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The hydriding and dehydriding kinetics of Mg are reviewed. It is reported that the hydriding
and dehydriding reactions of Mg are nucleation-controlled under certain conditions and
progress by a mechanism of nucleation and growth, and that the hydriding rates of Mg are
controlled by the diffusion of hydrogen through a growing Mg hydride layer.

The hydriding and dehydriding kinetics of Mg can be improved in consequence by
a treatment such as mechanical alloying, which can facilitate the nucleation by creating
defects and shorten diffusion distances by reducing the effective particle size of Mg.

The hydriding and dehydriding characteristics of mechanically-treated Mg and
mechanically-alloyed mixtures with the compositions Mg—x wt % Ni (x=5, 10, 25 and 55) are

studied.

The Mg,Ni phase develops in the mechanically-alloyed mixtures. The Mg-10wt% Ni and
Mg—25 wt % Ni mixtures are activated easily, show much larger hydrogen storage capacities
and much higher hydriding rates, and higher dehydriding rates, than other magnesium-

based alloys or mixtures.

1. introduction

Magnesium has many advantages for a hydrogen stor-
age material: large hydrogen storage capacity
(7.6 wt%), low cost and abundance in the Earth’s
crust. But its hydriding and dehydriding kinetics are
very slow [1]. Much work to ameliorate the reaction
kinetics of magnesium with hydrogen has been effec-
ted by alloying certain metals with magnesium [2-9],
by mixing metal additives with magnesium [10], by
plating nickel on the surface of magnesium [11] and
by synthesizing magnesium hydride in the presence of
a homogeneous catalyst [12]. In particular, the
Mg/Ni-H, system has been studied by alloying
[3,13-16] and by plating [11].

Kinetic studies of the hydriding and dehydriding
reactions of Mg were carried out by Stander [17,18].
He reported that the hydriding reaction of Mg is
controlled by the diffusion of magnesium interstitials
after a rapid surface reaction, and in the dehydriding
reaction the movement of the phase boundary is the
rate-determining step at hydrogen pressures appreci-
ably different from the equilibrium dissociation pres-
sure. Nucleation seems to play a role at pressures near
the equilibrium dissociation pressure.

Another study of the hydriding kinetics of magne-
sium by Mintz et al. [6] claimed that the reaction is
controlled by a three-dimensional diffusion of hydro-
gen through the magnesium hydride product layer.

Karty et al. who had investigated hydriding and
dehydriding kinetics of Mg in a Mg /Mg,Cu eutectic
alloy [19] reported that the hydriding is rate-limited
by the diffusion of hydrogen through a growing Mg
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hydride layer, and that the dehydriding is rate-limited
by the diffusion of hydrogen through a growing Mg
layer.

The kinetic study of Isler [20] on the hydriding and
dehydriding kinetics of Mg concluded that these reac-
tions proceed by a mechanism of nucleation on the
surface and of the growth of these nuclei, and that
a continuous layer is then formed by a coalescence of
the domains of the Mg hydride or Mg.

Pedersen et al. [21] reported that the small particles
need a longer time to reach a particular level of reac-
tion ratio than do the bigger particles in the initial
hydridation of heat-treated magnesium with different
particle sizes (diameter 49-84 um). Wang et al. [9]
reported that in their experiment with an alloy
Mgo.833Nig.066 Clig.g05 Mlg.006 the kinetic properties
of finer particles (100-149 pm) were even inferior to
those of coarser ones (149—420 pm). Douglass [5] re-
ported that there was a nucleation period in the de-
hydriding reaction of Mg—5 at% Y for the finer par-
ticles (88-125 pm) at 623 K after which the rate was
linear and slightly less than the release rate of the
coarser particles.

As rate-controlling steps for the hydriding and de-
hydriding reactions of Mg we can consider the follow-
ing steps: the chemisorption and desorption of H,,
diffusion, phase transformation, gas phase mass trans-
port and nucleation.

