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Research and Development of Highly Active and
Durable Electrocatalysts for Polymer Electrolyte Fuel Cells
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Hiroyuki Uchida

For widespread commercialization of fuel cell vehicles, it is essential to enhance the performance and
durability of polymer electrolyte fuel cells (PEFCs), which have been used together with rechargeable
batteries. In this report, the research and development of electrocatalysts for PEFCs are reviewed.
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Fig.1 PEFC stack cost for a FCV at various production
rate. Data were cited from ref. 1.
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Fig.2 Changes in jx and MA at Nafion-coated n-Pt2nm/CB,
N-Pt3nm/CB, N-Ptsnm/CB, and c-Pt,nm/CB in the ADT
(inset of (b)). The values of jx and MAy were
evaluated at 0.85V vs. RHE and 65°C in
Oj-saturated 0.1M HClO4. The ADT was
performed in Nx-saturated solution. Reprinted
from ref. 4 with permission of Elsevier Ltd.
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Fig.3 Dependence of ji at 0.9V of Pt skin/PtigxCox
RDEs on Co content in air-saturated 0.1M HCIO4
at 27°C and 1500rpm. Reproduced from ref. 11
with permission of ACS.
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Fig.4 Layer-by-layer composition of Pt skin/PtsCo(111)
electrode in N»-saturated 0.1M HCIO, at 0.4V and
25°C. Reproduced from ref. 12 with permission of
ACS.
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(GCB : &b — K> 75 v 74K &8 L. 65T
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Bt AD T \ AP A T APED TN AZ K L7219,
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WH . Pt Pt&&fito ORRIGM: % BF G H T
RDE &R CFDE#IC L V) FFli 3 2 B5121E. FON,
fAN L 72 . =i T0.05 ~ 100V O % R )v
YETTAWEET HECEMTBIT S, K5
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Y Bo AHEER (pristine) ® PtCon,ur & PtComnr
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Table1 Properties of PtCon,+1/GCB, PtCow,+1/GCB, and
Ptya-PtCo/GCB™.

. Particle size, | Co atom% Crystal
Catalyst | Condition dren® (Nm) in PtCo structure®
pristine 25+0.2 50.0 fcc
PtCone+T
after EC® 24+03 10.2 fcc
pristine 25+0.2 50.0 fct
PtCOw.-HT
after EC® 24+0.2 11.6 fct
pristine 3.0+0.3 31.0 fct (+3% fee)
Pt -PtCo
after EC° 29+04 12.6 fcc

a The average particle size and standard deviation were obtained among 300
particles in several TEM images. b The average crystal structure was
estimated by electron diffraction patterns and XRD patterns with Rietvelt
refinements. ¢ The catalyst powder deposited on the Au plate was subjected
to cyclic voltammetry between 0.05V and 1.00V at a scan rate of 0.5V s in
Nz-saturated 0.1M HCIO, solution for 50 cycles.
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Fig.5 Chemical decomposition of PFSA polymer
electrolyte membrane (PEM) induced by crossover
of O; at the anode of PEFC.
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Fig.6  Potential dependence of j(H.O,) at various anode
catalysts in 10% air/Hz-saturated 0.1 M HCIO, at
800(:22)_
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Fig.7 Time course of open-circuit voltage (OCV) and
H.-leak current density j(H,) for single cell with
PtCo/Cur and c-Pt/CB anode operated with H;
(76%RH) and air (86%RH) at 90°C and 160kPaG.
Active area of the cell was 29.2cm?2. Reproduced
from ref. 22 (open access) with permission of RSC.
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Development of LTO Lithium-ion Secondary Battery
with Excellent Low Temperature Input/Output Characteristics Part2

DA O¢7s *1 o=n k1
AR i H &ty
Tomonori Suzuki Tomoya Inoue

2. HO *1 n| *1
S BFY IR 8E
Kiyoko Kon Tomohiko Sakamoto

A 1 1
S fom” =L NI
Norlhlro Kon Daisuke Hoshino
EhINEY
Junji Tabuchi

We have developed a lithium-ion battery with lithium titanate anode, which is compatible with
lead-acid battery, and has excellent input / output capability and long cycle life and high safety as

a candidate for 12V lithium-ion battery.

