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Abstract—Properties of magnesium hydride and multicomponent materials on its basis are considered in
terms their use for reversible hydrogen storage. Special attention is given to methods of magnesium hydride
production, including application of various catalysts and nonequilibrium high-energy processing. Principal
advances in the optimization of magnesium hydride compositions for practical use are presented and possible
lines of further works in this field are formulated.
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INTRODUCTION

Magnesium hydride MgH, takes a unique place
in the series of hydrogen metal compounds and inter-
metallides. At the hydrogen content more than
7.6 wt% and the volumetric density 1.5 that of liquid
hydrogen (0.11 g cm™), magnesium hydride can be
obtained by direct synthesis in even far from critical
p-T conditions, and, therewith, the reaction with
hydrogen is almost fully reversible and proceeds with
a minimum hysteresis. Metallic magnesium is fairly
accessible and low-cost material. The principle ob-
stacles to the practical application of magnesium
hydride in hydrogen storage systems are the high
temperatures of the direct and reverse reaction and
high energy expenses for compensation of the endo-
thermic effect of the dehydrogenation reaction (about
75 kJ mol™" H,), that leads to a loss of an almost one-
third of the energy capacity of hydrogen accumulated
in the hydride. Over the past two decades various
metallurgical, chemical, and mechanochemical me-
thods for optimization of interactions in the magne-
sium-hydrogen system have been tested. The present
work dwells on the major approaches to this problem
and the most interesting results.

PROPERTIES OF MAGNESIUM HYDRIDES

Magnesium hydride differs radically, in the type of
the M-H bond and crystal structure and properties,
from hydrides of transition metals and intermetallic
compounds and is close in these respects to ionic
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hydrides of alkali and alkaline-earth metals. MgH, is
a strictly stoichiometric compound with the H/Mg
atomic ratio of 0.99+0.01 [1]. Dissolution of hydro-
gen in metallic magnesium is accompanied by heat
absorption, the limiting hydrogen content of the solid
solution phase increases with temperature and varies,
according to different authors, from 102 to 1 at.%
[1-4]. The state diagram of the Mg—H system, con-
structed in [5], is shown in Fig. 1.

The equilibrium modification of magnesium hyd-
ride under normal conditions, a-MgH,, has a tetra-
gonal crystal structure of the rutile type (P4/mmm,
a = 0.45168 nm, ¢ = 0.30205 nm, z = 2) with the
X-ray density r = 1.419 gcm‘3 [6, 7]. Under high
pressures a-MgH, undergoes polymorphic transfor-
mations [8-10] to form two modifications: y-MgH,
and B-MgH,, having an orthorhombic structure like
that of a-PbO, (@ = 045051, b = 0.54197, ¢ =
0.49168 nm) [10] and a hexagonal (pseudo-cubic)
structure of the fluorite type (@ = 0.453 nm, ¢ =
1.099 nm [9]). Therewith, the y-MgH, phase under
usual pressure is metastable and can be present in
magnesium hydride mechanochemical activation
products [11].

The thermodynamic properties of «-MgH, were
considered in [1, 5, 6, 12-15]. Optimization of the
experimental data in [14, 15] with account for the
temperature dependence of the solubility of hydrogen
in magnesium and the deviation of gaseous hydrogen
from ideal behavior in experimental conditions, gives
the following estimates for the standard enthalpy and
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entropy of formation of magnesium hydride: A4 0=
—74.7 kKJmol™ and AS® = 132.3 Jmol™, and the
effect of the temperature on the equilibrium volatility
f (pressure aequivalent for nonideal gas, bar) of
hydrogen is described by the expression:

Inf = —7477.09r" — 24.1781 + 6.57578InT
— 7.0423x1073T — 2.57404 x 10772
— 2.042794 x 10°T2.

However, at pressures of several tens of atmos-
pheres, quite satisfactory results can be obtained using
a simpler dependence [1] (f, atim):

Inf = 7.056 — 3888/T.

The chemical properties of magnesium hydride are
strongly dependent on its production method. Unlike
that obtained by decomposition of organometallic
compounds [16], MgH, synthesized from elements is
rather stable in air, and its reaction with water takes
several weeks to come to completion. An intermediate
position in the reactivity series belongs to a mechano-
chemically prepared magnesium hydride. Most likely,
the key factors here are dispersity, size, and state of
surface.

