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Abstract 

The hydrogen sorption properties of LaCuMg8 are investigated. LaCuMg8 crystallizes 

in the La2Mg17 structure type with the lattice parameters a = 10.1254(2) Å and 

c =10.0751(2) Å. 

An absorption mechanism in 2 steps was reported earlier: (i) the first step, which is 

irreversible, induces the decomposition of LaCuMg8 into an intimate mixture of 3 phases of 

submicronic size (i.e. LaH3, MgCu2 and MgH2); (ii) the second step consists in the reversible 

absorption of the “LaCuMg8 activated powder” with kinetics better than for pure magnesium. 

In order to get a better understanding of the absorption process, it was investigated from 

thermodynamic, kinetic and morphologic points of view. From thermodynamic point of view, 

the “LaCuMg8 activated powder” behaves like a mixture. Concerning the kinetics, the 

activation energy was evaluated at about 65 kJ/mol H2, using Avrami-Erofeev model and 

Arrhenius law. To explain the enhancement of the kinetics, both effects of (i) Mg2Cu/MgCu2 

transformation and (ii) morphology induced by the decomposition have been considered.  

 

Keywords: Rare-earth intermetallics, Hydrogen storage, Kinetic and thermodynamic study, 

Morphologic effects 
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1- Introduction 

 

Magnesium is a promising candidate to store hydrogen in the solid state. It absorbs 7.6 

wt% of hydrogen (wt% H2), unfortunately with a low kinetics and at high temperature [1]. In 

order to decrease the absorption/desorption temperature, one way is to form binary 

compounds based on Mg. For example, Mg2Ni [2,3] absorbs reversibly 3.6 wt% H2 at 250 °C 

with an improved kinetics. 

In the same way, the ternary compounds with magnesium are studied since few years [4-

7]. For example, RENi4Mg (with RE = La, Ce, Nd, Gd and Y), which crystallizes in cubic 

Laves phases, absorbs reversibly around 1 wt% of hydrogen at room temperature. Recently, a 

new ternary compound has been identified in the ternary system La-Cu-Mg : the so-called 

LaCuMg8 [7]. This compound crystallizes in a disordered La2Mg17 structure type (S.G. 

P63/mmc) with the lattice parameters a = 10.1254(2) Å and c =10.0751(2) Å. 

In the eighty’s and ninety’s, La2Mg17 has been studied for its hydrogen sorption properties 

[8-12]. In spite of the results of Dutta [12], with reversible capacity of 6.63 wt% H2 (which 

are not confirmed), La2Mg17 absorbs reversibly a maximum of 3.1 wt% H2 at 350 °C.  During 

the first absorption step, La2Mg17 decomposes irreversibly into LaH3 and MgH2. For the 

following absorptions, the weight capacity is maintained and absorption becomes possible at 

50 °C on Mg/MgH2 couple (with however a slight decrease of the capacity with cycling). 

In this paper, the hydrogen sorption mechanism of the LaCuMg8 compound is studied in 

detail. Some similarities with La2Mg17 were observed. The reaction mechanism is in two steps 

(similar to La2Mg17) but the overall kinetics is enhanced by parameters like morphology and 

the transformation Mg2Cu/MgCu2.  

The influence of the powder morphology and the transformation Mg2Cu/MgCu2 is 

discussed. Moreover, in order to improve the kinetics during the first step, effect of cold 

rolling on LaCuMg8 is investigated.  

 

2- Experimental details 

 

Starting materials for the preparation of the samples with the initial composition 

10La+10Cu+80Mg were lanthanum piece (Stream Chemicals, > 99.9 %), copper rod (Good 

Fellow, > 99.9 %) and magnesium rod (Alpha Aesar, > 99.8 %). To avoid oxides impurities, 

the surfaces of the magnesium and lanthanum pieces were carefully removed on a turning 

lathe. The pure metals were then weighted in the appropriate amounts and sealed in small 
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tantalum crucibles under an argon pressure of ca. 800 mbar. Before which the argon was 

purified using magnesium sponge (400 °C). Then, the crucibles were placed in a high 

frequency furnace under argon and heated at about 1100 °C and kept at this temperature for 2 

min. The crucibles were then annealed in quartz tube under vacuum at 400 °C for two weeks. 

Finally the tubes were quenched to room temperature. No reaction with the tantalum tubes 

was observed. The polycrystalline samples were stable in air. 

One part of the as-cast compound was inserted between two stainless steel plates and 

rolled in air in a conventional rolling mill with 75 mm diameter rolls. Before each roll, the 

sample was folded in two and during rolling the thickness was reduced by about 50%. The as-

prepared samples were stored in air before hydrogen activation and sorption measurements. 

All polycrystalline samples were characterized ex-situ with X-ray powder diffraction 

using a Philips PW 1050 diffractometer with CuKα radiation (λ
1K  = 1.5406 Å, 

λ
2K = 1.5443 Å). These patterns were scanned by steps of 0.02° (2θ) from 5° to 80° with a 

constant counting time of 30 s. They were analyzed by full patterns matching using the 

FULLPROF program [13]. 

In-situ synchrotron X-ray diffraction experiments were performed on beamline ID15B of 

the European Synchrotron Radiation Facility in Grenoble. The X-ray beam size was 0.3 (V) x 

0.4 (H) mm² and the X-ray energy (wavelength) was 87.07 keV (l = 0.1424 Å) using a 

single-bounce Si(511) bent Laue monochromator. On ID15, it is possible to perform powder 

X-ray diffraction experiment in transmission mode using the high pressure high temperature 

gas loading system (HPHTgls). Powder samples were loaded in the reaction cell (fused silica, 

i.d. = 3 mm, w.t. = 0.5 mm) under inert atmosphere. The gas loading system was used to 

apply on the sample either an argon flow of 500 ml.min
-1

 (dehydrogenation step) or a 

hydrogen static pressure of at least 30 bar (hydrogenation step). The sample can be heated up 

to 300 °C at 10 °C.min
-1

 (dehydrogenation step) or cooled down to ambient temperature from 

300 °C at 10 °C.min
-1

 (hydrogenation step). X-ray diffraction rings from the samples were 

collected at ~1000 mm using a 2D flat panel detector (Pixium Trixell 4700). The exposure 

time for each acquisition was 1.2 s (sum of 3 images of 0.4 s) and acquisition was collected 

every 10 s. It is to note that more information about the ID15’s HPHT gas loading system can 

be found elsewhere [14]. 

