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HYDROGEN GENERATION BY THE HYDROLYSIS OF MgH2  

Yu. V. Verbovytskyy,1,2  V. V. Berezovets,1 A. R. Kytsya,1 
I. Yu. Zavaliy,1  and  V. A. Yartys3 UDC 546.3-19′11 

Magnesium hydride (MgH2 ) is a hydrogen-rich compound generating significant amounts of hydrogen 
in the process of hydrolysis, i.e., in the course of its chemical interaction with water or with aqueous so-
lutions.  This process is of great interest for the on-site hydrogen generation aimed at application of H2  
as a fuel for PEM fuel cells.  We propose a review of recent reference publications in the field and also pre-
sent the results of our own research.  The increase of the rates of  H2  release and the completeness of 
transformation of MgH2  are two important goals, which can be attained by optimizing the size of the 
powders of MgH2  by ball milling, by using catalysts added to MgH2  and to aqueous solutions, and by 
increasing the interaction temperature.  The effect of these parameters on the degree of conversion and 
the rates of hydrogen evolution are analyzed in detail and the best systems to reach the efficient hydroly-
sis performance are identified.  The mechanism of catalytic hydrolysis is proposed, while further  
improvements of the process of hydrolysis are required and additional studies of this important topic 
are needed.  
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Introduction 

Magnesium hydride  (MgH2 )  is obtained from magnesium, which is an inexpensive metal abundant on the  
Earth and characterized by a high theoretical hydrogen storage capacity of 7.6 wt.% H.  Hydrogen can be ob-
tained as a result of hydrolysis of MgH2 ,  which gives double as much H2  as compared with Mg according to 
the reaction:  

 Mg + 2H2O = Mg(OH)2 + 2H2 . 

The weight yield of released hydrogen is 6.4% when water is taken into account in calculations and even  
increases up to 15.2% if the water produced by the oxidation of H2  in a fuel cell is collected and used for hy-
drolysis.  It is worth noting that this reaction has an advantage of producing eco-friendly Mg(OH)2 .  When us-
ing MgH2 , the reaction of hydrolysis is rapidly terminated due to the formation of a compact layer of magnesi-
um hydroxide on the surface of the reacting material.  Several methods were proposed to increase the yield of  
hydrolysis [1–23].  The main techniques used for this purpose included ball milling, alloying, modification  
of the composition of solutions used for hydrolysis, and introduction of catalysts.  In the present paper, our aim 
is to summarize recent advances in the investigations of hydrolysis of MgH2 -based materials. 
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Fig. 1.  Experimental installation used to quantify the rates of hydrogen generation and yields. 

Materials and Experimental Procedures 

Using the designed in-house experimental setup (see Fig. 1), we studied the evolution of hydrogen during 
the reaction of magnesium hydride with aqueous solutions.  The hydrolysis reactor consisted of a 250 cc reaction 
flask with five openings aimed at mixing powder, water, and additives.  The flask was placed in a water bath and 
the temperature was kept constant during the reaction.  A thermometer and a sensor of the pH meter were im-
mersed in the reactor to control the conditions of the reaction.  Reactions were performed in an Ar atmosphere, 
and the produced gas was passing through a Sierra-100 flowmeter.  We used both commercially available 
MgH2  and magnesium hydride synthesized in our lab as a result of the reaction of metal Mg with H2 . 

In the reference data, the researchers studied the commercial MgH2  (95%, Goldschmidt) [1, 3–5], 95% MgH2  
of the Sigma-Aldrich, Inc. [2, 14–16, 19], and MgH2  laboratory produced by direct hydrogenation  [6, 7, 11] or 
synthesized as a result of hydriding combustion synthesis (HCS) by utilizing Mg99Ni1  [12, 20, 22] as a source 
of metal Mg. 

Ball Milling 

The influence of ball milling on the morphology and sizes of MgH2  powders as related to its interaction 
with water was considered in numerous publications [1, 3, 4, 7, 15, 19].  As a result, a conclusion was made that 
mechanical preliminary activation increases the reactivity of MgH2  (Table 1). 

