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Abstract Dense WSi,-20vol.%SiC composite was synthesized by high-frequency induction-heated combustion
synthesis(HFIHCS) method within 2 minutes in one step from elemental powder mixture of W, Si and C. Simul-
taneous combustion synthesis and densification were accomplished under the combined effects of an induced current
and mechanical pressure. Highly dense WSi,-20vol.%SiC with relative density of up to 97% was produced under
simultaneous application of 60MPa pressure and the induced current. The average grain size of WSi, was about
5.2 um. The hardness and fracture toughness values obtained were 1700 kg/mm? and 4.4MPa-m'?, respectively.
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Fig. 1. Scanning electron microscope images of raw mate-
rials: (a) tungsten, (b) silicon and (c) activated carbon
powders.
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Fig. 2. XRD patterns of raw materials: (a) tungsten, (b) sil-
icon and (c) activated carbon powders.

Foltt. XAl HAPOZNE FAetbE uAA
Aol #Ud 278 e YAEe] 12A BE
Heol A= AE AT 4 sl dale= 2439 A
AEE 47] H& slsl xAdnlel] ghee] Zhzte] B
=S Akl ¥ 2|23 o} (zirconia)Ed e &
#Z 6: 12 sl 300rpme] £EE2 2447 E<)
A4 S A3

L Egtd 22 F 7¢2 Fd o]l
40mm, 97 45mm, W4 20 mmpl] FHsle] 13
THrErtd A4 A9 ¥l Aasiar of
40 mTor?| Z1F B$718 TEAGH1A). AU A
AES 971 sl 10MPa/sec®] =2 60MPa2] 7]
A HEE 71 FesHA) 93 FEAF S0k 2)
FIPYE AR 7lsled oF 1200°C/ming] & &%
2 71939 Y. LVDT(linear variable differential
transformerel] 23] 5 Zolo] W3lZ Faspwia
237} o] FolA w7ix] ARE rlslEdon, 34
tholo] FHIEE HAY BF-2%H (pyrometer)S- ©]

B8l SAAGEHA). rAI ez AHE 27t
A zsidvhastA). £ Adel AME 159
7kd AagAd XY Ngee) AU EEE
Azslr] 98 F8 a9 IR 247 Fg 3%
4ol vepliglom, FAME4E Table 19 vERASIE

FAE WSi,-20v0l.%SiC B8] Aduss
o}2 7]w| ¥l 2 (Archimedes)d-& ©]-83te] ZA )92
™, WSigt Sice] A4 ¥ME 98l Cuka M-S
°o]-g3l XAl IS A3 B 1)
AT2E {Es] 9l AHE duld F Kroll's
reagent(HF(10vol. %)+HNO,(30vol. % )+H,0(60vol. %))
o] Fajdlog AeoA £ B Fqt AR F
EDAX7} H-35 FARdALn] A S o] f3lo] Z2|A}
A3 uAF2E FFEIG AL, 2RI ZRE Y
A (linear intercept method)S ©]-83}ed A A
A7) 2715 38T}, WSH,-20v0L%SiC &t
2] 7144 EAE H7Is] f8 duiE AlgE v
A2 AEAZE o]gsle] 10kgfe] sFo=T 1527
A3k §rES FAAAT. PR 4E] |2
e ARE 2A3 F Fde Zo|2HE A
< Axkslsich

3. &3 W 1@

WSi, 257t 33hEe] 7144 54 o A Wit
3} BAE 1717 218 WSi,-20vol %SiC B3t

Pressure Application

Graphite

frequency
Punch

Induction Co

Fig. 3. Schematic diagram of apparatus for high-fre-
quency induction heated combustion,
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Table 1. Processing parameters of high-frequency
induction-heated combustion synthesis and densification
of WSi,-20vol. %SiC composite

Parameter Applied value
Vacuum level 40mTorr
Applied pressure 60MPa
Induction heating
Frequency 50kHz
Total power capacity 15kW
Output of total power 80%
Duration 2min
Heating rate 1200°C/min
Cooling rate 600°C/min
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Fig. 4. Schematic representation of the temperature, pres-

sure and shrinkage displacement profile during high-fre-
quency induction-heated combustion.
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Fig. 5. Variations of temperature and shrinkage displace-
ment with heating time during high-frequency induction-
heated combustion synthesis and densification of WSi,-
20vol. %SiC composite.
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Fig. 6. Scanning  electron images  of

microscope
W+2.488i+0.48C system: (a) after milling, (b) heated to
1090°C and (c) heated to 1450°C.
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Fig. 7. XRD patterns of the W+2.48Si+0.48C system: (a
after milling, (b) heated to 1090°C and (c) heated tc
1450°C.
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Table 2. Density, volume, and volume change during high-frequency induction heated combustion synthesis of WSi,-

20vol. % SiC composite

L Product
Initial sample  Before ignition Reactant (Theo.)
Exp. Theo.
Density(g/cm”) 5.11 5.04 16.39 8.27 8.52
Sample volume(cm?) 1.37 1.39 1.09 0.85 0.82
Pore
volume(cm”®) 0.28 0.30 0.00 0.03 0.00
Volume change(%) 0.00 -1.46 20.44 37.96 40.15
Incremental volume change(%) 0.00 -1.46 21.90 17.52 2.19
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Fig. 8. SEM images of (a) Vickers hardness indentation
and (b) median crack propagating of WSi,-20vol.%SiC
composite.
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