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SPECTIFICATION

TITLE OF THE INVENTION
DISTILLATION APPARATUS AND DISTILLATION METHOD

BACKGROUND OF THE INVENTION
Field of the Invention: |

The present invention relates to a distillation apparatus and a
- distillation method.

Description of the Related Art: |

Conventionally, various kinds of distillation apparatus have
been provided for separating, through distillation, a plurality of
components contained in a material liquid in order to obtain
predetermined components as products.

For example, in the case of a material liquid containing three
éomponents A, B, and C, in which component A is lower in boiling point
" than component B, and component B is lower in boiling point than'
component C; i.e., component A is a low-boiling-point component,
component B is a medium-boiling-point component, and component C is a
high-boiling-point component, the following distillation apparatué is
used to separate components A to C of the material liquid through
distillation.

FIG. 1 conceptually shows a conventional distillation apparatus.

In FIG. 1, reference numeral 201 denotes a first distillation

column; reference numeral 202 denotes a second distillation column;



peference numerals 203 and 205 denote evaporators; and reference
numerals 204 and 206 denote condensers. The first distillation column
- 201 includes, from top to bottom, a first section 211, a second section
212, a third section 213, a foupth section 214, and a fifth section 215.

An unillustrated packing element is disposed in each of the second
section 212 and the fourth section 214, to thereby form an enriching
section in the second section 212 and an exhaust section in the fourth
section 214. The second distillation column 202 includes, from top to
bottom, a first section 216, a second section 217, a third section 218,
a fourth section 219, and a fifth section 220. An unillustrated packing
element is disposed in éach of the second section 217 and the fourth
section 219, to thereby form an enriching section in the'second section
217 and an exhaust section in the fourth section 219,

For example, when a material liquid M containing three
components A, B, and C is fed into the third section 213 of the first
distillation column 201, vapor rich in component A is discharged from
the top of the first distillatioh column 201 and sent to the condenser
204, where the vapor is condensed into liquid rich in component A. The
liquid rich in component A is discharged as distillate from the
condenser 204, A portion of the distillate is refluxed as a refluxed
liquid into the first distillation column 201, whereas the remaining
distillate is discharged to an external destination.

Liquid rich in components B and C is discharged as a column-
bottom liquid from the bottom of the first distillation column 201. A

portion of the ¢olumn—bottom liquid is sent to the evaporator 203,
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where the column-bottom liquid is evaporated through application.of heat
to become vapor rich in components B and.C. The vapor rich in
components B and C is returned to the first distillation column 201.
The remaining column-bottom liquid is fed into the third section 218 of
the second distillation column 202.

When the column-bottom liquid is fed into the third section 218,
vapor rich in component B is discharged from the top of the second.
 distillation column 202 and sent to the condenser 206, where the vapor
is condensed into liquid rich in component B. The'liquid rich in
component B is discharged as distillate from the condenser 206. A
portion of the distillate is refluxed into the second distillation
column 202, whereas the remaining distillate is dischérged to an
external destination.

Liquid rich in component C is discharged as a column-bottom
liquid from the bottom of the second distillation column 202. A portion
of the coiumn—bottom liquid is sent to the evaporator 205, where the
column-bottom liquid is evaporated through application of heat to become
vapor rich in component C. The vapor rich in component C is returned
to.the second distillation column 202. The remaining column-bottom
liquid is discharged to an external destination.

Next wili be described a distillation apparatus to be applied to
the case where components B and C are high-melting-point materials.

FIG. 2 conceptually shows a conventional distillation apparatus
to be applied to the case where.a mediuﬁ—boiling—point component and a

high-boiling-point component are formed from respective high-melting-



point materials. |

In FIG. 2, symbol M denotes a material liquid containing three
- components A to C; reference numeral 201 denotes a first distillation
column; reference numeral 202 denotes a second distillation columnj
reference numerals 203 and 205 denote evaporators; and reference
numerals 204 and 206 denote condensers.

when the condenser 206 employs ordinary cooling water as cooling
medium for cooling vapor rich in component B discharged from the top of
the second distillation column 202, and the melting point of codponent
B is higher than the temperature of cooling water.(for example, the
melting pcint of component B is higher than a cooling water temperature
of 30 °C to 357 ), vapor rich in component B cannot be condensed before
the temperature of the vapor rises sufficiently high after operation of
the distillation apparatus is started. During that pericd of time, the
vapor solidifies within the condenser 206; thus, liquid rich in
component B cannot be obtained as distillate.

In order to prevent the above-mentioned solidification of the
vapor rich in component B within the condenser 206, a cooling system 225
connected to the condenser 206 uses a cooling medium heated to a
tempereture higher than the melting point of component B, such as hot
water, cooling oil, or steam, until a predetermined period of time
elapses after the operation of the distillation apparatus is started.
Distillate is discharged from the condenser 206 to a line L11; a portion
of the distillate is refluxed into the second distillation column 202

through a line L12; and the remaining distillate is discharged through



a line L13. In order to prevent solidification of the distillate within
the lines L11, L12, and L13, the lines L11 to L13 assume a double-pipe
structure.

Liquid rich in component C, which serves as a column-bottom
liquid, is discharged from the bottom of the second distillation column
202 to a line L15; a portion of the column-bottom liquid is sent to the
evaporator 205 through a line L16; and the remaining column-bottom
| liquid is discharged through a line L17. In order to prevent
solidification of the column-bottom liquid within the lines L15 to L17
when the temperature of cﬁmponent C is higher than ambient temperature,
the lines L15 to L17 assume a double-pipe structure. The double-pipe
structure includes an inner pipe and an outer pipe disposed
concentrically. Steam serving as a heating medium is caused to flow
through the space between the inner and outer pipes to thereby prevent
solidification of the distillate or the column-bottom liquid flowing
through the inner pipe.

In order to reduce energy consumed for heating the column-bottom
liquids in the evaporators 203 and 205, preferably the evaporators 203
and 205 are lowered in temperature. However, when the evaporators 203
and 205 are lowered in temperature, evaporation of the column-bottom
liquids becomes difficult accordingly. In order to cope with this
problem, vacuum generators 227 and 228 are connected to the condensers
204 and 206, fespectively, so as to establish a negative pressure within
the first and second distillation columns 201 and 202. As a result,

the column-bottom liquids can be readily evaporated. Also, vent gas



generated within the first and second distillation columns 201 and 202
can be drawﬁ out and released into the atmosphere.

However, when the condenser 206 and the vacuum generator 228 are
directly connected, a porfion of vapor rich in component B is mixed
with the vent gas and sent from the condenser 206 to the vacuum
generator 228. The vapor Solidifies within the vacuum generator 228,
breaking the vacuum generator 228, In order to cope with this problem,
a vent gas treatment apparatus 230 is disposed between the condenser
206 and the vacuum generator 228 so as to remove the vapor rich in
component B frbm the vent gas. The vent gas treatment apparatus 230
includes condensers 231 and 232 for separating the vent gas and the
~ vapor from eagh other. Lines L21 to L23 for connecting the condenser
206 and the condensers 231 and 232, lines L24 to L26 for connecting the
condensers 231 and 232 and the vacuum generator 228, and lines L27 to
L29 for draining the condensers 231 and 232 assume a steam trace pipe
structure.

However, employment of the above-mentioned auxiliary apparatus
causes an increase in area occupied by the distillation apparatus and
an increase in cost. |

FIG. 3 is a view for explaining a conventional cooling system.
_Structural features similar to those in FIG. 2 are denoted by common
reference numerals, and repeated description thereof is omitted.

| Vapor rich in component B discharged from the second
distillation column 202 is sent, through a line L31, to the condenser

206, where the vapor is condensed and discharged as a distillate to a
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line L11. In order to prevent solidification of the vapor within ﬁhe
condenser 206, hot water heated to a temperature higher than the
melting point of component B is fed as a cooling medium to the condenser
'206.

The cdoling system 225 includes a hot water tank 235, a cooier
236, a pump 237, and.valves 238 and 239. Before operation of the
.distillation apparatus is started, the valve 238 is opened so as to
feed cooling water to the hot water tank 235 through an unillustrated
line and a line L32 such that the hot water tank 235 storeé cooling
water by a volume required to start up the cooling system 225; i.e., by
a hold.up volume. For a predetermined period of time after operaiion
of the distillation apparatus is started, the valve 238 is held open to
feed steam to the hot water tank 235 through the line L32.

Water contained in the hot water tank 235 is heated to a
tempgrature higher than the melting point of component B by means of
the steam. Thus¥obtained hot water is sent to the cooler 236 via a line
'L36, the pump 237, and a line L35. The cooler 236 cools hot water to a
predetermined temperature higher than the melting point of component B
by means of low-temperature water. Thus-temperature-regulated hot water
is fed to the condenser 206 through a line L34 and causes vapor rich in
component B to be condensed within the condenser 206. In this manner,
‘solidification of the vapor is prevented, and distillate having a
temperature higher than the melting point of component B can be
obtained. Hot water heated at the condenser 206 is sent to the hot

water tank 235 through a line L33. The valve 238 is closed when the



temperature of hot wéter contained in the hot water tank 235 is equal
to or higher than a predetermined teméerature; and the value 238 is
opened when the temperature of hot water contained in the hot water
tankl235 is lower than the predetermined temperature.

| As mentioned above, the cooling system 225 requires the hot
water tank 235 and the cooler 236, among other auxiliary apparatus,
resulting in an increase in area occupied by the distillation apparatus
as well as an increase in cost.

FIG. 4 is a view for explaining another conventional cooling
system. Structural features similar_to those in FIG. 3 are denoted by
common reference numerals, and repeated description thereof is omitted.

In order to prevent solidification of vapor rich in component B
within the condenser 206, booling 0il heated to a temperature higher
than the melting point of component B is fed as a cooling medium to the
condenser 206.

A cooling systém 241 includes an oil tank 242, a cooler 236, a
pump 237, and valves 238 and 239 Before operation of the distillation
apparatus is started, the valve 238 is opened so as to feed cooling oil
heated to a temperature higher than the melting point of component B to
the oil tank 2u2 through a line L32.such that the oil tank 242 stores
 cooling oil by the hold up volume of the cooling system 241. Cooling
o0il is sent from the oil tank 242 to the cooler 236 via a line L36, the
pump 237, and a line L35. The cooler 236 cools cooling oil to a
predetermined temperature higher than the melting point of component B

by means of low-temperature water. Thus-temperature-regulated cooling



oil is fed to the condenser 206 through a line L34 and causes vapor rich
in component B to be condensed within the condenser 206.

In the manner mentioned above, solidification of vapor rich in
component B is prevented, and distillate having a temperature higher
| than the melting point of cemponent B can be obtained. Cooling oil
heated at the condenser 206 is sent to the oil tank 2&2.through a line
L33. The valve 238 is closed when the temperature of cooling oil
contained in the oil tank 242 is equal to or higher than a
predetermined temperature; and the value 238 is opened when the
temperature of cooling oil contained in the oil tank 242 is'lower than
the predetermined temperature.

As mentioned above, the cooling system 241 requires the cooler
236 and the oil tank 242, among other auxiliary apparatus, resulting in
an increase in area occupied by the distillation apparatus as well as
an increase in cost. |

FIG. 5 is a view for explaining still another conventional
cooling system. |

In FIG. 5, reference numeral 252 denotes a second distillation
column, and peference numeral 256 denotes a condenser disposed within
the distillation column 252. In order to prevent solidification of
vapor rich in component B within the condenser 256, hot water heated to
a temperature higher than the melting point of component B is fed as a
cooling medium to the condenser 256.

A cooling system 261 includes a hot water tank 262 and valves

263 to 266. For a predetermined period of time after operation of the
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distillation apparatus is started, the valve 263 is held open to feed
steam to the hot water tank 262 through a line L41. In the hot water
tank 262, steam and hot water are separated from each other. Hot water
heated to a temperature higher than the melting point of component B is
-fed to the condenser 256 through a line L¥2 and causes vapor rich in
component B to be condensed within the condenser 256, In this manner,
solidification of the vapor is prevented, and distillate having a
temperature higher than the melting point of component B can be
 obtained. Hot water (purified water) heated in the condenser 256
becomes pressurized hot water corresponding to the temperature of
process steam within the condenser 256. Pressurized hot water is sent
t6 the hot water tank 262 through a line Li#3. During the above-
mentioned operation, the valves 264 to 266 are held closed.