According to [1], the process of hydrolysis of MgH2  terminated after just 1 min.  The measurements of the pH 
value of the solution showed that it reached 10.5 for the first few minutes of hydrolysis.  According to the poten-
tial–pH equilibrium diagram, the concentration of the soluble species of Mg2+  was only 10−4  M  for  pH 10.5.  
Therefore, after only 1 min of hydrolysis, the pH value of the solution becomes sufficiently high to reduce the 
solubility of Mg2+  to a negligible level.  This may explain the sudden stop of the initial burst of the reaction,  
as the formation of insoluble magnesium hydroxide on the surfaces of grains prevents the penetration of a water 
solution to unreacted MgH2 .  
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Fig. 2. Time dependences of hydrogen generation rates for milled MgH2  (a) and MgH2  containing 10 wt.% graphite (b) in pure water. 

Table 1 
Parameters of Materials and Hydrogen Generation Yield 

Origin of MgH2  Milling time 
Specific surface MgH2 , 

m2 /g  

Hydrogen yield  
(%/mliter H2 /g)  

at time t
Literature 

Goldschmidt 0 h 1.2 9% (1 h) [1] 

Goldschmidt 10 h 9.7 18% (1 h) [1] 

As-prepared 5 min 5.4 22% (40 min) [7] 

As-prepared 1 h 2.8 18% (40 min) [7] 

As-prepared/10% C 5 min 14 26% (40 min) [7] 

As-prepared/10% C 1 h 27 62% (40 min) [7] 

Sigma-Aldrich 3 h – –/395 (5 min) [15] 

Sigma-Aldrich 2 h – –/422 (50 min) [19] 

Sigma-Aldrich 5 h – 34%/584 (50 min) [19] 

The ball-milling method may effectively increase the reaction rate and the yield of hydrogen generation 
(Fig. 2a).  This phenomenon could be explained by the fact that the ball milling process refines the particle and 
grain sizes and increases the specific surface area.  In addition, the introduction of structural defects and the 
formation of nanocrystalline structures are also beneficial for the hydrolysis of MgH2  [7].  Although the ball 
milling improves the hydrolysis properties of MgH2 -based materials, the hydrolysis of MgH2  was still inter-
rupted due to the formation of a passivation layer of magnesium hydroxide. 

According to [3], the highest reactivity is attained for a 30 min milled MgH2 , which shows a conversion 
yield of 26% as compared to 9% for the unmilled MgH2  powder.  The specific surface area of a powder 
milled  for  30 min  displays  a  maximum  of  12.2 m2 /g .  Further  milling  reduces  the  specific  surface  area  due to  
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Table 2 
Hydrogen Generation Yields for Different Salt Additives 

Materials Solution 
Hydrogen yield  
(%/mliter H2 /g)  

after  t  
Reference 

MgH2  milled for 30 min 1 M KCl 37/656 (1 h) [4] 

MgH2 /10% Ni milled for 30 min 1 M KCl 39/564 (1 h) [4] 

MgH2 /3 M MgCl2  milled for 30 min H2O  61/964 (1 h) [5] 

MgH2 /10 M MgCl2  milled for 30 min H2O  75/– (1 h) [5] 

MgH2 /4% Fe/4% V2O5  7.5% NH4Cl 92/– (5 min) [6] 

MgH2 /4% Fe/4% V2O5  7.5% (NH4 )HSO4  100/– (20 min) [6] 

HCS MgH2 /1% Ni 0.5 M MgCl2  96/1635 (30 min) [12] 

Sigma-Aldrich MgH2  27.1 % NH4Cl 99/1711 (10 min) [15] 

MgH2  milled for 3 h 0.05 M MgCl2  –/1137 (1.5 h) [15] 

MgH2 /0.024 M MgCl2  milled for 1 h H2O  85/– (1 h) [18] 

MgH2 /0.024 M ZrCl4  milled for 1 h H2O  94/– (1 h) [18] 

MgH2 /5% MgCl2  milled for 5 h H2O  68/1094 (1 h) [20] 

MgH2 /10% NH4Cl milled for 5 h H2O  86/1311 (1 h) [20] 

the particles agglomeration.  A specific surface area of 7.8 m2 /g  and a conversion yield of 16% were observed 
for the 10 h-milled MgH2  powder.  From the extrapolation of the fitting curve of conversion yield of MgH2  
powders vs. their effective surface area, a yield of 100% might be reached for the MgH2  powder with an effec-
tive surface area of  23 m2 /g  [4].  

