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A B S T R A C T   

In the present study, we explored the temperature evolution and hydrogen desorption properties 
of the Mg50Ni50 alloy through both numerical simulation and experimental analyses. Desorption 
kinetics characterization was carried out using the volumetric method, specifically employing a 
Sievert’s-type apparatus to investigate solid-gas reactions. The experiments covered a tempera
ture range from 313 K to 353 K, with an initial hydrogen pressure of 12 bar. Simultaneously, a 
mathematical approach was employed to numerically investigate the temperature evolution 
within the hydride bed. Using COMSOL Multiphysics as a simulator, a numerical simulation was 
conducted based on experimental data. The study examined the impact of cooling temperature on 
hydride temperature evolution. Results revealed that hydrogen desorption kinetics of the amor
phous Mg50Ni50 alloy are more significant compared to those of Mg2Ni compounds. Moreover, the 
effect of the warming temperature on the equilibrium pressure can also be observed in the 
hydrogen desorption isotherm curves. The experimental study of the Mg50Ni50 alloy provided 
activation energy data, along with determination of hydride formation enthalpy and entropy. On 
the other hand, we showed that the hydride temperature is maximum at the hydride-hydrogen 
interface within the hydride center.   

1. Introduction 

The utilization of hydrogen as an energy vector presents a crucial solution, addressing both the global energy demand and the 
imperative to replace current fossil fuels prevalent in diverse industrial applications. The primary prerequisite for hydrogen to emerge 
as a prominent energy source in the future lies in the advancement of technologies for its storage, production, and subsequent utili
zation. Metal and intermetallic hydrides offer a significant avenue for hydrogen storage, providing elevated storage density per unit 
volume and can be deemed safer when compared to traditional storage methods such as liquid or gaseous forms [1–3]. 

Recently, alloys designed for hydrogen storage represent materials with the ability to absorb and release a substantial amount of 
hydrogen in a reversible manner under specific temperatures and pressures. Within this category, magnesium-based compounds stand 
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out as particularly promising materials for hydrogen storage, owing to their remarkable hydrogen capacity. Specifically, magnesium 
hydride (MgH2) exhibits a notable hydrogen storage capacity of approximately 7.6 wt%, a significantly higher value compared to other 
alloys such as LaNi5, which has a storage capacity of around 1.5 wt% [4–8]. However, Mg-based alloys exhibit specific properties 
related to their relatively modest kinetic reaction rates, elevated operating temperatures, and pressures. 

In response to these challenges, many researchers have directed their efforts towards the development of alternative Mg-based 
alloys [9,10]. It is worth noting that Mg-based alloys do not readily react with hydrogen at near-ambient pressures and tempera
tures [11]. 

In the extensive exploration of Mg-based alloys conducted to date, despite occasional conflicting results in certain studies, specific 
elements have emerged as particularly promising due to their notable hydrogen storage capacity. Several experimental and theoretical 
investigations have delved into the hydrogen desorption characteristics of various Mg-based alloys [12–20]. Notably, Orimo et al. [21] 
focused on examining the H2 storage properties of the Mg50Ni50 alloy in its amorphous state. Their findings indicated that the 
amorphous alloy exhibited the ability to absorb hydrogen up to a high concentration without undergoing a phase transition to a 
crystalline state. This is a significant observation because crystalline materials often exhibit limited hydrogen absorption capabilities 
and require higher temperatures and pressures to release hydrogen. Moreover, Benjamin et al. [22,23] have advocated for the 
application of a mechanical alloying (MA) process in the context of Mg-based materials. These methods facilitate the creation of 
fine-grained structures characterized by high surface areas, thereby enhancing the kinetics of hydrogen absorption and desorption. The 
augmented surface area provides more active sites for hydrogen to interact with the material, ultimately improving hydrogen storage 
performance. This technology contributes to the microstructural refinement of the alloy mesh [24–30] and results in an increase in 
specific surface area [31]. Consequently, this advancement allows for an enhancement in the reaction kinetics during the desorption 
cycle [32–34]. In parallel, several researchers [35–39] have demonstrated that the desorption kinetics of the amorphous alloy 
Mg50Ni50 surpasses that of Mg2Ni compounds. 

