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DESCRIPTION 

DISTILLATION APPARATUS AND DISTILLATION METHOD 

TECHNICAL FIELD 

The present invention relates to a distillation apparatus and a 

distillation method. 

BACKGROUND ART 

Conventionally, a distillation apparatus composed of a plurality 

of distillation columns for obtaining products through distillation-

effected separation of a plurality of components contained in a 

material liquid occupies a large area when the distillation columns are 

constructed separately from one another. In a side-column-type 

distillation apparatus, in order to adjust pressure within each 

distillation column, distribution of vapor among the distillation 

columns must be controlled, with the result that the distillation 

columns cannot be operated stably. 

In order to cope with the above problems, there has been 

provided a distillation apparatus equipped with a Petlyuk-type 

distillation column. In this distillation apparatus, an inner cylinder 

is disposed within an outer cylinder, and a material liquid is fed into 

the inner cylinder so as to undergo distillation. 

However, manufacture of this distillation apparatus encounters 

difficulty in supporting the inner cylinder with respect to the outer 
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cylinder, in disposing a line in such a manner as to extend through the 

outer cylinder, and in attaching a feed nozzle to the inner cylinder. 

As a result, the cost of manufacture of the distillation apparatus 

becomes high. Since sufficient sealing cannot be established between 

the line and the outer cylinder and between the feed nozzle and the 

inner cylinder, distillation efficiency drops. Since the inner and 

outer cylinders are disposed concentrically, an exhaust section and an 

enriching section each assume an annular structure. Thus, manufacture 

of trays to be disposed in the exhaust section and the enriching 

section is difficult. 

In order to cope with the above problem, there has been provided 

a distillation apparatus whose interior is divided by means of a flat 

par>tition (refer to US Patent No. 4,230,533). 

The distillation apparatus is fed with a material liquid through 

an inlet pipe and includes a first distillation section, which in turn 

includes an enriching section formed above the inlet pipe and an exhaust 

section formed below the inlet pipe; a second distillation section, 

which in turn includes an enriching section connected to and formed 

above the 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 by the 

partition; and a third distillation section, which in turn includes an 

enriching section connected to and formed above the lower end of the 

first distillation section and located adjacent to the exhaust section 

of the f i~st distillation section while being separated by the 
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partition, and an exhaust section formed below the lower end. 

In this case, the cost of the distillation apparatus can be 

lowered, distillation efficiency can be increased, and trays can be 

manufactured easily. 

However, in the above-mentioned conventional distillation 

apparatus, in order to appropriately distribute liquid descending f:rom 

its upper portion between the enriching section of the first 

distillation section and the exhaust section of the second distillation 

section, not only must the flow rate of liquid fed from the enriching 

section of the second distillation section to the enriching section of 

the first distillation section be regulated by means· of an analyzer, a 

flow controller, and a flow control valve, but also the flow rate of 

liquid fed from the enriching section of the second distillation 

section to the exhaust section of the second distillation section must 

be regulated by means of a level sensor, a flow controller, and a flow 

control valve. 

Also, in order to appropriately distribute between the exhaust 

section of the first distillation section and the enriching section of 

the third distillation section, the liquid descending from above, not 

only must the flow rate of a material liquid fed to the first 

distillation section be regulated by means of a flow controller and a 

flow control valve, but also the amount of a product discharged from a 

position located between the first and second distillation sections 

must be regulated by means of a level sensor, a flow controller, and a 

flow control valve. 
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Further, in order to appropriately distribute between the 

exhaust section of the first distillation section and the enriching 

section of the thir'd distillation section, vapor ascending from below, 

not only must the flow rate of vapor fed from the exhaust section of 

the third distillation section to the exhaust section of the first 

distillation section be regulated by means of an analyzer and a f.low 

control valve, but also the flow rate of vapor fed from the exhaust 

section of the third distillation section to the enriching section of 

the third distillation section must be regulated by means of an analyzer 

and a flow control valve. 

As mentioned above, in order to appropriately distribute liquid 

and vapor, not only must instrumentation, such as analyzers, flow 

controllers, flow control valves, and level sensors, be disposed, but 

also complicated control must be performed through operation of the 

instruments, causing an increase in the size and cost of the 

distillation apparatus. 

An object of the present invention is to provide a distillation 

apparatus and a distillation method capable of reducing the number of 

instruments, simplifying control, reducing apparatus size, and reducing 

cost, through solution of the above problems involved in the 

conventional distillation apparatus. 

DISCLOSURE OF THE INVENTION 

To achieve the above object, a distillation apparatus of the 

present invention comprises a column body; a partition for dividing the 
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interior of the column body into a first chamber and a second chamber, 

which are adjacent to each other; a feed nozzle for feeding into the 

column body a material liquid containing at least first to third 

components; a first distillation section eomprising an enriching section 

located at an upper portion thereof and an exhaust section located at a 

lower portion thereof"; a second distillation section disposed such that 

at least a portion thereof is adjacent to the top of the column body, 

and comprising an enriching section located at an upper portion thereof 

and an exhaust section located at a lower portion thereof; a third 

distillation section disposed such that at least a portion thereof is 

adjacent to the bottom of the column body, and comprising an enriching 

section located at an upper portion thereof and an exhaust section 

located at a lower portion thereof; first discharge means for 

discharging the first component; second discharge means for discharging 

the second component; and third discharge means for discharging the 

third component. 

The partition is biased such that the cross-sectional area of 

the first chamber differs from that of the second chamber. 

In this case, through employment of the first and second 

chambers of different cross-sectional areas, a pressure loss arising in 

the first chamber and that arising in the second chamber can be 

equalized, thereby eliminating influence of descending liquid on 

ascending vapor. Thus, vapor ascends while being distributed uniformly. 

Distribution of vapor does not require disposition of many 

instruments, such as an analyzer, a flow controller, a flow control 
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valve, and a level sensor, nor does it require execution of complicated 

control through operation of the instruments. Accordingly, the size of 

the distillation apparatus can be reduced, and the cost of the 

distillation apparatus can be reduced as well. 

Since the descending of liquid and the ascending of vapor within 

the column body can be smoothened, occurrence of a channeling (lack of 

liquid) phenomenon in a packing can be prevented. Also, occurrence of 

maldistribution (nonuniform dispersion of liquid) can be prevented. 

In another distillation apparatus of the present invention, the 

first distillation section is disposed at the center of the column body. 

In a further distillation apparatus of the present invention, 

the feed nozzle is adapted to feed the material liquid into.the first 

distillation section. 

In still another distillation apparatus of the present invention, 

a packing is disposed in at least the enriching section and the exhaust 

section of the first distillation section such that the packing disposed 

in the enriching section and the packing disposed in the exhaust 

section are independent of each ~ther. 

In a still further distillation apparatus of the present 

invention, the second distillation section comprises the enriching 

section connected to and formed above an upper end of the fir.st 

distillation section; and the exhaust section formed below the upper end 

and located adjacent to the enriching section of the first distillation 

section while being separated by the partition. 

The third distillation section comprises the enriching section 
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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 by the partition; and the 

exhaust section formed below the lower end. 

In a still further distillation apparatus of the present 

invention, the feed nozzle is disposed between the enriching section 

and the exhaust section in the first distillation section. 

In a still further distillation apparatus of the present 

invention, the packings are of the same kind. 

In a still further distillation apparatus of the present 

invention, the packings are of different kinds. 

A still further distillation apparatus of the present invention 

comprises 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 feed nozzle for feeding into the column body 

a material liquid containing at least first to third components; a first 

distillation section comprising an enriching section located at an 

upper portion thereof and an exhaust section located at a lower portion 

thereof; a second distillation section disposed such that at least a 

portion thereof is adjacent to the top of the column body, and 

comprising an enriching section located at an upper portion thereof and 

an exhaust section located at a lower portion thereof; a third 

distillation section disposed such that at least a portion thereof is 

adjacent to the bottom of the column body, and comprising an enriching 

section located at an upper portion thereof and an exhaust section 



.·~LE ······=-

8 

located at a lower portion thereof; first discharge means for 

discharging the first component; second discharge means for discharging 

the second component; and third discharge means for discharging the 

third component. 

Liquid descending from the enriching section of the second 

distillation section is distributed between the enriching section of 

the first distillation section and the exhaust section of the second 

distillation section at a distribution ratio which is predetermined on 

the basis of distillation conditions. A pressure loss arising in the 

first distillation section is equalized with sum of a pressure loss 

arising in the exhaust section of the second distillation section and a 

pressure loss arising in the enriching section of the third distillation 

section. 

In this case, since a pressure loss arising in the first 

distillation section is equalized with sum of a pressure loss arising 

in the exhaust section of the second distillation section and a 

pressure loss arising in the enriching section of the third 

distillation section, descending liquid does not affect ascending vapor. 

Thus, vapor ascends while being distributed uniformly. 

Distribution of vapor does not require disposition of many 

instruments, such as an analyzer, a flow controller, a flow control 

valve, and a level sensor, nor does it require execution of complicated 

control through operation of the instruments. Accordingly, the size of 

the distillation apparatus can be reduced, and the cost of the 

distillation apparatus can be reduced as well. 
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Since the descending of liquid and the ascending of vapor within 

the column body can be smoothened, occurrence of a channeling 

phenomenon in the packings can be prevented. Also, occurrence of 

maldistribution can be prevented. 

In a still further distillation apparatus of the present 

invention, an F factor in at least the first distillation section, 'the 

exhaust section of the second distillation section, and the enriching 

section of the third distillation section is set to a value that enables 

obtainment of a pressure loss almost free from influence of the amount 

of descending liquid. 

In a still further distillation apparatus of the present 

invention, an F factor in at least the first distillation section, the 

exhaust section of the second distillation section, and the enriching 

section of the third distillation section is 1.0-1.5. 

In this case, since the F factor is 1.0-1.5, a pressure loss 

remains almost unchanged even when the amount of descending liquid 

varies. Accordingly, a pressure loss arising in the first distillation 

section is equalized with sum of a pressure loss arising in the exhaust 

section of the second distillation section and a pressure loss arising 

in the enriching section of the third distillation section. 

In a still further distillation apparatus of the present 

invention, the pressure losses are calculated on the basis of the 

number of theoretical stages, the number of theoretical stages per 

meter, and a pressure loss per unit height. 

In a still further distillation apparatus of the present 
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invention, the ratio between the cross-sectional area of the first 

distillation section and the cross-sectional area of the exhaust section 

of the second distillation section, and the ratio between the cross­

sectional area of the first distillation section and the cross­

sectional area of the enriching section of the third distillation 

section are established according to the amount of ascending vapor. · 

A still further distillation apparatus of the present invention 

comprises a column body; a partition for dividing the interior of the 

column body into a plurality of chambers, which are adjacent to one 

another; a collector disposed within the column body and adapted to 

collect liquid descending from above; and a channel-type distributor for 

distributing liquid collected by the collector, among the chambers in 

different portions. 

In this cas~, liquid descending from above is collected by the 

collector and then distributed among the chambers in different portions. 

Accordingly, distillation can be performed in the optimum state 

according to distillation conditions, thereby decreasing energy 

consumption in the distillation apparatus. Furthermore, since there is 

no need for employing a complicated instrumentation contr'Ol system, the 

size of the distillation apparatus can be reduced, and the cost of the 

distillation apparatus can be reduced as well. 

A still further distillation apparatus of the present invention 

comprises a column body; a partition for dividing the interior of the 

column body into a plurality of chambers, which are adjacent to one 

another; a collector disposed within the column body and adapted to 
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collect liquid descending from above; and an open static-pressure-type 

tubular distributor ·for distributing liquid collected by the collector, 

among the chambers in different portions. 

In this case, liquid descending from above is collected by the 

collector and then distributed among the chambers in different portions. 

Accordingly, distillation can be performed in the optimum state 

according to distillation conditions, thereby decreasing energy 

consumption in the distillation apparatus. Furthermore, since there is 

no need for employing a complicated instrumentation control system, the 

size of the distillation apparatus can be reduced, and the cost of the 

distillation apparatus can be reduced as well. 

A still further distillation apparatus of the present invention 

comprises a column body; a partition for dividing the interior of the 

column body into a_plurality of chambers, which are adjacent to one 

another; a collector disposed within the column body and adapted to 

collect liquid descending from a single chamber located thereabove; and 

an open static-pressure-type tubular distributor for distributing liquid 

collected by the collector to a single chamber located therebelow. 

