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Abstract : This paper starts with the representative coatings containing Mo element and researches on the status and progress of

binary, ternary and multi-component Mo - containing PVD coatings and the effects of different element additions and different

preparation parameters on the microstructure, mechanical properties and tribological properties of the coating. In the process of the

coating composition changing from binary to multi—component, the change of the microstructure of the coating is caused by

changing the type and content of doping elements and the preparation parameters, which can improve its mechanical and

tribological properties. The improvement of the coating performance is beneficial to enhance the protection of key transmission

components in mechanical equipment and prolong the service life. It is of great significance to military industry and social develop-

ment.

Keywords : coatings containing Mo; PVD coatings; microstructure; mechanical properties; tribological properties

0 355

WALy BEBEAR Y — B A RIS 75 S AL By
TP A A BN, 53 A, 0 A B i 1 AR
BETHUM S A B A KA T iR i SR A
Sy [ At T I VR A T8 o > A S T X TR IR BT
PR B AR SR B AT TR RS Mo 1R
— T R TR TSRO R R R AR E & T
AT BRAS B T BEAR e 1 ) {H R, Mo 7E 85 iR T AR FR8E
THREEA  WITHEEE 1A Mo WRIZFRERH4 T
2B — R ERE N R, —O0E Mo 54
WIZPT Mo—C 13 Z MR 1N 7 5 R i I AR 54 2 (Tt
PEEDOI ks N AR T4 AL Mo—N 42 kL, B
THEE132.5 GPa, FFIREEE AL . FIREEA BUR OIS,
FA I Mo—Sit 2 , i iHCAE AT ik %] 1100~ 1350 HV'™) fH &
PraaftE 2, ks Mo-Si 2 Mt A bk, YAO ™ 4

NBZ Al JTCE IS Mo-Si-Al IB)2, HET Mo-Si 14
2 BB R RU 2 RE . 3O Mo-Si-N W2 E b
PEMIAET MoSi, 2 BARTE S 7F Cr-N Z4 20 1Y
Fefli I A =50 Cr-X-N R 2SR AL, = JCiR 285
T R B 5 v A i B s RT3 A7) DT LA A S5 i g
e, Ptk il T2, ol il & 4R 45 Ti-Al-Mo—N  Cr—
Mo-Si-N ,Cr-Mo-Si-C-N 2 Z iR B | WETTE S
BRI, ks SF AR NPT A ST ERYB AR, DL Si
Al C TCE MR AT IN 2 R AR T A B, TR 2
HITERE . TEXT Cr-Mo—Si—-C—N WRJE MBI R £ 3, 12
MK ST A WO SS F 7] L 5 b 5 4 2 A el 22
HONG'® 2 A %3 Cr-Mo—16.9 at.% Si—-N )2 E RN
1N, HEEEREE A 0.157 m/s, ZE I IR IR 85 -5 4R ER X 5 Fiof g
YAl A I R AE AR Si0, F1 Si(OH) ,JE 2, BE4E PRI BON 0.49
FARE 0.3, FULTT I, BFEE 4 2 o0 R 2R L 5 vk
2, B AT MR R R,

ESWA : ERARPAIEGIUH (51775271) 5 75U UK R AR S0 AE BB S (S0 =) TP EE 4 (kfj20180509 ) 5 ELIHHLAZ Bl B AR

TG A H R IR B H (HTL-A-19G04)

E—EFE N SFOUT (1994—) , ) IR B AT A BIFFE 05 [l M LA TR
BEEEE N A C(1969—) , J , Befz it 2L S0, R REWPR00T [0 D R i TR AN # 2



