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(57) ABSTRACT

A flooded-type lead acid storage battery in which charging is
intermittently carried out in a short period of time and high-
efficiency discharge to aload is carried out in a partial state of
charge, wherein the charge acceptance and service life char-
acteristics are improved by using a positive plate in which the
specific surface area of the active material is set to 6 m*/g or
more; a negative plate with improved charge acceptance and
service life performance obtained by adding a carbonaceous
electrically conductive material, and a bisphenol aminoben-
zenesulfonic acid formaldehyde condensate to the negative
active material; and a separator formed from a nonwoven in
which the surface facing the negative plate is composed of
material selected from glass, pulp, and polyolefin.
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LEAD ACID STORAGE BATTERY

TECHNICAL FIELD

[0001] The present invention relates to a flooded-type lead
acid storage battery having a free electrolyte from the plate
and separator inside a container.

BACKGROUND ART

[0002] Lead acid storage batteries are characteristic in
being highly reliable and inexpensive, and are therefore
widely used as a power source for starting automobiles, a
power source for golf carts and other electric vehicles, and a
power source for uninterruptible power supply devices and
other industrial apparatuses.

[0003] In recent years, various techniques for improving
fuel economy in automobiles have been studied in order to
prevent air pollution and global warming. Micro-hybrid
vehicles are being studied as automobiles in which fuel
economy-improvement techniques have been implemented,
such vehicles including idling-stop system vehicles (herein-
after referred to as ISS vehicles) that reduce engine operation
time by stopping the engine when the vehicle stopped in order
to avoid wasteful idling operation, and power generation and
control vehicles that make efficient use of engine rotation by
controlling the alternator so as to reduce as much as possible
the load placed on the engine.

[0004] In an ISS vehicle, the number of engine start-up
cycles is higher and high-current discharge by the lead acid
storage battery is repeated each time the vehicle is started.
Also, in an ISS vehicle or power generation and control
vehicle, charging is often insufficient because the amount of
power generated by the alternator is reduced and the lead acid
storage battery is charged intermittently. For this reason, a
lead acid storage battery used in an ISS vehicle must have the
ability to charge as much as possible in a short period of time,
i.e., must have improved charge acceptance. In a power gen-
eration and control vehicle, control is carried out so that
charging of the storage battery is stopped to reduce the load
on the engine when the engine is under a heavy load such as
during acceleration from a stop and when the charge level of
the storage battery has reached a fixed level; so that the
storage battery is rapidly charged in a short period of time to
restore the charge level when the charge level of the storage
battery has reached an insufficient state; and so that the stor-
age battery is vigorously charged by the power output of the
alternator during deceleration or at other times when the
alternator should actively place a load on the engine. There-
fore, charge acceptance must be improved in a lead acid
storage battery used in a power generation and control
vehicle.

[0005] Batteries that are used in the above-described meth-
ods are used in a partially charged state referred to as a partial
state of charge (PSOC). A lead acid storage battery that is
used in a PSOC tends to have a shorter service life than when
used in a fully charged state. The reason that service life is
shortened when used under PSOC is thought to be that lead
sulfate particle generated on the negative plate during dis-
charge coarsens and it becomes difficult for the lead sulfate to
return to spongy lead, which is a charge product, when charg-
ing and discharging are carried out in a state of insufficient
charge. Therefore, in order to extend service life in a lead acid
storage battery that is used under PSOC, it is necessary to
improve charge acceptance (make it possible carry out as
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much charging as possible in a short period of time), prevent
repeated charging and discharging in a state of excessively
insufficient charge, and reduce coarsening of lead sulfate
particle due to repeated charging and discharging.

[0006] A lead acid storage battery used under PSOC has
few opportunities to be charged and does not reach a fully
charged state. Therefore, it is difficult for the electrolyte to be
stirred in accompaniment with the generation of hydrogen
gas in the container. For this reason, higher concentration of
electrolyte resides in the lower portion of the container, lower
concentration of electrolyte resides in the upper portion of the
container, and the electrolyte becomes stratified in this type of
lead acid storage battery. When the concentration of electro-
lyte is high, charge acceptance becomes increasingly difficult
(charging reactions occur with greater difficulty), and the
service life of the lead acid storage battery is reduced even
further.

[0007] Thus, in recent automotive lead acid storage batter-
ies, improvement in charge acceptance has become a very
important issue in order to make it possible to carry out
high-efficiency discharge to a load with charging over a short
period of time, and to improve the service life performance of
batteries used under PSOC.

[0008] Inalead acid storage battery, the charge acceptance
of the positive active material is inherently high, but the
charge acceptance of the negative active material is poor.
Therefore, the charge acceptance of the negative active mate-
rial must be improved in order to improve the charge accep-
tance of a lead acid storage battery. For this reason, efforts
have been made almost exclusively to improve the charge
acceptance of the negative active material. Patent Documents
1 and 2 propose improvement in the charge acceptance and
service life of a lead acid storage battery under PSOC by
increasing the carbonaceous electrically conductive material
added to the negative active material.

[0009] However, these proposals are limited to valve regu-
lated lead acid storage batteries in which electrolyte is
impregnated in the separators, which are referred to as retain-
ers, and free electrolyte is not allowed to be present within the
container; and application cannot be made to a flooded-type
lead acid storage battery having free electrolyte from the
separators in the container. In a floodedtype lead acid storage
battery, it is possible to consider increasing the amount of
carbonaceous electrically conductive material added to the
negative active material, but when the amount of carbon-
aceous electrically conductive material added to the negative
active material is increased excessively in a flooded-type lead
acid storage battery, the carbonaceous electrically conductive
material in the negative active material bleeds into the elec-
trolyte and pollutes the electrolyte, and in the worst case,
causes internal shorting. Therefore, the amount of carbon-
aceous electrically conductive material added to the negative
active material must be limited in a flooded-type lead acid
storage battery, and there is a limit to improving the charge
acceptance for the entire lead acid storage battery by adding
carbonaceous electrically conductive material to the negative
active material.

[0010] A valve regulated lead acid storage battery has low
battery capacity because the amount of electrolyte is limited,
and suffers from a phenomenon referred to as heat runaway
when the service temperature is high, and use must therefore
be avoided in high temperature environments such as an
engine compartment. For this reason, the battery must be
mounted in the luggage compartment or the like in the case
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that a valve regulated lead acid storage battery is used in an
automobile. However, when the battery is mounted in the
luggage compartment or the like, the wire harnessing is
increased and this is not preferred. A flooded-type lead acid
storage battery which does not have such a restriction is
preferably used as an automotive lead acid storage battery.
Therefore, there is an urgent need to improve the charge
acceptance of a flooded-type lead acid storage battery.
[0011] On the other hand, in a lead acid storage battery, an
organic compound that acts to suppress coarsening of the
negative active material is added to the negative active mate-
rial in order to reduce the coarsening of the negative active
material produced in accompaniment with charging and dis-
charging, to suppress a reduction in the surface area of the
negative plate, and to maintain high reactivity in the charging
and discharging reactions. Lignin as a main component of
wood is conventionally used as the organic compound for
suppressing the coarsening of the negative active material.
However, lignin has a wide variety of chemical structures in
which a plurality of unit structures are bonded in complex
ways, and ordinarily has a carbonyl group and other portions
that are readily oxidized or reduced. These portions are there-
fore oxidized or reduced and decomposed when the lead acid
storage battery is charged and discharged. Accordingly, the
effect of suppressing a reduction in performance by adding
lignin to the negative active material cannot be maintained
over a long period of time. Lignin has a side effect in that
charging and discharging reactions of the negative active
material are obstructed and improvement of the charge accep-
tance is limited because lignin adsorbs to lead ions eluted out
from lead sulfate during charging, and reactivity of the lead
ions is reduced. Therefore, lignin added to the negative active
material improves discharge characteristics, but there is a
problem in that lignin improves charge acceptance.

[0012] In view of the above, there has also been a proposal
to add sodium lignin sulfonate in which a sulfone group has
been introduced in the o position of the side chain of the
phenylpropane structure, which is the basic structure of lig-
nin; a bisphenol aminobenzenesulfonic acid formaldehyde
condensate; or the like to the negative active material in place
of lignin.

[0013] Forexample, disclosed in Patent Documents 3 and 4
is the addition of a carbonaceous electrically conductive
material, and a bisphenol aminobenzenesulfonic acid form-
aldehyde condensate to the negative active material. In Patent
Document 4 in particular, it is disclosed that a bisphenol
aminobenzenesulfonic acid formaldehyde condensate is
selected as the organic compound for suppressing the coars-
ening of lead sulfate due to charging and discharging; the
effect of suppressing coarsening of the lead sulfate particle is
maintained; and a carbonaceous electrically conductive
material is added in order to improve charge acceptance. It is
disclosed in Patent Document 5 that electrically conductive
carbon and activated carbon are added to the negative active
material to improve discharge characteristics under PSOC.
[0014] Furthermore, it is disclosed in Patent Document 6
(Japanese Laid-open Patent Application No. 10-40907) that
the specific surface area of the positive active material is
increased to increase the discharge capacity. The positive
active material is made smaller and the specific surface area is
increased by adding lignin to the electrolyte when the battery
undergoes chemical conversion. The invention disclosed in
Patent Document 6 is used for increasing the discharge capac-
ity of a battery, and no appreciable effect is obtained in terms
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ofimproving cycle endurance under PSOC and charge accep-
tance required in a lead acid storage battery for an ISS vehicle
and a power generation and control vehicle.

PRIOR ART DOCUMENTS

Patent Documents

[0015] [Patent Document 1] Japanese Laid-open Patent
Application No. 2003-36882

[0016] [Patent Document 2] Japanese Laid-open Patent
Application No. 07-201331

[0017] [Patent Document 3] Japanese Laid-open Patent
Application No. 11-250913

[0018] [Patent Document 4] Japanese Laid-open Patent
Application No. 2006-196191

[0019] [Patent Document 5] Japanese Laid-open Patent
Application No. 2003-051306

[0020] [Patent Document 6] Japanese Laid-open Patent
Application No. 10-40907

DISCLOSURE OF THE INVENTION

Problems the Invention is Intended to Solve

[0021] As described above, conventional proposals have
focused on improving performance of negative active mate-
rial in order to improve the charge acceptance of a flooded-
type lead acid storage battery and to improve service life
performance under PSOC. However, there is a limit to
improving the charge acceptance and service life perfor-
mance under PSOC and it is difficult to make further improve-
ments in the performance of a lead acid storage battery used
under PSOC by only improving the charge acceptance of the
negative active material and improving the service life per-
formance.