The distributor comprises an open static-pressure-type stand 

pipe for accumulating liquid discharged from the collector so as to 

establish a predetermined head; a first distribution section for 

distributing liquid in a direction perpendicular to the partition; and a 

second distribution section disposed in connection with the first 

distribution section and adapted to distribute liquid having been 

distributed by the first distribution section, in the same direction as 
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that of the partition. 

The first distribution section is connected to a lower end of 

the stand pipe at a position biased toward the partition from the center 

of the chamber. 

In this case, liquid descending from one of the upper chambers 

is collected by the collector and then distributed to one of the lower 

chambers by the distributor. Since the first distribution section is 

connected to a lower end of the stand pipe at a position biased toward 

the partition from the center of the chamber, a pressure loss 

associated with flow resistance within the first distribution section 

can be made the same among the second distribution sections. 

Accordingly, the liquid can be distributed uniformly over the 

entire chamber. 

A still further distillation apparatus of the present invention 

comprises a column body; a partition for dividing the interior of the 

column body into a plurality of chambers, which are adjacent to one 

another; a collector box for forming a liquid collection gutter along 

the inner wall of each of the column body and the partition; and a 

plurality of collector laminas disposed on the collector box at 

predetermined pitches in parallel with one another. 

Each of the collector laminas comprises an inclined portion and 

a gutter portion, fand one end of the gutter portion faces the column 

body side of the liquid collection gutter while the other end of the 

gutter portion faces the partition side of the liquid collection gutter. 

In this case, liquid descending from the upper chambers impinges 
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against the collector laminas, flows along the inclined portions, and 

is r-eceived by the gutter portions. The thus-received liquid is 

tr-ansferred horizontally to the liquid collection gutter. 

Accordingly, since a material liquid can be mixed with the 

liquid within the liquid collection gutter, a biased flow of the liquid 

does not occur. Thus, liquid and vapor can make sufficient contact 

with each other in the upper and lower chambers. 

Since there is no need for projecting the collector box to a 

great extent into the interior of the column body in order to withdraw 

a product, a biased flow of vapor does not occur. Thus, liquid and 

vapor can make sufficient contact with each other in the upper and lower 

chambers. 

Vapor ascending from the lower chambers flows through gaps 

between collector laminas and ascends along the inclined portions while 

being directed away from the column center. Since vapor ascends 

smoothly along the inclined portions, a pressure loss becomes negligibly 

small. Thus, since a biased flow of vapor does not occur, liquid and 

vapor can make sufficient contact with each other in the upper and 

lower chambers. 

A still further distillation apparatus of the present invention 

comprises a column body; a partition for dividing the interior of the 

column body into a plurality of chambers, which are adjacent to one 

another; a collector box for forming a liquid collection gutter along 

the inner wall of each of the column body and the partition; and a 

plurality of collector laminas disposed on the collector box at 
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predetermined pitches in parallel with one another. 

The collector box and the collector laminas are assembled in 

advance, and the collector box is engaged with the column body and the 

partition. 

In this case, since a material liquid is mixed with liquid 

within the liquid collection gutter, a biased flow of the liquid does 

not occur. Thus, liquid and vapor can make sufficient contact with 

each other in the upper and lower chambers. 

Since there is no need for projecting the collector box to a 

great extent into the interior of the column body in order to withdraw 

a product, a biased flow of vapor does not occur. Thus, liquid and 

vapor can make sufficient contact with each other in the upper and lower 

chambers. 

Since vapor ascending from the lower chambers flows through gaps 

between collector laminas and ascends smoothly along the inclined 

portions, a pressure loss becomes negligibly small. Thus, since a 

biased flow of vapor does not occur, liquid and vapor can make 

sufficient contact with each other in the upper and lower chambers. 

Furthermore, since the collector box and the collector laminas 

are assembled in advance, the collector can be easily attached to the 

column body. Since there is no need for assembling the collector 

within the distillation column, assembling work can be simplified. 

In a still further distillation apparatus of the present 

invention, an upper end of the collector box is engaged with the column 

body and the partition; and a flange of the column body and the 
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partition are sealed against each other by means of a gasket assuming a 

form corresponding to the column body and the partition. 

A distillation method of the present invention comprises the 

steps_ of: feeding a material liquid containing at least first to third 

components into a column body which comprises a first distillation 

section comprising an enriching section located at an upper portion 

thereof and an exhaust section located at a lower portion thereof; a 

second distillation section disposed such that at least a portion 

thereof is adjacent to the top of the column body, and comprising an 

enriching section located at an upper portion thereof and an exhaust 

section located at a lower portion thereof; a third distillation section 

disposed such that at least a portion thereof is adjacent to the bottom 

of the column body, and comprising an enriching section located at an 

upper portion thereof and an exhaust section located at a lower portion 

thereof; and a partition which is disposed in a biased manner so as to 

render the cross-sectional area of a first chamber different from that 

of a second chamber; condensing vapor containing a predetermined 

component, by means of a condenser connected to an upper end of the 

second distillation section; evaporating liquid containing a 

predetermined component, by means of an.evaporator connected to a lower 

end of the third distillation section; and obtaining liquid rich in the 

first component at the upper end of the second distillation section, 

liquid rich in the third component at the lower end of the third 

distillation section, and liquid rich in the second component at a 

section where the pa~tition is disposed. 
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In another distillation method of the present invention, the 

first component is .lower in boiling point than the second component, 

which in turn is lower in boiling point than the third component. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a conceptual view of a coupling-type distillation 

column in a first embodiment of the present invention; FIG. 2 is a 

conceptual view of a distillation apparatus in the first embodiment of 

the present invention; FIG. 3 is a view for explaining a distributor of 

a third section in the first embodiment of the present invention; FIG. 

4 is a plan view of the distributor of the third section in the first 

embodiment of the present invention; FIG. 5 is a side view of the 

distributor of the third section in the first embodiment of the present 

invention; FIG. 6 is a detailed view of a first essential portion of the 

distributor of the third section in the first embodiment of the present 

invention; FIG. 7 is a detailed view of a second essential portion of 

the distributor of the third section in the first embodiment of the 

present invention; FIG. 8 is a plan view showing essential portions of 

a distributor of a fifth section in the first embodiment of the present 

invention; FIG. 9 is a view showing the state of connection between a 

stand pipe and a main header in the first embodiment of the present 

invention; FIG. 10 is a table showing the result of simulation of 

pressure loss in the first embodiment of the present invention; FIG. 11 

is a table showing characteristics of a coupling-type distillation 

column in a second embodiment of the present invention; FIG. 12 is a 
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table showing properties of packings in the second embodiment of the 

present invention;.FIG. 13 is a table showing characteristics of a 

coupling-type distillation column in a third embodiment of the present 

invention; FIG. 14 is a table showing properties of packings in the 

third embodiment of the present invention; FIG. 15 is a table showing 

characteristics of a coupling-type distillation column in a fourth 

embodiment of the present invention; FIG. 16 is a table showing 

properties of packings in the fourth embodiment of the present 

invention; FIG. 17 is a conceptual view of essential portions of a 

coupling-type distillation column in a fifth embodiment of the present 

invention; FIG. 18 is a sectional view of essential portions of the 

coupling-type distillation column in the fifth embodiment of the 

present invention; FIG. 19 is a conceptual view of essential portions of 

a coupling-type distillation column in the sixth embodiment of the 

present invention; FIG. 20 is a sectional view of essential portions of 

the coupling-type distillation column in the sixth embodiment of the 

present invention; FIG. 21 is a view for explaining a distributor in a 

seventh embodiment of the present invention; FIG. 22 is a plan view of 

essential portions of the distributor in the seventh embod.1,ment of the 

present invention; FIG. 23 is a view showing the state of connection 

between a stand pipe and a main header in the seventh embodiment of the 

present invention; FIG. 24 is a view showing the state of connection 

between the main header and an arm tube in the seventh embodiment of the 

present invention; FIG. 25 is a view for explaining a stand pipe in an 

eighth embodiment of the present invention; FIG. 26 is a schematic view 
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of essential portions of a coupling-type distillation column in a ninth 

embodiment of the present invention; FIG. 27 is a schematic view of a 

distributor in a tenth embodiment of the present invention; FIG. 28 is a 

schematic view of a distributor in an eleventh embodiment of the 

present invention; FIG. 29 is a schematic view of essential portions of 

a coupling-type distillation column in a twelfth embodiment of the 

present invention; FIG. 30 is a conceptual view of a coupling-type 

distillation column in a thirteenth embodiment of the present invention; 

FIG. 31 is a sectional view of essential portions of a collector in the 

thirteenth embodiment of the present invention; FIG. 32 is a plan view 

of the collector in the thirteenth embodiment of the present invention; 

FIG. 33 is a plan view of a collector box in the thirteenth embodiment 

of the present invention; FIG. 34 is a sectional view of the collector 

box in the thirteenth embodiment of the present invention; FIG. 35 is a 

view showing the state of mounting of a collector in a fourteenth 

embodiment of the present invention; FIG. 36 is a sectional view of 

essential portions of a coupling-type distillation column in the 

fourteenth embodiment of the present invention; FIG. 37 is a plan view 

of the collector in the fourteenth embodiment of the present invention; 

FIG. 38 is a sectional view of the collector in the fourteenth 

embodiment of the present invention; and FIG. 39 is a view showing a 

gasket in the fourteenth embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

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

FIG. 1 is a conceptual view of a coupling-type distillation 

column in a first embodiment of the present invention. FIG. 2 is a 

conceptual view of a distillation apparatus in the first embodiment of 

the present invention. 

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 19. 

In a column body serving as a shell of the coupling-type 

distillation column 10, a partition 22 divides the fourth section 14 

into a first chamber 14A and a second chamber 148; a partition 23 

divides the fifth section 15 into a first chamber 15A and a second 

chamber 158; and a partition 24 divides the sixth section 16 into a 

first chamber 16A and a second chamber 168. The first chambers 14A-16A 

are adjacent to the second chambers 148-168, respectively. The first 

chambers 14A-16A constitute a first distillation section 25; the first 

section 11, the second section 12, the third section 13, and the second 

chamber 14B constitute a second distillation section 26; and the second 

chambers 158 and 168, 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 design such that the inte~iors of the 
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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 148, between the first chamber 15A and the second chamber 158, 

and between the first chamber 16A and the second chamber 168, the 

efficiency of distillation can be enhanced. 

The fifth section 15 is disposed substantially at the center of 

the coupling-type distillation column 10. A feed nozzle 41 is formed at 

the first chamber 15A, and a side cut nozzle 42 is formed at the second 

chamber 158. The first section 11 is disposed at the top of the 

coupling-type distillation column 10. A vapor outlet 43 and a reflux 

liquid inlet 44, which are connected to a condenser 31, are formed at 

the first section 11. The ninth section 19 is disposed at the bottom of 

the coupling-type distillation column 10. A column-bottom liquid 

outlet 45 and a vapor inlet 46, which are connected to an evaporator 32, 

are formed at the ninth section 19. The vapor outlet 43 constitutes 

first discharge means; the side cut nozzle 42 constitutes second 

discharge means; and the column-bottom liquid outlet 45 constitutes 

third discharge means. 

In the thus-configured coupling-type distillation column 10, a 

mixture which predominantly contains components A-C is fed as a 

material liquid M to the feed nozzle 41. Component A is lower in 

boiling point than component B, which in turn is lower in boiling point 

than component C. Components A-C constitute first through third 

components; and the coupling-type distillation column 10, the condenser 

31~ the evaporator 32, etc. constitute a distillation apparatus. 
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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 AR2. In the second distillation section 2fi, 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 148 disposed below the upper end of the first distillation 

section 25 while being adjacent to the enriching section AR1 forms an 

exhaust section AR4. In the third distillation section 27, the second 

chamber 168 connected to and disposed above the lower end of the first 

distillation section 25 while being adjacent to the exhaust section AR2 

forms an enriching section AR5, and the eighth section 18 disposed 

below the lower end of the first distillation section 25 forms an 

exhaust section AR6. 

As described above, the upper end of the first distillation 

section 25 is connected to the substantial center of the second 

distillation section 26, and the lower end of the first distillation 

section 25 is connected to the substantial center of the third 

distillation section 27. 

According to a method for distillation by means of the above­

conf igured distillation apparatus, the material liquid M fed through 

the feed nozzle 41 descends in the exhaust section AR2, during which 

vapor rich in components A and B is generated in an upper portion of 

the exhaust section AR2, and liquid rich i_n components B and C is 

generated in a lower portion of the exhaust section AR2. The liquid 
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rich in components B and C is fed to the third distillation section 27 

from the lower end of the first distillation section 25. 