As a result of performance evaluation of the prototype 10Ah laminate cell, it was possible to 10ItA
discharge at -30°C. After 1,000 cycle test under the environmental temperature of 25°C and 60°C, no
degradation of cycle performance at 25°C was observed, while the internal resistance increase and
the capacity loss at 60°C was observed. Moreover, it showed an excellent safety without rupture or fire

at the nail penetration safety test.
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Fig.1 Appearance of 10Ah laminate cell
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MEBL— b BEEBRE 0.21A
(ItA) (Ah) BREL (%)
0.2 10.50 100.0
0.5 10.10 96.2
1.0 9.76 93.0
2.0 9.40 89.5
5.0 8.87 84.5
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Marginal Tests Investigation of Lithium lon Batteries

for Excellent Safety

eadinl =1

Tomoya Inoue

Ik B

Yuta Kobayashi
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Naoki Takeguchi

A Ho—zZ *
P EE?
Kiyoko Kon

Safety improvement of lithium ion batteries with ternary cathode material (NCM) and its accurate
evaluation are highly demanded for further application. In our investigation, we have developed 3
types of harsh marginal tests method for the safety evaluation. The marginal tests were conducted
on our lithium ion battery cells with NCM cathode. Safety improvement by ceramic-coating separator
and addition of olivine materials was also evaluated by the marginal tests. While the addition of olivine
materials was proved to have certain effect on the safety on high-temperature environment, there is
still room for the improvement in the safety against over-charge and nail-penetration. These results
also indicate the intense necessity of harsh and multilateral marginal tests to accurate evaluation of

lithium ion batteries safety.
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Fig.1 Mechanism of thermal runaway of usual lithium
ion batteries
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Table1 Specifications of 5Ah laminate-type lithium ion
batteries
NCM | LFP
Anode Graphite

Rated capacity (Ah) 4.7 5.1
Nominal voltage (V) 3.7 3.2
Mass (g) <152 <161

Cell size (mm)
(exclude lead tabs) W194 X D163 > H3.1

———

o

®2  SAh#RS=x—hEILOSE
Fig.2 Appearance of 5Ah laminate-type lithium ion
battery
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Results of marginal test investigation of NCM-
Graphite and LFP-Graphite cells

Table2

NCM-graphite LFP-graphite
) ) Fire (1/3),
Nail-penetration test Smoke (2/3) None (3/3)
Over-charging test Fire (3/3) Smoke (3/3)
) Fire (2/3) Smoke (2/3),
Heating test None (1/3) None (1/3)

LFP-Graphite )V X @ FEER SR, AN PR T
REECTIIRES R SN7-DA T, REBSTH L5k
WCBWTERELHER SN 0o £O—HT
NCM-Graphite £V Tid & TORBEIZ BV THAXIZ
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(a) Nail penetration test
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Cell voltage and temperature changes in the
marginal tests of NCM-Graphite cells
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Marginal test results of the NCM-Graphite cells
with ceramic coat separator

Table3

without ceramic coat with ceramic coat
. ! Fire (1/3),
Nail-penetration test Smoke (2/3) Smoke (3/3)
Over-charging test Fire (3/3) Fire (3/3)
. Fire (2/3) )
Heating test None (1/3) Fire (3/3)
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Fig.5 Cell inside of NCM-Graphite cell with ceramic
coat separator after over-charging test
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Table4 Marginal test results of the cells with Om-NCM
cathode and NCM cathode

NCM-graphite OmNCM-graphite
i ) Fire(1/3), Fire(1/3),
Nail-penetration test Smoke (2/3) Smoke (2/3)
Over-charging test Fire (3/3) Fire (3/3)
) Fire (2/3) Smoking (1/3),
Heating test None (1/3) None (1/3)
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charging test of OmMNCM-graphite cell
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the battery industry is to design and produce
batteries with extended lifetime without failures.
The chemical and physical processes behind the
regular operation of lead-acid batteries obviously
imply the lifetime cannot be unlimited. There
are several different failure modes in lead-acid
batteries. Among these the undesired deformation
of the positive plates also reduces the lifetime of
the batteries. Severe deformation of the positive
plates may cause contacts between the parts
of the battery and the corrosion of the lead

material together with the deformation can result

One of the common goals of manufacturers in

Finite Element Simulation of
Deformation of Battery Grid Plates

Attila Kossa™"®  LaszI6 Urban™'  Kornél Szelinger™  Attila Palfalvi™’

Gabor Varga®™*  Jun Furukawa™  Keizo Yamada™

Atsushi Sato**  Toru Mangahara*?

