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Abstract: LaF3 was doped to the Mg(Al) solid solution alloy for enhancing the hydrogen absorption and desorption by 
ball milling. XRD was used to analyze the phases of the samples and the phase transition induced by hydrogenation and 
dehydrogenation. The microstructure and phase distribution were investigated by SEM and STEM. The hydrogen 
storage properties were measured by Sieverts method. For Mg0.93Al0.07−5wt.%LaF3 nanocomposite, the hydrogen 
storage kinetic properties were significantly improved by reducing the hydriding and dehydriding activation energies to 
65 and 78 kJ/mol, respectively, and the dehydriding enthalpy was calculated to be 69.7 kJ/mol. The improved hydrogen 
storage properties were mainly attributed to the catalytic effects of the in situ formed nanostructure Al11La3 and MgF2 
together with the dissolving of Al in Mg lattice. 
Key words: lanthanum fluorite; magnesium hydride; magnesium; aluminum; hydrogen storage properties; 
hydrogenation 
                                                                                                             
 
 
1 Introduction 
 

Hydrogen storage is the bottleneck of 
hydrogen economy [1,2]. Solid state hydrogen 
storage based on metal hydrides is an amazing 
method possible to solve the problem for the 
superiorities in safety and convenience [1]. MgH2 is 
one of the most promising hydrogen storage 
materials due to the outstanding advantages, 
including high capacity (7.6 wt.%), good cyclic 
stability, low price, and so on [3]. Unfortunately, 
MgH2 needed a high temperature over 300 °C to 
release hydrogen for the high thermodynamic 
stability and large reaction energy barriers [4−7]. In 
the past decades, great progresses have been 

achieved on the improvement of hydrogen storage 
properties [8,9], but still not satisfying the practical 
utilization. Therefore, it is necessary to make more 
efforts to improve the hydrogen absorption and 
desorption of Mg.  

Alloying with the metallic elements (Ni, Cu, 
Al, etc) is an extensively used strategy to modulate 
the hydrogen storage property of Mg [3,10−13]. 
Mg2Ni is a typical alloy which reversibly   
absorbs 3.6 wt.% H2 with dehydriding enthalpy   
of 64 kJ/mol [14]. It was confirmed that the 
dehydriding/hydriding kinetics and the thermo- 
dynamics of Mg could be altered by alloying with 
Ni [15,16]. Among the alloying elements, Al is a 
fascinating one for improving the hydrogen storage 
property of Mg. It was found that Mg17Al12 and 
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Al3Mg2 could promote the hydrogenation and 
dehydrogenation of Mg [17−19]. The dehydriding 
enthalpy of MgH2 could be lowered by the 
exothermic formation of Mg17Al12 and/or   
Al3Mg2 [20]. Different from the ever reports, we 
also found that the dehydrogenation/hydrogenation 
of Mg could be improved by dissolving of Al [5]. 
But the hydrogen storage properties of Mg(Al) solid 
solution alloys, especially the kinetics, deteriorated 
fast due to the agglomeration of Al. 

Doping catalysts, which is an effective way  
to improve the kinetics, such as transition    
metals [10,21,22], metal fluorites [23,24], metal 
oxides [25], and rare earths (Y, La, Ce) [26,27], was 
used to enhance the dehydriding/hydriding kinetics. 
Among the transition metals, Ti is more effective in 
enhancing the hydrogenation, but V is the optimal 
catalyst on accelerating the dehydrogenation [22]. 
The catalytic effects of the transition metals were 
mainly attributed to their special 3d orbit structures 
or forming unstable hydrides [28,29]. Some high 
valence transition metal oxides, such as Cr2O3 and 
TiO2, were also found to be good catalysts [30,31]. 
It was demonstrated that TiO2 had superior catalytic 
effects than Ti [32]. To obtain more effective 
catalyst, Al-based compounds were newly designed 
to improve the hydrogen storage properties of Mg- 
based alloys [33]. For example, the dehydriding 
activation energy of Mg@Mg17Al12 nanocomposite 
was reduced to 44.7 kJ/mol by doping with    
AlV3