. BRRE -

FUE,F - A Mo 49 PVD R B2 MR L ER P HT TR

1 =i Mo-C, Mo-N 2 E&HE
HEE 45

1.1 Mo-C Mo-N $E&HN =148

DINESH * 45 A {ifi FH L3 0 7 I 5 B2 A, 1) 36
CH, A MRAE 3161 Fob LT AFIAT EA 99K S J7 4548 il
P JIZPERRR) Mo—C IR 2, Mo-N IR EH FREMN T
SEVERE  — EUR B MR T KAZMANLL P %5 A%
Mo—N ¥ 2 B 5 2 B, 7E AR I L ) R v 1) B
PR 3275 y—Mo, N J& % 22 14 25 LA , 17 4 M1 A9 JE i 1R
BEN AT A 3 8 -MoN AR B ; I 15 il 8 S48, vl U IR )2
y—Mo, N il &—MoN AH ¥ Lkl W] LA 52 26 B2 A 3372
ke/mm* #2755 4 5085 kg/mm?, BOUAOUINA " 45 A fff 5%
Mk B, N RGN, 2 TR 2 R B2 T A5 AR HL
(111) fHTHEA R R B m, 1 PR, 25 N/ Mo=1.1
I, TR R A/ NI, ST B AR V2 2Rk RE L R A
2 A EOAETT (fee) y=Mo, N HIJETE 20 % ~40 %R )
I 0 Rl A I — A, 7E 50 9% e T WLEE B TR R A1 A
2MERE (R R R BRI ) M AR L 5 R E N y-Mo, N #|
3-MoNFIB1-MoNI L5 AL A 56

19
250
118
_ 200 447
S
= H16 £
X 150 1)
H =
Y {5
100 4 414
@ E nanoindentation ) 413
50 4 —m— E PF-QNM

T T T T T T T T
0.75 0.80 0.85 090 095 1.00 1.05 1.10 1.15
WRIZTN/Molt:

1 {EA N/ Mo RFLLREHRE
AN R B R E T

vyl
184 = g 7#)-Mo:Nofcc-MoN*hex-MoN
13 ¢ g =
] = N -
1 AA - U 20%N
14__//1&_/&_ PN, S N
1l A 1 30%N:
- 12 | N e S )
<
i 10] ;\
Hogd A o~ 40%N:
2
1<
44 2
sh s S
9 siSi 50%N:
0 L/ N/ ) _/_»-.k_.,_m...“ e
35 40 45 50 55 60 75 80 §5 O
260/deg

B2 AERSRETRE XRD Bif
1.2 Mo-C. . Mo-N 5 EEEZ MR

Mo—C 25 100Cr6 M/NERTE A I N, W sl

H1.04 em/s ZcMF T XS JE AR E] T 17 Mo—0 a—C
Mo—C AHWTRE TR B 108 M ARG ) R 4B RN B 3, el s T
MR RS RAT T B AA R, BB 3 T FERNB KR 5%
P VR R R R AT LARRAR 2 0. 16, I HBAG T & A it
2 (1.42 x10”° mm*/Nm) "7,

0.5

0.4 4

0.0

10 000 15000 20000
W B EAL

(a) PEGR R Kt 25

J
0 5000

500

250 =----344pm - - -

04
-250
=500
-7504

JEARUR S /mm

-1 000+
-1 250+

-1500 T T T T
0.1 0.2 0.3 04 05 0.6 0.7 0.8

JEIR B8 I/ um
(b) B2k
3 HE-KSNSESEGT
Mo-C i = i B E 4 gh &

GILEWICZ 8 &5 N\ FH R 72 B 5 07 51 45 Mo—N %
B M N 20N, WA #E RN 0.2n/s, WS E A
1500m 457 T It Mo-N % J2 B B R & 4 W]
A TERSIE ST 1.8 Pa H1 100 °C T 364519 Mo-N %2 B
B EARR TR P, B A 1107 mm® N™'m™' ~5x107
mm® N m™ TEEIN,
2.2x10° |
2.0x10¢ Lo o
1.8x10° | m]
1.6x10° |
1.4x10° |
1.2x10°
1.0x10° |
8.0x107 L
6.0x107 L
4.0x107 | L.

