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Abstract: The La—Mg—Ni-based A,B;-type Lags Nd,Mg,,Ni; 15C00,Alp 15 (x=0, 0.1, 0.2, 0.3, 0.4) electrode alloys were prepared
by casting and annealing. The influences of partial substitution of Nd for La on the structure and electrochemical performance of the

as-cast and annealed alloys were investigated. It was found that the experimental alloys consist of two major phases, (La, Mg),Ni,
phase with the hexagonal Ce,Ni;-type structure and LaNis phase with the hexagonal CaCus-type structure, as well as some residual
phase LaNi; and NdNis. The discharge capacity and high rate discharge ability (HRD) of the as-cast and annealed alloys first
increase and then decrease with Nd content growing. The as-cast and annealed alloys (x=0.3) yield the largest discharge capacities of
380.3 and 384.3 mA-h/g, respectively. The electrochemical cycle stability of the as-cast and annealed alloys markedly grows with Nd

content rising. As the Nd content increase from 0 to 0.4. The capacity retaining rate (S;qo) at the 100th charging and discharging cycle
increases from 64.98% to 85.17% for the as-cast alloy, and from 76.60% to 96.84% for the as-annealed alloy.
Key words: Ni-MH battery; hydrogen storage; A,B;-type electrode alloy; Nd; La; substitution; electrochemical characteristics

1 Introduction

Since KADIR et al [I] and KOHNO et al [2]
reported their research results, RE-Mg—Ni-system AB;-
and A,B;-type alloys have attracted considerable
attention in the light of their high hydrogen storage
capacity, good electrode properties and low production
costs [3—5]. The investigation on the structure and
electrochemical properties of the alloys has made great
progress, about which LIU et al gave a perfect
summarization recently [6]. However, the production of
the new-type alloys as the negative electrode in Ni-MH
battery has not been found in China on account of little
poor electrochemical cycle stability of the electrode
alloys. Hence, it is still one of the major challenges faced
by researchers in this area to find ways to improve the
cycle stability and maintaining its discharge capacity.

It has come to light that the capacity deterioration of
the La—Mg—Ni system alloy electrodes is mainly
associated with the pulverization of the alloy particles

and the oxidation/corrosion of the elements Mg and La
during electrochemical charge—discharge cycling [7,8].
Furthermore, element substitution, in general, is an
effective method for improving the overall electrode
properties of the hydrogen-storage alloys. In the case of
La—Mg—Ni series hydrogen-storage alloys, the partial
replacement of Ni with Co, Fe, Mn, Al, Cu [9,10] and of
La with Ce, Pr, Nd [11-13] were studied systematically.

In this work, it is expected that a combination of
decreasing Mg content and substituting La with Nd will
improve the electrochemical cycle stability of the
La—Mg—Ni system A,B;,-type alloys. Hence, a
systematic investigation about the effects of the
substitution of Nd for La and annealing treatment on the
structures and electrochemical properties of the
Lagg.Nd,Mg(,Ni; 15C0prAlp s (x=0—0.4) electrode
alloys has been performed.

2 Experimental

The compositions of the prepared alloys were
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Lags NdMg,Ni3 15C00Alg 1Siges (x=0, 0.1, 0.2, 0.3,
0.4). For convenience, the alloys were denoted with Nd
content as Ndy, Ndy ;, Ndg,, Ndg 3 and Nd 4, respectively.
The alloy ingots were prepared using a vacuum induction
furnace. A part of the alloy was annealed at 950 °C for
8 h. Before annealing, the as-cast samples were first
sealed in a quartzes glass tube filled with helium, and
then it was put into a vacuum tube furnace for annealing.
The melting and annealing were performed in helium
atmosphere under a pressure of 0.04 MPa for the sake of
preventing the volatilization of Mg.

The phase structures and compositions of the alloys
were determined by XRD (Dmax/2400). The diffraction
with the experimental parameters of 160 mA, 40 kV and
10(°)/min, was performed with Cu K, radiation filtered
by graphite. A Philips SEM (QUANTA 400) linked with
an energy dispersive spectrometer (EDS) was used for
morphological characterization and chemical analysis of
the as-cast and annealed alloys.

Round electrode pellets with a diameter of 15 mm
were obtained by cold pressing a mixture of the alloy
powder and carbonyl nickel powder in the mass ratio of
1:4 under a pressure of 35 MPa. After being dried for 4 h,
the electrode pellets were immersed in a 6 mol/L KOH
solution for 24 h in order to fully wet the electrodes
before the electrochemical measurements.

