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Abstract: To improve the binding strength between a chromium aluminum nitride (CrAIN) film and sub-
strate and enhance the film's wear resistance, a CrAIN film was deposited on a 45 steel substrate via ca-
thodic arc sputtering. The influence mechanisms of a magnetic field and the target-substrate distance on
the properties of the CrAIN film were analyzed. In addition, the effects of the magnetic field on the film's
thickness, surface morphology, binding force, and wear resistance were investigated and compared with

those for a film deposited without a magnetic field. The results revealed that the film thickness, surface
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roughness, droplet size, and number of droplets decreased with an increase in the target-substrate dis-
tance. Compared with the sample deposited without a magnetic field, the surface roughness values of the
samples deposited with a magnetic field were smaller, the radii of curvature of the films were larger, and
the binding forces were better. The interfacial binding force was approximately 60 N with the magnetic
field, and it changed little with the target-substrate distance, whereas the binding force changed significant-
ly without a magnetic field. When the two types of samples were subjected to the same conditions, the
binding force increased by 20%-80%. The friction coelficient and wear rate of the film decreased with an
increase in the target-substrate distance, and the friction coefficient and wear rate of the sample with a mag-
netic field were smaller at the same target-substrate distance. When a magnetic field was applied and the

target-substrate distance was 160-180 mm, the deposited CrAIN film exhibited the best performance.

These results provide important references for the preparation of high-performance CrAIN films.
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Fig.1 Schematic diagram of cathodic arc sputtering depo-

sition equipment and deposition principle
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Tab.1 Technical parameters of CrAIN preparation

Sample

. - - Target-substrate
With a magnetic Without a

distance /mm

Film structure and deposition parameters

field magnetic field

1# 1* 120
2% 2% 140
3% 3% 160
4% 4x 180
5% 5% 200

. Transition layer-CrN film:

. Binding layer-Cr film: Target current 90 A, Ar traffic 400

scem, Bias voltage 800 V
Target current 100 A, N, traffic
300 scem, Bias voltage 500 V

. Gradient layer-CrAIN film: Target current 100 A, N, traffic

400 scem, Bias voltage 300 V

. Wear-resistant layer-CrAIN film: Target current 120 A, N,

traffic 600 scem, Bias voltage 120 V
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Fig.2 SEM and AFM cross-section and surface topogra-
phy of CrAIN films with a magnetic field
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Fig.4 Variation curve of film thickness and roughness

JEE AL bR T R A JR R S DA R
1 Bz e 7R B 1 R R 5 A AN (] A R
S, 0 AR R Ao 2 T B R R . S TR —
TR B AR AR A B TR
F B AR 5 Iy — W ol o A T Rl S



o518 1

FRERHE | 55 Rk 37 e BB R XF CrA TN S8 -1 BE 1 52 i) 2631

JZ AR G AR R b T ) A T, S A
f18 280 SR AE I CrAIN JHEJRE ™ 3 i 1 U AR
i CrAIN i 52 ) P B , Y80I 0 200 28 458 B 1 (A
bt Z 6] B2, A BE Bk B A SR W A
W= B9 3 Rk E, 2R T 0 i e 37 6t R0 B FHE TR
T E(r) iy 2, B E, > w:

E,=m,v*/2+ E,, (1)

E(rw=["F(r)dr, (2)