When the distillation apparatus enters steady-state operation,
pressurized hot water fed to the hot water tank 262 is caused to
separate into steam and hot water. Subsequently, the valve 263 is
closed, and the valves 264 to 266 are opened. As a result,_purified
. water is fed to the hot water tank 262 through a line LM, and hot water
contained in the hot water tank 262 is fed to the condenser 256 through
the line LU42, Steam contained in the hot water tank 262 is discharged
through a line Lﬂ5 and the valve 265. Hot water contained in the hot
water tank 262 is periodically blown out throﬁgh a line L46 and the
valve 266. Through practice of hot-water blow, the interior of the
cooling system 261 is cleaned.

As mentioned above, the cooling system 261 requires the hot
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water tank 262 and the valves 263 to 266, among other auxiliary
apparatus, resulting in an increase in area occupied by the distillgtion
apparatus as well as an increase in cost.

FIG. 6 is a view for explaining a conventional vent gas
treatment apparatus. Structural features similar to those in FIG. 2 are
denoted by common reference numerals, and repeated description thereof
is omitted.

A vent gas treatment apparatus 230'employs switching-condenser
operation. The condenser 206 is accompanied by two condenéers 231 and
232, which are disposed in parallel. One of the two condensers 231 and
2323 for example, the condenser 231 is operated, while the other
condenser 232 is on standby. Coolant is fed to the_operating condenser
231 so as to cool'vapor rich in component B mixed with vent gas to a
temperature lower than the melting point of coﬁponent B. The vapor ié
solidified to become a solid substance rich in component B within the
condenser 231,

Solidification mentioned above causes reduction in the heat
transfer area of the condenser 231. Whéﬁ the heat transfer area becomes
smaller than a predetermined limit, the condenser 231 is brought on
standby, and the condenser 232 is started. Compressed air is fed to
the condenser 231 to thereby blow out coolant remaining in condenser
tubes. Subsequently, steam is fed to the condenser 231 to.thereby melt
the solid substance rich in component B formed within the condenser 231
into liquid rich in component B. The liquid is discharged through a

line L28. Steam is condensed to become condensate, which is discharged
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from the condenser 231. After the liquid rich in component B is
discharged from the condenser 231, coolant is fed to the condenser 231
so as to precool the same.

As mentioned above, the vent gas treatment apparatus 230
‘requires the condensers 231 and 232, among other auxiliary apparatus,
resulting in an increase in area occupied by the distillation apparatus
as well as an increase in cost. |

FIG. 7 is a view for explaining another conventional vent gas
N treatment apparatus.

| The condenser 206 and a vent gas treatment apparatus 270 are
connected by means of a line L71. The vacuum generator 228 and the
vent gas treatment apparatus 270 are connected by means of a line LT4.
The vent gas treatﬁent apparatus 270 employs vent scrubber operation.
The vent gas treatment apparatus 270 includes a vent scrubber 2715 a
pump 273; a heat exchanger 274; and valves 275 and 276. The vent
scrubber 271 includes a still section 281 and a packing column section
282,

Solution for adsorbing vent gas and vapor rich in component B is
‘circulated by means of the pump 273. Specifically, the solution
discharged from the still section 281 to a line L72 is sent, through a
line L73, to the heat exchanger 274 by means of the pump 273. The
solution discharged from the heat exchanger 274 is fed to the packing
column section 282 through a line L77. The thus-fed solution is sprayed
from the top of the packing column section 282 and descends within the

packing column section 282, Vent gas is fed to the still section 281
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through the line L71 and ascends within the packing column section 282
to thereby be adsorbed by the solution. The solution which has
adsorbed vent gas is discharged to the line L72 and is then sent to an
unillustrated treatment apparatus through a line L75 at predetermined
timing. A line L76 is uséd to replenish the vent gas treatment
apparatus 270 with the solution. The solution has properties capable of
sufficiently adsorbing vapor rich in component B having high meltihg
point. |

As mentioned above, the vent gas treatment apparatus 270
requires the vent scrubber 271 and the heat exchanger 274, among dther
auxiliary apparatus, resulting in an ihcrease in area occupied by the
distillation apparatus as well as an increase in cost. = Furthermore, the
solution must has properties capable of sufficiently adsorbing vapor
rich in component B having high melting point, thus boosting
distillation cost.

A distillation apparatus embodied through modification of the
distillation apparatus of FIG. 1 has been provided. The distillation
apparatus is configured in thé following manner. The top of the first
distillation columﬁ 201 is connected to the side of the second
distillation column 202. In the first distillation column 2017,
component C is separated from components A and B. In the second
distillation column 202, component A and component B are separated from
each other to thereby collect component B as a product.

FIG. 8 conceptually shows a conventional distillation apparatus

in which a medium-boiling-point component is collected at the bottom of
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a second distillation column. Structural features similar to those in
FIG. 1 are denoted by common reference numerals, and repeated
description thereof is omitted.

| For example, when a material liquid M containing three
components A, B, and C is fed into the third section 213 of the first
distillati'on column 201, vapor rich in components A and B is discharged
from the top of the first distillation column 201 and sent to the
condenser 204, where the vapor is condensed into liquid rich in
components A and B. The liquid rich in components A and B is
discharged as distillate from the condenser 204, A portion of the
distillate is refluxed into the first distillation column 201, whereas
the remaining distillate is fed into the third section 218 of the
second distillation column 202.

Liquid rich in component C is discharged as a column-bottom
liquid from the bottom of the first distillation column 201. A portion
of the column-bottom liquid is sent to the evaporator 203, where the
column-bottom liquid is evaporated'through application of heat to
become vapor rich in component C. The vapor rich in component C is
returned to the first distillation column 201. The remaining column-
bottom liquid is discharged to an external destination.

When the distiilate is fed into the third section 218, vapor
rich in component A is discharged from the top of the second
distillation column 202 and sent to the condenser 206, where the vapor
is condensed into liquid rich in component A. The liquid rich in

component A is discharged as distillate from the condenser 206. A
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portion of the distillate is refluxed into the second distillation
column 202, whereas the remaining distillate is discharged to an
external destination.’

Liquid rich ip-component B is discharged as a column-bottom
liquid from the bottom of the second distillation column 202. A portion
of the column-bottom liquid is senf to the evaporator 205, where the
column-bottom liquid is evaporated through application of heat to become
vapor rich in component B. The vapor rich in component B is returned
to the second distillation column 202, The remaining column-bottom
liquid is discharged to an external destination.

When separation of component C is insufficient in the first
distillation column 201, component C gathérs as an impurity in the
vicinity of the bottom of the second distillation column 202. When
components B and C are heated in the evaporators 203 and 205,
respectively, components B and C are decomposed to form modified
“components B' and C' having a high boiling point. Thus, modified
‘components B' and C' also gather as impurities in the vicinity of the
bottom of the second distillation column 202, As a result, component B
collected as a product contains impuﬁities, such as componeﬁt C and
modified components B' and C'.

Component C and modified components B' and C' have large
molecular mass of carbon and thus affect hue and odor of the product.

Since the product is éollected at the bottom of the second
distillation column 202, the product is exposed to high temperature

induced by the evaporator 205 disposed at the column bottom. As a
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result, component B, which is a product, is decomposed to form modified
component B' having a high boiling point, with a resultant impairment in
- product quality.

In order to cope with the above problem, there is provided a
distiilation apparatus which collects a product in the form of vapor,
not in the form of liquid.

FIG. 9 conceptually shows a conventional distillation apparatus
which collects a product in the form of vapor. Structural features
similar to those in FIG. 8 are denoted by common reference numerals, and
_repeated description thereof is omitted.

A second distillation column 202 includes, from top to bottom, a
first section 216, a second section 217, a third section 218, a fourth
section 219, a fifth secﬁion 331, a sixth section 332, and a seventh
section 333. A packing element is disposed in each of the second
section 217 and the fourth section 219, to thereby form an enriching
section in the second section 217 and an exhaust section in the fourth
section 219. A demister is disposed in the sixth section 332.

Vapor rich in component B is collected as a product from the
fifth section 331 and fed to a condenser 336 via a valve 335, 1In the
condenser 336, the vapor is condensed.into liquid rich in component B.
The liquid rich ip component B is discharged from the condenser 336 as
a column-bottom liquid. The liquid is fed'to a receiver 337 and
aécumulated therein. The liquid is then discharged from the receiver
331,

In order to carry out distillation in a low-temperature region
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for prevention of impairment in product quality and to reduce energy
consumed for heating a portion of a column-bottom liquid in evaporators
203 and 205, a vacuum generator 338 is disposed for use witﬁ the
éondensers 204 and 206, and a vacuum generator 339 is disposed for use
with the condenser 336. The vacuum generators 338 and 339 generate a
negative pressure within the first and second distillation columns 201
and 202. Thus, the column-bottom liquids can be readily evaporated.
Also, vent gas generated within the first and second distillation
columns 201 and 202 can be drauwn out and released into the.atmosphere.

Even though impurities gather in the vicinity of the bottom of
the second distillation column 202, vapor rich in component B is not
collected from the bottom of the second distillation column 202, but is
collected as a product from the fifth section 331. Thus, the product
does not contain impurities; therefore, the hue and_odor of the product
are not affected. The product is collected from the fifth section 3313
i.e., the product is not exposed to high temperature induced by the
evaporator 205 disposed at the column bottom, thereby enhancing product
quality. Impurities gathering in the vicinity of the bottom of the
second distillation column 202 are discharged through a line L240.

There has been provided a distillation apparatus in which a
product is collected in the form of liquid, and impurities are removed
from the product.

FIG. 10 conceptually Showé a conventional distillation apparatus
in which impurities are removed from a product. Structural features

 similar to those in FIGS. 8 and 9 are denoted by common reference
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numerals, and repeeted description thereof is omitted.

Liquid rich in component B is collected from the fifth section
220 as a column-bottom liquid and as a product and fed to a receiver
342 via a valve 341, The receiver 342 and a heater 344 are connected.
The product fed to the receiver 342 is then fed to the heater 344, where
the product is evaporated to become vapor rich in compohent B. In the
heater 3Uul, the vapor rich in component B is separated from impurities,
such as component C and modified components B' and C'. The vapor rich
in component B, which is free of impurities, 1is returned to the
receiver 342.

Subsequently, the vapor rich in component B is fed to a
condenser 343 for use with a product. In the condenser 343, the vapor
is condensed into liquid rich in component B. The liquid rich in
component B is discharged from the condenser 343. The liquid is fed to
a receiver 345 and accumulated therein. Then, the liquid is discharged
from the receiver 345 and sent to an external destination via a valve
346, In the course of operation mentioned above, impurities are
accumulated within the receiver 342. Thus, when the operation is
performed for a predetermined period of time, the impurities are removed
through a line L248. Reference numefal 347 denotes a vacuum generator.

-The above-mentioned conventional distillation apparatus adapted
to collect a product in the form of vapor requires the valve 335, the
condenser 336, and the receiver 337, among other auxiliary-apparatus.
The above-mentioned conventional distilletion'apparatus adapted to

collect a product in the form of liquid and adapted to remove impurities



19

from the product requires the valves 341 and 346, the receivers 342 and
345, the condenser 343, and the heater 344, among other auxiliary
apparatus. Thus, the size and cost of the distillation apparatus
increase.

Also, the distillation apparatus require complicated equipment
for controlling and maintaining the same. In particular, in ﬁhe case
of the distillation apparatus adapted to collect a product in the form
of vapor, the flow rate df vapor dischahged from the fifth section 331
must be regulated by means of the valve 335. However, since control of
vapor is very complicated, involvement of vapor control pushes up the

cost of the distillation apparatus.

SUMMARY OF THE INVENTION
An object of the present invention is to solve the above-
mentioned problems in the conventional distillation apparatus and to
provide a distillation apparatus which allows a reduction in area
ocbupied thereby and which can be manufactured and operated at low cost,
as well as to provide a distillation method employing the distillation
apparatus.
~ Another object of the present invention is to provide a
distillation apparatus enabling removal of impurities from a product to
thereby prevent adverse effect. on hue and odor of the product which
would otherwise result from the impurities, as well as to provide a
distillation method employing the distillation apparatus.