The bulk samples were investigated ex-situ by electron probe microanalyses (EPMA with 

metallic La, Ni, Cu and Mg, as standards). The bulk samples were embedded in a 
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methylmetacrylate matrix and the surface was polished with different silica and diamond 

pastes. The surface remained unetched for the EPMA measurements.  

 The morphology of powders after absorption was observed by scanning electron 

microscopy (SEM). SEM micrographs were acquired using a Tescan VEGA II-SBH working 

at 10 and 20 kV with a current beam of 90 μA.  

Hydrogen sorption kinetics were investigated by the use of an automatic Sievert-type 

volumetric apparatus (HERA, Hydrogen Storage System) in the temperature range from room 

temperature to 330 °C and with 10 bar of H2 [15]. 

 

3 – Results and discussion 

 

3-1 Study of the hydrogenation mechanism of LaCuMg8 

 

The preliminary results obtained on LaCuMg8 have shown a hydrogen sorption mechanism in 

two steps [7,16].  

 

 3-1-a First step reaction : Activation step 

During the first step, LaCuMg8 is irreversibly decomposed into LaH3, MgH2 and 

MgCu2 according to the reaction given below:  

 

LaCuMg8 + 9 H2 → LaH3 + ½ MgCu2 + 15/2 MgH2   (1) 

 

In previous papers [7,16], an absorption around 2 wt% H2 at 300 °C under 10 bar in 19 

hours was reported. In fact, a more precise investigation with better experimental conditions 

on this first absorption leads to a weight capacity of 3.2 wt% H2. Even if this capacity is 

closer to the theoretical capacity (i.e. 4.53 wt% H2), the difference between the experimental 

measurement and the theoretical value is still not fully explained. The rapid formation of 

LaH3 could be proposed as a hypothesis. Indeed, if the formation of LaH3 is done during 

filling of the reservoir, this reaction is not measured. Consequently, the theoretical gravimetric 

capacity should be decreased at 3.8 wt% H2.  

Nevertheless, the kinetics of the first absorption is still very slow as the absorption is 

complete after more than one day. In the following, this first step will be called “activation 

process”. According to the literature, it is possible to increase the activation process by cold 
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rolling [17,18]. For example, Dufour et al.[17] showed that after cold rolling, the activation 

kinetics of Mg6Pd was increased. In order to evaluate the effect of cold rolling on LaCuMg8, 

the as-cast compound was cold rolled 20 and 150 times in air. The hydrogen sorption kinetics 

at 300 °C and 10 bar of H2 are plotted in figure 1. After 20 cold rolls, the hydrogen storage 

capacity is like as-cast compound but the absorption is comparatively quicker and is 

completed in 3h. For the sample cold rolled 150 times, an almost similar kinetics is observed 

but the capacity decreases strongly to about 1.3 wt% H2. The decrease of the hydrogen storage 

capacity can be explained by the oxide formation (observed by EPMA analysis) which 

increases with cold rolls number as the cold rolling is done under air. The increase of strain 

introduced by cold rolling could also affect the maximum capacity [19]. However, we have 

shown that the strain is maximum after 20 rolls and decreases after. Therefore, the maximum 

storage capacity should be higher for the sample rolled 150 times rather than for the one 

rolled 20 times. Then, if the effect of strain can not be neglected, the oxidation phenomenon 

seems to play the major role. According to this result, the kinetics of activation step is 9 times 

quicker by cold rolling. However, the kinetic improvement is only observed for the first 

absorption and no effect on the subsequent hydrogen sorption cycles was noticed. It is even 

possible to observe a slight decrease of the capacity because of the oxide formed during cold 

rolling. 

 

Figure 1 : Hydrogen absorption kinetics under 10 bar of H2 and 300 °C, for LaCuMg8 as-cast 

(black circle) and for LaCuMg8 cold-rolled 20 (red square) and 150 times (blue triangle). 
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3-1-b Second step reversible reaction: 

During the second step a maximum reversible capacity of 3.3 wt% H2 was obtained at 

300 °C and 30 bar [7,16]. 

It is now established that the reversible reaction at 300 °C can be written:   

 

LaH3-x + Mg2Cu + 6Mg + (15 + x)/2 H2   ↔ LaH3 + ½ MgCu2 + 15/2 MgH2    (2) 

 

In order to study this reaction, several absorptions were made at different 

temperatures. All of these sorptions are reported in figure 2. 

 

Figure 2: Hydrogen absorption kinectics for “LaCuMg8 actived powder” under 10 bar of H2 

and 100 °C (blue triangle), 200 °C (green circle) and 300 °C (black square). The dashed lines 

show theoretical hydrogen uptakes according to reaction (2) and (3), of 3.6 wt% and 2.9 wt% 

respectively. 
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At 300 °C, the second absorption is complete in less than 30 minutes. At 200 °C, the 

kinetics decreases slightly but the hydrogen storage capacity remains almost unchanged. At 

100 °C, the kinetics decreases again and the maximum amount of hydrogen absorbed is lower. 

This last point can be explained by the mechanism which changes below 200 °C. Indeed, 

according to XRD pattern obtained after absorption at 100 °C, the following reaction can be 

proposed: 

 

LaH3-x + Mg2Cu + 6Mg + 6 + (1/2)x H2 ↔ LaH3 + Mg2Cu + 6 MgH2   (3) 

 

This observation is in good agreement with the previous work of Reilly [20] which 

explains the conversion reaction Mg2Cu/MgCu2 under hydrogen even if the temperature of 

this transformation was reported only at around 300 °C.  

