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Fig. 2. X-ray diffraction patterns of MgH:® as teceived {bottom’. <old rolled hve
amestmiddiet and mechanically milled far 30 min {top)

Ball milled samples were processed in a SPEX high-energy
mill for 30 min. As-received 300 mesh MgH; powder was inserted
Into a stainless steel crucible m an argon glove box. Stain-
less steel balls were added to have a ball to powder weight
ratio ot 10:1. After milling, the samples were stored in a glove
box.

Absorption and desorption curves were macde at 623 K, 2 Mpa
and 0.06 kpa, respectively, using a home-made PCT apparatus, The
crystal structure was mvestigated by x-ray powderdiffraction on 2
Bruker D8Focus apparatus with Cu-Keel radiation. Crystallite size
and microstrain were evaluated from Pawley method [23] using
Tapas software [24]. Electron microscopy was made with a jeol
JS#-5500 SEM. The samples were metalized with a POLARON SC
7620 sputter coater. A gold depositof 37 nm was sputtered on the
samples to improve conductivity.

3. Results and discussion

Morphology of as received. cold rolled and ball milled MgHy
is shown in Fig. . As seen on these micrographs. the as received
MgH; has a long wormlike shape. [t has a width of about 10-20 wm
and a length of the order of 100 p.m. Cold rolling the sample for
five times agglomerate the powder into plates of approximately
300 pm thick. Therefore, despite the fact that magnesium hydride
is a brittle materiat, cold rolling is seen to be a good method for
agglomeration. The morphology of ball imilled samples is drasti-
cally different than the cold roiled one. Batl milling had the effectof
breaking up the big particies seen in the as-received samples into
much smaller sphere-like shape particles of sizes ranging rom |
to about 15 wm. Some particles are also agglomeration of smalter
ones.

Crystal structure was investigated by X-ray powder diffraction.
X-ray patterns of as-received, cold rolied and ball milled samples
are presented in Fig 2. In the casc of the cold rotled and balt miljed
samples, the broad peaks indicate a nanocrystailine structure. Crys-
taflite sizes and microstrains deduced from Pawley method are
shown in Table 1. As expected, the as-received sample shows rei-
atively big crystallite size and small strain. Ball milling reduced
the crystallite size and increased the strain in the B-MgH; phase.
As for cold rolling, it could be seen that it also reduced the crys-
tallite size but not as much as ball milling. However, the strain
induced in the cold rolled sample is higher than in the ball milled
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Table 1
Crystailite size and steain fo. B-MgH, Inthe as received. cold rolled and ball miled
states

MgH, sample

sample. [t may be because cold rolling witl act more in a ‘shear’
maode than ball milling. In any case, it is clear that cold rolling 15 as
cffective as ball nulling to produce a nanostructure and to induce
microstrain.

Another remarkable feature 1s the absence of magnesium oxide
or hydroxide peaks in the dilfraction pattern of the cold rolled sam-
ple. Therefore, even 1f ralling was pertormed in air the amount of
oxides and hydroxides is smaller than the detection level of X-ray
powder diffraction (a few wt.%). A common result of high energy
milling is the formation of meltastable states. In the present case
of some B-MgH; was transformed to the high-temperature high-
pressure y-MaH. phase during ball milling. As seen in the insert of
Fig. 2 the X-ray pattern of cold rolled sample also shows incipient
peak belonging to the y-MgH;. Therefore, even if cold rolling was
performed for less than 10s compared to 30 min for ball mifling,
the process was energetic cnough to start the conversion of some
B-MgH> to y-MgH,.

The hydrogen absorption kinetics are shown in Fig. 3. For bet-
ter comparison, the hydrogen conteat is given wirl respect to the
theoretical maximum capacity of magnesium (7.6 wt.%). It is clear
that the as-received MgH; has 2 very slow kinetic and that ball
milling for 30 min drastically enhanced hydrogenation kinetic. The
beneficial effect of ball milling on hydrogen sorption kinetics of
magnesium hydride is a well established fact and is not surprising.
The remarkable factis thar the sample volled S times shows Kiner-
1cs almost as fast as the sample ball milled for 30 min. It should be
pointed out that the rolling was performed in air while ball milling
was done under argon. Also, total rolling tinie was of the order of
10 s white milling was performed for 30 min.

Desorption kinetics are shown in Fig. 4. Desorption kinctic of
as-received magnesium hydride s very slow. As in the case of
absarption. cold roliing is almost as effective as ball milling to
improve kinetics. Moreover, curves of balf miifed and cold rofled
samples have the same general shape. This means thar the rate
limiting step is probably the same for both. The ain difference
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between these two curves is incubation time. In the case of bali
milled sample the reaction onset is about 290 s while for the cold
rolled sample the incubation time is 780 s. However, once the reac-
tion started the slopes are simifar.

Therefore, we could sec that cold rolling is extremely effective
for improving hydrogenation kinetics of metal hiydridis. Its effect
on magnesium hydride is the same as ball milling with the enor-
mous advantage of being performed in air and with a processing
time reduced by two orders of magnitudes.