. To achieve the above objects, the present invention provides a
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distillation apparatus comprising a column body; a partition for
dividing the interior of the column body into a first chamber and a
second chamber, which are adjacent to each other; a first distillation
section having an enriching section, to which a material ligquid is fed
through a feed nozzle and which is formed above the feed nozzle, and an
exhaust section formed under the feed nozzle; a second distillation
section having an enriching section connected to and formed above an
upper end of.the first distillation section, and an exhaust section
formed below the upper end and located adjacent to the enriching
section of the first distillation section while being separated from the
same by the partition; a third distillation section having an enriching
section connected to and formed above a lower end of the first
distillation section, and located adjacent to the exhaust section of the
first distillation section.while being separated from the same by the
partition, and an exhaust section formed below the lower end; a
condenser connected to the top of the column body and adapted to
condense vapor rich in a low-boiling-point component discharged at the
top; negative-pressure generatioh means connected to the condenser and
adapted to generate a negative pressure to thereby withdraw vent gas
from the column body; a gas cooler for cooling the vent gas disposed
between the condenser and the negative-pressure generation means; a
first discharge system disposed at the side of the column body and
adapted to discharge liquid rich in a medium-boiling-point component.
formed from a high-melting-point material; and a second discharge system

disposed at the bottom of the column body and adapted to discharge
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'liquid rich in a high-boiling-point compohent formed from a high-
melting-point material.

The first discharge system has first solidification prevention
means for preventing solidification of the liquid rich in the medium-
boiling-point component. The second.discharge system has second
solidification prevention means for preventing solidification of the
liquid rich in the high-boiling-point component.

In this case, the vapor rich in the low-boiling-point component
is discharged at the top of the column body, and the low-boiling-point
component is formed from a low-melting-point méterial. Thus, there is
no need to employ various aﬁxiliary apparatus such as a hot water tank,
a cooler, an oil tank, a condenser, and a vent scrubber.

Tﬁus, the distillation apparatus ailows a reduction in area
occupied thereby and can be manufactured and operated at low cost.

Preferably, the first and second solidification prevention means
each assume a double-pipe structure comprising an inner pipe and an
outer pipe disposed concentrically and in which a heating medium is
caused to flow through the space between the inner and outer pipes to
thereby prevent solidification of the liquid flowing through the inner
pipe.

Further preferably, the first and second solidification
prevention means are each steam tracing comprising a primary pipe and a
secondary pipe disposed in parallel and in which a heatihg medium is
caused to flow through the secondary pipe to thereby prevent

solidification of the liquid flowing through the primary pipe.
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The present invention provides another distiilation apparatus
comprising a column body; a partition for dividing the interior of the
column body into a first chamber and a second chamber, which are
adjacent to-each other; a first distillation section having an enriching
section, to which a material liquid containing a low-boiling-point
component, a medium-boiling-point component, and a high-boiling-point
component is fed through a feed nozzle'and.which is formed above the
feed nozzle, and an exhaust section formed under the feed nozzle; a
second distillation section having an enriching section connected to
and fobmed above an upper end of the first distillation section, and an
exhaust section formed below the upper end and located ad jacent to the
enriching section of the first distillation section while being
separated from the samé by the partition; a third distillation section
having an enriching section connected to and formed above a lower end of
thé first distillation section, and located adjacent to the exhaust
section of the first distillation section while being separated from
the same by the partition, and an exhaust section formed below the lower
end; a condenser connected to the top of the column body and adapted to
condense vapor rich in a low-boiling-point component discharged at the
top; a side cut nozzle disposed at the side of the column body and
adapted to discharge liquid rich in the medium-boiling-point component
as a product at the side; an evaporator disposed at the bottom of the
column body and adapted to generate vapor through application of heat to
liquid rich in a high—boiling—point component discharged at the bottdm;

and a cooler connected to the side cut nozzle and adapted to cool the
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product.

In this case, the liquid rich in the medium-boiling-point
component is enriched in the exhaust section of the second distillation
section and-discharged as a product at the side of the column body. The
liquid rich in the high-boiling-point component is enriched in the
exhaust section of the first distillation section and in the enriching
section of the third distillation section. The thus-enriched liquid
rich in the high-boiling-point component is further enriched in the
exhaust section of the third distillation section and.is then discharged
at the bottom of the column body. A modified component formed through
decomposition of the medium-boiling-point component is collected in the
vicinity of the bottom of the column body and is then discharged at the
column bottom. |

Accordingly, the medium-boiling-point component does not contact
the high-boiling-point component and the modified component while these
components are in the form of liquid. Thus, the medium-boiling-point
component collected as a product does not contain the high-boiling-
point component and the modified component, which are impurities. - As a
result, the hue and odor of the product are not affected.

Also, entry of impurities ihto a product can be prevented
without use of auxiliary apparatus such as a valve, a product condenser,
a receiver, and a heater, thereby reducing the size of the distillation
apparatus and the cost of manufaéture and operation of the distillation
apparatus. Furthermore, there can be simplified equipment for

controlling the operation of the distillation apparatus and maintaining
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the distillation apparatus. Since a product can be collected in the
-fofm of liquid, flow rate control of the product can bé significantly
simplified, thereby reducing.the cost of manufacture and operation of
the distillation apparatus.

Since a product is collected at the side of the column body, the
product is not exposed to high temperature induced by the evaporator
disposéd at the bottom of the column body. Also, the product does not
require additional heating by a heater. Thus, formation of a modified
component within the product can be prevented, thereby enhancing product
quality.

The product collected at the side of the column body is
immediately cooled by the cooler, thereby preventing decomposition of
the medium-boiling-point component which would otherwise result from
heat held by the product itself. Formation of a modified component
within the product can be prevented more reliably.

The present invention provides a further distillation apparatus
comprising: a column body; a partition for dividihg the interior of the
column body into a fipst-chamber and a second chamber, which are
adjacent to each other; a first distillation section having an
enriching séction, to which an adjusted material liquid comprising a
maﬁerial liquid and an additive component is fed through a feed nozzle
and which is formed above the feed nozzle, and an exhaust section formed
under the feed nozzle; a second distillation section having an
enriching section connected to and formed above an upper end of the

" first distillation section, and an exhaust section formed below the
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upper end and located adjacent to the enriching section of the first
distillation section while being separated from the same by the
partition; a third distillation section having én enriching section
connected to and formed above a lower end of the first distillation
section, and located adjacent to the'exhaust section of the first
distillation section while being separated from the same by the
partition, and an exhaust section formed below the lower end; a
condensér disposed at the top of the column body and adapted to
condense vapor rich in the additive component into liquid rich in the
additive component and to discharge the liquid rich in the additive
component as distillate;'a first discharge system disposed at the side
of the column body and adapted to discharge liquid rich in a low-
boiling—point'component formed from a high-melting-point material; and
a second discharge system disposed at the bottom of the column body and
adapted to discharge liquid rich in a high-boiling-point component.

The boiling point of the additive component is lower than that
of the low-boiling-point component.

In this case, the adjusted material liquid is obtained through
addition, to a material liquid, of an additive component lower in
boiling point than the low-boiling-point component. The adjusted
material liquid is fed to the fifst distillation section through the
feed nozzle. Thus, vapor rich in the additive component is discharged
from the top of the column body. There is no need to collect the low-
boiling-point component as a product at the top of the column body.

Vapor bich in the additive component is condensed by means of the
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condenser; i.e., there is no need to condense vapor rich in the low-
boiling-point component by means of the condenser.

Thus, there is no need to employ various auxiliary apparatus
such as a hot water tank, a cooler, an oil tank, a condenser, a vent
scrubber, and a heat exchanger, thereby reducing the size of the
distillation apparatus and the cost of manufacture and operation of the
distillation apparatus. |

Preferably, a portion of the distillate is refluxed into the
column body, and the remaining distillate is added as an additive
component to the material liquid. |

In this case, the additive component can be repeatedly used
through addition to the material liquid, thereby reducing the cost of
operation of the distillation apparatus. |

| Further preferably, a portion of the distillate is refluxed into
the column body; the remaining distillate is discharged; and an
additive component is added for replenishment in an amount
corresponding to the ampunt of the distillate to be discharged.

Still further preferably, all of the distillate is refluxed into
the column body; and in order to start operation of the distillation
apparatus, an additive component is added in a predetermined amount to
the material liquid.

Still further preferably, the distillaﬁion apparatus further
comprises negative-pressure generation means connected to the condénSer
and adapted to generate a negative pressure to thereby withdraw vent

gas from the column bodyé and a gas cooler for cooling the vent gas
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disposed between the condenser and the negative-pressure genefation
means. |

Still further preferably, the first discharge system has
solidification prevention means for preventing solidification of the
liquid rich in the low-boiling-point componeﬁt.

The present invention provides a distillation method applicable
to a distillation apparatus comprising a column body; a partition for
dividing the interior of the column body into a first chamber and a
second chamber, which are adjacent to each other; a first distillation
section having an enriching section formed above a feed nozzle, and an
exhaust section formed under the feed nozzle; a second distillation
section having an enriching section connected to and formed above an
upper end of the first distillation section, and an exhaust section
formed below the upper end and located adjacent to the enriching
section of ﬁhe first distillation section while being separated from the
same by the partition; and a third distillation section having an
enriching section connected to and formed above a lower end of the
first distillation section, and located adjacent to the exhaust section
of the first distillation section while being separated from the same by
the partition, and an exhaust section formed below the lower end.

The distillation method comprises the steps of feeding an
ad justed material liquid comprising a material liquid and an additive
component to the first distillation section through the feed nozzle;
condensing vapor rich in the additive component into liquid rich in the

additive component at the top of the column body; discharging the
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liquid rich in the additive component as distillaté; discharging liquid
‘rich in a low-boiling-point component formed from a high-melting-point
material at the side of the column body; and discharging liquid rich in
a high-boiling-point component at the bottom of the column body.

The boiling point of the additive component is lower than that
of the low-boiling-point component.

The present invention provides a further distillation apparatus
comprising a column body; a partition for dividing the interior of the
column body into a first chamber and a second chamber, which are
adjaceht to each other; a first distillation section having an enriching
section, to which an adjusted material liquid comprising a material
liquid and an additive component is fed throhgh a feed nozzle and which
is formed above the feed nozzle, and an exhaust section formed under
the feed nozzle; a second distillation seciionlhaving an enriching
section connected to and formed above an upper end of the first
distillation section, and an exhaust secﬁion formed below the upper end
and located adjacent to the enriching section of the first distillation
section while being separated from the same by the partition; a third
distillation section having an enriching section connected to and
formed above a lower end of the first distillation section, and located
adjacent to the exhaust section of the first distillation section while
being separated from the same by the partition, and an exhaust section
formed below the lower end; a condenser disposed at the top of the
column body and adapted to condense vapor rich in a low-boiling-point

component into liquid rich in the low-boiling-point component and to



29

discharge the liquid rich in the low-boiling-point; a first discharge
system disposed at the side of the column body and adapted to discharge
liquid rich in a high-boiling-point component; a second discharge system
disposed at the bottom of the column body and adapted to discharge
liquid rich in the additive component as a column-bottom liquid; and.an
evaporatdr for evaporating the column—bottdm liquid to thereby obtain
vapor rich in the additive component.

The boiling point of the additive component is higher than that
of the high-boiling-point component.

In this case, since a modified component formed through
decomposition of the high-boiling point component gathers in the
vicinity of the bottom of the column body, the modified component and
the high-boiling-point component do not contact each other while these
components are in the form of liguid. Thus, the product to be collected
does not contain the modified component, which is an impurity. As a
result, the hue and odor of the product afe not affected.

Also, entry of impurities into a product can be prevented
without use of auxiliary apparatus such as a valve, a product condenser,
a receiver, and a heater, thereby reducing the size of the distillation
apparatus and the cost of manufacture and operation of the distillation
apparatus. Furthermore, there can be simplified equipment for
controlling the operation of the distillation apparatus and maintaining
the distillation apparatus. Since a product can be collected in the
form of liquid, flow rate control of the product can be significantly

simplified, thereby reducing the cost of manufacture and operation of
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the distillation apparatué.

