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Abstract: Mg,Niy,M,; (M=AL Mn and Ti) alloys were prepared by solid phase sintering process. The phases and microstructure of
the alloys were systematically characterized by XRD, SEM and STEM. It was found that Mg;MNi, intermetallic compounds formed
in Mg,Nij ;M3 alloys and coexisted with Mg and Mg,Ni, and that radius of M atoms closer to that of Mg atom was more beneficial
to the formation of Mg;MNi,. The hydrogen storage properties and corrosion resistance of Mg,Nig;My; alloys were investigated
through Sievert and Tafel methods. Mg,Niy;Mg; alloys exhibited remarkably improved hydrogen absorption and desorption
properties. Significantly reduced apparent dehydriding activation energy values of —46.12, —=59.16 and —73.15 kJ/mol were achieved
for Mg,Nij7Aly3, MgyNijp,Mng 3 and Mg,Niy ;Tig 3 alloys, respectively. The corrosion potential of Mg,Niy ;M ; alloys shifted to the
positive position compared with Mg,Ni alloy, e.g. there was a corrosion potential difference of 0.110 V between Mg,Ni, ;Aly 5 alloy
(—0.529 V) and Mg,Ni (—0.639 V), showing improved anti-corrosion properties by the addition of Al, Mn and Ti.
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1 Introduction

Mg-based alloys were regarded as a candidate of the
most promising hydrogen storage materials [1].
Typically, Mg,Ni had been intensively investigated as a
gaseous hydrogen storage alloy and negative electrode
material of nickel-metal hydride (Ni-MH) battery [2].
As a hydrogen storage material, its sluggish kinetics
should be improved, and the operation temperature
needed to be lowered. Therefore, tremendous efforts had
been devoted to investigate and improve the hydrogen
storage properties of Mg,Ni. Ball milling and rapid
quenching were widely used to fabricate amorphous/
nanocrystalline MgyNi for enhancing the hydrogen
absorption and desorption [3]. Alternatively, novel
synthetic techniques, such as hydriding combustion
synthesis (HCS) and hydrogen plasma metal reaction
technique, were developed to synthesize Mg,Ni for
further improving the hydrogen absorption/desorption
kinetics [4,5]. Furthermore, it was observed that the
absorption/desorption kinetics of Mg,Ni could be

significantly improved by doping with metals, such as V,
Cr, Fe, Co and Cu [6]. For example, the hydrogen
desorption activation energy of Mg,Ni was lowered to
50.50 kJ/mol by doping with La and Cu through rapid
quenching [7]. Although encouraging progresses had
been achieved by alloying, element substitution,
nanocrystallization and so on [8—11], it still could not
meet the requirements for on-board utilization.

On the other hand, Mg,Ni base alloys were regarded
as one of the most promising negative electrode
materials for Ni-MH battery due to the high theoretical
capacity and low cost. However, the actual capacity of
crystalline Mg,Ni alloy electrode was not so high as
expected, and the cyclic property was very poor [12].
The amorphous Mg,Ni alloy obtained via ball milling
showed superior discharge capacity [2]. While the
amorphous Mg,Ni suffered from serious corrosion and
most capacity was lost within several charge—discharge
cycles [13,14]. So, enhancing anti-corrosion and
improving cyclic stability were also imperative for the
Mg, Ni-based alloy electrodes.

Doping metal elements was a traditional and
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effective way to improve the hydrogen storage properties
of Mg-based alloys [15,16]. Interestingly, it has been
recently reported that introducing some metals into
Mg,Ni would form kinds of FCC-structure new ternary
intermetallic compounds, such as Mg;MnNi,, Mg;AlINi,,
Mg;TiNi, and Mg;GeNi,. Mgz AlNi,, Mg;TiNi, and
Mg;MnNi, alloys were found readily absorbing/
desorbing hydrogen, and a new metal hydride
MgzMnNi,H; was observed [17,18]. Moreover, those
ternary intermetallic compounds exhibited better
electrochemical properties compared with the binary
Mg;Ni alloy.

