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Crystallization Process, Structure and Hydrogen Absorption and Desorption
Properties of MgxNiio (x = 20.5-26.5) Alloys with Hypereutectic Composition
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We have analyzed crystallization process of the MgxNiwo (x = 20.5—26.5) alloys using phase diagram of Mg-Ni system.
Their structure, atomic arrangement and crystal defects were tested by XRD, SEM and HRTEM, respectively.
Hydrogenation and dehydrogenation behaviors were measured by pressure-composition-isotherm measurement. The
results show that the crystallization processes of the MgxNiio (X = 20.5 and 22.5) alloys are unlike those of the MgxNi1o
(x = 24.5 and 26.5) alloys, but their room temperature microstructure all contain MgzNi and eutectic structure of MgzNi +
a-Mg. The alloys are composed of Mg2Ni phase and a-Mg phase. The addition of Mg is beneficial to the formation of
eutectic structure. The alloys have all good activation property. At a lower temperature, such as 200 and 250 °C, the
hydrogen absorption rate and hydrogen saturation ratio are significantly lower than those of the alloy at the higher
temperatures, such as 300 and 350 °C. At 350 °C, the hydrogen absorption capacity of the alloy increase and the hydrogen
release efficiency of the alloy decreases with the increase of Mg content. The time of 90% of the amount of saturated
hydrogen absorption and desorption of the alloys is not more than 10 and 2 minutes, respectively. The hydrogen desorption
rate of the Mgz25Ni1o alloy in the four investigated alloys is relatively large and up to 7.170 wt.%.min.

Keywords: Mg-Ni alloy, crystallization process, structure, hydrogen absorption and desorption properties.

1. INTRODUCTION

Under enormous pressure of environmental protection,
now, many countries promote environmentally friendly
vehicles with low emission or zero emission. Presently, the
battery electric vehicle is a matter of great concern,
however, owing to technical bottlenecks including low
energy density and not in a few minutes to complete the fast
charging, it can not be a substitution for the traditional
vehicle 100 %. Among a variety of environmentally friendly
vehicles, many people are more willing to focus on
hydrogen-powered cars. For it, major car companies in
Japan, Korea and Europe have already completed the basic
performance and development of hydrogen-powered cars,
and solved many key technical problems, such as its
performance, reliability, service life and environmental
adaptability [1, 2]. Such as, Honda in Japan had just released
clarity fuel cell wvehicle from website (that is,
www.battery.com.cn) in 2017, which was following
TOYOTA Mirai after a production type fuel cell car on
December 2014. Of course, the performance of these
vehicles mainly depended on the performance of hydrogen
fuel cell. In this regard, it did not start late for Chinese fuel
cell, but there is a gap between the level of technology and
the world first-class level. The first is the power density and
service life. The former directly affects the fuel cell power
system miniaturization, the latter is about 3000 hours in
domestic enterprises, while the international standard is
5000 hours, and data gap is larger at home and abroad.
Meantime, the key materials and components of the fuel cell
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are relatively weak, that is, the development of key materials
including electrolyte and proton exchange membranes for
fuel cells is still in the laboratory stage. These states have
seriously affected the development process of China’s fuel
cell stack technology. Additionally, there are hydrogen
storage problems. After years of research, by comparison,
the reliable, effective and safe carriers of storing hydrogen
energy are metal hydrides including AB5-type rare earth-
based alloys, AB2-, AB3- or AB3.5-type multi-component
alloys, Mg-based alloys and TiFe-based multiphase alloys.
Among them, Mg hydride has displayed great expectation
in the fuel cell on account of its high hydrogen storage
content (7.6 wt.%) and volumetric density, reversible
hydrogen absorbing performance and recyclability, etc
[3, 4]. Despite all this, Mg-based hydride is still not used as
the key materials of hydrogen fuel cell due to requirement
of a high desorption temperature to the stored hydrogen and
sluggish releasing kinetics. So, what is the minimum
temperature that is easy to absorb and desorb for it? It is over
250 °C from some literature. Many researches have
indicated that at high temperature, addition or replacement
of the alloying elements and preparation technology could
improve hydrogen absorption and desorption properties. For
example, Knotek et al. [5] had study electrochemical
hydriding of Mg—x wt.% Ni (x = 10.9, 14.8, 26.4 and 34.2)
alloys in a 6 M KOH solution at 80 °C for 120-480 min,
and pointed out that the Mg —34.2 wt.% Ni alloy absorbed
the highest amount of hydrogen, nearly 4.5 wt.%. De Castro
et al. [6] measured the electrochemical properties of
Mgss—x) TiXNius-y)Pty alloys and found that Mgs: TisNissPtz