Since a product is collected at the side of the column body, the
product is not exposed to high temperature induced by the evaporator
disposed in the vicinity of the bottom of the column body. Also, the
product does not require additional heating by a heater. Thus,
formation of a modified component, which becomes an impurity, within the
product can be prevented, thereby'enhancing product quality.

Preferably, a portion of the coiumn—bottom liquid is fed to the
evaporator; and the rémaining column-bottom liquid is added as an
additive component to the materiél liquid.

In this case, the additive compohent can be repeatedly used.
through addition to the material liquid, thereby reducing the cost of
operation of the distillation apparatus.

Further preferably, most of the column-bottom liquid is fed to
the evaporator; the remaining column-bottom liquid is discharged; and
an additive componenf is added for replenishment in an amount
corresponding to the amount of the column-bottom liquid to be
discharged.

' Still further preferably, all of the column-bottom liquid is fed
to the evaporator; and in order to start operation of the distillation
apparatus, an additive component is added in a predetermined amount to
the material liquid. _

Still further preferably, the first discharge system has cooling
means for cooling the liquid rich in the high-boiling-point component.

In this case, the product collected at the side of the column
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body is immediately cooled bylthe cooling means, thereby preventing
decomposition of the'high-boiling—point éomponent which would otherwise
result from heat held by the product itself. Formation of a modified
component within the product éan be prévented.

The present invention provides another distillation method
applicable fo a distillation apparatus comprising a column body; a
partition for dividing the.interior of the column body into a first
chamber and a second chamber, which are adjacent to each other; a first
distillation section having an enriching section formed above a feed
nozzle, and an exhaust Section formed under the feed nozzle; a second
distillation section having an enriching section connected_to and
formed above an upper end of the first distillation section, and an
exhaust section formed below the upper end and located adjacent to the
enriching section of the first distillation section while being
separated from the same by the partition; and é third distillation
section having an enriching section connected to and formed above a
lower end of the firsf distillation section, and located ad jacent to
the exhaust section of the first distillation section while being
separated from the same'by thé partition, and én exhaust section formed
below the lower end.

The distillation'method comprises the steps of feeding an
ad justed material liquid comprising a material liquid and an additive
component to the first distillation sectibn thrdugh the feed nozzle;
condensing vapor rich in a lbw—boiling—point component into liquid rich

in the low-boiling-point cbmponent at the top of the column body;
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discharging the liquid rich in the iow—boiling—point component at the
top of the column body; discharging liquid rich in a high-boiling-point
component at the side of the column body; discharging liquid rich in
the additive componeht as a column-bottom liquid at the bottom of the
column body; and evaporating the column-bottom liquid to thereby obtain
vapor rich in the additivé component.

The boiling point of the additive component is higher than that

of the high-boiling-point component.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and features of the distillation apparatus and
method according to the present invention will be readily appreciated
as the same becomes better understood by referring to the drawings, in
which:

FIG. 1 is a conceptual view of a conventional distillation
apparatus;

FIG. 2 is a conceptual view of a conventional distillation
apparatus to be applied to the case where a medium-boiling-point
component and a high-boiling-point component are formed from respective
high-melting-point materials;

FIG. 3 is a view for explaining a conventional coocling system;

FIG, Y4 is a view fér explaining another conventional cooiing
system;

FIG. 5 is a view for explaining still ahother conventional

cooling system;
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FIG. 6 is a view for explaining a conventional vent gas
treatment apparatus;

FIG. 7 is a view for explaining another conventibnal vent gas
treatment apparatus;
| FIG. 8 is a conceptual view of a conventional distillation
apparatus in which a medium-boiling-point component is collected at the
bottom of a second distillation column;

FIG. 9 is a conceptual view of a conventional distillation
apparatus which collects a produét in the form of vapor;

FIG. 10 is a conceptual view of a conventional distillation
apparatus in which impurities are removed from a product;

FIG. 11 is a conceptual view of a distillation apparatus
according to a first embbdiment of the present invention;

FIG. 12 is a conceptual view of a“coupling—type distillation
column used in the distillation apparatus of the first embodiment;

FIG. 13 is a conceptual view of a distillation apparatus
according to a second embodiment of the present iﬁvention;

FIG. 14 is a.conceptual view of a distillation apparatus
according to a third embodiment of the present inventionj;

FIG. 15 is a conceptual view of a coupling-type distillation
column used in the distillation apparatus of the third embodiment;

FIG. 16 is a'concéptual view of a distillation apparatus
according to a fourth embodiment of the present invention;

FIG. 17 is a conceptual view of a distillation apparatus

according to a fifth embodiment of the present invention;
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FIG. 18 is a conceptual view of a distillation apparatus
accordiﬁg to a sixth embodiment of the present inﬁention;
" FIG. 19 is é conceptual view of a coupling-type distillation.
column used in the distillation apparatus of the sixth embodiment;
FIG. 20 is a conceptual view of a diétillation apparétus
according to a seventh embodiment of the present invention; |
FIG. 21 is a conceptual view of a distillation apparatus
according to an eighth embodiment of the present invention;
FIG. 22 is a conceptual view of a main portion of a distillation
apparatus according to a ninth embodiment of the present invention; and
FIG. 23 is-a conceptual view of a main portion of a distillation

apparatus according to a tenth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Embodiments of the present invention will next be described in
detail with reference to the drawings.

FIG. 11 conceptually shows a distillation apparatus according to
a first embodiment of the presernt invention. FIG. 12 conceptually
shous a goupling—type distillation column used in the distillation
apparatus of the first embodiment.

In the drawings, reference numeral 10 denotes a coupling-type
distillatiqn column. The coupling-type distillation columﬁ 10 includes
a first Section'11, a second section 12, a third section 13, a fourth
section 14, a fifth section 15, a sixth section 16, a seventh section

17, an eighth section 18, and a ninth section 19.
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In a column body of the coupling-type distillation column 10, a
partition 22 divides the fourth section 14 into a first chamber 1H5 and
a second chamber 14B; a partition 23 divides the fifth section 15 into a
fipst chamber 15A and a second chamber 15B; and a partition 24 divides
the sixth section 16 into a first chamber 16A and a second chamber 16B.
The first chambers 14A-16A are adjacent to the second chambers 1MB—168,
respectively. The first chambers 14A-16A constitute a first
distillation section 25; the first section 11, the second section 12,
the third section 13, and the second chamber 14B constitute a second
distillation section 26; and the second chambers 15B and 16B, the
seventh section 17, the eighth section 18, and the ninth section 19
constitute a third distillation section 27.

Notably, the partitions 22-24% can be made heat insulating
through employment of a design such that the partitions 22-2U are formed
of an insulating material or a design such that the interiofs of the
partitions 22-24 are made vacuum. In this case, since there can be
reduced heat transmission between the first chamber 14A and the second
chamber 14B, between the first chamber 15A and the second chamber 15B,
and between the first chamber 16A and the second chamber 16B, the
efficiency of distillation can be enhanced.

The fifth section 15 is disposed substantially at the vertical
center of the coupling-type distillation column 10. A feed nozzle Y1
is formed on the side of the coupling-type distillation column 10 at a
position corresponding to the first chamber 15A, Similarly, a side cut

nozzle 42 is formed on the side of the coupling-type distillation column
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10 at a position corresponding to the second chamber 15B, The first
section 11 is disposed at the top of the coupling-type distillation_
column 10. A vapor outlet 43 and a reflux liquid inlet 44, which are
connected to a condenser 81, are formed at the first section 11. The
ninth section 19 is disposed at the bottom of the coupling-type
distillation column 10. A column-bottom liquid outlet 45 and a vapor
inlet 46, which are connected to an evaporator 82, are formed at the
ninth section 19,

In the thus-configured coupling-type distillation column 10, a
material liquid M containing three components A, B, and C is fed to the
feed nozzle 41 through a line L51. Component A is lower in boiling
point than component B, which in turn is lower in boiling point than
component C. Component A serves as a low-boiling-point component;
component B serves as a medium-boiling-point component; and component C
serves as a high-boiling-point component. Components B and C are
formed from respective high-melting-point materials.

In the first distillation section 25, the first chamber 144
disposed above the feed nozzle 41 forms an enriching section AR1, and
the first chamber 16A dispdsed below the feed nozzle 41 forms an exhaust
section AR2. 1In fhe second distillation section 26, the second section
12 connected to and disposed above the upper end of the first
distillation section 25 forms an enriching section AR3, and the second
chamber 1UB dispdsed below the upper end of the first distillation
section 25 while being adjacent to the enriching section AR1 forms an

exhaust section ARY. In the third distillation section 27, the second
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chamber 16B connected to and disposed abo?e the lower end of the first
distillation section 25 while being adjacent to the exhaust section ARZ2
forms an enriching section AR5, and the eighth section 18 disposed
below the lower end of the first distillation section 25 forms an
exhaust section AR®6.

As described above, the ubper end of the first distillation
section 25 is connected to the substantial vertical center of the second
distillation section 26, and the lower end of the first distillation
section 25 is connected to the substantial vertical center of the third
distillation section 27.

In the exhaust section AR2, the material liquid M fed through
the feed nozzle 41 undergoes vapor-liquid separation such that vapor
rich in components A and B is generated at an upper portion thereof,
while fluid composed of vapor and liquid piéh in components B and C is
increasingly generated along the descending direction. The fluid is
fed to the third distillation section 27 from the lower end of the first
distillation section 25.

The fluid is heated in the third distillation section 27 to
thereby become vapor rich in components B and C. During ascending in
the exhaust seqtion AR2, the vapor rich in components B and C contacts
the material liquid M. As a result, component A contained in the
material liquid M is prevented from descendihg and is thus collected.
Thus is.prevented entry of component A into the third distillation
section 27.

The vapor rich in components A and B ascends in the enriching
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section AR1 and is then fed to the second distillation section 26 from
the upper end of the first distillation section 25. The vapor rich in
components A and B is cooled in the second distillation section 26 to
thereby be condensed into liquid rich in components A and B.

A portion of the liquid rich in_components A and B is refluxed
to the enriching section AR1 and brodght into contact with the vapor
rich in components A and B which is ascending in the enriching section
AR1.

In this manner, the vapor rich in components A and B can be fed
to the second distillation section 26 from the upper end of the first
distillation section 25.

In the exhaust section AR6, liquid rich in components B and C
descends, during which vapor rich in component B is generated at an
upper portion thereof, and liquid rich in component C is increasingly
generated along the descending direction. The liquid rich in component
C is dischafged as a column—boftom liquid to a line L52 from the column-
bottom liquid outlet 45. |

A portion of the columh—bottom iiquid is sent to the evaporator
82 through a line L53. In the evaporator 82, the liquid is evaporated
through application of heat to become vapor rich in component C. The
vapor rich in component C is fed to the vapor inlet 46 through a line
L54 to thereby be fed to the ninth section 19. During ascending in the
ninth section 19 and the exhaust section AR6, the vapor rich in
component C contacts liquid rich in Qomponents B and C; as a result,

vapor rich in component B is generated from the liquid rich in
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components B and C. The remaining column-bottom liquid is fed to an
unillustrated column-bottom liquid accommodétion section through the
line L55. |

Then, a portion of the vapor'rich in component B ascends in the
enrichihg section ARS, during which the portion of the vapor rich in
component B contacts the liquid rich in.component B from the second
distillation section 26 at the upper end of the third distillation
section 27 to thereby become iiquid rich in component B. The liquid
rich in component B obtained at the upper end of the third distillation
section 27 is discharged as a side cut liquid from the side cut nozile
42 to a line L56. The discharged side cut liquid is fed to an
unillustrated side cut liquid accommodation section. The line L56
serves as the first discharge system.

In the exhaust section ARY of the second distillation section
26, liquid rich in components A and B descends, during which vapor rich
in component A is generated at an upper portion thereof, and liquid rich
in component B is increasingly generated along the descending
direction. The liquid rich in component B obtained at the lower end of
the second distillation section 26 is discharged as the side cut liguid
from the side cut nozzle H2.to_the line L56.

