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Abstract 

Recently, magnesium hydride has gained attention as a solid-state 

hydrogen storage media because of its excellent H2 storage 

capacity, cost-effectiveness, and comparatively good reversibility. 

Despite these positive qualities, its shortcomings—unwantedly 

great thermodynamic stability and incredibly slow kinetics-make 

it less feasible for widespread application. With a focus on MgH2, 

the review articles clarify the major advancements in the field of 

utilization of different types of transition metal oxide-based 

catalysts to enhance MgH2 hydrogenation kinetics. After a 

succinct but adequate introduction to the fundamentals of 

hydrogen sorption in MgH2, the article goes into brief detail into 

the use of catalysts as a potential solution to MgH2 drawbacks. 

This article evaluates a variety of criteria that impact catalytic 

efficiency, such as defect density, metal ion valance state, oxygen 

vacancy, etc., and concludes that metal oxide-based catalysts are 

a strong contender in this respect. To provide a cohesive 

explanation of the reaction mechanism, a decrease in the 

activation energy barrier, an increased sorption rate, and other 

pertinent factors controlling the reaction's kinetics, ternary metal 

oxides have been taken into account. 
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Introduction  

Day by day, Energy consumption has increased significantly worldwide as a result of the 

industrial revolution. Our dependence on depleting fossil resources makes it difficult to fulfil 

the rapidly increasing demand for energy (Sun et al., 2018). Furthermore, the environment is 

greatly threatened by these fossil fuels since they increase CO2 levels in the atmosphere, which 

are the main source of air pollution and the erosion of human agility (Iordache et al., 2013). 

In a bid, to adequately meet our requirements, we have had to search for renewable energy 

sources. Hydrogen energy is one of several renewable energy sources that has been explored 

as a viable fossil fuel counterpart(van den Berg & Areán, 2008). H2 is acknowledged as a 

potential energy vector and has gained interest as a clean and renewable energy source due to 

its capacity to deliver excellent energy services in an effective and sustainable manner and 

because of its potential to handle rising energy demands and lessen environmental problems 

related to fossil fuels(Jain et al., 2010) . Additionally, a wide range of fossil and non-fossil 

resources may be used to manufacture hydrogen, making it incredibly adaptable. An appealing 

substitute fuel is hydrogen. Hydrogen, however, is not a main energy source as fossil fuels 

such as gas or oil are. Its function is more akin to that of electricity as a secondary "energy 

carrier," which must be generated first using energy from a different resource before being 

Fig.1 Hydrogen as an energy carrier that connects different means of producing hydrogen until 

it is stored and used by different end consumers. Carbon dioxide output from shaded 

manufacturing pathways can be significant. 
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delivered to a location where its inherent substance is capable of being completely realized. 

Figure 1 shows how important hydrogen is as a source of energy that connects different end-

user applications and hydrogen production techniques. 

Naturally, the range of manufacturing techniques using different resources is one of the main 

drawbacks of hydrogen as an energy carrier. Various methods can be used to manufacture 

hydrogen from energy sources such as natural gas, coal, and other biofuels; from water, such 

as by photolytic splitting, electrolysis, thermochemical processes; from biomass; and even 

from municipal garbage. The security of the energy supply is greatly enhanced by this variety 

of production sources.  

Despite being the third most prevalent element in the crust of the Earth, hydrogen is always 

bonded to other elements in chemical compounds. Therefore, energy like heat or electricity 

must be used to manufacture it from other hydrogen-containing sources. One of the most 

important and technically difficult obstacles to the widespread use of hydrogen as an efficient 

energy carrier is often seen as being the feasibility of hydrogen storage (Ali & Ismail, 2021). 

Compared to other substances, hydrogen has the highest energy per unit weight. Unfortunately, 

it has a relatively low energy density per volumetric unit due to its status as the lightest element 

in the periodic table.  

Table 1 The fuels' specific gravimetric and volumetric energy contents, hydrogen storage 

choices, and energy sources (Edwards et al., 2007). 

