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A B S T R A C T

The discovery of new hydrogen storage materials has greatly driven the entire hydrogen storage technology

forward in the past decades. Magnesium hydride, which has a high hydrogen capacity and low cost, has been

considered as one of the most promising candidates for hydrogen storage. Unfortunately, extensive efforts are

still needed to better improve its hydrogen storage performance, since MgH2 suffers from high operation

temperature, poor dehydrogenation kinetic, and unsatisfactory thermal management. In this paper, we present

an overview of recent progress in improving the hydrogenation/de-hydrogenation performance of MgH2, with

special emphases on the additive-enhanced MgH2 composites. Other widely used strategies (e. g. alloying,

nanoscaling, nanoconfinement) in tuning the kinetics and thermodynamics of MgH2 are also presented. A

realistic perspective regarding to the challenges and opportunities for further researches in MgH2 is proposed.

1. Introduction

What hampers our step towards a hydrogen-based energy system?

Although plenty of issues, such as hydrogen generation, hydrogen

transportation, hydrogen application, must be solved in our way to

fulfil the worldwide commercial usage of hydrogen, it is the lack of ideal

hydrogen storage material that primarily blocks the progress of

hydrogen technology. The discovery of each novel hydrogen storage

material (alloys, carbon materials, metal organic frameworks (MOFs),

organic liquids, metal alanates, metal hydrides et al. [1–7]) had greatly

promoted the revolution of hydrogen storage technology.

An ideal hydrogen storage material should meet the following

standards: (1) cost-affordable, (2) high hydrogen storage capacity

(5.5 wt% and 40 g L−1 hydrogen capacity by 2020, U.S. Department

of Energy [8]), (3) mild operation temperature and easy to absorb/de-

absorb hydrogen, (4) long life-span. Fig. 1 showed some typical

hydrogen storage technologies and compared their operation condi-

tions [9]. Apparently, amongst all these strategies, metal hydrides

exhibit huge potential for commercial storage of hydrogen. Especially,

MgH2 has been considered as one of the most promising candidates,

due to its high hydrogen storage capacity (7.6 wt%, 110 g L−1 H2),

abundance in deposit, and low cost.

MgH2 is an ionic compound and its charge distribution is

Mg1.91+H0.26-. This structure results a high thermodynamic stability

of MgH2, which shows an enthalpy value of 74.7 kJ mol−1, and an

entropy value of 130 J K−1 mol−1. The high stability of MgH2 leading to

a high operation temperature ( > 350 °C) which is not good for practical

application. Another drawback of MgH2 is its sluggish sorption

kinetics, causing by the following reasons: (1) existence of oxide on

its surface, (2) slow diffusion rate of hydrogen in the bulk MgH2/Mg,

(3) poor decomposition of hydrogen on the Mg surface [10].

Additionally, the unsatisfactory heat management of MgH2/Mg also

affects its hydrogenation/de-hydrogenation behaviours. All these pro-

blems above have hampered the worldwide application of MgH2/Mg.

To date, numerous efforts have been carried out to overcome these

disadvantages, and huge improvements have been achieved. For

example, Xia et al. synthesized monodisperse MgH2 nanoparticles

(NPs) that anchored on graphene sheet, and confirmed its impressive

hydrogen storage properties, which released 5.4 wt% hydrogen within

30 min and showed an ultra-long cycle-life of 100 times [11].

In this paper, we summarized a wide range of promising strategies

to tuning the hydrogen storage performance of MgH2/Mg, with special

focus on the advantages and challenges of each method. To better

present the research progress of MgH2/Mg, we classified the technol-

ogies into four categories: alloying, nanoscaling, nanoconfinement, and

additive-addition. Rather than detail all outcomes of each classic
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method, we pay especial attention on the additive-enhanced MgH2

systems. By reviewing these data, we hope this paper can help more

researchers better understanding MgH2, and shed light on further

works.

2. Overview of tuning strategies

The hydrogenation/de-hydrogenation process of MgH2/Mg is illu-

strated in Fig. 2. Apparently, decreasing the energy barrier and/or

changing the reaction enthalpy of MgH2/Mg are fundamental ways to

improve its hydrogen storage performance.

