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Functional Electrolytes for Lithium-ion Battery

Abstract
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Abe Koji

After proposing “Functional Electrolytes” in 1999, | developed many additives with various
functions, such as anode additives, overcharge protection additives, and cathode additives. The
choice of additives is currently a key research area in designing battery and the use of additives
are now accepted as a common technical basis. Accordingly it is not an exaggeration to say that
the research on electrolytes is essentially research on additives.

1. Introduction
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The Effect of Tetra Basic Lead Sulfate Nano Seeds
on the Utilization and Durability of Positive Electrode

A s %f‘%j%i“
Hideki Hagihara

Akihiro Watanabe

Abstract

o

mo oE

Tooru Mangahara Jun Furukawa

Further weight saving and durability improvement of lead-acid battery have been required with
demand expansion of idling stop cars. To decrease excess positive active mass through increase
of utilization is one of the most popular method for weight saving of lead-acid battery. However,
utilization and durability of positive plate are in the relationship of trade-off. Therefore we needs
to find a way to increase utilization while maintaining durability. In this study, we investigate that
the effect of curing temperature for the positive plate contained nano size tetra basic lead sulfate
seeds (4BS seeds). The utilization and durability were measured by single plate test. The
characterization of cured materials and positive active mass after formation were determined by
XRD, porosity and SEM. Positive active mass which was contained 4BS seeds and cured over
50°C showed higher utilization and durability than no 4BS seeds positive plate.
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Abstract

We have developed a lithium-ion battery with lithium titanate anode, which is can be compatible
with lead-acid battery in charging voltage. The lithium-ion battery, excellent input / output
capability, long cycle life and has high safety, which can be a candidate for 12V lithium-ion
battery. As a result of performance evaluation of the prototype 0.1 Ah laminate cell, the low-
temperature discharge characteristics were good, while the high-temperature cycle life need to
be improved. Further investigation, revealed that cycle life deterioration was caused by cracking
of cathode active material particles and by surface change of the active material particles.
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Development of Lithium Sulfur Solid Battery
Using Molten Sulfur and Garnet Type Solid Electrolyte
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Lithium sulfur battery (LIS) has been recognized as a post lithium ion battery due to its high energy
density. However, LIS has a big challenge on redox shuttle effect during charge and discharge
processes. In this work, oxide-type solid electrolyte was applied in order to prevent a redox
shuttle effect. Furthermore, in order to improve the lithium ion conduction of interface between
the electrolyte and both of the active materials, operating temperature was increased to higher
than melting point of sulfur. Fabricated batteries exhibited large areal capacity (23.1mAh cm™) in

spite of high sulfur loading.
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Table 1

discharge due to difference in amount of ionic liquid

Comparison of sulfur electrode compositions due to difference in

amount of ionic liquid electrolyte

Sulfur : Carbon : Electrolyte Sulfur : Electrolyte : Vacansy
(weight ratio) (vol. %)
Composition A 17:30:50 7.3:31.9:60.8
Composition B 17 :30:100 7.3:63.8:28.9
Composition C 17:30:150 73:927:0
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Thickness Sulfur : Carbon : Electrolyte
(mm) (weight ratio)
1 17 :30:150
0.3 17:9:30
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HEMAMERTE 72, 7205, o/ Eib keI LEE
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TWwhe LA L, & —Rr 7o 2H &l fim~
D ESE OF AN L) WG EOTEEYS R S 1z
o, BiEEOR LIZTETHL EEZ LN
bo SOICHEFRORELE T 52 L TREWSRD
FEH A HIFLV,
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Study of Gelling Additives
for Positive Active Material of Lead-acid Battery

