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DESCRIPTION

Technical Field

[0001] The present disclosure relates to a separation device configured to separate a raw
material liquid containing a low-boiling point component and a high-boiling point component
into a distillate and a bottom product.

Background Art

[0002] As a device configured to perform distillation of an alcoholic beverage, a petrochemical
product, and the like, removal of ammonia, and recovery of carbon dioxide, a plate column has
hitherto been developed. The plate column is a device in which a plurality of plates are
arranged at predetermined intervals in a vertical direction in a cylindrical column, and contact
between a gas and a liquid (gas-liquid contact) is performed between the plates (stages) in a
step-by-step manner. In the plate column, a gas phase containing a low-boiling point
component in a relatively large amount is sent to an upper stage, and a liquid phase containing
a high-boiling point component in a relatively large amount flows down to a lower stage. The
plate column is formed so that a gas-liquid equilibrium holds in each stage.

[0003] In the above-mentioned plate column, it is required to ensure a distance between the
plates (height of each stage) of at least several tens of centimeters (for example, about 60 cm)
in terms of a plate structure. Thus, the plate column has a problem in that, when the number of
stages is increased in order to improve the separation performance, the device itself is
increased in height in the vertical direction. Further, the plate column also has a problem in
that the device itself entails large cost due to the complicated structure in the column.
Fractionation columns are known from EP 0 188 387 A2 and US 6,111,117 A.

[0004] In view of the foregoing, there is disclosed a technology of forming a plurality of groove
flow passages configured to propel a liquid with a capillary force in a lower part of a box-
shaped flow passage extending in a horizontal direction (for example, Patent Literature 1). In
the technology of Patent Literature 1, a raw material liquid is distilled by introducing the raw
material liquid into the groove flow passages and heating part of the groove flow passages.
Further, in the technology of Patent Literature 1, a height of a gas layer, which is formed in an
upper portion of the groove flow passage and allows flow of a gas generated from the heated
raw material liquid, is set to be as low as about several millimeters, and gas-liquid contact is
performed on a surface of a liquid phase in the groove flow passage. With this, a time period
required for a gas-liquid equilibrium to be achieved can be significantly shortened, and even
when the device is downsized, the separation performance for separation of a low-boiling point
component and a high-boiling point component can be maintained or improved as compared
to that of the plate column.
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A separation device with the features according to the preamble of claim 1 is known, for
instance, from JP 2015 223 580 A or K F. Lam, E. Sorensen, A. Gavriilidis: "On-chip
microscale distillation for acetone-water separation”, 7 October 2010 (2010-10-07),
XP002789046, Retrieved from the Internet: URL:
http://mwww.rsc.org/binaries/loc/2010/pdfs/papers/12 0199.pdf [retrieved on 2019-02-19].

Citation List

Patent Literature

[0005] Patent Literature 1: Japanese Patent Application Laid-Open No. 2009-106916

Summary

Technical Problem

[0006] There is a demand for development of a technology of further improving the separation
performance in the above-mentioned separation device having the flow passages decreased in
height.

[0007] In view of the above-mentioned problems, an object of the present disclosure is to
provide a separation device capable of further improving the separation performance.

Solution to Problem

[0008] In order to solve the above-mentioned problems, a separation device of the present
invention comprises the features of claim 1.

Effects of Disclosure

[0009] According to the present disclosure, the separation performance can further be
improved.

Brief Description of the Drawings
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[0010]

FIG. 1A is a perspective view of a separation device according to a first embodiment.
FIG. 1B is a first side view of the separation device according to the first embodiment.
FIG. 1C is a second side view of the separation device according to the first embodiment.
FIG. 2 is an exploded perspective view of the separation device.

FIG. 3Ais an explanatory view for illustrating a gas-liquid contact unit and porous bodies.
FIG. 3B is an explanatory view for illustrating a heat medium unit.

FIG. 4Ais a first explanatory view for illustrating flows of a liquid and a gas in a gas-liquid
contact flow passage.

FIG. 4B is a second explanatory view for illustrating flows of the liquid and the gas in the gas-
liquid contact flow passage.

FIG. 4C is a third explanatory view for illustrating flows of the liquid and the gas in the gas-
liquid contact flow passage.

FIG. 4D is a fourth explanatory view for illustrating flows of the liquid and the gas in the gas-
liquid contact flow passage.

FIG. 5A is an explanatory view for illustrating a liquid layer and a gas layer in the gas-liquid
contact flow passage.

FIG. 5B is an explanatory view for illustrating a first representative example of a concentration
distribution of a low-boiling point component in a heating flow passage.

FIG. 5C is an explanatory view for illustrating a second representative example of the
concentration distribution of the low-boiling point component in the heating flow passage.

FIG. 6 is an explanatory view for illustrating a representative example of a concentration
distribution of the low-boiling point component in a cooling flow passage.

FIG. 7Ais an explanatory view for illustrating the gas-liquid contact unit in the first embodiment.
FIG. 7B is a sectional view as seen in the direction indicated by the arrows VIb of FIG. 7A.

FIG. 8A is an explanatory view for illustrating a gas-liquid contact unit in a second embodiment.
FIG. 8B is a sectional view as seen in the direction indicated by the arrows VlIb of FIG. 8A.
FIG. 8C is a partial top view of FIG. 8A.

FIG. 9 is a partial top view of the gas-liquid contact unit.

FIG. 10A is a first top view of a gas-liquid contact unit in a third embodiment.
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FIG. 10B is a second top view of the gas-liquid contact unit in the third embodiment.
FIG. 10C is a third top view of the gas-liquid contact unit in the third embodiment.

FIG. 11A is a first explanatory view for illustrating a gas-liquid contact unit in a fourth
embodiment.

FIG. 11B is a second explanatory view for illustrating the gas-liquid contact unit in the fourth
embodiment.

FIG. 11C is a third explanatory view for illustrating the gas-liquid contact unit in the fourth
embodiment.

FIG. 12Ais a first view for illustrating each module forming a separation device according to a
fifth embodiment.

FIG. 12B is a second view for illustrating each module forming the separation device according
to the fifth embodiment.

FIG. 13Ais a graph for showing a concentration (% by weight (wt%)) of methanol in a distillate
in Examples and Comparative Example.