 [34]. Al2Ti was confirmed to enhance the 
dehydrogenation of MgH2 by promoting the 
nucleation of Mg [35]. Pr3Al11 was reported not 
only enhancing the hydrogen storage kinetics, but 
also acting as inhibitor to the growth of Mg/MgH2 
nanocrystalline [27]. In the present work, we 
designed Mg0.93Al0.07−5wt.%LaF3 nanocomposite to 
improve the hydrogen storage performances. It was 
originally reported that the in situ formed 
nanostructure Al11La3 combining with MgF2 
improved the dehydriding/hydriding kinetics, and 
inhibited the agglomeration of Al, thus improving 
the dehydriding/hydriding stability. The results 
provide a simple strategy to improve the hydrogen 
storage properties of Mg-based alloys. 
 
2 Experimental 
 

The commercial Mg and Al (99.9%, ~45 μm, 
purchased from Zhongnuo Advanced Material 

(Beijing) Technology Co., Limited, China), were 
used as starting materials for the preparation of 
Mg(Al) solid solution alloy. Sample with 
composition of Mg−7at.%Al (Mg0.93Al0.07) was 
synthesized by mechanical alloying. The weighed 
Mg and Al powder mixture was sealed in the 
stainless steel vials together with the stainless steel 
balls (1:50, mass ratio), and transferred to a 
planetary miller (QM−3SP2) to perform mechanical 
alloying. The duration of mechanical alloying was 
70 h until the formation of Mg(Al) solid solution 
alloy. The details of mechanical alloying were 
reported in our previous work [5]. Then, 5 wt.% 
LaF3 (ALFA, 99.9%, ~45 μm) was added to     
the Mg0.93Al0.07 alloy by ball milling for 20 h      
to synthesize a nanocomposite (Mg0.93Al0.07− 
5 wt.%LaF3). To avoid oxidation, all handlings 
were carried out in a glove box filled with high 
purity argon. 

Phase analysis was performed on an     
X-ray diffractometer (XRD, Rigaku SmartLab 
2 kW, Japan) equipped with Cu Kα radiation 
(λ=1.54056 Å). The XRD data were collected in the 
2θ range from 15° to 85° with a scanning      
rate of 2 (°)/min. Field emission scanning electron 
microscope (SEM, ZEISS Sigma 500 attached 
OXFORD X-MaxN EDS) and scanning 
transmission electron microscope (STEM, FEI 
TALOS F200S attached BRUKER Super-X EDS) 
were used to observe the microstructure and the 
phase distribution. The dehydriding/hydriding 
performances were measured by Sieverts   
method on the automatic equipment. Mg0.93Al0.07− 
5wt.%LaF3 (0.200 g) nanocomposite was precisely 
weighed and sealed in a small sample holder,   
then loaded into a stainless steel vessel for the 
measurement of hydrogen storage properties. 
Before the measurement, the pipelines and sample 
chamber were evacuated about 30 min, then the 
volume of sample chamber at room temperature and 
target temperature were calibrated four times using 
high purity argon by the program. The average 
value of four times was used as the final volume for 
the following hydrogen storage measurements. To 
achieve stable hydrogen absorption and desorption 
performances, the sample firstly underwent five 
dehydriding/hydriding cycles at 300 °C. Then, the 
isothermal hydrogen absorption and desorption,  
and the pressure−composition isothermal (PCI) 
measurements were carried out automatically 
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according to the pre-set program. For the isothermal 
hydrogen absorption, the initial hydrogen pressure 
was set to be 2.5 MPa, and the isothermal hydrogen 
desorption started from about 1×10−4 MPa. The PCI 
measurements were carried out following the 
kinetic measurement. 
 