As well known, there were “synergetic or pump
effects” during hydriding and dehydriding processes
when Mg-based alloys composited with some readily
hydrogen absorption/desorption alloys, such as AB;
alloy [19]. However, it was still unknown whether and
how Mg;MNi, would affect the hydrogen storage
properties of Mg-based alloys. Herein, a series of alloys
with nominal compositions of Mg,Niy;My; (M = Al, Mn
and Ti) were prepared. The phase component, phase
structure and microstructure of the alloys were
characterized by powder X-ray diffractometry (XRD),
scanning electron microscopy (SEM) and scanning
transmission  electron microscopy (STEM). The
hydrogen storage properties were systematically
investigated by Sievert method, and the corrosion
resistance performance was evaluated through Tafel
measurement. As a consequence, Mg,Nig;Aly3,
Mg,NigsMng; and MgNig;Tip; alloys exhibited
significantly reduced apparent dehydriding activation
energies (E£,) of —46.12, —59.16 and —73.15 kJ/mol,
respectively. A distinguishable reduction of dehydriding
enthalpy was also observed for Mg;Nij;Mnyalloy. The
anti-corrosion properties of Mg,Nij ;M 3 alloy electrodes
were also visibly improved compared with Mg,Ni alloy.

2 Experimental

Mg,Nig,My3 alloys were prepared by low-
temperature solid phase sintering method. Firstly, the
designed individual metal powder mixtures were
homogeneously mixed on a planetary ball mill
(QM-3SP2, China), and then pressed into pieces
followed by being sintered at 853 K for 6 h in a tube
furnace with the protection of high purity argon. The
purities of starting materials (Mg, Ni, Al, Mn and Ti
powders, from Sinopharm Chemical Reagent Co., Ltd.)
were all higher than 99.99%.

The phase analysis was performed by powder X-ray
diffraction (XRD) on a Philips X’Pert diffractometer
(PANalytical X’Pert MRD) with Cu K, radiation (1=
1.54056 A). Before starting the measurement, the zero
shift of diffractometer system was calibrated by high

purity silicon (with a purity of 99.999%). The lattice
constants were calculated by Rietveld method using the
X’Pert high score plus software. The microstructure and
phase distribution were observed by scanning electron
microscopy (SEM, ZEISS EVOI18) and scanning trans-
mission electron microscopy (STEM, FEI TALOS
F200S).

The hydriding/dehydriding kinetics and pressure—
composition isotherms (PCI) curves were measured by
an automatic Sieverts apparatus (PCTPro E&E,
SETARAM Inc., France). Before the experimental data
collecting, 0.6000 g sample was fully activated by
undergoing more than three cycles of hydrogen
absorption/desorption at 573 K. The hydrogen absorption
kinetics was measured under a starting pressure of 3 MPa.
The hydrogen desorption kinetics was measured in
nearly vacuum condition. The PCI measurements were
carried out following the kinetics test. Finally, the Tafel
curves were achieved using a standard test method on the
instrument CHI660E (China).

3 Results and discussion

3.1 Phase analysis and microstructure

Figure 1 showed the XRD patterns of the
as-sintered Mg,Nip;My; alloys. It was obviously
observed that the FCC-structure intermetallic compounds
of Mg;AINi,, Mg;MnNi, and Mg;TiNi, (summarized as
Mg;MNi,) formed in each alloy. It was considered that
the intermetallic Mg;MNi, compounds often coexisted
with Mg when Mg,Ni doped with mental elements, such
as Al, Mn and Ti. Thus, element Mg was found in all
alloys. For Mg,Nij ;Tig ; alloy, the amount of element Mg
was even more than that of Mg,Ni as judged by the
intensity of the XRD peaks shown in Fig. 1(c). It could
be found that the formation of intermetallic Mg;TiNi,
compound was difficult due to the large difference of
atomic radius between Ti (2.00 A) and Mg (1.72 A), and
the strong affinity of Ti and Ni led to the formation of
Ni;Ti. It was reported that the lattice sites of Mg (61)
in Mg,Ni unit cell were replaced by three Mn
atoms, resulting in the formation of cubic structure
MgoMningeNig  compounds (normally  written as
Mg;MnNi,) [20,21]. Since Mg;TiNi, was similar with
Mg;MnNi, in crystal structure, it could be naturally
inferred that the difficulty of formation of Mg;TiNi, was
attributed to the large atomic radius of Ti. Based on
Fig. 1, the lattice constants of Mg;AINi,, Mg;MnNi, and
Mg;TiNi, were calculated to be 1.1539(7), 1.1581(8) and
1.1617(6) nm, respectively. It was obvious that Mg;TiNi,
had the Ilargest lattice constant. The stability of
intermetallic Mg;MNi, compounds could be related with
the doped elements M. For example, ZHANG et al [21]
reported that the stability of Mg;AINi, was the highest
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among those intermetallic compounds. This was
consistent with the present results, i.e. Mg;TiNi, was

