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DESCRIPTION
Title of Invention
CLADDING TUBE, CLAD ELECTRODE, LEAD STORAGE
BATTERY, PRODUCTION METHOD FOR THESE, AND ELECTRIC
CAR
Technical Field
[0001] The present invention relates to a clad tube, a clad type
electrode, a lead storage battery, a manufacturing method thereof, and
an electric vehicle. |
Background Art
[0002] Lead storage batteries are one of secondary batteries used from
the past and are widely used as secondary batteries for an industry or
consumer use due to reliability, low price, and the like. In particular,
there is a high demand for lead storage batteries for automobiles
(so-called batteries), lead storage batteries for electric vehicles (for
example, lead storage batteries for forklifts), or lead storage batteries for
backup such as UPS (Uninterruptible Power Supply), disaster
prevention (emergency)‘wireless devices, and telephones.
[0003] As the lead storage battery, a clad type lead storage battery
including a clad type electrode is known. For example, the clad type
electrode includes a plurality of tubular electrodes having a cylindrical
shape and arranged side by side, and each tubular electrode includes a
tubular clad tube, a core bar (a current collector) inserted into the clad
tube, and an electrode material filled between the core bar and the clad
tube. Patent Literature 1 below discloses a woven fabric tube mainly

including glass fiber or synthetic fiber as the clad tube.
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Citation List

Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent Publication
No. H8-203506

Summary of Invention

Technical Problem

[0005] Incidentally, as the lead storage battery including the clad type
electrode, a lead storage battery having excellent discharge
characteristics has been required.

[0006] The invention has been made in view of the above-described
circumstances and an object of the invention is to provide a clad tube
and a clad type electrode capable of obtaining a lead storage battery
having excellent discharge characteristics and a method of
manufacturing the same. Another object of the invention is to provide
a lead storage battery including the clad type electrode and a method of
manufacturing the same. Still another object of the invention is to
provide an electric vehicle including the lead storage battery.

Solution to Problem

[0007] A clad tube of the invention is a clad tube which is to be used in
a clad type electrode, in which a ratio A/B of a total pore volume A of a
pore having a pore diameter of 10 pm or more with respect to a total
pore volume B of a pore having a pore diameter smaller than 10 pm is
1.40 or less.

[0008] A clad tube manufacturing method of the invention is a method
of manufacturing a clad tube which is to be used in a clad type

electrode, comprising: a step of impregnating a base material with a
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resin component, in which in the clad tube, a ratio A/B of a total pore
volume A of a pore having a pore diameter of 10 um or more with
respect to a total pore volume B of a pore having a pore diameter
smaller than 10 um is 1.40 or less.

[0009] When the clad tube of the invention or the clad tube obtained by
the clad tube manufacturing method of the invention is used, it is
possible to obtain a lead storage battery having excellent discharge
characteristics.

[0010] The ratio A/B is preferably 1.23 to 1.38.

[0011] The clad tube preferably includes glass.

[0012] The clad tube of the invention may have an embodiment that the
clad tube includes a fiber bundle containing a bundling agent and the
bundling agent includes paraffin. The clad tube manufacturing method
of the invention may have an embodiment that the base material
includes a fiber bundle containing a bundling agent and the bundling
agent includes paraffin.

[0013] The clad tube of the invention may have an embodiment that the
clad tube includes a fiber bundle containing a bundling agent and the
bundling agent includes starch. The clad tube manufacturing method
of the invention may have an embodiment that the base material
includes a fiber bundle containing a bundling agent and the bundling
agent includes starch.

[0014] A clad type electrode of the invention includes the clad tube of
the invention. A clad type electrode manufacturing method of the
invention is a method of manufacturing a clad type electrode comprising

a clad tube, including: a step of obtaining the clad tube by the method of
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manufacturing the clad tube of the invention. When the clad type
electrode of the invention or the clad type electrode obtained by the clad
type electrode manufacturing method of the invention is used, it is
possible to obtain a lead storage battery having excellent discharge
characteristics. ‘

[0015] A lead storage battery of the invention includes the clad type
electrode of the invention as a positive electrode. A lead storage
battery manufacturing method of the invention is a method of
manufacturing a lead storage battery including a clad type electrode as a
positive electrode, comprising: a step of obtaining the clad type
electrode by the method of manufacturing the clad type electrode of the
invention. The lead storage battery of the invention and the lead
storage battery obtained by the lead storage battery manufacturing
method of the invention have excellent discharge characteristics.

