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Thermodynamic properties of the Mg–Co–H system were investigated using equilibrium pressure mea-
surements. Experimental determination of absorption and desorption pressure-composition isotherms
(PICs) was carried out in the temperature range of 250–425 �C, using as starting material a 2Mg–Co mix-
ture milled under argon and Mg2CoH5 produced by reactive ball milling of the 2MgH2–Co mixture. It was
found that the cycling affects the PCIs shape and the total hydrogen storage capacity. XRPD analysis of the
samples at different stage of the absorption PCIs reveals that the plateau at low hydrogen pressure is
associated with the formation of Mg6Co2H11 and the plateau at higher hydrogen pressure corresponds
to Mg2CoH5 formation. In addition, an intermediate plateau is also observed at 300 and 350 �C, which
was related with the formation of MgH2 from MgCo intermetallic.

� 2014 Published by Elsevier B.V.
1. Introduction

Transition metal complex hydrides of the family MgxTHy (T = Fe,
Co, Ni) are attractive materials for hydrogen storage because of
their high theoretical gravimetric capacities (5.5 wt%, 4.5 wt% and
3.6 wt%, respectively), high volumetric densities of hydrogen
(between 80 and 150 kg H2 m�3) and low cost. In particular, the
system Mg–Co–H is interesting not only for the different hydrides
phases that can be observed as a function of pressure and temper-
ature (Mg2CoH5, Mg6Co2H11 and MgH2), but also from the techno-
logical point of view by the potential kinetic/thermodynamic
properties associated with these hydrides. However, the absence
of stable precursors such as Mg2Co or Mg3Co and the simultaneous
formation of MgH2 in certain conditions of pressure and tempera-
ture make the synthesis of a complex Mg–Co hydride as a single
phase from elemental Mg and Co difficult. Thus, kinetics and
thermodynamic studies about Mg–Co–H system are sensitive to
synthesis procedure of the starting sample, thermal treatment
received (time and temperature) and pressure of hydrogen
atmosphere.

Several investigations were developed to study the thermody-
namics of the Mg–Co–H system [1–9]. Table 1 summarizes the
nature of the hydride phase formed as well as the enthalpy and
entropy of the absorption/desorption calculated from the van’t
Hoff equation. The pioneering works associated with Mg2CoH5

and Mg6Co2H11 hydrides are those of Zolliker, Ivanov, Konstanchuk
and collaborators [1–3], which were carried on in the years 1985–
1988. They reported the formation of Mg2CoH5 for the first time by
sintering a pressed 2Mg–Co mixture at 350–500 �C under 4–6 MPa
of hydrogen for several days. Pressure-composition isotherms
(PCIs) of this hydrided sample were measured in the temperature
range from 347 to 447 �C [1,2]. The authors observed two plateaus
and attribute the higher pressure one to MgH2 and the low pres-
sure one to Mg2CoH5. The estimated values of formation and disso-
ciation enthalpies for Mg2CoH5 were DH = �60 kJ/mol of H2 and
DH = �86 kJ/mol of H2. In a further work [3], desorption PCIs were
performed for the 2Mg–Co mixture previously hydrided at 387 �C
under 4 MPa hydrogen pressure. From these measurements, three
plateaus were obtained. The upper one corresponds to the decom-
position of MgH2, whose enthalpy and entropy values (see Table 1)
are in agreement with the values reported by Stampfer for MgH2

[4]. Enthalpies obtained from plateaus at intermediate and lower
pressures were DH = �79 kJ/mol and DH = �70 kJ/mol of H2 and
they were associated with Mg2CoH5 and Mg6Co2H11 decomposi-
tion, respectively [3].

In 1993, Yoshida and colleagues [5] using a thermobalance
performed desorption PCI measurements from Mg–Co mixtures
and observed one (378–398 �C) or two (>400 �C) plateaus depend-
ing on the temperature. Hydrides were not identified but
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Table 1
Summary of thermodynamic data for the Mg–Co–H hydrides reported in the literature.

