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Heiditponnast mudpaxromerpust siBisercs 3(Pp(EeKTHBHBIM M OBICTPO Pa3BHBAIOIIUMCS
METOJIOM COBPEMEHHBIX HccienoBaHuil. PaboTa mocBsIneHa KOHKPETHBIM BO3MOXHO-
CTSIM METOJla CTPYKTYpPHBIX HCCIEIOBaHMN B MaTepuanoBeneHuu. Ocoboe BHHUMaHHE
yZeJIeHO PUMEHEHHIO METO/Ia HEUTPOHHON IU(PaKINK K U3yUYCHHUIO HEKOTOPBIX Mar-
HUTHBIX MaTepuayioB. [loka3aHO HCIIOIB30BaHME MeETOJa HEUTPOHHOM MOPOIIKOBOM
JU(paKIKy U U3yYSHUS] KPUCTAITIMYECKOM U MarHUTHOM CTPYKTYPBI, MUKPOCTPYKTY-
PBI, TEKCTYPHOT'O aHaJIM3a, MarHUTHBIX JOMEHOB, KOJMUECTBEHHOTO (Da30BOT0 aHaAIU3a,
HanpspKeHuH, nedopmannii ¥ ynpyrux KOHCTAHT MaT€pPHalOB M MHOTHX JIPYTHX IpO-
OJsieM, CBSI3aHHBIX C MaTepUaIOBEACHUEM.

Kniouegvie cnosa: paccesiHuie HEHTPOHOB, KPUCTAII, AaTOMHAs! 1 MarHUTHAs CTPYKTYDa,
JKECTKUI MarHuT, QeppuT, TU(pakus, MaTepuaIoBeACHIE

In order to understand the properties of condensed matter at the microscopic
level, it is in the first place necessary to know how elements are organized in solids
and fluids. At the same time, the solution of certain problems in crystallography
using X-ray structural analysis encounters great difficulties and is sometimes
utterly impossible with modern experimental techniques. These problems include,
among others, localization of light atoms surrounded by heavy ones, distribution of
elements with close atomic numbers, isotope substitution and magnetic structures.

Neutron scattering is one of the most powerful and versatile experimental
methods to study the structure and dynamics of materials on the nanometer scale.

Neutron interactions

If a slow neutron with energy £ =~ 0.02 eV is scattered in a crystal or by a large
molecule, the energy exchange could be very small: AE/E ~ m/M, where m is the
neutron mass, M is the crystal mass, i.e. ~10*. We can put AE = 0 and it is just
this process which is known as elastic scattering. On the contrary, if AE ~ E, the
process is said to be inelastic.

According to quantum mechanics, both elastic and inelastic neutron scattering
can be coherent or incoherent. Here, the regularity in phase relations of scattered
waves is meant by coherence. Failures in regularity are connected with randomness
in isotope distribution and mutual nucleus and neutron spin orientation.

Finally, depending on the interaction mode, neutron scattering can be classified
as nuclear or magnetic scattering. The first one takes place, if the neutron interacts
with the atomic nucleus; the second one is realized after the interaction between
neutron and magnetic moment of an atom. Nuclear scattering always occurs, while
magnetic scattering is added to nuclear scattering if the atom has unpaired electrons
or orbital magnetic moment.
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In principle, each mode of scattering (there are eight altogether, Figure 1. could
be utilized for realization of some particular experiment. For high— pressure studies
the elastic coherent nuclear or elastic coherent magnetic scattering are used as a
rule [1].
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Fig. 1. Modes of slow neutron scattering by matter.
If one wants to obtain data about nuclear (magnetic) structure
the elastic coherent nuclear (magnetic) scattering must be used.

Neutron spectrometers

Neutron spectrometers for elastic scattering can be roughly divided into three
groups: diffractometers, small angle scattering (SANS) spectrometers and
reflectometers. Diffractometers are used for experiments with single— or
polycrystals for measuring Bragg scattering (diffraction peaks). With SANS
spectrometer, the intensity in the range of small (< 10°) angles is measured for
analysis of large (R >> A) inhomogeneities: molecules in a solvent, pores in a
matrix. With reflectometers, the reflection or scattering from external or internal
interfaces can be measured, which is important for studies of thin films or

multilayers.
For each spectrometer data acquisition can be organized either with
monochromatic incident neutron beam (A = const technique), or with a

polychromatic (“white””) beam (time-of-flight technique). The first one is used at
steady-state reactors; the second one is natural for pulsed neutron sources [2].