2.0x107 L 5
oo 5 e 8

0 50 100 150 200 250
S A LV
E4 ARERBEBERRSEND
Mo-N % EHEHR %

py,=0.6Pa
pNZ=1 .0Pa
py,=1.8Pa
pl\z=3A0Pa

JE/(mm N m)
omoOo%




. BRRE -

FAE, % - A Mo # PVD R B4 MR LB FARGF TR

2 =7t Mo-Si-Al.Mo-Si—N,Cr-
Mo-N R E &R HEEEFF

2.1 =7t Mo-Si—Al ., Mo-Si—N,Cr—-Mo-
N REEHR 1R

YRBEBIICE, BN ALN 824 % MoSi, M fit B3 1
CCH) T IZ BB i T MoSi, HR A2 A
MoSi, SR BAT ST A AR E S (R AR AR IR T = 4E
JRVEDT FERHEMEYERS . RN AL B, MoSi, i A% PG Si Bk
AVIUR BT &R A R EE 32T T MR R P S 1
BLINKOV"**) 2 A fiff Fi] it I B AR DR T 25 45 3145 L
B 3 A5 Al TR Y Mo—Si-AL R 2, WP R, H
MoSi, Fl Mo £ A Mo—-Si—Al ¥ )2 WY BEJE N 18 GPa, Il A
#Hofor AT LUK #) 63N, HIRVONEN'™ 45 Al 7R [6 N &
I Mo—Si-N IR 2, & BLAS i I 3 I 5 G004 B2 1 B84 i
BTN, 7E 50 at.% N HE R, 1000 CHLAR & A 455, 45 &
RS Si-NAHEA/EMAMS Ng#amsiEa%E, iTxI
SETE R ZERIFN Si-N M E AR, Mo—Si—-N T2 Bt ALtk
T 48 MoSi, 72 . Mo-Si-50 at.% N )2 BsiiAid
257 GPa,800 CiB K J5 #E & A5 8 273 GPa™ | 1 Cr-N &
JEUO BRI SR L F AR 0 A5 AR I SR AR
F#ANE Mo &1 Cr-Mo-N IR)2 . BEH Mo S HEIIE N,
WIZWASE B L (fee) Cr=N FH R FERE A (Cr,Mo) N &
VAR AL R A (fee ) y—Mo, N Ay T BTR GAH R 512
24 Mo 1N 69.3 at. % i, £ D5 1) bee—Mo FHAE B,
M 1R RETEY Mo & ERI A Mk L
A, Mo & HTE 45.4 at. % W], IR J2 1 A0 B R B i K
4 2714HV,

£1 Mo SETHI Cr-Mo-N 2 E ARSI

we  TEBRN% @/ AR%E BRRY WE/

Fs Cr Mo pm (nm-sT)  mm Hv
1 100.0 0.0 1.58 0.44 19.0 1 802
2 79.6 20.4 1.66 0.23 16.3 1910
3 68.7 31.3 1.70 0.24 15.2 1993
4 61.6 45.4 1.80 0.25 12.5 2714
5 45.8 54.2 1.57 0.22 14.5 2235
6 30.7 69.3 1.52 0.20 18.0 2 206

KIM"* 25 A i F L 9IS 7 9% (ATP ) % = JC Cr—Mo-N
IRV EINEAR - IRJZTE 21 at.% Mo T A 3 {EL 1 in
24 3GPa, M4k Cr-N BJHHBE{E A 18 GPa, UE W — & & 4
Mo BB I A BHGERIZ M 1 2EERE . 22, Mo J0E
B2RG R R X2 12 P Rl A 0 ke

2.2 =7t Mo-Si-Al ,Mo-Si—-N,Cr-Mo-
N 2 EEEZ %R

Yot TR R R B R BE AT S O 55 & B, A 20 °C A
Mo-Si-Al i JZ MY EE S IR B 0.67 ~ 0.69, 7E 550 °C i iy

0.52~0.56, 5 Mo-Si—Al-N I&JZHI ., Mo-Si-Al-N I%)Z
FIHFEAR SRR 2R (RE B 41 GPa) |, TR EEME7E
20 °C 1 550 °C B 4331 75 H Mo—Si-Al R)2 3 M1 2 MK
WYY HEO % A 5 i b i S s TS A
BT A TR Si AR Mo-Si-N 82, TFss & #,
mTREH WL E Si,N, 7T 5 H,0 & EEHEAER
RS AR R Si0, 8% Si(OH) , A #HE ™) Mo—15 at.%Si-
N U2 (07 BE S L ECRT LK 0.65 (Mo, N IR 2 ) T R |
0.4, Si TR, B BT A E AT A, BRI A
B, FEARIN NI R, M Mo i >45.4 at%
A, U2 AR B R 8 PRI B 4 e ] B 3 3 8 A ML
AANRE R FEHRE DB 1R AR, IS BRI IR T

