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I nvention: The present invention relates to a distillation apparatus and a
distillation nethod. Description of the Related Art: Conventionally,
various kinds of distillation apparatus have been provided for separating,
through distillation, a plurality of éonponents contained in a materi al
liquid in order to obtain predeterm ned conponents as progducts. For

exanple, in the case of a material |iquid containing three 386ﬁﬁﬂﬁents A
B, and C, in which conponent A i sSSRESWEECATIOboi | i ng point than conponent B,
and conponent Bis lower in boiling point than conponent C; i.e.,

conponent A is a | ow boiling-point conponent, conponent Bis a

medi um boi | i ng- poi nt conponent, and conponent Cis a high-boiling-point
conponent, the follow ng distil[TiaR iGN TEPPAVENTIEON s used to separate
conponents Ato C of the material liquid through distillation. FIG |
conceptual | y shows HSTahMETHCGNOABPARNTIE! ANIAtDISATIETAOHt MSTHCDI n FI G 1,
reference nuneral 201 denotes a first distillation colum; reference
nuneral 202 denotes a second distillation colum; 2 0 3 OC T 2003

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 ligquid in order to obtailn
predetermined components as products.

For example, in the case of a material ligquid containing three
components 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 l1s a
high-boiling-point component, the following distillation apparatus 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;



reference nunerals 203 and 205 denote evaporators; and reference nunerals
2011 and 206 denote condensers. The first distillation colum 201
includes, fromtop to bottom a first section 211, a second section 212, a
third section 213, a fourth section 2121, and a fifth section 215. An

uni | lustrated packing elenent is disposed in each of the second section
212 and the fourth section 2114, to th&reby form an enricbuhrhgzg ﬁ ction in

t he second section 212 and an exhaust section in the four J ion 214.
The second distillation colum 202 includes, fromtop to bottom a first

section 2&6erangecanfesatti O3 24rfd 203 hddith 5@ v Pb 2lfhrs @ drRUntdT egeelcdeon
219, and a fifth section 220. An unillustrated packing elenent is disposed

in each aiméhelss@OBdNgn$ ETIb BN’ caRbe s, 0UTHE fieet Host LAt iba ddRmRDY
forman enriching section in the second section 217 and an exhaust section
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three conponents A B, and Cis fed into the third section 213 of the

first dpseld ahied eliusm 2061, a VBROENTi& ibA ZUPARENE fArtS Hcseharoey
from the top of the first distillation colum 201 and sent to the

condenser 204, MhRReatBe VARG 816ARGENSed ikRboel i tiddhch 6R tRe CUmARENt
A. The Iliquid rich in conponent Ais discharged as distillate fromthe

condensege2Pon A Borhiiornofrdiiandisattidatey, s thethaxas; asrd bR chti@fing
liquid into the first distillation colum 201, whereas the remai ning
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conponents B and C Is discharged as m- bottomliquid fromthe bottom
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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 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,

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 fraom
the top of the first distillation 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 ligquid from the bottom of the first distillation column 201. A

portion of the column-bottom liquid is sent to the evaporator 203,



where the colum-bottomliquid is evaporated through application of heat to
becone vapor rich in conponents B and C. The vapor rich in conponents B
and Cis returned to the first distillation colum 201. The remaining
colum-bottomliquid is fed into the third section 218 of the second
distillation colum 202. Wien the colum-bottomliquid is fed into the
third section 218, vapor rich in conp8nent B is discharged fromthe top of
the second distillation colum 202 and sent to the condenggr)d0gl where
the vapor is condensed into liquid rich in component B. The liquid rich in
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of the distillate is refluxed into the second distillTation colum 202
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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 discharged 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 column-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 distillatlion column 202. The remaining column-bottom
liguid is discharged to an external destination.

Next will 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 convernitional 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. In FIG 2, synbol Mdenotes a material |iquid containing
three conponents Ato C reference nuneral 201 denotes a first
distillation columm; reference nuneral 202 denotes a second distillation
colum; reference nunerals 203 and 205 denote evaporators; and reference
nuneral s 204 and 206 denote condensers. \Wen the condenser 206 enpl oys
ordi nary cooling water as cooling nedhun1for cooling vapor rich in
conponent B discharged fromthe top of ° the second distill atyi C %unn 202,
t

and the nelting point of conponent B is higher than the te e of
cool i ng matﬁa for.gganple, the nelting point of conponent B is higher
than a cBoth 5] F%ﬁf%enperature of 30 ¢ to 35c ), vapor rich in conponent
B cannot be conden fore t enperat ure of e vapor r.ises
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water, cooling oil, or steam until a predeterm ned period of time el apses
after thBUBpEst PBh 31 2B eRrsxtel Ferdensespparatus is started. Distillate
is discharged fromthe condenser 206 to a line L11; a portion of the
distillate is réhenxde renderses 20 enplenss ordinanyoroebingnHabe? ast ApoLige a

line L12; and the remaining distillate is discharged through U~ u (" I' M
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the second distillation column 202, and the melting point of component
B is higher than the temperature of cooling water (for example, the
melting point of component B is higher than a cooling water temperature
of 30 ¢ to 35°C), 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 period of time, the
vapor solidifies within the condenser 2065 thus, liguid 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
temperature higher than the melting point of component B, such as hot
water, cooling o0il, 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 tc 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




the lines L11, L12, and L13, the lines L11 to L13 assunme a doubl e-pi pe
structure. Liquid rich in conponent C, which serves as a col umm-bottom
liquid, is discharged fromthe bottom of the second distillation colum
202 to a line L15; a portion of the colum-bottomliquid is sent to the
evaporator 205 through a line L16; and the remaining colum-bottom 1|iquid
is discharged through a line L17. In ogder to prevent solidification of
the colum-bottomliquid within the lines L15 to L17 whet Jltd @@nperature
of conponent C is higher than anmbient tenperature, the lines L15 to L17
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solidification of the column-bottom liquid within the lines L15 to L17
when the temperature of component 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
liguids in the evaporators 203 and 2C%, 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 comnected to the condensers
20l and 206, respectively, so as to establish a negative pressure within

the first and second distillation cclumns 2071 and 202. As a result,

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



However, when the condenser 206 and the vacuum generator 228 are directly
connected, a portion of vapor rich in conponent Bis mxed wth the vent
gas and sent fromthe condenser 206 to the vacuum generator 228. The vapor
solidifies wthin the vacuum generator 228, breaking the vacuum gener at or
228. In order, to cope with this problem a vent gas treatnent apparatus
230 i s disposed between the condenser §206 and the vacuum §8dé€Tail3r 228 so
as to renove the vapor rich in conponent B fromthe vent gas. The vent gas
treat ment apparatus 230 includes condensers 231 and 232 for separating the
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206 and the vacuum generator 228 so as to remove the vapor rich in
component B from the vent gas. The vent gas treatment apparatus 230
includes condensers 231 and 232 for separating the vent gas and the
vapor from each other. Lines L21 to L23 for connecting the condenser
206 and the condensers 231 and 232, lines L24 to L2b 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




206. The cooling system 225 includes a hot water tank 235, a cooler 236, a
punp 237, and val ves 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 l|ine and a |ine L32
such that the hot water tank 235 stores cooling water by a volunme required
to start up the cooling system225; i.q., by a hold up volgpgCTRmy a
predeterm ned period of time after operation of the distillation apparatus
is started, the valve 238 is held open to feed steamto the hot water tank
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line and a line L32 such that the hot water tank 235 stores 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 operation
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
temperature 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 L.35. The cooler 236 cools hot water to a
predetermined temperature higher than the melting point of comporent 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



As mentioned above, the cooling system 225 requires the hot water tank 235
and the cool er 236, anong 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 expl aining anot her conventi onal
cooling system Structural features simlar to those in FIG 3 are denoted
by comon reference nunerals, and repdated description the®0ET 2083 onitted.
In order to prevent solidification of vapor rich in conponent B wthin the
condenser 206, cooling oil heated to a tenperature higher than the nelting

poi nt of teppponeite B sutedzag aceeoihdy ifedhamdo Jsher tondersens28ialA
cooling system 241 includes an oil tank 242, a cooler 236, a punp 237, and
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FIG. Y4 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 wvapor rich in component B
within the condenser 206, cooling o0il heated toc a temperature higher
than the melting point of component B is fed as a cooling medium to the
condenser 206.

A cooling system 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 iz opened so as to feed cooling oil
heated to a temperature higher than the melting point of component B to
the 0il tank 242 through a line L32 such that the oil tank 242 stores
cooling oil by the hold up volume of the cooling system 241. Cooling
0il 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



heated at the condenser 206 is sent to the oil tank 242 through a Iine

L33. The valve 238 is closed when the tenperature of cooling oil contained
in the oil tank 242 is equal to or higher than a predeterm ned
tenperature; and the value 238 is opened when the tenperature of cooling
oil contained in the oil tank 242 is |lower than the predeterm ned
tenperature. As nentioned above, the c@oling system 241 requ ye cool er
236 and the oil tank 242, anobng other auxiliary apparatus, resul%lng in an
increase in area occupied by the distillation apparatus as well as an
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contained in the oil tank 242 is equal to or higher than a
predetermined temperature; and the value 238 1s opened when the
temperature of cooling o0il 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 611 tank 242, among other auxiliary apparatus, resulting in
an increase in area occupled 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 reference numeral 256 denotes a condenser disposed within
the distillation column 2%2. 1In 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 25b6.

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



conponent B to be condensed within the condenser 256. In this manner,
solidification of the vapor is prevented, and distillate having a
tenperature higher than the nelting point of conmponent B can be obtai ned.
Hot water (purified water) heated in the condenser 256 becones pressurized
hot water corresponding to the tenperature of process steamwthin the
condenser 256. Pressurized hot water ]i§ sent to the hot Wf%ﬁé‘@@?k 262

through a line L43. During the above- nentioned operation ves 264
to 266 are held closed. Wen the distillation apparatus enters steady-state
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| 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
to the hot water tank 262 through a line L43. During the above-
menticned 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 LAY, and hot water
contained in the hot water tank 262 is fed to the condenser 256 through
the line L42. Steam contained in the hot water tank 262 is discharged
through a line L45 and the valve 265. Hot water contained in the hot
water tank 262 is periodically blown out through a line LU46 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



is omtted. A vent gas treatnent apparatus 230 enpl oys sw tchi ng-condenser
operation. The condenser 206 is acconpani ed by two condensers 231 and 232,
whi ch are disposed in parallel. One of the two condensers 231 and 232; for
exanpl e, 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 conponent B mixed withjvgnt gas to a tenpepatpgrggjower than
the nelting point of conponent B. The vapor is solidified to becone a
solid substance rich in conponent B within the condenser 231.
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ég bccupi ed by the distillation apparatus

A vent gas treatment apparatus 230 employs switching-condenser
operation. The condenser 206 is accompanied by two condensers 231 and
232, which are disposed in parallel. One of the two condensers 231 and
232; for example, the condenser 231 1s 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 component B, The vapor is
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. When 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 thersby 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 1s discharged



as well as an increase in cost. FIG 7 is a view for expl aining anot her
conventional vent gas treatnent apparatus. The condenser 206 and a vent
gas treatnment apparatus 270 are connected by nmeans of a line L71. The
vacuum generator 228 and the vent gas treatnent apparatus 270 are
connected by neans of a line L74. The vent gas treatnent apparatus 270
enpl oys vent scrubber operation. Thd Zent gas treatnent qppggs $ 270

i ncludes a vent scrubber 271 ; a punp 273; a heat exchanger ;- and

val ves 275 and 276. The vent scrubber 271 includes a still section 281 and

a packi ngreal uhe seeteaBer282.1, Sokbtkenthor 1adsof bt deh vENte @aso raditt \BRpgYr
rich in conponent Bis circulated by neans of the punp 273. Specifically,

the sol uliiechaticsc Ras@ethd rcemitheestilll] se€tdmn i88fed @aocathé Nerldédsés ZENt,
through a line L73, to the heat exchanger 274 by neans of the punmp 273.

The sol gyi &N 14 g@@@&gpqm@rggméhe heat exchanger 274 is fed to the packing
colum section 282 through a line L77. The thus-fed solution is sprayed

fromthe top of theppaekbhadcabyoB, SeRti 0BnE82a aneh-desraindss yhd i dud o
packi ng colum section 282. Vent. gas is fed to the still section 281 1 3 0
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section 28 to thereby be adsorbed by the solution. The sol uti on which has
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unillustrated treatnent apparatus through a [irne L75 at predeter ed

timng. Aslhde LE6.}S; sed L0sk eRlsgni sh the vent gas treatnent apparatus
270 with tﬁé so%Ut?oﬁ% Thessofutign has properties capable of sufficiently

adsorbing vapor giicchqi A5 COMPARERh-Ba AV MG nl GHo W) kBBventional vent gas

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 LT,
The vent gas treatment apparatus 270 employs vent scrubber operation.
The vent gas treatment apparatus 270 includes a vent scrubber 271, 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 sclution 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




point. As nentioned above, the vent gas treatnent apparatus 270 requires

the vent scrubber 271 and the heat exchanger 274, anong other auxiliary
apparatus, resulting in an increase in area occupied by the distillation
apparatus as well as an increase in cost. Furthernore, the solution nust

has properties capable of sufficiently adsorbing vapor rich in conponent B
having high melting point, thus boostjigg distillation cogg.pehgistillation
appar atus enbodi ed through nodi fication of the distillation apparatus of

FIG 1 has been provided. The distillation apparatus is configured in the |
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As mentioned above, the vent gas treatment apparatus 270
requires the vent scrubber 271 and the heat exchanger 274, among other
auxiliary apparatus, resulting in an increase 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 the following manner. The top of the first
distillation column 201 is connected to the side of the second
distillation column 202, In the first distillation column 201,
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




condenser 204, where the vapor is condensed into liquid rich in conponents
A and B. The liquid rich in conponents A and Bis discharged as distillate
fromthe condenser 204. A portion of the distillate is refluxed into the
first distillation colum 201, whereas the remaining distillate is fed
into the third section 218 of the second distillation col bgwt2Qe] Li quid
rich in component C is discharged as ladcolum-bottom Iliquid fromthe
bottom of the first distillation colum 201. A portion of the
colum-bottomliquid is sent to the evaporator 203, where the
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vapor rich in conponent C. The vapor rich in conponent Cis returned to
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di scharged to an external des¥|nat|on. When the distillate 1s fed into the

third segii@np21i8n MARRLF £i GhitRegonponent ‘A i s discharged fromthe top of
the second distillation columm 202 and sent to the condenser 206, where
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distillation columh whereas the remaining distillate1s discharged to
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to becon@ondenser 204, where the vapor is condensed into liquid rich in
components & and B. The liquid rich in components A& and B 1is
discharged as distillate from the condenser 204, A portion of the
distillate is refluxed into the first distillation column 201, whereas é
the remaining distillate is fed intoc 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 distillate 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 distiilate from the condenser 206. A




vapor rich in conmponent B. The vapor rich in conponent B is returned to
the second distillation colum 202. The remai ning colum-bottom liquid is
di scharged to an external destination. \Wen separation of conponent Cis
insufficient in the first distillation colum 201, conponent C gathers as
an inmpurity in the vicinity of the bottomof the second d'g?h?l@fion
colum 202. When conponents B and Clabe heated in the evag 5 g g 203 and
205, respectively, conponents B and C are deconposed to form nodified
conmponents B' and C having a high boiling point. Thus, nodified
conmponenpsrBicand CGhealdetddtiheée s raplusidd dsitionthkesgcondid ystofl tdtd on
bottom of the second distillation colum 202. As a result, conponent B

col | ect edodsma pibducheceontaths iemalninesdisuchl st denphikentiar@eando an
nodi fi ed conponents B' and C . Conponent C and nodified conponents B and
C have Ekatgemalnmokecidaaionass of carbon and thus affect hue and odor of the
product. Since the product is collected at the bottom of the second

distillation columuid02ichhénps@eittterits Bexposed: Ha-gidgast anpel @i tton
i nduced by the evaporator 205 disposed at the colum bottom As a 16 0 3 O
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nodi fi ed conponent B having a high boiling point, with a resultant
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there is provided a distillation apparatus which collects a product in the
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conventional distillation apparatus
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 1s insufficient in the first
distillation column 201, component C gathers 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, compcnents 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 impurities, such as component 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 collected 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




whi ch collects a product in the formof vapor. Structural features simlar
to those in FIG 8 are denoted by common reference nunerals, and repeated
description thereof is omtted. A second distillation colunmm 202 includes,
fromtop to bottom a first section 216, a second section 217, a third
section 218, a fourth section 219, a fifth section 331, a sixth section
332, and a seventh section 333. A pdcking el enent is di sgb%8&l {08 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
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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 section 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 In the
condenser 336, the vapor is condensed into liquid rich in component B.
The liguid rich in component B is discharged from the condenser 336 as
a column-bottom liquid. The liquid is fed to a receiver 337 and
accumulated therein., The liquid is then discharged from the receiver

33T,

In order to carry out distillation in a low-temperature region




colums 201 and 202 can be drawn out and rel eased into the atnosphere. Even
though inpurities gather in the vicinity of the bottomof the second

distillation colum 202, vapor rich in conponent Bis not collected from
the bottom of the second distillation colum 202, but is collected as a
product fromthe fifth section 331. Thus, the product doeﬁ %Qﬁ @ﬁntain
inpurities; therefore, the hue and odo? of the product ar 5061 1BRf ect ed.
The product is collected fromthe fifth section 331; i.e., the product is
not exposed to high tenperature induced by the evaporator 205 di sposed at
t he col ufinrbpretomt tdreoébympahaecitngnppoddictt gegadlityyand mouretibes gattmr i ng
inthe vicinity of the bottomof the second distillation colum 202 are

di schar gednsimegludhrahéd timgl 24thr tTheref kasobeen-botown deidiuad dirstavapatators
apparatus in which a product is collected in the formof liquid, and
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conventional distillation apparatus in which inpurities are renoved froma

product . cShdetctarmsalofl eavdir2@$, shdrid aachon tdeoseatsr F36Si s 8 aipbs@darer desot ed
by common reference 1 8 0 3 OLT 2003 nuneral s, and repeated description
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section 220 as a colum-bottom liquid and as a product and fed to a
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In the heater 344, the vapor rich in conponent B is separaied from
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columns 201 and 202 can be drawn 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 331;
i.e., the product is not exposed to high temperature induced by the
evaporator 20% 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 L2U0.