[0016] An electric vehicle of the invention includes the lead storage
battery of the invention.

Advantageous Effects of Invention

[0017] According to the invention, it is possible to provide a clad tube
and a clad type electrode capable of obtaining a lead storage battery
having excellent discharge characteristics and a method of
manufacturing the same. Further, according to the invention, it is
possible to provide a lead storage battery including the clad type
electrode and a method of manufacturing the same. Furthermore,
according to the invention, it is possible to provide an electric vehicle
including the lead storage battery and a method of manufacturing the

same.
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Brief Description of Drawings
[0018] FIG. 1 is a schematic cross-sectional view showing a lead
storage battery of an embodiment of the invention.

FIG 2 is a view showing a relationship between a discharge
capacity and a pore volume ratio.
Description of Embodiments
[0019] Hereinafter, an embodiment of the invention will be described in
detail. However, the invention is not limited to the following
embodiment.
[0020] The specific gravity varies depending on a temperature, and
accordingly is defined as a specific gravity which is converted to that at
20°C, in the present specification. In the present specification, a

numerical range indicated by using "~"

indicates a range which includes
numerical values described before and after "~" as the minimum value
and the maximum value, respectively. In the numerical ranges which
are described stepwise in the present specification, the upper limit value
or the lower limit value of the numerical range of a certain stage may be
replaced with the upper limit value or the lower limit value of the
numerical range of another stage. In the numerical ranges that are
described in the present specification, the upper limit value or the lower
limit value of the numeric value range may be replaced with the value
shown in the Examples. "A or B" may include either one of A and B,
and may also include both of A and B. Materials which are
exemplified in the present specification can be used singly or in

combinations of two or more, unless otherwise specifically indicated.

[0021] <Lead Storage Battery>
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A lead storage battery of the embodiment includes a positive
electrode, a negative electrode, and a separator. The lead storage
battery of the embodiment is a clad type lead storage battery which
includes a clad type positive electrode for a lead storage battery with a
clad tube. For example, a positive electrode and a negative electrode
have a plate shape (a positive electrode plate and a negative electrode
plate). As a basic configuration of the lead storage battery, the same
configuration as that of the conventional lead storage battery can be
used.

[0022] FIG. 1 is a schematic cross-sectional view showing a lead
storage battery of the embodiment. A lead storage battery 100
illustrated in FIG. 1 is a clad type lead storage battery which includes a
positive electrode 10, a negative electrode 20, and a separator 30. The
positive electrode 10, the negative electrode 20, and the separator 30 are
accommodated in a battery casing (not shown). The positive electrode
10 and the negative electrode 20 are alternately disposed with the
separator 30 interposed therebetween. The battery casing
accommodating the positive electrode 10, the negative electrode 20, and
the separator 30 is filled with an electrolyte.

[0023] The positive electrode 10 is a clad type positive electrode plate
and includes a tubular electrode group 14 which is composed of a
plurality of tubular electrodes (bar-shaped electrodes) 12 arranged side
by side. For example, the number of the tubular electrodes 12 is 14 to
19. Each tubular electrode 12 includes a tubular clad tube 12a, a core
bar (a current collector) 12b inserted into the clad tube 12a, and a

positive electrode material 12c filled between the clad tube 12a and the
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core bar 12b.

[0024] The clad tube 12a is composed of a tubular porous tube.
Examples of the component materials of the clad tube 12a include glass
and a resin component (for example, phenol resin (trade name
"Phenolite" manufactured by DIC Corporation)). For example, the
clad tube 12a may include a base material (a fiber base material or the
like) impregnated with a resin component. For example, the clad tube
12a may include a fibrous component material (glass fibers or the like).
The clad tube 12a may include a fiber bundle (a glass fiber bundle or the
like). The fiber bundle may include a bundling agent, and for
example, can be obtained by bundling fibers using a bundling agent.
As the clad tube 12a, a glass tube (a tube including glass (a glass fiber
bundle or the like)) is preferred from the viewpoint of excellent acid
resistance. The glass tube may be in the form of C glass. Examples
of the cross-sectional shapes perpendicular to the longitudinal direction
of the clad tube 12a include a circular shape (FIG. 1) and an oval shape.
For example, the length of the clad tube 12a is 160 to 400 mm. For
example, the diameter (outer diameter) of the clad tube 12a is 9 to 12
mm. ‘

