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(54) DRYING FURNACE UNIT AND DRYING FURNACE

(57) A drying oven unit 10 includes an oven body 12,
a conveyance path 14, a pipe structure 20 having first
and second vents 21a and 22a, a hot air generator 26,
an exhaust blower 28, and an air-flow switching valve
30. The air-flow switching valve 30 includes first and sec-
ond valves 31 and 32. Switching the first and second

valves 31 and 32 enables switching between permitting
hot air generated by the hot air generator 26 to flow from
the first vent 21a to the second vent 22a and permitting
the hot air to flow from the second vent 22a to the first
vent 21a.
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Description

Technical Field

[0001] The present invention relates to a drying oven
unit and a drying oven.

Background Art

[0002] A drying oven for drying a sheet coated with
slurry is known. For example, Patent Literature (PTL) 1
discloses a drying oven in which four drying zones having
an entrance and an exit are coupled together in series
along a predetermined direction. A top of each drying
zone is provided with an air inlet and an air outlet. An air
supply means for forcibly supplying air is attached to each
air inlet. An exhaust means for forcibly exhausting air is
attached to each air outlet. In this drying oven, the direc-
tion of air flow in each drying zone is the same as, and
parallel to, a sheet conveying direction. PTL 1 explains
that the direction of air flow may be made opposite the
sheet conveying direction, but for efficient removal of
evaporated organic solvent, it is preferable that the di-
rection of air flow be the same as and parallel to the sheet
conveying direction.

Citation List

Patent Literature

[0003] PTL 1: Japanese Unexamined Patent Applica-
tion Publication No. 2008-302297

Summary of Invention

Technical Problem

[0004] PTL 1 neither describes nor suggests the tech-
nical idea of freely changing the air flow in each drying
zone in the drying oven. Since the air supply means is
attached to the air inlet and the exhaust means is at-
tached to the air outlet, the direction of air flow is fixed to
the direction from the air inlet to the air outlet. To reverse
the air flow, the exhaust means is to be attached to the
air inlet and the air supply means is to be attached to the
air outlet. In this case, however, the direction of air flow
is fixed to the direction from the air outlet to the air inlet.
This means that the flow of air cannot be freely changed.
[0005] A primary object of the present invention is to
provide a drying oven unit capable of freely changing the
flow of air, and a drying oven including the drying oven
unit.

Solution to Problem

[0006] A drying oven unit according to the present in-
vention includes an oven body; a conveyance path pass-
ing through the oven body in a predetermined direction,

