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In this work, we systematically studied the effects of atomic ordering on the Curie temperature of
FePd alloys in the composition region of  phase. The Curie temperatures of the bulk Fe—50 at. %

Pd, Fe-55 at. % Pd, Fe—60 at. % Pd alloys for both ordered and disordered structures have been
measured. Unlike the Curie temperatures reported in the literature, atomic ordering decreases the
Curie temperature by about 30 K for each of the compositions. Using a molecular field model, we
calculated the Curie temperatures of Fe—Pd alloys. The simulation results show that the difference
of the Curie temperature of the disordered and ordered states arises from the change of the
nearest-neighbor occupation probabilities and the change of atomic interactior2004American
Institute of Physics.[DOI: 10.1063/1.1669272

I. INTRODUCTION This article is organized as follows. We first present the
measurement of the Curie temperature for FePd alloys in

L1, type magnetic materials, such as Fe—Pt and Fe—P&ec. Il. The molecular field model used in the simulation is
are potential recording materials for ultrahigh density mag-described in Sec. Ill. Finally, the experimental results and
netic recording. The magnetic properties of these materialtheir comparison with the simulation are presented in
are closely related to the atomic ordering of the crystal strucSec. IV.
ture. Among these properties, the Curie temperature is an
important parameter. Accurate measurements of the Curie
temperatures for Ly materials are necessary, because they
can help us to understand the magnetic properties at elevatgd EXPERIMENTS
temperatures for thermally assisted magnetic recorting.
However, in the literaturéTable |), the Curie temperatures The bulk Fe—Pd alloys with the composition of Fe-50
of both L1, ordered and fcc disordered Fe—Pd alloys showat. % Pd, Fe-55 at. % Pd, and Fe—60 at. % Pd were prepared
striking discrepancie$.® This encouraged us to carry out a using the arc-melting process. The disordered fcc phase was
comprehensive study of the Curie temperature for FePd albtained by homogenizing at 1200 °C for 24 h and then wa-
loys. ter quenching to room temperature. The ordereq phase

For ferromagnetic materials, the temperature dependencias obtained by annealing the fcc phase at 500 °C for 48 h.
of the magnetization can be derived by finding the equilib-The alloy structures were then studied using a Rigaku x-ray
rium free energy of the magnetic systénRoth the Ising  6/26 diffractometer with CK, radiation.
model and the Heisenberg model have been developed to The Curie temperatures were obtained by measuring the
describe this free energy and the microscopic spifnagnetization change with temperature using a Lakeshore
configurations. The solutions of these two models are com-Vibrating sample magnetometetVSM). This VSM is
monly simplified using the molecular field approximation €quipped with a vacuum electric furnace to reduce the oxi-
(mean field, where the interatomic interaction is averageddation at elevated temperatures. During the Curie tempera-
and replaced by an effective molecular field acting on eaciure measurements, the VSM was programmed to ramp
individual spin. Although the temperature dependence of th&lown at a rate of 5°C/min from 550 to 150 °C under a con-

spontaneous magnetization can be well described by the m§tant magnetic field. It is necessary to apply a magnetic field
lecular field model, there are significant deviations close td" order to obtain large enought signals for measurements.
the Curie temperature, due to the critical behaliblever- However, the magnetic field shifts the moment-temperature

theless, the molecular field model provides a simple solutioffUrve- In such case, the Curie temperature can be determined

of the Curie temperature and therefore is used herein to stud}y finding thevgoint of inflection from the moment-
the effect of atomic ordering on the Curie temperature.  emperature curveéWe found this point of inflection by tak-
ing the derivative of the moment-temperature curve. An error

of 5°C is estimated for this Curie temperature determination
dElectronic mail: lisha@andrew.cmu.edu due to the temperature fluctuation.
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TABLE I. The Cure temperatures of FePd alloys with ordereg &ttucture and disordered fcc structure.

fcc Fe—0.5 Pd L1, Fe—0.5Pd fcc Fe-0.55 Pd  L1,Fe-055Pd  fcc Fe-0.6 Pd L1, Fe—0.6 Pd

(K) (K) (K) (K) (K) (K) Reference
Fallof 713 743 643 643 633 593 Ref. 2.
Kuprind 693 623 573 Ref. 3.
Massalski 763 718 643 Ref. 4.
LongwortH! 729 Ref. 5.
This work 7565 7235 703:5 673t5 623t5 593+5
I1l. MOLECULAR FIELD MODEL IV. RESULTS AND DISCUSSION