FIG. 13B is a graph for showing a methanol recovery rate (%) in Examples and Comparative
Example.

Description of Embodiments

[0011] Now, with reference to the attached drawings, preferred embodiments of the present
disclosure are described in detail. The dimensions, materials, and other specific numerical
values represented in the embodiments are merely examples used for facilitating the
understanding of the disclosure, and do not limit the present disclosure otherwise particularly
noted. Elements having substantially the same functions and configurations herein and in the
drawings are denoted by the same reference symbols to omit redundant description thereof.
Further, illustration of elements with no direct relationship to the present disclosure is omitted.

(First Embodiment: Separation Device 100)

[0012] FIG. 1A is a perspective view of a separation device 100 according to a first
embodiment. FIG. 1B is a first side view of the separation device 100 according to the first
embodiment. FIG. 1C is a second side view of the separation device 100 according to the first
embodiment. In the following drawings including FIG. 1A to FIG. 1C of this embodiment, an X-
axis, a Y-axis, and a Z-axis crossing each other perpendicularly are defined as illustrated.
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[0013] The separation device 100 is a device configured to separate a raw material liquid into
a distillate and a bottom product. The raw material liquid contains a low-boiling point
component (for example, methanol) and a high-boiling point component (for example, water)
having a boiling point higher than that of the low-boiling point component. The distillate is a
liquid having a higher concentration of the low-boiling point component than the raw material
liquid. The bottom product is a liquid having a higher concentration of the high-boiling point
component than the raw material liquid.

[0014] The separation device 100 according to this embodiment is made of, for example, a
metal material such as stainless steel. As illustrated in FIG. 1A to FIG. 1C, the separation
device 100 includes a main body portion 110, a raw material liquid introduction portion 120, a
first heat medium introduction portion 130, a first heat medium discharge portion 132, a
second heat medium introduction portion 140, a second heat medium discharge portion 142, a
distillate discharge portion 150, and a bottom product discharge portion 160.

[0015] The raw material liquid introduction portion 120 is configured to introduce the raw
material liquid into the main body portion 110 (indicated by an outlined arrow in FIG. 1A). In
this embodiment, the main body portion 110 is inclined vertically downward from one end side
to another end side (from the distillate discharge portion 150 side to the bottom product
discharge portion 160 side in FIG. 1A), for example, by about 2.5 degrees with respect to a
horizontal plane. Thus, the raw material liquid introduced into the main body portion 110 flows
from one end side to another end side. That is, the raw material liquid introduced into the main
body portion 110 flows toward the bottom product discharge portion 160. The inclination angle
of the main body portion 110 may be suitably changed depending on the properties of the raw
material liquid.

[0016] The first heat medium introduction portion 130 is configured to introduce a heat
medium having a boiling point equal to or higher than that of the low-boiling point component
into flow passages of a stripping section of the main body portion 110 (indicated by black solid
arrows in FIG. 1A). Then, the heat medium having passed through the flow passages of the
stripping section is discharged to the outside through the first heat medium discharge portion
132. Thus, the first heat medium introduction portion 130, the first heat medium discharge
portion 132, and the flow passages of the stripping section serve as the stripping section.

[0017] The second heat medium introduction portion 140 is configured to introduce a heat
medium having a boiling point lower than that of the low-boiling point component into flow
passages of a rectification section of the main body portion 110 (indicated by hatched arrows in
FIG. 1A). Then, the heat medium having passed through the flow passages of the rectification
section is discharged to the outside through the second heat medium discharge portion 142.
Thus, the second heat medium introduction portion 140, the second heat medium discharge
portion 142, and the flow passages of the rectification section serve as the rectification section.

[0018] The raw material liquid is distilled and separated into the distillate and the bottom
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product in the main body portion 110. The distillate separated in the main body portion 110 is
discharged to the outside through a distillate discharge port 152 of the distillate discharge
portion 150. Further, the bottom product separated in the main body portion 110 is discharged
to the outside through a bottom product discharge port 162 of the bottom product discharge
portion 160.

[0019] In this embodiment, the first heat medium introduction portion 130 is partitioned into
first heat medium introduction portions 130a, 130b, 130c, and 130d in the stated order from
the bottom product discharge portion 160 side. The first heat medium introduction portions
130a, 130b, 130c, and 130d are configured to increase the temperature of the heat medium
introduced into the flow passages of the stripping section as approaching the bottom product
discharge portion 160. Further, the second heat medium introduction portion 140 is partitioned
into second heat medium introduction portions 140a, 140b, 140c, and 140d in the stated order
from the distillate discharge portion 150 side. The second heat medium introduction portions
140a, 140b, 140c, and 140d are configured to decrease the temperature of the heat medium
introduced into the flow passages of the rectification section as approaching the distillate
discharge portion 150. With this, the separation efficiency between the distillate and the bottom
product in the main body portion 110 can be improved.

[0020] Now, a specific configuration of the main body portion 110 is described. FIG. 2 is an
exploded perspective view of the separation device 100. In FIG. 2, for ease of understanding,
the first heat medium introduction portion 130, the second heat medium introduction portion
140, porous bodies, and angles 228 arranged on one end portion side of heat medium units
220 are omitted.

[0021] As illustrated in FIG. 2, the main body portion 110 has a structure in which a plurality of
gas-liquid contact units 210 and a plurality of the heat medium units 220 are alternately
arranged over one another at predefined intervals. Further, end portions in an X-axis direction
of the gas-liquid contact units 210 in FIG. 2 are sealed with the first heat medium introduction
portion 130, the first heat medium discharge portion 132, the second heat medium introduction
portion 140, and the second heat medium discharge portion 142. Further, an upper surface of
the heat medium unit 220 arranged at an uppermost level is sealed with a top surface 112. In
this case, a space partitioned by the gas-liquid contact unit 210 and a bottom surface of the
heat medium unit 220 forms gas-liquid contact flow passages 212. A space partitioned by the
heat medium unit 220 and a bottom surface of the gas-liquid contact unit 210 forms heat
medium flow passages 222.