2.1. Alloying

One of the most effective methods to reduce the thermodynamic

barrier of MgH2/Mg is alloying. Instead of direct reaction between

MgH2 and Mg, the formation of Mg-alloys changes its sorption path. By

forming thermodynamic more stable alloys, the operation temperature

of MgH2/Mg can be reduced. Various elements had been used to alloy

with Mg, including rare earth elements, transition metals, and partial

main group elements [12–24]. Table 1 summarizes the basic properties

of some commonly investigated Mg-based hydrogen storage alloys.

Mg2NiH4, which has a lower enthalpy of 64 kJ mol−1, is one of the

most investigated Mg-alloys [37–39]. Kumar et al. reported that the

hydrogen sorption of nanocrystalline Mg2NiH4 alloy started at 200 °C.

However, the Mg2NiH4 alloys exhibited a low hydrogen capacity of only

3.6 wt%. Meanwhile, Mg2FeH6, which has a higher theoretical hydro-

gen capacity of 5.5 wt%, shows an even high enthalpy of 95 kJ mol−1

H2[40–43]. Chen et al. reported the hydrogen storage performance of

Mg2FeH6@MgH2 core-shell, which released 5.0 wt% hydrogen within

50 min at 280 °C [14]. In 2012, Liu et al. reported the hydrogen storage

properties of Mg@Mg17Al12 particles, which delivered 6.0 wt% hydro-

gen with 30 min at 350 °C, and absorbed 7.0 wt% hydrogen at

400 °C [44]. As shown in Fig. 3, the Mg17Al12 shell enclosed Mg core

and effectively resisted the formation of MgO. The shell grown with the

increased content of Al, but over high Al content would broke this core-

shell structure.

Fig. 4 showed the de-hydrogenation/hydrogenation performance of

LaMg11Ni+x wt% Ni alloys [15]. Zhang et al. found that milling time

and Ni content were both essential factors for enhancing the kinetics of

LaMg11Ni+x wt% Ni alloys. Good improvement was achieved for the

LaMg11Ni+200 wt% Ni sample, which absorbed 6.41 wt% hydrogen

within 18 min, and reduced Ea to only 68.5 kJ mol−1. Additionally, the

Mg6–7TMH12–16 (TM=Ti, Zr, Hf, V, Nb), which have a similar structure

with CaF2, also gained huge attention. The Mg6–7TiH12–16 releases

4.7 wt% hydrogen at 330 °C, but its re-hydrogenation process is rather

tough.

Generally, Mg-base hydrogen storage alloys can effective decrease

the operation temperature, but the introduction of heavy metals also

result a decreased hydrogen capacity in the system, and most of these

Mg-base alloys still suffered from poor reversibility. Detail information

about these Mg-based hydrogen storage alloys can refer to a recent

review [24].

2.2. Nanoscaling

Nanoscaling has proven its possibility in optimizing the thermo-

dynamics and kinetics of MgH2. Theoretical calculation (based on the

first principle theory) has predict that when reducing the grain size of

Fig. 1. Comparison of different hydrogen storage strategies and their operation conditions [8].

Fig. 2. Illustration for the hydrogenation/de-hydrogenation process of MgH2/Mg.

Table 1

Fundamental information of some Mg-based alloys [25].

Name Ea (kJ

mol−1)

ΔH (kJ

mol−1H2)

Capacity

(wt%)

T (oC) Ref.

Mg – 74.5 7.6 300 Stampfer [26]

Mg (2–7 nm) – 71.2 7.6 276 Paskevicius [27]

Mg90Ce10Ni10 109.2 77.9 5.4 284 Lin et al.[28]

Mg2Ni – 64.5 3.6 254 Reilly [29]

Mg3LaNi0.1 – 81 2.73 284 Ouyang [30]

Mg3Cd 69 65.5 2.8 – Skripnyuk.[31]

MgH2-Ti 30.8 75.2 6.7 278 Cui [32]

Mg0.95In0.05 – 68.1 5.3 – Zhong [33]

Mg3Ag – 68.2 2.1 – Si [34]

Mg2Si – 36.4 5.0 – Vajo [35]

Mg5Ga2 149 68.7 5.7 300 Ouyang [36]
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MgH2 to < 3 nm, both its thermodynamic and kinetics can be greatly

improved [45]. And kinetics improvement still exists when the particle

size of MgH2 is below 50 nm. These enhancements of nanoscaling can

be assigned to the following reasons: (1) increased fresh surface, (2)

decreased diffusion distance for hydrogen, (3) intimate contract

between reactants, (4) condensed atoms in the grain boundaries. To

date, plenty of works have done to prepare MgH2 NPs including: ball-

milling, hybrid combustion, melt spinning, and chemical vapour

deposition (CVD) [46–53].