PRODUCTION OF MAGNESIUM HYDRIDE

Magnesium hydride MgH, was first prepared by
the pyrolysis of ethylmagnesium iodide in a vacuum
at 448 K [16], but the direct synthesis of this com-
pound from elements was performed as late as 1951
[17]. The process was carried out a hydrogen pres-
sure of 20 MPa at 840 K in the presence of Mgl, as a
catalyst, but even in such severe conditions the yield
of the products was as low as 68%. By combining
the catalytic effect of iodine (0.5-1%) and mechanical
grinding in a ball mill at 650-720 K and 10-20 MPa,
Dymova and co-workers [18, 19] could obtain mag-
nesium hydride of 97-98% purity. The referees sug-
gest that the mechanical action destroys the dense
hydride layer on the surface of metal particles, whose
low hydrogen permeability prevents the reaction from
coming to completion. Evidence for the efficiency of
this approach was later provided by many researchers,
and with the intensive development of the instru-
mentation for mechanochemical activation this
method became principal for fast and full hydrogena-
tion of magnesium. Mechanochemical synthesis will
be considered in more detail in a separate section.
Here it should only be mentioned that the hydrogena-
tion of magnesium in a high-energy ball mill can
occur at a room temperature at a minimum hydrogen
pressure (up to 0.2-0.5 MPa) and requires no catalysts
[20, 21].

2000
as
1600 - £
IS |
5 12007 . + gas
“éi i 922.8 K
(D)
= 800
| (Mg) + gas 560.7 K
400 1 (Mg) + MgH, MgH; + gas
I I T T

0 0.2 0.4 0.6 0.8 1.0
Mg XH H
Fig. 1. State diagram of the magnesium-hydrogen

system at atmospheric pressure [5].

The systematic research on the mechanism of phase
transformations in the Mg-MgH,-H, system [22-27]
allow the following conclusions. Hydrogenation is
preceded by an induction period necessary for destruc-
tion of the oxide film on the metal surface and dis-
sociative chemisorption of molecular hydrogen [22].
The hydrogenation process as such proceeds in two
stages. The first, faster stage involves formation on
the surface of magnesium grains of discrete non-
oriented nuclei of the hydride phase, whose growth
and coalescence form a continuous surface layer [23].
Therewith, the reaction is sharply decelerated. This
phenomenon explains the known fact that compact
magnesium samples more than hundreds microns in
size are impossible to hydrogenate completely. The
degree of transformation, corresponding to the end of
the initial stage, generally depends on the size ratio of
initial magnesium particles and hydride nuclei. The
latter factor, in its turn, is associated with the hydro-
genation temperature and hydrogen pressure. Pederson
and co-workers [24, 25] obtained experimental evi-
dence to show that at 673 K ultradisperse magnesium
(30-50 pm) can be completely hydrogenated starting
from one nucleus to attain a 100% product yield. The
referees note the importance of not only the size of
particles but also their morphology: The powder ob-
tained by mechanical grinding with a rough and de-
fective particle surface much more actively reacts with
hydrogen than the power of the same dispersity, but
obtained by condensation from the gas phase, when
particles have an almost ideal smooth spherical form.
Increased hydrogen pressure first drives the reaction,
but then, with hydrogenation progress, the reaction
rate fast decreases to get almost zero values [26, 27].
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This result is explained by the fact that at high hyd-
rogen pressures (up to 100 MPa) the fast forming
small nuclei coalesce to form a thin surface layer
which prevents further reaction. Under optimum p—T
conditions assuming a controllable nucleation process,
no metallic magnesium is present in the reaction zone
when coalescence is initiated [28]. Thus, the principal
ways to a shorter induction period, high reaction rates,
and maximum product yield in the synthesis of
magnesium hydride are as follows:

(a) grinding of the starting metal to form a de-
veloped and highly defective surface;

(b) increasing of the synthesis temperature and de-
creasing of the hydrogen pressure (to values slightly
higher than equilibrium for a given temperature);

(c) mechanical action on the material during hyd-
rogenation for destruction of the oxide (at the initial
stage) and hydride (at the diffusion-limited stage) film
on magnesium particles;

(d) doping of magnesium with components capable
of catalyzing hydrogen chemisorption and/or enhanc-
ing the diffusion permeability of magnesium hydride
via changing the deficiency of its crystal structure and
microstructure.

