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Abstract: The effects of the annealing time on the microstructure and magnetic properties of Dy sFesoPtso s were investigated. X-ray

diffraction and M-T data indicated that the disordered face-centered-cubic phase (soft phase) is not truly disordered phase due to an

increase in the degree of short-range order with increasing of annealing time. Both the coercivity and remanence ratio of the FePt based

alloy are as a function of the annealing time. The optimum heat treatment condition for the alloy is at annealing temperature of 600 °C

for 5 h. These results of magnetic properties can be explained on the basis of phase transformation and microstructure of the alloy.
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The FePt-based alloys have received significant attention
owing to their excellent application potential such as data
storage and dental applications!. Generally, the crystal
structure of the FePt alloy which are melted and then
quenched to room temperature is face-centered-cubic (fcc)
»-FePt disordered phase and shows soft magnetic behavior'®.
This disordered fcc y-FePt phase can be transformed into hard
magnetic face-centered-tetragonal (fct) y,-FePt ordered phase
after annealing at appropriate temperature. Many efforts have
been done to enhance the permanent magnetic properties by
phase transformation and microstructure control®”. Q. F.
Xiao et al found that a larger number of the nearest-neighbor
Fe atoms to an Fe atom leads to a lower Curie temperature in
Fesq 75Pt395Nbg 75 alloy, and the Curie temperature of the dis-
order phase and order phase for FePt is about 300 and 400 °C,
respectively’™. Y. K. Takahashi et al found that the ordering
temperature upon the addition of 4 at% Cu to the FePt film
was decreased approximately by a factor of 200 °C”!. Hao
Zeng et al investigated the effect of the annealing temperature
on magnetic properties of the FePt film and found that a peak
value of coercivity appeared at annealing temperature 600
°C" In the present work we report the effect of annealing
time on the phase transformation and magnetic properties of
Dy, .sFegoPtso s based alloy.
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1 Experimental

The ingots of the composition Dy, sFegoPt;o s was prepared
by arc-melting of pure metals (the purities of the ingredients
were more than 99.9 wt%) under purified argon. They were
remelted not less than four times to ensure good homogene-
ity. The as-arc-melted alloy was cast in the form of a thin
cylinder and then was pressed into plates of about 0.4 mm
thickness, 3 mm width and 10 mm length for XRD test. The
samples were sealed in quartz tubes pre-evacuated and re-
filled with some purified argon, homogenized at 1150 °C for
3 h, and then quenched in ice water. Subsequently, the
as-quenched samples were annealed at 600 °C for different
time. The analysis of crystal structure and the phase compo-
sition was carried out by XRD with Cu Ka radiation. The
magnetic properties were measured with a PPMS-9T at room
temperature, and the maximum applied field was 3 T. M-T
curves were measured with a vibrating sample magnetometer.
The Curie temperature 7¢ was determined from M-T curves.
The lattice constants of the compound under study can be
derived using Gufi5 software to treat the data of XRD with
high-purity Si as the internal standard. The mean grain (or-
dered region) sizes were calculated from the broadening of
the X-ray diffraction profiles.
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2 Results and Discussion

Fig.1 shows X-ray diffraction patterns of Dy, sFegPtso 5 al-
loy heat-treated at 600 °C for different time. The degree of the
tetragonal distortion of the ordered fct phase can be easily es-
timated from the apparent splitting of the (200), (002), (220),
(202), (311) and (113) reflections, originating from the (200),
(220) and (311) reflections of the original fcc phase. The
XRD patterns clearly show the fcc phase, as depicted in Fig.1
for homogenized Dy, sFegPtso s sample. As annealing time in-
creases from 1 to 100 h, the intensity of reflections belonging
to the y;-FePt phase increases, and the (200), (220) and (311)
reflections of the original y-FePt phase split to the (200),
(002), (220), (202), (311) and (113) reflections of the original
y,-FePt phase. According to the XRD data in Fig.1, the
amount of fct phase increases with increase of annealing time
but the y-FePt phase does not really disappear even though the
annealing time reaches 20 h (see Fig.2). Fig.2 shows the tem-
perature dependence of the magnetization of Dy, sFegPtso s
alloy annealed at 600 °C for different time. The Curie tem-
perature of Dy, sFesPts;o 5 depends strongly on the number of
the nearest-neighbor Fe atoms to a Fe atom, and there are six
nearest-neighbor Fe atoms around a Fe atom in the ideally
disordered and stoichiometric fcc phase. This is in contrast to
the ordered fct phase where for the equiatomic composition
each Fe atom has an average of four nearest-neghbor Fe a t-
oms. The reference literature[11] stated that the Curie tem-
perature in Pt;_Fe, alloys decreases with increasing of x in the
concentration range considered. This suggests that a lower
number of Fe nearest neighbors to a Fe atom makes 7¢ in-
crease. There are two Curie temperatures in the M-T curves of
the samples by annealing treatment as depicted in Fig.2. The
lower 7¢ value and higher 7 value should correspond to the
fcc phase and fct phase, respectively. The Curie temperature
of fcc phase increases as the annealing time increases. It is
suggested that soft-magnetic phase in the sample is not a truly
soft-magnetic phase, instead, cubic phase with degree of
short-range order. Due to the fact that the sample annealed for

