FmFEAR A8 E o
- 78 - SURFACE TECHNOLOGY 2019 49 A

SEHBHMAEKES Cr-Al-Si-N R ER
Hl& B EEEFERE T R

EERIN ', RERER, TN, REE°, B, ERE°

(1. KBRS AIMBEARZ KEMSRUESESBINLIERXNE, X 300222;
2. PERNZFREEHRAT, E 110016)

i E: Bed ARSI FMPHEERMNBEARBLES ., BREBTREIHFMHLE, £ Cr-AlN A& F AR Si
& B a-SisNy &3 ne-(Cr,ADN #9 28 K TR &, il it B T RO AR BT 69 No/Ar Fe RBIER B a5 44,
EIM K A Cr-Al-Si-N R B MR 77 3k RN 390 R Rkt 5 kb BRI AR AT AR 4] & Cr-Al-Si-N
B A AR X STEATHAL, BRI, AL, 4R ERAL. RIR M XA Fe R IE AU, AF T Ny/Ar
YeATiR B M PR BRI F AT A, &R REZEHEC L F LM CIN 5 AIN 481
M, HZQO0)EEBLAERK, B NJ/ArATIA 3 18, BESRKRELRT, GRESY A 365N; F
WARA AR HEAK, 28K 0.5 F2-048 GPa, % Ny/AriBrh 4 : 1 0, HE ik H/E¥ A 2%,
584 0.11 #2 0.24 GPa, EMERZAK, 44 1.9x10°* pm*/(N-um), Z# % N/ArAZwA4: 16, =¥
A &0 Cr-Al-Si-N & BAR 45, it B AR R 3T

KR : 520 FhRY RIS WRAT; ROy ARG S ¥kt AR AR E; Cr-AlSi-N R E; Ny/Ar
REI; BRI BHAM; BHE

FESES: TG174.442 XEFRIZES: A XEHS: 1001-3660(2019)09-0078-09

DOI: 10.16490/j.cnki.issn.1001-3660.2019.09.007

Preparation and Tribological Properties of Cr-Al-Si-N Nanocomposite
Coatings by Three Target Co-sputtering

WANG Tie-gang', MENG De-giang', LI Bai-song', ZHAO Yan-hui?, LIU Yan-mei', JIANG Su-meng’

(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: The work aims to prepare nanocomposite Cr-Al-Si-N coatings with nc-(Cr,Al)N coated by a-Si;N, by adding Si
element to Cr-Al-N coating through advantages of high ionization rate and high sputtering energy in high power impulse

magnetron sputtering technology and then control the microstructure and compositions of coatings by varying the N,/Ar ratio

Wi EEA: 2018-11-16; 1EITHEA: 2019-02-23

Received: 2018-11-16; Revised: 2019-02-23

HEeWB: BFXAAAFELAA (51301181, 51875555); RAFTHBEERZRSEXEFMAA (18ZXIMTG00050 ); F & 4 & F 41 4F
A 3EFFR A B (RC180203 ); RAEREH RIFEKFRAMAMARD (KJI812); MR A ELHAR (YCI8-02)

Fund: Supported by the National Natural Science Foundation of China (51301181, 51875555), Tianjin Major Science and Technology Project of
Military-Civil Integration (18ZXJMTGO00050), the Young and Middle-aged Backbone Innovative Talents Training Project (RC180203), Research
Project of Tianjin University of Technology and Education (KJ1812), Graduate Innovation Fund in Tianjin University of Education and
Technology (YC18-02)

TEHERN: T4 (1978—), 5B, WL, #I%, T 2R FTQARIREAES T ELRE, ¥4 sytgwang@163.com

Biography: WANG Tie-gang (1978—), Male, Doctor, Professor, Research focus: hard films and cutting tool coatings. E-mail: sytgwang@
163.com



FasE HoM

TR ZHILR AR S Cr-AL-SI-N MR 1Y #5 S BE 4 M BB P =79 -

during the reactive deposition to improve the coating performance. Cr-Al-Si-N coatings were prepared by high power pulse and

pulsed DC composite magnetron sputtering. The influence of Ny/Ar ratio on the composition, microstructure and mechanical and

tribological properties of the Cr-Al-Si-N coating were investigated systematically in virtue of scanning electronic microscope,

X-ray diffractometer, energy spectrometer, stress tester, nano-indenter, scratch tester, and friction tester. The coatings were

composed of face-centered cubic CrN and AIN phase and all the coatings exhibited (200) preferred orientation. The adhesion of

coating/substrate was the best as the N,/Ar ratio was 3 : 1 and the critical load reached about 36.5 N. The friction coefficient and

internal stress were as low as 0.5 and —0.48 GPa, respectively. When the Ny/Ar ratio was 4 : 1, the H/E and H*/E*? reached a

maximum value of 0.11 and 0.24 GPa, respectively, and the wear rate linearly decreased to 1.9x107* ums/(N -um). When the

N,/Ar ratio is 4:1, the Cr-Al-Si-N coating prepared by three-target co-sputtering has higher hardness and better wear resistance.