F(r)=qE(r)=4ne,RU,(r)E(r), (3)
FoA o, R BY R R (kg) , v R TR A 2 s
B E (m/s) , E, N BTE R iR s 68 (1) , g S W
Bt 1 B B g=4ne RU, (1) , U, () N 2
o B (V) T E () S 8 2 W i Ak
B HL 3 5 BE (v/m) , ds S 85 2 09 )R B2 (A5 s A
K, HEEEFEICOC) , R AW 4 (m) e 0 B
254 LR
MW A 2 B e E,— o I U W
FE 715 2 R 2 0 DRVBCA W 1Y R AR R T
U, M58 E E (r) o W% 8K, 3 5 85 )2 19 HE
J§ 1 F (r) K, TR 19 5 i 38 UL, 5 19 Al
U O R 1 il B8 s 2 () B
n=nR*LP/kT,, (4)
Horp L LR (m) , PO H 2 % K58 (Pa) kK
IR 25 % W 8, 1.38X 10 ¥ J/K, T, W B 25 5 i
JE(K).
EEH TR B s 33 BT KT
g NN s Y VA T | B TR N R
KT E R, I . A(4)
CIRVE IR Ei /€ /R A B X W R S Y E U
FLPE LORGCIE b, R WK B W RS Fs 5L iR &
SO ) R A Rl 2R DR .
Yo JE E () Bifi 25 0 35 85 185 S Tin sl /) 52 0/ Y
W J3E AN R i Ha far ) 3 I BE L PRt B D R BR
B4 16 0, 3 S A 2 0 VR R ST SRR ) | T
2 T HLRE B 38/ o
g PR A A S = e NG o 9 e Rl D
Rt B e fay B4 VR TRE S L 2 b 3R D AE AR WG S B
H i i ARG 3 52 B8 AR 22 1 9 E AT el e T ey
[ 32 30 77 ], fdf H A 7 55 b 2% 1 AR IR g iz B, 1
Ha i CHR 0B H i YR ) B | HE A S, 3
Tk — 25 8 KW AR T IR e B
I AR AL 38N T 5 o R B R B AR

fll 8 HL A, JF AT fig 2 A 8 , DT 38 5 1 Hp ok
TR EARME TR E . K, WA # i
v 3 TR BE UKL RO K B B A i e /)S  1g
ik B SO R D T H e TR R I R SR T B TR
B JEE A, LU AH VL 1) TG 10 3 R o /N
3.2 HEMESHSW

Pl 5 Ay S IR v I 1Y) EREE 45 5 0 A B Y
iR Rt 42 o SR g0 e 4 WA R 4
o far 3% 90 N/min, MR KR 5 mm. A]LIFH
O WA S TE AN [ R BR B 45 T a6
BN T A W (0 FE G, 38 1 45 5 0 #0 bil E 5E E
O 5 B S S 1 K i/ i e B R #E S Y
FE S PSS G 1A K R T 4T
WSS A )5z ML RE () 52 T K, [RlAY, T10 46
TE AR 1 il 258 4 42 it o 0 RE B A 9/ IN T 9/ )

90

Substrate  Diamond indenter Coating
S Gl e 1x-5#
| fo) 1*"5*

0 F>Lc Peel point F>lc

62.1
575 02 59.2 56.8

51.7
- ~~<_489
SRR

Load/N
(o)
<

474 .
/’O’ ~
31‘3,’/ \\‘\33.5

30 @

Coating
N

30 F Substrate

m 1#-5#
o 1*-5%

Radius of curvature/mm

1 1 1 1 1
1#/1* 2#/2% 3#/3%* 4#/4%* S#/5*
Sample

F5  REELE A 1 B T10 Ml i iy ith =R 2 42 A8 1k th £&
Fig.5 Variation curve of film substrate binding force and

curvature radius of T10 steel test sheet

W5 A B 45 5 TR RS2 AR 22 D S -
SEBE A BE T L A JE O R DL
DB R A R P ) 2 DL K 3 0 1
A 51 9 0 B R ORE R SE o A IR T
il i LA B G0 3 o 2 i 5 ol RIOR (9 A2 AL, i 52
Wi 45 4 77 o CrAIN 555 6 4 B 5 02 iy 47 2
M E A A UL ML & SR B E a2t .
KL (7808 ) 3% v SE B 1 5 v 3R T



