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Description

Technical Field

[0001] The present invention relates to a secondary
battery using a solid electrolyte, such as β-alumina.

Background of the Art

[0002] Secondary batteries have been used in each
vehicles such as automobile, aircraft, and agricultural
machinery, as well as the various pieces of equipment
such as digital cameras, notebook computers and mobile
phones. Among them, in recent years, sodium sulfur bat-
tery has been attracting attention as a secondary battery
that can store large amount of power.
Sodium-sulfur battery has a positive electrode chamber
where molten sulfur which is positive electrode active
material is housed, negative electrode chamber where
molten sodium which is negative electrode active mate-
rial is housed, and wall-shaped solid electrolyte which is
made of materials such as β alumina having a permeable
to sodium ions, is located between said positive electrode
chamber and said negative electrode chamber, and iso-
late the molten sodium and the molten sulfur.
In this sodium-sulfur battery, in a state of being heated
to operating temperature of 290∼350 °C, molten sodium
in the negative electrode chamber transmits through the
solid electrolyte, acts as a sodium ion, reacts with sulfur
in the positive electrode chamber, then discharge is car-
ried out to generate a sodium polysulfide. Also, when
charging, the reverse reaction proceeds at the time of
discharge, sodium polysulfide is decomposed, sodium
and sulfur are generated.
[0003] In this case, molten sulfur which is positive elec-
trode active material, and sodium polysulfide which is
reaction product have large specific gravity. Especially
the sodium sulfide has large specific gravity because it
is high ratio of sodium. For this reason, they tended to
accumulate at the bottom of the positive electrode cham-
ber by its own weight. Thus, these substances are not
able to involved fully in charge and in discharge , the
utilization of active material has decreased.
[0004] In order to prevent such a phenomenon, in Jap-
anese Patent Laid-Open No. H5-266921(1993), a shape
of the positive electrode chamber of sodium-sulfur bat-
tery, formed on the outer peripheral side of the bulkhead
β-alumina tube that houses the molten sulfur as a positive
electrode active material has been disclosed. The shape
of the positive electrode chamber is formed such that the
horizontal cross-sectional area becomes smaller at the
bottom.
As a result, sodium ratio of sodium polysulfide of the bot-
tom of the positive electrode chamber is lower than the
ratio of the top at the time of charging, and this prevents
the sodium sulfide which is a high percentage of sodium
from concentrating at the bottom of the positive electrode
chamber.

[0005] In addition, in Japanese Patent Laid-Open No.
H6-89739(1994), a sodium-sulfur battery which is formed
that the bulk density of the lower part of the conductive
material for the positive electrode impregnated with mol-
ten sulfur is higher than the bulk density of the upper part
is disclosed. Thus, reactions of the active material like
sodium polysulfide occur rapidly, utilization at the lower
part of the active material is improved.
And it says that the phenomenon that sodium polysulfide
is accumulated at the lower part can be prevented.
[0006] Further, sodium-sulfur battery has been receiv-
ing attention as energy storage, because it has an ability
to store large amounts of power. As a method to increase
the battery capacity of the sodium-sulfur battery, Japa-
nese Patent Laid-Open No. 2004-178991 can be men-
tioned as an example.
In this case, a way of to increase the battery capacity by
increasing the packing densities of molten sulfur which
is the positive electrode active material and molten so-
dium which is the negative electrode active material has
been disclosed.
[0007] However, by the above method, there is a limit
to increasing the battery capacity per unit cell because
capacities of the positive electrode chamber where mol-
ten sulfur which is positive electrode active material is
housed and the negative electrode chamber where mol-
ten sodium which is negative electrode active material is
housed are constant.
[0008] On the other hand, if the capacity of the storage
chamber where active material is housed is increased,
it is also possible to store large amounts of active mate-
rial. However, increasing the capacity of the storage
chamber causes the cell reaction be reduced because
area which acts as a partition wall of the solid electrolyte
in contact with the active material becomes relatively
small.
In addition, since storage chamber is a space formed by
being partitioned by the solid electrolyte that stores large
amount of active material in there, there is a problem
from the viewpoint of safety.
[0009] In addition, in Japanese Patent Laid-Open No.
S50-38030(1975), a sodium-sulfur battery is disclosed.
In the battery, molten sodium is housed in a sodium stor-
age container which is located separately and remotely
from a solid electrolyte. And sodium is supplied to pores
provided in the plate-shape solid electrolyte from this
storage container.
[0010] JP2002184456 describes a Sodium-Sulfur sol-
id electrolyte secondary battery using an overpressure
in the sulfur container to circulate the sulfur through the
battery.

Prior art references

Patent literature

[0011]

1 2 
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Summary of the invention

Problems to be solved by the Invention

[0012] The primary purpose of the present invention is
to provide a solid electrolyte secondary battery which
suppresses the deterioration of the positive electrode ac-
tive material of the solid electrolyte secondary battery
and has higher performance.
The second purpose of the present invention is to provide
a solid electrolyte secondary battery having a larger bat-
tery capacity.
Further, the third purpose of the present invention is to
provide a solid electrolyte secondary battery which can
obtain a large output and improve battery performance
while maintaining a large battery capacity.

Means for Solving the Problems

[0013] Solid electrolyte secondary battery of the
present invention is a second battery according to claim
1 comprising a positive electrode chamber where positive
electrode active material is housed at least, a negative
electrode chamber where negative electrode active ma-
terial is housed at least, and a wall-shaped solid electro-
lyte which is located between said positive electrode
chamber and said negative electrode chamber, isolates

said positive electrode active material and said negative
electrode active material, and has conductivity for said
negative electrode active material.
And the solid electrolyte secondary battery of the present
invention is characterized by comprising a positive stor-
age container which is independent from said positive
electrode chamber and houses a part of said positive
electrode active material, and a passage means which
circulates in one direction to move said positive electrode
active material from said positive electrode chamber to
said positive storage container, and further circulates
from said positive storage container to said positive elec-
trode chamber.
[0014] In the secondary battery of the present inven-
tion, the positive storage container which is independent
of the positive electrode chamber and houses a part of
the positive electrode active material is provided, and the
passage means which circulates the positive electrode
active material in one direction between the positive elec-
trode chamber and the positive storage container is also
provided. Thus, the positive electrode active material
housed in the positive electrode chamber circulates and
moves into the positive electrode chamber again through
the positive storage container by the passage means. In
other words, the positive electrode active material
housed in the positive electrode chamber is moving.
For this reason, it is possible to suppress the phenome-
non that the positive electrode active material concen-
trates and accumulates at the bottom of the positive elec-
trode chamber.
In addition, since the positive electrode active material
circulates and moves in one direction, the concentration
of the positive electrode active material in the positive
electrode chamber can be kept substantially uniform.
Therefore, it is possible to use the active material effi-
ciently and improve the battery performance.
[0015] The positive electrode active material is a sub-
stance to form a compound that reacts with the negative
electrode active material, and is typified by sulfur. The
negative electrode active material is a metal typified by
sodium, and is a candidate as well as lithium, such as
potassium. Moreover, the wall-shaped solid electrolyte
is a ceramic such as β-alumina or β "-alumina. And it acts
as a bulkhead for transmitting the negative electrode ac-
tive material and for separating the negative electrode
active material from the positive electrode active mate-
rial. Therefore, the shape of the solid electrolyte is not
particularly limited.
The shape of the solid electrolyte may be a container
shape body which has a positive electrode chamber
where the positive electrode active material is housed
and a negative electrode chamber where the negative
electrode active material is housed.
[0016] In addition, the positive storage container which
is independent of the positive electrode chamber is a
container that the pressure of the positive electrode
chamber, which is varying by discharge and charge of
the battery does not cause a large pressure fluctuations
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between the positive storage container and the positive
electrode chamber, if there is no mass transfer such as
gas or positive electrode active material.
Moreover, the positive storage container can be provided
in the inner wall which partitions the positive electrode
chamber and can be also provided at a position which is
quite different from the part to partition the positive elec-
trode chamber.
[0017] Here, the passage means refers to the one con-
tinuous internal space where the positive electrode active
material can pass through. For example, an axis space
of a pipe, or an internal space of a block material can be
the passage means. This passage means is preferably
provided with a first passage having a first one-way valve
which makes the positive electrode active material move
to the positive storage container from the positive elec-
trode chamber and a second passage having a second
one-way valve which makes the positive electrode active
material to the positive electrode chamber from the pos-
itive storage container.
The one-way valve has the function to keep constant the
direction of fluid flow and to prevent backflow. The one-
way valve, for example, is opened by the pressure of the
fluid, and is closed by the back pressure if the fluid flows
back.
[0018] At the time of discharge, in the solid secondary
battery, because the negative electrode active material
which is ionized moves to the positive electrode chamber
from the negative electrode chamber, the amount of the
active material increases in the positive electrode cham-
ber, and the liquid level of the active material of inside
the positive electrode chamber rises gradually
Therefore, the pressure in the positive electrode chamber
increases progressively. As a result, the pressure in the
positive electrode chamber is higher than the pressure
in the positive storage container, and the first one-way
valve is opened by that pressure difference. Then the
positive electrode active material moves to the positive
storage container from the positive electrode chamber
through the first passage.
In this case, since the second one-way valve does not
open in the direction that the positive electrode active
material is flowing to the positive storage container from
the positive electrode chamber, the positive electrode
active material is not to be moved through the second
passage.
[0019] On the other hand, when charging, because the
negative electrode active material which is ionized moves
to the negative electrode chamber from the positive elec-
trode chamber, the amount of the active material is re-
duced in the positive electrode chamber, and the liquid
level of the active material of inside the positive electrode
chamber falls gradually. Therefore, the pressure in the
positive electrode chamber which is closed space be-
comes lower progressively.
In addition, since the liquid level of the positive electrode
active material storage container has risen by the positive
electrode active material by the reaction at the time of