This hydriding and dehydriding behaviour of Mg or
its alloys according to the particle sizes eliminates the
following steps from the rate-controlling step: the
chemisorption or desorption of H, (since their rates
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increase as the surface area is larger), diffusion of
hydrogen atoms through the growing hydride layer or
through the growing Mg layer (since its rate increases
as the diffusion distance gets smaller as the particles
get finer), the phase transformation of the solid solu-
tion of hydrogen in Mg into Mg hydride or vice versa
(since its rate increases as the reaction interface area
gets larger as the particles get smaller) and gas phase
mass transport of H, up to the surface of Mg (the
larger the particle, the higher its rates because the
larger particles have the larger paths of H,. However,
the particle sizes of the above results are too large to
accept that this process controls the reaction. In the
case of the Mg, Ni—H, system, of which the reaction is
controlled by this process [22,23], the particle size is
about 2 um).

This suggests that the rate-controlling step of the
above results may be nucleation. The smaller the par-
ticle sizes, the greater the number of particles per unit
quantity of the sample. If the reaction is controlled by
nucleation, the longer time is needed for the formation
of nuclei in all the particles, the greater the number of
particles. The reaction rate will be small, in conse-
quence, as the particles are finer. This suggests that the
reactions are controlled by nucleation under the
above experimental conditions.

Vigeholm et al. [24] studied the hydride formation
mechanisms in nearly spherical magnesium powder
particles. They concluded that the reaction of magne-
sium with hydrogen is a nucleation and growth mech-
anism. They also found that the nucleation is only
rate-determining in the initial hydriding, and that the
growth is controlled by a fast diffusion of hydrogen
from the particle surface along the hydride—metal in-
terface.

All the above works do not agree with one another
on the rate-controlling step(s) for hydriding or dehyd-
riding of magnesium. However, there is no contradic-
tion in the points that the hydriding and dehydriding
reactions of Mg are nucleation-controlled under cer-
tain conditions and progress by a mechanism of nu-
cleation and growth, and that the hydriding rates of
Mg are controlled by the diffusion of hydrogen
through a growing Mg hydride layer.

The hydriding and dehydriding kinetics of Mg can
be improved, by a treatment such as mechanical
alloying which can facilitate nucleation by creating
many defects on the surface and/or in the interior of
Mg, or by the additive acting as active sites for the
nucleation and shortening diffusion distances by re-
ducing the effective particle sizes of Mg.

In this work we studied the hydriding and dehydrid-
ing characteristics of mechanically-treated Mg and
mechanically-alloyed mixtures with the compositions
Mg-xwt% Ni (x = 5, 10,25 and 55), and discuss the
effects of mechanical alloying and hydriding—dehyd-
riding cycling on the reaction rates of Mg with H,.

2. Experimental details

For this study magnesium (Alpha) and nickel obtained
from nickel carbonyl (3-5 pum particles) were used.
The purity of hydrogen employed was 99.9995%.
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Magnesium and nickel mixtures (about 5g), with
compositions Mg—xwt% Ni (x = 5, 10,25 and 55),
were mechanically alloyed under an argon atmo-
sphere in a planetary mill with an acceleration of
about 60ms~? for 5min. The composition of
Mg-55wt% Ni corresponds to that of Mg,Ni. Here-
after the compositions of the mixtures were expressed
by Mg-x% Ni (x =5, 10,25 and 55). The planetary
mill contained 200 g of stainless steel balls with a dia-
meter of about 4 mm. Magnesium alone (not mixed
with nickel) was also treated under the same conditions.

A Sievert’s type hydriding apparatus [25] was em-
ployed for the measurements of hydriding and dehyd-
riding rates. It consists of a standard volume and
a reactor. They are linked to Bourdon gauges which
permit measuring the pressure from 0 to 10 bar with
a precision of 0.05 bar. The hydrogen pressure was
maintained nearly constant during the hydriding reac-
tion by dosing the appropriate quantity of hydrogen
from the standard volume to the reactor. During the
dehydriding reaction the hydrogen pressure was also
maintained nearly constant by sending an appropriate
quantity of hydrogen from the reactor to the standard
volume. The variation of the hydrogen pressure in the
standard volume permits one to calculate the quantity
of hydrogen absorbed or desorbed by the sample as
a function of time. The amounts of samples used were
about 0.44 g for Mg—x% Ni (x = 0, 10, 25 and 55) and
about 0.24 g for Mg—5% Ni. X-ray(CuK,) powder
diffraction was used to identify the phases existing in
the samples. The microstructures of mixtures after
hydriding—dehydriding cycles were observed by
scanning electron microscope (SEM).