the conveyance path being a path along which a sheet
coated with slurry on at least one side thereof is conveyed
in the predetermined direction; first and second vents
provided at respective ends of the conveyance path such
that ambient gas flows along a slurry coated surface of
the sheet; air supply means connected to the first vent
and the second vent; and air-flow switching means for
switching between permitting air from the air supply
means to flow from the first vent to the second vent along
the coated surface of the sheet and permitting air from
the air supply means to flow from the second vent to the
first vent along the coated surface of the sheet.
[0007] In the drying oven unit described above, by
switching the air-flow switching means, air from the air
supply means can be set to flow either from the first vent
to the second vent along the coated surface of the sheet,
or reversely from the second vent to the first vent along
the coated surface of the sheet. In other words, the flow
of ambient gas can be freely changed by switching the
air-flow switching means.
[0008] The air supply means may supply either hot air
(having, for example, a temperature of 60°C to 150°C)
or cool air (having, for example, a room temperature or
a temperature of 40°C to 50°C). The ambient gas is not
limited to a specific one, but may be, for example, air or
inert gas (such as nitrogen).
[0009] The drying oven unit according to the present
invention preferably includes an infrared heater along the
conveyance path, the infrared heater being disposed to
face the coated surface of the sheet. Thus even when it
is difficult to dry the slurry coated surface only by blowing
air, the slurry coated surface can be dried in a short time
by using the infrared heater along with blowing air. For
example, the infrared heater to be used may be one in
which the outer periphery of a filament is concentrically
covered by a plurality of pipes functioning as filters that
absorb infrared radiation having a wavelength of greater
than 3.5 mm, and a flow path for a cooling fluid that sup-
presses an increase in surface temperature of the infra-
red heater is formed between the pipes (see Japanese
Patent No. 4790092).
[0010] The drying oven unit according to the present
invention preferably includes air-volume regulating
means for regulating a volume of air from the air supply
means. This makes it possible to freely change the vol-
ume of air as well as the direction of air flow.
[0011] In the drying oven unit according to the present
invention, the sheet may be coated with slurry on both
sides thereof, and the first and second vents may be pro-
vided for each of the slurry coated surfaces. Thus, both
the slurry coated surfaces of the sheet can be dried si-
multaneously. This simultaneous drying requires less
time than drying each surface at a time, and thus can
enhance production efficiency.
[0012] A drying oven according to the present invention
is formed by coupling together a plurality of drying oven
units, each being the drying oven unit described above,
such that conveyance paths are arranged in series along
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the predetermined direction.
[0013] In the drying oven described above, the flow of
ambient gas can be freely changed for each drying oven
unit by switching the air-flow switching means in each
drying oven unit. For example, the directions of air flows
in adjacent drying oven units can be made the same or
opposite. When the directions are made opposite, the air
flows can either collide with, or move away from, each
other.
[0014] In the drying oven according to the present in-
vention, of the plurality of drying oven units, those at both
ends of the drying oven may be set by the air-flow switch-
ing means such that the flows of air are directed from the
outside to the inside. In this case, air is not easily blown
out of either the conveyance path in the drying oven unit
at one end of the drying oven or the conveyance path in
the drying oven unit at the other end of the drying oven.
Therefore, it is possible to maintain good environment in
the room where the drying oven is installed.
[0015] The drying oven according to the present inven-
tion may include detecting means for detecting the
amount of solvent evaporated from the slurry in each
drying oven unit; and control means for controlling the
air-flow switching means such that if the amount of sol-
vent evaporated exceeds a predetermined value in suc-
cessive drying oven units, flows of air in the successive
drying oven units are directed in the same direction.
When the amount of solvent evaporated in the succes-
sive drying oven units exceeds the predetermined value,
if the flows of air in the successive drying oven units are
directed in opposite directions, stagnation of ambient gas
flow may occur in some area and evaporated solvent
may accumulate in this area. However, since control is
performed such that flows of air in the successive drying
oven units are directed in the same direction, evaporated
solvent is less likely to accumulate in any area.

Brief Description of Drawings

[0016]

Fig. 1 is a vertical cross-sectional view of a drying
oven unit 10.
Fig. 2 is a vertical cross-sectional view of an infrared
heater 36.
Fig. 3 is a cross-sectional view taken along line A-A
of Fig. 2.
Fig. 4 illustrates switching of air flow in the drying
oven unit 10; Fig. 4(a) illustrates the drying oven unit
10 in which hot air flows from a first vent 21a to a
second vent 22a, and Fig. 4(b) illustrates the drying
oven unit 10 in which hot air flows from the second
vent 22a to the first vent 21a.
Fig. 5 illustrates a drying oven 70.
Fig. 6 illustrates a relationship between an evapora-
tion curve and an air flow direction in each of drying
oven units U1 to U7 included in the drying oven 70.
Fig. 7 is a vertical cross-sectional view of a drying

oven unit 110.
Fig. 8 illustrates a drying oven 170.
Fig. 9 illustrates a modification of the drying oven 70.