Other researchers [40] have identified the MA method as an effective means to produce Mg-based hydrogen storage alloys. These 
alloys, characterized by a large surface area, exhibit reactivity with hydrogen at low temperatures and demonstrate enhanced kinetics 
of desorption. Yang et al. [41] reported that the synthesis of the amorphous Mg50Ni50 alloy through mechanical alloying occurs under 
vacuum conditions. The results obtained indicate that the random distribution of Ni and Mg atoms creates numerous tetrahedral sites 
in the Mg50Ni50 amorphous alloy, influencing hydrogen desorption kinetics. Additional literature [42,43] supports the observation 
that the desorption of hydrogen predominantly takes place during the Mg50Ni50 amorphous phase. 

Sarra et al. [44] conducted an experimental study on the Mg50Ni50 amorphous alloy, revealing notable findings. The H2 desorption 
content was observed to decrease from 2.3H/M at 313 K to 2.03 at 353 K, while the equilibrium pressure increased from 0.5 bar at 313 
K to 1.2 bar at 353 K. In the pursuit of enhancing hydrogenation properties, numerous research studies have been undertaken and 
reported on metal hydrides. Among them, Mg-based hydrides have emerged as a promising candidate for hydrogen storage. 

To fully explain the experimental mechanisms of hydrogen storage utilizing metal hydrides, numerous numerical studies have been 
undertaken across different regions globally. Advancements in research within this field have been particularly noteworthy in the 21st 
century. Muthukumar et al. [45] developed a 2D mathematical model using the commercial software COMSOL Multiphysics 4.2 to 
analyze the performance of a metal hydride-based hydrogen storage tank. They observed a high level of concordance between the 
numerical results and the experimental data presented in the existing literature. Whereas, Sharma et al. [46] conducted a study to 
examine the impacts of pressure and temperature on the thermodynamic properties of LaNi4⋅6Al0.4 hydride during hydrogen ab
sorption and desorption cycles. Their investigation revealed a notable dependence of the enthalpy (ΔH) on the experimental tem
perature range. As well, Moropeng et al. [47] have created a C++ calculation code utilizing a numerical method for non-linear 
equations. This code serves to articulate the correlation between Pressure-Composition and Temperature (PCT) diagrams specific to 
metal hydrides of type AB5, such as LaNi4⋅8Sn0.2, LmNi4.91Sn0.15, and LaNi4⋅5Al0.5, throughout the hydrogen storage. 

Moropeng et al. [48] have constructed a two-dimensional numerical model employing the commercial software COMSOL 5.3a. This 
model was designed to investigate heat and mass transfer within a mixture of AB2–AB5 metal hydride (MH) systems. The simulation 
outcomes underscore the significance of the interdependence between temperature propagation within the metal hydride body, the 
absorbed concentration of hydrogen gas, and the gas pressure. 

This paper presents the findings from both experimental and numerical studies aimed at examining the impact of elevated tem
peratures of the warming fluid on the phenomenon of hydrogen desorption within a cylindrical reactor containing Mg50Ni50 hydride. 
The investigation moreover delves into the temperature evolution and the role of cooling temperatures. To achieve this, an ample 
number of desorption cycles were conducted on the sample. The results revealed that both the hydrogen desorption rate and storage 
kinetics exhibited an increase with rising temperatures. Moreover, at elevated temperatures, the Mg50Ni50 alloy demonstrated a 
desorption of approximately 2% by weight of H2. Consequently, it is evident that the cold fluid temperature significantly influences the 
hydrogen storage capacity. 

