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Friction and Wear Characteristics of High Entropy (TiVTaMoW)C Ceramics
Sliding Against Different Paired Balls
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HU Litian', ZHANG Yongsheng'?
(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou 730000, Gansu, China;
2. Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: To explore the application prospects of high-entropy carbide ceramics as wear-resistant parts, a high-entropy
(TiVTaMoW)C ceramic with a uniform distribution of elements was prepared via ball milling and subsequent two-step sintering with
metal carbides as raw materials. The friction and wear properties of (TiVTaMoW)C ceramic at room temperature and 800 C sliding
against Al,O;, SiC, and Si3N, balls were investigated, respectively. The results show that (TiVTaMoW)C ceramic exhibits superior
tribological properties with low friction coefficients and wear rates at room temperature. Especially for sliding against SiC ball, the
friction coefficient and wear rate are (0.38+0.01) and (1.52+0.36)x10”7 mm*/(N-m). The surface of (TiVTaMoW)C ceramic is
severely oxidized during sliding and accompanied by aggravated wear when the temperature is 800 C. The wear rates of high-entropy
carbide ceramic sliding against all of the friction pair balls can increase to 10™* mm*/Nm. The oxidation products of MoO; and V,0Os
with low shear stress characteristics form self-lubricating and transferring films between the friction pairs, which made the friction
coefficients maintain the same level as that at room temperature. In addition, SiC friction pair presents better tribological
compatibility with (TiVTaMoW)C ceramic with a low friction coefficient and wear rate at room temperature and 800 C.
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Fig. 1 XRD pattern of (TiVTaMoW)C

(b) EDS spectrum of Mo of Fig.2(a) (c) EDS spectrum of Ta of Fig.2(a) (d) EDS spectrum of C of Fig.2(a)

(h) EDS spectrum of O of Fig.2(a)
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Fig. 2 SEM image of polished surface and the corresponding element surface distribution photographs
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(a) HAADF STEM micrograph

(b) Selected area electron diffraction
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Fig. 3 HAADF STEM micrograph and selected area electron diffraction pattern of (TiVTaMoW)C

(a) HAADF STEM micrograph
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(c) EDS spectrum of Ta of Fig.4(a)
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(d) EDS spectrum of W of Fig.4(a)

(e) EDS spectrum of V of Fig.4(a)

(f) EDS spectrum of Ti of Fig.4(a)
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Fig. 4 HAADF STEM micrograph of (TiVTaMoW)C and the corresponding element surface distribution photographs

F1EDS JuE (i 54 B LAMEE R, (TiVTaMoW)C
FEf R Mo Taw W, V I Ti %5 5 Fi & @ uREH
KR EFFE S AAER 5], RIS A T
R TC R R BAmTIL S . DR, A TR W 2
R VE T ) £ AR R B ROR R 38 A
A BI85 B 51 B (TiVTaMoW)C FUR [ 1A HE 7

=1 (TiVTaMoW)C P & 1 2 & B, 2 BH Mo
Tav W. V. Ti fil C mEAERGE PN TR0
FEY B AP BOSRE, IR A T 48
TALEREG U, e RE 5P B, mis)EE
[ B BT 4 S (14 25 0 T e AN s 4
B, Hd, v BA BMOE TR SFRURAR
W, R VC TERFNARE T BA &R MY Huk

., Ta HARMKKITAIERAE, WH Mo, W, V
FUTiARSEH HUE] TaC FdgH, A Ta ¥ HUEIHL
Mg AL A S i 282,
2.2 (TiVTaMoW)C 5 [EEC &l i8] B EE 1 M e
B 5 NEIRAM F(TiVTaMoW)C 54N A i &
BB R 2R, P R B EIR . HIE
S5HTLLEH, BEEECEIA B (TIVTaMoW)C 1 BEEE
LYERe B B, FRhlE SR, XT3
FAS [F] P Bk R BE R TC B AT RL, BEAE ALO;. SisNa.
SiC JEE T R A R R TR P R0 K, R R 4 5 A
B TREA, EMHETRSHT, SEEEEN
SiC e 1) o] JBE B 5 FI0 HH A AEK P B 2 3R B5URN P A )
FEEER LR, HEEE RETKZE 0.38, FHEL Si;Ny(&Y



25055 6 1

PR S S IE(TIVTaMoW)C i % 55 A IR E R [ 6 JBE 152 8% 4k .« 1467 -

NO0SDHAT ALO(ZIN 0.63)7r HIFFEAK T 25.5%A1
39.7%(K 5a M Sby. I Sb nLLEH, =k
(TiVTaMoW)C P &M BHEREZM TS 3 FifcHl
MARERT B 5 25 0 AR S O T B M e, LB
PURZE 107 mm’/(N-m)$ B, HAHZEAR K152~
1.83x10 )y mm’/(N'm). fEEEEME T, ALOs. SiC
1 SisNg 5(TiVTaMoW)C AR EE B FE 1, SiC N
MEEIAEL,  S5(TiVTaMoW)C #4 RG] EE R T T4 R
R EEERCIE, B BRI B R YO B2, 430
AKZ 0.38+0.01 F1(1.52+0.36)x10"" mm’/(N-m).

1.0
08 AlO,
=
2 i [ o
= 0.6 /WMW‘M \ Iy
8 'J“ W v
§ ﬁw\m‘ N‘M VIW“" / ”K L "A%“\MWWWM'W
:é 04 Nww&h WWMWWM&Wh
= Sic
02F
00 1 1 1 1 1
0 10 20 30 40 50 60
Time/min
(a) Friction coefficient curves
1.0 5.0
09F riction coefficient | 45
. ggw Wear rate o
3 14.0 T
0.8 E
5 z
b &
=) g
3 £
3 =
5 =
=t X
3 g
= g
3
=

AlLO, SiC Si;N,
Pairing balls

(b) Friction coefficients and wear rates

Kl 5 =& F(TiVTaMoW)C 5ANFIFLE] T 1B R4
MHEG . T4 BE g AR KR B 45

Fig. 5 Friction coefficient curves, average friction coefficients
and wear rates of (MoTaWVTi) C with different pairing
balls at room temperature
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(a) SEM image when pairing with ALO; ball

(c) SEM image when pairing with SiC ball

(e) SEM image when pairing with Si3Nj ball
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(b) 3D topography when pairing with Al,Os ball
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(d) 3D topography when pairing with SiC ball
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(f) 3D topography when pairing with SizNy ball
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Fig. 7 SEM images and 3D morphologies of the worn surfaces of (TiVTaMoW)C with different pairing balls at room temperature
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(a) SEM image of the worn surface of Al,O; ball

(c) SEM image of the worn surface of SiC ball

(e) SEM image of the worn surface of SizN, ball
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(b) 3D topography of the worn surface of Al,O; ball
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(d) 3D topography of the worn surface of SiC ball
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(f) 3D topography of the worn surface of SizN, ball
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Fig. 8 SEM images and 3D morphologies of the worn surfaces of different pairing balls at room temperature
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(e) SEM image when pairing with Si3N, ball
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(b) 3D topography when pairing with A1,O3 ball
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(d) 3D topography when pairing with SiC ball
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Fig. 9 SEM images and 3D morphologies of the worn surfaces of (TiVTaMoW)C with different pairing balls at 800 ‘C
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