The liquid rich in components B and C is evaporated through 

application of heat in the third distillation section 27 to become vapor . 

rich in components B and C. The thus-generated vapor ascends in the 

exhaust section AR2, during which the vapor contacts the material liquid 

M, causing vapor rich in components A and B to evaporate from the 

material liquid M. 

The vapor rich in components A and B 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. Subsequently, the 

vapor rich in components A and B is condensed into liquid rich in 

components A and B through cooling in the second distillation section 26. 

A portion of the liquid rich in components A and B is refluxed 

to the enriching section AR1 so as to be brought in contact with vapor 

rich in components A and 8 ascending in the enriching section AR1. 

Thus, vapor rich in components A and B can be fed to the second 

distillation section 26 from the top end of the first distillation 

section 25. 

In the exhaust section AR6, liquid rich in components B and C 

descends, during which vapor rich in component B is generated in an 

upper portion thereof, and liquid rich in component C is generated in a 

lower portion thereof. Accordingly, the liquid rich in component C is 

discharged as a column-bottom liquid from the column-bottom liquid 

outlet 45. 
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A portion of the liquid rich in column C discharged from the 

column-bottom liquid outlet 45 is sent to the evaporator 32, where 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 ninth section 

19 from the vapor inlet 46. While the vapor rich in component C 

ascends in the ninth section 19 and the exhaust section AR6, the vapor 

rich in component C contacts liquid rich in components B and C, causing 

vapor rich in component B to be generated from the liquid rich in 

components B and c. 

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 liquid 

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

section 27 is discharged as a side cut liquid; i.e., a product from the 

side cut nozzle 42. 

In the exhaust section AR4 of the second distillation section 26, 

liquid rich in components A and B descends, during which vapor rich in 
' component A is generated in an upper portion thereof, and liquid rich 

in component B is generated in a lower por-tion thereof. The liquid 

rich in component B obtained at the lower end of the second 

distillation section 26 is discharged as a pr-oduct from the side cut 

nozzle 42. 

Then, the vapor rich in component A ascends in the enriching 
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section AR3 and is then discharged from the vapor outlet 43. The 

discharged vapor rich in component A is sent to the condenser 31, where 

the vapor is condensed into liquid rich in component A. 

· 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 from the top of the column and condensed into 

liquid rich in component A by means of the condenser 31. The liquid 

rich in component B is discharged as a product from the side cut nozzle 

42. Liquid rich in components B and C is separated into liquid rich in 

component 8 and liquid rich in component C by means of the third 

distillation section 27. The liquid rich in component B is discharged 

as a product from the side cut nozzle 42. The liquid rich in component 

C is discharged from the bottom of the column. 

In order to enhance the efficiency of distillation for component 

A, the liquid rich in component A is refluxed into the enriching 

section AR3 from the reflux liquid inlet 44 and brought into contact 

with vapor rich in components A and B ascending in the enriching 

section AR3. 

Notably, each of the enriching sections AR1, AR3, and AR5 and 

the exhaust sections AR2, AR4, and AR6 is formed of a packing including 

a single node. However, depending on relative volatility among 

components to be obtained through distillation, in order to attain the 

number of theoretical stages required for distillation, a packing 

including a plurality of nodes may be formed so as to produce packing 
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properties to be used. 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. 

As described above, the material liquid M can be separated into 

components A-C without use of a plurality of distillation columns. 

Since there is no need for repeating heating and cooling in a 

plurality of distillation columns, the number of instruments, such as a 

condenser, an evaporator, and a pump, can be reduced. Accordingly, an 

area to be occupied can be reduced, and the amount of consumption of 

utilities and consumed energy can be reduced as well, thereby reducing 

the cost of the distillation apparatus. 

Preferably, the coupling-type distillation column 10 has a total 

of about 30-100 theoretical stages, and about 5-30 theoretical stages 

are allocated to each of the fourth section 14 and the sixth section 16. 

Meanwhile, the third section 13 includes a collector 54 and a 

channel-type distributor 61. Liquid collected by the collector 54 is 

distributed to the first chamber 14A and the second chamber 148 of the 

fourth section 14 in predetermined different portions by means of the 

distr'ibutor 61. 

The first chamber 15A of the fifth section 15 includes a 

collector 62 disposed just above the feed nozzle 41 and a tubular 

distributor 63 disposed just under the feed nozzle 41. Liquid 

collected by the collector 62, together with the material liquid M fed 

through the feed nozzle 41, is fed to the first chamber 'I 6A of the 

sixth section 16 by means of the distributor 63. 
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Meanwhile, the second chamber 158 of the fifth section 15 

includes a chimney-hat-type collector 65 disposed just above the side 

cut nozzle 42 and a tubular distributor 66 disposed just under the side 

cut nozzle 42. Liquid collected by the collector 65 is discharged as a 

product from the side cut nozzle 42 and fed to the second chamber 168 of 

the sixth section 16 by means of the distributor 66. 

Furthermore, the seventh section 17 includes a collector 67 and 

a tubular distributor 68. Liquid descending from the sixth section 16 

is collected by the collector 67 and is then fed to the eighth section 

18 by means of the distributor 68. 

In the present embodiment, liquid descending to the third 

section 13 from above; i.e., from the second section 12 is distributed 

between the first chamber 14A and the second chamber 148 of the fourth 

section 14. A distribution ratio is preestablished on the basis of 

distillation conditions, such as components A-C of the material liquid M, 

the composition of components A-C of the material liquid M, the number 

of theoretical stages of the coupling-type distillation column _10, and 

the required purity (quality) of a product. 

The distributor 61 includes an unillustrated distribution 

section for distributing liquid in a direction perpendicular to the 

partition 22 and is adapted to make the amount of liquid fed to an upper 

portion of the first chamber 14A (hereinafter called a "first-chamber 

upper-portionn) and the amount of liquid fed to an upper por>tion of the 

second chamber 148 (hereinafter called a "second-chamber upper­

por>tion" ) differ from each other. 
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Notably, since the aforementioned pt"Oduct is discharged from the 

side cut nozzle 42, the amount of liquid fed to the second-chamber 

upper-portion becomes greater than that fed to the first-chamber upper­

portion. 

When, in order to obtain products of two or more kinds, 

distillation conditions are to be modified in the distillation apparatus, 

the aforementioned distribution ratio must be changed according to the 

distillation conditions. To meet this end, a plurality of distribution 

sections of different distribution ratios are disposed. Liquid 

descending from the second section 12 is collected by the collector 54 

and is then selectively fed to the distributor 61 via a selector valve 

33 or 34. For example, when a product of a purity of 99.98 (%by 

weight) is to be obtained, a distribution ratio of 4:6 is selected. 

When a product of a purity of 99.999 (%by weight) is to be obtained, a 

distribution ratio of 2:8 is selected. A load factor is changed to 50-

100 (fo). 

Since liquid can be distributed at the optimum distribution 

ratio merely through employment of the distribution sections, there is 

no need for not only disposing many instruments, such as an analyzer, a 

flow controller, a flow control valve, and a level sensor, for 

distribution of liquid, but also executing complicated control through 

operation of the instruments. Accordingly, the size of the 

distillation apparatus can be reduced, and the cost of the distillation 

apparatus can be reduced as well. 

Next will be described the distributor 61 in the third section 
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13. 

FIG. 3 is a view for explaining a distributor of the third 

section in the first embodiment of the present invention. FIG. 4 is a 

plan view of the distribute~ of the third section in the first 

embodiment of the present invention. FIG. 5 is a side view of the 

distributor of the third section in the first embodiment of the present 

invention. FIG. 6 is a detailed view of a first essential portion of 

the distributor of the third section in the first embodiment of the 

present invention. FIG. 7 is a detailed view of a second essential 

portion of the distributor of the third section in the first embodiment 

of the present invention. 

In FIG. 3, reference numeral 12 denotes a second section; 

reference numeral 13 denotes a third section; and reference numeral 14 

denotes a fourth section. Liquid descending from the second section 12 

is collected by the collector 54. The collector 54 includes a 

cylindrical column body 70; a plurality of collector laminas 71 disposed 

at predetermined pitches in parallel with one another; and a collector 

box 72 formed along the inner circumferential wall of the column body 70 

and including an annular gutter. Each of the collector laminas 71 

includes a curved portion 73 located at an upper end thereof; an 

inclined portion 74 located at a central portion thereof; and a gutter 

portion 75 located at a lower end thereof. The curved portions 73 and 

the gutter portions 75 extend horizontally (in a direction 

perpendicular to paper in FIG. 3). 

Accordingly, liquid descending from the second section 12 
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impinges against the curved portions 73, flows along the inclined 

portions 74, and is then received by the gutter portions 75. The 

received liquid flows horizontally in the gutter portions 75 and then 

reaches the collector box 72. Subsequently, the liquid in the collector 

box 72 is discharged to a line L11 from a nozzle 52. 

The line L11 branches out into lines L12 and L13. The lines·L12 

and L13 are connected to the distributor 61 via nozzles 53a and 53b, 

respectively. Valves V1 and V2 serving as distribution-ratio change 

means are disposed on the lines L12 and L13, respectively. Through 

selective opening/closing of the valves V1 and V2, distribution in a 

first or second mode can be performed by means of the distributor 61. 

Specifically, in the first mode, liquid is fed to the distributor 61 

via the line L12 and is then distributed by the distributor 61. In the 

second mode, liquid is fed to the distributor 61 via the line L13 and is 

then distributed by the distributor 61. The valves V1 and V2 are 

opened/closed manually, or automatically on the basis of a signal from 

an unillustrated controller. 

The distributor 61 includes a first distribution section '77 for 

distributing liquid in a direction perpendicular to the partition 22; 

and a second distribution section 78 disposed just under the first 

distribution section 77 and adapted to distribute liquid distributed by 

the first distribution section 77, in the same direction as that of the 

partition 22. Thus, the liquid can be distributed uniformly over the 

entire fourth section 14. 

In the present embodiment, the distribution ratio of liquid in 
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the fourth section 14 between the first chamber 14A and the second 

chamber 148 can be established and can be changed as well. The 

distribution ratio is established on the basis of distillation 

conditions, such as components A-C of the material liquid M, the 

composition of components A-C of the material liquid M, the number of 

theoretical stages of the coupling-type distillation column 10 (FIG •. 1), 

and the required purity (quality) of a pr'Oduct. In this case, since a 

product is discharged from the side cut nozzle 42 located at the second 

chamber 158 of the fifth section 15, the amount of liquid distributed to 

the second chamber 148 is greater than that distributed to the first 

chamber 14A. As mentioned previously, when a product of a purity of 

99.98 <i by weight) is to be obtained, a distribution ratio of 4:6 is 

selected. When a product of a purity of 99.999 <i by weight) is to be 

obtained, a distribution ratio of 2:8 is selected. A load factor is 

changed to 50-100 <i). 

Accordingly, even when distillation conditions are varied, 

distillation can be performed in the optimum state, thereby enhancing 

the efficiency of distillation. As a result, energy consumption in the 

distillation apparatus can be reduced. Furthermore, since there is no 

need for employing a complicated instrumentation control system, the 

size of the dis.tillation apparatus can be reduced, and the cost of the 

distillation apparatus can be reduced as well. 

The first distribution section 77 includes two open static­

pressure-type main channels 77a and 77b, which are opened upward and 

fo~med adjacent to each other. The main channels 77a and 77b extend 
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across and over the partition 22. A plurality of holes 81 are formed 

in the bottom of each of the main channels 77a and 77b in a matrix 

manner. Through appropriate selection of the diameter and number of the 

holes 81, the distribution ratio is set to, for example, 4:6 or 2:8. 

In order to prevent occurrence of nonuniform liquid l~vel in the 

main channels 77a and 77b even when a dynamic pressure is generated in 

association with feed of liquid, buffers 84 are disposed in the main 

channels 77a and 77b. Thus, the head of liquid within the main 

channels 77a and 77b can be held constant. 

Since the first distribution section 77 is composed of the open 

static-pressure-type main channels 77a and 77b, a sufficient amount of 

liquid can be stored in the first distribution section 77, and the 

stored liquid can descend through the holes 81. Thus, the height of the 

first distribution section 77 can be lowered accordingly, thereby 

reducing the size of the distillation apparatus. 