JINR and IBR-2 pulse reactor

The Joint Institute for Nuclear Research (JINR) is an international
intergovernmental organization and was established in 1956. The Institute have 18
Member countries and Mongolia is one of oldest Member country. The main
areas of research at JINR are Particle Physics, Nuclear Physics and Condensed
Matter Physics. The IBR-2 pulse reactor at JINR commissioned in 1984 produces
the highest currently available thermal neutron flux amounting to 10'® neutron cm™
s”'. Another characteristic feature of the IBR-2 reactor is the large neutron pulse
duration (220 ms for thermal neutrons). This feature has until recently been
regarded as a drawback. However, the development of the experimental technique
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on the IBR-2 reactor has demonstrated that modern instruments provide resolution
comparable with that of the best pulsed sources for both elastic and inelastic
scattering [3].

Neutron diffraction study of crystal and magnetic structures of (Mgx(Cui.x)
Fe;O4 ferrite

(With H. Hirazawa, Department of Environmental Materials Engineering,
National Institute of Technology, 792-8580 Niithama, Japan)

The (MgxCu,x)Fe 04 ferrite spinel ferrite powders have been prepared by solid
state reaction technique in the National Institute of Technology, Niithama, Japan.
Bulk ferrites remain a key group of magnetic materials, while nanostructured
ferrites show a dramatic promise for applications in even significantly wider fields.

Powder magnetic materials capable of high heat generation in an AC magnetic
field have been investigated for application the thermal coagulation therapy of
cancer tumors [4]. Crystal and magnetic structures were studied using the time-of-
flight (TOF-method) measurement in Frank Laboratory of Neutron Physics, JINR,
Dubna, Russia on High-Resolution Fourier Diffractometer at temperatures T = 25,
150, 300, 400 and 480°C (fig. 2).

MgFe,O4 sample exhibits cubic (space group Fd-3 m), fully inverse spinel
(inversion parameter x ~ 1) and ferrimagnetic structure at room temperature. The
lattice parameter increases linearly with heating, while A-O and B-O bond
distances are almost constant. The temperature of ordered magnetic moments in
octahedral and tetrahedral sites is conventional with 7¢ = 450°C.

Neutron diffraction study of the hard magnetic materials Nd:FesB doped
by Dy
(With Y. Tsugita, National Institute of Technology, 792-8580 Niithama, Japan)

| at 480 °C
'Ll-u]]. 1. J J]. AJ ,L
_§ at 400 °C
: P TR P S ] 1 " A
&
=
= t 300 °C
g ot Lo, ] .
=
at 150 °C
NI B ] ]
at 25 °C
J.\ ]..U;IJJJ l JTI i l .l l___'J —
0.7 1.0 1.3 1.6 1.9 2.2 2.5 2.8 3.1 3.4
d (A)

Fig. 2. Neutron diffraction patterns of MgFe,O4 measured at various
temperatures (from room temperatures to 480°C). At higher
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temperatures the magnetic contribution to the peaks intensity is vanishing
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Fig. 3. Relationship of d-spacing and intensity at 1.39 A of the sintered Nd,Fe 4B

The main purpose of our work is to study the crystal structure and magnetic
properties of Nd-Fe-B magnet system containing rare earth elements by neutron
diffraction method. In order to study microstructure of substance in the solid state,
it requires determination of the parts of the microstructures in the material. This
study was performed on the time-of-flight (TOF-method) measurement in Frank
Laboratory of Neutron Physics, JINR, Dubna, Russia. The bulk sample neither
with or without Ni-plating is heated at 100, 150, 200 and 250°C (with 25°C)
under an atmospheric condition, because the neutron diffraction patterns will be
used for investigating the effect of temperature. By neutron diffraction method we
obtained the effects of temperature depending on Nd-Fe-B material, type of strong
magnetism [5]. Fig. 3 shows the relationship of d-spacing and intensity at 1.39 A of
the sintered Nd,Fe4B magnet. The trend of peaks of intensity decreases depending
on heating temperature.

It is observed that the peak intensity shift with d increase depending on heating
temperature.

This shift is related to Nd>Fei4B, which is main structure of Nd-Fe-B magnetic
system and the interactive between the grain bounder and the node point. The
atomic form and structure factor of Nd>Fe;sB magnetic materials were calculated
using MathLab program.

Conclusion

TOF neutron diffraction method has been demonstrated that crystal and
magnetic structures, microstructures, texture analysis, magnetic domain,
quantitative phase analysis, stresses, strains, and elastic constants and much more
problems for materials sciences are solving by neutron powder diffraction.
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Neutron time-of-flight diffractometry provides an effective and rapidly developing
method for current neutron diffraction studies. The article it devoted to specific
potentialities of the method for structural studies in material science. Special attention is
paid to the application of neutron diffraction method to study some magnetic materials.
Use of the method of neutron powder diffraction to study crystal and magnetic
structure, microstructure, texture analysis, magnetic domains, quantitative phase
analysis, stresses, strains, and elastic constants of materials, and many other problems
related to materials science has beed revealed.

Keywords: neutron scattering, crystal, atomic and magnetic structure, hard magnetic,
ferrite, diffraction, material science.
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