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Magnesium hydride Mgklis a hydrogen-rich compound which generates sigmific
amount of hydrogen by a hydrolysis process — itrgbal interaction with water or with
aqueous solutions. This process is of great intéoeon-site hydrogen generation aimed
at use of Has a fuel for PEM fuel cells. The present paperrsview of the recent reference
publications on the topic which also presents tiselte of the own research. Increase of
the rates of klrelease and a completeness of transformation dfi,Mge two important
goals which can be reached by: optimizing sizehef powders of Mgklby ball milling;
using catalysers added to MgHIind to the aqueous solutions; increasing the teatyre

of interaction. The effect of these parametershaneixtent of conversion and the rates of
hydrogen evolution are analysed in detail and & bystems to reach the efficient hydro-
lysis performance are identified. The mechanisncathlytic hydrolysis was proposed
while further improvements of the hydrolysis procassrequired and need further studies
of this important topic.

Keywords. hydrogen, magnesium hydride, composites, hydrolygtrpogen energy.

Introduction. Magnesium hydride (Mg} if formed by inexpensive and abundant
on Earth magnesium metal and has a high theordidlogen storage capacity of
7.6 wt.% H. Hydrogen can be obtained by hydrolydi$igH, and it provides double
as much Has compared to Mg according to the reaction: N3O = Mg(OH), + 2H,.
The weight yield of the released hydrogen is 6.4%@nvwater is accounted in the
calculations and it even increases to 15.2% ifhter produced by oxidation of,hh
the fuel cell is collected and used for the hyds@yreaction. Importantly, this reaction
has an advantage of producing eco-friendly Mg(®M}hen using Mghl the hydro-
lysis reaction quickly stops due to the formatidnaocompact layer of magnesium
hydroxide on the surface of the reacting matefialincrease the yield of the hydrolysis
process, several methods have been proposed [TH28]main techniques included
ball milling, alloying, modification of the compdiin of the hydrolysis solution,
introduction of catalysts. In present paper, we airmummarizing the recent advances
in the studies of hydrolysis of MgHbased materials.

Materials and experimental methods. Using the designed in-house experimental
setup (see Fig. 1), we studied the evolution ofrbgdn during the reaction of magne-
sium hydride with aqueous solutions. The hydrolysector consisted of a 250 cc reac-
tion flask with five openings where the powder, evaand additives were mixed. The
flask was placed into a water bath and the temperatas maintained constant during
the reaction. A thermometer and a sensor of a ptémmere immersed into the reactor
to control the conditions of the reaction. Readiowere performed under Ar
atmosphere and the produced gas was passed thaoflglv-meter Sierra 100. We
used commercially available Mgkas well as magnesium hydride synthesized in our
lab by a reaction of Mg metal with,H
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In the reference data, commercial Mg85%, Goldschmidt) [1, 3-5], 95%, Sigma-
Aldrich Inc. [2, 14-16, 19], and laboratory proddd®y direct hydrogenation MgH®6,
7, 11] or synthesized by using hydriding combusggnthesis (HCS) when utilizing
MggoNiy [12, 20, 22] as a source of Mg metal, were studied

Ball milling. The influence of ball milling on the morphology aside of Mgh
powders as related to its interaction with wates wansidered in a number of publi-

cations [1, 3, 4, 7, 15, 19]. In was concluded thathanical preactivation increased
the reactivity of MgH (Table 1).

Table 1. Parameters of materials and hydrogen generation yield

orgnormgh, | M | S e e Mt | e
Goldschmidt Oh 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 1h 2.8 18% (40 min) [7]
As-prepared / 10% C 5 min 14 26% (40 min) [7]
As-prepared / 10% C 1h 27 62% (40 min) [7]
Sigma-Aldrich 3h - — /395 (5 min) [15]
Sigma-Aldrich 2h - — /422 (50 min) [19]
Sigma-Aldrich 5h - 34% / 584 (50 min) [19

According to [1], hydrolysis of Mgkistopped after just about 1 min. Measurements
of the pH of the solution showed that it reached 19 the first few minutes of hydro-
lysis. From the potential-pH equilibrium diagrarhe tconcentration of the soluble
species of M§ was only 10° M at pH 10.5. Therefore, after only 1 min of hyigsis,
the pH of the solution became high enough to redueesolubility of Mg* to a negli-
gible level. This may explain the sudden stop efitiitial burst of the reaction, as the
formation of insoluble magnesium hydroxide at theface of the grains will prevent
the water solution from reaching unreacted MgH
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Fig. 1. Experimental setup used to quantify hydrogeneration rates and yields.