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 shous 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



in component B, which is free of inpurities, is returned to the receiver
342. Subsequently, the vapor rich in conponent Bis fed to a condenser 343
for use with a product. In the condenser 343, the vapor is condensed into
liquid rich in conmponent B. The liquid rich in conmponent B is discharged
fromthe condenser 343. The liquid is fed to a receiver 345 and

accunul ated therein. Then, the liquiq gs discharged f r om0t3HE Tr 88ei ver 345
and sent to an external destination via a valve 346. In the course of
operation nentioned above, inpurities are accunulated within the receiver

342. Thugon g0, t1%) QEBEALPReL S ASLAIRALFOL. 2t pdet er i ned period of

tinme, the inpurities are renove rough a Ref erence nunera
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fifth Seg&éﬁNQQSE%mponent C and modified components B' and C'. The vapor rich

in component B, which is free of impurities, 1s returned to the

receiver 3U42.

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 34% 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 L2U8. Reference numeral 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-mentiocned conventional distillation apparatus adapted to

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




nmust be regul ated by neans of the valve 335. However, since control of
vapor is very conplicated, involvenent of vapor control pushes up the cost
of the distillation apparatus. SUMVARY OF THE | NVENTI ON An object of the
present invention is to solve the above- nentioned problens in the
conventional distillation apparatus and to provide a distggh@qé

apparatus which allows a reduction in grea occupied thereby and which can
be manufactured and operated at |ow cost, as well as to provide a
distillation nmethod enpl oying the dlstlllation apparatus Anot her obj ect
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section of the first stillati n section while being separated fromthe
of vapor, the giow rate o vapor dggcharged %?om %he Plfth 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
occupied 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



same by the partition; a third distillation section having an enriching
section connected to and forned above a | ower end of the first

distillation section, and | ocated adjacent to the exhaust section of the
first distillation section while being separated fromthe sanme by the
partition, and an exhaust section formed below the | ower end; a condenser
connected to the top of the colum b and adapted to c@rdgErfsgivapor rich
in a |lowboiling-point conponent discharged at the top; negative-pressure
generation means connected to the condenser and adapted to generate a
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conmponent . The second di scharge system has, second solidification .
pr event i SRR SES1o5r EPEREN ngn &Rt itdier fegti BRZBES § e Sq50gd; 418t thlathiahe
hi gh- boi | i ng- poi nt .conponent, In this case, the vapor rich in the
| ow boi | $#g T Mavdepanerrighing sephioRFumeackedt bp ¥1d dremed) abdvecdy,
and the | ow boiling-point conmponent is fornmed froma | ow nelting-point
mat er i al YPHRLIENG kar dhes 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 generation means connected to the condernser 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



no need to enploy various auxiliary apparatus such as a hot water tank, a
cooler, an oil tank, a condenser, and a vent scrubber. Thus, the
distillation apparatus allows a reduction in area occupied thereby and can
be manufactured and operated at |ow cost. Preferably, the first and second
solidification prevention neans each assune a doubl e-pi pe structure
conprising an inner pipe and an outerpi pe disposed concHOCT@p!y and in
which a heating mediumis caused to fFOM/through t he space between the
inner and outer pipes to thereby prevent solidification of the Iiquid
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prlnary n conda y pi pe disposed in parallel and in which a
heat i ng @%Q%II SO%n%auséE o flow through the secondary pipe to thereby
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end of the first djstillation section, and an xhaust .section fornmed bel ow
the upper end aia {:l?fé:atcé‘ﬁead? YApoy d"lp eln the (iow ab0111ng point componen?

is discharged at the top of the column body, and the low-boiling-point
component is formed from a low-melting-point material. Thus, there is
no rneed to employ various auxiliary apparatus such as a hot water tank,
a cooler, an oil tank, a condenser, and a vent scrubber.
Thus, the distillation apparatus allows 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 thrbugh 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 heating medium is
caused to flow through the secondary pipe to thereby prevent

solidification of the liguid flowing through the primary pipe.




enriching section of the first distillation section while being separated
fromthe sane by the partition; a third distillation section having an
enriching section connected to and forned above a |lower end of the first
distillation section, and | ocated adjacent to the exhaust section of the
first distillation section while being separated from the sane by the
partition, and an exhaust section foemmed bel ow the [ower [(EngE] giFondenser
connected to the top of the colum body and adapted to condense vapor rich
in a | ow boiling-point conponent discharged at. the top, a side cut nozzle

di sposed at { herdldfroledihasoob ), hodyia0d oolaRLed L0 HSGHRT Gl

rich in the nmedium |ng p0|n onéent as a
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connected to the side cut nozz e apted to coo ﬁroduct

OCT 2003, 4 11 fofii St & R58h, 6{}&1 | g4 Prs”t' Ghsd QlL@EoW%%hE%r?%'ab%H% a‘?f' m» ichin

COI’I’pOI’lEI’l{il is enriched in aust se 1 on O e secon

qui 0 rog NG e i ?EQ?M Hals ?ﬁiﬁﬁ%% i BB ﬂ“’@fwé% elhaufst
t: _ﬁéthl o i it 2%59;%{32‘1%29% r.ﬁ : P?q%.’“ i PORLRETAR © :
thet i r e Bty 4 BRECREN: hsanﬁéé@%ﬁ%inrh%s?@h‘al’ege L PR e S o
col um bpdyy A 1pdi 11ed companent, Lared, ! hrough . decoRpestLLEN, o, the

medi um boi |ng point “c npone

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
cseparated 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; a side cut nozzle disposed at the side of the column body and
adapted to discharge liquid rich in the wmedium-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 bottom;

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




vicinity of the bottomof the colum body and is then discharged at the
colum bottom Accordingly, the nedium boiling-point conponent does not
contact the high-boiling-point conponent and the nodified conponent while
t hese conponents are in the formof |iquid. Thus, the nmedi um boiling-point
conmponent col |l ected as a product does not contain the high-boiling- point

conponent and the nodified conponent,o which are inpuriti 33{ [ﬁs @3 result,
t he hue and odor of the product are not affected. Al so, q @ impurities

into a product can be prevented wthout use of auxiliary apparatus such as
a val ve, pa,@raduct condenser, a receiver, and a heater, thereby reducing
the size of the distillation apparatus and the cost of nmanufacture and
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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 intc 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 operaticn of the distillation apparatus and maintaining




i mredi ately cool ed by the cooler, thereby preventing deconposition of the
medi um boi | i ng- poi nt conponent whi ch would otherwi se result from heat held
by the product itself. Formation of a nodified conponent wthin the
product can be prevented nore reliably. The present invention provides a
further distillation apparatus conprising: a columm body; _a partition for
dividing the interior of the colum2bdédy into a first chaﬁﬁﬁﬂzﬂﬁd a second
chanber, which are adjacent to each other; a first distillation section
having an enriching section, to which an adjusted material |iquid

conpri si fHe a1 MedAEtahn| hepd chard aniaedid inre eerrenenic icvlliedtbfr pugihea
feed nozzle and which is forned above the feed nozzl e, and an exhaust

section forfesk 1upden, tHeS e@denodizd &) arseronshddusti LAAationr igaeti @mtavi ng
an enriching section connected to and fornmed above an upper end of the
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OCT 2003 upper end and | ocated adjacent to the enriching section of the

first digdidilathop: &8¢ Fﬁgrg%ug_e bei ng separated fromthe sane by the
partition; a third distillation section having an enriching section

connected to and;for %egr-@émei@ é@hvz%&t d,10% 1k he; el B?ttk%it Egha}grhr@tﬂoe?, the

section, and | ocated adj acent to the exhaust section of Irst
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di schar gSoMoq}lé'ng Mtﬁ'ﬁn' hé ;Jr%\%ct can be prevented, thereby enhancing product

guality.

The product collected at the side of the column body is
immediately cooled by the cooler, thereby preventing decompcsition 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 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 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; 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




boi | i ng- poi nt conponent fornmed froma high-nelting-point material; and a
second di scharge system di sposed at the bottom of the colum body and
adapted to discharge liquid rich in a high-boiling-point conponent. The
boiling point of the additive conponent is |lower than that of the

| ow- boi | i ng- poi nt conponent. In this case, the adjusted material liquid is
obtai ned through addition, to a material liquid, of angg@@qqmme conponent
lower in boiling point than the | ow-boi | i ng- poi nt conponent he adj ust ed

material liquidis fed to the first distillation section through the feed
nozzle. Jhysy é&ﬁp%rndr '188até‘dt£t? Rddict tefeu@@rmm]%mngs %%*h%ge‘é e Q@ he
top of the colum body. There |s no need to collect t I ng- poi nt
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condense vapor rich in the additive comporent 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 first 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 rich in the additive component 1s condensed by means of the



Further preferably, a portion of the distillate is refluxed into the
colum body; the remaining distillate is discharged; and an additive
conponent is added for replenishnent in an anmobunt corresponding to the
amount of the distillate to be discharged. Still further preferably, all of
the distillate is refluxed into the columm body; and in order to start
operation of the distillation appar S, an additive conmqﬂﬂntm' added in
a predeterm ned amount to the material” liquid. Still further preferably,
the distillation apparatus further conprises negative-pressure generation
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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 amount 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 distillation apparatus further
comprises negative-pressure generation means connected to the condenser
and adapted to generate a negative pressure to thereby withdraw vent

gas from the column body; and a gas cooler for cooling the vent gas



formed bel ow the upper end and | ocated adjacent to the enriching section
of the first distillation section while being separated fromthe sane by
the partition; and a third distillation section having an enriching
section connected to and formed above a | ower end of the first
distillation section, and |ocated adjacent to the exhaust @;gtrg ] of the
first distillation section while bei sgyseparated fromthe sane @ t he
partition, and an exhaust section formed bel ow the | ower end. The
distillation nmethod conprises the steps of feeding an adjusted materi al

distillation m i ses the cedi ng a
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second chamber, which are adjacent tc 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 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 liguid and an additive
component to the first distillation section through the feed nozzle;

condensing vapor rich in the additive component into liguid rich in the

additive component at the top of the column body; discharging the




the feed nozzle; a second distillation section having an enriching section
connected to and forned above an upper end of the first distillation
section, and an exhaust section formed bel ow t he upper end and | ocated

adj acent to the enriching section of the first distillation section while
bei ng separated fromthe sane by the partition; a third distillation
section having an enriching section @gnected to and folddTallblve a | ower
end of the first distillation section, and |ocated adjacent to the exhaust
section of the first distillation section while being separated fromthe

same by thg,pardichi 9f.tRNdgal S abRorReE! koM qn MRk Deliound e dovedu £nd;

a condenser disposed at the top of the colum body and adapted to condense
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evaporating the col um- iquid to thereby obtain vapor rich in the
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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; 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 distilliation
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-peoint component and to



conponents are in the formof liquid. Thus, the product to be collected
does not contain the nodified conponent, which is an inpurity. As a
result, the hue and odor of the product are not affected. Al so, entry of
inpurities into a product can be prevented wthout use of auxiliary |
apparatus such as a valve, a product condenser, a receiver, and a heater,

t hereby reducing the size of the dis?iplation appar at us guipthgprost of

manuf acture and operation of the distiltlation apparatus. Furthernore,

there can be sinplified equipnment for controlling the operation of the
distillation apparatus, and. mai ptai ni,n the distillation apparatus. Since a
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liquid. In this case, the additive conponent can be repeatedly used

t hrough %eRAT irdRht & the AdEEYTVE CPTRRNSPE: t her eby reduci ng the cost of'

operation of the distillation apparatus. . . ) )
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 liquid. 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 are not affected.

Also, entry of impurities into a product can be prevented
without use of auxiliary apparatus such as a valve, a product cendenser,
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 liguid, flow rate control of the product can be significantly

simplified, thereby reducing the cost of wanufacture and operation of




Further preferably, nost of the colum-bottomliquidis fed to the
evaporator; the remaining colum-bottomliquid is discharged; and an

addi tive conmponent is added for replenishnment in an anmount correspondi ng
to the anount of the colum-bottomliquid to be discharged. Still further
preferably, all of the colum-bottomliquidis fed to thenﬁﬁi?g tor; and
in order to start operation of the dgﬁgillation appar at us, itive
conponent is added in a predeterm ne nount to the material liquid. Stil
further preferably, the first discharge systemhas cooling mneans for

cool i ng e Liqui ich in the high-boiling-point component. In this case,
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Preferably, a portion of the column-bottom liquid is fed to the

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

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




enriching section of the first distillation section while being separated
fromthe sane by the partition; and a third distillation section having an
enriching section connected to and forned above a |ower end of the first
distillation section, and | ocated adjacent to the exhaust section of the
first distillation section while being separated fron1th%éﬁﬁﬁe &% t he
partition, and an exhaust section forned below the | ower i
distillation nmethod conprises the stgp of feeding an adjusted materi al
liquid conprising a material liquid and an additive conponent to the first

distillati AN th h t f | e; d i ich |

ow boi | THE 51 PO P IGUPE FERLIE e CALBEDN: L T
TP e o g e g A
body: di sch . i qui : ) hi ah- boi | i na. point ent “th

o e of Tratorann ban hefes BraPef Gl ttat T RO R R Ao bhshent

I - bot n.li.quid at the bott f th I body; d

v apor att HHOPRBE Ot HL- Bk BORART Pl 05 RREPBES -obt i n  vapor rich in the
addi tive conmponent. The b iLing oint of the additive co ent i s higher
Than that of t HEShRSTEEE0H LRUCEBIME ROHHGIEnAICBRE Y BEGERI A ON T AL
DRX&VNG% T O.structhgﬁi%nh f e;’tgres of the d?stillatton apparatus and

met hod atdor ity e & Fe ﬁr‘%&iﬁ? LN BT WA 1ICOBRTIE4BRI § GPHIWE i ABY 2as

t he same becones hetter understood referring to the drawi ngs, in which:
partition for 1vgdgng the in %rior of the column body igto 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 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
adjusted material liquid comprising a material liquid and an additive
component to the first distillation section through the feed nozzle;
condensing vapor rich in a low-bolling-point component into liquid rich

in the low-boiling-point component at the top of the column body;




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 nmedi um boiling-point conponent and a
hi gh- boi | i ng- poi nt conponent are formed fromrespective high-nelting-point
materials; FIG 3 is a view for explaining a conventional cooling system
FIG 4 is a view for explaining anothep conventional cool iriEyHdlem FIG 5
is aview for explaining still anothér®conventional cooling system 33 0 3
O CT 2003 FIG 6 is a view for explaining a conventional vent gas
treatnené.a ar at us

1%

. FIG 7 is.a vjew for explaining anot her conventiona
{6, B b aiiGs TIED AN B Ps 189 HHOEPETRP L GRTBPTSN At the

vent gas
conventi onal di%tillation apparatus in which a nmedjum boiling-point
conponent®l LicFPett B PO he digehRHANSr Lad ekt shal dis & PEERTROE LB WRALNTFI G

9 is a conceptual view of a conventional distillation apparatus which

col | ect sCEMpfidtictal AhEheiderdh dhevapbynn mogy:181scharedsgcdptvdd SARW S a
conventional distillation apparatus in which inpurities are renmoved froma
product;thﬁ(ﬁdQEF%V§ BOBRRIESHt B8l & VGRWTer bat bt tiiarddi o diFpaPht e of the
according to a first enbodi nent of the present invention; FIG 12 is a
concept uEPLWire WOBY ; 22b GERPIIFLLPBEt R SPLPathadion 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.

