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Gas Phase Distribution Control Apparatus and Dividing Wall Column 

 

FIELD 

The present invention relates to the field of chemical rectification, in particular to a 
gas phase distribution control apparatus and a dividing wall column including the gas 
phase distribution control apparatus. 

BACKGROUND 

At present, the rectification process in refineries and chemical plants mainly uses a 
conventional column to separate materials. Theoretically, to obtain N products, N-1 
rectifying columns have to be built up, and the corresponding investment and energy 
consumption are high. Therefore, in order to reduce the investment and energy 
consumption of the process, it is the best choice to develop new rectifying equipment. 
Compared with traditional rectifying columns, dividing wall columns (DWC) can 
greatly reduce the energy consumption and investment, and are typical new 
energy-saving rectifying equipment. 

A dividing wall column is formed by arranging a vertical dividing wall extending 
axially in the middle section of a conventional rectifying column. The dividing wall 
divides the space in the column into four parts: left side of the dividing wall (feeding 
zone), right side of the dividing wall (discharging zone), upside of the dividing wall 
(common rectifying section), and underside of the dividing wall (common stripping 
section). A dividing wall column has great advantages for multi-component 
rectification. Compared with the conventional rectifying column, the dividing wall 
column (DWC) can save energy by 20%~50% since there is no back mixing 
phenomenon in it; in addition, it can save about 30% investment since a column and a 
reboiler are omitted. 

In the prior art, for example, in the patent application document No. US 2011139604 
A1, a dividing wall column has been disclosed. In the dividing wall column, the 
dividing wall is in an asymmetric form, and can be adjusted by utilizing the feeding 
port and the discharging port in the middle section of the column as asymmetric 
points, so that the space at the bottom end of the feeding port on the feeding side is 
increased, while the space at the underside of the discharging port is decreased, thus 
attaining a purpose of balancing the gas phase load and liquid phase load in the 
column. 

In the prior art, for example, in the patent application document No. CN102631791A, 
a method for controlling a dividing wall column has been disclosed. The application 
has disclosed a method for controlling a dividing wall column with four control 
circuits, namely: an overheat distillate composition control circuit, which controls the 
amount of top reflux by controlling the concentrations of the components of the 
overheat distillate; a side-cut distillate composition control circuit, which controls the 
side-cut flow by controlling the concentrations of the components of the side-cut 
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distillate; a bottom distillate composition control circuit, which controls the thermal 
load of the bottom of the column by controlling the concentrations of the components 
of the bottom distillate; and a control circuit for gas phase composition at the top of 
the pre-fractionation section, which controls the liquid separation ratio in the dividing 
wall column by controlling the concentrations of the heavy gas phase components at 
the top of the pre-fractionation section. All of the control circuits preferably are PID 
control circuits. The control method can realize stable control in the entire column 
when the feed flow rate or the feed composition changes, so as to ensure product 
quality and maintain the energy consumption in the entire column in an optimal range. 

In essence, the existing dividing wall columns still can't solve the following two 
problems thoroughly: (1) the control of the gas phase distribution at the two sides of 
the dividing wall in the dividing wall column is always inaccurate and the gas phase 
distribution ratio adjustment range is narrow; consequently, the gas-liquid phase mass 
transfer effect at the two sides of the dividing wall is poor, and the separation effect is 
poor; (2) the gas-liquid phase load, concentrations of components, and heat demand at 
the two sides of the dividing wall are different, and a heat back-mixing phenomenon 
exists in the dividing wall section; consequently, the product purity in the dividing 
wall column can be further improved. 

Therefore, there is an urgent need for a gas phase distribution control apparatus that 
can control the gas phase distribution at the two sides of the dividing wall more 
accurately, avoid heat back-mixing as far as possible, and further improve product 
purity. 

The information disclosed in the BACKGROUND section is only intended to make 
the background of the present invention understood better, and should not be deemed 
as acknowledging or implying in any form that the information constitutes the prior 
art well known to those having ordinary skills in the art. 

SUMMARY 

The object of the present invention is to provide a gas phase distribution control 
apparatus and a dividing wall column including the same, so as to overcome the 
shortcomings of inaccurate control and narrow adjustment range of gas phase 
distribution ratio in the prior art. 

To attain the above object, the present invention provide a gas phase distribution 
control apparatus, which comprises: a filler layer for removing liquid in a gas phase; 
and a distribution layer arranged above the filler layer and provided with at least two 
gas phase channels that are independent of each other and respectively communicate 
with the filler layer and the upside of the distribution layer, wherein each gas phase 
channel has an inlet close to the filler layer and an outlet close to the upside of the 
distribution layer, and at least two of the inlets are respectively arranged with an 
opening that is adjustable in size by means of a gas phase distribution mechanism 
according to a preset gas phase distribution ratio. 