The ball-milling method can effectively increase tteaction rate and yield of
hydrogen generation (FigaR This phenomenon could be ascribed to the fautttie
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ball milling process refines the particle and grsizes, and increases the specific sur-
face area. In addition, the introduction of struatulefects and formation of nanocrys-
talline structures are also beneficial for the Mdiydrolysis [7]. Although the ball
milling improves the hydrolysis properties of Mgblased materials, the hydrolysis
reaction of MgH was still interrupted because of the formatioragfassivation layer
of magnesium hydroxide.

According to [3], the highest reactivity is obtainfer a 30 min milled Mgkl which
shows a conversion yield of 26% as compared to @the unmilled MgH powder.
The specific surface area of 30 min milled powdspldys a maximum of 12.2 .
Further milling reduces the specific surface araa tb the particles agglomeration.
The specific surface area of 7.8/gnand conversion yield of 16% were observed for
10 h milled MgH powder. From extrapolation of the fitting curveaminversion yield
of MgH, powders vs their effective surface area, a yi¢ltl0®% might be reached for
MgH. powder having an effective surface area of 28]

From the additives enhancing the efficiency of iechanochemical treatment of
magnesium hydride, carbonaceous materials arecplartly interesting. The reaction
of the MgH—graphite composites with water was studied in §figd some data are
displayed in Fig. B, showing increase of Hield caused by the addition of graphite.
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Fig. 2. Time dependences of hydrogen generati@s fat the milled Mgkl (a)
and MgH containing 10 wt.% graphit®)in pure water.

Effect of salts. The studies of the salt additives on the hydrolisigtics of mag-
nesium hydride were performed as related to théeodmf the additives. In particular,
the following solutions of salts [3, 4, 6] or addialts and MgHl[6, 9] and MgH/salt
composites [5, 18, 20] hydrolyzed using distillag/sea water (Table 2) were studied.
Among the salts, chlorides were in focus [3-6, 12,18, 20, 23]. The mechanism of
hydrolysis of Mgh directly depends on the pH of the formed soluf@n Hydrolysis
of MgH, with acidic salt solutions gives a maximum coni@rsand shows a high
hydrogen release rate [6, 9]. Increase of thecsaitent (but to a certain limiting value)
in solution or composite leads to the increaseydfdgen yield. Addition of nickel as a
catalytic additive to pure magnesium hydride doafsrasult in a noticeable effect on
the yield of the hydrolysis process, while havinggmesium in the material shows a
competitive with MgH performance. Nickel exhibits low electrochemicatgntial of
hydrogen evolution and is a suitable cathode naténat induces a strong galvanic
corrosion of magnesium. Thus, the use of composéterials containing Mg—Ni com-
posites will increase the yield otldnd improves the kinetics of the hydrolysis resucti

The influence of the composition of the selectedramum salts and their con-
centration in aqueous solutions on the hydrolysimagnesium hydride were studied
in [6, 15]. The presence of even a small amoumtéfCl (0.5% solution) considerably
promotes the hydrolysis [6]: the amount of hydrogeleased in 5 min exceeds the
amount of hydrogen released within 24 h duringhty@rolysis process in a pure water
(60 and 57%, respectively). As the concentratioarnmonium chloride increases from
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0.5 to 7.5%, the hydrolysis rate increases anadneersion in the latter case becomes
significantly higher (92% in 5 min). In this solofi, the extent of hydrolysis achieved
within 24 h x,4) is also the highest (95.4%). Further increasthefconcentration of
NH,4CI solution leads to some decrease in the hydolsgte andx,,. The (NH).SO,
showed approximately the same effect on the hydi®lyate. The hydrolysis in the
presence of (NEJHSQO, proceeds faster and in a more profound extent thahe
presence of the neutral ammonium salts. The A8@ion neutralizes the hydroxyl ion
produced in the hydrolysis and thus it promoteshiydrolysis process. Indeed, a com-
plete hydrolysis (100%) with (NPHSO, was observed after less than 30 min.