[0022] In the separation device 100 according to this embodiment, the gas-liquid contact flow
passages 212 are arranged in parallel to each other, and the heat medium flow passages 222
are arranged in parallel to each other. Further, the separation device 100 has a structure in
which the gas-liquid contact flow passages 212 and the heat medium flow passages 222 are
alternately arranged over one another. Further, in each of the gas-liquid contact flow passages
212, a porous body described later (not shown in FIG. 2) is arranged.
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[0023] FIG. 3Ais an explanatory view for illustrating the gas-liquid contact unit 210 and porous
bodies 250. FIG. 3B is an explanatory view for illustrating the heat medium unit 220. As
illustrated in FIG. 3A, the gas-liquid contact unit 210 has a raw material liquid introduction port
214 formed in the bottom surface thereof. The raw material liquid introduction port 214 is
configured to receive the raw material liquid introduced from the raw material liquid introduction
portion 120. Further, the gas-liquid contact unit 210 includes a plurality of ribs 216a and a
plurality of ribs 216b. The ribs 216a extend from the raw material liquid introduction port 214
side to the bottom product discharge portion 160 side. The ribs 216b extend from the raw
material liquid introduction port 214 side to the distillate discharge portion 150 side. Thus, a
liquid such as the raw material liquid introduced from the raw material liquid introduction port
214 into the gas-liquid contact flow passages 212 flows through partitioned flow passages DR
that are flow passages partitioned by the ribs 216a and 216b. That is, a liquid layer that is a
layer of the liquid is formed in each of the partitioned flow passages DR. The ribs 216a and
216b are hereinafter sometimes collectively referred to as "ribs 216".

[0024] Further, the porous bodies 250 are arranged on upper surfaces of the ribs 216 of the
gas-liquid contact unit 210. Alternatively, the porous bodies 250 may be arranged on the upper
surfaces of the ribs 216 of the gas-liquid contact unit 210 and further filled into part of the
partitioned flow passages DR. When the porous bodies 250 are arranged on the upper
surfaces of the ribs 216, bottom surfaces of the porous bodies 250 are held in contact with the
upper surfaces of the ribs 216, and upper surfaces of the porous bodies 250 are held in
contact with the bottom surface of the heat medium unit 220. That is, the porous bodies 250
are arranged between the gas-liquid contact unit 210 and the heat medium unit 220. Each of
the gas-liquid contact flow passages 212 is formed of the partitioned flow passage DR (liquid
layer) and a fine meandering flow passage (gas layer) in the porous body 250. When the
porous bodies 250 are filled into the partitioned flow passages DR, the porous bodies 250 are
filled into all the partitioned flow passages DR in the stripping section on the raw material liquid
introduction port 214 side. The porous body 250 is described later in detail.

[0025] Further, as illustrated in FIG. 3B, the heat medium unit 220 includes a plurality of ribs
226 extending in a direction crossing (in this embodiment, a direction orthogonal to) the ribs
216. Of the flow passages partitioned by the ribs 226, a raw material flow passage MR is a flow
passage formed at a position corresponding to the raw material liquid introduction port 214
when the heat medium unit 220 and the gas-liquid contact unit 210 are arranged over one
another. The raw material liquid is introduced into the raw material flow passage MR from the
raw material liquid introduction portion 120. Thus, the raw material liquid is introduced into the
gas-liquid contact flow passages 212 through the raw material flow passage MR and the raw
material liquid introduction port 214.

[0026] Further, a heat medium is introduced from the first heat medium introduction portion
130a into a flow passage Ra in the stripping section of the flow passages partitioned by the ribs
226. The heat medium having flowed through the flow passage Ra in the stripping section is
discharged to a first heat medium discharge portion 132a. Similarly, a heat medium introduced
from the first heat medium introduction portion 130b is discharged from a first heat medium
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discharge portion 132b after flowing through a flow passage Rb in the stripping section. A heat
medium introduced from the first heat medium introduction portion 130c is discharged from a
first heat medium discharge portion 132c after flowing through a flow passage Rc in the
stripping section. A heat medium introduced from the first heat medium introduction portion
130d is discharged from a first heat medium discharge portion 132d after flowing through a
flow passage Rd in the stripping section.

[0027] Further, a heat medium introduced from the second heat medium introduction portion
140a is discharged from a second heat medium discharge portion 142a after flowing through a
flow passage Ca in the rectification section. Similarly, a heat medium introduced from the
second heat medium introduction portion 140b is discharged from a second heat medium
discharge portion 142b after flowing through a flow passage Cb in the rectification section. A
heat medium introduced from the second heat medium introduction portion 140c is discharged
from a second heat medium discharge portion 142c after flowing through a flow passage Cc in
the rectification section. A heat medium introduced from the second heat medium discharge
portion 140d is discharged from a second heat medium discharge portion 142d after flowing
through a flow passage Cd in the rectification section.

[0028] Further, the angles 228 arranged so as to extend downward are provided at both end
portions of the heat medium unit 220 in a direction orthogonal to the ribs 226 (extending
direction of the partitioned flow passages DR). The angles 228 are configured to prevent
leakage of a gas from the partitioned flow passages DR to the outside (to the distillate
discharge port 152). Further, the angles 228 are configured to prevent the flow of the bottom
product from the partitioned flow passages DR into the partitioned flow passages DR
positioned in a lower stage of the partitioned flow passages DR.

[0029] Now, the dimensional relationship of the gas-liquid contact flow passage 212 is
described. A width W of a bottom surface of the partitioned flow passage DR (distance
between base ends of the ribs 216) is, for example, about 1 mm. A height HI of the partitioned
flow passage DR (height of the rib 216) is, for example, about 3 mm. Further, a distance Hg
between a distal end of the rib 216 and a bottom surface of the heat medium flow passage 222
illustrated in FIG. 2 is, for example, from about 100 ym to about 10 mm (in this case, 1 mm).
Further, a length L in a flow direction of the gas-liquid contact flow passage 212 is, for
example, 300 mm.