[0025] In the clad tube 12a, a ratio A/B of a total pore volume A of a
pore having a pore diameter of 10 um or more with respect to a total
pore volume B of a pore having a pore diameter smaller than 10 pum (the
pore volume ratio of the total pore volume of the pore having a pore
diameter of 10 um or more/the total pore volume of the pore having a
pore diameter smaller than 10 pm) is 1.40 or less from the viewpoint of

obtaining excellent discharge characteristics. From the viewpoint of
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easy improvement of discharge characteristics, the ratio A/B is
preferably 1.38 or less, more preferably 1.30 or less, further preferably
1.27 or less, and particularly preferably 1.25 or less. From the
viewpoint of easy improvement of discharge characteristics, the ratio
A/B is preferably 1.15 or more, more preferably 1.19 or more, further
preferably 1.20 or more, and particularly preferably 1.23 or more.
From these viewpoints, the ratio A/B is preferably 1.15 to 1.40, more
preferably 1.15 to 1.38, further preferably 1.19 to 1.38, particularly
preferably 1.20 to 1.38, extremely preferably 1.23 to 1.38, very
preferably 1.23 to 1.30, further preferably 1.23 to 1.27, and particularly
preferably 1.23 to 1.25. The total pore volume can be measured by a
pore size distribution meter (for example, trade name: AUTO PORE IV
9520 manufactured by SHIMADZU CORPORATION). The ratio A/B
can be adjusted by the amount of the resin component to be used (the
impfegnation amount of the resin component with respect to the fiber
bundle, or the like) at the time of preparing the clad tube, the number
(the number of warp yarns and twill yarns, or the like) of fibrous
component materials (glass fibers or the like), and the like, and for
example, when the amount of the resin component to be used at the time
of preparing the clad tube is decreased, the ratio A/B tends to increase.

[0026] It is considered that the size of the pore diameter contributes to
the diffusion of the electrolyte. Specifically, it is considered that, since
the pore having a pore diameter smaller than 10 um has a very high
specific surface area (when the total pore volume is the same, the
number of the pore diameters increase as the pore diameter decreases,

and hence a specific surface area easily increases), a surface tension is
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high, and ions such as SO,* and H' that contribute to the discharge
reaction "PbO, + 4H" + SO + 2¢ = PbSO4 + 2H,0O" are easily
attracted as microscopic electrolyte diffusion. Further, in the pore
having a pore diameter of 10 pum or more, it is considered that the
movement of the electrolyte easily occurs as macroscopic electrolyte
diffusion in accordance with the expansion of the positive electrode
active material or the like. Then, when the ratio A/B is excessively
large (the total pore volume A of the pore having a pore diameter of 10
wm or more is excessively large with respect to the total pore volume B
of the pore having a pore diameter smaller than 10 pum), macroscopic
electrolyte diffusion easily occurs, however, since the number of the
pores contributing to the microscopic electrolyte diffusion is small, it is
considered that the microscopic electrolyte diffusion hardly occurs and
hence discharge characteristics (a discharge capacity and the like)
decrease.

[0027] Joints (an upper joint and a lower joint which are not shown) for
holding the clad tube 12a and the core bar 12b are attached to both end
portions of the clad tube 12a. The upper joint is attached at the side of
one end portion (an opening portion for inserting the core bar 12b and
filling a raw material (lead powder or the like) of a positive electrode
material) of the clad tube 12a. The lower joint is attached at the side of
the other end portion (the bottom portion of the clad tube 12a) of the
clad tube 12a.

[0028] The core bar 12b is disposed along the longitudinal direction of
the clad tube 12a at the center portion of the clad tube 12a. For

example, the core bar 12b can be obtained by casting based on a
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pressure casting method. A component maferial of the core bar 12b
may be a conductive material, and examples include a lead alloy such as
a lead-calcium-tin based alloy and a lead-antimony-arsenic based alloy.
This lead alloy may include selenium, silver, bismuth, and the like.
Examples of the cross-sectional shapes perpendicular to the longitudinal
direction of the core bar 12b include a circular shape (FIG. 1) and an
oval shape. For example, the length of the core bar 12b is 170 to 400
mm. For example, the diameter of the core bar 12b is 2.0 to 4.0 mm.
[0029] The content of antimony of the core bar 12b is preferably in the
following range based on the total mass of the core bar 12b. From the
viewpoint of excellent strength and hardness of the core bar 12b, the
content of antimony is preferably 2.0 mass% or more, more preferably
3.0 mass% or more, and further preferably 4.0 mass% or more. From
the viewpoint of excellent corrosion resistance and the viewpoint of
easily suppressing self discharge, the content of antimony is preferably
8.0 mass% or less, more preferably 5.0 mass% or less, an & f d further
preferably 4.0 mass% or less. For example, the content of antimony
can be measured by high frequency inductively coupled plasma
emission spectrometry (ICP emission spectrometry).

