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Summary

Recently intensive research has been carried out to study the electronic structure
and magnetic features of uranium compounds with rare-earth and d-metals,required in
various fields of engineering and technologies, such as: high-temperature chemistry,
metallurgy, semiconductor devices, as well as their application as special materials.In
order to determine the practical usage of uranium compounds we need to define and
elaborate the methods for making alloys which require complex research of their
fundamental physical characteristics. The solution of this problem will help to reveal
and establish control on the electrophysical features of acquired alloys. From the
viewpoint of science and practical application, the interest on uranium and torium
intermetal compounds with 3d-metals is very high, as the regulation of their physical
consistency and characteristics can enable us to make high magnetostrictive materials
as well as deepen the knowledge about the changes of energetic conditions in the

electronic shells of 4f and 5f1.
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It is also important from the practical viewpoint to research structural conditions
and magnetic features of uranium compounds within a wide tempetature range and
magnetic field of various capacities. It is noteworthy, that besides the widescale
research of the uranium binary halcogenids magnetism still there remain problems
related to 5f electrons. At present it can be explained due to the lack of research on the
nature of 5f electron localisation in uranium alloys and compounds.

The present work represents the results obtained after the study of uranium binary
and three-component compounds, as well as magnetic features of the uranium selenid
solid solutions with rare - earth metals.

Ln,USes(Ln-Gd,Pr,La,Sm,Ge,Ho) type crystals of uranium compounds have been
made in ozone oven in vacuum quartz ampoules. Ln,USe4 type compounds samples

have been obtained by pressing synthesized powder with subsequent melting. Dy,U1.

3¢ solid solution samples have been prepared in vacuum quartz ampoules by
annealing. HfU,Se, compound synthesis was carried out in several steps . First was
synthesized HfSe and [-USe,.Then a compound of a definite consistency with
obtained phases was melted in crucible. Finally, Ln,Ses selenids were obtained after
melting the initially sythesized compound in vacuum quartz ampoules.

Microstructural and X-ray-phasal methods enabled to determine the phasal
composition and structural condition of the samples of obtained substances and solid
solutions. It has been proved that wide range of USSe homogenous individual
compounds are formed in BUS, and fUSe; systems, but only continuous succession of
UsSs-UsSes in U,S3 and U,Ses systems.

Magnetic proper lies of uranium selinity triple compounds have been studied as
well as analyzed the temperature dependence of magnetization. It has been revealed
that each triple paramagnetic compound within the colligated temperature range, lacks
magnetic order up to 4,2 K. The capacity of effective magnetic moment on a jingle
mode cute of the compound indicates that magnetic moments of uranium atoms and
rare-larth elements are in antiparralel orientation to lech other.

Method of thermodynamic coefficients has been used to determine with high
precision the curie ferromagnetic temperature. On the basis of analyses of specific
magnetizing temperature and magnetic field dependence, an assumption has been
made that there exist magnetic domains within narrow boundaries of HfU,Se;

compound. It is supposed that in weaken magnetic fields magnetic domains remain

21



immobile. At high temperature and magnetic field domain boundaries become mobile.
It has been resolved that the activity of domain boundaries enables us to find
anomalies in the charts of specific magnetizing temperature dependence on the field.

Properties of crystal structures and magnetic features of solid solutions of Dy«
UiSe (x=0,1,...0,9) system has been studied in a wide temperature range which is
very important from the viewpoint of in analysis the nature of interaction between
rare-earth sail ions in mixed halcogenids and uranium ions. It has been determined
that the part of the given system (K>5) are ferromagnetism, while the rest are
paramagnetic.

It has been concluded that in paramagnetic area magnetic application of DySe
samples is subdued to Curie — Weiss Law. The deviation from this law in a wide
temperature range can occur only in the vicinity of Curie ferromagnetic temperature.
It has been show, that values of affection magnetic moments determined by
measurements given date about the energetic condition and uranium ion electronic
structure in the investigated material.