Note that carbonaceous materials are of especial interest as additives enhancing the efficiency of the mech-
anochemical treatment of magnesium hydride.  The reaction of the MgH2–graphite composites with water was 
studied in [7], and some data are displayed in Fig. 2b.  These data show an increase in the H2  yield caused by the 
addition of graphite. 

Effect of Salts 

The studies of the effect salt additives on the kinetics of hydrolysis of magnesium hydride were per-
formed  depending  on  the  contents  of  additives.  In  particular,  the  following  solutions  of  salts  [3, 4, 6]  or  acidic 
salts and MgH2  [6, 9] and MgH2 /salt composites [5, 18, 20] hydrolyzed by using distilled/tap/sea water (Table 2)  
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Fig. 3. Hydrogen generation curves from the hydrolysis of MgH2  with various additions of MgCl2   [(a): (1) 4 wt.% MgCl2 ; 
(2) 11.5 wt.% MgCl2 ; (3) 21 wt.% MgCl2 ] [23] and additions of different chlorides [(b): (1) MgH2 ; (2) MgH2 + 3% NaCl; 
(3) MgH2  + 3% MgCl2 ;  (4) MgH2  + 3% NH4Cl ] [20].  

were studied.  Among the salts, chlorides were in focus [3–6, 12, 15, 18, 20, 23].  The mechanism of hydrolysis 
of MgH2  directly depends on the pH value of the formed solution [9].  The hydrolysis of MgH2  with acidic 
salt solutions gives a maximum conversion and shows a high hydrogen release rate [6, 9].  The increase in the 
salt content (up to a certain limiting value) in a solution or composite leads to an increase in hydrogen yield.  
The addition of nickel as a catalytic additive to pure magnesium hydride does not have a noticeable effect on the 
yield of the hydrolysis process, while the presence of magnesium in the material reveals a performance competi-
tive with MgH2 .  Nickel exhibits low electrochemical potential of hydrogen evolution and is a suitable cathode 
material that induces a strong galvanic corrosion of magnesium.  Thus, the use of composite materials contain-
ing Mg–Ni composites increases the yield of H2 and improves the kinetics of the hydrolysis reaction.  

The influence of the compositions of selected ammonium salts and their concentrations in aqueous solutions 
on the hydrolysis of magnesium hydride was studied in [6, 15].  The presence even of small amounts of NH4Cl 
(0.5% solution) noticeably accelerates the process of hydrolysis [6]: the amount of hydrogen released for  5 min  
exceeds the amount of hydrogen released for  24 h  in the case of hydrolysis running in pure water (60 and 57%, 
respectively).  As the concentration of ammonium chloride increases from 0.5 to 7.5%, the hydrolysis rate be-
comes higher and the degree of conversion (in the second case) also becomes much higher  (92% for 5 min).  
In this solution, the degree of hydrolysis attained for  24 h  (α24 ) also takes the highest values  (95.4%).  A sub-
sequent increase in the concentration of NH4Cl solution leads to a decrease both in the hydrolysis rate and 
in α24 .  The (NH4 )2SO4  revealed almost the same effect on the hydrolysis rate.  The hydrolysis in the presence  
of (NH4 )HSO4  runs faster and to a more profound extent than in the presence of the neutral ammonium salts.  
The HSO4

−  anions neutralize hydroxyl ions produced in the course of hydrolysis and, thus, promote the hydroly-
sis process.  Indeed, the complete hydrolysis  (100%)  with (NH4 )HSO4  was observed after less than  30 min.  

