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Abstract 

In this study, the effects of different contents (5, 10, 15, 20 and 50 wt.%) of an SrFe12O19 

nanopowder, doped into MgH2 and prepared by the ball milling method, were investigated with 

the aim of improving hydrogen storage properties. The results indicated that 10 wt.% SrFe12O19 

showed the best performance, compared with un-doped MgH2, in terms of the onset 

dehydrogenation temperature. The desorption temperature of MgH2 + 10 wt.% SrFe12O19 

decreased to about 270 °C compared to the 350 °C and 420 °C for as-milled and as-received 

MgH2, respectively. The de/rehydrogenation kinetics of MgH2 also improved after doping with 

SrFe12O19. Increasing the doping amount of SrFe12O19 to 15, 20 and 50 wt.% initiated negative 

effects, such as lower capacity and slower sorption rates. From the Kissinger plot differential 

scanning calorimetry, the apparent activation energy was 133.31 kJ/mol for as-milled MgH2 and 

114.22 kJ/mol for MgH2 + 10 wt.% SrFe12O19, indicating that SrFe12O19 addition decreased the 

activation energy for hydrogen desorption of MgH2. From the X-ray diffraction results, it is 

believed that the formation of a new phases of Fe, MgFe2O4 and SrO during the dehydrogenation 

process might be responsible for the catalytic effects which further enhanced the hydrogen 

storage properties of MgH2. 
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1. Introduction 

Being environmentally-friendly, numerous efforts have been made to realize the potential of 

hydrogen as a major energy carrier, in both mobile and stationary applications.
1
 However, 

hydrogen storage is still a major problem and three main approaches currently exist, high 

pressure, cryogenics and chemical compounds, which reversibly release H2 upon heating (solid-

state storage). Storing hydrogen in a solid state offers several benefits over compressed and 

liquid forms, particularly in terms of safety, cost and high volumetric and gravimetric density.
2
 

Various types of material have been proposed and are currently under investigation. Among 

them MgH2 has been a research hotspot due to its large gravimetric density (7.6 wt.%), superior 

reversibility and low cost.
3, 4

  

 Nevertheless, its high temperature of hydrogen release (> 400 °C) and slow rehydration 

and dehydration kinetics are two main problems that limit the use of MgH2 as a hydrogen storage 

material in practical applications.
5
 In an attempt to improve the hydrogen storage properties of 

MgH2, a lot of studies have been performed. One of the strategies is the addition of a catalyst. 

Various catalysts have been doped into MgH2 via ball milling, such as metals,
6-10

 metal oxides,
11-

15
 metal halides,

16-23
 carbon-based materials,

24, 25
 and alloys.

26-28
 To date, metal oxides, especially 

the ternary oxide known as ferrite, have attracted attention because of the role they play in 

enhancing the hydrogen storage properties of materials.  

 In a previous report by Wan et al.,
29

 the dehydrogenation performance of MgH2 was 

significantly improved after doping with NiFe2O4 nanoparticles. Meanwhile, Li et al.
30

 also 

reported that addition of MnFe2O4 nanoparticles significantly enhanced the dehydrogenation 

properties of MgH2. Furthermore, in a study by Zhang et al.
31

 on the dehydrogenation 

mechanism of ball milled MgH2 doped with ferrite nanoparticles (CoFe2O4, ZnFe2O4, MnFe2O4 
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and Mn0.5Zn0.5Fe2O4), the result indicated that all ferrites can significantly reduce the desorption 

temperature of MgH2, and that CoFe2O4 showed the best catalytic performance of the ferrites. 

Shang et al.
32

 also found that addition of 7 mol% CoFe2O4 enhanced the hydrogen storage 

properties of MgH2 by reducing the onset desorption temperature to 160 °C, 200 °C lower than 

as-milled MgH2. 

