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Abstract

Hydrogen storage properties of Mmsg,Nig 1 MnggAlj 25C0;0,Fe; 35 alloy have been systematically studied in the present work. An attempt is
made to relate the content of hydrogen with change in resistance. It is found that the resistance of material increases with the increase in value of
H/M due to hydrogen absorption. Pressure composition (P-C-T) isotherm using water displacement method has been investigated in the temperature
and pressure ranges of 308 < 7'<338 K and 0.5 < P < 10 bar, respectively. The P-C isotherms show the presence of two single o and 3 regions one
mixed o + 3 phase. The maximum H (wt%) was found to be around 1.53 at 308 K and around 6 bar. Since enthalpy is an index of thermochemical
stability of metal hydride the thermo dynamical parameters viz., the relative partial molar enthalpy (AH) and relative partial molar entropy (AS)
of dissolved hydrogen have been calculated by plotting the Van’t Hoff plot. The variation of AH and AS with the hydrogen concentration confirm

the phase boundaries.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Storing hydrogen in the form of reversible metal hydride is
a viable alternative to low storage density forms such as high-
pressure gas or cryogenic liquids. Hydrides offer low volume
without disadvantages of the cryogenics required for liquids, or
the hazards and the inefficiency associated with gas storage. Ide-
ally, metal hydride for commercial applications should be able
to release Hy at relatively low temperature, having high volu-
metric density, low mass density, rapid hydriding/dehydriding
rate, high resistance to pulverization and low cost in both fab-
rication and acquisition of raw material. The rare earth based
hydrogen storage alloys have been widely used due to their high
energy density, high rate of charge discharge ability, long charge
discharge cyclic lifetime and environment capability [1-3].

The typical rare earth based hydrogen storage alloy is
MmNis, in which Mm denotes mischmetal (a commercial mix-
ture consist of mainly rare earth elements La, Ce, Pr, and Nd).
Now adays, two kinds of mischmetal, namely Larich and Cerich
mischmetal owing to different mineral resources and extractive
metallurgical methods, have been utilized widely in commercial
hydrogen storage alloys. Several authors [4—7] have reported that
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the contents of La and Ce in mischmetal had a promising influ-
ence on the hydrogen absorption desorption properties, thermo-
dynamical parameters, plateau pressure, and cycle lifetime.

The storage capacity of the MmNis system is found to lie
between 1.2 and 1.4 wt% [8]. One has to bear in mind the fact that
one of the criteria for increasing the hydrogen storage capacity
through replacement of Ni will be to find a more electron attrac-
tive element taking the place of Ni [9]. Srivastav and co-workers
[10] have studied Fe in low concentration in Ni (Nigg9Feq 1)
and found that the hydrogen storage capacity has been found to
increase to a value of 1.66 wt%. However, when the Fe concen-
tration is increased further the hydrogen storage capacity starts
decreasing. Tang et al. [11] studied the microstructure and the
electrochemical properties of Mmg 7Nis gCoq.¢ hydrogen stor-
age alloy and found the highest concentration to be 1.58 wt%.
In the present work the hydrogen absorption isotherms and
reaction kinetics of Mmz39 2Nis2.1Mng 9Alj 25Co010.2Fes 35 alloy
have been measured. The thermodynamical parameters, i.e. the
enthalpy and entropy of hydride formation have also been cal-
culated.

2. Experimental

The alloy was supplied by Dr. Balachandra of Defence Metal-
lurgical Research Laboratory (DMRL), Hyderabad, India and it
was well characterized by him for its composition homogeneity.
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To study P-C-T isotherms the data were collected using an exper-
imental set-up based on water displacement method developed
in our laboratory [12]. To study in situ resistance measurements
with changes in hydrogen pressure a modified reactor vessel
has been used for containing the material having an electrode
with ceramic insulation. Five grams of alloy was kept in reactor
vessel, which has a provision of heating, measuring tempera-
ture by thermocouple and hydrogen pressure by pressure gauge.
Prior to an absorption run the whole system was evacuated to
1 x 1073 Torr and the sample was heated at 473 K for 1 hin order
to remove any gases present in sample and then slowly cooling
down to room temperature. The sample was again heated to
473 K and exposed to hydrogen at 1 atm pressure. This process
was repeated for five cycles. In this way a virigin surface is pro-
duced for hydrogen storage. After each cycle the sample was
degassed at 473 K under a vacuum of 1 x 1073 Torr.

