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Abstract

NdFe
10.7

Ti
1.3

Nd has been studied with X-ray diffraction, Mössbauer spectroscopy and vibrating-sample mag-
netometer (VSM). The alloys were prepared by arc melting under an argon atmosphere. The NdFe

10.7
Ti

1.3
Nd contains

some a-Fe, this was confirmed with X-ray diffraction and Mössbauer measurements. The NdFe
10.7

Ti
1.3

Nd has the
ThMn

12
-type tetragonal structure with lattice constants a

0
"8.638 A_ and c

0
"4.819 A_ and its Curie temperature ¹

#
is

743$3 K. Mössbauer spectroscopy was performed at various temperatures ranging from 13 to 800 K. Each spectrum
below ¹

#
was fitted with six subspectra of Fe sites in the structure (8i

1
, 8i

2
, 8j

2
, 8j

1
, 8f and a-Fe). The area fractions of the

subspectra at room temperature are 16.3, 13.3, 11.8, 20.5, 31.9 and 6.2%, respectively. Magnetic hyperfine fields for the Fe
sites decrease in the order, H

)&
(8i)'H

)&
(8j)'H

)&
(8f). The average hyperfine field H

)&
(¹) of the NdFe

10.7
Ti

1.3
Nd shows

a temperature dependence of [H
)&
(¹)!H

)&
(0)]/H

)&
(0)"!0.41(¹/¹

#
)3@2!0.14(¹/¹

#
)5@2 for ¹/¹

#
(0.7, indicative of

spin-wave excitation. ( 1998 Elsevier Science B.V. All rights reserved.
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Intermetallic compounds R(Fe, M)
12

(R"rare earth,
M"transition metal or metalloid) with ThMn

12
-type

structure [1—5] have been studied intensively in recent
years because of their potential applications for perma-
nent magnet development. After being nitrogenated,
there is remarkable enhancement in their Curie temper-
ature ¹

#
, saturation magnetization M

4
and magnetic

anisotropy field H
A
.

In this work, we carried out Mössbauer spectroscopy,
X-ray diffraction and magnetic-moment measurements
for studying the nitride NdFe

10.7
Ti

1.3
Nd to understand

microscopically the influence of interstitials on the mag-
netic properties.

The host NdFe
10.7

Ti
1.3

alloys were prepared by arc
melting [6] under an argon-gas atmosphere. Buttons
were then annealed in vacuum at a temperature of
1000°C for about 7 days. The homogenized ingots were
pulverized into a fine powder with an average grain size
of about 45 lm. Nitrogenation was performed by heating
the alloy powder in pure N

2
at 500°C for 15 min. X-ray

diffraction patterns of the samples were obtained with Cu

Ka radiation. A slow scanning speed of 0.25° advance in
2h/min used in order to optimize the resolution of closely
spaced reflections. A Mössbauer spectrometer of the elec-
tromechanical type [7] was used in the constant-acce-
leration mode. A 57Co single-line source in a rhodium
matrix was used at room temperature.

X-ray diffraction obtained for NdFe
10.7

Ti
1.3

Nd alloys
showed tetragonal ThMn

12
structure with unit cell

constants: a
0
"8.638 A_ and c

0
"4.819 A_ except for

a small amount of the a-Fe phase. The lattice con-
stants, a

0
and c

0
, increase prominently as the nitrogen

was introduced into the 1 : 12 structure. The relative
increase of its volume was found to be 2.1%. X-ray
diffraction and the neutron diffraction data [5] have
shown that in Nd(Fe, M)

12
Nd the nitrogen atoms occupy

the 2b sites, whereas the iron atoms occupy the 8j and 8f
sites preferentially, and M atoms reside only in the 8i
sites.

The Mössbauer spectra for NdFe
10.7

Ti
1.3

Nd measured
at 13, 295 and 400 K are shown in Fig. 1. Using a least-
squares computer program, six sets of six Lorentzians
lines corresponding to the 8i

1
, 8i

2
, 8j

2
, 8j

1
, 8f and a-Fe

sites were fitted to the Mössbauer spectra below Curie
temperature, ¹

#
; the quadrupole interaction is much

weaker than the magnetic hyperfine interaction.
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