discharge, the pressure in the positive storage container
which is also closed space is higher. As a result, the
pressure in the positive storage container is higher than
the pressure in the positive electrode chamber, and the
second one-way valve is opened by that pressure differ-
ence. Then the positive electrode active material moves
to the positive electrode chamber from the positive stor-
age container through the second passage. The positive
storage container acts as an auxiliary positive electrode
chamber.
In this case, since the first one-way valve does not open
in the direction that the positive electrode active material
is flowing to the positive electrode chamber from the pos-
itive storage container, the positive electrode active ma-
terial is not to be moved through the first passage.
[0020] As mentioned above, the passage means has
a simple structure, and is able to make the positive elec-
trode active material circulate and move in one direction
easily.
[0021] It is preferable that the one entrance of the first
and the second passages is disposed at the top of the
positive electrode chamber, and the outlet is disposed at
the top of the positive storage container. Also, it is pref-
erable that the other entrance of the first and the second
passages is disposed at the bottom of the positive stor-
age container, and the outlet is disposed at the bottom
of the positive electrode chamber.
Thus, much more positive electrode active material in
the positive electrode chamber and the positive storage
container circulate, and homogeneity of the positive elec-
trode active material of positive electrode chamber in-
creases further.
[0022] The solid electrolyte secondary battery of the
present invention can be provided of a moving means
which circulates in one direction to move the positive
electrode active material from the positive electrode
chamber to the positive storage container, and further
circulates it from the positive storage container to the
positive electrode chamber.
As a result, the positive electrode active material coming
from the positive storage container provided separately
from the positive electrode chamber as well as the pos-
itive electrode active material housed in the positive elec-
trode chamber is used to a charge-discharge reaction.
Therefore, the battery capacity can be increased.
In addition, the moving means is preferably arranged in
the passage means. As a moving means, a pump is pre-
ferred.
[0023] In the present invention, it is preferable that a
control means which controls the moving means is pro-
vided. The control means, for example, adjusts the
amount and speed to move of the positive electrode ac-
tive material depending on charging and discharging of
the battery by controlling the operating status of the mov-
ing means.
Also, the control means is for example, an electronic con-
trol unit having a calculating unit which performs calcu-
lation and control, a storage unit, and an input and output
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unit, etc. The electronic control unit can perform the
above-described control based on the measurement re-
sults of the instrument such as a flow sensor.
[0024] Here, the container shape body of the solid elec-
trolyte means a shape of accommodation space which
is partitioned by an inner wall surface of the solid elec-
trolyte. When a lid and a bottom, or the lid or the bottom
is provided to the space partitioned by the inner wall sur-
face of the container shape body, the space becomes
closed interval. This closed interval is a liquid storage
space such as the positive electrode chamber or the neg-
ative electrode chamber.
In addition, the positive electrode chamber and the neg-
ative electrode chamber can be a hole-shape extending
along the axial direction side by side together. An external
form of the container shape body which has the hole-
shaped positive electrode chamber and the negative
electrode chamber can be a pillar shape body. Here, the
pillar shape body is a shape that extends in the direction
of uniaxial. More specifically, the outer peripheral shape
can be any shape such as circular shape, oval, triangle,
or square, etc.
The pillar shape body may have at least one positive
electrode chamber extending in the axial direction. And
the cross-sectional shape of the positive electrode cham-
ber can be any shape such as round, oval, triangle,
square, etc. This pillar shape body becomes simple and
easy to manufacture because it extends in the axial di-
rection.
[0025] In addition, the negative electrode chamber ex-
tending in the axial direction can be formed that a cross-
sectional area is smaller than the cross-sectional area of
the positive electrode chamber. And the negative elec-
trode chamber can be placed inside the pillar shape body
along the wall surface of the positive electrode chamber
and apart from the wall surface.
More specifically, plurality of negative electrode chamber
is formed around the positive electrode chamber. A part
of the gap between the positive electrode chamber and
the negative electrode chamber functions primarily as an
electrolyte.
[0026] In the present invention, a biasing member may
be provided. The biasing member is contact with the outer
surface of the container shape of the solid electrolyte
body and presses the outer surface. This biasing member
can be, for example, a thin mat of compressed fiber hav-
ing heat resistance, such as carbon fiber and glass fiber.
The biasing member abuts and presses elastically
against the outer surface of at least a portion of the con-
tainer shape of the solid electrolyte toward the side of its
central body container shape. Therefore, when the con-
tainer body is cracked, the biasing member forces the
damaged container body to close the crack part.
Therefore, by providing a biasing member, the occur-
rence of cracks in the container body is suppressed, it is
possible to prevent the mixing of the positive electrode
active material and negative electrode active material. A
band can be mentioned as other biasing member. The

tightening force of the band is used as the biasing force.
The present invention preferably comprises a negative
storage container communicating with the negative elec-
trode chamber to send and receive the negative elec-
trode active material.
It is also preferable that the amount of the negative elec-
trode active material housed in the negative electrode
chamber of the container shape body is reduced by that
most of the negative electrode active material are housed
in this negative storage container.
By using the negative storage container, most of the neg-
ative electrode active material and the positive electrode
chamber can be kept away from each other.
Therefore, safety is increased.
Also, since a large amount of the negative electrode ac-
tive material can be housed in the negative storage con-
tainer, it is possible to increase the battery capacity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

[Figure 1] is a longitudinal sectional view of a sodium-
sulfur battery of Example 1.
[Figure 2] is a longitudinal sectional view of a sodium-
sulfur battery of Example 2.
[Figure 3] is a cross-sectional view of a check valve.
[Figure 4] is a longitudinal sectional view of a sodium-
sulfur battery of Example 3.
[Figure 5] is a cross-sectional view of a sodium-sulfur
battery using a second tubular body formed by the
solid electrolyte.
[Figure 6] is a cross-sectional view of a sodium-sulfur
battery using a third tubular body formed by the solid
electrolyte.
[Figure 7] is a cross-sectional view of a sodium-sulfur
battery using a fourth cylindrical body formed by the
solid electrolyte.
[Figure 8] is a longitudinal sectional view of a sodium-
sulfur battery of Example 4.
[Figure 9] is a longitudinal sectional view of a sodium-
sulfur battery of Example 5.
[Figure 10] is a side cross-sectional view of a sub-
stantial parts of sodium-sulfur battery of Example 6.

