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AbstractMagnesium hydride (MgH2) is one of the promising solid-state hydrogen storage materials because of its
high capacity, abundant resource and excellent reversibility. However, the high dehydrogenation temperatures and slug-
gish kinetics restrict its practical application. It was found that doping catalysts could significantly improve the hydro-
gen storage properties of MgH2. The solid solution Ce0.8Mn0.1Zr0.1O2 (denoted as CeMnZr) with abundant oxygen
vacancy was synthesized and its catalytic influence on the hydrogen sorption properties of MgH2 have been investi-
gated. CeMnZr modified MgH2 composite showed a reduced initial decomposition temperature, almost 62 K lower
than the pristine MgH2. At 473 K, MgH2-CeMnZr composite had an absorption capacity of 4.08 wt% hydrogen within
3,500 s, which was about twice better than the pure MgH2 at same condition. MgH2-CeMnZr sample could desorb
2.56 wt% of H2 within 3,500 s at 573 K compared to low desorption rate and 0.85 wt% H2 by as-milled MgH2. The acti-
vation energy (Ea) for CeMnZr codoped MgH2 sample is about 50 kJ·mol1 lower than the milled MgH2. Based on the
characteration analysis, the in-situ generated MgO and CeH2.51 species as well as abundant oxygen vacancy is believed
to play synergistic catalytic effects in enhancing the hydrogen storage properties of MgH2.
Keywords: Magnesium Hydride, Composite, Solid Soultion, Hydrogen Sorption Performance, Hydrogen Kinetics

INTRODUCTION

The excessive consumption of fossil fuel leading to the seriously
environmental crisis forces human beings to look for a new energy
to supersede the traditional conventional energy fuels [1-4]. Hydro-
gen as a renewable energy possesses high hydrogen density, is pol-
lution-free and non-toxic, making it become the competent can-
didate for the future energy system instead of fossil fuel [5-8]. Actu-
ally, the widespread utilization of hydrogen is limited by the con-
cerns on safety and efficient storage. The conventional gaseous and
liquid hydrogen storage method requires extremely harsh high pres-
sure and low temperature, which easily causes serious equipment
and security problems [9,10]. Solid-state hydrogen storage material
has been considered as a suitable and benign alternative in hydro-
gen storage owing to its high capacity and safety. Among all the
solid-state materials, magnesium-based hydrogen storage material,
especially magnesium hydride (MgH2), is one of the most promi-
nent hydrogen storage materials due to its high capacity, large
reserves and excellent reversibility [11-14]. For all its benefits, the
widespread application of MgH2 is still hampered: one is the rela-
tively high dissociation temperature of MgH2 over 400 oC, the other
is the sluggish hydrogen absorption/desorption kinetics performance
even at 300 oC [15-17].

Extensive researches have been focused on the improvement of
the thermodynamic and dynamics behavior of MgH2 by ball-mill-
ing, nano-structuring, alloying and doping catalyst, etc. However,
it is confirmed that doping catalyst by transition metal is an effi-
cient approach that can be used to accelerate the hydrogen storage
performance of MgH2. The rare earth Ce based catalyst exhibits
remarkable hydrogen uptake/release properties for MgH2. Zhang
et al. introduced CeO2 (20%) into pure MgH2 [18]; their results
proved that the uniformly distributed cerium oxides acting as the
real catalysts helped the recombination of hydrogen and nucleation
of new phase, which effectively promoted the hydrogen absorption/
desorption behavior of MgH2. In addition, nano CeO2 with a par-
ticle size 10-15 nm was synthesized through ball-milling method
and its catalytic role in the thermodynamic properties of MgH2 was
also investigated by Singh et al. [19]. They found the addition of
2 wt% CeO2 into MgH2 led to striking hydrogen absorption per-
formance and relatively lower decomposition temperature. The
added composite showed a 1.5 times absorption kinetics than the
pristine MgH2 and with a lower desorption temperature about 383 oC.
CeO2 modified Fe2O3 also presented excellent hydrogen storage
properties as reported by Wang et al. [20].