Fuel Specific energy (kWhkg-1) The energy density (kWhdm-3) 

Liquid H2 33.3 2.37 

Hydrogen (200 bar) 33.3 0.53 

Liquid natural gas 13.9 2.3 

Natural gas (200 bar) 13.9 2.3 

Petrol 12.8 9.5 

Diesel 12.6 10.6 

Coal 8.2 7.6 

LiBH4 6.16 4.0 

Methanol 5.5 4.4 

Wood 4.2 3.0 

Numerous solutions, such as compressed gas storage, cryogenic liquid storage, and solid-state 

material-based storage, have been developed in response to the essential problems in hydrogen 
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storage. A summary of several hydrogen storage techniques is provided in Table 2. The most 

promising alternative among them is solid-state hydrogen storage, which is a top competitor in 

cutting-edge sustainable energy solutions due to its high storage density, safety, and portability 

(Schlapbach & Züttel, 2001). The different methods of hydrogen association / attachment with 

the materials may be used to classify the solid-state hydrogen storage technologies into two 

categories: chemical and physical adsorption-based materials. The latter group includes metal 

hydrides, which are materials that store hydrogen in binary or ternary form by absorbing 

hydrogen by metal elements or alloys. Interestingly, Graham first noticed this phenomenon in 

palladium (Pd) in 1869, which led to the development of metal-based hydrogen storage devices.  

Table 2. Comparison of various storage methods (M. Li et al., 2019). 

Storage methods Benefits Shortcoming 

Compressed gas storage Storage cost low, energy 

consumption low, wide 

range of temperature 

application. 

Low volumetric density, 

poor safety 

Cryogenic liquid storage Purity high, better safety, 

volumetric density large. 

Energy consumption large, 

more costly, brutal operating 

condition. 

Solid-state storage Volumetric density large, 

better safety, storage 

capacity large 

Mass density low 

  

A lot of progress was made in the 1970s in the creation of non-noble metal hydrides, such as 

TiFe and LaNi5. Under comparatively benign working conditions, these materials allowed for 

the reversible adsorption and desorption of hydrogen, significantly lowering the cost of solid-

state hydrogen storage. This development spurred a great deal of study into metal hydride-

based hydrogen storage materials. However, these materials are unable to achieve significant 

weight capacities due to their high metal concentration and heavy weight of the metals. Given 

these conditions, magnesium hydride (MgH2) has drawn a lot of interest because of its 

advantageous qualities, which include an impressive 7.6% hydrogen storage capacity, a simple 

one-step chemical route of hydrogen desorption, a large availability and supply of raw material, 

and affordability (Ouyang et al., 2020). Its slow kinetics and intrinsic thermodynamic stability 



5 
 

(requiring up to 75 kJ mol-1 H2 for hydrogen release) causes the dehydrogenation temperature 

to rise over 300°C. This formidable barrier highlights the urgent need to improve MgH2's 

hydrogen storage performance in the field of hydrogen energy applications and poses 

significant obstacles to satisfying endorsement requirements. Significant progress has been 

made in recent years in altering the kinetics and thermodynamics of magnesium-based 

hydrogen storage materials in order to overcome these constraint (Ali & Ismail, 2021; Jain et al., 

2010; Ouyang et al., 2020) . A number of methods were then put out to improve magnesium 

hydride's capacity to store hydrogen, with a focus on alloying, nano-scaling, catalyst doping, 

and composite creation with other hydrides. In this review paper, we are focusing on the 

alteration of magnesium hydride through metal oxides especially ternary metal oxides. Ternary 

metal oxides(Croston et al., 2010; Pukazhselvan et al., 2023; Rathi, Agarwal, Shrivastava, 

Kumar, et al., 2024; Wang et al., 2022) denoted by the formula AxByOz where A and B are 

metal elements like Co, Ni, Fe, V, Ti, Nb, Mo etc. These oxides have garnered significant 

interest due to their affordability, environmental compatibility, high theoretical specific 

capacitance, and numerous oxidation states. TMOs come in several varieties. Three primary 

groupings (AB2O4, ABO2/3/4, and A3B2O8) may be distinguished among TMOs based on the 

ratio of A/B/O. The various TMOs have varied crystal structures, which lead to a variety of 

physical and chemical characteristics and, ultimately, variable super capacitive capabilities. 

