Ty & Jik il 47 98
WRGUIR AICISIN W)z, FINGER: AICSi &4
(ALCr:Si=6:3:1, at%), TAEARFN N A4 5351k H
Ar FIN, (4354 99.999%), B 1 e By ik pp 4
W RGN . RNPURIE, Ny @A RFE BT, Ar
BT BN A=, DA AR N SN S IR
ML EEILG . LR E F BTG 1Y 304 ANEEAN R i
e (100), 2628 i IR AT £ B 39800 40 B A S Tk 20
min, ARG HEAERT, HER @ TN EE X
MR T ES SN, SRR 100 mm. B
FH AR T 2.0x10° Pa I TFEASEE, WA Ar
ff TAE SR ARFFAE 1.5 Pa, JEII-800 V f ik, Meivk
FEH 10 mine PR TAESRIAZE 0.7 Pa, JFJH HiPIMS
R, P FREER 5 min, ZFRREETGY).
Z )G, BEEMmEZ-30 V, Ui AICTSi i 2 30 min,

AT I 25 15 o PN SR N, JTARUTR AICTSIiN
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Fig.l Schematic diagram of the high power impulse magnetron

sputtering (HiPIMS) system

W2, Ar FI N, B E A 140 mL/min, 383 0 g 1 45 4
TAESRAARFELE 0.7 Pa, EARFEVIBEE FHl#%—F
41 AICTSIN ¥z, HARUTRSHIE N 1.

K SEM WS 30 2 A HIURH 38 TH TE SR -0 St i 2 A
RS R X AT (XRD) F1 EDS 43 HTiR 2
FHAL ANy s R AR R IR AN B 25 34 88 I A8 e =X
AR 2 VAR S PR o, R T T R S A0 i
SERM M, PRIV AN IR 2 R 1) 1710, REANFE
all 24 S G ; SR AR R OO &2 5 A
RN LA 1 4 G o, SR RISk AR AR 200
um, JERZEATEL T N/s (T2 B 0 3Z TS n#) 100 N,
YPRKE A 15 mm, JRREE 0.5 mm/s.

K i BRI LAE 230 I AL-Cr-Si-N ¥R )2
B R A R RIEH AR 6 mm AL R P ZoBk,
EREATHR 2N, KHEEAIZ5), HMEHR 150 v/min, W
B 70 m, PBERFUEEEH 8 mm. K SuPro Instru-
ments ZF 72 [ Film Stress tester FST-150 24 i JIE W 430
IRIZITRAR N7 R SEATAT i 280K S BRI A e
B BRI 5 2 T R 242, Tl Stoney AT ),

2 FHRERQWN

2.1 AI-Cr-Si-N &BEHAEKRE K

B2 A EAR R R UUR Al-Cr-Si-N Y2 ) XRD
BIiE, wT W, AE 100 A1 200 CHE, A H BTG (AL
Cr)N T8, W2 R AR 32 BRI Tl R %
RS FERA WS H FRORL P B BRI, 7RV Z R AR
75, HIBANEAE N R, SR H R R B 5 A
KA RN PIRREE T2 300 CRE, W2 NG
BALGS G, A foe-AIN Ao TG ERE— 5T )
HIE 350 CHf, 7E 20=38.5°F1 44.7°}, Zrlkmz] T
foc-AIN AHI(111)F1(200) Sh TS 16,  H. fee-(Al, Cr)N

% 1 HiPIMS #l#% Al-Cr-Si-N & BN SH
Table 1 Detailed deposition parameters of the Al-Cr-Si-N
coatings deposited by HiPIMS

Parameter Value
Base pressure/Pa 2.0x107
Working pressure/Pa 7.0x10™
Bias voltage/V =30
Nitrogen flow/mL-min’ 35
Argon flow/mL-min’’ 105
Deposition temperature/ ‘C 100, 200, 300, 350
HiPIMS average sputtering power/kW 0.9
HiPIMS average sputtering voltage/V ~540
HiPIMS pulse width/ps 160
HiPIMS frequency/Hz 180
Substrate rotation speed/r-min’ 20
Distance between target and substrate/mm 100

Deposition time/min 330
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Fig.2 XRD patterns of the AI-Cr-Si-N coatings deposited at different

temperatures
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Fig.3 Composition of the Al-Cr-Si-N coatings deposited at different

temperatures
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Fig.4 Deposition rate of the AI-Cr-Si-N coatings deposited at

different temperatures

o A ERIZPEMEI (425075 5 hy el AT RIOR L b,
WIZTUR AR A W i . B DURSEE RS N, o
TR I T RGN o D DRLE T DR L P T v 5 e .
Ki-F2hae s in, K IR 203y L i, JFAE 300 C
I35 BT R B KA 6.3 nm/min. JURR IS 4451840
F 350 C, YIRUEARTRIED, KA TITRRLF 52 4
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Fig.5 SEM images of cross-section (a~d) and surface (e~h) for the Al-Cr-Si-N coatings deposited at different temperatures:
(a,e) 100 C, (b, ) 200 C, (c, g) 300 C, and (d, h) 350 C
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Fig.6  Critical load of the Al-Cr-Si-N coatings deposited at different

temperatures
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Fig.7 Morphology after scratch test for the Al-Cr-Si-N coating
deposited at 300 ‘C
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Fig.8 Hardness and elastic modulus of the Al-Cr-Si-N coatings

deposited at different temperatures
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Fig.9 Residual stress of the Al-Cr-Si-N coatings deposited at

different temperatures
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Fig.10  Friction coefficient curves of the Al-Cr-Si-N coatings

deposited at different temperatures
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Influence of Deposition Temperature on Microstructures and Mechanical Properties
of the Al-Cr-Si-N Coatings Deposited by HiPIMS Technique

Wang Tiegang', Li Baisong', Zhang Jiaojiao', Tang Kuanyu', Liu Yanmei', Jiang Sumeng’
(1. Tianjin Key Laboratory of High Speed Cutting and Precision Manufacturing, Tianjin University of Technology
and Education, Tianjin 300222, China)
(2. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: Al-Cr-Si-N coating was prepared by high power pulsed magnetron sputtering (HiPIMS) technique at different deposition temperatures.
The effects of deposition temperature on the composition, microstructure, mechanical properties and tribological properties of the coatings were
investigated. The results show that as the deposition temperature rises from 100 °C to 350 °C, the microstructure of the coating begins to evolve
from amorphous to nanocrystals, and the fcc-AIN phase appears at 300 °C. The smoothness and compactness of the coating are progressively
improved. The adhesive strength increases gradually, reaches the maximum value of 77 N at 300 °C and sharply decreases to 25 N at 350 °C due to
the serious glow etching effect. The hardness of the coating increases gradually and reaches a maximum of 19.4 GPa at 350 °C. No columnar
crystals are found and the residual stress decreases from —0.8 GPa to about —0.4 GPa.
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