Table 2. Hydrogen generation yields with different salt additives

Materials Solution (%I_}yritjglze/g)y:flgrt L'ttfrrj'
30 min milled MgH 1 MKCI 37 /656 (1 h) [4]
30 min milled MgH / 10% Ni 1 MKCI 39/564 (1 h) [4]
30 min milled MgH / 3 M MgClh H,O 61/964 (1 h) [5]
30 min milled MgH / 10 M MgCl, H,O 75/—-( h) [5]
MgH2 / 4% Fe | 4% YOs 7.5% NHCI 92 /- (5 min) [6]
MgH. / 4% Fe / 4% V205 7.5% (NJHSO, | 100/ — (20 min) [6]
HCS MgH, / 1% Ni 0.5 M MgC} 96 / 1635 (30 min) [12]
Sigma-Aldrich Mgh 27.1 % NHCI 99 /1711 (10 min) [15]
3 h milled MgH, 0.05 M MgC} —/1137 (1.5h) [15]
1 h milled MgH, / 0.024 M MgC} H,O 85/— (1 h) [18]
1 h milled MgH / 0.024 M ZrC} H,O 94/- (1 h) [18]
5 h milled MgH / 5% MgC}h H,O 68 /1094 (1 h) [20]
5 h milled MgH / 10% NHCI H,O 86 /1311 (1 h) [20]

The hydrolysis reaction of MgHn aqueous solution of magnesium chloride was
studied in [12, 15, 23]. It can be noticed thathe presence of Mgg&the hydrogen
yield is higher than that for pure water (Fig).3According to [12] and [15], the hyd-
rogen yield was 1635 ml/g and 1137 ml/g in 0.5 MQ¥gand in 0.05 M MgCl after
50 and 90 min, respectively. However, the effectlolbrine ions on the process of
crystallization of magnesium hydroxide at the scefaof MghH is not completely
understood even though they clearly affect thergxdéthe hydrolysis.

Various hydrolysis reactions between Mggélt composites and distilled water
are described in [5, 18, 20]. The composites weepgred by milling the Mgkiwith a
certain amount of salt under argon for up to 10He influence of the milling time and
the concentration of salt in the MgMIgCl, composites was studied in [5]. Milling mag-
nesium hydride with salts always led to a sevena¢s increase in the specific surface
area, but this increase appears to be nonpropattiorthe milling time. A clear corre-
lation between the hydrogen yields and the validbeospecific surface area was not
observed. The authors noted that the exothermeoldison of magnesium chloride
may also affect the conversion rate and extent gHMAs a reference point, a con-
version yield as high as 81% was obtained whengusigH,—10 mol% MgC} com-
posite milled for 10 h.

The influence of the nature of the cations conthimethe chloride salts and the
amount of the salts was studied in [20]. The cortpeMgH,/NaCl, MgH,/MgCl, and
MgH./NH,CI were prepared with 3; 5 and 10% salt and Mgkhthesized by HCS
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(Fig. 3). Hydrogen vyield increased with increasing the sahtent in the sequence
NaCl — MgC} — NH,Cl. The NH,CI has the strongest effect on the kinetics oftiyn-
rolysis process as compared to two other chloridesoom temperature, MgH10%
NH,CI composite exhibited the best performance withiidrogen generation yield of
1311 mL/g and a conversion rate of 85.69% in 60 min

The effect of the nature of the cation on the hiydie of MgH,/salt composites
was studied in more detail in [18], where sevetdbrides including NaCl, ZnG|
AICI3, ScCh, FeCh, TiCls;, MgCl, and ZrCj were used (Fig.&).
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Fig. 3. Hydrogen generation curves from the hydiislpf MgH with different additions of MgGl
(a: 1 -4 wt.% MgC}; 2 - 11.5 wt.% MgGJ; 3 — 21 wt.% MgCJ) [23] and additions of different
chlorides f: 1 — MgH,; 2 — MgH,+3% NaCl;3 — MgH,+3% MgClh; 4 — MgH,+3% NH,CI) [20].