[0030] After formation, the positive electrode material 12c¢ includes a
positive electrode active material and can further include additives if
necessary. For example, the positive electrode material after formation
can be obtained by performing formation on the unformed positive
electrode material including a raw material of the positive electrode
active material. For example, the positive electrode material after

formation may be obtained by performing formation on the unformed
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positive electrode material after obtaining the unformed positive
electrode material by aging and drying a positive electrode material
paste including the raw material of the positive electrode active
material. Examples of the raw materials of the positive electrode
active material include lead powder and red lead. Examples of the
positive electrode active materials in the positive electrode material after
formation include lead dioxide.

[0031] Examples of additives for the positive electrode material include
reinforcing short fiber. Examples of the reinforcement short fibers
include acrylic fibers, polyethylene fibers, polypropylene fibers,
polyethylene terephthalate fibers (PET fibers), and the like.

[0032] For example, the negative electrode 20 is a paste type negative
electrode plate. The negative electrode 20 includes a negative
electrode current collector and a negative electrode material held by the
negative electrode current collector. As the negative electrode current
collector, a plate type current collector can be used. The negative
electrode current collector and the core bar of the positive electrode may
have the same or different compositions.

[0033] After formation, the negative electrode material includes a
negative electrode active material and can further include additives if
necessary.  For example, the negative electrode material after
formation can be obtained by performing formation on the unformed
negative electrode material after obtaining the unformed negative
electrode material by aging and drying a negative electrode material
paste including the raw material of the negative electrode active

material. Examples of the raw materials of the negative electrode
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active material include lead powder and red lead. Examples of the
negative electrode active materials of the negative electrode material
after formation include porous spongy lead.

[0034] Examples of additives for the negative electrode material
include barium sulfate, reinforcing short fibers, a carbon material
(carbonaceous conductive material), a resin having at least one selected
from a group consisting of a sulfone group and a sulfonate group (a
resin having a sulfone group and/or a sulfonate group). Examples of
the reinforcing short fibers include the same reinforcing short fibers as
those of the positive electrode material.

[0035] Examples of the carbon materials include carbon black and
graphite. Examples of the carbon blacks include furnace black (Ketjen
black (registered trademark) and the like), channel black, acetylene
black and thermal black.

[0036] Examples of the resins having a sulfone group and/or a sulfonate
group include lignin sulfonic acid, lignin sulfonate, condensates of
phenols, aminoarylsulfonic acid and formaldehyde. Examples of the
lignin sulfonates include an alkali metal salt of ligninsulfonic acid.
Examples of the phenols include bisphenol based compounds such as
bisphenol.  Examples of the aminoarylsulfonic acids include
aminobenzenesulfonic acid and aminonaphthalenesulfonic acid.

[0037] One surface of the separator 30 is in contact with the positive
electrode 10 and the other surface of the separator 30 is in contact with
the negative electrode 20. Each of the positive electrode 10 and the
negative electrode 20 is sandwiched by the separators 30. Each of the

positive electrode 10 and the negative electrode 20 may be sandwiched
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by two separators or may be sandwiched by one folded separator. An
electrolyte 40 is filled in the periphery of the positive electrode 10
between the separators 30.
[0038] The material of the separator is not particularly limited as long
as the material prevents the positive electrode and the negative electrode
from being electrically connected to each other and allows the
electrolyte to permeate. Examples of the materials of the separator
include microporous polyethylene; a mixture of glass fiber and synthetic
resin.
[0039] <Lead Storage Battery Manufacturing Method>