1. Introduction

Fig.1 Deformation of the positive plate

separation of the positive active material (PAM)

from the grid? ?. These phenomena are illustrated
in Fig.1.

out-of-plane bending of the positive plates. During
operation the plates are deforming, but the
container cell constrains their motion which can
cause this type of deformation. Fig.2 illustrates the

out-of-plane deformation (bending) for one cell.

Another undesired deformation mode is the

*1
*2
*3

*4

Furukawa Electric Institute of Technology Ltd., Budapest, Hungary
The Furukawa Battery Co., Ltd., Yokohama City, Japan

Budapest University of Technology and Economics, Faculty of
Mechanical Engineering, Department of Applied Mechanics

Budapest University of Technology and Economics, Faculty of Natural
Sciences, Department of Physic

Fig.2  Out-of-plane deformation of positive plates
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Extending the lifetime of lead-acid batteries
requires the complete understanding of the
electrical, chemical and physical processes during
operation. Once we can describe accurately every
mechanism and processes, we can use numerical
simulations during the design process in order to
design and create more durable batteries. Most of
the simulations in the literature are dealing with
the simulation of the electrical current distribution
in the plates. The number of scientific papers
presenting simulations for the deformation of the
plates is extremely limited. The authors of the
paper have not found any paper in the literature,
where numerical simulations are presented for the
deformation of the plates.

This contribution presents novel finite element
simulation results for the deformation of positive
plates. The primary goal of the numerical
simulations is to build an accurate finite element
modelling technique for the analysis of the
deformation of positive plates (grids) used in lead-
acid batteries. Our goal is to use the numerical
simulation results together with the classical
design tools in order to design more durable

batteries.

2. Mechanical tests

The material of the positive plates (grids) is a
lead alloy, which shows significant viscoplastic
behavior, especially at elevated temperature® ¥. But
the viscoplastic characteristic is also dominant in
room temperature as well. A typical strain-stress
response Is depicted in Fig.3 for a uniaxial tensile
test involving tensile loadings and relaxation
phases. One can conclude the dominant relaxations

after each cycle.
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Stress

Relaxation
Relaxation

Displacement

Time

Strain

Fig.3 Typical strain-stress response in uniaxial loading
test

The finite element simulations of the
deformation of grids require the accurate
representation of the material behavior in the
finite element models, therefore, a material model
representing accurately the viscoplastic behavior
of the material is needed.

Another important feature of the material
behavior is its temperature-dependent nature.
The mechanical characteristics of the lead
alloy used for grids is temperature-dependent.
Since the temperature during the operation of
batteries are changing it is important to include
the temperature-dependency in the material
modelling. Uniaxial tensile tests were performed to
reveal the temperature-dependent property of the
material behavior. Fig.4 illustrates the effect of the

increasing temperature on the stress values.

Room temperature

Stress

Elevated temperature

Strain
Fig.4 Illustration of the effect of temperature on the

material behavior
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The grids are cut out from a rolled lead sheet,
which shows anisotropic mechanical behavior
due to the rolling process. The anisotropic plastic
behavior of the lead material was also analyzed.
Tensile test specimens with different orientation
were cut out from the lead sheet as illustrated in
Fig.5.

Rolling direction

90° 60°
00

Fig.5 Uniaxial tensile test specimens with different
orientation

v

The yield stress corresponding to the end of
the first relaxation phase depicted in Fig.1 was
measured and the orientation-dependent yield
stresses were identified for room temperature
(blue data) and for elevated temperature (red data)

as they are shown in Fig.6.

Room temperature

1

<

g Elevated temperature

©

>

0 20 40 60 80
Orientation / °
Fig.6 Illustration of the plastic anisotropy
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3. Constitutive modelling with
anisotropic plastic model

The uniaxial tensile mechanical tests revealed
the plastic anisotropic behavior of the lead plates.
Modelling the anisotropic behavior in the finite
element simulations leads to more accurate results
compared to the case, when the anisotropy is
completely neglected and isotropic material model
is used. The number of plastic anisotropic models
in the literature is very limited due to their
complex description. Including anisotropy in the
material model involves more material parameters
which makes the parameter fitting process more
difficult.