The desorption curves at 280 °C and 300 °C are given in figure 3. At 300 °C, about 3 

wt% H2 is desorbed in 25min. So the reversibility is complete and faster than for pure 

magnesium powder. At 280 °C, 2.5 wt% is desorbed in 1 hour. The so-called “LaCuMg8 

activated powder” allows obtaining magnesium powders which store hydrogen with a better 

kinetics and a lower reversibility temperature than the pure magnesium [21, 22]. In order to 

get a better understanding of the sorption behavior, the “LaCuMg8 activated powder” was 

studied from thermodynamic, kinetic and morphologic point of view. 

 

Figure 3: Hydrogen desorption for “LaCuMg8 actived powder” under 0.2 bar of H2 and 280 

°C (red circle) and 300 °C (black square). 
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3-2 Thermodynamic study of the sorption reaction 

 

  The thermodynamic properties of this mechanism were studied, using PCT curves and 

theoretical calculation. The PCT curves at 300 °C and 350 °C are given in figure 4.  

 

Figure 4 : PCT curves of “LaCuMg8 activated powder” under hydrogen at 300 °C (black 

square) and 350 °C (blue circle). 

 

Thermo-Calc software was used to calculate equilibrium temperatures under different 

hydrogen pressures for the absorption of the mixture Mg + Mg2Cu which is separate into two 

steps as follows: 

 (i) the first is related to the reaction of pure magnesium with hydrogen. 

Mg + H2 ↔  MgH2   (4) 

            (ii) the second corresponds to the reaction between Mg2Cu and hydrogen. 

 2 Mg2Cu + 3 H2 ↔  MgCu2 + 3 MgH2    (5)  
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The Gibbs energy parameters of the phases involved in chemical reactions were taken 

from CALPHAD assessments of Mg-H [23] and Cu-Mg [24] systems. The calculated Van't 

Hoff plot for Mg and Mg2Cu are reported in Figure 5. 

 

Figure 5 : Calculated Van’t Hoff plots of the various reactions for the destabilization of 

magnesium hydride. 

 

From experimental point of view, at 300 °C, during absorption, one plateau pressure is 

observed around 2 bar and one can be expected between 7 and 10 bar with an important slope 

(figure 4). This last one is confirmed by the desorption curve on which the experimental 

conditions allow a better resolution. During desorption, the plateau pressures are observed 

around 1 bar and 3.5 bar. So, between absorption and desorption curve a large hysteresis is 

observed especially for the higher plateau pressure.  

At the same temperature, it is indicated from the thermodynamic calculation that the 

first plateau pressure might be around 1.5 bar and the second one might be at 6 bar (figure 5). 
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The theoretical pressures are at the center of the experimental hysteresis, which indicates a 

relative good agreement.  

 In the same way, at 350 °C, the pressure of the first equilibrium increases to about 7 

bar in accordance with the theoretical pressure (i.e. 6 bar). The second plateau cannot be 

observed with our experimental conditions (e.g. limitation of the apparatus) and consequently 

the desorption could not be started.  

The good agreement between theory and experience demonstrates that this simple 

thermodynamic calculation is an efficient tool to describe the reaction in the system Mg-Cu-

H. Nevertheless, the presence of LaH3, which could affect the reaction, is not considered in 

this thermodynamic calculation.  So, the first experimental plateau pressure corresponds to the 

reaction (4) and the second to the reaction (5). According to reactions (4) and (5), the 

hysteresis on the first plateau is unexpected. Indeed, the actual results reported show a 

hysteresis on magnesium hydride only above 400 °C [25]. As a consequence, the LaCuMg8 

decomposition leads to a magnesium powder which should be slightly different from a 

microscopic point of view. This point will be addressed in section 3.4-b. 

 

According to the thermodynamic calculation, the equilibrium of the transformation 

Mg2Cu/MgCu2 (reaction 5) is at 315 °C, under 10 bar of hydrogen (figure 5, point M). When 

the temperature decreases (from point M to N, figure 5), the thermodynamic driving force of 

the reaction (5) increases and the transformation should be easier. This result is in 

disagreement with the hydrogenation mechanism observed for “LaCuMg8 activated powder”. 

Indeed, below 200 °C the transformation Mg2Cu/MgCu2 is not observed. This point can be 

explained by the competition between the thermodynamic and the kinetic parameters:  in the 

temperature range 200 °C ≤ T ≤ 300 °C, the system is in thermodynamic equilibrium while, 

when the temperature decreases (≈ 100 °C), the kinetic parameter becomes the limiting factor. 

 

3-3 Study of the second step reaction by in-situ synchrotron X-Ray diffraction 

In order to improve understanding of absorption and desorption mechanism, 

“LaCuMg8 activated powder” has been studied by in-situ synchrotron X-Ray diffraction. The 

powder previously decomposed and hydrogenated (i.e. end of the activation cycle) has been 

gradually heated up to 300 °C (10 °C/min) under argon flux (figure 6), maintained for 5 min 

at 300 °C under 30 bar of H2 and gradually cooled from 300 °C to 100 °C (10 °C/min) 

(figure 7).  
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Figure 6 : In-situ synchrotron X-Ray diffraction of “LaCuMg8 activated powder” during the 

desorption step (from 25 °C to 300 °C at 10 °C/min) under argon flow (500 mL.m
-1

). The 

figure b and c are the enlarged portions of figure a indicated by hatched zones. 



 12 

The X-Ray pattern at 25 °C (figure 6) shows that hydrogenation during decomposition 

was not complete leading to the coexistence of MgCu2 and Mg2Cu phases. This point can be 

explained by :  

(i) the increase of the sample weight (i.e. 3 times more than results presented in 

part 3-1) for the same experimental conditions (i.e. 300 °C/10 bar). In this 

case, the experimental conditions might be not sufficient to lead to the total 

Mg2Cu/MgCu2 conversion; 

(ii)  or by a transformation Mg2Cu → MgCu2 more difficult to achieve than 

expected from the thermodynamic calculation.  

