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Abstract: The LaMgNi4−xCox (x=0, 0.3, 0.5) compounds were prepared by the method of levitation melting and a subsequent heat 
treatment at 1073 K for 10 h. XRD analysis shows that the obtained LaMgNi4−xCox alloys consist of a single phase with the structure 
of cubic SnMgCu4 (AuBe5 type). The hydrogen absorption/desorption properties of LaMgNi4 were investigated by PCI measurement 
at various temperatures (T=373, 398, 423 K) and the results show that the maximum absorbed hydrogen capacity reaches 1.45% 
(5.79H/M) under a hydrogen pressure of 4.3 MPa at 373 K. The XRD patterns during absorbing procedure at 373 K indicate the 
phase structure changing from cubic (α-LaMgNi4) to orthorhombic (β-LaMgNi4H3.41) and after hydrogenation finally back to cubic 
(γ-LaMgNi4H4.87), and a partial desorption was also observed under this condition. With increasing temperature, a slight decrease of 
the absorbed hydrogen content was observed and the number of plateaus reduces from two to one, but the hydrogen absorption 
kinetics improves. The electrochemical properties of the LaMgNi4-xCox were measured by simulated battery test, which shows that 
the discharge capacity of the alloys significantly improves with the increase of Co content. 
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1 Introduction 
 

Hydrogen storage alloy has aroused great interest in 
view of its potential as a new energy storage material. 
During the last years, magnesium based alloys showed 
large potential for hydrogen storage applications due to 
their high hydrogen capacity and low costs [1,2], but 
because of the high temperature of dehydrogenation and 
poor kinetics, the applications of these alloys are still 
limited [3,4]. Recently, a lot of investigations have been 
done on the RE−Mg−Ni (RE=rare earth) system [5−8], 
and it has been shown that the ternary compounds 
RE1−xMgxNi2 based on Laves structure are new 
promising in hydrogen-absorbing capacity and 
electrochemical properties [9−12]. 

In previous works, BOBET et al [13] reported that 
LaMgNi4 compound absorbs 3.8H/M at room 
temperature but no desorption has been observed even at 
temperature up to 473 K under primary vacuum. 
Nevertheless CHOTARD et al [14] reported that 

LaMgNi4H4.85 formed at a pressure of more than 2 MPa 
and a subsequent decrease of hydrogen pressure to 
ambient conditions led to hydrogen desorption of 
1.5H/M hydrogen at 373 K. WANG et al [15] also 
reported about electrochemical properties of LaMgNi4 

that the discharge capacity reaches 400 mA·h/g which is 
much higher than that of the commercial AB5 alloys (330 
mA·h/g). 

To the best of our knowledge, there are neither 
related investigations on the reversible properties of 
LaMgNi4 hydrogen absorption/desorption at different 
temperatures, nor complete pressure-composition 
isotherm (PCI) curves about the compound available. 
Also a lot of contradictory conclusions were made 
whether LaMgNi4 can desorb hydrogen or not. For these 
reasons, the compounds LaMgNi4−xCox (x=0, 0.3, 0.5) 
were synthesized by levitation melting first and then the 
thermodynamic and kinetic hydrogen storage properties 
of LaMgNi4 were investigated systematically at different 
temperatures. Finally, the effects of Co addition on the 
electrochemical properties of LaMgNi4−xCox by partial 
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substitution of Ni with Co were studied. 
 
2 Experimental 
 

LaMgNi4−xCox (x=0, 0.3, 0.5) alloys were 
synthesized by levitation melting and a subsequent heat 
treatment at 1073 K for 10 h under argon atmosphere and 
crushed to powders with average diameter of 75 μm. 
X-ray analysis was employed to identify the phase by a 
Rigaku D/max-2550VL/PC diffractometer with Cu Kα 
radiation (λ=0.15405 nm), and the experimental 
parameters were 150 mA, 35 kV, and 4 (°)/min. The 
hydrogen absorption/desorption properties were 
investigated by pressure composition isotherms with the 
use of an automatic Sievert-type volumetric apparatus at 
different temperatures (373, 398, 423 K). 