References Temperature range (�C) Phases identified DH (kJ/mol) DS (J/K mol)

Absorption Desorption Absorption Desorption

Zolliker et al. [1] 347–447 MgH2 – – – –
Mg2CoH5 �60 ± 5 �86 ± 5 – –

Ivanov et al. [3] 343–450 MgH2 – �75 ± 1 – 135 ± 2
Mg2CoH5 – �79 ± 4 – 134 ± 4
Mg6Co2H11 – �70 ± 4 – 118 ± 4

Yoshida et al. [5] 378–450 High pressure plateaua – �108 ± 3 – –
Low pressure plateaua – �95 ± 5 – –

Reiser et al. [6] 440–486 High pressure plateaua – �76 ± 4 – –
Low pressure plateaua – – –

Chen et al. [7] 280–380 MgH2 �68.4 �74.5 124.2 134
Mg2CoH5 �69.5 �83.2 129.6 146.7

Shao et al. [8] 375–447 Mg2CoH5 – �82.27 – 138.8
Mg3CoH5 – �73.16 – 123

González et al. [9] Abs.:350–450 Mg2CoH5 �60 ± 2 �54 ± 8 112 ± 3 99 ± 12
Des.:400–450 Mg6Co2H11 �62.9 ± 0.8 �65 ± 2 110 ± 2 109 ± 3

a Hydride phase associated with this plateau was not identified in the reference.
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decomposition enthalpies of DH = �95 kJ/mol H2 and
DH = �108 kJ/mol H2 were estimated for the high and low pressure
plateau, respectively [5]. On the other hand, Reiser et al. performed
an extended cyclic-stability test with a 2Mg–Co mixture and after
that desorption PCI measurements were measured [6]. They found
a plateau in the range of hydrogen content up to 2.5 wt%, which
corresponds to a heat of desorption of DH = �76 kJ/mol H2 ± 4 kJ/
mol. From there up to about 3.7 wt%, a second variable plateau
was observed, but in this region no reliable value for the heat of
formation was calculated [6].

Aiming to study absorption/desorption properties from a single
Mg–Co hydride, new synthesis procedures were developed [7–9].
Chen et al. synthesized Mg2CoH5 (with high yield) by direct ball
milling of 2MgH2–Co mixture under hydrogen atmosphere and
investigated its thermodynamic properties [7]. The dissociation
and formation enthalpies of Mg2CoH5 were DH = �83.2 kJ/mol H2

and �DH = 69.5 kJ/mol H2, respectively, consistently with data
reported by Zolliker et al. [1] (see Table 1). In a posterior work,
Shao et al. prepared nanostructured Mg2CoH5 from Mg and Co
nanoparticles produced by HPMR (hydrogen plasma metal reac-
tion) method and further treatment at 400 �C at 0.4 MPa during
24 h [8]. Desorption PCI curves between 375 and 450 �C show
two plateaus the low pressure one corresponding to Mg3CoH5

(i.e. Mg6Co2H11) and the high pressure one to Mg2CoH5. The
enthalpy and entropy values of decomposition calculated were
DH = �82.27 kJ/mol (�73.16 kJ/mol) and DS = �138.8 J/K mol
(�123 J/K mol) for Mg2CoH5 (Mg3CoH5) [8]. Later, González et al.
obtained the Mg2CoH5 and Mg6Co2H11 ternary hydrides by a com-
bined technique that included ball milling of a 2Mg–Co mixture
under Ar followed by sintering in hydrogen atmosphere [9]. They
calculated the enthalpies of formation (decomposition) as
DH = �62.9 ± 0.8 kJ/mol (�65 ± 2 kJ/mol) for Mg6Co2H11 and
DH = �60 ± 2 kJ/mol (�54 ± 8 kJ/mol) for Mg2CoH5, respectively.
The desorption enthalpies obtained in this work were lower than
previously reported values (Table 1). Moreover, in contrast with
these thermodynamic studies performed with a sample consisting
mainly Mg2CoH5 phase [7–9], no synthesis procedure was success-
fully developed up today to produce Mg6Co2H11 as a majority
hydride phase [10]. Due to this, the available formation enthalpy
values for Mg6Co2H11 are scarce.