[0022] An object of the present invention is to further
improve charge acceptance and service life performance
under PSOC in a flooded-type lead acid storage battery in
which charging is carried out intermittently in a short period
of'time and high efficiency discharging to a load is carried out
in a partial state of charge.

Means for Solving these Problems

[0023] The present invention relates to a flooded-type lead
acid storage battery having a configuration in which a plate
pack is accommodated in a container together with an elec-
trolyte, the plate pack being obtained by stacking separators
between negative plates comprising a negative active material
packed into a negative collector and positive plates compris-
ing a positive active material packed into a positive collector,
wherein charging is carried out intermittently and high-effi-
ciency discharging to a load is carried out in a partial state of
charge.

[0024] In the present invention, at least a carbonaceous
electrically conductive material and an organic compound
(hereinafter referred to as “organic compound for reducing
coarsening of the negative active material”) that acts to reduce
the coarsening of the negative active material due to repeated
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charging and discharging are added to the negative active
material. Also, the positive plate is one in which the specific
surface area of the active material is set to 6 m*/g or more.
[0025] The present inventor found that when the specific
surface area of the positive active material is improved, it is
possible to reduce the reaction overvoltage in the charging
reactions of a positive active material, to facilitate the
progress of charging reactions, and to improve the charge
acceptance of the positive active material; and it is possible to
further improve the charge acceptance of the entire lead acid
storage battery in comparison with a conventional lead acid
storage battery and to further improve the service life perfor-
mance of a lead acid storage battery under PSOC by using the
positive plate having improved charge acceptance described
above together with a negative plate (hereinafter referred to as
“performance-improved negative plate”) in which at least a
carbonaceous electrically conductive material and an organic
compound for suppressing the coarsening of the negative
active material have been added to the negative active mate-
rial to thereby improve charge acceptance and service life
performance.

[0026] In the case that the specific surface area of the posi-
tive active material is less than 6 m*/g, a dramatic effect of
improving the charge acceptance of the entire lead acid stor-
age battery cannot be obtained, but when the specific surface
area of the positive active material is set to 6 m*/g or more, a
dramatic effect of improving the charge acceptance of the
entire lead acid storage battery can be obtained. When the
charge acceptance of the entire lead acid storage battery can
be improved, high-efficiency discharge to a load under PSOC
(partial state of charge) can be carried out without obstruc-
tion, and it is possible to reduce the coarsening of lead sulfate
as the discharge product when charging and discharging is
repeatedly carried out in a state of insufficient charge. There-
fore, the service life performance of a battery used under
PSOC can be improved.

[0027] When the specific surface area of the positive active
material is excessively increased, the positive active material
becomes too fine, the structure of the active material is
destroyed by repeated charging and discharging, and a phe-
nomenon referred to as so-called “sludge formation” occurs.
As a result, the service life of the positive plate is reduced and
a lead acid storage battery that can withstand practical use
cannot be obtained. Therefore, the specific surface area of the
positive active material cannot be increased to unreasonable
levels. According to experimentation, the charge acceptance
and service life performance of a battery is improved when
the specific surface area of the positive active material is 6
m?/g or more. There is concern that the positive active mate-
rial will become a sludge when the specific surface area of the
positive active material is excessively high, and it is preferred
that the specific surface area of the positive active material not
exceed 13 m*/g. Therefore, the specific surface area of the
active material of the positive plate is preferably 13 m*/g or
less.

[0028] In other words, when a lead acid storage battery is
assembled using a negative plate in which performance has
been improved by adding to the negative active material at
least a carbonaceous electrically conductive material and an
organic compound for reducing the coarsening of the negative
active material due to charging and discharging, and by using
apositive plate in which the specific surface area of the active
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material of the positive plate has been set to 6 m*/g or more
and 13 m?/g or less, it is possible to further improve charge
acceptance in comparison with a conventional lead acid stor-
age battery in which the charge acceptance have been
improved by exclusively enhancing the performance of the
negative plate. It is possible obtain a lead acid storage battery
that achieves high-efficiency discharge to aload under PSOC,
to reduce coarsening of lead sulfate, which is a discharge
product, brought about by repeated charging and discharging
in a state of insufficient charge, and to improve the service life
performance when the lead acid storage battery is used under
PSOC.

[0029] In the present invention, the carbonaceous electri-
cally conductive material to be added to the negative active
material in order to improve the charge acceptance of the
negative active material is carbon or another electrically con-
ductive material, and may be at least one selected from a
conventionally known carbonaceous electrically conductive
material group consisting of graphite, carbon black, activated
carbon, carbon fiber, and carbon nanotubes. The carbon-
aceous electrically conductive material is preferably graphite,
and is more preferably flake graphite. The average primary
particle diameter of flake graphite is preferably 100 pm or
more.

[0030] The electrical resistance of flake graphite is one
order of magnitude less than the electrical resistance of acety-
lene black or another carbon black. Therefore, the electrical
resistance of the negative active material can be reduced and
the charge acceptance can be improved when flake graphite is
used as the carbonaceous electrically conductive material to
be added to the negative active material.

[0031] Charging reactions of the negative active material
depend on the concentration of lead ions dissolved from the
lead sulfate, which is a discharge product, and the charge
acceptance increases as the quantity of lead ions increases.
The carbonaceous electrically conductive material added to
the negative active material has the effect of finely dispersing
the lead sulfate generated by the negative active material
during discharge. When charging and discharging cycles are
repeated in a state of insufficient charge, the lead sulfate as a
discharge product becomes coarse, the concentration of lead
ions dissolved in the negative active material is reduced, and
the charge acceptance is reduced, but if a carbonaceous elec-
trically conductive material is added to the negative active
material, coarsening of the lead sulfate is suppressed, the lead
sulfate is keptin a fine state, and the concentration of lead ions
dissolved from the lead sulfate can be kept high. Therefore,
the charge acceptance of the negative plate can be kept high
over a long period of time.

[0032] The organic compound added to the negative active
material for reducing coarsening of the negative active mate-
rial due to charging and discharging preferably has bisphenol
aminobenzenesulfonic acid formaldehyde condensate as a
main component.

[0033] In this case, it was found by experimentation that
favorable results can be obtained by using the bisphenolA
aminobenzenesulfonic acid formaldehyde condensate
expressed in chemical structure formula of Chemical formula
1 noted below as the bisphenol aminobenzenesulfonic acid
formaldehyde condensate.
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[Chemical formula 1]
OH

R> CHy~—

where Ry, Ry are hydrogen or

—Cl,— W@ SO3Na

(excluding the case in which Ry, R; are both hydrogen)

[0034] The bisphenol aminobenzenesulfonic acid formal-
dehyde condensate has the effect of suppressing coarsening
of the negative active material in the same manner as does
lignin, and furthermore does not have a portion that is readily
oxidized or reduced during charging and discharging of the
lead acid storage battery. Therefore, the effect of suppressing
the coarsening of the negative active material due to charging
and discharging can be maintained when the above-described
condensate is added to the negative active material. Since
lignin adsorbs to lead ions eluted out from lead sulfate during
charging and reactivity of the lead ions is reduced, there is a
side effect in that charging and discharging reactions of the
negative active material are obstructed and improvement of
the charge acceptance is limited. However, the condensate
described above has little side effect that obstructs charging
and discharging reactions because the amount adsorbed to the
lead ions is low in comparison with lignin. Therefore, the
improved charge acceptance of the negative active material
can be maintained, a reduction in charging and discharging
reactivity due to repeated charging and discharging can be
suppressed, and the charge acceptance and service life per-
formance of the negative plate can be improved when a
bisphenol aminobenzenesulfonic acid formaldehyde conden-
sate is added together with a carbonaceous electrically con-
ductive material to the negative active material.

[0035] The surface facing the surface of the negative plate
among the two surfaces in the thickness direction of the
separator is preferably structured using a nonwoven compris-
ing the fiber of at least one material selected from among the
material group consisting of glass, pulp, and polyolefin, in the
case that the organic compound for reducing the coarsening
of negative active material due to charging and discharging is
one having a bisphenol aminobenzenesulfonic acid formal-
dehyde condensate as the main component, and the carbon-
aceous electrically conductive material is at least one selected
from the material group consisting of graphite, carbon black,
activated carbon, carbon fiber, and carbon nanotubes.

[0036] Inthe casethat a separator configured in the manner
described above is used, it has been confirmed by experimen-
tation that particularly advantageous effects can be obtained
when the specific surface area of the active material of the
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positive plate is in a range of 6 m*/g or more, and preferably
13 m?/g or less. It is apparent that the present invention yields
a dramatic effect of improving the service life performance
under PSOC and the charge acceptance of a lead acid storage
battery by using a combination of a positive plate in which the
specific surface area of the active material has been set in a
suitable range, and a negative plate in which performance
(charge acceptance and service life performance) has been
improved. A negative plate preferably has the highest charge
acceptance and service life performance possible. In the
present invention, there is no particular limitation to the
amount of carbonaceous electrically conductive material
added to the negative active material for improving the charge
acceptance of the negative plate and the amount of the organic
compound added to the negative active material for reducing
charging and discharging-induced coarsening of negative
active material, however, the amount of the above-described
additives is naturally set so as to improve the performance of
the negative plate to the extent possible in the implementation
of the present invention.

Effect of the Invention

[0037] In accordance with the present invention, there is
provided a configuration that combines the use of a positive
plate having improved charge acceptance by setting the spe-
cific surface area of the positive active material to 6 m*/g or
more and preferably 13 m*/g or less, and a negative plate
having improved charge acceptance and service life perfor-
mance by adding to the negative active material a carbon-
aceous electrically conductive material and an organic com-
pound for reducing the coarsening of the negative active
material. The charge acceptance of an entire lead acid storage
battery can thereby be improved in comparison with a con-
ventional lead acid storage battery in which the charge accep-
tance has been improved entirely by enhancing the negative
plate. Therefore, not only is it possible to enable high-effi-
ciency discharge to a load under PSOC, but it is also possible
to reduce the coarsening of lead sulfate brought about by
repeated charging and discharging in a state of insufficient
charge, and to improve service life performance under PSOC.

