%48 4 %74
2019 4 7 H

mAERMBIS IR
RARE METAL MATERIALS AND ENGINEERING July 2019

Vol.48, No.7

W &3 CrWN iR E7E T EEMRIEE T B

Bt

INA=V/

SIAAL

T #HL MAER, E L, REXR cmm!, IaE RAT?
(1. EMFE R (B0, dEx 100083)
(2. T HE TR, 7R )M 510060)

% E: FAHARMBET SRS X FHRATHA 20K B 3D TEHCIA: S X EEEE B BRI E ST W & &4 CrwN
URJZAET BEGER PAO 3 45 0F R IO BESRZMERE S . SRR B W SR8, A28 AU B TR B 11 % 1)
CrWN VR J2 A4 h SO AR A8 O R AT iy, P AR B AT iR i o BB REBE W 5 S OS89 I SE 9 ORJE 8, 24 W& ik
K 9.96%(Ji T 73 BOW A fe Ko CrWN R R AE TR Z AR N (0 BE R R HBE W5 2 (K 8 I e 9/ J5 i T A28, {HAE PAO
T A AF N IR R K WS I IE Wik . TR, B0 W TR SN CrN ¥ 2 R S X J8 BR 10 B 454 5
B W B850 83 2% CrN TR IR U S OGBS BRPE PAO I8 411 T IO B 41k

KW CrWN; W)z BEMZEVERE; W & 1
FEESES: TG174.444 XHEkFRIRED: A

XEHE: 1002-185X(2019)07-2371-08

WAk, REANPAW ) mIhA . S, K
J7 1 R Y. R AL B T B PR Ak T i R
(s TAEIREG h, 55 0T (v 1) JBE 6 5% 3 3 S04 ) 7
Ay BRAG L BEFESE N30, v A0 P 2 ot R ok
B 1 T FE I (R 5B LB P R

CrN ¥R J2 B AT Wi vk < i s b o R v d A
S O, e N FE IR LB A .
mHg A A, WBALRE (AT Mo Til’l, witf
vy w4 @ ok (e sitPl B ) AT
Gt . IXEE — S AT DL = CeN YR 2 il
JSE AR B 1012 5] S aT Bt CoN R 2 (R /88 bl R 4t
AR ERESS L BRI, B CON R E AT
DL 3 B LA e A Bk A s A 1) WINCEE WND
SRAE T CrN ¥R 2 R R 82 R % >0, g L 3wl i
T J e T 5 A R B SRR 2 (R T 1k, B AIC B R R
T, R BRSO . Su IR LB N0
W A8 CeN VR Z R, b & Wi 2 BEAGRR
HTBE LW S E (3%~6%, R 708 RETH
RO . SR Wu S5V TS AR, AT
B TBA W EREERS G13%, RTFAE0 NEE
FIT CrN ¥R 2RI EE B R . R, W3 &6 CrWN
TR R A T R A G I

WA, A3 R A 200U 2 B 2 P e (1) 5 1)

KFs HEA: 2018-07-15
EEWE: ExXAREFEILS (51775524, 51275494)

FUHEE 5 i A B DI O AER IR AR 3 41
AR B 22 5 . Suzuki 2515 B H-DLC
VS LE K R I R R BN R A R, AR
) JBE 5 R H AT B A B 3G i B2 R B . B
ROV IAE T BEE SR, CrSIN gk 52 4 T st 11 JBg
PERKBE Si ol 5 SURIBE K, E A i v A1
N, BEEERAGE Si & s E L. HAroe T
CrWN ¥R J2 (0 BE 22 AT W9 2 b T T R 4 1
0 WS BT CrWN ¥R 2 LE i W 4 N R 2
R A R B I AEAE AN AL

AW SR B 7 A BB 4 T ORI W
) CrWN ¥ 2, TRk 4N/CrWN ¥4 2 48 T BESE R i v
R ER- A R A S0, 6 R HT T AR W
T CrWN VR 2 R RECH BB MERE 1) 52 ), JF 4
N BE AR AL

