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Resume

Various polymorphous modifications of boron, its alloys and compounds are
characterized by real perspectives of practical applications in semiconducting
instrument-making industry, compositioned materials and specific fields of technique.

Complex studying of real structure and structural-sensitive physical-mechanical
properties of boron, obtained by various methods is very important for realization of
application perspectives of materials developed on the basis of boron.

Despite of numerous scientific publications about obtaining of boron, its structure and
physical properties, characteristics of generation of defects, characterized for
structural modifications, activation of their motion, interaction and thermal stability
have not been complexly investigated. Dynamic mechanical, thermal and
electrophysical properties of separate modifications of boron in the wide ranges of
temperature and dopant components practically have not been studied.

In the present work results of studying of microstructure, electrophysical
characteristics, microhardness, dynamic shear modulus, relaxation and hysteretic
internal friction processes and microplasticity of the crystals of B-rhombohedral
boron, doped by cobalt and nickel have been presented.

The crystals of p-rhombohedral boron, doped separately by cobalt and nickel have
been obtained by crystallization of melt in resistance furnace. Structural defects —
grains boundary, twinnings, micropores have been studied using optical and scaning
el ectronmicroscope.

Increase of absolute values of microhardness and shear modulus of cobalt and nickel
doped crystals has been established, that is caused by formation of strong SP? type
bonds in the nearness of atoms of dopant metals and by decrease the mobility of
dislocation origin defects.

Complicated character of effect of hightemperature annealing has been shown.
Annealing in vacuum in 200-450°C temperature interval causes increase of values of
microhardness and shear modulus, and the annealing in 800-1000°C temperature
interval causes decrease of mentioned mechanical characteristics by 10-15%, that is
explained by changing of impurity concentration and distribution in atmospheres of
dislocation origin defects (twinnings, staking faults) at the room temperature.

Electrophysical characteristics of crystals of f—rhombohedral boron, in the initial state
and after thermal treatment have been studied via the Hole Effect at the room
temperature. It has been established, that Ni doped crystals are characterized by n-
type conductivity, in the carrier concentration interval of 10*®-10% cm™ and Co doped
crystals are characterized by p-type conductivity.

Relative elongation of undoped and Co and Ni doped -rhombohedral boron crystals
have been studied in 200-800°C temperature interval in vacuum in 3-5- grad/min
heating-cooling conditions. Changing of the relative elongation of the undoped crystal
in 200-400°C in heating-cooling cyclic has been deviated from the linear function. It
has been sharply revealed at high velocity of changing of measuring temperature
(~5grad/min). Annealing at the different temperatures in 200-1000°C temperature
interval for 3-5 hrs causes changes of shape of diagrams of the relative elongation,
but does not  suppresses anomalies of its changes in 200-400°C. Doping by low
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concentration cobalt and nickel has weakened anomaly , expressed on the diagrams of
the relative elongation.

It has been experimentally established, that doping by cobalt and nickel up to 10*'-
10™ cm concentration suppresses anomaly of relative elongation and causes increase
of values of linear thermal expansion coefficient by 10-15% in 20-1000°C temperature
interval. Transitive metals doped —rhombohedral boron has been characterized by
increase of values of microhardness and volume of elementary cell. Changing of
linear thermal expansion under the influence of doping has been correlative with
them.

Tendency to increase of structural and physical-mechanical characteristics have been
stipulated by tensile influence of oriented strong electronic bonds, formed close to the
atoms of transitive metals, located in pores of the elementary cell of —rhombohedral
boron.

Temperature and amplitude dependences of internal friction and shear modulus of
undoped and cobalt and nickel doped polycrystalline f-rhombohedral boron have
been investigated in 0,5-5,0Hz. frequency interval of torsion oscillations. Comparable
analysis of changes of physical-mechanical properties and structural state, by the
influence of thermal treatment and hightemperature deformation in experimental
crystals has been presented.

Relaxation and non-relaxation processes of changes of inter-atomic bonding forces
and energy scattering of mechanical oscillations have been revealed in temperature
spectra of internal friction and shear modulus of undoped experimental specimens.
The values of frequency factor and activation energy of relaxation processes have
been determined.