2632

e K TR

31 %

By S5 A BT R T RS A MR AR AR T T
B RIZ N, T LA S 5 ) sk A8 5 1 Ak A
BEF R A AR R B U A
2 5 P A /N s Sl T R T RO R
AR, T BOUBE N 46 B A 0 3 m, 58 T
R A B 7 R B Gk b SR T Y B R AR
K, N e b R T Y % T ROR K 9 Ak TR
] (4 4 /4l A, [ B e e i (0 2= B 2 G £
AT v B AE  J7 o T AR R PR R R, UT
TR 23 55 B8 JEE 9 /) | BEE P 4 4 7 7 At sl /)N, AHL S
G A RTIzh T N = | D RO T ) e o/ 1 R e
BN 58 B . R IE, 2 B0 R R /N B T4 A o
B A2 i T RS R A K, T A R R AR OR i, B 4
GREZE T 84 G 5k 6. LR
FU M E PR O 160 mm B, L 45 & J1iA 3
R
MR (T VB R RS ) 1) A R
13z 3 I, TERE S VR LT, Ha far 0938 3l B0k &
A TE Ar s N, AF B I Ve AR T, U R
fif Ar 5 N M R TS SL R TR R R
R FEEMREMIREEY R THTS
Ar 5N 5 IR LR, 77 AR T s B Y Ar B
N, WG M3 i RIS AL T B R . RIEE B
RUEN SN R 7 R R 61 S £/ 11 - 7 g T
E W R DTRRI  F 78 A 36 T AR g iz g, R
W 5800 T 5 4 Aok 7 (AL Cr, N %5 575 8 )

R LR B2 T B R T L [ A,
P lf 42 1T % 2 A R AS 4, iE— 2B R T AL Cr Al
N BT shfe, s 7 (i F 0 H ff W0 55 ) Bk
R b L AL Crif IE & 95| 5 % 4t
T, A A BN, DT B i T RS T AR S
b P, A A R TR T
B Ak 2F BN R AR R 2 kR )
A, BT G H AT 8 RO B R A T IS S
LTI A N & ORI A =4 e i A
e B U /L, B0 R BE n, BEEARAE R . S
25 B oR e AR R A UURL & R A G R
16 5 WO i T 23R 2 AR R ) 0 3 e % R s il 2 34
H, 0 A R T I R e 1 BB S TR A T
ORI JE , PR UL A R B RE A il R R R R
R ol 2 A R A R P B A BN T e/ A T
Aab 1 55 U1 3 A AR AN AT R A A
z,%/aumﬂﬁ,ﬁz‘mxmﬁm;ﬁz@%ﬁﬁm%@
T CrAIN WG S 25 5 98 5 . i TR/ HE
F14) 38 16 0 A7 A6 H BB ST, LR B 500 R 43 A A TR
(1 S, AF e bF 2 H R g A i B R B U,
T 55 £k T B 366 05 X 5 - 98 R KU 0 AR I 5
Wiy, (SR 5 G T — B
3.3 HFERmEE ST

[l 6 & Ball-on-disk 72 0 %2 1 38 B 482 2R %L
A5 Al £, JEE P W) 2k B AR O 8 mm Y SiNLER
TSI A 2. 94 NI Z R FE 2 2. 43X 107 m/ s,

12F
1o} 5 77%73*\ W?
=
2 33 000 cycles 11 000 cycl
3 ol 29000 cycies ; 5000 cycles Cyc )y 18 000 cycles,
0.8 17 000 cycles
& 24 000 cycles 14 000 el Y
3 20 000 cycles cycles
= 18 000 cycles /
.2 0.6 Al
Q
k= F=2.94N ,
S —a— 1% | [ —m— ¥
204 Si:N
= S —o0—2# —o0—2*
R=T4.5 mm i
:._J —eo— 3# —e—3
02 e 4# —0— 4*
—A— S# —a— 5*
0.0 L 1 1 1 1 1
10 20 30 5 10 15 20
Number of cycles/x10?
(a) B HEIE (b) TCHEE S