Previous investigations [1–9] evidence that the thermodynamic
data reported for the Mg–Co–H system are dependent of both the
nature of the starting sample as well as its thermal history. In fact,
it is not clear from the literature the effect of the hydrogen cycling
on the nature of the hydrides formed under equilibrium condi-
tions. Evidently, the reasons for the change in the capacity and in
the shape of the plateaus are not well understood. In this work
the influence of hydrogen cycling on the thermodynamic behavior
of 2Mg–Co mixture is analyzed. Several PCIs were performed from
as-milled and as-cycled 2Mg–Co mixture and van’t Hoff diagrams
for Mg2CoH5 and Mg6Co2H11 formation/decomposition were
deduced. Significant thermodynamic properties of the Mg–Co–H
system were obtained from this study and compared to previously
reported information.
2. Experimental

The starting materials were commercial reagents: Mg (Riedel de Haen, 99%),
MgH2 (Aldrich, >98%) and Co (Aldrich Chem., 99.9 + %). The 2Mg:Co mixture was
milled in a Uni-Ball-Mill II apparatus (Australian Scientific Instruments) under Ar
atmosphere during 200 h. The experimental conditions were 200 rpm, with a ball
to-powder weight ratio of 44:1. The final sample is hereafter indicated as 2M. After
200 h of milling, 2M sample consists of Mg and Co phases with crystallite sizes of 10
and 15 nm, respectively [11]. For comparison purposes, nanostructured Mg2CoH5

(�18 nm) was successfully synthesized by reactive mechanical milling (RMM) pro-
cess, achieving a yield of >80% [10]. The synthesis involved the milling of the
2MgH2–Co mixture with a Frisch P6 planetary mill under 0.5 MPa of hydrogen
atmosphere for 5 h (sample labeled 2MH). The experimental conditions were
400 rpm, with a ball to-powder weight ratio of 80:1. All materials were handled
in an argon-filled glove box, with moisture and oxygen levels kept below 1 ppm.

A modified Sieverts-type device coupled with mass flow controllers was used to
perform thermodynamic characterization [12]. For PCI measurement, a programmed
hydrogen amount is introduced into (or extracted from) the system using the mass
flow controller. Then, the pressure increases/decreases in a value of the order of
30 kPa (5 sccm of hydrogen). To determine if the system reaches the equilibrium con-
dition, two different criteria were used. One of them is to verify if the temporal var-
iation of the pressure is lower than a fixed value (1.10�2). The second one is to wait a
selected time (1200 s). When one of these criteria is reached, it is considered that the
system is in equilibrium and a point in the PCI curve is saved. Then, the software starts
the following equilibrium point using again the mass flow controller.

Absorption and desorption pressure composition isotherms for the 2Mg–Co and
2MgH2–Co mixtures were obtained in the range of 250–400 �C and up to 5.0 MPa of
hydrogen pressure. The equilibrium plateau pressures were calculated as an aver-
age of the experimental points in the plateau region. Van’t Hoff diagrams were plot-
ted from the deduced equilibrium pressures. Enthalpy and entropy of formation and
decomposition of each hydride were calculated from data fitting [13].

