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Abstrac- Titanium carbide (TiC) and molybdenum carbide (Mo2C) 
particles were selected to modify the hydrogen storage properties 
of magnesium hydride (MgH2). (MgH2+ 2 mol% TiC) and 
(MgH2+2 mol% Mo2C) mixtures were prepared using both 
cryogenic milling and high-energy ball milling. The morphology 
and crystallite structure of the mixtures were examined by X-ray 
diffraction (XRD), scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM). The milled (MgH2+TiC) 
and (MgH2+Mo2C) composites consisted of γ-MgH2 and β-MgH2. 
TiC nanoparticles with the size of 10~20 nm after milling were 
deposited onto the surface or into the grain boundary of MgH2. 
Mo2C were uniformly distributed on the surface of MgH2 
particles. Thermogravimetry and derivative thermogravimetric 
analyses showed that ~6.5 wt. % hydrogen was desorbed from 
(MgH2+TiC) mixture in the temperature range from 190 to 
400 °C at a heating rate of 10 °C/min under He flow. The on-set 
and peak temperatures were 190 and 280 °C, respectively, for 
(MgH2+TiC) ball-milled up to 60 hrs after 8 hrs cryomilling. 
However, (MgH2+Mo2C) shows much higher desorption 
temperature of 300 °C (on-set) and 358 °C (peak), respectively, 
compared with those recorded for (MgH2+TiC). The hydrogen 
desorption activation energy of the milled (MgH2+TiC) mixture, 
104 kJ/mol, was also substantially reduced, compared with that of 
the (MgH2+ Mo2C) mixture, 167 kJ/mol. The addition of TiC 
nanoparticles has greater effect on reduction of hydrogen 
desorption temperatures and acceleration of desorption kinetics. 
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I. INTRODUCTION 
Magnesium hydride has been considered one of promising 

hydrogen storage materials due to its high hydrogen capacity of 
7.6 wt %, h igh abundance, low cost and light weight [1, 2]. 
However its slow kinetics and high desorption temperature 
(>300 °C) limit its practical applicat ions. Many methods, such 
as doping with catalysts, reducing crystallinity and particle size, 
have been developed to improve the hydrogen desorption 
properties. According to recent studies, the desorption kinetics 
and temperatures of MgH2 have been dramatically  improved by 
ball milling with some transition metals, oxides and carbides 
[3-6]. Transition-metal compounds attracted considerable 
interest as effective catalysts, due to the high affin ity of 
transition-metal cation toward hydrogen [2]. Titanium 
compounds have been successfully used to improve the 
sorption kinetics in several typical hydrogen storage systems, 
exhibit ing a h igh affin ity toward hydrogen even at moderate 
temperatures. For example, titanium halides are exceptionally 
effective in lowering the kinetic barrier of dehydrogenation 
reactions for alkaline alanates [7-9]. Recently, it has been 
found that the temperature for hydrogen release from MgH2 
can be greatly reduced by doping it with Ti-containing agents 
[10, 11]. In addition, it  was reported that graphite as a codopant 

of titanium-based catalyst enhanced significantly  both the 
hydrogenation and the dehydrogenation kinetics of catalyzed 
MgH2 and NaAlH4 [11, 12]. Comparative studies based on 
various transition-metal oxides emphasize that an appropriate 
chemical interaction between catalyst and host hydride is 
essential for realizing high catalytic activity [13]. The 
interactions between the hydrides and the transition metal 
agents weaken the Mg-H bonds and thus facilitate the 
recombination of hydrogen atoms to the hydrogen molecules. 

TiC has been found to be an effective and stable catalyst for 
hydrogen desorption of MgH2 in our recent work [4]. However, 
the effect of other transition metal carb ides on the hydrogen 
sorption of MgH2 has not been well studied previously. Here, a  
systematic investigation was carried out on the hydrogen 
desorption properties of MgH2 catalyzed by a small amount of 
TiC or Mo2C. The effects of TiC and Mo2C were compared. 
Both cryogenic milling  and high-energy ball milling were used 
to reduce the hydrogen desorption temperatures and kinetics of 
MgH2. 