 

During the desorption (figure 6), the MgCu2 phase disappears between 248 °C and 

255 °C and in the same times, the quantity of Mg2Cu phase increases as seen from the 

intensity of the peaks at 2 and 2.22 °(2θ) respectively (figure 6.b). Between 287 °C and 

300 °C, the MgH2 phase is dehydrogenated (figure 6.c). The LaH3 phase remains unchanged 

during the desorption (not shown here). It is to be noted that both transformations are 

complete at 300 °C. The shift observed between the X-Ray patterns at low temperature and 

the X-Ray patterns at high temperature was explained by the lattice expansion due to the 

increase in temperature. At the end of the heating step, three phases were observed in 

equilibrium at 300 °C: LaH3, Mg2Cu and Mg. This experiment agrees well with the 

desorption mechanism given in the part 3-1. 

Insertion of H2 in the reactor at 300 °C induced rapid reaction with magnesium to form 

MgH2 phase (figure 7).  
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Figure 7 : In-situ synchrotron X-Ray diffraction of “LaCuMg8 activated powder” during the 

absorption step (from 300 °C to 25 °C at 10 °C/min) under 30 bar of hydrogen. The figure b 

and c are the enlarged portions of figure a indicated by hatched zones. 
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Around 239 °C, this reaction was completed (figure 7.c) and between 245 °C and 186 

°C, the reaction between Mg2Cu and H2 to form MgCu2 phase occurred (figure 7.b). Below 

186 °C, the X-Ray patterns remain unchanged but the transformation Mg2Cu/MgCu2 was not 

complete. This experiment highlights several interesting points: 

1- At 300 °C, the reaction of Mg with H2 was almost instantaneous which shows that 

the magnesium in the system called “LaCuMg8 activated powder” has better 

kinetic than pure magnesium. 

2- At 300 °C, the transformation Mg2Cu → MgCu2 did not occur. This point 

disagrees with the thermodynamic calculation. Indeed, at 300 °C under 30 bar of 

H2 (point O in the figure 5), one could expect that the transformation 

Mg2Cu/MgCu2 occurs. One explanation could be that the experimental conditions 

were near the thermodynamic equilibrium. In this case, the thermodynamic driving 

force was not sufficient. However, even if this hypothesis is validated, the results 

disagree with our ex-situ observations discussed in part 3-1.   

3- At the end of the cooling step under 30 bar of hydrogen, the transformation 

Mg2Cu → MgCu2 was not complete. Two hypotheses can be proposed to explain 

this point :  

(i) The transformation was blocked. The same phenomenon was 

observed and described previously for the initial powder. However, 

according to the intensity of the diffraction peaks on figure 6b and 

7b, the ratio MgCu2/Mg2Cu increases in comparison with the initial 

powder; 

(ii) The decrease of the temperature slows down and finally stops the 

transformation. Indeed, according to our ex-situ observation 

discussed in part 3-1, the transformation did not occur at 100 °C. 

Around 100-150 °C, the kinetic factor might become the limiting 

step and stops the reaction in a non equilibrium state.  

 

To conclude our neutron studies, the transformation Mg2Cu/MgCu2 seems to be the limiting 

factor in the reaction between “LaCuMg8 activated powder” and hydrogen.   
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3-4 Study of hydrogenation kinetics mechanism of LaCuMg8 

 

In order to complete the comprehension of the hydrogenation mechanism of 

LaCuMg8, the absorption kinetics were studied using Avrami–Erofeev equation [26, 27]. The 

absorption rate is controlled by different mechanisms which are responsible for the different 

trends observed on curve. At the beginning of the absorption reaction a surface process, a 

chemisorption process and a nucleation process appear, in order to form the hydride (β phase) 

[28]. When the hydride is formed completely, the diffusion of hydrogen through the hydride 

layer constitutes the determining step [29, 30]. The reaction mechanism was analysed by 

Avrami-Erofeev equation in the domain 0.2 ≤  F ≤ 0.8 following eq.6.  

 

F = 1-exp(-kt
n
)    (6) 

 

Where F is the fraction of hydrogen absorbed and desorbed, k is the reaction rate constant for 

a given temperature and n is the reaction order.  

Avrami-Erofeev equation can be rewritten : 

ln[-ln(1-F)] = ln(k) + n × ln(t)    (7) 

 

In order to determine the k values, the curves ln[-ln(1-F)] were drawn at each temperature. 

Each curve can be linearized. The slope of the linearization is related to n, and the value at the 

origin to k. For example the curves obtained at 300 °C and 100 °C are given in figure 8.  

 

 

Figure 8 : ln(-ln(1-F)) versus ln(t) plot for the absorption kinetics at 300 °C (a) and 100 °C (b) 

of “LaCuMg8 activated powder”. 
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From the values of reaction rate constant k at different temperatures, the activation energy was 

determined using Arrhenius law (equation 8). 

 

k = k0 exp (-Ea/RT)  ↔ ln(k) = -Ea/RT + ln(k0)        (8) 

 

An activation energy of Ea = 66 kJ/mol H2 has been obtained from the slope of ln(k) versus 

1/T plot (figure 9). 

 

Figure 9 : Arrhenius plot for the determination of the activation energy of “LaCuMg8 

activated powder”. 

 

In the case of pure magnesium, the activation energy reported is around 

110-120 kJ/mol H2 [31]. This value can be decreased for magnesium ball milled under 

hydrogen. The activation energy is even lower for Mg doped with catalytic elements. For 

example, the activation energy varied from 62 to 90 kJ/mol H2 for Mg doped with transition 

elements [32] and is equal to 51 kJ/mol H2 for Mg doped with Cr2O3 oxide [28] 

As our activation energy (66 kJ/mol H2) was about two times lower than for pure magnesium 

and in the same order than catalyzed and milled magnesium systems, this study demonstrates 

the interest of the La-Cu-Mg ternary system. 
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3-4 Parameters which could improve the kinetic properties 

 

Several hypotheses could be suggested to explain the kinetic improvements. The 

catalytic effect of LaH3 and Mg2Cu, the effect of the transformation Mg2Cu/MgCu2 or the 

effect of the decomposition of LaCuMg8 during the first absorption step are three key points 

to improve the kinetics. Their influences are discussed in the following. 

 

 3-4-a Catalytic effects 

Catalytic effects of Mg2Cu have been already reported in the litterature [33-35]. 