CATALYTIC SYNTHESIS
OF MAGNESIUM HYDRIDE

An original procedure for the production of a
highly active magnesium hydride by means of homo-
geneous catalysis was offered by Bogdanovic [29].
The synthetic scheme included two stages: (a) activa-
tion of metallic magnesium by its transition to a
soluble (for example, in tetrahydrofuran) form in the
form of a complex with anthracene; and (b) treatment
of the solution with gaseous hydrogen in the presence
of a catalyst (CrCls, TiCly) to form a suspension of
magnesium hydride; and (c) separation of the solution
and soluble admixtures and drying of the hydride.
Optimization of the chemical composition of catalysts
due to introduction in the solution during hydrogena-
tion of additional components, in particular, mag-
nesium or nickel chlorides, or organonickel or organo-
palladium compounds allowed the p—T parameters of
the synthesis to be lowered to 0.1 MPa and 273-
473 K [30]. Thus produced magnesium hydride pos-
sesses enhanced reactivity owing to, first of all, highly
developed surface: up to 100-130 m* g™' (1-2 m* g™
at a standard solid-phase synthesis), which makes it a
rather attractive reagent in synthetic chemistry. At the
same time, this material is hardly suitable for hydro-
gen storage applications because of its extremely high
sensitivity to traces of oxygen and moisture and the

presence in hydrogen generated by its thermolysis of
organic impurities. Moreover, the material is insuf-
ficiently stable: The temperature of the subsequent
cyclic hydrogen desorption—absorption reaches 570—
600 K and causes agglomeration (sintering) of the
disperse powder, thus sharply decreasing its activity.

MECHANOCHEMICAL ACTIVATION

Mechanochemical treatment, i.e. milling in a con-
trollable atmosphere in mills of various designs, is a
fairly effective method of activation of solid-phase
reactions. The essence of the mechanochemical treat-
ment consists not only in grinding a material, thus
creating a developed outer surface, but also in chang-
ing cardinally the microstructure of the substance (up
to its amorphization) and forming a high concentra-
tion of defects and microstrains in the crystal lattice.
Mechanochemical methods are also widely used to
introduce into a material and uniformly distribute in it
catalytically active components, to synthesize multi-
component compounds, including those unavailable
by traditional methods.

Of tens of works on the application of mechano-
chemical activation in reactions in the magnesium—
hydrogen system, the present review focuses on those
which provided essentially new results in preliminar
processing of metallic magnesium before hydrogena-
tion, synthesis of magnesium hydride directly during
grinding in hydrogen atmosphere, or mechano-
chemical synthesis of multicomponent materials on
the basis of magnesium and its hydride.

Mechanochemical activation of metallic mag-
nesium is strongly complicated by its plasticity and
the tendency of the disperse powder for agglomeration.
At short milling times (15 min), the oxide film is
destroyed only partially, but the destruction degree is
enough to shorten the induction period on the sub-
sequent hydrogenation [31]. Longer mechanochemical
treatment (up to some hours) substantially enhances
its efficiency. The key factor here is not so much
reduction of the powder particle size as reduction of
the metal grain size inside each particle: As the grain
size reduces from about 1 um to 30-50 nm, the rate
increases manyfold, and the conversion reaches 80%
within 2 h at already 573 K (Fig. 2).

Zaluska et al. [32] believe that the forming nano-
crystalline magnesium microstructure facilitates, due
to the high concentration of defects and highly de-
veloped intergranular surfaces, hydrogen supply and
hydride nucleation both on the outer surface of the
metal and in particle bulk. One more important issue
should be taken into account: Mechanochemical®
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activation is generally performed with the use of steel
containers and balls, which entails the occurrence in
the processed material of steel components, primarily
iron. The “crop” of iron after many hours of treatment
can reach 2-5 wt%, which is quite enough for the
transition metal to exhibit catalytic activity in hyd-
rogen dissociative chemisorption and hydride nuclea-
tion. Indirect evidence for this catalytic effect is
provided by the fact that magnesium treated in ball
mill is still highly active after several cycles hydro-
genation-dehydrogenation cycles at temperatures of
up to 600 K and obviously accompanied by recrystal-
lization and partial defect bakeout.