3 Results and discussion 
 
3.1 Microstructure and dehydrogenation/ 

hydrogenation inducing phase transitions 
Figure 1 shows XRD patterns of Mg0.93Al0.07− 

5wt.%LaF3 nanocomposite at different states. 
Figure 1(a) shows the ball-milled Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite. Except for the original 
Mg(Al) solid solution and the additive of LaF3, 
there was no other phase observed, indicating that 
LaF3 did not react with Mg(Al) solid solution alloy 
during the ball milling process. The visible 
broadening of the diffraction peaks of Mg indicates 
the grain refinement by ball milling. The average 
grain size was calculated to be about 27 nm by 
Scherrer method using the full width at half 
maximum of Mg(1011)  peak. In fact, there were 
lots of smaller grains. The results indicated that the 
addition of Al and LaF3 promoted the grain 
refinement of Mg. The cell parameters (a and c) of 
Mg were gotten to be about 0.31928(4) and 
0.51877(1) nm, respectively, which were close to 
the previous results [5], showing the formation   
of Mg(Al) solid solution. Figure 1(b) shows     
the hydrogenated Mg0.93Al0.07−5wt.%LaF3 nano- 
composite, in which MgH2, intermetallic compound 
Al11La3, MgF2 and Al species, were all confirmed. 
Comparing Fig. 1(a) with Fig. 1(b), it could be 
concluded that Mg(Al) solid solution took a 
disproportionation reaction by hydrogenation, and 
reacted with LaF3 transiting to the phases as 
observed in Fig. 1(b). Figure 1(c) shows the XRD 
pattern of the dehydrogenated Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite, showing that Al11La3 
and MgF2 were not decomposed; however, the 
element Al was re-dissolved into Mg lattice by 
dehydrogenation. Based on our previous work, 
Mg(Al) solid solution alloys could be hydrogenated 
to MgH2 and Mg17Al12, the latter transformed to 
MgH2 and Al3Mg2, finally Al3Mg2 changed to 
MgH2 and Al at higher hydrogen pressure, and the 
dehydrogenation was just the other way round [5]. 
However, in this work, Mg17Al12 and Al3Mg2 were 

not found in the hydrogenated and dehydrogenated 
Mg0.93Al0.07−5wt.%LaF3 nanocomposite. The reason 
could be that LaF3 reacted with Al (from the 
decomposition of Mg0.93Al0.07 solid solution alloy), 
forming Al11La3. On the other hand, the distribution 
of the residual Al was highly improved as discussed 
below, which benefited to the reaction of MgH2  
and Al transiting to Mg(Al) solid solution by 
dehydrogenation. It was clear that the dehydriding/ 
hydriding reaction of Mg0.93Al0.07−5wt.%LaF3 
nanocomposite was different with the Mg0.93Al0.07 
solid solution alloy [5]. So, it is reasonable to 
conclude that the addition of LaF3 changes the 
dehydriding/hydriding mechanism of Mg0.93Al0.07 
solid solution alloy. 
 

 
Fig. 1 XRD patterns showing phases and phase  
transition of Mg0.93Al0.07−5wt.%LaF3 nanocomposite 
upon dehydrogenation/hydrogenation 
 

The microstructure and phase distribution were 
further investigated by SEM and STEM. As  
shown in Fig. 2(a), the ball-milled Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite was irregular particles 
with submicron in dimension. Actually, the large 
particles were assembled by lots of much smaller 
particles as seen in Figs. 2(g) and (h). This was a 
typical irregular submicron particle morphology 
induced by ball milling. As expected, the doped 
LaF3 (light particles pointed by the arrows) was 
homogeneously dispersed in the surface and/or 
body of Mg(Al) solid solution alloy particles, as 
illustrated in Fig. 2(b) (back scattering electron 
image). The element mapping analysis (Figs. 2(c, d)) 
further confirmed the LaF3 and its distribution.  



Hai-chang ZHONG, et al/Trans. Nonferrous Met. Soc. China 32(2022) 1969−1980 1972

 

 
Fig. 2 SEM images (a, b, g, h) and element distribution (c−f) of Mg0.93Al0.07−5wt.%LaF3 nanocomposite at different 
states: (a−f) Ball-milled; (g) Hydrogenated; (h) Dehydrogenated 
 
Figures 2(g) and (h) are the enlarged morphologies 
of hydrogenated and dehydrogenated Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite, respectively. Obviously, 
the particles were broken by hydrogenation, but 
they assembled again during the dehydring process. 

