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Abstract

NisoTis0 amorphous alloy was prepared by mechanical alloying from
a mixture of Ni and Ti powders using conventional ball milling machine.
The thermal stability of the NiTi amorphous alloy was studied by means
of differential thermal analysis. The thermal stability of the NiTi amorphous

43

alloy increased as milling time proceeded.

1. Introduction
Recently, extensive studies have been
carried out on solid state amorphization of

U2 Especially, mechanical alloying

the alloy
(MA) and mechanical grinding are considered
to be suitable methods of mass production
for industrial use. The kinetics of solid state
amorphization of the alloy have been proposed
by Johnson®. The atomic structural changes
of the alloys through solid state amorphization
process by MA were discussed by the authors
using EXAFS measurement™®®. Ni-Ti amor-
phous alloy have been produced by electron-
irradiationand MA™. The thermal atability
of the amorphous alloy is important from
the viewpoint of the industrial use. But the
thermal stability of the NiTi amorphous alloy
produced by MA has not been studied up to
now. The main purpose of this work is to
investigate the thernal stability of the NiTi

amorphous alloy prepared by MA.

2 . Methods
A Ni-Ti amorphous alloy powder was

prepared in a laboratory ball mill using
stainless steel vials filled with high purity
argon, with size of 105mm X 108mm@ (inside) ,
and hardened balls with diameter of 15mm and
20mn. The milling was carried out at ambient
temperature at the rate of 1.8s”!. Starting
material was a mixture of Ni powder (2~
3pm 99.8%) and Ti powder(40~50x m,99.0%).
Its composition was NiseTis. This corresponds
to the compostion of NiTi metallic compound
¥ The total weight of starting material was
30g in mass. The sample preparation was
made by stopping the ball milling at 0,1.8X
10°,3.6X10%7.2X10°10.8xX10° and 14.4X10%s
after its commencement, respectively, in a
glove bag filled with argon atmosphere.
The X-ray diffraction patterns were
measured using Mo Ka -radiation of the
laboratory X-ray source (40kV,20mA) .
Portions {~20mg) of the powders in the
MA process were heated in a differential
thermal analyzer (SHIMADZU;DTA-40) at
0.1, 0.2, 0.4, 0.6 Ks 'with flowing argon of
1.7mls™!. The crystallization temperature and
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the activation energy for crystallization of

the alloy as a function of milling time were

measured by using Kissinger’'s plot®”. The
equation derived by Kissinger is as follows.
d ln(Q/Tmz)
d(1/Tw)

Where T., is the peak temperature, ¢
the heating rate, R the gas constant and E

the activation energy for the crystallization.

3. Results and discussion
Figure1 shows the X-ray diffraction
patterns of a NisoTise alloy prepared by MA

as a function of milling time.

Mo Kg radiation

i 111

Ni

Mixture (Ni:Ti=50:50)

Wﬂwﬁm

-

.‘."m.. T MA 36x10°s

| ~4

L+

z \./\»~

- MA 7.2x16° 5
\/\\"‘” A oSy
J\v‘/\ﬁﬂ T

1 1 |
5 10 15 20 25
o (deg)
Fig.1  X-ray diffraction patterns of NisTis, alloy

produced by mechanical alloying as a
function of milling time.

The intensities of the Bragg peaks
decreased rapidly at 1.8X10%s of milling time.
Around 3.6X10°s of milling time the Bragg
the Ni and Ti almost
disappeared and were replaced by a halo
pattern, this showed that the amorphization

reaction was carried to completion.

peaks due to

A new
chemical compound was not produced through
the MA process.

Figure 2 shows the DTA curves of the
alloy in the MA process.
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Fig.2 DTA curves (rate 0.6 K/s) of NisTlse
alloy produced by mechanical alloying.
An obscure, small exothermic peak
appeared in the DTA curve at 1.8X10% of
milling  time. This shows that the

amorphization reaction started at this time
partially. After 3.6X10%, the DTA curves
have a clear exothermic peak corresponding
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to the crystallization of the amorphous phase,
respectively. The reaction corresponding to
this sharp exothermic peak seems to be the
reaction of the amorphous to equilibrium
phase, NiTi®,
results of X-ray differaction measurement.

This was consistent with the

The nucleation of amorphous phase in the
NiTi mixture powder occured in a ealier stage
of milling process than that in Ni-Nb mixture
powder?,

Figure 3 shows the crystallization tempe-
rature of the NiTi amorphous alloy as a
function of milling time.
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Fig.3  Crystallization temperature of NisoTise
amorphous alloy produced by mechanical

alloying.

The crystallization temperature rised as
the milling time proceeded. This indicates that
the amorphous phase increases the thermal
stability as the milling time proceeds. The
NiTi
amorphous alloy was lower than that of the

crystallization temperature of the
NigoNhsgamorphous alloy prepared by MA!Y.

Figure 4 shows the activation energy for
crystallization of the NiTi amorphous alloy
as a function of milling time.
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Fig. 4

The activation energy of the alloy at
10.8X10°s of milling time was 227.7KJ/mol.
This value is considerably smaller than the
activation energy 334.3KJ/mol for crystalli-
zation of the NigyNbs amorphous alloy
prepared by MA!?,

increased as the milling time proceeded. The

The activation energy

behaviours of crystallization temperature and
activation energy for crystallization of the
NiTi
indicate that the amorphous phase increases

amorphous alloy prepared by MA
the thermal stability as the milling time
proceeds. The increase of the thermal stability
of NiTi amorphous phase is explained well
by the diffusion which progress the uniformity
of the alloy as the milling time proceeds.
In summary, the thermal stability of the
NiTi alloy produced by MA
increases as the milling time proceeds. The

amorphous

NiTi amorphous alloy has the lower crysta-
llization temperature and the smaller acti-
vation energy for crystallization compared
with those of the NigNbyy amorphous alloy
by MA.
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