Description of Embodiments

[0017] A preferred embodiment of the present inven-
tion will now be described with reference to the drawings.
Fig. 1 is a vertical cross-sectional view of a drying oven
unit 10. Fig. 2 is a vertical cross-sectional view of an
infrared heater 36. Fig. 3 is a cross-sectional view taken
along line A-A of Fig. 2.
[0018] The drying oven unit 10 includes an oven body
12, a conveyance path 14, a pipe structure 20 having
first and second vents 21a and 22a, a hot air generator
26, an exhaust blower 28, an air-flow switching valve 30,
and infrared heaters 36.
[0019] The oven body 12 is a heat insulating structure
substantially in the shape of a substantially rectangular
parallelepiped. The oven body 12 has a front end face
12a and a rear end face 12b provided with an opening
14a and an opening 14b, respectively. A distance be-
tween the front end face 12a and the rear end face 12b
of the oven body 12 is 2 m to 6 m.
[0020] A conveyance path 14 is a path extending from
the opening 14a to the opening 14b. The conveyance
path 14 horizontally passes through the oven body 12.
A sheet 60 coated with slurry on one side thereof passes
along the conveyance path 14. Specifically, with a sur-
face coated with slurry (slurry coated surface) 62 facing
up, the sheet 60 is introduced through the opening 14a
into the oven body 12, horizontally conveyed in the oven
body 12, and discharged through the opening 14b.
[0021] The pipe structure 20 has a first pipe segment
21 vertically passing through a ceiling of the oven body
12 at a location near the front end face 12a, a second
pipe segment 22 vertically passing through the ceiling of
the oven body 12 at a location near the rear end face
12b, a third pipe segment 23 connecting an upper end
of the first pipe segment 21 to an upper end of the second
pipe segment 22, and a fourth pipe segment 24 connect-
ing a midpoint of the first pipe segment 21 to a midpoint
of the second pipe segment 22. That is, the third pipe
segment 23 and the fourth pipe segment 24 are paths
that connect the first pipe segment 21 in parallel with the
second pipe segment 22. The first pipe segment 21 is
bent inside the oven body 12 to allow a lower end portion
thereof to face in the horizontal direction. Therefore, the
first vent 21a, which is an opening at the lower end of the
first pipe segment 21, is open toward the rear end face
12b. The second pipe segment 22 is bent inside the oven
body to allow a lower end portion thereof to face in the
horizontal direction. Therefore, the second vent 22a,
which is an opening at the lower end of the second pipe
segment 22, is open toward the front end face 12a. The
first vent 21a and the second vent 22a are positioned to
face each other. The first vent 21a and the second vent
22a may be located at different heights, but are often
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located at the same height. Therefore, the flow of air from
one of the first and second vents 21a and 22a into the
other is directed along the slurry coated surface 62 of the
sheet 60.
[0022] The hot air generator 26 is attached to the fourth
pipe segment 24. The hot air generator 26 is configured
to supply hot air to the inside of the fourth pipe segment
24. The hot air generator 26 is capable of regulating the
air volume.
[0023] The exhaust blower 28 is attached to the third
pipe segment 23. The exhaust blower 28 has the function
of discharging gas in the third pipe segment 23 to the
outside. The exhaust blower 28 is also capable of regu-
lating the air volume.
[0024] The air-flow switching valve 30 includes a first
valve 31 at a joint between the first pipe segment 21 and
the fourth pipe segment 24, and a second valve 32 at a
joint between the second pipe segment 22 and the fourth
pipe segment 24. The first valve 31 is switched between
a position (indicated by a solid line in Fig. 1 and referred
to as an air supply position) for both permitting commu-
nication between the first pipe segment 21 and the fourth
pipe segment 24 and blocking communication between
the first pipe segment 21 and the third pipe segment 23
and a position (indicated by a dotted line in Fig. 1 and
referred to as an exhaust position) for both blocking com-
munication between the first pipe segment 21 and the
fourth pipe segment 24 and permitting communication
between the first pipe segment 21 and the third pipe seg-
ment 23. The second valve 32 is switched between a
position (indicated by a solid line in Fig. 1 and referred
to as an exhaust position) for both blocking communica-
tion between the second pipe segment 22 and the fourth
pipe segment 24 and permitting communication between
the second pipe segment 22 and the third pipe segment
23 and a position (indicated by a dotted line in Fig. 1 and
referred to as an air supply position) for both permitting
communication between the second pipe segment 22
and the fourth pipe segment 24 and blocking communi-
cation between the second pipe segment 22 and the third
pipe segment 23. Each of the valves 31 and 32 may be
switched either manually or electrically by an electromag-
netic solenoid. Although not shown, a piping system for
circulation may be added between pipes to compensate
for part of supply air with part of exhaust air.
[0025] A plurality of infrared heaters 36 are mounted
near the ceiling of the oven body 12. Each of the infrared
heaters 36 is mounted such that the longitudinal direction
thereof is orthogonal to the conveyance direction. As il-
lustrated in Figs. 2 and 3, each infrared heater 36 includes
a heater main body 42 formed by surrounding a filament
38 with an inner pipe 40, an outer pipe 44 surrounding
the heater main body 42, caps 46 each having a cylin-
drical shape with a bottom and airtightly fitted over the
corresponding end of the outer pipe 44, and a flow path
48 formed between the heater main body 42 and the
outer pipe 44 and permitting circulation of a cooling fluid.
The filament 38 is electrically heated to a temperature of

