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Hydrogenation properties of Mg/Mg2Ni0.8Cr0.2 composites
containing TiO2 nanoparticles
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Abstract

Mg and Mg-Ni-based hydrides were mechanically milled with TiO2 nanoparticles to fabricate Mg-x wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2

composites. Due to the combined catalyst effects of the TiO2 nanoparticles, Mg2Ni0.8Cr0.2 alloy, precipitated Ni particles and the mechanical
driving force, the composites showed rapid hydrogen absorption/desorption kinetics. If the content of Mg2Ni0.8Cr0.2 alloy was 20 wt.%, the
composite could absorb 4.6 wt.% H at 373 K within 3 min and desorb 4.19 wt.% H at 513 K within 50 min.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

Owing to the high hydrogen storage capacity per unit
eight, Mg-based alloys have attracted extensive attention

or several decades[1–3]. Unfortunately, their hydrides are
oo stable for most practical applications. Therefore, to
estabilize their hydrides and to improve their hydriding-
ehydriding kinetics are appealing objectives. Modifying the
ydriding properties of pure Mg by incorporating it into some
aterials having lower stability is an efficient method, and

he corresponding materials are referred to as Mg-based com-
osites.

However, the high ductility of Mg metal impedes a high-
egree dispersion of the catalytic phase that further restricts

he full realization of the catalytic function. This problem
ould be overcome successfully by milling brittle Mg hydride
nstead of Mg metal. Recently, transition metal oxides have
een used as catalyst for the Mg-based hydrogen storage al-

oys[4–7]. The oxides are hard and brittle and may therefore
romote a better dispersion of Mg particles. If the content of
iO2 was 1.5 wt.%, the Mg2Ni0.75Cr0.25/TiO2 nanocompos-

te could absorb 2.2 wt.% hydrogen under 4 MPa H2 at 373 K
6]. In this work, the effect of both Mg2Ni0.8Cr0.2 alloy and

TiO2 nanoparticles on absorption and desorption prope
of Mg was investigated.

2. Experimental details

The magnesium, nickel and chromium powder (pu
99.9%, 200 mesh), corresponding to an atomic proportio
2:0.8:0.2 were mechanically mixed under argon in a plane
ball mill machine for 1 h. After the milling, the mixture w
cold pressed into pellets under a pressure of 800 MPa
sintered at 823 K for 3 h in argon atmosphere. The pe
of Mg2Ni0.8Cr0.2 were pulverized to particles smaller th
100 mesh. Then mixtures composed of magnesium po
1.5 wt.% TiO2 nanoparticles (tetragonal structure, aver
size 40 nm) and the Mg2Ni0.8Cr0.2 powder taken in differ
ent proportions of 20, 25, 30 and 50 wt.% were ball-mi
for 1 h. After milling, the mixtures were activated at 613 K
4.0 MPa H2 for 8 h. Thereafter, the multi-phase hydrides w
ball-milled for 50 h under argon with a ball-to-powder wei
ratio of 20:1. Microstructure and morphology of the sam
were examined by XRD (Philips PW1050 diffractometer,
K� radiation) and SEM (FEI, SIRION).

The apparatus for hydriding/dehydriding measurem
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are similar to the equipment described in[8]. The vessel filled
with a 3.0 g powder sample was evacuated to 10−2 Pa by
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a rotary vacuum pump and heated to 573 K for 1 h. Then
the temperature was set equal to 353 K, and hydrogen was
introduced at an initial pressure of 4 MPa. After measuring
the hydrogen absorbing behavior at 353 K, the vessel was
evacuated to 0.1 MPa and heated to above 513 K to desorb
the hydrogen.

3. Results and discussion

3.1. Microstructural characterization

Fig. 1shows the X-ray diffraction patterns of Mg-x wt.%
Mg2Ni0.8Cr0.2 (x = 20, 25, 30, 50) hydrides with 1.5 wt.%
TiO2 nanoparticles after ball milling for 50 h. It can be seen
that the diffraction peaks are broadened and the intensity de-
creases significantly. This indicates the grain refining and the
introduction of strain into the samples. MgH2 and Mg2NiH4
were the main phases in the X-ray diffraction patterns. Some
Mg2NiH and pure Mg were also present because the hy-
drides were not stable and partly decomposed during the ball
milling. Pure Ni was also formed because the Mg2Ni0.8Cr0.2
alloy was unstable towards the substitution of Cr atoms and
Ni precipitated onto the surface of the particles. Additionally,
the diffraction peaks became broader and the intensity of the
N
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Fig. 1. X-ray diffraction patterns of hydrides of Mg-x wt.% Mg2Ni0.8Cr0.2-
1.5 wt.% TiO2 composites after ball milling for 50 h;x = 20 (A), 25 (B), 30
(C) and 50 (D).

lyst function depends not only on the catalytic character-
istics of the composite phase, but also on its distribution
state[9]. The EDS spectrum of Ti metal in the Mg-20 wt.%
Mg2Ni0.8Cr0.2-1.5 wt.% TiO2 composite (sample A) shows
that TiO2 nanoparticles disperse uniformly in the compos-
ite. The EDS spectrum of Ti metal in other three samples is
similar.

3.2. Hydrogenation properties

It was found that hydrogenation capacities are closely
correlated with the microstructures and the types of phases
present in the composite materials. After being dehydrided
at 573 K, the as-milled samples needed no activation for

F .2-1.5 w )
a

i peaks increased with the increase of the Mg2Ni0.8Cr0.2
lloy content.