II. EXPERIMENTAL METHODS 
As-received MgH2 powder (from Th. Goldschmidt AG, 

Degussa, ~95 % MgH2, 5 % Mg, 50 µm) was mixed with 2 
mol. % of TiC powder (from Sigma-Aldrich, ~95 wt. %, < 200 
nm) or 2 mol. % of Mo2C powder (from Sigma-Aldrich, 99.5%, 
< 44 μm). The mixtures were cryogenically milled for 8 hrs 
using liquid nitrogen to freeze the sealed milling vial in a 
SPEX SamplePrep 6750 Freezer/Mill, then mechanically 
milled  for 16 hrs and 60 hrs at ambient temperature using a 
high energy ball mill, SPEX 8000D, under Argon atmosphere. 
The init ial ball-to-powder weight rat io is 10:1. A ll the powder 
handling was perfo rmed in a dry  glove box under high  purity 
argon.  

The morphology of the powder mixtures was characterized  
by a Jeol 6300 scanning electron microscopy (SEM). The 
powder particle sizes were calcu lated from the SEM pictures as 
the equivalent circle diameter, ECD = (4A/π)1/2, where A 
represents the projected particle area, using the Image Tool 
v.3.00 software. A Jeol 1010 transmission electron microscopy 
(TEM) was used for further examination of the nano-structures 
of the mixtures. X-ray d iffraction (XRD) was performed using 
an XTra diffractometer, manufactured by Thermo ARL (US), 
with Cu Kα radiation. The crystallite/gain sizes were calculated 
from XRD data using Scherrer equation [14]. 

The hydrogen sorption behavior of the mixtures was 
studied by Intelligent Gravimetric Analysis (IGA, Hidden 
Isochem Ltd.). The desorption was performed from 20 to 
500 °C under 1 bar helium pressure with a heating rate of 
10 °C/min and He flow rate of 150 ml/min.  
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III. RESULTS AND DISCUSSION 

A Structure Characterization 

 
Fig.1 X-ray diffraction patterns of the as-received MgH2, T iC, Mo2C, the 

milled (MgH2+TiC) and (MgH2+Mo2C) mixtures. (a) Dehydrogenated 
(MgH2+Mo2C) after cryomilling and 60 hrs ball milling, (b) Dehydrogenated 
(MgH2+ TiC) after cryomilling and 60 hrs ball milling, (c) 60 hrs ball-milled 

(MgH2+Mo2C) after cryomilling, (d) 60 hrs ball-milled (MgH2+TiC) after 
cryomilling, (e) 8 hrs cryomilled (MgH2+TiC) 

Fig. 1 presents XRD patterns of the (MgH2+ TiC) and 
(MgH2+Mo2C) mixtures cryomilled for 8 hrs and fu rther ball-
milled  for 60 hours. After cryogenic and ball milling processes, 
the main phases presented are the parent materials, MgH2, TiC 
or Mo2C. There were no new compounds formed  from the 
mixtures. The metastable orthorhombic γ-MgH2 is detected 
concurrently with β-MgH2 in 60 hrs ball-milled (MgH2+TiC) 
and (MgH2+Mo2C) after 8 hrs pre-cryomilling. The formation 
of γ-MgH2 during high energy ball milling of MgH2 has been 
reported previously[15]. The γ-MgH2 is a high-pressure 
polymorphic form of β-MgH2 created due to the localized  on-
contact impacting action of steel balls on the MgH2 powder 
particles in the milling vial [16, 17]. It  is suggested that the 
formation of γ-MgH2, as a metastable high-pressure phase, has 
a positive effect on hydrogen desorption process as a result of 
rearrangement in  the cation and anion substructures, 
destabilizing β-MgH2 and reduce the desorption temperature 
[16-18]. From XRD pattern of the dehydrogenated (MgH2+TiC) 
mixture cryomilled for 8 h rs and further ball-milled for 60 hrs, 
only MgH2 and TiC peaks are detected in the dehydrogenated 
mixtures. There is no reaction between TiC and Mg/MgH2. 
Similarly, Mo2C retains its original fo rm during milling and 
after dehydrogenation. Both TiC and Mo2C are stable 
compounds with formation enthalpies of -190.4 17.0 kJ/mol 
[19] and -107.35 kJ/mole [20] respectively. The XRD peaks of 
MgH2 become broadened with increase of milling t ime, 
indicating the decrease of crystallite size, compared with the 
as-received powders.  