700°C to 1200°C, and emits infrared radiation with a peak
wavelength of around 3 mm. An electric wire 38a con-
nected to the filament 38 extends through a wire lead
portion 46a of each cap 46 and is airtightly led to the
outside. The inner pipe 40 is made of silica glass, boro-
silicate crown glass, or the like. The inner pipe 40 func-
tions as a filter that transmits infrared radiation having a
wavelength of 3.5 mm or less and absorbs infrared radi-
ation having a wavelength of greater than 3.5 mm. The
heater main body 42 is supported by holders 50 disposed
inside the respective caps 46 at both ends thereof. Like
the inner pipe 40, the outer pipe 44 is made of silica glass,
borosilicate crown glass, or the like. The outer pipe 44
functions as a filter that transmits infrared radiation hav-
ing a wavelength of 3.5 mm or less and absorbs infrared
radiation having a wavelength of greater than 3.5 mm.
Each cap 46 has a fluid port 46b. The flow path 48 allows
a cooling fluid to flow from one fluid port 46b to the other
fluid port 46b. Examples of the cooling fluid flowing
through the flow path 48 include air and inert gas. The
cooling fluid cools the inner pipe 40 and the outer pipe
44 by contacting them to remove heat therefrom. When
infrared radiation having a peak wavelength of around 3
mm is emitted from the filament 38 of the infrared heater
36, infrared radiation having a wavelength of 3.5 mm or
less passes through the inner pipe 40 and the outer pipe
44 and is applied to the slurry coated surface 62 of the
sheet 60 passing along the conveyance path. Infrared
radiation having a wavelength of 3.5 mm or less is said
to be highly capable of breaking hydrogen bonding in an
organic solvent contained in the slurry coated surface 62
of the sheet 60, and can efficiently evaporate the organic
solvent. The inner pipe 40 and the outer pipe 44 absorb
infrared radiation having a wavelength of greater than
3.5 mm, but are cooled by the cooling fluid flowing through
the flow path 48. Therefore, the inner pipe 40 and the
outer pipe 44 can be kept at a temperature below the
ignition point of the organic solvent evaporated from the
slurry coated surface 62.
[0026] The infrared heater 36 is disposed in an inner
space of each arched groove 52 in a reflective plate near
the ceiling of the oven body 12. Like the infrared heater
36, the arched groove 52 extends in a direction orthog-
onal to the conveyance direction. The cross section of
the arched groove 52 has a curved shape, such as a
parabolic shape, an elliptical arc shape, or a circular arc
shape. The infrared heater 36 is disposed at a focal or
central point of the cross section of the arched groove
52. Thus, the infrared radiation having a wavelength of
3.5 mm or less emitted from the infrared heater 36 is
reflected by the arched groove 52 and efficiently applied
to the slurry coated surface 62.
[0027] Switching of air flow in the drying oven unit 10
will now be described. Fig. 4 illustrates switching of air
flow in the drying oven unit 10. Fig. 4(a) illustrates the
drying oven unit 10 in which hot air flows from the first
vent 21a to the second vent 22a, and Fig. 4(b) illustrates
the drying oven unit 10 in which hot air flows from the
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second vent 22a to the first vent 21a.
[0028] To permit hot air to flow from the first vent 21a
to the second vent 22a, the first valve 31 is set to the air
supply position and the second valve 32 is set to the
exhaust position as illustrated in Fig. 4(a). Specifically,
the first valve 31 is set to the position for both permitting
communication between the first pipe segment 21 and
the fourth pipe segment 24 and blocking communication
between the first pipe segment 21 and the third pipe seg-
ment 23. At the same time, the second valve 32 is set to
the position for both blocking communication between
the second pipe segment 22 and the fourth pipe segment
24 and permitting communication between the second
pipe segment 22 and the third pipe segment 23. Thus,
hot air supplied from the hot air generator 26 to the fourth
pipe segment 24 passes through the first pipe segment
21 and is blown out of the first vent 21a. Gas passing
through the second vent 22a and the second pipe seg-
ment 22 is discharged from the third pipe segment 23 by
the exhaust blower 28. Thus, in the oven body 12, hot
air flows from the first vent 21a to the second vent 22a.
[0029] To permit hot air to flow from the second vent
22a to the first vent 21a, the second valve 32 is set to
the air supply position and the first valve 31 is set to the
exhaust position as illustrated in Fig. 4(b). Specifically,
the second valve 32 is set to the position for both permit-
ting communication between the second pipe segment
22 and the fourth pipe segment 24 and blocking commu-
nication between the second pipe segment 22 and the
third pipe segment 23. At the same time, the first valve
31 is set to the position for both blocking communication
between the first pipe segment 21 and the fourth pipe
segment 24 and permitting communication between the
first pipe segment 21 and the third pipe segment 23.
Thus, hot air supplied from the hot air generator 26 to
the fourth pipe segment 24 passes through the second
pipe segment 22 and is blown out of the second vent
22a. Gas passing through the first vent 21a and the first
pipe segment 21 is discharged from the third pipe seg-
ment 23 by the exhaust blower 28. Thus, in the oven
body 12, hot air flows from the second vent 22a to the
first vent 21a.
[0030] Next, a drying oven 70 will be described, which
is formed by coupling together a plurality of drying oven
units 10 such that a plurality of conveyance paths 14 are
arranged in a straight line along the horizontal direction.
Fig. 5 illustrates the drying oven 70. Fig. 6 illustrates a
relationship between an evaporation curve and an air
flow direction in each of the drying oven units 10 included
in the drying oven 70.
[0031] As illustrated in Fig. 5, the drying oven 70 is
formed by coupling the front end face 12a of each drying
oven unit 10, with bolts, to the rear end face 12b of the
adjacent drying oven unit 10. A gasket (not shown) en-
sures airtightness of the opening 14a of the front end
face 12a and the opening 14b of the rear end face 12b.
The gasket may be made of any material resistant to an
organic solvent. For example, the gasket may be made