The vapor rich in component A ascends in the enriching section
AR3 and is then discharged from the vapor outlet 43 to a line L57. The
discharged vapor rich in component & is sent to the condenser 81, where
the vapor is condensed into liquid rich in component A, which is

discharged as distillate to a line L58. In order to enhance the



40

efficiency of.distillation for component A, a portion of the distillate
is sent to the reflux liquid inlet 44 through a line L59 and refluxed
into the first section 11 through the reflux liquid inlet 334, The
refluxed distillate is brought into contact with vapor rich in
components A and B ascending in the enhiching section AR3. The
remaining distillate is fed to an unillustrated distillate
accommodation section through a line LGD;

As described above, vapor rich in components A and B is
separated into vapor rich in componeht A and liquid rich in componeht B
by means of the second distillation séction 26. The vapor rich in
component A is discharged from the top of the column body and condensed
into liquid rich in component A by means of the condenser 81. The
liquid rich in component B is discharged as a side cut liquid fr*onh the
side cut nozzle 42, Liquid rich in components B and C is separated
into liquid rich in component B and liquid rich in component C by means
of the third distillation section 27. The liquid rich in component B
is discharged as a side cut liquid from the side cut nozzle U¥2. The
liquid rich in component C is discharged as a column-bottom liquid from
" the bottom of the column body.

Since the melting points of components B and C are higher than
ambient temperature, the lines L52, L53, L55, and L56 assume é double-
pipe structure in order to pvevent solidification of the side cut
liquid within the line L56 and solidification of the column-bottom
liquid within the lines L52, L53, and L55. The lines L52, L53, and L55

‘constitute the second discharge system. The double-pipe structure that
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the line L56 assumes serves as the first solidification prevention
means, and the double-pipe structure that the lines L52, L53, and L55
assume serves as the second solidification prevention means. The
doublé—pipe structure is composed of an inner pipe and an outer pipe
disposed concentrically. Steam serving as a heating medium is caused to
flow through the space between the inner and outer pipes to thereby
prevent solidification of the column-bottom liquid or the side cut
liquid flowing through the inner pibe. The present embodiment employs
the double-pipe structure as the first and second solidification
prevention means. However, steam tracing may be employed in place of
the double-pipe structure. Steam tracing is composed of a primary pipe
and a secondary pipe disposed in parallel. Steam serving as a heating
medium is caused to flow through the secondary pipe to thereby prevent
solidification of the column-bottom liquid or the side cut liquid
flowing through the primary pipe.

Each of the enriohing sections AR1, AR3, and AR5 and the exhaust
sections AR2, ARY, and AR6 is formed of a packing including a single
node. However, depending on relative volatility among components to be
obtained through distillation, each of the enriching sections AR1, AR3,
and ARS and the exhaust sections AR2, ARY, and AR6 may be formed of a
packing including a plurality of nodes corresponding to charaoteristics
of a packing to be used, in order to attain the number of theoretical
stages required for distillation. Also, a distributor may be disposed
between the nodes. Furthermore, the feed nozzle 41 and the side cut

nozzle 42 are not necessarily disposed at the same level.
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As described above, through use of the coupling-type
distillation column 10,  the material liquid M can be separated into
compdnents A-C without use of a plurality of distillation.columns._

Since there is no need to repeat heating and cooling in a
plurality of distillation columns, the number of instruments, such as
condensers, evaporaﬁors, and pumps, can be reduced. Accordingly, an
area to be occupied by the distillation-apparétus can be reduced, and
the amount of consumption of utilities and consumed energy can be
reduced as well, thereby reducing the cost of the distillation
apparatus.

Preferably, the coupling-type distillation column 10 has a total
of about 30-100 theoretical stages, and about 5-30 theoretical stages
are allocated to each of the fourth section 1% and the sixth section
16.

Meanwhile, the third section 13 includes a collector 54 and a
channel-type distributor 61. Liquid collected by the collector 54 is
distributed to the first chamber 14A and the second chamber 14B of the
fourth section 14 in predetermined different portions by means of the
distributor 61.

The first chamber.15A of the fifth section 15 includes a
collector 62 disposed just above the feed nozzle 41 and a tubular
distributor 63 disposed just under the feed nozzle U41. Liquid
collected by the collector 62, together with the material liquid M fed
through the feed nozzle 41, is féd to the first chamber 16A of the

sixth section 16 by means of the distributor 63.
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Méanwhile, the Second chamber 15B of the fifth section 15
includes a chimney-hat-type coilectbr 65 disposed just above the side
cut nozzle 42 and a tubular distributor 66 disposed just under the side
cut nozzle 42. Liquid collected by the collector 65 is discharged as a
side cut liquid from the side cut nozzle U2 ahd fed to the second
chamber 16B of the sixth section 16 by means of the distributor 66.

Furthermore, the seventh section 17 includes a collector 67 and
a tubular distributor 68. Liquid descending from the sixth section 16
'is collected by the collector 67 and is fhen fed to the eighth section
18 by means of the distributor 68.

In the present embodiment, when vapor rich in component A
discharged from the top of the column body is condensed by means of the
condenser 81, ordinary cooling water is used as a cooling medium for
-cooling the vapor. Since.the melting point of component A is lower
than the temperature of cooling water (for example, the melting point
of component A is lower than a cooling water temperature of 30 °C to 35
‘c), the vapor rich in component A can be sufficiently condensed without
involvement of solidification of the vapor within the condenser 81.

Accordingly, there is no need to use hot water, cooling oil, or
steam as the cooling medium. As a result, there is no need to connect a
cooling system to the condenser 81.

In order to reduce energy consumed for heating a column-bottom
liquid in the evaporator 82, preferably the evaporator 82 is lowered in
temﬁerature. However, when the evaporator 82 is lowered in

temperature, evaporation of the column-bottom liquid becomes difficult
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accordingly. In order to cope with this problem, a vacuum generator 91
serving as the negative-pressure generation means is connected to the
condenser 81, so as to establish a negative pressure within the
coupling-type distillation column 10. As a resﬁlt, the column-bottom
liquid can be readily evaporated. Also, vent gas generated within the
coupling-type distillation column 10 can be drawn out and released into
the atmosphere.

In this case, a gas cooler 92 is disposed between the condenser
81 and the Qaguum generator 91 in order to cool vent gas withdrawn by
means of the vacuum generator 91. A line L61 connects the condenser 81
and the gas cooler 92, and a line L62 connects the gas cooler 92 and tﬁe
vacuum generator 91, When vent gas mixed with vapor rich in cbmponent
A is sent from the céndenser 81 to the gas cdoler 92 and cooled in the
gas cooler 92, the vapor becomes liquid rich in combonent A to thereby
be separated from the vent gas. Thus, there is no need to dispose a
vent gas treatment apparatus between the condenser 81 and the vacuum
generator 91, Notably, the gas cooler 92 can use ordinary cooling water.
as a cooling medium. The distillation apparatus of the present
embodiment includes the column body, the partitions 22-24, the first to
third distillation sections 25-27, the condenser 81, the evaporator 82,
the vacuum generator 91, the gas cooler 92, and the lines L52, L53,
L55, and L56.

As mentioned above, vapor rich in component A is discharged from
the top of the column body, and component A is formed from a.low~

melting-point material. Thus, there is no need to employ various
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auxiliary apparatus such as a hot water tank, a cooler, an oil tank, a
condenser, and a vent scrubber. -Therefore, the distillation apparatus
allows a reduction in afea occupied thereby and can be manufactured and
operated at low cost.

According to the present embodiment, the gas cooler 92 is
disposed between the condenser 81 and the vacuum generator 91. However,
a vent—scrubber—type vent gas treatment apparatus may be disposed in
place of the gas cooler 92._ In this case, since solution to be used is
not required to havé the capability of sufficiently adsorbing vapor rich
in component A, the cost of operation §f the distillation apparatus can
be reduced.

Accordinglto the present embpdiment, vapor rich in component A
is discharged from the vapor outlet 43 to the line L57 so as to be sent
to the condenser 81. However, a condenser may be disposed in the first
section of the column body to thereby connect the top of the column
body and the condenser.

Meanwhile, when component B collected as a product contains
component C and modified components B' and C', which are impurities, the
hue and odor of the product are affected, since coﬁponent C and
modified components B' and C' each have a large molecular mass of
carbon. A second embodiment of the present invention, which will be
described below, is adapted to prevent entry of impurities into a
product. Structural features similar to those 6f the first embodiment
are denoted by common reference numerals, and repeated description

thereof is omitted.



46

FIG. 13 conceptually shows a distillation apparatus according to
the second embodiment.

In this case, a portion of vapor rich in component B ascends in
the enriching section ARS and contacts liquid rich in component B
descending from the second distillation section 26 at the upper end of
tﬁe third distiliation section 27 to thereby become liquid rich in
component B. In the exhaust section ARY of the second distillation
section 26, liquid rich in componénts A and B descends, during which
vapor Piéh in component A is generated at an upper portion thereof, and
liQuid rich in component B is increasingly generated along the
descending direction. The liquid rich in component B is enriched in the
second chamber 15B. The enriched liquid is discharged as a side cut
liquid or a product from the side of the column body to the line L56
through the side cut nozzle 42, The discharged side cut liquid is fed
to a cooler 192, wﬁere the liquid is cooled. The cooled side cut liquid
is discharged to a line L63 and fed through the line L63 to an
unillustrated side cut liquid accommodation section.

In this case, the liquid rich in component B is enriched in the
second chamber 15B, and the enriched liquid is discharged as a product
from the side of the column body'thrdugh the side cut nozzle u2.
Meanwhile, liquid rich in componént C is enriched in the first chamber
16A and the second chamber 16B and is further enriched in the eighth
section 18. Subsequently, the enriched liquid is discharged from the
bottom 6f the column body through the column-bottom liquid outlet u5.

Modified components B' and C' formed through decomposition of components
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B and C are collected in the vicinity of the bottom of the column body
‘and discharged from the column bottom through the column-bottom liquid
outlet u45.

Thus, component B does not contact component C and modified
components B' and C' while these components are in the form of liquid.
Therefore, the product to be collected does not contain component C and
modified components B' and C', which are impurities. As a result, the
hue and odor of the product are not affected.

Also, entry of impurities into the product can be prevented
without use of auxiliary apparatus such as a valve, a product condenser,
a receiver, and a heater, thereby reducing the size of the distillation
apparatus énd the cost of manufacture and operation of the distillation -
apparatus. Furthermore, there can be simplified equipment for
controlling the operation of thé distillation apparatus and maintaining
the distillation apparatus. Since the product can be collected in the
form of liquid, flow rate control of the product can be significantly
simplified, thereby reducing the cost of manufacture and operation of
the distillation apparatus.

Since the product is collected at the side of the column body,
the pboduct is not exposed to high temperature induced by the
evaporator 82 disposed at the bottom 6f the column body. Also, the
product does not require additionai heéting by a heater. Thus,
formation of modified component B' within the product éan be prevented,
thereby enhancing product quality.

The product collected at the side of the column body is
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immediately cooled by means of the cooler 192, thereby preventing
decomposition of component B which would otherwise result from heat held
by the product itself. Thus, formation of modified component B' within
the product can be more reliably prevented.

Preferably, the coupling-type distillation column 10 has a total
of about 30-100 theoretical stages, and about 5-30 théoretical stages
are allocated to each of the fourth section 14 and the sixth section
16. |

Iﬁ the present embodiment, each of the enriching sections AR1,
AR3, and AR5 and the exhaust sections AR2, ARY, and AR6 is formed of a
packing including a single node. = However, depending on relative
volatility among components to be obtained through distillation, each
of the enriching sections AR1, AR3, and AR5 and the exhaust sections
AR2, ARY, and AR6 may be formed of a packing including a plurality of
nodes corresponding to characteristics of a packing to be.used, in order
to attain the number of theoretical stages required for distillation.
Also, a distributor may be disposed between the nodes. Furthermore, the
feed nozzle u1.and the side cut nozzle 42 are not necessarily disposed_
at the same level.

Next will be described a third embodiment of the present
invention adapted to separate, through distillation, components A and B
from a material liquid M containing two components A and B. Structural
features similar to those of the first embodiment are denoted by common
reference numerals, and repeated description thereof is omitted.

FIG. 14 conceptually shows a distillation apparatus according to
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a third embodiment of the present invention. FIG. 15 conceptually
shous a coupling-type distillation column used in the distillation
apparatus of the third embodiment.

