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ABSTRACT

In order to confirm the characteristics of combustion propagation and synthesis process in
combustion synthesis under a microgravity environment which should be important for the
performance of the coming TR-IA flight (#3), combustion synthesis experiments have been
carried out under a parabolic flight microgravity 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 proposed chemical
ovens which provide rapid cooling after rapid heating, the process of thermite reaction of
Zr-Al-Fe,O, powder mixture system and the TiAl and TiAl-TiB, combustion synthesis have
mainly been investigated. As a result of the present work, it is confirmed that the combustion
propagation velocity under the microgravity environment is smaller than that on ground and
close to its downward propagation. The maximum temperature attained under microgravity
environment by the present chemical ovens is rather small than that on ground, and the present
rapid cooling technique is less effective compared to the ground tests. By X-ray diffraction,
the products of Ti-Al and Ti-Al-B systems synthesized under microgravity environment are in

much proper constituent ratios.
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Table 1 Comparison between combustion synthesis and conventional electric furnaces

PRIGEA Bk LRI
e EEIREK) 2000 ~4000 <~2500
AT £ B (cm/s) 0.5~15 Bk (B4 — %)
—E S T DA BKIBNE ®ooow m w
DNZR IR (K /s) 103~106 <~8
7% X711 (W/cm2) <~500
A& KIEFE(s) 0.05~4
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F5 (~50pum) £FVFK (<lym) RETNVI=ZDA (~80 um) KL=
VETTI:B:Al=® 1:4:1,® 1:2:2,0 1:4:0L %252 CBRELAIHEED
REMEL. 25mm® X50 mm D —EFHK CHEFRD45 ~ 70 % DHETEF L ENE
BEERERD LI IC3BEOTIEE (©:50,60,65%, @:60,65,70 %, @: 45, 50,
55 %) THMEBRFLEF L Lz TN OREBEDBREESBIZB I 2GR
LT Thb,

(1) Ti + 4B + Al — TiB,+ 1/6AIB,, + 5/6Al
(2) Ti + 2B + 2Al — TiB, + 2Al
(3) Ti + 4B — TiB,+ 2B

(2) fLZF & L TREERE % B W7 SR B£8R

AEBRCTHVCAREAREL, Ti LB & ADIEEL Y2 2RBABKERE
(FEHEFE60% T, 25mm*x30mm™) RUTi & C DIRAERE FTHEE60% £ LT,
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HRER I AgEP =R FOFE,; 2mm®) 2%, 2ORIIRFEATIRENT (1) Zr:
Al:Fe0,=1:3.24:229 £ L7273y MRIGHHERIC Z20,: ALO, =1:1.62& L7z
S RABEIY (20,:42.6mass % © ) % 40,50, 60,75 mol% BA L7=Mh & 2)
Ti+Al, 2Ti+2B+Al, Ti+Al+TiB,, 2Ti+2A1+TiB,, 3Ti+3Al+TiB, DR AR O FEHEE 60 %
ELZEREAOmm’ x30mm®) TH Y, ZREFNR_MED Ti-B-Al RFSMK & Ti-CRK
JCARTIE S A ZDORRIIMET S &) KEE L.
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1 AbFFRE LTERLERERERBN (k£ THHxR, 4 AgK)
Fig. 1 Schematic illustration of chemical ovens proposed in the present work.
(left: movable-type, right: immovable-type)
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Table 1. Combustion velocity of Ti-B-Al powder mixture compacts

AEHRBL(E VL) | TSR FOCMEREEEE (mm/s)

Ti:B: Al (%) MANENS #
THZE | LHEE | THERE | LHEE
50 | 16.9t 4.6 | 23.9+ 5.5 17.9+ 5.2 | 26.1+ 3.7
1:4:1 60 | 17.1% 2.5 | 25.1£11.0 | 20.5+ 3.5 | 28.9+ 9.0
65 17.8+ 2.3 | 17.8% 3.3 20.1+ 3.0 | 20.6% 2.1
60 | 15.0% 2.6 | 19.2+ 1.1 12.8+ 2.7 | 23.9% 5.1
1:2:2 65 12.9+ 2.8 | 17.3+ 2.1 16.0+ 1.8 | 21.9% 3.5
70 |12.5% 1.3 | 20.6% 1.3 17.7+ 2.1 | 22.7% 3.7
45 |36.3124.0 | 48.1+29.0 34.8+ 9.9 | 60.4%26.7
1:4:0 50  [34.1%£13.0 | 32.5£12.0 51.4+17.1 | 75.7£17.2
55 |50.3%37.0 | 58.4% 1.1 43.9+ 7.7 | 69.7x 9.9
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Pol, BEEOLEDHES L1212 Fig. 2 Temperature change at the hollow center

FEE DR %1572, of Ti+C chemical ovens on ground
3R ER COTMERALEIE (—: movable-type,~—-: immovable-type)
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Fig. 3 Temperature change at the hollow Fig. 4 Temperature change of TiAl combustion

centerof Ti+C movable chemical synthesis with Ti+4B+Al chemical oven

ovens under [t-g(—)

5  Ti+4B+AlLZEIF % F v T O TiveAl o LB BE T8 5 Rz
SEM #2455 (A THHR, B: AHHR)
Fig. 5 SEM photographs of the products obtained by Ti+Al combustion synthesis on ground
with the aid of the Ti+4B+Al chemical ovens.( A : movable-type, B : immovable-type)
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NI7ERY O SEMEETH 505, # ETES NAEERWIC RS DT TE
BIE DD (= A A LTWBE T Edbh b, M7 i, TiMB+AI{LEIE % A
T 2Ti+Al+2B JREEE B L 72358 OB/ NENS L i E TR O N O SEM BEE %
AN IS

y 17 |

6 Ti+4B+Al MEIRILFSA% BV M EBRTE L
Ti+Al PRBEE BB O SEM BEXE
'Fig. 6 SEM photograph of the product obtained by Ti+Al combustion synthesis
_ under p-g with the aid of the Ti+4B+Al chemical ovens.

7 2Ti+Al+2L BRBEE BB O SEM BEA  /NEHH;, B: #1 k)
Fig. 7 SEM photographs of the products obtained from 2Ti+Al+2B combustion synthesis

(A :under p-g, B ; on ground)
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i i bl ! Kl h Bl b0
20/degree ' 20 /degree

B8 Ti-Al & U Ti-Al-B SREABE S BAEY O X AR EIH7 48 R
A Ti+AL BRHC & BBRBEA B, B : 2Ti+Al+2B 3RHC & 5 BRBES BL
, ):ANEDE,. Q) # 1k : .
Fig. 8 X-ray diffraction patterns of the products obtained with Ti+Al(A) an
2Ti+Al+2B(B) combustion synthesis. (1): under p-g, (2): on ground
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