of polytetrafluoroethylene. When the gasket 18 provides
good sealing, the bolt coupling may not be necessary.
Although the drying oven 70 is installed in a drying oven
installation room, the exhaust blowers 28 may be in-
stalled outside the drying oven installation room. Even
when the exhaust blowers 28 are installed indoors, since
each blower outlet is connected through a duct to an air
outlet leading to the outside of the building, air discharged
from the exhaust blower 28 is not released into the drying
oven installation room.
[0032] Assume that seven drying oven units 10 are
coupled together to form the drying oven 70 as illustrated
in Fig. 6. For convenience, the drying oven units 10 are
referred to as a drying oven unit U1, a drying oven unit
U2, ..., and a drying oven unit U7, from the left in this
order. The sheet 60 is unwound from a roll 72 at the left
end of the drying oven 70, coated with slurry on the upper
surface thereof by a coater (not shown) immediately be-
fore being introduced into the drying oven 70, and intro-
duced through the opening 14a of the drying oven unit
U1 into the drying oven 70. As the sheet 60 passes
through the drying oven units U1 to U7, the organic sol-
vent is evaporated from the slurry coated surface 62, and
the evaporated organic solvent is discharged to the out-
side by the exhaust blower 28. The sheet 60 is eventually
taken out through the opening 14b of the drying oven unit
U7 and wound on a roll 74 at the right end of the drying
oven 70. The organic solvent is evaporated from the slur-
ry coated surface 62 by the action of infrared radiation
from the infrared heaters 36 and hot air from the hot air
generators 26.
[0033] Assume that a numerical simulation is per-
formed in advance for the case where the sheet 60 having
the slurry coated surface 62 is dried by the drying oven
70, and that the resulting evaporation curve has a profile
shown in Fig. 6. The evaporation curve shows that im-
mediately after the sheet 60 is introduced into the drying
oven unit U1, the amount of evaporation of the organic
solvent is small because the sheet temperature is not
sufficiently high. The amount of evaporation is very large
in the drying oven units U2 to U4. Then in the drying oven
unit U5 and the subsequent units, that is, after evapora-
tion of most of the organic solvent, the amount of evap-
oration is small. In the drying oven units U2 to U4 where
the evaporation curve exceeds a threshold (indicated by
a dotted line) of the amount of evaporation, the solvent
may accumulate unless all flows of hot air are directed
in the same direction. That is, if the direction of hot air
flow in any of the drying oven units U2 to U4 is different
from that in the other units, stagnation of air flow occurs
in an area where the directions of hot air flows are differ-
ent (for example, where flows of hot air collide with, or
move away from, each other) and the evaporated solvent
may accumulate in that area. However, since all the flows
of hot air in these drying oven units are directed in the
same direction here, the evaporated solvent is less likely
to accumulate in any area. In normal design work, a plan
is made in which, after each unit is individually designed,
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the amount of hot air required to dilute a volatile solvent
within the designed unit is secured. Even when this is
used as a design basis, it is preferable to enhance safety
by using a mechanism in which air is supplied to and
discharged from each unit in a coordinated manner in an
area where a large amount of solvent is evaporated.
[0034] In each of the drying oven units U1 and U7 at
respective ends of the drying oven 70, the flow of hot air
is directed from the outside to the inside. Therefore, the
hot air is not easily blown out of either the opening 14a
of the drying oven unit U1 or the opening 14b of the drying
oven unit U7. In this case, since the directions of air flows
in the drying oven units U1 and U7 are opposite, the
drying oven 70 has at least one connection point at which
air flows are opposed to each other. It is preferable that
the connection point be set to a position where the
amount of solvent evaporation is small. However, since
the shape of the evaporation curve varies depending on
the type of slurry coated, it is necessary to move the
connection point to an appropriate position in accordance
with the type of the slurry. Such a manipulation is possible
in the present invention, because the direction of air flow
can be changed for each drying oven unit.
[0035] The sheet 60 having the slurry coated surface
62 is not limited to a specific type. For example, a sheet
coated with electrodes for a lithium-ion secondary battery
may be used. Examples of such a sheet include a metal
sheet, such as an aluminum or copper sheet, coated with
electrode slurry made by blending a positive-electrode
active material (or negative-electrode active material)
with a binder, a conductive material, and an organic sol-
vent. Alternatively, a fired ceramic sheet coated with an
unfired ceramic compact may be used. Examples of such
a sheet include a fired ceramic sheet coated with slurry
made by blending ceramic particles with a binder and
water (or organic solvent).
[0036] In the drying oven unit 10 of the present em-
bodiment described above, by switching the air-flow
switching valve 30, hot air can be set to flow either from
the first vent 21a to the second vent 22a along the slurry
coated surface 62 of the sheet 60, or reversely from the
second vent 22a to the first vent 21a along the slurry
coated surface 62 of the sheet 60. In other words, the
flow of air can be freely changed by switching the air-flow
switching valve 30.
[0037] Also, since the infrared heaters 36 are provided,
even when it is difficult to dry the slurry coated surface
62 with hot air alone, the slurry coated surface 62 can be
dried in a short time by using the infrared heaters 36
along with hot air. The infrared heaters 36 emit infrared
radiation having a wavelength of 3.5 mm or less and keep
the heater surface temperature as low as below the ig-
nition point of the organic solvent. Therefore, it is possible
not only to efficiently evaporate the organic solvent, but
also prevent the organic solvent from being ignited.
[0038] Additionally, since the hot air generator 26 and
the exhaust blower 28 are capable of regulating the air
volume, it is possible to freely change the volume as well