Types of Ternary Metal Oxides 

 AB2O4                                                                                                                                                                       

These are spinel structured oxides such as Co3O4(Polanski & Bystrzycki, 2009) , 

Mn3O4(Polanski & Bystrzycki, 2009) , Fe3O4(Polanski & Bystrzycki, 2009) , CoFe2O4(J. Zhang 

et al., 2015) , ZnFe2O4(J. Zhang et al., 2015), MnFe2O4(J. Zhang et al., 2015) and 

NiCo2O4(Mandzhukova et al., 2008). 

 ABO2/3/4 

The rock salt structure of NiCo2O4(Mandzhukova et al., 2008) , NiCoO2 (designated as ABO2) 

is characterised by all octahedral sites being embedded with both Ni+2 and Co+2 ions, while all 

tetrahedral sites empty. BiFeO3(Bala et al., 2019) , ZnSnO3(Rahman et al., 2023) , and 

SrRuO3(Ryee & Han, 2017) are examples of the perovskite phase ABO3 family that has drawn 

interest as supercapacitor electrode materials. NiMoO4(Huang et al., 2021) , MnMoO4(Huang 

et al., 2021) are example of ABO4 family.   
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 A3B2O8 

 Example of such type of family are Co3V2O8 (Long et al., 2024)and Ni3V2O8 (Yewale et al., 

2023). 

Examples of Ternary Metal Oxides & their implementation for catalytic enhancement 

of MgH2. 

 NiFe2O4  

The efficacy of MgH2 as hydrogen storage media was investigated by Wan et al.(Wan et al., 

2015) in relation to NiFe2O4 as catalyst, which was synthesised using a basic hydrothermal 

process. About 3.79 wt.% of H2 was released in 1 hour at 300ºC under 0.1 MPa H2 pressure, 

according to the isothermal desorption and absorption kinetic measurements, while 2.06 wt.% 

of H2 was absorbed in 3 hours at ambient temperature under 4 MPa H2 pressure. When 

compared to pristine MgH2 (195.3 kJ/mol), the activation energy of the 7wt.% NiFe2O4-doped 

MgH2 composite was found to be much lower i.e. 59.6 kJ/mol. The enhanced sorption 

capabilities were caused by the formation of Fe7Ni3, MgO, Fe, and Ni phases, which were the 

result of the magnesium hydride's reaction with NiFe2O4 during the ball milling process, 

according to the XRD and XPS analyses. The observation of a mutual effect led to the 

conclusion that the NiFe2O4 addition exhibited superior catalytic action when compared to the 

combination of Fe2O3 and Nio. 

 MnFe2O4 

The effects of MnFe2O4 (7 mol%) on magnesium hydride's hydrogen sorption characteristics 

were investigated by Ping Li et al.(P. Li et al., 2013) The use of XRD and SEM allowed for a 

deeper comprehension of the reaction process. For the first time, the catalytic effects of 

MnFe2O4 nanoparticles on the dehydrogenation characteristics of MgH2, produced by ball 

milling, were examined. When comparing, for MgH2 + 7 mol% MnFe2O4, the onset 

dehydrogenation temperature is 300°C, which is 140°C lower than as received MgH2. The 

results of the isothermal dehydriding kinetics demonstrated that the dehydrogenation of the 7 

mol% MnFe2O4-doped sample was greatly enhanced as it released 5.05 wt.% hydrogen in 60 

minutes at 300 °C and 0.1 MPa pressure, whereas the as-received MgH2 released only 0.49 

wt.% hydrogen under the same circumstances. 
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 TiNb2O7 