Chen et al. found that MgH2 nanowires had a lower dehydrogena-

tion energy barrier (33.5 and 38.8 kJ mol−1 for hydriding and dehy-

driding) than that of bulk MgH2 (120–142 kJ mol−1), predicting that

decreasing the nanowires to thinner than 30 nm could change both the

thermodynamics and kinetics of MgH2 [54]. By comparing the hydro-

gen storage properties of different size MgH2 (25, 32, and 38 nm),

Prieto et al. confirmed that the hydrogen sorption kinetics were faster

when the particle size smaller [55]. The 25 nm MgH2 absorbed 95%

hydrogen within 60 s at 300 °C, and show a lowest Ea value of only

122 kJ mol−1. Ouyang et al. found that reducing the Mg/Mg2Ni NPs to

20 nm its hydrogen storage performance would greatly improve [56].

As shown in Fig. 5, different shapes MgH2/Mg NPs can be prepared via

control the deposition temperature, hydrogen pressure, and time

during the hydriding CVD process, this work demonstrated the

possibility of produce on-demand MgH2 particles for hydrogen storage

[57]. In 2012, Akiyama further studied the hydrogen sorption perfor-

mance of zebra-striped MgH2 fibres [58]. Fig. 6 compared the

isothermal sorption curves of this MgH2 fiber with commercial MgH2

powder. The fibered MgH2 exhibited best hydrogen storage perfor-

Fig. 3. HR-TEM images of (a) Mg-7 at%Al, (b) Mg-22 at% al, (c) Mg-27 at% Al [44].

Fig. 4. Hydrogen absorption curves of LaMg11Ni+x wt% Ni (x=100, 200) alloys at 593 K, (a) x=100, (b) x=200. DSC curves and Kissinger plots of LaMg11Ni+x wt% Ni (x=100, 200)

alloys (c) x=100, and (d) x=200 [15].
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mance with 6.0 wt% hydrogen desorbed in 3000 s, and > 75% hydro-

gen absorbed within 200 s.

Although nanoscaling greatly benefits the hydriding/de-hydriding

of MgH2/Mg, the high surface energy of NPs may result serious

aggregation during cycling, and sluggishly decreasing the advantages

of those nanocrystallization. Therefore, finding a proper method to

protect the NPs from aggregation is highly needed.

2.3. Nanoconfinement

To keep MgH2/Mg in nanoscale, nanoconfinement is proposed,

which embedding the MgH2/Mg NPs into a stable scaffold and there-

fore hinders the particle growth and agglomeration. By tuning the pore

diameter of scaffold, MgH2/Mg with various sizes can be obtained.

Basic requirements for the scaffold materials are as following: (1)

chemical inertness, do not react with any reactants; (2) structural

stable during the continuous hydriding/de-hydriding; (3) high surface

area to tolerate more active materials; (4) high volume ratio and

uniform pore size distributions. The most used scaffolds are porous

carbons, metal-organic frameworks, porous polymer et al.. Table 2

showed an overview of some wildly used scaffolds to confine the MgH2/

Mg NPs.

Jongh et al. obtained 6, 9, 12, 20 nm MgH2 NPs by using CA (pore

size 6–20 nm) as scaffold [67]. Investigations confirmed that the MgH2

particle size was correlated to the pore size of the scaffolds, and the

existence of CA effectively hampered the particle grow and aggregation

of MgH2/Mg during the cycling [67]. In 2015, Yu et al. reported simple

method to synthesis monodispersed MgH2 NPs that self-assembled on

graphene sheet (MHGH, Fig. 7) [11]. Further doped the MHGH with

Ni, the resultant Ni-MHGH sample demonstrated even better hydrogen

storage performance, with ultra-long cycling life and fast desorption/

sorption kinetics.