composition (in at.%), which achieved 448 mAh g of
maximum discharge capacity and retained almost 66 % of
this capacity after 10 cycles. In contrast, the binary MgssNiass
alloy achieved only 248 mAh g* and retained 11 % of this
capacity after 10 cycles. Lu et al. found that maximum
hydrogen storage capacity of nanocrystalline Mg and
Mg-10Ti hydride is 3.0-3.63wt.% in the range of
325-375 °C, and dehydriding temperatures of Mg and Mg-
10Ti hydride are 400 and 330 °C from TG/DTA curves,
respectively [7]. Andreas et al had reported hydrogen
storage experiments on MgH; and on ZK60 (Mg-5Zn-
0.8Zr) prepared by Severe Plastic Deformation (SPD). The
cold rolled MgH. showed a reduction of capacity by 30 %
after 100 cycles, in ZK60 processed by High Pressure
Torsion (HPT), both kinetics and storage capacity were
stable for at least 200 absorption/desorption cycles.
Although their long-term cycling is good, all hydrogenation
cycles were done at a temperature of 350 °C [8]. It is
reported by Lv et al. [9] that the pressure-composition
isotherms (PCI) at 300 °C and the hydrogen desorption
kinetics at 330 — 350 °C were measured, and the increase of
Ni content decreases the hydrogen storage capacity, but the
MgxNi-3La (x =5, 10, 15, 20 at.%) alloys still kept high
hydrogen storage capacity of 4.51—5.50 wt.%. All of the
four alloys showed excellent desorption kinetics. The Mg-
15Ni-3La alloy showed the highest dehydriding rate and the
lowest apparent activation energy value of 80.36 kJ mol™. It
had the optimum kinetics of hydrogen desorption among the
alloys. The above mentioned alloying elements including
Ti, Zn, Zr, Laand Ni have influence on the hydrogen storage
property of Mg-based alloy in varying degrees. In addition,
RE (Nd, Y, Gd, Er, Sm, etc.) and transitional element (Co,
Fe, Mn, Cr, Si, etc.) play similar effect [10—15]. From the
above literatures, we can see that alloying elements have
significant effects on hydrogen absorption and desorption
properties of Mg based alloys. It's also worth mentioning
that the hydrogen storage properties of Mg-Ni alloys with
different chemical gauge rate have been studied by
electrochemical method in the literature, and however, in
the gaseous environment, their hydrogen absorption and
desorption properties are less studied. Additionally, in the
literature [5], Mg—34.2wt.% Ni alloy with the higher
amount of hydrogen absorption was investigated, according
to the Mg-Ni alloy phase diagram [16], the alloy has
hypereutectic composition, and provides us with a useful
information: hypereutectic Mg—Ni alloy has higher
hydrogen absorption capacity under higher temperature and
electrochemical condition. Take this as the model, in this
paper, the absorption and desorption properties of MgxNiio
(x=20.5-26.5) alloys with hypereutectic composition
were investigated in a gaseous environment; furthermore,
their crystallization and microstructure were also studied.
The goal of this work is make readers understand the
crystallization process, structure and hydrogen storage
properties of the Mg-Ni alloys with hypereutectic
composition, and to provide researchers with certain
experimental basis and academic value.