To identify the phases present at different points of PCI curves, each measure-
ment was stopped at the desired absorbed hydrogen amount and the sample was
immediately quenched to room temperature under hydrogen pressure by using
cold water. After this procedure, the sample was analyzed by X-ray powder diffrac-
tion (XRPD) on a Philips PW 1710/01 instrument with Cu Ka radiation using a
graphite monochromator.
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Fig. 1. Absorption PCI curves of the as-milled 2M sample without activation at
different temperatures.
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Fig. 2. PCI curves of the as-cycled 2M sample at different temperatures (after ten
hydrogen cycles). (A) Absorption. (B) Desorption.
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3. Results and discussion

3.1. Effect of hydrogen cycling on the PCIs

The study of the thermodynamic properties of the Mg–Co–H
system was first performed using the 2Mg–Co mixture milled
200 h under argon (2M). To evaluate the effect of the hydrogen
cycling on the shape and the hydrogen storage capacity of the PCIs,
a different sample was used for each temperature. Fig. 1 shows the
absorption PCI isotherms of the 2M sample at different tempera-
tures, without previous stabilization process. From the figure, it
can be observed that the total hydrogen storage capacity increases
with temperature. In addition, two plateaus are identified at 300,
350 and 400 �C, being the first plateau (low pressure plateau) smal-
ler than the second one (high pressure plateau). Moreover, inde-
pendently of the temperature, the material continues absorbing
hydrogen as the pressure increases. This result evidences that the
2M sample needs to be activated to favor the interaction between
Mg and Co by solid state diffusion. Similar behavior was observed
for AB5 alloys [14].

We have previously demonstrated the relevance of hydrogen
cycling of the 2Mg–Co mixture on the stabilization of the system,
which influences the final phases obtained as well as the kinetics
of the hydriding/dehydriding [10,11]. To determine the effect of
hydrogen cycling on the equilibrium pressures, the 2M sample
was cycled under hydrogen (about ten cycles) at 400 �C [11] and
then the isotherms (absorption followed by desorption) were
acquired starting from 400 �C to 250 �C, using the same as-cycled
2M sample. Fig. 2A and B displays the absorption and desorption
PCIs, respectively, for the 2M sample after hydrogen cycling. From
Fig. 2A, it is clearly identified at 400 �C the presence of two pla-
teaus. The first one at about 0.75 MPa (plateau at low pressure)
is flat and the other one is sloped in the hydrogen pressures range
between 1.5 and 2.6 MPa (plateau at high pressure). On the other
hand, at 250 �C two plateaus are hardly separated, while at 300
and 350 �C three plateaus can be ascertained. This result, i.e. the
presence of three plateaus during absorption PCI curves, was not
previously observed. The plateau at intermediate hydrogen
pressure is referred to as intermediate plateau.

In the case of the desorption PCIs (Fig. 2B), at all temperatures
we can recognize two flat plateaus, which are clearly differentiated
at 400 �C and hardly at temperature lower than 350 �C. Table 2
summarizes the absorption and desorption equilibrium plateau
pressures as a function of temperature and the hydrogen storage
capacity associated to each plateau. Furthermore, it can be seen
that the equilibrium hydrogen pressures for absorption and
desorption differ specifically for the upper plateau (related with
the Mg2CoH5 formation/decomposition). This phenomenon is
known as hysteresis and it was previously reported as important
for Mg2CoH5 [7]. The hysteresis decreased with increasing temper-
ature due to the smaller free energy loss at higher temperature.
Hysteresis contains contributions from plastic deformation, hydro-
gen dissociation and hydride nucleation processes [15].

To clarify the nature of the hydride phases formed during
hydrogen absorption at different hydrogen pressure, XRPD analy-
ses were performed. Fig. 3A summarizes XRPD patterns of the sam-
ples extracted at each point indicated of the isotherm at 400 �C
(Fig. 2A). During the plateau at low pressure (point 1), the only
hydride formed is Mg6Co2H11, while at the end of the high pressure
plateau both Mg6Co2H11 and Mg2CoH5 are detected, with the first
phase as the majority phase. However, the sample taken out in
the point 3 evidenced the presence of both complex hydrides
and the relative amount of Mg2CoH5 has grown. The relative frac-
tion of Mg2CoH5 increases with hydrogen pressure during high
pressure plateau, confirming that this plateau is associated with
the Mg2CoH5 formation. Similar conclusion was obtained for the
phases formed at 300 y 350 �C from the diffraction patterns
obtained at the end of the corresponding PCIs. Fig. 3B shows the
XRPD patterns of the samples stopped at points 4 and 5 of the iso-
therm at 350 �C (Fig. 2A). At the end of the intermediate plateau it
is clear the presence of Mg and Co phases as well as the presence of
Mg6Co2H11 and MgH2 hydrides. The detection of minor amounts of
Mg2CoH5 cannot be discarded. At the end of the isotherm at 350 �C
(high pressure plateau completed), the main phases are Mg6Co2H11