A lead storage battery manufacturing method of the embodiment
is a method of manufacturing a lead storage battery which includes a
clad type electrode as a positive electrode. The lead storage battery
manufacturing method of the embodiment includes a step of obtaining a
clad type electrode by a clad type electrode manufacturing method of
the embodiment. The clad type electrode manufacturing method of the
embodiment includes a step of obtaining a clad tube by a clad tube
manufacturing method of the embodiment.
[0040] For example, the lead storage battery manufacturing method of
the embodiment includes an electrode preparing step of obtaining an
electrode (a positive electrode and a negative electrode) and an
assembly step of obtaining a lead storage battery by assembling
component members including the electrode. When the electrode has
not subjected to formation, the electrode includes, for example, an
electrode material (a positive electrode material or a negative electrode

material) including a raw material of an electrode active material (a
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positive electrode active material or a negative electrode active
material), and a current collector (a positive electrode current collector
or a negative electrode current collector) which holds the electrode
material. For example, the electrode after formation includes an
electrode material including an electrode active material and the like,
and a current collector which serves as a conductive path of a current
from the electrode material and holds the electrode material.

[0041] The electrode preparing step includes a positive electrode
preparing step and a negative }electrode preparing step. For example,
the positive electrode preparing step includes a clad tube preparing step
and a finishing step.

[0042] In the clad tube preparing step, for example, a base material (a
fiber base material or the like) is impregnated with a resin component.
In the clad tube preparing step, for example, a base material including a
fiber bundle containing a bundling agent is impregnated with a resin
component. For example, the clad tube manufacturing method of the
embodiment includes a step of impregnating a fiber bundle containing a
bundling agent with a resin component. For example, the fiber bundle
containing the bundling agent is a fiber bundle which is bundled by
using a bundling agent. Examples of the bundling agents include
paraffin and starch. For example, the clad tube can be obtained by
impregnating the fiber bundle with the resin component and performing
drying.

[0043] In the finishing step, for example, a positive electrode including
a core bar inserted into the clad tube; and a positive electrode material

filled between the clad tube and the core bar is obtained. In the
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finishing step, for example, after enclosing the core bar with the clad
tube, the positive electrode raw material is filled between the core bar
and the clad tube, and then, the lower end of the tube is blocked with the
lower joint, and therefore, the positive electrode having the unformed
positive electrode material can be obtained.

[0044] In the negative electrode preparing step, for example, the
negative electrode having the unformed negative electrode material can
be obtained by performing aging and drying after filling the negative
electrode current collector (for example, a current collector lattice (a
cast lattice, an expanded lattice, and the like)) ‘with the negative
electrode material paste including the raw material of the negative
electrode active material. The aging condition is preferably an
atmosphere of a temperature of 35 to 85°C and a humidity of 50 to 98
RH% for 15 to 60 hours. The drying condition is preferably a
temperature of 45 to 80°C for 15 to 30 hours.

[0045] For example, the negative electrode material paste may further
include the above-described additives in addition to the raw material of
the negative electrode active material. The negative electrode material
paste may further include a solvent and sulfuric acid. Examples of the
solvents include water and an organic solvent.

[0046] When additives such as barium sulfate, a carbon material,
reinforcing short fibers, and a resin having a sulfone group and/or a
sulfonate group are used in the negative electrode material paste, the
mixing amount of the additives is preferably the following range with
respect to 100 parts by mass of the raw material of the negative

electrode active material. For example, the mixing amount of the
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barium sulfate is 0.01 to 2 parts by mass. For example, the mixing
amount of the carbon material is 0.1 to 3 parts by mass. For example,
the mixing amount of the reinforcing short fibers is 0.01 to 0.3 parts by
mass. For example, the mixing amount of the resin having a sulfone
group and/or a sulfonate group is 0.01 to 2 parts by mass in conversion
into resin solid.
[0047] In the assembling step, for example, the unformed positive
electrode and the unformed negative electrode are laminated with a
separator interposed therebetween and current collection portions of the
electrodes of the same polarities are welded with a strap to obtain an
electrode group. This electrode group is disposed in a battery casing to
prepare an unformed battery. Next, dilute sulfuric acid is added to the
unformed battery and a DC current is supplied to perform a battery
casing formation. The specific gravity of the sulfuric acid after
formation is adjusted to an appropriate specific gravity to obtain the
lead storage battery. For example, the specific gravity of sulfuric acid
(before formation) is 1.100 to 1.260.
[0048] The formation condition and the specific gravity of sulfuric acid
can be adjusted in response to the size of the electrode. Further, the
formation process may be performed in the electrode preparing step
(tank formation) instead of the timing after the assembling step.
[0049] <Electric Vehicle and Manufacturing Method thereof>