Indeed, Karty et al. [33] have shown that Mg2Cu phase limits the oxidation of magnesium 

surface. The dissociation and diffusion of hydrogen are not limited by an oxide layer and the 

kinetics are improved. The absorption kinetics at 100 °C (figure 2), which was better than the 

absorption kinetics of pure magnesium at higher temperature confirms the catalytic effect of 

Mg2Cu phase. 

At high temperature, we demonstrated that Mg2Cu reacts with hydrogen to form MgCu2. 

During one hydrogen cycle (absorption and desorption), Mg-Cu bonds are broken and 

created. This mechanism induces, after each cycle, the formation of “clean” atoms of 

magnesium (i.e. without oxygen on the surface). The scheme proposed in figure 10 illustrates 

this effect on numerous cycles. We suggest that the transformation Mg2Cu/MgCu2 allows 

maintaining the reactivity of powder and, consequently, enhances the sorption kinetics. In 

order to validate this hypothesis, the cycling stability is still under progress. 

 

Figure 10 : Scheme describing the mechanism of the transformation Mg2Cu/MgCu2 during 

sorption cycles. 
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However, even if a catalytic effect can be considered, the kinetics observed for 

“LaCuMg8 activated powder” are better than the mixture Mg + Mg2Cu studied by Andreasen 

at al. [34] (table 1).  

Table 1: Comparison between the mixture MgH2+MgCu2 of Andreasen work’s [32] and our 

“LaCuMg8 activated powder” for absorption and desorption. 

 

 

This mixture, obtained by ball milling, absorbs and desorbs hydrogen with slower 

kinetics and at higher temperature. Moreover, the activation energy calculated for this mixture 

was Ea = 108 kJ/mol H2 (which is higher than the “LaCuMg8 activated powder” i.e. 66 kJ/mol 

H2). Regarding this comparison between data from literature and our work, other parameters 

has to be considered to explain kinetic improvements (e.g. morphologic effect). 

 

 3-4-b Morphologic effect induced by the decomposition  

The powder morphology during absorption and desorption at different steps was 

studied by scanning electron microscopy (SEM) and presented in the figure 11.  
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Figure 11 : SEM pictures (secondary electron) of “LaCuMg8 activated powder” after 

decomposition (a) and after 4 absorption/desorption cycles (b, c, d). 

 

After decomposition (figure 11.a), the powder shows a irregular shape and its surface is 

smooth. The particles size varies from 50 μm to 200 μm. After four hydro/dehydrogenation 

cycles at 300 °C (figure 11.b-d), the size and the global shape of grains seem unchanged even 

if small particles appear on the grains surface. The size of these particles can be estimated 

around 2-5 μm. However, numerous cracks appear. The cracks lead to new fresh surface 

without oxygen pollution (i.e. passivation layer) for the adsorption-dissociation step. The 

absorption should be easier and faster. This effect is already reported in several works where 

the authors reduce the grain size or use decripitation phenomenon to increase the surface for 

the adsorption-dissociation step and so to increase the kinetics [22, 36, 37]. Moreover, as 

magnesium has a high ductility, no cracks have been already observed for pure magnesium. 

The cracks, observed in figure 11.b-d indicate a decrease of the ductility of “LaCuMg8 

activated powder”. This could only be explained by the formation of a heterophase inside the 

magnesium grain. In order to confirm this point, the chemical composition of several grains 

after four hydro/dehydrogenation cycles has been determined by EPMA with WDS detector. 
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The distribution of each element inside one grain (representative of global sample) is given in 

figure 12. 

 

Figure 12: EPMA analysis of one grain of “LaCuMg8 activated compound” after four 

absorption/desorption cycles. The three first pictures represent the repartition of one element 

(i.e. Cu, Mg, La) inside the grain. The last one is the BSE picture. 

Magnesium, copper and lanthanum are observed inside the same particle. The 

repartition of lanthanum and copper is globally homogeneous. However, the domains which 

contain more lanthanum are poorer in copper and magnesium. The domains enriched in 

copper are also enriched in magnesium, what highlight the binary Mg-Cu. According to figure 

12, the LaH3, Mg2Cu and Mg phases can be observed and their sizes can be estimated around 

micrometre range. It is now established that the decrease of grain size allows increasing the 

absorption kinetic [37]. The sub-micronic size and the intimate mixture of the 3 phases 

obtained by the decomposition of LaCuMg8 under hydrogen allow improving absorption 

kinetics without the use of long ball milling process or the addition of catalyst. Even if 
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lanthanum has a negative effect on gravimetric hydrogen storage, it is necessary to lead to the 

decomposition and as a consequence to obtain a good kinetics. 

It is to note that, Au et al. [38] and Karty et al. [33] propose an effect of Mg/Mg2Cu 

interface on the dissociation and the diffusion of hydrogen. According to the sub-micronic 

size of each phase on the “LaCuMg8 activated powder”, interfaces between Mg and Mg2Cu 

are a key point in the morphological effect. Even if this point has not been highlighted in our 

study, it has to be considered to explain the improvement of the sorption kinetics. 

 

4-Conclusion 

The sorption properties/mechanism of the LaCuMg8 compound was studied with 

attention. This compound is irreversibly decomposed during the first absorption at 300 °C and 

under 10 bar of H2. Consequently, an intimate mixture of LaH3, MgH2 and MgCu2 which can 

be considered as the real storage material is obtained. In order to improve the slow kinetic 

(≈ 19 h) the cold rolling was used. After only 20 cold rolls, the activation time is strongly 

decreased (≤ 3 h).  