*1,2

Balazs Broda
Akihiro Watanabe™

1. Introduction

The positive active mass (PAM) are often
treated as a crystal system, however, its
behaviour could not be explained totally by
its crystal nature. Pavlov suggested a new
approach as viewing the PAM as a gel-crystal
system. Crystal zones are built of PbO, and
exhibit electron conductivity, while gel zones are
composed of hydrated lead dioxide, PbO(OH),,
that forms linear polymer chains (Fig.1). This
gel-crystal structure of PAM can explain its
electrochemical behaviour during charge /
discharge in detail !\

One of the most well-known and investigated

PbO;-particles with
gelled surfaces

X may be = Bi, Sn, Zn, Al, Sb, ...
e.g. in compounds, like:

BiO(OH); SbO(OH); Zn(OH)2;
SnO(OH), or Sn(OH),; AlI(OH); etc.

Fig. 1

Botond Marosf6i ™

Yutaro Ono™

Blocking of AOS theory by gelling additives

Gyorgy Zsombok™

Zsolt Szabo™"*
Antal Kovats™

gelling additives is the antimony. It has a
positive effect on the formation and the stabili
zation of gel zones. Burbank stated that the
antimony slows down the volume growth of the
PbO, agglomerates (aggregation of spheres =
AOS) and suppresses their crystallinity (Fig.1),
thus, stabilizes the gel zone ?.

It accelerates the processes of formation
of the PAM skeleton structure which effects
are explained based on the concept of a gel-
crystal structure for the PAM. Antimony also
improves the electron conductivity of gel zones.
However, its effect depends significantly on the
type and valency of the antimony ions, and on
the density of the PAM Y.

gelled surfaces

Aggregation of spheres
(AOS) has completed

AOS process is blocked

*1

*2

*3
Budapest, Hungary

** The Furukawa Battery Co., Ltd.,, Yokohama City, Japan
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To replace antimony because of its negative
side effects on the behaviour of the negative
electrode (decreasing of the overvoltage of
hydrogen gas evolution), using bismuth and
arsenic compounds are possible. Bismuth oxide
as an additive for PAM have been spread in
battery industrial materials in the last decades.
The introduction of bismuth compound to the
PAM (grid alloying by Bi, Bi:Os Bi**-solution,
etc) was also studied by Pavlov et al . There
are many other possible choices for replacing
antimony, however, the behaviour and chara-
cteristics of these materials in PAM are not
found in the literature. It is also worth to study
insoluble materials with active surface groups
as gelling additives as they are widely spread
in industrial applications. In many papers, it has
been found that very stable gels can be formed

from these materials.

2 . Experimental

A regular method was used for making
PAM pastes, positive electrodes and cells. A
standard leady-oxide, ion-exchanged water
and sulfuric acid were mixed by hand during
paste preparation. Hand-pasting was carried

out without any additional pressing (by rollers,

Punching of plate
o o : 2o
/ P3 P4

etc.). The curing process was taken place in a
heat chamber in a usual way. One positive and
two negative plates (Furukawa Battery factory
electrodes) were compressed to each other
by using acrylic plates. The cells were soaked
and formed in less dense sulfuric acid and the
electrolyte was changed after formation to a
denser one.

Capacity test was used to measure the utili-
zation of the positive active material with the
current of C/5. To study the aging properties
of the positive electrode, a regular DOD100%
cycle life test was used.

An own-designed mechanical (punching) test
was also developed to be able to characterize
the electrodes mechanically. The schematic
figure of this experiment is shown in Fig.2.

For carrying out this test, the investigated
electrode was washed with ion-exchanged
water and held in it for 1 hour and then both
of their sides have been wiped carefully with
paper towels. The electrode was positioned and
fixed inside the two stainless steel plates shown
in Fig.2. Then, the puncher item (rectangle
shaped or circular) was placed into the right
position and pressed to measure the force vs.

displacement curve by using a Zwick Roell

machine.

Fig.2 Experimental system for own-designed mechanical test (left) and the real system
during the execution of the test (right)
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In every paste preparation and pasting
process, four electrodes were made. All of
them were formatted and their capacities
were measured. Two of them were tested by
DOD100% cycle life test and another one was
characterized by mechanical test.

