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Abstract

C,H, gas flow rate on surface morphology, microstructure, mechanical and tribological properties of WC-DLC

WC-DLC wear-resistant coatings were prepared by DC magnetron sputtering, and the influence of

coatings prepared with a flow rate of C,H, at 10—50 mL/min was investigated. Results show that, with the increasing
flow rate of C,H,, the content of carbon in the coatings increases, the constituent of the coating gradually changes
from columnar grain to fine grain, and the coating becomes denser. The nano-hardness of the coating is closely
related to the content of hybridized sp’ carbon atoms. As the content of sp’-C in the coating increases, the hardness
and wear rate of the coatings increase first and then decrease. When the carbon atom exceeds a certain content, a
large amount of amorphous carbon will appear, the surface of the coating will become amorphous, and the friction
coefficient gradually decreases and becomes more stable.
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1.1 WC-DLC B &

SCECR A BRI e 2 REES A
PERSE A%, FraR AL SRR R 9310 thER AT, KTk
@ 30 mmx9 mm, fif A R Y FRD 48 FT B 5 X 26
PEAT A AL P, B 5 A PSR PR o gE AT R e vk
FEHET LA BT i 4575 Ge W, S Je K 1ORF 0 o e B
PR A . SRR FH IR R WC (99.95%) HE, 4
JEE R SR B T L 45 2 5%107° Pa, TEAE 200°C i
X RE HEAT B MG Uk, AR R 99.999% 1Y
SR, TE 2 Pa ST 2SR SR 1At —1000 V i &,
F I fE T2 T2 di 35 min LA BRAE O 2 101 B 2%
LMK Sy T #E— 4R WC-DLC 1R J2 Mk §6
IR Z R EEE T, LB 4 R A4 8 2Z 18] 1 B
Gt , 7R VTR DLC Z A Cr #8 (99.95%) 7 3%
PRI —)2 Cr fl CrN 3 3 2, Ptk WC-DLC
VR 25 VR N I R G R S5 S Cr/CeN i 2P
OB Cr i P52 0], JE B A R 5 Cr 8 I, H 3
3 A, [RIEFE FEAA LHEHE-100 VBRI ., 19 )2
o7 Jis A PN 3B A SRR R A I S DT AR 4 Cr U )2
B2 ROk, O IR 5 A, AR EA
A7, [Rl ik s A N, 228 f He =75 V, TR CiN i

ISk WC B3 A B LU, LR )RR,
AW AL LU DLC )2, N T A
C,H, S 3 1 % 1l £ WC-DLC % )2 1 fiE B 5% i,
C,H, AR &2 B4 4 10, 20, 30, 40, 50 mL/min,
5 5 2 N7 ST SR 60 min, ELASZIR SH N2 1 TR .
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Tab. 1 Process parameters of the coatings

- WwEA
Cr CIN WC-DLC

H0—FEHF/em 9 9 9
TRLEE/°C 100 100 100
TAESAk/Pa 0.6 0.7 12
AR E/ (mL/min ) 200 200 200
N, Yt/ ( mL/min ) — 40 —

ZWeFi R/ (mL/min ) — — 10/20/30/40/50

HEHL /A 3 5 5

B E/A 100 75 60
PRIV 224 335 365
PUERES [)/min 3 30 60

1.2 FRIEFHZE

K H ZEISS SUPRA 55 37 % St 4714 o 1t 1ol e
(SEM)WLEE ¥ 2 i L T JE S AW i JE 80 . R HH H
A X LA S5HY Rigaku MiniFlex 600 431 i4
JZBYAH S5 . % A Nano-Indentor G200 44K JE I
G 7 2 A s B2, R AR 400 nm, AR 8 IR
T AR R SR AR Y TR T R AR G R A9 21 A9 3 7R
TR 2R A oA 4 2 A0 B B A A ™ Ol T X E
URIZEE AR B, SR T QIR VA 7 U J2 26 1 ok
JE Sk i 04 38 Y 27, TR AR ZRRE, 2 A KNk
150 kg, FREFEAT 15 s, 31365 W8 IR R )2
(A7 1 DL AW SR 45 5o B

2 GRS

2.1 WC-DLC R ERMMEH

B 1 AN A CH, AR T il & 14 V47 48 4K i
FEVRZ MR ETES, A ORI & 3, wWC
B SRR AR, URVR T I D T WC ik
A PR A A, T 2 R A 1 A B A Ak 380

Kl 2 LA Cr/CiN 2R, FEAN R S T
il &1 WC-DLC %R Z R Wi IE S . #E LRt 4
MMELT, &R B FEZ, WZERER., Hoph
Tt HG RBT, AR R T O, AR AR 15 T g
SE, R ERARAEAEE S Ak . TR)ZFRTE AT WC-DLC dihi
Bl 2 BRI AN TR, ] T AR Y PR AR
e, 5 ARz 3 BN W8 20 Ak 0 i 52 3R S Ak
(R 2 AR AR Tk % .
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20 mL/min, (¢) 30 mL/min, (d) 40 mL/min, (e) 50 mL/min
Surface morphology of the coatings with different C,H,
gas flow rates. (a) 10 mL/min, (b) 20 mL/min, (c) 30
mL/min, (d) 40 mL/min, (e) 50 mL/min