Fig. 6

(a) With magnetic samples

(b) Without magnetic samples

6 Ball-on-disk 3k 5 i) 18 RS 462 22 025 Ak il £k M JEE 488 75 iy

Variation curve of friction coefficient and friction life of thin film measured by Ball-on-disk method



o518 1

FRERHE | 55 Rk 37 e BB R XF CrA TN S8 -1 BE 1 52 i) 2633

JRE 65 40) 30 B 458 R DR S I AN [) P B 458 AR 0 B
WLHE TR, Bl A B 44 1 PR A7 3042 W 58 37 9/ 5 % b ml
R ) 48 5k R I IC 2 S A o B R B R

VR S A A R ADY IS Y R 5 A0 B UKl I 6 ]
VT O P S ) R A5 R B (1#~5#: 1. 34 pm,
1. 23 pm, 1. 06 pm, 0. 89 pm, 0. 76 pm, 1*~5*:
0.72 pm,0. 89 pm, 1. 04 pm,0. 68 pm,0. 45 pm)
NP7 B 7 B B IR W I R 2R . SRR A5 SR R, W)
— BRI BRI, A R 7 R ) BE A T A K T TCRE
BRE AL, R T AR L@ A w7
I, 2% R il B FUTET 45 5 ) AH 22 A K, LI JRE i HE
SPE P DR/ N TR DA, B A0 8 R 496 o, 2 T IR 7K
ARE ST I, [N I B 4 T i Bl 2 3 K TE TR R
I, RS 1 25 S K, LV 400 A% 8 D B 452 7 i
0718 A A L5 BT B 25 5 01 B R ) Y 2 AR
T, 2R T R A B 4 7 i BB T R TR AR 45 5 5 R
B, th T A S S i 22 R A G R RE R
H B 118 JBE 45 7 il IR 1) PR AR R B

H1 P 6 7T R BB 2R T A WG AR S
SV 45 JRE 45 AR RO/ T G S WO L A R B
LR B A0 8 g e/ o PR R AR KR B Rk T
T THDRELRE J3E A9 DR/, BE TR AIE 17 KGR 4 1Y
SR o B B B | A T 4 R 4 R RO R, T
A TS 3 THI 7 A R A BE A T, X 5 | )
W R T deE R

VB AT AR P TS S A5 B e o I e 9
S SR DA B A A T A T Y JBE O
TG, A5/ 0N R S 5 A AR I ) T S P R B A
P R 3 (5) 315

K

1%
A (5)
Horpr s KOy i IS 45 56, B R pm®/ (N pm) 5 V
Shy T B A e 1) AR B Sk s it o 7
Vi JIEE S THT 9 20T L O 2. 94 N Lo SigNL K7
FEA 3 1 A B pm

Pl 7 S CrAIN JHE 5% B 51 W7 1 i £k | Bl % 4 Ok
PE BB I0, A RE RE S JCRE SRR Y B N R
PR R R R B, RSB LB /N T 160 mm B B
Pl 2T R AR A P 28 S BE R R KT 160
mm B, B4 3T R b W] B BE 2 T Y
BT, TR R S M R bR R . R HE JLEE  f
Tl 3 W i 1) 5 5 R A /DN | SERE B R 3K B I
/N, R 2.26X10 ° pm?®/(N-pm) o B5 1 0 22 5+

O pF——m——a A A
LR \ A
D\ - 7
A -/ / *
g_ ‘ ~0— ~ . —a—1
= oA —o— 2
O~
5 -1 . & @ e 3%
A —O— 4%
A 5%
1 1 1 1

1 1
0 0.1 0.2 0.3 04 05 0.6 0.7

Width/mm
(a) TCREHE At AT T
(a) Cross-section of without magnetic samples
. X 7
L\\ A -E
° N a8/
g \ C Q. A A ) 8 - 1#
2 o O O—g o 2#
% -1+ o L ] L o o 34
a_-=0
e . o— 44
A— 5#
0 0.1 0.2 0.3 04 05 0.6 0.7
Width/mm
(b) HTEHF LT I