(Flows of Liquid and Gas in Gas-Liquid Contact Flow Passage 212)

[0030] Next, flows of a liquid and a gas in the gas-liquid contact flow passage 212 are
described specifically. FIG. 4A is a first explanatory view for illustrating the flows of the liquid
and the gas in the gas-liquid contact flow passage 212. FIG. 4B is a second explanatory view
for illustrating the flows of the liquid and the gas in the gas-liquid contact flow passage 212.
FIG. 4C is a third explanatory view for illustrating the flows of the liquid and the gas in the gas-
liquid contact flow passage 212. FIG. 4D is a fourth explanatory view for illustrating the flows of
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the liquid and the gas in the gas-liquid contact flow passage 212. In FIG. 4A to FIG. 4D, the
flow of the liquid is indicated by outlined arrows, and the flow of the gas is indicated by black
solid arrows. In FIG. 4Ato FIG. 4D, for ease of understanding, the heat medium flow passage
222 and the porous body 250 are omitted.

[0031] As described above, the main body portion 110 (bottom surface 212a of the gas-liquid
contact flow passage 212) is inclined vertically downward from the distillate discharge portion
150 side to the bottom product discharge portion 160 side. Therefore, as illustrated in FIG. 4A,
the raw material liquid introduced from the raw material liquid introduction port 214 flows
through the gas-liquid contact flow passage 212 (partitioned flow passage DR) toward the
bottom product discharge port 162 with own weight.

[0032] Flow passages R in the stripping section are arranged over one another between the
raw material liquid introduction port 214 and the bottom product discharge port 162. Therefore,
the raw material liquid passes through a flow passage heated by the flow passages R in the
stripping section (hereinafter simply referred to as "heating flow passage HR") of the gas-liquid
contact flow passages 212 while flowing toward the bottom product discharge port 162. Then,
as illustrated in FIG. 4B, the raw material liquid is heated to a temperature equal to or higher
than the boiling point of the low-boiling point component when passing through the heating flow
passage HR. With this, a gas containing the low-boiling point component in a large amount is
generated from the raw material liquid.

[0033] As described above, when the raw material liquid is heated in the heating flow passage
HR, a gas is generated from the raw material liquid. An entire region of the heating flow
passage HR is heated by the flow passages R in the stripping section. Thus, in the heating flow
passage HR, the generation amount of the gas increases as the raw material liquid
approaches the bottom product discharge port 162. Therefore, in the heating flow passage
HR, a pressure difference is caused between the raw material liquid introduction port 214 side
and the bottom product discharge port 162 side. That is, in the heating flow passage HR, the
pressure on the bottom product discharge port 162 side is higher than that on the raw material
liquid introduction port 214 side. With this, the gas generated in the heating flow passage HR
flows in a direction opposite to the flow of the liquid, that is, toward the raw material liquid
introduction port 214 (distillate discharge port 152).

[0034] Flow passages C in the rectification section are arranged over one another between the
raw material liquid introduction port 214 and the distillate discharge port 152. Therefore, the
gas flowing from the heating flow passage HR to the distillate discharge port 152 passes
through a flow passage cooled by the flow passages C in the rectification section (hereinafter
simply referred to as "cooling flow passage CR") of the gas-liquid contact flow passages 212.
Then, as illustrated in FIG. 4C, the gas is cooled to a temperature lower than the boiling point
of the low-boiling point component when passing through the cooling flow passage CR. Thus,
the low-boiling point component and the high-boiling point component are condensed into a
liquid. The liquid generated in the cooling flow passage CR flows toward the heating flow
passage HR. That is, in the separation device 100 according to this embodiment, the low-
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boiling point component and the high-boiling point component condensed by the flow passages
C in the rectification section return to the heating flow passage HR. Therefore, reflux is
performed, with the result that the separation performance for separation of the low-boiling
point component and the high-boiling point component can be improved.

[0035] As illustrated in FIG. 4D, the liquid condensed in the distillate discharge portion 150,
which is the gas having reached the distillate discharge portion 150, is discharged to the
outside as a distillate through the distillate discharge port 152. Further, the liquid that has not
been evaporated in the heating flow passage HR is discharged to the outside as a bottom
product through the bottom product discharge port 162.

[0036] Next, a liquid layer and a gas layer in the gas-liquid contact flow passage 212 are
described. FIG. 5A is an explanatory view for illustrating a liquid layer and a gas layer in the
gas-liquid contact flow passage 212. FIG. 5B is an explanatory view for illustrating a first
representative example of a concentration distribution of the low-boiling point component in the
heating flow passage. FIG. 5C is an explanatory view for illustrating a second representative
example of the concentration distribution of the low-boiling point component in the heating flow
passage. FIG. 6 is an explanatory view for illustrating a representative example of a
concentration distribution of the low-boiling point component in the cooling flow passage. In
FIG. 5A to FIG. 5C, and FIG. 6, for ease of understanding, the inclination of the gas-liquid
contact flow passage 212 is not shown, and the distance in a height direction is equally
illustrated between a layer of a liquid (liquid layer) and a layer of a gas (gas layer).

[0037] As illustrated in FIG. 5A, a liquid layer LL and a gas layer GL are formed in the gas-
liquid contact flow passage 212. The liquid layer LL is a layer in which a liquid flows from the
distillate discharge port 152 side to the bottom product discharge port 162. The gas layer GL is
a layer in which a gas flows from the bottom product discharge port 162 side to the distillate
discharge port 152 side above the liquid layer LL. Gas-liquid contact occurs at the boundary of
the liquid layer LL and the gas layer GL, and the gas-liquid contact flow passage 212 is
brought into a gas-liquid equilibrium state.

[0038] As described above, in this embodiment, the height of the gas-liquid contact flow
passage 212 is as small as about 4 mm. Therefore, the height of each of the liquid layer LL
and the gas layer GL is also as small as 4 mm or less. Now, with reference to FIG. 5B, FIG.
5C, and FIG. 6, description is given of a relationship between the height of the gas layer GL
and the speed at which a gas-liquid equilibrium is achieved. As illustrated in FIG. 5B and FIG.
5C, the low-boiling point component is evaporated from the liquid layer LL in the heating flow
passage HR (on the flow passage R side in the stripping section). Therefore, in the liquid layer
LL, the concentration of the low-boiling point component is low in a boundary layer 81 in the
vicinity of a liquid surface with respect to the gas layer GL, and the concentration of the low-
boiling point component increases as a distance from the gas layer GL increases. Thus, in the
liquid layer LL, the low-boiling point component is diffused in a direction from a wall surface
(bottom surface) to the gas layer GL. In this case, as the height of the liquid layer LL becomes
smaller, the concentration gradient of the low-boiling point component increases. Therefore, a
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mass transfer rate increases to accelerate evaporation. Meanwhile, as illustrated in FIG. 6, in
the cooling flow passage CR (on the flow passage C side in the rectification section), when
vapor is cooled, the low-boiling point component is condensed from the gas layer GL.
Therefore, in the gas layer GL, the concentration of the low-boiling point component is low in a
boundary layer 5g in the vicinity of the liquid surface with respect to the liquid layer LL, and the
concentration of the low-boiling point component increases as a distance from the liquid layer
LL increases. Thus, in the gas layer GL, the low-boiling point component is diffused in a
direction from a wall surface (upper surface) to the liquid layer LL. Also in this case, as the
height of the gas layer GL becomes smaller, the concentration gradient of the low-boiling point
component increases. Therefore, a mass transfer rate increases to accelerate condensation.

