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Description
1. Field of the Invention

[0001] The present invention relates to a microwave
drying device, especially to a continuous thin film micro-
wave drying device that is adapted for roll-to-roll proc-
esses.

2. Description of the Prior Arts

[0002] Lithium-ion batteries are the mainstream choice
for rechargeable electronics. A separator film is placed
between an anode and a cathode of the lithium-ion bat-
tery. The separator film is a porous thin film made of
polymeric material, nonwoven fabric, or ceramic. The
function of the separator film is to keep the two electrodes
apart to prevent electrical short circuits while also ab-
sorbing electrolytic solution and allowing the transport of
ionic charge between the two electrodes. Performance
of the lithium-ion battery is considerably dependent on
the separator film.

[0003] To ensure the performance of the lithium-ion
battery after assembling, the separator film needs to go
through a drying process before adding the electrolytic
solution. However, the conventional drying process for
the separator film is time consuming. In a conventional
drying process, the separator film, ceramic or non-ce-
ramic, needs to be rested in a drying chamber for three
days. A conventional drying chamber is disclosed in Tai-
wan Patent No. M567491. Then, the separator film needs
to be baked in a vacuum oven for another 8 hours for
achieving a sufficient degree of drying. Therefore, the
conventional drying process is very time consuming. Fur-
thermore, because the separator film cannot resist high
temperature, the temperature in the vacuum oven cannot
exceed 100 degrees Celsius, which makes it difficult to
shorten the duration of the drying process. Finally, sizes
of the drying chamber and the vacuum oven are enor-
mous and occupy too much space.

[0004] To overcome the shortcomings, the present in-
vention provides a microwave drying device and a
processing box thereof to mitigate or obviate the afore-
mentioned problems.

[0005] The main objective of the present invention is
to provide a microwave drying device and a processing
box thereof that uses microwaves to heat up and dry a
separator film uniformly and promptly such that the drying
process of the separator film can be greatly accelerated.
[0006] The microwave drying device has a processing
box, at least one suction module, and at least one micro-
wave emitting module. The processing box is hollow and
has two external conveying walls, an external mounting
wall, an external sealing wall, at least one suction parti-
tion, and multiple channel partitions. The two external
conveying walls are disposed apart from each other
along a conveying direction. Each one of the external
conveying walls has a box conveying opening. The ex-
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ternal mounting wall is connected between the two ex-
ternal conveying walls and has two mounting openings.
The two mounting openings are disposed apart from
each other along the conveying direction. The external
sealing wall is connected between the two external con-
veying walls. The external mounting wall and the external
sealing wall are located on two opposite sides of the
processingboxrespectively. The atleastone suction par-
tition is mounted in the processing box to divide an inner
space of the processing box into a microwave drying
space and at least one suction space. Multiple suction
holes are formed through the at least one suction parti-
tion. The channel partitions are mounted in the micro-
wave drying space. The channel partitions are disposed
apart from each other along the conveying direction to
form a wave travelling channel meandering and extend-
ing back and forth repeatedly in the microwave drying
space. Two opposite ends of the wave travelling channel
connect to the two mounting openings respectively. The
suction holes of the at least one suction partition connect
to the at least one suction space and the wave travelling
channel. Each one of the channel partitions has a parti-
tion conveying opening. The partition conveying open-
ings of the channel partitions and the two box conveying
openings of the two external conveying walls are aligned.
The at least one suction module connects to the at least
one suction space. The at least one microwave emitting
module is mounted on the external mounting wall of the
processing box and emits microwaves toward the wave
travelling channel.

[0007] When using the present invention, the sub-
stance to be dried is fed into the processing box through
one of the box conveying openings. Then, the substance
travels through the wave travelling channel, in which the
substance is heated up and dried, through the partition
conveying openings, and finally exits the processing box
from the other box conveying opening.