In some solutions, displacement of dysprosium ions with uranium ions determines
specific application of reversed value on the chart of temperature dependence and
reveals concavity to the temperature axes, relative to which Curie-Weiss law works
only in a limited range of temperature.

It has been assumed on the basis of analyses that such deviation from Curie —
Weiss law in a wide temperature range is connected under analogy uranium
monohalcogends, with the existence of thermally independent term which is formed
under the conditions of octahedron symmetry of crystal frame.

Existing maximum on the temperature dependence of specific magnetic
susceptibiblity has been analyzed in Dy 4UxSe (x<0,5) compounds, which is
connected at the conversion temperature of T=50K into antiferromagnitic condition.
Out of the temperature dependence of reversed values of magnetic susceptibility, has
been determined the Curie asymptotic temperature. The values of effective magnetic
moments has been determined for a single molecule of each definite compound. It has
been proved that the value of effective magnetic moment of each molecule grows with
the increase of dysprosium in investigated samples. The dependence of determine
parametric of effective magnetic moment, as well as of series asymptotic temperature
on the consistency has been studied. It has been shown, that the substitutio of uranium

atoms with dysprosium and uranium monocelenide decreases Curie asymptotic
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temperature and moves to zero in the material with x=0,6 consistency. It has been
supposed, that in the above mentioned solid solutions the uranium ions are distributed
homogenety in the matrix of solvent as well as, the tend to zero of “exchange” origin
curie asymptotic temperature.

The work done mostly with basic issues of the theory about temperature dependent
magnetism. It studies in details the variety thermal magnetic hysteresis -
magnetization, magnetostriction, Galvan magnetic effect, magnetic perception or
penetration, hall effect and other temperature hysteresis’s.

The work analyses and studies hysteresis thermomagnetic hysteresis in Dy ;UgoSe
compound within 70-210K temperature range. It has been supposed, that the above
motioned types of hysteresis is connected with irreversible process of changes in
boundaries of magnetic domains.

Changes inside the domain structure of the sample causes significant changes in
magnetostrictive stress, the values of magnetostriction constant, demagnetization field
spontaneous magnetization and anisotropy.

It has been determined that, solid solutions of DySe-USe system USe, Dy 1UgoSe,
Dyo,UpgSe, Dyo3UpsSe and also HfU,Se; compound at low temperature are
characterized with high coercive strength and they can be attained to high coercivity
materials.

Domains only rotate without any shift. In spite of this, weak magnetization
hysteresis is observed. That can be explained on the bases of the well-known theory
about of small-size domains in the sample.

It has been proved by the experiment that DySe-Use (x=0,1...0,5) solid solutious
have thermal magnetic hysteresis. Magnetisation in DySe-Use (x>0,5) solid solutions
in magnetic fields up to 1-10° Almy can not reach saturation within the investigated
temperature range. High value magnetic stresses are required for the rotation and shift
of magnetic domains in Dy, UpsSe compound within 4,2-126K range. Due to this in
the field of 13 KiloOersted saturation couldn’t be reached. Such nature of
magnetisation is conditioned by strong magnetocrystalline anisotropy.

Feromagnetic interaction becomes more precise with the uncreasing concentration
of DySe in Dy;<UsSe system. Coercitivet value decreases with the decrease of
temperature and, remained magnetisation. Coercitivity also decreases with the

decrease of uranium mono selenide concentration. Relatively, the Curie temperature is
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decreased, that can be explained by the decrease of exchange interaction uranium
atoms are replase with dysprosium ions.

The influence of crystal field during the change of composition is practically
permanent, because the crystal and parametersstructure doesn’t change. The value of
effective magnetic moment depends on the basic energetic state of the magnetic ions
and on the quality of 5f-electrohs collectivization, the influence of which decreases
with the increase of dysprosium ions concentration.

The work has revealed the regularity of changes in magnetic features of uranium
and rare — earth metal compounds and solid solutions.

In a wide temperature range and 130 kilooersted magnetic strength has been
obtained and studied materials with high magnetostriction which lack hysteresis. The
obtained resulls are important for developing precise devices, special optical motive

instruments and movable mechanisms.
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