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Magnesium has many advantages for a
. hydrogen storage material : large hydrogen
1. Introduction storage capacity (7.6wt.9%), low cost and

abundance in the earth’'s crust. But its
T Corresponding author : songmy@chonbuk.ac.kr hydriding and dehydriding kinetics are very
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slow. A lot of work to ameliorate the reaction
kinetics of magnesium with hydrogen has been
by alloying certain with
magnesiumwo , by mixing metal additives with

done metals

magnesium, by plating nickel on the surface of
magnesium 5

SongG) reviewed the kinetic studies of the
hydriding and the dehydriding reactions of Mg.
Many works do not agree with one another on
the rate controlling step(s) for hydriding or
dehydriding of magnesium. However, there is
no contradiction in the points 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 mproved, therefore, by a treatment
such as mechanical alloying” '
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

which can

nucleation, and shorten diffusion distances by
reducing the effective particle sizes of Mg.

Bobet et al'’ reported that mechanical
alloying in Ha(Reactive Mechanical Grinding)
for a short time(2 h) is an effective way to
improve the
properties of  both magnesium
Mg+10wt.%Co, Ni or Fe mixtures.

The oxides are brittle, and thus they may be

strongly hydrogen storage

and

pulverized during mechanical grinding. The
added oxides and/or their pulverization during
mechanical grinding may help the particles of
magnesium become finer.

In this work, we chose MnO as the oxide to
add to Mg. Mg-10wt.2%6MnO alloys were pre
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(reactive mechanical grinding) in a planetary

pared by mechanical grinding under

ball mill and their hydrogen storage properties
were investigated.

2. Experimental details

Pure Mg powder(particle size 50 um) was
mixed with 10wt.% MnQ (Manganese(Il) oxide,
purity 99%, Aldrich) (sample total weight = 8g)
in a stainless steel container with hardened
steel balls (total weight = 360g) closed in a
hermetic way. The average particle size of
MnO was smaller than 88 250 pm. All the
handlings were performed in a glove box under
Ar in order to prevent oxidation. The mill
container was then filled with high purity
hydrogen gas (= 10bar). The disc revolution
speed was 250 rpm and the milling time was 2
h. These milling conditions were chosen
because Mg—-10wt.2%6FexOs prepared before under
exhibited good hydrogen
storage propertiesm).

The hydriding apparatus has been described

these conditions
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Fig. 1. X ray(CuKa) powder diffraction patterns of
Mg 10wt.% MnO as prepared at 250rpm for 2 h
with weight ratio of sample to ball 1/45.
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Fig. 2. Microstructure observed by SEM of Mg
10wt.% MnO as prepared at 250 rpm for 2h with
weight ratios of sample to ball 1/45.

absorbed or desorbed
hydrogen quantity was measured as a function

previouslylS). The

of time by a volumetric method. X ray
diffraction (XRD) analysis was carried out for
the as milled powders. The microstructures
were observed by SEM (scanning electron
microscope).

3. Results and discussions
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Fig. 3. Variations of Ha wversus t curves of Mg 1
10wt.%MnO at 593K, 12 bar H, according to the
number of cycles n.
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Fig. 4. Ha versus t curves of MglOwt.% MnO under
various hydrogen pressures at 593K.

Fig. 1 shows the X ray (CuKa) powder
diffraction patterns of Mg-10wt.%MnO as
prepared by milling at the revolution speed of
250 rpm for 2 h with weight ratio of sample to
ball 1/45. The samples as prepared contain Mg,
MnQO and a small amount of MgH>.

Fig. 2 gives the microstructure observed by
SEM for Mg-10wt.%MnO as prepared by
milling at the revolution speed 250 rpm for 2 h
with ratio of sample to ball 1/45. The samples
have both small and large particles. The large
particles have cracks with MnO on the surface.