Fig. 2 shows estimates of the grain size of as-received 
MgH2 calculated from XRD patterns [14] to be of the order of 
65nm. After 8 h rs cryogenic milling, the grain size o f MgH2 
has decreased greatly to ~25 nm. It has been suggested that the 
presence of liquid n itrogen during cryomilling has several 
advantages, such as decreased oxygen contamination[21] and 
enhanced deformation during milling[22]. Following a further 
60 hrs ball milling, the grain size of MgH2 was only reduced 
slightly to 20 nm. This indicates that the cryogenic milling 
process is very effective in  reducing the grain size of MgH2 

particles and further h igh energy ball milling only reduces the 
grain size to a minor extent. Cryogenic milling provides 
significant improvement to surface residual stresses and the 
effectiveness of grinding forces. This is due to substantial 
temperature reduction with in grinding zone and a decrease in 
the magnitude of tensile residual stress for all the materials[23]. 
Cryogenic milling offers an effective solution for achieving 
fine powders by enhancing the brittleness of the materials and 
reducing their tensile strength for materials[22]. The grain size 
of TiC does not decrease greatly after 8 hrs cryomilling (~17 
nm) due to its very low content in the mixture, h igh hardness 
and small original grain size (~18 nm) making it difficult to be 
reduced further. However, the grain size of TiC was decreased 
from 18 nm to ~10 nm and Mo2C from 31 nm to ~20 nm after 
60 hrs ball milling.  

  

Fig. 2 Grain sizes of MgH2, TiC and Mo2C before and after milling, calculated 
from XRD patterns of the as-received MgH2, TiC, Mo2C,  the ball milled 

(MgH2+TiC) and (MgH2+Mo2C) mixtures 

The morphology and microstructure of the mixtures were 
further investigated by scanning electron microscopy (SEM), 
shown in Fig. 3. The average part icle sizes and the range of 
particle sizes were calcu lated according to the SEM images, in 
Fig. 4. Fig. 3b shows the particle morphology of the as-
received TiC, indicating an  agglomeration or clustering of 
nanometer-scaled TiC part icles. The as-received Mo2C 
consisted of platelet-like part icles as shown in Fig. 3c. After 8 
hrs cryomilling, the average particle size of the (MgH2+TiC) is 
reduced to about ~ 240 nm with irregular morphology (Fig. 3d 
and Fig. 4), and that of the cryomilled (MgH2+Mo2C) is ~440 
nm (Fig. 4). Some of the particles become smaller and others 
are aggregated to relatively  large part icles after longer ball 
milling times of 60 hrs. As shown in Fig. 4, the variat ion of 
particle sizes distribution after 60 hrs ball-milling becomes 
broader compared with that of 8 hrs cryomilling. This is 
explained by the continuous welding and fracture of particles 
caused by the collision with milling media balls [24]. The 
minimum average particles sizes of 60 hrs ball-milled 
(MgH2+TiC) and (MgH2+Mo2C) are 70 nm and 60 nm, 
respectively, which offers the possibility of inserting them into 
the grain boundary of MgH2. In addit ion, a s maller part icle size 
or grain size enhances hydrogen absorption/desorption. 
Because it shortens the hydrogen diffusion path through the 
bulk area and enlarge grain  boundaries and active surface 
area[25]. From a back-scattered electron (BSE) image o f the 
cryomilled (MgH2+TiC) (Fig. 3e), the BSE signals for the 
heavier element or the compound containing heavier element 
should be observed as much brighter spots. However, the 
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contrast between the elements of Mg and Ti is not recognized. 
The distribution of nano-sized TiC part icles in the mixture 
(<100nm) cannot be detected by the SEM-BSE analysis with a 
resolution in micrometer scale. Whereas from BSE image o f 60 
hrs ball-milled (MgH2+Mo2C) after cryomilling (Fig. 3g), 
small b right particles with 0.1 μm in diameter are uniformly 
distributed over the larger particles. The bright spots show the 
distribution of Mo2C particles because Mg has much smaller 
atomic number compared  with Mo. Mo2C part icles 
homogeneously distribute in a micrometer-scale range on the 
surface of MgH2. 

