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[ABSTRACT] In order to improve the poor friction and wear properties of soft metal, tungsten carbide (WC)-doped
diamond-like carbon (DLC) coatings were prepared on the surface of different TC4-DT, TC21 and TB17 titanium alloys by
medium frequency magnetron sputtering technology. The Ti/TiN/TiCN gradient transition layer was designed and fabricated
by multi-arc ion plating. The influence of the matrix effect of different titanium alloys on the mechanical properties and
frictional wear properties of WC—DLC coating was studied. The surface morphology and chemical element distribution of
the coatings were analyzed by SEM and EDS, while the cross-sectional morphology and structure were observed by TEM,
the structure of the coating was characterized by XRD and Raman spectra, and the mechanical properties such as bonding
strength and Vickers hardness of the coating were tested by scratch tester and microhardness tester. Friction and wear
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tests were conducted using a friction tester and ultra-depth-of-field microscope. The results show that the hardness of the

prepared coating is more than two times higher than that of the three substrates, and the hardness of TC4-DT titanium alloy

surface coating is the highest, reaching 1566HV, ;. The coating on TB17 titanium alloy has the strongest adhesion, which

is more than 53 N, and its friction and wear performance are also the best. The wear rate was 0.593 x 10 *mm’ * N'' + m ',

-1

which is 99.79% lower than the substrate wear rate. However, the surface coating on TC21 titanium alloy shows the highest

friction coefficient, the largest wear depth and wear rate among the three. The above results show that different substrate

materials lead to differences in mechanical properties and bonding properties of diamond-like carbon coatings, which then

affect the friction and wear properties of the coatings.

Keywords: Titanium alloy; Matrix effect; Diamond-like carbon (DLC) coatings; Gradient transition layers;

Friction and wear properties
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Table 1 Deposition process parameters of transition layer structure

JRGEH Ar/scem N,/sccm C,H,/sccm YRR [E] /min
Ti 150 0 0 30
TiN 100 0~50 0 40
TiCN 150 30~0 30 40

TifEEE/A | CHEEGR/A | EAGURIENV | UTBURE/C
99 0 ~100 300
99 12 ~100 300
99 12 ~100 300
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Fig.1 TEM images and electron diffraction phase analysis of the transition layer structure
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Fig.2 Cross-section structure and morphology of the coating

2.3 RENFHEENX

6 A 3 FPSLAAM AL B H AR Tk J2 Ay 4 ERG A ) gk
SR R M 50 g BT, AR E] 15 s, BRI AR
T ER 15 AN RIS B 00 i 0, SR B E - 24 1
SRR RIS, 3 kG S R 4 FCRE BE A 22 A8 K
HJTE 410HV 4s~450HV 50 H 1 TC4-DT Bk & 4 fifl &
Wi — 2L TC21 KA 4 B BEME G, X AhAE 1 Al 4 22
IR T B4R o AR B ARZE NS AR TR B <A
SR TR R B 2 DURUS 9 2k R, IR,
SRR M PURIR)Z )G, 00 R (A 2 R R, 3k
FI| 1200HV 05 VA I, 2R IR B AERE B2 1Y 3 %5, H
W1, TC4-DT £k& 4341 Y DLC 3 268 B (i i , 2

{550
12000 o wC,
[ Ti[ZZ]
2 9000 = TN
i (200)
? 6000
AE
3000 |-
or (200)
1 1 1 1 1 1 1 1 ]

10 20 30 40 50 60 70 80 90
20/ (°)
(a) XRDYAHSMHT

1250 -
1561.04 — -
1000 - X < OFREE
| A 7Dﬂl§
L 1383.42 — — Gig
; 730 MY — o

‘3
=
500 -

gz 250

Il Il Il "‘ ":.| -"..'. Il f ]
1000 1500 2000 2500 3000 3500
WK /em™
(b) Raman 63L& i<k
3 DLC #ERELEMHH

Fig.3 Surface structure analysis of DLC coating

1
0 500

#Fz 2 Raman HiESER
Table 2 Raman spectral analysis results
I

G| WBgem’ | HEEem’
D I | 1383.42 | 136.13
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Fig.4 SEM images of the polished substrate and coated surface
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Fig.5 EDS analysis of elemental composition and relative contents of the coating surface (atomic fraction)
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20254E 5568 513 0] - Bt hlEH AR 89



L

AERT L, OB IR (1154.92 pum ) B B AIX T TC4-DT
KA 4 172.43 pm 1 TB17 8K& 4519 172.19 pm, i
A B SATURIEE R, TC4-DT £kA 4 HER TR N
2.46x 10 mm’s N''- m', 1fif TB17 #1 TC21 Pifh4k &4
FIBE ISR 2.81 x 107 mm’ N™'» m™ fi12.68 x 107
mm’* N - m', DL EZEREN, U TBI7 ka4 E—
Pl EIPEA L B T B B 2R 25 AR R
FErbry= A B S, PRI TB17 k-5 4 AR TEBE S0 M
2% ; TC4A-DT K& 4 1= ReE Ay, R L HASE 5 4
o/ N o 3 PR G 4 SEAR A BHAS B I EE SR I I BEAR 22,
JUHAE A I 1 2422 fih 2 F 50 422 ik %) 26 23842 oy FH 3 3¢
R RIANEE , R LX) 3R T R4 v B T s U 2 B
Tl I A

I A AR, A SCE IR I Z5 TR )20 ik 3
PSR ) T ARG O UEE T BEVE FH . ani&l 8 FirzR, 3 Fil
PR TR 2 B R R TS 258 R0 N R 7B 7R
JEHERYBE , TC21 £k 4:+DLC 1&)2 . TB17 k44 +DLC

®3 3WMEERRENERMERMK

Table 3 Wear performance test results of three substrates and coatings
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Fig.10 SEM morphologies of typical coating wear and element distribution
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