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Mechanical aloys (MAs) were synthesized by the method of reactive mechanical aloying. At a hydrogen
pressure of 0.1 MPa, with the use of therma desorption spectroscopy, the thermal stability, the kinetics of
hydrogen desorption from the hydride phase MgH, of the obtained MAs were studied. It has been established that
the complex doping by of Fe, Si, Ti, leads to a significant improvement in the hydrogen desorption from the
hydride phase MgH, of MA synthesized by the RMA. Hydrogen capacity Cy of MA after reactive grinding for
20 h. was found to be equal to 5.7 % wt. Due to this dloying, the decrease in the thermodynamic stability of
MgH, is not established. The tested materias showed a high potential as hydrogen storage alloys especidly for

stetionary application.
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I ntr oduction

Hydrogen is a unique energy source having three
times higher energy than traditional fuels. It is easy to be
stored and transported; it can be very efficiently
converted into eectricity, for example, in fud cdls,
while the only waste is water. The development of
hydrogen energy promises a significant breakthrough in

addressing such important issues as creating
environmentally tolerant energy systems, reducing

environmental pollution, improving energy security,
developing infrastructure for road transport on hydrogen-
oxygen fuel cells, etc.

Magnesium hydride-based materials have attracted
significant attention. There exist a few magnesium
aloys, the composites on its basis that are most
promisng in terms of the optimal combination of
properties. high hydrogen capacity, relatively low
hydrogen desorption temperature, high  kinetic
characteristics, acceptable cost. It is known that in order
to use hydrogen permeation material in hydrogen storage
systems on a car board the hydrogen capacity of 5-
6 wt. % is needed. The decomposition temperature of the
hydride phase is not higher than 150 - 200 °C.
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Despite the attention of scientists to magnesium
hydride, methods used for its production, studies of its
properties, application of the hydride in the
automotive industry (as a hydrogen-accumulating
material) remains complicated due to high temperature
(300 °C at 1 bar H,) and dow kinetics of dissociation.
The main problem is due to the necessity of
decreasing the temperature of decomposition with
simultaneous increase in its rate and preservation of
the high hydrogen capacity and cyclic resistance of
hydride phase MgH, of mechanica alloys to get a
complex of required characteristics. Most often, the
problem of simultaneous formation of severa desired
characteristics of MgH, is realized by the mechanical
dispersion of commercial hydride in the presence of
various catalytic admixtures (e.g., transition 3d- and
4d-metals [1-9] and their oxides and fluorides,
intermetallic compounds, and admixtures of the
nontransition metals, such as Al, Cu, Zn, In, and Sn,
graphite, etc.) or by the procedure of grinding of
powders of metallic Mg with these admixtures in
hydrogen or in atmospheres of inert gases with
subsequent hydrogenation from the gas phase [1-31].

In order to decrease the thermodynamic stability
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of MgH,, it is conventional to use mechanical alloys
in the form of solid solutions in magnesium of one or
several metals capable of decreasing the enthalpy of
formation/decomposition of Mg(Me)H, [32-39].
According to the theoretical predictions [5], the
hydrides of solid solutions of Al, Ti, Fe, Ni, Cu, and
Nb in magnesium should have lower enthalpies of
formation and decompose at temperatures lower than
that of pure MgH,. It was shown that the
thermodynamic stability of these hydrides of solid
solutions depends on the procedures and conditions
of their production [32-36]. Thus, the decomposition
of the hydride phase Mg(In)H, of the mechanical
alloy obtained as a result of high-energy grinding of
a powder of MgH, with 10 at. % In in hydrogen under
a pressure of 150 bar originates at 262.3°C under a
hydrogen pressure of 1 bar in the reactor [35]. At the
same time, the analysis of the PCT (pressure-
composition-temperature) curves [35] for the hydride
of a solid solution of aluminum in magnesium formed
by grinding a mixture of 90 at. % MgH, with 10 at. %
Al in hydrogen under a pressure of 150 bar does not
reveal the indicated effect of destabilization of the
hydride phase Mg(Al)H, during dehydrogenation. In
[39-44], silicon was used to destabilize MgH, hydride.
Silicon forms relatively strongly bound compounds with
Mg (Mg,S forms upon dehydrogenation of MgH, for the
MgH./S  system) that reduces dehydrogenation
enthal pies and increases equilibrium hydrogen pressures.
Calculations using tabulated thermodynamic parameters
predict an equilibrium pressure of 1 bar at approximately
20 °C and 100 bar at approximately 150 °C. However, the
kinetics at 150 °C are too slow for direct hydrogenation
/dehydrogenation. The possibility of increasing the solid-
state reaction rate of MgH, with Si by modifying the
mixture preparation method and adding chemicd
elements or compounds, such as Ti, Ni, NbFs, TiO,,
Cr,0; was investigated in [40, 42]. It has been shown
that these catalysts can effectively speed up the
destabilization reaction at the beginning.