Notably, for example, when a product of a single purity is to be 

separated from the material liquid M through distillation, the 

distribution ratio does not need to be changed. Thus, a single main 

channel is employed; the distribution ratio is fixed to, for example, 

3:7; and only a load factor is changed to 50-100 (%). Liquid collected 

by the collector 54 is fed to the distributor 61 without being 

discharged to the exterior of the column body 70. When products of 

three different purities are to be separated from the material liquid M 

through distillation, three main channels are employed in order to 

change the distribution rate. 
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The second distribution section 78 includes a plurality of 

groups of box-type arm channels 78a and 7b, which are opened upward and 

formed adjacent to one another. The arm channels 78a and 78b are 

supported by supports 82 while being connected on the group basis by 

clamps 85. A plurality of holes 83 are formed at equal pitches in the 

bottoms of the arm channels 78a and 78b. Holes, notches, or the like 

may be formed in side walls of the arm channels 78a and 78b. The 

clamps 85 are connected by means of L-shaped members 92, which are 

fixedly attached to the side walls of the first distribution section 77, 

and bolts 91. In this manner, the first distribution section 77 is 

supported by the second distribution section 78. Liquid in the main 

channel 77a is distributed and fed to the arm channels 78a. Liquid in 

the main channel 77b is distributed and fed to the arm channels 78b. 

In order to reliably feed the second distribution section 78 with 

liquid distributed by the first distribution section 77, stoppers 93 

are attached to the supports 82 at relevant positions so as ta position 

the second distribution section 78. 

In order to make the amount of liquid to be fed to the first 

chamber 14A differ from the amount of liquid to be fed to the second 

chamber 148, the following parameters are established according to the 

distribution ratio: the diameter d1 and the number n1 of the holes 81 

formed in a portion of the bottom of the main channel 77a which is 

located in the first chamber 14A; the diameter d2 and the number n2 of 

the holes 81 formed in a portion of the bottom of the main channel 77a 

which is located in the second chamber 148; the diameter d3 and the 
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number n3 of the holes 83 formed in the bottoms of the arm channels 78a 

disposed on the side of the first chamber 14A; and the diameter d4 and 

the number n4 of the holes 83 formed in the bottoms of the arm channels 

78a disposed on the side of the second chamber 148.· Notably, the 

diameters d1 and d2 of a portion of the holes 81 may be reduced 

according to the distribution ratio. 

Thus, when the amount of liquid to be fed to the first chamber 

14A is represented with q1, and the amount of liquid to be fed to the 

second chamber 14B is represented with q2, q1 and q2 are expressed as 

follows. 

q1 = ( 1t /4) d 12 • n 1 

= ( 1& 14) d32 · n3 

q2 = ( 1l: 14) d22 • n2 

= ( 'It /4) d42 • n4 

When the diameters d1 and d2 are established according to the 

distribution ratio, and the numbers n3 and n4 are equalized, the cross­

sectional areas of portions of a packing assigned to the individual 

holes 83 can be equalized. 

In order to make the amount q1 of liquid to be fed to the first 

chamber 14A differ from the amount q2 of liquid to be fed to the second 

chamber 11.rn, the following parameters may be established according to 

the distribution ratio: the diameter d5 and the number n5 of the holes 

81 formed in a portion of the bottom of the main channel 77b which is 

located in the first chamber 14A; the diameter d6 and the number n6 of 

the holes 81 formed in a portion of the bottom of the main channel 77b 
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which is located in the second chamber 148; the diameter d7 and the 

number n7 of the holes 83 formed in the bottoms of the arm channels 78b 

disposed on the side of the first chamber 14A; and the diameter d8 and 

the number n8 of the holes 83 formed in the bottoms of the arm channels 

78b disposed on the side of the second chamber 148. 

Since, through selective opening/closing of the valves V1 and V2, 

the distribution ratio can be changed according to distillation 

conditions, there is no need for employing a complicated instrumentation 

control system. Accordingly, the size of the distillation apparatus 

can be reduced, and the cost of the distillation apparatus can be 

r-educed as well. 

Furthermore, since in the first chamber 14A and the second 

chamber 148, the amount of liquid descending from the holes 83 can be 

equalized, there can be· prevented occurrence of a channeling phenomenon 

in the packings contained in the first and second chambers 14A and 14B. 

[EMBODIMENTS) 

The production capacity of the coupling-type distillation column 

10 for producing a product was 40, 000 (t/Y); the diameter of the 

coupling-type distillation column 10 was 1, 100 (mm); and packings 

employed were "BX PACKING (metal gauge)" and "MELLAPAK 350Y (metal 

sheet)" (trade names, products of Sumitomo Heavy Industries, Ltd. ). 

The operating conditions of the coupling-type distillation 

column 10 are as follows: 

Operating pressure: atmospheric pressure 

Composition of material liquid M (ordinar-y industrial 
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product): ethyl acetate 99.98 (%by weight) 

Composition of product (high-purity product): ethyl 

acetate 99.999 <i by weight) 

By use·of a distillation apparatus composed of two distillation 

columns and the coupling-type distillation column 10 of the present 

invention, component A of a low boiling point and component C of a high 

boiling point were removed from the material liquid M, thereby obtaining 

a product composed of component B; i.e., ethyl acetate of a purity of 

99. 999 (1o by weight). 

The distillation apparatus composed of .two distillation columns 

consumed 0.82 (t) of steam per 1 (t) of product and 2. 3 (kw) of 

electricity per 1 (t) of product. By contrast, the coupling-type 

distillation column 10 consumed 0.7 (t) of steam per 1 (t) of product 

and 2.0 (kw) of electricity per 1 (t) of product. 

The construction cost and the installation area of the coupling­

t ype distillation column 10 were about 65 (%) and 50 (%), respectively, 

of those of the distillation apparatus composed of two distillation 

columns. 

At a distribution ratio of 2:8, the flow rate of liquid 

descending in the first chamber 14A was 850-1700 (kg/H), and the flow 

rate of liquid descending in the second chamber 14B was 3400-6800 (kg/H). 

At a distribution ratio of 4:6, the flow rate of liquid descending in 

the first chamber 14A was 1600-3200 (kg/H), and the flow rate of liquid 

descending in the second chamber 148 was 2400-4800 (kg/H). 

Next, the distributor 63 of the fifth section 15 will be 
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described. 

FIG. 8 is a plan view showing essential portions of the 

distributor of the fifth section in the first embodiment of the present 

invention. FIG. 9 is a view showing the state of connection between a 

stand pipe and a main header in the first embodiment of the present 

invention. 

As shown in the drawings, the distributor 63 includes an open 

static-pressure-type stand pipe 155, which extends vertically, opens 

upward, and is adapted to establish a predetermined head through 

accumulation of liquid discharged from the collector 62 (FIG. 1); a main 

header 177, which serves as the first distribution section for 

distributing liquid in a direction perpendicular to the partition 23; 

and a plurality of arm tubes 178, which are connected to the main header 

177 and serve as the second distribution section for distributing 

liquid having been distributed by the main header 1.77, in the same 

dir-ection as that of the partition 23. 

In the present embodiment, since the exhaust section AR2 of the 

first distillation section 25 and the enriching section AR5 of the third 

distillation section 27 are adjacent to each other while being 

separated by the partition 24, the exhaust section AR2 assumes the form 

of a semicylinder. As a result, the liquid cannot be distributed 

uniformly over- the entire exhaust section AR2. 

Thus, the main header 177 extends radially outward from a 

position which is located substantially at the center of the column body 

70 and adjacent to the partition 23. Also, the main header 177 
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includes a connection portion 177a which is connected to the lower end 

of the stand pipe 155 at a position biased toward the partition 23 from 

the center of the first chamber 15A; a first arm portion 177b connected 

to the connection portion 177a at the far side with respect to the 

partition 23; and a second aNn portion 177c connected to the connection 

portion 177a at the near side with respect to the partition 23. The 

arm tubes 178 are disposed at equal pitches. In the present embodiment, 

a single arm tube 178 is disposed while crossing the connection portion 

177a; three arm tubes 178 are disposed while crossing the first arm 

portion 177b; and a single arm tube 178 is disposed while crossing the 

second arm portion 177c. The stand pipe 155 is disposed on the main 

header 177 at a position located about two-fifth the length of the main 

header 177 from the end of the main header 177 which faces the 

partition 23. 

An end of the first arm portion 177b and that of the second arm 

portion 177c are closed by end plates 177d and 177e, respectively. 

Accordingly, a liquid head established in the stand pipe 55 is 

transmitted uniformly within the main header 177. Reference numerals 

191 and 192 denote coupling flanges, and reference numerals 193 and 194 

denote stoppers. 

A plurality of holes 181 are formed in the bottom of the main 

header 177. The arm tubes 178 are fixed in place while communicating 

with the main header 177 in the vicinity of the bottom of the main 

header 177, and extends in a direction perpendicular to the main header 

177 ~hile being supported by supports 182. A plurality of holes 183 
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are formed at equal pitches in the bottom of each of the arm tubes 178. 

The opposite ends of each of the arm tubes 178 are closed with end 

plates 178a and 178b. 

Since the main header 177 and the arm tubes 178 are connected in 

the above manner, liquid in the main header 177 is distributed among 

the arm tubes 178. 

Since the main header 177 is connected to the lower end of the 

stand pipe 155 at a position biased toward the partition 23 from the 

center of the first chamber 15A, a pressure loss associated with flow 

resistance within the main header 177 is made the same among the arm 

tubes 178. 

Accordingly, the liquid can be distributed uniformly over the 

entire exhaust section AR2. 

In the present embodiment, the holes 183 are formed in each arm 

tube 178 at equal pitches. However, the holes 183 may be formed at 

unequal pitches to thereby distribute the liquid uniformly over the 

entire exhaust section AR2. 

The present embodiment is described while mentioning the 

distributor 63 disposed above the exhaust section AR2. The distributor 

66 disposed above the enriching section AR5 of the third distillation 

section 27 is also configured in a manner similar to that of the 

distributor 63. 

When the coupling-type distillation column 10 is designed, there 

must be determined the number of thoretical stages per meter NTSM 

(stages/m) in each chamber; height equivalent to a theoretical plate 
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HETP (mm); F factor f ((mis)/ J kg/m3 ) ; and pressure loss ,LlP per unit 

height in chamber (mmHg/m). F factor f is a parameter indicative of a 

real velocity with vapor pressure taken into consideration. When column 

velocity is represented with u, and vapor density is represented with p 

(kg/m3 ), F factor f is expressed as follows. 

f = u rP 
When pressure is represented with P (mmHg), temperature is 

represented with T ( ° K), and the number of moles is represented with 

M, the vapor density p is expressed as follows. 

p = 273. 2 • P • M/22. lJ.1 X 760 • T 

= P • M/(62. 36) • T 

When liquid descends in a chamber where a packing is disposed, 

while vapor ascends in the chamber, the descending liquid causes 

occurrence of a pressure loss in a flow of the vapor. In the present 

embodiment, since the distributor 61 causes the amount of liquid to be 

fed to the first-chamber upper-portion to differ from the amount of 

liquid to be fed to the second-chamber upper-portion, the flow rate of 

liquid descending in the first chamber 14A differs from that in the 

second chamber 148; i.e., the descending-liquid flow rate differs 

between the first chamber 14A and the second chamber 148. As a result, 

the first chamber 14A and the second chamber 148 differ in pressure loss. 

Thus, the flow rate of vapor ascending in the first chamber 14A differs 

from that in the second chamber 14B; i.e., the ascending-vapor flow 

rate differs between the first chamber 14A and the second chamber 148. 

Thus, the F factor f is established such that even when the 
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descending-liquid flow rate differs, a pressure loss is equalized. 

FIG. 10 is a table showing the result of simulation of pressure 

loss in the first embodiment of the present invention. 

In this case, the simulation.was performed under the following 

conditions. 

Descending material: ethyl acetate (MW= 88. 1) 

Operating pressure: atmospheric pressure (760 (mmHg)) 

Operating temperature: 76 ( ·c ) 
Density of vapor: 3.0785 (kg/m3 ) 

Density of liquid: 900 (kg/m3 ) 

Surface tension: 20 (dyn/cm) 

Filler A: BX PACKING 

Descending-liquid flow rate: 5, 10, 15, 20, 25, and 

30 (m3 /m2 hr) 

Relationship between F factor f ((m/s)J kg/m3 ) and ascending-

vapor flow rate ( kg/m2 hr) per unit cross-sectional area: 

0.5 3200 

1. 0 6300 

1. 5 9500 

2. a 12600 

2. 5 15800 

As mentioned above, BX PACKING was used as the packing A, and 

the F factor f was varied within a range of 0.5 to 2.5. As seen from 

FIG. 10, at an F factor f of O. 5-1. 5, pressure loss J:'emains almost 

unchanged even when the descending-liquid flow rate varies. 
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Thus, the present embodiments employs BX PACKING as the packing 

A for the second section 12 (FIG. 1), the fourth section 14, the sixth 

section 16, and the eighth section 18, and an F factor f of 1.0-1.5. 