An electric vehicle of the embodiment includes a lead storage
battery of the embodiment. An electric vehicle manufacturing method
of the embodiment includes a step of obtaining a lead storage battery by

a lead storage battery manufacturing method of the embodiment. For
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example, the electric vehicle manufacturing method of the embodiment
includes a step of obtaining a lead storage battery by a lead storage
battery manufacturing method of the embodiment and a step of
obtaining an electric vehicle by assembling component members
including the lead storage battery. Examples of the electric vehicles
include a forklift and a golf cart. According to the embodiment, a lead
storage battery for an electric vehicle is provided, and for example, a
lead storage battery for a forklift is provided.
EXAMPLES
[0050] Hereinafter, the contents of the invention will be described in
more detail with reference to examples and comparative examples, but
the invention is not limited to the following examples.
[0051] <Preparing of Positive Electrode Plate>

A core bar (a cross-sectional shape: circle shape, a length: 331
mm, and a diameter: 2.7 mm) made of lead-antimony alloy (antimony
content: 4 mass%) was prepared. Next, the core bar was enclosed by a
glass tube (a cross-sectional shape: circle shape, a length: 297 mm, and
an outer diameter: 9.6 mm) having a pore volume ratio (the total pore
volume of the pore having a pore diameter of 10 pm or more/the total
pore volume of the pore having a pore diameter smaller than 10 pm)
shown in Table 1, and lead powder mainly including lead monoxide was
filled into the tube. Then, after fixing the tubes so as to arrange side by
side, the lower ends of the tubes are blocked with the resinous lower
joints by injection-molding to prepare fifteen tubular electrodes, and
thus, a clad type positive electrode plate (a dimension: 306 mm in the

vertical direction, 150 mm in the horizontal direction, and 10.0 mm in
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the thickness direction) was prepared as an unformed positive electrode
plate.
[0052] Furthermore, as the glass tubes of Examples 1, 2, 4 to 7 and
Comparative Examples 1 and 2, a tube obtained by impregnating a glass
fiber bundle bundled using a bundling agent including paraffin with a
resin component (phenol resin) and then performing drying was used.
As the glass tube of Example 3, a tube obtained by impregnating a glass
fiber bundle bundled using a bundling agent including starch with a
resin component (phenol resin) and then performing drying was used.
The pore volume ratio of the glass tube was adjusted by the
impregnation amount of the resin component for impregnating the glass
fiber bundle.
[0053] The pore volume ratio of the glass tube was calculated on the
basis of the pore distribution. The pore distribution of the glass tube
was measured using a pore size distribution meter (trade name: AUTO
PORE IV 9520 manufactured by SHIMADZU CORPORATION).
The pore volume ratio of the glass tube was calculated on the basis of
the "total pore volume of the pore having a pore diameter of 10 pm or
more"/the "total pore volume of the pore having a pore diameter smaller
than 10 pm " after dividing the volume of each pore obtained from the
pore distribution measurement result into the "total pore volume of the
pore having a pore diameter of 10 um or more" and the "total pore
volume of the pore having a pore diameter smaller than 10 pm ".
[0054] <Preparing of Negative Electrode Plate>

A lead-antimony alloy (antimony content: 3 mass%) was melted

and a lattice body (a dimension: 283.0 mm in the vertical direction,
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141.0 mm in the horizontal direction, and 4.0 mm in the thickness
direction) was prepared by a casting method. Next, 0.3 parts by mass
of barium sulfate, 0.03 parts by mass of PET fiber, 0.2 parts by mass of
lignin sulfonate, 8 parts by mass of water, and 10 parts by mass of dilute
sulfuric acid (specific gravity: 1.260) were added to 100 parts by mass
of lead powder mainly including lead monoxide and a kneading was
performed to prepare a negative electrode material paste. Then, after
the negative electrode material paste was filled into the lattice body,
aging and drying were performed under the following condition to
prepare an unformed negative electrode plate.