 Although some ferrites have a positive effect on the hydrogen storage properties of MgH2, 

they still do not fulfil the requirements for practical application as suitable hydrogen storage 

materials. Therefore, it is important to find other types of catalyst that can improve the hydrogen 

storage properties of MgH2. Therefore, in this study another type of ferrite, SrFe12O19, was 

selected as a catalyst for MgH2. There is no existing research into the effect of SrFe12O19 

nanoparticles on MgH2 properties. A recent study suggests that improvement in the hydrogen 

storage properties of MgH2 doped with 7 mol% NiFe2O4 is related to in situ formed intermetallic 

Fe7Ni3 and (Fe,Ni) phases from the reaction between NiFe2O4 and MgH2 during the desorption 

process, and that these phases act as a real catalyst.
29

 So, it can be speculated that SrFe12O19 

reacts with MgH2 during the desorption process to form a new active species. 

 In this work, MgH2 was mixed with SrFe12O19 to improve its hydrogen storage properties. 

The aim was to combine the in situ active species factors and thus enhance the de/hydrogenation 

properties of MgH2. The hydrogen storage properties and reaction pathways of MgH2 were 

investigated using Sievert-type pressure-composition-temperature (PCT) apparatus, differential 

scanning calorimetry (DSC), X-ray diffraction (XRD) and scanning electron microscopy (SEM). 

The possible mechanism behind the catalytic effect of SrFe12O19 on MgH2 is also discussed. 
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2. Experimental Details 

2.1 Preparation of samples 

The starting maetrials, MgH2 (98% purity), SrFe12O19  were purchased from Sigma-Aldrich and  

were used as received. All handling of the powder, including weighing and loading, was 

performed in an argon atmosphere using an MBraun Unilab glovebox to prevent from humidity 

and oxidation. The MgH2 powder was ball milled with different wt.% of SrFe12O19 (5, 10, 15, 20 

and 50 wt.%) in a planetary ball mill (NQM-0.4) for 1 h, by milling for 15 min, resting for 2 min 

and then milling for another 15 min. This process was conducted in 3 cycles in a different 

direction at a rotation speed of 400 rpm using hardened stainless steel vials and stainless steel 

balls. The ratio of the weight of the balls to the weight of the powder was 40:1. 

2.2 Characterizations of sample 

For the temperature-programmed desorption (TPD) and the rehydrogenation and 

dehydrogenation kinetic measurements, about 100 mg of the sample was loaded into a sample 

vessel in the glovebox. The experiments were performed in a Sievert-type PCT apparatus 

(Advanced Material Corporation). For the TPD experiment, all the samples were heated in a 

vacuum chamber and the amount of desorbed hydrogen was measured to determine the lowest 

decomposition temperature. The heating rate for the TPD experiment was 5 
o
C/min and the 

samples were heated from 25 
o
C to 450 

o
C. The de/rehydrogenation kinetics measurements were 

conducted at the desired temperature with initial hydrogen pressures of 1.0 atm and 30 atm, 

respectively.  

 The phase structures of the samples before and after desorption as well as after 

rehydrogenation were performed using a Rigaku MiniFlex X-ray diffractometer with Cu Kα 

radiation. θ-2θ scans were carried out over diffraction angles from 20° to 80° at a speed of 2.00 
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°/min. All the samples were prepared in the glovebox in order to minimise the oxidation of the 

sample. To avoid exposure to the air during the measurement, the sample was spread uniformly 

on the sample holder and covered with scotch tape and sealed in plastic wrap.  

 Differential scanning calorimetry (DSC) analysis of the dehydrogenation process was 

carried out on a Mettler Toledo TGA/DSC 1. About 2–6 mg of sample was loaded into an 

alumina crucible in the glove box. The crucible was then placed in a sealed glass bottle in order 

to prevent oxidation during transportation from the glove box to the DSC apparatus. An empty 

alumina crucible was used as the reference material. The samples were heated from room 

temperature to desire temperature under an argon flow of 50 ml/min, and different heating rates 

were used. The microstructures of the samples were characterized by using a scanning electron 

microscope (SEM; JEOL JSM-6360LA) by setting the samples on carbon tape and then coating 

them with gold spray under a vacuum 

3. Results and Discussion 

3.1 Dehydrogenation temperature 

Fig. 1 shows the TPD patterns for the dehydrogenation of as-received MgH2, as-milled 