Furthermore, abundant oxygen vacancies also played a vital role
in the improvement of hydrogen properties of Mg-based com-
pounds. Numerous works have proved that the excellent catalytic
activity for CeO2 on the Mg-based compounds is attributed to abun-
dant oxygen vacancies, which helps to provide the defects of crys-
tal boundary and further shortens the diffusion of hydrogen [21,
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22]. Xiong et al. found that the amount of oxygen vacancy on the
Zr doped CeO2 is much higher than the pure CeO2 [23,24]. The
transition meal modified CeZr sample exhibits the most oxygen
vacancy than the CeZr compounds [25,26]. Mn also has a positive
catalytic effect on the enhancement of hydrogen storage material
[27]. Ismail et al. reported that the MnFeO4 catalyst synthesized
through hydrothermal method reduced the onset temperature and
enhanced the hydrogen sorption kinetics; the remarkably improved
hydrogen sorption was attributed to the in-situ formed Fe particle
and Mn-containing phases [28]. And the synergistic catalytic effects
of nanosized Zr0.7Ti0.3Mn2 and MWCNT were also confirmed by
Li et al. [29].

Inspired by the above, a Mn and Zr doped CeO2 (donated as
CeMnZr) solid solution catalyst with abundant oxygen vacancy
was synthesized, and its catalytic effect on the hydrogen sorption
properties on pure MgH2 was systematically investigated. Moreover,
the corresponding catalytic mechanism of the doped CeMnZr solid
solution catalyst in hydrogen absorption/desorption process of MgH2

is presented, which will give a better understanding for the diversi-
fied hydrogen storage catalyst.

EXPERIMENTAL

1. Synthesis of CeMnZr Solid Solution
Ce(NO3)3·6H2O (99.9%), Mn(NO3)2 (50 wt%), ZrOCl2 (99.9%)

were purchased from Aladdin and directly used as reactant no fur-
ther purification. The raw material with a molar ratio 8 : 1 : 1 (Ce :
Mn : Zr=8 : 1 : 1) was dissolved into the mixture of solvent (eth-
ylene glycol and deionized water) containing 0.1 mol ascorbic acid.
After the mixed solution was stirred into a transparent solution,
NH3·H2O was added into the above solution to keep the pH=10.
The mixture was kept stirring 2 hours and then aged for 12 hours
at room temperature. After aging, the precipitates were filtered and
washed several times with deionized water, and dried at 60 oC for
12 h. Subsequently, the sample was calcined from room tempera-
ture to the target temperature of 500 oC with the heating rate of
2 oC/min. After holding at the target temperature for a period, the
solid solution of Ce0.8Mn0.1Zr0.1O2 (denoted as CeMnZr) sample
was obtained.
2. Synthesis of MgH2-CeMnZr Composites

MgH2 was prepared through the method of hydrogen combus-
tion from the commercial Mg powder (98%). The Mg powder was
hydrogenated at 400 oC for 10 h under the pressure of 4.0 MPa and
the pure MgH2 was successfully obtained by repeating the above
procedure five times.

The doped MgH2-CeMnZr sample was obtained by mechani-
cally ball-milling MgH2 with CeMnZr additive with the mass ratio
of 5 : 1 under planetary grinding machine. The mixture was put
into the stainless-steel milling vial with the ball-to-sample weight
ratio 40 : 1. To avoid increased milling temperature, after each 30
min of ball milling, the milling vial was rested 15 min, and then
launched in another different direction for 30 min. All the opera-
tion was undertaken in an Ar-filled glove box to prevent the oxi-
dation and humidity.
3. Characterization

X-ray diffraction (XRD) was conducted by SmartLab high res-

olution X-ray diffractometer (made by Rigaku company) with the
scanning range from 10o to 80o equipped with Cu K radiation at
40 kV, 40 mA. The microstructure and morphology of the sam-
ples were observed by scanning electron microscopy (SEM). X-ray
photoelectron spectroscopy (XPS) was used to detect the surface
element distribution and the active oxygen species of the compos-
ites doped and undoped. Raman was employed to further iden-
tify the composition of the sample, which was collected in the
anti-Stokes range of 100-2,000 cm1 using an inVia ReflexRenishaw
spectrometer. The samples were excited using a He-Gd laser (exci-
tation wavelength of 532 nm).