and Mg2CoH5, with a major relative amount of Mg2CoH5. Then, in
similar way than 400 �C, the low pressure plateau is associated
with the formation of Mg6Co2H11 and the high pressure plateau
(the last one for the sample with three plateaus) is associated with
the formation of Mg2CoH5, which coexist with Mg6Co2H11. The
intermediate plateau is characterized with the formation of MgH2.



Table 2
Equilibrium pressures and relative amount of hydrogen stored in the 2M and 2MH
samples obtained from the absorption/desorption PCI curves.

Temperature
(�C)

Plateau
pressure

Hydride Equilibrium
pressure (kPa)

Hydrogen
stored
(wt%)

Absorption for as-cycled 2M
400 Low Mg6Co2H11 755 1.9

High Mg2CoH5 1930a (1525–
2540)

2.0

350 Low Mg6Co2H11 298 1.3
Intermediate – 467 0.7
High Mg2CoH5 (820–2540)b 1.7

300 Low Mg6Co2H11 113 1.1
Intermediate – 237 0.7
High Mg2CoH5 (510–2530)b 1.8

250 Low Mg6Co2H11 30 1.3
High Mg2CoH5 70 1.7

Desorption for as-cycled 2M
400 High Mg2CoH5 820 1.6

Low Mg6Co2H11 525 2.4
375 High Mg2CoH5 380 1.5

Low Mg6Co2H11 311 2.4
350 High Mg2CoH5 219 1.5

Low Mg6Co2H11 172 2.4
325 High/low Mg2CoH5/

Mg6Co2H11

97 3.6

300 High/low Mg2CoH5/
Mg6Co2H11

54 3.3

Desorption for 2MH
425 Unique Mg2CoH5 845 3.9
400 Unique Mg2CoH5 479 4.0
375 Unique Mg2CoH5 262 4.0
350 Unique Mg2CoH5 139 3.9
325 Unique Mg2CoH5 77 4.0

a Selected equilibrium pressure determined in the pressure range specified.
b Selected equilibrium pressure determined from uncycled sample.
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Fig. 3. XRPD patterns of 2M sample extracted at different stages indicated in
Fig. 2(A). (A) 400 �C. (B) 350 �C.
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The influence of hydrogen cycling on the PCI shape is clearly
showed in Fig. 4. In fact, at 350 �C the 2M sample displays two or
three plateaus depending of it was uncycled or cycled, respectively.
The intermediate plateau appears as a consequence of cycling. In
addition, the high pressure plateau in the as-cycled sample is differ-
ent to the second one in the uncycled sample, involving a wide range
of hydrogen pressures. The changes observed suggest the formation
of a new phase in the intermediate plateau that influences the equi-
librium hydrogen pressure of the high pressure plateau. Considering
that the hydrogen absorption at 350 �C is performed after the
desorption isotherm at 375 �C, we conclude that the formation of
MgCo intermetallic compound has occurred during the previous
desorption. Our previous work reveals that MgCo formation is pos-
sible after dehydriding up to 400 �C of as-milled 2M and also at
lower temperature if the 2Mg–Co mixture was previously cycled
[11]. In fact, we have demonstrated that MgCo is an intermediate
compound in the formation of Mg2CoH5 during cycling. Then, MgCo
is present in the sample after desorption at 400 �C and 375 �C,
together with free Mg and Co. As confirmation, MgCo intermetallic
compound is detected in the middle of the first plateau at 400 �C
(curve 1 Fig. 3A). Therefore, as absorption PCI at 350 �C is performed
after desorption PCI at 375 �C, the sample consists of Mg, Co and
MgCo intermetallic. In this case, an intermediate plateau is clearly
identified. On the basis of previous studies [11] and the XRPD
showed in Fig. 3B (curve 4), this intermediate plateau could be asso-
ciated with the following disproportion reaction:

MgCoðsÞ þH2ðgÞ !MgH2ðsÞ þ CoðsÞ ð1Þ

The above results provide evidence about the formation of
MgH2 from MgCo and hydrogen (reaction (1)). This reaction cannot
arise during the first absorption cycle due to the absence of MgCo.
Then, the intermediate plateau is only observed at those tempera-
tures where the MgCo formation occurred during the previous
desorption PCI curves at enough temperature (350–400 �C) and
during long periods (12 h each isotherm) to favor solid state
diffusion of Mg and Co. In the PCI curve at 400 �C, this intermediate
plateau might be superposed with the low pressure plateau.

As a reference material and to compare with the previous ther-
modynamic measurements of the 2M sample, PCIs were evaluated
for 2MH sample. To ensure no structural changes in the starting
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Table 3
Formation and decomposition enthalpies and entropies obtained from the van’t Hoff
plot for 2M and 2MH samples.

Sample Hydride DH (kJ/mol) DS (J/K mol)

Absorption Desorption Absorption Desorption

2M Mg2CoH5 �65 ± 2 �86 ± 3 121 ± 2 126 ± 1
Mg6Co2H11 �62 ± 2 �75 ± 1 110 ± 2 137 ± 1

2MH Mg2CoH5 – �84 ± 2 – 137 ± 1
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material, which consists mainly of Mg2CoH5 [10], a different
sample was used for each desorption isotherm. The 2MH sample
was heated under 5.0 MPa of hydrogen pressure from room
temperature up to the selected temperature. Fig. 5 shows the
representative PCI curves. There exists only one plateau region cor-
responding to desorption of Mg2CoH5. The estimated equilibrium
pressures are indicated in Table 2. From the plateau length, the
phase abundance of Mg2CoH5 can be estimated which agrees with
the previously reported yield (>80%) [10].
3.2. Thermodynamic evaluation: Van’t Hoff diagram

The equilibrium properties of the different Mg–Co–H hydrides
obtained from 2M and 2MH samples were examined between
425 and 250 �C. The thermodynamic parameters (absorption/
desorption enthalpies and entropies) of these complex hydrides
were calculated from the van’t Hoff graphs. In Fig. 6 the plots of
ln P(equilibrium)/P(reference) versus T�1 for the formation/decom-
position of Mg6Co2H11 and Mg2CoH5 are shown, based on data
listed in Table 2. The graphs can be fitted by a straight line with
its slope being a measure of enthalpy (DH) and the intercept a
measure of entropy (DS). In all cases the equilibrium hydrogen
pressure for Mg6Co2H11 (first plateau during absorption and sec-
ond plateau during desorption) was determined unequivocally.
For the 2M sample after cycling and in those temperatures where
three plateaus were observed, the equilibrium pressure for
Mg2CoH5 (high pressure plateau during absorption and desorption)
was determined from the un-cycled 2M sample (Fig. 1). The reason
of this criterion is to avoid the influence of the additional plateau
observed at intermediate pressures during absorption.

In Table 3 the values of enthalpy and entropy for each hydride
phase are shown, and they can be compared with previous works
(Table 1). The assessed hydrides possess thermodynamics parame-
ters that are in the range of the values reported in the literature.
However, there are details that are interesting to remark. Only
one previous work, which is from our group, accounts for the
enthalpy formation value for Mg6Co2H11, being of DH = �63 kJ/
mol H2 [9]. The value calculated in the present work is the same,
i.e. DH = �62 kJ/mol. Moreover, four previous works report the
decomposition enthalpy value of Mg6Co2H11, that range between
DH = �65 to DH = �95 kJ/mol [3,5,6,8,9]. In the present work, the
decomposition enthalpy value derived from the shorter plateau
of Mg6Co2H11 is DH = �73 kJ/mol, which is practically the equal
that three previous works [3,6,8]. These results evidence that the
hydrogen pressure determined for the formation and decomposi-
tion of Mg6Co2H11 are not strongly modified as a consequence of
cycling. It is important to highlight that no thermodynamic studies
in the literature were performed using pure Mg6Co2H11.