[0039] Specifically, as the height of each of the gas layer GL and the liquid layer LL becomes
smaller, a time period required for mass transfer is shortened. Hence, a time period required
for a gas-liquid equilibrium to be achieved is also shortened. That is, the speed at which a gas-
liquid equilibrium is achieved increases as the height of each of the gas layer GL and the liquid
layer LL becomes smaller. Therefore, when the height of each of the gas layer GL and the
liquid layer LL is reduced (for example, to 10 mm or less), a time period required for a gas-
liquid equilibrium to be achieved can be significantly shortened as compared to the related-art
plate column.

[0040] However, there is a limit to the height of the gas layer GL. In view of this, in the
separation device 100 according to this embodiment, the porous body 250 is arranged in the
gas layer GL, to thereby cause the flow of a gas flowing through the gas layer GL to meander.
That is, the distance by which a gas flows in the gas-liquid contact flow passage 212 is set to
be longer than a shortest distance between the distillate discharge portion 150 and the bottom
product discharge portion 160.

[0041] Meanwhile, the amount of vapor and the volume of the gas layer GL remain
unchanged, and hence a retention time does not change. That is, the flow speed of the gas
flowing through the porous body 250 temporarily increases while the gas meanders. With this,
the thickness of the boundary layer 5g becomes thinner. That is, it is conceivable that the mass
transfer rate increases to further shorten a time period required for a gas-liquid equilibrium to
be achieved. Thus, the separation performance for separation of the low-boiling point
component and the high-boiling point component can be improved.

[0042] Further, when the porous bodies 250 are filled into the partitioned flow passages DR,
there is such an effect that the raw material liquid easily flows into all the partitioned flow
passages DR. The partitioned flow passages DR are each arranged so as to make a
downward slope, and hence the raw material liquid flows into the partitioned flow passages DR.
However, there may occur a situation in which the raw material liquid flows into part of the flow
passages without flowing into all the partitioned flow passages DR due to resistance such as
surface tension applied to the raw material liquid and the flow passages. In view of this, the
inflow of the raw material liquid is accelerated by the porous bodies 250 filled into the
partitioned flow passages DR. Meanwhile, when the porous bodies 250 are filled with a liquid to
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be saturated, large resistance is caused, with the result that the raw material liquid flows into
the flow passages into which the raw material liquid has not flowed. Through repetition of this
phenomenon, the raw material liquid finally flows into all the partitioned flow passages DR. With
this, a retention time of the flow of the raw material liquid is increased, and the raw material
liquid is sufficiently heated, thereby evaporating the substantially entire low-boiling point
component. Thus, the separation performance for separation of the low-boiling point
component and the high-boiling point component is improved, and in particular, the recovery
rate can be significantly improved.

[0043] There is no limitation on a material for the porous body 250, but it is preferred that the
material have large heat conductivity and corrosion resistance against components contained
in the raw material liquid. It is preferred that the porous body 250 be made of, for example, a
metal (for example, stainless steel or titanium), a synthetic resin, plastic (for example, a
fluororesin), glass, or ceramics. The porous body 250 may also be made of sponge.

[0044] Further, it is preferred that the flow passage sectional area of the meandering flow
passage formed in the porous body 250 be large to such a degree that the porous body does
not suck the liquid in the liquid layer LL through a capillary phenomenon. That is, the flow
passage sectional area (pore diameter) of the porous body 250 is designed based on the
components of the raw material liquid. With this, the situation in which a pressure loss in the
gas layer GL increases can be avoided.

[0045] As descried above, in the separation device 100 according to this embodiment, through
arrangement of the porous body 250 in the gas layer GL, the mass transfer rate of a gas is
increased to improve the separation performance for separation of the low-boiling point
component and the high-boiling point component, and the processing amount can be
increased. Further, the separation device 100 has a structure in which the plurality of gas-liquid
contact units 210 and the plurality of heat medium units 220 are alternately arranged over one
another, and hence the processing amount of the raw material liquid can be increased.

(Second Embodiment)

[0046] FIG. 7Ais an explanatory view for illustrating the gas-liquid contact unit 210 in the first
embodiment. FIG. 7B is a sectional view as seen in the direction indicated by the arrows VIb of
FIG. 7A. FIG. 8Ais an explanatory view for illustrating a gas-liquid contact unit 310 in a second
embodiment. FIG. 8B is a sectional view as seen in the direction indicated by the arrows VlIb of
FIG. 8A. FIG. 8C is a partial top view of FIG. 8A. FIG. 9 is a partial top view of a gas-liquid
contact unit 350.

[0047] As illustrated in FIG. 7A and FIG. 7B, the gas-liquid contact unit 210 in the first
embodiment includes a raised portion 218 between the bottom surfaces of the ribs 216a and
the raw material liquid introduction port 214. Thus, when a raw material liquid is introduced
from the raw material liquid introduction port 214, the raw material liquid reaches the
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partitioned flow passages DR through (over) the raised portion 218. In this case, as illustrated
in FIG. 7B, surface tension is applied to the raw material liquid (indicated by the broken line in
FIG. 7B), and a difference in amount is caused in the raw material liquid to be introduced
between a partitioned flow passage DR4 arranged at the center and other partitioned flow
passages DR1 to DR3 and DR5 to DR 7. Specifically, the introduction amount of the raw
material liquid decreases from the center to the partitioned flow passages DR1 and DR7
arranged at both ends.