Temperature programmed desorption (TPD) and hydrogen sorp-
tion kinetics were investigated using Sieverts-type pressure-compo-
sition-temperature (PCT) apparatus (made by GRINM Co., China).
TPD test with the heating rate of 10K/min was carried out to deter-
mine the desorption properties of MgH2 from room temperature
to 873 K at 0.001 MPa under the vacuum chamber. During the
hydrogen absorption kinetics test, the sample was heated at 423 K
and 473 K under 3.0 MPa H2, whereas for the hydrogen desorp-
tion kinetics test, the sample was heated at 573 K and 623 K under
the pressure of 0.001 MPa. The thermal behavior of the as-milled
MgH2 and MgH2-CeMnZr sample was detected by differential scan-
ning calorimetry (Mettler Toledo TGA/DSC 1). All the samples
were heated under Ar atmosphere from room temperature to 550 oC
under various heating rates: 5 K/min, 10 K/min, 15 K/min, 20 K/
min.

RESULTS AND DISCUSSION

1. Characterization of the Prepared CeMnZr
The phase constitution of the as-synthesized CeMnZr catalyst

was detected by XRD analysis, and the XRD pattern of the synthe-
sized CeMnZr is shown in Fig. 1. It is obvious that the sample
exhibits sharp diffraction peaks, indicating the synthesized sample
has a good crystal structure. Moreover, the dominant charactered
peaks assigned to 28.86o (111), 33.52o (200), 47.48o (220), 56.34o

(311), 59.09o (222), 69.42o (400), 76.70o (331), 79.08o (420) well match
the standard card CeO2 (PDF#34-0394). In Fig. 1(b), a strong ad-
sorption peaks observed at approximately 460cm1 could be assigned
to the Ce-O stretching vibrations in the samples, and there are no
obvious Raman lines due to Mn-O or Zr-O are observed for CeMnZr
catalyst, which implies that the doped metal ions integrated into
the CeO2 lattice framework forming a stable solid solution.

Additionally, the peaks from XRD and Raman analysis for the
doped CeO2 are much weaker and broader than that of pure CeO2,
which indicates the presence of more defective lattice and smaller
crystallite size. Interestingly, the XRD peaks of the doped CeO2 are
shifted obviously to the right with a higher Bragg angle (Fig. 1(a)),
caused by lattice shrinkage due to substitution of Ce4+ (0.097 nm)
by transition metal ions with smaller ionic radii (Zr4+=0.084 nm,
Mn2+=0.083 nm, Mn3+=0.065 nm, and Mn4+=0.053 nm) [30,31].
Meanwhile, the same characteristic peak shift could be seen from
the Raman spectra as compared to the pure CeO2, indicating the
successfully synthesized solid solution CeMnZr catalyst.
2. Hydrogen Sorption Kinetics

The addition of CeMnZr exhibited excellent catalytic effects on
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the improvement of hydrogen storage properties of MgH2, and the
desorption curves of the hydrogen weight loss versus temperature
characterization for the pristine MgH2 and CeMnZr doped MgH2

sample are presented in Fig. 2. The dehydrogenation of as-milled
MgH2 started at 643 K, with the maximum 6.5 wt% of hydrogen
capacity released in the temperature range. The doped CeMnZr
catalyst had a notable effect on the hydrogen decomposition tem-
perature of MgH2 and adding CeMnZr clearly reduced the initial
decomposition temperature of MgH2. The onset decomposition
temperature for CeMnZr doped MgH2 sample was 581 K, which
was decreased by 62 K compared to as-milled MgH2. The little
decrease in the maximum hydrogen release for MgH2-CeMnZr
sample (6.2 wt%) is because the additive does not have the ability
of hydrogen absorption/desorption. Obviously, CeMnZr is a posi-
tive catalyst that presented a brilliant result in reducing the initial
desorption temperature of MgH2.