In this case, components A and B are separated, through
distillation, from the material liquid M containing two components A and
B. Component X serving as an additive component and fed through a line
L70 is added to the material liquid M fed through the line L51 to
thereby form an adjusted material liquid MX containing éomponents A, B,
and X. The adjusted material liquid MX is fed to the feed nozzle 41
through the line L50. Component X is lowef-in boiling point than
component A, which in turn is lower in boiling point than component B.
Component'X serves as an additive component; component A serves as a
low-boiling-point component; and component B serves as a high-boiling-
point component. Components A and B are formed from respective high-
melting-point materials. Component X is formed from such a material
that can be readily separated from component A and is unlikely to be
modified during distillation.

The operation of the distillation apparatus will next be
described.

In the exhaust section AR2, the adjusted material liquid MX fed
through the feed nozzle 41 undergoes vapor-liquid separation such that
vapor rich in components X and A is generated at an upper portion
thereof; while fluid composed of vapor and liquid rich in components A
and B is increasingly generated along the descending direction. The

fluid is fed to the third distillation section 27 from the lower end of
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the first distillation section 25.

The fluid is heated in the third distillation.section 27 to
thereby become vapor rich in components A and B. During ascending in
the exhaust section AR2, the vapor rich in components A and B contacts
the adjusted material liquid MK. As a result, component X contained in
the adjusted material liquid MX is prevented from descending and is
thus collected. Thus is prevented.mixing of component X into the.fluid
fed to the third distillation section 27.

The vapor rich in components X and A ascends in the enriching
section AR1 and is then fed to the second distillation section 26 £ rom
the upper end of the first distillation section 25. The vapor rich in
components X and A is cooled in the second distillation section 26 to
thereby be condensed into liquid rich in components X and A. A portion
of the liquid rich in components X and A is refluxed to the enriching
section AR1 and brought into contact with the vapor rich in components X
and A which is ascending in the enriching section AR1.

In this manner, the vapor rich in components X and A can be fed
to the second distillation section 26 from the upper end of the first
distillation section 25.

In the exhaust section AR6, liquid rich in components A and B
descends,.during which vapor rich in component A is'generated at an
upper porfion thereof, and liquid rich in component B is increasingly
generated along the descending direction. The liquid rich in component
B is discharged as a column-bottom liquid to the 1line L52 from the

column-bottom liquid outlet u5.
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A portion of the column-bottom liquid is sent to the evaporator
82 through the line L53. In the évaporator 82, the liquid is evaporated
through application of heat to thereby become vapor rich in component
B. The vapor rich in component B is fed to the vapor inlet 46 through
the line LS54 to théreby-be fed to the ninth section 19. During
ascending in the ninth section 19 and the exhaust section AR6, the vapor
rich in component B contacts liquid rich in components A and B; as a
result, vapor rich in component A is generated from the liquid rich in
components A and B. The remaining column-bottom liquid is fed to an
unillustrated column-bottom liquid accommodation section through the
line L55.

Then, a portion of the vapor rich in component A ascends in the
enriching section AR5, during which the portion of the vapor rich in
component A contacts the liquid rich in component A from the second
distillation section 26 at the upper end of the third distillation
section 27 to thereby become liquid rich in component A. The liquid
rich in component A obtained at the upper end of the third distillation
section 27 is discharged as a side cut liquid from the side cut nozzle
42 to the line L56. The diSCharged side cut liquid is fed to an
unillustrated side cut liquid accommodation section. As a result,
component A can be collected as a product from the side of the coupling-
type distillation column 10. The line L56 serves as the first discharge
system.

In the exhaust section ARY of the second distillation section

26, liquid rich in components X and A descends, during which vapor rich



52

in component X is generated at an upper portion thereof, and liquid rich
in component A is inéreasingly generated along the descending
direction.

The vapor rich in component X ascends in the enriching section
AR3 and is then discharged from the vapor outlet 43 to the line L5T7.
The discharged vapor rich in component X is sent to the condenser 81,
where the vapor is condensed into liquid rich in component X, which is
discharged as distillate to the line L58. 1In order to enhance the
efficiency of distillation for compohent X,'a portion of the distillate
is sent to the reflux liquid inlet ¥4 through the line L59 and refluxed
into the first section 11 through'the reflux liquid inlet 44, The
refluxed distillate is brought into contact with vapor rich in
components X and A ascending in the enriching section AR3. The
remaining distillate is added to the material liquid M through the line
L70.

As described above, vapor rich in components X and A is
separated into vapor prich in component X and liquid rich in coﬁponent A
by means of the second distillation section 26. At the top of the
column body the vapor rich in component X is discharged through the
vapor outlet 43 and condensed into liquid rich in éomponent X by means
of the condenser 81. The liquid rich in component X is discharged as
distillate from the condenser 81. At the side of the column body the
liquid rich in component A is discharged as a side cut liguid through
the side cut nozzle 42. Liquid rich in components A and B is separated

into liquid rich in component A and liquid rich in component B by means
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of the third distillation section 27. The liquid rich in component A is
discharged as a side cut liquid through the side cut nozzle 4#2. At the
bottom of the column body the liquid rich in component B is discharged
as a column-bottom liquid through the column-bottom liquid outlet 45.

As described above, the adjusted material liquid MX can be
separated into components X, A,'and B without use of a plurality of
distillation columns. Since there is no need to repeat heating and
‘cooling in a plurality of distillation columns, the number of
instruments, such as condensers, evaporators, and pumps, canube :
reduced. Accordingly, an area to be occupied by the distillation
apparatus can be reduced, and the amount of consumptibn of utilities
and consumed energy can be reduced as well, thereby reducing the cost of
the distillation apparatus. |

Since the melting points of components A and B are higher than
ambient temperature, the lines L52, L53, L55, and L56 assume a double-
pipe structure in order to prevent solidification of the side cut
liquid within the line L56 and solidification of the column-bottom
liquid within the lines L52, L53, and LES. The lines L52, L53, and L55
constitute the second discharge system. The double-pipe structure that
thé line L56 aésumes serves as the first solidification prevention
means, and the double-pipe structure that the lines L52, L53, and L55
assume serves as the second solidification prevention means. The
double-pipe structure is composed of an inner pipe and an outer pipe
disposed concentrically. Steam serving as a heating medium is caused to

flow through the space between the inner and outer pipes to thereby
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prevent solidification of the column-bottom liquid or the side cut
liquid flowing through the inner pipe. The present embodiment employs
the double-pipe structure as the first and sécond solidification
prevention means. However, steam tracing may be employed in place of
the double-pipe structure. Steam tracing is composed of a primary pipe
and a secondary'pipe disposed.in parallel., Steam serving as a heating
medium is caused to flow through the secondary pipe.to thereby prevent
solidification of the column-bottom liquid or the side cut liquid
flowing through the primary pipe.

- Through addition of component X to the material liquid 1, vapor
rich in component X is discharged from the top 6f the column body.
Thus, there is no need to collect component A as a product at the top of
the column body. Since the vaporlrich in component X is condensed by
means of the condenser 81, there is no need to condense vapor rich in
component A by means.of a condenser.

When the vapor rich in component X discharged from the top of
the column body is éohdensed by means of the condenser 81, ordinary
cooling water is used as a cooling medium for cooling the vapor. Since
the melting point of component X is lower than the temperature of
cooling water (for example; the melting point of component X is lower
than a cooling water temperature of 30°C to 35°C), the vapor rich in
component X can be sufficienﬁly condensed wiﬁhout involvement of
solidification of the vapor within the condenser 81.

Accordingly, there is no need.to use hot water, cooling oil, or

steam as the cooling medium. As a result, there is no need to connect a



55

cooling system to-the condenser 81. |

In order to reduce energy consumed for heating a column-bottom
liquid in the evaporator 82, preferably the evaporator 82 is lowered in
temperature. However, when the evaporator 82 is lowered in
temperature, evaporation of the column¥bottom liquid becomes difficult
accordingly. In order to cope with this problem, an unillustrated
vacuum generator serving as the negative-pressure generation means is
connected to the condenser 81, so as to establish a negative pressure
within the coupling-type distillation column 10. As a result, the
colqmn—bottom liquid can be readily evaporated. Also, vent gas
generated within the coupling-type distillation column 10 can be drawn
out and released into the atmosphere.

In this case, an unillustrated gas cooler is disposed between
the condenser 81 and the unillustrated vacuum generator in order to cool
vent gas withdrawn by means of the vacuum generator. Thus, when vent
gas mixed with vapor rich in component X is sent from the condenser 81
to the gas cooler and.cooled in the gas cooler, the vapor becomes liquid
rich in component X to thereby be separated from the vent gas. Thus,
there is no need to dispose a vent gas treatment apparatus between the
condenser 81 and the vacuum generator. Notably, the gas cooler can use
ordinary cooling water as a cooling medium.

As mentioned above, vapor rich in component X is discharged from
the .top of the column body, and component X is formed from a low-
melting-point material. Thus, there is no need to employ various

auxiliary apparatus such as a hot water tank, a cooler, an oil tank, a
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condenéer, a vent scrubber, and a heat exchanger. Therefore, the
distillation apparatus allows a reduction in area occupied thereby and
can be manufactured and operated at low cost.

Also, a portion of the distillate is refluxed to the first
section 11 through the reflux liquid inlet #¥, and the remaining
distillate is added to the material liquid M through the line LTO.
Thus, component X can be repeatedly used through addition to the
material liquid M, thereby reducing the cost of operation of the
distillation apparatus.

Next, a fourth embodiment of the present invention will be
described. Structural features similar to those of the third
embodiment are denoted by common reference numerals, and repeated
description thereof ié omitted. |

FIG. 16 conceptually shows a distillation apparatus according to
the fourth embodiment of the presént invention.

In this case, vapor rich in component X is discharged from the
vapor outlet 43 to the line L57. The discharged vapor rich in
component X is sent to the condenser 81, where the vapor is condensed
into liquid rich in component X, which is discharged as distillate to
the line L58. In order to enhance the efficiency of distillation for
component X, most of the distillate is sent to the reflux liquid inlet
44 through the line L59 and refluxed into the first section 11 through
the reflux liquid inlet 44%. The refluxed distillate is brought into
contact with vapor rich in components X and A ascending in the

enriching section AR3. The remaining distillate is discharged through a
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line L81 for makeup replacement.

Through a line L82, component X is added to the material liquid
M in an amount corresponding to the amount of distillate which has been
discharged for makeup replacement.

Next, a fifth embodiment of the present invention will be
described. Structural features similar to those of the third embodiment
are denoted by common reference numerels, and repeated description
thereof is omitted.

FIG. 17 conceptually shows a distillation apparatus according to
the fifth embodiment of the present invention.

In this case, vapor rich in component X is discharged from the
vapor outlet_u3 to the line L57. The discharged vapor rich in
component X is sent to the condenser.81, where the vapor is condensed
into liquid rich in component X, which is discharged as distillate to a
line L83. 1In order to enhance the efficiency of distillation for
component X, all of the distillate is sent to the reflux liquid inlet 44
through the line L83 and refluxed into the first section 11 through the
reflux liquid inlet 44, The refluxed distillate is brought into
contact with vapor rich in components X and A ascending in the enriching
section AR3.

In order to start operatioh of the distillation apparatus,
cemponent X is added in a predetermined amount to the material liquid M
through a line L84.

According to the third through fifth embodiments, an

unillustrated gas cooler is disposed between the condenser 81 and the
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‘vacuum generator. Houwever, a vent;scrubber—type vent gas treatment
apparatus may be disposed in place of the gas cooler., In this case,
since solution-to be used is not required to have the capability of
sufficiently adsorbing vapor rich in component A, which is formed from a
high-melting-point material, the cost of operation of the distillation
apparatus can be reduced. |

According to the third through fifth embodiments, vapor rich in
component X is discharged from the vapor outlet 43 to the line L57, and
the discharged vapor rich in component X is sent to the condenser Bj.
However, a condenser may be disposed within the first section of the
column body to thereby connect the top of the column body and the
condenser.

Méanwhile, in obtainment of component B as a product from the
material liquid M containing components A and B, component B, when
heated by means of an evaporator, is decomposed into modified component
B', which is higher in boiling point than component B. When componenf
B collected as a product contains modified component B', which is an
impurity, the hue and odor of the product are affected, since modified
component B' has a large molecular mass of carbon. A sixth embodiment
of the present invention,.which will be described below, is adapted to
prevent'entry of impurities into a product. Structural features similar
to those of the third embodiment are denoted by common reference
numerals, and repeated description thereof is omitted.