Accordingly, since pressure loss becomes substantially constant among 

the second section 12, the fourth section 14, the sixth section 16, and 

the eighth section 18, a pressure loss arising in the first chambers 

14A and 16A is equalized with the sum of pressure losses arising in the 

second chambers 148 and 168. As a result, since descending liquid does 

not influence ascending vapor, the vapor ascends while being distributed 

uniformly. Notably, an F factor f of 0.5-1.0 may be employed. In this 

case, the cross-sectional area of a chamber increases to an extent 

corresponding to a drop in real velocity. 

Distribution of vapor does not require disposition of many 

instruments, nor does it require execution of complicated control 

through operation of the instruments. Accordingly, the size of the 

distillation apparatus can be reduced, and the cost of the distillation 

apparatus can be reduced as well. 

Since the descending of liquid and the ascending of vapor within 

the coupling-type distillation column 10 can be smoothened, occurrence 

of a channeling phenomenon in the packings A contained in the chambers 

can be prevented. Also, occurrence of maldistribution can be prevented. 

In the coupling-type distillation column 10, since the 

partitions 22-24 are disposed in the fourth section 14, the fifth 

section 15, and the sixth section 16, respectively, a difference in 

pressure loss is likely to arise between the first chamber 14A and the 
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second chamber 148 and between the first chamber 16A and the second 

chamber 168. Thus, second through fourth embodiments of the prese·nt 

invention select packings so as to prevent arising of a difference in 

pressure loss between the first chamber 14A and the second chamber 148 

and between the first chamber 16A and the second chamber 168. The 

second through the fourth embodiments will next be described. 

FIG. 11 is a table showing characteristics of a coupling-type 

distillation column in the second embodiment of the present invention. 

FIG. 12 is a table showing properties of packings in the second 

embodiment of the present invention. 

In this case, BX PACKING was used as packing A for the second 

section 12, the first chamber 14A and the second chamber 148 of the 

fourth section 14, and the first chamber 16A and the second chamber 168 

of the sixth section 16, whereas MELLAPAK 350Y was used as packing B for 

the eighth section 18. 

Herein, a pressure loss arising in the first chambers 14A and 

16A is represented with ~ P 1 , and a pressure loss arising in the 

second chambers 14B and 168 is represented with (J P 2 • Other 

parameters for the first chambers 14A and 16A and the second chambers 

148 and 16B al'.'e r>epresented as follows: the number of theoretical 

stages: NTSi (i = 14A, 16A, 148, 168); the number of theoretical stages 

per meter: NTSMi (i = 14A, 16A, 148, 168) (stages/m); and pressure loss 

per unit height: b.P i (i = 14A, 16A, 14B, 168). 

The pressure loss (J P 1 is expressed as fallows. 

(J p I = (NTS1 4 A /NTSM I 4 A ) • AP l 4 A + (NTS1 4 B /NTSM I 4 B ) 
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• LiP !4B 

The pressure loss O' P 2 is expressed as follows. 

O' p 2 = (NTS 1 6 A /NTSM 1 6 A ) • .AP 16 A + (NTS1 6. B /NTSM 1 6 B 

• .AP I 6 B 

The F factor f i (i = 14A, 16A, 148, 168) is calculated with 

reference to FIG. 11, and the pressure loss .AP 1 and the number of 

theoretical stages per meter NTSM 1 (stages/m) corresponding to the F 

factor f i are calculated with reference to FIG. 12, thereby setting the 

number of theoretical stages NTSi to a predetermined value. As a result, 

the pressure losses O' P 1 and tJ P 2 can establish the following 

relationship. 

BP 6' p 2 

FIG. 12 merely shows the ranges, not discrete values, of the F 

factor f 1 , the pressure loss .A P 1 , and the number of theoretical 

stages per meter NTSM 1 • 

Next, a third embodiment of the present invention will be 

described. 

FIG. 13 is a table showing characteristics of a coupling-type 

distillation column in the third embodiment of the present invention. 

FIG. 14 is a table showing properties of packings in the third 

embodiment of the present invention. 

MELLAPAK 250Y (trade name, product of Sumitomo Heavy Industries, 

Ltd.) was used as packing C for the second section 12 and the eighth 

section 18, whereas .MELLAPAK 250X (trade name, p~oduct of Sumitomo Heavy 

Industries, Ltd.) was used as packing D for the first chamber 14A and 



------- -- --- -- --- ------ ---------------- ------
< . . . . ==--~ - .. - - _ _,.,,,...---... ~··-___ :---_...._-_ .~::--:----~ 

4 4 

the second chamber 148 of the fourth section 14 and the first chamber 

16A and the second chamber 16B of the sixth section 16. In this case, 

since MELLAPAK 250Y was used in the second section 12 and the eighth 

section 18, liquid flow and vapor flow in the coupling-type 

distillation column 10 (FIG. 1) could be stabilized. Since MELLAPAK 

250X is used in the first chamber 14A and the second chamber 148 of ·the 

fourth section 14- and the first chamber 16A and the second chamber 16B 

of the sixth section 16, even when the ascending-vapor flow rate is 

higb.., it does not influence pressure losses 6 P 1 and 6 P 2 • 

For example, the number of theoretical stages NTS i assumes the 

following values. 

16A 

NTS 14 A = 14- (stages} 

NTS 14 B - 13 (stages) 

NTS 16 A = 12 (stages) 

NTS t6B = 7 (stages) 

Then, pr-essure loss a P1 arising in the first chambers 14A and 

is calculated as f ollo~s. 

6' p I = (NTS1 4 A /NTSM I 4 A ) • .6.P I 4 A + (NTS1 4 B /NTSM I /j B ) 

= (1lt./2.2) x 0.8 + (13/2.0) x 4.5 

= 34.34 (mmHg) 

• AP I 4 B 

Pressure loss 6 P 2 arising in the second chambers 148 and 16B 

is calculated as follows. 

O' p 2 = (NTS l 6 A /NTSM) • D.P 1 6 A + (NTS16 B /NTSM) • .llP I 6 B 

= ( 12/2. 0) x lJ.. 0 + ( 11/2. 0) x 3. 0 
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= 34.5 (mmHg) 

Accordingly, the pressure losses 6' P 1 and 6' P 2 establish the 

following r-elationship. 

O'P I :... BP 2 

Next, a fourth embodiment of the present invention will be 

described. 

FIG. 15 is a table showing characteristics of a coupling-type 

distillation column in the fourth embodiment of the present invention. 

FIG. 16 is a table showing properties of packings in the fourth 

embodiment of the present invention. 

The fourth embodiment is effectively applicable to the case 

where the number of theoretical stages of the first chambers 14A and 16A 

(NTS 14 A + NTS 16 A) differs from that of the second chambers 148 and 

16B (NTS 14 8 + NTS 16 8 ) , and the ascending-vapor flow rate of the 

first chambers 14A and 16A is different from that of the second chambers 

14B and 16B. Filler C is disposed in the second section 12; packing D 

is disposed in the first chambers 14A and 16A; packing A is disposed in 

the second chambers 148 and 168; and packing B is disposed in the eighth 

section 18. 

As a result, pressure loss 6' P 1 arising in the first chambers 

1 l.J.A and 16A and B P 2 arising in the second chambers 148 and 168 can 

establish the following relationship. 

6P I •• BP 2 

Next, fifth and sixth embodiments of the present invention will 

be described. The fifth and sixth embodiments are intended to equalize 



------= -

4 6 

6 P 1 and 8 P 2 when 6 P 1 and B P 2 cannot be equalized through mere 

selection of packings A-D. 

FIG. 17 is a conceptual view of essential portions of a 

coupling-type distillation column in the fifth embodiment of the present 

invention. FIG. 18 is a sectional view of essential portions of the 

coupling-type distillation column in the fifth embodiment of the pr>esent 

invention. 

In the drawings, reference numeral 113 denotes a third section; 

reference numerals 114A-116A denote first chambers; reference numerals 

1148-1168 denote second chambers; reference numeral 117 denotes a 

seventh section; and reference numerals 122-124 denote partitions. 

The present embodiment is effectively applicable to the case 

where certain distillation conditions of a coupling-type distillation 

column might cause the ascending-vapor flow rate in the first chambers 

114A and 116A to differ from that in the second chamber-s 1148 and 1168. 

In order to cope with the situation, in the present embodiment, the 

partitions 122-124 are disposed eccentrically such that cross-sectional 

area S1 of the first chambers 114A and 116A is smaller than cross­

sectional area S2 of the second chambers 1148 and 1168; specifically, 

as follows. 

S 1 :S2 = 3: 7 

Notably, when the ascending-vapor flow rate in the first 

chambers 114A and 116A is represented with Q1; the ascending-vapor flow 

rate in the second chambers 1148 and 1168 is represented with Q2; the 

column velocity in the first chambers 114A and 116B is represented with 
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u1; and the column velocity in the second chambers 1148 and 1168 is 

represented with u2, the column velocities u1 and u2 are expressed as 

follows. 

ul = (Q1/S1) x 3600 (m/s) 

u2 = (Q2/S2) X 3600 (m/s) 

Through modification of the cross-sectional areas S1 and S2, ·the 

column velocities u1 and u2 can be modified for harmonization. 

As a result, F factors f 114 A and f 116 A of the first chambers 

114A and 116A and F factors f 1148 and f 1168 of the second chambers 1148 

and 1168 can be modified. Also, pressure losses per unit height ..6.P 1 1 

4 A and ..6.P 1 1 6 A in the first chambers 114A and 116A and pressure losses 

per> unit height AP 114 B and AP 1 1 6 8 in the second chambers 1148 and 

116B can be modified. 

In the present embodiment, through employing different cross­

sectional areas S 1 and S2, pressure losses per unit height b. P 1 1 4 a. and 

b,.P 1 1 6 A in the first chambers 114A and 116A and pressure losses per 

unit height .6. P 1 1 4 B and .6. P 11 6 s in the second chambers 114B and 

1168 are equalized, thereby equalizing 8 P 1 and 8 P 2 • 

Next, a sixth embodiment of the present invention will be 

described. 

FIG. 19 is a conceptual view of essential portions of a 

coupling-type distillation column in the sixth embodiment of the present 

invention. FIG. 20 is a sectional view of essential portions of the 

coupling-type distillation column in the sixth embodiment of the present 

invention. 
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In the drawings, reference numeral 213 denotes a third section; 

reference numerals 214A-216A denote first chambers; reference numerals 

2148-2168 denote second chambers; reference numeral 217 denotes a 

seventh section; and reference numerals 222-224 denote partitions. 

The present embodiment is effectively applicable to the case 

where certain distillation conditions of a coupling-type distillation 

column might cause the ascending-vapor flow rate in the first chambers 

214A and 216A to differ from that in the second chambers 2148 and 2168. 

In order to cope with the situation, in the present embodiment, the 

partitions 222-224 are disposed eccentrically such that cross-sectional 

area S1 of the first chambers 214A and 216A is smaller than cross­

sectional area S2 of the second chambers 2148 and 216B; specifically, 

as follows. 

S1:S2 = 4:6 

Also, the height of the packing in the first chamber 214A is 

lower than that in the second chamber 214B, and the height of the 

packing in the first chamber 216A is higher than that in the second 

chamber 2168. 

The above-described embodiments employ as packings BX PACKING, 

MELLAPAK 250X, MELLAPAK 250Y, and MELLAPAK 350Y. However, there may be 

employed CY PACKING, MELLAPAK 125X, MELLAPAK 125Y, MELLAPAK 170X, 

MELLAPAK 170Y, MELLAPAK 2X, MELLAPAK 2Y, MELLAPAK 500X, MELLAPAK 500Y, 

and MELLAPAK 750Y (trade names, products of Sumitomo Heavy Industries, 

Ltd. ). 

Next, a seventh embodiment of the present invention will be 
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described. 

FIG. 21 is a view for explaining a distributor in the seventh 

embodiment of the present invention. FIG. 22 is a plan view of 

essential portions of the distributor in the seventh embodiment of the 

present invention. FIG. 23 is a view showing the state of connection 

between a stand pipe and a main header in the seventh embodiment of ·the 

present invention. FIG. 24 is a view showing the state of connection 

between the main header and an arm tube in the seventh embodiment of 

the present invention. 

