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TiAl Melting in CaO Crucible and Its Mechanical Properties

Nobuo SAKUMA, Taisuro MiTsul, Hyojiro KURABE and Tokuzo T'SUJIMOTO

Synopsis :

Titanium and its alloys are conventionally melted in watercooled copper hearth to avoid the chemical
reaction between crucible and molten metal. However, titanium activity in TiAl is supposed to be low.
This study was carried out to prove the possibility of vacuum-induction melting of TiAl alloys in high-
purity CaO crucible. The following results were obtained.

(1) Oxygen contents in TiAl were always 0.11~0.14 wt% corresponded to thermodynamical equilibrium
value when about 800 g was melted. This amount was a little larger compared with 0.04 wt% in plasma-arc
melted TiAl. (2)Small amounts of 0.13~0.15vol% of CaO inclusions with the sizes of 1~5 pum were con-
tained in TiAl, being nearly equal to killed steels. (3)New crucibles with 5~20 wt% CaF, for preventing
CaO-TiAl reaction, showed no effect for decreasing oxygen content, but a usefull effect for reducing inclu-
sions due to the thermal stress relief by CaF. film between CaO particles, resulting in long durabilities.
(4) As-cast TiAl with compositions of 33.5~34.5wt% Al showed elongations of 0.6~0.8% lower than
plasma-arc melted TiAl. However, they were ameliorated to 1.1~1.4% by annealing at 900°C to 1200°C.
This phenomenon can be explained from the point of veiw of the O diffusion from ¥ phase to @, phase.

Key words : TiAl; intermetallic compound; CaO crucible; vacuum-induction melting; oxygen content; CaO
inclusion ; tensile properties; elongation ; heat treatment.

1. ﬁ
TiAl ZEBELAW A HR S 3.8 TR, -5k

BMENERTWVD ECHDH NiZEEGE (BET7.9) 2

ftb B BRIHME L LIS 1Y, %< OffRss
PRTVE. T OLEBLAY bR LAY & F

RACHRIEM ARV 20 ICIER S E SR STV S

— iz, VEOMEMEOERICERY V7 — 7 BR
YHV, 4Ty F OB IENEER T — 2GR,
TG RTT — 2R, 79 XAv Y — LERY RO FHE
AN NVEBIDH G SR TS, ShbDEREIRVY
hdKGH N N— ZANT TiAl 2B T5 2 L i3dETH
BErEZ-bDTHDH. IhLHEWTRLH Ti OBR

HFIHs S,

—4, Ti XU TiAl Q&R S o SIEM K & Rk
TEWCEHZERIESL DITERPEI NS, LI L
Ti RIEHTHHEZADEL2FMERHICHIEL,
BHGTERTALOBEOME SO »2bOTHELL S
UM OB IRITbIL TV WS, Z2ohTRET LY

b — MR TH S CaO % FK & L2521 THE Ti
YR L IRV SRS AN, RO 0 5% <,
WREITNEFEREIBOA TR, 25T, TiAl i@
Al THEGICHIRS R, Biz Al oAFICE Y Ti OF
EFPLENVETIAZ L FHENSL, 22T, £FL
12 TiAl ® CaO 521X 2 X A EERER 2 RA», AR
BEDRE S A RES L7z, 7, BEMICH Ti & F
2O DEFENEZLONLDOTHBHEEICRITT O
LW,

2. ® B FH &

EERIZI1X Table 1 1Z/RT 4 8D CaO %213 % AW
7. (1)id CaO #LiZ CaCly-7 Vv a— VER*EE
L, 7VIF5H2F0RBHCFADTH 10 mm OF S
A=V T %L, 1000°C T7.2ks BEAE L 7252
E, (2) RO SME, BEE0 5o, (3)IXHK
DBEDIEFTEHETOMBEREE LR, PRR—F A% DD
¥, (4)ix CaO 520K %W+ 5 HWT, Ti &
B L 7% > CaF, #BCA L 7252138 C, HH#EKER

TR 34 4 ARGHHARICRE FHIETH 29 HEZM (Received July 29, 1991)

* EEMEWTE
*2 SRR

BT (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)
T.1# (National Research Institute for Metals)

—172—



TiAl @ CaO % DITEHE L T OEMKMEE 681

Table 1. Crucibles used for melting.
Crucible Ca? Binder (wt%) Porogity
(Wt%) [CaCl, Si0p FepOy CaFy| (V1%)
(1) CaO-CaCly* 99.9 4 — — — | Porous
(2) High purity CaO 99.9 — —
(3] Industrial GaO 08~99 | — 0.12 0.12 — | 17~18
(4) CaO-CaFy* * 99.9 — 5~20| 13~16

*  AlyOj3 crucible inner-coated with CaO particles mixed

alcohol-CaCly binder
** Ghaped by cold isostatic pressing and sintered at 1 450°C

Table 2. Chemical compositions (wt%) of TiAl
used in this work.

Run No. Al » Ti
T-1 33.47 Bal.
T-2 34.00 Bal.
T-3 34.51 Bal.

R 4
(mm)
—_J
' ©
—
50

2]

Fig. 1. Size of tensile strength specimen and its
fitting to the tensile testing machine.
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Fig. 2. Effect of Al content on the impurity con-
tents in Ti-Al alloys melted in the CaO crucible.
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Ca image

Photo. 1. SEM and X-ray images
of CaO inclusion in Ti-Al melted
in CaO crucible.

Photo. 2.

Penetration layer of the molten metal of

Ti-15 wt% Al into the CaO crucible surface.
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Fig. 3. Variations of O and Ca contents in TiAl
melted several times in the same crucible.
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Fig. 4. Effect of holding time in melting on O con-

tent and CaO inclusion volume amount in TiAl
melted in CaO crucible.
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Fig. 5. Effect of CaF, addition mixed into CaO

crucible on O content in TiAl melted in CaO
crucible.
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Fig. 6. Variations of Ca content and CaO inclu-
sion volume amount in TiAl melted in various CaO
crucibles.
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Fig. 7. Effect of annealing temperature on the
tensile strength of TiAl melted in CaO crucible.
References are values of as-cast ingot by plas-
ma-arc melting.
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Fig. 8. Effect of annealing temperature on the
elongation of TiAl melted in CaO crucible.
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Fig. 9. Ti, Al and O concentration variations both in a, phase and 7 one in
Ti-34.5wt% Al (a) melted in CaO crucible and Ti-36 wt% Al melted by
plasma-beam. (b) and (c¢)were annealed at 1200°C.

a) As-cast
¢) 1050°C, 3.6 X105
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d) 1200°C, 8.64%10%s
Photo. 4. Microstructures of Ti-34.5 wt% Al melted in CaO crucible.
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