In this article with the aim of lowering the
temperature, improvement of the Kkinetics of the
decomposition of stoichiometric MgH, hydride, the
possihility of its complex doping by Si, Ti, Fe using the
method of reactive mechanochemical aloying (RMA)
has been investigated. A number of mechanical alloys
composites (MAs) of Mg with additions of a different
composition of titanium, iron and slicon were
synthesized. The phase composition, hydrogensorption
properties, thermal stability and desorption kinetics of
hydrogen, microstructure have been investigated
employing the X-ray diffraction (XRD),
thermodesorption spectroscopy (TDS), scanning el ectron
microscopy (SEM) methods.

For comparison, we synthesized an additional
composite alloy in the same condition that were used for
obtaining the MAs samples, without any additives.
Choosing Ti and Fe, we take into account the fact that
these transition metals have catalytic properties. In the
course of reactive mechanical fusion, they may
improve significantly the kinetics of hydrogenation of
magnesium playing the role of dispersing agents and
noticeably affect the thermodynamic stability of the
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MgH, phase formed in the course of synthess
according to the theoretical prediction [5]. In order to
destabilize MgH, silicon is aso included in the additive
composition.

|. Experimental part

The mechanical alloys-composites has been
synthesized by reactive grinding in hydrogen of
powders. Mg + 5wt. % S +5wt. % Ti + 2 wt. % Fe
(further MA1), Mg+5wt. % S +5wt. % Fe+ 2 wt. %
Ti (MA2), Mg+ 10wt. % S +2wt. % Ti + 2wt. % Fe
(MA3), pure MgH, (MA4). The main aim of this study
was to obtain the above mentioned MA1-MA4
mechanical alloys and explore the processes of hydrogen
desorption of MgH, hydride phase (both immediately
after mechanica synthesis and after the firg
hydrogenation /dehydrogenation cycles). Moreover, it
was necessary to find out if the reduction of MgH,
hydride phase formation enthalpy takes place
Consequently, the equilibrium temperature decrease of
its decomposition a a constant hydrogen pressure of
0.1 MPa due to the selected alloying elements and the
obtained method was aso studied. The selected aloying
elements influence on MgH, decomposition kinetics was
the aim of theinvestigation aswell

The commercia powders of Mg, Ti, Fe, S with a
purity of 99.98 % and particles sizes of 100; 3; 6,7;
10 um, respectively, have been used as raw materials.
The mechanical fusion by reactive grinding of the
mixture of powders of MA1-MA4 composition, was
redized in a RETCH100 ball mill with steel balls in a
hydrogen atmosphere (under a hydrogen pressure of 1
MPa, for a velocity of rotation of 450 rot/min and a
duration of grinding of 20 h). The ratio of the metallic
balls mass and the treated mixture of powders was 20:1.
Milling was interrupted every 50 min to allow the vial to
cool down to room temperature followed by the
monitoring of the current state of hydrogen absorption.
We use one and the same conditions of synthesis for all
MASs under consideration that allows making a proper
comparison of different aloying elements effect on
temperature and the kinetics of MgH, hydride phase
decomposition of synthesized MAs. Conditions of
synthess of al MA samples derived by direct
hydrogenation from the gas phase were also the same.
After the MA synthesis and obtaining the first hydrogen
desorption curve, the sample was not removed from the
reactor. At temperature of 400 °C the reactor was filled
with hydrogen until hydrogen pressure was 6 MPa and
during the sample cooling together with the furnace its
first (and subsequent) hydrogenation from the gas phase
took place.