MgH2, MgH2 + 5 wt.% SrFe12O19, MgH2 + 10 wt.% SrFe12O19, MgH2 + 15 wt.% SrFe12O19, 

MgH2 + 20 wt.% SrFe12O19 and MgH2 + 50 wt.% SrFe12O19. The as-received MgH2 started to 

release hydrogen at about 420 °C, with a total dehydrogenation capacity of 7.42 wt.% H2 by   

450 °C. After milling, the onset desorption temperature of MgH2 was reduced to about 350 °C 

with the total capacity of hydrogen desorbed about 6.68 wt.%, indicating that the milling process 

also influences the onset desorption temperature of MgH2, as reported by Huot et al.
33

 It is 

obvious that after doping with different percentages of SrFe12O19 the onset desorption 
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temperature of MgH2 dramatically reduced compared with that as-milled and as-received. With 5 

wt.% SrFe12O19 the onset desorption temperature initiated at about 300 °C, but the addition of 10 

wt.% caused a reduction to 270 °C. By increasing the doping amount of SrFe12O19 to 15 and 20 

wt.%, the desorption temperature reduced to about 285 °C for both samples. Meanwhile, by 

increasing the additive amount to 50 wt.%, hydrogen started to desorb at about 300 °C but with a 

reduction in released hydrogen content. It can be speculated that when the desorption capacity of 

the samples with 20 and 50 wt.% SrFe12O19 dropped slightly to about 4.7 wt.%, this was due to 

the excessive catalytic effect of added amounts of SrFe12O19.  

3.2 De/rehydrogenation kinetics 

Isothermal dehydrogenation kinetic curves for the as-milled MgH2 and MgH2 doped with 

5, 10, 15, 20 and 50 wt.% SrFe12O19 were studied at a constant temperature of 320 °C under 1 

atm pressure, as shown in Fig. 2. The results show that the samples doped with 5 and 10 wt.% 

SrFe12O19 released 2.8 and 4.3 wt.% hydrogen, respectively, within 15 min. Meanwhile, for the 

samples doped with 15 and 20 wt.% SrFe12O19, the capacity of hydrogen released was about 2.1 

wt.% for both samples over the same time period. By increasing the SrFe12O19 content to 50 

wt.%, the amount of hydrogen released reduced to 1.9 wt.% in 15 min and about 3.1 wt.% after 

60 min. In contrast, only 0.2 wt.% hydrogen was released from as-milled sample at this 

temperature in 15 min. It can be seen that the addition of SrFe12O19 improved the 

dehydrogenation kinetics of MgH2 and that samples doped with 10 wt.% SrFe12O19 showed the 

fastest desorption. 

In order to investigate the reversibility of the samples, isothermal rehydrogenation 

kinetics for as-milled MgH2 and doped-MgH2 were measured at a constant temperature of 

320°C, under a 30 atm H2 pressure, as shown in Fig. 3. It is obvious that the MgH2 doped with 5 
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and 10 wt.% SrFe12O19 had better rehydrogenation kinetics than undoped MgH2. The samples 

doped with 5 and 10 wt.% SrFe12O19 absorbed approximately 4.6 and 4.8 wt.% hydrogen, 

respectively, within 1 h, while the hydrogen absorbed by the as-milled MgH2 was about 4.2 wt.% 

under the same conditions. However, the samples of MgH2 doped with 15 and 20 wt.% 

SrFe12O19 showed slow rehydrogenation kinetics compared with MgH2, with only 3.6 wt.% and 

