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Abstract

In our group, strong enhancement of the hydrogen sorption capacities and kinetics of Mg and intermetallic alloys was recently achieved
by surface treatments using physical and chemical means separately or in convert. In the latter, our approach consists in the preparation of
tailor-made composites by ball-milling the alloy with preground graphite using specific milling conditions, followed by the deposition of Pd
nanoparticles on the alloys surface using the polyol process. The benefit of graphite was ascribed to the carbon coating leading to the protection
of the reactive metallic particles toward oxidation and the reduction character of carbon cleaning the alloy surface of NiO. Finally, the fine Pd
particles deposited at the metallic surface probably act as hydrogen pumps during the desorption process. By combining both techniques, a
hydrogen desorption as high as 3wt.% in 60 min atX5@nd 6.2 wt.% in 30 min at 30 are obtained for surface treated Mg alloy and
MgH,, respectively. The latter treatment for Mgk$ compared with the deposition of Ce@oped 6 at.% of Pt.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ball milling which consists in the repeated fracture and weld-

ing of powders particles needs a control of the fresh surface
Mg and Mg-based alloys are well-known for their high generated versus contaminations. Herein, the enhancement

hydrogen storage capacities (up to 7.6% in weight for pure of the hydrogen sorption capacities and kinetics of Mg and

Mg), but the sorption kinetics remain slow at temperature intermetallic alloys is addressed by different types of surface

below 250°C [1-3]. In the case of Mg the absorption rate is treatments. Our approach consists in the preparation of tailor-

the limiting step with a probability of the adsorption ofaH  made composites by ball-milling the Mii alloy [10,11]or

molecule of only 10° [4]. To overcome this problem cata- the Mg with preground graphite using specific milling con-

lysts have to be added to magnesi{Br8]. Mg powder is ditions[12], followed by the deposition of Pd nanoparticles

also very sensitive to the ambient atmosphere and the surfac®n the alloys surface using the polyol procgk3 14]

formation of Mg oxyde or hydroxide has a negative effect

on the sorption properties. Regarding the Mgintermetal-

lic alloy, its performances are limited by a slow desorption » gyperimental

kinetics. The rate-controlling step for the desorption process

is attributed to the permeability of hydrogen through the alloy  The MgNi alloys are prepared from Mg and Ni powders

surface. To improve the sorption properties of Mg and Mg (40,,m, 99.9%, Alfa Aesar) by mechanical milling under

based alloys ball-millingd] is one of the promising process  4ygon atmosphere using a SPEX 8000 mixer-mill. The 50 cc
enabling the creation of nanostructure and numerous paths foktajinjess steel milling container is filled with a mixture of

hydrogen diffusion through grains boundaries. Nevertheless, stinless steel balls of 6 and 12 mm diameter. The mass of
Mg and Ni powder mixture is 5g corresponding to a ball to