Microstructures of theinitial powder mixture and the
synthesized composite alloys were studied using a Super-
Probe 733 scanning electron microscope. For the X-ray
phase diffraction analysis of specimens, we used a
DRON-3M diffractometer. The X-Ray patterns were
obtained employing CuKo -radiation with a graphite
monochromator. The profiles of diffraction lines were
plotted with scanning steps of 0.1° and with exposure at
each point of the spectrum over 20 sec. The diffraction
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patterns were analyzed using fullprof software Powder
Cdl 24 (https: /I powdercel-for-windows. software.
informer. com /2.4/).

By the method of thermal desorption spectroscopy
with a computerized automatic installation, we studied
the influence of alloying elements on the hydrogen
sorption properties, thermal resistance, the kinetics of
hydrogen desorption from the MgH, hydride phase. This

- Mg+5%wt.Si + 5%wt. Ti + 2%wt.Fe
2801 ©+ (RMA20h) @ Te
* MgH,
200+ + TiSi,
A TiH,

150 - Si

installation allows to plot the isobars of desorption /
resorption of hydrogen under various pressures in the
reactor and to peform the hydrogenation /
dehydrogenation of specimens under pressures up to 10
MPa and temperatures being in the range from room
temperature to 1200 °C. The details are presented in
Refs. [29].

. Mg+5wt.%Sit5wt. % Fet+2wt.%Ti
071 | RMA, 20h
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Fig. 1. X-ray diffraction pattern of specimens of the mechanical aloys: a- MAL, b- MA2, c- MA3
obtained by reactive mechanical aloying.

Tablel
Phase compositions and properties of MA in the case of itsfirg heating after RMA and of itsfirst hydrogenation
from the gaseous phase (HGM)
.. Dpar‘r.y
Mechanica alloy-composite wt.% Phase compositions um
RMA HGM RMA
. S Fe, Si, MgH;,
MA1(Mg+5S +5Ti +2Fe) Fe, S',’\AMgHZ' FTSZ’ TiHz, TiH2,MgO061F€00,00 0,6
90017000 after Shydr.
' . Fe, Si, MgH,, TiH,, Fe, MgH,, MgO;,
MA2 (Mg+5S +5Fe+ 2Ti) MO0 61FeOo 0 Mg,Si after 4hydr. 0,4
: i Fe, MgH»,M@,Si, TiH,,
MA3 (Mg + 10 S + 2 Fe+2 Ti) " F‘; S'T’imgﬁ\'j’ z Mg;'é MgOo 61FeO0,00 03
02, 2, MQUg01H€00,09 after 5 hydr.
MA4 Mg, MgH2, MgOo 9:F€O0 09 Mg, MgH2, MgOq,0:F€00,09 0,7
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1. Results and discussion

2.1. XRD analysis and SEM characterization of the
samples.

Fig. 1 shows XRD pattern of the MA1-MA3 samples
derived by reactive mechanical aloying (RMA) and
Fig.2 - after the gas phase hydrogenation (GPH)
mechanical aloys. The information on the phase
composition of the MA specimens obtained by RMA
and after GPH is presented in Table 1. As Table 1
shows, al mechanical dloys (MA1-MA3) are
composites, as a result of reactive mechanica alloying.
In addition to MgH,, they contain Si, Fe phases, as well
as new crystalline phases which are not parts of the
initial mixture of mechanica alloys powders and are
magnesium oxides, magnesum compounds with
alloying eements (Mg,Si in the case of MA3) and
compounds TiH, and TiSi,. After the fird
hydrogenation / dehydrogenation cycles from the gas
phase, al MAs reved changes in the composite phase
composition. In the case of MAL, Ti,S phaseis already
absent, in the case of MA2 and MA3, M@,S phase
appeared ingead of the pure-silicon phase. The
parameters of crystal lattices and volume of unit cells
for B-MgH, hydride phase of MAs (Table 2) have been
determined by the full-profile Rietveld method using
Powder Cedll 2.4 program.

