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Crystallization and Mössbauer studies of melt-spun NdFe10.7TiB0.3Nd alloys
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Magnetic properties of melt-spun NdFe10.7TiB0.3Nd ribbons have been investigated as functions of
quenching rate and nitriding period. NdFe10.7TiB0.3 were prepared with substrate velocity v s
<18 m/s and were nitrogenated at 500 °C for 15 min. The NdFe10.7TiB0.3Nd retains the
ThMn12-type tetragonal structure with lattice constants a 0 58.640 Å and c 0 54.811 Å, but with an
increase in the unit cell volume. The NdFe10.7TiB0.3Nd was confirmed to have uniaxial anisotropy by
x-ray diffraction. Mössbauer spectra were taken at various temperatures ranging from 13 to 855 K.
The Curie and Debye temperatures are determined to be T c 5833 K and Q5390 K, respectively.
Each spectrum below T c was fitted with six subspectra of Fe sites ~8i 1 , 8i 2 , 8 j 2 , 8 j 1 , 8 f , and
a-Fe!. The area fraction of the subspectra at 13 K are 10.2%, 8.2%, 16.5%, 17.5%, 44.3%, and
3.3%, respectively. The magnetic hyperfine fields for the Fe sites decrease in the order, H hf(8i)
.H hf(8 j).H hf(8 f ). © 1998 American Institute of Physics. @S0021-8979~98!22811-8#

I. INTRODUCTION

773 K for 15 min. The nitrogen content in NdFe10.7TiB0.3Nd
alloys measuring by a thermopiezic analyzer is about 0.9.
A Mössbauer spectrometer of the electromechanical
type7 was used in the constant-acceleration mode. A 57Co
single-line source in a rhodium matrix was used at room
temperature.

1

Since the discovery by Yang et al. that nitrogen absorption can enhance the Curie temperature T c , saturation magnetization M s , and magnetocrystalline anisotropy of
RFe11 Ti ~R5rare earth! compounds, nitrided R~Fe, M!12 ~R
5Sm, Nd, Gd, La, Ce, Tb, Dy, Ho, Y, or Er; M5Ti, V, Cr,
Mo, Mn, W, Co, Al, or Si phases.2–5 Phases characterized by
the tetragonal ThMn12 structure have become of interest
from the perspective of permanent magnet applications. We
concentrate our studies on the Nd~Fe, M!12 compound because the cost of Nd is much lower than that of Sm. The
NdFe11Ti nitride is known to have a higher anisotropy field
and Curie temperature than those of Nd2Fe14B. 6
In this study, we prepared NdFe10.7TiB0.3Nd compounds
by substituting B for Ti. The crystallographic and magnetic
properties of the compounds were studied using x-ray diffraction, vibrating sample magnetometry, and Mössbauer
spectroscopy.

III. RESULTS AND DISCUSSION

X-ray diffraction patterns show that the structure remains unchanged but that there are changes in lattice parameters as listed in Table I. The peaks in the pattern for
NdFe10.7TiB0.3 can be indexed on the basis of the tetragonal
ThMn12-type unit cell. The NdFe10.7TiB0.3Nd alloy exhibits a
ThMn12 structure with unit cell constants of a 0 58.640 Å and
c 0 54.811 Å, in addition to a small amount of a-Fe. As
shown in Table I, the lattice constants, a 0 and c 0 , increase
markedly as nitrogen is introduced into the 1:12 structure.
The relative increase in the unit-cell volume was found to be
nearly constant at 1.7%. X-ray diffraction from a
NdFe10.7TiB0.3Nd powder oriented in a magnetic field perpendicular to the plane of diffraction showed a drastic increase of the intensity of the ~002! peak. This result suggests
that the c axis remains the easy magnetization axis.
Figure 1 shows some of the Mössbauer spectra of
NdFe10.7TiB0.3Nd measured at various absorber temperatures
from 13 to 800 K. Using a least-squares computer program,
six sets of six Lorentzian lines corresponding to the 8i 1 ,
8i 2 , 8 j 2 , 8 j 1 , 8 f , and a-Fe sites were fitted to the Mössbauer spectra below the Curie temperature, T c , under the
following well-known restraints,8 which are valid when the
quadrupole interaction is much weaker than the magnetic
hyperfine interaction.
X-ray diffraction and the neutron diffraction data9 show
that in Nd~Fe, M!12Nd the nitrogen atoms occupy the 2b

II. EXPERIMENTAL PROCEDURES

Alloys of NdFe10.7TiB0.3 were prepared by arc melting
under an argon gas atmosphere. Each ingot was melt spun,
again under argon, by ejecting molten alloy through an orifice in a quartz crucible onto the surface of a copper disk.
The quench rate was varied by changing the surface velocity
v s of the disk, with v s in the range 7–40 m/s. From the x-ray
analysis we found that the NdFe10.7TiB0.3 starting composition yielded essentially single-phase ribbons, but only for
quench rates in the v s <18 m/s range.
Nitriding was carried out on ground ~,40 mm diam!
powders of the melt-spun ribbons under a static 120 kPa
pressure of N2 gas. All samples in this work were nitrided at
a!
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