                                                                                                                                                                                                                                                                                                                                                     

 

 
Fig. 3 SEM micrographs of  (a) as-received MgH2, (b) as-received TiC, (c) as-

received Mo2C, (d) 8 hrs cryomilled (MgH2+TiC), (e) BSE image of 8 hrs 
cryomilled (MgH2+TiC), (f) 60 hrs ball-milled (MgH2+Mo2C) after 

cryomilling, and (g) BSE image of 60 hrs ball-milled (MgH2+Mo2C) after 
cryomilling 

 
Fig. 4 Mean particle sizes of all samples, calculated from the SEM images of 

the mixtures 

TEM was performed  to identify how the TiC particles are 
distributed in the (MgH2+TiC) particles on the nanometer scale. 
Fig. 5 shows the TEM images of the MgH2 cryomilled for 8hrs 
and the (MgH2+TiC) mixture cryomilled  for 8 hrs and further 
ball-milled for 60hrs. The average size of the large part icles is 
estimated to be about 200-400 nm in diameter. There are many 
much darker s mall particles decorated on the large particles, 

from Fig. 5b. By comparison of Fig. 5a and Fig. 5b, the large 
bright particles are identified as MgH2 and the tiny dark 
particles as TiC. The particle size of TiC is estimated to be 10 
~ 20 nm. From the above observations, the nano-sized TiC 
particles are either distributed on the surface of MgH2 particles 
or inserted between grains of MgH2, which enhances the 
interaction between MgH2 and TiC. Th is enhanced interaction 
explains why TiC acts as an effective catalyst or nucleation site 
for H2 sorption, leading to faster kinetics. 

 
Fig. 5 TEM images of the samples cryomilled for 8 hrs and further ball milled 

for 60 hrs: (a) MgH2 and (b) (MgH2+TiC) mixture 

B Hydrogen Desorption Properties 
Fig. 6 and Fig. 7 show the thermograv imetric (TG) and 

derivative thermograv imetric (DTG) curves of hydrogen 
desorption of the mixtures, respectively. The total relat ive 
weight loss of pure MgH2, (MgH2+TiC) and (MgH2+Mo2C) is, 
respectively, about 7 wt. %, 6.5 wt. % and 6 wt. %. The 0.5 
wt. % and 1 wt. % differences are due to the addit ion of TiC 
and Mo2C. The theoretical capacities of H2 storage are 7.6 
wt. % for pure MgH2, 7.3 wt. % for (MgH2+ 2mol. %TiC) and 
6.7 wt. % for (MgH2+ 2mol. % Mo2C). The weight loss 
between the observed value and the theoretical value of 
hydrogen releasing is due to the formation of MgO and 
hydrogen releasing during the long milling time.  

DTG curves are calculated to identify the onset and peak 
temperatures. It is reported that there is good agreement with 
the decomposition temperature and the peak temperature 
between DTG and Differential Thermal Analysis (DTA) [26, 
27]. This simply means that the maximum rate of weight loss 
occurs at the greatest temperature differential recorded by DTA 
[27]. The 8 hrs cryomilled MgH2 without the catalysts starts to 
decompose at 320 °C (See Tab. 1). The starting desorption 
temperature of cryomilled MgH2 is much lower compared to 
that of the as-received MgH2 (Tonset=418 °C, Tpeak=434 °C), 
which is due to the effect of milling on particle and grain size 
reduction. With the addition of TiC to the cryomilled sample, 
the starting temperature of H2 desorption decreased further to 
280°C with a peak temperature of 332 °C. After a further 60 
hrs ball-milling of cryomilled (MgH2+TiC), the onset 
temperature was reduced to 190°C due to the smaller grain  size 
and enhanced interaction between TiC and MgH2. The catalytic 
effect of TiC is particularly important in reducing the 
decomposition temperature of MgH2, as it has a more 
pronounced effect upon the starting desorption temperature. 
For 60 h rs-milled (MgH2+Mo2C) mixtures, the onset and peak 
temperature of hydrogen releasing are 300 °C and 358 °C. The 
addition of Mo2C does not have an obvious effect on the 
dehydrogenating temperature. Thus it is believed that TiC for 
dehydrogenation of MgH2 has an alternative mechanism of 
reaction to Mo2C. Discussion follows. 

a b 

d e 

f g
 

c 
a b 



Journal of Chemical Science and Technology                                                                                         JCST 

JCST Vol.1 Iss.2 2012 PP.54-59 www.sjcst.org○C World Academic Publishing 
57 

 
Fig. 6 Thermogravimetric (TG) curves of MgH2 milled with and without TiC 

or Mo2C at the heating rate of 10 K/min under 1 bar He flow 

 

Fig. 7 Derivative thermogravimetric (DTG) curves of MgH2 milled with and 
without T iC or Mo2C at the heating rate of 10 K/min under 1 bar He flow, 

derived from Fig. 6 

The activation energy of the desorption process is estimated 
by using the following equation:  