* Corresponding author. Tel.: +33 3 22 82 7574 fax: +33 32282 7500. powder weight ratio of 8. The MdNi—C; , composites where
E-mail address: luc.aymard@u-picardie.fr (L. Aymard). t is the milling time of the preground carbon andts BET
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surface area are prepared by 2 h ball milling of the previously 35+
mechano-synthesized Mii alloys with 10 wt.% of highly | Pra= 10 bars 5% Pd-MeaNi-Cyo 0
reactive carbon € 320. The alloys and the corresponding ’ i
composites with carbon are coated by Pd using the polyol pro- 1
cess (i.e. reduction of a metallic saltin a liquid polyol). Due to
the high reactivity of the ball-milled MgNi alloys, ethylene
glycol is chosen, since no Mg(Oplformation is detected
when the alloys are dipped in this solvent. The Pd source con-
sists of Pd(NQ@)2, 2H,O and the reduction occurs at room
temperature. All the samples are coated with 5wt.% of Pd, 051
the content and the dispersion of Pd deposited on the alloy ‘ . . . ‘
being determined by EDX spectroscopy. After the deposition 0 40 80 120 160 200 240
iscomplete, the mixture is centrifuged and washed three times (2 Time (min)
inacetone. A shortball-milling (3 h) of the Pd coated compos-
ite is then realized in order to improve the Pd/alloy interface.
The Mg powder is ground using the SPEX 8000 mixer mill
under 25 bar of hydrogen in the 50 8stainless steel milling
container with a ball to powder weight ratio of 20 in order to 5]
produce the Mgkl hydride. The MgH obtained after 60 h is
then ground with a g 320 carbon followed by the deposi-
tion of 5% of Pd in order to prepare a 5%Pd—Mgi€10 320
composite. The sorption performances of this composite are
compared with the ones of the MgiCeQ composite pre-
pared by ball-milling 30 mn 5 wt.% of Cedoped 6 at.% of 031 P
Pt) with MgH,. Pt-doped Ce@were prepared by a solution 5% Pd-Mg,Ni
combustion methoflL5]. 0 20 40 60 80 100 120
The crystallinity of the ball-milled powders is investi- (b) Time (min)
gated by means of X-ray diffraction using a Philips PW1729
diffractometer Cu |ﬁ1.5418&. The morphology of the parti- Fig. 1. Abso_rption (a) and desorpt_ion (b) k_inetics at 160or ball-milled
. . . . . alloys: MgNi, 5% Pd-coated MgNi, Mg2Ni—10%G;q 320 composite and
cles is observed by Sc_annlng Electronic Microscopy (Philips g, PAd-MgNi—10%Gi0 320 cOmposite.
XL30 FEG) coupled with a EDX spectrometer (Oxford ISIS)
allowing the determination of the alloy composition. The
BET surface area is measured by Hdsorption using a  mentis also noticed during hydrogen uptake (close to 2%) in
Micromeritics Gemini Il 2370 apparatus, after outgasing the first 60 min. The benefit of the surface treatments is even
of the ball-milled powder at 100C for 2h. The hydro- more remarkable on the desorption process with a 2.6 wt.%
gen storage performances of the samples are determined byydrogen release in 60 min at 150 for the MgNi—C10,320
gravimetric measurements using a Hiden IGA 001 appara- composite and the Pd-coated pNj powder (cf.Fig. 1). In
tus. After the powder is loaded into a quartz crucible (typi- the case of MgNi—Ci0 320 cOmposite, the benefit in sorption
cally, with a sample mass of 150 mg) and heated at’T60 kinetics and capacity is strongly linked to a high reactivity
under secondary vacuum for 3 h, the sorption kinetics are [12] of the preground carbon. Indeed, the broken graphene
measured under 10 bar and secondary vacuum on absorplayers created during grinding are at the origin of the strong
tion and desorption processes, respectively. The relativereducing character of carbon toward NiO oxide. So during the
errors on the experimental storage capacities are estimatednilling process of MgNi with C1 320 carbon, the alloy sur-
to 5%. face is cleaned of NiO oxide contamination. The elemental
analysis shows that the oxygen content of the alloy decreases
from 1.4% to 0.4% after the surface treatment. As a conse-
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3. Results guence, the disappearance of the NiO barrier diffusion at the
alloy surface facilitates the sorption process. The benefit of
3.1. Surface treatments of MgaNi with C10,320 and the Pd deposition on the MYl alloy surface is high for the
Swt.% Pd: production of a 5%Pd—-MgyNi—C10,320 desorption process, showing enhanced capacity and kinetics.
composite We speculate that during hydrogen desorption, Pd nanopar-

ticles dispersed on the MYi alloy surface act as hydrogen
Fig. 1 clearly shows that the surface treatments improve pumpsg[16] and therefore accelerate the migration and diffu-
the hydrogen absorption capacity of the composites to 2.3—sion of hydrogen from the bulk into the Pd hydrided phase,
2.8wt.% range, in comparison to the 1.6 wt.% of the as via the grain boundaries, prior to the hydrogen desorption
prepared ball-milled MgNi alloy. A marked kineticenhance-  from Pd particles themselves.
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Fig. 2. XRD diagrams for Mgkl obtained by ball-milling under hydrogen.