A series of time-dependent diagrams are built shgwai development of a degree
of conversion of MgH and pH of the reaction mixture. Among the abovetineed
composites containing 0.024 mol equivalents oadditives, the smallest effect on the
hydrolysis is observed when using the sodium ctdoend the largest effect happens
for zirconium chloride. All other salts show anamhediate impact on the kinetics of
hydrolysis and hydrogen yield. It can be noticéwht tthe salts with higher oxidation
states of the cations are more efficient in faatilitg the hydrolysis. The degree of
conversion in all cases is inversely related to pie of the solution, and it was
therefore the lowest for Zrgwith pH = 9.8. It was proposed that such behavisur
related to the following activation mechanisms.

A. Formation of a poorly soluble hydroxide of addstimetal formed by hydro-
lysis according to [M(OH)* + H,0O — [M(OH)n]®*®* + H" or MCl, + nH,O —
- M(OH),! + nHCI. This process dynamically buffers the reactofution and lowers
its pH at the initial stage of the process, whitipiioves both the reaction kinetics and
the yield of hydrogen.

B. Formation of metal hydroxides induces the predami formation of a stable
(crystalline) Mg(OH) or co-precipitation products based on Mg(@MN)(OH),- H,O
or, in the case of Mggl MgCl,-3MgO-11HO. Such products are less soluble than
Mg(OH),, and the pH of the solutions decreases. Furtherntbe formation of stable
crystalline Mg(OH) takes place because of a decrease in the nucieatie and an
increase in the crystal growth rate.

The effect of the anions was studied by repladiegchlorides with bromides using
the salts of sodium, magnesium and zirconium. Bilembehave similar to chlorides as a
reduction of the pH was also observed. Hydrogeld y&6% and 99% after 1 h by using
MgBr, and ZrBj; as additives) was not significantly different be#én two salts, but the
bromides showed a faster reaction kinetics. Fumbeg, it should be noted that zirco-
nium bromide acts as the best activator of thediyslis reaction among all tested salts.

Our studies of the effect of metal forming a chderion the hydrolysis reaction
showed an increase in the yield of the reactiom Wwitreasing concentration of Cl
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The hydrolysis of magnesium hydride was performét the additions of metal chlo-
rides with a cation valence from 1 to 4 (NaCl / MigCAICl; / ZrCl,). Conversion rate
of the reaction appeared to be directly relatethéoconcentration of chlorine anions.
The cations can also affect the behaviour. Seleuotetdl chlorides (except of NaCl) act
as Lewis acids and decrease the pH of the soludimng their dissolution; this
increases a degree of conversion [23].

We believe that the described assumptions conagthi probable mechanism of
activation of the hydrolysis of MgHn the presence of metal chlorides may be com-
plemented by the hypothesis of the formation otifidn system “Mg(OH) + MgCL”
at the late stages of transformation. This assumps supported by a very good cor-
relation (R = 0.997) between the experimental pH values [18] the calculated
(PH(car) using the equation pH = 14pKygony, + log [Mg(OH)J/[MgCI] (Fig. 4b).
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Fig. 4. Time-dependent hydrogen generation cureethe reaction of Mgkiwith solutions
of various chloridesal 0— none;l — NaCl;2 — ZnC}; 3 — AICl3; 4 — ScC}; 5 — FeCl; 6 — TiCls;
7 — MgCl; 8 — ZrCly)) and the relationship between the experimental §b8l] the calculated pH
values in the studied solutions)

Effect of acids. The study of the effect of acids on the hydrolysisnagnesium
hydride was studied in [2, 11, 13, 14, 21, 23]réam temperature the acids result in a
significant increase of the conversion of Mg#uring the hydrolysis reaction, even
with no catalysts involved or absence of the atitimatreatment of Mghl (Table 3).
Significant amounts of hydrogen can be obtainedgugiorganic acids [14], organic
acids, for example, acetic acid with a platinunabet [2] or when heating the reaction
mixtures [21] in laboratory experiments; howeveigaemmercial application of acids
appears to meet the drawbacks being both expeasd/@ot practically viable due to a
significant corrosion of the reactor interior inidic solutions. Thus, considerable at-
tention is recently focused on the studies of ffeceof citric acid (2-hydroxypropane-
1,2,3-tricarboxylic acid, 84s0;) on the reaction with magnesium hydride [11, 18].
should be noted that in a dilute citric acid salnotbeside the hydrolysis reaction, a
direct interaction between Mghhnd GHgO- or the formation of salt due to a reaction
of the acid with magnesium hydroxide occur.