The mechanochemical treatment of magnesium in
a hydrogen atmosphere (so-called jet grinding) pro-
vides a lot of additional benefits [20, 21, 33, 34].
First, the heat effect from ball impact results in a
significant local heating of the material and allows
hydrogenation at room temperature without additional
heating. Second, new nucleation centers are formed
directly during hydrogenation. Third, the hydride
phase does not form a continuous layer on particle
surface under constant mechanical actions, thus lifting
diffusion restrictions. Fourth, magnesium hydride is
much less plastic than metallic magnesium, which
favors a more efficient grinding at the micro and even
nano level. And, finally, an important factor that
defines the properties of magnesium hydride obtained
by jet grinding is the metastable modification y-MgH,
that appears in the system upon prolong treatment.
As a result, the temperature of the thermal decomposi-
tion of the hydride decreases, according to DSC data,
by tens of degrees, and the reaction rate increases
100 times compared with that characteristic of the
reaction with a mechanically activated magnesium.
Gennari et al. [34] believe that the simultaneous
presence in a system of the y-MgH, and «-MgH,
phases has a synergistic effect on hydrogen desorption,
thereby affecting the reaction mechanism.

As far back as 1970s magnesium solid solutions
with minimum contents of the second component
(below 1 at% of Ag, Al, Cd, In, Pb, Y, and Zn [35]
and Al, Ga, and In [36]) or mechanical mixtures of
magnesium with hydride-forming metals and inter-
metallic compounds (Pd, V, LaNis, and TiFe [37])
were found to much faster react with individual
magnesium than hydrogen. It is obvious that the use
of mechanochemistry in this case can be rather
productive, in view of the fact fact that the equilib-
rium solubility in magnesium of transitions metals
potentially catalytically active in hydrogenation and
dehydrogenation reactions (Pd, Ni, Fe, Co, Ti, V, etc.)
is extremely low and mechanochemical synthesis
allows not only preparation of metastable homo-
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Fig. 2. Effect of magnesium grain size on hydrogen
absorption at 573 K [32].

geneous solid solutions in a wide concentration range,
but also simultaneous modification of the matrix
microstructure. Konstanchuk et al. [38] conditionally
divided all catalytic additives used in the mechano-
chemical treatment of magnesium into several groups.

(1) Nickel is one of the most effective activating
components [39]. It forms with magnesium the com-
pound Mg,Ni capable of reversibly absorbing hydro-
gen. Moreover, nickel clusters act as active centers of
hydrogen chemisorption.

(2) Nb, Ti, and REMs form binary hydrides which,
by changing stoichiometry, can serve as ‘“hydrogen
pumps” [40]. Palladium whose catalytic activity in
hydrogenation is widely known can, too, be related
to this group [32].

(3) LnNis (Ln = La, Ce, Mm) and FeTi are inter-
metallides which absorb hydrogen in milder condi-
tions than magnesium [41, 42].

(4) Fe, Co, and Cr are catalyst metals which do
not form hydrides in the conditions studied [40, 43].

(5) Transition metal oxides (Cr,03, V,05, Nb,Os,
etc.) [44-46] and salts (NaF, NaCl, MgF,, CrCly), the
information about which has appeared only last few
years [47, 48]. The mechanism of the catalytic action
of these substances is still not fully clear. Most
authors suggest that the key factors in such systems
are modification of the magnesium surface on mecha-
nochemical treatment, destruction of the MgO layer,
formation of active nucleation centers, and partial
reduction of the oxides to form metal clusters (V, Nb).
The effect is noticeably attenuated if oxides (salts) are
used simultaneously with catalyst metals, such as
nickel or cobalt [47-49].
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Fig. 3. Pressure of hydrogen desorbed by magnesium
hydride and Mg—C composites [28]. (m/a) Mechano-
chemical activation.