[0038] In the present invention, the charge acceptance and
service life performance of a lead acid storage battery can be
dramatically improved in the particular case that the organic
compound added to the negativeplate active material for
reducing the coarsening of the negative active material due to
charging and discharging is one that uses a bisphenol ami-
nobenzenesulfonic acid formaldehyde condensate as the
main component to reduce side effects in which charging
reactions are obstructed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a diagram showing the relationship
between the charging current and the potential of the negative
plate and positive plate for the case in which an automotive
lead acid storage battery having an open circuit voltage of 12
V is being charged and the charging voltage is 14 V (con-
stant); and

[0040] FIG. 2 is a spectral diagram showing the result of
extracting the formaldehyde condensate of bisphenolA ami-
nobenzene sodium sulfonate from the negative plate after
formation and measuring the spectrum by NMR spectros-

copy.
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BEST MODE FOR CARRYING OUT THE
INVENTION

[0041] The lead acid storage battery according to the
present invention is advantageously used in ISS vehicles,
power generation and control vehicles, and other micro-hy-
brid vehicles as a flooded-type lead acid storage battery in
which charging is carried out intermittently and high-effi-
ciency discharging to a load is carried out in a partial state of
charge. The lead acid storage battery according to the present
invention has a configuration which a plate pack is accom-
modated in a container together with an electrolyte, the plate
pack being configured by stacking separators between nega-
tive plates composed of negative active material packed into
a negative collector and positive plates composed of positive
active material packed into a positive collector. The basic
configuration is the same as a conventional lead acid storage
battery.

[0042] Efforts have heretofore been made to improve
charge acceptance exclusively in the negative plate in order to
improve charge acceptance in a lead acid storage battery, but
in the present invention, charge acceptance is improved in the
negative plate as well as in the positive plate, and a negative
plate having improved charge acceptance and a positive plate
having improved charge acceptance are used in combination,
whereby further improvement in the charge acceptance of a
lead acid storage battery is obtained, coarsening of lead sul-
fate due to repeated charging and discharging in an state of
insufficient charge is reduced, and service life performance is
further improved. The basic technical concepts of the present
invention will be described prior to the description of the
example of the present invention.

[0043] Asaresultof analyzing the relationship between the
charging current and changes in the potential of the positive
plate during charging, and the relationship between the charg-
ing current and changes in the potential of the negative plate,
the inventor found that when the charge acceptance of the
positive plate is improved for the case in which there is used
a negative plate having improved charge acceptance by
reducing reaction overvoltage, the charge acceptance of an
entire lead acid storage battery can be improved over a con-
ventional lead acid storage battery in which only the charge
acceptance of the negative plate has been improved. When
charge acceptance can be improved, high-efficiency dis-
charge to a load under PSOC can be carried out without
obstruction. It is also possible to reduce the coarsening oflead
sulfate as the discharge product when charging and discharg-
ing is repeatedly carried out in a state of insufficient charge,
and to improve service life performance.

[0044] FIG. 1 shows the relationship between the charging
current and the potential of the negative plate and positive
plate for the case in which an automotive lead acid storage
battery having an open circuit voltage of 12 V is being
charged and the charging voltage is 14V (constant). In FIG. 1,
the vertical axis shows the charging current and the horizontal
axis shows the potential of the positive plate and negative
plate measured in relation to a standard hydrogen electrode
(vs. SHE). In the diagram, N1 and N2 show curves of the
charging current vs. potential of the negative plate, and P1 and
P2 show curves of the charging current vs. potential of the
positive plate. Curves of the charging current vs. potential of
the negative plate should normally be illustrated in the third
quadrant of an orthogonal coordinate system, but to facilitate
description in FIG. 1, the curves of the charging current vs.
potential of the negative plate are shown in the first quadrant
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together with the curves of the charging current vs. potential
of the positive plate with the polarity of the current and
potential inverted.

[0045] InFIG. 1, N1 shows a curve of the charging current
vs. potential for the case in which the overvoltage of the
charging reaction carried out on the negative plate is high in
comparison with N2. When the overvoltage of the charging
reaction is high, the curve of the charging current vs. potential
of the negative plate has a shape that considerably bulges
outward in the manner of N1 in the diagram, but when the
overvoltage is low, a curve that is more erect than N1 is
obtained in the manner of N2.

[0046] P1 shows a curve of the charging current vs. poten-
tial for the case in which the overvoltage of the charging
reaction carried out on the positive plate is high in comparison
with P2. The curve of the charging current vs. potential P1 in
the case that the overvoltage is high has a shape that bulges
further outward than P2 in the diagram, but when the reaction
overvoltage is low, the curve is more erect than P1.

[0047] Here, the overvoltage m of the charging reaction is
the amount of change in the potential produced in each elec-
trode when the charging voltage is applied in an open-circuit
state. The overvoltage 1 is the absolute value of the difference
between the potential of the electrodes and the equilibrium
potential (open-circuit voltage) when the charging voltage is
applied, i.e., n=lelectrode potential-equilibrium potential
when the charging voltage is applied|.

[0048] The curve of the charging current vs. potential of a
negative plate which has not been particularly treated to
improve the charge acceptance of the negative active material
has a shape that bulges outward in the manner shown in N1 of
FIG. 1, but the erect shape of N2 is a curve of the charging
current vs. potential of a negative plate which has had a
suitable amount of carbonaceous electrically conductive
material and organic compound for reducing the coarsening
of negative active material due to charging and discharging
added to the negative active material to improve the charge
acceptance.

[0049] The curve of the charging current vs. potential of a
positive plate which has not been particularly treated to
improve the charge acceptance of the positive active material
has a shape such as that shown by P1 of FIG. 1. P1 is a curve
of'the charging current vs. potential of a positive plate used in
a conventional lead acid storage battery, and has a more erect
curve than N1. This shows that inherently the charge accep-
tance of the negative plate is low and the charge acceptance of
the positive plate is high in a lead acid storage battery. In the
case that the overvoltage of the charging reaction of the posi-
tive plate is reduced to improved the charge acceptance of the
positive plate, the curve of the charging current vs. potential
of' the positive plate has a more erect shape than P1, as shown
by P2 of FIG. 1.

[0050] When alead acid storage battery is assembled using
a negative plate and positive plate which have N1 and P1 as
characteristic curves of the charging current vs. potential, [11
is the charging current that flows when a charging voltage of
14V is applied from a state of open-circuit voltage (12 V).
The open-circuit voltage is the difference between the posi-
tive plate potential and the negative plate potential, and the 14
V to be applied is also the difference in the potential between
the positive plate and the negative plate.

[0051] Next, a negative plate in which the overvoltage of
the charging reaction is reduced to improve the charge accep-
tance so that the characteristics curve of the charging current
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vs. potential is N2, and a positive plate in which the curve of
the charging current vs. potential is P1 were assembled into a
lead acid storage battery. 121 (>I11) is the charging current
that flows when a charging voltage of 14 V has been applied.
It is apparent from the above that the charging current can be
considerably increased even when the curve of the charging
current vs. potential of the positive plate remains as P1 (even
when the performance of the positive plate is not particularly
improved). In other words, when the charge acceptance of the
negative active material is improved so that the characteristics
curve of the charging current vs. potential is N2, the charge
acceptance of the entire lead acid storage battery can be
dramatically improved even when the charge acceptance of
the positive plate is not particularly improved.

[0052] Next, the positive plate in which the reaction over-
voltage has been reduced so that the curve of the charging
current vs. potential is P2 is combined with a negative plate in
which the curve of the charging current vs. potential is N1 and
a lead acid storage battery is assembled. 112 (>111) is the
charging current that flows when a charging voltage of 14 V
has been applied. It is apparent from the above that the charg-
ing current can be improved even when a positive plate having
a curve of the charging current vs. potential that is P1 and a
negative plate having a curve of the charging current vs.
potential that is N1 are used in combination. However, the
charge acceptance cannot be improved to the extent of the
case in which a positive plate having a curve of the charging
current vs. potential that is P1 and a negative plate having a
curve of the charging current vs. potential that is N2 are used
in combination.

[0053] However, when a negative plate in which the over-
voltage has been reduced so that the curve of the charging
current vs. potential becomes N2 (charge acceptance has been
improved) and a positive plate in which the overvoltage has
been reduced so that the curve of the charging current vs.
potential becomes P2 (charge acceptance has been improved)
are combined together to assemble a lead acid storage battery,
the charging current that flows when a charging current of 14
V is applied can be increased to 122 (>111), and the charge
acceptance of an entire lead acid storage battery can be
greatly improved in comparison with the case in which only
the charge acceptance of the negative plate has been
improved.

[0054] The inventor found that the charge acceptance of an
entire lead acid storage battery can be greatly improved in
comparison with a conventional lead acid storage battery in
which only the charge acceptance of the negative plate has
been improved, by improving the charge acceptance of a
positive plate as described above, and using the positive plate
in combination with a negative plate in which the charge
acceptance has been improved.

[0055] In view of the above, after thoroughgoing research
into means for improving the charge acceptance of a positive
plate and as the result of experimentation, it was found that
the charge acceptance of the positive plate can be improved so
that the curve of the charging current vs. potential becomes an
erect curve such as P2 of FIG. 1 by increasing the specific
surface area of the active material of the positive plate. It was
also found that the charge acceptance of an entire lead acid
storage battery can be further improved in comparison with a
conventional lead acid storage battery in which charge accep-
tance of the entire battery is improved by only improving the
charge acceptance of the negative plate, and that the service
life performance under PSOC can be improved by assembling
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a lead acid storage battery using a combination of a positive
plate in which the charge acceptance has been improved by
setting the specific surface area of the active material in a
range of 6 m*/g or more, and a negative plate in which the
charge acceptance and service life performance have been
improved by adding to the negative active material a carbon-
aceous electrically conductive material and an organic com-
pound that has the effect of reducing the coarsening of nega-
tive active material that occurs in accompaniment with
charging and discharging.