The dehydrogenation properties of the as-milled MgH2 and
CeMnZr doped MgH2 composite was further investigated by the
isothermal reaction at 573 K and 623 K under 0.001 MPa. As seen
from Fig. 3, almost no hydrogen could be desorbed by the pris-
tine MgH2 within 1,000 s at 573 K, and only 0.85 wt% hydrogen

was detected in 3,500s at the same temperature. Increasing the tem-
perature significantly improved the desorption properties of MgH2.
When the temperature rises to 623 K, the hydrogen desorption
ability is increased to 4.43 wt% within 3,500 s at 623 K, but the hy-
drogen desorption rate is still not satisfied. However, the hydrogen
release property for the doped sample yields a striking improve-
ment. The CeMnZr added sample liberates 2.56 wt% of hydrogen
within 3,500 s at 573 K, which is more than twice than the as-milled
MgH2. Furthermore, the hydrogen desorption capacity and hydro-
gen release rate for the MgH2-CeMnZr composite are obviously
prior to the pristine MgH2 and almost 4.87 wt% hydrogen is ob-
tained at 623 K. From these data, it is concluded that CeMnZr solid
solution exhibits excellent catalytic effect in boosting the hydrogen
desorption kinetics of MgH2.

The apparent activation energy (Ea) is a vital parameter which
reflects how hydrogen desorption could happen. The improved
hydrogen desorption ability is correlated to the energy barrier for
the hydrogen released from MgH2. The apparent activation energy
(Ea) for the as-milled MgH2 and CeMnZr doped sample is calcu-
lated by the Kissinger method; the corresponding equation is as

Fig. 1. (a) XRD pattern of the as-synthesized CeMnZr catalysts; (b) Raman spectra of the as-synthesized CeMnZr catalysts.

Fig. 2. The onset decomposition temperature curves for the as-milled
MgH2 and MgH2-CeMnZr composite.

Fig. 3. Isothermal dehydrogenation curves of the samples: (a) MgH2
at 573 K; (b) MgH2-CeMnZr at 573 K; (c) MgH2 at 623 K;
(d) MgH2-CeMnZr at 623 K.
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follows:

(1)

where  is the different rise rate (K/min), Tm is the peak tem-
perature (K) for the different heating rate in Fig. 4, and R is the gas
constant (8.314 J·mol1·K1). Fig. 4 presents the DSC curves at dif-
ferent heating rate for the as-milled MgH2 and CeMnZr catalyzed

MgH2 composites. Note that the Ea value for the hydrogen desorp-
tion is estimated to be 161.1 kJ·mol1 for the milled MgH2, where
the value for CeMnZr doped sample is reduced to 112.0 kJ·mol1,
which is about 50 kJ mol1 lower than the value of the milled MgH2.
The value of Ea achieved by the Kissinger analysis proves that the
addition of CeMnZr can decrease the dehydrogenation reaction
energy barrier of the doped sample, which obviously promotes the
desorption property of MgH2.

To verify the catalytic influence of the doped CeMnZr on the
hydrogen absorption of pristine MgH2, the hydrogen sorption prop-
erties of the as-milled MgH2 and CeMnZr-doped MgH2 at 423 K
and 473 K were tested after completely finishing the hydrogen de-
hydrogenation process. The hydrogen absorption curves of the as-
milled MgH2 and CeMnZr-doped MgH2 at 423 K and 473 K are
presented in Fig. 5. It is obvious that almost no hydrogen can be
absorbed by as-milled MgH2 at 423 K within 3,500 s. The hydro-
gen absorption behavior shows an upward trend when the tem-
perature increases to 473 K, which is corresponding to previous
studies that the increased temperature is beneficial to the improved
hydrogen absorption ability [32]. At 473 K, the as-milled MgH2 can
uptake 1.83 wt% hydrogen in 3,500 s under the hydrogen pres-
sure of 3.0 MPa. With the introduction of CeMnZr catalyst, the
MgH2-CeMnZr sample exhibits better hydrogen absorption abil-
ity than the as-milled MgH2. At 423 K, 3.32 wt% of hydrogen can
be uptaken rapidly by the MgH2-CeMnZr sample, where the as-
milled MgH2 requires a higher temperature to achieve the same
amount of the hydrogen sorption as MgH2-CeMnZr sample. At
473 K, the MgH2-CeMnZr sample has the hydrogen absorption
capacity of about 4.08 wt% within 3,500 s, which is more than
twice higher the as-milled MgH2. As compared to the mentioned
results comprehensively, it is confirmed that the addition of CeMnZr
solid solution catalyst has promoted the hydrogen storage proper-
ties of MgH2 effectively.