[0008] The advantage of the present invention are as
follows.
[0009] Firstly, the substance to be dried absorbs mi-

crowave energy when traveling through the wave travel-
ling channel such that the substance is heated up and
dried. Because microwaves can easily penetrate the sub-
stance and heats up outer and inner layers of the sub-
stance simultaneously, the presentinvention can consid-
erably reduce the time it takes to dry the substance. Size
of the present invention can also be reduced to save
space.

[0010] Secondly, each segment of the wave travelling
channel shares its side walls with adjacent segments,
that is, each channel partition forms side walls of two
segments simultaneously. Therefore, the wave travelling
channel is formed using less material, which reduces
weight and cost. Furthermore, the structure is more com-
pact, which means the size of the present invention can
be further reduced.

[0011] Thirdly, the two mounting openings are located
on the same side of the processing box. As aresult, even
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if two microwave emitting modules are mounted on the
processing box, an overall width of the microwave drying
device, which is defined as a dimension perpendicular
to the conveying direction, is the same as an overall width
of the microwave drying device having only one micro-
wave emitting module. Therefore, the structure of the
present invention is more compact when two microwave
emitting modules are mounted, which further saves
space.

[0012] Fourth, by forming the suction space via the
suction partition, liquid vapor generated during the drying
process can be removed from the processing box via the
suction holes of the suction partition swiftly and uniformly,
which improves drying efficacy.

[0013] Other objectives, advantages and novel fea-
tures of the invention will become more apparent from
the following detailed description when taken in conjunc-
tion with the accompanying drawings.

IN THE DRAWINGS

[0014]

Fig. 1 is a perspective view of a microwave drying
device in accordance with the present invention;
Fig. 2 is another perspective view of the microwave
drying device in Fig. 1;

Fig. 3 is an exploded view of the microwave drying
device in Fig. 1;

Fig. 4 is an exploded view of an upper half of the
processing box of the microwave drying device;
Fig. 5 is a top view of the microwave drying device
in Fig. 1;

Fig. 6 is a top sectional view in partial section of the
microwave drying device in Fig. 1;

Fig. 7 is aside sectional view of the microwave drying
device in Fig. 1;

Fig. 8 is a side sectional view from a different direc-
tion of part of the microwave drying device in Fig. 1.

[0015] Withreference to Fig. 1 and Fig. 2, a microwave
drying device in accordance with the present invention
comprises a processing box 10, two microwave emitting
modules 20 and two suction modules 30. In a preferred
embodiment, the present invention is adapted for drying
a separator film A in a roll-to-roll process for producing
lithium-ion batteries. In another preferred embodiment,
the present invention can be adapted for processing all
kinds of long and thin films. In still another preferred em-
bodiment, the present invention can be adapted for dry-
ing items that are not long and thin films by integrating a
conveyer belt.

[0016] With reference to Figs. 1, 3, 5 and 7, the
processing box 10 is hollow and has two external con-
veying walls 101, an external mounting wall 102, an ex-
ternal sealing wall 103, atop wall 104, a bottom wall 105,
two suction partitions 11, and multiple channel partitions
12. In the preferred embodiment, the processing box 10
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further has two microwave side plates 13. The two ex-
ternal conveying walls 101 are disposed apart from each
other along a conveying direction D. Each one of the
external conveying walls 101 has a box conveying open-
ing 106 which is preferably elongated and narrow.
[0017] The external mounting wall 102 is connected
between the two external conveying walls 101 and is pref-
erably perpendicular to the two external conveying walls
101. The external mounting wall 102 has two mounting
openings 107. The two mounting openings 107 are dis-
posed apart from each other along the conveying direc-
tion D and located on the same side of the processing
box 10.

[0018] The external sealing wall 103 is connected be-
tween the two external conveying walls 101. The external
mounting wall 102 and the external sealing wall 103 are
located on two opposite sides of the processing box 10
respectively. In the preferred embodiment, two machined
metal blocks that are substantially symmetric are assem-
bled together to form the processing box 10 as shown in
Fig. 3, and therefore most structures of the processing
box 10 are formed after said two metal blocks are as-
sembled.