Fig. 3 shows the microstructure and morphology of

Mg+5wt.% Si+5Swt.% Ti+2wt.% Fe

*Q

500 - after 8 cycle hydrogenation
@Fe
400 - * MgH,
ATiH,
A 2
i . ~si
300 ~ #(Mg0)0.91 (Fe0)0.09
200 -
A
100 J L.j
0 T T T T T 1

Table?2
Crystal structure data (unit cell parameters. a, ¢ - A; V
- A % for MgH, Hydride phase composites

Unit cell parameters

Mechanica alloy-composite,
wt.%

MAL(Mg+5S +5Ti + 2 Fe)

a= 45011 V= 2.025
c=3.0413
MA2 (Mg+5Si +5Fe+2Ti) |a=45148 V= 1616
C = 3.0430

MA3 (Mg + 10 S + 2 Fe+ 2 Ti) la= 4.5123
V= 61.2557
Cc=3.0345
MA4 a=45223 V=
61.684

c = 3.0157

the three above mentioned MASs. It is well seen that after
mechanical dispersion, the powders represent a mixture
of particles with their szes from 0.1 to 0.8 pm and
agglomerates with sizes from 2 to 5 um. Based on our
experimental data, the average particle size, which in
turn consists of nanorods (the average sizeis 9-12 nm) in
MA1, MA2, MA3is0.6, 0.4, 0.3 um respectivelly. After
repeated hydrogenation/dehydrogenation of powders
from the gas phase, as shown by the study of their
Mg+5wt.% Si+5wt.% Fe+2wt.% Ti
after 4 cycle hydrogenation
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300
# Mg, Si

2504 0 MgO(MgO,)
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Fig. 2. X-ray diffraction pattern of specimens of the mechanical alloys after hydrogenation from the gaseous phase:
a- MA1, b-MA2, c- MA3.
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5 pm

Fig. 3. Microstructures of mechanical alloys: a, b- Mg+ 5wt.% S + 5wt.% Ti + 2wt % Fe; c,
d- Mg+5wt.% S +5wt.% Fe+2wt.%Ti; e f-Mg+10wWt.% S + 2wt.% Fe+ 2 wt.% Ti.
3, ¢, e- after synthesisby RMA method 20 h.; b, d, f — after first cycles of hydrogenation from the gas phases.

microstructure, the average particle size decreases (Fig.
3b) and the average grain size increases to 50- 70 nm
due to cyclic heating/cooling. These data correlate with
the data of the X-ray phase analysis. Comparing the
diffraction reflexes of the MA sample prior and after its
cycling, one can observe, in the latter case, ther
noticeable narrowing (Fig. 1 and Fig. 2).

Comparing the microstructure of al mechanical
aloys with different content of Si, Ti, Fe admixtures, it
can be seen that the powders after the RMA have
irregularly shaped particles agglomerated together with
typical morphology of powdery structures. There is a
wide distribution of particlesin sizes ranging from 0.1 to
0.8 um. It has been established that the uniformity of the
particlesin sze increases for samples with ahigh content
of silicon. The content of particles with an average size
of 0.1-0.5umin an alloy of 10 wt. % Si is 70 % (Fig. 3,
g f), whilein alloys with 5 wt. % S the content of such
particles is approximately 30 % (Fig. 3, a-d). Silicon in
composites in the process of grinding helps to grind the
particles of the formed magnesium hydride due to its
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natural strength. In powders of an alloy of 10 wt. % Si
after the first cycles of their hydrogenation/
dehydrogenation (Fig. 3,f), there is a smaller quantity of
large agglomerates, while in samples of mechanical
alloys with 5 wt. % Si (Fig. 3,b, d) the quantity of such
agglomeratesis bigger.