G54 Cr—Mo—N ¥ J2 5 50 Bk 85 I 1) B 458 P9 4 (1
5) G EEIRAG EDS SMHT A BERGE AR R Cr A Mo &2
Ak, BUR A AR . )2 Mo R INE] 30.4 at. %
Ak BE 32 R AT LA R AR 2 0.37, FEEE g R 2 Mo
TCE SR KA BEBRAL A N A ) MoO, 182t BB [
ARV W A A A R R R B R

0.8

0.6 F A CrN Cr-Mo(14.6 at.%)-N

" Cr-Mo(21 at.%)-N

JEEAEIRI AL
2

Cr-Mo(30.4 at.%)-N
02} |

0 > 2 6 s 10
SEEIIE R
B 5 [E Mo &2/ Cr-Mo-N &= EEE R

3 %It Cr—-Mo-Si—-N.Ti—Al-Mo-
N.Cr-Mo-Si-C-N (& B & & HE
gerde b =1

3.1 %t Cr-Mo-Si—-N_Ti—-Al-Mo-N,
Cr-Mo-Si—-C-N R EEHME =148
YUN™ 3%} Cr—Mo—N 1 Cr=Si—N %2 %) LL Al 98 &
P, Cr—N SR ATEE T Siy N, 4L B 2 1O 25 44 o
T SR RE AP E AL PE T WA & B Cr—-Mo-N
TR AR i Siu N, 2 AL AO 40K & A R THIOULZ5 g the 2 fifi
V2 ELA R S A BRI T . HONG ™) %5 A3
I LIRS T AR A I S IR A R G R R AR T
% Cr-Mo-Si-N &2, i THIRS WAL b i Ik
BYEE NN, Cr—Mo—Si—N )2 RIUTEHE R 24 2.2 wm/h &
FEARE 1.6 wm/h, P35 ik R R R R OV B 9 24
14 nm Jg/NE-20 V~200 V A EL)E R E R f/ME 3~ 4 0m,
W 6 7, Wil 35 TS FE A/ 388 0, ¥ )2 09 8 folc A 5 DA
D2 GPa AN HEREA R 49GPa(-50 V) EFEEY

. 3.



. BRRE -

FAE S - b Mo 89 PVD b B4 M B R A Mt BF 0 3

38 GPa, PNHRI JIJ2 4609, 08 B E I -1.2~ -2 GPa,

52
50 1 -12
48
1 -1.5
Bl 44 118 5
P&n”{ 3 :_;[\
42 i 5
2.1 jjz
40
I 1 -24
38
36 4 27
0 -100 -200 -300 -400
e v
Bl 6 Cr-Mo-Si-N & EH EHREEEMNREL
MABEEREENZK

Y Si & (0~11.1 at.% ) X Cr—Mo-Si-N &2 455
PR S LSS 2 1 2 O S M B 25 Si 7 i T i
TNECE ATHREE L (111)/(200) Wik, TEE M SiyN,
FIE KA SE(111) g5k, SERGEVNIN'' H A &
MRS R Vv, AR p(N,) X Ti-Al-Mo-N ¥k
BEER R R I, %V, A-120 V iR - 140V,
P TV FRIGER 1% p(N,) M 0.3 Pa B /113 0.5 Pa,
SR SE A M R AL AR RIE B, 4 (T, A1) N-Mo—-Mo, N 21
A W1a) (Ti, Al) N=Mo, N F545 i 52 3¢ 0L H g W7 24 470 1 A
I AEBE (37 GPa) . ZPR¥ npah 8T F IR E W, 5 TiAIN
WRIEME, Ti-Al-Mo-N ¥k 2 B A Emrahdi i, 76xF
Mo-Si-C-N W ZMH h Z 3, M ETT7E 9 at.% C & HEhT
BB LY 27 GPa'™ , YUN' 45 A st v oI B 7 B
RGPS AHEE G 7 5 T 4 Cr—-Mo-Si-C-N IR} )2, &
Bl Cr—Mo—-Si—C—N ¥4 )2 & i 90 K MR Cr—-Mo-C-N 73
St AFIE 5 SigN, A Si—C F B A9 K B A 251
Cr—Mo-9.3 at.%Si—C—N i JZ 1 £ 1] A E] 2 53 GPa, it i
FCr-Mo-C-N IR ZMAERE . FU 48 A% Cr—Mo-Si-
C-NWIE BT ST & B, BB Mo & 8 1 b Th, T 0 A R
SEMHEINECE B2 1 Mo JR U CeN A% i Cr R
F B (Cr,Mo) N B [EV A, 4 Mo HUHLIR g 2 A BT,
HERE B H/E (H/E? [ B3k B K, 43 514 24.8 GPa,
0.077H10.147,