(b) Cross-section of with magnetic samples

V7 TGRS A Rl A il S A5 T T 11 2%
Fig.7 Wear cross-section curve of without magnetic and

with magnetic samples

32 WA T3 TR« (1) 76 B AR 9 Pk S 0 AR
H, AN AT B M i R R A DT AR, AT B
JEATUREA9) | B2 Wi S 1) 45 R R 4R DR R R BE . H
S B % el /N A7 V3R A i A 3R T AR A RS L
R BN R S T B RS B B T R A R 5 O
JE B S BB FE RSN R AR R T i
T8 W B AR L D80/ T R S T HELRES BE L B0RE
ROST R BCRE  ITIISES 1 1 20 B 45 i) A LB I
VE S BUBFE B/ o (2) W 5 b MORRE 5 1Y 77
TE 23 5% Wi FL T P P R , b S T AR A 34 R LA B ¥ 8l
JRE 8 5k e vPORE SR A e A ) IO AR BE AL L BEAT U
PR P TR PR AR L SREBE MR R SR L
DEAE T, 0 BE 18 3 15 2 1 Ay T BUBURE 2 i 40 4L
B DR URE AL B T FR 1 5l 1 72 B A, AT o A
S ) PR 45

SR FH B SIS 7 3k, i 4 17 AN ] HE B BRI
TE 5 b1 2R 1A To W 5 50 A 200 T 1) CrAIN i
WFSE 1 W37 L R B 1% 78 A, Xof I A0 e 5 et
T P B OIR S W IR T T A0 R T 45 45 5



2634 b=

K TR

31 %

JE BRI R R RERY SR . AR LU A58

(1) Y7 B T RRR 285 2 52 W) 2 THIHEL RS 32 AT
AR B 3R iR S0 R B A 09 O I R
TET ) AR 0 AR CHRERG ) RS B S Dol /), 2 T AL A
JIE 9 IR JEE E L2 B I N 5 A% I L T N . A
i 73 L TG 1 S B il 14 3 TR 2 SO R 2 8
AR/ IR AL DN

(2) B 3 BE 9% I 2 5 CrAIN Wi 45 45 58
JE o B THZE 5 ) B R R B R B B e g R
Jei DN B e (A T S I B4 B T4 5 ) AR AR
R W TC G B 45 & 1A AR B BOR . Bl Sk B
9 160 mm i, P B9 45 & 1 BUE ok, 0 i

S E WK

(1] FXA, K4, FE, F. ONREHREN LR
SHRHI]. AR 47, 2019, 52(12) : 129-134.
DONG W J, ZHANG J, SUN Y F, et al. Devel-
opment and application of CrN-based hard films[J].
Materials Protection, 2019, 52(12) : 129-134. (in
Chinese)

[2] FANQX, ZHANG JJ, WU Z H, et al. Influence
of Al content on the microstructure and properties of
the CrAIN coatings deposited by arc ion plating[J].
Acta Metallurgica Sinica (English Letters) , 2017,
30(12): 1221-1230.

[3] VYAS A, ZHOU Z, SHEN Y. Effect of aluminum
contents on sputter deposited CrAIN thin films[J].
IOP Conference Series Materials Science and Engi-
neering, 2018, 307(1): 012079.