FIG. 18 conceptually shows a distillation apparatus according to

the sixth embodiment of the present invention. FIG. 19 conceptually
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showé a coupling-type distillation column used in the distillation |
apparatus of the sixth embodiment.

In this case, components A and B are separated, through
distillation, from the material liquid M containing two components A and
B. Cdmponent X serving as an additive component and fed through a line
L66 is added to the material liquid M fed through the line L51 to
thereby form an adjusted material liquid MK containing components A, B,
and X. The adjusted material liquid MX is fed to the feed nozzle U1
through the line L50. Also, component X serving as an initial charge or
makeup is added to the material liquid M through the line L.82.
Component A is lower in boiling point than component B, which in turn
is lower in boiling point than component X. . Component A serves as a
low-boiling-point component; component B serves as a high-boiling-point
component; and compohent X serves as an additive component. Component X
is formed from such a material that can be readily separated from
component B and is unlikely to be modified during distillation.

The operation of the distillation apparatus will next be
described.

In the exhaust section AR2, the adjusted material liquid MX fed
through the feed nozzle #1 undergoes vapor-liquid separation such that
vapor rich in components A and B is generated at an upper pdrtion
thereof, while fluid composed Qf vapor and liquid rich in components B
and X is increasingly generated along the descending direction. The
fluid is fed to the third distillation section 27 from the lower end of

the first distillation section 25.
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The fluid is heated in the third distillation section 27 to
thereby become vapor rich in components B and X. During ascending in
the exhausﬁ section AR2, the vapor rich in components B and X contacts
the adjusted material liquid MX. As a result, component A contained in
the adjusted material liquid MX is prevented from descending and is
thus collected. Thus is prevented mixing of component A into the fluid
fed to the third distillation section 27.

The vapor rich in components A and B ascends in the enriching
section AR1 and is then fed to the second distillation section 26 ffom
the upper end of the first distillation section 25. The vapor rich in
components A and B is cooled in the second distillation section 26 to
thereby be condensed into liquid rich in components A and B. A portion
of the liquid rich in components A and B is refluxed to the enriching
section AR1 and brought into contact with the wvapor rich in components A
and B which is ascending in the enriching section AR1.

In this manner, the vapor rich in compbnents A and B can be fed
to the second distillation section 26 from the upper end of the first
distillation section 25.

| In the exhaust section AR6, liquid rich in components B and X
descends, during which vapor rich in component B is generated at an
upper portion thereof, and liquid rich in component X is increasingly
generated along the deécending direction, The liquid rich in component
X is discharged as a column-bottom liquid to the line L52 from the
column-bottom liquid outlet 45.

A portion of the column-bottom liquid is sent to the evaporator
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82 through the line L53. In the evaporator 82, the liquid-is evaporated
through application of heat to thereby bécome vapor rich in component
X. The vapor rich in component X is fed to the vapor inlet 46 through
the line L5% to thereby be fed to the ninth section 19. During
ascending iﬁ the ninth section 19 and the exhaﬁst section AR6, the vapor
rich in'component X contacts liquid rich in components B and X; as a
pesult, vapor rich in component B is generated from the liquid rich in
components B and X. The rémaining column-bottom liquid is added as an |
additive component to the material liquid M through the line L66.

Then, a portion of the vapor rich in component B ascends in the
enriching section AR5, during which the portion of the vapor rich in
component B contacts ﬁhe liquid rich in component B from the second
distillation section 26 at the upper end of the third distillation
section 27 to thereby become liquid rich in component B. The liquid
rich in component B obtained at the upper end of the third distillation
section 27 is discharged as a side cut liquid from the side cut nozzle
42 to the line L56. The discharged side cut liquid is fed to an
unillustrated side cut liquid accommodation section via a cooler 83
serving as cooling means, a line L64, a flow regulating valve 85, and a
line L65. In this manner, component B can be collected as a product
from the side of the coupling-type distillation column 10. A flow
sensor 84 is disposed on the line L64. On the basis of a flow rate
detected by means of the flow sensor 84, the flow regulating valve 85
is regulated. The lines L56, L6Y, ahd.L65, the cooler 83, the flow

sensor 84, and the flow regulating valve 85 constitute the first
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- discharge system. The lines L52, L53, and L76 constitute the second
discharge system. |

In the exhaust section ARY of the second distillation section
26, liquid rich in components A and B descends, during which vapor rich |
in component A is generated at an upper portion thereof, and liquid rich
in component B is increasingly generated along the descending
direction. |

The vapor rich in coﬁponent A ascends in the enriching section
AR3 and is then discharged from the vapor outlet 43 to the line L57.
The discharged vapor rich in component A is sent to the condenser 81,
where the vapor is condensed into liquid rich in component A, which is
discharged as distillate to the line L58. In order to enhance the
efficiency.of distillation for component A, a portion of the diétillate
is sent to the reflux liquid inlet ¥4 through the line L59 and refluxed
into the first section 11 through the reflux liquid inlet 4¥. The
refluxed distillate is.brought into contact with vapor rich in
components A and B ascending_in ﬁhe enriching section AR3. The
remaining distilléte is fed to an unillustrated distillate
accommodation section through the line L60.

As described above, vapor rich in components A and B is
separated into vapor rich in component A and liquid rich in component B
by means of the second distillation section 26. The vapor rich in
component A is discharged through the vapor outlet 43 and condensed
into liquid rich in component'A by means of the condénser 81. The

liquid rich in component A is discharged as distillate from the
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condenser 81. The liquid rich in component B is discharged as a side
cut liquid through the side cut nozzle ¥#2. Liquid rich in components B
and X is separated into liquid rich in component B and liquid rich in
component X by means of the third distillation section 27. The liquid
rich in component B is discharged as a side cut liqﬁid through the side
cut nozzle 42. The liquid rich in component X is discharged as a
column-bottom liquid thréugh the column—bottom.liquid outlet 45.

| | As described above, the adjusted material liquid MX can be
separated into components A, B, and X without use of a plurality of
distillation columns. Since there is no need to repeat heating and
cooling in a plurality of distillation columns, the number of
instruments, such as condensers, evapdrators, and pumps, can be
reduced. Accordingly, an area to be occupied by the distillation
apparatus can be reduced, and the amoqnt of conshmption of utilities
and consumed energy can be reduced as well, thereby reducing the cosﬁ of
the distillation apparatus.

According to the present embodiment, modified'component B!,
which is formed through decomposition of component B and is higher in
boiling point than component B, gathers in the vicinity of the bottom of
the column body and is then discharged to the line L52 through the
column-bottom liquid outlet u5. 'Subsequently, modified component B',
together with a portion of'component X, 1is discharged to an external
destination through the line L76. Thus is prevented accumulation of
modified component B' at the bottom of the column body.

Thus, modified component.B' and component B do not contact each
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other while these components are in the form of liquid. Therefore, the
product to be collected does not contain modified component B', which is
an impurity. As a result, the hue and odor of the producf are not
affected.

Also, impurities can be removed from the product withoutluse of
auxiliary apparatus such as a valve, a produét condehser, a receiver,
and a heater, thereby reducing the size of the distillation apparatus
and the cost of manufacture and operation of the distillation apparatus.

Furthermore, there cén be simplified equipment for dontrolling the
operation of the distillation apparatus and maintaining the
distillation apparatus. Since the product can be collected in the form
of liquid, flow rate control of the product can be significantly
simplified, thereby reducing the cost of manufacture and oﬁeration of
the distillation apparatus.

Since the product is collected at the side of the column body,
the product is not exposed to high temperature induced by the
evaporator 82 disposed at the bottom of the column body. Also, the
product does not require additional heating by a heater. Thus,
formation of modified compoﬁent B!, which is an impurity, can be
prevented, thereby enhancing product quality.

The product collected at the side of the column body is
immediately cooled by means of the cooler 83, thereby preventing
decomposition of component B which would otherwise result from heat
held by the product itself. Thus, formation of modified component B'

within the product can be prevented.
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Also, a portion of the column-bottom liquid is fed to the ninth
section 19, and the remaining column-bottom liquid is added tp the
material liquid M. Thus, component X can be repeatedly used through
addition to the material liquid W, thereby reducing the cost of
operation of the distillation apparatus.

In order to carry out distillation in a low-temperature region
for prevention of impairment in product quality and to reduce energy
consumed for heating a portion of a column-bottom liquid in the
evéporator 82, an unillustrated vacuum generator 1is disposed for use
with the condenser 81. -Thelvacuum generator generates a negative
pressure within the coupling-type distillation column 10. As a result,
the column-bottom liduid can be readily evaporated at low temperature.
Also, vent gas generated within the coupling-type distillation column
10 can be drawn out and released into the atmosphere.

Next, a seventh embodiment of the present invention will be
described. Structural features similar to those of the sixth embodiment
are denoted by common reference numerals, and repeated description
thereof is omitted. |

FIG, 20 conceptually shows a.distillation apparatus according to
the sevenﬁh embodiment of the present invention.

In this case, liquid rich in component X.is discharged as a
column-bottom liquid from the column-bottom liquid outlet U5 to the line
L52. In order to enhance the efficiency 6f distillation for component
X, most of the discharged column-bottom liquid-bich in component X is

sent to the evaporator 82 through the line L53 and evaporated. The
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thus-generated vapor is sent to the vapor inlet 46 through the line LS54
and fed to the ninth section 19 through the vapor inlet 46. The
remaining column-bottom liquid, together with modified component B', is
discharged through a line L85 for makeup replacement.

Through the line L82, component X is added to the material:
liquid M in an amount corresponding to the amount of the column-bottom
liquid which has been discharged for makeup replacement.

Next, an eighth embodiment of the present invention will be
 described. Structural features similar to those of the sixth embodiment
are denotéd by common reference numerals, and repeated description
thereof is omitted.

FIG. 21 conceptually shows a distillation apparatus according to
the eighth embodiment of the present invention.

In this case, liquid rich in component X is discharged as a
column—bottbm liquid to the line L52. In order to enhance ﬁhe
efficiency of distillation for componént X, all of the discharged
column-bottom liquid is sent to the evaporator 82 through the line L52
and evaporated into vapor riqh in component X. The thus-generated vapor
rich in component X is sent to the vapor inlet 46 through a line L86
and fed to the ninth section 19 through the vapor inlet 46,

In order to start operation of the distillation apparatus,
component X is added in a predetermined amount to the material liquid M
through the line LB8Y4.

Next, a ninth embodiment of ﬁhe presént invention will be

described. Structural features similar to those of the sixth embodiment
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are denoted'by common reference numerals, and repeated description
thereof is omitted. | | |

FIG. 22 conceptually shows a main portion of a distillation
appératus according to the ninth embodiment of the present invention.

In this case, liquid rich in component B is discharged as a side
cut liquid to a line L91 through the side cut nozzle ¥#2. The side cut
liquid is:sent under pressure to the cooler 83 serving as cooling means
through a line L92 by means'of.a pump 86.

Next, a tenth embodiment of the present invention will be
described. Structural features similar to those of the sixth embodiment
are denoted by common reference numerals, and repeated description
thereof is omitted;

FIG. 23 conceptually shous a méin portion of a distillation
apparatus according to the tenth embodiment of the present invention.

In this case, liquid rich in component B is discharged as a side
cut liquid to a line L93 through the side cut nozzle ¥2. The side cut
liquid is fed to a receiver 87 serving as cooling means and cboled
therein. The preceiver 87 includes a cooling coil 93, through which
cooling water flows.

The side cut liquid cooled in the receiver 87 is fed to a pump
88 through a line L9, A.portiOn of the side cut liquid discharged
from the pump 88 is sent under bressure to the flow regulating valve 85
through lines L95 and L96. The remaining side cut liquid discharged
from the pump 88 is sent under pressure to a side cut féed inlet 90

through the line L95, a line L98, a flow regulating valve 89, and a line
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L99 and fed to the second chamber 15B through the side cut feed inlet
90. | |

According to the sixth through tenth embodiments, vapor rich in
component A.is discharged to the line L57 through the vapor outlet 43
and is then sent to the condenser 81. However, through disposition of a
condenser in the first section of the column body, the condenser and
the top of the column body caﬁ be directly connected.

