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DA e U0 HSS e AR S A RE, 43 i F SR A4 21
SERERN 72 e DA K e T PR AR B P S 30 A B o SR K
D PRI TG 7K S BERE P 30 min, 48 Al <K
TRRBNETFEZEN KLR PR BT R
GDUT-HAS500 24 H ¥ il & 7L, FihhE s 2
3.0X 107 Pa Jii, AR 100 mL/min [F4<, &
TR A Ar BT, TEERIL AR TS R
A AR5, WAREA 200 mL/min %S, Cr
KU R 70 A, (W A—120 V, YRR 300 nm A2 A5 )
CrN 3% 2, YIRRE N 10 min; &5, [N EAL
SAEA, KA CreoAlSi & &4 99.99%), Uit
R ] R 60 mino A2 S WS AN TR AL
AR ELL, W& —RIIAFE S ER CrAISiON
PWAREEWZ. HTAESEN 1.2 Pa, JIRUERE N
450 'C, HAPIRSHILER 1, KNS AEPEASES
3 B L L2 2.

R 1 CrAlSiON W)= Ui S 4L
Table 1 Typical deposition conditions of CrAISiON films

Deposition parameter Value
Base pressure/Pa 3X107°

Working pressure/Pa 1.2
Substrate temperature/‘C 450
Deposition time/min 60
Target-substrate distance/mm 200

Bias voltage/V -120
Arc current for Cr source/A 70
Arc current for CrAISiN source/A 100

R2 NIRRT L

Table 2 Flow ratio of oxygen in reactive gas flow

Flow ratio of Gas flow rate/(mL-min ")

0, to (0,+N,)/% N, 0,
0 300 0
5 285 15
10 270 30
15 255 45
20 240 60
25 225 75

1.2 SR

FIF 26 [ FEI 28 5] A7 (103 R S 4 i 1 B 4 se
(Nova NanoSEM 430 ) ULEEHR 2 1) Bl b My Fn e 1
JES, R FH B R BEE A 23 BT i )25 v 8- A e 3R ARG
i VR IR E R 3 B A F IR 2 48 [ Bruker 24 ]
77 1) BRUKER D8 ADVANCE #! X S ¥ A fi 5t
10 P& X 65, BRIh% 2.2 kW, BKE K 60 kV,
BRI 80 mA o WA FI I X SR B0 R HHE, %
KK 0.154 nm, 26 /%0 20°~80°, K 0.01°, FH
T JF 0.02 (°)/s. 18 1] Thermo-VG Scientific 23 7] 2E 77 1)
ESCALAB 250 ¢ X G HLFRETEAL, XR)ZTIT
FMABAT N, HR&ESHW T feEafiaE
1~1100 eV, FAEREED PR <045 eV(XPS), HfEST
R <3 pm, RAE R 1X10° cps (Mono XPS,
Ag bibE 3d7 U).
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TR h 32 “CHI 67%. f#H] THT01-04015 %Y CSM
et PR A TR0 LA I VRS2 A Rl RS ) B
BERRPERE, BUUE I s PR BT TR 2 B MR
AR SEZHG v e il R R B R S AE 600 CHRE T, SR
H ALOy BRAE N BEHERI], AT R 10 N, F il 2o i
43 20 A1 60 cm/s, 123 10000 B, AR
KA ANy 5 Hzo

2 ZFERE5iHe
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Pio HE 1 ATEUE W, EARE S BIRZE MR I H
R AL B0« I A s 2 BB o X AT RE S T CrAlISi
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Cr 50 Al JbL B A BRZR M. M2 b A s
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Bl 1 AFSEEEIRZ R SEM

Fig. 1 Surface SEM images of film with different oxygen contents expressed by flow ratio of O, to (O,+N,): (a) 0%; (b) 5 %; (c)

10%; (d) 15%; (e) 20%; (f) 25%
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2 BANEEELL S%h iR E T B
Fig. 2 Cross-section SEM images of film at flow ratio of O,
to (O,+N,) at 5%

22 HBEHIRR S FNLELRLE

Bl 3 FT o A R 2 1 B 2 B AR [ A S o L 1 AR
Fitihge. MW 3 v LA, Al JGER 1 Rt bi A A
LN W BB, BHEREAE 24.6%~
40.8%(E/R Y B2 7], M0 Cr A1 Si JCE & B AAA
it LE IR 3G B AR R A, S AR E A 10.4%~
15.1%F1 3.5%~6.8%Z [A] o [AIHT, %2 A (14 75 1Lk
MO B INE] 51.8%, 117 N JCER I B AN M 33.5%
430 9.8%. LA AR LIS 15%I, ZEHBR T
BRI, MR ZE TS 23.4%K % 29.3%(1)
o WETEER R KE R K T AR
MR, IR A & T AR, s R
T CrAISIN W)=, H AL Cr 5 Si & &L A
66:24:10, KRILEFEM 0 R Ko LA R, SEBR
Al JTHR W& BT FEM P i L], 3X ) fe 2 TR
oA PP 5 0 3% HL S P 22 S S B A AT