]/)ln[( w
dt
dw

− = E (-
RT
1  ) + lnA (1)          

Where A is the weight loss of the samples at time t, R is the 
gas constant (8.314 J/ mol/K) and T is the absolute temperature 
(K), W is the weight fraction remaining. If we assume that the 
activation energy E is constant over a specific temperature 
range, then the slope of a plot versus (-

RT
1 ) over this range 

should be equal to the act ivation energy E [26, 27]. From the 
slope of the fitted line, the overall activation energy (E') of H2 
desorption of the samples is obtained, as shown in Tab. 1. The 
activation energy of desorption is as high  as 235 kJ/mol for as-
received MgH2. When TiC nanoparticles are added, the value is 
decreased to 157 kJ/  mol after 8 hrs cryomilling. With further 
ball milling to 60 hrs after cryomilling, the activation energy 
becomes as low as104 kJ/mol. Thus desorption kinetics can be 
improved greatly by high energy milling and catalysis with TiC 
nanoparticles. The activation energy of (MgH2 + Mo2C) ball 
milled  for 60 hrs after cryomilling is 167kJ/mol. The activation 
energy of cryomilled MgH2 and (MgH2 + Mo2C) has similar 
value, 199kJ/mol and 197kJ/mol, respectively. Thus Mo2C 
does not show catalytic effect on dehydrogenation of MgH2. 
The results of activation energy and dehydrogenation 

temperature are in correspondence. The desorption kinetics are 
improved by the addition of Mo2C and TiC nanoparticles. 
However, the catalytic effect of TiC is much more pronounced 
with similar part icle size, compared with Mo2C. 
TABLE 1 ONSET & PEAK TEMPERATURE AND DESORPTION RATES 

FOR THE MgH2 MILLED TiC OR Mo2C. 

Sample Onset 
Temp. (°C) 1

Peak Temp. 
(°C) 1  

E' 
(kJ/mol)2

As-received MgH2 

 

418 434 235 

8 hrs cryomilled MgH2 330 365 199 

8 hrs cryomilled (MgH2 
+TiC) 280 332 157 

60 hrs ball milled 
(MgH2 + TiC) after 

cryomilling 
190 275 104 

8 hrs cryomilled (MgH2 
+ Mo2C) 320 360 197 

60 hrs ball milled 
(MgH2 + Mo2C) after 

cryomilling 
300 358 167 

The phenomenon of mechanical milling  helps to pulverize 
the particles of MgH2 into nanocrystalline phases and thus 
leads to lowering the activation energy of desorption [16]. The 
height of the activation  energy barrier depends on the surface 
elements2. Without using the catalysts, the activation energy of 
H2 desorption corresponds to the activation barrier for the 
dissociation of hydrogen atoms from hydrides and the 
formation of hydrogen molecules. The activation energies of 
the H2 desorption for the as-received MgH2, milled MgH2 and 
metal carbide-doped MgH2, are shown in Tab. 1. On the one 
hand, the interaction between the H2 atoms and transition metal 
carbide particles increases with the particle size decrease of 
MgH2 and the catalyst. On the other hand, TiC significantly 
reduces the energy barrier of dehydrogenation after milling, 
showing a good catalyst effect than Mo2C. It has been reported 
that metallic Ti could  catalytically improve the hydrogen 
storage property of Mg-based hydride. There are two 
fundamental theories reported for enhancement of the reaction 
kinetics of MgH2 with these dopants. One believes the 
interactions between the hydrides and the Ti-containing agents 
weaken the Mg-H bonds and favor the recombination of 
hydrogen atoms toward the hydrogen molecules [7, 10]. 
Examples include the classic Ti-halides (e.g. TiCl3) reacting 
with MgH2 to form TiHx, which acts as the catalyst responsible 
for hydrogen dissociation/recombination at the surface of 
hydride after ball milling and hydrid ing/dehydriding processes. 
The other opinion is that Ti or metallic Ti acts as a classic 
catalyst for hydrogen dissociation/recombination on the surface 
of reacting solids [28, 29]. From XRD analysis, both TiC and 
Mo2C didn’t react  with MgH2 during the milling and 
dehydriding processes. This means that TiC, Mo2C and MgH2 
maintain their original phase structures in different 
hydriding/dehydriding stages throughout, as shown from the 
XRD patterns in Fig. 1. These results prove that TiC and Mo2C 

                                                 
1 Onset and peak temperature of γ-MgH2 
2 Activation energy calculated from Eq. 1 
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nanoparticles exist stably and superlatively around the MgH2 as 
the catalytically  active species for the reversible hydrogen 
storage process of the composite.  

