Japanese Journal of Applied ' The Japan Society
Physics 24 of Applied Physics

You may also like

Structures and Magnetic Properties of Hf, Ta Fe, e/ meiioialdn
E storage

|n Amorphlzat|on ProceSS Nian-Ke Chen, , Xian-Bin Li et al.

- In situ TEM observation of preferential

. . . . . amorphization in single crystal Si nanowire
To cite this article: Hideaki Takano et al 1993 Jpn. J. Appl. Phys. 32 421 Jiangbin Su and Xianfang Zhu

- Can amorphization take place in
nanoscale interconnects?

S Kumar, K L Joshi, A C T van Duin et al.
View the article online for updates and enhancements.

This content was downloaded from IP address 3.148.115.202 on 13/05/2024 at 21:25


https://doi.org/10.7567/JJAPS.32S3.421
https://iopscience.iop.org/article/10.1088/1674-1056/ab3cc3
https://iopscience.iop.org/article/10.1088/1674-1056/ab3cc3
https://iopscience.iop.org/article/10.1088/1674-1056/ab3cc3
https://iopscience.iop.org/article/10.1088/1361-6528/aab6eb
https://iopscience.iop.org/article/10.1088/1361-6528/aab6eb
https://iopscience.iop.org/article/10.1088/1361-6528/aab6eb
https://iopscience.iop.org/article/10.1088/0957-4484/23/9/095701
https://iopscience.iop.org/article/10.1088/0957-4484/23/9/095701

Proc. 9th Int. Conf. Ternary and Multinary Compounds, Yokohama, 1993

Jpn. J. Appl. Phys. Vol. 32 (1993) Suppl. 32-3, pp. 421-422

Structures and Magnetic Properties of Hf; _,Ta,Fe,
in Amorphization Process
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We have studied structural and magnetic properties of a ternary intermetallic compound Hf,_,Ta,Fe, in the amorphi-
zation process using a high-energy ball mill. The X-ray diffracted intensity decreased, whereas the spontaneous magneti-
zation at 0 K increased with the milling time. In Arrott plot analyses, the samples after milling were ferromagnetic. It is
suggested that a sample subjected to a ball mill is in the amorphization process and a little disorder generated by the ball
milling significantly affects the magnetic properties in this ternary compound system.
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Ternary intermetallic compounds Hf,_,Ta,Fe,, which
are the hexagonal (MgZn,-type) Laves-phase crystals for
0=x=1, show several magnetic structures depending on
the Ta concentration x.” Magnetic properties of an amor-
phous Hf,_,Ta,Fe, obtained by vapor-quenched method
are different from that of the crystal including the same
atomic concentration. The amorphous Hf;_, Ta,Fe, were
ferromagnetic for the whole x.? To investigate the
structures and the magnetism in the process between the
crystalline and the amorphous Hf,_,Ta,Fe,, we have sub-
jected these crystalline compounds to mechanical al-
loying or mechanical attrition (MA) using a high-energy
ball mill. It is well known that the MA of an alloy causes
the amorphization of the crystal.>?

The ball milling was performed with a MITSUI AT-
TRITOR MAO01D (Mitsui Miike Eng. Corp.) with a ball-
to-powder weight ratio of 20:1. This milling ball was
made from ALO; having a purity of 92%. A ternary com-
pound Hf, sTa, sFe, was prepared by arc melting under ar-
gon atmosphere. The arc-melted button placed in a
sealed quartz ampule in pressures of 107¢ Torr was an-
nealed at 800°C for 142 h, crushed into powder and sub-
jected to the ball mill. We have used the samples milled
for O h (crystal), 6 h and 24 h. The mean particle size of
these samples is about 40 ym, 6 um and 3 pm in diameter,
respectively, if the particle is a circle with the same area.
X-ray diffractometry and magnetization measurements
were used to characterize these samples. The magnetiza-
tion from 6 to 340 K in magnetic fields up to 50 kOe was
measured with a SQUID magnetometer.

Figure 1 shows the X-ray diffractometry data for the
crystalline HfysTaysFe, and the materials milled for 6
and 24 h. The pattern for the sample milled for 6 h was
similar to one for the crystal. From this observation, it
could be seen that these two samples had little structural
difference as far as we used Cu Ko radiation. It was also
observed that the intensities of the Bragg peaks after mill-
ing for 24 h decreased. The 20 angles of the peaks after
ball milling were not different from one of the crystal.
This is an indication that the hexagonal MgZn,-type
structure of these samples is gradually destroyed by the
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ball milling, but the lattice parameters do not change
largely.

The magnetization isotherms obtained at 6 K up to 50
kOe are shown in Fig. 2. The magnetization in the same
field increased as the milling time increased. The initial
magnetization curve of the ball-milled samples was
steeper than that of the crystal. In field above 5 kOe, a
tendency to saturation was observed for all samples. In
Fig. 3, we show the temperature dependence of the mag-
netization in field of 5 kOe. The magnetization of the
samples after milling increased remarkably below about
200 K. Similar measurements were performed in various
fields. The magnetic behaviors of the samples milled for
not only 24 h but also 6 h were different from that of the
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Fig. 1. X-ray diffraction patterns of Hf, ,Ta,Fe, milled for 0 h (crys-
tal), 6 h and 24 h.
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Fig. 2. Magnetization as a function of applied field up to 50 kOe for
Hf, ,Ta,Fe, milled for 0 h (crystal), 6 h and 24 h.

crystal. This suggests that the effect of a little disorder in
the lattice appears not in the X-ray diffraction pattern
but on the magnetic properties. In the analysis of M 2 ver-
sus H/M plot (Arrott-plot) between 1 kOe and 5 kOe, it
was shown that the samples after milling were ferromag-
netic. The Curie temperature, T;, of the samples milled
for 6 h and 24 h was 152 K and 136 K, respectively. The
spontaneous magnetization at 0 K, M;(0), was also 2.0
emu/g and 9.9 emu/g, respectively. It can be seen that
M(0) increases with the milling time, and 7, decreases.
The Curie temperature, 7., and M;(0) of the sputtered
amorphous film with x=0.5, which is considered to cor-
respond to the material subjected to a ball mill for
infinite time, were about 116 K and 24.0 emu/ g, respec-
tively.? It seems that 7. and M,(0) of the ball-milled sam-
ples approach the values of the sputtered amorphous sam-
ple respectively. The crystalline Hf, sTa, sFe; is an antifer-
romagnet with the Néel temperature Ti=268 K." It is in-
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Fig. 3. Temperature dependence of the magnetization in field of 5
kOe for Hf, ,Ta,Fe, milled for O h (crystal), 6 h and 24 h.

dicated that a transition from antiferromagnetic to fer-
romagnetic state is induced by the ball-milling process.

In conclusion, it is suggested that a sample subjected
to a ball mill is in the amorphization process and a little
disorder generated by the ball milling significantly affects
the magnetic properties in this ternary compound sys-
tem.
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