«—N
50t «— 0O
a— Al
| v—Si
X 40 «—Cr
=
2 30t
g
S 20t
s
10}
0_

o s 10 15 20 25
Flow ratio of O, to (O,+N,)/%
B3 URJZ Iy AN RIS S0 A L AR A A 26
Fig. 3 Changing curves of chemical composition of films

with flow ratio of O, to (O,+N,)
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Fig. 4 XRD patterns of films with different oxygen contents

expressed by flow ratio of O, to (O,+N;)
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Fig. 5 Fitted XPS spectra of Cr 2p(a), Al
2p(b), Si 2p(c), O 1s(d) and N 1s(e) of film
with oxygen content expressed by flow ratio of
0O, to (OytNy) at 25% (Left peak of Cr 2p
spectrum is Cr 2ps, and right peak of Cr 2p

spectrum is Cr 2p, )
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Fig. 6 Knoop hardness of films with different oxygen

contents expressed by flow ratio of O, to (O,+N,)

Bl 7T~ A A A & CrAISION ¥ 2 (1) JBE 5
DRI B I () AR Ak it 2o ML 7(a) T DL SR HL R I,
TEBII AR B, W) 0 B D R T g o, 2%
S TAEYIR I BRSO R, B4 A NP A ) 5
o B R M AR A ST RO i 1200 s [ B A
o, BWNEFFRIRE, EEIRZ BB B e R A
0.35~0.45 2 [i], HARAREELER S NE 7(b)] L
Fi, HEANREERELDNT 10%0, EASE
(RN, WRIZMEEEECRWIG R R SR
BTy, R I R DO B BRAIG MARER E L
Bz 20%0, JLEEFRDN R RIRAL 0.35, XFIRS
AR TR Z N A S RN, (R R
W T B, AERCT BRI ALOS L, AT B
KT R 0 PR N K. ANVARI 260271) hy Bt 14 2 v
ARG, WRIZIRAS AR R KL

Friction coefficient

01 | L L !
400 800 1200 1600 2000
Time/s
0.52
(b)

0.48}
2 044f
(]
S
§ 040
3
036} { {
032}

(I) 5I 1|0 1I5 2|0 2I5

Flow ratio of O, to (0,1tN,)/%
T URIR B GE DEH N [) (K) 22 A 2 AN R 40 R
JZ R EERE D
Fig. 7 Friction coefficient of films as function of test time(a)
and flow rate of O, to (O,*+N,) for films with different oxygen

contents expressed by flow ratio of O, to (O,+N,)(b)
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Fig. 8 Chemical composition of films with different oxygen
contents after sliding 30 min under load of 20 N at room

temperature
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Fig. 9 Friction coefficient of films with different oxygen

contents under different linear velocities at 600 ‘C
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Fig. 10 Wear rate of films with different oxygen contents

under different linear velocities at 600 C
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Microstructure and mechanical properties of
Cr-Al-Si-O-N coatings with different oxygen contents

MEI Hai-juan, NIE Zhi-wei, FENG Si-cheng, DAI Wei, ZOU Chang-wei, WANG Qi-min

(School of Electromechanical Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: Cr-Al-Si-O-N coatings with different oxygen contents were deposited by cathode arc ion plating. The effects
of oxygen contents on the microstructure and mechanical properties of the nano-composite coatings were investigated.
The results indicate that the oxygen content in the films increases from 0 to 51.8% (mole fraction) while the nitrogen
content decreases from 33.5% to 9.8% with increasing the flow ratio of O,/(O,+N,) from 0 to 25%. The CrAlSiON
coatings are mainly comprised of FCC-(Cr,AI)N solid-solution structures, (111) and (200) preferred crystalline
orientation exists in the films. With the increase of oxygen contents, the hardness shows a trend of decrease after the first
increase, and the highest film hardness is 3349 HK at the flow ratio of O,/(O,+N;) of 10%. As a result of the existence of
oxide, the oxygen coatings remain lower friction coefficient, and show excellent performance at high temperature and
high speed friction.

Key words: Cr-Al-Si-O-N; multi-arc ion plating; oxygen content; microstructure; mechanical property; high temperature
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