2.2. Thermal behavior
composites
Hydrogen desorption isobars of the MA1-MA4

samples at their first heating after RMA synthesis are

shown in Fig. 4, and those recorded for the samplers
after first hydrogenation from the gas phase are
presented in Fig. 5. It should be paid attention to the
conditions of their production: all isobars were obtained
at constant pressure of hydrogen in the reactor (0.1 MPa)
and sample heating rate was 3 °C/min. The mass of
samples of all MAswas 0.15 g.The isobars shown in Fig.

3 and Fig. 4 were used to determine the beginning

temperature (T,,,.) Of hydrogen desorption from hydride

phase MgH, of MA1-MA4 and their hydrogen

of the mechanical alloys
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Fig. 4. Isobars of hydrogen desorption (P42 = 0.1 MPa) from the hydride phase MgH, of the mechanical

aloysinthe case of its first heating (after reactive mechanical alloying for 20h): a— MA1; b— MA2;
c—MA3; d-MA4.

Table3

Hydrogen desorption from MA in the case of itsfirst heating after mechanochemical synthesis (RMA) and itsfirst

hydrogenation from the gaseous phase (HGM)

Mechanica 1-t desorption after RMA L%gﬁg\'ﬂon
loy- i . %
alloy-composite, wt. % TOC CrpWE. % T,C Chz,Wt. %
MC1(Mg + 5S + 5Ti+2Fe) 288 5.7 288 5.3
MC3 (Mg +10Si +2Fe+2Ti) 290 5.4 310 41
MC 4 (MgH,) 288 5.1 320 6.3

capacities. The obtained data are shown in Table 3.
After obtaining the curves of the first desorption of
hydrogen from the MA samples shown in Figure 4, the
samples were not removed from the reactor. At 400 °C,
hydrogen pressure of 6 MPa was in the reactor. During
the sample cooling together with the furnace itsfirst (and
subsequent) hydrogenation from the gas phase took
place. From Figs 4 and 5 and Table 3, it is obvious that
the temperature of the beginning of hydrogen release
from the hydride phase MgH, of MA1, MA2, MA3
composites after  RMA was 288, 290, 290°C,
respectively. After their first hydrogenation from the gas
phase, the temperature was 288, 313, 310 °C,
respectively. If one compares T, of the release of
hydrogen from the unaloyed MgH, phase of MA4

(288°C) with the same temperature for MA1, MAZ2,

MA3, one can states that the addition of Si, Ti and Fe to
magnesium practically does not reduce the thermd

stability of MgH, of all MAs and, consequently, does not

reduce the temperature of the beginning of hydrogen
desorption. In our opinion, the explanation of this can be
the fact that in the conditions of our method of obtaining
of MAs does not form a solid solution in magnesium S,
Ti, Fe, whose hydride is Mg(Si, Ti, Fe)H,, according to
[5], should have a lower formation enthalpy and a lower
thermodynamic stability and decomposition temperature
of MgH,. The evidence of the fact that Mg(Si, Ti, Fe)H,
hydride was not derived (or its quantity is rather minor)
can be, in accordance with the XRD data (see Table 1),
the presence in the composite of TiH, and a significant
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Fig. 5. Isobars of hydrogen desorption from the MgH, hydride phase of the mechanical alloys after their first
hydrogenation from the gaseous phase (for a heating rate of 3°C/min under a hydrogen pressure of 0.1 MPa):
a-MAL; b—MA2; c-MA3.