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
whichs:

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 cooling system;

FIG. 4 is a view for explaining another conventional cooling
system;

FIG. 5 is a view for explaining still another conventional

cooling system;



colum used in the distillation apparatus of the first enbodinent; FIG 13
is a conceptual view of a distillation apparatus according to a second
enbodi ment of the present invention; FIG 14 is a conceptual view of a
distillation apparatus according to a third enbodi nent of the present
invention; FIG 15 is a conceptual view of a coupling-type distillation
colum used in the distillation appagﬁgus of the third enbodinent; FIG 16
is a conceptual view of a distillatidn“apparatus accordj@@Cidild fourth
enbodi nent of the present invention; FIG 17 is a conceptual view of a
distillation app tus .according :to a fifth enbodi nent qf. the present

i nvention; 34 0 gﬁo& 3603 EEY 18T §%% [edRddist GalC AVEW ! %di"set"i 1€ on
apparatui ccordin é% a, si xth enbodi nent of the present invention; FIG
19 is a gﬁ%@EW5an M9f a coupling-type distillation colum used in the
distillation appat tys,of the sixth e lenenn,; FIG 20 is a.conceptual
view of a distiFI&ti dntaghar&tul PhcTR LA o % & APAY e HE biEdShe
pr esent 'nzgpti%n' FIG, 21 is a conceptual view of a distillation apparatus
accor di ngr$0 SR et TR Cfbodi ment of the present invention: FIG 22 is a
conceptual view 0f, a in portion of _a disti)Jlation apparatus according to
a ninth enbodi neﬁu-ofé?lﬁe PLEYERP PRV et O é}q&onﬁ|eet19§a§sgaskb%&fpk%|
view of a nain portiagn of a distillation apparatus according to a tenth
enbodi neﬁ?p%fa%ﬁelbr%%t aj W‘Bﬂﬂﬁ@seﬁmtn@@@ﬁeﬁmespﬁﬁ#%@é at the

EMBODI MENTS Enbaodi nents of the present .invention will next be described in
bottom of a second distillation column;

FIG. 9 is a conceptual view of a conventional distillation
apparatus which collects a product 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 embodiment 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 1s a conceptual view of a distillation apparatus
according to & second embodiment of the present invention;

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

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

FIG. 16 is a conceptual 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 th= present invention;




detail with reference to the drawings. FIG 11 conceptually shows a
distillation apparatus according to a first enbodi nent of the present
invention. FIG 12 conceptually shows a coupling-type distillation colum
used in the distillation apparatus of the first enmbodinent. In the

drawi ngs, reference nuneral 10 denotes a coupling-type distillation
colum. The coupling-type distillati@ndcolum 10 include%3gmﬁjw§t 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 BEGLi 0f 19.a 3cdn @@ Q0T ViRAB dim A dgeltum sbddy, abptbetus
coupling-type distillation colum 10, a partition 22 divides the fourth

section é{ﬂcdr@tiﬁ%atrf)id’ stixehagheididdds aTdtha meeend ohambesnl4B; a partition
23 divides the fifth section 15 into a first chanber 15A and a second

chamber 156; an@1a.pantitidncddedivblesied be sixblpsegt-itgpelbisnildad ibhr st
chamber 16A and a second chanmber 16B. The first chanbers 14A-16A are

adj acentcé unirh@ssgcomnd iehambel 5l1at4Bn 15 arates pectineekyx t bbb igénichanber s
14A- 16A constitute a first distillation section 25; the first section 11,

the second sectipp;l2p idesthidcesedl amels.ofand dihe i9aeandrchambentLdB
constitute a second distillation section 26; and the second: chanbers 15B

and 16B, 54tg-dipgVenth 2eehti9mbédiddit eF ghtd presthonnl8nt asid the ninth
section 19 conStitute a third distillation section 27. Notably, the

partitions 22-24pcan be {mde @@@é%pm alidig oft iy ough sanpitavme’bpetadus
desi gn such that the partitions 22-24 are fornmed of an insulating nateri al

or a desi&ibsMel thaln LhpntMiRibbaifetf ofhene RRELLLE ORweRRicdf; are made
vacuum In this case, since there can be
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.

DESCRIPTICN 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 present invention. FIG. 12 conceptually
shows a coupling-type distillation column used in the distillation
apparatus of the first embodiment.

In the drawings, reference numeral 10 denotes a coupling-type
distillation column. The coupling-type distillation column 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 16



R R R R T

reduced heat transm ssion between the first chanmber 14A and the second
chanber 14B, between the first chanber 15A and the second chanber 156, and
between the first chanber 16A and the second chanber 16B, the efficiency
of distillation can be enhanced. The fifth section 15 is di sposed
substantially at the vertical center of the coupling-type distillation
colum 10. A feed nozzle 41 is forngdd5on the side of tHE3GOLHNI ng-type
distillation colum 10 at a position corresponding to the first chanber
15A. Sinmilarly, a side cut nozzle 42 is forned on the side of the

coupling-type digtildAaten:ed}! viMtige &ddp316y-Ghpt0838: 40 18k 1 8 RRSIkhom, &
correspondi ng to the second chanber 15B. The first section 11 is disposed

at the tgpaf ibRerTouRliiag- thPeodl-at iddeatiboniy Gakym st Acnanrs oul!&lg 43
and a ref lux liquid inlet 44, which are connected to a condenser 81, are

formed af deh@nfii Eisdmpeciimn alf!aar-frl onMp P v38EL 1R 9 diS sdb§ﬂ9§eld ahtd he

bott om of the coupling- type di stillTation colum I0. A col um-bottom i quid

outl et 4p;jand -8R 154 BhAt 2 48 c0MAi Ehafs- qepnegted ?Qpé‘ﬂt \ﬁa@ﬁr Al 91482,

are formed at the ninth section 19. In the fhas: configure coup I ng- type

distill aﬁm@@ huezmzt#an *%rbafléét%hﬁmﬂ;ém% Pd@s&?&ﬁ%o&%%%e%.

B, and Cis to t nozzl e 41 through |ne onent is
| over 'nm&'fl 29 R tw 1%%9@%53&1@513%00%“5@&[) Fﬁam@r 18- g, 1 ng
poi nt than conponent C. nent A serves as a | I'Ng- poi n

B b t
conponent ¢ePEETRVEY, a’fsﬁ SEI5ST R @%h;ﬁ%&ﬁ% foiponral gkt ¢

are forged f ffl%plaﬁsgg(gém ee@' IBALT™ {rlsRO3 DOt [y MR CERA! Secdrld SBELILA St

distillation section Pirst charber
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 22-24 are formed
of an insulating material or a desigh such that the interiors 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 t4B, hetween 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, 4 feed nozzle #1
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




di sposed above the feed nozzle 41 fornms an enriching section ARL, and the
first chanber 16A disposed bel ow the feed nozzle 41 forns an exhaust
section AR2. In the second distillation section 26, the second section 12
connected to and di sposed above the upper end of the first distillation
section 25 farns an enriching section AR3, and the second chanber 14B

di sposed bel ow the upper end of the f3i bst distillation &&8ETNI25 while
bei ng adjacent to the enriching section ARL forns an exhaust section AR4.
In the third distillation section 27, the second 3 7 O3 0 CT 2003 chanber
16B connétted 4 @eaxid idnisposesk avohiegt be tlowercend ofanbesr flibBst The first
distillation section 25 while being adjacent to the exhaust section AR2
forms ansemriahi hy isecdtispnsARbSat artte tthe eifghhd sagilion-18pdi sposidlatieinow
the lower end of the first distillation section 25 forns an exhaust

secti on ARBumrAsiGdesér rbpd- ahdier ¥ heandpperefhak dfiqube frledt ddi swhidlatdaren
section 25 is connected to the substantial vertical center of the second

di stil | atororeceet itona26ondardetrnd 1] cwey ferdeofat Mduef fi8tt diesttiibhat i.on The
section 25 is connected to the substantial vertical center of the third
distill ativbhseetitann278 lin dhepexkaust seet ot tAR2 oft eenabepildngHtgpied M
fed through the feed nozzle 41 undergoes vapor-liquid separation such that

vapor  rd{dtii I atdeponetsn AcandaBcdBungehet sbedl ajuidnoupper dpouhiioa tdpereof ,
while fluid conposed of vapor and liquid rich in conponents B and Cis

i ncr easi nglet genenatied ab@nghrie tdasesnsh ng gioraebi-ope, Hre Fbuhedist thed to
the third distillation section 27 fromthe |ower end of the first

distill atimdn seeth@n . The fluid is heated in the third distillation
section 27 to

In the thus-configured coupling-type distillation column 10, a
material liquid M containing three components 4, B, and C is fed to the
feed nozzle U1 through a line L51. Component 4 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 14A
disposed above the feed nozzle 41 forms an enriching section AR1, and
the first chamber 16A disposed below the feed nozzle 41 forms an exhaust
section AR2Z. In the 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 14B 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 29, the second




t her eby beconme vapor rich in conponents B and C. During ascending in the
exhaust section AR2, the vapor rich in conponents B and C contacts the
material liquid M As a result, conponent A contained in the nmaterial
liquid Mis prevented fromdescending and is thus collected. Thus is
prevented entry of conponent Ainto the third distillati ? section 27. The
vapor rich in conmponents A and B ascdnds in the enrichiﬂg Q@T&mi OCT 2003
section ARL and is then fed to the second distillation section 26 from the
upper end of the first distillation section 25. The vapor rich in

conponentiSarbeand 6B tonreeekadid mridhd ispeond Hicsti thatlcaBrs@ed ic@nt26 £0rst
t hereby be condensed into liquid rich in conponents A and B. A portion of

the |iquitstrilchtion GRRBOAEMNS whidd b rigS aR@dcdriXed th ekRgueNTdcLhi g AR?
section ARl and brought into contact wwth the vapor rich in conmponents A

and B whighnt sarasafiidiigiel BebBeofNERENI AW Sofd icQRhtARect Noh i § dBIPINed t he
vapor rich in conponents A and B can be fed to the second distillation

section @814 onhd NEswpeinene ahet e rkicr atistdl shthbAat 0 SRCtIDP ARs dp the
exhaust section ARG, liquid rich in conponents B and C descends, during
whi ch vapgeactChedticpompP@nent B is generated at an upper portion thereof,
and liquid rich in conponent Cis increasingly generated along the

descendi ng direqld QRscFRBeli S, ithe LBPELTRANESY tie 19 rdtSghaf et B

col um-bottomliquid to a [ine L52 fron1Phe colum- bottom |liquid outlet

45. A pOgddiaRnops I cephetBRuPes B kit Lhtlia1 SR i b1 LdMRtBM PO ReOkecond
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 liguid rich 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 section ARZ2, 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 descending and is thus collected.
Thus 1is prevented entry of component A into the third distillation
section 27.

The vapor rich in components A and B ascends in the enriching




82 through a line L53. In the evaporator 82, the liquid is evaporated

t hrough application of heat to becone vapor rich in conponent C. The vapor
rich in conponent Cis fed to the vapor inlet 46 through a line L51 to
thereby be fed to the ninth section 19. During ascending in the ninth
section 19 and the exhaust section ARG, the vapor rich in conponent C
contacts liquid rich in conponents B3ahd C. as a resul t,D308§paM3Irich in
conponent B is generated fromthe liquid rich in 39 0 3 OCT 2693 conponents
B and C. The remmining colum-bottomliquid is fed to an wunillustrated

col urm- begatdmnl Rl andadeomn afddonos et | arontr digfil ltthéilon isestiss. 2 Hawn a
portion of the vapor rich in conponent B ascends in the enriching section
AR5, durlilmg upivechenhefpdhei bhrsf dilkéiVbpoiony sehtion 20onpbremapBrcoitttadns
the liquid rich in conponent B fromthe second distillation section 26 at
t he uppesongrichentst heandily dsdicsoiléd aitri dhe sectridri2Tilbativer ebytbeoife to
liquid rich in conponent B. The liquid rich in conponent B obtained at the
upper entherfebyhlee tdunddnsidtintbatiqnid sidt ilenc@ihdnents Sckardged as a side cut
liquid fromthe side cut nozzle 42 to a line L56. The di scharged side cut
liquid is fed té portiom bfushe atiechidi dicleuth kogporbraccbdnarotdt lenraflotkiedn.
The line L56 serves as the first discharge system In the exhaust section
AR4 of tte tdecendidhibgl sattiiom 484t and bRGighti dutd corddacitnwdbipoimentapof and
B descends, during which vapor rich in conponent A is generated at an
upper poridtonnt hespaientand khdu dhichhis igsceadponeni tBei entintriegsserdiyn
generated along the descending direction. The liquid rich in conponent B
obt ai nedsRat. the | ower end of

In this manner, the vapor rich in ¢omponents 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, liguid 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 liguid rich in component
C is discharged as a column-bottom ligquid to a line L52 from the column-
bottom liquid outlet 45.

4 portion of the column-bottom liquid is sent to the evaporator
82 through a line L53. 1In 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 ARG, the vapor rich in
component C contacts 1liquid rich in Compdnents B and C; as a result,

vapor rich in component B is generate@ from the liquid rich in



t he second distillation section 26 is discharged as the side cut liquid
fromthe side cut nozzle 42 to the |ine L56. The vapor rich in conponent A
ascends in the enriching section AR3 and is then discharged fromthe vapor
outlet. 3 to a line L57. The discharged vapor rich in conponent A is sent
to the condenser 81, where the vapor is condensed into liquid rich in
conponent A, which is discharged asgdgstillate to a Iinﬂngﬁﬂ|@n order to
enhance the 40 0 3 OC T 2903 efficiency of distillation*f g nponent A,
a portion of the distillate is sent to the ref lux liquid inlet 44 through
alineL éHHL f ol i akl 1.0 r . heq g ef
liquid |(IF51(I9mt 4zP.rt%TEeHﬁ§e | u%h% té?@t FH% gC%inganbr (E)]?J%_%?HE rinﬁqlgq?o%tga{:%&v&({ ;1%
vapor righ;if).¢ %%8“?6‘1%@%%@ i‘%g@ﬂﬂ' olmﬂoﬁg'@i%pr e“c*%!iBﬁ BRESAAN HR3-
The remaining distillate is fed to an unillustrate Istillate
acconnnd?ﬁ&gqﬁgection through a line L60. As described above, vapor rich in
conponenis A and B is separated into vapor rich in conponent A and |iquid
rich in conponea R f .0 LSt ' ' 2 e
Vapor Tich T eseosene R oF) L arBER PR P o IOR SRseeRRs (TS
and condensed. . i Ligui ghdi Lpn.c : f qqggp r
81. The gﬁfﬁﬁrl%$%§ﬁ’?ﬁHd@%ﬁoﬁgﬁFH% I's gl?%%aéagglﬁgqgsgg ebg'?gliqU|§%from
the sid | Lk d i ([P n j ar
into i quie i En Seltaskentie S BPR R SR BoRE, el S LR
the thirg. di stq t i : jquid righ,i B 1.
9agtffiéél&t%%c%§%%qgg gg tg@ﬁﬂ%*%?&%ﬁ b+ h8 ?Bfggnf#ﬁgﬁﬁﬁﬁﬁan

di scharged as a si cut Tgurd trrom cut nozzle qui d

rich in compaedy Col BndbasiNH98He28 15l PR RO LA 8. T T oM 11guid

rich in component B obtained at the upper end of the third distillation

of

section 27 is discharged as a side cut liquid from the side cut nozzle
42 to a line L56., The discharged side cut liquid is fed to an
unillustrated side cut liquid accommodation section. The line L5%6
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 liguid rich in compornent B obtained at the lower end of
the second distillation section 26 is discharged as the side cut liquid
from the side cut nozzle U2 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 A is sent to the condenser 81, where
the vapor is condensed into liguid rich in component A, which is

discharged as distillate to a line L58. 1In order to enhance the




t he bottom of the columm body. Since the nelting points of conponents B and
C are higher than anbient tenperature, the lines L52, L53, L;55, and L56
assume a doubl e- pipe structure in order to prevent solidification of the
side cut liquid within the line L56 and solidification of the
colum-bottom liquid within the Iings L52, L53, and L55. The lines L52,
L53, and L55 <constitute the second igcharge‘systenl The doubl e- pi pe
structure that 4 1 0 3 OCT 2003 the line L56 assunes servé£3ﬂ§TﬂW£ first
solidification prevention neans, and the doubl e-pipe structure that the
lines L2ficsgncaref 195t1abalime Ser viayrasthel,séconatiswl phi fhecdirbhllate
prevention neans. The doubl e-pipe structure is conposed of an inner pipe
and an ol &epi fe tap sprfskx dénvehiinledl Py, tigtwigh sedinngd -2s andheeft I rgd
mediumis caused to fIOM/phrough t he space between the inner and outer
pi pes tolttfertdy figrdvesctdon dilf tearudn Wdie ted lowl Jaaubdt iohet ildui d Toe,
the side cut |liquid flowi ng through the inner pipe. The present enbodi nent
enpl oys rehbugedbbéspilgd adter uat dreowsht hen o reenhadt seédbhdvsebrdirficatiinon
prevention nmeans. However, steamtracing may be enployed in place of the
doubl e- pi pepstents ukeandt Barrteadiing iis dompesedchfing peicvdoy pRpe dhe a
secondary pipe disposed in parallel: Steamserving as a heating nmediumis
caused tmefikdw itrig odijhk ttilel steeohdarfy difpe &0 vimdrlebys pretedt distillate
solidification of the colum-bottomliquid or the side cut liquid flow ng
t hr ough adiemgpiatign piepélokadhroaghtdelimar Lehi ng sections ARL, AR3, and AR5
and the exhaust sect-ions AR2, AR4, and AR6 is fornmed of a packing
i ncluding a singhe deedeibEldwebere, dependi mdcdn imelcampeaewndisatti bntly Barsng
conponents to be

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 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 from the
side cut nozzle 42. Ligquid 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 liguid rich in component B
is discharged as a side cut liquid from the side cut nozzle 42. The
liguid rich in component C is discharged as a column-bottom liquid from
the bottom of the column body.