The nanostructure Al11La3 was stable in the 
MgH2/Mg matrix, which was consistent with the 
above XRD analysis. The selected area electron 
diffraction (Fig. 3(a)) and the element analysis 
(Figs. 3(c, d)) further confirmed the existence of 
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Fig. 3 Microstructure (a, b), element distribution (c−f) and phase distribution (g) of hydrogenated Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite obtained by STEM 
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Al11La3. Al11La3 was polycrystalline with nano- 
structure, and surrounded by nano-MgH2 as 
observed in Fig. 3(b). The high resolution STEM 
(Fig. 3(g)) further indicated that the intermetallic 
compound Al11La3 was symbiotic with the 
nano-MgH2, and there was nanostructure MgF2 on 
the surfaces or at interfaces. The nanostructure 
Al11La3 and MgF2 dispersed in Mg/MgH2 matrix 
could act as the inhibitor to the agglomeration and 
growth of the nano-Mg/MgH2. However, the Al 
species were not observed by SEM and STEM. It 
could be found that Al was ultrafine and highly 
dispersed in the MgH2 matrix. 
 
3.2 Dehydriding/hydriding kinetics 

The isothermal hydrogen absorption and 
desorption curves of Mg0.93Al0.07−5wt.%LaF3 
nanocomposite are illustrated in Fig. 4. The 
maximum hydrogen content was 6.2 wt.%, and did 
not change with the temperature, indicating that 
Mg0.93Al0.07−5wt.%LaF3 composite was easy to be 
completely hydrogenated. From Fig. 4(a) it could 
be seen that the activated Mg0.93Al0.07−5wt.%LaF3 
nanocomposite absorbed 5.6 wt.% H2 (~90% of  
the capacity) in 10 min at 260 °C, and finished 
hydrogen absorption in 5 min when hydrogenated at 
320 °C. However, the un-doped Mg90Al10 alloy 
needed more than 20 min to absorb 5.0 wt.% H2 at 
335 °C [5]. And it was reported that the ball-milled 
and cast Mg90Al10 alloy needed more than 100 min 
to finish hydrogen absorption at 380 °C, but greatly 
improved by the addition of nano-CeO2 [36,37]. 
Figure 4(b) shows the corresponding hydrogen 
desorption kinetic curves. Obviously, the 
temperature had remarkable influence on the 
hydrogen desorption rate. It took about 30 min to 
complete hydrogen desorption at 260 °C. But the 
hydrogen desorption time was decreased to about 
10 min at 320 °C. The hydrogen desorption rate was 
obviously lower than the hydrogen absorption rate. 
But the Mg0.93Al0.07−5wt.%LaF3 nanocomposite 
exhibited improved hydrogen desorption property 
than the ball-milled and cast Mg90Al10 alloy [36], 
similar to the nano-Ni catalyzed Mg90Al10 alloy [21]. 
Interestingly, the dehydriding/hydriding kinetics 
had no visible deterioration after more than 
20 cycles of hydrogen absorption and desorption for 
Mg0.93Al0.07−5wt.%LaF3 nanocomposite, indicating 
a good dehydriding/hydriding stability. The improved 
dehydriding/hydriding cycling performance could 

be mainly attributed to the high structural stability 
owing to the in situ formed nanostructure Al11La3 
and MgF2 acting as the inhibitor to the growth of 
nano-Mg/MgH2 and the agglomeration of elemental 
Al. 
 

 
Fig. 4 Isothermal hydrogen absorption (a) and desorption 
(b) curves (AH: Absorbed hydrogen, DH: Desorbed 
hydrogen) 
 

