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Light metal hydrides contain the largest amount of
active hydrogen (12.7% in LiH, 4,2% in NaH, 7.66% in
MgH

 

2

 

) and are thought of as good candidates for pro-
duction of hydrogen, which can be released by various
methods, including thermolysis or hydrolysis [1]. The
use of alkali-metal hydrides in hydrolytic processes of
hydrogen generation is hindered by their extremely
high reactivity [2]. At the same time, the chemical
activity of magnesium hydride varies in a wide range
depending on the method of preparation [3–5]. Magne-
sium hydride obtained as a fine powder by pyrolysis of
organomagnesium compounds is an extremely reactive
substance igniting when brought in contact with water
and rapidly decomposing or self-igniting in air [3, 4].
Magnesium hydride obtained by direct hydrogenation
of metallic magnesium at high temperature and pres-
sure is stable in air, is slowly hydrolyzed by water, and
is rapidly hydrolyzed by acids [5]. The hydrolysis of
MgH

 

2

 

 theoretically yields more than 15 wt % of hydro-
gen in terms of the magnesium hydride used:

MgH

 

2

 

 + 2

 

H

 

2

 

O

 

 = 

 

Mg

 

(

 

OH

 

)

 

2

 

 + 2

 

H

 

2

 

. (1)

 

Magnesium is an inexpensive and readily available
metal, and the synthesis of magnesium hydride from
elements is an efficient and effective method. The low
activity of magnesium hydride synthesized from ele-
ments in air ensures its safe use. Inasmuch as the use of
acids in processes of hydrolytic hydrogen generation is
often undesirable, it is of interest to search for neutral
reagents that promote the hydrolysis of nonactivated
air-stable magnesium hydride obtained from elements.
As shown in [5], a 5% solution of ammonium chloride
rapidly and quantitatively hydrolyses magnesium
hydride obtained from elements. At the same time, it is
worth noting that the hydrolysis parameters have not
been studied as a function of the ammonium chloride
concentration and the nature of ammonium salt [5]. The
present work is aimed at studying the rate and degree of

hydrolysis of MgH

 

2

 

 as a function of the nature and con-
centration of ammonium salts.

EXPERIMENTAL

A magnesium hydride powder was obtained by
hydrogenation of magnesium with hydrogen in the
presence of 4 wt % Fe and 4 wt % V

 

2

 

O

 

5

 

 upon mechan-
ical activation in a ball mill. The sample under consid-
eration contained 

 

~75% 

 

MgH

 

2

 

 and 17% Mg. Commer-
cially available acids and ammonium salts of chemi-
cally pure and pure for analysis grades were used as
received. Solutions of HCl, H

 

2

 

SO

 

4

 

, 

 

H

 

3

 

PO

 

4

 

, 

 

NH

 

4

 

Cl

 

,
(

 

NH

 

4

 

)

 

2

 

SO

 

4

 

, (

 

NH

 

4

 

)

 

HSO

 

4

 

,

 

 and 

 

[(

 

CH

 

3

 

)

 

NH

 

3

 

]

 

Cl were pre-
pared in distilled water.

Hydrolysis of magnesium hydride was carried out in a
setup for volumetric analysis by treating a weighed sam-
ple of MgH

 

2

 

 (25–30 mg) with a definite amount of a solu-
tion of one of the above reagents (20 mL). The volume of
released hydrogen was determined volumetrically [1].

RESULTS AND DISCUSSION

Treatment of the sample with a 10% solution of
phosphoric, hydrochloric, or acetic acid led to rapid
release of hydrogen. The conversion (

 

α

 

) in the reactions
of hydrolysis caused by the action of other reagents was
assessed as the ratio of the amount of hydrogen released
in the reaction with an aqueous solution of a reagent to
the above amount of hydrogen. It is worth noting that the
reaction is highly exothermic and that, when MgH

 

2

 

 is
decomposed by a small excess of a solution (MgH

 

2

 

 : solu-
tion = 1 : 10, 1 : 20), the reaction mixture is strongly
heated. Therefore, in all experiments described below,
a large excess of an aqueous solution was used: 20 mL
of a solution per 

 

~30

 

 mg of hydride.
For comparison with earlier results [5], we studied

the hydrolysis of magnesium hydride by distilled water
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and their concentration in aqueous solutions on the hydrolysis of magnesium hydride has been studied. The
highest degree and fastest rate of hydrolysis are observed at an ammonium salt concentration of 

 

~7.5%

 

. The
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without ammonium salt additions. We found that within
30 min the degree of hydrolysis is 

 

~18%

 

 and within 24 h
57% of hydrogen contained in the sample is removed.
This is noticeably larger than the percentage described
for pure magnesium hydride (14.8% in 24 h [5]) and
can be explained by the presence of V

 

2

 

O

 

5

 

 impurities
and a smaller grain size of the sample used. An increase
in the reactivity of MgH

 

2

 

 with a decrease in the particle
size has been repeatedly found [6, 7]. Nevertheless the
sample under consideration was rather stable and con-
tained, after a month of storage in air, 

 

~85%

 

 of the ini-
tial hydrogen content. Thus, hydrolysis of magnesium
hydride with distilled water proceeds slowly and cannot
be used for realization of a rapid and controlled process
of hydrogen generation.