The most widely-used plastic anisotropic model
utilizes the so-called Hill' s yield criterion®. This
model is implemented in almost all commercial
finite element solvers. In Comsol multiphysics, the
model is denoted as “Hill Orthotropic Plasticity”
model as they present a version, which is
formulated for orthotropic case®.

The main difference between the classical
isotropic plasticity model and the anisotropic one
is briefly summarized below.

First, the isotropic Mises plasticity model is
introduced. The Mises yield criterion is given by

the relation
F = O'eq — Oy < 0,

where o,, denotes the equivalent stress, whereas
oy is the yield stress of the material. The equivalent
stress is related to the norm of the deviatoric

stress s tensor as
Oeq = (3/2)1/2 ' ”S”
The deviatoric part of the total stress is defined

by s = deve = o —é(tra)l.

Thus, the equivalent stress can be expressed

with the help of the component of the stress
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matrix as
1 2 1
Oeq = (E(Uy - Uz) + E(O'z - Ux)z
1 2 2 2 2 /2
+E(Ux - ay) + 375, + 375, + 3Txy) _

In this model we use only one material
parameter (namely the yield stress) in order to
formulate the yield criterion.

In contrast, the Hill's model involves 6 different
yield stresses corresponding to the six main
deformation modes illustrated in Fig.7. &. 7,

02 Ten Tan Ty: denote the yield stresses.

Fig.7 Yield stresses along main deformation modes

With the yield stresses above we can define the

following dimensionless parameters:

F_ayz 1+1 1
- 2\62 a7 &2

L_la,? _103 _loy
=2 =2 N T 92
2 Yz 2TL, Z‘L'xy.

It is noted here that the reference yield stress
oy can be arbitrary, thus it is not an independent
material parameter in the model. For simplicity
it is convenient to use &, as the reference yield

stress oy. The parameters F, G, H, L, M, N are
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used to modify the equivalent stress definition to

the following form:
2
Oeq = (F(ay —0,) +G(o,—0)* +
2 1/2
H(ax - ay) + 2LT32,Z + 2M72, + 2Nrfy)
The model above can be applied to rolled sheets,
where the principal directions of the anisotropy

directions coincide with the principal directions of

the sheet as illustrated in Fig.8.

Thickness direction

Fig.8 Principal directions for the rolled sheet

However, it is important to emphasize that
measurements of some of the yield stresses are
difficult as it is listed in the following Table.
However, those components can be approximated
with the help of the other components.
Furthermore, the important yield stress
components for the simulations are those which
correspond to the xy plane. These yield stresses

can be measured.

Table List of yield stresses
Ox It is possible to measure v
Oy It is possible to measure 4
[ Difficult to measure X
Ty It is possible to measure v
T Difficult to measure X
Ty Difficult to measure X

The yield stress ox corresponding to a particular

X direction in the xy plane can be expressed as
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cos2¢ - sing

Oy = 1/(—

=2
Oy

1/2
, [cosZg 1 1y .,
+cos @ — t |+ =5 |sin“g
Oy Txy Oy ’

where the approximation .= a, is utilized.

The meaning of the stress components in the

rotated coordinate system is illustrated in Fig.9.

Illustration of the coordinate system XY

Fig.9

The yield stress along direction ¢ is assumed
to be between &, (rolling direction) and a,
(perpendicular direction). Consequently, T,, can be

written as

(1—a)-5x+a-5y]’

_ 1

Txy = ﬁ[
where the dimensionless parameter a is used to
express the linear interpolation. Thus the yield
stress along direction ¢ is a function of parameter

a, which is restricted to be between 0 and 1.

4. Fitting of Material Parameters

The main difficulty in the fitting of the material
parameters associated with the plastic anisotropic
model is the proper identification of the variation
of yield stress in the primary plane of the sheet.
The yield stress measurements along several
directions can be used to identify the required
yield stresses.

The fitted material model is illustrated in

Fig.10, where dots represent the measurement
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data, whereas the solid curves show the model
response. The values with blue corresponds to
room temperature, whereas the values with red

correspond to the elevated temperature.

