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ABSTRACT

In order to assess the potential of combustion synthesis technology applied under a microgravity
environment and confirm the experimental parameters for the coming TR-IA flight (#3), two type
combustion synthesis experiments have been carried out under a parabolic flight micro-gravity
environment; (1) combustion synthesis of Ti-B-Al composite materials and (2) application of
combustion synthesis of Ti-B-Al and Ti-C systems as 1300 K and 1800 K class chemical ovens.
With the aids of the above chemical ovens, the process of thermite reaction of Zr-Al-Fe,O, powder
mixture system and the fusion processing of ZrO,-Al,O,-Fe one have mainly been investigated. As a
result of the present work, it was confirmed that the composites of TiB,-Al obtained by combustion
synthesis under the microgravity environment show more than 20% higher material properties than
those obtained on ground and the ZrO, phases obtained consist of higher ratio of high-temperature
phase (tetragonal phase), which is quite different from those obtained on ground.
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Fig. 1 Schematic illustrations of apparatus for the present experiments in (A) combustion
synthesis and (B) chemical oven.
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Fig. 2 Typical experimental data on the changes of gravity-level(solid line) and
temperature(dashed line) at the fixed positions of the sample wall(a - d).
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~Table 1 Reaction propagation rates of Ti-B-Al system measured under the present PF-MGE
FFERL(E VIE) [T %) BUSERE R (mmfs )
Ti:B:Al | | TR | ESEHEE
50 160% 4.6 239% 55
1:4:1 60 17.1% 25 251+ 11.0
65 17.8+ 2.3 17.8+ 3.3
60 150+ 2.6 —
1:2:2 65 129+ 2.8 17.3+ 2.1
70 125+ 1.3
45 36.3+24.0 48.1%29.0
1:4:0 50 34.1%13.0 325%12.0
| 55 50.3+37.0 —
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Fig.5 X-ray diffraction patterns of the présent Ti - B - Al system combustion synthesis products
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Fig. 6 Sintering process conditions of temperature and pressure in the present hot-pressing tests.
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K2 BONTBEEEOMBFERES R (Peki%&r: 1473 K, 40 MPa, 60 min.) |

Table 2 Experimental data on the mechanical properties of the ?resent-hot-pressed products

PEHER (EVIE) | €y — AT SHY (GPa) | HITTREE 5, (MPa)
Ti + 4B + Al 9.5+ 0.4 ©V | 493 1 2202
Ti + 2B + 2Al 13.1%0.3 598 + 74

Ti+ 4B 1.5+0.7 25+ 2.1

[t L C oMy EEERE 2]
(*1): Hv = 8.1 GPa (1473 K, 40 MPa, 60 min. T D ¥}
(*2): o, <400 MPa, Hv = 26.2 GPa(1773 K, 40 MPa, 45 min. T ¥
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Fig. 7 Typical experimental data on the present thermite reaction performed with the Ti + 4B + Al
chemical oven under PF-MGE.

: Gravity change, -0—0—0-: Temperature change of a Ta tube containing the thermite

mixture, ~~~~ : : Temperature information at the side wall of the cylindrical reactant
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Fig. 8 Temperature changes at the center of the hollow part during combustion synthesm of Ti-C (A)
and Ti-B-Al (B) system cylindrical compacts. :
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Fig.9 X-ray diffraction patterns of Z10,-Al,0,-Fe system products obtained with the application
of the present chemical ovens: thermite products under PF-MGE(A) and on the ground(B),
and melting/solidification products under PE-MGE(C) and on the ground(D).
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Fig. 10 SEM micrographs of ZrO,-Al,O,-Fe system products obtained with the application of
the present chemical ovens: thermite products under PF-MGE(A) and on the ground(B),
and melting/solidification products under PF-MGE(C) and on the ground(D).
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