3. Results and discussion

Variation of resistance with H/M is shown in Fig. 1. Itis clear
from figure that the resistance increases with hydrogen concen-
tration. The increase in resistance with hydrogen concentration
can be explained as hydrogen takes an electron from the con-
duction band of alloy and become hydrogen anion; therefore the
number of electrons in conduction band decreases, so that the
resistivity of alloy increases.

The hydrogen absorption kinetics of the alloy was studied at
room temperature. Fig. 2 shows the rate of the kinetics of hydro-
gen absorption of the alloy for an initial pressure 10bar. The
kinetics of absorption is quite fast at 308 K and taken between
20 and 25 min to reach the equilibrium value.

Hydrogen absorption isotherms of the alloy in the pressure
range 0.5 < P < 10bar and temperature range 308 <7 <323K
are shown in Fig. 3. The maximum hydrogen concentration is
found tobe 1.53 at 6 bar and 308 K. These P-C isotherms indicate
two single o, B and one mixed o + 3 phase regions in tempera-
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Fig. 1. Variation of resistance with hydrogen concentration.
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Fig. 2. Hydrogen absorption kinetics of Mm392Ni4p.1Mng 9Al; 25Co102Fe) 35.

ture and pressure range. The initial slope correspond to hydrogen
going in solid solution, this phase reaches the saturation limit of
solution and metal hydride begins to form in the second o+ 3
phase. Here the pressure remains constant with the increase in
hydrogen concentration. With further addition of hydrogen, the
B phase appears and hydrogen pressure rises steeply again in
this phase, which means that this material is safe for hydrogen
storage. The effect of temperature on general features of P-C
isotherm is shown in Fig. 3. The increase of isotherm tempera-
ture from 308 to 313 K causes the plateau pressure to increase
from 1 to 3 bar and reduces the width of plateau, which repre-
sents the miscibility regime of a and 3 phases.

The enthalpy, AH and entropy, AS of hydride formation have
been derived by utilizing Van’t Hoff plot of In Peq versus 1/T
shown in Fig. 4, according to the well known equation:

2(AH — TAS)
InPeq = =7
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Fig. 3. Hydrogen desorption isotherms of alloy.
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Fig. 4. Typical Van’t Hoff plot for plateau region of desorption isotherm.
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Fig. 5. The variation of of AH and AS with hydrogen concentration in
Mm395Nisz 1 Mny 9 Al 25Co10.2Fes 35.

where R is ideal gas constant and 7 is the thermodynami-
cal temperature. The experimental errors of AH and AS are
sensitive to the plateau slopes in isotherms—the higher the
slope the bigger the uncertainty in determining the equilib-
rium pressure Peq. AH and AS values for plateau region with
their experimental errors are 30.12869 +0.38 kI mol~! H, and
98.11099 + 0.9 JK~! mol~! H,, respectively.

Since the heat of formation of the hydride alloy system
is different for single and two phase regions, its variation
with hydrogen concentration gives different slopes for differ-
ent phase regions in the system. The variation of enthalpy
and entropy is shown in Fig. 5 which clearly differenti-
ate the boundaries of different phases. The enthalpy and

entropy is found between 17.23617-35.75771 kJmol~! H, and
59.7924-106.9888 JK~! mol~! H,.

The practical significance of AH is that it is an index of ther-
mochemical stability of metal hydride, low dissociation pres-
sure and the requirement of moderately higher temperature to
decompose it to liberate the hydrogen than hydride formation
temperature [13].

4. Conclusion

Hydrogen absorption P-C isotherms of Mm392Ni42 1 Mnyg 9
Al;25Co102Fes 35 have been investigated in the temperature
and pressure ranges 0.5 < P < 10bar and 308 < T <323 K. This
study revealed that the resistance of material increases with
hydrogen concentration. P-C isotherm shows that the maximum
hydrogen is absorbed at around 6 bar and 308 K. The plateau
region width decreases with increase in temperature. The dif-
ferent phases are identified by the variation in AH and AS with
hydrogen concentration. The kinetics of absorption in this alloy
is quite fast even at room temperature during activation.
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