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Application of microwave sintering technology in
cemented carbide preparation
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Abstract: The current situation of microwave sintering in cemented carbide preparation was briefly introduced. The
process characteristics of microwave heating for the preparation of cemented carbide, mechanisms of microwave heating
for cemented carbide composites, problems of microwave application in cemented carbide production and mechanisms of

local liquid phase sintering during the microwave preparation were reviewed. The application potentials of microwave

sintering for the preparation of cemented carbide were put forward.
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Table 1 Characteristics of microwave sintering technique and prepared materials

[6]

Item

Property

Microwave

Microwave heating

Microwave-prepared materials

Volumetric heating, selective heating, non-thermal effect
Reduced process time, rapid heating rate, environment friendly

Fine homogeneous microstructure, substantial enhancement in reactivity and diffusion kinetics,
improved mechanical properties
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B3 dkihle WC-Co i & 4 29 SEM 41
Fig. 3 SEM image of surface of microwave-sintered WC-Co

cemented carbide®
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Fig. 4 XRD patterns of core (a) and surface (b) on cross section of microwave-sintered WC-Co cemented carbide
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Fig. 5 Temperature (power)—time curves of microwave-

sintered WC-Co cemented carbide!®
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Fig. 7 Densification and SEM images of WC-8%Co sample as function of temperature via microwave irradiation”:
(a) Densification; (b) SEM image of stage 1 in Fig. 7(a); (c) SEM image of stage 2 in Fig. 7(a); (d) SEM image of stage 3 in Fig. 7(a)
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Fig. 9 Simulated spatial distribution of wave power in central cross section of cylindrical cavity with 46 cm in diameter and 50 cm

in height at 30 GHz: (a) Exact solution; (b) Exact solution averaged over 2 cmX2 ¢cmX2 cm cells by finite element method

(Averaging eliminates small-scale inhomogeneities of power); (c) Solution by method of averaged geometric optics; (d) Solution by

method of averaged geometric optics with pentagonal insert in cavity'™
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Fig. 10 Comparison of mechanisms of vacuum(a) and microwave(b) heating principle
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Fig. 11 Evolution of microstructures of WC-8%Co powder compacts during microwave sintering at different temperatures for

5 min®?: (a) As-received; (b) 1150 °C; (c) 1200 °C; (d) 1250 °C;(e) 1300 °C; (f) 1350 °C;(g) 1400 °C; (h) 1450 °C
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Fig. 12 Bright TEM images((a;), (b;)) and EDS spectra((a,), (as), (b,), (bs)) of WC-Co alloys prepared by different sintering
methods®: (a;) Conventional sintering, WC-Co; (a,) Conventional sintering, Co; (a;) Conventional sintering, W; (b;) Microwave

sintering, WC-Co; (b,) Microwave sintering, Co; (bs) Microwave sintering, W
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Table 2 Processing parameters of WC-8%Co cemented carbide with different sinter methods
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Fig. 13 TEM bright-field images((a), (b))
of WC grains and Co binder phase and EDS
spectrum(c) on Co binder phase under

vacuum and microwave sintering?®”’

[6]

Sintering method Temperature/ 'C Soaking time/min Heating rate/("C-min ") Cooling type
Microwave sintering 1450 30—40
With furnace
Vacuum sintering 1450 120 5-10

£3 Albeds ikl &4 b Co Mg o i gl
Table 3 Element contents in cobalt of WC-8%Co samples

with different sintering methods®

Mass fraction/%
Element
Microwave sintering Vacuum sintering
C 1.70 1.80
Co 60.20 89.60
4 38.10 8.60
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B 14 1400 "CHBReL: AN I 1) WC-8%Co 4 4x1) SEM {5
Fig. 14 SEM images of microwave sintered WC-8%Co alloys at 1400 ‘C for different times': (a;), (a) 1 min; (b,), (bs) 10 min;
(c1), (c2) 30 min; (d;), (dy) 60 min
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Fig. 15 Grain size of WC grains of WC-Co alloys with

holding time at different sintering temperatures'®
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Fig. 16 SEM images of alloys sintered at different heating rates®”: (a) 10.4 °C/min; (b) 18.2 °‘C/min; (c) 33.1 °C/min;

(d)42.5 C/min



1558 A G A R

201446 H

B 17 SRR b4 W-Ca 2 4l i e 4

Fig. 17 Microstructures of W-Cu alloys fabricated with different heating methods™: (a) Microwave sintering; (b) Conventional

sintering

B 18 RHAIARIFILEL: 7 2l % (F) W-Ni-Fe 5410 il 21

Fig. 18 Microstructures of W-Ni-Fe alloys fabricated with different heating methods®*: (a) Microwave sintering; (b) Conventional

sintering
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