The electrochemical measurements were performed
at 30 °C with a tri-electrode open cell, consisting of a
working electrode (the metal hydride electrode), a
sintered Ni(OH),/NiOOH counter electrode and a
Hg/HgO reference electrode, which were immersed in a
6 mol/L KOH electrolyte. The voltage between the
negative electrode and the reference electrode was
defined as the discharge voltage. In every cycle, the alloy
electrode was first charged with a constant current
density, followed by the resting for 15 min, then it was
discharged at the same current density to a cut-off
voltage of 0.5 V.

The electrochemical impedance spectra (EIS) and
the Tafel polarization curves of the alloys were measured
using an electrochemical workstation (PARSTAT 2273).
The fresh electrodes were fully charged and then rested
for 2 h up to the stabilization of the open circuit potential.
The EIS of the alloy electrodes were measured in the
frequency ranging from 10 kHz to 5 mHz at 50% depth
of discharge (DOD). The Tafel polarization curves were
measured in the potential range of —1.2 to +1.0 V
(vs Hg/HgO) with a scanning rate of 5 mV/s. For the
potentiostatic discharge, the test electrodes in the fully
charged state were discharged at 500 mV potential step
for 5000 s at the electrochemical workstation
(PARSTAT 2273), using the electrochemistry corrosion
software (CorrWare).

3 Results and discussion

3.1 Structural characteristics

Figure 1 depicts the XRD patterns of the as-cast and
annealed Lagg ,Nd,Mgg,Ni3 5C0,Aly;Siges (x=0-0.4)
alloys. All the as-cast and annealed alloys hold a
multiphase structure consisting of two major phases
(La,Mg),Ni; and LaNis as well as some residual phase
LaNi; and NdNis. The substitution of Nd for La brings
on forming NdNis phase in the as-cast and annealed
alloys without changing their two major phases. The
lattice parameters and the phase abundances of the two
major phases, (La,Mg),Ni; and LaNis, in the as-cast and
annealed alloys, calculated from the XRD data by Jade
6.0 software, are listed in Table 1. It shows that the
substitution of Nd for La notably reduces the lattice
constants and cell volumes of two major phases
(La,Mg),Ni; and LaNis in the alloys, due to the smaller
atom radius of Nd than that of La. The reduction of the
cell volume, caused by the Nd substitution, justifies the
successful alloying of Nd with two major phases.
Furthermore, such substitution incurs a decrease in the
(La,Mg),Ni; phase and an increase in the LaNis phase.
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Fig. 1 XRD patterns of as-cast (a) and annealed (b) alloys
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Table 1 Lattice constants and abundances of LaNis and (La,Mg),Ni; phases

Lattice constant

Phase abundance in

: 3
State Alloy Major phase -~ - Cell volume/nm mass fraction/%
(La,Mg),Ni, 0.50648 2.46521 0.5476 72.32
Nd,
LaNis 0.50573 0.41289 0.0915 22.28
(La,Mg),Ni, 0.50502 2.45874 0.5431 67.05
Ndo,
LaNis 0.50518 0.41165 0.0910 27.25
(La,Mg),Ni, 0.50467 245116 0.5406 62.13
As-cast Nd,»
LaNis 0.50411 0.41013 0.0903 31.77
(La,Mg),Ni, 0.50381 2.44012 0.5364 55.89
LaNis 0.50312 0.40677 0.0892 37.51
(La,Mg),Ni, 0.50259 2.43152 0.5319 53.02
Ndo 4
LaNis 0.50169 0.40214 0.0877 40.08
(La,Mg),Ni, 0.50689 2.46709 0.5489 75.01
Nd,
LaNi; 0.50581 0.41279 0.0915 19.39
(La,Mg),Ni, 0.50609 2.46012 0.5457 68.02
NdO‘l
LaNis 0.50553 0.41185 0.0911 26.18
(La,Mg),Ni, 0.50511 2.45603 0.5427 64.22
As-annealed Ndg,
LaNis 0.50503 0.41049 0.0907 29.48
(La,Mg),Ni, 0.50422 2.44878 0.5391 60.02
LaNis 0.50404 0.40745 0.0896 33.08
(La,Mg),Ni, 0.50321 2.44071 0.5352 56.69
Ndo 4
LaNis 0.50215 0.40303 0.0880 36.21
A very similar result has been reported by CHEN et al 25 | e — As-cast (La,Mg),Ni,
[13,14]. It is quite evident that the width of the = — As-annealed (La,Mg),Ni; | 45
: . . . 4+ — As-cast LaNis
diffraction peaks of the (La,Mg),Ni; phase and Lale ok v— As-annealed LaNis {40
phase becomes markedly narrow after annealing - -
treatment, indicating that the annealing treatment renders % 35 =
the composition homogenization of the alloys [15]. In Z 65 z
order to observe the Nd content dependence of the gﬂ 130 =
abundances of the major phases in the alloys, the G 60 -
evolution of the abundances of two major phases = 155
(La,Mg),Ni; and LaNis in the as-cast and annealed alloys 55+
with the amount of Nd substitution is shown in Fig. 2. 420
For the same Nd content, the annealing treatment leads 50 4 L L . '
. . . . 0 0.1 0.2 0.3 0.4
to an evident increase in the (La,Mg),Ni; phase and a (Nd)