Basic reasons for these improved hydrogen storage performance

caused by nanoconfinement can be ascribed as following: enlarged

contact surface of reactants, increased grain boundaries, decreased H

diffusion distance, and good resistance of the particle growth and

agglomeration. The outcomes of nanoconfinement swingeing promoted

the cycle stability of MgH2, however, drawbacks still exist. The

hydrogen capacity of nanoconfined MgH2 system is decreased due to

its limited loading amount. The kinetics is relatively slow compared

with the catalyzed MgH2. Further design and synthesize multifunc-

tional scaffolds with high surface area and specific catalysts is needed.

3. Additive-enhanced MgH2/Mg composites

3.1. Adding catalysts

Generally, adding catalysts is one of the most effective and easy-to-

handle ways to enhance the hydrogen storage performance of MgH2/

Mg. Numerous catalysts (carbons, metals, metal oxides, metal halides,

and covalent compounds et al.) had been introduced into MgH2 system

and great improvements were reported. Table 3 overviews some

generally used catalysts in MgH2.

According to the hydrogen spillover mechanism, the catalysts

perform better with porous structure and high surface area, which

favour the hydrogen dissociation [45,89,90]. In spillover, the hydrogen

dissociates on the catalyst, while some hydrogen atoms still attach to

the catalyst, other atoms diffuse to the support, slowly penetrate into

the metal, and interact with the metal. With the help of a proper

catalyst this process can diffuse through the MgO layers. For example,

Hudson et al. found that the G-Fe (Fe NPs anchored on graphene) not

only improved the dehydrogenation behaviour of MgH2, but also

enhanced the hydrogenation of Mg to MgH2 through the spillover

effect [91]. The MgH2-G-Fe system released hydrogen at 281 °C and

showed a lower energy barrier of 119 kJ mol−1.

Except of surface catalyst, kinetics enhancement of MgH2 also

observed by doping catalyst inside its particles. Zhu et al. reported that

the multi-valence Ti coated MgH2 system (Mg-Ti) started to desorb

hydrogen at 175 °C and 5 wt% hydrogen was released within 15 min at

250 °C [32]. Thermodynamic property of this Mg-Ti was changed to a

Fig. 5. Morphologies of MgH2 samples, under different preparation conditions [57].

Fig. 6. Isothermal hydrogen absorption curves of different MgH2 sample [58].

Table 2

Summary of some wildly used scaffolds and their loading content.

Sample Pore size

(nm)

Precursor Solvent/

Atmosphere

Loading (wt

%)

Ref.

RF-CAa/MgH2 22 MgBu2 Heptane/Ar 18.2 [59]

RF-CA/MgH2 7 MgBu2 Heptane/Ar 10.0 [59]

RF-CA/MgH2 13 MgBu2 Ar 14.8 [60]

AC(fiber)b/

MgH2

0.5–3 MgBu2 Ar 22.0 [61]

RF-CA(Ni)/

MgH2

13 MgH2 Ar 9.6 [62]

RF-CA(Cu)/

MgH2

13 MgH2 Ar 12.7 [62]

RF-CA/MgH2 13 MgH2 Ar 3.6 [62]

HSAGc/MgH2 2–3 MgH2 Ar 10–15 [63]

ACd/MgH2 < 2 MgH2 Ar 15–20 [63]

CA/MgH2 6–20 MgH2 Ar 10 [64]

CMK−3/MgH2 3.9 MgBu2 Heptane/Ar 20 [65]

SBA−15/MgH2 5–10 MgBu2 Heptane/Ar 17 [66]

a Resorcinol–formaldehyde carbon aerogels.
b Carbon aerogels.
c High surface area graphite.
d Activated carbon.
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more favourable state. Fig. 8 demonstrated the possible mechanism for

these improvements. For the MgH2−5% Nb system, Pelletier et al.

confirmed that the Nb acted as gateway for the hydrogen leaving [73].

Barkordarian et al. carried out another study on the MgH2-Nb2O5

system [92]. And reported the fastest absorption accrued in the

MgH2−0.5 mol% Nb2O5, and the absorption kinetics was related to

the concentration of Nb2O5. Our group systematically investigated the

effects of different Ti-based materials on dehydrogenation performance

of MgH2, and the results indicated that even the catalysts all contained

Ti element, TiN, TiO2, TiF3, and Ti showed their catalytic effect through

different ways [46]. A series of combined catalysts also added into

MgH2, i. e. Ni/Al2O3/C [93], SiC/Ni [86], TiH2/Mg2Ni [94], Fe/Ti [95].