The dehydriding/hydriding kinetics (Fig. 4) 
was further analyzed by the theoretical model    
for understanding the mechanism upon the 
improvement of kinetics. As a type of gas-solid 
state reaction based on the nucleation-growth 
reaction mode, the Johnson−Mehl−Avrami− 
Kolmogorov (JMAK) theoretical model is 
considered to be more suitable for the investigation 
on the dehydriding/hydriding kinetics of Mg and 
Mg-based alloys [35]. In the present work, the 
linear form of JMAK equation (Eq. (1)) was used to 
fit the kinetics data (Fig. 4).  
ln[−ln(1−α)]=ηln k+ηln t                   (1)  
where α is the reaction fraction (It took the value of 
Ct/C in this work, Ct is the hydrogen content when 
the reaction proceeds to time t, C is the maximum 
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hydrogen content), k is the reaction rate constant, 
and η is the reaction exponent (or Avrami exponent). 
Generally, it is regarded that the result is more 
reliable for JMAK theoretical model in the 
condition of α < 0.5. So, the starting linear part of 
the reaction fraction to time on the kinetics curve 
(α < 0.5) was chosen for the fitness. The fitting 
results are shown in Fig. 5(a) and Fig. 6(a) for the 
hydrogen absorption and desorption, respectively. 
From Fig. 5(a) and Fig. 6(a), the temperature- 
dependent k values were achieved, and further used 
to calculate the apparent activation energy (Ea) by 
the Arrhenius equation (Eq. (2)):  

aln Ek K
RT

 = − + 
 

                         (2) 
 
where K is a temperature-independent coefficient, R 

is the molar gas constant (8.31 J/(mol·K)),     
and T is the thermodynamic temperature. The 
Arrhenius calculation results are illustrated in 
Fig. 5(b) and Fig. 6(b) for the hydrogenation    
and the dehydrogenation, respectively. The apparent 
activation energy of hydrogenation was calculated 
to be 65 kJ/mol, far lower than the ball-milled and 
cast Mg90Al10 alloy [36], and lower than 81 kJ/mol 
for the ball-milled MgH2−10wt.%Mg17Al12 
composite [20], but close to 65.5 kJ/mol for the Ni- 
catalyzed Mg−Al alloy [21]. For dehydrogenation, 
the apparent activation energy was 78 kJ/mol, close 
to that of the Nd-doped Mg−Al alloy [38], but far 
lower than 136 kJ/mol for the pure Mg0.9Al0.1 solid 
solution alloy [5] and 160 kJ/mol for pure Mg, and 
also lower than that of the Y2O3@graphene nano- 
composites catalyzed Mg−Al alloy [25]. However, 

 

 
Fig. 5 Linear fitting plots of ln[−ln(1−α)] vs ln t for hydrogenation (a) and corresponding Arrhenius plot (b) 
 

 
Fig. 6 Linear fitting plots of ln[−ln(1−α)] vs ln t for dehydrogenation (a) and corresponding Arrhenius plot (b) 
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YH2/Y2O3 nanocomposite catalyzed Mg(Zn)   
solid solution alloy showed better dehydriding/ 
hydriding kinetics than Mg0.93Al0.07−5wt.%LaF3 
nanocomposite [39]. 

The reaction exponent η values for hydro- 
genation were gotten to about 0.8, but 
approximately 1.9 for dehydrogenation in the 
present experimental temperature range. The 
variation of η values indicated different mechanisms 
of rate limitation for the dehydriding/hydriding 
reaction. The hydrogen absorption reaction could  
be controlled by one dimension diffusion rate of H 
atoms judged by η values. As we known, ball 
milling produces irregular submicron particle 
morphology and lots of defects, which benefits the 
nucleation of MgH2. So, MgH2 promptly nucleates 
on the surface of Mg particles, and randomly grows 
in three dimensions. When the surface of particles 
is rigidly covered by a layer of MgH2, it is difficult 
for H atoms to diffuse to the inner of particles due 
to its small diffusion coefficient in MgH2. Thus, the 
diffusion of H atoms becomes a rate limited step for 
the hydrogenation reaction. As shown in Fig. 4(a), a 
visible deceleration could be observed for the 
hydrogen absorption when hydrogen content 
reached about 50% (α > 0.5). With respect to the 
hydrogen desorption reaction, the values of η  
were closer to 2, which indicated a kinetic 
mechanism of two-dimensional interface movement 
controlled reaction. Based on Refs. [17,35], the 
dehydrogenation/hydrogenation mode of Mg 
(nucleation and growth) could not be altered by the 
catalytic additives, but the additives or introduced 
phases could serve as nucleation sites for Mg. We 
know that the nucleation of Mg is very difficult  
and with a large energy barrier in pure       
MgH2 [5,12,16,40]. However, for Mg0.93Al0.07− 
5wt.%LaF3 nanocomposite, as discussed in  
Section 3.1, nanostructure Al11La3 and MgF2 highly 
dispersing in the MgH2 matrix produced large 
amounts of phase boundaries and interfaces, which 
could not only serve as nucleation sites for Mg, but 
also provide diffusion channel for hydrogen atoms. 
As a result, the dehydriding kinetics was 
remarkably improved. So, the S-shape character of 
the dehydrogenation curve disappeared for the 
Mg0.93Al0.07−5wt.%LaF3 nanocomposite, which  
was attributed to the shortened dehydrogenation 
pregnant period of MgH2. However, the movement 
of interface between Mg and MgH2 was hardly 