= fet
o fee

* 100 h

Intensity/a.u.
(110)
R EE 111y

wil Aoy B E
30 40 50 60 70
20/(°)

Fig.1 XRD patterns of DygsFegPts9.5 alloy obtained by quenching
after homogenization at 1150 °C and annealing at 600 °C

for different time
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Fig.2 Temperature dependence of the magnetization

Of Dy0,5F660Pt3945 alloy

1 h has two Curie temperatures, this means that the ordered
fct phase has started to form in the sample. But the degree of
long-range order is still fairly low. The different degrees of
atomic order can exist not only in the fct phase but also in the
fcc phase. The degree of short-range order increases with in-
creasing of annealing time. Theinterm ediate cubic phase with
short-range order remains in the process for the phase trans-
formation from fcc phase to fct phase. As seen in Fig.2, if the
annealing time reaches 20 h, a considerable amount of the fcc
phase has still remained, despite the fact that the fct phase has
become the main phase.

Fig.3 shows the dependence of the remanence ratio and av-
erage grain size of the ordered phase on the annealing time. It
can be seen that the grain size of the fct phase increases rapidly
during the initial annealing stage (1-20 h). The remanence ratio
as a function of the annealing time first increases rapidly as an-
nealing time increases from 1 to 5 h, and then decreases with
further increases of annealing time. A peak value about 0.69 of
M/M; appears at annealing time 5 h for average grain size D=22
nm. It can be explained as follows: according to the model of
Kneller and Hawig!'?, the remanence ratio increases as the grain
size decreases because of exchange coupling between
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Fig.3 Remanence ratio and grain size of the ordered phase
of Dy sFegPts9 5 alloy as a function of the annealing

time, at annealing temperature of 600 °C
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soft magnetic and hard magnetic phase. On the other hand, the
soft magnetic phase is not truly soft magnetic phase because
of increase in the degree of order in the fcc phase. The two
factors of the grain size and the degree of order in fcc phase
are counterbalanced, resulting in remanence ratio peak value
of 0.69 at annealing time for 5 h and grain size for 22 nm.

Fig.4 illustrates the effect of annealing time on the magnetic
properties of Dy,sFeqPtsos alloy. The coercivity H, of
Dy, sFegPtso s alloy increases rapidly from 120 to 260 kA/m
and then decreases with increasing of annealing time. When
the annealing time is 5 h, the strong exchange interaction oc-
curs between ordered phase and disordered phase (as shown in
Fig.3). Exchange coupling between soft magnetic and hard
magnetic phases can effectively increase the coercivity of FePt
based alloys. Additional, the anisotropy constant K of the hard
magnetic phase increases with the increase in the degree of or-
der of fct phase. However, the anisotropy constant K| is closely
related to the coercivity H.. The relationship between coerciv-
ity and anisotropy constant can be expressed as''”':

H=K/ ttyMy
where M, is the saturation magnetization of soft magnetic
phase and K; the anisotropy constant of the hard magnetic
phase. On the one hand, the heat treatment can lead to in-
creasing in degree of order of fct phase. On the other hand, the
heat treatment also leads to soft magnetic phase being not
truly soft magnetic phase. These two factors are counterba-
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Fig.4 Effect of annealing time on magnetic properties
of Dyo.sFegPtso 5 alloy annealed at 600 °C

lanced, resulting in coercivity H, peak value of 260 kA/m at
annealing time 5 h for average grain size D=22 nm. Maximum
(BH)max value of Dy, sFeqPtso s alloy annealed at 600 °C for 5
h could reach about 70 kJ/m’.

3 Conclusions

1) The grain size of the ordered phase changed from 6 nm
to 37 nm upon annealing at 600 °C for different time.

2) The fcc phase is not truly disordered phase due to an in-
crease in the degree of short-range order.

3) When the Dy, sFeqPt;o5 alloy is quenched after homog-
enization at 1150 °C and then annealed at 600 °C for 5 h, the
coercivity, remanence ratio, and (BH),, could reach a maxi-
mum value of approximately 260 kA/m, 0.69, and 70 kJ/m’,
respectively.
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