The SEM micrographs of as-milled Mg-x wt.% Mg2
i0.8Cr0.2 composites are presented inFig. 2. As can be
asily seen, the particle size decreases with increasing

ent of the Mg2Ni0.8Cr0.2 alloy that agrees with the XR
esults. The particles were irregular because there were
han one phase formed during ball milling and hydrides w
rittle and easily crushed. The full realization of the c

ig. 2. Field emission SEM image of hydrides of Mg-x wt.% Mg2Ni0.8Cr0
nd 50 (d).
t.% TiO2 composites after ball milling for 50 h;x = 20 (a), 25 (b), 30 (c
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Fig. 3. Hydrogen absorption kinetics of Mg-x wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2 composites at different temperatures;x = 20 (A), 25 (B), 30 (C) and 50 (D).

rapid H-absorption. From the hydriding behavior of the Mg-
x wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2 composites at different
temperatures under an initial hydrogen pressure of 4.0 MPa
(shown inFig. 3), it can be seen that all the composites pos-
sessed a superior kinetics at temperatures exceeding 373 K.
With increasing absorption temperature, the maximum hy-
drogen content increases.Fig. 4shows the hydrogen absorp-
tion kinetics of the Mg-x wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2
composites at 373 K. It indicates that composite has lower
H-absorption rates compared with other three samples. The
H-absorption capacity was 4.60, 4.42, 3.65 and 3.44 wt.% H
for x = 20, 25, 30 and 50, respectively. It may also be noted
that all the absorption was within 3 min.

To further investigate the hydriding characteristics of the
composites at low temperatures, H-absorption measurements
were carried out at 353 K. As seen fromFig. 3, the maximum
hydrogen content decreased with increasing content of the
Mg2Ni0.8Cr0.2 alloy and was equal to 5.24, 4.99, 4.27 and
4.05 wt.% H forx = 20, 25, 30, and 50, respectively. How-
ever, all the composites show relatively low hydriding rates
at 353 K.

On the desorption side, the composites also exhibited
rather high rates.Fig. 5 presents the hydrogen desorp-
tion curves of the Mg-x wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2

composites under 0.1 MPa at 513 K. As shown inFig. 5,
4.2 wt.% H2 is released in 48 min. With increasing content
of Mg2Ni0.8Cr0.2, the maximum desorbed hydrogen con-
tent decreases and the desorption kinetics improves. From
the above results, it can be concluded that adding 20 wt.%

Fig. 4. Hydrogen absorption kinetics of Mg-x wt.% Mg2Ni0.8Cr0.2-1.5 wt.%
TiO2 composites at 373 K;x = 20 (A), 25 (B), 30 (C) and 50 (D).
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Fig. 5. Hydrogen desorption kinetics of Mg-based composites at 513 K. A-
Mg-20 wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2; B-Mg-25 wt.% Mg2Ni0.8Cr0.2-
1.5 wt.% TiO2; C-Mg-30 wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2; D-Mg-
50 wt.% Mg2Ni0.8Cr0.2-1.5 wt.% TiO2.

Mg2Ni0.8Cr0.2 alloy is optimum for the Mg-Mg2Ni0.8Cr0.2-
TiO2 composites. Adding more Mg2Ni0.8Cr0.2 alloy could
improve the hydriding/dehydriding kinetics to some extent,
but the total hydrogen capacities of the composites was re-
duced.

The improvement of the absorption/desorption kinetics
was attributed to the catalytic effect of both Mg2Ni0.8Cr0.2
alloy and TiO2 nanoparticles. The hydriding and dehydrid-
ing reactions of Mg are nucleation-controlled processes and
proceed by the mechanism of nucleation and growth, and the
hydriding rates of Mg are controlled by diffusion of hydrogen
through the growing layer of Mg hydride. The Mg2Ni1−XCrX
alloy can absorb hydrogen at relatively low temperatures and
its hydriding is an exothermic process[6]. The exothermic
reaction offers energy for the hydrogen absorption by Mg to
a certain extent. Therefore, the Mg2Ni0.8Cr0.2 alloy in the
composites can act as H diffusion channels with low activa-
tion energy. Moreover, the interface between Mg and Mg-Ni
acts as an active nucleation site for MgH2. Zaluska et al.[9]
pointed out that the efficiency of the catalyst depended criti-
cally on how well it was dispersed through the system. And
for this reason the best efficiency of a solid-state catalyst is
obtained when the catalyst particles are as small as possible
In the present work, nano-structured TiO2 acting as catalyst
for the hydriding/dehydriding process shows a homogenous
dispersion in the composites (seeFig. 2(e)). Furthermore, me-
c any
d y an

additive acting as active sites for the nucleation, and shorten
the diffusion distance by reducing the effective particle sizes
of Mg. It is reported[10] that nickel particles inlaid on the
surface of a nanocrystalline Mg alloy may also act as active
sites for the redox reaction of hydrogen and, at the same time,
have the “bypass effect” for hydrogen diffusion. Ni precip-
itated from Mg-Ni alloy can also accelerate the hydrogen
diffusion. All the above resulted in the good absorption /des-
orption kinetics of the composites.

4. Conclusion

Mg and Mg-Ni-based hydrides were mechanically
milled with TiO2 nanoparticles to fabricate Mg-x wt.%
Mg2Ni0.8Cr0.2-1.5 wt.% TiO2 (x = 20, 25, 30, 50) compos-
ites for hydrogen storage. The hydrides partly decomposed
and a small amount of pure Ni precipitated onto the surface of
the particles during ball milling. Nanoparticles of TiO2 pro-
duced significant catalytic effects on the hydrogenation prop-
erties of the composites due to the homogenous distribution.
All the composites can readily absorb hydrogen at 353 K.
The composite containing 20 wt.% Mg2Ni0.8Cr0.2 can des-
orb 4.19 wt.% H at 513 K within 48 min under 0.1 MPa. With
increasing content of Mg2Ni0.8Cr0.2, the maximum desorbed
hydrogen content decreases while the desorption kinetics im-
p
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