3. Results and discussion

3.1 General results

Our goal was to investigate the effects of
using possible gelling agents on the electrical
and mechanical properties of the positive elec-
trodes. These additives are used in the same
amount of substance as the reference gelling
additive (“Additive A”), the other components
of the paste were used in the same amount in
all cases. All gelling additives are introduced
into the system by powder form during dry or
wet mixing of the leady-oxide.

The results of electrical tests (capacity and
DOD100% life cycle test) are shown in Fig.3.

7.0
“Additive D?
6.8
< 6.6 Type-l “Additive A”
> Type-ll “Additive A”
S 64 ~ Type-IIl-“Additive A”
4
6.2 No gelling additives
“Additive B”
6.0
Additive C”
5.8
8 10 12 14 16 18 20
Life cycles

Fig.3 Results of electrical tests

After the measurements of the capacities of
the electrodes, mechanical tests were carried
out. The results (maximum force required to

press out the electrode window) of mechanical
(punching) tests are presented in Fig.4.

130

120

Type-Iil “Additive A” /
“Additive B’

110
100

90 Type-l “Additive A”

80

Maximal force / N

Type-Il “Additive A”
70 -
Additive D”

60 No gelling additives

—
Additive C”

50
0 1 2 3 4 5 6

Index

Fig.4 Results of mechanical tests

The different processes which has effects on
these properties are listed in Table1.

Table1 Effects of different processes on the electrical
and mechanical properties of PAM

Effects on the test*

Process - — -
Capacity Durability | Mechanical

Additive crystals dissolve

from PAM creating + -
micropores
a/B_ran of PbO2 _ N i
increases
Higher extent of gel zones - + -
Existence of local acid N
reservoirs
Creating micro composites
® p (=) +) *

by insoluble additives

* Increasing and decreasing values are indicated by + and — sign,
respectively; signs in parenthesis means that the effect is only
expected but not proved; if the cell is empty, the process has no
significant effect; question mark means that the effect is not known).

These results of electrical and mechanical
experiments are discussed in more detail in

some cases In the following chapters.
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3.2 Effects of using different types of
“Additive A”

Three types of “Additive A" compounds

were studied as gelling additives: Type-I, II, III

and IV. SEM experiments have been carried
out (Fig.5 (a) and (b), Fig.6 (a) and (b)) to get to
know the structures/morphologies and some-

what the size distribution of the crystals.

R

Fig.5 (a) SEM photos taken from Type-I

The producer of Type-II “Additive A” provides
the following information: +325 mesh screen
(particles greater than 44pm) is 0.041%, coulter
D50% (half of the particles are higher than) is
592um and the surface area is 0.31m*/g. No
information is provided from Type-I “Additive A”.

The results of SEM, electrical and mechanical

experiments is summarized in Table2.

“Additive A”
(b) SEM photos taken from Type-Il “Additive A”

Fig.6 (a) SEM photos taken from Type-lll “Additive A” forming from Type-l “Additive A”
(b) SEM photos taken from Type-IV “Additive A" forming from Type-Il “Additive A”

Table2 Summary of results

Process Capacity Life cycle Mechanical SEM
No gelling additive 6.35Ah 12.9 71N -
Type-l “Additive A” 6.48 Ah 12.8 82N Oblique prism-like crystals
Type-ll “Additive A” 6.36 Ah 12.1 64N Spherical crystals, significantly lower surface area
Type-lll “Additive A” 6.30Ah 18.1 121N Prism-like crystals, much higher surface area

Type-IV “Additive A”

*

Very similar to previous one, forming from Type-l ‘Additive A’