(4] Zsdh, 2B, BEN, F . SR X 04 %
Sh i # CrAIN MR EE A PR RER 2 I [J]. = A
AR, 2019, 53(6)51-54
WANG J W, XUE Y J, CATH C, et al. Effect of
substrate bias on friction and wear properties of mag-
netron sputtered CrAIN films [J]. Tool Engineer-
ing, 2019, 53(6)51-54(in Chinese)

(5] E&4&, sk, T, & JLM R AR )Z 5 X

AICTIN Z 05 & QAR IR 2 R 52 i [T]. 4%
#H AR, 2017, 38(10): 2401-2404.
JIANG H S, LIU Q, WANG J, et al. Effect of
substrate hardness and coating thickness on the hard-
ness of AICTtN[J]. Foundry Technology, 2017, 38
(10): 2401-2404. (in Chinese)

[6] #tA&. BIAIKEL AR AL-Cr-O B % & B 3t 46
MFe e AE L (D] M R TR, 2021,

62. 1 N5 51.7 N 7EA [6] (9 #0 5L #E ef, AH AL 6
WA FES ARG TR T4
20%~80% .

(3) 75 f 3 A FE R 10 35 B 19 K It 38 68 1) JBE
P52 Z BOR S 40 R A BT R B, 3R WL 3 R Y
B A T AR URE R SE U/, st T R A5 A 1
SR 0 O S M o R EFE O 200 mm i, 55
B B B R B R /N 2. 2610 7 pm?/(N-pm) .

zi bR i hn W% 37 2 T IR % T FR
AW T AL A0 B, KRR B T T R A i
BEVERE  REK T EEE A, H AR EEFEAE 160~180
mm B, CrAIN #5925 G Ve e fRe

YANG G J. Study on Structure and Properties of
Al-Cr-O Hard Coatings Deposited by Cathodic Arc
Evaporation[D]. Guangzhou: Guangdong Univer-
sity of Technology, 2021. (in Chinese)

[7] LIULY, LINSS, WANG W, e al. Effect of
electromagnetic voltage on wear resistance of CrAIN
coatings [ J]. Surface Engineering, 2021, 37 (6) :
695-701.

[8] WANG T C, SHAO T, ZHAO Q, et al. Effect of
magnetic field on the thickness uniformity of thin
film deposited on inner surface [J]. Surface and
Coatings Technology, 2021, 429: 127974.

[9] #E&R, BFR, FE3T, F. LEEXEET

B TICN WAt Ak e p g ma [J]. 2=, 2018,
55(2): 19-22.
SUN G W, CHEN Z H, LIY K, ez al. Effects of
target-substrate distance on structure and properties
of TiCN thin films by hybrid ion plating[J]. Vacu-
um, 2018, 55(2): 19-22. (in Chinese)

[10] CHEN W, LIN Y, ZHENG J, et al. Preparation
and characterization of CrAIN/TiAISiN nano-mul-
tilayers by cathodic vacuum arc [J]. Surface and
Coatings Technology, 2015, 265: 205-211.

[11] MARTIN PJ, BENDAVID A. Review of the fil-
tered vacuum arc process and materials deposition
[J]. Thin Solid Films, 2001, 394(1/2): 1-14.

[12] BOXMAN R, BEILIS I, GIDALEVICH E, et
al. Magnetic control, in vacuum arc deposition: a
review [J]. IEEE transactions on plasma science,

2005, 33(5): 1618-1625.

[13] CHEN SN, ZHANG YF, ZHAO YM, et al.
Preparation and regulation of AICrNiTiSi high en-



% 18 1]

FRERHE | 55 Rk 37 e BB R XF CrA TN S8 -1 BE 1 52 i)

2635

[15]

[16]

[17]

[18]

[19]

tropy alloy coating by a multi-arc magnetic filter

cathode vacuum arc system[J]. Surfaces and Inter-

faces, 2021, 26: 101400.

MA Y, YANG J, TIAN X, et al. Enhanced Dis-
charge and Surface Properties of TiSiICN Coatings
by Pulse-Enhanced Vacuum Arc Evaporation[C].
15¢h International Conference on Plasma Based lon
Implantation & Deposition (PBII&.D 2019), 2019.
SAMUELSSON M, LUNDIN D, JENSEN J, e/
al. On the film density using high power impulse
magnetron sputtering [J]. Surface and Coatings
Technology, 2010, 205(2) : 591-596.