Room temperature

Elevated temperature

Yield stress

0 20 40 60 80
Orientation / °

Fig.10 Comparison of the fitted model (solid curves) and
the measurements (dots)

5. Finite Element Simulations

Multiple finite element simulations were
performed in order to analyze different aspects of
the grids. One of the key questions is how do the
grids deform as they are subjected to geometry
change due to the design. Another analysis is the
effect of plastic anisotropy on the overall behavior
of the positive grid plates. Different criteria
are proposed to evaluate the results. Both the
stress and strain values are analyzed, especially
at the interface of the grid material and the
positive active material. Furthermore, the overall
deformations of the grid are also measured based
on the numerical simulations.

The complete description (element type, element
size, solver settings, contact formulation, boundary
conditions, loadings, etc.) of the FE model is not
provided here due to the limit of the length of the
manuscript. But two simulation results are shown
in the followings.

Fig.11 shows the overall deformation of one
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single positive grid sitting in a container. The
colors represent the vertical displacement of the
material points. One can observe the similarity in
the nature of the deformations of the measured

configuration (see Fig.1) and the FE results.

Fig.11 Illustration of the deformation of a plate, where
the colors represent the vertical displacement

The second example (see Fig.12) demonstrates
the out-of-plane deformation of the grid plates
for a particular loading case (not discussed here).
The out-of-plane bending mode of the grids can be

simulated in the FE environment.

Fig.12 Out-of-plane deformation of one single positive
grid

28

Finite Element Simulation of Deformation of Battery Grid Plates

6. Advanced Material Modelling

It is noted here the viscoplastic behavior of
the lead material was eliminated in the material
modelling as the real deformation process in the
battery is relatively slow, therefore the steady-
state response can be used to approximate the
material characteristics. However, it is important
to emphasize there exist more advanced
viscoplastic material model, which can be used
together with the Hill's anisotropic plastic
potential. A good candidate is the so-called two-
layer viscoplastic (TLVP) model, which is a
built-in material model in the commercial finite
element software ABAQUS”. The model consists
of a Maxwell-type nonlinear viscoelastic branch
connected with an elastic-plastic part in parallel
manner. The 1D representation of the TLVP
model is depicted in Fig.13.

Elastic-plastic

—

Il

AN

=Wl

Nonlinear viscoelastic

Fig.13 Schematics of the TLVP model

For illustration purposes, Fig.14 shows a
comparison between the model prediction and
the experimental data for a uniaxial tensile test.
Blue dots indicate the experimental data, whereas
red curve shows the model prediction. One
can conclude the superior performance of this

advanced model. The main drawback of using
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this model in the finite element simulations is the
presence of more material parameters, which have

to be fitted at several temperature values.

Experiment
Model

Stress

Time
Fig.14 Comparison of the experimental data and model

prediction for a uniaxial tensile test using the TLVP
model

7. Conclusions

This paper presented a brief overview of the
possibility of using finite element simulations in
the analysis of the deformation of positive grid
plates used in lead-acid batteries. Advanced
material models with advanced finite element
simulation techniques were combined in order to
get more realistic results. The simulations have
proven that finite element simulations can be an
excellent tool in the design process of new grids.
However, it should be emphasized that finite
element simulations cannot be used to replace real
measurements on batteries as the FE simulations
usually are focusing on particular aspect of the
real phenomena involving chemical, electrical and

mechanical processes.

29

—

)

References

J. Garche, E. Karden, P.T. Moseley and D.A.]J. Rand
(Eds.). Lead-Acid Batteries for Future Automobiles.
Elsevier. 2017

M. Otsuka. Corrosion and growth of positive grids in
lead-acid battery. Furukawa Battery Technical News
59, 1-7. 2003.

S. Guruswamy. Engineering properties and application
of lead alloys. Marcel Dekker Inc. 2000

H. Warlimont, W. Marienssen (Eds.). Springer
Handbook of Materials Data. Springer. 2018

E.A. de Souza Neto, D. Perié, D.R.J. Owen.
Computational Methods for Plasticity: Theory and
Applications. Wiley. 2008

COMSOL Multiphysics. COMSOL AB, Stockholm,
Sweden. www.comsol.com

Dassault Systemes, ABAQUS 2019 Documentation.
https://www.3ds.com/products-services/simulia/
products/abaqus/