Besides all the metal-based catalysts above, carbon-based materials

also show huge potential in improving the hydrogen storage perfor-

mance of MgH2. Plenty of works devoted to combine MgH2 with

various carbon materials, including but not limited to carbon nano-

tubes (CNTs), C60, carbon nanofibers (CNFs), graphite, AC [97–99].

Previously, our group investigated the catalytic effects of graphene

nanosheets (GNS) on hydrogenation/de-hydrogenation of MgH2. As

shown in Fig. 9, extending the ball-milling time made the MgH2−5 wt%

GNS decreased in its grain size and hydrogenation peak temperature

[96]. Mechanism investigation found that the GNS served as both

Fig. 7. (a) Schematic illustration of the self-assembling MgH2 NPs on GR, (b) C6H12 and (c) (C4H9)2Mg on a GR sheet under the most stable configuration, (d) binding energy curves

based on density functional theory (DFT) calculations. (e) Reversible H2 sorption, (f) cycling of Ni-MHGH-75, MHGH-75, and MgH2 NPs at 200 °C. (g) thermal conductivity of MHGH-

75 [11].

Table 3

Summery of some widely used catalysts in MgH2.

Catalyst Method Amount Phenomenon Ref.

B BM 59 h Mg−2B Significant oxide observed Varin [43]

Co RBM 0.5–10 h 10, 20 wt% Crystallite and particle sizes Bobet [68]

Cu SFCD 0.4, 1 wt% Good kinetic under high T Denis [69]

Fe BM20h 5 wt% Thermodynamics unchanged Liang [70]

Ge RBM 5 at% Mg2Ge formed Gennari [71]

Gd Ar arc 5 wt% Gd2O3 observed Zou [72]

Mn BM 20 h 5 at% Thermodynamics unchanged Liang [70]

Nb BM 20 h 5 at% Unstable NbHx found Pelletier [73]

Nd Ar Arc 5 wt% Nd2O3 found Zou et al.[72]

Pd RBM 0–20 h 1 wt% Enhanced due to small size Zaluski [74]

Pt Wet chemi 0.5 mol.% Spillover mechanism Xu [75]

V BM 2 h 5 wt% No significant improvement Gasan [76]

Al2O3 BM 100 h 1 mol.% 0.2 mol% sufficient catalyst Oelerich [77]

CeO2 RBM 2 h 10 wt% 20% conversion Song [78]

Cr2O3 BM 100 h 0.2–5 mol.% Cr2O3 reduced gradually Song [78]

CuO BM 100 h 5 mol.% 0.2 mol% sufficient catalyst Oelerich [77]

Fe2O3 BM 20 h 1.5–2.5 wt% Enthalpies not changed Polanski [79]

Fe3O4 BM 100 h 5 mol.% Destabilized phase found Borgschulte [77]

In2O3 BM 20 h 3–4 wt% Enthalpies not changed Polanski [79]

Mn2O3 BM 100 h 5 mol.% 0.2 mol% sufficient catalyst Oelerich [79]

Nb2O5 BM 20 h 1 mol.% Nb2O5 reduced Hanada [80]

SiO2 BM 100 h 5 mol.% 0.2 mol% sufficient catalyst Oelerich [77]

TiO2 RBM0.5–5 h 20 wt% γ-MgH2 after 4 h Wang [81]

ZnO BM 20 h 6.5–10 wt% Enthalpies not changed Polanski [82]

VO2 BM 10 h 10 wt% Decrease in crystallite size Milosevic [83]

CrCl3 BM 12 h 5 wt% Mg surface modification Ivanov [84]

CeF2 BM 15 min 1–10 mol.% Little effect Jin [85]

CuF2 BM 15 min 1–10 mol.% Cu2Mg formed Jin [85]

TiF3 BM 15 min 1–10 mol.% TiH2 formed Jin [85]

NbF5 BM 15 min 1–10 mol.% NbH formed Jin [85]

VF4 BM 15 min 1–10 mol% V3H2 formed Jin [85]