The electrode properties were determined by 
conducting a simulated battery test through the following 
procedures. Firstly, the alloy powder was mixed with 
hydroxyl nickel powder in the mass ratio of 1:4 with a 
total mass of 1.5 g. All the powders with a round nickel 
foam (diameter 10 mm) were compressed in a tablet 
press (inner diameter 10 mm) under a pressure of 15 
MPa for 3 min. Secondly, a small nickel bar as the 
negative connecting line was welded on the pellet. After 
that, the pellet was interposed by a piece of diaphragm 
paper, and then fixed by Ni(OH)2/NiOOH positive 
electrode. The negative electrode and counter electrode 
were placed into 6 mol/L KOH aqueous solution. The 
test was carried out at 298 K using a computer-controlled 
battery testing instrument (DC-5). During the activation 
test, the charge was conducted using the current rate of 
60 mA/g for 8 h and discharged at 60 mA/g to the cut-off 
potential of 1 V. In the charge−discharge recycle test, 
negative electrodes were charged at 120 mA/g for 4 h, 
and discharged at 120 mA/g to the cut-off potential of 
0.8 V. 
 
3 Results and discussion 
 
3.1 Preparation of LaMgNi4−xCox 

The phase identification of LaMgNi4−xCox (x=0, 0.3, 
0.5) was carried out by XRD and analyzed by Jade 5.0 
software. Figure 1 reveals that only the diffraction peaks 
of LaMgNi4 were observed, which means the single- 
component alloys are synthesized. With the addition of 
Co content, there are almost no changes in the phase 
structure, which has been reported by KADIR et al [16], 
the cubic structure of SnMgCu4, where the La atom 
occupies the position of 4a sites and Mg atom occupies 
the position of 4c sites. It has been reported that the 
order/disorder between RE and Mg on both 4a and 4c 
sites can influence the hydrogen absorption properties 
[17,18]. 

The crystallographic data for LaMgNi4−xCox were 
calculated with Jade 5.0 software (See Table 1). The 
value of lattice constant for LaMgNi4 is 7.1443 Å, which 
is slightly smaller than that reported by KADIR et al [16] 
(a=7.1794 Å), and increases to 7.1681 Å after addition of 
Co content. The unit cell volume per formula unit was 
also calculated and increased from 364.7 Å3 to 368.3Å3. 
 

 
Fig. 1 XRD patterns of LaMgNi4−xCox 

 
Table 1 Crystallographic data for LaMgNi4−xCox 

Sample a/Å V/Å3 

LaMgNi4 7.1443 364.7 

LaMgNi3.7Co0.3 7.1547 366.2 

LaMgNi3.5Co0.5 7.1681 368.3 

 
3.2 Hydrogen absorption and desorption properties 

The PCI curves of LaMgNi4 at various temperatures 
(373, 398 and 423 K) are shown in Fig. 2, where the 
horizontal axis presents the hydrogen content. The 
maximum hydrogen content is 1.45% (5.79H/M) under a 
hydrogen pressure of 4.3 MPa at 373 K. It can be clearly 
seen that there are two well defined plateaus at the 
temperature of 373 K. With increasing temperature, the 
high plateau becomes narrow and steep, and finally shifts 
to be just one long plateau when the temperature reaches 
423 K. It is not common to see this phenomenon in other 
REMgNi4 compounds such as YMgNi4 [18] and 
NdMgNi4 [19]. In order to analyze this transformation, 
the XRD analysis was carried out at each plateau at 
different temperatures. Figure 3 shows the XRD patterns 
of those hydride samples at two plateaus at 373 K. It is 
observed that hydride phase at a lower plateau can be 
explained with the hydrogenation of NdMgNi4 [20], and 
the transformation from the original cubic to 
orthorhombic after hydrogenation. From the PCI curves, 
it is obvious that the first plateau corresponds to the 
transformation from α phase (LaMgNi4) to 
β-LaMgNi4H3.41, and the second plateau is related to the 
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transformation of β-LaMgNi4H3.41 to γ-LaMgNi4H4.87, 
which has been reported by CHOTARD et al [14] that it 
has got the cubic symmetry again. Figure 4 shows the 
XRD patterns of plateaus at 398 K and 423 K. It is 
obviously to see that the phase structure at 398 K has the 
same transformation at the temperature of 373 K, and the 
plateau at 423 K corresponds to β-LaMgNi4H3.20. 