The choice of the most effective acid as an acatderfor the MgH hydrolysis
reactions by using analysis of a chemical equiliforiconditions was performed in
[11]. The proposed approach allows us to calculsesffect of weak organic acids on
the concentration of magnesium ions after the Hydis The authors suggested to use
citric acid or EDTA as efficient buffering agentie experimental results from Figa 5
show a clear dependence between the hydrogenayielthe concentration of the citric
acid. As expected, the conversion extent was ratveronly 13%) in distilled water
after 30 min, since the passive Mg(Qtdyer was formed at the surface of the unreacted
MgH,. Hydrogen release considerably increased whermy ashelatively dilute solution
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of citric acid. Both the hydrogen generation raied the conversion yields increased
when applying higher concentrations of citric asmlutions. At low concentration
(0.01 molfl), the reaction proceeded to 40% aftentn. The reaction in 0.1 mol/l citric
acid went to 99% of completion after 30 min, whisty.7 times higher yield as com-
pared to distilled water. It should be noted tmathie described process citric acid acts
as a proton donor only. This conclusion is basedheranalysis of the reference data
and also on our own results (Fid)§23]. The experimental and calculated values of
the conversion yield and the pH of the solutionterathe completed reaction when
using an excess of citric acid well agree with eattter (Table 4).

Table 3. Hydrogen generation yield with different acids

Materials Solution (%ljyﬂtjﬁhe/g)yfflgr ) L'ttjrrg
Aldrich MgH, (50 mg) | > glg ‘r’;’té(’/;tc_'ﬂﬁggg * 97/—(1h) 2]
As-prepared Mghl 0.1 M GHsO(COOHY}) 99 />1600 (30 min) [11]
MgH (0.36 M) 0.92 M GHsO(COOH} 100/-(1h) [13]
Aldrich MgH, HCI (pH = 1) 100 /- (100 s) [14]
Aldrich MgH, milled 3 h HCI (pH = 2) 55/ — (25 min) [14]
Rockwood MgH (1.2 g) 50 wt. % CKCOOH — /15 (5 min) [21]
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Fig. 5. Time-dependent yield of hydrogen gas dediht concentrations of citric acid when using
aqueous solutions (mol/djr(a) [11] and composites (weight ratio Mgkitric acid) ) [23].

Table 4. Relationship between the conversion yield and pH of the solutions
at different contents of citric acid

Composition Yield for Yield for

MgH./CeHeOr, WE.%| MgHy(exp), % | MgHs(calc), % | PH(E®) | pH(calc)
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

" pH is calculated by using equation for buffering siolu pH = pK + log[BA]/[HA], where
[HA] i [BA] — concentrations of citric acid and its copesading salt.
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MgH, / metal hydride composites. Increase of the rates of hydrolysis reaction is
observed when using the mixtures of Mghith calcium hydride (Table 5). The latter
was added to the mixture or was formed during thiéng with MgH, [1, 10]. The
phase-structural composition and hydrolysis reactid ball-milled MgH—Ca and
MgH—CaH mixtures where studied as a function of millingei and components ratio
[1]. The formed by milling nanocomposites show stda hydrolysis reaction as well as
a higher hydrogen yield as compared to the conmeatipolycrystalline materials.
This improvement is due to the formation of calcibyaride upon the milling and the
formation of a mixture of fine powders MgHCaH; after an extensive milling. When
using the milled mixture Mgp+20.3 mol% Cakll the reaction yield reaches 80% after
30 min of hydrolysis. Figure 6 presents the effgfctCa content in 10 h ball-milled
MgH—Ca nanocomposites. As calcium content increassh, the rate of hydrolysis
and the yield of hydrogen significantly increadecdn be seen, that the shapes of the
time-dependent curves of the reaction completioy dapending on the composition.
These changes probably reflect the fact that hydimkeaction has various stages with
a variable contribution of different stage compdeéa the complex overall process, as
the milled composites comprise BfMgH,, y-MgH,, CaH, Mg and Ca. There is no
strong relationship between the size of the powders specific surface areas of the
materials in the composites and the yield of hygiigl reaction. Interestingly, specific
surface area of the milled composites decreasems (&7 to 3.4 ffig) with increasing
calcium content. This takes place because of adugtility of calcium which acts as a
binding component.