In the case of Mg2CoH5, the cycling of the 2M sample modifies
notably the shape of the last plateau during absorption. In fact, this
plateau is strongly sloped and it extends in a wide range of hydro-
gen pressure. Reiser et al. [6] commented the difficulty to estimate
formation enthalpy value after hydrogen cycling for the Mg2CoH5.
For these reasons, for those temperatures where the PCIs display
three plateaus, the equilibrium pressures were determined using
un-cycled sample. The enthalpy values corresponding to forma-
tion/decomposition of Mg2CoH5 are DH = �65 y DH = �82 kJ/mol,
respectively. These values are in good agreement with previous
values obtained by [1,7,8]. Clearly, the cycling favors the formation
of MgCo intermetallic during decomposition and modifies the ther-
modynamic system under study.

In particular, it is interesting to determine the enthalpy decom-
position value obtained from 2MH consisting mainly in Mg2CoH5.
For this sample, only one plateau during hydrogen desorption is
detected and the pressure could be determined without doubt.
The decomposition DH value obtained for the 2MH sample, which
consist majority of Mg2CoH5, is the same considering the experi-
mental error, that the calculated for 2M (using equilibrium pres-
sure values from cycled and uncycled samples). Furthermore, the
Mg–Co–H hydrides display values of DH in the same order of mag-
nitude than that reported for MgH2. Then, the hydrides Mg6Co2H11

Mg2CoH5 and MgH2 have very close stability.
4. Conclusions

The 2Mg–Co mixture was prepared by mechanical milling
under argon to allow a homogeneous Co dispersion in the Mg
matrix and a refinement of the microstructure of both Mg and Co
metals (2M sample). In addition, the 2MgH2–Co mixture was used
to synthesize Mg2CoH5 by reactive mechanical alloying under
hydrogen (2MH sample). Both starting materials were used to ana-
lyze the thermodynamic behavior during hydrogen cycling. The
main conclusions for the Mg–Co–H are as follows:
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(1) The absorption PCI curves at different temperatures for
cycled 2M show two or three plateaus. XRPD information
allows correlating the plateau at low hydrogen pressure
with the formation of Mg6Co2H11, while the second or third
plateau (high pressure plateau) with the formation of
Mg2CoH5.

(2) For the cycled 2M, the presence of an intermediate plateau
associated with the MgCo formation is observed at 300
and 350 �C. The hydride formation which occurs during this
intermediate plateau can be represented as:
MgCoðsÞ þH2ðgÞ !MgH2ðsÞ þ CoðsÞ
The intermetallic MgCo is formed during previous dehydrid-
ing step from the mixture Mg6Co2H11–Mg2CoH5.

(3) The formation and decomposition enthalpy of Mg6Co2H11

are DH = �62 kJ/mol and DH = �75 kJ/mol, respectively. A
comparison with previous reported data proves that the
hydrogen equilibrium pressure of Mg6Co2H11 is practically
unaffected by cycling. On the contrary, no consistent value
for the formation enthalpy for Mg2CoH5 could be calculated
using hydrogen pressure after cycling.

(4) Decomposition enthalpy value for Mg2CoH5 estimated
from 2MH sample (DH = �84 kJ/mol) is equal to that
calculated from the equilibrium pressure for un-cycled 2M
(DH = �86 kJ/mol). In addition, these values are in the order
of magnitude of those reported in the literature.

(5) The three hydrides formed in the Mg–Co–H system, i.e. Mg6-

Co2H11, Mg2CoH5 and MgH2, show similar thermodynamic
stability.
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