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Abstract In order to fabricate fibrous silicon carbide by a combustion reaction and to study the microstructural devel-
opment during the reaction, the combustion behavior and the mircostructural observation with various processing pa-
rameters such as initial reactant shape and preheating temperature were carried out. X-ray diffractometry showed
that the final product was mainly 8-SiC, and small amount of unreacted reactants and «-SiC were also observed in
quenched samples. The average grain size of the silicon carbide was about 5um, and fibrous silicon carbide with the as-
pect ratio of larger than 30 was finally synthesised by preheating above 1300°C. Average propagating rates and com-
bustion temperature of the pellets prepared by 69MPa compacting pressure were about 2.1 mm/sec and 1425,
respectively. The combustion temperature was about 10°C higher for the samples containing graphite powders than
those with carbon fibers. Chemical analysis by Auger electron microscopy and EDX revealed that an interdiffusional
layer was not present at the interface between reactants and products. These results support the solution- precipitation
model of silicon carbide synthesis. The temperature distribution of the cylindrical specimen estimated by FEM showed
that the combustion wave is hard to propagate at the initial temperature of 300°C, however, it may be able to self-
propagate above the preheating temperature of 1300°C.
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Fig. 1. Block Diagram of the Combustion Synthesis Process
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Fig. 2. Schematic diagram of experimental apparatus

A :sample B : preheater

C : ignition coil D : reaction chamber
E:gasin F : gas-out

G : thermocouples H : data acquisition system
J: windows K: video monitoring system

L : controller M : vacuum gauge
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Table 1. Some selected properties of reactants.

Substances Si o C(powder) C(fiber) C(fiber)
Manufacturer Aldrich Aesar Stackpole Kobe steel
Purity[ %] 99.999 99.99 99.99 99.99

) dia. 8/m dia. 0.3/m
Size -325mesh <2/m length 100 length 25m
Density[ g/cm?®] 2.33 2.26 1.83 -
Melting Point[ ‘C] 1685 3550 - 3659
(graphite powders) IEt= B4 A (carbon fiber) 7} A} 100 —— T ®rrre
£Ec). 4 BUE 99.999% o) mawole] HFYTLE _
o 45melsich. WA Fo TV F v & Ba £ 0
A8 FstA Ak (stoichiometric ratio) 2 A&kl § 60
29 (Spex 2000) & ©]45po] 5E7F 4k (n-hexan) & S ol
Aol 4] $4] B4 et EHH ELe I Y=E 3
22 (Micrometrics, Sedigraph 5100) & ¥ 69 MPa<] & T
dgtEFo @ AA 10 mmel HEH “%‘Zﬂi == 0T .
d 4¥" HHEEE T2 A Al A danke- Equivalent Spherical Diameter [um|
AlZch 28 28 B Ay AR daitd A9 Ay
BEolth. o] A9 Fa Hel uhSZ (chamber), HHS Fig. 3. Cumulative particle size distribution of reactant mixture
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v}, 28 3ell4e} o] Spex millZ4 5E &3 2AY F
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At Hbg-o] AlR b A AAH o2 FAsHA A
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RS
458 243

Ao} F-&=A (optical pyrometer, Cabinet, PA) &  £2¥AAZ. 28 4= -9 ¢EAE E3lo dan
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Aot AAR vt sl R FodsbdA Hgslgdet. ¥ olE AR Aolth. 1Y 4ol B FHL 12 4
# AaE )2y g 2 H (panasonic 2000) 2 913}3}e] A) 479 (reaction synthesis zone) 2.8 4] 45 4
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ford) 2 RAstelom wleTn ATl Aule] Ao sured aYerage combustion temperatures, and average
wheg ool ZekAlzl Azl hshed Auger Axb o] propagation rates
A (VG 2400) 0.2 2s)at e}, " . mole ratio i T s velocity
Sl; C(p) * C(r) i C(() [ °C] [mm/seC]
3. Aot & pE 1 1 1 - - 1425 2.1
i 2 1 - 1| - 1415 2.0
3-1 DJM=Z zhEt 4 AR Y 3 1 — _ 1 1418 20
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2% 38 WHEES Spex millg o]&ste 5E, ¥4 £
T & J=EA7) (Micrometrics, Sedigraph 5100) &
o] -3t Y3k wt-sE2 HTF Yxojvf & 1ol A9} o]
27} {8 B By dEmE 74 el oF 45melsle

Si": Aldrich, —325mesh
Ci p)+

C(H'

: Union Carbide powders, <2/m
- . Stackpole, diameter 8um, length 100m

Cen: Kobe Steel, diameter 0.3um, length 25/m
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Fig. 4. Combustion wave propagation behavior observed by
video camera (a) ignition (b) reaction propagation (c) after reac-
tion
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Fig. 5. X-ray diffraction spectra of the combustion reactant and
product(@® : 8-SiC, O : a-SiC, ¥ : SiQ,, ¥ : Si)
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Fig. 6. Scanning electron micrograph of the cross section of
quenched specimen
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Fig. 7. EDX spectra of the combustion product (a) EDX spectra
of area A in Fig. 6 (b) EDX spectra of area B in Fig. 6
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Fig. 8. Auger electron spectra of the interfacial surface after 30
sec sputtering (a) SEM image (b) Differentiate values of Auger
spectra at A point
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Fig. 9. Scanning electron micrographs of incomplete combus-
tion products : failed surface of the longitudinally aligned car-
bon fiber and polycrystalline silicon carbide
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£ = density

¢ = specific heat

T = temperature

t = time
0
Sx
[L] = {% } = vector operator
o
0z

V.
(V] = { vy} = velocity vector for mass transport of
v,
heat
[a] =heat flux vector
g = heat generation rate per unit volurme

YHE B4l Hshed Fourier WHg Haahan gt

(a)

PRLALTAE o BT AN g g 557

K. 0 0
0 ] = conductivity matrix
0 K.

K. Ky, K. = conductivity of x, y, z directions
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Fig. 11. Temperature distribution of the quadrant of cylindrical specimen with time step at various preheating temperatures (a) To

=300, Ta=2500"C (b) To=1300C, Ta=2500C
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