Table 5. Hydrogen generation yield when using different additives

Materials Solution (%Wy,f]ioﬁag)yﬂgr ) thtfr?_
Milled 10 h MgH, / 20.3 mol % Cakl H,O 80/ — (30 min) [1]
Milled 1 h MgH, / 10 mol % Cail H,0 95 /1389 (1 h) [10]
Milled 4 h 5 MgH / LaH; H,O — /1195 (80 min) [15]
Milled 2 h 4 Mgh / LiNH, H,0 | 7371016 (50 min) [19]

The hydrogenated MgAl 1, alloy was
used to produce hydrogen by hydrolysis in
[10]. Hydrogenation and hydrolysis reac-
tions can be described by the following
paths; Mg-Al1, + 17H, = 17MgH, + 12Al
and 17MgH+12A+70H,0 = 17Mg(OH) +
+ 12AI(OH) + 52H,. However, the hydro-
lysis reaction of MHA without additives
was rapidly interrupted because of the forma-

0(') 10 20 30 40 50 60 70 ~.min  tON Of & passive layer on the surface of the

) ) particles. As expected, addition of Gaby
Fig. 6. Time-dependent curves of hydrogenysing the ball-milling appears to be an effi-
release durlngo hydrolysis of the mllled cient way to improve the yield of the hyd-
MgH+X mol% Ca nanocomposites. rolysis when using the mixtures [10]. As
calcium hydride very actively reacts with
water, showing a considerable exothermic effeds, igsults in a local heating at points
of contact of Caklwith magnesium hydride, which facilitates the hofgsis process.
The best effect was observed for the;Md);» + 10 wt.% Cal mixture ball-milled for
1 h, which produced 1389 mlfd at 70 °C after 1 h of hydrolysis in pure wateyd-
rogen yield was 94.8%).
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The formation of microgalvanic pairs, when usingnsition elements during the
hydrolysis, is advantageous and promotes achievihgher hydrogen vyield [15, 17].
According to [15], the use of the milled compositethe reaction of hydrolysis with REM
hydrides results in a more active hydrolysis precéaldition of nickel to these com-
posites has also a positive effect on the hydrggeld. Indeed, the Mgkl/ LaH; / Ni
composite exhibits the highest hydrogen generatd@ of 120 ml/g-min in the first
5 min as compared to MgH LaH; composite providing 95 ml/g- min.

The hydrogen generation curves of ball-milled M@idd LaH mixed in a variable
atomic ratio are shown in Figa7The MgH/LaH; composites with the atomic ratio of
3:1 and 8.5:1 can generate 706.7 mL/g ofH40 min and 473.0 mL/g of Hn 60 min,
respectively. The highest observed hydrolysis yégjdals to 1195 mL/g of Hn 80 min
and belongs to the composite with the optimal nnate of 5:1 [15]. Investigations of
other multicomponent hydride compositions showext the composite formed in the
H-MgsMm system exhibited a higher yield of hydrolysisaton together with the
fastest hydrolysis rate, and produced 828 mldadd 15 min and 1097 ml/g of Hor
36 h of the hydrolysis process, respectively.

The MgHy/LaHy/Ni composite obtained by hydrogenation ofbNMg;+/Ni during
the milling at a pressure of 7 MPa showed the best results [17]. It released 1208 ml/
of hydrogen during 40 min at room temperature dmdved a reduced activation energy
of the hydrolysis process of 52.9 kJ/mol. Thisésduse of the milling and because of
the catalytic influence of Lagand Ni.
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Fig. 7. Hydrogen generation curves of the atontio fdgH,—LaH; (a)
and 16MgH-LiNH, (b) composites.