1 % I

FeAAE ] 60 mm X 60 mm X3 mm ) 316L AN454K
PhOCHR o HE AR TR AN £ B8 7R VS TR & 15 min, SRS
A RIR K FH ISB700 24 % ) R 1251 I S 4% JE AL A
Fek EPORUREEL 1 pm ) CrWN IR 2. Afem 55
IR 45 Ao, e Art &Sk LB R Z A
K HAb 5 G, HUUB Cr W% )2 . BHJaE e Cr 9%

BRI T Al 2, 1993 454, mid, TEHFTRSE (s TREERZERE, Jbat 100083, E-mail: cugbwang@163.com



* 2372 ¢

Wi @M RS TR

48 %

ST AR A B TR B PR S i s W
W2 TR SEEHREN W S BT 208 A
JRELZSE 2X 10 Pa, JUBUESR 1.2X 107 Pa, F:AjE
FEGE 16 t/min, JIHGEE 200 C, IE 2 h.

F PHI Quantera SXM % £ Jjfig X 4 £kt i 71 g
AL (XPS) 4 HTiR)E EEIUHE . HBCH Genesis
XM-2 Rt X 4% (EDS) X[ JISM-6510 %Y
P 7 BAET (SEM) WL SR 2 3R 1 SRR W T TE 30
T E ALK 5y o ] D-max/2500 B X SRR AT HHY

(XRD) KrliR)ZWAHE ), K Cu Ko 4. RH
XP QK S SRS F v J2 (A B2 S s A &, I 8
RBCPIME .

KH Optimal SRV-4 =il BEEE EE BRI (FER
O BEAT CrWN ¥R 2 Y BEEE 2525 . kA 2 @10 mm
ff) GCr15 M ER (FEE HV 7700 MPa), NiktE2ikE
CrWN ¥R Z A BN o 7EBEEESEIG T 2 min Wik E S
N TINS5 101, DA B AR J2 R 1% Bk 3 T 4 1 )2
75 Wy S 48 SRR S o EERE IR 454 W JE 80 C,
AT 20 NCHR2Z N 1147 0.84 GPa), 584 0.01 m/s,
7R 1 mm, IS TE) 15 min, - BE4E ol R e R R .
BB AT S 56 A Y P e i e R b 2R o 0% (PAO4D,
KB 1 mL.

F NanoMap-D ! 3D JE S A 52 B IR % M B30
Rt P I A BT T S S 00 A4 ) S 5% AR U B
BRI 10 M E, WM. H BXSIM D% B
Tl DN %o S K 1) S B L AR IR S R . R G
Genesis XM-2 B e &% (EDS) A4 JSM-6510 2
R A T BB (SEM) A % % 461 348 1) S ) %
3R AT 1) O T S - D0 6 G s 4

2 HER50H

2.1 B KIB%EH

21 N XPSHIEM CrWN IR 2 EE LR & &,
ALLEH, BEE WO, WETh W R S
s Cr 20508 b, N R EIRFRE 50% 410
R 2R A W BB R, i W S TR eI 2,
SEIEI VOB R WoRL T B E i 22,

K1/ CrWN 3210 XRD i, ik 1 Al 4,
W E B A (200), JE T fee ) B1-NaCl 4544,
MW RN 3.91%(R T, R IR, B R
BUkSS. IWE 1 IEv]FH, BiE W SEE I, {750
FACA W, W S8R 9.96%I, MK, IR
P& W R 7 HEN CrN ks B 4 Cr J53 1, JE AT CrN
S5 (CL,WI)N B E A, FEARIRAR, Sk
How oK,

z1 CrWN 2EMEFEREZSE

Table 1 Content of main element of CrWN coatings

Beam current of Element content/at%

Coating

Cr, W target/mA Cr W N
CrN 80/- 46.71 - 53.29
CrWi N 80/5 47.84 1.82  50.34
CrWsoN 80/10 46.25 391  49.84
CrWo.osN 80/20 41.07 996  48.97
CrWs, 7N 80/40 28.82  22.27 48091
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Fig.1 XRD patterns of CrWN coatings