BEST MODE FOR CARRYING OUT THE INVENTION

(A description of embodiments)

[0028] The present invention will be described more
specifically with references to examples of the solid elec-
trolyte secondary battery of the present invention.

Example 1

[0029] Figure 1 shows a longitudinal cross-sectional
view of a sodium-sulfur battery 1 of the first embodiment
of the present invention. And Figure 3 shows a cross-
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sectional view of a check valve. This sodium-sulfur bat-
tery 1 is composed primarily of a positive electrode con-
tainer 11 of a bottomed cylindrical shape made of a metal,
a solid electrolyte tube 15 of a bottomed cylindrical shape
made of β alumina arranged on the inside of the positive
electrode container 11, a negative electrode container
13 of a bottomed cylindrical shape arranged on the inside
of the solid electrolyte tube 15 and provided with a small
hole 12 at the bottom, an auxiliary container 10 of a bot-
tomed cylindrical shape made of metal arranged integral-
ly at the lower end of the positive electrode container 11,
a supply tube 20 made of a metal and extending in the
axial direction, and a recovery pipe 21.
[0030] Here, the auxiliary container 10 makes up the
positive electrode active material container of the present
invention. And, molten sulfur 16 is accommodated in the
positive electrode chamber 18 which is partitioned by the
inner peripheral surface of the positive electrode contain-
er 11 and the outer peripheral surface of the solid elec-
trolyte tube 15 and formed as a closed space as noted
below, molten sodium 14 is accommodated in the neg-
ative electrode container 13. A part of molten sulfur 16
is accommodated in an auxiliary chamber 17 which is
formed as a closed space by the bottom of the auxiliary
container 10 and the positive electrode container 11.
[0031] The supply pipe 20 passes through the bottom
of the positive electrode container 11, is welded at its
through portion, and communicates with the positive
electrode chamber 18 and the auxiliary chamber 17. One
end portion of the supply pipe 20 is disposed at the bottom
of the auxiliary chamber 17. The other end part is dis-
posed at the bottom of the positive electrode chamber
18. Then, as shown in Figure 3, a check valve 201 is
provided in the supply pipe 20. The bottom of the auxiliary
chamber 17 becomes the inlet of the supply pipe 20, and
the bottom of the positive electrode chamber 18 becomes
the outlet of that. The check valve 201 is an one-way
valve which allows the molten sulfur 16 to flow to the
bottom of the positive electrode chamber 18 from the
bottom of the auxiliary chamber 17.
[0032] The recovery pipe 21 passes through the bot-
tom of the positive electrode container 11, is welded at
its through portion, and communicates with the positive
electrode chamber 18 and the auxiliary chamber 17. One
end portion of the recovery pipe 21 is disposed at the top
of the positive electrode chamber 18 and the other end
portion is disposed at the bottom of the auxiliary chamber
17. Then, a check valve 211 is provided in the recovery
pipe 21, the top of the positive electrode chamber 18
becomes the inlet of the recovery pipe 21 and the top of
the auxiliary chamber 17 becomes the outlet of that. The
check valve 211 is an one-way valve which allows the
molten sulfur 16 to flow to the bottom of the positive elec-
trode chamber 18 from the bottom of the auxiliary cham-
ber 17. The check valve 211 is an one way valve, and
the direction is that molten sulfur 16 flows to the bottom
of the auxiliary chamber 17 from the top of the positive
electrode chamber 18.

[0033] In addition, the check valve 211 is the same as
those shown in Figure 3. The positive electrode container
11 and the solid electrolyte tube 15 are coupled with
through an insulating ring 22 and a positive electrode
bracket 23. Thus, the positive electrode chamber 18 be-
comes enclosed space.
[0034] In addition, a negative electrode bracket 24 is
joined to the top surface of the insulating ring 22, and a
negative electrode lid 25 is fixed by welding to this neg-
ative electrode bracket 24. A positive terminal 26 is ar-
ranged at the upper outer periphery of the positive elec-
trode container 11, and a negative terminal 27 is arranged
on the upper surface of the negative electrode lid 25. A
safety tube 28 of a bottomed cylindrical shape is provided
at the outside of the negative electrode container 13 and
at the inside of the solid electrolyte tube 15. At the time
of discharge, in this sodium-sulfur battery 1, the molten
sodium 14 in the negative electrode container 13 is sup-
plied into the safety tube 28 through the small hole 12,
and the safety tube 28 is filled with the supplied molten
sodium 14.
[0035] Further, the molten sodium 14 is supplied into
the negative electrode chamber 19 formed between the
solid electrolyte tube 15 and the safety tube 28. And the
molten sodium 14 in the negative electrode chamber 19
acts as a sodium ion, transmits through the solid electro-
lyte tube 15, moves into the positive electrode chamber
18, discharges in contact and react with sulfur to generate
sodium sulfide.
[0036] When charging, sodium sulfide in the positive
electrode chamber 18 is decomposed, becomes sodium
ions and the molten sulfur 16. Sodium ions pass through
the solid electrolyte tube 15, move into the negative elec-
trode chamber 19 to generate the molten sodium 14, and
are returned to the negative electrode container 13.
[0037] In this way, at the time of discharge, because
the molten sodium 14 which is ionized moves to the pos-
itive electrode chamber 18 from the negative electrode
chamber 19, the amount of the sodium sulfide increases
in the positive electrode chamber 18, and the liquid sur-
face of inside the positive electrode chamber 18 rises
gradually. Therefore, the pressure in the positive elec-
trode chamber which is a closed space increases pro-
gressively.
[0038] As a result, the pressure in the positive elec-
trode chamber 18 side is higher than the pressure in the
auxiliary chamber 17 side, and the check valve 211 in
the recovery pipe 21 is opened by that pressure differ-
ence. Then, the molten sulfur 16 moves to the auxiliary
chamber 17 from the positive electrode chamber 18
through the recovery pipe 21.
[0039] In this case, since the check valve 201 in the
supply pipe 20 does not open in the direction that the
molten sulfur 16 is flowing to the auxiliary chamber 17
from the positive electrode chamber 18, the molten sulfur
16 is not to be moved through the supply pipe 20.
[0040] On the other hand, when charging, because the
molten sodium 14 which is ionized moves to the negative
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electrode chamber 19 from the positive electrode cham-
ber 18, the amount of the sodium polysulfide is reduced
in the positive electrode chamber 18, and the liquid sur-
face of inside the positive electrode chamber 18 falls
gradually. Therefore, the pressure in the positive elec-
trode chamber 18 which is a closed space becomes lower
progressively.
[0041] In addition, because the liquid surface of the
auxiliary chamber 17 has risen by the molten sulfur 16
by the reaction at the time of discharge, the pressure in
the auxiliary chamber 17 which is also closed space is
higher. As a result, the pressure in the auxiliary chamber
17 side is higher than the pressure in the positive elec-
trode chamber 18 side, and the check valve 201 in the
supply pipe 20 is opened by that pressure difference.
Then, the molten sulfur 16 moves to the positive electrode
chamber 18 from the auxiliary chamber 17 through the
supply pipe 20.
[0042] In this case, since the check valve 211 in the
recovery pipe 21 does not open in the direction that the
molten sulfur 16 is flowing to the positive electrode cham-
ber 18 from the auxiliary chamber 17, the molten sulfur
16 is not to be moved through the recovery pipe 21. For
this reason, it is possible to suppress the phenomenon
that the sodium polysulfide concentrates and accumu-
lates at the bottom of the positive electrode chamber 18.
[0043] In addition, since the molten sulfur 16 circulates
and moves in one direction, the concentration of the mol-
ten sulfur 16 in the positive electrode chamber 18 can be
kept substantially uniform. Therefore, it is possible to use
the active material efficiently and improve the battery per-
formance.