(6) Si and C form with magnesium mostly co-
valent compounds. Unlike silicon, whose catalytic
activity in reactions of magnesium with hydrogen is
fairly low [50], introduction of carbon materials leads
to rather essential and unexpected results. Imamura et
al. [51-53] synthesized in the magnesium-graphite
system obtained by grinding mixtures with organic
additives (benzene, cyclohexane, tetrahydrofuran)
composites that exhibit not only very high Kkinetic
parameters in reactions with hydrogen, but also lower
thermal stabilities compared with pure MgH, (Fig.
3). Thus, the thermal decomposition of these materials
with hydrogen evolution occurred at pressures higher
than equilibrium for pure MgH, at the given tem-
perature [53]. Later it was shown that the similar
effect can be reached without organic additives, when
MgH, is used instead of metallic magnesium as the
starting material in the mechanochemical modification
[28, 54].

MAGNESIUM INTERMETALLIC COMPOUNDS
AND ALLOYS

Melting of hydride-forming metals with com-
ponents which do not react with hydrogen in normal
conditions, aimed to reduce the thermal stability of
their hydrogenation products and to reduce the hyd-
rogen evolution temperature is a classical approach in
hydride materials science. Reaction with hydrogen of
binary and multicomponent intermetallic compounds
of magnesium has been studied in detail in 1970-
1980s (see, for example, reviews [55, 56]).

The majority of such compounds react with hyd-
rogen at 550-650 K and decompose in the course of
hydrogenation into magnesium hydride and pure
second component or its compound. Some of such
transformations are completely reversible [57, 58]:

Mg,Al, + 2H, > 2MgH, + 3Al,
gl 2 & gy

Mg,Cu + H, 2 MgH, + MgCu,.

The thermodynamic parameters of these reactions
differ from those for pure magnesium hydride, and
the equilibrium pressure of hydrogen at the same
temperatures is higher, but the presence of a signi-
ficant amount of the second component insusceptible
to hydrogenation essentially reduces such a practically
important parameter as the hydrogen content of the
hydrogenation products.

Hydrogenation of the other group of intermetallic
compounds containing rare-earth metals involves
irreversible phase transformations in the first stage:

La,Mg,; + 17H, 2 17MgH, + 2LaH,.
The second, reversible stage is accompanied by

decomposition of magnesium hydride and partial
decomposition of the REM hydride [59]:

MgH, + LaH; 2 Mg + H, + LaH;_.

Though the thermal stability of magnesium hydride
here is the same as that of the individual compound,
the presence of the REM hydride essentially improves
the kinetics of hydrogen evolution and absorption.
Combined mechanistic study of such reactions, in-
volving kinetic measurements and electron micro-
scopy, allowed the effect observed in the Mg—-REM-N,
systems, where REM is La, Ce, Pr, Nd, or Mm
(michmetal), to be associated with the catalytic effect
of the REM hydride. The decomposition of inter-
metallic compounds gives rise to a two-phase mixture
with ultradisperse microstructure, and the LnH; .
inclusion uniformly distributed in the magnesium
matrix transfer the active dissociated hydrogen to the
reaction surface and act as MgH, nucleation centers
[60—62]. As a result, the Mg—REM binary alloys after
primary activation reversibly absorb up to 5.5 wt%
of hydrogen in milder conditions and at a much higher
rate than pure magnesium.

Mg,Ni and its multiphase magnesium-based alloys
are the object of the most intensive research. Unlike
the above intermetallic compounds, Mg,Ni reversibly
react with hydrogen at 470-500 K without dispropo-
rtionation to form a ternary hydride Mg,NiH, [63]:

Mg,Ni + H, 2 Mg,NiH,.

The standard enthalpy of this reaction is 65 kJ mol ™!
H,, and the equilibrium pressure is higher than
0.1 MPa already at 540 K. Nomura et al. [64] noted
that the Mg,Ni—H, system is characterized by an
appreciable hysteresis, which results in different
temperature dependences of the adsorption and de-
sorption pressures [65]:
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log P =321UT + 6.2220,

-3.300/T + 6.2612.

ads (bar)
log P 4. (bar)

In the hydrogen absorption and desorption kinetics
Mg,Ni compares with low-temperature metal hydride
systems, and its hydrogen capacity reaches 3.7 wt %,
which is much higher than those of classical inter-
metallic hydrides like LaNis and TiFe, but half that
of magnesium hydride.

