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Martensitic transformations can be classified into two
groups with respect to their formation temperature
and time dependencies, namely isothermal and ather-
mal. The isothermal martensitic transformation in-
volves both time and temperature whereas the ather-
mal martensitic transformation is only dependent on
temperature [1, 2]. In addition, a strong correlation be-
tween austenite—martensite phase transformation and
its magnetic behaviour in Fe based alloys can be estab-
lished. Despite the paramagnetic behaviour of austen-
ite, martensite phase can show either ferromagnetic or
antiferromagnetic behaviour [3, 4]. In Fe-Mn-Si and
Fe-Cr-C alloys, the presence of a particular magnetic
transition during martensitic phase transformation was
investigated based on the temperature change with re-
spect to magnetic susceptibility [4, 5]. Tamarat et al.
determined the M, temperature which is the transition
temperature from the paramagnetic state to antiferro-
magnetic, and Ty—Neel, which is the transition tem-
perature of the antiferromagnetic state to paramagnetic
[4].

Magnetic susceptibility measurements in Fe-Ni-Mn
alloys, particularly (Fe ¢ 65-Ni ¢ 35);— Mn,, were exten-
sively studied by Hesse [6] for their spin-glass prop-
erty at low temperatures. The re-entrant system ex-
hibits two consecutive temperature dependent magnetic
phase transitions. Although these alloys show dom-
inantly paramagnetic behaviour above Tc, the Curie
temperature, they transform to ferromagnetic phase be-
low Tc. In the same system, a freezing temperature, Ty,
is observed when a magnetic phase transition occurs at
a specific temperature; the system is believed to possess
a spin-glass property [6, 7].

This paper reports applications of the AC magnetic
susceptibilty to the study of athermal and isothermal
martensitic phase transformations in Fe-Ni-Mn alloys.

Fe-Ni-Mn alloys were prepared by vacuum induc-
tion melting. Samples were austenized at 1100 °C in
vacuum for 12 h and furnace cooled to room temper-
ature. The specimens for magnetic susceptibility mea-
surements were prepared from the bulk material in the
form of discs of 1.5 mm radius and 1.5 mm thickness,
and the experiments were performed on a computer-
ized A.C. Susceptometer (Lake Shore model 7130)
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with a closed cycle refrigerator running between 25
and —263 °C. The sample was kept in helium exchange
gas for speedy thermal equilibrium with a controllable
temperature resolution better than 10 mK and moved
between the centres of the secondary coils in order to
minimize the unwanted signals and hence maximize
the signal coming from the sample itself. The magnetic
susceptibility measurements were taken by employing
a lock-in amplifier with an input low pass filter. Thin
foils for transmission electron microscope (TEM) ob-
servations were prepared from 3 mm discs electropol-
ished by using a double-jet polishing technique with a
solution of 150 ml 2-Butoxy Ethanol, 50 ml Percloric
Acid and 300 ml Ethanol, at 35-40 Volt (DC) at room
temperature. Then the specimens were examined in a
Philips CM20/STEM operating at 200 kV and JEOL
3010 TEM operating at 300 k'V.

In Fig.1, the magnetic susceptibility of the Fe-
31.5% Ni-10%Mn alloy is shown for a temperature
range of 25 to —263 °C. Paramagnetic to ferromag-
netic and ferromagnetic to antiferromagnetic or a spin-
glass phase transitions are observed when the mag-
nitute of the applied AC field is 100 A/m and the
frequency is 125 Hz for the continuously cooling
mode. A paramagnetic specimen at room temperature
transformed to ferromagnetic phase at approximately
—25 °C. This continued until —218 °C at which point
antiferromagnetic or a spin glass transition was ob-
served. The specimen was gradually cooled down to
—263 °C and later reheated to 25 °C; a curve sim-
ilar to that of the one obtained for cooling was ob-
tained. In the end, antiferromagnetic to ferromagnetic
transition temperature, and, the Curie temperature, ¢,
which is the ferromagnetic to paramagnetic transition
phase, for Fe-31.5%Ni-10%Mn alloy were found to
be —218 °C and —25 °C, respectively. In the fer-
romagnetic region, a large number of ferromagnetic
domains formed and they were oriented in the direc-
tion of applied AC field. The magnetisation is basically
the rearrangement of these domains. In the paramag-
netic phase, however, above T, non-directional atomic

moments are present and it exhibits short range be-
haviour. In the ferromagnetic state, AC fields are op-
posed by the motion of a Bloch wall. Below —218 °C
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Figure 1 Magnetic susceptibility against temperature curves of Fe-
%31.5Ni-%10Mn alloy.
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Figure 2 Magnetic susceptibility against temperature curves of Fe-
9%?25Ni-%5Mn alloy.