[0056] Inthe present embodiment, the specific surface area
of the active material of the positive plate (also referred to as
specific surface area of the positive active material) is defined
in the following manner. In other words, measurement is
carried out by a nitrogen gas adsorption method. This method
is a common technique for measuring specific surface area,
and is carried out by using an inert gas in which the size of a
single molecule is known, causing the inert gas to be adsorbed
on the surface of a measurement sample, and obtaining the
surface area from the occupied surface area. Specifically, the
measurement is carried out based on the BET described
below.

[0057] The relation of formula (1) often holds true when
P/P, is in the range of 0.05 to 0.35. Formula (1) is modified
(the numerator and denominator of the left side are divided by
P) to obtain formula (2).

[0058] Gas molecules for which the adsorption occupied
surface area is known are adsorbed on the sample for the total
specific surface area used in the measurement, and the rela-
tionship between the adsorbed amount (V) and the relative
pressure (P/P,) is measured. The left side of formula (2) and
P/P, are plotted using the measured V and P/P,. Here, s is the
slope and formula (3) is derived from formula (2).

[0059] Withiindicating the intercept, the intercept i and the
slope s are expressed in the formulas (4) and (5). Formulas (6)
and (7) are modifications of formulas (4) and (5), respec-
tively, formula (8) is obtained for calculating the monolayer
adsorption amountV,,. In other words, the adsorption amount
V at a certain relative pressure P/P, is measured at several
points, and the slope and intercept of the plotted line are
calculated to produce the monolayer adsorption amount V.
The total surface area S,,,,; of a sample of obtained using
formula (9), and the specific surface area S is calculated from
the total surface area S, ,,; using formula (10).

[Formula 1]

Formula (1)

P: Adsorption equilibrium in a state of adsorption equilibrium
at a constant temperature

P,: Saturation vapor pressure at adsorption temperature
V: Adsorption amount at adsorption equilibrium pressure P

V,.: Monolayer adsorption amount (the adsorption amount
when gas molecules have formed a monolayer on a solid
surface)

C: BET constant (a parameter related to the interaction
between the solid surface and the adsorptive substance)
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[Formula 2]

1 _(C—l](ﬁ)_‘_L Formula (2)
V(& _1) V,.C \ Py V,.C

[Formula 3]

S_C—l_i_#_i_# Formula (3)
VuC VO V,,C  V, V,C

[Formula 4]

e L Formula (4)
Vi C

[Formula 5]

1 X Formula (5)
s = v i

[Formula 6]
sXV, =1-ixVy, Formula (6)

[Formula 7]
(s+V, =1 Formula (7)

[Formula 8]
v, = L Formula (8)

S+

[Formula 9]

Stotat = (Vin XN XAcs)M Formula (9)

S,ora: Total surface area (m?)

V,,: Monolayer adsorption amount (-)

N: Avogadro’s number (-)

A Adsorption cross-sectional surface area (m?)
M: Molecular weight (-)

[Formula 10]

So Storat Formula (10)

w

S, Specific surface area (m?/g)

w: Sample amount (g)

[0060] A high specific surface area of the positive active
material means that it is possible to maintain for a long period
of time a state in which diffusion migration of lead ions
(SO,7) and hydrogen ions (H™*) as the reactive species of the
discharge reaction is carried out in a rapid manner, and that
the discharge reactions can be maintained over a long period
of'time. Maintaining the diffusion of the reactive species over
a long period of time means that there are many diffusion
paths for the reactive species.

[0061] On the other hand, diffusion paths for the sulfate
ions and hydrogen ions generated in accompaniment with
charging reactions are required in the charging reactions, and
when the specific surface area of the positive active material
is setata high level, it is thought that many diffusion paths can
be provided for the sulfate ions and hydrogen ions generated
in accompaniment with charging reactions, and the products
can be rapidly diffused without accumulating on the reaction
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surface of the plates. The charging reactions are thereby
smoothly carried out over the entire plate, the progress of
charging reaction is facilitated, and the charge acceptance of
the positive plate can be improved.

[0062] In the present invention, at least a carbonaceous
electrically conductive material and an organic compound for
reducing the coarsening of negative active material due to
charging and discharging are added to the negative active
material in order to improve the performance of the negative
plate.

[0063] The carbonaceous electrically conductive material
is preferably selected from among the material group com-
prising of graphite, carbon black, activated carbon, carbon
fiber, and carbon nanotubes. Preferred among these is graph-
ite, and flake graphite is preferably selected as the graphite. In
the case that flake graphite is used, the average primary par-
ticle diameter is preferably 100 um or more. The amount of
the carbonaceous electrically conductive material added is
preferably in a range of 0.1 to 3 parts by mass in relation to
100 parts by mass of the negative active material (spongy
lead) in a fully charged state.

[0064] The flake graphite noted above refers to the flake
graphite described in JIS M 8601 (2005). The electrical resis-
tance of the flake graphite is 0.02 Q2-cm or less and is one order
of magnitude less than that of acetylene black or another
carbon black, which is about 0.1 Q-cm. Therefore, the elec-
trical resistance of the negative active material is reduced and
the charge acceptance can be improved by using flake graph-
ite in place of a carbon black used in a conventional lead acid
storage battery.

[0065] Here, the average primary particle diameter of flake
graphite is obtained in accordance with the laser diffraction
and scattering method of JIS M 8511 (2005). A flake graphite
material was added in a suitable amount to an aqueous solu-
tion containing 0.5 vol. % of a commercially available sur-
factant polyoxyethylene octyl phenyl ether (e.g., Triton
X-100 manufactured by Roche Diagnostics) as the dispers-
ant, the system was exposed to 40 W ultrasonic waves for 180
seconds while being stirred, and the average particle diameter
was then measured using a laser diffraction and scattering-
type grain size distribution measurement device (e.g.,
Microtrac 9220 FRA manufactured by Nikkiso Co., Ltd.) to
calculate the average primary particle diameter of the flake
graphite. The value of the average particle diameter (median
diameter: D50) thus calculated was used as the average pri-
mary particle diameter.

[0066] A lead acid storage battery mounted in an ISS
vehicle, power generation and control vehicle, or other micro-
hybrid vehicle is used in a partial state of charge referred to as
PSOC. In a lead acid storage battery used under such condi-
tions, lead sulfate, which is an insulator produced by the
negative active material during discharge, gradually coarsens
in accompaniment with repeated charging and discharging,
and a phenomenon referred to as sulfation occurs prema-
turely. When sulfation occurs, the discharge performance and
charge acceptance the negative active material is dramatically
reduced.

[0067] The carbonaceous electrically conductive material
added to the negative active material has the effect of sup-
pressing the coarsening of the lead sulfate, keeping the lead
sulfate in a fine state, suppressing a reduction in the concen-
tration of lead ions that elute from the lead sulfate, and main-
taining a state of high charge acceptance.
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[0068] A negative plate that can maintain a state of high
charge acceptance for a long period of time can be obtained
without compromising the long-term reactivity of charging
and discharging by adding to the negative active material a
suitable amount of an organic compound for reducing the
coarsening of negative active material due to charging and
discharging.

[0069] Itis possible to improve the charge acceptance of an
entire battery merely by improving the performance of the
negative plate by adding a carbonaceous electrically conduc-
tive material and organic compound for reducing the coars-
ening of negative active material as described above. How-
ever, the charge acceptance of an entire battery can be further
improved by combining the above-noted negative plate with
the positive plate described above.

[0070] A bisphenol aminobenzenesulfonic acid formalde-
hyde condensate is preferably used as the organic compound
for reducing the coarsening of negative active material. The
bisphenol is bisphenolA, bisphenolF, bisphenolS, or the like.
Particularly preferred among the condensates described
above is the bisphenolA aminobenzenesulfonic acid formal-
dehyde condensate expressed in the chemical structure of
Chemical formula 1.

[Chemical formula 1]
OH

R, CH,2—

where Ry, Ry are hydrogen or

—CH,— W@ SO;Na

(excluding the case in which Ry, R; are both hydrogen)

[0071] As described above, the charging reactions of the
negative active material depend on the concentration of lead
ions dissolved from the lead sulfate, which is a discharge
product, and the charge acceptance increases as the quantity
of lead ions increases. Lignin is widely used as the organic
compound added to the negative active material in order to
reduce the coarsening of negative active material due to
charging and discharging, but lignin has a side effect in that it
adsorbs onto lead ions, reduces the reactivity of the lead ions,
and therefore obstructs the charging reaction of the negative
active material and limits improvement in the charge accep-
tance. In contrast, a bisphenol aminobenzenesulfonic acid
formaldehyde condensate having the chemical structure for-
mula of Chemical formula 1 noted above has weak adsorptive
strength to lead ions and the adsorptive amount is low. There-
fore, the condensate described above is used in place of lig-
nin, obstruction to charge acceptance is reduced, and obstruc-
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tion to maintenance of the charge acceptance by addition of a
carbonaceous electrically conductive material is reduced.

[0072] The present invention may also use the sodium lig-
nin sulfonate expressed in the chemical structure formula
(partial structure) of Chemical formula 2 below as the organic
compound for reducing the coarsening of negative active
material due to charging and discharging. Sodium lignin sul-
fonate is widely used as an organic compound for reducing
the coarsening of negative active material, but there is a
drawback in that it is highly adsorptive to lead ions and has the
side effect of suppressing charging reactions. In contrast, a
bisphenol aminobenzenesulfonic acid formaldehyde conden-
sate has weak adsorptive strength to lead ions and the amount
adsorb on the lead ions is low. Therefore, charging reactions
are substantially uninhibited and charge acceptance is not
obstructed.