KEY WORDS: high power impulse magnetron sputtering; pulsed DC magnetron sputtering; three-target co-sputtering;

nanocomposite coating; Cr-Al-Si-N coating; N,/Ar ratio; critical load; friction coefficient; wear rate
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Fig.1 Layout of targets to fabricate the Cr-Al-Si-N coatings

x1 SINEPHIKHEREIES SRS
Cr-Al-Si-N & BRI IRSH#
Tab.1 Deposition parameters of the Cr-Al-Si-N coatings
fabricated by combined HiPIMS and pulsed
DC magnetron sputtering

Parameters Value
Base pressure/Pa 2.0x107
Working pressure/Pa 7.0x107"
Bias voltage/V -60

N,/Ar flow ratio/(mL-min™") 1/1 (N, : Ar=70 : 70)
2/1 (N : Ar=94 : 47)
3/1 (N, : Ar=105 : 35)

4/1 (N, : Ar=112 : 28)

SiAl target sputtering power/kW 0.9
Deposition time/min 180
Substrate rotation speed/(r-min”") 2

Al target sputtering power/kW 0.6
Cr target sputtering power/kW 0.8
High power supply voltage/V 580
Pulse width/ps 160
Frequency/Hz 160
Deposition temperature/C 300

1.2 RO FEH

1) RAHAARBEF B8 (SEM, Nano430 )
WMEE Cr-Al-Si-N IR 2R R I S#a LA, 7T E oA
1 SEM Bl IfEiE i (EDS) #H70#r. TEEKE

ZREEUT , SEM BUER 4 HER S 50351 8 1.0 nm+15 kV
(FE2S) 1.5 nm+10 kV (fRESS ), I & A

200 V~30 kV, FEZATM TR 0.3 pA~22 nA,
s BRI E X=Y=100 mm, HCARMEECH 30 1%,

2) FIFH X B4 Y ( XRD, D8-DiscoveryBrucker,
CuKa, 40kV, 40 mA) #17iR 2P T, FE
ALFE SR A K 7 1) BRI S S8, R T
I3MT o X ST ERATT SR R BB Oy R4 AT
i (20) LA 20°~80°, Froi A 0.02°,
AEHEIA 0.2 50
1.3  THEEEMRK

1) FIFHAK IR (CSM, TTX-NHT) 3%

2R RE R SRR . TR 2 A RO FORE AR i A 2K
E=EI(1-0)it5, H, E WIS, o NIAKIL
(HUA 0.28 ) IR -42 8 100 pm )
Berkovich & WG %142 ( E=1140 GPa FIJAMNEL o=
0.07), K FIRIREERIERZEERN 1/10, Dk
G RRG N KR 485 SR A RE ], B B R 25 ANt
SBUEECEYE

2) FIFHRIEMRIL ( Anton Paar, RST-3) 34T
TR Z IS A IR, 4 NI B R T A2 42 4
5127 120°, 100 pm, 580 FR 1 HGAL [ 2k far 80 N,
INZEE 159 N/min, ¥PRKE 3 mm KRIF7#E %
6 mm/min, FEFEEZNNEL 5 R, BCESIENE N IR/E
AR o SR AT J14Y ( SuPro FST-150 ) I & ¥k
JEFRAT N S, R SCATAF i OB, vk 2
DUBHT IS Si A A il %242 FEARYE Stony 23U 5
DA

3) FHBK- 5 2B S EE P S L (J&L Tech,
Tribometer ) JlAER )2 A9 BEES2 22 PR RE o SC A 7E 2=
M(22+3) C . FXHRE A (25+5)% M &4 F 47, X
FERIEE EAE 6 mm A A 43K (A4 (2042) GPa ) |
B S 10 em/s . IR 2047 2 N, ekt
8 mm M EIEBIIEE 100 m. KGR (KLA-Tencor,
D-300 ) X ¥ J2 19 B I A A T E T 0 AR A 5K =
VAF*S)THRE R, Hor, VOB, F o g,
S N shEEE . (SR B R ( KEYENCE,
VHX-1000C ) XM 7 2 Fe %k s R 1 B IR T 30, J-F
FEH R,