as the direction of hot air.
[0039] As described above, the drying oven 70 is
formed by coupling the drying oven units U1 to U7 to-
gether such that the conveyance paths are arranged in
series along the conveyance direction of the sheet 60.
Therefore, by switching the air-flow switching valve 30 in
each of the drying oven units U1 to U7, the flow of air
can be freely changed for each of the drying oven units
U1 to U7. For example, the directions of hot air flows in
adjacent drying oven units can be made the same or
opposite. When the directions are made opposite, the
flows of hot air can either collide with, or move away from,
each other. To prevent solvent accumulation, the flow of
hot air in each of the drying oven units U1 to U7 can be
regulated in accordance with the evaporation curve.
[0040] As described above, each of the drying oven
units U1 and U7 at the respective ends of the drying oven
70 is set such that the flow of hot air is directed from the
outside to the inside. Therefore, the hot air is not easily
blown out of either the conveyance path 14 in the drying
oven unit U1 or the conveyance path 14 in the drying
oven unit U7. It is thus possible to maintain good envi-
ronment in the drying oven installation room where the
drying oven 70 is installed.
[0041] The present invention is by no means limited to
the embodiments described above, and can be carried
out in various modes within the technical scope of the
present invention.
[0042] In the embodiments described above, the dry-
ing oven unit 10 and the drying oven 70 are designed to
dry the sheet 60 coated with slurry on one side thereof.
Alternatively, as illustrated in Figs. 7 and 8, a drying oven
unit 110 and a drying oven 170 may be designed to dry
a sheet 160 coated with slurry on both sides thereof. In
the drying oven unit 110 and the drying oven 170, the
same components as those of the drying oven unit 10
and the drying oven 70 described above are given the
same reference numerals and their description will be
omitted. The drying oven unit 110 illustrated in Fig. 7 is
used to dry the sheet 160 having slurry coated surfaces
162 on both sides. The drying oven unit 110 includes the
pipe structure 20 having the first and second vents 21a
and 22a, the hot air generator 26, the exhaust blower 28,
the air-flow switching valve 30, and the infrared heaters
36 for each of the slurry coated surfaces 162. As in the
embodiments described above, the direction of air flow
can be switched by means of the first and second valves
31 and 32 of the air-flow switching valve 30.
[0043] The drying oven 170 illustrated in Fig. 8 is
formed by coupling a plurality of drying oven units 110
together such that the conveyance paths 14 are arranged
in a straight line along the horizontal direction. The drying
oven units 110 are coupled together in the same manner
as in the drying oven 70. Again, for convenience, the
drying oven units 110 are referred to as a drying oven
unit U1, a drying oven unit U2, ..., and a drying oven unit
U7, from the left in this order. The sheet 160 is unwound
from the roll 72 at the left end of the drying oven 170,
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coated with slurry on both the upper and lower surfaces
thereof by a rotor (not shown) immediately before being
introduced into the drying oven 70, and introduced
through the opening 14a of the drying oven unit U1 into
the drying oven 70. As the sheet 160 passes through the
drying oven units U1 to U7, the organic solvent is evap-
orated from the upper and lower slurry coated surfaces
162 and the evaporated organic solvent is discharged by
each exhaust blower 28 to the outside. The sheet 160 is
eventually taken out through the opening 14b of the dry-
ing oven unit U7 and wound on the roll 74 at the right end
of the drying oven 170. As in the drying oven 70 described
above, the direction of hot air flow in each of the drying
oven units U1 to U7 is determined on the basis of an
evaporation curve obtained by a numerical simulation.
In the drying oven units U1 and U7 at the respective ends
of the drying oven 170, the flow of hot air is directed from
the outside to the inside. Therefore, the hot air is not
easily blown out of either the opening 14a of the drying
oven unit U1 or the opening 14b of the drying oven unit
U7. The drying oven units 110 and the drying oven 170
can simultaneously dry both the slurry coated surfaces
of the sheet 160. This simultaneous drying requires less
time than drying each surface at a time, and thus can
enhance production efficiency.
[0044] In the embodiments described above, the direc-
tion of hot air flow in each of the drying oven units U1 to
U7 is determined on the basis of the evaporation curve.
Alternatively, the direction of hot air flow may be changed
while the sheet 60 is being dried. In this case, the direction
of air flow may be changed either manually or automat-
ically. An example of automatically changing the direction
of air flow will be described with reference to Fig. 9. A
sensor S for detecting the amount of solvent evaporated
from the slurry coated surface 62 is attached to each
drying oven unit 10 of the drying oven 70. Solenoid valves
are used as the first and second valves 31 and 32. Ad-
ditionally, a controller C is prepared. Each sensor S is
connected to the corresponding input port of the control-
ler C, and the first and second valves 31 and 32 are con-
nected to the corresponding output ports of the controller
C. Thus, a signal related to the amount of solvent evap-
oration output from each sensor S is input to the controller
C. From the controller C, a driving signal is output to the
first and second valves 31 and 32. Then, for a plurality
of successive drying oven units, the controller C deter-
mines whether the amount of solvent evaporation ex-
ceeds a predetermined threshold. If the threshold is ex-
ceeded, the controller C controls the first and second
valves 31 and 32 such that the flows of hot air in the
successive drying oven units are directed in the same
direction. When the amount of solvent evaporation in the
successive drying oven units exceeds the threshold, if
the flows of hot air in these drying oven units are directed
in opposite directions, stagnation of air flow may occur
in some area and evaporated solvent may accumulate
in this area. However, since control is performed such
that flows of air in the drying oven units are directed in