3.1 wt.% hydrogen absorbed within 1 h, respectively. When the amount of SrFe12O19 was 

increased to 50 wt.%, the sample only absorbed about 2.8 wt.% hydrogen at 1 h, i.e. a slower 

absorption rate than as-milled MgH2 and MgH2 doped with 15 and 20 wt.% SrFe12O19. The 

decreasing hydrogen capacity and slower rehydrogenation kinetics in the 15, 20 and 50 wt.% 

samples was due to a superfluous catalytic effect brought about by the relatively large amount of 

added SrFe12O19, blocking the diffusion path of hydrogen to some extent, and thereby reducing 

the reaction between Mg and hydrogen.
34

 This same phenomenon was reported in our previous 

paper 
3
. These results indicate that the addition of a minimum amount of SrFe12O19 can also 

improve the rehydrogenation kinetics of MgH2. 

Therefore, the results of the onset decomposition temperature reduction and hydrogen 

sorption kinetics, show that 10 wt.% SrFe12O19 is optimum for enhancement of MgH2 hydrogen 

storage properties. Thus, this sample was chosen for further analysis to determine exactly how 

this catalyst affects MgH2 properties. 

3.3 Differential Scanning Calorimetry  

Fig. 4 presents the thermal properties of as-received MgH2, as-milled MgH2 and MgH2 + 

10 wt.% SrFe12O19, identified by DSC at heating rate of 20°C/min within a temperature range of 

25–500°C and under an argon flow of 50 ml/min. The DSC curves of all samples display only a 

single strong endothermic peak which corresponds to the decomposition of MgH2. The DSC 
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curve of as-received MgH2 shows the peak temperature at approximately 458.4°C. Meanwhile, 

the hydrogen desorption temperature of the as-milled MgH2 and MgH2 + 10 wt.% SrFe12O19 

show the peak of the DSC curves shifted to the lower temperatures compared with as-received 

MgH2. The DSC curves for the as-milled MgH2 and MgH2 + 10 wt.% SrFe12O19 samples had 

strong endothermic peaks at 426.7°C and 409.5°C, which decreased by approximately 31.7°C 

and 48.9°C, respectively. The reduction of the peak temperature in the DSC results indicate that 

the dehydrogenation properties of MgH2 were significantly enhanced by adding SrFe12O19. 

However, the onset desorption temperature of the samples from the DSC results were slightly 

higher than from TPD. These phenomena may be due to the different atmospheres and heating 

rates used in the two types of measurements as explained in our previous paper.
35-38

 

In order to determine the effects of SrFe12O19 addition on the activation energy of MgH2, 

Kissinger analysis
39

 was used according to the following equation: 

ln[β/Tp
2
] = -EA/RTp + A                                                                                                                 (1) 

where β is the heating rate, Tp is the peak temperature in the DSC curve, R is the gas constant, 

and A is a linear constant. Thus, the activation energy, EA, could be obtained from the slope in a 

plot of ln[β/Tp
2
] versus 1000/Tp. The DSC traces at different heating rates for as-received MgH2, 

as-milled MgH2 and MgH2 + 10 wt. % SrFe12O19 used for calculation of the activation energy, 

EA, are shown in Fig. 5. 

From the Kissinger plot of the DSC data, Fig. 6, the apparent activation energy for the as-

received MgH2 and as-milled MgH2 was found to be 183.0 kJ/mol and 133.3 kJ/mol, 

respectively. Meanwhile, the apparent activation energy for MgH2 + 10 wt. % SrFe12O19 was 

114.2 kJ/mol, significantly lower by comparison than the other samples which were reduced by 
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68.8 and 19.1 kJ/mol, respectively. This result indicates that the apparent activation energy is 

reduced after doping with SrFe12O19 and thus the dehydrogenation behaviour of MgH2 improves. 

3.4 Scanning Electron Microscope 

Fig. 7 shows the morphologies of the as-received MgH2, as-received SrFe12O19, as-milled 

MgH2 and as-milled MgH2 + 10 wt.% SrFe12O19. The SEM images show that the as-received 

MgH2 particles had an angular shape, with an average particle size larger than 100 µm. 