Fig. 1
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Fl2 R IA CH, S A i (4 U J2 W7 1 SEM ] . (a) 10
mL/min, (b) 20 mL/min, (¢) 30 mL/min, (d) 40 mL/min,
(e) 50 mL/min
Fig.2 Section morphology of the coatings with different C,H,
gas flows. (a) 10 mL/min, (b) 20 mL/min, (c) 30
mL/min, (d) 40 mL/min, (¢) 50 mL/min
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Fig.3 XRD patterns of the coatings with different C,H, flow

rates
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PG 45 R T A5 3] D WA G e g7, - 0 5 B,
I/l S5 005, n 3 2 iR o DLC WY $7 2 % 3% 7F
1000 cm '~1800 cm ' 22 i) FL T — A KRR A “ 5%
SRR SE g, E LA P AR B0 T 1350 ecm ' A2
D IR 1580 cm ™ 2 A5 G 1§, BB T DLC %2
() SURVRRAIE e, 3K 156 W) S0 vh T ) 4 IR B X B
K4 R, [FEHESA K 3 o XRD #1407, B2
H WC, W,C SE ¥ AH, 7] HI Wik )28 WC-DLC ¥R
JZ. DS G MR Z I (Iy1) Rk T i)z
sp” Ml sp” (AR L], %25 WC-DLC TR 2
J12EvERE . B I/ B9 FL BN, DLC 850 rh sp® 2%
1k C JFT & bl 45 I/0 H(EBOR, sp” 241k C i
TR

WAL EEE 4 Hhrl DLE H, 2 ORI
k1 10 mL/min B}, 5 8 2 ik 25 7 4820, D g A
G SR AR/, I/l A 3.24, 12 TP 2R & WA A4
by BRI R BIE N, D g A 10 mL/min
i 1358 em' %43 20 mL/min 4 1352 cm ', 30 mL/min
f) 1356 cm', 40 mL/min Y 1351 cm 5 G W 167 5
1) {1 U B RS B0, SR T 1 75 I BE RS 3 #1558 em ',
G g2 1% 55 (FWHM) 1 126.6 #4603 137.4, ARG 1E
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Fig. 4 Raman spectra and Gaussian fitting curves of WC-DLC films prepared with different C,H, flow rates. (a) 10 mL/min,
(b) 20 mL/min, (c¢) 30 mL/min, (d) 40 mL/min, (¢) 50 mL/min
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Tab.2 Raman Gaussian fitting results of DLC films prepared SRR, W CH, Fita i3 hn, His &5 H o g 2 i
at different C,H, flow rates

- - D peak G peak
s

Tiﬁlib% gﬁg Position FWHM  Position FWHM 71,
Yfﬁi#uu ~1 —1 -1 ~1

(em”)  (em™) (em™”)  (cm

10 mL/min 1358 3577 1556 126.6 3.24
20 mL/min 1352 367.2 1554 128.3 2.71
30 mL/min 1356 363.9 1546 137.4 1.67
40 mL/min 1351 363.2 1557 127.2 2.23
50 mL/min 1357 357.7 1558 131.7 2.61

50 mL/min i} 24 131.7, I/I; fE M\ 10 mL/min i 3.54
[ A2 30 mL/minff 2 1.67, 7€ 50 mL/min B FF &
H2.61, XULHIREE £ A fE A BTN, B
PR R LRI, SRR L B T 2 Y
AT 7, WC-DLC &2 sp’-C &1, 24 25k
SRR HE— ] 50 mL/min B, G I DA
1546 cm ' R F] 1554 cm ', G W2 1% 55 (FWHM)
M\ 30 mL/min B 137.438/N8) 131.7, I/ )\ 30 mL/min
Y 1.67 3 m %) 2.61, F W WC-DLC Ik 2 sp’ it

[ Jk S 2 e 7 ik (1 890 T 0820, sp® 21k C BT 50 sceir ;
WL BE R4 RIS, X HERE B E K5 A CH, S AR H & WC-DLC i 2 454 1t .
ARV B (a) 10 mL/min, (b) 20 mL/min, (a) 30 mL/min, (d) 40

mL/min, (e) 50 mL/min
N N
23 WC-DLC REMZEE NI Fig. 5 Adhesion tests of WC-DLC coating with different C,H,

9% G R IR L 1T LU H IR 2 B &5 A s B, 1 flow rates. (a) 10 mL/min, (b) 20 mL/min, (c) 30
150 kg Jn#k J1F 4 WA Rk 15 s #4515 2 mL/min, (d) 40 mL/min, (¢) 50 mL/min
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WY, sp’-C #E 22, U2 0 40 K B 13 tho sl sk 7
C,H, i &4 10 mL/min B}, ¥ J2 o i 800 8 1) sp’
il sp? Z2 AR RR S 1, AN K B B 4511 S LR
20 mL/min 1 30 mL/min i, sp’ 8 & B4, R ER
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TR, v B R A R Sk, sp” S I L, T
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(d) 40 mL/min, (e) 50 mL/min

AR CH, R M i WC-DLC ¥ J2 i 40 K1 B B R A SR A b i 2. (2) 10 mL/min, (b) 20 mL/min, (¢) 30 mL/min,

Fig. 6 Nano hardness of WC-DLC coating with different C,H, flow rates with indentation depth. (a) 10 mL/min, (b) 20 mL/min,

(¢) 30 mL/min, (d) 40 mL/min, (¢) 50 mL/min
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Fig. 7 Friction coefficient of WC-DLC coating prepared at dif-

ferent C,H, flow rates
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Fig. 8 Coating friction and wear marks with different C,H, flow rates. (a) 10 mL/min, (b) 20 mL/min, (c) 30 mL/min, (d) 40 mL/min,
(e) 50 mL/min
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Fig. 9 Wear rates of WC-DLC coating under different C,H,

flow rates at room temperature
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