In their study, Lingchao Zhang et al.(L. Zhang et al., 2021)investigated catalytic behaviour of 

x wt.% (1,2,5,7 and 10 wt.%) TiNb2O7 with MgH2 and they found 7 wt.% TiNb2O7 is optimum 

amount to enhance the kinetics of MgH2. For composite MgH2 +7 wt.% TiNb2O7 onset 

temperature was found to be 177°C which is almost 123°C less as compared to MgH2 (300°C) 

with good amount of hydrogen content (6.34 wt.%). Excellent hydrogen storage reversibility 

was shown by the recorded 6.32 wt.% hydrogen absorption quantity at 190°C, which was 

identical to the dehydrogenated amount. Nearly minimal hydrogen desorption was recorded for 

the milled pristine MgH2 at 250 °C, while the composites MgH2+7wt.% TiNb2O7 quickly 

released 5.5 wt.% of H2 within 600 seconds. The estimated activation energy for composite 

MgH2+7wt.% TiNb2O7 was found to be 96 ± 4 kJ·mol−1which is 43 ± 3 kJ·mol−1 less compared 

to pure MgH2 (139 ± 7 kJ·mol−1). Using DFT calculations based on Mg (110) models, the 

impacts of NbOx and TiOx on hydrogen desorption was also examined. 

 MnV2O6 

Huafeng Fu et al.(Fu et al., 2022)demonstrated how the bimetallic oxide MnV2O6 may be used 

as a catalyst to greatly enhance the hydrogen desorption kinetics of MgH2. Through the use of 

high-energy ball milling, a MgH2-MnV2O6 composite was synthesized. According to the 

findings, the MgH2 + MnV2O6 composite may emit 5.57 wt.% hydrogen in 600 seconds at 250 

°C. Under 50°C, the dehydrogenated MgH2-MnV2O6 sample may absorb 3.09 wt.% hydrogen 

in 600 seconds. Prominently, the reversible hydrogen storage feature demonstrated exceptional 

cycle stability, failing to deteriorate for at least hundred cycles. The synergistic catalytic effect 

was caused by the formation of MnV alloy and V2O3 phases during the ball milling process, 

according to measurements made using transmission electron microscopy and X-ray 

diffraction.  

 MnCo2O4.5 

In their work, Shiming Zhou et al.(Zhou et al., 2022)utilized two-step hydrothermal-calcination 

method to prepare pagelike structured MnCo2O4.5 and investigated catalytic behaviour of it by 

forming composites MgH2+ X wt.% MnCo2O4.5 (X =2,4,6 and 10 wt.%). They found 6 wt.% 

doped MnCo2O4.5 (285°C) had initial desorption/dehydrogenization temperature 30°C lesser 

as compare to as-milled MgH2. At 325°C and within 240 seconds, the released H2 by 

composites 6 wt.% MnCo2O4.5 doped MgH2 and pure MgH2 were 6.4 wt.% and 0.58 wt.% 
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respectively. Whereas activation energy also subsides almost to 94.36 kJ/mol. Based on the 

XRD and TEM study, they found that formation of phases (Mn and Co) throughout the heating 

process, which are also greater the catalytic behaviour of MnCo2O4.5 in enhancing the 

performance of pure Mg-hydride. 

 CuFe2O4 

In their work, Ismail et al.(Ismail et al., 2019)studied the catalytic behaviour of 10 wt.% 

CuFe2O4 doped MgH2. They exposed that the onset desorption temperature was reduced almost 

160°C and 90°C as compared to pure MgH2 and 1h-milled MgH2 respectively. Whereas at 

320°C, the composite and 1h-milled MgH2 released 5.3wt.% and < 1 wt.% H2 within 600 

seconds, respectively. According to Kissinger plot, for composite MgH2+10 wt.%CuFe2O4 the 

activation energy was also reduced almost 32% as compared to 1h-milled MgH2.according to 

absorption kinetics at 250°C the composite and 1h-milled MgH2 absorb 5.0 wt.% and 4.0 wt.% 

H2 within 1800 seconds, respectively. In situ produced Fe, Mg-Cu alloy, and MgO phases were 

thought to play an active role in catalysing the hydrogen storage capabilities of MgH2 and 

contributing to its improved sorption performance in the presence of CuFe2O4.While, in DSC, 

the decrement of endothermic peak also revealed that that the catalysis with CuFe2O4 improved 

the desorption characteristics of MgH2. 