(Aging Condition) Temperature: 40°C, Humidity: 98 RH%,
Time: 40 hours

(Drying Condition) Temperature: 60°C, Time: 24 hours
[0055] <Preparing of Battery>

Seven of the unformed positive electrode plates and eight of the
unformed negative electrode plates were alternately laminated with a
separator made of polyethylene interposed therebetween to prepare an
electrode plate group, and then positive electrode terminals and negative
electrode terminals were welded to the electrode plate group. Next,
the electrode plate group was inserted into a battery casing and then the
battery casing was sealed. Then, after injecting dilute sulfuric acid
(specific gravity: 1.260) from a liquid port, battery casing formation was
performed to prepare a clad type lead storage battery. The battery
casing formation condition was set such that a water temperature in a
water tank was 40°C, a charged amount (reference: a theoretic

formation electric amount of a positive electrode active material) was
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[0056] <Discharge Test>

A rated capacity check test was performed at 0.2 CA.
Specifically, 120% of the discharge capacity was constant-current
charged with a current value of 0.1 CA at an ambient temperature of
30°C to obtain a fully charged state. Next, the fully charged clad type
lead storage battery was left in the water tank (temperature: 30°C) for
24 hours and was then discharged to an end voltage of 1.7 V at 0.2 CA,
and the discharge capacity (5 hour rate capacity, 0.2 CA discharge
capacity, rated capacity, unit: Ah) at that time was measured. The
result is shown in Table 1. Further, a relationship between the

discharge capacity and the pore volume ratio is shown in FIG. 2.

[0057] [Table 1]

Pore volume ratio | 5 hour rate capacity
Example 1 1.18 415.60
Example 2 1.19 415.60
Example 3 1.23 426.00
Example 4 1.26 420.40
Example 5 1.27 414.00
Example 6 1.28 410.93
Example 7 1.38 402.40
Comparative Example 1 - 1.42 400.27
Comparative Example 2 1.59 400.00

[0058] As shown in Table 1 and FIG 2, it was found that excellent
discharge characteristics were obtained when the ratio A/B of the total
pore volume A of the pore having a pore diameter of 10 pm or more
with respect to the total pore volume B of the pore having a pore
diameter smaller than 10 um was 1.40 or less.

Reference Signs List
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[0059] 10: positive electrode, 12: tubular electrode, 12a: clad tube, 12b:
core bar, 12¢: positive electrode material, 14: tubular electrode group,

20: negative electrode, 30: separator, 40: electrolyte, 100: lead storage

battery.
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CLAIMS
1. A clad tube to be used in a clad type electrode,
wherein a ratio A/B of a total pore volume A of a pore having a
pore diametér of 10 um or more with respect to a total pore volume B of
a pore having a pore diameter smaller than 10 pym is 1.40 or less.
2. The clad tube according to claim 1,
wherein the ratio A/B is 1.23 to 1.38.
3. The clad tube according to claim 1 or 2, comprising glass.
4. The clad tube according to any one of claims 1 to 3, comprising;:
a fiber bundle containing a bundling agent,
wherein the bundling agent includes paraffin.
3. The clad tube according to any one of claims 1 to 4, comprising:
a fiber bundle containing a bundling agent,
wherein the bundling agent includes starch.
6. A clad type electrode, comprising:
the clad tube according to any one of claims 1 to 5.
7. A lead storage battery, comprising:
the clad type electrode according to claim 6 as a positive
electrode.
8. An electric vehicle, comprising:
the lead storage battery according to claim 7.
9. A method of manufacturing a clad tube to be used in a clad type
electrode, comprising:
a step of impregnating a base material with a resin component,
wherein in the clad tube, a ratio A/B of a total pore volume A of

a pore having a pore diameter of 10 um or more with respect to a total
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pore volume B of a pore having a pore diameter smaller than 10 pm is
1.40 or less.
10.  The method of manufacturing the clad tube according to claim
9,

wherein the ratio A/B is 1.23 to 1.38.
11. The method of manufacturing the clad tube according to claim 9
or 10,

wherein the clad tube includes glass.
12. The method of manufacturing the clad tube according to any one
of claims 9 to 11,

wherein the base material includes a fiber bundle containing a
bundling agent, and

the bundling agent includes paraffin.
13.  The method of manufacturing the clad tube according to any one
of claims 9 to 12,

wherein the base material includes a fiber bundle containing a
bundling agent, and

the bundling agent includes starch.
14. A method of manufacturing a clad type electrode comprising a
clad tube, comprising:

a step of obtaining the clad tube by the method of manufacturing
the clad tube according to any one of claims 9 to 13.
15. A method of manufacturing a lead storage battery comprising a
clad type electrode as a positive electrode, comprising:

a step of obtaining the clad type electrode by the method of

manufacturing the clad type electrode according to claim 14.
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