Since the melting points of cowmponents-B and € are higher than
ambient temperature, the lines L52, L53, L55 and L56 assume a double-
pipe structure 1n order to prevent solidification of the side cut
liguid within the line L56 and solidification of the column-bottom
liguid within the lines L52, L53, and L55. The lines L52, L53, and L55

constitute the second discharge system. The double-pipe structure that



obtai ned through distillation, each of the enriching sections ARL, ARS,
and AR5 and the exhaust sections AR2, AR4, and AR6 nmay be forned of a |
packi ng including a plurality of nodes corresponding to characteristics of
a packing to be used, in order to attain the nunber of theoretical stages
required for distillation. Also, a distributor my be disposed between the
nodes. Furthernore, the feed nozzle 41land the side cut EF&@ 42 are not
necessarily disposed at the sane level. 4 2 0 3 UL 1 2%39 AS éescribed
above, through use of the coupling-type distillation colum 10, the
mat er i al theqlide M.eamne deumsepacatved aat bhe chimpanentid dAf Coat Lhoupresa ofora
plurality of distillation colums. Since there is no need to repeat heating
and cool nagns,n @ud phar dbilye-@fipdi stiriltdtatrieonheol thnd inthelf@ynhénR, obnd L55
instrunents, such as condensers, evaporators, and punps, can be reduced.
Accor di ngkgunanseavea 29 bes cooupided diyidtiié cditdonl patvent appanadus cdihebe
reduced, and the anmount of consunption of utilities and consuned energy
can be dedutedige wibcttbherebyoneduedngf tadre icost pipd henddiast bbitat i pipe
apparatus. Preferably, the coupling-type distillation colum 10 has a total
of about d3¢pdked themneticallist afessn apdvabpuat 5-13Gtthgoteetivaals stzages tare
all ocated to each of the fourth section 14 and the sixth section 16.
Meanwhi | & lot hehtduigtd tdecteipane 18 twsdrudés dnaoll sod arutezd grigea tohbmedbut ype
di stributor 61. Liquid collected by the collector 54 is distributed to the
first chapmbeentdsonidl fthmtsiecond chanbeluddB oftdihd ighaddr bh sketsdde bt n
predeterm ned different portions by nmeans of the distributor 61.

liquid flowing through the inner pipe. 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 liguid or the side cut liquid
flowing through the primary pipe.

Each of the enriching sections AR%, 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 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 41 and the side cut

nozzle 42 are not necessarily disposed at the same level.



The first chanber 15A of the fifth section 15 includes a collector 62

di sposed just above the feed nozzle 41 and a tubular distributor 63

di sposed just under the feed nozzle 41. Liquid collected by the collector
62, together with the material liquid Mfed through the feed nozzle 41, is
fed to the first chanber 16A of the sixth section 16 by neans of the
distributor 63. 43 O3 U Ui 2003 Meahhile, the second qmgbeyls8 of the
fifth section 15 includes a chimey-hat-type collector 65 di sposed just
above the side cut nozzle 42 and a tubular distributor 66 disposed just

under the side cad fezzbeb42d diguid tabbegtedidy dhetigsl Eeoharingd tme
di scharged as a side cut liquid fromthe side cut nozzle 42 and fed to the

second ghatbelatfidh afolthe 30Xt bheardteani 16 1ayuiBansc & B efiashtbBuloro 66.
Furthernore, the seventh section 17 includes a collector 67 and a tubul ar

di stri butefipdtbntls qui d.descendiagf rombhel Sixtr geetinntibn &1 GRkl ected
by the collector 67 and is then fed to the eighth section 18 by neans of

the distributor §8ncénthbee presents o atMRRR LY AROENAT €80l thgompanent
A discharged fromthe top of the colum body is condensed by neans of the

condensep18da 1 tiydiofany s €001 dtN@rab ehnhs, UsRdnafbér ¢F0lihBg-IRAitum £OkY as
cooling the vapor. Since the nelting point of conponent Ais lower than

the tenperalere:f, eeabbpgtyat ersrldf %bm?é?”@é@’bé heauBba) N Rt ng®h, an
conponent A is lower than a cooling water tenperature of 30 Cto %5 O,

the vapogréa cfb ige _@)@EQQi‘@d\_tbyAt%é”dP@tﬁlﬁéﬁi@h%%ﬁ:é’p%‘j%ﬁe@e WdRRRE, and

i nvol venent of solidification of the vapor within the condenser .

Accordi ngh¥, ahbehe b8 AOnHeRsk it wre ot MBRLRS anfoebhBUmal! endfgy 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 14 and the sixth section
16,

Meanwhile, the third section 13 includes a collector 54 and a
channel-type distributor 61. Liguid 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 1524 of the fifth section 1% includes a
collector 62 disposed just above the feed nozzle 41 and a tubular
distributor 63 disposed just under the feed nozzle ¥1, Liquid
collected by the collector 62, together with the material liquid M fed
through the feed nozzle 41, 1is fed to the first chamber 16A of the

sixth section 16 by means of the distributor 63.




steam as the cooling nedium As a result, there is no need to connect a
cooling systemto the condenser 81. In order to reduce energy consuned for
heating a colum-bottom liquid in the evaporator 82, preferably the
evaporator 82 is lowered in tenperature. However, when the evaporator 82
is lowered in tenperature, evaporation of the colum-bottomliquid becones
difficult 4 4 Q3 QUT 2003 accordingldyd In order to cope ML itig3s probl em
a vacuum generator 91 serving as the negative-pressure generation neans is
connected to the condenser 81, so as to establish a negative pressure
within the coupMeagwtybe, dilss iddatridore@ibemm 156, cAsther esoith, sédeion 15
colum-bottom liquid can be readily evaporated. Al so, vent gas generated
within theclesupld piinype-tditsttivbkatsd Dlectokubh dikxmeardbgust awbveuthangide

rel eased into the atnosphere. In this case, a gas cooler 92 is disposed
bet ween thet wmwlenserandBh aovkuldredvecribmtgents atiopoddd i juser dedert aheooldevent
gas wi thdrawn by neans of the vacuum generator 91. A line L61 connects the

condenseruBlncznid the dasutodatele@led and tael daideb6ar cBnectissdHggasacapl er
92 and the vacuum generator 91. Wen vent gas m xed with vapor rich in

conponenktidA tstsebyuldofirddnetioondeaiis erut8hotza 1bhezgasdcoed exc dhansk ol ed
in the gas cooler 92, the vapor becones liquid rich in conponent A to

t hereby chemis@pancdt efl fheomiktie seentogas b¥hteanst BEr ehd ik rneethrt 66di spose
a vent gas treatnent apparatus between the condenser 81 and the vacuum

generator 91. Neuabhd¥rmdree glas se0ehth 2tean Usaneldidiary c6DDidthe BAteid as
a cooling nedium The distillation apparatus of the present enbodi nent

i ncl udes at bgh eRiruRs bethutorhesparnticiii@nge Zdnddngt heonf ithet sieth tdickdon 16
distillation sections 25-27, the condenser 81, the evaporator 82,
is collected by the collector 67 and is then 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 4 is lower than a cooling water temperature of 30 ¢ to 35
°C), the vapor rich in component A can be sufficiently condensed without
involvement of solidification of the vapor within the condenser 81,

tccordingly, 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

temperature. However, when the evaporator 82 is lowered in

temperature, evaporation of the column-bottom liquid becomes difficult



t he vacuum generator 91, the gas cooler 92, and the |ines L52, L53, L55,
and L56. As nentioned above, vapor rich in conponent A is discharged from
the top of the col umm body, and conponent Ais forned froma | ow

mel ting-point material. Thus, there is no need to enploy various 4 50 3 O
C T 2003 auxiliary apparatus such as,a,hot water tank, ?Uf@ﬁlﬁﬁ an oi
tank, a condenser, and a vent scrubfef . Therefore, the i tion
apparatus allows a reduction in area occupi ed thereby and can be

manuf actured and operated at | ow cost. According to the present

enbodi nextcordhestias doobedenXoj sopeliwidsbdlbarpbéant e vesnde igset81oafd t he
vacuum generator 91. However, a vent-scrubber-type vent gas treatnent
appar at usetreiyghesdikpowgstiine-pregairsf geherghkorcdehes b2 canmecpd tadde
since solution to be used is not required to have the capability of

suf fi ci emigenssor bil ngsvaper tei eAtabhpisbnponesetAvet eesostreot Idpdiratiben of
the distillation apparatus can be reduced. Accordin% to the present

enbodi merayp Maygokypé chistnilderponeralumn i18. di sz argedliy ofha 19 lvaporotdin et
43 to the line L57 so as to be sent to the condenser 81. However, a
condenseliquey bendispesddlynetderkitest /flecti ganbfgashgsveraiad badhin dhe

t hereby connect the top of the columm body and the condenser. Meanwhil e,
when compoupdringBrymd ldectétllatsica pobauct! Gcom diensragnmunend 1©lesdedoditfo ed
conponents B and C, which are inpurities, the hue and odor of the
product fme sambsghed. since conponent C and nodified conponents B and C
each have a |l arge nol ecul ar nass of carbon. A second enbodi nent of the
present inventi on,tit chsey |4 gae cooler 92 is disposed between the condenser

81 and the vacuum generator 9t in order to cool vent gas withdrawn by
means of the vacuum generator 91. A line L6t connects the condenser 81
and the gas cooler 92, and a line L62 connects the gas cooler 92 and the
vacuum generator 91. When vent gas mixed with vapor rich in component
4 is sent from the condenser 81 to the gas cooler 92 and cooled in the
gas coaler 92, the vapor becomes liquid rich in component 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




described below, is adapted to prevent entry of inpurities into a product.
Structural features simlar to those of the first enbodi nent are denoted
by conmon reference nunerals, and repeated description thereof is omtted.
46 030C12003 FIG 13 conceptually shows a distillation apparatus
according to the second enbodinent. In this case, a poa}iﬁﬁ g@ vapor rich
in conponent B ascends in the enricHibg section AR5 an I gs liquid
rich in conmponent. B descending fromthe second distillation section 26 at
the upper end of the third distillation section 27 to thereby becone

li quid rachiliaryceppenents Buchred ke hekhealstr $evkj on cAaRdenf arheidetanld 2

distillation section 26, liquid rich in conponents A and B descends,
duri ng whoedenseaporndi chvant conpamsent Phdrelgener tediat 1abatuppme apparatiuwn
thereof, and liquid rich in conponent B is increasingly generated al ong

the deseéhdisng dedeciticoninThed poouiplied ¢hetrabyc angorentbeBnasufsativche daridn
the second chanber 15B. The enriched liquid is discharged as a side cut

| i qui d ocpargiraadact 1dw amsthe side of the colum body to the |line L56

t hrough the side cut nozzle 42. The discharged side cut liquidis fed to a
cool er 192, whergcthedinguid iilse qoalsedt Eheoddoked, stide gat doaglerd 94 Sis

di scharged to a line L63 and fed through the line L63 to an wunillustrated
si de cutdisgnsed Beomwrndbs i @amdersdn @n. ahd thei sacamegetdreatbrgii.d Hoetvem
conmponent B is enriched in the second chanber 15B, and the enriched liquid
i s di schar geftascrapeeddgpe Faromelbetsesiencaft tHppacatusmayody thspoged time
side cut nozzle 42. Meanwhile, liquid rich in conponent Cis enriched in
the firsplahamiethe 1 andléhe>secondidsashes, KBcanshluwibnrtdidre esed cixed

in the eighth
not required to have the capability of sufficiently adsorbing vapor rich
in compeonent A, the cost of operation of the distillation apparatus can
be reduced.

According to the present embodiment, 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 condenszer.

Meanwhile, when component B collected as a product contains
component C and modified components B' and €', which are impurities, the
hue and odor of the product are affected, since component C and
modified components B' and C' each have a large molecular mass of
carbon. A second embodiment of the presént invention, which will be
described below, is adapted to prevent entry of impurities into a
product. Structural features similar to those of the first embodiment

are denoted by common reference numerals, and repeated description

thereof is omitted.




section 18. Subsequently, the enriched liquid is discharged fromthe
bott om of the col um body through the colum-bottom|liquid outlet 45.

Modi fied conponents B' and C forned through deconposition of conponents 4
7 U3 UC12003 Band Care collected in the vicinity of the bottom of the
colum body and discharged fromthe colum bottom through the

col um-bottom liquid outlet 45. Thud, conponent B does ndt3 @ohilétt
conponent C and nodi fied conponents B and C while these conponents are
inthe formof liquid. Therefore, the product to be collected does not
contai n conmponeRIGC Ehdonomstivkileéd dempoaehniss iBlaaiuh Epparattiscacasreing to
inpurities. As a result, the hue and odor of the product are not affected.
Al so, enthy ofcorpembbddisentnto the product can be prevented without use of
auxi liary apparatus such as a valve, a product condenser, a receiver, and
a heater, therely teikiciaRg, thepmitienodf thaeod sidH liat canponappab adacerdadit he
cost of manufacture and operation of the distillation apparatus.

Furt her mohe, ebhecringnsdet sompiRY i-adh equitpirent Mfiguidcentholihi agnpdeent B
operation of the distillation apparatus and nmaintaining the distillation
appar at uges & mtiggt feoprduckcoad digstdallhecdredecnibhert faar phefudpequiedd 6 ow
rate control of the product can be significantly sinplified, thereby

reduci ngthbetgosl &fstrBlftactukecandnopdr at i tineafby thee ctiesflithhadi obch in
apparatus. Since the product is collected at the side of the colum body,

the prodyshpbsetiotB.exdosatet exhhght tanqieiat uke bhduceddnoriche isevapat dbror
82 di sposed at the bottom of the columm body. Al so, the product does not

require addtioonad, hNaauiiagrbyh arheai@bnedhsisy arfooBmabkoendd, rbtiihgedhich

conponent B' within the product can be prevented,
vapor rich in component A4 is generated at an upper portion thereof, and
liguid rich in component B is increasingly generated along the
descending direction. The ligquid rich in component B is enriched in the
second chamber 15B, The enriched ligquid 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, where the liquid is cooled. The cooled side cut liguid
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 through the side cut nozzle Y¥2.
Meanwhile, liquid rich in component 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 of the column body through the column-bottom liguid outlet Ub.