In the same way as for baltiniled samples, the increase in hydro-
gen sorption kimetics shown in our cold rotled samnples could be
attributed to its nanocrystalline structure and farmatiow of defecrs.
As cold rolling seems to be more efficicnt thau ball milling o
produce nanacrystalline structure, we investigated the effect of
numberof rolis on the hydrogen sorption properties of magnesium
hydride. Magnesium hydride powder was cold rolled in air for 25,
50, and 100 times. In Fig. 5 we present the hydrogenation kinet-
ics of these samples. It is clear that with the numbers of rolls. the
reaction kinetics get slower and the capacity decreases.
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Desorption curves are shown in Fig. 6. As for absorption, the
kinetic get slower with the number of rolls. However, the incu-
bation time (onset) decreases with number of rolls. This is an
indication that the number of defect increases with number of rolis
even if the total capacity is getting smaller. The reason for the dras-
tic reduction of capacity is the presence of oxides as seen in the
diffraction patterns shown in Fig. 7.

From the diffraction pattern taken after 25 rolfings, we con-
clude that the crystal structure does not change much except that
the MgO peak grows. As this peak Is very broad, 1t indicates thai
the crystallite size of the oxide is very smali (a few nm). The rela-
tive intensity of the oxide peaks goes up with rolling number. This
confirms that the reduction of hydrogen capacity 1s due to the for-
mation of oxidc as expected. We saw that rolling is very efficient
to increases reactivity in magnesium hydride. But, because ail han-
dling was done in air, as the rcactivity increases the reaction with
airwillalso increases thus leading to formation of oxide. This means
that rolling has to be performed in an inert atmosphere when the
number of rolling passes is high.
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Fig. 7. KRD patterns of Mg, cold rolled for 25 50 and 104 fime
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4. Conclusions

In this investigation we showed that cold rolling1s a good way to
produce nanocrystalline structure i ynagnesium hydnde, In term
of processing time and energy spend it+s much more efficient than
ball milling. Morcover, it could be performed in aif the nuinber
of relling is imured. After only 5 yolls. we ineasured an iinportant
enhancement of hydrogen sorption propecties. comparable to ball
milling for 30 min and withour loss of capacity. This processing
technique could easily be apphed at the industrial level
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Conclusion
Lors de ce projet de maitrise, nous avons mis en évidence 'effet des techniques de
déformation plastique séveres sur les propriétés de sorption d’hydrogene par le
magnésium. Nous avons comparé les effets du laminage avec ceux du broyage
mécanique pendant 30 minutes. Le laminage étant un procédé beaucoup moins
énergétique que le broyage mécanique, le remplacement du broyage mécanique par le
laminage a le potentiel de réduire significativement les coits liés au traitement des

hydrures métalliques.

Nous avons comparé les effets sur la morphologie, la cristallographie ainsi que sur les
propriétés de sorption d’hydrogeéne. Les images de microscopie €lectronique nous ont
montré que le laminage compacte la poudre en plaque. contrairement au broyage
mécanique qui réduit les grains de la poudre de MgH; en petites sphéres. Les mesures de
diffraction de rayons X nous indiquent que cinq laminages sont suffisants pour produire
un effet similaire au broyage mécanique en ce qui a trait a la taille des cristallites et la
microdéformation du matériau. Les effets sur les propriétés de sorption d’hydrogéne sont

aussi équivalents pour ces deux méthodes.

Des études sur la réaction de sorption ont aussi ét¢ produites pour les échantillons
laminés. En déterminant 1’étape limitative des réactions de sorption d’hydrogéne, nous
avons constaté que [’étape limitative de la réaction d’absorption de nos échantillons
laminés est la méme que celle annoncée par Barkhordarian et al. pour des échantillons
préparés par broyage mécanique. De méme, pour la désorption les étapes limitatives sont
similaires a celles observées par Barkhordarian et al. Nous avons montré que, di au fait
que le laminage a été effectué dans |’air, plusieurs laminages réduisent la capacité
d’absorption d’hydrogeéne des échantillons a cause de I’oxydation progressive avec le
nombre de laminages. Ces résultats nous menent & conclure que le laminage pourrait
potentiellement remplacer le broyage mécanique dans la préparation des hydrures
métalliques, réduisant ainsi réduire les dépenses énergétiques et les colits reliés a leurs
préparations. Cependant, le nombre de laminages doit étre limité s’il s’effectue dans I’air.
Si 'on veut poursuivre le laminage un grand nombre de fois, il faut que celui-ci se fasse

sous atmospheére inerte afin de limiter I’oxydation.
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Appendice A : Le principe de fonctionnement d’une pile 2 combustible[22]
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Appendice B : Indices de Miller pour une structure cubique
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Appendice C : La loi de Bragg

Loi de Bragg  _
ni=2d sin@ _ 7
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Appendice D : Les 14 réseaux de Bravais

Cubique

Yolume = @

Hexagonal

Volume =

Tewragonal

Volume = @

Rhombohedral afly = 907
/"’\' Y
Volume = R
{ ]
) ; ; :
AVl —3eosta 4+ 2ot a { / p/a
a\\‘ @ /
a
Orthorhombique azb=g azbesc
= - | == =T
T [T I
Volume = @HC & | ¢
| L |
— + a e
8 b K b
o % 90° a2 907
WManorkinigue [,y = 90* By = 90°
-

e

/ﬁ" i \ ?‘i‘f;\.

Volume = (b w1l v f / /
Triclinique

r
Volume = /
: - = Pe— /AR
ubr\',' 1~ cos?a = cos? 1~ cos’ s 4 2co80cos Tcos Yol

a,fiy = 90°

38