2. Experimental detail 

Based on the results obtained in previous studies, the Mg50Ni50 compound is a metal alloy of Mg (99.8%) and Ni (99.9%). The 
proposed sample was synthesized by using the MA method. This synthesis technique has been done using a planetary high-energy ball 
mill (Retch PM 200) in a stainless-steel vessel at a speed of 300 rpm for a period of 10 h. Subsequently, multiple cycles of hydrogen 
absorption/desorption were conducted under a pressure of approximately 15 bar and at a temperature of T = 90 ◦C. These activation 
cycles were repeated until achieving a saturation value of the quantity of stored hydrogen. The XRD measurements and the internal 
microstructure of this sample were carried out by Sarra et al. [49] using a scanning electron microscope (SEM) and a diffractometer. 
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Fig. 1a. Schematic presentation of the experimental setup. Schematic geometry of the simulated reactor.  
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Similarly, Guzmán et al. [50], have using the non-isothermal DSC experiments method under N2 flow in an SDT 2960 apparatus (TA 
instruments) to study the thermal stability. More detailed information on phase evolution, and morphological study of the Mg50Ni50 
alloy during the amorphization process was found in these references [51,52]. 

Based on the data reported in previous works [39,44], we have a good knowledge of the morphological and structural state of the 
Mg50Ni50 alloy. The processes of hydrogen desorption by the amorphous alloy Mg50Ni50 were measured with a Sievert-type measuring 
device. The experimental setup and Schematic geometry of the simulated reactor are shown in Fig. 1a and b. 

To measure the temperature and the pressure (parameters of the process), it is designed to provide the desorption cycles and a data 
logger. The cylindrical hydrogen tank (reactor) containing the metal powder (red part on Fig. 1b), represents the principal element of 
the proposed device. The reactor is connected to a thermostat with the circulation of coolant fluid. The delivered water has a tem
perature range of 313 K–353 K. A pressure gauge measures the reservoir pressure; type PA- 21LC, 0–100 bar. A vacuum pump ensures 
the vacuum in the reactor and the tank. The different elements of the device are connected by valves and sealed stainless-steel tubes. 
The pressure evolution in the experimental device was monitored using a pressure sensor. The experimental data are recorded using an 
acquisition card connected to a computer. 

3. Mathematical model and used assumptions 

3.1. Mathematical model and geometry 

Fig. 1b presents a schematic geometry of the used rector. The adsorbent bed is a half-filled cylinder with a commercial Mg50Ni50 
powder (red part of the cylinder), where certain tubes pass through. The hydrogen entering the reactor in the axial direction (grey part 
of the cylinder). The thermophysical and geometrical parameters are presented in Table 1. 

Many assumptions have been considered in developing the used model. In our case, we have supposed that the media is in the local 
thermal equilibrium (Tgas = Tsolid). 

On the other hand, the proposed model is used in an isotropic solid phase with uniform porosity, and the gas phase is supposed 
ideal. Hysteresis phenomena of the pressure-concentration isotherms are neglected in our simulation for the calculation of the 
Equilibrium gas pressure. 

The proposed model, which describes the H2 diffusion through the hydride bed, is based on energy balances for the hydrogen- 
heating model, mass balances for H2 diffusion model, and heat exchanger metal hydride bed model. In our case, adsorption ki
netics depends on pressure is taken into consideration to valid the proposed mathematical model [13–16]. 

Based on these assumptions, the energy balances for hydrogen heating are as follows (Eq. (1)): 

ρhydcp− hyd
∂Thyd

∂t
+∇ ·

(
− λhyd∇Thyd

)
=0 (1)  

Where ρhyd is the hydrogen density, cp− hyd, is the specific heat of the hydrogen, λhyd, is the thermal conductivity of the hydrogen, and 
Thyd, is the hydrogen temperature. 

The energy balances for the heat exchanger metal and the hydride bed are given by the following equations (Eqs. 2 and 3): 

ρmcpm
∂Tm

∂t
+∇ · (− λm∇Tm)=0 (2)  

Where ρm is the hydride (metal) density, cpm, is the specific heat of the hydride, λm, is the thermal conductivity of the hydride, and Tm, is 
the hydride temperature. 

Table 1 
Tank physical properties and thermodynamic parameters for the Mg50Ni50 alloy.  