3. Results

3.1. Development of Mg,Ni phase
according to hydriding—dehydriding
cycling

The development of a Mg, Ni phase according to

hydriding-dehydriding cycling was investigated by
X-ray diffraction analysis and by measuring the
quantities of hydrogen desorbed under a pressure
where the Mg hydride (MgH,) is stable and only the
Mg, Ni hydride (Mg,NiH,) decomposes.

Fig. 1 shows X-ray powder diffraction patterns: (a)
of the Mg-55% Ni mixture as prepared, (b) of the
Mg-10% Ni mixture hydrided at 8 bar H,, 583K
after 11 hydriding—dehydriding cycles between 0.6 and
8 bar H, at 583 K, (c) of the Mg-25% Ni mixture
dehydrided under 3.0 bar H, at 583 K in the second
cycle after being hydrided at 7 bar H,, 573 K, and (d)
of Mg—55% Ni dehydrided after 58 hydriding—dehyd-
riding cycles (during 2 months) between 543 and
583 K, 0 and 8.5 bar H,. X-ray diffraction (XRD)
pattern (a) shows that the Mg—55% Ni as prepared
contains metallic Mg and Ni, and that Mg is deformed
preferentially along with the (0002) plane. XRD pat-
tern (b) reveals Mg,NiH,, MgH,, Mg and Ni phases
with a very small quantity of MgO. This indicates that
the Mg,Ni phase forms with hydriding-dehydriding
cycling, and that larger part of Mg is hydrided at
8 bar H,, 583 K. Under the experimental conditions
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Figure I X-ray (CuK ) powder diffraction patterns of (a)
Mg-55% Ni as prepared, (b) Mg—10% Ni hydrided at 583 K, 8 bar
H, after 11 cycles, (c) Mg-25% Ni dehydrided at 583 K, 3.0 bar H,
in the second cycle, and (d) Mg-55% Ni dehydrided after 58 cycles
at 543-383 K, 0-8.5 bar H,. [1, Mg; O, Ni; ¥/, MgO; I, MgH; *,
Mg,NiH,; unmarked, Mg, Ni.

(3.0 bar H,, 583 K) of XRD pattern (c) the MgH, is
stable and only the Mg,NiH, decomposes. XRD pat-
tern (c) shows the Mg,Ni, MgH,, Mg and Ni phases
with a trace of MgO. On the XRD pattern (d) the
peaks characteristic of Mg no longer appear. Small
peaks of Ni remain and there is evidence of a small
quantity of MgO.

Fig. 2 shows the variation of weight percentages of
nickel combined with magnesium under the form of
Mg,Ni [% Ni (— Mg,Ni)] in the mechanically-
alloyed mixtures as a function of the number of hy-
driding-dehydriding cycles, n. The percentages of Ni
transformed into Mg,Ni are 1.7wt% (n =19) for
Mg-5% Ni, 94wt% (n=10) for Mg-10% Nj,
22.8 wt% (n = 10) for Mg-25% Ni and 40.1 wt%
(n =17) for Mg-55% Ni. For these measurements,
each mixture was hydrided under 8 bar H; at 583 K,
and then dehydrided under 2.5 bar H, at 583 K for the
decomposition of the Mg, Ni hydride alone.
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Figure 2 Variation with the number of hydriding—dehydriding
cycles n, of wt% nickel transformed into Mg, Ni [% Ni( — Mg,Ni)]
in the mechanically-alloyed mixtures ®, Mg-55% Ni; O,
Mg—25% Ni; @, Mg-10% Ni; A, Mg—5% Ni.
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Figure 3. Curves of absorbed hydrogen wt% [H,(%)] during the
first hydriding cycle, at 573 K under 7 bar H, as a function of time .
A, Mg-55% Ni; x, Mg-25% Ni; @, Mg-10% Ni; ®, Mg-5% Ni,
and Mg.