3.2 %It Cr-Mo-Si—N.Ti—-Al-Mo-N,
Cr-Mo-Si—-C-N & EEEZF M

WE 7 FiR, TR T 795°C (MoO, HIKE 5, MoO, 48
RS AT I S RRAIR T B R R A, R, 7 750 °C N
800°C T, & Si [ Cr—Mo—N ¥R JZ BRI ] 43 S| e L A
IG1E 0.31 A1 0.21, 3X AT IA PR F Mo MY 4K &7 , BERS 2L Bl
MoO, #2247 Bl T 58 488 D RO RR IR L 2, W si 19
Cr-Mo—Si—N 5 Mo Fie.& fiff B4 PR BOCRN S B R 4 541K

T S P TN AR 2 A AL o B e
ERJZ 1 Mo H T 7E B4 A2 rh B B MoO, 1y [ {4 i
T AT S EE B R R, BE B OB AR ON 0.3

4.

0.8
B CoF at 750 °C
e CoF at 800 °C
0.6 |-
n
%04— . "
% L] . o * °
0.2 °
040 " Il " Il " Il " Il Il L Il
-2 0 2 4 6 8 10 12

e /at. %
7 AEBETAES 22/
Cr-Mo-Si-N R EEER#

SERGEVNIN'™ 34549 4 um J& Ti- Al-Mo-N & )2 B A
(Ti,Al) N Fl Mo—-N 2B (2R E5H , DF5E &30, Ti-Al-
Mo-N IRJZFEEEE S R TP AR & MoO, YT 1, Nl 8 fr
TR U IR AE S AR 40 N L PN VA W L

2(')_p‘m 2(')_p‘m
8 ERMWEHMT Ti-Al-Mo-N RE Lt
XIR B E %

BmIRE T B AR B R TR R T
MoO, FHE,, Bl Mo & I, 45H) L IE B Mo Xt Cr 11
B FE AR (Cr, Mo) N, JEE 8 P BURN S 45 5 3445 . 5 FAAIK,
it B PE BB IR . Mo 25 8 (9 B0 (7 04 2 ol b s 453 2 Ay 9
BEEERST ) HONG ™ 48 AN Mo-Si—-C-N & )2 k5%
T B C SRR, IR 2 0B R BAK, 7€ Cr—
Mo—C—N IRJZH IR Si -t 2 (8 1 J2 19 S 357 128 48 PR S i
Ffit, FUPY RS A 82 Mo B Cr—Mo-Si-C-N %2 H
FEEWAL A B P T B IR S R A (RS R &, a5
ORGSR A Mo FEHLTE, v RAEAL Cr—Mo-Si-C-N i
2 B 2R R BE

4 HiE

ARIERR T F Mo Y PVD IRJZ BRI, B85 T IR
JEAURTTR RIS B i Kl 5 2 R0 R 2 O
“APEREMEE SR ATERE AR ML M A BOC R AR5,
XHUR SR BEATAT B BB 2 ot B 1 A S RO e
REAS U IR 2 I 45 ), 8 T 0 0% )2 A R RE AT 1) W 8 412



. BRRE -

FAE, % - A Mo # PVD R B4 MR LB FARGF TR

Tk WEZ T 20N Y4BT S TR X 2
JG Cr-Mo—Si-C-N IRJZ M5 B 202 LB T IRIZR
HUHH P RS (IR 2 I08 Mo IRJEFN Cr-Mo-Si-
C-NRBIIFRIA B /D TE ™ REFTEME IR A

[d] Mo JCEIBL Cr-Mo-Si-C-N IRJZ 1) 12k

ZEPERE L) B B AL 22 S bt BE A 2 i AL, SR TR 2 0 A

TZ.

SE 3k

[1] KRBk, F58  RIERT, 5. W-S-C(N) IR Z 55 # ) B e+ PE B

W) ], P ERHLIESC,2017,12(16) :1913-1920.

MELCHERS R E, JEFFREY R. Early corrosion of mild steel in

seawater [ J]. Corrosion Science,2005,47(7) :1678-1693.