2. EXPERIMENTAL

Ingots MgxNiy (X =20.5, 22.5, 24.5 and 26.5) alloys
were prepared by induction melting of high purity

141

magnesium (99.5 % purity) and nickel (99.5 % purity)
loaded a Magnesia crucible in a medium frequency
induction furnace filled with 40 kPa pure helium. Due to the
volatilization of magnesium with low melting point of
648.8 °C, 8 % of Mg was excessively needed to compensate
for the loss of Mg under the present preparation conditions.
After cooling to room temperature, the ingots were
pulverized by mechanical crushing until powder was not
more than 300 mesh sieve. The phase structures of the
powder sample were examined by a Rigaku D/max/2400 X-
ray diffraction (XRD) instrument with CuKa radiation at
4 kV, 160 mA and 10°-min?. The phase abundant were
calculated from the XRD data by employing Jade6.5
software and K value method (that is relative intensity ratio,
abbreviation for RIR [17]), respectively. The microstructure
and morphology of the as-cast alloy were characterized by
a Quanta 400 type scanning electron microscopy. The
hydrogenation and dehydrogenation behavior was measured
by pressure-composition-isotherm (PCI) measurements at
different temperatures using a Sievert’s type apparatus,
approximately 0.5 g powder sample was loaded into a
sample holder for each test. When the vacuum is drawn for
1 hour at 400 °C, the activation properties of the alloys at
400 °C and 4.0 MPa hydrogen pressure were measured and
then the hydrogenation measurement were performed under
an initial hydrogen pressure in the channel of 3 MPa,
dehydrogenation measurements were carried out in closed
volume with beginning hydrogen pressure in the channel of
0.01 MPa and the ending until the hydrogen pressure is up
to 0.03 MPa.

3. RESULTS AND DISCUSSION
3.1. Crystallization process

Fig. 1 and Fig. 2 show that phase diagram of Mg-Ni
system alloy, step cooling curve and sketch map of
crystallization process of the MgiNijo (x = 20.5, 22.5, 24.5
and 26.5) alloys, respectively. According to results shown in
Fig. 1 and Fig. 2, the step cooling curves of the alloys at
x=20.5 and 22.5 are onthe whole the same, which
apart from those of the curves of the alloys at x =24.5 and
26.5. Here's a look at their cooling process. Firstly, MgNi,
Laves phase is form through uniform reaction in the 1 -2
point temperature range for the molten Mg,Nijo (x = 20.5
and 22.5) alloys; secondly, the Mg,Ni phase is formed
between the MgNi, phase and the liquid phase through the
peritectic reaction (as the reaction (1)) in the 2—3 point
temperature range; thirdly, Mg,Ni +0-Mg eutectic structure
is formed through eutectic reaction (as the reaction (2)) at
eutectic line at 506 °C. Their phase transformation process
is L—- L+ MgNi, > L+MgNi —~ (MgNi+a-Mg) +
MgoNi with the decreasing of crystallization temperature.
For the molten MgNijo (x=24.5 and 26.5) alloys
solidification, the Mg>Ni phase is separated out from molten
alloy in the 1 —2 point temperature range, and Mg;Ni and a-
Mg eutectic structure is form through eutectic reaction (as
the reaction (2)) at eutectic line at 506 °C. Their phase
transformation process is L = L + MgNi — (Mg:Ni + a-
Mg) + MgoNi  with the decreasing of crystallization
temperature. ~ Naturally, the room  temperature
microstructure of the MgiNijo (x =20.5-26.5) alloys is
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composed of MgyNi phase and eutectic structure of
Mg,Ni + a-Mg, and room temperature phase component
contains Mg>Ni phase and a-Mg phase.