Table4
Time (min.) of desorption of half (ty,) and full ()
hydrogen amount from MgH, hydride phase

at 310 °C and 330 °C
Mechanica alloy-composite, 310°C 330°C
wt. %

T2 Tf Ty2 | T
MA1 (Mg+5Ti+5Si+2Fe) | 45 90 |14 | 30
MA2 (Mg+5 Si+5 Ti+2 Fe 25 48 | 12 | 28
MA3 (Mg+10 S+2Ti+2Fe | 115| 20 | 6,3 | 10
MA 4 (MgH,) 88 130 | 31 | 75

content of pure S and Fe phases (the latter phases are
formed due to substantial amounts of the alloying
elements Si, Ti and Fe). As can be seen from Table 2, the
absence of the expected decrease in volume of the unit
cell of hydride phase MgH, of the composites MAL,
MAZ2, and MA3 compared with that of the same hydride
phase of the composite MA4 can also be an indication of
the absence of formation in our synthesis conditions of
Mg(Si, Ti, Fe)H, hydride. From data listed in Table 3, it
is worth noting a decrease of hydrogen capacity in the
composites MAL, MA2, and MA3 after ther
hydrogenation from the gas phase. In the case of the
composites MA2 and MA3, a dlight increase in the
temperature of the beginning of hydrogen desorption
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from 290°C to 310°C and MA4 to 320°C. In our
opinion, the mentioned increase in temperature may be
caused by the absence of a phase of pure silicon, which
possesses the effect of destabilization of MgH, and
contributes to a decrease in the decomposition
temperature, and a sgnificant increase in the amount of
Mg@,S phasein the composites MA2 and MAS3 after ther
hydrogenation from the gas phase. It should be noted that
as a result of 4-10 cycles of hydrogenation /
dehydrogenation of the composites MA1, MA2 and MA3
from the gas phase, we did not observe significant
changes in the nature of the desorption curves and ther
position in the temperature scale. This may indicate
reversibility of the process of cyclic hydrogenation /
dehydrogenation of the obtained MAs and the absence of
significant degradation of their hydrogen adsorption
properties.

2.3. Mechanical alloys hydrogen desorption Kinetics

process

Hydrogen desorption kinetics from MgH, hydride
phase of all MAs after their hydrogenation from the gas
phase under the same conditions has been investigated at
310 °C and 330 °C. Hydrogen desorption kinetic curves
are presented in Fig. 6. All curves were obtained a a
congtant hydrogen pressure of 0.1 MPa in the reactor.
The data of hydrogen time release of half of hydrogen
quantity (ty,) and total hydrogen quantity (t;) for all
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C Wt%  Mgt5Swt.%Si+5wt.%Ti+2wt.%Fe CHZVgt-% Mg+5wt.%Si+5wt.%Fe+2wt.%Ti
01 | T=aa0tc =310°C =310°C
5 ) 5 -
4 4
3 34
2 24
11 14
0+ 0-
0 20 40 60 80 100 0 10 20 30 40 50
Time, min. (a) Time, min. (b)
C, wt% Mg+10wt.%Si+2wt.%Ti+2wt.%Fe
41 PPN ceete S ekl
|| TOC T =10
34
2
1- //
0- .l
0 5 10 15 20 25 30
Time, min. (c)

Fig. 6. Kinetic curves of hydrogen desorption at temperature 310 and 330 °C from the MgH, hydride phase
of the mechanical alloys: a— MA1; b—MA2; c—MA3; d—MAA4.

MAs are shown in Table 4. As we can see from Table 4
and kinetic curves presented in Fig. 6, MA3 mechanical
alloy-composite has the best kinetics of hydrogen
desorption from MgH, The composite MA1 possesses
the worst kinetics. If one compare the kinetic curves of
the composites MA1l, MA2 and MAS3 presented in
Figs. 6, a-c with the kinetic curve of MA4 (Fig. 6d), one
can see a significant difference in time that is necessary
for the release of all hydrogen a temperature of 330 °C.
The comparison shows that the addition of Si, Ti and Fe
to magnesium dgnificantly improves the kinetics of
hydrogen desorption from hydride phase MgH, in all
MAs, and the fast process of hydrogen desorption has
been provided by the addition 10 wt. % S + 2wt. % Ti +
2wt. Fe. In our opinion, Feand Ti play the main rolein
improving the kinetics of hydrogen desorption in the
composites MA1 and MA2. They possess high catalytic
properties and favor recombination of hydrogen on the
particle surface of the hydride phase, and, consequently,
reduce its therma stability. Si plays a significant role
also in improving the kinetics of the process of hydrogen
desorption in MA3, whose content in the addition to Mg
5 times higher than the contents of titanium or iron.
Silicon does not possess such high cataytic properties as
titanium and iron and does not affect the chemica state
of the particle surface as Ti and Fe. However, in the
process of reactive grinding slicon acts as an effective
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dispersive element and it helps to reduce the average
grain size of hydride phase MgH, of the MAs, and, as a
result, improves the kinetics of hydrogen desorption
process. Confirmation of such conclusion can be the
results of microstructure studies of all MAs. The smallest
average grain size of the hydride phase MgH, is detected
in MA3, where the content of silicon is the highest, and
the kinetics of the hydrogen desorption process is the
best (Tables 1 and 4).