more difficult to form than Mg;MnNi, and Mg;AINi,. So,

it could be concluded that metal elements M with similar
atomic radii to Mg were more beneficial to the formation
and stability of intermetallic Mg;MNi, compounds for
the lower lattice distortion energy. Obviously, Mg;TiNi,
had the lowest stability among the intermetallic
MgzMNi, compounds due to its high lattice distortion
energy resulting from the largest Ti atomic radium. As a
consequence, only small amount of Mg;TiNi, was found
in the Mg,Nij ;Tig ; alloy.
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Fig. 1 Typical XRD patterns of sintered Mg,Nij ;Mg alloys:
(a) MgyNig7Alg 35 (b) MgyNip;Mng 35 (¢) MgoNig 7 Tig 3

To explore the phase transition, the hydrogenated/
dehydrogenated Mg,Ni,-Aly; alloys were subjected to
powder XRD measurement, and the results were
illustrated in Fig. 2. Figure 2(a) showed the XRD pattern
of Mg,Nij;Aly; alloy hydrogenated at 553 K, in which
Mg;AINi,, Mg,NiH,, MgyNiHy; and MgO were
identified. Because this sample was exposed to the open
air for a long period, the elemental Mg was oxidized to
MgO. Thus, MgH, was not found in the sample. This
result also indicated that Mg,Ni and Mg;AINi, were
stable in the open air. The hydride of Mg;AINi,H; was
not found in the sample because of the over high
hydriding temperature [18]. However, the solid solution
of Mg,NiHy; was observed, which could form from
dehydrogenation of Mg,NiH; in cooling process.
Figure 2(b) showed the XRD pattern of the
dehydrogenated Mg,Nij;Aly; alloy (not exposed to air).
Obviously, the original phase components (Mg,Ni,
Mg;AINi, and Mg, Fig. 1(a)) were recovered from
dehydrogenation, indicating a reversible phase transition
upon hydriding and dehydriding for Mg,Ni,;Aly; alloy.
That was to say, the hydrogenation of Mg,Nij;Aly;
alloy was fully reversible. The phase transition of
Mg,NipsMngy; and Mg,Niy;Tig3 alloys was similar to
that of Mg,Ni,;Aly 3 alloy.
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Fig. 2 Typical XRD patterns of Mg,Nig;Aly; alloys:
(a) As-hydrogenated at 553 K (stored in open air); (b) As-
dehydrogenated (stored in glovebox)

Figure 3 showed the SEM and STEM images of
Mg;Nig,Aly; alloy. The backscattered electron image
(Fig. 3(a)) illustrated that Mg;AINi, particles (marked
with arrows) were embedded in the matrix of Mg and
Mg,Ni with a dimension of several micrometers.
Mg and Mg,Ni could not be distinguished by the back-

Fig. 3 SEM (a) and STEM (b) images of Mg,Ni,;Aly 3 alloy
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scattered electron. For further investigating the
microstructure, the electron diffraction was also
performed and the results were illustrated in Fig. 3(b).
The high-resolution lattice image combining the electron
diffraction pattern indicated that Mg;AINi, was of a
nanograin structure. Actually, the large particles of
Mg;AINi,, observed in Fig. 3(a), contained lots of
nanograins. On the other hand, the grain boundaries
between the Mg;AINi, and Mg,Ni (or Mg) phases were
not clear, showing a transitional layer with several
atomic thicknesses. This special microstructure was
possibly related to the formation mechanism of
Mg;AINi,. It was thought that three Al atoms substituted
three Mg(61) lattice sites in the Mg,Ni unit cell, forming
a cubic structure MgoAlspeeiNig [20]. This formation
mechanism could also explain why Mg;AINi, always
coexisted with the elemental Mg in Mg,Nij;Al,; alloy,
as observed in Fig. 1(a).