Meanwhile, the particle size of the as-received SrFe12O19 was smaller than 5 µm. In addition, the 

MgH2 particle size drastically reduced after ball milling for 1 h. However, the particle size was 

not homogenous and some agglomeration existed. By comparison, the MgH2 sample doped with 

10 wt.% SrFe12O19 had a smaller particle size and appeared to have less agglomeration. It has 

been reported that reduction in particle agglomeration and growth results in improvement of the 

hydrogen storage properties of light metal hydrides 
40

. Meanwhile, a smaller particle size helps to 

improve hydrogen absorption and desorption, as it reduces the diffusion length and offers a 

larger particle surface.
34, 41

 Hence, it can be speculated that the hydrogen storage properties of 

MgH2 are improved after adding the SrFe12O19 due to a reduction in particle size and less 

agglomeration. 

3.5 X-ray diffraction  

  To investigate the catalyst effect on the improvement of MgH2, Fig. 8 represents the 

XRD pattern of as-milled MgH2 + 10 wt.% SrFe12O19 after 1 h ball milling, after 

dehydrogenation at 450 °C and after rehydrogenation at 320 °C under 30 atm. The result shows 

that after 1 h ball milling, Fig. 8 (a), in addition to the MgH2 peaks, a few peaks corresponding to 

the SrFe12O19 phase exist. After dehydrogenation at 450 °C, Fig. 8 (b), there was a distinct Mg 
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peak, indicating that the dehydrogenation of MgH2 was complete. The transformation of MgH2 

to Mg is represented by the following equation:  

           MgH2 →  Mg + H2                                                                     (2) 

Meanwhile, new diffraction peaks of MgO, MgFe2O4 and Fe were detected after the 

dehydrogenation process, indicating that MgH2 and SrFe12O19 may have reacted. For the 

rehydrogenated sample, Fig. 8 (c), it can be seen that the Mg peak was largely transformed into 

MgH2. The peaks of MgFe2O4 and Fe, with a small amount of MgO, were still present after the 

rehydrogenation process.  

In order to investigate the phase structure in more detail, a sample of MgH2 doped with 

50 wt.% SrFe12O19 was prepared, as only slight MgFe2O4 and Fe peaks were detected and no Sr-

containing phase appeared in the XRD phase composition of the 10 wt.% SrFe12O19. Fig. 9 

shows the XRD patterns of MgH2 doped with 50 wt.% SrFe12O19 after 1 h ball milling, after 

dehydrogenation at 450 °C, and after rehydrogenation at 320 °C. The results indicate that after 1 

h ball milling, the peak intensity of MgH2 and SrFe12O19 gradually enhanced after increasing the 

amount of SrFe12O19 to 50 wt.%, Fig. 9 (a), compared to the MgH2 + 10 wt.% SrFe12O19 sample. 

After dehydrogenated at 450 °C, the diffraction peaks of Mg slightly decline and those of the Fe, 

MgFe2O4 and MgO phases are more discernible, while a new phase of SrO appears due to the 

higher SrFe12O19 concentration. The MgH2 + 10 wt.% SrFe12O19 sample shows no Sr-containing 

species. Meanwhile, after rehydrogenated at 320 °C, the Fe, MgFe2O4 and SrO diffraction peaks 

remain unchanged and the Mg peak is largely transformed to MgH2. MgO is still observed, 

probably due to oxygen contamination during sample preparation. From this result, it can be 

assumed that MgH2 reacts with SrFe12O19 during the heating process forming Fe, MgFe2O4 and 
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SrO phases, and this reaction becomes more acute with increasing SrFe12O19. The reaction 

between MgH2 and 50 wt.% SrFe12O19 may be postulated as the following equation: 

9MgH2 + 2SrFe12O19 → 9MgFe2O4 + 2SrO + 6Fe + 9H2                    (3) 

The standard state free energy of reaction, ∆G°, can be calculated from the standard state free 

energies using the equation below:  

∆G° = ∑∆G°fproducts  − ∑∆G°freactants                                   (4) 

The values of standard Gibbs free energy, ∆G°f, of MgH2, SrFe12O19, MgFe2O4 and SrO are 

−35.98, −5015.88, −1317.12 and −562.41 kJ/mol, respectively, have been obtained from the 

literature.
42

 Thus, by using eqn (4), the total change, ∆G, associated with the reaction in equation 

(3) will be −2623.34 kJ/mol of MgH2. The possibility of the reaction stated in eqn (3) is proven 

by the results obtained from the thermodynamic potentials. 