[0019] With reference to Figs. 4, 7, and 8, two suction
partitions 11 are mounted in the processing box 10 and
disposed apart from each other vertically to divide an
inner space of the processing box 10 into a microwave
drying space 16 and two suction spaces. The two suction
spaces are respectively an upper suction space 14 and
a lower suction space 15. The microwave drying space
16 is formed between the two suction partitions 11 and
located between the two suction spaces.

[0020] To be specific, one of the suction partitions 11
is disposed apart from the top wall 104 of the processing
box 10 to form the upper suction space 14, and the other
one of the suction partitions 11 is disposed apart from a
bottom wall 105 of the processing box 10 to form the
lower suction space 15. Multiple suction holes 111 are
formed through each one of the suction partitions 11. The
suction holes 111 are preferably narrow holes extending
along the conveying direction D.

[0021] One of the two suction modules 30 connects to
the upper suction space 14, and the other one of the two
suction modules 30 connects to the lower suction space
15 such that liquid vapor inside the microwave drying
space 16 can be removed via the suction holes 111 of
the suction partitions 11 swiftly and uniformly. The suc-
tion module 30 is conventional; therefore only suction
tubes of the suction module 30 is partially shown in the
figures.

[0022] With reference to Figs. 3, 6, and 8, the two mi-
crowave side plates 13 are mounted in the processing
box 10. The two microwave side plates 13 correspond
to the two external conveying walls respectively. Each
one of the two microwave side plates 13 is disposed apart
from the corresponding external conveying wall 101 to
form a microwave suppression space 17. Multiple micro-
wave suppression elements 171 are mounted in each



5 EP 3 952 612 A1 6

one of the microwave suppression space 17. In each one
of the microwave suppression spaces 17, the microwave
suppression elements 171 are, but not limited to, orderly
arranged.

[0023] The microwave drying space 16 is formed be-
tween the two microwave side plates 13 and located be-
tween the two microwave suppression spaces 17. Each
one of the microwave side plates 13 has a microwave
conveying opening 131 (as shown in Fig. 8) connecting
to the corresponding one of the microwave suppression
spaces 17 and the microwave drying space 16. In other
words, the microwave suppression spaces 17 are formed
by having the microwave side plates 13 mounted be-
tween the microwave drying space 16 and the external
conveying walls 101. Therefore, though microwaves in
the microwave drying space 16 inevitably leaks out to
the microwave suppression spaces 17 via the microwave
conveying openings 131, the microwave suppression
spaces 17 in combination with the microwave suppres-
sion elements 171 can prevent microwaves from further
leaking out to the external environment via the box con-
veying openings 106 of the external conveying walls 101.
[0024] With reference to Figs. 3, 6, and 8, the channel
partitions 12 are mounted in the microwave drying space
16. The channel partitions 12 are disposed apart from
each other along the conveying direction D to form awave
travelling channel 41. The wave travelling channel 41
meanders and extends back and forth repeatedly in the
microwave drying space 16. Two opposite ends of the
wave travelling channel 41 connect to the two mounting
openings 107 respectively.

[0025] To be specific, each one of the channel parti-
tions 12 is an elongated plate perpendicular to the con-
veying direction D. Half of the channel partitions 12 are
connected to the external mounting wall 102 and dis-
posed apart from the external sealing wall 103, such that
said half of the channel partitions 12 can be seen as
protruding from the external mounting wall 102 and ex-
tending toward the external sealing wall 103. The other
half of the channel partitions 12 are connected to the
external sealing wall 103 and disposed apart from the
external mounting wall 102, such that said half of the
channel partitions 12 can be seen as protruding from the
external sealing wall 103 and extending toward the ex-
ternal mounting wall 102.

[0026] The wave travelling channel 41 has, but notlim-
ited to, multiple straight segments 411 and multiple con-
necting segments 412 which are defined by the channel
partitions 12. The straight segments 411 are parallel to
each other and arranged along the conveying direction
D. Each one of the connecting segments 412 connects
two adjacent ones of the straight segments 411, and to
be precise, each one of the connecting segments 412
connects an end of one of two adjacent ones of the
straight segments 411 and an end of the other one of
said two adjacent ones of the straight segments 411. In
the preferred embodiment, the two suction partitions 11
form respectively a top surface and a bottom of the wave
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travelling channel 41.