In the drawings, reference numeral 12 denotes a second section; 

reference numeral 13 denotes a third section; and reference numeral 14 

denotes a fourth section. Liquid descending from the second section 12 

is collected by the collector 54. The collector 54 includes a 

cylindrical column body 70; a plurality of collector laminas 71 disposed 

at predetermined pitches in parallel with one another; and a collector 

box 72 formed along the inner circumferential wall of the column body 70 

and including an annular gutter. Each of the collector laminas 71 

includes a curved portion 73 located at an upper end thereof; an 

inclined portion 74 located at a central portion thereof; and a gutter 

portion 75 located at a lower end thereof. The curved portions 73 and 

the gutter portions 75 extend horizontally (in a direction 

perpendicular to paper in FIG. 21). 

Accordingly, liquid descending from the second section 12 

impinges against the curved portions 73, flows along the inclined 

po~tions 74, and is then received by the gutter portions 75. The 
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received liquid flows horizontally in the gutter portions 75 and then 

reaches the collector box 72. Subsequently, the liquid in the collector 

box 72 is transmitted to the center of the column body 70 by means of a 

liquid collection pipe 252. Then, the liquid is discharged to a 

distributor 261 from a discharge pipe 253. 

The distributor 261 includes an open static-pressure-type stand 

pipe 255, which opens upward, extends vertically, and is adapted to 

establish a predetermined head through accumulation of liquid discharged 

from the discharge pipe 253; a main header 277, which serves as the 

first distribution section for distributing liquid in a direction 

perpendicular to the partition 22; and a plurality of arm tubes 278, 

which are connected to the main header 277 and serve as the second 

distribution section for distributing liquid having been distributed by 

the main header 277, in the same direction as that of the partition 22. 

Accordingly, the liquid can be distributed uniformly over the entire 

fourth section 14. 

In the present embodiment, the distribution ratio of liquid in 

the fourth section 14 between the first chamber 14A and the second 

chamber 14B can be established and can be changed as well. The 

distribution ratio is established on the basis of distillation 

conditions, such as components A-C of the material liquid M, the 

composition of components A-C of the material liquid M, the number of 

theoretical stages of the coupling-type distillation column 10 (FIG. 1), 

and the required purity (quality) of a product. In this case, since a 

product is discharged from the side cut nozzle 42 located at the second 
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chamber 158 of the fifth section 15, the amount of liquid distributed to 

the second chamber 148 is greater than that distributed to the first 

chamber 14A. Fo~ example, the distribution ratio is set to 2:8 to 5:5 

according to the required purity of a product. A load factor within 

the range of operation is usually set to 1 : 2. 5. 

Accordingly, distillation can be per-forn1ed in the optimum state 

according to distillation conditions, thereby increasing distillation 

efficiency. As a result, energy consumption in the distillation 

apparatus can be reduced. Furthermore, since there is no need for 

employing a complicated instrumentation control system, an increase in 

the size of the distillation apparatus can be prevented, thereby 

reducing the cost of the distillation apparatus. 

The main header 277 extends across and over the partition 22 and 

includes a first arm portion 277a extending toward the first chamber 

14A and a second arm portion 277b extending toward the second chamber 

148. The lower end of the stand pipe 255 is connected to the center of 

the main header 277. An end of the first arm portion 277a and that of 

the second arm portion 277b are each closed with an end plate 277c. 

Accordingly, a liquid head established in the stand pipe 255 is 

transmitted uniformly within the main header 277. A plurality of holes 

281 are formed in the bottom of the main header 277. 

The arm tubes 278 are fixed in place while communicating with 

the main header 277 in the vicinity of the bottom of the main header 277, 

and extends in a direction perpendicular to the main header 277. The 

a~m tubes 278 are supported by supports 282. A plurality of holes 283 
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are formed at equal pitches in the bottom of each of the arm tubes 278. 

Notably, holes, notches, or the like may be formed in the arm tubes 

278 at side positions. The opposite ends of each of the arm tubes 278 

are closed with end plates 278a. Since the main header 277 and the arm 

tubes 278 are connected in this manner, liquid in the main header 277 

is distributed among the arm tubes 278. 

In or'der to make the amount of liquid to be fed to the first 

chamber 14A differ from the amount of liquid to be fed to the second 

chamber 148, the following parameters are established according to the 

distribution ratio: the diameter d11 and the number n11 of the holes 

281 formed in the first arm portion 277a; the diameter d12 and the 

number n12 of the holes 281 formed in the second arm portion 277b; the 

diameter d13 and the number n13 of the holes 283 formed in the arm tubes 

278 disposed on the.side of the first chamber 14A; and the diameter d14 

and the number n14 of the holes 283 formed in the arm tubes 278 

disposed on the side of the second chamber 148. 

Thus, when the amount of liquid to be fed to the first chamber 

14A is represented with q11, and the amount of liquid to be fed ta the 

second chamber 148 is represented with q12, q11 and q12 are expressed as 

follows. 

q 11 = ( 11: 14) d 11 2 • n 11 + ( n /4) d 1 32 • n 13 

q 12 = ( 11: 14) d 122 • n 12 + ( 11: 14) d 142 • n 14 

When the diameters d11 and d12 are established according to the 

distribution ratio, and the numbers n11 and n12 are equalized, the 

cross-sectional areas of portions of a packing assigned to the 
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individual hales 281 and 283 can be equalized. 

Since, the distribution ratio can be established according to 

distillation conditions, there is no need for employing a complicated 

instrumentation control system. Accordingly, the.size of the 

distillation apparatus can be reduced, and the cost of the distillation 

apparatus can be reduced as well. 

Furthermore, since in the first chamber 14A and the second 

chamber 14B, the amount of liquid descending from the holes 281 and 283 

·can be equalized, there can be prevented occurrence of a channeling 

phenomenon in the packings contained in the first and second chambers 

14A and 148. 

Next, an eighth embodiment of the present invention will be 

described. 

FIG. 25 is a view for explaining a stand pipe in the eighth 

embodiment of the present invention. 

In this case, a taper portion 226 is formed at the upper end of 

a stand pipe 225. Accordingly, liquid discharged from the discharge 

pipe 253 (FIG. 21) enters the stand pipe 225 smoothly via the taper 

pol."'tion 226. 

Next, a ninth embodiment of the present invention will be 

described. 

FIG. 26 is a schematic view of essential portions of a coupling-

type distillation column in the ninth embodiment of the present 

invention. 

In the drawing, liquid descending from the second section 12 



.. 

- -

--~---~.k.:.._ M 7'7 --·-

5 4 

(FIG. 21) is collected by a collector 345. The collector 345 includes 

a cylindrical column body 70; a plurality of collector laminas 71 

disposed at predetermined pitches in parallel with one another; and a 

collector box 72 formed along the inner circumferential wall of the 

column body 70 and including an annular gutter. 

Liquid descending from the second section 12 is transmitted to 

the collector box 72. Subsequently, the liquid in the collector box 72 

is transmitted to discharge pipes 353 and 354, which are disposed at 

the center of the first chamber 14A and the center of the second chamber 

148, respectively. Then, the liquid is discharged to distributo~ 361 

and 362 from the discharge pipes 353 and 354, respectively. 

The distributor 361 (362) includes an open static-pressure-type 

stand pipe 375 {376), which opens upward, extends vertically, and is 

adapted to establ~sh a predetermined head through accumulation of 

liquid discharged from the discharge pipe 353 (354); a main header 377 

(379), which serves as the first distribution section for distributing 

liquid in a direction perpendicular to the partition 22; and a 

plurality of arm tubes 378 (380), which are connected to the main header 

377 (379) and serve as the second distribution section for distributing 

liquid having been distributed by the main header 377 (379), in the 

same direction as that of the partition 22. Accordingly, the liquid 

can be distributed uniformly over the entire fourth section 14. 

The distribution ratio of liquid between the first chamber 14A 

and the second chamber 148 is established through adjustment of the 

amount of liquid discharged from the discharge pipes 353 and 354. To 
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this end, holes formed in the discharge pipes 353 and 354 and in the 

arm tubes 378 and 380 assume different diameters according to the 

distribution ratio. 

Next, a· tenth embodiment of the present invention will be 

described. 

FIG. 27 is a schematic view of a distributor in the tenth 

embodiment of the present invention. 

In this case, a distributor 331 assumes a two-level structure 

and includes main headers 337 and 338, which serve as the first 

distribution section for distributing liquid in a direction 

perpendicular to the partition 22 (FIG. 26); and a plurality of arm 

tubes 339 and 340, which are connected to the main headers 337 and 338, 

respectively, and serve as the second distribution section for 

distributing liquid.having been distributed by the main headers 337 and 

338, in the same direction as that of the partition 22. Accordingly, 

the liquid can be distributed uniformly over the entire fourth section 

14 (FIG. 21). Notably, the positions of the arm tubes 339 and 340 are 

established such that the arm tubes 340 are not disposed under 

unillustrated holes formed in the arm tubes 339. Reference numeral 225 

denotes a stand pipe. 

In this case, the distribution ratio is set to 2:8 to 5:5 

accordiri..g to the required purity of a product. A load factor within the 

range of operation is set to 1:20 as usual. 

The diameter of unillustrated holes formed in the arm tubes 339 

and 3~0 disposed on the side of the first chamber 14A and the diameter 
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of unillustrated holes formed in the arm tubes 339 and 340 disposed on 

the side of the second chamber 148 are established according to the 

distribution ratio. 

In the present embodiment, a single distributor _331 is disposed 

above the fourth section 14. However, as in the case of the ninth 

embodiment, the distributor 331 may be disposed above each of the first 

and second chambers 14A and 148. In this case, the diameter of holes 

formed in the arm tubes 339 and 340 disposed above the first chamber 

14A and the diameter of holes formed in the arm tubes 339 and 340 

disposed above the second chamber 148 can be rendered different from 

each other. Also, the level of liquid contained in one of the two 

distributors 331 can be set somewhere between the main header 337 and 

the main header 338. 

Next, an eleventh embodiment of the present invention will be 

described. 

FIG. 28 is a schematic view of a distributor in the eleventh 

embodiment of the present invention. 

In this case, a distributor 381 assumes a one-sided two-level 

structure; specifically, the distributor 381 assumes a single-level 

structut'e on the side of the first chamber 11.J.A (FIG. 21} while assuming 

a two-level structure on the side of the second chamber 148. The 

distributor 381 includes main headers 387-389, which serve as the first 

distribution section for distributing liquid in a direction 

perpendicular to the partition 22; and a plurality of arm tubes 391-393, 

which are connected to the main headers 387-389 and serve as the second 
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distribution section for distributing liquid having been distributed by 

the main headers 387-389, in the same direction as that of the 

partition 22. Accordingly, the liquid can be distributed uniformly over 

the entire fourth section 14. The present embodiment is ·applied to the 

case where an established distribution ratio is significantly 

imbalanced. Notably, the positions of the arm tubes 392 and 393.are 

established such that the arm tubes 393 are not disposed under 

unillustrated holes formed in the arm tubes 392. Reference numeral 225 

denotes a stand pipe. 

The diameter of unillustrated holes formed in the arm tubes 391 

and the diameter of unillustrated holes formed in the arm tubes 392 and 

393 are established according to the distribution ratio. 

In the above-described ninth through eleventh embodiments, 

liquid is fed to ~he liquid collection pipe 252 or 352 from two 

circumferential positions of the collector box 72. However, when the 

diameter of the column body 70 is small, liquid may be fed to the 

liquid collection pipe from a single circumferential position of the 

collector box 72. 

Next, a twelfth embodiment of the present invention will be 

described. 

FIG. 29 is a schematic view of essential portions of a coupling­

t ype distillation column in the twelfth embodiment of the present 

invention. 

In the drawing, liquid descending from the second section 12 

(FIG. 21} is collected by a collector 54. The collector 54 includes a 
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cylindrical column body 70; a plurality of collector laminas 71 disposed 

at predetermined pitches in parallel with one another; and a collector 

box 72 formed along the inner circumferential wall of the column body 70 

and including an annular gutter. 

Liquid descending from the second section 12 is transmitted to 

the collector box 72. Subsequently, the liquid in the collector box 72 

is transmitted to the center of the column body 70 by a liquid 

correction pipe 395 and is then discharged from a nozzle 396. 

Meanwhile, liquid descending from the enriching section AR1 of 

the first distillation section 25 (FIG. 1) must be brought into contact 

with vapor ascending in the exhaust section AR2. If the material 

liquid M is fed via the feed nozzle 41 as it is, liquid flows in a 

biased manner, causing insufficient contact between liquid and vapor in 

the enriching secti~n AR1 and the exhaust section AR2. 