Parameters Values 

Hydrides bed (Re) external radius 0.02 m 
Hydrides bed (L) length 0.05 m 
Heating/cooling fluid velocity (v) 0.5 ms− 1 

Initial temperature (T0) 300K 
Initial pressure (P0) 1.5 atm 
Density of the initial hydride (ρ0) 3200 kg m-3 
Density of the saturation hydride (ρss) 3240 kg m-3 
Hydrides bed porosity (ε) 0.5 
Specific heat of the hydride (Cps) 419 J kg− 1 K− 1 

Thermal conductivity of the hydride (λs) 1.2 W m− 1 K− 1 

Sorption enthalpy (ΔH) 17791.46 J mol-1 
Hydrogen charge pressure (Pext) 8 atm 
Cooling fluid temperature (T) 313, 333, 353 K 
Ideal gas constant 8.314 (Jmol-1K− 1) 
Sorption entropy ΔS0 51.846  
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[
(1 − ε)ρscps + ερgcpg

] ∂Ts

∂t
+∇· (− λs∇Ts)+∇ ·

(
ρgcpgTs u→

)
=(1 − ε)|ΔH|

∂ρs

∂t
(3)  

Where ε represent the hydride bed porosity. 
The mass balances for the hydride bed model are as follows (Eq. (4)): 

ε
∂ρhyd

∂t
+∇·

(
u→ρhyd

)
= − (1 − ε) ∂ρm

∂t
(4) 

Moreover, to better compute the proposed model we suppose that the gas is ideal, and the hydrogen density expression is as follows 
(Eq. (5)): 

ρhyd =
MhydP

RT
(5)  

Where Mhyd represent the hydrogen molar mass, P is the pressure, and R is the perfect gas constant. 
Darcy and Van’t Hoff’s laws (Eqs. 6 and 7) are used with Kozeny – Carman’s equation (expression (8)) to better compute the 

hydride bed heat exchanger: 

u→= −
K
μg
∇P (6)  

Peq = exp
(

A −
B
T

)

(7)  

K=
d2

pε3

150 (1 − ε2)
(8)  

where K, is the hydride permeability, and A, and B, are constants. 
The used adsorption kinetics model is as follows (Eq. (9)): 

∂ρm

∂t
=Ca exp

(

−
Ea
R T

)

Ln
(

P
Peq

)

(ρss − ρm) (9)  

Where ρss is the density of the saturation hydride, and ρss, is the hydride (metal) density. 

3.2. Boundary conditions 

Based on experimental data, we have used three external temperatures as a boundary condition (Eq. (10)): 

Fig. 2. Pressure–composition isotherms of the desorption state for the Mg50Ni50 alloy in a temperature range from 313 K to 353 K.  
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Tf (r= r max)= 313K,333K and 353K (10) 

At the gas-solid interface, we have used a thermal boundary resistance model a boundary condition as follows (Eq. (11)): 

− λs
∂T
∂r

(z= interface)= hw (Tm − Ts) (11)  

Where hw represents the interface metal-hydride thermal resistance. 

4. Results and discussion 

4.1. PRESSURE-COMPOSITION isotherms 

The studied device is presented in Fig. 1a which is investigated in a previous studies conducted by our research team [49–51] based 
on the volumetric method using a Sieverts–type apparatus. Before the measurement processes, 1 g of Mg50Ni50 alloy metal powder was 
placed in a stainless steel reactor. Several absorption-desorption cycles of hydrogen were performed at T = 323K and an initial pressure 
P = 15 bar for the purpose of alloy activation treatment. After 25 cycles, the amount of hydrogen absorbed stabilizes. In this case, the 
experimental measurements of the isotherms are carried out at three different temperatures, ranging from 313K to 353K. The principle 
of measurement consists of measuring the pressure (P), the composition (C), and the temperature (T), isotherms of the Mg50Ni50 alloy. 
Fig. 2 shows the evolution of the isotherms (P–C-T) of the Mg50Ni50 alloy in the temperature range of 313 K–353 K. The shapes of the 
curves provide a clear and sharp understanding of the desorption properties of the composition. 

