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Abstract Mechanically-alloyed NiAl powder and ball-milled (Ni+Al) powder mixture were sintered by
spark-plasma sintering(SPS) process. Mechanical alloying was performed in a horizontal attritor for 20 h with
rotation speed of 600 rpin. (Ni+Al) powder mixtures were prepared by ball milling for 1 and 10 h with 120 rpm.
Both powders were sintered at 1150°C for 5 min under 10°3 torr vacuum with 50 MPa die pressure in a SPS facil-
ity. Sintered densities of 97% and 99% were obtained from mechanically-alloyed NiAl powder and (Ni+Al) pow-
der mixture, respectively. The sintered compact of (Ni+Al) powder mixture showed large grain size by a very
rapid grain growth, while the grain size of mechanically-alloyed NiAl powder compact after sintering was
extremely fine(80 nm). The difference in densification behavior of both powders were discussed.
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Fig. 1. SEM images of (a} Al and (b) Ni starting powders used in this study.
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Fig. 2. Result of XRD analysis for (Ni+Al) powder mix-
tures prepared by ball milling for 1 and 10 hr, and NiAl

powder prepared by mechanical alloying.
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Fig. 3. Change in relative density of mechanically-alloyed
Ni-36 at% Al powder compact during spark-plasma sin-

tering.
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Fig. 4. Change in densification rate of mechanically-
alloyed Ni-36 at% Al powder compact during spark-

plasma sintering.
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Fig, 5. Change in relative density of (Ni+Al) powder com-
pact mixed by ball milling for 1 and 10 hr.

0.12
T 0.10
e & 1hr ball-milled powder
© 0.081 @ 10hr ball-milled powder
=
- 0.061
Lo
§ 0.04- holding stage
E
S 0.021
Q T fit 3
0.00 d g Tx ...:?

0 200 400 600 8001000
Temperature (°C)

50 100 150 200 250 300
Time (sec)

Fig. 6. Change in densification rate of (Ni+Al) powder
compact mixed by ball milling for 1 and 10 hr.
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Fig. 7. Result of XRD analysis for the sintered powder
compacts prepared by mechanical alloying and ball mill-
ing for 1 and 10 hr.
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Fig. 8. Result of XRD analysis for (Ni+Al) powder mixture
prepared by ball milling for 10h and its compacts sintered
at various temperature.

ot Fig. 6 Fig. 59 ZA25E dojal 245
FelXe Ads = W3 FAE el ZeR,
S ZIAMEE R o E Aol EdelMeke o2
AL E Agol vehial gleE ¢ 5 e A &
2 Y FelM 300°C71A AE3 £ 1A eR
A3 F7H8IL 400~450°C FH7HA] Ants] A&

Het o) 8 W 743 Z7)sle] 5000C B2

A Heligkell £sted 2stel, 600°C olelabe
A5} $E5 W) 449 & S Uk

1 T T
5. 540 15. 580

- - 2t
Ni3A| NiAl

v {mm}

Large Grain

Small Grain

Grain Boundary

Ni Al Ni

Al Ni Al

749at.% | 25.1at.% | 60.5at.%

39.5at.% | 64.5at.2% | 35.5at.%

Fig. 9. SEM image of the sintered compact of (Ni+Al) powder mixture prepared by ball milling for 10 h and the result of

EPMA line analysis for Ni and Al element.
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Fig. 11. SEM images of (a) (Ni+Al) powder mixture prepared by ball milling for 10 h, and (b) fracture surfaces of its com-
pact sintered at 500°C for 0 min, (c) sintered at 600°C for 0 min, (d) sintered at 900°C for 0 min, and (e) sintered at 1150°C

for 5 min.
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Fig. 12. DSC result for the sintered body produced from (a) mechanically alloyed NiAl powder and (b) powder mixture of

(Ni+Al) prepared by ball milling.
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