Among magnesium-rich multiphase alloys, those
obtained in the Mg-Ni and Mg-REM-Ni systems
[66—70] deserve special attention. Double magnesium—
nickel alloys with the weight contents of Ni of up to
50% are a combination of the Mg and Mg,Ni phases
whose hydrogenation gives the MgH, and Mg,NiH,
hydrides, respectively. Even small additives of nickel
to magnesium sharply improve the kinetic parameters
of hydrogenation, owing to the known catalytic ac-
tivity of nickel in various processes involving hydro-
gen. Catalytic additives are the most efficient in the
three-phase alloys Mg + 6-9% REM (Mm) + 19-21%
Ni (eutectic composition in a ternary system) [70, 71].
The ultradisperse microstructure of these alloys
ensures homogeneous distribution of components in
the magnesium matrix. The synergistic effect the
nicke]l-REM hydride nanoclusters formed during
hydrogenation endow such compositions with the
ability to fast absorb up to 5.4-5.8 wt% of hydrogen
at 520-550 K and 1-1.5 MPa and to desorb it at 610—
620 K and 0.15-0.20 MPa. Note that the Kkinetic
parameters of the reaction with hydrogen of multi-
phase materials on the basis of the Mg-REM-Ni
systems can be further improved by using for their
preparation mechanochemical treatment with addition
of hydride-forming intermetallides like LaNis [71, 72].

TERNARY MAGNESIUM-CONTAINING
HYDRIDES

This section focuses on multicomponent hydride
magnesium compounds having no nonhydrogenous
intermetallic analogs. One of the best studied com-
pounds of this class is Mg,FeHg, which can be syn-
thesized by prolong (2-10 days) sintering of a stoi-
chiometric mixture od the metal powders at 723—
793 K in a hydrogen atmosphere under a of pressure
2-12 MPa [73], as well as by mechanochemical
synthesis from a mixture of iron and magnesium
hydride with an excess of the latter [74] or under
hydrogen [75]. The formation of Mg,FeHy is re-
versible, and the significant hydrogen content
(5.7 wt%) and, especially, its high weight density in
the hydride phase (0.15 g cm™), which is one and half
that of MgH,, make it a fairly attractive material for

hydrogen storage. The problem, however, is that this
compound is too stabile thermally (AH° =
~77.4 kJ mol™ H, [76]), and, consequently, should be
heated (to 600-620 K) to evolve hydrogen.

Similar methods of synthesis were used for produc-
tion of ternary complex magnesium—cobalt hydrides
Mg,CoHs [77], as well as ternary hydrides with more
exotic components Ir, Ru and Re (Mg;IrHs, Mg;RuHg,
Mg;ReH;) [78], which are obviously practically
useless. Essential progress in the synthesis of new
ternary hydrides on the basis of magnesium and tran-
sition metals was made by the application of quasi-
hydrostatic high pressures of up to 8 GPa. The com-
pounds MgsMnH, [79], Mg;CrHg [80], Mg, TiH ~16
[81], and MgcVH ~14, Mg sNbH ~14, and MgNb,H
~4 were synthesized [83], which, while featuring high
hydrogen contents (and some of them, as, for ex-
ample, the vanadium system, good kinetic character-
istics of hydrogen desorption), irreversibly decompose
on heating. Furthermore, their synthesis conditions are
too rigid to allow wide application of such materials.

A separate group is formed by hydrogen mag-
nesium compounds with alkali and alkaline-earth
metals, including divalent Eu and Yb. At present
28 such compounds are already known, and their
structure and synthesis are described in the review
[84]. They have a close-to-ionic bond and evolve
hydrogen at too high tempearatures (above 670 K).
The authors suggest that four-component hydrides
whose thermal stability might be reduced by varying
the type and ratio of metal atoms at preservation of
the high hydrogen content present interest, but such
compounds have not yet been obtained.