It is obvious that during the first phase (α), there is a small pressure increase due to the transformation of Mg–Ni into Mg–Ni–H. For 
the second phase (α+β), there is a very small increase in equilibrium pressure despite the amount of desorbed hydrogen increasing. 
Whereas, in the third phase (β), the equilibrium pressure increases strongly for a small increase in concentration [H/M]. In addition, 
the equilibrium plate increases slightly with the increase in temperature, which is attributed to the thermodynamic stability of the 
intermediate compositions of the alloy. 

The equilibrium pressure and the temperature evolution at which the Mg50Ni50 alloy can desorb a quantity [H/M] of hydrogen is a 
fundamental property of the proposed metal, which is simply explained by the Van’t Hoff expression given by Eq. (12), which fa
cilitates the determination of the entropy (ΔS) and the enthalpy (ΔH), of the proposed hydride. 

ln
(

Peq

P0

)

=
ΔH0

RT
−

ΔS0

R
(12)  

where: Po is the initial pressure (1 bar H2), Peq is the equilibrium pressure, R is the perfect gas constant, T is the absolute temperature, 
ΔS0 and ΔH0 are the entropy and the enthalpy, respectively, at initial conditions associated to the desorption reaction. 

Fig. 3 presents the evolution of the equilibrium pressure versus inverse of temperature. It is clear that a linear relationship was 
observed between ln (Peq/P0) and 1/T. From the slope of the Van’t Hoff plot, the experimental value of the enthalpy of hydride 
formation ΔH0 can be determined, and the order at the origin allows calculating the experimental value of the entropy. These values of 
ΔH0 and ΔS0 are listed in Table 2. 

The MgH2 hydride is known for its high during hydrogen absorption-desorption, making it less favorable in terms of thermody
namics stability. Moreover, the high ΔH harming the storage of hydrogen amount. From the values of ΔH and Ea, it is clear that the 
apparent ΔH value of Mg50Ni50 alloy is very low compared to the ΔH value of the MgH2 alloy. This indicates that the heat release 
during the desorption of hydrogen is less significant. Therefore, less energy is required to release hydrogen, which can lead to more 

Fig. 3. Evolution of the pressures Peq versus the inverse of temperatures T− 1 for the hydrogen desorption in the Mg50Ni50 alloy.  
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energy efficient processes. 

4.2. Simulation of the temperature evolution inside the hydride bed 

Fig. 4 depicts the temporal temperature evolution at the contact metal hydrogen with different cooling temperature by using a 
mathematical approach. We show that the simulated temperatures have the same shape with different amplitude at the metal 
hydrogen contact. This difference is due to the role of the cooling temperature. The shown increasing is due in the fact to the hydrogen 
absorption process (exothermal reaction). Furthermore, after 50 s (absorption process time), the temperature achieved saturation 
which was caused by the cooling temperature effect. 

This phenomenon is well described in Fig. 5, which illustrated the effect of cooling temperature on the temperature of the axial 
hydride bed during the process of the desorption phenomenon. 

We show that the temperature has a maximum value in contact metal hydrogen. The adsorption phenomenon caused the increase 
of the system temperature. On the other hand, the cooling temperature has also an important role in the temperature increase. The 
temperature achieved 362K, 370K and 380K when we use a cooling temperature of 313K, 333K and 353K, respectively. 

Fig. 6 depicts a 3D temperature evolution at 1000 s. From this figure, it is clearly shown that the temperature is maximal in the 
hydride core at the metal hydrogen interface and decreased when we move away to the tank wall. 

The radial evolution of the temperature is described in Fig. 7, which presents a comparison of the temperature along the radial 
direction with different cooling temperatures. Due to the cooling effect, we show that the temperature decreased when we move away 
from the core to the tank wall. 

4.3. Hydrogen desorption’s kinetics 

The process of desorption characteristics of the prepared composite was studied. The sample is activated after several tests with an 
initial hydrogen pressure applied equally to 12 bar and desorption under a vacuum of 1 bar at T = 353 K. Throughout the mea
surement, the cold fluid flow rate is kept constant at 13 g/l. 