The reaction of hydrolysis of MgH2  in aqueous solutions of magnesium chloride was studied in [12, 15, 23].  
It is worth noting that, in the presence of MgCl2 , the hydrogen yield is higher than in pure water (Fig. 3a).  Ac-
cording to [12] and [15], the hydrogen yield was equal to  1635 mliter/g  and 1137 mliter/g  in 0.5 M MgCl2  and 
in 0.05 M MgCl2  after 50 and 90 min,  respectively.  However, the effect of chlorine ions on the process of crys-
tallization of magnesium hydroxide on the surface of MgH2  is not completely clear, even despite the fact that 
these ions definitely affect the degree of hydrolysis.  

Various hydrolysis reactions between MgH2 /salt composites and distilled water were described in [5, 18, 20].  
The composites were prepared by milling MgH2  with a certain amount of salt in argon for up to 10 h.  The effects  
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Fig. 4. Time dependences of hydrogen generation for the reaction of MgH2  with solutions of various chlorides  [(a): (0) none; (1) NaCl; 
(2) ZnCl2 ; (3) AlCl3; (4) ScCl3 ; (5) FeCl3 ; (6) TiCl3; (7) MgCl2 ; (8) ZrCl4 ] and the relationship between the experi-
mental [18] and the calculated pH values for the analyzed solutions (b). 

of the duration of milling and the concentration of salt in MgH2 /MgCl2  composites were studied in [5].  The pro-
cedure of milling magnesium hydride with salts always leads to a severalfold increase in the specific surface 
area.  However, the indicated increase appears to be not proportional to the duration of milling.  

A clear correlation between the yields of hydrogen and the values of specific surface area was not observed.  
The authors indicated that the exothermic dissolution of magnesium chloride may also affect the rate of conver-
sion and the extent of MgH2 .  As a reference point, the level of conversion yield as high as  81%  was obtained 
by using  the MgH2–10 mole % MgCl2   composite milled for  10 h. 

The influence of the nature of cations contained in chloride salts and the amount of salts was studied in [20].  
The MgH2 /NaCl, MgH2 /MgCl2  and MgH2 /NH4Cl composites were prepared with 3, 5, and 10% of salt and 
MgH2  synthesized by HCS (Fig. 3b).  Hydrogen yield increases with the increase in the salt content in the fol-
lowing sequence:  NaCl–MgCl2–NH4Cl.  The NH4Cl has the strongest effect on the kinetics of the process of 
hydrolysis as compared wit the other two chlorides.  At room temperature, the MgH2−10% NH4Cl composite 
exhibits the best performance with a hydrogen generation yield of  1311 mliter/g  and a conversion rate of  
85.69%  for 60 min.  

The effect of the nature of cations on the hydrolysis of MgH2 /salt composites was studied in more detail 
in [18], where several chlorides, including NaCl, ZnCl2 , AlCl3 , ScCl3, FeCl3, TiCl3, MgCl2 , and ZrCl4 , were 
used (Fig. 4a). 

Several time-dependent diagrams are constructed and reveal the development both of the degree of conver-
sion of MgH2  and of the pH value of the reaction mixture.  Among the above-mentioned composites containing 
0.024 mole-equivalent of all additives, the weakest effect on hydrolysis is observed when using sodium chloride, 
while the strongest effect is recorded for zirconium chloride.  All other salts exert intermediate effects on the 
kinetics of hydrolysis and hydrogen yield.  It can be seen that the salts with higher oxidation states of the cations 
are more efficient in facilitating hydrolysis. In all cases, the degree of conversion is inversely related to the pH 
value of the solution and, therefore, the lowest value was obtained for ZrCl4  with  pH = 9.8.  It was assumed 
that the behavior of this type is related to the following activation mechanisms: 

A.  The formation of poorly soluble hydroxides of additive metals obtained as a result of hydrolysis accord-
ing to the reaction  
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 [M(OH)n ]z+ + H2O→ [M(OH)n+1](z−1)+ + H+  

or  

 MCln+ nH2O→ M(OH)n↓ + nHCl .   

This process dynamically buffers the reaction solution and lowers its pH value in the initial stage of the pro-
cess, which improves both the kinetics of the reaction and hydrogen yield. 