 

 

Fig. 2 Pressure—composition isotherm curves of LaMgNi4 at 
373, 398 and 423 K 
 

 

Fig. 3 XRD patterns of two plateaus at temperature of 373 K 
 

 

Fig. 4 XRD patterns of plateaus at temperatures of 373, 398 
and 423 K 

Table 2 presents the PCI characteristics of LaMgNi4 
at different temperatures. The hydrogen absorption 
contents are 5.79H/M (1.45%), 5.24H/M (1.30%), and 
5.25H/M (1.31%) at 373, 398, and 423 K, respectively. 
The hydrogen desorption contents are 2.90H/M (0.73%), 
2.90H/M (0.73%), and 2.70H/M (0.68%), respectively. 
The absorption hydrogen plateau pressures are 
approximately 0.23 MPa and 2.83 MPa at 373 K, 0.38 
MPa at 398 K and 1.26 MPa at 423 K. The desorption 
hydrogen plateaus of LaMgNi4 are not so well defined, 
so they are not listed here. However, the hydrogen can be 
partially desorbed at all three temperatures (see Fig. 3). 
This is slightly different from BoBet’s work [13], who 
reported that no desorption has been observed even at 
temperature up to 473 K under primary vacuum. 
 
Table 2 PCI characteristics of LaMgNi4 at different 
temperatures (373, 398 and 423 K) 

Hydrogen 
absorption 

content 
 

Hydrogen 
desorption 

content 
Temperature/

K 
H/M w/%  H/M w/% 

Absorption 
equilibrium
Pressure/ 

MPa 
373 5.79 1.45  2.90 0.73 0.23/2.83
398 5.24 1.30  2.90 0.73 0.38/3.87
423 5.25 1.31  2.70 0.68 1.26 

 
In order to analyze the hydrogen absorption kinetics 

of LaMgNi4, the samples were placed into hydrogen gas 
under a pressure of 5 MPa at various temperatures (373, 
398 and 423 K). The data are recorded every second for a 
total time of 2 h. Figure 5 presents the hydrogen 
absorption kinetics of LaMgNi4, from which it can be 
seen that the hydrogen absorption rate becomes higher 
with increasing temperature. The hydrogen content 
reaches its stable values of 1.14% and 1.21% after about 
1.62 ks at 398 K and 423 K, respectively, but it takes 
much longer (about 3.6 ks) to reach the stable value of   
 

 
Fig. 5 Absorption kinetics of LaMgNi4 under 5 MPa hydrogen 
pressure at different temperatures 
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1.25% at 373 K. From Fig. 5, it is obviously to see that 
the plateau at 373 K is higher than that at 398 K, which 
might be due to the fact that the hydrogen absorbing 
driving force depends on the pressure and temperature, at 
low temperature like 373 K, the equilibrium pressure is 
much lower which allows it easier to absorb more 
hydrogen. Figure 2 obviously shows that the maximum 
hydrogen absorption is higher than the stable value at 
each temperature, which indicates the relatively slow 
hydrogen absorption kinetics. 
 
3.3 Electrochemical properties 

The activation capabilities of the LaMgNi4−xCox 

alloys measured at a charging/discharging current density 
of 60 mA/g are shown in Fig. 6. The alloys exhibit good 
activation capabilities, and can be completely activated 
only after 4 cycles. The discharge capacities increase 
from 290.2 mA·h/g (x=0) to 328.5 mA·h/g (x=0.5) with 
the variety of Co content. 
 