In order to understand the effect of atomic ordering on  Figure 1 shows the magnetization-temperature curves of
the Curie temperature, we adopted a phenomenological at§ix FePd alloys at 100 Oe applied magnetic field. This ap-
mistic model In this model, the magnetic moment of each plied field strength is chosen because the measured
atom depends on its local environment. For simplicity, weMmagnetization-temperature curves are close to the ones at
assumed that the local environment of an atom in an A—gero applied field. In addition, the coercivities of all the
alloy system can be described by the number of A and ppecimens were measured to be less than 500 Oe at room
atoms occupying its nearest-neighbor sites. With such an a§émperature, and they decrease rapidly with increasing tem-

sumption, we ignored the influence of more distant neighPerature. Therefore, the applied field of 100 Oe is sufficient
bors. Using the molecular field model, the magnetic mo-0 saturate the specimens at temperatures close to the Curie

ments for alloy A_,B, near the Curie temperature can be temperature. The Curie temperatures are estimated from the

expressed &s point of inflection in the moment-temperature curves. The
o o o results are listed in Table | and also plotted in Fig. 2. Unlike
HA(X) = [Taama(X)+ Tapus(X) ]/ Tc, (1)  the data in the literaturé,® our experimental results show a
_ _ _ consistent effect of atomic ordering on the Curie tempera-
me(X)=[Teaup(X)+ Tgaua(X)1/Tc, (2 ture. It can be seen that the atomic ordering decreases the

Curie temperature for FePd alloys in the fihase region.
Before we can do the simulation, we need to know
how the magnetic moment changes with its local environ-
j+1 N ment, more specifically, the functions pl,‘:o)(npd) and ,u(o)
Tap= oike JAAE (N—ng)P(ng, ) [(ng)1?, (3 X(Ngy). The average atomic moment can be calculated as,
wrdX)= Z —OP(nPdaX)MFe(nPd) wpdX)= E —OP(nFea
j+1 —X)Mpo(n%Q and u(x)=(1- X)/LFOQ(X)HMPQ(X)- If we
Tas= 6iks ‘JABE NgP(ng. X)[ 1w (ng)1%, (4 assumeuf(Npd=prdNpd and u&Y(Ned = pd kg, the
magnetic moment changing with its local environment can
N be obtained by fittingsr(X) and up{X), Whereug{x) and
Taa= ]ij JBA 2 NAP(Na,1— X)[,U«(O)(HA)]Z, (5) Mpo(_ifr)] can be .found in the Iiteratuf’e. '
e following exchange coupling constants are used in
the simulation to fit our experimental datalge_re
=0.0022 eV, Jpy_ps0.00086 eV, andJg._ps0.0108¢eV.

where ua(x) and ug(x) are the average magnetic moment
per A or B atom, and

j+1
Tge= 6jks ‘]BBE (N=na)P(na,1- X)[M(O)(HA)]Z-

(6)

Here kg is Boltzmann constant andis the spin quantum
numberJaa, Jag, Jga, andJgg are the exchange-coupling
constantsMgo)(nB) is the magnetic moment of A atoms with
ng B atom nearest neighbors at 0 £{%(n,) is the moment

8
of B atoms withn, A atom nearest neighbors at 0 K. The % L ".\ :
probability that any atom has, A-type neighbors anchg = E IR
. . . . Y 04| —6-Fe0.5Pdfec | o \i
B-type neighbors is written alternatively &{n,,1—x) and 8 |-a-reospdLy, | | °\
P(ng,x), where E  lo-reosspdtkeen Ve
S, L—e—Fe0.56Pd L1 \ n\ . \
=N (1=x)N""%"/(N=n)!n! —0—Fe0.6Pd fec R
P(n,x)=N!(1-x)"""X"/(N—=n)!n!, (7) ___F:Mpd“ Lo

The Curie temperature is then calculated by solving Efs. 00 =550 oo 650 700 750
and(2) togethe? Temperature (K)

1 1 5 1 FIG. 1. (a) Magnetic moment vs temperature curve for the fcc angl E4Pd
Te= E(TAA"' TBB) +[a( Tan— TBB) + TABTBA] 2, (8) alloys. All the magnetic moments were normalized.
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FIG. 2. The Curie temperaturd ¢) changes with composition for the fcc
and L1, Fe—Pd alloys. The open squares are the experimdptdor the
disordered phase. The solid squares are the experimiegtak the ordered
phase. The solid line is the simulatdg¢ for the disordered phase. The
dashed line is the simulatél: for the ordered phase.
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In FePd, CoPt, and NiPt alloys, atoms are ferromagneti-
cally coupled for both the ordered phase and the disordered
phase. Studies have shown that in NiPt and CoPt alloys the
atomic ordering also decreases the Curie temperatute.
cluster variation method, with tetrahedron approximation,
has been used to simulate the phase diagram of CoPt and
NiPt alloys'? The simulation parameters were chosen as fol-
lowing:  Jni_ni=0.00525eV, Jy_p=0.00382eV, and
Jco_c=0.012 eV. These parameters are within the same or-
der of magnitude as our data. Compared with the cluster
variation method, the molecular field model provides simpli-
fied equations to calculate the Curie temperatures.

V. CONCLUSION

We measured the Curie temperatures of fcc disordered
and L1, ordered Fe—Pd alloys in the plcomposition re-
gion. The results show a consistent atomic ordering effect on
the Curie temperature: atomic ordering reduces the Curie
temperature. This ordering effect can be explained using a
molecular field model. The simulation results match well
with the experimental data.

The positive signs of all three exchange coupling constants
indicate that the Fe—Fe, Pd—Pd, and Fe—Pd are ferromagicCKNOWLEDGMENT
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