L + MgNi> s MgNiy; (1)
L s Mg:Ni + a-Mg. (2)

Now, it is necessary to apply the lever rule to calculate
the relative contents of microstructure and phase, and they
are listed in Table 1. Table 1 show that the more Mg content
is, the greater the eutectic structure content is, the smaller
the content of MgNi phase is, which indicates that the
addition of Mg is beneficial to the formation of eutectic
structure in our experiment. Additionally, although the
composition of the alloy is in the hypereutectic region, the
crystallization process and the phase transformation
reaction are related to the content of Mg.
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Fig. 1. Phase diagram of Mg-Ni system alloy
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Fig. 2. Step cooling curve and sketch map of crystallization
process of MgxNiwalloy: a—x = 20.5and 22.5; b—x = 24.5
and 26.5

3.2. Microstructure

Fig. 3 presents microscopic structural evolution of the
MgxNiso alloys. After comparing the results of different
diffraction patterns of the alloys with different Mg content,
the phase composition of these alloys is the same, but the
intensity of the diffraction peaks is different, that is, each

pattern is dominated by the peaks of hexagonal Mg:Ni
(JCPDS  35-1225; a=0.520nm, c¢=1.3320nnm)
compounds phase, and small quantity of hcp a-Mg (JCPDS
35-0821) is also presented. The present of a-Mg in Mg-Ni
alloys is normal because the experimental alloy contains
excess amounts of Mg compared to the MgaNi
stoichiometric concentrations [18]. Besides, the strongest
diffraction peak intensity about Mg,Ni phase and a-Mg
phase for the alloys with x = 20.5, 22.5, 24.5 and 26.5 are
6056, 8357, 6776, 8367 and 136, 836, 1017, 1858,
respectively. Using the strongest diffraction peak intensity
of the Mg2Ni phase and a-Mg phase, we have used the K
value method [17] (that is, Relative Intensity Ratio,
abbreviated as RIR, as Eq.3) to calculate their phase
abundance, in Eg. 3, K values of Mg2Ni and Mg are 2.89
and 4.01 by MDI Jade6.0 software respectively.

w, =
X x% Ii_ : 3)
Ai:AK}A

where | x; Is the strongest diffraction peak intensity of X;

phase and KL is K value of each phase as Mg:Ni phase of

internal standard substance.

Comparing results in Table 1, there are very small
differences between the phase contents calculated by the
lever rule and by K value method from the XRD, which
shows that the metallurgical effect of Mg-Ni alloy is better,
and Mg volatilization was properly control during melting.
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Fig. 3. XRD patterns of MgxNi1o alloys

SEM images of the MgxNiio alloys are presented in
Fig. 4. Fig. 4 show that the surface of the alloy consists of
gray regions and black regions, corresponding to the Mg.Ni
phase and a very fine eutectic structure of MgzNi + a-Mg,
respectively. For the Mg2Ni phase, the shape of its grain
changes from fish-bone (x=20.5) to sharp-edged
polyhedral (x = 22.5 and 24.5) to long block of varying size
(x = 26.5) with the increase of Mg content.
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Table 1. Relative content of microstructure and phase of the alloy

at room temperature

Content of Content of Content of
X microstructure, phase?, wt.% phase®, wt.%

wt.%

eutectic | MgzNi | MgzNi | a-Mg | MgNi | a-Mg
2051 1.99 98.01 | 98.87 | 1.13 | 9841 | 1.59
225 9.40 90.60 | 9464 | 536 | 93.28 | 6.72
245 ] 16.23 83.77 | 90.75 | 9.25 | 90.23 | 9.76
26.5 | 22.52 77.48 87.17 | 12.83 | 86.20 | 13.80
Notes: @ represents results obtained from the lever rule;
b represents results obtained from the XRD and K value
method.

The formation of eutectic structure is because that the
molten Mg-Ni alloy solidifies through the Mg-Ni eutectic
line with the decrease of crystallization temperature in this
experiment. The eutectic reaction inevitably occurs and the
eutectic structure is formed [16]. As shown in Fig. 4 e of
greater magnification, the Mg,Ni and o-Mg phases are
distributed in lamellar form in the fine eutectic mixture.
Knotek et al. [5] had considered that that the dispersed
eutectic structure with a high volume fraction form a large
number of phase boundaries, which can make it available
for hydrogen atom diffusion in the alloy. The above results
further confirmed the results of phase diagram analysis.