decrease in the LaNis phase.

Figure 3 shows the SEM images and EDS spectra of
the as-cast and annealed Ndy, and Nd,, alloys. It is
evident that the as-cast alloys display a dendrite structure.
The substitution of Nd for La brings on a notable
refinement of the grains of the as-cast and annealed
alloys. The annealing treatment obviously improves the
segregation of the composition in the alloys. The EDS
analysis shows that all the experimental alloys hold a
multiphase structure, consisting of (La,Mg),Ni; (denoted

Fig. 2 Evolution of abundances of major phases LaNis and
(La,Mg),Ni; with Nd content (x)

as A) and LaNis (denoted as B) as well as LaNij
(denoted as C) phases, which conforms well to the XRD
observation. Because the amount of NdNis phase is small
and it attaches itself to (La,Mg)Ni; or LaNis phase in the
process of growing, it is difficult to observe its
morphology.
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3.2 Electrochemical performance
3.2.1 Electrochemical cycle stability

The electrochemical cycle stability of the alloy
electrode, an essential factor determining the life span of
the Ni-MH battery, is signified by the capacity retaining
rate (S,), defined as S,=C,/Ciax<100%, where Ci.y is the

2 4 6 8
ElkeV

Fig. 3 SEM images of as-cast and annealed
Ndy and Ndg4 alloys together with typical
EDS patterns of sections A, B and C in Fig. 3
(b): (a) SEM image of as-cast Nd, alloy; (b)
SEM image of as-cast Ndg4 alloy; (¢) SEM
image of as-annealed Nd, alloy; (d) SEM
image of as-annealed Ndo4 alloy; (e) EDS
pattern of section A; (f) EDS pattern of
section B; (g) EDS pattern of section C

maximum discharge capacity and C, is the discharge
capacity of the nth charge—discharge cycle at a current
density of 300 mA/g. Figure 4 shows the evolution of the
capacity retaining rate (S,) of the as-cast and annealed
alloys with the The slopes
of the curves in Fig. 4 indicate the degradation rate of

cycle number n.
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Fig. 4 Evolution of capacity retaining rates (S,) of alloys with

cycle number: (a) As-cast; (b) As-annealed

the discharge capacity in the charging—discharging cycle.
The smaller the slope of the curve is, the better the cycle
stability of the alloy will be. It can be seen that the
change of the curve slopes of the as-cast alloys is
unconspicuous with the variation of Nd content, whereas
the slope of the curves of as-annealed alloys substituted
by Nd is much smaller than that of the Nd-free alloy.

In order to observe the relationship between the
capacity retaining rate and the Nd content, the amount of
Nd substitution dependence of the capacity retaining rate
(S100) at the 100th charging—discharging cycle is also
presented in Fig. 4. It indicates that the S values of the
as-cast and annealed alloys markedly grow with
increasing Nd content. The Sjgo value is enhanced from
64.98% to 85.17% for the as-cast alloy, and from 76.60%
to 96.84% for the as-annealed alloy, by increasing Nd
content from 0 to 0.4. It is derived by comparing Figs. 4
(a) with (b) that for the same Nd content, the as-annealed
alloy exhibits much higher cycle stability than the as-cast
one. It was well known that the lattice stress and the
expansion of the cell volume, which are inevitable when
hydrogen atoms enter into the interstitial sites of the
lattice, are the real driving force that leads to the
pulverization of the alloy. The positive impact of Nd