[3] FEREAT. BRANTETR AR R A K AT R [ 1], S il 2
LBipriiAR ,2001,13(2) :81-84.

[4] QIAN B, HOU B, ZHENG M. The inhibition effect of tannic acid
on mild steel corrosion in seawater wet/dry cyclic conditions [ J].
Corrosion Science,2013,72(4) :1-9.

[5] MU X, WEI J, DONG J, et al. In situ corrosion monitoring of

mild steel in a simulated tidal zone without marine fouling attach-

2

[

ment by electrochemical impedance spectroscopy [ J]. Journal of
Materials Science & Technology,2014,30( 10) :1043-1051.
XIHES, TR0, SRS A, 45, BRANTE B ARIE KR K B K iy
JEWATASHT] . e PRI AR ,2013(4) :16-19.
JEI/INES 4 R, BRI H R A A v IR AL IR 2 ) &
[J]. &JE#EL 5164 TR, 2008,36(2) :6-10.
[8] EfA, e T MM RIS T PR [T, SR,
2003,27(6) :28-31.
[9] BELTOWSKA-Lehman E, BIGOS A, INDYKA P, et al. Electro-
deposition and characterization of nanocrystalline Ni-Mo coatings
[J]. Surface & Coatings Technology,2012,211(3) :67-71.
[10] Th ¥ v fb S8 A f ) 2 KRG U J2 1 B 14
5E[1]. &IRpMRSI64 TR, 2010,38(2) :3-7.

[10] ARSI R ms T 5H 0 J2 o BT B M RE I PR [ 7).
T E 4, 2012,36( 1) :49-52.

[12] WANG T, ZHANG G, REN S, et al. Effect of nitrogen flow rate

on structure and properties of MoNx coatings deposited by facing

[6

[

[7

[

target sputtering[ J]. Journal of Alloys and Compounds, 2017,
701.1-8.

[13] HOUS X, LIUZ D, LIU DY, et al. Microstructure and oxida-
tion resistance of Mo—Si and Mo—Si—Al alloy coatings prepared
by electro—thermal explosion ultrahigh speed spraying[ J]. Ma-
terials Science & Engineering A,2009,518(1/2) .108-117.

[14] YAO D, GONG W, ZHOU C. Development and oxidation re-
sistance of air plasma sprayed Mo—Si—Al coating on an Nb_/
NbsSi; in situ composite[ J]. Corrosion Science,2010,52(8) :
2603-2611.

[15] HIRVONEN J P, SUNI I, KATTELUS H, et al. Crystallization
and oxidation behavior of Mo—Si—N coatings [ J]. Surface &
Coatings Technology, 1995,74/75(1/2/3) :981-985.

[16] WEirss, T, FEHRE M]. 45 3 I Jeat. il
At ,2008.

[17] CHOI E Y, KANG M C,KWON D H, et al. Comparative stud-
ies on microstructure and mechanical properties of CrN, Cr—C—
N and Cr—Mo—N coatings[ J]. Journal of Materials Processing
Technology,2007,187/188: 566-570.

[18] SERGEVNIN V S, BLINKOV I V, BELOV D S, et al. Phase

formation in the Ti—Al-Mo—N system during the growth of adap-
tive wear—resistant coatings by arc PVD [ J]. Inorganic Materi-
als,2016,52(7) :735-742.

[19] HONG S G, KWON S H, KANG S W, et al. Influence of sub-
strate bias voltage on structure and properties of Cr—Mo—-Si—N
coatings prepared by a hybrid coating system [ J]. Surface &
Coatings Technology,2008, 3(5) :624-627.

[20] YUNJ H, KWON S H, CHOI J H, et al. Synthesis and me-
chanical properties of Cr—Mo—Si—C—Ncoatings by a hybrid coat-
ing system [ J]. Journal of Ceramic Processing Research, 2009,
10: S112-S115.

[21] YUAN Z G, YANG J F, WANG X P, et al. Characterization
and properties of quaternary Mo—Si—C—N coatings synthesized
by magnetron sputtering technique [ J ].
Technology ,2011,205(10) :3307-3312.