the same direction, evaporated solvent is less likely to
accumulate in any area. The type of the sensor S may
be selected depending on the type of the organic solvent
used in the slurry. For example, a hydrocarbon (HC) sen-
sor may be selected for a hydrocarbon solvent, and an
alcohol sensor may be selected for an alcohol solvent.
[0045] In the embodiments described above, each
conveyance path 14 may be provided with some sup-
porting rollers that support the sheet 60 from below. This
can prevent the sheet 60 from being bent by gravity. How-
ever, when the sheet 160 has the slurry coated surfaces
162 on both sides as illustrated in Figs. 7 and 8, it is
preferable not to provide any supporting rollers. This is
because the slurry coated surfaces 62 may come into
contact with such supporting rollers, and unintended sur-
face irregularities may be produced.
[0046] The infrared heaters 36 are mounted in the ceil-
ing of the oven body 12 in the embodiments described
above. The infrared heaters 36 may not be provided if
the slurry coated surface 62 of the sheet 60 is thin enough
to be sufficiently dried with hot air alone.
[0047] Each infrared heater 36 used in the embodi-
ments described above is one in which the outer periph-
ery of the filament 38 is concentrically covered by a plu-
rality of pipes 40 and 44 functioning as filters that absorb
infrared radiation having a wavelength of greater than
3.5 mm, and the flow path 48 for a cooling fluid that sup-
presses an increase in surface temperature of the infra-
red heater 36 is formed between the pipes 40 and 44.
However, other types of infrared heaters may be used.
[0048] Although the drying oven 70 is formed by a plu-
rality of drying oven units 10 arranged in series in the
embodiments described above, a drying oven formed by
a single drying oven unit 10 may be used.
[0049] Although air is used as an ambient gas in each
drying oven unit 10 in the embodiments described above,
an inert gas, such as nitrogen, may be used instead of air.
[0050] Although the hot air generator 26 is used as air
supply means in the embodiments described above, the
air supply means is not particularly limited to this. For
example, a cool air generator that generates cool air hav-
ing a temperature of 40°C to 50°C may be used as the
air supply means.
[0051] The present application claims priority from
Japanese Patent Application No. 2012-10631 filed on
January 23, 2012, the entire contents of which are incor-
porated herein by reference.