[0027] With reference to Figs. 3, 7, and 8, each one of
the channel partitions 12 has a partition conveying open-
ing 121 which is preferably elongated and narrow. One
of the two box conveying openings 106, one of the two
microwave conveying openings 131, the partition con-
veying opening 121, the other one of the two microwave
conveying openings 131, and the other one of the two
box conveying openings 106 are aligned and arranged
orderly for the separator film A to travel through. Besides,
the aforementioned conveying openings 106, 131, 121
are preferably elongated and narrow. In addition, the suc-
tion holes 111 of each one of the suction partitions 11
connectto the corresponding suction space and the wave
travelling channel 41.

[0028] With reference to Figs. 1, 5, and 6, two micro-
wave emitting modules 20 are mounted on the external
mounting wall 102 of the processing box 10, and emit
microwaves toward the wave travelling channel 41 via
the two mounting openings 107 respectively. The micro-
waves emitted by the microwave emitting module 20 form
traveling waves in the wave travelling channel 41, such
that the separator film A can be dried uniformly along a
width of the separator film A. In another preferred em-
bodiment that requires less drying capacity, a number of
the microwave emitting module 20 can be one, and the
microwave emitting module 20 emits microwaves toward
one of the two mounting openings 107.

[0029] Furthermore, based on experimental evidenc-
es, when two microwave emitting modules 20 are mount-
ed on the two ends of the wave travelling channel 41
respectively, the microwaves emitted by two microwave
emitting modules 20 easily interfere with each other, re-
sulting in phase locking. Stationary waves are formed in
the wave travelling channel 41 due to phase locking,
which affects uniformity of drying of the separator film A.
[0030] To mitigate phase locking and to ensure uni-
formity of drying, the two microwave emitting modules
20 emit microwaves of different frequencies. To achieve
better performance, one of the two microwave emitting
modules 20 in the preferred embodiment emits micro-
waves with frequencies from 2455 to 2465 MHz (Mega
Hertz), while the other one of the two microwave emitting
modules 20 emits microwaves with frequencies from
2435 to 2445 MHz. In another preferred embodiment,
where there is only one microwave emitting module 20,
the frequencies of the microwaves are preferably from
2420 to 2480 Mhz.

[0031] In the preferred embodiment, each one of the
two microwave emitting modules 20 has a microwave
source 21 and two circulators 22. The two circulators 22
are serially mounted between the microwave source 21
and the corresponding mounting opening 107. The cir-
culators 22 of one of the microwave emitting modules 20
absorb the microwaves emitted by the microwave source
21 mounted on the other end of the wave travelling chan-
nel 41. As a result, the circulators 22 isolate the two mi-
crowave sources 21 of the two microwave emitting mod-
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ules 20, which protects the microwave sources 21 and
mitigates phase locking.

[0032] Based on experimental evidences, phase lock-
ing is almost eliminated when the circulators 22 of one
of the microwave emitting modules 20 provide an overall
isolation of more than negative 40 dB from the corre-
sponding mounting opening 107 to the corresponding
microwave source 21 while the frequencies of the two
microwave sources 21 are properly staggered. However,
the isolation provided by a standard commerce grade
circulator 22 is roughly negative 23 dB, and therefore
each microwave emitting module 20 in the preferred em-
bodimenthas two circulators 22 serially connected to pro-
vide an overall isolation of more than negative 40 dB.
[0033] When one single circulator 22 provides an iso-
lation of more than negative 40 dB, a microwave emitting
module 20 needs only one circulator 22. In the preferred
embodiment where there is only one microwave emitting
module 20, only one commerce grade circulator 22 is
sufficient because phase locking is not an issue.