the magnitude of magnetic susceptibility is lower due
to the obstruction of the spin affecting the domain
wall motion. In this case, antiferromagnetic groups are
formed and spins begin to freeze by gaining viscos-
ity due to the strong interaction between ferromagnetic
and antiferromagnetic groups and by the obstruction
of domain wall motion. Hence the sharp transition in
magnetic susceptibility is usually observed at low tem-
peratures [8]. The specimen showed these magnetic
phase transitions but preserved its austenitic structure.
From this, it can be concluded that no crystallographic
phase transformation occurs during a magnetic transi-
tion, which was also confirmed by Hesse [9]. In con-
trast to this result, magnetic phase transition detected
during magnetic susceptibility studies, in Fe-Cr-C al-
loy was found to be accompanied by a crystallographic
change from austenite to athermal martensite. Phase
changes occuring were from paramagnetic austenite to
ferromagnetic martensite and this was of great impor-
tance to determine the M temperature in Fe-Cr-C alloy
[5].

For Fe - 25%Ni - 5%Mn alloy, magnetic susceptibil-
ity measurements were also carried out for 125 Hz
frequency and 100 A/m applied magnetic field and
temperature dependability of magnetic susceptibility
was investigated for a temperature range from 25 to
—263 °C. In Fig. 2, the specimen that is paramag-
netic at room temperature transformed to antiferromag-
netic or a spin glass phase at approximately —225 °C.
Here the Neel temperature, which is the antiferro-
magnetic to paramagnetic transition temperature, Ty,
is —225 °C. Despite the absence of crystallographic
change corresponding to magnetic phase transition as
in Fe-31.5%Ni-10%Mn, Fe-25%Ni-5%Mn exhibited
athermal and isothermal martensitic transformation.
Here, athermal phase transformation took place around
—140 °C and isothermal martensite was obtained at
about —128 °C, which is the nose temperature [10],
after holding for about 25 h. In Fe-%25 Ni-%5 Mn,
there is known to be an isothermal phase transforma-
tion from austenite to martensite and the specimen was
held at —128 °C for 55 h since it is a fact that isother-
mal martensitic transformation is both a time and tem-
perature dependent transformation. TEM figures of

(b)

Figure 3 TEM micrographs of (a) isothermal «-martensite, (b) athermal «-martensite in Fe-%25Ni-%5Mn alloy.
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Figure 4 Magnetic susceptibility change of Fe-%25Ni-%5Mn alloy at
—128 °C with respect to time.
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Figure 5 Isothermal martensite percentege plotted against time.

athermal and isothermal martensite structure are given
in Fig. 3a and b.

In Fig. 4, a variation in magnetic susceptibility is
shown as a function of time at —128 °C. Magnetic
susceptibility is expected to increase with time since a
transition of ferromagnetic or antiferromagnetic phase
occurs. It is seen from the AC magnetic susceptibility
measurement that magnetic susceptibility occurs over a
longer period of time and for a limited amount. This re-

sult indicates that isothermal martensite grows slowly
over a long period of time in Fe-25%Ni-5%Mn alloy.
Moreover, the reason the magnetic susceptibility begins
to increase after a constant period of time is probably
because of the formation and growth of new marten-
site crystals. In Fig. 5, changes in volume fraction of
isothermal martensite phase are plotted against time.

As a result, although athermal and isothermal
martensitic phase transformations have been observed
in an Fe-25%Ni-5%Mn alloy, they has not been ob-
served in an Fe-31.5%Ni-10%Mn alloy. On the other
hand, there is no crystallographic phase transformation
occuring during a magnetic transition in these alloys.
Paramagnetic to ferromagnetic and ferromagnetic to
antiferromagnetic or a spin-glass phase transition were
observed and T¢ was determined to be —25 °C in an Fe-
31.5%Ni-10%Mn alloy. Additionally a paramagnetic
to antiferromagnetic or a spin-glass phase transition
are observed and Ty is determined to be —225 °C in an
Fe-25%Ni-5%Mn alloy.
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