The air-stable MgBILINH, composites were another system investigated in the
hydrolysis reaction (Table 4) in [19]. Here, LiNlgreatly enhances the rate of such
reaction of MgH hydrolysis. The composition 4MgHLINH , milled for 5 h generates
887.2 ml/g of hydrogen in just one minute and 101/ of hydrogen in the next 50 min.
The LIOH-HO and NHOH phases which are formed as hydrolysis productsgl
the interaction of LiNH with water may prevent formation of the passivatiayer of
Mg(OH), at the surface and supply enough channels fonytmlysis of MgH. Effect
of the ball milling was also studied by the authiaisthe 16MgH-LINH, composite.
The results indicate that the hydrolysis procestditi@es with the increasing milling
time (Fig. 'B). The highest hydrolysis rate and hydrogen geioergield were obtained
for the sample milled for 10 h. Its specific hydeogyield reached 823.8 mL/g within
the first 5 min and 1058.5 mL/g in 80 min.

Effect of temperature. Increase of the hydrolysis temperature, as expelgads
to an increase in both reaction rates and hydrggsds [8, 13, 16, 17, 19, 22]. Evalua-
tion of the apparent activation enerdg)(of the hydrolysis reactions calculated using
the Arrhenius equation and based on the analydisedkinetic curves of hydrogen ge-
neration at different temperatures showed thaeuwdfit additives were able to signifi-
cantly decrease tHg, (see Table 6).
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Table 6. Calculated activation energiesfor the selected materials studied
in the hydrolysis systems

Materials Solution E. (exp) Literature
Sigma Aldrich Mgb H,O 58.06 kJ/mol [16]
Sigma Aldrich Mgh 0.5 wt. % NHCI 50.86 kJ/mol [16]
Sigma Aldrich Mghb 4.5 wt. % NHCI 30.37 kJ/mol [16]
La,Mg;#/Ni = 1/0.1 mol / H H,O 52.9 kd/mol [17]
Milled 32MgH, — 1LiNH, H,O 52.5 kJ/mol [19]
Milled 8MgH, — 1LiNH, H,O 22.0 kd/mol [19]
Milled 2MgH, — 1LiNH, H,O 14.9 kJ/mol [19]
MgH, (HCS) 0.1 M AIC} 34.68 kJ/mol [22]
MgH, (HCS) 0.5 M AIC 21.64 kJ/mol [22]

CONCLUSIONS

The hydrogen generation by hydrolysis of Mght MgH,-based composites con-
taining additives can be improved by high-enerdy indling, by adding catalysts, salts
and acids, or at elevated temperatures. Ball mgilirocess results in a remarkable in-
crease of the reactivity of MgHilue to the increasing specific surface area. Hewydive
milling time should not exceed more than one hasrthe particle agglomeration would
take place and obtained materials would show worgesf the hydrolysis properties.

Hydrolysis of the MgH strongly depends on pH of the used aqueous soutio
Decrease of the pH significantly speeds up thetkis®f interaction and increases the
yield of the liberated hydrogen, thus use of thidsaor acidic salts for hydrogen gene-
ration shows a positive influence. Environmentrfdly and inexpensive citric acid
shows the best effect. The addition of salts shemvadvantageous effect on the hydro-
lysis reaction. Salts are inexpensive, easy-toruaterials, and even in small amounts
they cause high rates of hydrogen evolution andifsignt reaction yields. Among the
salts, the ones containing divalent or higher vatations (MgC4, FeC§, AlCl3, ZrCl,,
ZrBr4) show the most distinct effect on the reactionekizs and yield of the MgH
hydrolysis process. Despite of a clear influencettws pH of the agueous solution,
which is related to the reaction kinetics and yjialk role of salts is not completely
understood. Further studies of the effect of satid the mechanisms of their influence
on the hydrolysis of Mgkare required.