substitution on the cycle stability of the alloy is basically
ascribed to two factors. Firstly, the refined grain by Nd
substitution is instructive to enhancing the cycle stability
on account of the anti-pulverization capability of the
alloy basically depending on its grain size. Secondly, the
increase of the LaNis phase incurred by substituting La
with Nd is beneficial to improving cycle stability of the
alloys due to an unanswerable fact that LaNis phase
possesses a much higher electrochemical cycle stability
than (La,Mg),Ni; phase. The benefaction of the
annealing treatment on the cycle stability of the alloys is
ascribed to the structure change and more homogeneous
compositional distribution created by the annealing,
which facilitates to prohibit the pulverization and
corrosion of the alloy [15]. Our previous work has
ascertained that the additive of a proper amount of Si can
enhance the electrochemical cycle stability of the
La—Mg—Ni-based A,B;-type alloy considerably, which is
probably ascribed to the improved anti-corrosion ability
of the alloy by adding Si. The exact mechanism needs to
be further investigated [16,17].

3.2.2 Activation capability and discharge capacity

The activation capability was indicated by the
number of charging—discharging cycles required for
attaining the greatest discharge capacity through the
charging—discharging cycle at a constant current density
of 60 mA/g. Figure 5 demonstrates the cycle number
dependence of the discharge capacities of the as-cast and
annealed alloys. It shows that all the alloys possess
superior activation performance, attaining their
maximum discharge capacities at two charging—
discharging cycles. The excellent activation capability of
the as-cast and annealed alloys is mainly ascribed to their
multiphase structures because the phase boundary can
decrease the lattice distortion and strain energy formed in
the process of hydrogen absorption. Furthermore, the
phase boundary provides good tunnels for diffusion of
hydrogen atoms, improving the activation performance
of the alloy. Figure 6 illustrates the Nd content
dependence of the discharge capacity of the as-cast and
annealed alloys at a charge—discharge current density of
60 mA/g. It displays that the discharge capacities of the
as-cast and annealed alloys first mount up and then fall
with Nd content growing. The as-cast and annealed
alloys yield the largest discharge capacities of 380.2 and
384.0 mA-h/g respectively as Nd content is 0.3. It can be
clearly seen from Fig. 6 that for the same Nd content, the
as-annealed alloy exhibits a much higher discharge
capacity than the as-cast one.

The discharge capacity of an alloy is dominated by
multiple factors, one of which is the unit-cell volume
due to the volume change of an alloy during hydriding
proportional to the amount of hydrogen absorbed
in cycling or the electrochemical capacity [18]. The
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Fig. 6 Evolution of discharge capacity of as-cast and annealed
alloys with Nd content

reduction of the cell volume and the (La,Mg),Ni; phase
originated from substituting La with Nd are evidently
detrimental to the discharge capacity of the alloy.
Therefore, it seems to be self-evident that such
substitution turns out to be a decrease of the discharge
capacities of the alloys. In fact, the as-cast and annealed
alloys yield the maximum discharge capacities with the
variation of Nd content, for which the changes of the
phase abundances and structure of the alloys resulting
from Nd substitution are basically responsible. The

refinement of the grain produced by Nd substitution is
beneficial to the discharge capacity because the grain
boundary exhibits the distribution of the maximum
hydrogen concentrations [19]. Furthermore, it is
noteworthy that the LaNis phase works not only as a
hydrogen reservoir but also as a catalyst to activate the
(La,Mg),Ni; phase to absorb/desorb hydrogen reversibly
in the alkaline electrolyte [20]. The above contrary
effects result in an optimum Nd content for the discharge
capacity of the alloys. The annealing treatment notably
enhances the discharge capacity of the alloy, attributed to
the homogenization of the composition and the changes
of the phase abundance and the lattice parameters
originated from annealing treatment.