B.  The formation of metal hydroxides induces the predominant appearance of stable (crystalline)  
Mg(OH)2  or co-precipitation products based either on Mg(OH)2 ⋅M(OH)n ⋅H2O or, in the case of MgCl2 , 
on  MgCl2 ⋅ 3MgO ⋅11H2O .  These products are less soluble than  Mg(OH)2   and the pH values of the solu-
tions decrease.  Furthermore, the formation of stable crystalline Mg(OH)2  takes place due to a decrease in the 
nucleation rate and an increase in the crystal-growth rate. 

The effect of anions was studied by replacing chlorides with bromides in sodium, magnesium and zirconium 
salts.  The behavior of bromides is similar to the behavior of chlorides as a decrease in the pH value is also observed.  
The hydrogen yield (86% and 99%  obtained after 1 h by using MgBr2  and ZrBr4  as additives, respectively) was 
not significantly different for the analyzed two salts but bromides exhibited faster reaction kinetics.  Furthermore, 
it should be emphasized that zirconium bromide acts as the best activator of the hydrolysis reaction among all test-
ed salts. 

Our studies of the effect of metals that form chlorides on the hydrolysis reaction show an increase in the re-
action yield as the concentration of Cl–  increases.  The hydrolysis of magnesium hydride was performed with 
additions of metal chlorides with cations whose valence varies from 1 to 4  (NaCl/MgCl2 /AlCl3 /ZrCl4 ).  
The conversion rate of the reaction appears to be directly related to the concentration of chlorine anions.  
The cations can also affect the behavior.  Selected metal chlorides (except NaCl) act as Lewis acids and decrease 
the pH value of the solution during their dissolution; this increases the degree of conversion [23].  

We believe that the outlined assumptions concerning the possible mechanism of activation of the hy-
drolysis of MgH2 in the presence of metal chlorides can be complemented by the hypothesis of formation of 
a “Mg(OH)2  + MgCl2” buffer system in the late stages of transformation.  This assumption is supported by 
a very good correlation  (R2  = 0.997)  between the experimental [18] and calculated  (pH(calc))  pH values de-
scribed by the following equation  (see Fig. 4b):  

 pH = 14 − pKMg(OH)2 + log [Mg(OH)2 ]/[MgCl2 ]. 

Effect of Acids 

The effect of acids on the hydrolysis of magnesium hydride was studied in [2, 11, 13, 14, 21, 23].  At room 
temperature, the action of acids results in a significant increase in the conversion of MgH2  in the course of the 
hydrolysis reaction, even without catalysts or in the absence of the activation treatment of MgH2  (Table 3).  
Significant amounts of hydrogen can be obtained either by using inorganic [14] or organic acids, e.g., acetic acid 
with a platinum catalyst [2], or by heating reaction mixtures [21] in the laboratory experiments.  However, 
the commercial application of acids appears to meet drawbacks being both expensive and not practically viable 
due to the presence of significant corrosion of the reactor interior in acidic solutions.   Thus, considerable attention  
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Fig. 5. Time-dependent yield of gaseous hydrogen for different concentrations of citric acid in aqueous solutions (mole/dm3) (a) [11] and 
in composites  (weight ratio MgH2 /citric acid) (b) [23]. 

Table 3 
Hydrogen Generation Yield for Different Acids 

Materials Solution 
Hydrogen yield  
(%/mliter H2 /g)  

after  t  
References 

Aldrich MgH2  (50 mg) 5 g 2 wt.% CH3COOH   
+10 mg Pt – LiCoO2  97/ – (1 h) [2] 

As-prepared MgH2  0.1 M C3H5O(COOH)3  99/ > 1600 (30 min) [11] 

MgH2  (0.36 M) 0.92 M C3H5O(COOH)3  100/ – (1 h) [13] 

Aldrich MgH2  HCl (pH = 1) 100/ – (100 sec) [14] 

Aldrich MgH2  milled for 3 h HCl (pH = 2) 55/ – (25 min) [14] 

Rockwood MgH2  (1.2 g) 50 wt. % CH3COOH  –/15 (5 min) [21] 

is now focused on the investigation of the effect of citric acid (2-hydroxypropane-1,2,3-tricarboxylic acid, 
C6H8O7) on the reaction with magnesium hydride [11, 13].  It should be noted that, in a dilute solution of citric 
acid, parallel with the hydrolysis reaction, we observe either the direct interaction between MgH2  and C6H8O7  
or the formation of salt as a result of the reaction of acid with magnesium hydroxide. 