 VNbO5 

Valentoni et al.(Valentoni et al., 2018)have demonstrated that using VNbO5 as a catalyst 

improved the hydrogen kinetics of MgH2. The results confirmed the beneficial impact, as in 

the case of VNbO5, superior kinetics was seen in comparison to V and Nb2O5 catalyzed systems 

independently. Furthermore, at 160 °C and 20 bar of H2 pressure, the absorption kinetics rate 

was quite fast with 5.5 wt.% of hydrogen absorption in 600 seconds. Additionally, they 

investigated the thermodynamic characteristics of the composites, emphasizing kinetics over 

thermodynamics and setting the enthalpy value at 71 kJ/mol, which is comparable to pure 

MgH2.  

 V4Nb18O55 

Yang Meng et al.(Meng et al., 2022)utilized solvothermal method followed by calcination to 

synthesized integrated V4Nb18O55 microspheres made of nanoparticles. It was observed that 

V4Nb18O55 microspheres enhanced the catalytic effect of Nb2O5 further in improving the 

reversible H2 storage properties of MgH2. They also ensured that V4Nb18O55 is not only 
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uniformly distributed within the MgH2 matrix to enhance its catalytic effect, but also that Nb/V 

interfaces are built uniformly on a molecular scale throughout the H2 sorption process. on 

utilizing the catalyst V4Nb18O55 the fruitful reduction in onset desorption temperature and 

apparent activation energy was observed that were almost 165°C and 62.3kJ/mol respectively. 

Interestingly, at 200°C, V4Nb18O55 microspheres and milled MgH2 absorbed almost 5.9 wt.% 

and 0.35 wt.% H2 within 20 seconds, respectively which further showed significant effect of 

catalyst.  A relative energy barrier of only 0.5 eV is achieved for the entire dehydrogenation 

process of MgH2 as a result of the uniform construction of Nb/V interfaces. Whereas, cycling 

efficiency suggested that after 10 cycles of H2 storage, MgH2 under the catalysis of V4Nb18O55 

microspheres could achieve a reversible capacity of 6.0 wt.%, which corresponds to a capacity 

retained of 97% following the second cycle.  

 TiVO3.5 

 Zhang et al.(X. Zhang et al., 2018)examined the catalytic activity of a solid MXene precursor 

(Ti0.5V0.5)3C2 for the hydrogen storage process of MgH2 at 300°C. They utilized ball milling 

method to prepare the composite of MgH2 + x wt.% TiVO (x = 0,5wt.%,7wt.%,10wt.% and 

12wt.%) and found that 10 wt.% TiVO was optimum amount to catalyze MgH2. For composite 

MgH2 + 10 wt.% TiVO, onset dehydrogenation temperature and activation energy were found 

to be 197°C and 62.4kJ/mol, respectively. Moreover, at 250°C this sample desorbed 5 wt.% H2 

within 600 seconds and at 100°C, it absorbed 3.9 wt.% H2 within 5 seconds. Subsequent XPS 

data showed that MgH2's reducing ability caused TiVO3.5 to be converted to metallic titanium 

(Ti) and vanadium (V) throughout ball milling. The dissociation and recombination of H2 

molecules are facilitated by these real catalytic species, which enhanced MgH2's capacity to 

store hydrogen.  

 Ni3(VO4)2 

In order to enhance the kinetic performance of MgH2, Zang et al.(Zang et al., 2021)developed 

Ni3(VO4)2 catalyst. As expected, the catalyzed system's onset desorption temperature was 

210°C, which was almost 115°C lower than that of pure MgH2. DSC was used to calculate 

activation energy, and the activation energy was found as 81 kJ/mol which was subside by 59 

kJ/mol as compare to pure MgH2. At 50°C, the dehydrogenated sample could reach nearly 2.3 

wt.% of hydrogen absorption within 60 min. It was clearly demonstrated that the 

thermodynamics and kinetics can be dually and synergistically tuned by Ni3(VO4)2 in the MgH2 

system. During the re/dehydrogenation process, MgH2 and Ni3(VO4)2 interacted to produce 
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Mg2Ni and V2O3. Theoretical calculations demonstrated that Mg2Ni has an effect on altering 

thermodynamics, whereas V2O3 acted as a catalytic species. A two-layer MgH2 (110) surface 

model was used for DFT calculations in order to comprehend the function of Ni3(VO4)2, 

particularly at the Mg2Ni/Mg2NiH4 interface, in the hydrogen storage capacity of MgH2.  