2 ZIWERSHMH

2.1 HABRERS

& 2 AN No/Ar fii it b N TR Cr-AlL-Si-N ¥&
JZEH AL Cr. Si. N &&Eiig. K204, REN
B ILE B No/Ar i LI /N, 24 Ny/Ar it
I 1 VN E 2 0 1B, BT N, AT,
MR SW B Z RS, ElN— 2 ARG A



FasE HoM

TR ZHILR AR S Cr-AL-SI-N MR 1Y #5 S BE 4 M BB P - 81 -

IR, L Bk G, MTTRRAREE AT Ik
S RO [RlEE, T A W N AR TR B e
ARsE, A Rm ISR RS, FEOREN
ICE BT B, AR N S 54.16%% 2 it
fi%, 7 53.3%. M4kLefin Ny/Ar i L2 4 ¢ 1 B,
BRI 0 O B TR A T e RN, AR IR 2
N CEBKTIEZE 55.5%, BRI Al & B iHK K
%, A 13%. —JM, AlJETFFE Cr JR 7k,
2B 4 A AR B LR AR Bh Ak, B B[]
DU B SRR Al B F & iedit; 59—, Cr
—N W45 5 HEM-125 kI/mol, LT AI—N 454
fiE-319 kI/mol, TER NP, AIEFAL 5 NIT
FAUEE, HFHE N B PR RS TE, ML AL &
H/ME BT E 13.27%. 25 EATR, 7R Ny 45U T,
HAZEN N nZB#i T, RZNS TR STE
AR IR AN

75
60 |
g a5t e N
g ——Si
3 ——Cr
g 30r —e—Al
3]
@)
15p ¥ — & = 4
0 1 1 1 1
1:1 2:1 3:1 4:1

n(Ny) : n(Ar)

B2 AJE Ny/Ar FEHURAY Cr-Al-Si-N 32 # L 5r
Fig.2 Chemical composition of the Cr-Al-Si-N coatings
deposited at different N,/Ar flow ratios
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Fig.3 XRD spectra of the Cr-Al-Si-N coatings
deposited at different No/Ar flow ratios
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Fig.4 Surface and cross-sectional morphologies of the Cr-Al-Si-N coatings deposited at different N,/Ar flow ratios
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Fig.5 Hardness and modulus of elasticity of the Cr-Al-Si-N
coatings deposited at different N,/Ar flow ratios
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deposited at different N,/Ar flow ratios



st HoW

TR ZHILR AR S Cr-AL-SI-N MR 1Y #5 S BE 4 M BB P - 83 -

MONY/Ar i 4 0 1 B, BRERA SIS R
FEVERE, AT ORI BRSS9 T He A

B 7 ASTE] No/Ar i i B TR Y Cr-AlL-Si-N ¥R
2 BIBRAN JT o FRAR I 152 0% 2 5 SR AU Ik RECKR
VT FL AN N R A Ky g e [e] s . [ 7 AT, BT AR
JEHRIA N ITRAS, BT IR)ZE SR K &
LS, BRREE R, 2R S A
AN, BB R U2 R PR AR R R AP A, iR
e S F = AP OB N S T N TE 0 s 1 AL A A WS G LA
WA MIERN F1. 4 Ny/Ar Jiimbh 3 18, &5
R T 5 /B TRk LR R, BRI Z,
PR JE I VR R, W20 E0H BERRAK, X R
N R E-0.48 GPa., X4 Ny/Ar i Hed & 4 ¢ 1 1,
X RN J) R s de s, A-0.56 GPa. 454 #AIE
SATAEL, DCRRRZ R AR, R 1.43 pm, R2
=8z 0] RSN B A A R N U VN 1B 379
BRI A A R 0

IR EFELE A T nE 8 . 5w bE R
AAEZESE, IRIZRIEM . 25 48 R HE 359 52 i Jlsd/
FELEGRIE  HIE 8 IS, B No/Ar il it L3,

—0.65
-0.60 |
£
<
2 —0.55}
&
5
§ -0.50 |
g
045}
-0.40 iz
1:1 2:1 3:1 4:1
n(Ny) : n(Ar)
Kl 7 ASIF No/Ar 3 & L UTRR Y Cr-Al-Si-N
W2 ER AN ST

Fig.7 Residual stress of the Cr-Al-Si-N coatings
deposited at different N,/Ar flow ratios
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Fig.8 Adhesion of film/substrate of the Cr-Al-Si-N coatings
deposited at different N,/Ar flow ratios
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Fig.9 Scratch morphology of the Cr-Al-Si-N coatings deposited at different N,/Ar flow ratios
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