[0048] In view of the foregoing, as illustrated in FIG. 8A to FIG. 8C, baffle plates 312 are
arranged on the ribs 216a on the raw material liquid introduction port 214 side. The baffle
plates 312 are arranged so as to extend upright from a bottom surface of the gas-liquid contact
unit 310 (base end portion of the raised portion 218). With this, the raw material liquid
introduced from the raw material liquid introduction port 214 is introduced into the partitioned
flow passages DR through flow passages between the baffle plates 312. That is, the raw
material liquid is introduced into the partitioned flow passages DR after being distributed to the
flow passages between the baffle plates 312. With this, the difference in introduction amount of
the raw material among the partitioned flow passages DR1 to DR7 can be reduced, and
variations in separation performance in the respective partitioned flow passages DR can be
reduced.

[0049] Further, as illustrated in FIG. 8B and FIG. 8C, in the second embodiment, the baffle
plates 312 are designed so that a distance Wa between the baffle plates 312 is smaller than
the width W of the partitioned flow passage DR. Therefore, the raw material liquid is guided
from the narrow flow passages to the wide partitioned flow passages DR. Thus, when the raw
material liquid is introduced into the partitioned flow passages DR, the flow speed of the raw
material liquid is decreased, and the difference in introduction amount of the raw material
among the partitioned flow passages DR1 to DR7 can be further reduced.

[0050] Further, the gas-liquid contact unit 350 illustrated in FIG. 9 may be used. In the gas-
liquid contact unit 350, ribs 316a are formed so that a width Wb of an end portion of the
partitioned flow passage DR on the raw material liquid introduction port 214 side is larger than
that on the bottom product discharge portion 160 side. With this, a reception port for the raw
material liquid of each of the partitioned flow passages DR can be widened, and the difference
in introduction amount of the raw material among the partitioned flow passages DR1 to DR7
can be reduced.

(Third Embodiment)

[0051] In the first embodiment, description is given by exemplifying the configuration in which
the porous body 250 is arranged in the gas layer GL to prolong the retention time of a gas
flowing through the gas layer GL. In a third embodiment, the retention time of a liquid is
prolonged by devising the shape of the partitioned flow passage forming the liquid layer LL.
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[0052] FIG. 10Ais a first top view of a gas-liquid contact unit 410 in the third embodiment. FIG.
10B is a second top view of a gas-liquid contact unit 420 in the third embodiment. FIG. 10C is a
third top view of a gas-liquid contact unit 430 in the third embodiment. In FIG. 10Ato FIG. 10C,
for ease of understanding, the ribs are illustrated by black solid parts.

[0053] For example, the gas-liquid contact unit 410 illustrated in FIG. 10A includes a plurality
of ribs 416a. The ribs 416a extend in a direction orthogonal to an imaginary straight line K (flow
direction of the raw material liquid when the ribs 416a are not formed) that connects the
distillate discharge port 152 and the bottom product discharge port 162 to each other. That is,
the gas-liquid contact unit 410 includes the ribs 416a arranged in a so-called labyrinth
structure. Further, the gas-liquid contact unit 420 illustrated in FIG. 10B includes a plurality of
ribs 426a. The ribs 426a extend in a direction crossing the imaginary straight line K. Further,
the gas-liquid contact unit 430 illustrated in FIG. 10C has a structure in which a plurality of
columnar bar members 436a are arranged so as to extend upright from a bottom surface.

[0054] In the gas-liquid contact unit 410 to the gas-liquid contact unit 430, the flow of a liquid
flowing through the liquid layer LL can be caused to meander. That is, a meandering flow
passage can be formed. In the meandering flow passage, the distance by which a liquid flows
in the gas-liquid contact flow passage 212 is larger than a shortest distance from the distillate
discharge portion 150 to the bottom product discharge portion 160.

[0055] With this, the retention time of a liquid in the liquid layer LL can be prolonged. Thus, the
separation performance for separation of the low-boiling point component and the high-boiling
point component can be improved.

[0056] The configuration in which the porous body 250 is arranged in the liquid layer LL is
conceivable. However, the viscosity of a liquid is higher than that of a gas. Therefore, when the
porous body 250 is arranged in the liquid layer LL, a pressure loss is increased, and the
processing speed is decreased. Thus, with the configuration as illustrated in the gas-liquid
contact unit 410 to the gas-liquid contact unit 430, the separation performance for separation
of the low-boiling point component and the high-boiling point component can be improved
while a decrease in processing speed is prevented.

(Fourth Embodiment)

[0057] The gas-liquid contact unit 210 in the first embodiment is formed by performing groove
processing. However, the plurality of partitioned flow passages DR can also be formed in the
gas-liquid contact unit with another configuration.

[0058] FIG. 11A is a first explanatory view for illustrating a gas-liquid contact unit 510 in a
fourth embodiment. FIG. 11B is a second explanatory view for illustrating a gas-liquid contact
unit 520 in the fourth embodiment. FIG. 11C is a third explanatory view for illustrating a gas-
liquid contact unit 530 in the fourth embodiment. As illustrated in FIG. 11A, the ribs 216 may be
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replaced by plate-shaped members 512 that are raised and recessed, that is, plate members
each having a corrugated plate shape (corrugated shape). With this, the gas-liquid contact flow
passage 212 is partitioned into the plurality of partitioned flow passages DR by the members
512. The plurality of partitioned flow passages DR are arranged in parallel in a direction
orthogonal to the imaginary straight line K (X-axis direction in FIG. 11A). Further, through holes
514 are formed in the members 512. Thus, a liquid flowing below the members 512 can be
moved above the members 512. Further, a liquid flowing above the members 512 can be
moved below the members 512. Thus, the diffusion of the liquid can be accelerated. Further,
as illustrated in FIG. 11B, the gas-liquid contact unit 520 including the members 512 having
cutout portions 524 formed therein may be used.

[0059] Further, as illustrated in FIG. 11C, the gas-liquid contact unit 530, in which first
members 532 and second members 534 are arranged at a predetermined interval in a Y-axis
direction in FIG. 11C, may be used. The first members 532 and the second members 534 are
plate-shaped members that are raised and recessed. The first members 532 and the second
members 534 are arranged so that the raised portions of the first members 532 and the
recessed portions of the second members 534 overlap with one another on the imaginary
straight line K (Y-axis direction in FIG. 11C).