[Chemical formula 2]
CH,O0—

—CH

CHSO;Na
CH,0H

0——CH
CH,OH

| OCH;

OH

[0073] An ordinary polyethylene separator made of a
microporous polyethylene sheet may be used as the separator
in the implementation of the present invention, but it is pre-
ferred that the polyethylene separator not be used alone, butin
combination with a separator composed of a nonwoven (here-
inafter referred to as a “separator composed of a nonwoven™)
consisting of glass fiber, polyolefin (polyethylene, polypro-
pylene, or the like) fiber, pulp, or the fiber of another material.
In this case, the polyethylene separator and the separator
composed of a nonwoven are superimposed so that the sur-
face of the separator facing the negative plate is composed of
anonwoven. The separator composed of a nonwoven may be
one having a mixture of a plurality of fibers selected from the
materials noted above. The nonwoven composed of a mixture
of a plurality of fibers is preferably one that is not limited to
glass fibers alone, but is preferably one that is composed of a
mixture of glass fibers and acid-resistant organic resin fibers,
or one in which silica has been added to the mixture as
required, such as the thin separator applied to a control valve-
type lead acid storage battery disclosed in, e.g., Japanese
Laid-open Patent Application No. 2002-260714.

[0074] Lead sulfate ions produced from lead sulfate during
charging migrate downward through the surface of the plate.
Since the battery does not become fully charged under PSOC,
the electrolyte is not stirred by gas production. As a result, the
concentration of the electrolyte becomes nonuniform, which
is referred to as stratification, wherein the specific gravity of
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the electrolyte in the lower portion of the battery is increased
and the specific gravity of the electrolyte in the upper portion
is reduced. When such a phenomenon occurs, the charge
acceptance and discharge performance are reduced because
the reaction surface area is reduced. Stratification can be
prevented because the descent of lead ions can be prevented
when a highly porous separator composed of a nonwoven is
made to face the surface of the negative plate. It is possible to
improve the charge acceptance of an entire battery using such
a separator alone, but the charge acceptance of an entire
battery can be further improved by using such a separator in
combination with the positive plate described above. The
charge acceptance of an entire lead acid storage battery can be
dramatically improved by using the separator in combination
with the positive plate and negative plate described above.

Examples

[0075] First, an unformed positive plate was fabricated.
Water was added to a mixture of lead oxide, red lead, and cut
fiber (polyethylene terephthalate short fibers, likewise here-
inbelow) and mixed, and the system was kneaded while add-
ing dilute sulfuric acid in small amounts to manufacture a
positive active material paste. The active material paste was
packed into an expanded-type collector fabricated by expan-
sion-machining a rolled sheet composed of a lead alloy, and
the assembly was aged for 24 hours at 40° C. in an atmosphere
at 95% humidity and then dried to fabricate an unformed
positive plate.

[0076] Next, a n unformed negative plate was fabricated.
Water was added to a mixture of lead oxide, cut fiber, barium
sulfate, carbonaceous electrically conductive material, and an
organic compound for reducing the coarsening of negative
active material and mixed, and the system was kneaded while
adding dilute sulfuric acid in small amounts to manufacture a
negative active material paste. The active material was packed
into an expanded-type collector fabricated by expansion-ma-
chining a rolled sheet composed of a lead alloy, and the
assembly was aged for 24 hours at 40° C. in an atmosphere at
95% humidity and then dried to fabricate an unformed nega-
tive plate. Here, the negative plates A, B, C, B' described
below were fabricated by varying the carbonaceous electri-
cally conductive material and the organic compound for
reducing the coarsening of negative active material.

Negative Plate A:

[0077] An organic compound in which sodium lignin sul-
fonate expressed in Chemical formula 2 was used as the main
component was selected as the organic compound for reduc-
ing the coarsening of negative active material, and carbon
black (specific surface area: 260 m*/g) obtained from heavy
fuel oil as the starting material was used as the carbonaceous
electrically conductive material and the addition amount was
0.2 parts by mass in relation to 100 parts by mass of the active
material.

Negative Plate B:

[0078] An organic compound in which bisphenolA ami-
nobenzenesulfonic acid formaldehyde condensate (molecu-
lar weight: 17,000 to 20,000, sulfur content in the compound:
6to 11 mass %) expressed in Chemical formula 1 was used as
the main component was selected as the organic compound
for reducing the coarsening of negative active material, and
the carbon black described above was used as the carbon-
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aceous electrically conductive material and the addition
amount was 0.2 parts by mass in relation to 100 parts by mass
of the active material.

Negative Plate C:

[0079] An organic compound in which bisphenolA ami-
nobenzenesulfonic acid formaldehyde condensate (molecu-
lar weight: 17,000 to 20,000; sulfur content in the compound:
6to 11 mass %) expressed in Chemical formula 1 was used as
the main component was selected as the organic compound
for reducing the coarsening of negative active material, and
flake graphite (average primary particle diameter: 180 pm)
was used as the carbonaceous electrically conductive material
and the addition amount was 0.2 parts by mass in relation to
100 parts by mass of the active material.

Negative plate B":

[0080] An organic compound in which bisphenolA ami-
nobenzenesulfonic acid formaldehyde condensate (molecu-
lar weight: 17,000 to 20,000; sulfur content in the compound:
6to 11 mass %) expressed in Chemical formula 1 was used as
the main component was selected as the organic compound
for reducing the coarsening of negative active material, and a
carbonaceous electrically conductive material was not added.
[0081] Next, lead acid storage batteries were assembled
using a combination of the negative plates A, B, C, and B',
positive plates, and two types of separators. The assembly of
the batteries was carried out by stacking the positive plates
and negative plates in alternating fashion via separator to
form a plate pack composed of six positive plates and seven
positive plates, and the head sections of the plates of the same
polarity were welded together using a cast-on strap (COS)
method to fabricate a plate pack. The assembled batteries
were D23 size.

[0082] Here, a separator P was a separator in which a poly-
ethylene separator was used alone, and a separator Q was a
separator having a structure in which a nonwoven composed
of glass fiber was disposed on the surface of a polyethylene
separator facing the surface of a negative plate.

[0083] In the present example, a glass fiber nonwoven was
used as the nonwoven constituting the separator Q, but it is
also possible to use a nonwoven composed of polyethylene,
polypropylene, or another polyolefin material, or pulp or
another material fiber in places of the glass fiber nonwoven,
and it is also possible to use a nonwoven composed of a
mixture of a plurality of these material fibers. A nonwoven
composed of a mixture of a plurality of fibers selected from
the materials described above is preferably used as the non-
woven used as a separator, and even more preferred is a
nonwoven composed of a mixture of these fibers into which
silica has been filtered by papermaking techniques.

[0084] Inthe present example, the separator Q was formed
by superimposing a nonwoven composed of glass fiber on a
polyethylene separator, but the separator Q may be solely
composed of a nonwoven made of glass fiber or the like. In
other words, the separator Q may be configured so that the
surface facing the negative plate is composed of a nonwoven
made of glass, polyolefin, pulp, or another material fiber.
[0085] Next, the negative and positive plates were formed
in container. Namely dilute sulfuric acid having a specific
gravity of 1.24 was injected into the container, the batteries
were energized and charged with 200% electric amount of the
theoretical capacity based on the amount of active material to
complete the lead acid storage batteries. The characteristics
of the positive active material varied depending on the tem-
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perature, current density, and electrolyte specific gravity dur-
ing formation. The specific surface area of the positive active
material can be reduced when the formation temperature is
increased, and can be increased when the electrolyte specific
gravity is increased. In view of this fact, various batteries
having different specific surface areas of the active material of
the positive plate were prepared by adjusting the temperature
and electrolyte specific gravity during formation in contain-
ers. The specific surface area of the positive active material
can be adjusted in accordance with the formation conditions
described above, and also by suitably selecting, e.g., the start-
ing material of the lead powder, the lead powder kneading
conditions, the plate aging conditions, and the like. Even if
means for preparing the specific surface area of the positive
active material differ, the prescribed effects of the present
invention can be obtained as a result as long as the specific
surface area of the active material is in the range of the present
invention.

[0086] The specific surface area of the positive active mate-
rial was measured using a battery for measuring the active
material characteristics. The battery was disassembled and
the positive plates removed from such a battery were provided
in measurements using the method described in an earlier
section.

[0087] Nuclear magnetic resonance (NMR) spectroscopy
was used to confirm the presence of the bisphenolA ami-
nobenzenesulfonic acid formaldehyde condensate expressed
in Chemical formula 1 in the negative active material. The
following analysis was carried out using an NMR spectros-
copy device (ECA-500FT-NMR) manufactured by JEOL
Ltd.

[0088] First, the lead acid storage batteries of the example
1 following formation were disassembled and the negative
plates were removed. The removed negative plates were
washed and the sulfuric acid content was washed away. The
negative active material following formation is a spongy lead.
The negative plates were dried in nitrogen or another inert gas
in order to prevent oxidation of the negative active material.
The negative active material was removed from the dried
negative plates and pulverized. The pulverized powder was
added to a solution of 10% sodium hydroxide and the extract
excluding the generated precipitant (lead hydroxide) was
analyzed and measured using the device described above. The
measurement conditions are listed in Table 1.

TABLE 1

Measurement nuclide '"H
Magnetic field intensity 11.747 T (500 MHz with 'H nuclide
Observation range -3 ppm to 15 ppm

Data points 16,384 points
Measurement mode Non-decoupling
Pulse wait time 7 sec.
Cumulative cycles 128 cycles
Measurement solvent Heavy water

Measurement temperature Room temperature

[0089] FIG. 2 shows a spectral diagram measured by NMR
spectroscopy. The horizontal axis shows the chemical shift
(ppm) and the vertical axis shows the peak intensity.

[0090] As shown by the double circles in FIG. 2, peaks
originating from the p-aminobenzenesulfonic acid in the
bisphenol aminobenzenesulfonic acid formaldehyde conden-
sate expressed in Chemical formula 1 were observed at
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chemical shifts of 6.7 ppm and 7.5 ppm. As shown by the
triangle in FIG. 2, a peak originating from the bisphenolA
backbone of the bisphenolA aminobenzenesulfonic acid
formaldehyde condensate expressed in Chemical formula 1
were observed in the chemical shift range of 0.5 ppm to 2.5
ppm.

[0091] Based on the results noted above, the bisphenolA
aminobenzenesulfonic acid formaldehyde condensate
expressed in Chemical formula 1 was observed in the nega-
tive active material.

[0092] The configurations of the plate pack fabricated in
the present example are the following seven types.