Example 2

[0044] Figure 2 shows a longitudinal sectional view of
a sodium-sulfur battery 2 of the second embodiment of
the present invention. This sodium-sulfur battery 2 is
composed primarily by a cylindrical protection can 31
made of metal, a sodium container 33 maintained
through an insulator 32 which is formed of glass fiber mat
at the upper part of inside space of this protection can
31, a container body 35 of cylindrical produced by β alu-
mina and maintained at the lower part of inside space of
this protection can 31, an auxiliary container 30 of bot-
tomed cylindrical shape made of metal arranged integral-
ly at the lower end of the protection can 31, a supply tube
40 made of metal and extending in the axial direction,
and a recovery pipe 41.
[0045] The auxiliary container 30 constitutes a positive
electrode active material storage container of the present
invention. Then, the container body 35 is a tubular thick,
and an internal space corresponds to the axial hole is
the positive electrode chamber 18. Pore-shaped nega-
tive electrode chamber 49 extending in the axial direction
at short intervals along the inner circumferential surface
of this container body 35 is formed a lot apart from in the
circumferential direction. The positive electrode chamber

48 is formed as a closed space as described below, and
the molten sulfur 16 is housed in it. Also, molten sodium
14 is accommodated in the sodium container 33 and a
part of the molten sulfur 16 is accommodated in the pos-
itive electrode chamber 18 which is formed as a closed
space by a bottom lid 311 which is the bottom of the
auxiliary container 30 and the protection can 31.
[0046] The supply pipe 40 passes through the bottom
lid 311, is welded at through portion, and communicates
with the positive electrode chamber 18 and the auxiliary
container 30. One end portion of the supply pipe 40 is
disposed at the bottom of the auxiliary container 30, and
the other end part is disposed at the bottom of the positive
electrode chamber 18.
[0047] Then, a check valve 401 is provided in the sup-
ply pipe 40, the bottom of the auxiliary container 30 be-
comes the inlet of the supply pipe 40, and the bottom of
the positive electrode chamber 18 becomes the outlet of
that. The check valve 401 is in one direction, and the
direction is that the molten sulfur 16 flows to the bottom
of the positive electrode chamber 18 from the bottom of
the auxiliary container 30.
[0048] The recovery pipe 41 passes through the bot-
tom lid 311, is welded at through portion, and communi-
cates with the positive electrode chamber 18 and the
auxiliary container 30. One end portion of the recovery
pipe 41 is disposed at the top of the positive electrode
chamber 18, and the other end part is disposed at the
top of the auxiliary container 30.
[0049] Then, a check valve 411 is provided in the re-
covery pipe 41, the top of the positive electrode chamber
18 becomes the inlet of the recovery pipe 41, and the top
of the auxiliary container 30 becomes the outlet of that.
The recovery pipe 41 is in one direction, and the direction
is that the molten sulfur 16 flows to the bottom of the
auxiliary container 30 from the top of the positive elec-
trode chamber 18.
[0050] A lid 351 formed of α-alumina is fixed integrally
bonded with the glass adhesive material etc, on the upper
end surface of a cylindrical body 35. This lid 351 has a
ring-shaped groove on its lower surface, and the opening
surface of this groove becomes a ring-shaped passage
352 by closing at the upper end surface of the cylindrical
body 35. This ring-shaped passage 352 communicates
with the upper end opening of all negative electrode
chambers 49 of the cylindrical body 35. The cylindrical
body 35 has a vertical passage 353 extending from the
upper surface of this lid 351 to the ring-shaped passage
352. Lower end surface of the cylindrical body 35, sealing
ring 355 formed by the α-alumina is fixed integrally bond-
ed to the glass adhesive material or the like.
[0051] Sodium storage container 33 is placed on top
of the lid 351. A through hole is formed at the bottom of
the sodium storage container 33, and the connecting pipe
354 made of metal with a shaft hole is bonded by pressing
to the vertical passage 353 which are common hole of
the through hole. Molten sodium 14 is maintained in the
sodium storage container 33, passes through the axial
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hole of the connecting pipe 354, the vertical passage
353, and the ring-shaped passage 352, flows into all of
negative electrode chamber 49, then, the negative elec-
trode chamber 49 is filled with it.
[0052] In addition, in between the outer peripheral sur-
face of the cylindrical body 35 and the inner peripheral
surface of the protection can 31, the biasing member 37
consisting of carbon fiber mat in the thickness direction
is held in the protection can 31. A current collector 38
made of carbon fiber compressed which is impregnated
with the molten sulfur 16 is bonded by pressing to the
positive electrode chamber 18 which is formed in the cy-
lindrical body 35.
[0053] Further, the recovery pipe 41 made of metal is
provided in the central portion of this current collector 38
and functions as anode. At the bottom of the positive
electrode chamber 18, the bottom lid 311 made of metal
is bonded by glass adhesive to the lower end surface of
the cylindrical body 35. By the above, the positive elec-
trode chamber 18 is formed as a closed space. And the
bottom lid 311 becomes the bottom of the protection can
31 by being welded to the side peripheral portion of the
protection can 31.
[0054] Further, the sodium storage container 33 is
joined to the cathode terminal 37, the upper portion of
that protrudes upwardly through the through hole of the
protection can 31. Furthermore, on the upper side of the
protection can 31, anode terminal 36 has been junction.
[0055] At the time of discharge, in this sodium-sulfur
battery 2, the molten sodium 14 in the negative electrode
chamber 49 acts as a sodium ion, transmits through the
portion of the bulkhead of the solid electrolyte in the cy-
lindrical body 35, moves to the positive electrode cham-
ber 18, reacts with molten sulfur 16, and discharges to
generate sodium sulfide. The same amount of molten
sodium 14 which was moved to the positive electrode
chamber 18 from the negative electrode chamber 49 by
discharge is replenished from molten sodium 14 housed
in the sodium storage container 13.
[0056] Therefore, at the time of discharge, the molten
sodium 14 in the sodium storage container 33 is reduced
and sodium sulfide in the positive electrode chamber 18
is increased.
[0057] When charging, sodium sulfide in the positive
electrode chamber 18 is decomposed, becomes sodium
ions and molten sulfur 16. And sodium ions pass through
a portion of the solid electrolyte partition of the cylindrical
body 35, move to the negative electrode chamber 49 to
generate molten sodium 14, and are returned to the so-
dium storage container 33.
[0058] In the same manner as in Example 1, the molten
sulfur 16 is circulated and moved inside of the positive
electrode chamber 18 and inside of the auxiliary contain-
er 30 through the recovery pipe 41 and the supply pipe
40 by the pressure difference between the positive elec-
trode chamber 18 and the auxiliary container 30 at the
time of charge and discharge. By this circulation and
movement of the molten sulfur 16, it is possible to sup-

press the phenomenon that the sodium polysulfide con-
centrates and accumulates at the bottom of the positive
electrode chamber 18.
[0059] In addition, since the molten sulfur 16 circulates
and moves in one direction, the concentration of the mol-
ten sulfur 16 in the positive electrode chamber 18 can be
kept substantially uniform. Therefore, it is possible to use
the active material efficiently and improve the battery per-
formance.