3.2 Hydrogen storage properties

The rates of hydrogen absorption at different
temperatures for Mg,Nig,Aly;, MgyNig;Mng; and
Mg,Nig;Tig; alloys were measured and shown in
Figs. 4(a)—(c), respectively. It could be observed that the
Mg,Nig,My; alloys all had fairly good hydrogen
absorption kinetics. The hydrogen absorption of
Mg,NiysM, 3 alloys was all almost completed in 300 s at
a low temperature of 493 K under a starting hydrogen
pressure of 3 MPa. The hydriding kinetics of
Mg,NiysM, 3 alloys was remarkably improved compared
with pure Mg or Mg,Ni [7,22], which could be related to
the intermetallic compounds of Mg;MNi,. Although
hydrides of Mg;MNi,H; were not found in the present
experiments, it was reported that H atoms could dissolve
in the octahedral and tetrahedral interstices in the lattice
of Mg;MnNi, [18]. However, the decomposition of H,
molecules to H atoms was exactly a key barrier to block
the quick hydrogen absorption of Mg-based alloys [23].
In fact, the PCI results indicated that Mg;MNi, absorbed
a small amount of hydrogen (about 0.3%, mass fraction).
It was reasonably considered that H, molecules were
firstly decomposed to H atoms and dissolved in the
intermetallic Mg;MNi, compounds, and then the H
atoms transferred to Mg and Mg,Ni, forming metal
hydrides (MgH, and Mg,NiH,). Thus, the hydriding
kinetics of Mg and Mg,Ni was remarkably improved.
Certainly, the nanograin structure and the phase
boundaries also benefited to the improvement of
hydrogen absorption, which was confirmed in many
hydrogen storage material systems [16,22]. From Fig. 4,
it could be also observed that the temperature did not
significantly affect the hydrogen absorption rate when
the hydriding temperature was higher than 493 K.

For practical utilization, it was confronted with a

great challenge to improve the dehydriding kinetics.
Accordingly, the dehydriding properties of Mg;Nig ;Mg 3
alloys were systematically investigated. Figure 5 showed
the dehydriding curves of Mg,Ni,;My ; alloys at different
temperatures. It should be pointed out that Mg,Ni, ;Aly;
alloy did not complete hydrogen desorption at 493 and
513 K for dehydrogenation reaching equilibrium. The
released hydrogen increased with the increase of
dehydrding temperature due to the higher equilibrium
pressure, and the hydrogen desorption rates were
observably accelerated at the same time.
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Fig. 5 Dehydriding curves of Mg,;Nij;Aly; (a), Mg;Nig,Mny;
(b) and Mg;Nio 7 Tip 3 (¢)

Figure 6 illustrated the Arrhenius plots for the
dehydrogenation of Mg;Niy;Mg; alloys. The Arrhenius
equation could be written as

K = Ky exp[~E, /(RT)] (1)

where K is the dehydriding reaction constant, which
could be achieved by fitting the starting linear part of the
hydrogen desorption curves (Fig. 5) using the Johnson—
Mehl—Avrami—Kolmogorov (JMAK) equation; R is the
mole gas constant; 7 is the hydrogen desorption
temperature; E, is the the apparent activation energy of
dehydrogenation. By this method, E, values were gotten

to be —46.12, -59.16 and —73.15kJ/mol for
MgzNiojAlog, MgzNi()le’l()g and MgzNi()jTi()g alloys,
respectively, which were all far smaller than our previous
reported values [24], and the recently reported values for
Mg-based alloys [25].
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Fig. 6 Arrhenius plots for dehydrogenation of Mg,Nig;Mg3
alloys