promoted by Al11La3 and MgF2. Therefore, it is 
reasonable to believe that dehydrogenation is 
controlled by the two-dimensional movement of 
interface between Mg and MgH2. 

Therefore, the addition of LaF3 gave rise to the 
superior dehydriding/hydriding kinetics for Mg(Al) 
solid solution alloy by significantly lowering    
the dehydriding/hydriding activation energies. 
Combined with Refs. [27,35], it was believed that 
Al11La3 and MgF2 acted as catalysts for the 
hydrogen absorption and desorption. It was reported 
that Mg(H,F)2 phase could be formed in the 
dehydriding/hydriding process, which served as 
hydrogen atoms diffusion channel or hydrogen 
pump for the hydrogen absorption and desorption of 
Mg [41]. It was also thought that MgF2 could 
impede the formation of MgO which is harmful to 
the absorption and dissociation of H2 molecules. On 
the other hand, Al11La3 and MgF2 provided 
nucleation sites for Mg/MgH2, but inhibited their 
growth. As observed in Fig. 3, the sample 
maintained the nanostructure after hydrogen 
absorption and desorption cycles, which benefited 
the improvements of dehydriding/hydriding kinetics 
and cycling stability. In addition to those, the 
emergence of defects, boundaries and interfaces 
also had positive effects on the dehydriding/ 
hydriding kinetics. The heterogeneous interfaces, 
such as interface between Mg/MgH2 and Al11La3, 
producing lattice mismatch, provided extra energy 
for the nucleation of Mg and MgH2, which was 
similar to the ball-milled Mg−Mn composite [42]. 
At last but not the least, it should also be pointed 
out that the Al species played an important role in 
the improvement of kinetics in the way of 
enhancing the thermal conductivity and the 
exothermic formation of Mg(Al) solid solution  
alloy. The formation of Mg(Al) solid solution 
would consume Mg, which could accelerate the 
decomposition of MgH2. 
 
3.3 Dehydriding/hydriding thermodynamics 

Figure 7 shows the hydrogen absorption and 
desorption PCI curves of Mg0.93Al0.07−5wt.%LaF3 
nanocomposite. Compared with pure Mg and the 
un-doped Mg(Al) solid solution alloys [5], 
Mg0.93Al0.07−5wt.%LaF3 nanocomposite showed a 
flatter plateau and smaller hydrogen absorption and 
desorption lag, which were mainly attributed to the 
improved dehydriding/hydriding kinetics. On the 
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other hand, there was only one visible plateau   
for dehydrogenation/hydrogenation, which was 
different from the previous reported un-doped 
Mg(Al) solid solution alloys [5], indicating the 
changed dehydriding/hydriding mechanism by the 
addition of LaF3 as discussed above. 
 

 
Fig. 7 PCI curves for Mg0.93Al0.07−5wt.%LaF3 nano- 
composite at different temperatures 
 

The varied dehydriding/hydriding mechanism 
generally results in the alteration of thermo- 
dynamics. To investigate the thermodynamics, the 
dehydriding/hydriding enthalpy and entropy were 
carefully calculated by van’t Hoff method. The 
van’t Hoff equation is expressed as follows:  

eq.