Fig. 4. SEM a—x=20.5;

images of the MgxNio
b—x=22.5;c—x=24.5; d—x = 26.5; e —eutectic structure

alloys:

Fig. 5 show high resolution transmission electron
microscopy (HRTEM) image of the MgxNiyo alloys. The
alloys have polycrystalline structure. Mg atoms and Ni
atoms are arranged neatly, but there are many obvious
differences in the crystal orientation and quantity owing to
the different atomic arrangement. The crystal orientation
and quantity in different directions increase with the
increase of Mg content. The number of high-angle grain
boundaries over 10° is larger. The crystal is anisotropic
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owing to the different atomic arrangement of the crystal
faces and their upward atoms. Besides, the vacancy (as in
ellipse) exists, which increase and become more and more
obvious with the increase of Mg content. Remarkably, there
is twin structure (as in rectangle) in the MgsNiso alloy.

Fig. 5. HRTEM images of the MgxNiw alloys: a—x=20.5;
b-x=225;c-x=245;d-x=26.5

3.3. Activation characteristics

The activation curves of the MgxNiio (x = 20.5-26.5)
alloys with different Mg content at 400 °C and 4.0 MPa are
compared in Fig. 6. Obviously, the alloys have all good
activation properties under the favorable temperature and
pressure conditions. That is to say, two or three hydrogen
absorption and desorption cycles at experimental conditions
are enough to activate for the MgxNiw (x =20.5-26.5)
alloys. These results are related to vacancy and multiphase
or polycrystalline boundary (as shown Fig. 4 and Fig. 5) in
the alloy. According to the literature [19], the atomic
arrangement in high angle grain boundaries (misorientation
is greater than 10°) is more disordered, meantime, there are
many vacancy and dislocation defects at this grain
boundary. Besides, the polycrystalline/multiphase boundary
interfaces provide space for the release of strain energy
produced by expansion and shrinkage of the lattice during
hydrogen absorption and desorption. So, these defects can
provide good channel for hydrogen diffusion and migration,
and accelerate the reaction of hydrogen atom and hydrogen
absorbing elements. In addition, the activation properties of
the Mg245Nii0 and MgazssNiio alloys are slightly better than
those of the Mg2osNig and Mga2sNi alloys. This is
because that the content of eutectic structure increase with
the increase of Mg content (as shown in Table 1), the more
the content is, the more grain boundary and phase boundary
the fine and lamella eutectic structures in the alloys is.

It is also noteworthy from Fig. 6 that the hydrogenation
curves before activation of all the alloys have a smaller
slope, especially the first hydrogenation curve, which means
that the first hydrogenation reactions have slow kinetics,
even incomplete. Interestingly enough, the hydrogen
absorption processes at activation and after activation
display fast kinetics. This result is ascribed to the effect of
crystal defects and the pulverization degree of alloy particle
size caused by the release of internal stress produced by
expansion and contraction when the hydrogen atoms enter
and go out of the lattice [20], respectively.
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Fig. 6. Activation curves of the MgxNiw alloys: a—x=20.5;
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3.4. Hydrogen absorption and desorption
properties

Hydrogen absorption and desorption curves of the
alloys at different test temperatures are shown in Fig. 7 and
Fig. 8, respectively. For the same alloy, it is significant that
the influence of temperature on hydrogen absorption and
desorption properties of the alloys. At a lower temperature,
such as 200 and 250 °C, the hydrogen absorption rate and
hydrogen saturation ratio are significantly lower than those
of the alloy at the higher temperatures, such as 300 and
350 °C. For instance, for the Mg.sNiye alloy, within 8
minutes, the slope of the hydrogen absorption curve of the
alloy increases with the rise of test temperature.
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Fig. 7. Hydrogen absorption curves of the MgxNiw alloys:
a-x=205b-x=225;c-x=245;d-x=26.5