* Electrical and mechanical tests have not been performed due to the very high degree of similarity to the material of Type-lll “Additive A”
based on the results of SEM experiments.
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It can be stated that there is a positive
correlation between surface area of the
crystals and the mechanical and durability
properties, using “Additive A" compounds
with higher surface results in better aging
characteristic. Electrodes containing Type-II
“Additive A" shows very similar behaviour to
the electrodes containing no gelling additives,
it can be concluded that such type of additive
has no significant impact on the properties
of PAM in this concentration region. Using
Type-III “Additive A" with much higher sur-
face are instead of Type-I or II “Additive A”,
the increases in aging and mechanical
properties are really remarkable. It means
that the formation of gelled regions and their
stabilization are highly supported by this
additive. This phenomenon can be explained by
the significantly higher surface are and also the
fact that the solubility of these compounds is
also better than the solubility of Type-I and II
“Additive A", thus, much more homogeneous
gelling additive distribution may have
developed in the PAM.

3.3 Mechanical tests results

The main goal of this study is to compare the
results of capacity, life cycle and mechanical
punching tests to be able to understand deeply
the behaviour of PAM containing different
gelling additives.

Based on results of mechanical tests, the
electrodes containing “Additive B” and
Type-III “Additive A"

good mechanical properties. 1.5-2 times

show outstandingly

higher maximal force values characterize
these electrodes than the other ones. This
phenomenon can be explained by many parallel
processes (not necessarily play them all);

¢ These electrodes may contain more a-PbO,

30

than the other ones, which forms more
robust crystals, therefore, it improves
mechanical stability and aging parameters
(increases life cycles) of the PAM but
decreases its utilization.

eSmall inert or semi-inert (hardly/slowly
soluble) crystals can discontinuously reinforce
the matrix creating a micro composite.

e The additive can slightly dissolve in the
sulfuric acid solution, leaving fewer pores in
its initial place of the additive powder. The
initial particle size of the additive can be
also smaller than that of other ones creating
much smaller pores during its dissolution.
However, the cycle lives of the electrodes

gelled by “Additive C" -compounds are
the highest, the capacities and mechanical
properties are very poor. ~Additive C” ions
have a very high hydration energy and very
good solubility even in the media of such
types of concentrated acids. Due to these
facts, “Additive C” ions are highly capable of
incorporating into the gel-zones resulting in
thicker gelled surface layers on the surface of
the crystals and the increasing of gel/crystal-
zones ratio. The results of this process are the
followings:

e Worse electrical conductivity

— lower utilization of the PAM
e Lower extent of crystal-zones

— poorer mechanical properties
e Higher extent of gel-zones

— very good aging characteristic.
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3.4 Optimization of the amount of
“Additive D”

The concentration of the gelling additives in
the PAM has very significant impact on the
properties of the PAM. In Fig.7, the depen-
dency of the initial capacity of the electrodes
from the “Additive D" content is shown.

6.90
6.80 o Estimated curve
® Measured values
®%% with standard
6.70 % deviations
° [ ]
[ ]
< 6.60 . .’
~
2
g [ ] [ ] R
§ 6.50 ° °
° ®e
[ U] P
6.40 ¢o °
[ ]
%
[ ]
6.30 ®e
[ ° °
6.20 -
0.0 1.0 2.0 3.0 4.0 5.0 6.0

Amount (relative scale)

Fig.7 Capacities of electrodes containing different
amounts of “Additive D"

It is stated that increasing the amount of
“Additive D" increases the utilization of PAM
in smaller amount, however, further increasing
decreases the utilization. It has an optimal
value to achieve the maximum capacity. This
phenomenon can be explained by the acid
reservolr property of these particles or it can
be the consequence of a softening effect on the
average PbO. crystal particle size because of
its very high active surface. The reason of the
further decreasing is assumed to be similar
to the other gelling additives, the gelled layer
thickness increasing causes higher electrical
resistance of PAM resulting in smaller
utilizations.