Determining role of interaction of technological impurity atoms (oxygen, carbon,
nitrogen) and deformation origin twinnings in relaxation and hysteretic type processes
in the structure of B-rhombohedral boron have been analyzed. Temperature spectra
of interna friction and shear modulus of 3—rhombohedral boron doped by nickel with
concentration 510, 210" and 110" cm™ have been studied. It has been established,
that non-relaxation internal friction process in 300-320°C temperature area has
disappeared in boron, doped by nickel with high concentration (>1'10* cm™), the
values of activation energy of the relaxation processes have decreased by 10-15% and
intensity of relaxation processes has reduced by ~20%. Tendency to decrease of
characteristics of relaxation processes have been also revealed in —rhombohedral
boron, doped by cobalt with concentration 10*-510"cm™ In thisinterval of cobalt
concentration non-relaxation internal friction processes have disappeared and intensity
of relaxation processes has decreased (20-25%).

Amplitude dependence of internal friction and shear modulus of undoped and Co and
Ni doped B-rhombohedral boron have been studied in the interval of 110°-510°
amplitude deformation at different fixed temperatures. Multistage character of
changes of abovementioned characteristics has been revealed. Critical values of
amplitude deformation separating of adjacent stages have been determined and the
values of elastic limit have been estimated. It has been established, that doping by
nickel and cobalt causes decrease of the values of critical amplitude deformation by
~15%-, at high amplitudes (>1:10°) absolute value of shear modulus decreases. The
value of critical amplitude of beginning micro-plastic deformation has been
determined at 200°C temperature. Peculiarities of changing of the values of critical
amplitude deformation, shear modulus and elastic limit at high temperatures have



been studied. It has been shown, that doped [B-rhombohedral boron has been
characterized by increased absolute values of shear modulus at high temperatures.

According to known theory, detection of amplitude dependences of internal friction
and mechanical module has been stipulated by interaction of dislocations and point
defects (impurity atoms, vacancies, complexes) in solid states. These interaction has
caused strengthening in metals and alloys. In deeply doped semiconductors instead of
“strengthening”, ”softening” has taken place by electronic bonds saturation of
dislocation and respectively, increasing of its mobility.

Reasons of decreasing of activation energy of dislocation origin defects (deformation
twinnings, faults stacking) and increasing of absolute shear modulus of [-
rhombohedral boron have been analyzed.

As the reason of increasing of shear modulus has been considered formation of strong
Me-B electronic bonds, near of dopant cobalt and nickel atoms, in the volume free
from dislocations. Decreasing of activation characteristics of dislocation origin
relaxation processes, can be stipulated by weakening of electronic bonds of partial
dislocation cores of stacking faults and twinning dislocations, participating in
processes of energy scattering.

Microscopic mechanisms of non-relaxation and relaxation processes of internal
friction of B—rhombohedral boron, doped by nickel and cobalt have been presented:

* Migration of deformation twinnings boundary on the {100} crystallographic
plane by generation and expansion of ring on surface twinning dislocation in the
field of periodical external stress (~250°C).

* Reversible changes of configuration and composition of complexes formed with
carbon, oxygen and boron atoms, located in the deformation twinnings boundary
by the simultaneous influence of temperature and mechanical stress(300-350 °C).

* Reversible pressing-expansion of stacking faults, located on crystallographic
planes of {100} system in the field of periodic external stress.

It has been experimentally established, that changes in wide range of mobility of
stacking faults and twinning dislocations, characteristics of microplastic deformation
and elastic limits of —-rhombohedral boron are possible by the doping of cobalt and
nickel, hightemperature thermal treatment and hightemperature torsion deformation .

Peculiarities of changes of real structure , electrophysical , thermal and physical-
mechanical properties, established in condition of doping by transitive metals,
thermal treatment and deformation can be applied for creating of new aloys and
compositioned materials and profiled samples, based on boron for new functional
devices and equipments.
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