PE3FOME. T'inpun Marsito MgH, — 1ie crionyka 3 BUCOKHM BMICTOM BOJIHIO, SIKA YTBOPIOE
3HAYHY HOT0 KUIBKICTh MiJ Yac TiIpoi3y — XiMiuyHOT B3a€MO/Il 3 BOJIOI0 a00 BOJHUMH PO3YHHA-
mu. Lleii mporiec 0cOOIMBO HiKABUIA AJIsi aBTOHOMHOTO BHPOOJICHHS BOIHIO SIK TIaJIMBa JJIS HU3b-
KOTEMIIEpaTYPHUX MAJIMBHUX €JIEMEHTIB. Y Wil Mpaili MoJJaHo OTJIS OCTaHHIX MyOJTiKaIii 3 miel
TEMH, a TAKOXK PE3yNIbTATH BIACHUX EKCIIEPUMEHTIB. Bka3zaHo Ha BAXKIMBICTh MiBUIMTH [IBU/I-
KicTh BuaieHHs H, Ta moBHOTY koHBepcii MgH,. [lnsg uporo ciig onTuMizyBaTH po3Mmip Mo-
poukiB MgH, muisxom Kylb0BOro momely; BUKOPHCTaTH Karajizartopu, poxaaHi 1o MgH,, ta
BOJIHI PO3YMHU; MIABUIIMTH TEMIIEPATyPy B3a€MO/Ii1. BIIIMB IUX YMHHUKIB HAa CTYIIHb KOHBEP-
Cil Ta WBHUIKICTh BUAUICHHS BOJHIO ETANIHO MPOAHANII30BaHO Ta BU3HAYEHO CUCTEMH LIS J10-
CSATHEHHS e()EeKTUBHUX MOKA3HUKIB peakilii. 3anpornoHOBaHO MEXaHi3M KaTaJliTHYHOTO BILUIUBY, a
JUIS1 BIIOCKOHAJICHHS ITOKA3HUKIB TipOJIi3y MOTPiOHI MOAAIBILI TOCTIIKEHHS.

Kuawuosi ciioBa: sodens, 2iopuo machiio, Komnosumu, 2i0poiz, B00HE8A eHepeemuKda.

PE3FOME. Tunpun maraus MgH, — 3T0 coenHeHue ¢ BBICOKHM COJIEpKaHHEM BOJIOPO/A,
KOTOpOE 00pa3yeT 3HAYMTEIILHOE €ro KOJMWYECTBO IMPU THUAPOJIU3E — XUMHYECKOM B3aHMMOJCHUCT-
BUM C BOZAOH MJIM BOAHBIMH PAcTBOPAaMH. DTOT MPOLECC NPEJCTABISET 0COOCHHBIN MHTEpeC JUIs
ABTOHOMHOM BBIpaOOTKH BOJOPO/A IJIsi HU3KOTEMIEPATypPHBIX TOIUIMBHBIX 3JIEMEHTOB. B pabote
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OPHBEICHBI 0030p HOCISHHUX TyOIHKALMIA 10 ATOI TeMe, a TAKXKE PEe3y/IbTaThl COOCTBEHHOTO HC-
clieoBaHus. BbIBsiieHa HEOOXOMMMOCTh TOBBINICHHS] CKOPOCTH BbIeNeHUs] H, U MOJTHOTHI KOH-
Bepcun MgH,. JInst 3Toro ciieyeT onTMMH3UPOBaTh pasmep nopoiikos MgH, myrem mapoBoro
MIOMOJI2; UCTIONTB30BaTh KATaJIU3aTOPbI, MPUIoKeHHbIe K MgH,, Wiu BoAHBIE PacTBOPHI; TIOBBICUTH
TEMIIePaTypy B3aUMOACHCTBHs. BiusiHue 31X (hakTOpOB HA CTEHEHb KOHBEPCHUH U CKOPOCTH BBI-
JICTICHHs] BOJIOPO/IA JACTAIBHO MPOAHATM3UPOBAHEI U OMPE/ICNICHBl HAKOOJIee TPUEMIIEMbIe CHUCTe-
MBI Ul JOCTIKEHHUS 3P (EeKTHBHBIX MOKa3aresneil peakuuu. [IpeyiokeH MeXaHn3M KaTalHTHIeC-
KOTO BO3JICHCTBHS, & JUIsl COBEPILICHCTBOBAHMS TOKA3aTeNiel THAPOIIN3a HEOOX0IMMBI JabHEHIIIe
HCCIICIOBAHMS.

KirodeBble CJ10Ba: 86000p00, 2UOPUO MASHUS, KOMRO3UMbL, 2UOPOTU3, 6000POOHAS IHEPSCTNUKA.
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