Liquid descending from the exhaust section AR4 of the second 

distillation section 26 is brought into contact with vapor ascending in 

the enriching section AR5 of the third distillation section 27, and a 

portion of the liquid is withdrawn as a product. If in order to 

withdraw the product, an unillustrated liquid receiver is projected to a 

great extent into the second chamber 158, the liquid receiver causes a 

biased flow of vapor, resulting in insufficient contact between liquid 

and vapor in the exhaust section AR4 and the enriching section AR5. 

In order to cope with the above problem, a thirteenth embodiment 

of the present invention employs a lamina-type collector. The 

thirteenth embodiment will next be described. Structural features 
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similar to those of the first embodiment are denoted by common 

reference numerals, and repeated description thereof is omitted. 

FIG. 30 is a conceptual view of a coupling-type distillation 

column in the thirteenth embodiment of the present invention. FIG. 31 

is a sectional view of essential portions of a collector in the 

thirteenth embodiment of the present invention. ~IG. 32 is a plan view 

of the collector in the thirteenth embodiment of the present invention. 

FIG. 33 is a plan view of a collector box in the thirteenth embodiment 

of the present invention. FIG. 34 is a sectional view of the collector 

box in the thirteenth embodiment of the present invention. FIGS. 31 and 

32 show only a collector 462, whereas FIGS. 33 and 34 show collectors 

462 and 465. 

In this case, the collector 462 includes a column body 70; a 

partition 23 for dividing a fifth section 15 in the column body 70 into 

a semispherical first chamber 15A and a semispherical second chamber 

158; a collector box 72 for forming a liquid collection gutter 491 along 

the inner wall of each of the column body 70 and the partition 23; a 

lamina support 492 extending on the collector box 72; and a plurality of 

collector laminas 493 and 494 disposed along the lamina support 492 at 

predetermined pitches and in parallel with one another. As shown in FIG. 

32, the collector laminas 493 and 494 extend on an inner circumferential 

wall 72a of the collector box 72 between the column body side of the 

wall 72a and the partition side of the wall 72a and in a direction 

perpendicular to the partition 23. 

Each of the collector laminas 493 and 494 includes a bent 
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portion 473 located at an upper end thereof; an inclined portion 474 

located at a central portion thereof; and a gutter portion 475 located 

at a lower end thereof. The bent portions 473 and the gutter portions 

475 extend horizontally (in a direction perpendicular to paper of FIG. 

31 and extending away from the back side of the paper). The central 

collector lamina 494 includes a single gutter portion 475, two inclined 

portions 474, and two bent portions 473. The two inclined portions 474 

are inclined in such a manner as to extend away from the center of the 

first chamber 15A. The collector laminas 493 are disposed on the 

opposite sides of the collector lamina 494, for example, 4 pieces each, 

and inclined in such a manner as to extend away from the center of the 

first chamber 15A. The end of each bent portion 473 overlaps the 

inclined portion 474 of the adjacent collector lamina 493 such that 

descending liquid impinges against the collector laminas 493 and 494 

without fail. 

One end of each of the gutter portions 475 faces the column body 

side of the liquid collection gutter 491 while the other end of each of 

the gutter portions 475 faces the partition side of the liquid 

collection gutter 491. Thus, liquid collected in the gutter portions 

475 is transmitted to the liquid collection gutter 491 from the column 

body 70 side or the partition 23 side of the gutter portions 475. At a 

portion of the liquid collection gutter 491 which is located the 

farthest from the partition 23, a feed nozzle 41 is connected to the 

column body 70, and a liquid draw nozzle 495 is connected to the 

collector box 72. The collector 465 assumes a structure similar to that 



-=====-

6 1 

of the collector 462. At a portion of the liquid collection gutter 491 

which is located the farthest from the partition 23, a side cut nozzle 

42 is connected to the column body 70, and a liquid draw nozzle 495 is 

connected to the collector box 72. 

In this case, the column body 70, the partition 23, and the 

collectors 462 and 465 constitute a liquid collection unit. 

Accordingly, liquid descending from the first chamber 14A of the 

fourth section 14 impinges against the collector laminas 493 and 494 of 

the collector 462, flows along the inclined portions 474, and is then 

received by the gutter portions 475. The received liquid flows 

horizontally in the gutter portions 475 and then reaches the liquid 

collection gutter 491. In the liquid collection gutter 491, the 

material liquid M fed from the feed nozzle 41 is mixed with the liquid 

therein. Subsequently, the liquid in the liquid collection gutter 491 

is withdrawn through the liquid draw nozzle 495 and transmitted to a 

distributor 63. The distributor 63 feeds the liquid to a first chamber 

16A of a sixth section 16. In this case, in the liquid collection 

gutter 491, the material liquid M fed from the feed nozzle 41 is mixed 

with the liquid collected by the collector 462. The resultant mixture 

is fed to the first chamber 16A by means of the distributor 63; thus, a 

biased flow of liquid does not occur. 

Vapor ascending from the first chamber 16A passes through gaps 

between the collector laminas 493 and 494 of the collector 462 and 

ascends along the inclined portions 474 and away from the center of the 

first chamber 15A. At this time, since the vapor ascends smoothly along 
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the inclined portions 474, a pressure loss caused by the collector 462 

becomes almost negligibly small. Thus, a biased flow of vapor does not 

occur. 

Since a biased flow of liquid and vapor does not occur, liquid 

and vapor can make sufficient contact with each other in the enriching 

section AR1 and the exhaust section AR2. 

Likewise, liquid descending from the second chamber 148 of the 

fourth section 14 impinges against the collector laminas 493 and 494 of 

the collector 465, flows along the inclined portions 474, and is then 

received by the gutter portions 475. The received liquid flows 

horizontally in the gutter portions 475 and then reaches the liquid 

collection gutter 491. A portion of the liquid in the liquid 

collection gutter 491 is withdrawn as a product from the side cut 

nozzle 42. Subsequently, the liquid in the liquid collection gutter 

491 is withdrawn through the liquid draw nozzle 495 and transmitted to a 

distributor 66. The distributor 66 feeds the liquid to a second 

chamber 168 of a sixth section 16. In this case, since there is no need 

for projecting the collector box 72 to a great extent into the second 

chamber 158 in order to withdraw the product, the collector box 72 does 

not cause a biased flow of vapor. 

Vapor ascending from the second chamber 168 passes through gaps 

between the collector laminas 493 and 494 of the collector 465 and 

ascends along the inclined portions 474 and away from the center of the 

second chamber 158. At this time, since the vapor ascends smoothly 

along the inclined portions 474, a pressure loss caused by the 
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collector 465 becomes almost negligibly small. Thus, a biased flow of 

vapor does not occur. 

Since a biased flow of vapor does not occur, liquid and vapor 

can make sufficient contact with each other in the exhaust section AR4 

and the enriching section AR5. 

Next, a fourteenth embodiment of the present invention will be 

described. Structural features similar to those of the thirteenth 

embodiment are denoted by common reference numerals, and repeated 

description thereof is omitted. 

FIG. 35 is a view showing the state of mounting of a collector 

in the fourteenth embodiment of the present invention. FIG. 36 is a 

sectional view of essential portions of a coupling-type distillation 

column in the fourteenth embodiment of the present invention. FIG. 37 

is a plan view of the collector in the fourteenth embodiment of the 

present invention. FIG. 38 is a sectional view of the collector in the 

fourteenth embodiment of the present invention. FIG. 39 is a view 

showing a gasket in the fourteenth embodiment of the present invention. 

In this case, the first chamber 15A of the fifth section 15 (FIG. 

30) includes a lamina-type collector 562 disposed just above the feed 

nozzle 41 and a tubular distributor 563 disposed just under the feed 

nozzle 41. Liquid collected by the collector 562, together with the 

material liquid M fed through the feed nozzle 41, is fed to the first 

chamber 16A of the sixth section 16 by means of the distributor 563. 

The distributor 563 includes an open static-pressure-type liquid 

collection pipe 563a; a main header 563b connected to the liquid 
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collection pipe 563a and extending in a direction perpendicular to the 

partition 23; and a plurality of arm channels 563c connected to the 

main header 563b and extending in parallel with the partition 23 (in a 

direction perpendicular to paper of FIG.· 36 and extending away from the 

back side of the paper). A plurality of unillustrated holes are formed 

in the arm channels 563c. 

The second chamber 158 of the fifth section 15 includes a 

lamina-type collector 565 disposed just above the side cut nozzle 42 and 

a tubular distributor 566 disposed just under the side cut nozzle 42. 

Liquid collected by the collector 565 is discharged as a product from 

the side cut nozzle 42 and fed to the second chamber 168 of the sixth 

section 16 by means of the distributor 566. The distributor 566 

includes an open static-pressure-type liquid collection pipe 566a; a 

main header 566b connected to the liquid collection pipe 566a and 

extending in a direction perpendicular to the partition 23; and a 

plurality of arm channels 566c connected to the main header 566b and 

extending in parallel with the partition 23 (in a direction 

perpendicular to paper of FIG. 36 and extending away from the back side 

of the paper). A plurality of unillustrated holes are for>med in the 

arm channels 566c. 

As shown in FIG. 35, the collectors 562 and 565 include a column 

body 70; a partition 23 for dividing the fifth section 15 in the column 

body 70 into a semispherical fir>st chamber 15A and a semispherical 

second chamber 158; a collector box 72 for forming a liquid collection 

gutter 591 along the inner wall of each of the column body 70 and the 
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partition 23; a lamina support 592 extending on the collector box 72; 

and a plurality of collector laminas 593 disposed along the lamina 

support 592 at predetermined pitches and in parallel with one another. 

As shown in FIG. 37, the collector laminas 593 extend on·an inner 

circumferential wall 72a of the collector box 72 between the column body 

side of the wall 72a and the partition side of the wall 72a and in a 

direction perpendicular to the partition 23. 

Each of the collector laminas 593 includes a bent portion 573 

located at an upper end thereof; an inclined portion 574 located at a 

central portion thereof; and a gutter portion 575 located at a lower end 

thereof. The bent portions 573 and the gutter portions 575 extend 

horizontally (in a direction perpendicular to paper of FIG. 38 and 

extending away from the back side of the paper). Every two adjacent 

collector laminas 593 are fixed ta the corresponding upright portions 

592a of the laminar support 592. 

The end of each bent portion 573 overlaps the inclined portion 

574 of the adjacent collector lamina 593 such that descending liquid 

impinges against the collecto~ laminas 593 without fail. 

One end of each of the gutter portions 575 faces the column­

body-side portion 591a of the liquid collection gutter 591 while the 

other end of each of the gutter portions 575 faces the partition-side 

portion 591b of the liquid collection gutter 591. Thus, liquid 

collected in the gutter portions 575 is transmitted to the liquid 

collection gutter 591 from the column body 70 side or the partition 23 

side of the gutter portions 575. At a portion of the liquid collection 
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gutter 591 which is located the farthest from the partition 23, the feed 

nozzle 41 is connected to the column body 70, and a liquid draw nozzle 

595 is connected to the collector box 72. The collector 565 assumes a 

·structure similar to that of the collector 562. At a portion of the 

liquid collection gutter 591 which is located the farthest from the 

partition 23, the side cut nozzle 42 is connected to the column body'70, 

and a liquid draw nozzle 595 is connected to the collector box 72. 

In this case, the column body 70, the partition 23, and the 

collectors 562 and 565 constitute a liquid collection unit. 

Accordingly, liquid descending from the first chamber 14A of the 

fourth section 14 impinges against the collector laminas 593 of the 

collector 562, flows along the inclined portions 574, and is then 

received by the gutter portions 575. The received liquid flows 

horizontally in the gutter portions 575 and then reaches the liquid 

collection gutter 591. In the liquid collection gutter 591, the 

material liquid M fed from the feed nozzle 41 is mixed with the liquid 

therein. Subsequently, the liquid in the liquid collection gutter 591 

is withdrawn through the liquid draw nozzle 595 and transmitted to the 

distributor 563. The distributor 563 feeds the liquid to the first 

chamber 16A of the sixth section 16. In this case, in the liquid 

collection gutter 59·1, the material liquid M fed from the feed nozzle 

41 is mixed with the liquid collected by the collector 562. The· 

resultant mixture is fed to the first chamber 16A by means of the 

distributor 563; thus, a biased flow of liquid does not occur. 