3.2.3 High rate discharge ability and electrochemical

kinetics

The electrochemical hydrogen storage kinetics of
the alloy electrode is characterized by its high rate
discharge ability (HRD), calculated by the formula:
HRD=C max/C60.max*100%, where Cjmax and Ceomax are
the maximum discharge capacities of the alloy electrode
charged—discharged at current densities of J and 60
mA/g respectively. Figure 7 shows the relationship
between the HRD values of the as-cast and annealed
alloys and the discharge current density. It indicates that
the HRD values of the as-cast and annealed alloys first
augment then decline with Nd content growing. In order
to demonstrate the influence of Nd content on the HRD
values of the alloys, the Nd content dependence of the
HRD values, for a fixed current density of 300 mA/g, of
the as-cast and annealed alloys is also shown in Fig. 7. It
is evident that the HRD value of the as-cast alloy is much
higher than that of the as-annealed one for the same Nd
content, suggesting that the annealing treatment impairs
the high rate discharge ability of the alloys.

The high rate dischargeability of the metal hydride
electrode is principally dominated by the charge-transfer
rate on the alloy surface and the hydrogen diffusion
capability in the alloy bulk. Hence, an investigation on
the electrochemical kinetics of the alloys is quite
necessary.

The hydrogen diffusion coefficients (D) of the
as-cast and annealed alloys are measured by using a
potential step technique. A potential step of +500 mV vs
the stabilized open circuit potential of the fully charged
electrode was applied and the change of the discharge
current with time is recorded. Figure 8§ demonstrates the
semilogarithmic curves of anodic current vs working
duration of the as-cast and annealed alloy electrodes.
Based on the hydrogen diffusion model constituted by
ZHENG et al [21], the diffusion coefficient of hydrogen
atoms in the bulk of the alloy can be calculated through
the slope of the linear region of the corresponding plots
according to the formulae:
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where J is the diffusion current density; F is the Faraday
constant; D is the hydrogen diffusion coefficient; Cj is
the initial hydrogen concentration in the bulk of the alloy;
C; is the hydrogen concentration on the surface of the
alloy particles; a is the alloy particle radius; d is the
density of the hydrogen storage alloy; ¢ is the discharge
time. In Eq. (2), dlgJ/dt is the slope of the linear region
in Fig. 8. The D values calculated by Eq. (2) are also
illustrated in Fig. 8. It is found that the D values of the
as-cast and annealed alloys first grow and then decline
with increasing Nd content. The Nd content
corresponding to the maximum D values of the as-cast
and anneal alloys is uniform with that corresponding to
the largest HRD values of the as-cast and annealed alloys,
suggesting that the hydrogen diffusion ability is a crucial
factor of the electrochemical kinetics of the alloys.

Figure 9 shows the Tafel polarization curves of the
as-cast and annealed alloy electrodes. It is evident that

0.5k(a)
0 R T8 09,
-0.5 6
— = o
= -1.0 oy
=0
<;:' -15 02 03 04
-t
E" =2.0F .
“25E e Ny, Rgocecn %0 g
-3.0F oF ey,
_35 I_ Nld“-I 1 1 1
0 1000 2000 3000 4000 5000
Time/s
0.5 k(b)
6
0 k. ® T o—2
05| LR ™
. A \ o
=-1.0 3
=0 ;
* -1.5F : 1 02 03 0.
g 0 ul.d;._r(h 03 04
?0—2.0-
- | °— Nd,
2 e Ny R
-30F ° 0.2 Mt - .
3.0 — th:3 .....
-3.5F =— Ndy,
/] 1 1 1 1
0 1000 2000 3000 4000 5000

Time/s

Fig. 8 Semilogarithmic curves of anodic current vs time
responses of alloys: (a) As-cast; (b) As-annealed

each curve comprises an anode polarization process and
a cathode polarization process. In all cases, the anodic
current density grows to a limiting value and then falls.
The current density at the inflection point is known as
limiting current density (Jp), which indicates that an
oxidation reaction takes place on the surface of the alloy
electrode, and the generated oxidation product resists
further penetration of hydrogen atoms [22]. The decrease
of the anodic charge current density on cycling
predicates that charging becomes more difficult. Hence,
the limiting current density, J;, may be regarded as a
critical passivation current density, mainly dominated by
the hydrogen diffusion in the bulk of the alloy during
anodic polarization [23]. The J; values of the as-cast and
annealed alloys as a function of the amount of Nd
substitution are demonstrated in Fig. 9. It is viewable that
the J. values of the as-cast and annealed alloys first
increase then decrease with rising Nd content.