 Ni6MnO8 

The catalytic impact of nanoparticle composite Ni6MnO8@rGO in quacking MgH2's H2 

sorption characteristics was examined by Samuel Guemou et al.(Guemou et al., 2023)and they 

found that at 218°C, 5 wt.% Ni6MnO8@rGO doped MgH2 released around 6.6 wt.% H2 within 

600 seconds at 300°C. At 100°C, this dehydrogenated 5 wt.% Ni6MnO8@rGO doped sample 

was also able to absorb 3.3 wt.% H2 within 0.5h. Furthermore, for 5 wt.% Ni6MnO8@rGO 

doped sample the activation energy also diminished almost 77 ± 4 kJ/mol in comparison to 

undoped MgH2. The in-situ generated Mn, Mg2Ni/Mg2NiH4 MnO2, and reduced graphene 

oxide collectively improved the hydrogen de/absorption capabilities of the Mg/MgH2 system, 

according to microstructure study. 

 MnMoO4 

It is verified by Jiaqi Zhang et al.(J. Zhang et al., 2021)that MnMoO4 rod catalyst may be 

successfully utilized to enhance MgH2's hydrogen storage capabilities. The experimental 

findings indicated that the 10 wt.% MnMoO4 doped material began dehydrogenation at around 

220°C, whereas undoped MgH2 began dehydrogenation at around 360°C. It took 600 seconds 

at 300°C to obtain the first dehydrogenation capacity of 6 wt.%. Following full 

dehydrogenation, H2 may be absorbed below 55°C, whereas at 150°C and 3 MPa H2 pressure, 

4.34 wt.% hydrogen could be absorbed in 15 minutes. Furthermore, the activation energy of 

MgH2 dehydrogenation was dropped by around 45 kJ mol−1. Moreover, after 20 cycles, MgH2's 

hydrogen storage capacity was still kept at 5.85 wt.%. By promoting the dissociation and 

diffusion of H2 at the Mg/MgH2 interface, the in-situ produced Mn and MgMo2O7 might have 

worked in concert to enhance MgH2's hydrogen storage capabilities. 

 Co2NiO 

In their study, N. Juahir et al.(Juahir et al., 2015)utilized ball milling for 1h to prepare the MgH2 

+ 10 wt.% Co2NiO composite and revealed the onset dehydrogenation temperature 70°C less 

as compared to 1h-milled MgH2. According to dehydrogenation/absorption kinetics at 320°C, 

the MgH2 + 10 wt.% Co2NiO sample released and absorbed almost 2.5 wt.% H2 in 6 minutes 
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and 1.7 minutes respectively. Whereas the calculated activation energy almost reduced by 15 

kJ/mol compared to 1h-milled MgH2. A new phase of Mg-Co alloy and Co1.29Ni1.71O4 was 

formed during the dehydrogenation and re-hydrogenation process, according to the X-ray 

diffraction investigation. The creation of active species of Mg-Co alloy and Co1.29Ni1.71O4 

during the heating process led one to believe that the Co2NiO addition performs a catalytic 

function, thus enhancing the hydrogen storage capabilities of MgH2.  

 BaMnO3 

In their work, Sazelee et al.(Sazelee et al., 2023)investigated that the initial equilibrium 

desorption temperature was lowered by 138°C after adding 10 wt.% of BaMnO3 with MgH2. 

Based on kinetics study, the sample MgH2-10wt.% BaMnO3 absorbed 5.2 wt.% H2 in 120 

seconds at 250°C and desorbed almost 5.4 wt.% H2 in 60 minutes at 300°C. Moreover, 

according to cyclic performance, the 10 wt.% doped BaMnO3 sample absorbed 6.5 wt.% of 

hydrogen and desorb 5.2 wt.% of hydrogen within 1 hour and at 320°C after 10 cycles. Besides, 

Subsequent XRD analysis demonstrated that the production of Mg0.9Mn0.1O, Mn3O4 and Ba or 

Ba-containing compounds improved MgH2's performance. 

