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Abstract: In this paper, the ultrafine-grained WC-ZrO, composites were fabricated by
microwave sintering. The microstructure and mechanical properties of the composites were studied.
The results showed the WC-10ZrO, composite fabricated at 1360°C exhibited excellent
comprehensive mechanical properties. It had a relative density of 98.50%, a fracture toughness of
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8.13 MPa-m"? and a hardness of 21.81GPa. With the increase of sintering temperature, relative
density and hardness increased simultaneously; Hardness reached the highest value of 22.58 GPa at
1320°C. but when the sintering temperature was over 1320°C, hardness decreased because of grain
coarsening. Fracture toughness increased with sintering temperature. Sintered at 1360°C, hardness of
pure WC was 23.92 GP and fracture toughness was 4.04 MPa-m*?. When the content of ZrO,
increased to 14 wt%, hardness decreased to 21.3 GPa, but fracture toughness was significantly
increased from 4.04 MPa-mY2 to 9.60 MPa-m"2 The fracture mechanisms of WC-ZrO, composites
include mainly transgranular rupture, ZrO, particles hindered the extension of crack, made crack
deflection, bypass and bridging, increased the crack propagation path, thus achieved toughening
effect.
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Figure 1 Effect of ZrO, content on fracture toughness, Vickers hardness and relative density
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Figure 3 XRD patterns of WC-10ZrO, composites sintered at different temperatures

8.5 23.0 =100
- & 1 -
1 e J225
~ B0 .
:E Relative density 1 %8
o | T 42208 {
% A ] [} —_—
= 75 I Vickers hardness 2 " o4 EE 96 ‘%
o T2 s
= 4 E =
S 70 bt g
3 | 12102 1 &
‘é . Fracture toughness o g
= A
-4 20.5
g 6.5 o [
w
A 4200
50 L i L i L i L i 1 i 1 i 1 il 90

1240 1260 1280 1300 1320 1340 1360
Sintering temperature / °C
Bl 4 %% 0m B X WC-10ZrO, i HF i R #TME . B E An B & B R0
Figure 4 Effect of sintering temperature on fracture toughness, Vickers hardness and relative density of
WC-10ZrO, composite



FAH (FR#FLAME%E) Advanced Ceramics, 2018, 39 (4): 287-294 . 291 -

K IR UL t=ZrOp WIABAFAE . FEHR I ZrO ¥ R 4544 E4h, B 3 Fongs RAIESE T WC 5
ZrOy 2 [AAN S . A O BE T A= G R A o

XA R FE T BE4E I WC—10ZrO, At K1 2 M REREAT IR, S5 RaE 4 FioR. B hesh i
[FFFi, WC-10ZrO, H &M EHEUE B K, IR N 1320°C B, B EN 98.26%, T 5845
. W, MR TR IR, IR A 1360°C B LT ZLEI M A B K AE 8.13 MPa-m*2, TSt
i P U)ot 505 P T v SR BT v PR A a3, FHRTERRSE IR 1320°C I ik Bl K fH 22.58 GPa.
2 1 o N\ POLR P i v 45 8 T R 45 7E 1600°C I 3451 WIC—10ZrO, A4} 2 RS 32 A e 24 B 143 31 A
19.37 GPa fil 6.80MPa-mY2, AL &4 /& VC Hl CraCo IR INFIIH WC ¥ A AE A5k, RAT
HLAE B The4h (SPS) 7E 1600°C R 5 min JG3k18 T WC-8ZrO, iff, FLA 2 Rl W 244114 73731 My
22.20 GPa i1 11.40 MPa-mY2, ¥ ka4 78 1300°C 72 4 ke 375 BT S IERS, X2 N 5%
INAAREE, ORI B AR AR i, AT DR IR R B ik, IR R E PR BREL M
TSR R4 -

RS

B 5 A ERLIE E T WC-10ZrO, i B i W 4L 41

Figure 5 SEM micrographs of WC-10ZrO, composites sintered at different temperatures
(a) 1240°C; (b) 1280°C; (c) 1320°C; (d) 1360°C
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