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Synthesis, Microstructure and Wear Resistance of High-Entropy (TiisV1,6Nb1sTa1,6Mo1,3)C
Ceramics

CHEN Hao', WU Zihao', ZHANG Shubo', LIU Meiling"*, HAI Wanxiu'*, CHEN Yuhong"?, SUN Wenzhou'*
(1. College of Materials Science and Engineering, North Minzu University, Yinchuan 750021, China;
2. Key Laboratory of Powder Materials & Advanced Ceramics, North Minzu University, Yinchuan 750021, China)

Abstract: Transition metal carbide ceramics are typical representatives of ultra-high temperature ceramics with extremely high
melting point and hardness. However, the toughness and wear resistance need to be improved. Based on the high-entropy theory, a
multi-carbides solid solution, i.e., high-entropy carbides, has a higher melting point, a good toughness and superior friction/wear
characteristics. In this paper, (TijsV1NbysTa;sMo3)C high-entropy ceramics were prepared via spark plasma sintering (SPS) at
1600-2 100 ‘C, and the densification behavior, phase composition, microstructure, mechanical properties and wear resistance were
investigated. The results show that (TijsV;sNbisTa;sMo;3)C high-entropy ceramics with a single-phase face-centered cubic
structure can be obtained by sintering at 1700 C. The relative density of the high-entropy ceramics is greater than 98% at =1900 C.
The grain size increases and the elemental distribution becomes uniform as the sintering temperature increases from 1700 C to
2100 ‘C. The grain boundary sliding and oxide impurities (TiO,) aggregation occur at grain boundaries. The dislocations appear in
grains. The optimal mechanical properties of the high-entropy ceramics prepared by sintering at 2 100 ‘C can be obtained, i.e., the
Vickers hardness of 20 GPa, elastic modulus of 431 GPa and fracture toughness of 4.46 MPa-m'?, respectively, and the average
specific wear rate is 5x10” mm®/(N-m), showing a superior wear resistance.

Keywords: high-entropy ceramic; spark plasma sintering; microstructure; wear resistance

Wk A 2021-12-27. BT H I 2022-01-21. Received date: 2021-12-27.  Revised date: 2022-01-21.
HETH: ERERBAIEE(51762002); 75 H AR S (2022AAC First author: CHEN Hao (1995-), male, Master candidate.
03219). E-mail: 1192343680@qq.com
BEE BO#0995—), B, mitmrRd. Correspondent author: HAI Wanxiu (1983-), female, Ph.D., Associate
WEER: WHFE1983—), &, L, mElE. Professor.

E-mail: wxhai@nun.edu.cn



25055 6 1

B/if\ /lﬂzl: /—E—ré (Ti1/6V1/6Nb1/6T31/6M01/3)C %&ﬁﬁ%%EG%U%\ %&XJ@%WE%%TE‘IEEIE * 1505 -

HH Yeh - 2004 42 H = i & & (HEA) & —K
B RN HEA — B aa 2/ 4 Fi 3 E LR o R,
BN TCE IR ELE 5%~35% (BRS040, 3 HAERE
HUBEAIRAS T EA KT 1SR MM AR . HEA %
A a7 AL ) SR A 5 M (TR O ST T« M0 ST 5 IS 7 45
S, R R IEER IR AR T EEE . ™
R I AR ARG R S, HEA BLAT s
R A D, R R e T, B
A R T,

AR, BERN RN R M N T
AR, AT ZREREE, RS R
> 10220 WA TR s
TaBACAD AR A T MENE S SR BRACA 1 R I R, R
it B 5 25012 Dusza 25U 4% 1% BE N 9%
(HfTaZrNb)C =il &, 133 b RST o8 12 pm,
BIEGUER R ST B A MR 2 AR, &
JERE N 1.5 nm (BE S ASJF A . Wang 2507156 H
B AR SRS SRR R S AR, 5T 2100 Che
4543 2 1)(TiZrNbTaMo)C =P s, FLARXT %R
98.6%, “T¥JEkiSIA 8.8 um, Vickers il i Flgh
KAFE 43 54 25.3 GPa 1 31.3 GPa. Harrington 257
K FH CHL &5 B 7 8 45 (SPS) 7E 2200 °C il & 1
(TiZrHINbTa)C 1=y 45 e % (1) A BEAE 7T DLk 2] 32 GPa
(300 mN). Chen 22L& )@ ALy N E0RE, R A
SPS 7 1500 ‘C % 2200 CHill% 7 (VNbTaMoW)C
ol g, o, 1900 °C il 2% 1 e b s B A A 1)
giatERe, H Vickers R . GRAEEE . W44 A
BAPEREE /> 1L F] 19.6 GPa. 29.7 GPa. 5.4 MPa-m"”
A1 551 GPa. SR A NS FLEHIERES LT

Stk g AL, e & R A i Rk
RE, (AR RIEUE | Juz 5] A i) s e &,
AT ER B SRR >2100C), JEHTLE
TG el T A K K (> 10 pm) 1 1) 8. A TAESR:
FTBCHR A5 B8 P18 45(SPS), 24R7E 1 600~2100 Cil
P 1] 2% 2 & 1R (T 6V Nb g TaysMo3)C i J i
B, WL T REE IR AT K, TR ARSI,
TV 45 K 1 g 2 1 B 1 R

1.1 #HmblE

DMK 2L TiC. VC. NbC. Mo,C H1 TaC #y(ki
JE£ B oy W3 1) R J50RE, SR SPS il 5 (Tii6 VisNbyse
TasMo3)C 5 i P & . $ BRS5 BE R LLRREX VC.

NbC. TaC. Mo,C. WC H¥iKIEE, LKL
W, WERE4(WC, Co Bhigh) MBI, K.

HPRPRA ) 2 1 B L A 50101, ERE 5 A x4 A DA
400 r/min HIEEHEREE 10 he 152)IR A RN T
fesarh, WERE N80 C, TR 12h )5, W
K, 10 . T 07 S B AR TINAT SR AEE A, SR SPS
(L RERHRA TS, REFIMFNATA
S JE 1N 40MPa, SELL 150 °C/min TR E R T
% 1600 C, J& 100 ‘C/min FFERLEIEE (1 600~
2100 C)HRIGE 12 min, fRIBLGHGHAH. 15
) 1) v A P B AR e 45 L P B e AR i HEC-1600
¥ HEC-1700. %4t HEC-2100 55.

®1 BERRS

Table 1 Chemical composition of the starting powders

wi%

Powder  Average particle size/um
F.C Fe S (0)
TiC 35 0.008  0.002 0.002 0.29
vC 4.5 0.008 0.003 0.002 0.30
NbC 1.2 0.080 0.19
Mo,C 4.5 0.008 0.003 0.002 0.29
TaC 1.0 0.050  0.020 0.21

w—DMass fraction; F.C—Free carbon.
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Sample No. Relative density/% grain size/um  Vicker's hardness/GPa  Nano hardness/GPa  Young's modulus/GPa  Fracture toughness/(MPa-m ")

HEC-1700 95.0+0.5 0.9+0.1

HEC-1800 97.4+0.4 2.3+£0.4 18.8+0.4
HEC-1900 98.3+0.7 2.5£0.5 19.0+0.6
HEC-2000 98.3£1.0 3.0£0.5 20.3+0.4
HEC-2100 98.4+0.8 3.3x0.3 20.0+0.6

28.0+0.8 420+62 4.08+0.32

29.3+0.8 431+£13 4.46+0.34

1 pm
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(j) Fractured surface of
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Fig. 3 SEM images of high entropy ceramics (Ti;;sV16NbysTa;sMo;,3)C
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