3.2. Synthesis and hydrogen storage performances of
MgH> produced by grinding

A fully hydrided MgH, powder is obtained after 48 h of
grinding since no Mg is detectabl€ig. 2). This powder is
a mixture of tetragongdMgH»> and metastable orthorhom-
bic yMgH> phases, this last being known to desorb hydrogen
at temperature below that of more stapligH, [1]. From
the intensities of the main reflections, thelgH» content is
estimated to 35% and 37% for 48 h and 60 h of milling time,
respectively. The Fe impurity (detected at 442) coming
from the milling tools and determined by EDX spectroscopy
increases from 2 to 6 at.% between 24 and 60 h of grinding.
The hydrogen desorption kinetics at 3@ under primary
vacuum for the mechanosynthesized Mgidwders are pre-
sented inFig. 3. For the 24 h ball-milled powder, the first
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Fig. 3. Hydrogen desorption kinetics at 30D for mechanosynthesized
MgH> with milling time.

CeQ composite where CefQis doped with 6% at of Pt.

As expected, the desorption performances of the 5%Pd-—
MgH2-10%G 320 composite are higher than the ones of
MgH> with 6.2 wt.% of hydrogen desorption in 30 miig.

4). In this case, the benefit of graphite was ascribed to the
carbon coating leading to the protection of the reactive
MgH, particles toward oxidation whereas the metallic Pd
being the driving force useful for the hydrogen diffusion.
Interesting results are obtained for MgHall-milled with
Ce( doped with 6 at.% of Pt. The hydrogen desorption rate
of 5.2wt.% in the first 15 min is higher than for the previous
composite while the capacity remains slightly lower than
6 wt.% (5.7 wt.%) after 50 mn. The addition of non doped
CeG on MgH, appears to be not relevant and shows that
the presence of noble metal seems to play a major role in the
kinetics behavior of the Cefocomposite. Thus, the Pt and
Pd role need to be distinguished due to their different nature
of interaction with hydrogen. Pt does not form hydride with
hydrogen but give active sites enabling a better adsorption of

hydrogen release is very limited (2.9 wt.% after 2 h), due to H, molecules and probably a better recombination of hydro-
a large amount of non-hydrided Mg. The 48 and 60 h ball- gen atom during desorption. For Pt-doped Gs@mples, Pt

milled powders desorb around 6.6 wt.% of hydrogen, a value consists, both, in Pt metallic nanoparticles dispersed onto the
close to the theoretical one (7.6 wt.%). The hydrogen uptake

during the absorption is of the order of 6 wt.% in 120 min
for all samples. From the kinetic point of view, longer is the v
milling time, faster is the sorption process in relation with a
larger number of defects making easier the hydrogen diffu-
sion. For the 60 h ball-milled Mgi20 min are sufficient to
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3.3. Surface treatments of ball-milled MgH> with ; * ¢
C10.320 and 5wt.% Pd: production of a 5
5%Pd-MgH>—C10,320 composite s

-6 \\
Based on the results showing the strong improvement 7 b
Time (min )

of the hydrogen sorption kinetics of the 5%Pd—Nig-
10%G 0,320 cOmposite, similar experiments were extended
to MgHo. In addition the performances of the 5%Pd—-MgH
10%GCi0,320 composite were compared with a Mgt3%

Fig. 4. First desorption kinetics at 30Q for MgH, ball-milled with dif-
ferent additives (a) Mgh (b) MgH; + 5%Pd + 10%G0 320, (C) MgHy + 5%
CeQ (6 at.% Pt).
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