A4, W EE, FEME . GUREXE 4R
AMBERE R T]. B dr 5 242, 2022, 30
(4): 411-420.

ZHENG J H, LIU Q Y, LI Z X. Effect of nega-
tive bias voltage on properties of hydrogenated dia-
mond-like carbon films[J].
2022, 30(4): 411-420. (in Chinese)

AR FRE, RoP, F.OARSIEIEMN EXE
WA R A R AR PR LT ). e 2 T A2, 2013,
21(6): 1545-1552.

ZHENG JH, LI C H, ZHANG C, et al. Friction
properties of DLC film on different metal substrates
[J]. Opt. Precision Eng. , 2013, 21(6) : 1545-
1552. (in Chinese)

VUCHKOV T, EVARISTO M, YAQUB TB,

et al. The effect of substrate location on the compo-

Opt. Precision Eng. ,

sition, microstructure and mechano-tribological
properties of W-S-C coatings deposited by magne-
tron sputtering[J]. Surface and Coatings Technol-
ogy, 2020, 386: 125481.

AL, R, Kb, L BRI AL TUAR

fEE @It

MEB L (1965— ), 53, 1/ # FE N, 45
I 22 , 1987 4E 1990 4E T A JH K 24
3 5AR At 2R 47, 2005 4F F H A
[ N7 ) B R 2 AR A 2 6, B 5 M
KEEHUAK A5 Bl 1 TR 2 e 4 1 0 2
2 N = T AR R R O T R T R L T
CrAIN # 5 | SiC # i fn DLC 3 i 7
160 BB 95 A R v R, R H AR SE
T =l 4k 2 7 o E-mail: zhengjh200

5@aliyun. com

[21]

(23]

SIC-ALME R BE AR (7). R e A FHEH RS
o, 2014, 34(11): 1178-1183.

ZHENG JH, CHAO Y F, ZHANG C, et al. Tri-
bological properties of REF magnetron sputtered
SiC-Al coatings [J]. Chinese Journal of Vacuum
Science and Technology, 2014, 34 (11) : 1178-
1183. (in Chinese)

AR Rk R EE L F L BB ATIRE AN
A7 A A M PEAE AR MELT]. b F A A,
2014, 22(4): 934-941.

ZHENG J H, ZHANG CH, CHAO Y F, et al.
Deposition and friction properties of DLC films
with micro-crater-like structures [J].
sion Eng. , 2014, 22(4): 934-941. (in Chinese)
Ik, BHEA, ZHM, F. CrAINGRE G %)Z
M 20 2R 45 e U0 HIPE e BIF 5T [T]. A AR
2021, 54(4): 63-68.

WANG X, FAN Q X, WANG T G, et al. The

Opt. Preci-

microstructure and cutting property of CrAIN nano-

composite coating [J]. Materials Protection,
2021, 54(4): 63-68. (in Chinese)

EW, IMAE, &, F . CrAINERIZ KPS
JB b P AT M B SELT]L A S AR, 2017, 37
(5): 639-646.

WANG L L, SUN R J, SHAN L, et al. Tribo-
corrosion behaviors of CrAIN coating in seawater
[J]. Tribology, 2017, 37(5) : 639-646. (in Chi-
nese)

ZHANG X, TIAN X, GONG C, et al. Effect of
plasma nitriding 1on current density on tribological
properties of composite CrAIN coatings [J]. Ce-

ramics International, 2022, 48(3): 3954-3962.

RN

AEHE(1998— ), B, Holt @b A, fi
FWFFE A, 2020 45 F 4 M K 2 3R AR 2
=2 A7, DS ) R R B R 1 T 5
Ik, 8 FE CrAIN # A DLC 3
1 I IR S i B (O
iong314@163. com

E-mail: lzx-