Conclusion

The new alloys-composites with reduced thermal
stability and improved kinetics of the decomposition of
their hydride phase MgH, were synthesized by the
reactive grinding in the hydrogen atmosphere of a
mixture of Mg powder with different content of additives
Ti, Fe and Si. The influence of alloying elements Si, Ti,
Fe on the hydrogen sorption properties, thermal stability
and kinetics of the hydrogen desorption process from the
hydride phase MgH, of the obtained MAs has been
studied. It was established that the addition of Ti, Fe and
Si to magnesium leads to a significant improvement in
the kinetics of hydrogen desorption from the hydride
phase MgH, of the obtained MAs, as evidenced by the
experimentally recorded significant reduction in time of
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the half and total quantity of desorbed hydrogen. The
reduction of the thermodynamic stability of MgH,
hydride due to its doping by Si, Ti, and Fe was not
detected. Results of the present sudy can be used in the
development of new hydrogen sorbent materials for
hydrogen energy.
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O.I'. €pmiosa, B.JI. JobpoBonscrkuii, FO.M. Cosnonin

BruiuB KOMILIEKCHOIO JIETYBAHHS HA KIHETHUKY PO3KJIaJy TAa TePMidYHY
CcTalIbHICTL MeXaHiYHMX cIJIaBiB HA ocHOBI Mg

Incmumym npobnem mamepianosnascmsa im. .M. @panyesuwa HAH Vipainu, Kuis,
Vkpaina, e-mail:dobersh2017@ukr .net

MexaniuHi ciwaBu (MC) Oyiu cMHTE30BaHi METOZOM PEAKTHBHOIO MEXaHIYHOro CIUIABJIEHHS. IIpu THCKY
Bogaio 0,1 MIla 3 BHKOpUCTaHHSIM TepMOAECOPOIIIOHHOI CIEKTPOCKOMii OynW BUBUYEHI TepMOCTaOlLIBHICTB,
KiHeTHKa JiecopOuii BoaHro 3 TigpunHoi gazu MgH, orpumannx MC. BeraHoBieHO, 110 KOMIUIEKCHE JIETyBaHHS
Fe, Si, Ti npu3BoAMTb 10 3HAYHOrO MOJIMIICHHS JIecopOLii BoaHIO 3 rigpuaHoi ¢pasu MgH, MC, cuHTe30BaHHX
METOIOM peakTHBHOro MexaHiudoro cruiasiieHHs (PMC). BomHeBa €MHICTh ITiCisi PEAKTHBHOTO MOAPiOGHEHHSI
nporsiroM  20Ton. nopiBHIoBama 5,7 % Bar. BHacnmimok [pOro JieryBaHHS 3HIDKEHHS TEPMOJMHAMIYHOL
crabinmpHOCTi MQH, He BcTaHoBieHO. BurpoOyBaHi MaTepiany Mokas3ainyd BHCOKHH IMOTEHIAN SK CIUIaBiB JUIS
30epiraHHs BOJHIO, 0COOJIMBO IS CTAIl[iOHAPHOTO 3aCTOCYBAHHSI.

KirouoBi ci10Ba: MexaHiuHHH CIUIaB, BOICHBCOPOIiiHI BIACTHBOCTI, TEPMiUHA CTIHKICTh, KIHETHKA.

415


mailto:e-mail:dobersh2017@ukr.net