Example 3

[0060] Figure 4 shows a longitudinal sectional view of
a sodium-sulfur battery 1 of the third embodiment of the
present invention. This sodium-sulfur battery 1 is com-
posed primarily by a cylindrical protection can 11 made
of metal, a sodium container 13 maintained through the
insulator 12 which is formed of glass fiber mat at the
upper part of inside space of this protection can 11, a
cylindrical body 15 formed of the β alumina and main-
tained at the lower part of inside space of the protection
can 11, a sulfur storage container 30 of bottomed cylin-
drical shape made of metal arranged integrally at the
lower end of the protection can 11, a supply tube 100
made of metal, a recovery pipe 110, a pump 120 which
is arranged at outside of the protection can 11 and sup-
plies the molten sulfur 16 through the supply tube 100,
and a control device 130 which is connected with the
pump 120 and controls the drive of it.
[0061] And the cylindrical body 15 is wall thickness,
and an internal space of it corresponds to the axial hole
is the positive electrode chamber 18. Pore-shaped neg-
ative electrode chambers 19 extending in the axial direc-
tion at short intervals along the inner circumferential sur-
face of the cylindrical body 15 are formed a lot apart from
in the circumferential direction. The positive electrode
chamber 18 is formed as a closed space as described
below, and the molten sulfur 16 is housed in it.
[0062] Also, the molten sodium 14 is accommodated
in the sodium container 13 and a part of the molten sulfur
16 is accommodated in the sulfur container 30. The sup-
ply pipe 100 consists of the first supply pipe portion 101
which connects the sulfur storage container 16 and the
pump 120, and the second supply pipe portion 102 which
connects the pump 120 and the positive electrode cham-
ber 18.
[0063] The first supply pipe portion 101 passes through
the side of the protection can 11, is welded at through
portion, and communicates with the pump 120 beyond.
Inlet of it is arranged at the bottom of the sulfur storage
container 30. The second supply pipe portion 102 passes
through the bottom lid 111, is welded at through portion,
further passes through the side of the protection can 11,
is welded at through portion, and communicates with the
pump 120 beyond. Outlet of it is arranged at the bottom
of the positive electrode chamber 18.
[0064] The recovery pipe 110 passes through the bot-
tom lid 111, is welded at through portion, and communi-

13 14 



EP 2 579 380 B9

9

5

10

15

20

25

30

35

40

45

50

55

cates with the positive electrode chamber 18 and the
sulfur storage container 30. Inlet of it is arranged at the
top of the positive electrode chamber 18 and outlet of it
is arranged at the top of the sulfur storage container 30.
On the top end surface of the cylindrical body 15, the lid
151 made of α-alumina is fixed integrally by glass adhe-
sive etc.
[0065] This lid 151 has a ring-shaped groove on its
lower surface, and a ring-shaped passage 152 is formed
by that the opening surface of this groove is closed by
the upper end surface of the cylindrical body 15. This
ring-shaped passage 152 communicates with the upper
end opening of all negative electrode chambers 19 of the
cylindrical body 15. The cylindrical body 15 has a vertical
passage 153 extending from the upper surface of this lid
151 to the ring-shaped passage 152. Sealing ring 155
formed of the α-alumina is fixed integrally bonded to the
glass adhesive etc., to the lower end surface of the cy-
lindrical body 15. Sodium storage container 13 is placed
on top of the lid 151. A through hole is formed at the
bottom of the sodium storage container 13, and the con-
necting pipe 154 made of metal with a shaft hole is bond-
ed by pressing to the vertical passage 153 which are
common hole of this through hole.
[0066] Molten sodium 14 is maintained in the sodium
storage container 13, passes through the axial hole of
the connecting pipe 154, the vertical passage 153, and
the ring-shaped passage 152, flows into all of negative
electrode chambers 19, then, the negative electrode
chambers 19 are filled with it.
[0067] In addition, in between the outer peripheral sur-
face of the cylindrical body 15 and the inner peripheral
surface of the protection can 11, the biasing member 17
consisting of carbon fiber mat is held in the protection
can 31 in a compressed state in the thickness direction.
To the positive electrode chamber 18 which is formed in
the cylindrical body 15, a current collector 20 made of
carbon fiber compressed which is impregnated with the
molten sulfur 16 is bonded by pressing.
[0068] Further, the recovery pipe 110 made of metal
is provided in the central portion of this current collector
20 and functions as anode. At the bottom of the positive
electrode chamber 18, the bottom lid 111 made of metal
is bonded by glass adhesive to the lower end surface of
the cylindrical body 15. By the above, the positive elec-
trode chamber 18 is formed as a closed space.
[0069] In addition, the bottom lid 111 becomes the bot-
tom of the protection can 11 by being welded to the side
peripheral portion of the protection can 11. Further, the
sodium storage container 13 is joined to the cathode ter-
minal 22, the upper portion of that protrudes upwardly
through the through hole of the protection can 11. Fur-
thermore, on the upper side of the protection can 11,
anode terminal 23 has been junction.
[0070] At the time of discharge, in this sodium-sulfur
battery 1, the molten sodium 14 in the negative electrode
chambers 19 acts as a sodium ion, transmits through the
portion of the bulkhead of the solid electrolyte of the cy-

lindrical body 15, moves to the positive electrode cham-
ber 18, reacts with molten sulfur 16, and discharges to
generate sodium sulfide. The same amount of molten
sodium 14 which was moved to the positive electrode
chamber 18 from the negative electrode chambers 19 by
discharge is replenished from molten sodium 14 housed
in the sodium storage container 13. Therefore, at the time
of discharge, the molten sodium 14 in the sodium storage
container 13 is reduced and sodium sulfide in the positive
electrode chamber 18 is increased.
[0071] When charging, sodium sulfide in the positive
electrode chamber 18 is decomposed, becomes sodium
ions and the molten sulfur 16. And the sodium ions pass
through a portion of the solid electrolyte partition of the
cylindrical body 15, move to the negative electrode cham-
bers 19 to generate the molten sodium 14, and are re-
turned to the sodium storage container 13.
[0072] In this embodiment, at the time of reaction the
charge and discharge as described above, the molten
sulfur 16 or sodium sulfide which has been sucked up by
the pump 120 from the sulfur storage container 30
through the inlet of the first supply tube portion 101 is
sent to through the outlet of the second supply tube por-
tion 102 to the positive electrode chamber 18 via the sup-
ply pipe 100. Then, the molten sulfur 16 or sodium sulfide
which has been filled with the positive electrode chamber
18 moves to the sulfur storage container 30 from the inlet
of the recovery pipe 110 through the outlet of it via the
recovery pipe 110.
[0073] At the time of discharge, the molten sulfur 16 is
sent to the positive electrode chamber 18 from the sulfur
storage container 30 and is subjected to the reaction with
sodium ions. On the other hand, generated sodium
sulfide moves to the sulfur storage container 30.
[0074] When charging, sodium sulfide is sent to the
positive electrode chamber 18 from the sulfur storage
container 30, is decomposed, and becomes molten sulfur
16. On the other hand, generated sulfur 16 moves to the
sulfur storage container 30. The control device 130 ad-
justs the amount and speed to move of the molten sulfur
16 and sodium sulfide depending on charging and dis-
charging of the battery by controlling the operating status
of the pump.
[0075] In this embodiment, a large output can be ob-
tained while maintaining the large battery capacity to im-
prove the performance of the battery as described above.
The shape of the cylindrical body consisting of a solid
electrolyte used in Example 3 is not limited to those de-
scribed above, for example, as shown in Figure 5, the
second cylindrical body 25 having three positive elec-
trode chambers 28 can be also used.
[0076] In addition, Figure 5 is a cross-sectional view
of a sodium-sulfur battery using this second cylindrical
body 25. Similar to the cylindrical body 15, the second
cylindrical body 25 is pillar shape extending in the axial
direction of the circular periphery. The second cylindrical
body 25 is housed in a cylindrical protection can 11 made
of metal, the biasing member 17 is disposed between
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the outer peripheral surface of the second cylindrical
body 25 and the inner peripheral surface of the protection
can 11.
[0077] As shown in Figure 5, three positive electrode
chambers 28 which are parallel to the direction of axis
are formed inside of the second cylindrical body 25. The
positive electrode chamber 28 is a shape of holes ex-
tending in the axial direction of the circular cross section.
And a number of the negative electrode chamber 29 is
formed at regular intervals along the walls of three pos-
itive electrode chambers 28 in the circumferential direc-
tion and at a slight distance from this wall.
[0078] The negative electrode chamber 29 is a shape
of pores extending in the axial direction. By such a shape
of the second cylindrical body 25, the area where the
positive electrode chamber 28 and the negative electrode
chamber 29 are in contact at intervals becomes wider
because the number of positive electrode chamber 28
increases. In other words, since the area of the solid elec-
trolyte partition is wilder, more sodium ion can be trans-
mitted through the electrolyte and react per unit time.
[0079] Thus, the output of the battery improves. On the
other hand, by such a shape of the second cylindrical
body 25, the amount of the molten sulfur 16 housed in
the positive electrode chamber 28 is reduced. However,
in the present invention, since a large amount of the mol-
ten sulfur 16 can be housed in the sulfur storage container
30, it can be supplied continuously into each of the pos-
itive electrode chamber 28 through the supply pipe 100
by driving the pump 120. Therefore, it is possible to re-
alize a high-power battery without lowering the battery
capacity. Further, as shown in Figure 6, the third cylin-
drical body 35 having seven positive electrode chambers
38 can be also used.
[0080] In addition, Figure 3 is a cross-sectional view
of a sodium-sulfur battery using this third cylindrical body
35. Similar to the cylindrical body 15, the third cylindrical
body 35 is pillar shape extending in the axial direction of
the circular periphery. The third cylindrical body 35 is
housed in a cylindrical protection can 11 made of metal,
the biasing member 17 is disposed between the outer
peripheral surface of the third cylindrical body 35 and the
inner peripheral surface of the protection can 11.
[0081] As shown in Figure 6, seven positive electrode
chambers 38 which are parallel to the direction of axis
are formed inside of the third cylindrical body 35. The
positive electrode chamber 38 is a shape of holes ex-
tending in the axial direction of the circular cross section.
And a number of the negative electrode chamber 39 is
formed at regular intervals along the walls of seven pos-
itive electrode chambers 38 in the circumferential direc-
tion and at a slight distance from this wall. The negative
electrode chamber 39 is a shape of pores extending in
the axial direction.
[0082] By such a shape of the third cylindrical body 35,
the amount of molten sulfur 16 housed in the positive
electrode chamber 38 will be further reduced. However,
since the number of the positive electrode chamber 38