We tried to accelerate hydrolysis by binding of the
nascent magnesium ions by Trilon B introduced into
water; however, no acceleration of hydrolysis was
observed.

Study of the hydrolysis of magnesium hydride by
solutions of ammonium chloride with different concen-
trations showed that the presence of even a small
amount of NH

 

4

 

Cl (0.5% solution) considerably pro-
motes the hydrolysis (Fig. 1, curve 

 

2

 

): the amount of
hydrogen released in 5 min exceeds the amount of
hydrogen released within 24 h of hydrolysis in pure
water (60 and 57%, respectively). As the concentration
of ammonium chloride increases from 0.5 to 7.5%, the
hydrolysis rate increases and the conversion in the latter
case is as large as 92% in 5 min. In this solution, the
degree of hydrolysis achieved within 24 h (

 

α

 

24

 

) is also
the highest one, 95.4% (Fig. 2). A further increase in
the concentration of an NH

 

4

 

Cl solution leads to some
decrease in the hydrolysis rate and 

 

α

 

24

 

.
The influence of the nature of ammonium salts was

studied for 

 

(

 

NH

 

4

 

)

 

2

 

SO

 

4

 

, (

 

NH

 

4

 

)

 

HSO

 

4

 

,

 

 and 

 

[(

 

CH

 

3

 

)

 

NH

 

3

 

]

 

Cl.
Comparison of Figs. 1 and 3 shows that the 

 

(

 

NH

 

4

 

)

 

2

 

SO

 

4

 

concentration has approximately the same effect on the
hydrolysis rate as the NH

 

4

 

Cl concentration. Therefore,
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Fig. 1.

 

 Degree of hydrolysis of MgH

 

2

 

 by NH

 

4

 

Cl solutions of various concentration vs. process duration: (

 

1

 

) distilled water (0%
NH

 

4

 

Cl); (

 

2

 

) 0.5, (

 

3

 

) 2.5, (

 

4

 

) 7.5, (

 

5

 

) 10, (

 

6

 

) 15, and (

 

7

 

) 20% NH

 

4

 

Cl.

 

94

90

86

82

78

74

70

0 2 4 6 8 10 12 14 18 20 22

 

α

 

, %

 

NH

 

4

 

Cl

 

c

 

 , %

 

1

2

 

16

 

Fig. 2.

 

 Degree of hydrolysis of MgH

 

2

 

 vs. the concentration
of ammonium chloride achieved within (

 

1

 

) 20 min and
(

 

2

 

) 24 h.
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Fig. 3.

 

 Time dependence of the degree of hydrolysis of
MgH

 

2

 

 by 

 

(

 

NH

 

4

 

)

 

2

 

SO

 

4

 

 solutions of various concentration:
(1) 0.5 and (2) 7.5%. 
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we suggested that it would be more interesting to study
the reaction with (NH4)HSO4, an acid ammonium salt.
It can be assumed that a stoichiometric amount of
(NH4)HSO4 will suffice for the complete hydrolysis of

magnesium hydride, since the  anion will neu-
tralize the hydroxyl ion produced in hydrolysis and thus
promote the hydrolysis process. Indeed, hydrolysis in
the presence of (NH4)HSO4 proceeds somewhat more
vigorously and is more profound than in the presence of
neutral ammonium salts (Fig. 4); however, in this case
as well, a large excess of an ammonium salt is required
to ensure rapid and complete hydrolysis. As distinct
from the experiments with ammonium chloride and sul-
fate in which the highest degree of hydrolysis was 95%,
the reaction with (NH4)HSO4, like those with acids, rap-
idly leads to the complete hydrolysis of the sample
(100%). We may assume that the reaction with the
above reagents involves not only magnesium hydride
but also the impurities of iron and metallic magnesium
contained in the sample. It is likely that the reaction
with ammonium chloride or sulfate does not involve
these impurities or its depth is insignificant.

Study of the hydrolysis of MgH2 in the presence of
methylammonium chloride [(CH3)NH3]Cl showed that
the process is promoted not only by inorganic ammo-
nium salts but also by organic amine salts. However, in
the latter case, the promotion effect is considerably
weaker (Fig. 5).

Thus, our findings show that different ammonium
salts promote the hydrolysis of magnesium hydride.
The maximal acceleration of the reaction is observed at
a salt concentration of ~7.5%. (NH4)HSO4 is the best
activator of the reaction.
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Fig. 4. Time dependence of the degree of hydrolysis of
MgH2 by (NH4)HSO4 solutions of various concentration:
(1) 0.5 and (2) 7.5%. 
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Fig. 5. Time dependence of the degree of hydrolysis of
MgH2 by (CH3)NH3Cl solutions of various concentration:
(1) 0.5 and (2) 7.5%.
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