SiC BM 24 h 5 wt% Increase surface area and defects Ranjbar [86]

TiC BM 30 min 2 at% Enhanced kinetics Pitt [87]

VN BM 100 h 5 mol% V compound better than V Oelerich [88]

BM: ball-milling, RBM: random ball-milling, SFCD: supercritical fluid chemical deposition, Wet chemi: wet chemistry.
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dispersion matrix and catalysts for hydrogen diffusion. CNTs and CNFs

were found to show better catalytic effects than their competitors. It

suggested that the added carbon nanotubes acted as channels for faster

hydrogen diffusion, and the metal impurities in CNTs and CNFs also

promoted the hydrogenation/de-hydrogenation process. In general, all

carbon materials show positive effects on MgH2 (improving kinetics

and cycle-life), however, no thermodynamic changes of MgH2 were

reported when using carbons as additives [46].

Hybrids of metal-based materials and carbons are new catalogue of

promising additive for tuning the hydrogen storage performance of

MgH2. With the benefits of both carbon and metal-based catalyst, these

hybrids show some amazing features: (1) high surface area, which is

favourable for intimate contact between MgH2 and catalyst, (2) high

activity, combining metal elements with carbon shows the possibility to

tuning both thermodynamic and kinetic properties of MgH2, (3)

extended life-span, the presence of carbon well maintained the

structural stability of catalyst and resulted continuous improvement

in MgH2. In fact, plenty of works have proven the superior catalytic

effects of these hybrids on MgH2.

Our group first reported the synthesis of TiN@rGO hybrid (Fig. 10),

and studied its enhanced catalytic effects on the dehydrogenation

performance of MgH2, which outperformed individual TiN and rGO.

The as-obtained TiN@rGO showed a high surface area (177 m2 g
−1)

and more defects, which greatly promoted the dehydriding of MgH2.

The MgH2-TiN@rGO released hydrogen at 167 °C, and 6.0 wt%

hydrogen released within 18 min at 300 °C. Similar improvements

were observed in the MgH2-TiB2/GNS composites, which confirmed

the synergistic effect between GNS and TiB2[100]. Zhuet al. carried out

a further study on the effects of CNTs supported Ni on MgH2[101]. An

excellent hydrogen storage performance was revealed, the Mg85-(Ni/

CNTs) composites absorbed 5.68 wt% hydrogen within 100 s at 100 °C,

and released 4.31 wt% hydrogen within 1800 s at 250 °C. Other well

studied metal/carbon hybrids are Ni/C, Co/C, NiCo/C et al. [48,102–

104]. Fig. 11 compared the cycle stability of pure MgH2 and MgH2-

NiCo/rGO sample, indicating the hydrogen capacity and enhanced

kinetics of MgH2 were well maintained with the help of NiCo/rGO.

Although lots of literatures had proven adding catalysts as the most

useful method to improve the hydrogen storage performance of MgH2,

and enhancements were observed in all cases, specific mechanism

behinds a certain MgH2-catalyst system is still not fully understood.

More attentions should be paid to understanding the reason behind.

3.2. Mixing with other metal hydrides

Combining with other light metal hydride paves a new way for

MgH2 to overcome its thermodynamic and kinetic drawbacks.

Fig. 8. Schematic for the catalytic mechanism of muti- valence Ti doped MgH2[32].

Fig. 9. (a) XRD plots, and (b) DSC curves for the MgH2−5 wt% GNS system [96].
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Basically, the added light metal hydride alters the dehydriding/

hydriding pathway of MgH2/Mg, and contributes hydrogen capacity

to the new composite. Take MgH2-LiAlH4 for example, the dehydro-

genation of pure LiAlH4 occurs according to Equation 1–2. But when

mixed with MgH2, the dehydrogenation process of this new system

happed according to Equation 1–4 [106]. Apparently, during the

dehydriding, LiAlH4 and MgH2 interacts each other, and a thermo-

dynamically more stable MgAl alloy formed which favours the process.

Recently, Utkeet al. proposed that besides the superior dehydriding/

hydriding performance the MgH2-NaAlH4 sample also demonstrated

good reversibility [107]. The widely studied hydride composites

including: MgH2-NaAlH4, MgH2-AlH3, MgH2-LiBH4-NaAlH4, MgH2-

LiNH2-LiBH4, MgH2-LiBH4-Al et al. Table 4 lists the hydrogen storage

performance of some MgH2 composites.

