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Abstract
duced using hot isostatic pressing techniques. This study focused on the transformation behavior and properties of
Ni-Al mechanically alloyed powders and bulk alloys. Transformation behavior was investigated by differential
scanning calorimeter (DSC), XRD and TEM. Particle size distribution and microstructures of mechanically
alloyed powders were studied by particle size analyzer and scanning electron microscope (SEM). After 10 hours
milling, XRD peak broadening appeared at the alloyed powders with compositions of Ni-36at%Al to 40at%Al.
The NiAl and NizAl intermetallic compounds were formed after water quenching of solution treated powders and
bulk samples at 1200°C, but the martensite phase was observed after liquid nitrogen quenching of solution treated
powders, However, the formation of NizAl intermetallic compounds were not restricted by fast quenching into lig-
uid nitrogen. It is considered to be caused by fast diffusion of atoms for the formation of stable 3 (NiAl) phase and
NizAl due to nano sized grains during quenching. Amounts of martensite phase increased as the composition of

NiAl alloy powders were prepared by mechanical alloying method and bulk specimens were pro-

aluminium component decreased in the Ni-Al alloy, which resulted in the increasing damping properties.
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Fig. 1. SEM morphologies of raw powders (a) Al (b) Ni.
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Fig. 2. Iron impurity contamination according to mechan-
ical alloying time at various composition of Ni-xAL
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Fig. 3. EDS mapping of mechanically alloyed powders for
10 hours.
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Fig. 4. XRD patterns of mechanically alloyed powders milled for 20 hours at various compositions of Ni-xAl and heat
treated powders at 1200°C for 10 hours; (a) as received, (b) 1200°C heat treatment for 10 hours
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Fig. 5. XRD patterns of mechanically alloyed powders milled for 20 hours at various composition of Ni-xAl and heat treated
powders at 1200°C for 10 hours; (a) mechanical alloying, (b) ball milling
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Fig. 6. DSC curves of liquid nitrogen quenched sample
after heat treatment for 5 hours at 1200°C; (a) mechanical
alloying, (b) ball milling

Table 1. Martensite transformation temperature of HIPed
samples at various composition

Temperature(°C)
Time(hour) Ms As
2
5 128
10 145 167
24 168 191
72 171 209
150 204 289
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Fig. 7. Tensile properties of HIPed Ni-36.at% Al after ball
milling and mechanical alloying.
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Fig. 8. Specific damping capacity of Ni-Al alloys heat
treated at 1200°C for various times; (a), (b), (c) ball milled,
and (d), (e) mechanically alloyed samples.

a3 8 I7IEAIEE Ni-36at. %Al T o
] Alzlel uhE AREAS ZARE Al Aol
AAEAL 7| AMFE’ FFRY B g5l
SDC#HS) H3elN 40%4 = ¥ 3k veNS. &
W33 Ajge] ARNEAL dXe] Azl Fvtehd
A 37} g2t AAAEESE A A= 9A
A7kl TRt ol2jdt AR EAL ntExRIA}|
EA W == A} AAteld] Alde)] Exshs 43
9] o]l 7]zt 1Y mal ARNEAL AU A2
At 7k Ao eje} Ex a2l =76l o3

Vol. 7. No. 3. 2000



148 Sk - A - AAE - DA

g 519 ety By £ 1047 Bt 94
23t A 7P AREA ] e Ax A X-
A 3HAIE Al M HoejE wie} Zho] EURSE
=°] ZIAXgEEE e dAe Ak W
of] wjeir] wh2A] vi2xe] EAFC 2 Heghog Q)
8] wl2Elrlo]EAte] K gho] 3AEGY] wiiol
o}, =38 straingltol AZFE v S(Specific
Damping Capacity)e] 37Fsloledl, 1047 &4
g ()9 curvest Zo] 3AE vlEEIAbo| EF} Ho}
ALE 1 B2 a4 FTREIH.
4.4 B

1. 1200°CHI A 10417 Aol 2l Ale] FA4o
HoAPF w2 Hirto)| EAYe] Wo] AoiF AL Fed] &
YFE Holz 0w, NizAl 7} vjZelrfo] EZ W3}
A 2 NIALE FE315H.

2. BT AE¥E Ni-Al FEelME vt
2o E el o7t G| Azte] FTE F
S I D A R o o

3.150 AIZFEst dA=sla fAA L] FIAI7)
7%, NiAV}o] gkA3] vl2RlAlo| EALo 2 w3y
21} NijAl AL A3 EA3)t

4. QAR A J|AAE SRt £18He A 4
7 17%8) 3% ¥W3Ez BUsE At da
¥ 2 veERsIE

5. nfZ2EIxfo| EAYe] ghe] FAF oA £UH9
347t 71AXRE3 B edt AREEE e
Wz, G Alzke] F73tel] wlebx AE3sl 5ol
A 574 sl

HAl2| 2

o] AT TN AT A AT

Journal of Korean Powder Metallurgy Institute

vl @AIE: 1998-017-E00090)E. ai=]g]om ool
e =y

FHO=E8

1. K. Enami and S. Nenno, Met. Trans., Vol. 2, 1971, pp. 1487.

2. 7J9 =, C. M. Wayman: 982433811} Vol. 29 No. 9
(1991) 960.

3. J. L. Smialek and R. F. Heheman: Met. Trans., 4 (1973)
1571.

4.S. M. Russell, C. C. Law, M. J. Blackburn, P. C. Clapp
and D. M. Pease: “Lighrweight Disk Alloy Develo-
pment, Air Force Report” WRDC-TR-90-4125 (1991).

5. S. M. Russell, E. Sczerzene: MRS symp. Proc. Vol. 360
p. 455.

- 6. 709%,F F, C. M. Wayman: X E3}314], Vol. 5 No.

2 (1992) 203.
7. V. C. Nardone and J. R. Strife: Metallurgical Transac-
tions A, Vol. 22A, January (1991), 183.
8. Scott M. Russell and Frank Sczerzenie: Mat. Res. Soc.
Symp. Proc. Vol. 360 (1995) p. 455.
9. E. M. Schulson, D. R. Barker: Scripta Metallurgica, Vol.
17 (1983) 519.
10.Y. D. Kim and C. M. Wayman: Scripta Metallurgica,
Vol. 24 (1990) 245.
11. B. L. Huang, J. Vallone, M. J. Luton: Nanostructured
Materials, Vol. 5 No. 4 (1995) pp. 411.
12. J. H. Yang and C. M. Wayman, Mater. Sci. Eng. A, Vol.
160 (1993) pp. 241-49.
13. 1. Wolska et al., Scripta Metallurgica, 17 (1983) pp. 512.
14. Y. Furuya, Study of Mechanics, Vol. 44, No. 9 (1992)
pp. 87.
15. A. S. Nowick and B. S. Berry, Anelastic Relaxation in
Crystalline Solids, Academic Press, New York, NY, 1972.
16. Ch. Kittel, Introduction to Solid State Physics, R.
Oldenbug Verlag, Munchen-Wien, 1969, pp. 557.