3.2. Activation process
Fig. 3 gives the curves of weight percentages of hydro-
gen H, absorbed during the first cycle of hydriding at
573 K under 7 bar H, as a function of time t. The
percentages of absorbed hydrogen H, are expressed
with respect to the sample weight. The hydriding rates
of Mg—55% Ni and Mg—25% Ni are very similar, and
those of Mg-10% Ni are lower. The hydriding rates of
Mg and Mg-5% Ni are almost zero. The mechanical
treatment of Mg (without Ni) and the mechanical
alloying of Mg with 5 wt% Ni under our conditions
have little effect on the hydriding rates of the first
cycle. ’

Fig. 4 gives the weight percentages of hydrogen
absorbed during 10 minutes [H, (10 min)] under § bar
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Figure 4 Variation of hydrogen wt% absorbed during 10 min
(H.(10 min)), under 8 bar H, at 583 K, as a function of the number
of hydriding cycles n. A, Mg-10% Ni; ®, Mg-25% Ni; &,
Mg-55% Ni; O, Mg-5% Ni; x, Mg.

H, at 583K as a function of the number of hydrid-
ing-dehydriding cycles n. At n =2, Mg-25% Ni has
the largest H, (10 min) value. The H, (10 min) values
of Mg—10% Ni, Mg-25% Ni and Mg—55% Ni mix-
tures are 4.99, 4.52 and 2.78 for n = 8. The H, (10 min)
values of Mg-5% Ni and Mg (without Ni) attain only
to 2.32 and 1.36 even for n = 17. The Mg-10% Ni
shows a remarkable increase in H, (10 min) value
between n = 1 and n = 8.

3.3. Hydriding reaction

Fig. 5 shows the variation of absorbed hydrogen
weight percent H, as a function of time ¢ for each
sample at 583 K under 8 bar H, and at the n-th
hydriding cycle. In the beginning of the reaction, the
hydriding rate dH,/d¢ (% min~') of Mg-10% Ni is
highest, followed in order by those of Mg-25% Ni,
Mg — 5% Ni and Mg-55% Ni. However, the quanti-
ties of hydrogen absorbed after two minutes decrease
in the order Mg-10% Ni, Mg-25% Ni, Mg-55% Ni
and Mg-5% Ni. Mg (without Ni) shows the lowest
hydriding rate.

3.4. Dehydriding reaction

Fig. 6 shows the variation of the desorbed hydrogen
weight percentage H, for each sample as a function of
time ¢t at 583 K under 1.5 bar H, and at the n-th
dehydriding cycle. The percentage of desorbed hydro-
gen Hy is expressed with respect to the sample weight.
The quantities of the hydrogen absorbed before de-
hydriding are indicated between parentheses. The hy-
drided Mg—55% Ni mixture desorbs about 85% of the
absorbed hydrogen in five minutes. Among the other
mixtures, the hydrided Mg-25% Ni desorbs hydrogen
most rapidly. It is followed in order by Mg-10% Ni
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Figure 5 Curves of absorbed hydrogen wt% (H,(%)) as a function
of time ¢, at the n-th hydriding cycle at 583 K under 8 bar H,. e,
Mg-10% Ni (n = 11); x, Mg-25% Ni (n = 11); ®, Mg-55% Ni
(n=17); ®, Mg-5%Ni (n=17); A, Mg (n = 17).
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Figure 6 Curves of desorbed hydrogen wt% (H4(%)) as a function
of time ¢, at the n-th hydriding cycle at 583 K under 1.5 bar H,. l,
Mg~25% Ni(n = 11, 5.32% H); A, Mg-10% Ni (n = 11, 6.19% H);
®, Mg-5% Ni (n =17, 468% H);, ®, Mg-55% Ni (n = 16, 3.22%
H), ®, Mg (n = 16, H > 4.18%).



and Mg-5% Ni. Mg (without Ni) desorbs hydrogen
very slowly after the latency period of about five
minutes. The curves for Mg—55% Ni, Mg-25% Ni,
Mg-10% Ni and Mg-5% Ni mixtures show two
stages. It is considered that the Mg,Ni hydride de-
composes mainly in the first stage, having higher
dehydriding rates than the Mg hydride, of these de-
hydriding curves [26].

