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Combustion synthesis of TiC-based cemented carbide alloy and effect of
preheating treatment on porosity

Keisuke KOJIMA*, Kiyotaka MATSUURA**, Kenichi OHSASA** and Munekazu OHNO**

In the present study, it is shown that TiC-20vol%Fe composites can be successfully fabricated by combustion synthesis
from elemental powder compacts of titanium, carbon and iron. Particular concern is directed to reduction of the porosity
in the product by preheating procedure of the powder compact. There exists 36% of porosity in the fabricated composites
without the preheating treatment. However, the preheating treatment leads to the reduction of the volume fraction of
porosity to about 10% and, furthermore, a two-step preheating treatment reduces the volume fraction of porosity down to
about 5%. Vickers hardness of the TiC-Fe composites fabricated in this study was measured to be around 1300 HV re-

gardless of the preheating condition.
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Table 1 Purity and particle size of material powders

Powder Purity Particle size (um)
Ti 99.7% 45
C Water 4%, Ash 20% 75
Fe 99% 45

bR R TR TR R R B4 (F 060-8628  dbif AL idbX At 134878 8 T H) o Graduate Student, Graduate School of
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b KB TR R (BLIRT) o Graduate School of Engineering, Hokkaido University (Sapporo-shi, Hokkaido).
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Fig. 1 Schematic illustration of powder compact.
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Fig. 2 Combustion synthesis apparatus.
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Table 2 Preheating conditions
Sample Temperature Pressure Time
P °0) (MPa) (h)
A 700 30 1
B 700 30 2
C 700 70 1
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Fig. 3 Temperature change during external heating and
combustion synthesis without preheating treatment.
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Fig. 4 XRD pattern of sample fabricated by combustion
synthesis without preheating treatment.

Fig. 5 SEM image of sample without preheating treatment.
The bright and dark regions correspond to Fe and TiC, re-
spectively.
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Fig. 6 Optical micrograph showing infiltration of Fe liquid
into pressure medium of alumina powder from the sample
after synthesis without preheating treatments.
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Fig. 7 Optical micrographs of samples (a) without preheating and with preheating at 700°C, (b) 30MPa for 1h, (¢) 70MPa

for 1h and (d) 30 MPa for 2h.
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Fig. 8 Effects of preheating condition on Vickers hardness.
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Fig. 9 XRD pattern of powder compact after heating treat-
ment at 700°C for 2h under 30 MPa.

1400
1200
1000

800
600 e

400 "”’}”’
200 "//,
/ |

0

Temperature /°C
N\

0 50 100 150

Time / min

Fig. 10 Temperature change during synthesis process
with preheating at 700°C for 1 h under 30 MPa.
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Fig. 11 Temperature change during a two-step preheating
treatment at 700°C for 1h under 70 MPa and at 800°C for
30 min under 30 MPa.

Porosity: 4.9%

Fig. 12 Optical micrograph of sample synthesized with
the two-step preheating treatment.
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