[Type 1]

[0093] Positive plate: The specific surface area of the posi-
tive active material was varied in six steps from 5 m*/g to 14.1
m?/g.

[0094] Negative plate: Negative plate B in which the added
amount of carbon black was 0.2 parts by mass in relation to
100 parts by mass of the active material, and in which the
organic compound expressed in Chemical formula 1 was used
as the organic compound for reducing the coarsening of nega-
tive active material. Here, 100 parts by mass of active material
refers to 100 parts by mass of active material (spongy lead) in
a fully charged state. The same applies hereinbelow.

[0095] Separator: Polyethylene separator P
[Type 2]
[0096] Positive plate: The specific surface area of the posi-

tive active material was varied in six steps from 5 m*/g to 14.1
m?/g.

[0097] Negative plate: Negative plate B in which the added
amount of carbon black was 0.2 parts by mass in relation to
100 parts by mass of the active material, and in which the
organic compound expressed in Chemical formula 1 was used
as the organic compound for reducing the coarsening of nega-
tive active material.

[0098] Separator: Separator Q made of a nonwoven com-
posed a polyethylene separator and glass fiber.

[Type 3]

[0099] Positive plate: The specific surface area of the posi-
ti\;e active material was varied in six steps from 5 m*/g to 14.1
m-/g.

[0100] Negative plate: Negative plate A in which the added
amount of carbon black was 0.2 parts by mass in relation to
100 parts by mass of the active material, and in which the
organic compound expressed in Chemical formula 2 having
sodium lignin sulfonate as a main component has been
selected as the organic compound for reducing the coarsening
of negative active material.

[0101] Separator: Polyethylene separator P
[Type 4]
[0102] Positive plate: The specific surface area of the posi-

tive active material was varied in six steps from 5 m?/g to 14.1
m?/g.

[0103] Negative plate: Negative plate A in which the added
amount of carbon black was 0.2 parts by mass in relation to
100 parts by mass of the active material, and in which the
organic compound expressed in Chemical formula 2 having
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sodium lignin sulfonate as a main component has been
selected as the organic compound for reducing the coarsening
of negative active material.

[0104] Separator: Separator Q made of a nonwoven com-
posed a polyethylene separator and glass fiber.

[Type 3]

[0105] Positive plate: The specific surface area of the posi-
tive active material was varied in six steps from 5 m*/g to 14.1
m?/g.

[0106] Negative plate: Negative plate C in which the added

amount of flake graphite was 2 parts by mass inrelationto 100
parts by mass of the active material, and in which the organic
compound expressed in Chemical formula 1 was used as the
organic compound for reducing the coarsening of negative
active material.

[0107] Separator: Polyethylene separator P

[Type 6]

[0108] Positive plate: The specific surface area of the posi-
tive active material was varied in six steps from 5 m*/g to 14.1
m?/g.

[0109] Negative plate: Negative plate C in which the added

amount of flake graphite was 2 parts by mass inrelationto 100
parts by mass of the active material, and in which the organic
compound expressed in Chemical formula 1 was used as the
organic compound for reducing the coarsening of negative
active material.

[0110] Separator: Separator Q made of a nonwoven com-
posed a polyethylene separator and glass fiber.

[Type 7]

[0111] Positive plate: The specific surface area of the posi-
tive active material was varied in six steps from 5 m*/g to 14.1
m?/g.

[0112] Negative plate: Negative plate B' in which a carbon-

aceous electrically conductive material was not added, and in
which the organic compound expressed in Chemical formula
1 was used as the organic compound for reducing the coars-
ening of negative active material.

[0113] Separator: Separator Q made of a nonwoven com-
posed a polyethylene separator and glass fiber.

[0114] In the present example, the specific surface area of
the positive active material was measured by the nitrogen gas
adsorption method described above. In other words, S
obtained by Formula 10 described above is the specific sur-
face area of the positive active material.

[0115] The charge acceptance and cycling characteristics
were measured for the lead acid storage batteries having the
plate pack configurations of types 1 to 7. First, the charge
acceptance was measured in the following manner. The ini-
tially assembled lead acid storage batteries were placed in a
thermostat at 25° C. and the SOC (state of charge) brought to
90% of a fully charged state. The charge current value at the
fifth second (fifth-second charge current value) from the start
ofapplication of a charge voltage 0of 14 V (wherein the current
prior to reaching 14 V was limited to 100 A) was measured.
The higher the fifth-second charge current value is the higher
the initial charge acceptance is. A cycling test was carried out
for 5000 cycles in a thermostat at 40° C., wherein a single
cycle comprising charging for 10 minutes at a charge voltage
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of 14.8 V (wherein the current prior to reaching 14.8 V was
limited to 25 A) and discharging for 4 minutes with a constant
discharge current of 25 A. The charge acceptance was mea-
sured under the same conditions used initially above. In other
words, the higher the fifth-second charge current value is after
5000 cycles, the better the initially good charge acceptance
has been maintained thereafter.

[0116] The measurement (service life test) of the cycling
characteristics was carried out in the following manner. The
ambient temperature was adjusted so as to bring the battery
temperature to 25° C., and a cycling test was carried out by
discharging at a constant current of 45 A for 59 seconds and
300 A for 1 second, and then charging at a constant current of
100 A and constant voltage of 14 V for 60 seconds, the above
discharging and charging constituting a single cycle. This test
is a cycling test for simulating the use of a lead acid storage
battery in an ISS vehicle. In this service life test, charging
gradually becomes insufficient when full charging is not car-
ried out, because the amount of charge is low in relation to the
amount of discharge, and as a result, there is a gradual decline
in the first-second voltage, which is one second of discharge
carried out at a discharge current of 300 A. In other words,
when the negative plate is polarized during constant current/
constant voltage charging and a switch is prematurely made
to constant voltage charging, the charge current weakens and
charging becomes insufficient. In this service life test, the
battery was judged to have reached the end of its service life
when the first second voltage at 300-A discharge dropped
below 7.2 V.

[0117] The state of insufficient discharge continues and
cycling characteristics are degraded when a high charge
acceptance cannot be maintained during charging and dis-
charging cycles. The level of charge acceptance during charg-
ing and discharging cycles are optimally evaluated by evalu-
ating the cycling characteristics and changes in the fifth-
second charge current value that accompany the charging and
discharging cycles.

[0118] The charge acceptance during constant voltage
charging and the durability under PSOC can be evaluated
using the test described above. Tables 2 to 8 show the mea-
surement results of the cycling characteristics and the fifth-
second charge current carried for the type 1 to 7 lead acid
storage batteries having the plate pack configuration of types
1to7.

[0119] InTables 2 to 4,the conventional example is the case
in which the specific surface area of the positive active mate-
rial was set to 5 m*/g; and Tables 5 to 7 are comparative
examples in which the specific surface area of the positive
active material was set to 5 m*/g. All of the examples in Table
8 are reference examples in which carbonaceous electrically
conductive material was not added to the negative active
material and the specific surface area of the positive active
material was set to from 5 m*/g to 14.1 m*/g. The fifth-second
charge current and cycling characteristics shown in each table
were evaluated with the conventional example of Table 4 set
to 100 (with the fifth-second charge current initially set to
100).
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TABLE 2
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(Measurement results for the type 1 lead acid storage battery)

Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0 m%/g B P 160 95 190 Conv.
example
2 6.0 172 103 195 Examples
3 7.4 180 107 200
4 8.8 192 112 203
5 13.0 198 113 205
6 14.1 205 113 198
[0120] Based on the results above, it is apparent that charge characteristics can be dramatically improved by using the

current (charge acceptance) and cycling characteristics (ser-
vice life performance under PSOC) can be dramatically
improved in comparison with the conventional example when
the condensate of Chemical formula 1 is used as the main
component of an organic compound for reducing the coars-
ening of negative active material, even when the specific
surface area of the positive active material is 5 m*g. The
fifth-second charge current and cycling characteristics can be
clearly improved by setting the specific surface area of the
positive active material to be 6 m*/g or more in comparison
with setting the specific surface area of the positive active
material to be 5 m*/g. The fifth-second charge current and
cycling characteristics taper off as the specific surface area of
the positive active material is increased, and when the specific
surface area of the positive active material reaches 14.1 m*/g,
the cycling characteristics tend to be reduced in comparison
with a specific surface area of the positive active material of
13 m*/g.

TABLE 3

separator QQ, which uses a nonwoven in the portion facing the
plate, as the separator in comparison with the case in which a
polystyrene separator P is used. The fifth-second charge cur-
rent and cycling characteristics can be clearly improved by
setting the specific surface area of the positive active material
to be 6 m*/g or more in comparison with setting the specific
surface area of the positive active material to be 5 m*/g. In this
case as well, the fifth-second charge current and cycling char-
acteristics tend to taper off as the specific surface area of the
positive active material is increased, and when the specific
surface area of the positive active material reaches 14.1 m*/g,
the service life performance tends to be reduced in compari-
son with a specific surface area of the positive active material
of 13 m*/g. Also, based on the results above, it is apparent that
the fifth-second charge current can be improved by about
twice that of the conventional example and that the cycling
characteristics can be improved by about three times that of

(Measurement results for the type 2 lead acid storage battery)

Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0 m%g B Q 155 115 290 Conv.
example
2 6.0 165 120 295 Examples
3 7.4 174 126 300
4 8.8 184 131 304
5 13.0 196 140 307
6 14.1 200 140 298
[0121] Based on the results above, it is apparent that charge the conventional example when the specific surface area of

current (charge acceptance) and cycling characteristics (ser-
vice life performance under PSOC) can be dramatically
improved in comparison to when the condensate of Chemical
formula 1 is used as the main component of an organic com-
pound for reducing the coarsening of negative active material.
Also, based on theresults above, itis apparent that the cycling

the positive active material is set in a range of 6 m?/g or more
in the case that the condensate of Chemical formula 1 is used
as the organic compound for reducing the coarsening of nega-
tive active material and that the separator Q in which the
portion facing the negative plate is composed of a nonwoven
is used as the separator.
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TABLE 4
(Measurement results for the type 3 lead acid storage battery)
Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0 m%/g A P 100 52 100 Conv.
example
2 6.0 102 53 110 Examples
3 7.4 102 54 115
4 8.8 103 55 115
5 13.0 103 55 115
6 14.1 103 55 115
[0122] Based on the results above, it is apparent that charge the main component of the organic compound for reducing

current and cycling characteristics can be dramatically
improved when the sodium lignin sulfonate of Chemical for-
mula 2 is used as the main component of the organic com-
pound for reducing the coarsening of negative active material,
by setting the specific surface area of the positive active
material to be 6 m*/g or more in comparison with the case in
which the specific surface area of the positive active material
is set to 5 m*/g. In this case as well, the fifth-second charge
current and cycling characteristics tend to taper off as the
specific surface area of the positive active material is
increased.