Fig. 3 shows the varations of weight
percentage of hydrogen Ha absorbed by Mg-
10wt.%MnO as a function of time t(min) at
593K, 12 bar H: according to the number of
hydriding dehydriding cycles n. The percentages
of absorbed hydrogen Ha are expressed with
respect to the sample weight. As the number of
hydriding dehydriding cycles increases, the
hydriding rates
hydriding dehydriding cycling for activation is
not required. The Ha value after 10min is 3.12
wt.% and that after 60 min is 3.95 wt.% at the
first cycle.

decrease. It shows that

Trans. of the Korean Hydrogen and New Energy Society (2005.3), Vol. 16(1) 27



OF
e
Y

o

" a-—a—1

e
2.5 /l/. 4
® 204 .
z
@ 1.5 4
o
07 583K | 7]
054 —&— 12 bar | |
—&— 11 bar
0.0 —&— 10 bar 1
0.5 T T T T T T T
[ 10 20 30 40 50 80
t (min)
Fig. 5. Ha versus t curves of Mg wt% MnO

under various hydrogen pressures at 583K.

The reactive grinding of Mg with MnO
increases the hydriding rates by facilitating
nucleation (by creating defects on the surface of
the Mg particles and by the additive) and by
reducing the particle size of Mg and thus by
shortening the diffusion distances of hydrogen
atoms.

Fig. 4 shows the Ha versus t curves at 593K
under various hydrogen pressures for Mg-
10wt %MnO milled with the weight ratio of
sample to ball 1/45. As the hydrogen pressure
increases, the hydriding rate becomes higher.

Fig. 5 and Fig. 6 show the Ha versus t
curves under various hydrogen pressures at
583K  and 573K, respectively, for Mg-
10wt.%MnO milled with the weight ratio of
sample to ball 1/45.

Fig. 7 gives the varations in the weight
percentage of the desorbed hydrogen with
respect to the sample weight, Hd(wt.%), at
593K under 1.0 1.8 bar Hz by Mg-10wt.26MnO
milled with the weight ratio of sample to ball
1/45. Before obtaining these curves, the sample
was hydrided under 12 bar Ho for 1 h at 593K.
As the hydrogen pressure decreases, the
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Fig. 6. Ha versus t curves of Mg 10wt.% MnO
under various hydrogen pressures at 573K.

dehydniding rate becomes higher. The hydrided
sample desorbs 2.12 wt.% hydrogen at 593K, 0.8
bar He for 60 min.

Fig. 8 shows a Pressure Composition
Isotherm for Mg-10wt.26MnQ at 593K. Before
obtaining the data for the curve, the sample
was hydrided for about 65 hours at 593K. The
data points were obtained every two hours. The
hydrogen storage capacity at 593K is about
573 wt.%. The isotherm shows a plateau at
about 1.6 bar Ha.
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Fig. 7. Hd versus t curves of Mg wt.% MnO
under various hydrogen pressures at 593K.
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Fig. 8. Pressure composition isotherm of Mg
10 wt.%MnO H2 system at 593K.

From the results of hydriding rates and
microstructure, it is considered that the
hydriding dehydriding cycling increases the Ho
sorption rates by facilitating nucleation(by
creating defects on the surface of the Mg
particles), by making cracks on the surface of
Mg particles and reducing the particle size of
Mg and thus by shortening the diffusion
distances of hydrogen atoms.

4. Conclusions

The samples Mg-10wt.%MnO were prepared
by mechanical grinding under H: (reactive
mechanical grind) with weight ratio of sample
to ball 1/45 at a revolution speed 250 rpm for 2
h. The Mg-10wt.%MnO prepared
likewise does not hydriding
dehydriding cycling for activation. It absorbs
312 wt.%6 hydrogen for 10 min and 3.95 wt.%
hydrogen for 60 min at the first cycle at 593K
under 12 bar Ha. The sample desorbs 2.12 wt.%
hydrogen at 593K, 0.8 bar H2 for 60 min. The
reactive grinding of Mg with MnO increases the

sample
require

H> sorption rates by facilitating nucleation(by

creating defects on the surface of the Mg
particles and by the additive), by making cracks
on the surface of Mg particles and reducing the
particle size of Mg and thus by shortening the
diffusion
Hydriding dehydriding cycling increases the
Ho

surface of Mg particles and reducing the
particle size of Mg.

distances of hydrogen atoms.
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