Fig. 8 shows the progress of the amount of desorbed hydrogen in the amorphous sample Mg50Ni50. 
It is observed that the hydrogen desorption rate for the sample varies according to time and depends on the warming temperature. 

Based on experimental results, it can be concluded that the amount of hydrogen desorbed for the Mg50Ni50 alloy was significant at high 
temperatures. This suggests that the amorphous phase of the alloy improved the hydride kinetics and hydrogen storage capacity. This 
improvement is likely attributed to the structural and compositional properties of the amorphous phase. Furthermore, the amorphous 
phase exhibits favorable thermodynamic and kinetic properties for hydrogen desorption. The alloy composition and structure can 
influence the binding energy between hydrogen and the alloy, resulting in improved hydrogen release at elevated temperatures. 

Table 2 
Thermodynamic parameters Ea, ΔH0 and ΔS0 for the Mg50Ni50 alloy.  

R (Jmol-1K− 1) ΔH0 (Jmol− 1) ΔS0 (Jmol− 1) Ea (Jmol− 1) 

8314 17,791,46 51,846 14,965  

Fig. 4. Temporal temperature evolution at the metal-hydrogen contact with different cooling temperature.  
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Fig. 5. Cooling temperature effect of hydride bed during the process of desorption.  

Fig. 6. 3D hydride bed temperature.  

Fig. 7. Cooling temperature effect on the radial hydride bed temperature during the desorption process.  
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4.4. Reaction’s kinetics determination 

In these studies, the reaction kinetics of the Mg50Ni50 alloy were determined experimentally. During the desorption process, we put 
a low pressure of the order of 5 mbar in the tank. The given pressure is executed by using a vacuum pump. The recording of the 
evolution of the pressure in time brings us to determinate the hydride atomic ratio evolution. 

In this case and assuming that r is given by an Arrhenius-type expression (Eq. (13)): 

r= r0 exp
(

−
Ed

RgT

)

(13)  

Where r is the rate constant that depends on the temperature, Ed is the apparent activation energy for the state of desorption, T is the 
temperature and Rg is the gas constant (8.314 J mol− 1K− 1). 

The logarithm of the rate constant, ln(r), versus the inverse temperature, (1/T), is given by Eq. (14): 

ln(r) = ln(r0) −
Ed

RgT
(14) 

Fig. 9 shows the evolution of the desorption rate r versus the inverse of the temperature of the Mg50Ni50 alloy. 
From this curve, the apparent activation energy for the desorption process was determined by adjusting the experimental values. 

This method involves analyzing the relationship between the natural logarithm of the desorption rate (ln(r)) and 1/T using a linear 
plot. The apparent activation energy provides information about the energy barrier that needs to be overcome for the desorption 
process to occur. It is a measure of the sensitivity of the desorption rate to changes in temperature. 

Based on the experimental analysis, the estimated value of the apparent activation energy for the hydrogen desorption process of 
the Mg50Ni50 alloy is reported to be 14,965 ± 2 Jmol-1. This value provides important insights into the thermodynamics and kinetics of 
the desorption process and highlights the energy requirements for the release of hydrogen from the alloy. This value found for the 
activation energy (Ed) for this alloy is less than that calculated for the parent hydride MgH2 (120 kJmol-1) and the Nb2O5-doped MgH2 
is synthesized by using the ball milling (62 kJmol-1) [25]. The Ed for the hydrogen desorption state varies depending on the tem
perature. In addition, the Ed value for hydrogen desorption of the Mg50Ni50 alloy is lower than the value determined by Selvan et al. 
[53] for the desorption of the Mg2NiH4 compound (183 kJmol-1). The observed difference in values can be attributed to the varying 
experimental conditions, specifically the applied hydrogen pressure and warming temperature. In the studies of Selvan et al., the 
analysis was based on a thermogravimetric analysis for an initial hydrogen pressure equal to 100 mbar, whereas in our case, the 
thermogravimetric analyses were carried out under a pressure of the order of 10 mbar and a temperature of warming equal to 353 K. 