0
ln

P H S
P RT R

  Δ Δ= − 
 

                      (3) 

 
where Peq. is the equilibrium plateau pressure (MPa), 
taken the pressure value of the midpoint at the 
dehydriding/hydriding plateau; 𝑃଴ is the standard 
atmospheric pressure (0.101 MPa), ∆H is the 
enthalpy change, and ∆S is the entropy change. In 
the present work, the hydrogen desorption plateau 
pressures at 280, 300, 310 and 320 °C were gotten 
together with the corresponding deviations, and 
illustrated in Fig. 8(a). The van’t Hoff plot was 
gotten by fitting those equilibrium plateau pressure 
data using Eq. (3), and the results are illustrated in 
Fig. 8(b). The dehydriding enthalpy change (∆H) 
and entropy change (ΔS) were achieved to       
be (69.7±1.9) kJ/mol and (127.9±3.4) J/(mol·K), 
respectively. The value of dehydriding enthalpy is 
very close to the previous reported 70.8 kJ/mol for 
the un-doped Mg0.9Al0.1 solid solution alloy [5], but 

 

 

Fig. 8 Equilibrium plateau pressures at different 
temperatures (a) and van’t Hoff plot (b) 
 
lower than 77.9 kJ/mol for pure Mg [40]. Since the 
catalytic additives enhance the kinetics, but hardly 
change the thermodynamics. There must be other 
factors, except Al11La3 and MgF2, resulting in the 
reduction of dehydriding enthalpy. The above phase 
transition analysis revealed that some element Al 
re-dissolved into Mg lattice, which was similar to 
the Mg(Al) solid solution alloy. The exothermic 
reaction of the formation of Mg(Al) solid solution 
alloy could compensate the endothermic dehydro- 
genation of MgH2 in some degree. Also, it was 
reported that the dissolving of Al in the MgH2 
lattice would result in the destabilization of 
thermodynamics [43]. On the other hand, the 
multiphase and nanostructure giving rise to the 
extra interface interactions could also play       
an important role in the destabilization of     
MgH2

 [44,45]. But it was thought that the reaction 
of MgH2 and Al forming Mg(Al) solid solution 
alloy was the main factor responsible for the 
lowered dehydriding enthalpy. 
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4 Conclusions 
 

(1) Mg0.93Al0.07 solid solution alloy was 
prepared and LaF3 was homogeneously added to 
synthesize a nanocomposite by ball milling. 

(2) The dehydriding/hydriding mechanism of 
Mg0.93Al0.07 solid solution alloy is changed by the 
addition of LaF3. 

(3) The in situ formed nanostructure Al11La3 
combining with MgF2 takes positive effects on 
enhancing the hydrogen absorption and desorption 
of Mg, and blocks the growth of nano-Mg/MgH2. 

(4) The dual-modulation of the dehydriding/ 
hydriding kinetics and thermodynamics is mainly 
attributed to the addition of LaF3 and Al. 
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球磨添加 LaF3的 Mg(Al)固溶体合金的储氢性能 
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2. 浙江工业大学 材料科学与工程学院，杭州 310014； 

3. 集美大学 轮机工程学院 福建省船舶与海洋工程重点实验室，厦门 361021 

 
摘  要：通过球磨添加 LaF3促进 Mg(Al)固溶体合金的吸/放氢过程。利用 XRD 技术分析样品的相组成和吸/放氢

过程的相转变。采用扫描电镜(SEM)和扫描透射电镜(STEM)观察样品的显微组织和相分布。采用 Sieverts 方法对

样品的储氢性能进行测试。Mg0.93Al0.07−5%LaF3(质量分数)纳米复合物的吸氢反应激活能和脱氢反应激活能分别降

低至 65 和 78 kJ/mol，从而使其吸/放氢动力学性能得到显著提高，其脱氢反应焓为 69.7 kJ/mol。复合物储氢性能

的改善主要归因于铝固溶到镁晶格中以及原位生成纳米结构 Al11La3和 MgF2的催化作用。 
关键词：三氟化镧；氢化镁；镁；铝；储氢性能；氢化 
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