3.5. Microstructures before and after
hydriding-dehydriding cycling

The topographies and the chemical maps are given in

Fig. 7 for the cross-sections of Mg—5% Ni and

Mg-55% Ni before hydriding. Fig. 7a for Mg—5%

Ni shows that Mg is deformed preferentially along
with one plane, which is proved to be the (0002) plane
by X-ray diffraction analysis. The chemical maps by
back-scattered electrons (Fig. 7b and d) show the
distributions of nickel. Nickel is represented as white
points on the chemical maps. The Mg—55% Ni mix-
ture is formed with strata of magnesium and nickel
(Fig. 7c and d).

Fig 8 shows the microstructures of Mg-10% Ni
before and after hydriding—dehydriding cycling; (a), (b)
and (d) are their chemical maps and (c) is its topography.

4. Discussion
The hydrogen storage properties of the mechanically-
alloyed Mg—x% Ni (x = 0, 5, 10, 25 and 55) mixtures

‘Figure 7 Microstructures observed by SEM for the cross-sections of Mg—5% Ni and Mg-55% Ni as prepared. (a) Mg—5% Ni, topography;
(b) Mg—-5% Ni, distribution of nickel; (c) Mg—55% Ni, topography; (d) Mg—55% Ni, distribution of nickel.
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Figure 8 Microstructures observed by SEM of Mg-10% Ni before and after hydriding cycling. (a) Distribution of nickel, n = 0; (b)
distribution of nickel (cross-section), n = 0; (c) topography, n = 7; (d) distribution of nickel, n = 7.

are summarized in Table I. The numbers are the
orders of the mechanically-alloyed mixtures for each
hydrogen storage property. The smaller number
indicates the higher value of hydrogen storage prop-
erty.

In Table I, were compared for the hydrogen storage
capacities of the samples, the weight percentages of
hydrogen absorbed during 1 h at 8 bar H, 583 K.

This table shows that Mg—-10% Niand Mg-25% Ni
are the most favourable compositions for hydrogen
storage. The Mg-10% Ni and Mg — 25% Ni ab-
sorbed hydrogen of 6.19 wt% (for 18.4 h), 5.32 wt%
{for 13.5 h), respectively, for n = 11 at 583 K, 8 bar H,.

The Mg-10% Ni and Mg-25% Ni showed much
larger hydrogen storage capacities and much higher
hydriding rates, and higher dehydriding rates, than
other magnesium-based alloys or mixtures [26].
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Fig. 9 shows the variation of reacted fraction F after
1h under 7bar H, at 573 K as a function of the
number of hydriding—dehydriding cycles n. The reac-
ted fraction F is defined as the ratio of the mole
number of hydrogen absorbed during time ¢ to the
mole number of hydrogen calculated on the assump-
tion that 100% of the mixture is transformed into
Mg,NiH, or MgH,. Curve A concerns the mechan-
ically-alloyed Mg—55% Ni and curve B the Mg,Ni
alloy prepared by fusion. From the first hydriding
cycle the mechanically-alloyed Mg-55% Ni mixture
attains F = 0.64 (H, = 2.39 wt% ) whereas that of the
Mg,Ni alloy is only 0.49 (H, = 1.83 wt %). The ac-
tivation of the mechanically-alloyed Mg—55% Ni mix-
ture is achieved after about ten hydriding—dehydrid-
ing cycles and that of the Mg, Ni alloy after about 15
cycles. However, the hydrogen storage capacity of the



TABLE I Hydrogen storage properties of the mechanically-alloyed mixtures (The smaller number means the better hydrogen storage

property)

Composition Mg Mg-5% Ni

Properties

Mg-10% Ni Mg-25% Ni Mg-55% Ni

N

dH,/dtatn=1
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Figure 9. Variation of reacted fraction F after 1 h at 573 K, 7 bar
H, as a function of the number of cycles n for the Mg-55% Ni
mixture (curve A) and for the Mg,Ni alloy (curve B).

mechanically-alloyed Mg—55% Ni mixture is smaller
than that of the Mg,Ni alloy.