3LiAlH4→Li3AlH6+2Al+3H2 (1)

Li3AlH6→3LiH+Al+3/2H2 (2)

4·08MgH2+0·92LiH→Li0.92Mg4·08+4·54H2 (3)

17MgH2+12Al→Al12Mg17+17H2 (4)

Inspired by the significant hydrogen storage performance of these

MgH2-metal hydride composited, our group further studied the

destabilization effects of Mg(AlH4)2 on MgH2. The dehydrogenation

performance of this MgH2-Mg(AlH4)2 composite was shown in Fig. 12.

The MgH2-Mg(AlH4)2 started to release hydrogen at 90 °C and had a

high hydrogen capacity of 7.6 wt%, which was outstanding among

other composites. Mechanism investigations found that the destabili-

zation effects of Mg(AlH4)2 on MgH2 happened on both kinetics and

thermodynamics’ aspects. Further researches on reversibility of these

MgH2-metal hydrid should be performed.

4. Conclusion and perspectives

MgH2, as one of the most promising hydrogen storage candidate,

meet most criteria for practical application: high hydrogen capacity,

low cost, high deposit, and non-toxic. The main drawbacks that hinder

MgH2 from commercial usage are its high stability, poor kinetics, and

severe thermal management. So far, enormous efforts have been paid

to overcome these disadvantages. In this review, we summary the most

effective ways to altering the hydrogen storage performance of MgH2, i.

e. alloying, nanoscaling, nanoconfinement, adding additives. With

these continuous efforts, some applaudable achievements are obtained,

such as lower the operation temperature, enhance the kinetics, and

extent the life-span. Despite of all the strategies above, there is still a

long way to go to make MgH2 commercial available, since no reports

declares to fully meet the target of DOE.

The further researches on MgH2/Mg may pay more attention on the

following aspects: (1) Mechanism investigation. Fundamental informa-

tion about the hydrogen diffusion and bonding process of MgH2 should

Fig. 10. Illustration for the preparation of TiN@rGO hybrid [47].

Fig. 11. Cycle life for (a) MgH2, and (b) MgH2-NiCo/rGO sample [105].

Table 4

Hydrogen storage performance of MgH2 combined with other hydride.

Sample Amount Method Phenomenon Ref.

AlH3 50 mol.% BM 0.5 h Mg17Al12, Al3Mg2
seen

Liu [108]

LiBH4 10 mol.% BM 15 h MgB2 formed Johson [109]

NaBH4 10 wt% BM 100 h MgB2 formed Czujko [110]

LiAlH4 20 mol.% BM 1 h Mg-Al alloys formed Mustafa [106]

NaAlH4-

LiBH4

66 mol.% BM 1 h Mg-Al alloys formed Plerdsanoy

[111]
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be investigated at atomic and molecular scales. The precise interaction

between MgH2 and additives are needed to explain. Advanced theore-

tical calculations may be helpful for understanding the hydrogenation/

de-hydrogenation process of MgH2. A basic understanding about MgH2

is crucial for further researches.

(2) Exploring more efficient additives. Even same material can

show different performance according to their morphology and struc-

ture, therefore, both the morphology and structure of additives can be

optimized with the help of nanotechnology. And multifunctional

materials needed to be synthesized, which should tailor the thermo-

dynamics and kinetics of MgH2 at the same time.

(3) Developing a novel approach to stabilize the MgH2/Mg NPs.

Reducing the particle size of MgH2 into nanoscale is definitely a good

way to tuning its hydrogen storage performance, but this high-energy

structures can result serious aggregation and structure collapse during

the dehydriding/hydriding. The usage of scaffolds, however, result in a

significant capacity decrease. Finding a novel way to stabilize the MgH2

NPs without scaffolds is important.

(4)Searching for more promising MgH2-hydrid system. Researches

about the MgH2-hydrid system is still in its infant. Previous work had

confirmed the advantages of different MgH2-hydrid system, but none of

them can meet all the requirements of DOE. More attention should be

paid on this.

It is expected that with more effort focus on MgH2/Mg system,

significant breakthrough will gain to make it finally wide use in our real

life.
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