After decomposition, the powder stores hydrogen with good kinetics and lower 

temperatures than pure magnesium. The absorption reaction changes according to the 

temperature. At a temperature higher than 200 °C, Mg and Mg2Cu react with hydrogen while, 

below 100 °C, only the magnesium reacts with hydrogen. The appropriate thermodynamic 

calculation on the system Mg-Cu-H confirms the experiments data. According to the kinetic 

study, an activation energy of about 66 kJ/mol H2 has been determined for “LaCuMg8 

activated powder” using the Avrami-Erofeev equation. Therefore, combining both results on 

thermodynamic and kinetics, an effect of transformation Mg2Cu/MgCu2 to explain the good 

kinetics has been proposed. Indeed, after each cycle, this transformation induces the formation 

of “clean” atoms of magnesium. Nevertheless, from the in-situ synchrotron study, it appears 

that this transformation is difficult to achieve and its optimization would lead to an increase of 

the hydrogen sorption properties. To finish, an EPMA analysis on the “LaCuMg8 activated 

powder” shows that the decomposition leads to grains (50-200 μm) composed by an intimate 

mixture of 3 phases with a sub-micronic size. This special morphology obtained without the 

use of long ball milling process is one of the parameters to increase the absorption kinetics 

and is the key point of the interest of our approach about alloying magnesium to lanthanum 

and copper. 

 

 



 22 

References  

[1] Wiswall R. Topics in Applied Physics. Hydrogen in Metals II. In: Alefeld G, Völkel J 

editors; 1978; 29:209 

 

[2] Reilly JJ, Wiswall JrRH. The reaction of hydrogen with alloys of magnesium and nickel 

and the formation of Mg2NiH4. Inorg Chem 1968 ; 7(11): 2254-6 

 

[3] Reiser A,  ogdanovi  B, Schlichte K. Application of Mg-based metal-hydrides as heat 

energy storage systems. Int J Hydrogen Energy 2000 ; 25(5):425-30 

 

[4]  u n e L, Favre-Nicolin V, Yvon K. Synthesis, crystal structure and hydrogenation 

properties of the ternary compounds LaNi4Mg and NdNi4Mg. J AlloysCompd 2003; 348(1-

2):129-37 

 

[5] Bobet JL, Lesportes P,  Roquefere JG,  Chevalier B,  Asano K,  Sakaki K, Akiba E. A 

preliminary study of some "pseudo-AB2" compounds: RENi4Mg with RE = La, Ce and Gd. 

Structural and hydrogen sorption properties. Int J Hydrogen Energy 2007; 32(13): 2422-8 

 

[6] Tuncel S, Roquefere JG, Stan C, Bobet JL, Chevalier B, Gaudin E, Hoffmann RD, 

Rodewald UteCh, Pöttgen R. Rare earth metal rich magnesium compounds RE4NiMg (RE=Y, 

Pr-Nd, Sm, Gd-Tm, Lu)-Synthesis, structure, and hydrogenation behavior. J Solid State Chem 

2009; 182:229-35 

 

[7] Couillaud S, Gaudin E, Bobet JL. Rich magnesium ternary compound so-called LaCuMg8 

derived from La2Mg17 Structure and hydrogenation behaviour. Intermetallics 2011; 19: 336-

41. 

 

[8] Yajima S, Kayano H, Toma H. Hydrogen sorption in La2Mg17. J Less-Common Met 1977; 

55(1):139-41 

 

[9] Khrussanova M, Pezat M, Darriet B, Hagenmuller P. Le stockage de l'hydrogène par les 

alliages La2Mg17 et La2Mg16Ni. J Less-Common Met 1982 ; 86:153-60 

 