For the alloy hydride, the higher the test temperature is,
the more the absolute value of slope of the hydrogen
desorption curve of the alloy is. The average hydrogen
absorption rate of the alloy is 0.235wt.%.min?,
0.259 wt.%.min?, 0.392 wt.%.min?, 0.481 wt.%.min* at
200, 250, 300 and 350 °C within 8 minutes, respectively.
However, the rate of hydrogen desorption of alloy hydride
is much faster than that of hydrogen absorption. Within 1
minute, hydrogen evolution rate of the alloy hydride is
0.401 wt.%.mint, 0.897 wt.%.mint, 1.977 wt.%.min™,
3.582 wt.%.min at 200, 250, 300 and 350 °C, respectively.
The saturated hydrogen absorption and desorption capacity
of the alloy is 3.013 and 1.828 wt.%, 3.351 and 2.669 wt.%,
3.615 and 3.479 wt.%, 4.269 and 3.979 wt.% at 200, 250,



300 and 350 °C, respectively. 90 % of the amount of
saturated hydrogen absorption and desorption of the alloy
reaches within 72.4 and 4.2 min, 67.3 and 8 min, 12.4 and
3.2min, 7.8 and 1 min at 200, 250, 300 and 350 °C,
respectively. To the same alloy, the higher temperature is
favorable for improving the hydrogen absorption and
desorption property of the alloy. As is known to all, the
occurrence of reaction requires the two conditions of
thermodynamics and kinetics [19, 20], being in relation to
temperature and atomic diffusion rate, respectively.
However, the two interact with each other. The atoms at
lower temperature not gotten enough activation energy,
which makes it difficult to diffuse, the higher the
temperature is, the more favorable the diffusion of atoms is.
Therefore, the hydrogen absorption and desorption reaction
is relatively good at higher temperature.

How is the relationship between the hydrogen
absorption/desorption property and the Mg content at the
same temperature? Hydrogen absorption and desorption
properties of the alloys at 350 °C are analyzed. For the
hydrogen absorption/desorption curves, the alloys have
faster rate of hydrogen absorption/desorption at this
temperature. The saturated hydrogen absorption and
desorption capacities of the alloys are 3.909 and 3.906,
4.128 and 3.969, 4.269 and 3.979, 4.858 and 3.944 wt.% for
the Mga0.5Ni10, Mg225Ni10, Mg245Nizo and MgaesNio alloys,
respectively, suggesting that the hydrogen absorption
capacity increases with the increase of Mg content.
Compared with the absorption of hydrogen, we found that
the efficiency of hydrogen desorption, which is defined as
the ratio of saturated hydrogen absorption capacity to
saturated hydrogen desorption capacity, reduces with the
increase of Mg content. Namely, they are 99.92 %, 96.15 %,
93.21 %, 81.19 % for the Mgzo_5Nilo, Mgzz,sNilo, Mgg4_5Ni10
and MgzssNiro alloys, respectively. Generally, the hydrogen
absorption capacity in Mg phase is higher than that of
Mg2Ni phase. According to the above-mentioned results
calculated by XRD diffraction (as shown in Fig. 3 and
Table 1), it is found that MgzNi phase amount decreases and
a-Mg phase amount increase with the increase of Mg
content. Therefore, the hydrogen absorption capacities of
the alloys increase. However, reduction of hydrogen
desorption efficiency with the increase of Mg content,
which is because that the hydrogen desorption condition of
MgH: is harsh. In the temperature range of this experiment,
a part of hydrogen is not released [21]. The more the content
of Mg is, the more obvious this phenomenon.