To understand how the doped CeMnZr solid solution affects
the hydrogen sorption kinetics of MgH2, the hydrogen absorption
mechanism is discussed by fitting the hydrogen absorption curves
for the doped and undoped samples through the Johnson-Mehl-
Avrami (JMA) model and Arrhenius analysis by fitting the absorp-
tion curves of MgH2. The well-known JMA model is conducive to
understanding the hydrogenation absorption process and enhanc-
ing the comprehension for the reaction mechanism. The equation
used in JMA model is as follows:

(2)

In which  and k represent the reacted fraction, rate constant,
respectively. The Avrami exponent n is generally used to under-
stand the dimensionality of the growth process and the informa-
tion about the rate-limiting step of the reaction. Clearly, as seen from
Fig. 5, when (t) varies from 0.2 to 0.8 the ln[ln(1(t))] shows a
straight line against ln(t). Therefore, the JMA equation is well suited
to investigate the hydrogenation mechanism of pure MgH2 and
MgH2-CeMnZr composites. Interestingly, the Avrami exponent n
is 0.33 at 473 K and 0.39 at 523 K for the MgH2-CeMnZr com-
posites, continuously shifts to 0.45 at 573 K. In the hydrogenation
process, the Avrami exponent n at different temperature is close to
0.5, indicating that the hydrogenation of the MgH2-CeMnZr nano-

d /Tm
2

 ln 

d 1/Tm 
------------------------------  

  Ea

R
---------

kt    1   ln 
1/nFig. 4. DSC curves of MgH2 (a) and MgH2-CeMnZr composite (b)

at different heating rates 5 K/min, 10 K/min, 15 K/min, 20 K/
min; (c) The Kissinger plot of decomposition for CeMnZr-
doped MgH2 composite and milled MgH2.
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composite is mainly controlled by the hydrogen diffusion. The hy-
drogen desorption data at 598 and 623 K are fitted with JMA
model and shown in Fig. 5(c). It is observed that the linear rela-
tionship is fitted very well. The Avrami exponent n value of dehy-
drogenation for different temperatures is ~1, whose rate limiting
step lies in one-dimensional growth with constant interface velocity.
This value range indicates that the hydrogen absorption and desorp-
tion process of MgH2-CeMnZr composite is mainly controlled by
hydrogen diffusion and one-dimensional growth with constant
interface velocity, respectively. Furthermore, the calculated activa-
tion energy (Ea) values for these composites are shown in typical
Arrhenius plots in Fig. 5(d). As expected, the calculated Ea value
for the hydrogen absorption process is 58.45 kJ mol1 for MgH2-
CeMnZr composite, much lower than 108.17 kJ mol1 for MgH2,
giving further evidence for the relevance between the addition of
CeMnZr and the hydrogen absorption kinetics. The dopant of
CeMnZr into MgH2 can effectively reduce the kinetic energy bar-
rier of hydrogen absorption reaction of Mg based hydrogen stor-
age materials and thus improve their kinetic properties.
3. Catalytic Mechanism

To clearly clarify the phase transformation between MgH2 and
CeMnZr solid solution at different stage, XRD was employed to
analyze the phase constitution of the MgH2-CeMnZr composite.
Fig. 6 exhibits the XRD patterns of the ball-milled, hydrogenation,
dehydrogenation process. As illuminated in Fig. 6(a), the dominant

diffraction peak is ascribed to MgH2. Additionally, new peaks that
are composed of MgO and CeH2.51 are found with the disappear-
ance of CeMnZr solution solid catalyst; the presence of MgO may
be due to the little oxidation generated from the sample operation
processing, while the new diffraction peaks of CeH2.51 are detected