[22] YUN J H, AHN S K, KIM K H. Microstructure and mechanical
properties of cr—=Mo—Si—C—N coatings deposited by a hybrid

Surface & Coatings

coating system [ J]. Journal of the Korean Institute of Surface
Engineering,2007,40; 279-282.
[23] HONG S G, SHIN D W, KIM K H. Syntheses and mechanical
properties of quaternary Cr—Mo—Si—N coatings by a hybrid coat-
ing system[ J]. Materials Science and Engineering A ,2008,487
(1) :586-590.
DINESH Kumar D, KUMAR N, PANDA K, et al. Tribochemis-
try of contact interfaces of nanocrystalline molybdenum carbide
films [ J]. Applied Surface Science,2018,447 .677-686.
[25] VALLI, J. Tribological properties of MoNx coatings in contact

[24

[l

with copper[ J]. Journal of Vacuum Science & Technology A
Vacuum, Surfaces, and Films,1986,4(6) :2850-2853.
KAZMANLI M K, M Urgen, CAKIR A F. Effect of nitrogen

pressure, bias voltage and substrate temperature on the phase

[26

[

structure of Mo—N coatings produced by cathodic arc PVD [ J].
Surface & Coatings Technology,2003,167(1) . 77-82.

[27] BOUAOUINA B, BESNARD A, ABAIDIA S E, et al. Correla-
tion between mechanical and microstructural properties of mo-
lybdenum nitride thin films deposited on silicon by reactive R.F.
magnetron discharge [ J]. Surface and Coatings Technology,
2018,333.32-38.

[28] GILEWICZ A, WARCHOLINSKI B, MURZYNSKI D. The prop-
erties of molybdenum nitride coatings obtained by cathodic arc e-
vaporation [ J]. Surface and Coatings Technology,2013,236:149-
158.

[29] ARCHARD J F. Contact and rubbing of flat surfaces [ J]. Jour-

nal of Applied Physics,1953,24(8) :981-988.

ZHANG G J, YUE X M, WATANABE T. Addition effects of

aluminum and in situ formation of alumina in MoSi, [J]. Journal

of Materials Science,1999,34.997-1001.

[31] SADANANDA K, FENG C R, MITRA R, et al. Creep and
fatigue properties of high temperature silicides and their compos-
ites[ J]. Materials Science & Engineering A,1999,261(1/2) .
223-238.

[32] MITRA R, RAO V V R, RAO A V. Effect of small aluminum

additions on microstructure and mechanical properties of molyb-

denum di-silicide[ J]. Intermetallics,1999,7(2) ;213-232.

HEO S J,KIM K H, KANG M C, et al. Syntheses and mechani-

cal properties of Mo—Si—N coatings by a hybrid coating system

[J]. Surface and Coatings Technology,2006,201 ;4180-4184.

[30

[

[33

[

. 5.



cGFIREE - FAE, % - A Mo # PVD R B4 MR LB FARGF TR

[34] JIA L, XIE H, LU Z L, et al. Microstructure evolution of Mo— deposition[ J ]. Technical Physics Letters,2012,38(2) : 168-
Si—Al system during self—propagation high—temperature synthe- 171.
sis[ J]. Journal of Alloys and Compounds,2013,554;127-131. [45] BABA -Dzakhryapin A A, LAGUTKIN M I, YUSHINA L R,

[35] INGEMARSSON L, K Hellstrom, CANOVIC S, et al. Oxidation et al. Phase and structural transformations during heating of mo-
behavior of a Mo( Si, Al) , composite at 900 C ~1 600 °C in dry lybdenum carbide coatings[ J]. Metal Science & Heat Treat-
air[ J]. Journal of Materials Science,2013,48(4) ;:1511-1523. ment, 1978,20(7) :566-569.

[36] CHRYSANTHOU A, JENKINS R C, WHITING M J, et al. A [46] KIM J W, KIM K H, LEE D.B., et al. Study on high—tempera-
study of the combustion synthesis of MoSi, and MoSi, — matrix ture oxidation behaviors of Cr—=Si—N films [ J]. Surface and
composites[ J ]. Journal of Materials Science, 1996,31(16) : Coatings Technology ,2006,200(24) :6702-6705.