The high thermodynamic stability of hydrides was
another critical challenge for Mg-based hydrogen storage
materials. Thus, the thermodynamic destabilization
of hydrides was a very crucial issue for hydrogen
storage materials. Figure 7(a) showed the PCI curves
of Mg,Nij;sMny; alloy at different temperatures.
Observably, there were two plateaus respectively
corresponding to the hydrogen absorption and desorption
of Mg (marked as Plat. 1) and Mg,Ni (marked as Plat. 2).
The hydriding/dehydriding plateaus of Mgz;MnNi, did
not exhibit in the PCI curves. This could be inferred that
Mg:MnNi, did not absorb hydrogen to transform to
Mg:MnNi,H; at the studied temperatures because
Mg;MnNi,H; was a room temperature stable hydride.
This was consistent with the above XRD phase analysis.
However, as observed in Figs. 7(a) and (b), Mg,Nig;Aly3
and Mg,Nig;Mng; alloys absorbed about 0.3% H, (mass
fraction) when the pressure was higher than the Plat. 2.
This capacity (0.3%) could be attributed to the
dissolution of H atoms in the lattice interstice of
MgyNipsMng; and MgzMnNi,, which could be
confirmed by Fig. 7(b). Figure 7(b) illustrated the
comparison of PCI curves for MgyNig;Alys,
Mg,NigsMny; and Mg,Nig;Tig; alloys at the same
temperature of 533 K. The hydrogen capacity reduced
with the increase of a mount of Mg;MNi, in the alloys.
For Mg,Ni, ;Tiy alloy, the capacity was the highest due
to a trace of Mg;TiNi; in the alloy. Unlike Mg,Nig;Aly3
and Mg,Niy;Mng; alloys, Mg,Niy;Tip; alloy had no
obvious increase of capacity when the pressure was
higher than Plat. 2. On the other hand, the
hydriding/dehydriding plateau pressure of Mg;Nip7Mg3
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alloys increased a little due to the introduction of
Mg3MNi2.
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Fig. 7 PCI curves of Mg,Nij;Mngy; alloys at different
temperatures (a) and comparison of PCI curves of Mg,Nij ;M 3
alloys at 533 K (b)

The hydriding/dehydriding thermodynamic pro-
perties were often evaluated by the hydriding/
dehydriding enthalpy (AH) and entropy (AS), which
could be calculated by vant’ Hoff equation as follows:

In Peq :ﬂ_A_S (2)
Do RT R

where p.q and p, represent the equilibrium pressure and
the standard atmospheric pressure, respectively. In this
calculation, the equilibrium pressures (p.q) were taken
from the midpoint at the hydrogen desorption plateaus of
Mg and Mg,Ni in Fig. 7(a). The vant’ Hoff plots for the
dehydrogenation of Mg;Ni;;Mny; alloy were illustrated
in Fig. 8. The calculated enthalpies were (74.12+0.62)
and (62.9+0.06) kJ/mol for Mg and Mg,Ni, respectively,
and the corresponding entropies were (135.45+£1.91)
and (120.91+0.12) J/(mol-K). The enthalpies had a
distinguishable change compared with previous reported
values for Mg (77.9kJ/mol) [22] and Mg,Ni
(64.6 kJ/mol) [26]. The possible reasons for the
reduction of dehydriding enthalpies could be attributed to
the synergistic dehydriding effects among Mg, Mg,Ni

and Mg;MnNi,, as it was reported that Mg,NiHg; could
enhance dehydriding of MgH, [27]. In fact, Mg,NiH,3
could serve as a ‘“hydrogen pump” for the dehydro-
genation of MgH,. As discussed above, the H atoms
could also dissolve in the lattice of Mgz;MnNi,. So, it
could be inferred that Mgz;MnNi, could also have a
similar effect with Mg,NiHy; on promoting hydrogen
desorption of MgH, and Mg,NiH,. On the other hand,
there were reports that the intermixed region and
interfacial free energy could destabilize the hydrides [28].
Obviously, there were interfacial free energy and large
amount of intermixed regions in Mg,Ni,;Mny ; alloy due
to its nanograin microstructure. At last, the lattice elastic
stress resulting from dehydrogenation could also have
the destabilized effect on the adjacent hydrides [29].
Accordingly, a reduction of dehydriding enthalpies for
MgH, and Mg,NiH, was achieved upon Mg,Niy;Mng;
alloy.
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Fig. 8 Vant’ Hoff plots for hydrogen desorption of Mg and