  Based on the above analyses, the improvement in hydrogen storage properties acquired in 

this study may be attributed to a few factors. First, the reduction in particle size after ball milling 

and addition of a catalyst may contribute to a high density of surface defects and more grain 

boundaries. It is believed that a large number of defects introduces a large number of nucleation 

sites at the surface of MgH2 and provides hydrogen diffusion channels for dehydrogenation.
30

  

 Second, the new active species of Fe, MgFe2O4, and SrO, formed after de/rehydrogenation, 

might act as real catalysts for improving the hydrogen sorption properties of MgH2 as they can 

create surface activation and form a large number of nucleation sites at the surface of the MgH2 

matrix.
41

 The in situ Fe particles, with a higher peak intensity than the MgFe2O4 and SrO species 

as shown in the XRD pattern, may play an important role as it has been reported that Fe is one of 
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the good catalysts for improvement in MgH2 hydrogen storage properties.
43, 44

 Bassetti et al.
45

 

reported that proper combination of Fe and MgH2 leads to a significant increase in the desorption 

kinetics of MgH2 where almost the whole H content is released in less than 1000 seconds at 300 

°C. Meanwhile, previous studies also discuss transition metal catalysts such as Fe, Ni, Co and Pd 

that play an important role in enhancing MgH2 hydrogen storage properties.
46-48

 In addition, 

MgFe2O4 and SrO may also have an extra catalytic effect on MgH2. Previous studies have shown 

that MgH2 with metal oxide addition gives as good or even faster hydrogenation kinetics than 

their metallic counterpart.
12, 49, 50

 So, the catalytic effect of Fe may further combine with the 

catalytic functions of MgFe2O4 and SrO to generate a synergetic catalytic effect. Thus, it is 

reasonable to conclude that these newly developed products act as real catalysts and doping with 

SrFe12O19 can result in significant improvement in MgH2 desorption properties.  

 

4. Conclusion 

The effects of different contents (5, 10, 15, 20 and 50 wt.%) of an SrFe12O19 additive on the 

hydrogen storage properties of MgH2, prepared by the ball milling method, were investigated for 

the first time. It was found that the hydrogen sorption properties of MgH2 improved significantly 

after SrFe12O19 addition, and that compared with un-doped MgH2, 10 wt.% SrFe12O19 resulted in 

optimum performance in terms of onset dehydrogenation temperature and de/rehydrogenation 

kinetics. The onset desorption temperature of MgH2 + 10 wt.% SrFe12O19 was reduced to 270 °C, 

decreasing by about 80 °C and 150 °C for as-milled and as-received MgH2, respectively. The 

isothermal dehydrogenation kinetics show that a 10 wt.% SrFe12O19 doped sample can release 

4.3 wt.% H2 in 15 min, whereas as-milled MgH2 can only release 0.2 wt.% within the same time. 

Regarding rehydrogenation kinetics, the sample doped with 10 wt.% SrFe12O19 absorbed 
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approximately 4.8 wt.% hydrogen within 1 h at 320 °C, while the hydrogen absorbed by the as-

milled MgH2 was about 4.3 wt.% under the same conditions. From the Kissinger plot of DSC, 

the apparent activation energies for as-received MgH2 and as-milled MgH2 were 183 kJ/mol and 

133.31 kJ/mol, respectively. This reduced to 114.22 kJ/ mol for MgH2 + 10 wt.% SrFe12O19, 

indicating that SrFe12O19 addition decreased the activation energy for hydrogen desorption of 