is further increased, wide area can be used as the solid
electrolyte partition. Therefore, in this case, the present
invention is more preferably used, and it is possible to
realize a high-power battery without reducing the battery
capacity.
[0083] Further, as shown in Figure 7, the fourth cylin-
drical body 65 having four positive electrode chambers
68 can be also used. In addition, Figure 7 is a cross-
sectional view of a sodium-sulfur battery using this fourth
cylindrical body 65. As shown in Figure 7, the fourth cy-
lindrical body 65 is pillar shape extending in the axial
direction of the outer peripheral shape of the rectangle.
The fourth cylindrical body 65 is housed in a cylindrical
protection can 61 made of metal, and the biasing member
67 is disposed between the outer peripheral surface of
the fourth cylindrical body 65 and the inner peripheral
surface of the protection can 61. The outer peripheral
shape of the protection can 61 is rectangle. Inside of the
fourth cylindrical body 65, four positive electrode cham-
bers 68 which are parallel to the direction of axis are
formed as the same shape position as the fourth cylin-
drical body 65.
[0084] Positive electrode chamber 68 is a shape of
holes extending in the axial direction of the rectangular
cross section. And the negative electrode chamber 69 is
formed continuously at regular intervals along the walls
of four positive electrode chambers 68 and at a slight
distance from this wall. Negative electrode chamber 69
is a shape of holes extending in the axial direction of the
rectangular cross section.
[0085] By such a shape of the fourth cylindrical body
65, it is possible to form the positive electrode chamber
68 and the negative electrode chamber 69 effectively in
a certain space. Therefore, even in this case, the present
invention is used more preferably and it is possible to
realize a high-power battery without reducing the battery
capacity.

Example 4

[0086] Figure 8 shows a longitudinal sectional view of
sodium-sulfur battery of fourth embodiment of the
present invention. This sodium-sulfur battery 2 is com-
posed primarily by a positive electrode container 41 of
bottomed cylindrical shape made of material, a solid elec-
trolyte pipe 44 of bottomed cylindrical shape made of β
alumina arranged on the inside of the positive electrode
container 41, a negative electrode container 43 of bot-
tomed cylindrical shape arranged on the inside of the
solid electrolyte pipe 44 and provided with a small hole
42 at the bottom, a sodium storage container 57 of sub-
stantially bottomed cylindrical shape made of metal ar-
ranged on the top end of the positive electrode container
41, a sulfur storage container 31 of bottomed cylindrical
shape made of metal arranged integrally at the lower end
of the positive electrode container 41, a supply pipe 200
made of metal, a recovery pipe 210, a pump 220 which
is arranged on the outside of the sulfur storage container
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31 and is supplying molten sulfur via the supply pipe 200,
and a control device 230 which is connected a pump 220
and controls the driving of it.
[0087] And, the molten sulfur 16 is accommodated in
the positive electrode chamber 48 which is partitioned
by the inner peripheral surface of the positive electrode
container 41 and the outer peripheral surface of the solid
electrolyte pipe 44 and formed as a closed space as not-
ed below. The molten sodium 14 is accommodated in
the negative electrode container 43. Further it is accom-
modated in the sodium storage container 57 which is
located on top of the negative electrode container 43. In
addition, a part of molten sulfur 16 is accommodated in
the sulfur storage container 31.
[0088] The supply pipe 200 consists of the first supply
pipe portion 201 which connects the sulfur storage con-
tainer 31 and the pump 220, and the second supply pipe
portion 202 which connects the pump 220 and the pos-
itive electrode chamber 48. The first supply pipe 201
passes through the side of the sulfur storage container
31, is welded at through portion, and communicates with
the pump 220 beyond. Inlet of it is arranged at the bottom
of the sulfur storage container 31.
[0089] The second supply pipe 202 passes through
the bottom of the positive electrode container 42, is weld-
ed at through portion, further passes through the side of
the sulfur storage container 31, is welded at through por-
tion, and communicates with the pump 220 beyond. Out-
let of it is arranged at the bottom of the positive electrode
chamber 48.
[0090] The recovery pipe 210 passes through the pos-
itive electrode container 41, is welded at through portion,
and communicates with the positive electrode chamber
48 and the sulfur storage container 31. Inlet of it is ar-
ranged at the top of the positive electrode chamber 48
and outlet of it is arranged at the top of the sulfur storage
container 31.
[0091] The positive electrode container 41 and the sol-
id electrolyte tube 44 are coupled through the first insu-
lating ring 46 and positive electrode bracket 50. Thus,
the positive electrode chamber 48 becomes closed
space. Negative electrode bracket 51 is joined to the up-
per end surface of the first insulating ring 46. Negative
electrode lid 52 is fixed by welding to this bracket 51.
[0092] The sodium storage container 57 is joined to
the upper end surface of the negative electrode lid 52.
Further, a communicating pipe 60 made of metal which
passes through the upper end surface of the negative
electrode lid 52 and the negative electrode container 43
from bottom of this sodium storage container 57 and is
welded at through portion is provided.
[0093] The communicating pipe 60 communicates with
the sodium storage container 57 and the negative elec-
trode container 43, and molten sodium moves inside it.
The sodium storage container 57 and the positive elec-
trode container 41 are coupled through the second insu-
lating ring 47. The positive terminal 53 and the negative
terminal 54 are arranged on the outer peripheral surface

of the top of the positive electrode container 41 and on
the upper surface of the sodium storage container 57,
respectively. In addition, a safety tube 56 of bottomed
cylindrical shape is provided in the outside of the negative
electrode container 43 and the inside of the solid elec-
trolyte tube 44.
[0094] At the time of discharge, in this sodium-sulfur
battery 2, the molten sodium 14 in the negative electrode
container 43 is supplied into the safety tube 56 through
the small hole 42, and the safety tube 56 is filled with the
supplied molten sodium 14. Further, it is supplied into
the negative electrode chamber 49 formed between the
solid electrolyte tube 44 and the safety tube 56. And the
molten sodium 14 in the negative electrode chamber 49
acts as a sodium ion, transmits through the solid electro-
lyte tube 44, moves into the positive electrode chamber
48, discharges in contact and react with the molten sulfur
16 to generate sodium sulfide. The molten sodium 14
which was reduced by being used the react of inside the
negative electrode chamber 49 is replenished from the
sodium storage container 57 through the communicating
pipe 60 made of metal, further it is used for the react.
[0095] When charging, sodium sulfide in the positive
electrode chamber 48 is decomposed, becomes sodium
ions and the molten sulfur 16. Sodium ions pass through
the solid electrolyte tube 44, move into the negative elec-
trode chamber 49 to generate the molten sodium 14, and
are returned to the negative electrode container 43 and
the sodium storage container 57. In this embodiment, at
the time of reaction the charge and discharge as de-
scribed above, the molten sulfur 16 or sodium sulfide
which has been sucked up by the pump 220 from the
sulfur storage container 31 through the inlet of the first
supply tube portion 201 is sent to through the outlet of
the second supply tube portion 202 to the positive elec-
trode chamber 48 via the supply pipe 200. Then, the mol-
ten sulfur 16 or sodium sulfide which has been filled with
the positive electrode chamber 48 moves to the sulfur
storage container 31 from the inlet of the recovery pipe
210 through the outlet of it via the recovery pipe 210.
[0096] In addition, the control device 230 adjusts the
amount and speed to move of the molten sulfur 16 or
sodium sulfide depending on charging and discharging
of the battery by controlling the operating status of the
pump. Therefore, in this embodiment, a large output can
be obtained while maintaining the large battery capacity
to improve the performance of the battery.