Modified components B' and C' formed through decomposition of components



t her eby enhanci ng product quality. The product collected at the side of the
colum body is 4 8 0 3 0 CT 2003 i mmedi ately cool ed by neans of the cool er
192, thereby preventing deconposition of conponent B which woul d otherw se
result fromheat held by the product itself. Thus, formation of nodified
component B' within the product can be nore reliably pregquﬁqmm
Preferably, the coupling-type di sti | 4afi on col umm 10 has & %'ot'd of about
30- 100 theoretical stages, and about 5-30 theoretical stages are allocated
to each of the fourth section 1L and the sixth section 16. In the present
enbodi mehtanddchref cohecdsfi Eni iy vdeinbins cAREe Y omanl s cahime Heedy
exhaust sections AR2, AR 4, and AR6 is fornmed of a packing including,

si ngl e ndde. disekaverd Gupenbe nep v Bphkew dhrovgtthe €9 LlamsiRg téefkpb s to
be obtained through distillation, each of the enriching sections ARL, ARS,
and AR5 anblethdSexhaust sections AR2, ARU, and AR6 nmy be formed of a
packing including a plurality of nodes corresponding to characteristics of
a packing to tmafk#ﬁi qorperdet B tdpedt teitn cORbaplinmmibsentneopid i 'ed ifdedges
required for distillation. Al so, a distributor may be di sposed between the
nodes. Foprlferibeel’ e Cf edd lioRAse gamigntaers de Bin fRoR Afe 14guite not

necessarily disposed at the same level. Next will be described a third
enbodi neRbewsif cre b suwEUCT e vei epl epE edpaso Nebpeardedn eogHt C and
distillation, conponents A and B froma material liquid Pl containing two

conponentied X kadd cBnpSeentct Bt aind fat whésh gingi Laputisichosetdfa trgeuity sihe
enbodi nent are denoted by common reference nunerals, and repeated
descri pt hem anieodof ¢f5 tdwi prediict 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 and the cost of manufacture and cperation of the distillation
apparatus. Furthermore, there can be simplified equipment for
controlling 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 operation 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 component B' within the product can be prevented,
thereby enhancing product quality.

The product collected at the side of the column body is




I

FIG 14 conceptually shows a distillation apparatus according to 49 0 3 COCT
1003 a third enbodi ment of the present invention. FIG 15 conceptually
shows a coupling-type distillation colum used in the distillation
apparatus of the third enbodinment. In this case, conponents A and B are

separated, through distillation, fromthe materi al quuigéghﬁgﬂﬁﬁining t wo
conponents A and B. Conponent X serﬁiﬁg as an additive c and fed

through a line L70 is added to the material liquid Mfed through the |ine
L51 to thereby forman adjusted nmaterial |iquid MX containing conponents
A, B, antnsdigheludfesied matiadrs dii ghied corles figd, t bheheb¥ ek vortzire 41
through the line L50. Conponent X is lower in boiling point than conponent
A, whi chd¢gpmpesitien lodwesmpanebsi B ivigcpovenld hahewumporesitl tBf rongdigasnlestd X
serves as an additive component; conponent A serves as a |ow boiling-point
conponenby ted prodpdhdice Bf serNes, aBorratiigh-whircdigied siompongmpdhentthin
Conponents A and B are forned fromrespective high- nelting-point
mat er i al she CompopencarX besmore ned itbbympreyhnbedrat erial  that can be readily
separated from conponent A and is unlikely to be nodified during
distillation. TReelgyebdyi orheotovpblrgi-§ype Iddstdhlatgpar aplumnil 0| hasext theal
described. In the exhaust section AR2, the adjusted material liquid MX fed
t hr ough thealfamed 3o 20 et b neidendosisagespornd| dlymild Ss8Patlbadrmt isadhs t dgas
vapor rich in conponents X and A is generated at an upper portion thereof,
whil e flare zbimpeded o0 eaporofaridiel fquirth rdecttiion dbnpohetits sAxtanded® i
i ncreasingly generated al ong the descendi ng direction. The
1 6l
In the present embodiment, each of the enriching sections AR1,
AR3, and ARS and the exhaust sections AR2, ARY, and ARG 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 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 41 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




fluid is fed to the third distillation section 27 fromthe |lower end of 50
u 3 W2003 the first distillation section 25. The fluid is heated in the
third distillation section 27 to thereby beconme vapor rich in conponents A
and B. During ascending in the exhaust section AR2, the vapor rich in
conponents A and B contacts the adjzs ed material liquid MX. As a result,
conponent X contained in the adjustéd’material liquid I\/Dﬁj@cm@yent ed from
descending and is thus collected. Thus is prevented m xing of conponent X
into the fluid fed to the third distillation section_27. The vapar rich in
conponerit sthd ith b agieids of n thRePBRTS @hi Ay erddétt ont ARL BhdE € téididdd to
t he second distillation section 26_from the upper end of the first .

di still athoms seciqwnl Zx-trwe dapsiliakirn rolivmpasedt st xtamd it leddred in
the second distillation section 26 to thereby be condensed into |iquid
rich in aeient st XtimdhArd sepRadimgat: of the liquid rich in components X
and Ais refluxed to the enriching section ARl and brought into contact
with the vapor righthascemsenerbgbRneakd A wRdch iBseaseeadph§ds nthreugh
enriching section ARL. In this manner, the vapor rich in conponents X and A
can be f@édtildathen,sécondtldi gaterial snowiectl spnigrnipgivoheonipmentent aA t he
first distillation section 25. In the exhaust section ARG, liquid rich in
conponenits Acapdnent deseenties aguph neddifilen vaperent cing fed oipenehta Aling
generated at an upper portion thereof, and liquid rich in conponent 6 is

i ncreasilngl yis geddeditee Hhomphardadeddandicnl dedetbroweh e 15nE &5 ér in
conponent B is discharged as a colum-bottomliquid to the line L52 from

t he thereby form an adjusted material liquid MX containing components A, B,

and X. The adjusted material liquid MX is fed to the feed nozzle 41
through the line L50. Component X is lower in boiling point than
component A, which in turn is lower ir 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 Dbe
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 ¥ 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




col um-bottomliquid outlet 45. 51 A portion of the colum--bottomliquid
is sent to the evaporator 82 through the line L53. In the evaporator, 82,
the liquid is evaporated through application of heat to thereby becone
vapor rich in conmponent B. The vapor rich in conponent Bis fed to the
vapor inlet 46 through the line L54 to thereby be fed to the ninth section
19. During ascending in the ninth sécfion 19 and the exiyausT ¥8kti on ARG,
the vapor rich in conponent B contacts liquid: rich in conponents A and B;
as a result, vapor rich in conponent Ais generated fromthe liquid rich
in conpdmertissA dnstB.lathenr saiionng>col um-bottomliquid is fed to an
unil lustrated col um-bottom|iquid accommbdati on section through the |ine
L55. Then, a porhlieor lofidt he Wegpord riirchhien tbonpomiriti JAadsoendsctbon el to
enriching section AR5, during which the portion of the vapor rich in
conponenthérapntbacoset vapdri qucd in ctoniponeohpohentd B. f r buriree aseeotidng in
distillation section 26 at the upper end of the third distillation section
27 to thehemxheecdbneedtiigu dREj cthe waponpoimntinAcodmelitqui cand iBchontacts
conponent A obtained at the upper end of the third distillation section 27
i s di schanged jasted siaderdal ligpiddif.r orst heresiudé, coompmoezteX adtaonedelt] i ne
L56. The discharged side cut liquidis fed to an wunillustrated side cut
l i qui d atlemmmbilatticsh meé¢etrioh. 1 dsuid MEsulst prevenpehdintonAdeanebdiogl drettied as
a product fromthe side of the coupling- type distillation colum O The
| i ne L56tisey vedlasteche fThoustidipsehemigel ndystemft bompdrenéxKausto $bet T bmidARl 4
of the second distillation section

fed to the third distillation section 27.

The vapor rich in components X and 4 ascends in the enriching
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 ¥ and A is cooled in the second distillation section 26 to
thereby be condensed into liquid rich in cdmponents X énd A. A portion
of the liguid 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 ART.

In this manner, the vapor rich in components ¥ 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 ARG, 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 is discharged as a column-bottom liquid to the line L52 from the

column-bottom liquid outlet U5,




26, liquid rich in conponents X and A descends, during which vapor rich 52
O 3 UL T 2003 in conponent X is generated at an upper portion thereof, and
liquid rich in conponent Ais increasingly generated al ong the descendi ng
direction. The vapor rich in conponent X ascends in the enriching section
AR3 and is then discharged fromthe %agor outlet U3 to the line L57. The
di scharged vapor rich in conponent X"is sent to the CO”Q§2§€T2@11 wher e
the vapor is condensed into liquid rich in conponent X, Ichis
di scharged as distillate to the line L58. In order to enhance the
efficiency of dftskPuiign eh §vr cednporoton Liguddr is iensf te Heediegepinragos i s
sent to the ref lux liquid inlet through the line L59 and ref luxed into
the first2 dbebvgh e dhpoddh- t nbo itéel exatargtivd 4% dke ddaquitiels eeppesesed
distillate is brought into contact with vapor rich in conponents X and A
ascendi nghraveherphisehiary ofeberbritoardershe bacsme MEpgr diisti ihateniaeatided
to the material liquid Mthrough the line L70. As described above, vapor
rich i n BonpdBeraBOK alfdy Anj eommesatal etk ifistlotgager vepeh imiedotporumugX and
liquid rich in congonent A by neans of the second distillation section 26.
At the tbipeotinnelbbotamhhbodyyt he agotoritbr hantbnpené&drnX1Ps dDschagged
t hrough the vapor outlet 43 and condensed into liquid rich in conponent X
by neansasasihdihg GodensbrtiggectTien [P gand the céxhiamst osgudrient ARG, i $heliwghar ged
as distillate fromthe condenser 81. At the side of the colum body the
liquid rikth iim component A dantdictshaigett asch $ndeompanenitgup dandirbougis at he
side cut nozzle 42. Liquid rich in conponents A and B is separated

result, vapor rich in component A is generated from the liguid rich in

components A and B. The remaining column-bottom ligquid is fed to an
unillustrated column~bottom liquid accommodation section through the
line L55,

Thern, 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 liguid rich in component A. The liguid
rich in component & obtained at the upper end of the third distillation
section 27 is discharged as a éide cut liguid from the side cut nozzle
42 to the line L56. The discharged side cut liguid 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 L506 serves as the first discharge
system.

In the exhaust =ection ARY of the second distillation section

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




‘ !
into liquid rich in conponent A and liquid rich in conponent B by neans 5 3
0 30CT 2003 of the third distillation section 27. The liquid rich in
component A is discharged as a side cut |iquid through the side cut nozzle
42. At the bottom of the columm body the liquid rich in conponent B is
di scharged as a colum-bottomIliquid through the colum-bottomliquid
outlet 45. As described above, the aéj%sted material |i@giyliM80ican be
separated into conponents X, A and B without use of a plurality of
distillation colums. Since there is no need to repeat heating and cooling
in a pluialdomporgntd ¥si s | geaerabed @ltufnh siPpERePAiTiosr Latreof nsandindavs] rdgbh as
condensers, evaporators, and punps, can be reduced. Accordingly, an area
to be octbpfedprbpentie Adilstilnatedhingppaeanasadan Bvd aredidces], dandevAang
amount of consunption of utilities and consumed energy can be reduced as
wel |, theékeasyipeduci ng the cost. of the distillation apparatus. Since the
melting points of conponents A and B are higher than anbient tenperature,
the lines L52, [B3,varss rapld Lbeompsisnt & asobids ipi pbe sarrdehipg sertdoder
to prevent solidification of the side cut liquid within the line L56 and
sol i di fi &Rl izo 6 then cdlanherigstdt brem | hguivapart dihlathd 3 itreshe 5Ping £37. and
L55. The lines L52, L53, and L55 constitute the second di scharge system
The doubllke piisehstreed tuaport hach irhedmpaeentel dssamst berbhes cagdemzert ifrlst
solidification prevention neans, and the doubl e-pipe structure that the
| i nes L5Zhenes3heanepdisss agwiansedeints kigiutherbdtdmd conpontitt Sat vlokreh is
prevention neans. The doubl e-pipe structure is conposed of an inner pipe
and an odisrhyigssl adi spesédledbacentthcaling LSBeamlvepviitiy e NlBEEE] ﬁ%e

mediumis caused to flow through the space between the inner. and outer
pi pes t cefifieriebyy of distillation for component X, a portion 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 d44. 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 rich in component X and liguid rich in component 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 component 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 liquid through

the side cut nozzle 42. Liguid rich in components A and B is separated

into liguid rich in component 4 and liquid rich in component B by means




54 0 3 0 0 2003 prevent solidification of the colum-bottomliquid or the
side cut liquid flowing through the inner pipe. The present enbodi nent
enpl oys the doubl e-pipe structure as the first and second solidification
preventi on nmeans. However, steamtracing may be enployed in place of the
doubl e- pi pe structure. Steamtracing_is conposed of a prinmar ipe and a
secondary pipe disposed in parallel.vSfeam serving as a %éﬁﬁ¥ﬁ@3 mediumi s
caused to flow through the secondary pipe to thereby prevent
solidification of the colum-bottomliquid or the side cut liquid flow ng
t hr ough @théhgr tindrdy cpepellaitipoueaetaati €1.onToe tomddnerth Xnteoupweenatierdisal
liquid M vapor rich in conponent X is discharged fromthe top of the

col um bbchaTeed , ag kesédé scuio lagett ttidrevih dde sdapondntiorzkes 4a. pridddde at
the top of the colum body. Since the vapor rich in conponent X is
condensedidpm mEablee ofolte bodiddliced iguid ttieheln scanponent & dscdnddimw@edapor
rich in conponent A by neans of a condenser. \Wen the vapor rich in
conponems X dbsehabgston riomutiethropebf the ke loot-thattbodyicgusd coridensed by
means of the condenser 81, ordinary cooling water is used as a cooling
medi um for cool iy delseridpdr absivacethe hed jrelttddh g apeirie Lot 1gehpdtie marnX bes

| ower than the tenperature of cooling water (for exanple, the nelting

poi nt ofsempdmentinkoi sobpaeents Han Aa eodl Engltletidr wsenpér at pherafit30eft o
35C), the vapor rich in conponent X can be sufficiently condensed w thout
i nvol venkigtioflatdoni dpfibwasi orSfce fidievapos wh tidad thive repadbniseat g and
Accordingly, there is no need to use hot water, cooling oil, or steam as
t he cool¢ogl kedi dm aAPlauraekity , of hdietid lad inwedabimohnetlhe anumber of

instruments, such as condensers, evaporators, and pumps, can be
reduced. Accordingly, an area to be occupied by the distillation
apparatus 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.

Since the melting points of components A and B are higher than
ambient temperature, the lines L52, L%3, L5%, and L56 assume a double-
pipe structure in order to prevent solidification of the side cut
liguid within the line L56 and solidification of the column-bottom
liguid within the lines 152, L53, and L55, The lines L%2, L53, and L55
constitute the second discharge system. The double-pipe structure that
the line L56 assumes serves as the first solidification prevention
means, and the double-pipe structure that the lines L52, L53, and L5%5
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 & heating medium is caused to

flow through the space between the inner;and outer pipes to thereby
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55 0 5 UL'[ 2003 cooling systemto the condenser 81. In order to reduce
energy consuned for heating a colum-bottom liquid in the evaporator 82,
preferably the evaporator 82 is lowered in tenperature. However, when the
evaporator 82 is lowered in tenperature, evaporation of the col um-bottom
|l iquid becones difficult accordingly. In order to cope with this problem
an unillustrated vacuum generator ser¥ing as the negative-pressure
generation means is connected to the condenser 81, so &3 fid B8} abl i sh a
negative pressure wthin the coupling-type distillation colum 10. As a
resul t, phevesolsohidioticemibinquidteancbeukeadidtyvrevaponat ed. 1 soidevenit gas
generated within the coupling-type distillation colunmm 10 can be drawn out

and rel easqeid flewtihe Birsoghhete. inhart fig.cagie @redsnitl buisdd iaiced gasleeol er
i s di sposed between the condenser 81 and the unillustrated vacuum

gener at othé ndenbes-bopeootruyeite gas Whd hidi @n da neansdfs dihel Maciation
generator. Thus, when vent gas m xed with vapor rich in conponent X is

sent froprdnmicendenses. 8Howkoekhesigas coatehs and eeok@sildyed he gasceadl er,
t he vapor becomes liquid rich in conmponent X to thereby be separated from

the venttgasioubldspipd REFActiSrel0 HOAH ttRaHESDOSE canmYRIYd B8Sa tfrEakpRNipe
appar at us between the condenser 81 and the vacuum generator. Notably, the

gas cool gkd GARcBeBda Ry iRl Y1 §SHddNInWed 181129, @ TR REr-BEE WX aASeat ing
nmenti oned above, vapor rich in conponent X is discharged from the top of

the col ugni Ry aRG=E£PTIRORERY thrictighOteddamudy [PWe BB £1d1@tRobPévent
material. Thus, there is no need to enploy various auxiliary apparatus

such as g,k peLefi danks Ehe QY 1®mn-2Bt8bh ©a8RKidacr the side cut liquid
flowing through the primary pipe.