Fig. 5. (A) The hydrogen absorption curves of the sample at different temperature under 3.0 MPa: (a) as-milled MgH2 at 423 K; (b) as-milled
MgH2 at 473 K; (c) CeMnZr-doped MgH2 composite at 423 K; (d) CeMnZr-doped MgH2 composite at 473 K; JMA plots for the iso-
thermal reaction of MgH2-CeMnZr: (B) rehydrogenation and (C) dehydrogenation; (D)Arrhenius plots for the rehydrogenation of
MgH2-CeMnZr and MgH2.

Fig. 6. XRD profiles of (a) as-milled, (b) hydrogenation and (c) de-
hydrogenation of the MgH2-CeMnZr composite.
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in the MgH2-CeMnZr composite, substantiating that there an obvi-
ous chemical reaction occurred between MgH2 and CeMnZr solid
solution in the ball milling process. After hydrogenation at 3.0
MPa, it can be found that the MgH2, MgO and CeH2.51 phases are
still clearly visible in the hydrogenation state. For the dehydroge-
nated at 0.1 MPa, as shown in Fig. 6(c), the diffraction peaks of
Mg appear accompanied by the disappearance of the MgH2 peaks.
The peaks of CeH2.51 and MgO phase could be still clearly seen in
the dehydrogenation process. Note that Mn and Zr could not be
detected in the whole XRD patterns, which is due to the forma-
tion of solid solution; moreover, the obtained results are in accord
with the XRD analysis in Fig. 1. Referring to the XRD analysis, the
diffraction peaks for CeH2.51 and MgO still exist in the whole hy-
drogenation/dehydrogenation process; CeH2.51 and MgO may be
the favorable phase for the enhancement of hydrogen storage for
the as-milled MgH2. Nevertheless, numerous researches have proved
that the newly appeared CeH2.51 is in favor for the improvement of
the MgH2 hydrogen absorption/desorption [32].

To further investigate the doped CeMnZr on the effect of the
morphology for the pristine MgH2, SEM analysis was used and the
corresponding image is shown in Fig. 7. Obviously, the as-milled
MgH2 presents irregular shape with a wide size range. It can be
seen that the CeMnZr added sample exhibits a smaller grain size
with loose structure than the as-milled MgH2, indicating that the
addition of CeMnZr solid solution is helpful for the particle reduc-

tion of MgH2 to prevent the formation of large clusters. The de-
creased particle size promotes the performance of hydrogen absorp-
tion and desorption for Mg and Mg-based materials. Therefore,
the addition of CeMnZr solid solution significantly decreases the
particle size of MgH2 and is conducive to altering the hydrogen
absorption/desorption properties.

To further clarity the mechanism for the doped CeMnZr which
catalyzes the improvement of hydrogen sorption performance for
MgH2, the composition of surface elements and adsorbed oxygen
species for the pure CeO2 and CeMnZr was characterized by XPS.
Fig. 8 displays the XPS spectra of Ce 3d, O 1s for the pure CeO2

and CeMnZr solid solution. With regard to Fig. 8(a), there exist
three dominant fitting peaks: The peak located at 529.4 eV (O) is
attributed to the lattice oxygen (O2), while the peaks centered at
O (530.6eV) and O (532.9eV) are assigned to chemically adsorbed
oxygen (O, O2

), respectively. Zhou et al. [21,22] reported that the
surface lattice oxygen as the active oxygen species is beneficial to
improving the hydrogen sorption behavior, owing to its abundant
oxygen vacancy. It can be seen from Fig. 8(a) more lattice oxygen
O on the surface of CeMnZr solid solution than the pure CeO2,
giving an indication that more oxygen vacancies exist in the Mn
and Zr doped CeO2.

With regard to Fig. 8(b), Ce 3d is numerically decomposed into
eight components for each sample, and the corresponding assign-
ments are labeled as V (882.3 eV), V' (884.6 eV), V'' (888.8 eV), V'''

Fig. 7. SEM images for the as-milled MgH2 (a) and CeMnZr doped MgH2 sample (b).