[0034] With reference to Fig. 1, 5 and 8, when using
the present invention, insert the separator film A through
the processing box 10 along the conveying direction and
properly straighten the separator film A. Then, activate
the suction modules 30, the microwave emitting modules
20in order, and finally begin conveying the separator film
A. The microwaves emitted by the microwave emitting
modules 20 evaporate liquid in the separator film A to
dry the separator film A. Liquid vapor generated during
the drying process is removed by the suction modules
30 via the suction holes 111 and the suction spaces 14,
15.

[0035] Based on experimental results, a drying capac-
ity of the present invention is roughly 10 meters per
minute, which greatly improves the drying speed of the
separator film A. The drying speed can be further in-
creased by adding more of the straight segments 411 to
the wave travelling channel 41. The drying speed in-
creases proportionally as the straight segments 411 in-
creases.

[0036] Another one of the advantages of the present
invention is that by having the two suction partitions 11
mounted on top and bottom of the microwave drying
space 16 respectively, suction forces on two opposite
surfaces of the separator film A are substantially same
when the two suction modules 30 operate, therefore pre-
venting rubbing between the separator film A and the
processing box 10 due to displacement and deformation
of the separator film A caused by imbalanced suction
forces. In another preferred embodiments, there can be
only one suction partition 11 and one suction space. A
number of the microwave drying space 16 is one in spite
of the number of the suction partition 11 being one or
plural.

[0037] To sum up, the present invention greatly in-
creases drying speed by using microwaves to dry the
separator film A. Furthermore, by forming the meander-
ing wave travelling channel 41 using the channel parti-
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tions 12, and disposing the two mounting openings 107
on the same side of the processing box 10, the structure
of the present invention is more compact, which saves
space, reduces weight and reduces cost.

[0038] Even though numerous characteristics and ad-
vantages of the present invention have been set forth in
the foregoing description, together with details of the
structure and features of the invention, the disclosure is
illustrative only. Changes may be made in the details,
especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaning of the terms in
which the appended claims are expressed.

Claims

1. A microwave drying device, characterized in that
the microwave drying device comprises:

a processing box (10) being hollow and having:

two external conveying walls (101) dis-
posed apart from each other along a con-
veying direction (D); each one of the exter-
nal conveying walls (101) having a box con-
veying opening (106);

an external mounting wall (102) connected
between the two external conveying walls
(101) and having two mounting openings
(107); the two mounting openings (107) dis-
posed apart from each other along the con-
veying direction (D);

an external sealing wall (103) connected
between the two external conveying walls
(101); the external mounting wall (102) and
the external sealing wall (103) located on
two opposite sides of the processing box
(10) respectively;

at least one suction partition (11) mounted
in the processing box (10) to divide an inner
space of the processing box (10) into a mi-
crowave drying space (16) and at least one
suction space; multiple suction holes (111)
formed through the atleast one suction par-
tition (11); and

multiple channel partitions (12) mounted in
the microwave drying space (16); the chan-
nel partitions (12) disposed apart from each
other along the conveying direction (D) to
form a wave travelling channel (41) mean-
dering and extending back and forth repeat-
edly inthe microwave drying space (16); two
opposite ends of the wave travelling chan-
nel (41) connecting to the two mounting
openings (107) respectively; the suction
holes (111) of the at least one suction par-
tition (11) connecting to the atleast one suc-
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tion space and the wave travelling channel
(41); each one of the channel partitions (12)
having:

a partition conveying opening (121); the
partition conveying openings (121) of the
channel partitions (12) and the two box con-
veying openings (106) of the two external
conveying walls (101) being aligned;

at least one suction module (30) connecting to
the at least one suction space; and

at least one microwave emitting module (20)
mounted on the external mounting wall (102) of
the processing box (10) and emitting micro-
waves toward the wave travelling channel (41).

The microwave drying device as claimed in claim 1,
wherein anumber of the atleastone microwave emit-
ting module (20) is two; the two microwave emitting
modules (20) emit microwaves toward the two
mounting openings (107) respectively.

The microwave drying device as claimed in claim 2,
wherein the two microwave emitting modules (20)
emit microwaves of different frequencies.