Example 5

[0097] Figure 9 shows a longitudinal sectional view of
a sodium-sulfur battery 3 of the fifth embodiment of the
present invention, and Figure 10 shows the side cross-
sectional view of an essential part of that. This sodium-
sulfur battery 3 is composed primarily by a box-shaped
protection can 71 made of metal, a plate-like body 75
made of β-alumina and held within the space of the pro-
tection can 71, a sodium storage container 73 arranged

19 20 



EP 2 579 380 B9

12

5

10

15

20

25

30

35

40

45

50

55

independently and separately from the protection can 71,
a communicating pipe 74 which is made of metal and
communicates with the sodium storage container 73 and
the protection can 71, a sulfur storage container 32 ar-
ranged independently and separately from the protection
can 71, a supply pipe 300 and a recovery pipe 310 which
are made of metal and communicate with the sulfur stor-
age container 32 and the protection can 71, a pump 320
which is arranged on the outside of the sulfur storage
container 32 and supplies the molten sulfur 16 via the
supply pipe 300, and a control device 330 which is con-
nected a pump 320 and controls the driving of it.
[0098] Then, the internal space formed by the inner
circumferential surface of the protection can 71 and the
outer peripheral surface of the plate-like body 75 be-
comes the positive electrode chamber 78. A plurality of
pore-shaped and independent negative electrode cham-
ber 79 are formed downward from the center of the thick-
ness direction of the upper end surface of the plate-
shaped of this plate-like body 75. As described below,
the positive electrode chamber 78 are formed as a closed
space, the molten sulfur 16 is housed in it. In addition,
the molten sodium 14 is housed in the sodium storage
container 73, and a part of the molten sulfur 16 is housed
in the sulfur storage container 32.
[0099] The supply pipe 300 consists of the first supply
pipe portion 301 which connects the sulfur storage con-
tainer 32 and the pump 320, and the second supply pipe
portion 302 which connects the pump 320 and the pos-
itive electrode chamber. The first supply pipe portion 301
passes through the side of the sulfur storage container
32, is welded at through portion, and communicates with
the pump 320 beyond. Inlet of it is arranged at the bottom
of the sulfur storage container 32.
[0100] The second supply pipe portion 302 passes
through the bottom of the protection can 71, is welded at
through portion, further passes through the side of the
protection can 71, is welded at through portion, and com-
municates with the pump 320 beyond. Outlet of it is ar-
ranged at the bottom of the positive electrode chamber
78.
[0101] The recovery pipe 310 passes through the bot-
tom of the protection can 71, is welded at through portion,
and communicates with the positive electrode chamber
78 and the sulfur storage container 32. Inlet of it is ar-
ranged at the top of the positive electrode chamber 78
and outlet of it is arranged at the top of the sulfur storage
container 32.
[0102] The lid 351 formed of the α-alumina is fixed and
bonded integrally to the top surface of the plate-like body
75 by glass adhesive etc., and a passage 72 connecting
pore-shaped negative electrode chamber 79 is formed
there.
[0103] The sodium storage container 73 is placed in
isolation at the top of the lid 351. Communicating pipe
74 made of metal passes through the lower end surface
of the sodium storage container 73 and the upper end
surface of the lid 351 respectively, and is welded at

through portion. Molten sodium 14 is maintained in the
sodium storage container 73, passes through the com-
municating pipe 74, and the passage 72, flows into all of
negative electrode chamber 79, then, the negative elec-
trode chamber 79 is filled with it.
[0104] A current collector 80 made of carbon fiber com-
pressed which is impregnated with the molten sulfur 16
is bonded by pressing to the positive electrode chamber
78 which is formed on the outer periphery of the plate-
like body 75. The top end of the protection can 71 is joined
to the top end of the plate-like body 75. Then the positive
electrode chamber 78 becomes a closed space. In ad-
dition, the negative terminal 81 is joined to the upper end
surface of the sodium storage container 73, further, the
positive terminal 82 is joined to the top of the outer pe-
ripheral surface of protection can 71.
[0105] At the time of discharge, in this sodium-sulfur
battery 3, the molten sodium 14 in the negative electrode
chamber 78 acts as a sodium ion, transmits through the
portion of the bulkhead of the solid electrolyte in the plate-
like body 75, moves to the positive electrode chamber
78, reacts with the molten sulfur 16, and discharges to
generate sodium sulfide. The same amount of the molten
sodium 14 which was moved to the positive electrode
chamber 78 from the negative electrode chamber 79 by
discharge is replenished from the sodium storage con-
tainer 73.
[0106] When charging, sodium sulfide in the positive
electrode chamber 78 is decomposed, becomes sodium
ions and the molten sulfur 16. And sodium ions pass
through a portion of the bulkhead of the solid electrolyte
of the plate-like body 75, move to the negative electrode
chamber 79 to generate molten sodium 14, and are re-
turned to the sodium storage container 73.
[0107] In this embodiment, at the time of reaction of
the charge and discharge as described above, the molten
sulfur 16 or sodium sulfide which has been sucked up by
the pump 320 from the sulfur storage container 32
through the inlet of the first supply pipe portion 301 is
sent to through the outlet of the second supply tube por-
tion 302 to the positive electrode chamber 78 via the sup-
ply pipe 300. Then, the molten sulfur 16 or sodium sulfide
which has been filled with the positive electrode chamber
78 moves to the sulfur storage container 32 from the inlet
of the recovery pipe 310 through the outlet of it via the
recovery pipe 310.
[0108] In addition, the control unit 330 adjusts the
amount and speed to move of the molten sulfur 16 or
sodium sulfide depending on charging and discharging
reacts of the battery by controlling the operating status
of the pump. Furthermore, in the sodium-sulfur battery 3
of the present embodiment, most of the molten sodium
14 and the molten sulfur 16 which are subjected to the
cell reaction are housed in the sodium storage container
73 and sulfur storage container 32 respectively, only mol-
ten sodium 14 and molten sulfur 16 which are subjected
to the cell reaction are housed each time in the protection
can 71 where the cell reaction is carried out actually. In
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other words, a space for housing the active material, and
a space where the active material reacts are provided
separately and independently.
[0109] Differentiation by function in this way, a large
output can be obtained and can be achieved with high
sodium-sulfur battery safety while ensuring a large bat-
tery capacity to improve battery performance.