Industrial Applicability

[0052] The present invention is applicable in industries
that involve drying sheets coated with slurry. Examples
of the industries include battery industries that manufac-
ture electrode coatings for lithium-ion secondary batter-
ies, ceramic industries that manufacture ceramic layered
products formed by two-layer ceramic sintered bodies,
and film manufacturing industries that manufacture opti-
cal film products.
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Reference Signs List

[0053] 10 drying oven unit, 12 oven body, 12a front
end face, 12b rear end face, 14 conveyance path, 14a
opening, 14b opening, 20 pipe structure, 21 first pipe
segment, 21a first vent, 22 second pipe segment, 22a
second vent, 23 third pipe segment, 24 fourth pipe seg-
ment, 26 hot air generator, 28 exhaust blower, 30 air-
flow switching valve, 31 first valve, 32 second valve, 36
infrared heater, 38 filament, 38a electric wire, 40 inner
pipe, 42 heater main body, 44 outer pipe, 46 cap, 46a
wire lead portion, 46b fluid port, 48 flow path, 50 holder,
52 arched groove, 60 sheet, 62 slurry coated surface, 70
drying oven, 72 roll, 74 roll, 110 drying oven unit, 160
sheet, 162 slurry coated surface, 170 drying oven, C con-
troller, S sensor, U1-U7 drying oven unit

Claims

1. A drying oven unit comprising:

an oven body,
a conveyance path passing through the oven
body in a predetermined direction, the convey-
ance path being a path along which a sheet coat-
ed with slurry on at least one side thereof is con-
veyed in the predetermined direction,
first and second vents provided at respective
ends of the conveyance path such that ambient
gas flows along a slurry coated surface of the
sheet,
air supply means connected to the first vent and
the second vent, and
air-flow switching means for switching between
permitting air from the air supply means to flow
from the first vent to the second vent along the
coated surface of the sheet and permitting air
from the air supply means to flow from the sec-
ond vent to the first vent along the coated surface
of the sheet.

2. The drying oven unit according to Claim 1, compris-
ing an infrared heater along the conveyance path,
the infrared heater being disposed to face the coated
surface of the sheet.

3. The drying oven unit according to Claim 1 or 2, com-
prising air-volume regulating means for regulating a
volume of air from the air supply means.

4. The drying oven unit according to any one of Claims
1 to 3,
wherein the sheet is coated with slurry on both sides
thereof, and
the first and second vents are provided for each of
the slurry coated surfaces.

5. A drying oven formed by coupling together a plurality
of drying oven units, each being the drying oven unit
according to any one of Claims 1 to 4, such that con-
veyance paths are arranged in series along the pre-
determined direction.

6. The drying oven according to Claim 5,
wherein the plurality of drying oven units, those at
both ends of the drying oven are set by the air-flow
switching means such that the flows of air are direct-
ed from the outside to the inside.

7. The drying oven according to Claim 5 or 6, compris-
ing:

detecting means for detecting the amount of sol-
vent evaporated from the slurry in each drying
oven unit, and
control means for controlling the air-flow switch-
ing means such that if the amount of solvent
evaporated exceeds a predetermined value in
successive drying oven units, flows of air in the
successive drying oven units are directed in the
same direction.
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