[0060] As described above, when the members 512, 532, and 534 each having a corrugated
plate shape are arranged in place of the ribs 216, the manufacturing cost of the gas-liquid
contact units 510, 520, and 530 can be reduced.

(Fifth Embodiment)

[0061] In the first embodiment, description is given of the separation device 100 in which the
distillate discharge portion 150 and the bottom product discharge portion 160 are connected to
the main body portion 110. However, the length L of the main body portion 110 is not sufficient
in some cases depending on components contained in a raw material liquid. Further, when the
raw material liquid contains three or more kinds of components, there is also a demand for
separating the raw material liquid into respective components. In view of the foregoing, in a
fith embodiment, description is given of a separation device in which the raw material liquid
can be efficiently separated irrespective of the components of the raw material liquid by
modularizing the main body portion 110, the distillate discharge portion 150, and the bottom
product discharge portion 160.

[0062] FIG. 12A is a first view for illustrating each module forming the separation device
according to the fifth embodiment. FIG. 12B is a second view for illustrating each module
forming the separation device according to the fifth embodiment. In FIG. 12A and FIG. 12B, for
ease of understanding, the first heat medium introduction portion 130, the first heat medium
discharge portion 132, the second heat medium introduction portion 140, and the second heat
medium discharge portion 142 are omitted.
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[0063] As illustrated in FIG. 12A, a separation device 600 according to the fifth embodiment
includes a flow passage module 610, an introduction module 620, a first discharge module
630, and a second discharge module 640. The flow passage module 610 is a module in which
the gas-liquid contact flow passages 212 and the heat medium flow passages 222 are
arranged over one another. The introduction module 620 is a module in which the gas-liquid
contact flow passages 212 and the heat medium flow passages 222 are arranged over one
another. Further, a raw material liquid introduction portion 622 configured to introduce a raw
material liquid into the gas-liquid contact flow passages 212 is provided to the introduction
module 620. The first discharge module 630 is a module in which the gas-liquid contact flow
passages 212 and the heat medium flow passages 222 are arranged over one another. A
liquid discharge portion 632 configured to discharge a liquid from the gas-liquid contact flow
passages 212 is provided to the first discharge module 630. The second discharge module
640 is a module in which the gas-liquid contact flow passages 212 and the heat medium flow
passages 222 are arranged over one another. A gas discharge portion 642 configured to
discharge a gas from the gas-liquid contact flow passages 212 is provided to the second
discharge module 640.

[0064] Various raw material liquids can be separated by combining the flow passage module
610, the introduction module 620, the first discharge module 630, and the second discharge
module 640 to form the separation device.

[0065] For example, when the raw material liquid contains a component A, a component B,
and a component C, and an attempt is made to separate those three components A, B, and C
from the raw material liquid, it is only required that the modules 610 to 640 be combined as
illustrated in FIG. 12B. With this, the raw material liquid (containing the component A, the
component B, and the component C) is introduced from the raw material liquid introduction
portion of the introduction module 620, and the raw material liquid moves to the second
discharge module 640, the flow passage module 610, and the first discharge module 630.
During this time, the components A and B are evaporated. The component C which remained
is discharged as a bottom product from the liquid discharge portion 632 of the first discharge
module 630 provided at a right end in FIG. 12B. Meanwhile, the components A and B which
are evaporated move to a left side in FIG. 12B, and the component B is discharged as a
distillate gas from the gas discharge portion 642 of the second discharge module 640. The
component A is condensed while passing through the introduction module 620 and the first
discharge module 630, and is discharged as a distillate from the liquid discharge portion 632 of
the first discharge module 630 provided at a left end.

[0066] Further, when components C and D contained in the raw material liquid are separated
therefrom, the number of the flow passage modules 610 can also be set based on the
difference in boiling point between the components C and D. For example, when the difference
in boiling point between the components C and D is large, the number of the flow passage
modules 610 is small. When the difference in boiling point between the components C and D is
small, the number of the flow passage modules 610 is large.
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(Examples)

[0067] As Example 1, distillation was performed through use of the separation device 100
having the porous bodies 250 arranged on upper surfaces (gas layers) of the ribs 216. As
Example 2, distillation was performed through use of the separation device 100 having the
porous bodies 250 filled into part of the partitioned flow passages DR. As Comparative
Example, distillation was performed through use of a separation device having no meandering
flow passage forming portions (porous bodies). A mixed solution of methanol and water was
used as a raw material liquid.

[0068] FIG. 13Ais a graph for showing a concentration (% by weight (wt%)) of methanol in a
distillate in Examples and Comparative Example. FIG. 13B is a graph for showing a methanol
recovery rate (%) in Examples and Comparative Example. In FIG. 13A and FIG. 13B, Example
1 is indicated by rhombic marks, Example 2 is indicated by triangular marks, and Comparative
Example is indicated by circular marks.

[0069] The recovery rate of methanol was calculated through use of the following expression

(1).
Recovery rate of methanol=100xDxXp/ (FxXs) - (1)
where F represents a supply flow rate (g/min) of the raw material liquid, D represents a

discharge flow rate (g/min) of a distillate, XF represents a concentration of methanol in the raw
material liquid, and XD represents a concentration of methanol in the distillate.

[0070] As shown in FIG. 13A, it was found that the concentration of methanol in the distillate in
Example 1 was higher than that in Comparative Example. Further, it was found that, when the
supply flow rate of the raw material liquid was 7 g/min or less, the concentration of methanol in
the distillate in Example 2 was higher than that in Comparative Example. Further, as shown in
FIG. 13B, it was found that the recovery rates of methanol in Examples 1 and 2 were higher
than that in Comparative Example.

[0071] Thus, it was confirmed that the separation performance (concentration of the low-
boiling point component in the distillate) can be improved with a configuration in which the
separation device 100 includes the meandering flow passage forming portions (porous
bodies). Further, it is considered that the separation performance was improved because the
condensation amount of vapor generated in the heating flow passage HR was increased due
to an increase in mass transfer rate caused by meandering of a fluid in the meandering flow
passage forming portions. Further, it is considered that the separation performance was
improved because the retention time of the raw material liquid in the stripping section was
prolonged by virtue of the uniform inflow of the raw material liquid into the partitioned flow
passages DR so that the entire low-boiling point component was able to be evaporated.