Fig. 10a shows the variation of the hydriding rates
dF/dt of a Mg,Ni alloy with reduced time ¢/to 5 (t0 5
corresponds to the time when F is 0.5) at 563 K under
different hydrogen pressures. Under 6 and 6.5 bar H,,
the initial trend of the nucleation and growth mecha-
nism does not appear, while under pressures equal to
and lower than 5.5bar H, it does appear. This is
considered to result from the slow nucleation of the
Mg, Ni hydride under such relatively low pressures.
Fig. 10b shows the variation of dF/d¢ of a mechan-
ically-alloyed Mg—55% Ni (corresponding to the com-
position Mg, Ni) with t/¢y 5 at 563 K. In this mixture,
about 40.1 wt% Ni (among 55 wt% Ni) is trans-
formed into Mg, Ni and the rest of the nickel (about
14.9 wt%) remains metallic. The magnesium which
did not combine with nickel stays metallic. The hy-
driding rate of Mg is lower than that of Mg, Ni. Under
only 4.5 and 4 bar H, the initial trend of the nuclea-
tion and growth mechanism appears.

Under 5 and 5.5 bar H, the Mg, Ni alloy shows the
initial trend of the nucleation and growth mechanism
while the mechanically-alloyed Mg—55% Ni does not,
even though the latter contains Mg having a lower
hydriding rate. This fact suggests that the nucleation
of hydride is more favourable in the mechanically-
alloyed mixture than that in the alloy.

Mechanical treatment or mechanical alloying by
planetary mill is considered to enlarge specific surface
area and augment the number of defects on the surface
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Figure 10. Variation of hydriding rates dF/dt with reduced time
t/to.s at 563 K under different hydrogen pressures of (a) the Mg, Ni
alloy (@, 6.5 bar; X, 6 bar; 0, 5.5 bar; O, S bar, @), 4.5 bar; @, 4 bar)
and (b} the Mg—55% Ni mixture (@, 6.5 bar; X, 6 bar; A, 5.5 bar; i,
S bar; Q, 4.5 bar; e, 4 bar).
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Figure 11 Hydriding curves of Mg-10% Ni under 7 bar H, at 543-583 K (e, 543K; X, 553K; A, 563K; @, 573K; o, 583K) and

a dehydriding curve under 2.5 bar H, at 583 K (®).

as well as in the interior of the materials. The expan-
sion and contraction of the lattice during hydrid-
ing—dehydriding cycling favours the diminution of
particle size and can create numerous defects. On the
contrary the annealing effect during hydriding—dehyd-
riding cycling can bring about diminution of specific
surface area by sintering and decrease in the number
of defects.

The defects created on the surface and in the in-
terior and/or Ni and Mg, Ni (or Mg,Ni hydride) for-
med during hydriding—dehydriding cycling, in the
mechanically-alloyed mixtures, can be nucleation sites
for the Mg, Ni hydride and/or the Mg hydride. This is
considered to facilitate the nucleation of hydride in the
mechanically-alloyed mixtures.