Vapor ascending from the first chamber 16A passes through gaps 
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between the collector laminas 593 of the collector 562 and ascends 

along the inclined portions 574 and away from the center of the column 

body 70. At this time, since the vapor ascends smoothly along the 

inclined portions 574, a pressure loss caused by the collector 562 

becomes almost negligibly small. Thus, a biased flow of vapor does not 

occur. 

Since a biased flow of liquid and vapor does not occur, liquid 

and vapor can make sufficient contact with each other in the enriching 

section AR1 and the exhaust section AR2. 

Likewise, liquid descending from the second chamber 148 of the 

fourth section 14 impinges against the collector laminas 593 of the 

collector 565, flows along the inclined portions 574, and is then 

received by the gutter portions 575. The received liquid flows 

horizontally in th~ gutter portions 575 and then reaches the liquid 

collection gutter 591. A portion of the liquid in the liquid 

collection gutter 591 is withdrawn as a product from the side cut 

nozzle 42. Subsequently, the liquid in the liquid collection gutter 

591 is withdrawn through the liquid draw nozzle 595 and transmitted to 

the distributor 566. The distributor 566 feeds the liquid to the 

second chamber 168 of the sixth section 16. In this case, since there 

is no need for projecting the collector box 72 to a great extent into 

the second chamber 158 in order to withdraw the product, the collector 

box 72 does not cause a biased flow of vapor. 

Vapor ascending from the second chamber 168 passes through gaps 

bet~een the collector laminas 593 of the collector 565 and ascends along 
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the inclined portions 574. At this time, since the vapor ascends 

smoothly along the inclined portions 574, a pressure loss caused by the 

collector 565 becomes almost negligibly small. Thus, a biased flow of 

vapor does not occur. 

Since a biased flow of vapor does not occur, liquid and vapor 

can make sufficient contact with each other in the exhaust section·AR4 

and the enriching section AR5. 

Meanwhile, the column body 70 constitutes the fifth section 15. 

For connection between the column body 70 and the fourth section 

(hereinafter called an "upper column body") 14, an annular flange 596 is 

formed at the upper end of the column body 70, and an unillustrated 

annular flange is formed at the lower end of the upper column body, 

both in such a manner as to project radially outward. An annular 

stepped portion 597 is formed on the upper surface of the flange 596 

along an inner circumferential edge of the flange 596. Also, an 

engagement portion 23a is formed in the vicinity of the upper end of 

the partition 23 in such a manner as to radially project into the first 

and second chambers 14A and 148. 

An engagement flange 72b is formed along the circumferential 

edge of the upper end of the collector box 72 in such a manner as to 

correspond to the stepped portion 597 and the engagement portion 23a. 

The collectors 562 and 565 are preassembled into a single unit. 

The thus-assembled collectors 562 and 565 are installed in place such 

that the engagement flange 72b rests on the stepped portion 597 and the 

engagement portion 23a; i.e., the upper end of the collector box 72 
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rests on the upper end of the column body 70 and on the upper end of 

the partition 23. While a gasket 598 is placed on the flange 596 and 

the partition 23, the flange 596 and the flange of the upper column body 

are connected by means of bolts or the like. In this manne~, the 

collectors 562 and 565 can be easily mounted on the column body 70. 

Assuming a shape corresponding to the column body 70 and the partition 

23, the gasket 598 seals the upper end of the collector box 72 and is 

composed of a portion 598a corresponding to the column body 70 and 

extending circumferentially and a portion 598b corresponding to the 

partition 23 and extending diametrally. 

In this case, since there is no need for assembling the 

collectors 562 and 565 in the coupling-type distillation column 101 

assembling work can be simplified. 

The present invention is not limited to the above-described 

embodiments. Numerous modifications and variations of the present 

invention are possible in light of the spirit of the present invention, 

and they are not excluded from the scope of the present invention. 

INDUSTRIAL APPLICABILITY 

The present invention can be applied to a distillation apparatus 

for obtaining products through distillation-effected separation of a 

plurality of components contained in a mater'ial liquid. 
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CLAIMS 

1. A distillation apparatus characterized by 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 feed nozzle for feeding into said column body a material 

liquid containing at least first to third components; 

(d) a first distillation section comprising an enriching section 

located at an upper portion thereof and an exhaust section located at a 

lower portion thereof; 

(e) a second distillation section disposed such that at least a 

portion thereof is adjacent to the top of said column body, and 

comprising an enriching section located at an upper portion thereof and 

an exhaust section located at a lower portion thereof; 

(f) a third distillation section disposed such that at least a 

portion thereof is adjacent to the bottom of said column body, and 

comprising an enriching section located at an upper portion thereof and 

an exhaust section located at a lower portion thereof; 

(g) first discharge means for discharging the first component; 

(h) second discharge means for discharging the second component; 

and 

(i) third discharge means for discharging the third component, 

' llltllt (f llf I 111\11\11111111\ 
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(j) said partition is biased such that the cross-sectional area 

of the first chamber differs from that of the second chamber. 

2. A distillat±on apparatus as described in claim 1, wherein 

said first distillation section is disposed at the center of said column 

body. 

3. A distillation apparatus as described in claim 1, wherein 

said feed nozzle is adapted to feed the material liquid into the first 

distillation section. 

4. A distillation apparatus as described in c~aim 1, wherein a 

packing is disposed in at least the enriching section and the exhaust 

section of said first distillation section such that the packing 

disposed in the enriching section and the packing disposed in the 

exhaust section are independent of each other. 

5. A distillation appar>atus as described .in claim 1, wher>ein: 

(a) said second distillation section comprises the enriching 

section connected to and formed above an upper end of said first 

distillation section; and the exhaust section formed below the upper end 

and located adjacent to the enriching section of said first 

distillation section while being separated by said partition; and 

(b) said thir>d distillation section comprises the enriching 

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

1 "1111! lllJll U I 
s * 
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distillation section, and located adjacent to the exhaust section of 

said first distillation section while being ieparated by said 

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

6. A distillation apparatus as described in claim 3, wherein 

said feed nozz.le is disposed between the enriching section and ·the 

exhaust section in said first distillation section. 

7. A distillation apparatus as described in claim 4, wherein 

the packings are of the same kind. 

8. A distillation apparatus as described in claim 4, wherein 

the packings are of different kinds. 

9. A distillation apparatus characterized by 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 feed nozzle for feeding into said column body a material 

liquid containing at least first to third components; 

(d) a first distillation section comprising an enriching section 

located at an upper portion thereof and an exhaust section located at a 

lower portion thereof; 

(e) a second distillation section disposed such that at least a 

I lllllll llllll lllll lllll II 1111 
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portion thereof is adjacent to the top of said column body, and 

comprising an enriching section located at an upper portion thereof and 

an exhaust section located at a lower portion thereof; 

(f) a third distillation section disposed such that at least a 

portion thereof is adjacent to the bottom of said column body, and 

comprising an enriching section located at an upper portion thereof ·and 

an exhaust section located at a lower portion thereof; 

and 

wherein 

(g) first discharge means for discharging the first component; 

(h) second discharge means for discharging the second component; 

(i) third dischaJ:>ge means for discharging the third component, 

(j) liquid descending from the enriching section of said second 

distillation section is distributed between the enriching section of 

said first distillation section and the exhaust section of said second 

distillation section at a distribution ratio which is predetermined on 

the basis of distillation conditions; and 

(k) a pressure loss arising in said first distillation section 

is equalized with sum of a pressure loss arising in the exhaust section 

of said second distillation section and a pressure loss arising in the 

enriching section of said third distillation section. 

10. A distillation apparatus as described in claim 9, wherein 

an F factor in at least said first distillation section, the exhaust 

section of said second distillation section, and the enriching section 

' \11\11\ l\\l\\ 1111\ \1111 \l lll\ 
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of said third distillation section is set to a value that enables 

obtainment of a pressure loss almost free from influence of the amount 

of descending liquid. 

11. A distillation apparatus as described in claim 9, wherein 

an F factor in at least said first distillation section, the exhaust 

section of said second distillation section, and the enriching section 

of said third distillation section is 1.0-1.5. 

12. A distillation apparatus as described in claim 9, wherein 

the pressure losses are calculated on the basis of the number of 

theoretical stages, the number of thoretical stages per meter, and a 

pressure loss per unit height. 

13. A distillation apparatus as described in claim 9, wherein 

the ratio between the cross-sectional area of said first distillation 

section and the cross-sectional area of the exhaust section of said 

second distillation section and the ratio between the cross-sectional 

area of said first distillation section and the cross-sectional area of 

the enriching section of said third distillation section are 

established according to the amount of ascending vapor. 

14. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body 
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into a plurality of chambers, which are adjacent to one another; 

(c) a collector disposed within said column body and adapted to 

collect liquid descending from above; and 

(d) a channel-type distributor for distributing liquid collected 

by said collector, among the chambers in different portions. 

15. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body 

into a plurality of chambers, which are adjacent to one another; 

(c) a collector disposed within said column body and adapted to 

collect liquid descending from above; and 

(d) an open static-pressure-type tubular distributor for 

distributing liquid collected by said collector, among the chambers in 

different portions. 

16. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body 

into a plurality of chambers, which are adjacent to one another; 

(c) a collector disposed within said column body and adapted to 

collect liquid descending from above; and 

(d) an open static-pressure-type tubular distributor for 

distributing liquid collected by said collector to a single chamber 

located therebelow, wherein 

f flJJIJllf!8'HI 
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(e) said distributor comprises an open static-pressure-type 

stand pipe for accumulating liquid discharged from said collector so as 

to establish a predetermined head; a first distribution section for 

distributing liquid in a direction perpendicular.to said partition; and 

a second distribution section disposed in connection with the first 

distribution section and adapted to distribute liquid having been 

distributed by the first distribution section, in the same direction as 

that of said partition; and 

(f) the first distribution section is connected to a lower end 

of the stand pipe at a position biased toward said partition fr>om the 

center of the chamber. 

17. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body 

into a plurality of chambers, which are adjacent to one another; 

(c) a collector box for forming a liquid collection gutter along 

an inner wall of each of said column body and said partition; and 

(d) a plurality of collector laminas disposed on said collector 

box at predetermined pitches in parallel with one another, wherein 

(e) each of said collector laminas comprises an inclined portion 

and a gutter portion, and one end of the gutter portion faces the 

column body side of the liquid collection gutter while the other end of 

the gutter portion faces the partition side of the liquid collection 

gutter» 
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18. A distillation apparatus characterized by comprising: 

(a) a column body; 

(b) a partition for dividing the interior of said column body 

into a plurality of chambers, which are adjacent to one another; 

(c} a collector box for forming a liquid collection gutter along 

an inner wall of each of said column body and said partition; and 

(d) a plurality of collector laminas disposed on said collector 

box at predeter'mined pitches in parallel with one another, whel'.'ein 

(e) said collector box and said collector laminas are assembled 

in advance, and said collector box is engaged with said column body and 

said partition. 

19. A dist~llation apparatus as described in claim 18, wherein: 

(a) an upper end of said collector box is engaged with said 

column body and said partition; and 

(b) a flange of said column body and said partition are sealed 

against each other by means of a gasket assuming a form corresponding 

to said column body and said partition. 

20. A distillation method characterized by comprising the steps 

of: 

(a) feeding a material liquid containing at least first to third 

components into a column body which comprises a first distillation 

section comprising an enriching section located at an upper portion 

I lllllll llllfl 1111111111 JI 1111 
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thereof and an exhaust section located at a lower portion thereof; a 

second distillation section disposed such that at least a portion 

thereof is adjacent to the top of the column body, and comprising an 

enriching section located at an upper portion thereof and an exhaust 

section located at a lower portion thereof; a third distillation 

section disposed such that at least a portion thereof is adjacent to·the 

bottom of the column body, and comprising an enriching section located 

at an upper portion thereof and an exhaust section located at a lower 

portion thereof; and a partition which is disposed in a biased manner so 

as to render the cross-sectional area of a first chamber different from 

that of a second chamber; 

(b) condensing vapor containing a predetermined component, by 

means of a condenser connected to an upper end of the second 

distillation section; 

(c) evaporating liquid containing a predetermined component, by 

means of an evaporator connected to a lower end of the third 

distillation section; and 

(d) obtaining liquid rich in the first component at the upper 

end of the second distillation section; liquid rich in the third 

component at the lower end of the third distillation section; and 

liquid rich in the second component at a section where the partition is 

disposed. 

21. A distillation method as described in claim 19, wherein the 

first component is lower in boiling point than the second component, 

I 1111111lltllf111!111111111111 
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which in turn is lower in boiling point than the third component. 