[0072] The preferred embodiments of the present disclosure have been described above with
reference to the attached drawings, but, needless to say, the present disclosure is not limited
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to the embodiments. It is apparent that those skilled in the art may arrive at various
alternations and modifications within the scope of claims.

[0073] Further, in the above-mentioned embodiments, description is given by exemplifying the
configuration in which the porous body 250 is arranged over an entire region in the length L
direction of each of the gas-liquid contact flow passages 212. However, the porous body 250
may be arranged intermittently in the length L direction of the gas-liquid contact flow passage
212.

[0074] Further, in the above-mentioned embodiments, description is given by exemplifying the
configuration in which the inner flow passage sectional area (sum of sectional areas of the
pores) of the porous body 250 is uniform over the entire region in the length L direction of the
gas-liquid contact flow passage 212. However, the sum of the sectional areas of the pores may
be set to be different between the distillate discharge port 152 side and the bottom product
discharge port 162 side. For example, the sum of the sectional areas of the pores on the
bottom product discharge port 162 side may be set to be larger than that on the distillate
discharge port 152 side. That is, the sum of the sectional areas of the pores in the heating flow
passage HR may be set to be larger than that in the cooling flow passage CR. With this, the
flow passage sectional area is increased, with the result that a pressure loss of a gas can be
reduced on the bottom product discharge port 162 side on which the amount of the gas is
large.

[0075] Further, in the above-mentioned embodiments, the dimensional relationship and the
inclination angle of the gas-liquid contact flow passage 212 are described. However, it is only
required that the dimensional relationship and the inclination angle of the gas-liquid contact
flow passage 212 be appropriately set based on the ratio between the low-boiling point
component and the high-boiling point component in the raw material liquid, the intended
separation performance, and the introduction flow speed (processing speed) of the raw
material liquid in the raw material liquid introduction portion 120.

[0076] Further, in the above-mentioned embodiments, description is given by exemplifying the
case in which the low-boiling point component and the high-boiling point component are liquids
at normal temperature and normal pressure. However, the low-boiling point component may
be a gas at normal temperature and normal pressure. For example, even when a raw material
liquid containing ammonia and carbon dioxide as low-boiling point components is separated,
the separation devices according to the above-mentioned embodiments can be used.

Industrial Applicability

[0077] The present disclosure can be applied to a separation device configured to separate a
raw material liquid containing a low-boiling point component and a high-boiling point
component into a distillate and a bottom product.
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Reference Signs List

[0078]

GL gas layer

100 separation device

130 first heat medium introduction portion (stripping section)

132 first heat medium discharge portion (stripping section)

140 second heat medium introduction portion (rectification section)
142 second heat medium discharge portion (rectification section)
152 distillate discharge port

162 bottom product discharge port

212 gas-liquid contact flow passage

214 raw material liquid introduction port

222 heat medium flow passage (stripping section, rectification section)
250 porous body (meandering flow passage forming portion)

600 separation device
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PATENTKRAYV

Separationsindretning (100), omfattende:

en strgmningspassage (212) med gas-vaeskekontaki, som omfatter en
destillatudledningsport (152) dannet pa en endeside og en bundprodukt-
udledningsport (162) dannet pa en anden endeside;

en indferingsport (214) til ramaterialeveeske dannet mellem destillat-
udledningsporten (152) og bundproduktudledningsporten (162) i stremnings-
passagen (212) med gas-vaeskekontakt;

et stripningsafsnit (130, Ra, Rb, Re, Rq, 132), som er tilvejebragt mellem
indfgringsporten (214) til ramaterialevaeske og bundproduktudlednings-
porten (162) og er indrettet til at opvarme en vaeske i stramningspassagen
(212) med gas-veeskekontakt;

et rektifikationsafsnit (140, Ca, Co, Cc, Ca, 142), som er tilvejebragt mellem
indfgringsporten (214) til ramaterialevaeske og destillatudledningsporten
(152) og er indrettet til at afkale en gas i stramningspassagen (212) med gas-
vaeskekontakt; og

en varmemedieenhed (220), som danner stramningspassager (Ra, Rb, Re,
Ra,) til et farste varmeoverfaringsmedium i stripningsafsnittet (130, Ra, Rb,
Re, Ra, 132) og stramningspassager (Ca, Cb, Cc, Cq) til et andet varme-
overfaringsmedium i rektifikationsafsnittet (140, Ca, Cb, C¢, Cq, 142), hvor
separationsindretningen (100) omfatter fagrste ribber (216a), som straekker
sig fra indfaringsportsiden til ramaterialeveeske til bundproduktudlednings-
portsiden, og andre ribber (216b), som straekker sig fra indfaringsportsiden
til ramaterialeveeske til destillatudledningsportsiden, hvor de farste ribber
(216a) og de andre ribber (216b) er anbragt saledes, at ramaterialevaeske,
som indfgres fra indfaringsporten (214) til ramaterialeveeske i stramnings-
passagerne (212) med gas-vaeskekontakt, stremmer gennem opdelte
stramningspassager (DR), som er stramningspassager opdelt af de farste

0g andre ribber (216a, 216b), og hvor en bundflade (212a) af stremnings-
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passagen (212) med gas-vaeskekontakt straekker sig i en i det vaesentlige
horisontal retning, hvor bundfladen (212a) er skratstillet i forhold til et hori-
sontalt plan fra destillatudledningsporten (152) nedad til bundproduktudled-
ningsporten (162), kendetegnet ved et parti, som danner en maeandrerende
stramningspassage, og som er anbragt i stremningspassagen (212) med
gas-veaeskekontakt og danner en meeandrerende strgmningspassage, som
er indrettet til at bevirke, at en stramning af gassen maeandrerer, hvor partiet,
som danner en meeandrerende stramningspassage, er dannet af et porgst
legeme (250), som er anbragt pa evre flader af de farste ribber (216a) og
gvre flader af de andre ribber (216b), hvor en gvre flade af det porgse legeme
(250) holdes i kontakt med en nedre flade af varmemedieenheden (220).
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