Figure 10 shows the electrochemical impedance
spectra (EIS) of the as-cast and annealed alloy electrodes,
which qualitatively reflects the charge—transfer ability on
the surface of the alloy electrode. It is found that each
EIS spectrum comprises two semicircles corresponding
to two different frequency regions. As elucidated
by KURIYAMA et al [24], the smaller semicircle in the
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high frequency region corresponds to the contact
resistance between the alloy powder and the conductive
material, while the larger semicircle in the low frequency
region equals the charge—transfer resistance on the alloy
surface. Hence, the larger the radius of the semicircle in
the region is, the larger the
charge—transfer resistance of the alloy electrode will be.
It is viewable from Fig. 10 that the radii of the large
semicircles of the as-cast and annealed alloys in the low
frequency first shrink and then expand with Nd content
growing.

The above-mentioned results reveal that the HRD
and the electrochemical kinetics of the as-cast and
annealed alloys first grow and then decline with Nd
content rising, which is ascribed to the change of the
structure of the alloys resulting from substituting La with
Nd. On one hand, the increased LaNis phase by Nd
substitution markedly improves the electrocatalytic
activity of the alloy electrodes. On the other hand, upon
the refined microstructure by Nd substitution, a lot of
new crystallites and grain boundaries evolve, which may
act as fast diffusion paths for hydrogen absorption [25],
intensifying the HRD and electrochemical kinetics of the

low frequency

1.2

(b)
1.0+

0.6
Zrcai"II Q

Fig. 10 Electrochemical impedance spectra (EIS) of alloy electrodes: (a) As-cast; (b) As-annealed

alloy. However, it must be mentioned that the refined
grains resulting from Nd substitution severely impair the
charge—transfer rate on the alloy surface due to the fact
that the refined grains effectively prohibit the
pulverization of the alloy particles, and a lower new
surface of the alloy electrode forms, decreasing the rate
of charge transfer at the alloy—electrolyte interface. It is
above-mentioned contrary impacts engendered by Nd
substitution that yield a maximum HRD value of the
alloy. The decreased HRD of the alloys by annealing is
ascribed to the change of the structure produced by the
annealing. The annealing treatment eliminates the casting
internal strain and diminishes crystalline defects such as
dislocations and grain boundaries, which not only
increases the charge-transfer resistance of the alloy
electrodes but also hinders the hydrogen diffusion from
inner of the bulk to the surface, and subsequently brings
on a drop in the electrochemical kinetic property.

4 Conclusions

1) The as-cast and annealed alloys comprise two
major phases, (La,Mg),Ni; and LaNis. The substitution
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of Nd for La brings on a decrease of (La,Mg),Ni; phase
and an increase of LaNis phase in the alloys without
changing the structures of the major phases of the alloys.
Such substitution results in an evident refinement of the
grains of the alloys.

2) The discharge capacities of the as-cast and

annealed alloys first mount up and then fall with Nd
content increasing, whereas their electrochemical cycle
stabilities always grow with Nd content rising.

3) The annealing treatment remarkably enhances the

discharge capacity and cycle stability of the alloys,
whereas it slightly impairs the electrochemical kinetic
property of the alloys.
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HSFIR A 7S Lag g«NdyMgy ,Ni3 15C042Alg 1Sig 05 (X=0~0.4)
SEBELEISERE

R, EEAE, BRI, AEETR K R, RHBEER!

1. AR TR BT DhREM RS, dbad 100081;
2. WEN R KRS BEIRE AR ER G5, 6k 014010

. W SOE kAP 4 La—Mg—Ni 3£ A,B,; A Lagg Nd,Mg, ,Nis 15Cog,Aly 15 (x=0, 0.1, 0.2, 0.3, 0.4) L1
G4, IS Nd T8 La X-& & 450 S A =R BRI g . 45 R0, T & &FE I AR 75 J5 45 R 1
CeoNiy 8 (La,Mg),Niy K&/ T 4514 (1) CaCus ! LaNis, [RINIEF 4 LaNis F1 NdNis SRR AH. & RIBKEG 41
TR B B e A 2R TR L BB Nd B B IS IS IS RN . 2 x=0.3 W], BEES KOR KIS G R A AT
I KA, 43992 380.3 mA-h/g Fil 384.3 mA-h/g. & 4L ZFIE AT E M BEE Nd &= 38 N Rretsin. 24 Nd
T 0 MG 0.4% M, A SRR 100 X0 FBAGFRIS (25 LR FFZE(S100) A\ 64.98% IEINZE 85.17%, TR
KGN S0 T 76.60%IEINZE 96.84%.
KRR A A AB, BG4S e B PG Wik rkRe
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