Through addition of component X to the material liquid M, vapor
rich in component X is discharged from the top of the column body.
Thus, there is no need to collect component A as a product at the top of
the column body. Since the vapor rich 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 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 X is lower than the temperature of
cooling water (for example, the melting point of component X 1s lower
than a cooling water temperature of 30°C to 35°¢C), the vapor rich in
component X can be sufficiently condensged 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




56 0 3 oct 2003 condenser, a vent scrubber, and a heat exchanger.
Therefore, the distillation apparatus allows a reduction in area occupied
t hereby and can be manufactured and operated at | ow cost. Al so, a portion
of the distillate is refluxed to the first section 11 through the reflux
liquid inlet 44, and the remaining distillate is added to the materi al
liquid Mthrough the |ine L70. Thus 2 5onponent X can be . wﬁply used
through addition to the material liquid M thereby redué*ﬁ@ﬂ? € cost of
operation of the distillation apparatus. Next, a fourth enbodi nent of the
present ¢ondamgi epsiwn [tobéhe desdenbed.81St ructural features similar to those
of the third enbodinent are denoted by comon reference nunerals, and
repeated descrilptoodeit Her eofudess epmirgy econsin@d 16r demdept ual doiusihelwst tavm
distillation apparatus according to the fourth enbodi ment of the present

i nvent i ohiguid tthi she asepovaipor 82| chrefierediportentevXpoma tdirs 8Aatgddweremmirhe
vapor outlet 43 to the line L57. The discharged vapor rich in conponent X
is sent tempheadondenset o8k vanherehehetvi@avasocahdended i3 ntowkirgdi dirich
it-, conmponent X, which is discharged as distillate to the line L58. In
order totanlkartereheswdlforaitémeyoiofthdi stidhdratbiobhoh origuddnpensmes X iffriosiltof
the distillate is sent to the reflux liquid inlet 44 through the |line L59
and ref | agedrd Mgolt.he i retlesetdi onpd lwith ougis pirded leef | ax Unfulwktimdtetd 44,
The refluxed distillate is brought into contact with vapor rich in
conponentscuGmagnArasceimdnignat hiehe 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
column-bottom liquid can be readily evaporated. Also, vent gas
generated within the ccoupling-type distillation column 10 can be draun
out and released into the atmosphere.

In this case, an unillustrated gas cooler is disposed between
the condenser 81 and the unillustrated vacuum gernerator in order tc 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. HNotably, the gas cooler can use
ordinary cooling water as a cooling medium.

As mentioned above, vapor rich in cemponent X is discharged from
the top of the column body, and ccmponent 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



enriching section AR3. The remaining distillate is discharged through a 57
0 3 QUT 2003 line L81 f or makeup replacenent. Through a |line L82,

conponent X is added to the material liquid Min an anount correspondi ng
to the anount of distillate which has been discharged for makeup

repl acenent. Next, a fifth enbodi ment of the present inggigidiiwill be
described. Structural features simlarbto those of the third embodi nent

are denoted by common reference nunerals, and repeated description thereof
is omtted. FIG 17 conceptually shows a distillation apparatus according
to the ¢bhdénesehodk memtt afcupbepy esedt ai heent évnhanget.hi s leered,onfapdtieri ch
in conponent X is discharged fromthe vapor outlet 43 to the line L57. The
di schar geis viddet ipnh cépparatos mpbloest axrédicddon {o ddse condeisskithgrebwgde
the vapor is condensed into liquid rich in conponent X, which is

di schar gegh &= diastfddtatredt anda opkiraked 83. 10w ansder to enhance the efficiency
of distillation for conponent X, all of the distillate is sent to the ref
lux liquid inletadeb, tshpowghonhef| tne 48B3 dniditeefibuxefiliined thethg rfsirst
section 11 through the reflux liquid inlet 44, The refluxed distillate is
brought tatoicoontatbraigh vaporef leh 1iycohponett 48X anth A rees gerdiing rign
the enriching section AR3. In order to start operation of the distillation
appar at ugistpnpendnt aXdés taddéd mater psledetgerd Methreoaginttheolihe dl.eri al
liquid M through a line L814. According to the third through fifth

embodi meNhgs, aBomponent X can be repeatedly used through addition to the

material ligquid 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 is omitted.

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

In this case, vapor rich in component ¥ 1s 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 1s condensed
into liguid rich in component X, which is‘discharged as distillate to
the line LB8. In order to enhance the efficiency of distillation for
component ¥, most of the distillate is sent to the reflux liquid inlet
44 through the line.LSQ and refluxed into the first section 11 through
the reflux liquid inlet 4i4. The refluxed distillate is brought into
contact with vapor rich in components X and A ascending in the

enriching section AR3. The remaining distillate 1s discharged through a



unillustrated gas cooler is disposed between the condenser 81 and the 5 8 0
3 OC T 2003 vacuum generator. However, a vent-scrubber-type vent gas
treatment apparatus nay 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 c?nponent A, which is forned froma

hi gh--nel ting-point material, the cost lof operation of the di h'llation
apparatus can be reduced. According to the third throughnﬁﬂhﬂ§|®nbodinents,
vapor rich in _caonponent X is discharged fromthe vapor outlet 43 to the
line L5711%nd-81t her diadenar jailarspsiter i ch in conponent X is sent to the
condenser 81. However, a condenser nmay be disposed within the first
section of the TBBPYRTH @hdde tlddd heprsnatdniebt addedt bp ke nakerislubigbisdy
and the condenser. Meanwhile, in obtainnment of conponent B as a product
from t hel Hatesy paPUNY eraempeshitgi B ndec onporernts daskhd age eoiniohant ban
when heated by nmeans of an evaporator, is deconposed into nodified
conponenfisiarzehi i mekayeplageissitt i ng point than component B. Wen
conponent B collected as a product contains nodified conponent B, which
is an inpurity, NéeHe huel Hid cadroddimerive opr dbGcpracenaf feeeretlonimicel be
modi fied conponent. B has a |large nolecular mass of carbon. A sixth
enbodi mefgscrépedhe Prosbwral Aeehieiasn s lwhlah tai thodse ofletler ithédd rsbedingrs
adapted to prevent entry of inpurities into a product. Structural features
simlar &6ethRRelesd Qiheomkiond refbbenaentuee e Hendtidd repeabafofesef drteimse
nuneral s, and repeated description thereof is omtted. FIG 18 conceptually
shows a Hietaaf] 46 omitdisPar at us according to the sixth enmbodi mnent of the

present invention. FIG 19 conceptually
F 17 conceptually shows a cdistillation apparatus according to

the fifth embodiment of the present 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 a
line LB83. 1In order to enhance the efficilency of distillation for
component ¥, all of the distillate is sent to the reflux liquid inlet U4
through the line L83 and refluxed into the first section 11 through the
reflux liguid inlet 48, The refluxed distillate is brought into
contact with vapor rich in components ¥ and & ascending in the enriching
section AR3.

In order to start operation of the distillation apparatus,
component X is added in a predetermined amount to the material Jiquid M
through a i1ine L&Y,

According to the third through fifth embodiments, an

unillustrated gas cooler is disposed between the condenser 81 and the




59 0 3 OCT 2003 shows a coupling-type distillation colum used in the
distillation apparatus of the sixth enbodinent. In this case, conponents A
and B are separated, through distillation, fromthe material liquid M
contai ning two conponents A and B. Conponent X serving as an additive
conponent and fed through a line L6S\§S added to the nateﬁgﬁt E@guid M fed
through the line 151 to thereby for n adjusted materi al Li M
cont ai ni ng conponents A, B, and X. The adjusted material liquid MXis fed
to the feed nozzle 41 through the line L50. Also, conponent X serving as
an initi@hcelargaoratorakelipveie added s —cRERRE T EIC [Vieghi 8aM FHRdg T he

| ine L82. Conponent Ais lower in boiling point than conponent B, which in
turn isappwedtin msoi bengippisd tiapleeapohdie Xascoppbitent IA §Bive22s® a

| ow- boi I'i ng- poi nt conponent; conponent B serves as a high-boiling-point
conponens inaddsebipsedo Resepe@sizagdn r@@dilt"e@et%d]ﬁy&w%hﬁ. capphpbrentofX

is formed fromsuch a material that can be readily separated from
conponensuff iamgnt &y wailsokeing tvapbe miski 1b adngangtfy Adi gildh 4&i Byrnethérom a
operation of the distillation apparatus will next be described. In the
exhaust béghimnitARR; pohet aditasizy rieecdslt dfi goedaiMorf ed tharddsghlinkidreed
nozzl e 41 undergoes vapor-liquid separation such that wvapor rich in
conponentppadng Bansogerwdnagedd at an upper portion thereof, while fluid
conposed of vapor and liquid rich in conponents B and X is increasingly
gener at ed al ong Atherdtesr éndting tdiirdcthrmumghThE! tif kabaddimerted tapctrheichiind
distillation section 27 fromthe lower end of the first distillation
section 26mponent X is discharged from the vapor outlet 43 to the line L57, and

the discharged vapor rich in component X 1s sent to the condenser 81,
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,

Meanwhile, 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 component
B collected as a product contains modif ied 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 commbn 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




60 U3 U LT 2003 The fluid is heated in the third distillation section 27
to thereby becone vapor rich in conponents B and X. During ascending in

t he exhaust section 02, the vapor rich in conponents B and X contacts the
adjusted material liquid MX. As a result, component A contained in the
adjusted material liquid MK is prevented fromdescending and is thus
collected. Thus is prevented mi xi ng & 9conmponent A into the(fi007cd00¥ ed to
the third distillation section 27. The vapor rich in conponents A and B
ascends in the enriching section ARL and is then fed to the second

di still athans sectdwml 28-fuypm dtikélbppeioench ofrrt hesefdi st theséitthtlonion
section 25. The vapor rich in conponents A and Bis cooled in the second
di stil | atpmratect Hntlx6 stiatht édretipebé. condensed into liquid rich in
conmponents A and B. A portion of the liquid rich in conponents A and B is
refluxed to the &nritbhsngassectoopoARLtand moughtarentse peorttact, wittritoudie
vapor rich in conponents A and B which is ascending in the enriching
secti on AREI1RAtidn,s fmannere meheriedpdiquichl concoimiogehics compabrBsc Anatse
fed to the second distillation section 26 froi the upper end of the first
di still aki orfospoteon RSerbing ke erhaldsitt ivectdmpmrnaRs, ad deddthimighi o 1ine
conponents B and X descends, during which vapor rich in conponent B is
gener at eldb at ianaddppeto pog inat drhierledfigudd M ifqdi dhroebhi bheohpondril Xd s
increasingly generated along the descending direction. The liquid rich in
conponenthepéhiys fdirs cdraraggds besd aratetimin-lguioni icquidining hempémmntk58, fBom
the colum-bottomliquid outlet 45. A portion of the colum-bottomliquid
is sent &wudthe ellmpadgueted material liguid MX is fed to the feed nozzle 41

through the line L50. Also, component X serving as an initial charge or
makeup is added to the material liquiﬂ M through the line L82,
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 sérves as a high-boiling-point
component; and component 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 portion
thereof, while fluid composed of vapor and liquid rich in components B
and ¥ 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.




fit 0 3 01 T 2003 82 through the line L53. In the evaporator 82, the liquid
is evaporated through application of heat to thereby becone vapor rich in
conmponent X. The vapor rich in conponent X is fed to the vapor inlet 46
through the line L54 to thereby be fed to the ninth section 19. During
ascending in the ninth section 19 an%ithe exhaust section ARG, the vapor
rich in conponent X contacts liquid A &h in conponents B afg T @8 a
result, vapor rich in conponent B is generated fromthe liquid rich in
conponents B and X. The remaining colum-bottomliquid is added as an
addi ti ve conponehlpe tbluite irahertaf 1u duied thirdr dbghil ket doreecséon Theno a
portion of the vapor rich in conponent B ascends in the enriching section
AR5, dur thgrehy dreadre pepti onichf itheomapemtsi Bhatd X. cobpoimmtasBeodhtacirs
the liquid rich in conponent B fromthe second distillation section 26 at
t he uppethengxlgfusttheethionl dicst the atspor rsdctinonc@ionantishBrahy hecohects
liquid rich in conponent B. The liquid rich in conponent B obtained at the
upper entihefsd hestehi natatiisii LiqtidoMX. st mone2¥11, s cdnpateatgédeas.adnsi den cut
liquid fromthe side cut nozzle 42 to the line L56. The di scharged side
cut |iquittei adfiested reateririll Lugtidtdd is decoantéd giireh aecormddagi and is
section via a cooler 83 serving as cooling neans, a line L64, a flow
regul at i hguyvatalde8Sedandlas L neel6bted mikhng sfamneponeadmponent tBechuisk
collected as a product fromthe side of the coupling-type distillation
colum 10edAtd [thw teendalis841lstidinspestidrod’t he [ine L6L. On the basis of a
flowrate detected by neans of the flow sensor 84, the flow regul ating
val ve 85 is redilatvagorThich iinesopdnerit@UA and B Gcentie toditer eBBjichire
flow sensor 84, and the flow regulating valve 85 constitute the first
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 4 and B is cooled in the second distillation section 26 to
thereby be condensed into liquid rich in componentz 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 vapor rich in components A
and B which is ascending in the enriching section ART.

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 2%

In the exhaust section ARG, liquid rich in components B and X
descends, during which vapor rich in ccomponent B 1s generated at an
upper portion thereof, and liquid rich in component X is increasingly
generated along the descending direction. The liquid rich in component
¥ is discharged as a column-bottom liquld 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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62 0 3 OCT 2903 discharge system The lines L52, L53, and L76 constitute
the second discharge system In the exhaust section AR4 of the second
distillation section 26, liquid rich in conponents A and B descends,
during which vapor rich in conponent Ais generated at an upper portion
thereof', and liquid rich in conmponent Bis increasinglﬁggﬁgﬁggged al ong

the descending direction. The vapor &ilch in conponent A in the
enriching section AR3 and is then discharged fromthe vapor outlet 43 to
the line L57. The discharged vapor rich in conponent Als sent to the
condensefZ8hroughetlee tiieeVidipr s Dendeasmcitiont 02, ithei Hiquich ik recpopebaht

A, which is discharged as distillate to the line L56. In order to enhance
the effitbrengdy agipldicstidn atfi dratoto compebenbedona vapoti oiclofirt hemponent
distillate is sent to the ref lux liquid inlet 44 through the |line L59 and
refl uxedX. i nitee tapoti rith sectooporiehtt Kr dagfed e ted lwspdri qulet idtl éhrddgh The
refluxed distillate is brought into contact wth vapor rich in conponents
A and B abeendneglibd tthe témriety g Sect itan tAR3.nifhd seermian niP.di Durtired e
is fed to an unillustrated distillate accomodation section through the

| i ne L60asdenddegcin bdd akbhovte sevapat 19 ahd i thec onporentsciandRB, ithe vapor
separated into vapor rich in conponent A and liquid rich in conponent B by
means of ribtke seconpotiesti Kl edntorrtzsedtigond 26ichrie vappongnich B mndcBgpanent A
is discharged through the vapor outlet 43 and condensed into liquid rich

i n conporestl apoeranictofint bemsaagnsel s 8dencFaeed | i dhei Thyuid eqnponrent

A is discharged as distillate fromthe
components B and X. The remaining column-bottom liquid is added as an
additive component to the material liguid M through the line Lé6.