TABLE §

the coarsening of negative active material, using the separator
Q, which uses a nonwoven in the portion facing the negative
plate, is used as the separator in comparison with the case of
Table 4 in which a polyethylene separator P is used. In this
case as well, the fifth-second charge current and cycling char-
acteristics can be improved by setting the specific surface area
of the positive active material to be 6 m*/g or more in com-
parison with the case in which the specific surface area of the
positive active material is set to 5 m*/g, but the fifth-second

(Measurement results for the type 4 lead acid storage battery)

Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0 m?/g A Q 95 62 130 Comp.
example
2 6.0 97 64 140 Examples
3 7.4 98 65 144
4 8.8 99 66 145
5 13.0 99 66 145
6 14.1 99 66 145
[0123] Based on the results above, it is apparent that the charge current and cycling characteristics tend to taper off as

cycling characteristics can be dramatically improved when
the sodium lignin sulfonate of Chemical formula 2 is used as

the specific surface area of the positive active material is
increased.

TABLE 6

(Measurement results for the type 5 lead acid storage battery)

Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0m%g C P 161 99 230 Comp.
example

2 6.0 171 105 244 Examples
3 7.4 181 116 253
4 8.8 190 125 268
5 13.0 204 127 272
6 14.1 207 127 251
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[0124] When Tables 2 and 6 are compared, the effect of the
carbonaceous electrically conductive material added to the
negative plate can be observed. Table 6 shows the measure-
ment results of the cycling characteristics for the case in
which the sodium lignin sulfonate of Chemical formula 1 is
used as the main component of the organic compound for
reducing the coarsening of negative active material, the sepa-
rator P is used as the separator in the portion facing the
negative plate, and 2 parts by mass of flake graphite have been
added to 100 parts by mass of active material. Table 2 shows
the measurement results of the cycling characteristics for the
case in which the sodium lignin sulfonate of Chemical for-
mula 1 is used as the main component of the organic com-
pound for reducing the coarsening of negative active material,
the separator P is used as the separator in the portion facing
the negative plate, and 0.2 parts by mass of carbon black have
been added to 100 parts by mass of active material.

[0125] Scaly graphite has a characteristic in which the
physical properties of the active material paste do not vary
(the paste does not harden) even when the added amount is
increased, so the added amount can therefore be increased.
[0126] When Tables 2 and 6 are compared, there is no
considerable difference between the initial fifth-second
charge currents for the case in which 2 parts by mass of flake
graphite are added and the case in which 0.2 parts by mass of
carbon black are added. However, it is apparent that the fifth-
second charge current and cycling characteristics after 5000
cycles can be even more dramatically improved in compari-
son with the case in which 0.2 parts by mass of carbon black
are added.

[0127] The difference is thought to be the result of an even
more improved charge acceptance because the resistance
value of the carbonaceous electrically conductive material is
lower when flake graphite is used than when carbon black is
used and because a large amount can be added.

[0128] In the case that 2 parts by mass of flake graphite is
added, the fifth-second charge current and cycling character-
istics can be improved by setting the specific surface area of
the positive active material to 6 m*/g or more in comparison
with the case in which the specific surface area of the positive
active material is 5 m*/g, but the fifth-second charge current
and cycling characteristics taper off as the specific surface
area of the positive active material is increased, and when the
specific surface area of the positive active material reaches
14.1 m*/g, the cycling characteristics tend to be reduced in
comparison with a specific surface area of the positive active
material of 13 m*/g.

TABLE 7
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[0129] When Tables 3 and 7 are compared, it is apparent
that there is no considerable difference between the initial
fifth-second charge currents for the case in which 2 parts by
mass of flake graphite as the carbonaceous electrically con-
ductive material added to the negative plate were added per
100 parts by mass of active material, and the fifth-second
charge current and cycling characteristics after 5000 cycles
were even more greatly improved in comparison with the case
in which 0.2 parts by mass of carbon black were added to 100
parts by mass of the active material.

[0130] When Tables 6 and 7 are compared, it is apparent
that cycling characteristics can be even more dramatically
improved by using the separator Q, which uses anonwoven in
the portion facing the negative plate, as the separator in com-
parison with the case in which a polystyrene separator P is
used. In this case as well, the fifth-second charge current and
cycling characteristics can be improved by setting the specific
surface area of the positive active material to be 6 m*/g or
more in comparison with the case in which the specific sur-
face area of the positive active material is set to 5 m*/g, but the
fifth-second charge current and cycling characteristics tend to
taper off as the specific surface area of the positive active
material is increased, and when the specific surface area of the
positive active material reaches 14.1 m?/g, the service life
performance tends to be reduced in comparison with a spe-
cific surface area of the positive active material of 13 m*/g.

(Measurement results for the type 6 lead acid storage battery)

Fifth-sec.
Specific surface  Neg. charge current Cycling
area of positive  plate Separator At  After 5000 character-
No. active material  type type start cycles istics Remarks
1 5.0 m%/g C Q 156 116 292 Comp.
example
2 6.0 166 125 306 Examples
3 7.4 176 136 314
4 8.8 185 145 328
5 13.0 199 155 332
6 14.1 202 155 319




US 2013/0022860 Al

TABLE 8

Jan. 24, 2013

(Measurement results for the type 7 lead acid storage battery)

Fifth-sec.
Specific surface Neg. charge current Cycling
area of positive plate Separator At After 5000 character-
No. active material type type start cycles istics Remarks
1 5.0 m%/g B' carbonaceous Q 127 53 120 Reference
electrically examples

2 6.0 conductive 137 55 123
3 7.4 material was 147 56 125
4 8.8 not added 156 57 127
5 13.0 170 57 127
6 14.1 173 57 127

[0131] Table 8 shows reference examples for the case in
which a carbonaceous electrically conductive material has
not been added. Based on the results above, it is apparent that
the fifth-second charge current and cycling characteristics
can be dramatically improved initially when the condensate
of Chemical formula 1 is used as the main component of an
organic compound for reducing the coarsening of negative
active material, even in a case where a carbonaceous electri-
cally conductive material has not been added to the negative
active material. In this case as well, the fifth-second charge
current and cycling characteristics tend can be improved by
setting the specific surface area of the positive active material
to 6 m*/g or higher, in comparison with the case in which the
specific surface area of the positive active material is set to 5
m?*/g. However, the fifth-second charge current and cycling
characteristics tend to taper off as the specific surface area of
the positive active material is increased.

[0132] The initial fifth-second charge current is slightly
higher than the case of Table 3. However, the cycling charac-
teristics are markedly worse than the case of Table 3 because
there was no added carbonaceous electrically conductive
material, which has the effect of finely dispersing lead sulfate
generated in the negative active material during discharge. In
other words, the initial charge acceptance was excellent, but
the excellent state could not be maintained over the charging
and discharging cycles, and the charge acceptance declined in
accompaniment with the progress of the charging and dis-
charging cycles, and the cycling characteristics were there-
fore degraded. When a carbonaceous electrically conductive
material is not added, the cycling characteristics cannot be
improved even when the specific surface area of the active
material of the positive plate has been optimally adjusted.
[0133] Based on the results shown in Tables 2 to 7, although
there are some differences, it is apparent that the fifth-second
charge current can be improved when the specific surface area
of the positive active material is set to the 6 m*/g or more in
comparison with the case in which the specific surface area of
the positive active material has been set to 5 m*/g.

[0134] Itis apparent from a comparison of Tables 2, 4, and
6 and Tables 3, 5, and 7, which indicate the evaluation results
for the lead acid storage batteries having the plate pack con-
figurations in which the same separator is used, that charge
acceptance is dramatically improved over the conventional
example even when the specific surface area of the positive
active material was set to 5 m*/g, for the case that the negative
plate B or C is used in which an organic compound having the
condensate of Chemical formula 1 as a main component is
selected as the organic compound for reducing the coarsening

of negative active material. Charge acceptance could not be
dramatically improved even when the specific surface area of
the positive active material was increased for the case in
which the negative plate type A was used in which the sodium
lignin sulfonate expressed in Chemical formula 2 as the main
component was selected as the organic compound for reduc-
ing the coarsening of negative active material. In contrast, the
charge acceptance was dramatically improved by increasing
the specific surface area of the positive active material for the
case in which negative plate types B and C were used in which
the condensate expressed in Chemical formula 1 was used as
the organic compound for reducing the coarsening of negative
active material, and it is apparent that the charge acceptance
reached about double that of the case in which the specific
surface area of the positive active material was set to a maxi-
mum of 5 m?%/g.

[0135] Itis apparent from a comparison of Tables 2, 4, 6 and
Tables 3, 5, 7 that cycling characteristics are dramatically
improved for the case in which the negative plate B or C is
used. This indicates that the charge acceptance of the negative
plate greatly affects the charge acceptance of the entire bat-
tery in the same manner as the measurement results of the
charge acceptance described above. Among these results, the
cycling characteristics were about three times higher than the
conventional example according to the results of Tables 3, 5,
and 7 in which the separator Q was used.