3.3 Corrosion resistance performance

As a promising electrode material of Ni—-MH
battery, it was also very important to improve the
corrosion resistance of the Mg-based alloy in alkaline
electrolyte [30,31]. Thus, the Tafel polarization curves of
Mg,Ni and Mg,Nij;My;alloy electrodes were measured
and illustrated in Fig. 9. The electrochemical parameters
related to corrosion (equilibrium potential ¢, linear
polarization resistance R, and corrosion current Jeon)
were achieved by fitting the polarization cures (Fig. 9)
and summarized in Table 1. Visibly, Mg,Niy ;M alloys
had better corrosion resistance properties than Mg,Ni
alloy judging from J . Compared with Mg,Ni, the @oy
of Mg,Nij ;M alloys shifted to the positive position, for
example, there was a difference of 0.110 V between
@eorr values of MgyNij,Aly; alloy (—0.529 V (vs SCE))
and MgyNi (—0.639 V (vs SCE)), also indicating an
improvement of corrosion resistance due to the addition
of M elements. It was found that Mg;MnNi, phase could
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enhance the anti-corrosive performance of the particle
surface of Mg,Ni alloys [32]. In this work, the movement
of @ could be attributed to the introduction of
MgzMNi, phases in the Mg,Niy-,My3 alloys. And there
was another interesting phenomenon that the R, of
Mg,Niy;Tig; alloy was the highest among the
Mg,Niy,M,; alloy electrodes. It was reported that
Mg;MNi, could enhance the reaction activity and lower
the pulverization rate of particles [32—34]. There was a
trace of Mg;TiNi, phase in the Mg,Ni, ;Ti,3 alloy, and it
was thought that Mg,Ni,;Tiy3 alloy had the maximum
amount of Mg, thus leading to a thicker layer of
Mg(OH), covered on the electrode, which could block
the movement of electrons. As a result, Mg,Nij;Tij;
alloy showed a high R,
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Fig. 9 Tafel polarization curves of Mg,Ni and Mg,Nij;Mg3
electrodes

Table 1 Electrochemical parameters related to corrosion

Sample Peor (V8 SCE)V  RJ(Q-g™") Jeon/(MA-g ")

Mg,Ni -0.639 220 0.0472
Mg;Nig 7 Tig 3 —0.548 749 0.0242
Mg,Nig 7Alg 3 -0.529 354 0.0275
Mg,Nig7Mng 3 -0.579 287 0.0316

4 Conclusions

1) The FCC-structure intermetallic Mg;MNi,
compounds formed in Mg;Nij;;Mg; (M = Al, Mn and Ti)
alloys, and M element with atomic radius closer to Mg
was more favorable to the formation of Mg;MNi,. H
atoms could dissolve in the intermetallic Mg;MNi,
compounds forming solid solutions.

2) The intermetallic Mg;MNi, compounds could
accelerate the hydrogen adsorption and desorption of
Mg-based alloys. The apparent activation energies of
dehydrogenation reduced to be —46.12, —59.16 and
—73.15 kJ/mol for Mg;Nig;Aly;, MgyNig;Mng; and

Mg, Ni, ;Tig; alloys, respectively. And there was also a
distinguishable reduction in dehydriding enthalpy for
Mg,Nijy ;M ;5 alloy.

3) MgzMNi, phase had positive effects on the
improvement of anti-corrosion performances for
Mg,NijsM 3 alloys.
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W& itE Al. Mn #0 Ti fg Mg,Ni &5 & HY
ERBRA R EREEESERE

ik 2, RBUES, EAEY, FaE

1. EITE 25 ThEEM R R N R AL =, JE1] 361024;
2. EITHET 2 MEFRSS TR, EIT 361024

B . RHEAMBPEE 554 MgNig;Mys M = AL Mn, Ti)& 4. FIH X SHEATHEC. B s tins i e
Bext A a I AHH R B SGRAT RGRAE. SRR, MgNigMos & E LR T BA T 0L 41148
AP MgsMNip, H5 Mg Ml MgoNi 3847; B M B 725 Mg i 7 EE8ER, #8A R T MgsMNi, FITE K.
K FH Sievert I Tafel /5% Mg,NigsM 3 B 4 (1 it 201 BERHTR S veh 1t BEIEAT AF 75 « MigoNig Mo 3 B 4 IR/ I B
3 28H 15 0438 . MgyNi ALy 3« MgyNig ;Mng 3 F1 Mg,Nig ;Tig 3 4 1SR B IS BEEE Mg,Ni (13505 B8 B 2 B4
S AN—46.12. —59.16 F1—73.15 kI/mol. 5 Mg Ni &&ALh, MgNig, Moz &4 W& A [ IET m#Es), W
Mg,Ni;Aly3 & 4:(—0.529 V)5 Mg,Ni & 4:(—0.639 V) E AL 258 0.110 V, RIATRIN Al. Mn I Ti B8 & 41
i JE5 a1k R A B R TR
FKHEIE: MgNi: Mg:MNL: WA /% BABGERE: i E ke
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