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 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 liquid rich in component B. The liguid
rich in component B obtained at the upper end of the third distillation
section 27 1s discharged as a side cut ligquid from the side cut nozzie
42 to the line L56. The discharged side cut liquid is fed to an
unillustrated side cut liquid accommodation secticn via a cooler 83
serving as ceooling means, a line Lbl, a flow regulating valve 85, and a
line L65. In this manner, component: B can be ccllected 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, L64, and L65, the cooler 83, the flow

sensor 84, and the flow regulating val?e B85 constitute the first



6 303 OCT 7093 condenser 81. The liquid rich in conmponent Bis

di scharged as a side cut liquid through the side cut nozzle 42. Liquid rich
in conponents B and X is separated into liquid rich in conponent B and
liquid rich in conponent X by neans of the third distillation section 27.
The liquid rich in conponent Bis d&ﬁgharged as a side cut liquid through
the side cut nozzle 42. The liquid ri¢h in conponent X is %i[ﬁghﬁ%ged as a
colum-bottom | iquid through the colum-bottom i quid outlgt )
descri bed above, the adjusted material |iquid n be  .separated int
conponent A2 e F¥FtRUni t Hottl 1ise 8g2a Ip'?%r an §ﬁ§fco"éﬁtslt l Fa%%n“e&ﬂr ms.
Since there is no need to repeat heating and cooling in a plurality of

di stil | a¥ivhadErummste®he number of instruments, such as condensers,
evaporators, and punps, can be reduced. Accordingly, an area.to be .
occupi ed by the Idi $0FI PREAH S&ﬁﬁé‘?%t‘t@ ednthe Fdice }S%a]dlat%HBnaﬁ%‘ﬁ Clof
consunption of utilities and consunmed energy can be reduced as well .

t her eby fedudiavgdt RECle gdt CemPeRaRdsaf sid Paffoieraspal Wi g, WALdLVEPRE THM he
present enbodi ment, nodified conponent B', which is formed Bhﬁgygg .
deconposi® iSHIEPeEbnpoReRENET ARl #is 4 BT PRTTHY ItPAEEPoi APS thal € oiidhent
B, gathers in the vicinity of the bottomof the colum body and is t.hen

di schar géd temseantned LE2 LhESEGH 108 Y c&ﬂnﬁﬁﬁttfo@t%?%qﬁhé %W&P%@.g
Subsequently, nodified conponent B', together with a portion of conponent
X, is didérrRitgedto an external destination through the line L76. Thus is
prevented accunul ati on of _nodified conponent B' at the bottqm of the,

col unn body. Thudie HeBPY iRi@hc SRpEHBIRNERE ARPCEHADoHR NEBEAB HUEc SRE B!

each 6 4 .
AR3 and is then discharged from the vapor outlet 43 to the line L5T.

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 distillate
is sent to the reflux liquid inlet 44 through the line L59 and ref luxed
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 the enriching section AR3. The
remaining distillate 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 cutlet 43 and condensed
into liquid rich in component A by means of the condenser 81. The

liquid rich in component A is discharged as distillate from the




0 3 OCT 2003 other these crripcnents are form(if liquid. Therefore, the
product to be collected does not contEin nodified conponent B , which is
an inmpurity. As a result, the hue and odor of the product are not
affected. Also, inpurities can be renoved fromthe product w thout use of
auxiliary apparatus such as a val ve,

a,product condenser-, b yer, and
a heater, thereby reducing the size & 3the distillation appj}éﬁﬁﬁhmgnd t he
cost of manufacture and operation of the distillation apparatus.

Furthernore, there can be sinplified equipnent for controlling the
oper at i opokftensy @ilst | Thatlion idppheiativs canBofmintailsi AgS ey sedi 8€i # 1 atdeon
apparatus. Since the product can be collected in the form of liquid, flow
rate contwllliguighhasusiubhe cifenautimzde it | yiagidmtichi &0, canpererls B
reduci ng the cost of nmanufacture and operation of the distillation
appar at ugtd Sf rice seperpiodiuidito digeld adichd lat cemrorsindePoind he agdRuRkChody
the product is not exposed to high tenperature induced by the evaporator
82 di sposenpatentthd butwasmsop{t Hee ddiladnd bddyl laAlen, sacfidonpé bdudthedbéauitbt
.require additional heating by a heater. Thus, fornation of nodified
conponenti®@ in whkptrdrs Bnis mpischeygedas besiqa evénd Bthidt hbreugh éhlaktdeng
product quality. The product collected at the side of the colum body is
i mredi at el eosriel 3 nebis bfqulie rdedl én 8oppetRekebylpréveshanged as a
deconposi tion of component B which would otherwi se result fromheat held
by the peobugt-botsen flidqihds thieughtthencetunrodictied Eompdnentla® U5within the
product can be prevented. 6 5 O3 OC T 2903

s 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, evaporators, and pumps, can be
reduced. Accordingly, an area to be occupied by the distillation
apparatus 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.

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 45, Subsequently, wmodified component B',
together with a portion of component X, is discharged to an external
destination through the line L76. Thus is prevented accumulation of
modif ied component B' at the bottom of the column body.

Thus, modified component B' and component B do not contact each




\
Al so, a portion of the colum-bottomliquid is' fed to the ninth section

19, and the remaining colum-bottomliquid is added to the material liquid
M Thus, conponent X can be repeatedly used through addition to the
material liquid M thereby reducing the cost of operation of the

distillation apparatus. In order to carry out distillation in a

| ow-tenperature region for preventi &ndof inpairment in puﬁﬁﬂgt @gality and
to reduce energy consuned for heating a portion of a col * g m | iquid

in the evaporator 82, an unillustrated vacuum generator is disposed for
use W ththdre vtidhdernseare 8inpdiee teasprmigenerfdiar ofehisndties Bharegateyethe
pressure within the coupling-type distillation colum 10. As a result, the
col um- bptddemt! tquied coddedied dads Inptevaporiat edd Aticdovodpempat at'yr ehickAliso,
vent gas generated within the coupling-type distillation colum 10 can be
drawn ouinahfbuieleasedid it a-etchnd tat trhs phes esndNeddor af's &wenp hodadiodi mento tof
the present invention wll be described. Structural features simlar to
t hose of affwisidxt h enbodi ment are denoted by conmon reference numerals,
and repeated description thereof is omtted. FIG 20 conceptually shows a
distillation appacaf usiraccoick ngnt be tdevedveninh teabadiduent wofhoutteups edent
invention. In this case, liquid rich in conmponent X is discharged as a
col um- batkPMdrivqubdat-aoms thetcakuamvdioit om praiict cohietseA] worebeltdme
L52. In order to enhance the efficiency of distillation for conponent X
most of &he 4isehargedhecthym-ddotiom dhiequiider o £ hetien déehpbheritonXapparsem to
the evaporator 82 through the line L53 and evaporated. The 6 6 0 3 OCT 2003
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 the product can be collected in the form
of liguid, 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 product is not exposed to high temperature induced by the
evaporator 82 disposed at the bottcom of the column body. Also, the
product does not require additional heating by a heater. Thus,
formation of modified component B', which is an impurity, can be
prevented, thereby enhancing product guality.

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 companent B'

within the product can be prevented.




t hu8- Senerated vapor is sent to the vapor inlet 46 through the line L54
and fed to the ninth section 19 through the vapor inlet 46. The remaining
colum-bottom |iquid, together with nodified conponent B, is discharged
through a line L85 for makeup replacenent. Through the line L82, conponent
X is added to the material liquid Min an anmount corresponding to the,
amount of the colum-bottom |iquid whbch has been di schar §édlilollhakeup
repl acenent. Next, an eighth enbodi nent of the present invention will be
described. Structural features simlar to those of the sixth enbodi nent

are denoted by @0sBpM neheiencsd nusecelsw-Bothdieneat &yl desedi ff it nidgr eof
is omtted. FIG 21 conceptually shows a distillation apparatus accordi ng

to the ebgbibnempodinteriheofremienphgsestiumiveiiion.1igiithis sased 1o qiHed
rich in conmponent X is discharged as a colum-bottomliquid to the line

L52. In erderidD erpadacy. t ehusf toebeneyt of dirstbkl Fapéotedar veeapERemlghX,
all of the discharged colum-bottomliquid is sent to the evaporator 82

through theikiibe koSZheandtevapar atigeidntn “aRQedy ¢ dut iGMRIetot ofhe
t hus-generated vapor rich in conponent X is sent to the vapor inlet 46

t hrough apdidt8ck86r wRrRddied tatihe fpipatbugection 19 through the vapor inlet
46. In order to start operation of the distillation apparatus, conponent X

is added in a prgdehgsMnRedaprPWt HestherdmBilar ial a licuidnpb rdthireugbe tdie
line L84. Next, a ninth enbodinent of the present invention will be

descri beds . Spraeditiah beatmyLsrmin® har pEedddioseadhiti hensivd heatbadinedy 6 7
0 3 OLT 2003
consumed for heating a portion of a column-bottom liquid in the
evaporator 82, an unillustrated vacuum generator is disposed for use
with the condenser 81. The vacuum generator generates a negative
pressure within the coupling-type distillation column 10. As a result,
the column-bottom liquid 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 numeralsg, and repeated description
thereof is omitted.

FIG. 20 conceptually shows a distillation apparatus according to
the seventh embodiment of the present invehtion.

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

¥, most of the discharged column-bottom liguid rich in component X is

sent to the evaporator 82 through the lipe L53 and evaporated. The



Pare denoted by common reference nunerals, and repeated decsription
thereof is omtted. FIG 22 conceptually shows a main portion of a
distillation apparatus according to the ninth enbodi mrent of the present
invention. 1In this case, liquid rich in COMPDnent B is discharged as a
side cut liquid to a line LO.1 through the side cut nozzle U2. The side
cut. liquid is sent under pressure tgpgthe cool er 83 servbgﬁuﬁggﬁgoling
means through a line L92 by means of a punp 86. Next, a odi nent
of the present invention will be described. Structural features simlar to

those of thhe &inei-htemhaghrent saretdene! edpby TORRDNG rafretgncehauipe als,
and repeated description thereof is omtted. FIG 23 conceptually shows a

mai n porthanrel @odiski hkathoRec8RPAr aDUBHAEGENK AtNG t&pdhelid rad Iy mnbadigrent

of the present invention. In this case, liquid rich in conponent B is
di schar gpehnas: &S bdBuiithok bami thf@da tdRehkd3uitH apelr idie colgehaitt Bnozid e
42. The side cut liquidis fed to a receiver 87 serving as cooling neans

and cool ggdscidreral Bhrde) éeSEﬁiaé/QrB_58?oif-ﬂn?elwé_dss_r-ﬂolf‘a@@hlé@tg_ coil 93, through
which cooling water flows. The side cut liquid cooled in the receiver 87

is fed to a punprh88:drialtgh idel iLBe, LO4npdv.#9F ti ok Qfddhe +si dpeCchitd b d
di scharged fromthe punp 88 is sent under pressure to the flow regul ating

val ve 851idHoughnl hAesndia @Bgré.‘ﬂﬁnd-[hg f&MBleNbNgust ¢ €HE ddAirdbottom
di scharged” fromthe punp 88 is sent under pressure to a side cut feed

inlet 907;4iNOu8RCE had bBeh [B3chBrddd ok IBakedpf réPMickagnd.ati ng val ve 89,
and a line 68 O3 O CT 2003

Next, an eighth 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. 21 conceptually shows a distillation apparatus according to
the eighth embediment of the present invention.

In this case, liquid rich in component X is discharged as a
column-bottom liguid to the line L5%2. In order to enhance the
efficiency of distillation for component X, all of the discharged
column-bottom liguid is sent to the evaporator 82 through the line L52
and evaporated into vapor rich in component X. The thus-generated vapor
rich in component ¥ is sent to the vapor inlet #6 through a line L86
and fed to the ninth section 19 through the vapor inlet U6,

In order to start operation of the distillationrappapatus,
component X is added in a predetermined amount to the material liquid M
through the line L8Y.

Next, a ninth embodiment of the present invention will be

described. Structural features similar to those of the sixth embodiment



L99 and fed to the second chanber 15B t hrough the side cut feed inlet 90.
According to the sixth through tenth enbodi nents, vapor rich in conponent
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 colum body, the condenser and the top of the
col urm body can be directly connectef. TThe distillation ﬁggﬁﬁgﬂﬁs of the
above-descri bed enbodi nents can separate, through distiFMNat4'on,” organic
conmpounds, such as hydrocarbons, al cohols, ketones, esters, fatty acids,
phenol s, anét degetred donpowunds, rafdrescd umes:dydr acdr bepsat ed| arte: higrizeme,
tol uene, xylene, biphenyl, and naphthal ene; al cohols include nethanol,
et hanol , théxrstcdndk, omgpdednol , and octanol ; ketones include acetone, nethyl
et hyl ketone, and nethyl isobutyl ketone; esters include ethyl acetate,
butyl acetate, HigLhyl aceteaptyalblid shovyl aavayh are;tifoat ©f actdst i hletuidge
acetic acid, and butyric acid; phenols include phenol, cresol, and
xyl enol ; appartatogeacoomiognts tihec hineh dinred indrdnofietha mireshyt aimiveet iemi | i ne,
pyridi ne, picoline, and quinoline; and perfunes include nethyl
anthrani |l ate, néthyHisbeazmatidguidodageiwlcompoiwit Eaps chitsehartribrsl 2 g
geraniol. The distillation apparatus cf the above-described enbodi nents
are partceul Aiguidstotedine kepartatoeghetiairmde €at snanadeok?.s, Thedside tout
acids having a high boiling point and C8-C22 in the nunber of carbons,
under retdbgped dxessnlr eirdart presgsobe st they pec o d3csemringass scoollieg pnesent
invention is not limted to the above-described 69 0 3 OCT 2x03

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 dencted by common reference numerals, and repeated description
thereof is omitted.

FIG. 23 conceptually shows a main 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 42. The side cut
liguid is fed to a receiver 87 serving as cooling means and cooled
therein. The receiver 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
58 through a line LO4, A portion of the side cut liquid discharged
from the pump 88 is sent under pressure to the flow regulating valve 85
through lines LY% and L96. The remaining side cut liquid discharged
from the pump 88 is sent under pressure to a side cut feed inlet 90

through the line L95, a line LO8, a flow repulating valve 89, and a line




enbodi nents. Nunerous nodifications and variations of the present

i nvention are possible in light of the spirit of the present invention,
and they are not excluded fromthe scope of the present invention. 7 0
WHAT IS CLAIMED 11S~: 1. Adistillation apparatus conprising: (a) a

col um body; (b) a partition for dividing the interior of said colum body
into a first chanber and a second chénber, which ape adhfi E@Q@f each
other; (c) a first distillation section having an enric g ion, to
which a material liquid is fed through a feed nozzle and which is forned
above t He9T eed fiodzte; tlendeannéxttzargtersdbti tinrJuptnéde untidy ctefetédeihlet
nozzle; (d) a second distillation section having an enriching section
connect egll.t o and forned above an upper end of said first distillation
section; and an exhaust section fornmed bel ow t he upper, end and | ocated
adj acent to theAemsidimigngo setet isartiof tisaudhf tergth dmnbodineatsprvapeet Pbeh whi | e
bei ng separated fromthe sane by said partition; (e) a third distillation
secti on dayicrgraniensi chioigrgedt tonthecdineck.8d tlocagtd floe megcabovelat [Ydnwer

end of said first distillation section, and | ocated adjacent to the
exhaust gertisonhaf =saicdtd itret cochdetsiekl &t.i otloseedi,ohwnhugdle dhepmgitseparfatsed
fromthe sane by said partition; and an exhaust section forned bel ow t he
| over engbnddridera igondensersicaredbadot othdhedimpnobodai dleolconmiebosly 2md
adapted to condense vapor rich in a |owboiling-point conponent
the top of the column body can be directly connected.
| The distillation apparatus of the above-described embodiments
can separate, through distillation, oprganic 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, wethyl acetate, and butyl acrylate; fatty acids include acetic
acid, and butyric acid; phenols include phenol, cresol, and xylenol;
nitrogen compounds include diwethylamine, triethylamine, aniline,
pyridine, picoline, and quinoline; and perfumes include methyl
anthranilate, methyl benzoate, isoeugenol, ethyl caproate, eugenol, and
geraniol.
The distillation apparatus cf 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



di scharged at the top; (g) negative-pressure generation neans connected to
said condenser and adapted to generate a negative pressure to thereby 71 0
3 OCT 2003 withdraw vent gas from said colum body; (h) a gas cooler for
cooling the vent gas di sposed between said condenser and said

negati ve-pressure generation neans; (i) a first discharge system di sposed
at the side of said colum body andba@lapted to di scharge dojqqed rich in a
medi um boi | i ng- poi nt conponent forned froma high-nelting-point material;
and (j) a second discharge system di sposed at the bottom of said colum
body andemslapieshdQ dieglacge koG thatichd ard beghaboihd et tha miresent
conponent formed froma high-nelting-point material, wherein (k) said first
di schar genwystiem has phisest 1 ali difhtcalfi ohe grievenst ahempansefroinpseiient i ng
solidification of the liquid rich in the medi umboiling-point conponent;
and (1) s&i dieecend whtsehalgeedysbanhascepeontl el pdefécatinoent prevent i on
means for preventing solidification of the liquid rich in the

hi gh- boi | i ng- poi nt conponent. 2. A distillation apparatus according to
Claim1, wherein the first and second solidification prevention neans each
assunme a doubl e- pipe structure conprising an inner pipe and an outer pipe
di sposed concentrically and in which a heating nediumis caused to flow

t hrough the space between the inner and outer pipes to thereby prevent
solidification of the liquid flow ng through the inner pipe. 3. A
distillation apparatus according to Claim1, wherein the




first and second solidification prevention neans are each steamtracing 72
0 3 O1 2003 conprising a primary pipe and a secondary pi pe disposed in
parallel and in which a heating nmediumis caused to flow through the
secondary pipe to thereby prevent- solidification of the liquid flow ng
through the primary pipe. LL A distillation apparatus conprising: (a) a
colum body; (b) a partition for divliding the interior of said colum body
into a first chanber and a second chanber, which are adjyggﬂg @? each
other; (c) a first distillation section having an enriching é ion, to
whi ch a ymirercat ATMpm dseontai ning a | ow boi |l i ng-poi nt conponent, a

medi um - boi | i ng- poi nt conponent, and a hi gh-boiling-point conponent. is

fed through a feed gzt el laRdsmhigghrisud @orBeisibeve the feed nozzle; and
an exhaust section fornmed under the feed nozzle; (d) a second distillation

section having @) enebTimm@osegtion connected to and fornmed above an upper
end of said first distillation section; and an exhaust section forned

bel ow t he upper (Bnda gig-disaahetbr atijvdgent tiee tirgeennr chf ngigeebhom afodgai d
first distillation section while being separated fromthe sane by said
partitionitd @) rarkbisiehidiest bhé at i oRcsacthomdgVivhgchnaenrddchcagt sectdsen
connected to and forned above a | ower end of said first distillation
section,qtagh;| ocat ed adjacent to the exhaust section of said first
distillation section while being separated fromthe sane by said

partition; and @) expaust deeiltibar et ibel bavirdeeahamaricameg section, to
which a material liquid is fed through & 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 =aid first distillation section
while being separated from the same by sald 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 saild 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 sald 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