The results of life cycle tests are presented
in Fig.8.
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Fig.8 Cycle life tests of electrodes containing different
amounts of “Additive D”

“Additive D" addition has an opposite effect
on life cycles than on the capacities. There is
an initial decrease and then an increase when
larger amount of “Additive D" is added. It can
be stated that the gelling properties of “2x”
and “5x" samples are almost the same, above
a certain value it no longer improves the aging
properties of the electrodes.

Based on this study, it can be concluded that
in the case of “2x” samples, we achieved higher
initial capacity values and higher durability
properties than in the case of reference

samples.

4. Conclusion

In this paper, the applicability of different
gelling additives and their effects on the
electrical and mechanical behaviour of PAM
are discussed. It is stated that the addition of
different types of “Additive A” compounds
in the same amount of substance result in
significantly different properties depending
on the particle size distribution, morphology,
etc. The impacts of these materials on the
mechanical properties of the electrodes are
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also described via the reinforcing / weakening
mechanisms. The study of using “Additive D"
in different concentrations is carried out, it
1s showed that there is an optimal amount at
which better capacities and aging properties
are experienced than in the case of the

reference material.
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JIS D 5301 (34 EN A A& Eith) SIE
The Revision of JIS D 5301 Lead-Acid Batteries

ANFRID RIS

Komoriyama Hiroyasu
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EN #Rt& LN 3 & E:
FIZBBERRNIHERICERA

Adoption of 380 LN 3 Lead Acid Battery for
TOYOTA MOTOR CORPORATION

O, b3 Y HBEAXSAHD 2018412 2. ¥6HER
23858 L7zdbk, BRIN, ZEIHImI RAVALIZ, Hto O 4R L 7255
LN3 & B FERH I E L7z, SR ERRTLZ LI, FHT O~
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WIEZRTH D I VB ETRE LT A R v BT vy — A L. SN TEA L72KAE
JANy THMISENF&ME LTHELZLDT (AR=7) 12X B KIEFEZ CEE L E
9o L7
F 720 20154E 05 7)) 7 AT LNL, 2017 4 7> CRTEAR R R A 2 LIS X Y, AT A S TR OHE
5LEXUSIHITLNA ZA ARG L CH D, ThH T AT RER ML LE L7,
o 7 HA 2 R ) SAATZE M E .. BREEEDOEM T @mng - BFdy - KA 7 2 A%
R IR/ B, B8 L— ¥ BREHROREHREL
MEZLTIORLET, &0, mEE. SREE. REMLEZERL
T L7
1. RBARUHER @7AKF) YT ANy TV AT HIHIG L 72
380LN3JE & & ith E&

- FEZ AN LS EA R R L, 74
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2L DFEAEREIN§ LA Z MR L X

L7
3. BEIBX
BE | 20msR=x ST (mm) =2 WAEER
(v) AR (Ah) | m= & = E& (#ke)
12 65 190 175 277 19.6
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PT.SUZUKI INDOMOBIL MOTOR ]}

MéwE=E M 34B19L. 38B19L #mEB DB

Introduction of type 34 B 19 L and 38 B 19 L Batteries
for Automobile for PT.SUZUKI INDOMOBIL MOTOR

Z O, PT. SUZUKI INDOMOBIL MOTOR %k
D ERTIGA JZ 'CARRY [A]17 12 34B19L. 38B19L 2
HRMEHI N L7,

Zo®EMmIE, BHEN TRt THLL P AT
TOINHAT - A4 FE—E) - Ny T — <
=277 7F %) 7 (PT.Furukawa Indomobil
Battery Manufacturing) THEEL, £ ¥ FAT T D
PT.SUZUKI INDOMOBIL MOTORHRIZHIA LT
WE T,

DIT i ERe 2 vz L9,

=1 Btttk

34B19LEEM

38B19L&EEM

5iFEIRFE (Ah)

27

28
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(mm) mEa 200
e 227
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KEBSEREH# [#8]! KEARBIT TEMP!

The Mercury Magnetospheric Orbiter “MI10O” is Operating Towards Mercury
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