Based on the experimental results, it has been observed that the Ed value for the hydrogen desorption of the amorphous Mg50Ni50 
alloy is lower than the activation energy values reported in the literature for other Mg-based compounds [53–56]. The improved 
desorption kinetics of the amorphous Mg50Ni50 alloy can be attributed to its unique composition and structure. The amorphous phase, 
with its disordered atomic arrangement, provides more accessible hydrogen diffusion pathways and facilitates faster hydrogen release. 
Additionally, the alloy composition and specific atomic interactions within the amorphous structure could contribute to the lower 
activation energy for hydrogen desorption. 

5. Conclusion 

Mechanical alloying (MA) synthesized an amorphous alloy, Mg50Ni50. The evolution of the isotherm of the Mg50Ni50 amorphous 
alloy in the temperature range of 313 K–353 K was determined experimentally. A numerical study was carried out to investigate the 
role of the cooling temperature on the tank temperature variation. From the experimental results found, it is possible to conclude that 

Fig. 8. Hydrogen desorption characteristics of the Mg50Ni50 alloy.  
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the amorphous Mg50Ni50 improved the hydrogen storage capacity on the one hand, and kinetics desorption during the reaction on the 
other hand. In addition, we showed that the activation of the Mg50Ni50 alloy improves the hydrogen desorption kinetics at low heating 
temperatures. Similarly, we have obtained the apparent activation energy of the amorphous alloy Mg50Ni50. On the other hand, we 
have developed a mathematical model to investigate the tank temperature variation. We have proved that the heat conduction process 
is maximum at the hydride-hydrogen interface within the hydride center and decreases until it achieved the ambient at the tank walls. 
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[4] Á. Révész, M. Gajdics, Improved H-storage performance of novel Mg-based nanocomposites prepared by high-energy ball milling: a review, Energies 14 (19) 

(2021) 6400. 
[5] A. Kumar, P. Muthukumar, P. Sharma, E.A. Kumar, Absorption based solid-state hydrogen storage system: a review, Sustain. Energy Technol. Assessments 52 

(2022) 102204. 
[6] R.S. Jin, J. Zhang, X.J. Zhou, S.X. Pan, J.H. He, J.N. Chen, X.Z. Lu, X.M. Chen, D.W. Zhou, Microstructures and hydrogen storage properties of Mg-Y-Zn rare 

earth magnesium alloys with different Zn content: experimental and first-principles studies, Mater. Today Commun. 32 (2022) 104119. 
[7] Y. Liu, W. Zhang, X. Zhang, L. Yang, Z. Huang, F. Fang, W. Sun, M. Gao, H. Pan, Nanostructured light metal hydride: fabrication strategies and hydrogen storage 

performance, Renew. Sustain. Energy Rev. 184 (2023) 113560. 
[8] R.C. Muduli, P. Kale, Silicon nanostructures for solid-state hydrogen storage: a review, Int. J. Hydrogen Energy 48 (4) (2023) 1401–1439. 
[9] Z. Yang, K. Wang, P. Fu, L. Peng, B. Hu, M. Liu, A. Sachdev, Influence of alloying elements on hot tearing susceptibility of Mg–Zn alloys based on thermodynamic 

calculation and experimental, J. Magnesium Alloys 6 (1) (2018) 44–51. 
[10] X. Liu, Y. Wang, W. Li, S. Wu, Q. Huang, X. Cai, L. Zhou, Preparation of Mg2Ni hydrogen storage alloy materials with Mg-coated structure by mechanical 

alloying, Integrated Ferroelectrics Int. J. 234 (1) (2023) 53–66. 
[11] W. Cao, X. Ding, Y. Zhang, J. Zhang, R. Chen, Y. Su, J. Guo, H. Fu, Formation of AlNi phase and its influence on hydrogen absorption kinetics of Mg77Ni23-xAlx 

alloys at intermediate temperatures, Int. J. Hydrogen Energy 47 (61) (2022) 25733–25744. 
[12] D. Rahmalina, R.A. Rahman, A. Suwandi, Ismail. The recent development on MgH2 system by 16 wt% nickel addition and particle size reduction through ball 

milling: a noticeable hydrogen capacity up to 5 wt% at low temperature and pressure, Int. J. Hydrogen Energy 45 (53) (2020) 29046–29058. 
[13] J.S. Prasad, P. Muthukumar, Design and performance analysis of an annular metal hydride reactor for large-scale hydrogen storage applications, Renew. Energy 

181 (2022) 1155–1166. 