703 0 3 OC 2&3 (r) a condenser connected to the top of s .id colum body
and adapted to condense rich in a Iom#boiling%point conponent di scharged
at the top; (g) a side cut nozzle disposed at the side of said columm body
and adapted to discharge liquid rich in the medi umboiling-point conponent
as a product at the side,; (h'") an evaporator disposed at the bottom of
said colum body and adapted to gendgré&te vapor through application of heat
to liquid rich in a high-boiling-point conponent di schangega} he.
bottom and (i) a cooler connected to said side cut nozzle and adapted to

cool sai giprRaductediorzapr eMantshng dacefPesiyt;i on of the medi um boiling- point
conponent. 5. A distillation apparatus conprising: (a) a colum body; (b)

a partition for (gvi dizR0cbhBer ALl é@sliok Soé detdl pan die@¥sed MHeuwaed i a8l
chanber and a second chanber., which are adjacent to each other; (c) a

first di gdhddrbt-oind @elilomeRaVidtRsaRs | GhePgt SRCHESRs; to  which an
adjusted material liquid conprising a material liquid and an additive

conponent is fedi}hy qugbt ajfendrpozzke-and spbiad Atsthi@rdmee ophove tdrifreed
nozzl e; and an exhaust section fornmed under the feed nozzle; (d) a second

distillapb@p SeCtdRpthavipIqateneWd QRigRgdSeeth ofh Leraeehedot pidnd diormed
above an upper- end of said first, distillation section, and an exhaust.
section fefipmstrRelawnd e BRPEh At -GedBthi QRahednaterial; and
(j) a second discharge system disposed at the bottom of said
column body and adapted to discharge liqﬁid rich in a high-boliling-
point component formed from a high-melting-point material, wherein
(k) said first discharge system has first solidification
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 rich in

the high-boiling-point component.

2. A distillation apparatus according to Claim 1, wherein 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 liguid flowing through the inner pipe.

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

first and second solidification prevention weans are each steam tracing




7 4 03UR003 adjacent to the enriching section of said first distillation
distillation section while being separated from he sane by said partition;
(e) athird distillation section :having an enriching section connected to
and formed above a | ower end of said first distillation section, and

| ocat ed adj acent to the exhaust section of said first distillation section
whil e being separated fromthe same ByZ2said partition; apggah2ehaust
section formed below the | ower end; (f) a condenser disposed at the top of
said colum body and adapted to condense vapor rich in the additive
conponentoiprtiaibgquim-imirghpipe the adsidondergomendatpansl tioy gdisgliarlgant he
liquid rich in the additive conponent as distillate; (g) a first discharge
system dispdsieth at htdeirg deddbn s dacokdnto fiody thndigdapizedetondlirgchapge
liquid rich in a | owboiling-point conponent forned froma

hi gh- nel to nghquoint pretvenitako 1 gl {d9t mrsedondedil $ghad gl syRigerhtdiospbsedes at
the bottom of said colum body and adapted to discharge liquid rich in a
hi gh- boi pringr-yppipg. conmponent, wherein (i) the boiling point of the
additive conponent is lower than A that of the | ow boiling-point
component.. (j) the nelting point of the |ow boiling-point conponent is

hi gher than a tenperature of cooling nmedia in the condenser. 6. A
distillation apparat ddsactrtdongapparetas mduprabesigd n (a) a portion of the
distillate is refluxed into said colum body; and (U) the renaining
distillate i s addpd: aslam addiyti ve conponent

(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 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:

(d) a =econd 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 =zaid first distillation section
while being separated from the same by sald partition;

{e} & 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 saild first
distillation section while being separated from the same by said

partition; and an exhaust section formed below the lower end;



to the material liquid. 75 0 3 OCT 2003 7. A distillation apparatus
according to Caim5, wherein (a) a portion of the distillate is refl uxed
into said colum body; (b) the remaining distillate is discharged; and (c)
an additive conponent is added for replenishnment in an anount
corresponding to the ampunt of the di7sgillate to be di schgrggqd.ni@. A
distillation apparatus according to Claimb5, wherein (a) all of the
distillate is refluxed into said colum body; and (b) in order to start

operati on of saiid disLil)ali.an SRRBERLYSL, AR aAd bpve eTRORgD! L8y adidec

in a predeterm ned anbunt to the nmaféria A distillation

appar at us, Aeeor df 09 LeAChBLMLELLULLDE 4 COTHUSAG:, (7). NSORL | ey risastr e

gener ation ‘means” connected "to said “condenser "an apte U0 generate a
negatlva.\pg%?ggg gpiﬁQg%giy wi t hdraw vent gas from said col um body; and

i1l

(b) a gas cool &f"fof cool1Tng the vent gas di sposed between said condenser

and sai d negatiye:pressure genergtiqn neans. .10, A disticl Latkon, arahus
according to Clg?hf%j° 'EFE?HL§5F§ “%f¥§fﬂﬁﬁébﬁ5?géhgyéfeh?%géﬁj%&g N

o AR b O SRR i B L TP P LGB
component as & proguct at the side;
(h) an evaporator disposed at the hottom of zaid 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 comnected to said side cut nozzle and adapted to
cool said product for preventing decomposition of the medium-boiling-

point component.

5 A distillation apparatus coumprising:

{(a} a column body;

(b} a partition for dividing the interior of sald column body
into a first chamber and a second chamber, ubich are adjacent tc each
other;

(¢} a first distillation section having an enriching section, to
which an adjusted material liguid comprising a material liguid and an
additive component.is fed through a feed nozzle and which is formed
ahove the feed nozzle; and an exhaust section formed under the feed
nozzles |

(d) & 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




11 A distillation nmethod enpl oying a distillation apparatus conprising a
colum body; a partition for dividing the interior of the colum body into
a first chanber and a :second chanmber, which are adjacent to each other; a
first distillation section having an enriching section forned above a feed
nozzl e, and an exhaust section forne nder the feed npzzl.e; second

ik RsauT e,

distillation section having an enriching section conne nd forned

above an upper end of the first distillation section, and an exhaust
section forned,kbel ow the upper end .and | gcated adjacent to the enriching
secti on B3t (M (HE SEFE P EcLdet Bn Sk & Béingl §bpatat WP fEshiche
same by th% partition;, and a thjrd distillation section having an
enri chi & PFONE CERREELEY THeMaleE SFEENBY HHdvEalitdwes end of the first
distillation section, and |ocated adjacent to the exhaust section of the
first distillatil6n SefPibf Whitelabdrhgseebhratied ingoat aler Yy erid on
partition, and an exhaust section forned belowthe |ower end;, said
di stil | #PHETRRHIP ebApf rened awee st dpecbiend O £eddi hgrah Gidiudiledion
material liquid conprising a material |iquid and an additive conponent to
the firstediEn |34 obpsdéd giJechpdulh the ¢eedvozAtictbpfcorddngiingt
vapor rich in the additive conponent into liquid rich in the additive
conponerdigtithetiep éﬁcthéﬂcggmhﬁ bollyg fepadetenaf gingtbheskinguby sadh in
the additive conponent as distillate; 77 O3 OC T 2003 (d) discharging
liquid rpatditdon; . tioh-dsoekhags psent Lo fisonedt be ¥or thd 1owm and;
hi gh-nmel ti ng-point material at the side of the colum body; and

{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 component and to discharge the liguid rich in the
additive component as distillate;

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

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

{1} the boiling point of the additive cowponent is lower than

-

that of the low-boiling-point component.

(j) the melting point of the low%boiling—point component is
higher than a temperature of cooling media in the condenser.

6. 4 distillation apparatus according to Claim %, wherein

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

{b) the remaining distillate iz adcded as an additive component

to the material liguid.



(e) discharging liquid rich in a high-boiling-point conponent at the |
bottom of the colum body, wherein (f) the boiling point of the additive
conponent is lower than that of the |ow boiling-point conponent. 12. A
distillation apparatus conprising: (a) a colum body; (b) a partition for
dividing the interior of said colum body into a first chanber and a

second chanber, which are adjacent t§ pach other; (c) a ggm@t ﬂhstillation
section having an enriching section, to which an adjuste Jé al liquid
conprising a material liquid and an additive conponent is fed through a

feed nozzle and which is fornmed above the feed nozzle; and an exhaust

section forned under the feed nozzle; (d) a second distillation section

having an enrichi ng. sigetiPritieRMIRLHeEud Qcapddfgr nedcRbave, amhatpRgr end of
said first distillation section; and an exhaust section forned bel ow t he

upper end and | qest edpoadi@ceift the §het ENrdteniipgrserl:ican 10kosah ey fddisinn
distillation section while being separated fromthe sanme by said

partitiofedy;e) a third distillation section having an enriching section
connected to and formed above a | ower end of said first distillation 78 o0 6

L t: s 2003 sectbpncheanenh 0¢ai-ediad] aeent i¢ aiidbaa ushdsection of said
first distillation section while being separated fromthe sane by said

partition; and af:exrausidisecti epmboensmd helMsbheckhoneplentkhidnt dn an
condenser disposed at the top of said colum body and

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

ligquid.

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

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

(b) a gas cocler for cooling the vent gas disposed between sald

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 ligquid rich in the low-boiling-point




adapt ed

the bottom of said

to condense vapor rich in a | ow boiling-point conponent into
liquid rich in the | ow boiling-point conponent and to discharge the
rich in
si de of
hi gh- boi | i ng- poi nt conponent; (h) a second di scharge system di sposed at

said colum body and adapted to discharge liquid rich in a

additive conponent as a colum-bottomliquid; and (i) a© ator for
AR

evaporating the colum-bottomliquid to thereby obtain

addItIV

i s higher
distillation apparatus according to Claim 12, wherein (a) a portion of the

ch in the
&ﬁﬂﬂ pent, wherein (j) the boiling point of the additive conponent
han that of the high-boiling-point conponent. 13. A

colum-bottomliquid is fed to said evaporator; and (b) the renaining

col umm-bot tom | iyqui dy i & 399¢d+ A5, afR13AdI L,

l'iquid.

o - .
14. A dlstlllatlon appar at us accor%ﬁﬁﬁﬁgﬁggﬁfggl%E%tHQEeggé{?%ﬁyﬁJ 3
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(b) the
conpone

r |n|n 1 uim- bd quid’rs arge an additive

qg? f I qﬁQ{ di
amount of lamﬁlc %ﬂlj%(% '?agnﬁy Woﬂéb}eaq1 schar rJ{%%%r}dl g?’i}%a:air}%n
apparatLgth%%8£dﬁguéaE8 é%ﬁ@r, %Zflﬁ@%eﬁfgﬁﬁllatlon 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 secticn, 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 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) Teeding an adjusted material liguid comprising a material
liquid and an additive component 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) discharging the ligquid rich in the additive component. as

distillate;

liquid
the low boiling-point; (g) a first discharge system di sposed at the

col um body and adgpted to discharge liquid rich in the



(a) all of the colum-bottomliquid is fed to said evaporator; and (b) in
order to start operation of said distillation apparatus, an additive
conponent is added in a predeterm ned anount to the material Iliquid. 16. A
distillation apparatus according to any one of Clains 12 to 15, wherein
said first discharge system has cooling nmeans for cooling the liquid rich
in the high-boiling-point conponent. 717. A distillation nB8f6d 83pl oyi ng a
distillation apparatus conprising a colum body; a partition for dividing
the interior of the colum body into a first chanber and a second chanber,

which are adj agent gt 6cBasd @t haguia Fidwtirdi=stbl L Bdi DiteSeet honchomatan
enriching section fornmed above a feed nozzle, and an exhaust section

formed upgefed thef eedipozat etideSRERd ndisbih] adtd aheS@GHEODT NV N 1aMin
enriching section connécted to and fornmed above an upper end of the first

distilla@&gﬂ seation, and an exhaust section formed bel ow the upper end 8 0
0 30CT 2003 and | ocated adjacent to the enriching section of the first

distillation sesfifRchbidBbelngicenssated Fiamiheisameily ddiRoRant ik on;
and a third distillation section having an enriching section connected to

and forpgd 2Reve ar | O¥el-ce0fn Afodhenhbst, distillation section, and
| ocated adjacent- to the exhaust "section of the first distillation section

while being sepanatgd dd OMrehgo 88 DY HENSIPA el LBRApoRIt aR @¥HaUSEhan
section formed below the | ower end; said distillation nethod conprising

the stepsyobr (83 fRedbitiRRpadhushadommiteri al 1iquid conprising a
material liquid and an additive conponent to the first distillation
section

12. 4 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 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 sald 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 section

connected to and formed above a lower end of said first distillation




:

t hrough the feed nozzle; (b) condensing vapor rich in a | ow boiling-point
conponent into liquid rich in the |ow-boiling-point conponent at the top
of the colum body; (c) discharging the liquid rich in the

| ow- boi | i ng-poi nt conponent at the top of the colum body; (d) discharging
liquid rich in a high-boiling-point conponent at the side of the colum
body; (e) discharging liquid rich in7tge additive conpoqﬁpﬁ.@ k2]
colum-bottomliquid at the bottom of the colum body; ard Yf evapor ati ng
the colum-bottomliquid to thereby obtain vapor rich in the additive

component o Y& €1 iy WodedPilibpEnPoLAtLRd dNe Addilive o FORPOREDE st
hi gher than that of the h|gh-80|||ng-p0|nt conponent .
distillation secticn while being separated from the same by zaid
partition; and an exhaust section formed balow 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
liquid rich in the low-boiling-point component and to discharge the
liquid rich in the low-boiling-point;

(g) a first discharge system disposed at the side of =aid column
body and adapted to discharge 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

(i) 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 ligquid is fed to sald evaporator;
and

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

liquid.

16. A distillation apparatus according to any one of Claims 12
to 15, wherein saild first discharge system has cocling 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 inte 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 secticon having an enriching
section connected to and formed above an upper end of the first

distillation section, and an exhaust sectidn formed below the upper end
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and located adjacent to the enriching section of the first distillstion
section while being separated frowm 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:

(aj feeding an adjusted material liquid comprising a material
liquid and an additive component teo 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 hody;

{d) discharging liquid rich in a high-boiling-point component at
the side of the column body;

(e) discharging liguid rich in the additive component ag a
column-bottom liquid at the bottom of the cclumn body; and |

(f} evaporating the column-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.



