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Fabrication of Various Carbides with Fibrous and Particulate Shapes
by Self-Propagating High Temperature Synthesis Method
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Abstract Fabrication of various carbide fibers from carbon fibers and elementary powders of Ti, Zr, Nb, Si, W, B, and
Mo hy self- propagating high temperature synthesis was attempted. It was found that the almost pure phase of TiC,
Z:C, NBC, SiC, WC, B.C, and Mo.C carbides were successfully produced. The three types of morphologies were ob-
served. TiC, ZrC, NbC, and B.C had a hollow- type fibrous shape. SiC had a fiber shape consisting of smaller particles
and fine whiskers. WC and Mo.C had non-fibrous shapes. The reason for the different morphologies was explained.

The formation mechanism of hollow fibers was suggested.
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Table 1. SHS methods for various carbide materials.

Elementary . Adiabatic Enthalp).( of )
SHS Reaction Formation Preheating
Powder Temperature(K)
{kcal/mel)

Ti Ti+C=TiC 3210 ~-44.0 No

Zr Zr+C=2ZtC 3400 -47.0 No

Nb Nb+C=NbC 2800 -33.7 Normal Furnace(700°C}
Si Si+C=SiC 1800 -17.1 Chemical Furnace
B AB+C=RB,C 1000 -93 Chemical Furnace
W W+C=WC 1000 -84 Chemical Furnace
Mo 2Mo+C=Mo:LC 1000 - Chemical Furnace
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Fig. 1. X-ray diffractometry results of a) titanium, b) zircenium, ¢) nicbium, and d) molybdenum carbide
samples produced by self- propagating high temperature synthesis reaction,
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Fig. 2. X-ray diffractometry results of silicon carbides produced
by SHS with an aid of a chemical fuel at various SiC/fuel ratios
of a) 1/7,b) 1/5,and ¢) 1/2.
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Fig. 3. X-ray diffractometry results of tungsten carbides pro-

duced by SHS with an aid of a chemical fuel at various WC/ .

fuel ratios of a) 1/5, b) 1/4, c) 1/3, and &) 1/2,
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Fig. 4. X-ray diffractometry results of boron carbides produced
by SHS with an aid of a chemical fuel at various B.C/fuel ratios
of a) 1/8,b) 1/7,¢) 1/6, and d) 1/2.
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Fig. 5, X-ray diffractometry results of a) SiC, b) WC, and ¢) Mo:C
produced by SHS with 2 double structure sarmples.
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Fig. 6. Morphology of a) titanium, b) zirconium, ¢) niobium, and d) boron carbides fibers produced
by self-propagating high temperature synthesis reaction.
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Table 2. Melting temperature of elementary powders and carbides, and adiabatic temperature of the SHS reaction.

Elementary Powder Melting Temperature Adiabatic Reaction Product Melting Temperature
of the Powder(K) Temperature(K) of the Product(K)
Ti 1943 3210 TiC 3210
Zr 2128 3400 ZrC 3813
Nb 2742 2800 NbC 3873
Si 1687 1800 SiC 2816
B 2365 1000 BLC 2723
W 3695 1000 WC 3058
Mo 28986 1000 Mol 2813

Fig. 7. SEM micrographs of silicon carbide fibers produced by
self- propagating high temperature synthesis reaction a) at a
low magnification, and b) at a high magnification.
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Fig. 8. Microstructure of a) tungsten carbide, and b) molybde-
num carbide samples produced by self-propagating high tem-
perature synthesis reaction with an aid of chemical furnace.
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Fig. 9. Schematic of the formation mechanism of hollow carbide fibers during SHS reaction.

Fig. 10. Schematic of the formation mechanism of equiaxed carbide particles during SHS reaction.
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