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Melting and Casting Processes for High-Temperature Intermetallics
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¥ 1. Important intermetallic systems and their relevant properties® 118229

Melting  Density Yield Strength Room Temp. Creep
Alloy Crstal Structure Point () (¢ /cn) (MPa) Ductility (%) Limit (%C)
NisAl Llz (ordered bcc) 1,390 7.50 250-500* 2-50t 760
NiAl B:(ordered bce) 1,640 5.86 250-475 2 ~1,200F
FesAl DQs (ordered bee) 1,540 6.72 385-392 2-12§ ~700
B: (ordered bece)
FeAl B:(ordered bce) 1,250 556  360-380 2-17 § ~827
TiAl Llo (ordered tetrag- 1,460 3.91 400-650 1-4 1,000
onal)
TisAl DO (ordered hcp) 1,600 4.20 700-990 2-10 760
*0.2 wt.% B.
1 0.1wt.% B.

F Alloyed with Nb,
§ Depending on atmosphere.
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a2l 1, (a) A comparison of the vyield
strength of intermetallics and conven-
tional high-temperature alloy.(® (b)
The superior strength-to-weight ratios
of intermetallics compared to conven-
tional high temperature alloys. (s
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F 2. Compositions of selected commercially viable intermetallic Alloys

Composition (wt. % )*

Alloy Al N Ti G Zr
IC-50 11.3 8.0 - - 0.1
1C-218 85 82 — 78 17
IC-72 11.7 843 — - —
Ti-33.5A1 335 — 664 — —

Hf C N O Si Mn Ref

35 - - - - - 2
0.04 0.01 0.02 11

*A dash (—) indicates that the element is not present.
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H 3. Processing Techniques for Selected Commercially Viable Intermetallic Alloys

Alloy Melting Process Casting Process Comments Ref
IC-50 VIM and Air Direct Casting Sheets have a fine-grained columnar 9,10
Induction of Sheets and Bars structure with no porosities ; bars have

inhomogueneities in microstructure with
columnar to dendritic from edge to center

1C-281 ESR Ingots Uniform grain size, isolated porosities 9

IC-72 VIM DS Columnar grains with aspect ratio and 21
porosity level dependent on translation rate

Ti-33.5A1 PSC Ingots, Buttons Lath-like structure, oxygen pickup between 11
400-800 ppm

Turbocharger Wheel Oxygen pickup of 0.3 wt.%

VIM-Vacuum induction meltimg ; ESR-Electroslag refining ; PSC-Plasma skull casting ; DO-Directional
sohdification ; CLV-Counter gravety low pressure casting.

*2 7)1&A 8+ ] of Metals 1991, 583 30%0)] Ad S.Sen# D. M. Stefanescu?] 71&A 822 HAF A
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2! 2. Direct-cast intermetallic products.
(a) Direct cast coils of IC-50.® (b) A
precision cast turbocharger of 1C-396.
® (c) Direct cast IC-50 bar with a di-
ameter of 12.5 mm.00)
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(b)

(d)

712! 3. Optical micrographs,
(a) Direct cast IC-50 sheet.00(b)
Transverse section of direct-cast IC-
50 bar at edge.(n(c) Transverse sec-
tion of direct-cast IC-50 bar at one-
half radius.0m(d) Transverse section
of direct-cast IC-50 bar at center,(n

(8)
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2! 4. A schematic representation of the steps involved in the counter-gravity low-pressure
casting process.0n (a) The charge is melted in vacuum and the enclosure is filled

with argon.

(b) The molten metal is aspirated into the mold. (c)The material in

the mold soldifies and the vacuum is released.
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2] 7. Micrographs of a longitudinal section
of an IC-218 ESR ingot, showing (a)

uniform  microstructure and  (b)

1solated porosity.(®
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