2.2 ZES58EER

B2, B3 e AR W 3B CrWN 32 3R 1
MR e . WK 2 WTELE F], CrN =R DG 5
%, BAWILRG, RO Z, HIL]EER 5
. M 3 aTLAE S, CrwN RZEREEAE 1.1 pm A
A, BEW SR, A R ECE FIR AR D RLR
FERG, 2 W BN 22.27%I8 A BB 40k 00, 1F
FRZEFLIRIEIE, B FE % &

Smith! 15 H PURUE 1 585 1 1 30 B S vk Ji 1
IR FE i E B R . Bl WSRO R i ok,
T 2R EIGRE W ORI 2, S RUTRBIE SRR |
() BB RL 7~ 3 B B B A, XN TR 2 IR g
Mg, BIREREREIE 2, SUREE N,

2.3 S1FTkERE

Kl 4a J& CrWN WRJZ A KA H AT 20 R
®HE* WLUEH, BEE W SRS, HM E*GiE
KIGWA, W SEN 9.96%I, H A Exfg k. il
XRD Zr#r ol i, 5% W R Tl Sl Ak AR mg A, gk ifi
PHAF O 5 12 S AT B AT o 1T CrWoo6N ¥ J2 i % 1
A P, [ R, U R . W
N 9.96%I, WRIZENIIE K Z fLIE . KR LT
YRR 5, X EORJE IR R G,



557

*2373 «

200 nm

K2 CrWN 2 RRMIIES SEM T
Fig.2 SEM images of CrWN coatings: (a) CrN, (b) CrW; gN, (¢) CrW3 9N, and (d) CrWx, 27N
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Fig.3 SEM cross section morphologies of CrWN coatings: (a) CrN, (b) CrW; gN, (¢) CrW39;N, and (d) CrWax, 27N
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Fig.7 Surface morphologies of worn scars of CrWN-coated samples (a, c, e, g) and their counterpart balls (b, d, f, h) under dry friction
condition: (a, b) CrN, (c, d) CrW, sN, (e, f) CrW3N, and (g, h) CrWy 27N
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Table 2 Micro-area composition of worn scars of CrWN-coated samples and counterpart balls under dry friction condition in

Fig.7 (at%)

Element A A' C c' E E' G G' H H'
OK 8.5 13 31 27 24 27 21 35 14 33
CrK 19 63 13 33 46 11 19 6.9 68 27
Fe K 65 21 53 38 28 57 53 55 5.8 35
Ni K 7.8 2.7 3.2 2.9 0.7 3.6 4.6 2.4 0.6 0.7
WL - - - - 1.4 0.6 1.8 0.6 12 4.4
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Fig.8 Surface morphologies of worn scars of CrWN-coated samples (a~c) and their counterpart balls (d~f) under PAO-lubricated
conditions: (a, d) CrN, (b, ) CrW, N, and (c, f) CrWx 27N
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Effect of W Content on Tribological Performance of CrWN Coating under Dry Friction
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Wang Li', Fu Zhiqing ', Yue Wen ', Kang Jiajie |, Zhu Lina ', Wang Chengbiao ', Qu Shengguan *

(1. China University of Geosciences (Beijing), Beijing 100083, China)

(2. South China University of Technology, Guangzhou 510060, China)



+ 2378 « Wl @B R TR 48 4

Abstract: The effects of W content on the tribological properties of CrWN coatings under dry friction and PAO lubrication conditions
were investigated by scanning electron microscope, X-ray diffractometer, nano-indentation tester, 3D profile-meter, and reciprocating
tribometer. The results show that the microstructure of CrWN coatings prepared by ion beam assisted deposition is changed from dense
columnar crystals to coarse columnar crystals and then to fibrous crystals. The hardness is first increased and then decreased with the
increase of W content, and the maximum hardness is obtained when the W content is 9.96 at%. Under dry friction condition, the friction
coefficients of CrWN coatings decrease first and then almost unchange with the increase of W content; however, under PAO oil lubrication
condition, the friction coefficients of CrWN coatings gradually decrease with the increase of W content. Under dry friction, the
introduction of W into CrN coatings at a low content will aggravate the wear of CrN-coated samples and their counterpart balls; but the
wear resistance of CrN-coated samples and their counterpart balls are obviously improved by W doping under PAO oil lubrication
condition.

Key words: CrWN; coating; tribological performance; W content; oil lubrication
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