Fig. 11 gives the curves of weight percentages of
hydrogen H, absorbed in the Mg—10% Ni mixture as
a function of time ¢ under 7 bar H, at temperatures
between 543 and 583 K. A dehydriding curve is also
given under 2.5 bar H, at 583 K. Under this condition
only the Mg,Ni hydride decomposes. This dehydrid-
ing curve shows that the Mg,Ni absorbs hydrogen
—about 0.75 wt% of the sample. Since Mg, Ni hydride
is formed more rapidly than Mg hydride, the forma-
tion of Mg, Ni hydride is considered to be completed
at the beginning of the reaction. The hydriding rates of
Mg, Ni depend inversely on temperature in this tem-
perature range [22]. The hydriding curves of Fig. 11
show an inverse dependence on temperature up to
H, ~ 3.5 wt%, and then they show a normal temper-
ature dependence. The hydriding rates of Mg were
reviewed in the above to be controlled by diffusion
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which shows a normal temperature dependence,
through a growing Mg hydride layer. These results
suggest that diffusion is not a rate-controlling step up
to H,~35wt% in the hydriding reaction of
Mg-10% Ni

Therefore it is considered that the mechanical
alloying has changed the rate-controlling step (up to
H, ~ 3.5 wt%) in the hydriding reaction of Mg from
diffusion into another step.

A detailed study on the hydriding kinetics of
a mechanically-alloyed mixture Mg—10 wt% Ni [27]
showed that the rate-controlling step of hydriding
reaction is the gas phase mass transport of H, and the
chemisorption of H, up to H, ~ 4.25 wt%, after
which the diffusion of hydrogen through the growing
hydriding layer controls the reaction. The augmenta-
tion of surface area (in consequence, the decrease in
effective particle sizes) by the effects of the mechanical
alloying and hydriding—dehydriding cycling, changed
the rate controlling step of hydriding reaction of Mg
(up to H, ~ 4.25 wt%) from diffusion into these steps.
The kinetics study on the dehydriding reaction of
a mechanically-alloyed mixture Mg-10 wt% Ni [27]
showed that intrinsic processes are not rate-control-
ling steps from the beginning of the dehydriding reac-
tion up to H, ~ 4.5 wt%, where the dehydriding reac-
tion is controlled by the gas phase mass transport of
H,. This step is expected to be a possible rate-control-
ling one when the particles are small and/or porous.
The effects of mechanical alloying and hydriding—de-
hydriding cycling decreased the effective particle sizes
and made the material porous (Fig. 8¢ and d).



5. Conclusions

The hydriding and dehydriding kinetics Mg are re-
viewed. The hydriding and dehydriding reactions of
Mg are nucleation-controlled under certain condi-
tions and progress by a mechanism of nucleation and
growth, and the hydriding rates of Mg are controlled
by the diffusion of hydrogen through a growing Mg
hydride layer.

Therefore, in order to improve the hydriding and
dehydriding kinetics of Mg, the nucleation must be
facilitated by creating many defects and the diffusion
distances of hydrogen shortened by reducing the effec-
tive particle size of Mg. For these purposes, Mg was
alloyed mechanically with nickel.

The hydrogen storage properties of the mechan-
ically-treated Mg and the mechanically-alloyed
Mg—x wt% Ni (x = 5, 10,25 and 55) mixtures have
been investigated.

The Mg,Ni phase develops in the mechanically-
alloyed mixtures along with hydriding—dehydriding
cycling. In view of activation, hydriding and dehydrid-
ing rates and hydrogen storage capacity, Mg-10
wt% Ni and Mg-25 wt% Ni are the most favourable
compositions.

The Mg-10 wt% Ni and Mg-25 wt% Ni absorbed
hydrogen of 6.19 wt% (for 18.4h), 532 wt% (for
13.5 h), respectively, for n = 11 at 583 K, & bar H,.

The Mg-10 wt% Ni and Mg-25 wt% Ni showed
much larger hydrogen storage capacities and much
higher hydriding rates, and higher dehydriding rates,
than other magnesium-based alloys or mixtures.

The defects created on the surface and in the in-
terior of the material and/or Ni and Mg, Ni (or Mg,Ni
hydride) formed during hydriding-dehydriding cycl-
ing are considered to facilitate the nucleation of hy-
dride in the Mg—55 wt% Ni as compared with that in
the Mg,Ni alloy.

The augmentation of surface area by mechanical
alloying and hydriding—dehydriding cycling has
changed the rate-controlling steps of the hydriding
and dehydriding reactions of Mg—10 wt% Ni into the
gas phase mass transport of H;.
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