4221-4226. [47] MARTINEZ E, SANJINéS R, KARIMI A, et al. Mechanical

[37] LEE S P, YOSHIDA M, FUKUNAGA H. Interfacial modifica- properties of nanocomposite and multilayered Cr—Si—N sputtered
tion and impact properties of Nb/MoSi, laminate composites by thin films [ J]. Surface & Coatings Technology,2004,180(3) .
the addition of ZrO,, NbSi,, and SiC particles[ J]. Metallurgi- 570-574.
cal and Materials Transactions A,2000,31(8) :2075-2081. [48] DAVIS C. A simple model for the formation of compressive stress

[38] BLINKOV I V, CHERNOGOR A V, VOLKHONSKII A O, in thin films by ion bombardment [ J]. Thin Solid Films, 1993,
et al. Phase composition, structure, and mechanical properties 226(1) :30-34.
of arc PVD Mo-Si—Al and Mo-Si—Al-N Coatings[ J]. Inorgan- [49] LU Y C, CHEN H W, CHANG C C, et al. Tribological proper-
ic Materials,2017,53(1) ;125-134. ties of nanocomposite Cr—Mo—Si—N coatings at elevated temper-

[39] HIRVONEN J P, SUNI I, KATTELUS H, et al. Microstructure ature through silicon content modification [ J]. Surface and
and mechanical properties of nitrided molybdenum silicide coat- Coatings Technology,2018,338.69-74.
ings[ J]. MRS Proceedings,1993,322.:279-284. [50] FUY Q, ZHOU F,WANG Q Z, et al. The influence of Mo tar-

[40] FFAM, H, Wi, 25 Mo & X} CrMoN E &R )24 get current on the microstructure, mechanical and tribological
e R RERYRZ [ 1], 48244k ,2015,51(3) ¢ 371-377. properties of CrMoSiCN coatings in artificial seawater [ J]. Jour-

[41] KIM K H, CHOI E Y, HONG S G, et al. Syntheses and me- nal of Alloys and Compounds,2019,791.800-813.
chanical properties of Cr—Mo—N coatings by a hybrid coating [51] ANIKIN V N, BLINKOV I V, VOLKHONSKII A O, et al.
system[ J]. Surface & Coatings Technology, 2006, 201 ; 4068- Ion—plasma Ti—Al-N coatings on a cutting hard—alloy tool oper-
4072. ating under conditions of constant and alternating —sign loads

[42] YUN J H, AHN S K, KIM K H. Comparative studies on micro- [J]. Russian Journal of Non—Ferrous Metals, 2009,50 (4 ) :
structure and mechanical properties of CrN, Cr—Mo—N and Cr— 424-431.

Si—N Coatings [ C]// Materials Science Forum,2008,569:101- [52] V. S. SERGEVNIN, I. V. BLINKOV, A. 0. VOLKHONSKII,
104. et al. Structure formation of adaptive arc—=PVD Ti—Al-Mo-N

[43] KIM K H, CHOI E Y, HONG S G, et al. Indonesia, the United and Ti—Al-Mo—Ni—N coatings and their wear—resistance under
States, and Democracy —Madeleine Albright address —transcript various friction conditions [ J]. Surface & Coatings Technology ,
[J]. Surface & Coatings Technology, 2006, 201 ( 7) : 4068- 2019, 376, 38-43.

4072. [53] I, iR, BRE 55, Mo & FE X% Cr12MoV 9 3E T CrMoN

[44] SOBOL O V, ANDREEV A A, STOLBOVOI V A, et al. Struc- WEEB R[], B4R ,2009,31(3) :20-23.

tural—phase and stressed state of vacuum—arc—deposited nano-

structural Mo — N coatings controlled by substrate bias during 55 B #9.2019 — 06 — 04

FWIWIWVYVIVWVIWVIWVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIVIV VIV VWV IV VIV VIV VIV VIV VAV VIV IVIVIVIVVIV VIV VIV VIV VIV WAV VIV VIV IVIVAVAV AV AV AV IV VAV IV IV N
BEETT

REMANEE S T I R B — S R0 i 18 S T4 AU 24 0 O SR U, 37 A P A LR ]
TR A2 12, AT IR ] X R AAT R B X HRA B TSk SR A AR |
ARG R ME— 0 IE X E T b P HE R . www. jxzzyzdh.com;
BERGMBAE A ; editor@ njmes.org;
A AT AUBGHE S A S 1)
CHURE 5 A Sh1k) 248
2020 4 4