 NaNbO3 

Rathi et al.(Rathi, Agarwal, Shrivastava, Miyaoka, et al., 2024)used (5,10,15) wt.% NaNbO3 

as a catalyst with MgH2 and revealed that kinetic barrier dropped by 57% in comparison to 

pure MgH2 for composite MgH2+10 wt.% NaNbO3. Whereas initial desorption temperature 

and activation energy were decreased by 167ºC and 97 kJ/mol respectively. Besides, the PCT 

measurement exposed that the catalyst (NaNbO3) appeared to have no effect on thermodynamic 

stability and there is no decrement in the enthalpy of breakdown. 

 BaRuO3 

BaRuO3 was utilized(Baricco et al., 2012) as a catalyst to explore the alteration storage ability 

of MgH2. BaRuO3 has rhombohedral structure with parameter a=5.75Aº and c=21.6Aº 

confirmed by Rietveld refinement method. DSC and sievert type apparatus were used to 

investigate H2 desorption properties. For mixture MgH2/BaRuO3, activation energy calculated 

from Arrhenius equation and Johnson–Mehl–Avrami (JMA) equation was found to be 130 kJ 

mol−1.  Results showed decrement in activation energy as compare to commercial MgH2, ball 

milled MgH2, which may be due to preferential H2 path provided by mixing of catalyst BaRuO3 

on the MgO surface. 



12 
 

 BaFe12O19 

In their work, N.A. Sazelee et al.(Sazelee et al., 2018)utilized solid state method to prepared 

ferrite BaFe12O19 and mix-up with pure MgH2 with purity 95%. For sample MgH2-10 wt.% 

ferrite BaFe12O19, TPD results show that onset temperature was found almost 270ºC with 6.0 

wt.% H2 capacity. The rehydrogenation kinetics revealed that the composite is able to absorb 

good amount of H2 (4.3 wt.% H2) compared to milled MgH2 (3.5 wt.%H2) at 150ºC, within 10 

minutes. XRD pattern show that at 450ºC some peaks of MgO and Fe also present after 

dehydrogenation, which may be optimized the catalytic effect of ferrite BaFe12O19. 

 LaFeO3  

Catalytic impact of LaFeO3 to enhance the H2 storage property of MgH2 was explored by Idris 

et al.(Sazelee et al., 2020). MgH2 showed 120ºC less onset dehydrogenation temperature after 

10 wt.% doping of LaFeO3. DSC results also showed decrement in endothermic temperature 

peak after the doping of 10 wt.% LaFeO3. Moreover, the 10 wt.% LaFeO3-doped MgH2 sample 

desorbed around 3.7 wt.% of Hydrogen in 15 min. at 320 °C, but the undoped sample only 

released 1.4 wt.% of hydrogen in the same time frame. Within 30 min., the 10wt.% LaFeO3-

doped MgH2 sample absorbed around 6.1 wt.% of hydrogen, whereas the milled MgH2 sample 

absorbed 4.1wt%. Better kinetics were demonstrated by the doped sample's decreased 

activation energy, which was dropped to 107 kJ/mol. Formation of Fe, MgO and La2O3 

throughout the heating process of sample MgH2-10 wt.% LaFeO3 might have acted as an active 

species in enhancing the kinetics of MgH2. 

 MgNiO2 

The effects of MgNiO2 nanoflakes(Ali et al., 2019)synthesized using a straightforward 

hydrothermal process on MgH2's hydrogen sorption capabilities were examined for the first 

time. In contrast to milled MgH2, which released hydrogen around 340°C, the temperature-

programmed desorption curve indicated that when 10 weight percent of MgNiO2 was added to 

MgH2, hydrogen was released starting at 258°C. Compared to the milled MgH2, which only 

absorbed around 4.4 wt.%, the MgNiO2-doped MgH2 sample exhibited excellent hydrogen 

absorption, with a capacity of up to 6.1 wt.% within 600s at 200ºC. Regarding desorption 

kinetics, the MgNiO2-doped MgH2 sample exhibited quicker desorption, releasing 5.1 wt.% of 

hydrogen in 600s. 
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 CoTiO3 

Ali et al.(Ali et al., 2022) used solid state method to synthesized the CoTiO3 to studied the 

catalytic behaviour on MgH2. They added 5,10,15 and 20 wt.% CoTiO3 with MgH2 and found 

the better performance of system MgH2+10 wt.% CoTiO3.As displayed in Fig.2 for system 

MgH2+10 wt.% CoTiO3 they exposed that the onset desorption temperature 275ºC.   