http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7402154136
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602849620
http://www.scopus.com/record/display.url?eid=2-s2.0-0742326381&origin=resultslist&sort=cp-f&src=s&st1=Mg2Ni&nlo=&nlr=&nls=&sid=JNtBBTb3XQUGb3e07euYdNh%3a30&sot=b&sdt=b&sl=20&s=TITLE-ABS-KEY%28Mg2Ni%29&relpos=0&relpos=0
http://www.scopus.com/record/display.url?eid=2-s2.0-0742326381&origin=resultslist&sort=cp-f&src=s&st1=Mg2Ni&nlo=&nlr=&nls=&sid=JNtBBTb3XQUGb3e07euYdNh%3a30&sot=b&sdt=b&sl=20&s=TITLE-ABS-KEY%28Mg2Ni%29&relpos=0&relpos=0
http://www.scopus.com/source/sourceInfo.url?sourceId=25264&origin=resultslist
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7005077527
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7003987688
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602553425
http://www.scopus.com/record/display.url?eid=2-s2.0-0033896504&origin=resultslist&sort=cp-f&src=s&st1=Mg2NiH4&nlo=&nlr=&nls=&sid=ub0dt7MharNhYvLu7NUq5nE%3a20&sot=b&sdt=b&sl=22&s=TITLE-ABS-KEY%28Mg2NiH4%29&relpos=16&relpos=16
http://www.scopus.com/record/display.url?eid=2-s2.0-0033896504&origin=resultslist&sort=cp-f&src=s&st1=Mg2NiH4&nlo=&nlr=&nls=&sid=ub0dt7MharNhYvLu7NUq5nE%3a20&sot=b&sdt=b&sl=22&s=TITLE-ABS-KEY%28Mg2NiH4%29&relpos=16&relpos=16
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602614150
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=6602550655
http://www.scopus.com/authid/detail.url?origin=resultslist&authorId=7004265384
http://www.scopus.com/record/display.url?eid=2-s2.0-0037433899&origin=resultslist&sort=plf-f&src=s&st1=Gu%c3%a9n%c3%a9e.+L&sid=ub0dt7MharNhYvLu7NUq5nE%3a190&sot=b&sdt=b&sl=22&s=AUTHOR-NAME%28Gu%c3%a9n%c3%a9e.+L%29&relpos=16&relpos=16
http://www.scopus.com/record/display.url?eid=2-s2.0-0037433899&origin=resultslist&sort=plf-f&src=s&st1=Gu%c3%a9n%c3%a9e.+L&sid=ub0dt7MharNhYvLu7NUq5nE%3a190&sot=b&sdt=b&sl=22&s=AUTHOR-NAME%28Gu%c3%a9n%c3%a9e.+L%29&relpos=16&relpos=16
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/record/display.url?eid=2-s2.0-34548137691&origin=resultslist&sort=plf-f&src=s&st1=bobet&sid=ub0dt7MharNhYvLu7NUq5nE%3a290&sot=b&sdt=b&sl=38&s=AUTHOR-NAME%28bobet%29+AND+PUBYEAR+IS+2007&relpos=5&relpos=5
http://www.scopus.com/record/display.url?eid=2-s2.0-34548137691&origin=resultslist&sort=plf-f&src=s&st1=bobet&sid=ub0dt7MharNhYvLu7NUq5nE%3a290&sot=b&sdt=b&sl=38&s=AUTHOR-NAME%28bobet%29+AND+PUBYEAR+IS+2007&relpos=5&relpos=5
http://www.scopus.com/record/display.url?eid=2-s2.0-34548137691&origin=resultslist&sort=plf-f&src=s&st1=bobet&sid=ub0dt7MharNhYvLu7NUq5nE%3a290&sot=b&sdt=b&sl=38&s=AUTHOR-NAME%28bobet%29+AND+PUBYEAR+IS+2007&relpos=5&relpos=5
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/record/display.url?eid=2-s2.0-58549095238&origin=resultslist&sort=plf-f&src=s&st1=Tuncel.+S&sid=ub0dt7MharNhYvLu7NUq5nE%3a360&sot=b&sdt=b&sl=42&s=AUTHOR-NAME%28Tuncel.+S%29+AND+PUBYEAR+IS+2009&relpos=5&relpos=5
http://www.scopus.com/record/display.url?eid=2-s2.0-58549095238&origin=resultslist&sort=plf-f&src=s&st1=Tuncel.+S&sid=ub0dt7MharNhYvLu7NUq5nE%3a360&sot=b&sdt=b&sl=42&s=AUTHOR-NAME%28Tuncel.+S%29+AND+PUBYEAR+IS+2009&relpos=5&relpos=5
https://cyber.bu.u-bordeaux1.fr/proxyub1/nph-proxy.cgi/000001A/http/www.sciencedirect.com/science=3f_ob=3dArticleURL=26_udi=3dB759D-48F51HC-N=26_user=3d513493=26_coverDate=3d09=252F30=252F1977=26_alid=3d1267988943=26_rdoc=3d17=26_fmt=3dhigh=26_orig=3dsearch=26_cdi=3d12952=26_sort=3dr=26_st=3d4=26_docanchor=3d=26_ct=3d41=26_acct=3dC000025358=26_version=3d1=26_urlVersion=3d0=26_userid=3d513493=26md5=3d6451828fc07cb9982fde7a0f5a83c11b
https://cyber.bu.u-bordeaux1.fr/proxyub1/nph-proxy.cgi/000001A/http/www.sciencedirect.com/science=3f_ob=3dArticleURL=26_udi=3dB759D-48G73M8-SH=26_user=3d513493=26_coverDate=3d07=252F31=252F1982=26_alid=3d1267988943=26_rdoc=3d9=26_fmt=3dhigh=26_orig=3dsearch=26_cdi=3d12952=26_sort=3dr=26_st=3d4=26_docanchor=3d=26_ct=3d41=26_acct=3dC000025358=26_version=3d1=26_urlVersion=3d0=26_userid=3d513493=26md5=3dd3d87c2f96cc4fe7b70511a87abf9255
https://cyber.bu.u-bordeaux1.fr/proxyub1/nph-proxy.cgi/000001A/http/www.sciencedirect.com/science=3f_ob=3dArticleURL=26_udi=3dB759D-48G73M8-SH=26_user=3d513493=26_coverDate=3d07=252F31=252F1982=26_alid=3d1267988943=26_rdoc=3d9=26_fmt=3dhigh=26_orig=3dsearch=26_cdi=3d12952=26_sort=3dr=26_st=3d4=26_docanchor=3d=26_ct=3d41=26_acct=3dC000025358=26_version=3d1=26_urlVersion=3d0=26_userid=3d513493=26md5=3dd3d87c2f96cc4fe7b70511a87abf9255


 23 

[10] Khrussanova M, Terzieva M, Peshev P. On the hydriding kinetics of the alloys La2Mg17 

and La2−xCaxMg17. Int J Hydrogen Energy1986; 11(5):331-34 

 

[11] Slattery DK. The hydriding-dehydriding characteristics of  La2Mg17. Int J Hydrogen 

Energy 1995; 20(12):971-3 

 

[12] Dutta K, Srivastava ON. Investigation on synthesis, characterization and hydrogenation 

behaviour of the La2Mg17 intermetallic. Int J Hydrogen Energy 1990; 15(5):341-4 

 

[13] Rodriguez-Carvajal J. Recent advances in magnetic structure determination by neutron 

powder diffraction. Phys B 1993; 192:55-69 

 

[14] http://www.esrf.fr/UsersAndScience/Experiments/StructMaterials/ID15 

 

[15] Schulz R, Boily S, Huot J. Apparatus for titration and circulation of gases and circulation 

of an absorbent or adsorbent substance. 1999;Patent 09/424,331  

 

[16] Boidin R, Couillaud S, Gaudin E, Huot J, Bobet JL. A new ternary phase, called 

LaCuMg8, for solid hydrogen storage. Influence of ball milling and cold rolling. Solid state 

phenom 2011;170:102-8 

 

[17] Dufour J, Huot J. Study of Mg6Pd alloy synthesized by cold rolling. J AlloysCompd 

2007; 446–447:147-51 

 

[18] Couillaud S, Enoki H, Amira S, Bobet JL, Akiba E, Huot J. Effect of ball milling and 

cold rolling on hydrogen storage properties of nanocrystalline TiV1.6Mn0.4 alloy. J 

AlloysCompd 2009; 484:154-8. 

 

[19] Lenain C, Aymard L, Salver-Disma F, Leriche JB, Chabre Y, Tarascon JM. 