It is believed that the dehydrogenation of magnesium 
hydride involves the following steps: decomposition of hydride 
phase to form magnesium phase, diffusion of hydrogen atoms, 
and combination with hydrogen atoms into molecules around 
the TiC or Mo2C active sites and desorption of hydrogen 
molecules [28, 30]. Through 8 hrs cryogenic milling and 
further 60 hrs ball-milling, MgH2 mixed with the TiC can 
produce a favorable reactive surface and a large amount of 
defects acting as active sites for hydrogen and metal interaction. 
The active sites on catalysts have a stronger ability to absorb 
hydrogen atoms than MgH2, which weaken the bonding of Mg-
H. SEM and TEM analysis show that some of TiC 
nanoparticles have been inserted into the MgH2 grain 
boundaries, but Mo2C particles have relatively large particle 
size and are only d istributed on the surface of MgH2. Therefore, 
the diffusion of hydrogen atoms from bulk area to the surface 
or grain boundaries is easier and quicker for MgH2 catalyzed 
with TiC. From the DTG analysis, the onset and peak 
temperature of desorption of the (MgH2+TiC) is much lower 
than (MgH2+Mo2C) at the same molar amount and heating rate. 
Likewise the activation energy of desorption of (MgH2+TiC) is 
much lower than (MgH2+Mo2C). The grain boundary insertion 
of TiC nanoparticles could  be reasons that the catalytic effect 
of TiC is greater than Mo2C on hydrogen desorption of MgH2. 
From Fig. 4, there is no big difference in particle size between 
cryomilled and ball-milled  (MgH2+TiC). However, the 
hydrogen desorption properties and kinetics of 60 hrs milled 
(MgH2+TiC) is much better than 8 hrs cryomilled (MgH2+TiC). 
This is because the high energy ball milling for 60 hrs forces 
some of TiC nanoparticles into the grain boundaries of 
Mg/MgH2. Consequently, the catalytic effect on the inner 
phase transformation and growth is improved.  

Although it has been reported that the hydrogen storage 
properties of MgH2 can be improved effectively  by many 
catalysts, the mechanisms for these catalytic enhancements are 
still not fully  understood. A magnesium-hydrogen reaction 
mechanis m associated with  transition metal-based catalysts has 
been proposed by Barkhordarian et a l. [31]. Hydrogen 
molecules are dissociated mainly on the transition-metal ions 
of the catalysts, with the format ion of a hydrogen-transition-
metal bond. Transition metal ions with mult iple valence states 
allow them to dissociate hydrogen molecules and pass 
hydrogen atoms to the nearby magnesium atoms, where a 
magnesium hydride is then fo rmed. Therefore the other 
possibility of the limited effect of Mo2C on hydrogen 
desorption of MgH2 is due to the lower valence state of 
molybdenum in Mo2C than titanium in  TiC. During desorption, 
the transition-metal ions of the catalysts form an intermediate 
state which allows easier recombination of hydrogen atoms 
toward the molecu lar state. The affinity o f hydrogen to Ti (or 
the reaction energy of Ti ions with hydrogen) is stronger than 
that to Mo [32] ; hence TiC shows better catalytic properties 
than Mo2C in this case. 

IV. CONCLUSIONS 
The effects of TiC and Mo2C on hydrogen desorption of 

MgH2 by cryomilling and high energy ball milling were 
investigated and compared. Cryogenic milling is effect ive in 
reducing grain sizes and particle sizes. Mo2C has a limited 
effect on hydrogen desorption of MgH2 due to relat ive large 
particle sizes and less reduction in activation energy. In 

contrast, the addition of TiC substantially reduces desorption 
temperatures to 190 °C after cryomilling and further high 
energy ball milling. TiC decreases activation energy of 
dehydrogenation of MgH2 from 235 to 104kJ/mol, representing 
a good catalytic effect. The insertion of TiC nanoparticles into 
MgH2 grain boundary shortens the hydrogen diffusion distance 
and weakens the bonds of hydrogen and Mg.  
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