The time of 90 % of the amount of saturated hydrogen
absorption and desorption of the Mg205Niio, Mg22sNiio,
Mg24.5Ni1o and MgzssNiyo alloys needs 4.3 and 2 minutes,
9.6 and 0.7 minutes, 7.8 and 1 minutes, 7.2 and 1.3 minutes,
respectively. The hydrogen absorption rates of the
Mg205Ni10, M225Niz0, Mg24.5Niz0 and Mgze sNiso alloys are
2.232 wt.%.min?,  1.928 wt.%.min?,  2.241 wt.%.min’?,
2.675 wt.%.min"?  within 1.5 minutes, however, the
hydrogen desorption rates of the alloys are very fast,
namely, within 1 minute, the hydrogen desorption rates of
the Mg205Nizo, Mg225Ni10, Mg245Nizo and MgaesNiso alloys
are 6.218 wt.%.min, 7.170 wt.%.min, 6.370 wt.%.min™*
and 5.512 wt.%.min, respectively. From the above, we
know that the time of 90% of the amount of saturated and
rates hydrogen absorption and desorption show variation
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without law with the rise of Mg content in prophase of
hydrogen absorption and desorption. Still, it can be seen
from the above results that the time of reaching 90 % of the
amount of saturated hydrogen absorption of the alloys is less
and is not more than 10 minutes. For desorption, it is not
more than 2 minutes. The alloy has the larger the hydrogen
absorption and desorption rate, this mainly ascribes that fine
and lamellae eutectic structure makes hydrogen atom
diffusing easily, the synergistic effect of Mg phase and
Mg2Ni phase in absorbing hydrogen.
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Fig. 8. Hydrogen desorption curves of the MgxNiw alloys:
a-x=205b-x=225;c—-x=245;d-x=26.5



4. CONCLUSIONS

Crystallization process of the Mg,Nijo (x = 20.5-26.5)
hypereutectic alloys with different Mg content is also
different, the phase transformation process of the Mgs4 sNijg
and Mg>6.5Niio alloys are
L — L+ MgNi, =~ L + Mg:Ni = (Mg:Ni + a-Mg) +
Mg,Ni, and the phase transformation process of the
Mgo.5Niig and Mgz, sNijg alloys are
L — L+ MgNi — (MgNi + a-Mg) + MgoNi. Their room
temperature microstructure of the alloys is composed of
Mg.Ni and a fine eutectic mixture of Mg.Ni + a-Mg, Mg
can contribute to the formation of eutectic structure. In this
study, the molten Mg-Ni alloys with higher Mg content have
more eutectic structure and less Mg,Ni phase content. The
diffraction peaks are dominated by the peaks of
hexagonal Mg2Ni phase and small quantity of hcp a-Mg
phase. The alloys have polycrystalline structure. The
crystal orientation and quantity in different directions
increase with the increase of Mg content. There are
anisotropic for crystal and vacancy increase with the
increasing Mg content. There is twin structure (as in
rectangle) in the Mgz sNijo alloy.

The first hydrogenation reactions have slow Kinetics,

even incomplete; however, the hydrogen absorption
processes at activation and after activation display fast
kinetics. At a lower temperature, such as 200 and 250 °C,
the hydrogen absorption rate and saturation absorption of
hydrogen are significantly lower than those of the alloy at
the higher temperatures, such as 300 and 350 °C. At 350 °C,
the amount of hydrogen absorption and desorption of these
hypereutectic alloys is over 3.9 wt.%, but, the hydrogen
release efficiency of alloy decreases with the increase of Mg
content.

At 350 °C, the time of 90 % of the amount of saturated
hydrogen absorption and desorption of the alloys is less and is not
more than 10 and 2 minutes, respectively. The hydrogen
desorption rates of the Mg225Niw0 alloy of the four alloys is
relatively large and up to 7.170 wt.%.mint.

In this study, we obtained the crystallization process, room
temperature structure, phase and relative content of Mg-Ni alloy
with hypereutectic composition. Meantime, good activation
properties and hydrogen absorption at different test temperatures
about these alloys are reflected.

Under the microstructure with eutectic microstructure, the
alloy has good activation properties and high hydrogen absorption.
Especially important, Mgz25Niwo alloy has relatively good
hydrogen absorption and desorption kinetics among the four alloys
studied. It provides an important experimental basis for researchers
to develop alloy compositions in this direction.
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