Claims

1. A solid electrolyte secondary battery (1) comprising
a positive electrode chamber (18) where sulfur as
positive electrode active material is housed at least,
a negative electrode chamber (19) where sodium as
negative electrode active material is housed at least,
a wall (15) which is located between said positive
electrode chamber and said negative electrode
chamber, isolates said sulfur and said sodium, and
which is made of solid electrolyte having conductivity
for said sodium,
a positive electrode active material storage container
(17) which is independent from said positive elec-
trode chamber and housing a part of said sulfur, and
a passage (20, 21) which circulates in one direction
to move sulfur from said positive electrode chamber
to said positive electrode active material storage
container and further circulates from said positive
electrode active material storage container to said
positive electrode chamber,
characterised in that the solid electrolyte second-
ary battery is configured such that
when charging the moving of said sulfur from said
positive electrode active material storage container
to said positive electrode chamber is promoted by
decreasing the pressure in said positive electrode
chamber because said sodium which is ionized
transmits through said wall and moves to said neg-
ative electrode chamber from said positive electrode
chamber, and
when discharging the moving of said sulfur from said
positive electrode chamber to said positive electrode
active material storage container is promoted by in-
creasing the pressure in said positive electrode
chamber because said sodium which is ionized
transmits through said wall and moves to said pos-
itive electrode chamber from said negative electrode
chamber.

2. The solid electrolyte secondary battery according to
claim 1, wherein
said passage is provided with a first passage having
a first one-way valve which allows said sulfur to move
to said positive electrode active material storage
container from said positive electrode chamber and
a second passage having a second one-way valve
which allows said sulfur to move to said positive elec-
trode chamber from said positive electrode active

material storage container.

3. The solid electrolyte secondary battery according to
claim 2, wherein
one entrance of said first and said second passages
is disposed at the top of said positive electrode cham-
ber, the outlet is disposed at the top of said positive
electrode active material storage container, the other
entrance of said first and said second passages is
disposed at the bottom of said positive electrode ac-
tive material storage container, and the outlet is dis-
posed at the bottom of said positive electrode cham-
ber.

Patentansprüche

1. Festelektrolyt-Sekundärbatterie (1) umfassend
eine positive Elektrodenkammer (18), in der zumin-
dest Schwefel als Aktivmaterial der positiven Elek-
trode untergebracht ist,
eine negative Elektrodenkammer (19) in der zumin-
dest Natrium als Aktivmaterial der negativen Elek-
trode untergebracht ist,
eine Wand (15), die zischen der positiven Elektro-
denkammer und der negativen Elektrodenkammer
angeordnet ist, die den Schwefel und das Natrium
isoliert und die aus einem Festelektrolyt mit einer
Leitfähigkeit für das Natrium hergestellt ist,
einen Vorratsbehälter für das Aktivmaterial der po-
sitiven Elektrode (17), der von der positiven Elektro-
denkammer unabhängig ist und einen Teil des
Schwefels beherbergt, und
eine Leitung (20, 21), die in einer Richtung umläuft,
um Schwefel von der positiven Elektrodenkammer
zu dem Vorratsbehälter für das Aktivmaterial der po-
sitiven Elektrode zu bewegen, und ferner von dem
Vorratsbehälter für das Aktivmaterial der positiven
Elektrode zu der positiven Elektrodenkammer um-
läuft,
dadurch gekennzeichnet, dass die Festelektrolyt-
Sekundärbatterie derart konfiguriert ist, dass
beim Befüllen das Bewegen des Schwefels von dem
Vorratsbehälter für das Aktivmaterial der positiven
Elektrode zu der positiven Elektrodenkammer unter-
stützt wird durch ein Verringern des Drucks in der
positiven Elektrodenkammer, da das Natrium, wel-
ches ionisiert ist, durch die Wand hindurchgeht und
von der positiven Elektrodenkammer zu der negati-
ven Elektrodenkammer wandert, und
beim Entleeren das Bewegen des Schwefels von der
positiven Elektrodenkammer zu dem Vorratsbehäl-
ter für das Aktivmaterial der positiven Elektrode un-
terstützt wird durch ein Erhöhen des Drucks in der
positiven Elektrodenkammer, da das Natrium, wel-
ches ionisiert ist, durch die Wand hindurchgeht und
von der negativen Elektrodenkammer zu der positi-
ven Elektrodenkammer wandert.
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2. Festelektrolyt-Sekundärbatterie nach Anspruch 1,
wobei
die Leitung bereitgestellt wird mit einer ersten Lei-
tung mit einem ersten Einwegeventil, welches dem
Schwefel ermöglicht, von der positiven Elektroden-
kammer zu dem Vorratsbehälter für das Aktivmate-
rial der positiven Elektrode zu wandern, und einer
zweiten Leitung mit einem zweiten Einwegeventil,
welches dem Schwefel ermöglicht von dem Vorrats-
behälter für das Aktivmaterial der positiven Elektro-
de zu der positiven Elektrodenkammer zu wandern.

3. Festelektrolyt-Sekundärbatterie nach Anspruch 2,
wobei
ein Zugang der ersten und der zweiten Leitung oben
auf der positiven Elektrodenkammer angeordnet ist,
der Auslass oben auf dem Vorratsbehälter für das
Aktivmaterial der positiven Elektrode angeordnet ist,
der andere Zugang der ersten und der zweiten Lei-
tung unten am Vorratsbehälter für das Aktivmaterial
der positiven Elektrode angeordnet ist, und der Aus-
lass unten an der positiven Elektrodenkammer an-
geordnet ist.

Revendications

1. Accumulateur à électrolyte solide (1) comprenant
une chambre à électrode positive (18) dans lequel
au moins du soufre est placé en guise de matériau
actif d’électrode,
une chambre d’électrode négative (19) dans laquelle
au moins du sodium est placé en guise de matériau
actif d’électrode négative,
une paroi (15) qui est située entre ladite chambre
d’électrode positive et ladite chambre d’électrode
négative, qui isole ledit soufre et ledit sodium, et qui
est composée d’un électrolyte solide présentant une
conductivité pour ledit sodium,
un récipient de stockage de matériau actif d’électro-
de positive (17) qui est indépendant de ladite cham-
bre d’électrode positive et qui contient une partie du-
dit soufre, et
un passage (20, 21) qui circule dans une direction
afin de déplacer le soufre de ladite chambre d’élec-
trode positive vers ledit récipient de stockage de ma-
tériau actif d’électrode positive, et qui circule en outre
entre ledit récipient de stockage de matériau actif
d’électrode positive et ladite chambre d’électrode
positive,
caractérisé en ce que l’accumulateur à électrolyte
solide est configuré de sorte que
lors du chargement, le déplacement dudit soufre en-
tre ledit récipient de stockage de matériau actif
d’électrode positive et ladite chambre d’électrode
positive est favorisé en diminuant la pression dans
ladite chambre d’électrode positive, étant donné que
ledit sodium, qui est ionisé, passe à travers ladite

paroi et se déplace vers ladite chambre d’électrode
négative depuis ladite chambre d’électrode positive,
et
lors du déchargement, le déplacement dudit soufre
entre ladite chambre d’électrode positive et ledit ré-
cipient de stockage de matériau actif d’électrode po-
sitive est favorisé en augmentant la pression dans
ladite chambre d’électrode positive, étant donné que
ledit sodium, qui est ionisé, traverse ladite paroi et
se déplace vers ladite chambre d’électrode positive
depuis ladite chambre d’électrode négative.

2. Accumulateur à électrolyte solide selon la revendi-
cation 1, dans lequel ledit passage est muni d’un
premier passage ayant une première valve unidirec-
tionnelle qui permet audit soufre de se déplacer vers
ledit récipient de stockage de matériau actif d’élec-
trode positive depuis ladite chambre d’électrode po-
sitive, et un second passage ayant une seconde val-
ve unidirectionnelle qui permet audit soufre de se
déplacer vers ladite chambre d’électrode positive
depuis ledit récipient de stockage de matériau actif
d’électrode positive.

3. Accumulateur à électrolyte solide selon la revendi-
cation 2, dans lequel une entrée desdits premier et
second passages est disposée au niveau de la partie
supérieure de ladite chambre d’électrode positive,
la sortie est disposée au niveau de la partie supé-
rieure dudit récipient de stockage de matériau actif
d’électrode positive, l’autre entrée desdits premier
et second passages est disposée au niveau de la
partie inférieure dudit récipient de stockage de ma-
tériau actif d’électrode positive, et la sortie est dis-
posée au niveau de la partie inférieure de ladite
chambre d’électrode positive.
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