The microwave drying device as claimed in claim 3,
wherein one of the two microwave emitting modules
(20) emits microwaves with frequencies from 2455
to 2465 Mhz; the other one of the two microwave
emitting modules (20) emits microwaves with fre-
quencies from 2435 to 2445 Mhz.

The microwave drying device as claimed in any one
of claims 2 to 4, wherein each one of the two micro-
wave emitting modules (20) has:

a microwave source (21); and

at least one circulator (22) serially connected
between the microwave source (21) and the cor-
responding mounting opening (107); the atleast
one circulator (22) providing an isolation of more
than 40 dB from said mounting opening (107) to
the microwave source (21).

The microwave drying device as claimed in any one
of claims 1 to 4, wherein

a number of the at least one suction partition (11) is
two; a number of the at least one suction space is
two; the two suction partitions (11) are disposed
apart from each other vertically; the microwave dry-
ing space (16) is formed between the two suction
partitions (11) and located between the two suction
spaces; and

a number of the at least one suction module (30) is
two; the two suction modules (30) are connect to the
two suction spaces respectively.
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7. The microwave drying device as claimed in any one

of claims 1 to 4, wherein the processing box (10)
further has:

two microwave side plates (13) mounted in the
processing box (10); the two microwave side
plates (13) corresponding to the two external
conveying walls (101) respectively; each one of
the microwave side plates (13) disposed apart
from the corresponding external conveying wall
(101) to form a microwave suppression space
(17); the microwave drying space (16) formed
between the two microwave side plates (13) and
located between the two microwave suppres-
sion spaces (17) formed by the two microwave
side plates (13) respectively; each one of the
microwave side plates (13) having:

a microwave conveying opening (131) connect-
ing to the corresponding microwave suppres-
sion space (17) and the microwave drying space
(16); wherein the two microwave conveying
openings (131) of the two microwave side plates
(13), the partition conveying openings (121) of
the channel partitions (12), and the two box con-
veying openings (106) of the two external con-
veying walls (101) are aligned; and

multiple microwave suppression elements (171)
mounted in each one of the microwave suppres-
sion spaces (17).

The microwave drying device as claimed in any one
of claims 1 to 4, wherein the partition conveying
openings (121) are elongated and narrow.

The microwave drying device as claimed in any one
of claims 1 to 4, wherein the wave travelling channel
(41) has:

multiple straight segments (411) parallel to each
other and arranged along the conveying direc-
tion (D); and

multiple connecting segments (412); each one
of the connecting segments (412) connecting
two adjacent ones of the straight segments
(411).

10. A processing box (10) of a microwave drying device,

characterized in that the processing box (10) is hol-
low and has:

two external conveying walls (101) disposed
apart from each other along a conveying direc-
tion (D); each one of the external conveying
walls (101) having a box conveying opening
(106);

an external mounting wall (102) connected be-
tween the two external conveying walls (101)
and having two mounting openings (107); the
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two mounting openings (107) disposed apart
from each other along the conveying direction
(D);

an external sealing wall (103) connected be-
tween the two external conveying walls (101);
the external mounting wall (102) and the exter-
nal sealing wall (103) located on two opposite
sides of the processing box (10) respectively;
atleast one suction partition (11) mountedin the
processing box (10) to divide an inner space of
the processing box (10) into a microwave drying
space (16) and at least one suction space; mul-
tiple suction holes (111) formed through the at
least one suction partition (11); and

multiple channel partitions (12) mounted in the
microwave drying space (16); the channel par-
titions (12) disposed apart from each other along
the conveying direction (D) to form a wave trav-
elling channel (41) meandering and extending
back and forth repeatedly in the microwave dry-
ing space (16); two opposite ends of the wave
travelling channel (41) connecting to the two
mounting openings (107) respectively; the suc-
tion holes (111) of the at least one suction par-
tition (11) connecting to the at least one suction
space and the wave travelling channel (41);
each one of the channel partitions (12) having:
apartition conveying opening (121); the partition
conveying openings (121) of the channel parti-
tions (12) and the two box conveying openings
(106) of the two external conveying walls (101)
being aligned.
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