The choice of the most effective acid (as an accelerator of the MgH2  hydrolysis reactions) was performed, 
by using the analysis of chemical equilibrium conditions, in [11].  The proposed approach allows us to calculate 
the effect of weak organic acids on the concentration of magnesium ions after hydrolysis.  The authors suggest-
ed  to  use  citric  acid  or  EDTA  as  efficient  buffering  agents.  The  experimental  results presented in Fig. 5a show  
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Table 4 
Relationship Between the Conversion Yield and the pH Values of Solutions for  

Different Contents of Citric Acid  

Composition  
MgH2 /C6H8O7 ,  

wt.% 

Yield  
for MgH2 (exp),  

% 

Yield  
for MgH2 (calc),  

% 
pH(exp) pH(calc)1 

1/0 16 – – – 

2/1 12 10 – – 

1/2 56 59 – – 

1/4 81 81 – – 

1/5 100 100 3.9 3.6 

1/10 100 100 4.83 4.98 

Comments: 1. The рН values are found from the following equation for a buffering solution:   

pH = p K + log[BA]/[HA],   

where [HA] and [BA]  are the concentrations of citric acid and its corresponding salt. 

a clear dependence of the hydrogen yield on the concentration of citric acid.  As expected, the degree of conver-
sion was rather low (only 13%) in distilled water after  30 min  because the passive Mg(OH)2  layer was formed 
on the surface of the unreacted MgH2 .  Hydrogen release considerably increases if we use a relatively dilute so-
lution of citric acid.  Both the rates of hydrogen generation and conversion yields increase for higher concentra-
tions of the solutions of citric acid.  For a low concentration  (0.01 mole/liter),  the reaction proceeded to  40% 
after  30 min.  The reaction in a 0.1 mole/liter citric acid runs up to  99%  of completion after 30 min, which 
means that the yield is 7.7 times higher than in distilled water.  Note that, in the described process, citric acid 
acts only as a proton donor.  This conclusion is based on the analysis of the reference data and also on our own 
results (Fig. 5b) [23].  The experimental and computed values of the conversion yield and the pH values of the 
solutions after the completed reaction obtained by using an excess of citric acid are in good agreement with each 
other (Table 4).  

MgH2 /Metal Hydride Composites 

The increase in the rates of hydrolysis reactions is observed if we use the mixtures of MgH2  with calcium 
hydride (Table 5).  Calcium hydride was either added to the mixture or formed as a result of milling with MgH2  
[1, 10].  The phase-structural compositions and the hydrolysis reactions for ball-milled MgH2–Ca and MgH2–
CaH2  mixtures were studied as a function of the duration of milling and the ratio of the components [1].   
The nanocomposites formed by milling show a faster hydrolysis reaction, as well as a higher hydrogen yield as 
compared with the conventional polycrystalline materials.   
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Fig. 6.  Time-dependent curves of hydrogen release in the course of hydrolysis of  MgH2  + X mole% Ca  milled nanocomposites. 

Table 5 
Hydrogen Generation Yields Obtained by Using Different Additives 

Materials Solution 
Hydrogen yield  
(%/mliter H2 /g)  

after  t  
References 

MgH2 /20.3 mole % CaH2  milled for 10 h H2O  80/– (30 min) [1] 

MgH2 /10 mole % CaH2  milled for 1 h H2O  95/1389 (1 h) [10] 