FB TECHNICAL NEWS No.76 (2021.1)
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The Effect of LiBH4 Additive to a Liquid Electrolyte Interlayer

at Li;La;Zr.O+,/Li Interface
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The combination of Li;LasZr,O+. (LLZ) and Li anode encounters a very serious problem, which is a
huge interfacial resistance between LLZ and Li anode, leading to poor battery performance. Firstly,
in this study, we have studied the effect of LiBH, additive to a liquid electrolyte on Li metal plating/
stripping performance. Secondly, we have evaluated electrochemical performance with Li/LLZ/Li
symmetric cell using the liquid electrolyte interlayer containing LiBH, at LLZ/Li interface. The additive
of LiBH4 provides an improved coulombic efficiency of Li striping/plating and an excellent reductive
stability against Li metal. Moreover, the liquid electrolyte interlayer with LiBH4 provides a very stable
interface for high current density usage and a long-term cycle. Our findings suggest that the interfacial
conditions on LLZ/Li anode could be effectively improved.
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Fig.1 Schematic diagram of Li-S battery with hybrid-
electrolyte system at High operating temperature
2. N5

2.1 BRERPEEBOER
FR1UIRTEY . #7425 E)VECTLITFSI/LiBH,
% Tetraglyme |CAE S & CEME 2 ER L 72, 1F
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Table1 The liquid electrolyte compositions
LiTFSI / LiBH4 / Tetraglyme B
1/0/1 Ref.
0.99/0.01/1 0.99/0.01
0.97/0.03/1 0.97/0.03
0.95/0.05/1 0.95/0.05
0.9/70.1/1 0.9/0.1
* BT I3 mol

2.2 UFOLEEBE/BYAL2)IV5 0T
VERIARIZSSE, X8I F 7 248, MW IZE
RS % 2 | 722032 0 4 L & ERiL L &
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LCTHW (BT, Cu/Likv), 1) F 7 AEE D7 R
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T NGB ORI 2 FHIE L 720 FRLISR S
NBFHERICIVER L2EEZ 7 —arhRE LT
EFEL. 7 — 0 URIEEER T Sl L 72,

o The amount of Li stripped
Coulombicefficiency (C.E.) = - — X 100
The amount of Li plated on Cu foil
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Development of High-Performance Lead Acid Battery
that Has Both Battery Capacity and Charge-Discharge Durability
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There is an increasing demand for lead-acid batteries with high capacity and long life.

Generally, there is a trade-off between battery capacity and charge discharge durability, so increasing
battery life tends to reduce battery capacity. Therefore, we have developed a high-performance lead
acid battery that has both battery capacity and charge discharge durability by improving the positive
active material. In this report, we report the results of the improvement study of the positive active
material and the life test results of the prototype battery using the active material.
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Ni-based Alkaline Storage Batteries for the Artificial Satellite Applications

in the Early and Growing Stages
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The Asteroid Explorer “Hayabusa 2” Succeeded in Capsule Reentry
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Fig.1 Lithium-ion battery for the Asteroid Explorer
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Fig.2 Image of the capsule reentry operation
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Vented Nickel-Cadmium Rechargeable Single Cells

Obtain IEC 60623 Certification
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PT. MITSUBISHI MOTORS KRAMA
YUDHA INDONESIA #RICERH
Supply Type 34B19L Automobile Lead-Acid Battery
Made by PT.FURUKAWA INDOMOBIL BATTERY MANUFACTURING
for PT. MITSUBISHI MOTORS KRAMA YUDHA INDONESIA

Z @, PT. MITSUBISHI MOTORS KRAMA X1 Btvttiz

. Table 1 Specification of Battery
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HONDA AUTOMOTOBILE (THAILAND)
Co., Ltd #RICIRH

Supply Type LN2 Lead Acid Battery Produced by SIAM FURUKAWA
Co., Ltd. for HONDA AUTOMOBILE (THAILAND) Co., Ltd.
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HONDA MOTORCYCLE AND
SCOOTER INDIA?
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Supply Type ETZ6 Valve Regulated Lead Acid Battery for
Motorcycle Produced by EXIDE INDUSTORIES LIMITED
for HONDA MOTORCYCLE AND SCOQOTER INDIA
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Table1 Specification of Battery
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Contribution to Low-carbon-society in Islamic Republic of Mauritania

PV Off-Grid System with FCP
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B “EC24-12SEY”
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Valve Regulated Lead-Acid Battery “FC24-12S” for Cycle Use
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Introduction of New Automotive Battery Series “Altica” for Aftermarket
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Introduction of Bipolar Storage Lead-Acid Battery
~Qur company aim for sustainable future by next-generation type power storage battery~
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