The distillation apparatus of the above-described embodiments
can separate, through distillation, organic compounds, such as
hydrocarbons, alcohols, ketones, esters, fatty acids, phenols, nitrogen
compounds, and perfumes. Hydrocarbons include benzene, toluene,
xylene, biphenyl, and naphthalene; alcohols include methanol, ethanol,
butanol, heptanol, and octanol; ketones include acetone, methyl ethyl
ketone, and methyl isobutyl ketone; esters include ethyl acetate, butyl
acetate, methyl acetate, and butyl acrylate; fatty acids include acetic
acid, and butyric acid; phenols include phenol, cresol, and xylenol;
nitrogen compounds include dimethylamine, triethylamine, aniline,
pyridine, picoline, and quinoline; and perfumes include methyl
anthranilate, methyl benzoate, isoeugenol, ethyl caproate, eugenol, and
geraniol.

The distillation apparatus of the above-described embodiments
are particularly suited to separate perfumes, fats and oils, and fatty
acids having a high boiling point and C8-C22 in the number of carbons,
under reduced pressure on the job-shop-type production basis.

The present invention is not limited to the above-described
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embodiments. Numerous modifications and variations of the present
invention are possible in light of the spirit of the present ihvention,

and they are not excluded from the scope of the present invention.
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WHAT IS CLAIMED IS:

1. A distillation apparatus comprisihg:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a first chamber and a secohd chamber, which are adjacent to each
other;

(c) a first distillatién section having an enriching section, to
which a material liquid is fed through a feed nozzle and which is
formed above the feed nozzle; and an exhaust section formed under the
feed nozzle;

(d) a second distillation section having an enriching section
connected to and formed above an upper end of said first distillation
section; and an exhaust section fbbmed below the upper end and located
adjacent to the enriching section of said first distillation section
while being separated from the same by said partition;

(e) a third distillation section having an enriching section
connected to and formed above.a lower end of said first distillation
section, and located adjacent to the exhaust section of said first
distillation section while being separated from the same by said
partition; and an exhaust section formed below the lower end;

(f) a condenser connected to the top of said column body.and
adapted to condense vapor rich in a low-boiling-point component
discharged at the top;

(g) negative-pressure generation means connected to said

condenser and adapted to generate a negative pressure to thereby
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withdraw vent gas from said column body;

(h) a gas cooler for cooling the Vent gas disposed between said
condenser and said negative-pressure generation means:

(1) a first discharge system disposed at the side of said column
body and adapted to discharge liquid rich in a medium-boiling-point
component foﬁmed from a high-melting-point matérial; and

(j) a second disgharge system disposed at the bottom of said
column body and adapted to discharge liquid rich in a high-boiling-
point component formed from a high-melting-point material, wherein

(k) said first discharge system has first sdlidification
prevention means for preventing solidification of the liquid rich in
the medium-boiling-point component; and

(1) said second discharge system has second solidification
prevention means for preventing solidification of the liquid pich in

the high-boiling-point component.

2. A distillation apparatus according to Claim 1, wherein the
first and second solidification preventidn means each assume a double-
pipe structure comprising an inner pipe and an outer pipe disposed
concentrically and in which a heating medium is caused to flow through
the space between the inner and outer pipes to thereby prevent

solidification of the liquid flowing through the inner pipe.

3. A distillation apparatus according to Claim 1, wherein the

first and second solidification prevention means are each steam tracing
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comprising a primary pipe and a secondary pipe disposed in parallel and
in which a heating medium is caused to flow through the secondary pipe
to thereby prevent solidification of the liquid flowing through the

primary pipe.

4, A distillation apparatus comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a fibst-chamber and a second chamber, which are adjacent to each
-other;

(¢) a first distillation section having an enriching section, to
which a material liquid containing a low—boiling—poinf component, a
medium-boiling-point component, and a high—boilihg—point component is
fed through a feed nozzle and which is formed above the feed nozzle;
and an exhaust section formed under the feed nozzle; - |

(d) a second distillation section having an enriching section
connected to and formed above an upper end of said first distillation
section; and an exhaust section formed below the upper end and located
adjacent'to the enriching section of said first distillation section.
while being separated from the same by said partition;

(e) a third distillation section having an enriching séction
connected to and formed above a lower end of said first distillation
section, and located adjacent to the exhaust section of said first
distillation section while being separated from the same by said

partitidn; and an exhaust section formed below the lower end;
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(f) a condenser connected to the top of said column body and
adapted to condense vaporlrich.in a low-boiling-point component
discharged at the top; |

(g) a side cut nozzle dispoSed at the side of said column body
and adapted to discharge liquid rich in the medium-boiling-point
component as a product at the side; |

(h) an evaporator disposed at the bottom of said column body and
adapted to generate vapor through application of heat to liquid rich in
'a high-boiling-point component discharged at the bottom; and

(i) a cooler connected to said side cut nozzle and adapted to

cool said product.

5 A distillation apparatus comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body
into a first chamber and a second chamber, which are adjacent to each
other;

(¢) a first distillation section having an enriching section, to
which an adjusted material liquid comprising a material liquid and an
additive component-is fed through a feed nozzle and which is formed
above the feed nozzle; and an exhaust section formed under the feed
nozzle;-

(d) a second distillation section having an enriching section -
connected to and formed above an upper end of said first distillation

section; and an exhaust section formed below the upper end and located
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adjacent to the enriching section of said first distillation section
while being separated from the same by said partition;

(e) a third distillation section having an enriching section
connected to and formed above a lower end of said first distillation
section, and located adjacent to the exhaust section of said first
distillation section while being separated from the same by said
partition; and an exhaust section formed below the lower end;

(f) a condenser disposed at the top of said column body and
adapted to condense vapor rich in the additive component into liquid
rich in the additive cpmponent and to discharge the liquid rich in the
additive component as distillate;

(g) a first discharge system disposed at the side of said column
body and adapted to discharge liquid rich in a low-boiling-point
component formed from a high-melting-point material; and

(h) a second discharge system disposed at the bottom of said
column body and adapted to discharge liquid rich in a high-boiling-
point component, wherein

(i) the boiling point of the additive component is lower than

that of the low-boiling-point component.

6. A distillation apparatus according to Claim 5, wherein

(a) a portion of the distillate is refluxed into said column
body; and

(b) the remaining distillate is added as an additive component

to the material liquid.
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7. A distillation apparatus according to Claim 5, wherein

(a) a portion of the distillate is refluxed into said column
body;

(b) the remaining distillate is discharged; and

(c) an additive component is added for replenishment in an

amount corresponding to the amount of the distillate to be discharged.

8. A distillation apparatus according to Claim 5, wherein

(a) all of the distillate is refluxed into.said column body; and

(b) in order to start operation of said distillation apparatus,
an additive component is added in a predetermined amount to the material

liquid.

9. A distillation apparatus according to Claim 5, further
comprising:

(a) negative-pressure generation means conneéted to said
condenser and adapted td generate a negative pressure to thereby
withdraw vent gas from said column body; and

(b) a gas'cooler for cooling the vent gas disposed between said

condenser and said negative-pressure generation means.

10, A distillation apparatus according to Claim 5, wherein said
first discharge system has solidification prevention means for

preventing solidification of the liquid rich in the low-boiling-point
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component.

11, A distillation method employing a distillation appar'atus
comprising a column body; a partition for dividing the interior of the
column body into a first chamber and a second chamber, which are
ad jacent to each other; a first distillation section having an énriching
section formed above a feed nozzle, and an exhaust section formed under
the feed nozzle; a second distillation section having an enriching_
section connected.to and formed above an upper end of the first
distillation section, and an exhaust section formed.below the upper end
and located adjacent to the enriching séction of the first distillation
section while being separated from the same by the partition; and a
third distillation section having an enriching section connected to and
formed above a lower end of the first distillation section, and located
adjacent to the exhaust section of the first distillation section while
being separated from the same by the partition, and an exhaust section
formed below the lower end; said distillation method comprising the
steps of:

(a) feeding an adjusted material liquid comprising a material
ligquid and an additive cémponent to the first distillation section
through'the feed nozzle;

(b} condensing vapor rich in the additive component into liquid
rich in the additive component at the top of the column body;

(c) dischargihg the liquid rich in the additive component as

distillate;
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(d) discharging liquid rich in a low-boiling-point component
formed from a high—ﬁelting-point material at the side of the column
body; and

(e) discharging liquid rich in a high-boiling-point component at
the bottom of the column body, wherein

(f) the boiling point of the additive component is lower than

that of the low-boiling-point component.

12. A distillation apparatus comprising:

(a) a column body;

(b) a partition for dividing the interior of said column body -
into a first chamber and a second chamber, which are adjacent to each
other;

(c) a first distillation section having an enriching section, to
which an adjusted material.liquid comprising a material liquid and an
additive component is fed through a feéd nozzle and which is formed
above the feed nozzle; and an exhaust section formed under the feed
nozzle;

(d) a second distillation section having an enriching section
connected to and formed above an upper end of said first distillation
section; and an exhaust section formed below the upper end and located
ad jacent to the enfiching section of said first distillation section
while being separated from the same by said parﬁition;

(e) a third distillation section having an enriching section

connected to and formed above a lower end of said first distillation
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- section, and located adjacent to the exhaust section of said first
distillation section while being sepérated from the same by said
partition; and an éxhaust section fofmed below the lower end;

(f) a condenser disposed at the top of said column body and
adapted to condense vapor rich in a low-boiling-point component into
liguid rich in the low—boiiiﬁg—point component and to discharge the
liquid rich in the low-boiling-point; |

(g) a first discharge system disposéd at the side of said column
body and adapted to diséharge liquid rich in a high-boiling-point
component; .

(h) a second discharge system disposed at the bottom of said
column body and adapted to discharge liquid rich in the additive
‘component as a column-bottom liquid; and

(i) an evaporator for evaporating the column-bottom liquid to
thereby obtain vapor rich in the additive component, wherein

(j) the boiling point of the additive component is higher than

that of the high-boiling-point component.

13. A distillation apparatus according.to Claim 12, wherein
(a) a portion of the column-bottom liquid is fed to said
evaporator; and
(b) the remaining column-bottom liquid is added as an additive

component to the material liquid.

4. A distillation apparatus according to Claim 12, wherein
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(a) most of the column-bottom liquid is fed to said evaporator;

(b) the remaining column-bottom liquid is discharged; and

(c) an additive component is added for replenishment in an
amount corresponding to the amount of the column-bottom liquid to be

discharged.

15. A distillation apparatus according to Claim 12, wherein

(a) all of the column—bottom liquid is fed to said evaporator;
and

(b) in order to start operation of said distillation apparatus,
an additive component is added in a predetermined amount to the material

liguid.

16. A distillation apparatus according to any one of Claims 12 -
to 15, wherein said first discharge system has cooliﬁg means - for cooling

the liquid rich in the high-boiling-point . component.

17. A distillation method employing a distillation apparatus
comprising a column body; a partition for dividing the interior of the
column body into a first chamber and a second chamber, which are
adjacent to each other; a first distillation section having an enriching
section formed above a feed nozzle, and an exhaust section formed undéb
the feed nozzle; a second distillation section having an enriching
section connected to and formed above an upper end of the first

distillation section, and an exhaust section formed below the upper end
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Iand located adjacent to the enriching section of the first distillation
section while being separated from the same by the partition; and a
third distillation section having an enriching section connected to and
formed above a lower end of the first distillation section, and located
adjacent to the exhaust section of the first distillation section while
being separated from the samé by the partition, and an exhaust section
formed below the lower end; said distillation method comprising the
steps of:

(a) feeding an adjusted material liquid comprising a material
liquid and an additive component to the first distillation section
through the feed nozzle;

(b) condensing vapor rich in a low-boiling-point component into
liquid rich in the low-boiling-point component at the top of the column
body;

(c) discharging the liquid rich in the low-boiling-point
component at the top of the column body; |

(d) discharging 1iquid rich in a high-boiling-point component at
the side of the column body;

(e) discharging liqﬁid rich in the additive component as a
column—boftom liquid at the bottom of the column body; and | .

(f) evaporating the colﬁmn—bottom liquid to thereby obtain vapor
rich in the additive component, wherein

(g) the boiling point of the additive component is higher than

that of the high—boiling—point component.