5 MgH2 /LaH3  milled for 4 h H2O  –/1195 (80 min) [15] 

4 MgH2 /LiNH2  milled for 2 h H2O  73/1016 (50 min) [19] 

This improvement is explained by the formation of calcium hydride as a result of milling and the formation 
of a MgH2  + CaH2  mixture of fine powders after extensive milling.  When using the MgH2–20.3 mole % 
CaH2  milled mixture, the reaction yield becomes as high as  80% after 30 min of hydrolysis.  In Fig. 6, we illus-
trate the effect of the Ca content in MgH2–Ca nanocomposites ball milled for  10 h.  As the calcium content in-
creases, both the hydrolysis rate and hydrogen yield significantly increase.  It can be seen that the shapes of the 
time-dependent curves of completion of the reaction vary depending on the composition.  These changes proba-
bly reflect the fact that the hydrolysis reaction has various stages with variable contributions of different stage 
components to the complex overall process, as the milled composites comprise  β -MgH2 , γ -MgH2 , CaH2 , 
Mg, and Ca.  There is no strong relationship between the sizes of powders and the specific surface areas of the 
materials in the composites and the yield of the hydrolysis reaction.  It is of interest that the specific surface area 
of the milled composites decreases (from 9.7 to 3.4 m2 /g )  as the calcium content increases.  This takes place 
due to the high ductility of calcium, which acts as a binding component.  

The hydrogenated Mg17Al12  alloy was used to produce hydrogen as a result of hydrolysis in [10].  The hy-
drogenation and hydrolysis reactions can be described by the following paths:   

 Mg17Al12 +17H2 = 17MgH2 +12Al 
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Fig. 7.  Hydrogen generation curves for the composites with atomic ratios  MgH2 –LaH3  (a)  and  16MgH2–LiNH2  (b). 

and  

 17MgH2 +12Al + 70H2O = 17Mg(OH)2 +12Al(OH)3 + 52H2 . 

However, the reaction of hydrolysis of MHA without additives was rapidly interrupted as a result of the for-
mation of a passive layer on the surfaces of the particles.  As expected, the addition of CaH2  with the help of 
ball milling appears to be an efficient way to improve the yield of hydrolysis when using the mixtures [10].  
As calcium hydride very actively reacts with water and shows a considerable exothermic effect, this results in 
a local heating at the points of contact of CaH2  with magnesium hydride, which facilitates the process of hy-
drolysis.  The best effect was observed for the Mg17Al12  + 10 wt.% CaH2  mixture ball milled for 1 h, which 
produced 1389 mliter H2 /g at  70°C  after 1 h of hydrolysis in pure water (with a hydrogen yield of  94.8%). 

The formation of microgalvanic pairs observed when using transition elements in the course of hydrolysis is 
advantageous and promotes achieving higher hydrogen yields [15, 17].  According to [15], the use of milled com-
posites in the reaction of hydrolysis with REM hydrides results in a more active hydrolysis.  The additions of 
nickel to these composites also have a positive effect on the hydrogen yield.  Indeed, the MgH2 /LaH3/Ni com-
posite exhibits the highest hydrogen generation rate equal to  120 mliter/g·min  for the first 5 min as compared to 
MgH2 /LaH3 composite with  95 mliter/g·min. 

The hydrogen generation curves of ball-milled MgH2  and LaH3 mixed in variable atomic ratios are shown 
in Fig. 7a.  The MgH2 /LaH3  composites with atomic ratios of 3:1 and 8.5:1 may generate  706.7 mliter/g  of H2  
for 40 min and  473.0 mliter/g  of H2  for 60 min, respectively.  

The highest observed hydrolysis yield is equal to 1195 mliter/g of H2  for 80 min and belongs to the compo-
site with the optimal mole ratio of 5:1 [15].  The investigations of the other multicomponent hydride composi-
tions show that the composite formed in the H–Mg3Mm  system exhibits a higher yield of the hydrolysis reac-
tion together with the highest hydrolysis rate and produces  828 mliter/g H2   for 15 min and 1097 mliter/g of 
H2   for 36 h of the hydrolysis process, respectively.  

The MgH2 /LaH3/Ni composite obtained as a result of hydrogenation of La2Mg17 /Ni in the course of mill-
ing under a pressure of  7 MPa H2   showed the best results [17].  It released 1208 mliter/g of hydrogen for 40 min 
at room temperature and showed a reduced activation energy of the process of hydrolysis equal to  52.9 kJ/mole.  
This is explained by milling and by the catalytic influence of LaH3  and Ni.  