[0136] On the other hand, the number of cycles tends to
gradually decline as the specific surface area of the positive
active material is increased, and the number of cycles is
reduced by 10% when the specific surface area of the positive
active material exceeds 13 m*/g in comparison with a specific
surface area of the positive active material 7.4 m*/g. This is
due to the fact that the structure of the active material is
destroyed by repeated charging and discharging and a phe-
nomenon referred to as so-called “sludge formation” occurs
because the porosity of the active material becomes exces-
sively high. Therefore, it is thought that the specific surface
area of the positive active material is most preferably in a
range of 6 m*/g or more and 13 m*/g or less. In view of the
above, a cycling test was carried out in which the lead acid
storage batteries of Tables 2, 4, and 6 were discharged for one
hour at a current of 0.2 C, and then charged for 1.25 hours at
a current of 0.2 C, the above discharging and charging con-
stituting a single cycle. The cycling test is a heavy-load ser-
vice life test, and is not a service life mode in which the
negative active material is coarsened and sulfation occurs, but
is rather a cycling test in which the service life of a battery is
reached when discharge is no longer possible due to sludge
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formation of the positive active material. With this test, ser-
vice life ends when the voltage measured after one hour of
discharge has fallen below 10.2 V. Table 9 shows the test
results of evaluating the cycling characteristics in which a
positive plate having a specific surface area of 6 m*/g was
used and the service life was set to 100. The test results were
the same for the cases in which negative plates A, B, and C
were used.

TABLE 9
Specific surface area of positive Cycling
No. active material results
1 5.0m%g 100
2 6.0 100
3 7.4 99
4 8.8 97
5 13.0 95
6 14.1 30

[0137] Thus, the cycling results were dramatically reduced
when the specific surface area of the positive active material
exceeded 13 m*/g. Based on this fact, the results of Tables 2
to 7 in general, and from the aspect of usage under a heavy
load, it is thought that the specific surface area of the positive
active material is most preferably in a range of 6 m*/g or more
and 13 m*g or less. The cycling characteristics shown in
Tables 2 to 7 are at the end of service life mainly due to
sulfation and coarsening of the negative active material when
the specific surface area of the active material is low, and are
moving toward the end of service life due to sludge formation
of the positive active material as the specific surface area of
the active material is increased.

[0138] However, the number of cycles is 2.9 times greater
than the conventional example due to the synergistic effect
with the improvement in charge acceptance of the negative
plate, even when the specific surface area of the positive
active material exceeds 13 m*/g. As noted above, it is appar-
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ent that the charge acceptance and service life performance of
a battery can be improved by using a negative plate with
improved charge acceptance and by increasing the specific
surface area of the active material of the positive plate. It is
also apparent that the cycling characteristics can be dramati-
cally improved by changing the separator from a polyethyl-
ene separator P to a separator Q in which the portion facing
the negative plate is composed of a nonwoven in the case that
the main component of the organic compound for reducing
the coarsening of negative active material is the condensate of
Chemical formula 1 or is the sodium lignin sulfonate of
Chemical formula 2.

[0139] A particularly excellent effect can be obtained with
the use of a condensate having a basic structural unit in which
a p-aminobenzenesulfonic acid is bonded to the benzene
nucleus of a bisphenol, but the same effect can be obtained
even with the use of a condensate in which a sulfonic acid is
bonded to the benzene nucleus of a bisphenol.

[0140] Next, atest was carried out to confirm the effect that
the particle diameter has on the battery characteristics when
the average primary particle diameter of flake graphite is
varied in the No. 4 type lead acid storage battery in Table 6
and the No. 4 type lead acid storage battery shown in Table 7.
In this test, the average primary particle diameter of the flake
graphite was varied, i.e., 80 um, 100 pm, 120 um, 140 um, 180
um, and 220 pm. This variation was similarly applied to the
lead acid storage battery of No. 4 of Table 6 and No. 4 of Table
7. Table 10 shows the results of evaluating the fifth-second
charge current and the cycling characteristics for the No. 4
type lead acid storage battery shown in Table 6; and Table 11
shows the results of evaluating the fifth-second charge current
and the cycling characteristics for the No. 4 type lead acid
storage battery shown in Table 7. The fifth-second charge
current and cycling characteristics shown in the tables were
evaluated with the conventional example of Table 4 set to 100
(with the fifth-second charge current initially set to 100) in the
same manner as Tables 2 to 8.

TABLE 10
Fifth-sec.
Specific surface  Neg. Graphite charge current Cycling
area of positive  plate Separator particle At After 5000 character-

No. active material  type type diameter (um)  start cycles istics Remarks
1 8.8 m?/g C P 80 159 58 122 Examples
2 100 170 80 195
3 120 175 91 213
4 140 180 103 231
5 180 190 125 268
6 220 190 125 268

TABLE 11
Fifth-sec.
Specific surface  Neg. Graphite charge current Cycling
area of positive  plate Separator particle At After 5000 character-

No. active material  type type diameter (um)  start cycles istics Remarks
1 8.8 m%/g C Q 80 157 75 182 Examples
2 100 165 100 255
3 120 170 111 273
4 140 175 123 292
5 180 185 145 328
6 220 185 145 328
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[0141] Based on the results of Tables 10 and 11, it is appar-
ent that the initial fifth-second charge current increases as the
average primary particle diameter of the flake graphite is
increased, without any relation to the type of separator that is
used, and that the cycling characteristics are also improved.
This tendency is marked when the average primary particle
diameter of the flake graphite is in the range of 100 um or
more, and the effect is low when the average primary particle
diameter of the flake graphite is 80 pm. This is due to the fact
that electrical resistance increases at contact point when the
average primary particle diameter of the flake graphite is low,
the electrical resistance is reduced when the particle diameter
is high, and the charging characteristics and cycle service life
are improved. In the same manner as the results described
above, it is apparent in this case as well that the cycling
characteristics are dramatically improved when the separator
is the separator QQ in which a nonwoven is used as the portion
facing the negative plate, in comparison with the case in
which a polyethylene separator P. Based on these results, the
average primary particle diameter of the flake graphite is
preferably in a range of 100 um or more, and is most optimally
140 pm or more. The flake graphite is commonly manufac-
tured by refining natural graphite. Flake graphite that has an
average primary particle diameter in excess of 220 um has a
low yield during manufacture and is difficult to obtain in
industrial quantities.

[0142] In conventional lead acid storage batteries, efforts
have been made exclusively to improve the charge acceptance
and service life performance of the negative plate in order to
improve the charge acceptance of the lead acid storage bat-
tery, and there has been no consideration given to improving
the charge acceptance of a lead acid storage battery by
improving the performance of the positive plate. For this
reason, the charge acceptance of the entire lead acid storage
battery has been conventionally determined by the charge
acceptance of the negative plate, and there are limitations to
improving the charge acceptance of a lead acid storage bat-
tery. With the present invention, consideration is given to the
performance of the positive active material in order to break
through this limitation, and the charge acceptance of an entire
battery can be further improved over a conventional lead acid
storage battery by improving the performance of the positive
active material.

[0143] In the prior art, improvements in the charge accep-
tance have been made by improvements only in the charac-
teristics of the negative plate, but in the present invention, the
charge acceptance of the positive plate is improved by
increasing the specific surface area of the positive active
material, whereby the charge acceptance of the entire battery
can be further improved over conventional examples, and
even higher efficiency discharging under PSOC is made pos-
sible. In accordance with the present invention, repeated
charging and discharging in a state of insufficient discharge
can be prevented because the charge acceptance of the lead
acid storage battery can be improved. Therefore, it is possible
to prevent the coarsening of lead sulfate particle, which is a
discharge product, when charging and discharging is repeated
in a state of insufficient charge, and it is possible to improve
the service life performance of a lead acid storage battery
under PSOC. This constitutes considerable forward progress
for lead acid storage batteries used under PSOC, and provides
considerable contribution to the improvement in the perfor-
mance of lead acid storage batteries mounted in a micro
hybrid vehicle, or the like.

Jan. 24, 2013

INDUSTRIAL APPLICABILITY

[0144] Asdescribed above, the present invention provides a
flooded-type lead acid storage battery in which the charge
acceptance and the service life performance under PSOC is
improved over a conventional lead acid storage battery and
contributes to the diffusion of ISS vehicles, power generation
and control vehicles, and other micro-hybrid vehicles. There-
fore, the present invention has considerable industrial appli-
cability in that it contributes to lower CO, emissions by
improving the fuel efficiency of automobiles, and is useful in
solving the global issue of reducing global warming.

1. A flooded-type lead acid storage battery having a con-
figuration in which a plate pack is accommodated in a con-
tainer together with an electrolyte, the plate pack being
obtained by stacking separators between negative plates com-
prising a negative active material packed into a negative col-
lector and positive plates comprising a positive active mate-
rial packed into a positive collector, wherein charging is
carried out intermittently and high-efficiency discharging to a
load is carried out in a partial state of charge, the lead acid
storage battery characterized in that

atleasta carbonaceous electrically conductive material and
an organic compound for reducing coarsening of the
negative active material due to charging and discharging
are added to the negative active material;

the specific surface area of the active material of the posi-
tive plate is set to 6 m*/g or more

the organic compound for reducing coarsening of the nega-
tive active material due to charging and discharging is an
organic compound having a bisphenol aminobenzene-
sulfonic acid formaldehyde condensate as a main com-
ponent; and

the carbonaceous electrically conductive material is flake
graphite, the average primary particle diameter of which
being 100 pm or more.

2. (canceled)

3. The lead acid storage battery of claim 1, wherein the
bisphenol aminobenzenesulfonic acid formaldehyde conden-
sate is a bisphenolA aminobenzenesulfonic acid formalde-
hyde condensate expressed in the chemical structure formula
of Chemical formula 1 noted below.

[Chemical formula 1]
OH

R, CHy~—
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-continued
where Ry, Ry are hydrogen or

—CH,— W@ SO3Na

(excluding the case in which Ry, R; are both hydrogen)

4.-6. (canceled)

7. The lead acid storage battery of claim 3 wherein the
separator is configured so as to comprise a nonwoven in
which the surface facing the surface of the negative plate
comprises a fiber of at least one material selected from the
material group consisting of glass, pulp, and polyolefin.
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8. The lead acid storage battery of claim 7, wherein the
specific surface area of the active material of the positive plate
is set to 6 m*/g or more and 13 m?/g or less.

9. The lead acid storage battery of claim 1 wherein the
separator is configured so as to comprise a nonwoven in
which the surface facing the surface of the negative plate
comprises a fiber of at least one material selected from the
material group consisting of glass, pulp, and polyolefin.

10. The lead acid storage battery of claim 9, wherein the

specific surface area of the active material of the positive plate
is set to 6 m*/g or more and 13 m*/g or less.



