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Production of Intermetallic Ni;Al Filaments by In-rotating-water Spinning Method

Yasunori Torisaka, Tokuma Kirakata and Masaru Kosayashi

Synopsis : An advanced work processing, in-rotating-water spinning method has been applied for intermetallic compound NigAl
In this method, which ejects a molten metal jet into the water layer formed on the inner surface of rotating drum,
continuous filaments with round cross-section can be directly produced from molten NizAl

The effect of spinning conditions, especially spinning temperatures on the continuity and ductility of Ni; Al filament
have been examined. Ni;Al filaments are annealed at 1033K and 1323K, and then the microstructures are observed.
Only the sound filaments have been tensile tested at room temperature.

It is shown that a) the continuous and sound filaments are obtained when the temperature of molten metal ranges
from 1900K to 1950K, b) the fine acicular microstructure in just as ejected condition changes to the hyperfine dendrite
skeleton structure by 1033K annealing and returns to the coarse y’ single phase before spinning because of recrystalliza-
tion when further annealed at 1323K, and ¢) the ultimate tensile strength decreases as the annealing temperature
increases, while the ductility increases and shows the maximum elongation by 1033K annealing.

Key words : in-rotating-water spinning method ; intermetallic compound Niz Al ; microstructure ; ultimate tensile strength ; ductility.
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Fig. 1. Microstructure of intermetallic Ni;Al single
phase before spinning.
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Fig. 2. Jet incidence angle for molten Ni;Al ejec-
tion.
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Fig. 3. Determination of emissivity for pure Ni in
Ar gas and in open air.
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Table 1. Spinning conditions of Ni;Al ejected in Ar 250 ” T T T
gas and in open air. ® ©:Sound |
L n9 |
Atmosphere | Spinning temp. | drum Gas pressure | Nozzle | Nozzle Jet incidence g. o 0 yld(ljtle : ®
(K) speed (atm) diam. | position | angle ~ 200 F @ ®:Fau | (7} N
(rpm) {um) (mm) (rad) D_ 1 : g 8
c . .
In Ar gas | 1673 to 1803 g In open air i ?
250 48 100 2 0.88 L. 4
in open air 1673 to 1993 % 150 I_n_é.r_g_a_s _____ Jl ®
S |
B T mp (1658K) ®
.. 2 100 - © a
Table 2. Spinning results of NizAl by in-rotating- E Q¢ ©
water spinning method in Ar gas. a : ©
Ejected or not O: completely, A: middle, X: not-ejected , L )
Shape O: continuous, A: middle, X: discontinuous 50 * *
Sound or fault O: tough, A: middle, X: brittle 1600 1700 1800 1900 2000
Spinning temperature, T/ K
Spinning temp. | 1673 1683 1693 1703 | 1788 | 1793 | 1803
® Fig. 4. Spinning temperature region for obtaining
No. bl e lesl 0 bl | sound filaments ejected in Ar gas and in
open air.
Ejected or not X O X O O X X x O X
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Sound or fault O: tough, A: middle, X: brittle 7&: 3’59 Flg 5 5 6 s 7 ¥ ct UFlg 8 (:, Ari? Z';!f:ﬁ:ﬂﬂqn k j(
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Shape s|lajolojlolalalalo|a]|a CEAMPEOCNAREMERRIMA LI IZEBAL
Sound or fault| ./ A A A A x x A x x X 1900 -~ 1950K1¢i&,12§ % & ‘EL‘E‘I‘ b i"L Z) o 1850K1¢ﬁf&i NigA]
Diameter (xm) / 75 94 93 106 87 84 103 170 178 186 'TIO)Alﬁfﬁyéﬁgg@ / X‘/V &‘ }im L ’ % X‘}V{@éé’féﬁlﬂ ( ?lﬁ L

B e, HonIBRIFROE S FRIRIZRa (s, B
CAKIREAICE, BRI RO v, HECHRS S

Spinning temp. 1853 1863 1873
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Intermetallic compound NisAl

Intermetallic compound NbAl Fault
Sound in air
in Ar gas L 100mm i
' 00 ! Fig. 8. An example of fault Ni,Al filament

produced in open air.

Fig. 5. An exampli of sound Ni;Al filament
produced in Ar gas. - - " -

. Ni3Al , As ejected in air

Intermetallic compound NisAl
Fault

in Ar gas
L 100mm ]

Fig. 6. An example of fault Ni;Al filament
produced in Ar gas.

Sound Fig. 9. Surface of sound and fault Ni;Al filament
in air ejlected in open air observed by scanning
t i .
- . electron microscope
Fig. 7. An example of sound NisAl filament . )
DMK yHHEA L 2 5 (Fig. 1 2M), 2L T, 20

produced in open air.
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Ni3Al , Longitudinal section, In air 20pm

Fault

Fig. 10. Microstructures of sound and fault Ni;Al
filaments (longitudinal section, ejected in

open air).
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Fig. 11. Microstructures of sound apd fault NizAl
fi_la)ments (cross section, ejected in open
air).
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Longitudinal section

Cross section

Fig. 12. Microstructures of sound and fault NizAl
filaments (longitudinal and cross section,
ejected in Ar gas).

Table 4. Mechanical properties of sound and fault
Ni;Al filaments at room temperature.

Strain rate 8.3x10°* 2.5x10°" 8.3x10°°
(s™")
Properties UT.S. Elongation U.T.S. Elongation U.T.S. Elongation
(NPa) *%) (NPa) %) (MPa} ®)
As Fault 147.0 0.1 235.2 0.5 170.5 0.0
ejected
Sound 490.0 0.5 §77.2 0.6 650.7 0.9
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Fig. 13. Mechanical properties of sound NizAl fila-
‘ ment after annealed at room temperature.
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Fig. 14. Load vs. displacement curves at room tem-
perature of sound Ni;Al filament as ejected
and after annealed.
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