HYDROGEN-SORBING COMPOSITE
MATERIALS ON THE BASIS OF MAGNESIUM

Magnesium hydride materials should meet special
requirements to be suitable for hydrogen storage. Such
materials should possess satisfactory thermoconduc-
tivity and gas permeability to provide sufficient heat
and hydrogen supply (and removal) to the reaction
zone, thereby providing high hydrogenation—dehydro-
genation rates. Furthermore, magnesium and its alloys
tend for agglomeration and caking at elevated tem-
peratures, which removes a certain part of the material
from the operating cycle. Thus, one of the major
problems solved on creation of special composite
materials is to exclude local overheat and to ensure
cyclic stability. Further technological requirement to
such material is prevention of carry-over, with a
stream of gas, of fine hydride particles, i.e. a combi-
nation of mechanical durability with the ability to
compensate for significant volume effects (up to 20—
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30%) associated with the formation and decomposi-
tion of hydride phases.

The basic approaches to development of hydrogen-
sorbing composites are considered by Antonova [56,
85]. Materials consisting of an active hydride-forming
component and a metal (Ni, Cu, or Al) frame work
meet the entire set of technological requirements to
the greatest degree. The referee also reports interesting
results for pseudoalloys comprising components
immiscible with each other, for example, Mg-Ti.
Such composites with magnesium contents of 13—-75%
absorb hydrogen at temperatures below 600 K and
atmospheric pressure up to the formation of the stoi-
chiometric hydrides MgH, and TiH,, were produced
by powder metallurgy. In recent years mechanochem-
istry that provides nanocomposites exhibiting en-
hanced activity in reactions with hydrogen is con-
sidered as an alternative to powder metallurgy [86].

Huot et al. [87, 88] suggested to improve the hyd-
rogen-sorption kinetics of mechanical magnesium
alloys by etching. The approach consists in a grinding
of nanocrystalline metastable alloys with addition of
a component which is then etched by liquid- or gas-
phase methods. After etching such composite acquires
a nano- or nasoporous structure with a very high
specific surface area. Experimental evidence was ob-
tained to show that a series of Mg-Li, Mg-Al, and
Mg-Ni materials evolve hydrogen 2-3 times faster
than the initial alloys.

For simplification of the synthesis of magnesiun
intermetallic hydrides (for example, Mg,NiH,) Saito
et al. [89] offered the technique of self-propagating
high-temperature synthesis (SHS). A homogeneous
mixture of magnesium and nickel powders was heated
to 873 K in a hydrogen atmosphere under a pressure
of 4 MPa and then was cooled to room temperature.
This procedure allows fast production of high-purity
stoichiometric hydrides (including multicomponent
structures [90]) without any activation process. The
microstructure of the synthesized composites, con-
trolled by the SHS conditions, endows them with
hydrogen-accumulating properties surpassing the
corresponding characteristics of hydrides of the same
structure, but obtained by conventional methods.

CONCLUSION

The recent advances in the field of unconventional
methods of synthesis and modification of metal
hydrides, optimization of their chemical composition
and crystal and microstructures have led to a con-
siderable progress in the materials science of hydrides.
Magnesium compounds and composites obtained by
these technologies preserve the basic advantages of

magnesium hydride and impart to it new properties
principally important for practical application. The
problem of kinetic restrictions in hydrogen absorption/
desorption reactions can be considered to be solved
completely due to the application of effective catalytic
additives and formation of nanostructured materials.
This allows magnesium hydride to be not only syn-
thesized but also decomposed in a vacuum at 400—
450 K at a satisfactory rate. At the same time, the
thermodynamic stability of magnesium hydride phases
still remains unacceptably high. Actually, magnesium—
carbon composites are the only in which this parameter
could be changed appreciably, but here, too, the
nature of the destabilizing effect and ways to its pre-
servation in cyclic hydrogen adsorption—desorption
processes are still to be found out. Another promising
line of research is synthesis of new hydrogen-contain-
ing multicomponent magnesium compounds, in
particular, with various transition metals, whose
thermostability could be reduced without essential
losses in the sorption capacity.
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