MgH2. In addition, particle size reduction and less agglomeration may help improve the 

hydrogen sorption properties of MgH2. From the XRD results, it is believed that the formation of 

a new species of Fe, MgFe2O4 and SrO during ball milling or the de/rehydrogenation process 

might actually be responsible for the catalytic effects and thus, further enhanced the hydrogen 

storage properties of the MgH2. It can be concluded that SrFe12O19 is one of the promising 

additives for MgH2 as it tends to reduce the onset desorption temperature and significantly 

improves the kinetic performance. 
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Figure captions 

Fig. 1 TPD patterns for the dehydrogenation of the as-received MgH2, as-milled MgH2 and 

MgH2 doped with 5 wt. % , 10 wt. % , 15 wt. % , 20 wt. %  and 50 wt. %  SrFe12O19. 

Fig. 2 Isothermal dehydrogenation kinetic of the as-milled MgH2 and MgH2 doped with  5 wt.%, 

10 wt.% , 15 wt.%, 20 wt. % and 50 wt. % SrFe12O19 at 320 °C. 

Fig. 3 Isothermal rehydrogenation kinetic of the as-milled MgH2 and MgH2 doped with 5 wt.%, 

10 wt.% , 15 wt.%, 20 wt. % and 50 wt. %  SrFe12O19 at 320 °C under 30 atm. 

Fig. 4 DSC traces of as-received MgH2, as-milled MgH2 and MgH2 + 10 wt. % SrFe12O19 

(heating rate: 20 °C/min; argon flow: 50 mL/min). 

Fig. 5 DSC traces at different heating rates for as-received MgH2, as-milled MgH2, and MgH2 + 

10 wt. % SrFe12O19. 

Fig. 6 Kissinger plot of dehydrogenation for as-received MgH2, as-milled MgH2, and MgH2 +  

10 wt. % SrFe12O19. 

Fig. 7 SEM images of as-received MgH2, as-received SrFe12O19, as-milled MgH2 and  MgH2+ 10 

wt.% SrFe12O19. 

Fig. 8 X-ray diffraction patterns of MgH2+ 10 wt.% SrFe12O19 (a) after  1 h ball milling, (b) after 

dehydrogenation at 450 °C , and (c) after rehydrogenation at 320 °C. 

Fig. 9 X-ray diffraction patterns of MgH2+ 50 wt.% SrFe12O19 (a) after  1 h ball milling, (b) after 

dehydrogenation at 450 °C , and (c) after rehydrogenation at 320 °C. 
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Figures 

Figure 1 
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Figure 3 

 

 

 

 

 

 

 

 

 

 

Figure 4 
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Figure 5 
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Figure 7 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 

 

 

 

 

 

 

 

 

 

 

Page 22 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
4 

N
ov

em
be

r 
20

16
. D

ow
nl

oa
de

d 
by

 U
N

IV
E

R
SI

T
Y

 O
F 

O
T

A
G

O
 o

n 
14

/1
1/

20
16

 0
8:

41
:2

9.
 

View Article Online
DOI: 10.1039/C6RA22291A

http://dx.doi.org/10.1039/c6ra22291a


 

23 

 

Figure 9 
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The desorption temperature of MgH2 + 10 wt.% SrFe12O19 decreased to about 270°C 

compared to the 350°C and 420°C for as-milled and as-received MgH2, respectively. The 

activation energy calculated by Kissinger analysis for hydrogen desorption decreased to 

114.2 kJ/mol after Fe2O3 was added compared with the un-doped 4MgH2-Li3AlH6 composite, 

which was 133.3 kJ/mol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 24 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
4 

N
ov

em
be

r 
20

16
. D

ow
nl

oa
de

d 
by

 U
N

IV
E

R
SI

T
Y

 O
F 

O
T

A
G

O
 o

n 
14

/1
1/

20
16

 0
8:

41
:2

9.
 

View Article Online
DOI: 10.1039/C6RA22291A

http://dx.doi.org/10.1039/c6ra22291a