Another system investigated in the hydrolysis reactions was formed by the air-stable MgH2 /LiNH2  compo-
sites (Table 4) [19].  In this case, LiNH2  greatly enhances the rate of the reaction of MgH2  hydrolysis.   
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Table 6 
Calculated Activation Energies for Some Materials Studied in the Hydrolysis Systems 

Materials Solution Ea  (exp) References 

Sigma Aldrich MgH2  H2O  58.06 kJ/mole [16] 

Sigma Aldrich MgH2  0.5 wt.% NH4Cl 50.86 kJ/mole [16] 

Sigma Aldrich MgH2  4.5 wt.% NH4Cl 30.37 kJ/mole [16] 

La2Mg17 /Ni = 1/0.1 mole/H2  H2O  52.9 kJ/mole [17] 

Milled 32MgH2  – 1LiNH2  H2O  52.5 kJ/mole [19] 

Milled 8MgH2  – 1LiNH2  H2O  22.0 kJ/mole [19] 

Milled 2MgH2  – 1LiNH2  H2O  14.9 kJ/mole [19] 

MgH2  (HCS) 0.1 M AlCl3  34.68 kJ/mole [22] 

MgH2  (HCS) 0.5 M AlCl3  21.64 kJ/mole [22] 

The 4MgH2 -LiNH2  composition milled for 5 h generates 887.2 mliter/g of hydrogen for the first minute of 
the process and  1016 mliter/g  of hydrogen for the next  50 min.  The LiOH ⋅H2O and NH4OH  phases formed as 
the products of hydrolysis during the interaction of LiNH2  with water may prevent the formation of a pas-
sivation layer of Mg(OH)2  on the surface and supply sufficiently many channels for the hydrolysis of MgH2 .  
The effect of ball milling was also studied by the authors for the 16MgH2–LiNH2  composite.  The accumulated 
results indicate that the process of hydrolysis is facilitated as the duration of milling increases (Fig. 7b).  
The highest hydrolysis rate and hydrogen generation yield were obtained for the sample milled for  10 h.  Its spe-
cific hydrogen yield reached  823.8 mliter/g  within the first  5 min  and  1058.5 mliter/g  for a period of  80 min. 

Effect of Temperature 

As expected, the elevation of the hydrolysis temperature leads to an increase both in the reaction rates and 
in the hydrogen yields [8, 13, 16, 17, 19, 22].  The evaluation of the apparent activation energy  (Ea)  of hydrol-
ysis reactions computed according to the Arrhenius equation and based on the analysis of the kinetic curves of 
hydrogen generation at different temperatures shows that various additives may significantly decrease the values 
of  Ea   (see Table 6). 

CONCLUSIONS 

The process of hydrogen generation by the hydrolysis of MgH2  or MgH2 -based composites containing ad-
ditives can be improved by high-energy ball milling, by adding catalysts, salts, and acids, or at elevated tempera-
tures.  The process of ball milling results in a remarkable increase in the reactivity of MgH2  due to the increase in 
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the specific surface area.  However, the duration of milling should not exceed one hour because this would lead to 
the agglomeration of particles and the obtained materials would exhibit worsening of their hydrolysis properties. 

The hydrolysis of MgH2  strongly depends on the pH values of the applied aqueous solutions.  A decrease in 
the pH value significantly speeds up the kinetics of interaction and increases the yield of released hydrogen.  
Hence, the application of acids or acidic salts for hydrogen generation shows a positive effect.  The environment 
friendly and inexpensive citric acid shows the best effect.  The addition of salts has an advantageous effect on 
the hydrolysis reaction.  Salts are low-cost and easy-to-use materials.  Moreover, even small amounts of salts 
may cause high rates of hydrogen evolution and significant reaction yields.  Among various salts, we can men-
tion the salts containing divalent cations (or cations with higher valence), such as MgCl2 , FeCl3, AlCl3 , ZrCl4 , 
and ZrBr4 ,  as exhibiting the most pronounced effect on the reaction kinetics and the yield of the MgH2  hydrol-
ysis process.  Despite a clear influence on the pH value of the aqueous solution, which affects the reaction kinet-
ics and yield, the role of salts is not completely clear.  Thus, additional investigations of the effect of salts and 
the mechanisms of their influence on the hydrolysis of MgH2  are required. 
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