Fig. 8. XPS curves of O 1s (A) and Ce 3d (B) for the samples (a) pure CeO2 (b) CeMnZr solid solution.
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(898.3 eV), U (900.8 eV), U' (903.3 eV), U'' (907.9 eV), U''' (916.7
eV). The fitting peaks centered at V, V'', V''', U, U'', U''' are related
to the Ce4+ species, and the other peaks labeled V' and U' repre-
sent the Ce3+ species, which is the central chemical valance state on
the surface of the sample. In Fig. 8(b), the amount of Ce3+ on the
surface of CeMnZr is higher than the pure CeO2. As confirmed
by Huang [33] and Weng [34] et al., the pronounced catalytic activ-
ity was caused by the formation of more Ce3+ accompanied with
oxygen defects. On the basis of the obtained XPS analysis, the Mn
and Zr doped CeO2 has more oxygen vacancies and Ce3+ on the
CeMnZr surface.

Referring to the mentioned analysis, the improvement in the
hydrogen sorption kinetics of MgH2-CeMnZr composites is spec-
ulated to those reasons and the corresponding mechanism dia-
gram is described in Fig. 9: (1) the CeH2.51 compound formed during
the ball-milling process has promoted the improvement of hydro-
gen sorption performance for MgH2. As reported by zheng et al.
[35], CeH2.51 had a better catalytic effect on hydrogen sorption kinet-
ics of solid state hydrogen storage material, which happened because
CeH2.51 mainly exerted its influence on the contact surface. Ismail
et al. also discovered that cerium hydride was a cracking agent that
introduced an extra catalytic effect on metal hydride sorption prop-
erties [36]. (2) Other than CeH2.51, the formation of MgO was sub-
stantiated to make a contribution to the striking hydrogen storage
behavior for Mg-based materials. A study made by Aguey-Zinsou
et al. that the magnesium that milled with MgO exhibited excel-
lent hydring and dehydring kinetics, the absorption or desorption
of hydrogen takes place in less than 150 s with a capacity of 6.5
wt% hydrogen [37]. Ares-Fernández demonstrated that the kinet-
ics of hydrogen absorption/desorption in magnesium catalyzed by
MgO was found to be more effective than the best catalyst Nb2O5

[38]. (3) Additionally, the abundant oxygen vacancies and the reduced
particle size due to the Mn and Zr doped also play a vital role for
the enhancement of the hydrogen sorption kinetics [21,22]. Hence,
the mechanism of MgH2 catalyzed by CeMnZr is mainly ascribed

to the in-situ formation of CeH2.51, MgO as well as the abundant
oxygen vacancies and the reduced particle size, CeMnZr is proved
to be the prominent catalyst in boosting the hydrogen storage
properties of MgH2.

CONCLUSIONS

The solid solution CeMnZr was synthesized and its catalytic
effect on the hydrogen sorption properties of MgH2 was systemi-
cally investigated. The introduced CeMnZr catalyst effectively im-
proved the hydrogen absorption/desorption kinetics and lowered
the desorption temperature of the pristine MgH2. The MgH2-
CeMnZr sample could absorb 3.32 wt% of hydrogen at 423 K and
4.08 wt% of hydrogen could be obtained at 473 K within 3,500 s,
whereas the pristine MgH2 almost showed no hydrogen ability at
423 K and only 1.83 wt% of hydrogen could be taken up in 3,500 s
at 473 K. Moreover, the desorption capacity and rate are highly
enhanced for the composite which had a desorption capacity of
2.56 wt% at 573 K and 4.84 wt% at 623 K. From the Kissinger anal-
ysis calculation, the apparent dehydrogenation activation energy
for the MgH2-CeMnZr sample was 112.0 kJ·mol1, which is about
50 kJ·mol1 lower than the as-milled MgH2. From these results, it
can be concluded that the in-situ generated MgO and CeH2.51 spe-
cies as well as the abundant oxygen vacancy is believed to have syner-
gistic catalytic effects in enhancing the hydrogen storage properties
of the CeMnZr coped MgH2 composite.
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