Electrochemical properties of AB5 -type hydride-forming compounds prepared by mechanical 

alloying. Solid State Ionics 1997; 104(2):237-48 

 

https://cyber.bu.u-bordeaux1.fr/proxyub1/nph-proxy.cgi/000001A/http/www.sciencedirect.com/science=3f_ob=3dArticleURL=26_udi=3dB6V3F-498W1S4-56=26_user=3d513493=26_coverDate=3d12=252F31=252F1986=26_alid=3d1267988943=26_rdoc=3d15=26_fmt=3dhigh=26_orig=3dsearch=26_cdi=3d5729=26_sort=3dr=26_st=3d4=26_docanchor=3d=26_ct=3d41=26_acct=3dC000025358=26_version=3d1=26_urlVersion=3d0=26_userid=3d513493=26md5=3d5001fbda5e0916a8fa081303110dca53
https://cyber.bu.u-bordeaux1.fr/proxyub1/nph-proxy.cgi/000001A/http/www.sciencedirect.com/science=3f_ob=3dArticleURL=26_udi=3dB6V3F-498W1S4-56=26_user=3d513493=26_coverDate=3d12=252F31=252F1986=26_alid=3d1267988943=26_rdoc=3d15=26_fmt=3dhigh=26_orig=3dsearch=26_cdi=3d5729=26_sort=3dr=26_st=3d4=26_docanchor=3d=26_ct=3d41=26_acct=3dC000025358=26_version=3d1=26_urlVersion=3d0=26_userid=3d513493=26md5=3d5001fbda5e0916a8fa081303110dca53
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.esrf.fr/UsersAndScience/Experiments/StructMaterials/ID15
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist


 24 

[20] Reilly JJ, Wiswall RH. The reaction of hydrogen with alloys of magnesium and copper. 

Inorg Chem 1967;6(12):2220-3 

 

[21] Selvam P, Viswanathan B, Swamy CS, Srinivasan V. Magnesium and magnesium alloy 

hydrides. Int J Hydrogen Energy 1986; 11(3):169-92. 

 

[22] Huot J, Liang G, Boily S, Van Neste A, Schulz R. Structural study and hydrogen 

sorption kinetics of ball-milled magnesium hydride. J AlloysCompd 1999; 293-295:495-500. 

 

[23] Palumbo M, Torres FJ, Ares JR, Pisani C, Fernandez JF, Baricco M. Thermodynamic 

and ab initio investigation of the Al-H-Mg system. CALPHAD 2007; 31:457-67. 

 

[24] Gorsse. S, Shiflet GJ. A thermodynamic assessment of the Cu-Mg-Ni ternary system. 

CALPHAD 2002; 26(1):63-83 

 

 [25] Bogdanovic B, Bohmhammel K, Christ B, Reiser A, Schlichte K, Vehlen R, Wolf U. 

thermodynamic investigation of the magnesium-hydrogen system. J AlloysCompd 1999; 

282:84-92 

 

[26] Avrami M. Kinetics of phase Change. I. J Chem Phys 1939; 7:1103-12 

 

[27] Avrami M. Kinetics of phase Change. II. J Chem Phys 1940; 8:212-24 

 

[28] Bobet JL, Kandavel M, Ramaprabhu S. Effects of ball milling condition and additives on 

the hydrogen sorption properties of Mg + 5 wt% Cr2O3 mixtures. J Mater Res 2006; 

21(7):1747-52. 

 

[29] Clay KR, Goudy AJ, Schweibenz RG, Zarynow A. The effect of the partial replacement 

of lanthanum in LaNi-H with cerium preaseodynium, and neodynium on absorption and 

desorption kinetics. J Less-Common Met 1990; 166:153-62. 

 

[30] Wang XL, Suda S. Reaction kinetics of the M3Ni4.5Al0.5-H system. J AlloysCompd 1992; 

184:109-20. 

 

http://www.scopus.com/source/sourceInfo.url?sourceId=25264&origin=resultslist
http://www.scopus.com/authid/detail.url?authorId=7102925688&eid=2-s2.0-0022488236
http://www.scopus.com/authid/detail.url?authorId=7003790065&eid=2-s2.0-0022488236
http://www.scopus.com/authid/detail.url?authorId=16198770000&eid=2-s2.0-0022488236
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist


 25 

[31] Wu CZ, Wang P, Yao X, Liu C, Chen DM, Lu GQ, Cheng HM. Hydrogen storage 

properties of MgH2/SWNT composite prepared by ball milling. J AlloysCompd 2006; 

420:278-82. 

 

[32] Liang G, Huot J, Boily S, Van Neste A, Schulz R. Catalytic effect of transition metals on 

hydrogen sorption in nanocrystalline ball milled MgH2 –Tm (Tm = Ti, V, Mn, Fe and Ni) 

systems. J AlloysCompd 1999; 292:247-52. 

 

[33] Karty A, Grunzweig-Genossar J, Rudman PS. Hydriding and dehydriding kinetics of Mg 

in a Mg/Mg Cu eutectic alloy: Pressure sweep method. J Appl Phys 1979; 50(11):7200-10. 

 

[34] Andreasen A, Sørensen MB, Burkarl R, Møller B, Molenbroek AM, Pedersen AS, Vegge 

T, Jensen JN. Dehydrogenation kinetics of air-exposed MgH2/Mg2Cu and MgH2/MgCu2 

studied with in situ X-ray powder diffraction. Appl Phys A 2006; 82:515-21.  

 

[35] Shao H, Wang Y, Xu H, Li X. Preparation and hydrogen storage properties of 

nanostructured Mg2Cu alloy. J Solid State Chem 2005; 178:2211-7. 

 

[36] Latroche M. Structural and thermodynamic properties of metallic hydrides used for 

energy storage. J Phys Chem Solids 2004; 65:517–22 

 

[37] Varin RA, Zujko TC, Wronski Z. Particle size, grain size and γ -MgH2 effects on the 

desorption properties of nanocrystalline commercial magnesium hydride processed by 

controlled mechanical milling. Nanotechnology 2006; 17:3856-65. 

 

[38] Au M, Wu J, Wang Q. The hydrogen storage properties and the mechanism of the 

hydriding process of some multi-component magnesium-base hydrogen storage. Int J 

Hydrogen Energy 1995; 20(2):141-50. 

 

 

 

http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=12325&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist
http://www.scopus.com/source/sourceInfo.url?sourceId=26991&origin=resultslist

