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ABSTRACT

Dense composites of titanium matrix and Al,O; matrix with reinforcements of carbon or titanium carbide fibers were successfully
fabricated by high-pressure self-combustion sintering method or combustion reaction under 30 MPa of uniaxial pressure with an aid
of external heating in vacuum. It was found that the fibers were uniformly distributed in the matrix, and aligned in a plane
perpendicular to the pressure axis. As a mole ratio of T/C or reaction time increased, the density of Ti-matrix composite increased.
Micro pores around fibers could be removed by using clean carbon fibers without sizing agent on their surface. The evolution of
carbide fibers from carbon fibers was observed. The composition of the various phases around fibers were analyzed.
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Fig. 1. Schematic diagram of the reaction chamber. A: cham-
ber, B: electrode, C: carbon heater, D: ram, E: vacuum
valve, F: gas inlet, G: thermocouple(C-type), H: sample,
I: upper plunger, J: support, K: graphite mold, L:
window.
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Fig. 2. XRD spectra of the Ti-C specimens (hereafter TC spe-
cimens) synthesized for various reaction times.
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Fig. 3. SEM micrographs of TC specimens synthesized for
various reaction times: a) one, b) three, and c) six
minutes.
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Fig. 4. EDS results obtained from a) the fiber, b) reaction layer,
and ¢) the matrix of the TC specimen.
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Fig. 5. Variation of density of TC specimens with increasing
the reaction time.
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Fig. 6. Microstructure of the synthesized TC specimens with Ti/C mole ratios of a) one, b) two, ¢) three, and d) four. Note the

decrease in the porosity with the increase in the Ti/C ratio.
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Fig. 7. Variation of density of the TC specimens with increa-
sing Ti/C mole ratio.
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Fig. 8. Microstructure of the synthesized TC specimens using
carbon fibers from which sizing agent was a) not
removed, and b) removed. Note the presence of fine
pores around the fibers in a) specimen, and the absence
inb).
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Fig. 10. Failure rate and hardness of the synthesized TC spe-
cimen of Ti/C ratio of three.
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Fig. 11. X-ray diffraction spectra for the synthesized AT spe-
cimen.

Fig. 9. Fractograph of the synthesized TC specimen showing
that the fibers were pulled out.
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Fig. 13. Microstructure of AT specimen showing a) unreacted,
b) half-reacted, and c) reacted fibers.
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Fig. 14. EDS data from a) the core, b) the shell and ¢) the
intermediate layer between them, of the half-reacted
fiber in the AT specimen of Fig. 13b.
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Fig. 15. EDS data from the matrix area around a) unreacted,
and b) reacted fibers of Fig. 13.

Fig. 16. Fractograph of AT specimen showing fibers pulled out
of the sample.
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Fig. 17. Failure rate and hardness of the synthesized AT spe-
cimen.
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