 

Fig.2 (a) TPD profile of as received MgH2, milled MgH2 and sample MgH2-10 wt.% CaTiO3 

(b) H2 absorption at 200ºC under 33.0 atm. hydrogen pressure. Reprinted from Ref.(Ali et al., 

2022) under creative common license 

 

Fig.3 (a) cyclic performance of system MgH2 + 10 wt.% CoTiO3 for absorption kinetics curve 

at 320ºC. (b) XRD patterns of (a) as-milled MgH2 and (b) after desorption sample MgH2-10 

wt.% CaTiO3. Reprinted from Ref.(Ali et al., 2022) under creative common license. 

MgH2+10 wt.% CoTiO3 shows good absorption kinetic performance and absorbed 6.4 wt.% H2 

within 600 sec. Meanwhile other doping wt.% (5,15 and 20) absorbed 2.5, 4.1 and 6 wt.% H2 
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within 600 seconds, respectively. Fig.3 (a) shows the cyclic performance of system MgH2+10 

wt.% CoTiO3. System shows good cyclic performance over the 10 cycles with absorbing 

hydrogen 7.1wt.% H2. (b) XRD pattern shows some peaks correspond to MgO and MgTiO3 

after desorption/ dehydrogenation at 450ºC, which may be play a key role to optimised the 

catalytic effect of CoTiO3. 

Summary 

MgH2 is known for high H2 storage capacity (theoretically 7.6 wt.%), large volumetric density 

(110 g/L), good reversibility and low raw material cost, but MgH2 has high temperature, large 

thermal stability, slow kinetics limit its afore practical use. There are serval methods to improve 

the MgH2 properties such as catalyst doping, nanosizing and alloying etc. Among all of these 

tactics, catalyst approach is a one of the best and effective method to enhance the H2 storage 

performance properties. Because catalyst play a crucial role in accelerating the reaction rate 

and to reduce activation energy. As well as a good catalyst can also produce new phase like 

MgO on the MgH2 surface. In the review article, the research on the alteration of Mg-hydride 

H2 storage materials specially by ternary metal oxide catalysts are utilized. This review 

primarily focuses on the onset desorption temperature and kinetic barrier, which are calculated 

by thermal gravimetric analysis and by activation energy, respectively. The two main methods 

used to calculate the activation energy are isothermal and non-isothermal methods, which are 

represented mathematically by the Kissinger and Arrhenius equations, respectively. Ternary 

metal oxide basically 3d-transition metal and 3d transition electrons have a higher chance of 

escaping and attraction nature as compare to s and p-electrons. Moreover, the presence of 

transition metal (like Ti) provides an electron channel to transfer or accelerate electrons. 

Additionally, when transition metal oxide added with MgH2, will make an interface or 

multiple-phase structure, which leads to a decrement in activation energy or kinetics barrier. 

There is also possibility of electron exchange mechanism between transition metal oxide and 

MgH2 during the oxidation/reduction process, leads to decrement the binding energy. Ternary 

metals are multivalent metal, which provides extranuclear electrons, might be encourage the 

Mg-H bond to dissociate, thereby decreasing the energy barrier and enhancing the composites 

capacity to store hydrogen. Based on these articles there are some variables which can be 

influence the catalytic efficiency of ternary metal oxide such as multiple valance state, defect 

density, supported catalyst contact, large interaction energy, and electronegativity. To put it 

briefly, for future perspective, using ternary metal oxide catalyst and nanosizing MgH2, to 

enhance H2 storage efficiency will be a modification approach worth considering. 
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