Fig. 9. The evolution of desorption rate r versus the inverse of the temperature of the Mg50Ni50 alloy.  

C. Briki et al.                                                                                                                                                                                                           

http://refhub.elsevier.com/S2405-8440(24)07050-6/sref1
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref2
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref3
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref4
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref4
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref5
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref5
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref6
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref6
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref7
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref7
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref8
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref9
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref9
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref10
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref10
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref11
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref11
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref12
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref12
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref13
http://refhub.elsevier.com/S2405-8440(24)07050-6/sref13


Heliyon 10 (2024) e31019

11

[14] F. Elhamshri, M. Kayfeci, U. Matik, S. Alous, Thermofluidynamic modelling of hydrogen absorption in metal hydride beds by using multiphysics software, Int. J. 
Hydrogen Energy 45 (60) (2020) 34956–34971. 

[15] T. Jiahui, C. Mu, H. Kuanfang, C. Yong, Numerical simulation on heating effects during hydrogen absorption in metal hydride systems for hydrogen storage, 
Energies 15 (7) (2022) 2673. 

[16] L. Wei, Z. Xiangguo, C. Yehui, X. Junfeng, Z. Han, W. Fang, Multi-physical thermofluidynamic simulations of hydrogen absorption performance in double- 
layered cylindrical ZrCo-based hydride beds, J. Appl. Phys. 130 (2021) 155101. 

[17] W. Zhang, D. Zhao, Y. Zhang, J. Li, S. Guo, Y. Qi, J. Gao, Effect of Y partially substituting La on the phase structure and hydrogen storage property of La–Mg–Ni 
alloys, J. Phys. Chem. Solid. 167 (2022) 110744. 

[18] L.Z. Ouyang, Z.J. Cao, H. Wang, J.W. Liu, D.L. Sun, Q.A. Zhang, M. Zhu, Dual-tuning effect of in on the thermodynamic and kinetic properties of Mg2Ni 
dehydrogenation, Int. J. Hydrogen Energy 38 (21) (2013) 8881–8887. 

[19] L. Ouyang, Z. Cao, H. Wang, R. Hu, M. Zhu, Application of dielectric barrier discharge plasma-assisted milling in energy storage materials–A review, J. Alloys 
Compd. 691 (2017) 422–435. 

[20] L.Z. Ouyang, Z.J. Cao, H. Wang, J.W. Liu, D.L. Sun, Q.A. Zhang, M. Zhu, Enhanced dehydriding thermodynamics and kinetics in Mg(In)–MgF2 composite 
directly synthesized by plasma milling, J. Alloys Compd. 586 (2014) 113–117. 

[21] S. Orimo, H. Fujii, Materials science of Mg-Ni-based new hydrides, Appl. Phys. A 72 (2) (2001) 167–186. 
[22] J.S. Benjamin, Dispersion strengthened superalloys by mechanical alloying, Metall. Trans. A 1 (10) (1970) 2943–2951. 
[23] J.S. Benjamin, T.E. Volin, The mechanism of mechanical alloying, Metall. Trans. A 5 (8) (1974) 1929–1934. 
[24] N. Singh, Y. Shadangi, V. Shivam, N.K. Mukhopadhyay, MgAlSiCrFeNi low-density high entropy alloy processed by mechanical alloying and spark plasma 

sintering: effect on phase evolution and thermal stability, J. Alloys Compd. 875 (2021) 159923. 
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