 
Fig. 6 Evolution of activation capabilities of LaMgNi4−xCox 
alloys (x=0, 0.3 0.5) 

 
The cycle stabilities of LaMgNi4−xCox alloys 

measured at a charging/discharging current density of 
120 mA/g are shown in Fig. 7. It can be seen clearly that 
when x rises from 0 to 0.5, the maximum discharge 
capacity of the alloys increases from 252.6 mA·h/g to 
288.4 mA·h/g. This discharge capacity is lower than that 
reported by WANG et al [15], who measured the 
maximum capacity of 400 mA·h/g for LaMgNi4. The 
difference can be ascribed to the difference in the 
preparation method (melting here and ball milling for 
Wang), and the different charging/discharging conditions. 
The cycle stability is characterized by the discharge 
conservation rate defined as k=(C100/Cmax)×100%, where 
Cmax is the maximum discharge capacity and C100 is the 
discharge capacity at the 100th charging/discharging 
cycle. The value of k, C100 and Cmax of LaMgNi4−xCox 

alloys are listed in Table 3. It can be concluded that the 
addition of Co content can improve the discharge 
capacity of the alloys, which may be due to the increase 
of unit cell volumes caused by the addition of Co, which 
can let more hydrogen come into the unit cell. The k is 
not obviously changed, indicating that the addition of Co 
has no contribution to the improvement of cycle 
stabilities. 
 

 

Fig. 7 Evolution of discharge capacities of LaMgNi4−xCox 
alloys (x=0, 0.3 0.5) 
 
Table 3 Values of k, C100 and Cmax 

Alloy 
C100 / 

(mA·h1·g−1) 
Cmax/ 

(mA·h1·g−1)
k/% 

LaMgNi4 131.5 252.6 52.1 

LaMgNi3.7Co0.3 135.7 275.9 49.2 

LaMgNi3.5Co0.5 135.3 288.4 46.9 

 
4 Conclusions 
 

1) The single-phase LaMgNi4−xCox (x=0, 0.3 0.5) 
alloys are synthesized by the method of levitation 
melting and a subsequent heat treatment at 1073 K for 10 
h under argon atmosphere. The unit cell volume per 
formula unit increases with Co addition. 

2) The maximum hydrogen absorption content is 
1.45% (5.79H/M) under a hydrogen pressure of 4.3 MPa 
at 373 K. Hydrogenation leads to a phase structure 
transformation from original cubic SnMgCu4 type to 
orthorhombic and finally back to the cubic structure. 
With increasing temperature, the hydrogen absorption 
content decreases and the hydride phase reduces from 
two to one, but the hydrogen absorption kinetics 
improves. 

3) The discharge capacities of the alloys improve 
from 252.6 mA·h/g (x=0) to 288.6 mA·h/g (x=0.5) with 
the addition of Co content, but it has no contribution to 
the improvement of cycle stabilities. 
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摘  要：采用悬浮熔炼加烧结的方法制备 LaMgNi4−xCox(x=0, 0.3, 0.5)化合物。XRD 的测试结果表明，所制得的

LaMgNi4−xCox (x=0, 0.3, 0.5)均为单相，其结构为 SnMgCu4 (AuBe5 型)。利用 PCI 对 LaMgNi4在不同温度下的吸放

氢性能进行测试，结果表明在 373 K、4.3 MPa 氢气的条件下吸氢量达到最大(1.45%)，在吸氢过程中发生了由立

方结构的 α-LaMgNi4到正交结构的 β-LaMgNi4H3.41再到立方结构的 γ-LaMgNi4H4.87的变化，而放氢过程中只能观

测到部分氢气放出。随着温度的升高，合金的吸氢量有所降低，同时吸氢平台的数量由 2 个变为 1 个，但吸氢动

力学性能得到提高。采用模拟电池实验测试了 LaMgNi4−xCox (x=0, 0.3, 0.5)的电化学性能，结果表明合金的最大放

电容量随着 Co 含量的增加而增大。 

关键词：储氢合金；电化学性能；LaMgNi4−xCox 
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