
h
6

a

-

Å

o
e
n

h
e C
Crystallographic and magnetic properties
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NdFe10.7TiM0.3~M5B, Ti! has been studied with x
vibrating sample magnetometer. The alloys w
atmosphere. The NdFe10.7TiB0.3 exhibits a pure sin
somea-Fe, from x-ray and Mo¨ssbauer measurem
tetragonal structure witha058.587 Å andc054.788
Mössbauer spectroscopy performed at various
spectrum belowTC was fitted with five subspectra
and 8f !. The area fraction of the subspectra at ro
and 39.3%, respectively. Magnetic hyperfine fi
Hhf(8i ).Hhf(8 j ).Hhf(8 f ). The average hyperfi
temperature dependence of@Hhf(T)2Hhf(O)#/H
T/TC,0.7, indicative of spin-wave excitation. Ann

in a two phase microstructure consisting of a ThM12-
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I. INTRODUCTION

The Nd2Fe14B and related Fe-rich Fe–R–Bpermanent
magnets have large coercivities and high energy produ
(BH)max in excess of 45 MG Oe.1,2 The shortcomings of the
Fe–R–Bmagnets and their derivatives have led to the sea
for novel Fe-rich compounds that might serve as alternativ
for starting materials in permanent magnets. The R~Fe, M!12
~R5Sm, Nd, Pr, Gd; M5Ti, V, Mo, Cr! compounds with the
tetragonal ThMn12-type structure have been reported for th
potential candidates for permanent magnet development.
concentrate on the Nd~Fe, M!12 compounds, where the cos
of Nd is much lower than that of Sm. The substitution effec
of Ti for Fe in Nd~Fe, Ti!12 have been investigated by severa
researchers,3,4 and the Curie temperature, anisotropy field
and the saturation magnetization were found to increase w
Ti substitution. Neutron diffraction experiments5 for a
ThMn12-type R~Fe,M!12 structure have shown that the iron
atoms occupy the 8j and 8f sites preferentially, and the M
atoms occupy 8f sites with the rest on 8i sites.

In this study, we have to tried to prepare
NdFe10.7TiM0.3~M5B, Ti! compounds by substituting B for
Ti in order to enhance the intrinsic magnetic properties of t
NdFe11Ti-type compound. The magnetic and crystallo
graphic properties are studied using Mo¨ssbauer spectroscopy
a vibrating sample magnetometer~VSM!, and x-ray diffrac-
tion techniques.

II. EXPERIMENTAL TECHNIQUE

Alloys of NdFe10.7TiM0.3~M5B, Ti! were prepared by
arc-melting under an argon gas atmosphere. The buttons
NdFe10.7TiM0.3~M5B, Ti! alloys were ground into powders
under 45mm in size for Mössbauer measurements. A Mo¨ss-
bauer spectrometer of the electromechanical type6 was used
in the constant-acceleration mode. A57Co single-line source
in a rhodium matrix was used at room temperature. To pr
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ray diffraction, Mo¨ssbauer spectroscopy, and a
ere prepared by arc-melting under an argon
gle phase, whereas the NdFe10.7Ti1.3 contains
ents. The NdFe10.7TiB0.3 has the ThMn12-type
. The Curie temperature (TC) is 570 K from
temperatures ranging from 13 to 770 K. Each
of Fe sites in the structure~8i 1, 8i 2, 8j 1, 8j 2,
m temperature are 16.4%, 8.2%, 14.8%, 21.3%,
lds for the Fe sites decrease on the order of
e fieldHhf(T) of the NdFe10.7TiB0.3 shows a

f(O)520.39(T/TC)
3/220.17(T/TC)

5/2 for
aling the alloy at aroundT for 60 min resulted

ntype structure anda-Fe. © 1996 American
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duce a uniform thickness over the area of the Mo¨ssbauer
absorber, each sample was mixed with boron nitride powder
and clamped between two beryllium disks 0.005 in. thick and
1 in. diam. The low temperature data were obtained using an
APD CS-202 displex closed-cycle refrigeration system with
a DMX-20 Mössbauer vacuum shroud interface.
X-ray-diffraction patterns of the samples were obtained with
Cu Ka radiation. A slow scanning speed of 0.25° advance in
2 u/min was used in order to optimize resolution of the
closely spaced reflections.

III. RESULTS AND DISCUSSION

X-ray diffraction patterns for NdFe10.7Ti1.3 and
NdFe10.7TiB0.3 obtained at room temperature. Every peak in
the patterns for NdFe10.7TiM0.3~M5B, Ti! can be indexed on
the basis of the tetragonal ThMn12-type unit
cell. The lattice constants and Curie temperatures of
NdFe10.7TiM0.3~M5B, Ti! are listed in Table I. The
NdFe10.7TiB0.3 alloy, by substituting B for Ti, exhibits a pure
single phase of ThMn12-type structure with the following
unit cell constants:a058.587 Å andc054.788 Å. However,
NdFe10.7Ti1.3 has a nearly single ThMn12-type phase except
for a small amount of thea-Fe phase.

Figures 1 and 2 show some of the Mo¨ssbauer spectra of
NdFe10.7TiB0.3 measured at various absorber temperatures
from 13 to 770 K. Using a least-squares computer program,
five sets of six Lorentzian lines corresponding to the 8i 1,
8i 2, 8j 1, 8j 2, and 8f sites were fitted to the Mo¨ssbauer
spectra below Curie temperature,TC under the well-known
restraints,7 which are valid when the quadrupole interaction
is much weaker than the magnetic hyperfine interaction.

In Nd~Fe, M!12 structure, the distribution of M atoms
may cause a distribution of Fe nearest neighbors in each Fe
site, which results in quite broad outer lines in the Mo¨ssbauer
spectra due to a distribution of hyperfine fields. By the neu-
tron diffraction studies, an acceptable fit of the Mo¨ssbauer
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