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ABSTRACT
In this article, the effects of Pr and Nd were investigated on the microstructure and absorption/desorption characteristics
of MmNi5 hydrogen storage alloy. The alloys were prepared in Vacuum induction furnace and the microstructures and
phases were analyzed using scanning electron microscopy (SEM) equipped with energy dispersive X-ray analysis
(EDS) and X-ray diffraction (XRD). Hydrogen absorption/desorption characteristics was performed on Sievert
apparatus. The results showed that the microstructure of the alloys consist of matrix, second phase as a result of Al
segregation, porosities and cracks. The amount of second phases and Al in this phase in Mm(Pr,Nd)Nis7Alps is less
than MmNig 7Alp3. Al in Mm(Pr,Nd)Nis7Alo3 were more homogenized. Pressure-Composition Isotherms of hydrogen
absorption/desorption at 25°C showed that for MmNig 7Alp3 and Mm(Nd,Pr)Nis 7Alo 3, absorption pressures were 14.52
and 9.90 bar, desorption pressures were 5.53 and 5.49 bar, hydrogen storage capacities were 1.37 and 1.33 wt. % and
hysteresis were 0.73 and 0.58, respectively. These results are useful in industrial applications, because of inconsiderable
decrease in hydrogen storage capacity and the other positive variation in absorption/desorption characteristics,

especially the hysteresis and absorption pressure.

Keywords: MmNis Alloy, Microstructure, Hydrogen Storage, Nd and Pr, PCT curves.

1. INTRODUCTION

Hydrogen has drawn attention as an alternative
energy source for mobile and stationary applications
[1, 2]. Metal hydride is the safest hydrogen storage
mode and attracts the researchers interested in
hydrogen. MmNis alloys have received considerable
interest in hydrogen storage due to easy activation
and good operation at ambient conditions [1-3].
However, high hydrogenation pressure and low
hydrogen storage capacity decrease the application
of this type of hydrogen storage alloys. Substitution
of different kinds of Mm with various elements
provides the best balance between good cycle
stability and high hydrogen capacity [4]. The
amount of available interstitial sites for H atoms is
increased with increase of the substitutional solute.
So, it can reduce the pressure required for
hydrogenation. Effects of substitutional solute atoms
on the hydrogen storage characteristics of metals
have been studied by researchers. Uchida, et al [5]
and Clay et al [6] assessed the effects of La, Pr, Nd

*: m_seifollahi@mut.ac.ir

and Ce. They reported Ce > Nd > Pr > La for the
Hydrogen absorption and desorption pressure. Even
so, the elemental substitution impacts on the
hydrogen storage.

2. MATERIALS AND METHODS

MmNi 7Alp3x and Mm(Nd,Pr)Nig7Alg 3 samples
were melted and casted in a 5 Kg vacuum
induction  melting furnace (VIM). The
microstructure of the alloys was revealed using
50%HNO;-  50%CH3;COOH  solutions and
assessed using Olympus BX51 optical microscopy
(OM) and ECMUT VEGA3 TESCAN SEM
equipped with EDS. XRD test was done with a
INEL Equinox 6000 diffractometer using Cu Ka
radiation (A=1.54 nm) radiation at 40 kV and 30
mA. The pressure composition isotherm (PCI)
measurements during hydrogen absorption and
desorption were done using Sieverts type
apparatus at temperatures of 0, 50 and 100 °C and
hydrogen pressures up to 40 MPa. Before PCI
measurements, the alloys were activated at
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Flgure 1. SEM mlcrograph and EDS analysis of matrix and second phase in a) Mm(Pr,Nd)Nis.7Alo.3
and b) MmNis.;Alo3

temperature of 450 °C and hydrogen pressure of
40 MPa. After cooling, the samples evacuated and
the absorbed hydrogen was removed. The
thermodynamic data of the alloys were extracted
from the PCI data and the Van’t Hoff equation.

3. RESULTS AND DISCUSSION

The SEM microstructure and EDS analysis of
MmNip7Alp3x and Mm(Nd,Pr)Nio;Alo s alloys are
shown in Figure 1. All three alloys exhibit second
phases, porosities and cracks in the matrix. The
porosities and cracks are appeared because of the
brittleness features of the alloys.

The second phases are rich of Al and it seems
that Ce reacts with Al and forms the second
phase. Al micro-segregation is the major reason of
the second phase formation. The micro-
segregation and the number of the second phases
are increased with an increase in Al content.

Figure 2 shows the XRD patterns of the alloys
which admit single—phase CeNi5—-type hexagonal
structure for all samples. Increasing the intensity
of peaks in Mm(Pr,Nd)Ni47Alo3 is as the result of
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increasing Al in the matrix of this alloy that
causes the volume fraction enhancement.

Figure 3 shows the PCI plots of the activated of
MmNig7Alp3x and Mm(Nd,Pr)Nig;Aly3 alloys at
25°C. Absorption pressures of 14.52 and 9.90 bar,
desorption pressures of 5.53 and 5.49 bar, hydrogen
storage capacities of 1.37 and 1.33 wt. % and
hysteresis of 0.73 and 0.58 are for MmNis7Alo3 and
Mm(Nd,Pr)Nis7Alo3 , respectively.

It is obvious that the hydrogen pressure
absorption and desorption and hysteresis of
Mm(Pr,Nd)Nis7Alo 3 are less than MmNig7Alp3x.
These results were obtained because of
homogenization of the alloy and increasing
volume fraction of matrix of Mm(Pr,Nd)Nis7Alo3
as a result of an increase in Al content in the
matrix.

4. CONCLUSION

Pressure-Composition Isotherms of hydrogen
absorption/desorption at 25°C showed that for
MmNiy4 7Alp 3 and Mm(Nd,Pr)Nig 7Alo 3, absorption
pressures were 14.52 and 9.90 bar, desorption
pressures were 5.53 and 5.49 bar, hydrogen
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Figure 3. Pressure—composition isotherms of the MmNio.7Alo.3x and Mm(Nd,Pr)Nio.;Alo3 at 25°C

storage capacities were 1.37 and 1.33 wt. % and
hysteresis were 0.73 and 0.58, respectively. These
results are wuseful in industrial applications,
because of inconsiderable decrease in hydrogen
storage capacity and the other positive variation in
absorption/desorption characteristics, especially
the hysteresis and absorption pressure.
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