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Fig. 1 SEM images of experimental materials: (a) Coarse W powder; (b) Fine W powder; (c¢) Co powder



1830 hEA O RYR

2020 4= 8 H

K A7 2 WA AN RHELRS X 2R AT S OGN E & &
HH: F ISM—=7001E 37 S 4141 F B 5k AR T3 LA
FAER A WAL, W &EH W5 Co ET
FPEHOGEOR, IR A S BUR B A T R4
SIOIIES: KPR VLR B, SR Nano Measure
BAFTHE WC RT3 diohi B s R A HE K00 5 Bl ot &
&%, F PHI5000 Versaprobe-IT % X 528 By 1
WA TR B S TC R M A ATIE R 4 IR BT
e 4E RS A Palmquist A RIHH A S WA
PP, ()R SCR A A R AN )
PR YA E—FE IR 5 W, FFERFME.

W, =0.0028 |H, x§ (1)

X moNE ST, MPam'?; H, 4k IR,
kgmm?; P ARG, N; LNARSKE, mm.

R 1 BRI TESHUEE W B TRy 1.3
pm)
Table 1 Process parameters of microwave reaction sintering

(Average particle size of W powder is 1.3 um)

. Sinterin Heatin, Holdin,
Serial No. temperaturf/ C  rate/("C -mz(ignfl) time/mii

1 1100 100 10
2 1200 100 10
3 1300 100 10
4 1400 100 10
5 1300 50 10
6 1300 150 10
7 1300 100 1

8 1300 100 5
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Fig. 2 XRD patterns of cemented carbides (Alloy 1, Alloy2,

Alloy 3 and Alloy 4)
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Fig.3 SEM images of alloys sintered at different temperatures: (a) 1100 C; (b) 1200 C; (¢) 1300 C; (d) 1400 C
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Table 2 Mechanical properties of cemented carbides sintered

at different temperatures

Sintering . Vickers Fracture
Sample Density/
No temperature/ % hardness, toughness/
: C HVy;  (MPam'?)
1 1100 13.79 1307 4.93
2 1200 14.33 1682 6.79
3 1300 14.80 1999 8.51
4 1400 14.82 1989 8.88
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Ky, (HRE 2 MERER 355 4 584804
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AR GRS I 51, KK WC dkiEk
B, R SR RN A B, B R A4
MR e A S IR ey B EE /1. UE
SEEMRZE. WAL, gy Rz
N, RIUE TR A BE A G OK, B
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WHEAE, 58 NE TR AR, BRIk K.
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Fig. 4 SEM images of cemented carbides prepared at

different heating rates: (a) 50 “C/min; (b) 150 ‘C/min
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Table 3 Mechanical properties of cemented carbides prepared

by different heating rates

Sample Heating rate/ Density/ Vickers Fracture
No (‘C-min ™) % hardness, toughness/
: HVy;  (MPam'?)
5 50 14.82 1984 8.55
3 100 14.80 1999 8.51
6 150 14.71 1781 7.90

2.3 {RIEFEIRIFD
B 5 B AR EE 1 min (9 7 54 4RI
B 5 min K] 8 S&EHMALR. WE 5 fTLIEH,

(2)

1 um

Bl 5 AR R )] (R & 6 SEM &
Fig. 5 SEM images of cemented carbides with different
holding time: (a) 1 min; (b) 5 min
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Table 4 Mechanical properties of cemented carbides with

different holding time

Holding . Vickers Fracture
Sample . Density/
No time/ o hardness, toughness/
' min HV;, (MPa'm'?)
7 1 14.50 1699 6.65
8 5 14.69 1773 6.92
3 10 14.80 1999 8.51
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Fig. 6 XRD patterns of cemented carbides prepared by W

powders with different average size
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Fig. 7 Microstructure of cemented carbide prepared by W

powders with 27.0 um size
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Table 5 Mechanical properties of cemented carbides with
different W powder
Raw Avera-ge Density/ Vickers Fracture
material grain o hardness, toughness/
size/um HV3, (MPa'm'?)
Fine W 0.94 14.80 1999 8.51
Coarse W 4.10 14.79 1983 9.15
N
3 4hig

1) FERURAMER T, 291100 CH 4050k W BRI AT 4
WAL AE R WC B, K T4 1300 °C. BeghifE
f&F 1300°CHf, 4 W mJ#iiky WC, HiTiR
FERAG, BEAURAERFEARY, FESNETaEEA
LIEZIN
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KFG ) 2G4 B FLBR R A RAE R 56 4, S 2]
G EBEMEE . A NN R N b4 5
WEHN 1300 C. FHEHEZEA 100 C/min F{RIRES A]
10 min I il & (1) & S 412U 5 PR e I

3) HMLFk: W R ZE 1300 CHIBRAL 10 min f5159%
A W,C, Ho & 4 (RE 8 £ %6 W 24 7 A R
2 . HhAh, ik R Nt TS HIEZE W
K3~ 350K FEE PR Mo
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Microwave reaction sintering on
WC-Co cemented carbides fabrication

BAO Ruil, GUO Sheng-daz, Y1 Jian-hongl, CHEN Hao?, YANG Jian-gaoz, YU Fei?

(1. School of Materials Science and Engineering,
Kunming University of Science and Technology, Kunming 650093, China;
2. Project Research Institute, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: Tungsten powder, cobalt powder and carbon black were invoked as raw materials. WC-6Co cemented carbides
were prepared by ball-milling, compression moulding and microwave reaction sintering. The effects of sintering factors
(Sintering temperature, heating rate and holding time) and the average particle size of W powders on the microstructure
and properties of cemented carbides were investigated by XRD, SEM, Vickers hardness tester, et al. The results show that
W powders with an average size of 1.3 pm can be carbonized to WC by C when the temperature is greater than 1100 C.
The high densification of cemented carbide can be achieved when the temperature is 1300 ‘C. The Vickers hardness
(HV3,) and fracture toughness (W) are 1999 N/mm? and 8.51 MPa-m"?, respectively. No obvious property changes occur
when sintering temperature increases to 1400 ‘C. The residual pores in the alloy increase with reducing the sintering
temperature, increasing the heating rate and reducing the holding time, which would result in the decrease of HV;, and
W. 1t is considered that the microstructure is uniform and the comprehensive properties is the best when the microwave
reaction sintering temperature is 1300 °C, the heating rate is 100 ‘C/min, and the holding time is 10 min. Subsequently,
coarse grained WC-6Co cemented carbides are prepared from W powders with an average size of 27.0 pum and compared
with fine grained WC-6Co cemented carbides. The results show that W,C exists in the alloy prepared from coarse W
powders. The parameters of microwave reaction sintering are also affected by the average size of W powders.

Key words: microwave reaction sintering; cemented carbides; microstructure; properties; sintering parameters
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