Optionally, the distribution layer is provided with two of the gas phase channels, and 
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the gas phase distribution mechanism comprises: 

a hollow circular ring that is fixed above the filler layer and comprises three sections 
sequentially arranged in circumferential direction, wherein the bottom of one section 
is provided with two inlets that are spaced apart from each other or communicate with 
each other in the circumferential direction of the hollow circular, and the other two 
sections are respectively located at two ends of said one section and have respectively 
an outlet in the top part; and 

a slider that is adaptively arranged in inner cavity of the hollow circular ring and 
slidable in said one section in the circumferential direction of the hollow circular ring, 

the gas phase distribution mechanism is arranged to adjust the size of the two inlets by 
changing the position of the slider. 

Optionally, the gas phase distribution mechanism comprises: 

a hollow circular ring that is fixed above the filler layer and comprises at least four 
sections arranged sequentially in circumferential direction, wherein the bottom parts 
of at least two of the at least four sections are respectively provided with an inlet, and 
at least the other two of the at least four sections are respectively provided with an 
outlet in the top part, and the inlets and the outlets are alternately arranged in the 
circumferential direction of the hollow circular ring; and 

at least two sliders that are adaptively arranged in inner cavity of the hollow circular 
ring and slidable in the circumferential direction of the hollow circular ring, 

the gas phase distribution mechanism is arranged to adjust the size of the at least two 
inlets by changing the positions of the at least two sliders. 

Optionally, the hollow circular ring comprises four sections L1, L2, L3 and L4 that 
have the same arc length and are arranged sequentially, wherein the bottom parts of 
L1 and L3 are respectively provided with a hollowed inlet part to form the two inlets, 
and the top parts of L2 and L4 are respectively provided with a hollowed outlet part to 
form the two outlets; 

the gas phase distribution mechanism comprises two sliders that are slidably arranged 
in L1 and L3 respectively. 

Optionally, the hollow circular ring comprises four sections L1, L2, L3 and L4 that 
have the same arc length and are arranged sequentially, wherein the bottom parts of 
L1 and L2 are respectively provided with a hollowed inlet part to form the two inlets, 
and the top parts of L3 and L4 are respectively provided with a hollowed outlet part to 
form the two outlets; 

the gas phase distribution mechanism comprises two sliders that are slidably arranged 
in L1 and L2 respectively. 

Optionally, the slider(s) is/are a magnetic component, and the gas phase distribution 
mechanism further comprises an electromagnetic distribution control component, 
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which comprises: 

an arc-shaped track coaxially arranged outside the hollow circular ring; 

an electromagnet that is arranged on the arc-shaped track and movable along the 
arc-shaped track; and 

an electromagnetic controller arranged to drive the electromagnet to move according 
to the preset gas phase distribution ratio so as to drive the slider to a desired position. 

Optionally, the inner cavity of the hollow circular ring has a circular cross section, and 
the slider is a hollow iron ball. 

Optionally, the gas phase distribution control apparatus comprises a baffle plate 
arranged between the distribution layer and the filler layer so that the filler layer 
communicates with the upside of the distribution layer only through the gas phase 
channel. 

Optionally, the baffle plate is hermetically arranged at the inner side of the hollow 
circular ring and located at a middle position of the hollow circular ring in the axial 
direction. 

Optionally, a filler grille is provided at the bottom of the filler layer. 

Optionally, the porosity of the filler grille is 5%~15%. 

In another aspect, the present invention provides a dividing wall column, which 
comprises the gas phase distribution control apparatus described above, wherein a 
dividing wall of the dividing wall column is located in the middle section of the 
column body and extends in the axial direction of the column body, and divides the 
internal space of the column body into a common rectifying section above the 
dividing wall, a feeding section on the left side of the dividing wall, a discharging 
section on the right side of the dividing wall, and a common stripping section below 
the dividing wall, the gas phase distribution control apparatus is arranged below the 
dividing wall, and said at least two outlets communicate with the two sides of the 
dividing wall respectively. 

Optionally, the gas phase distribution control apparatus comprises two gas rise 
channels that communicate with said at least two outlets respectively and lead to the 
two sides of the dividing wall respectively. 

Optionally, the dividing wall has a multi-layer hollow structure, and the hollow part of 
the dividing wall is filled with an inert gas or heat-insulating material. 

Optionally, the cross-sectional area of the gas rise channel is 10%~40% (0.1~0.4 
times) of the cross-sectional area in the column body. 

Optionally, the cross section of the gas rise channel is rectangular, square or circular. 

Compared with the prior art, the present invention attains the following beneficial 
effects: 



5 
 

(1)  Electromagnetic distribution and adjustment is employed for gas phase 
distribution control; specifically, signals are transferred from a computer control 
system to the gas phase distribution control apparatus, so as to realize separate 
and flexible distribution and control of the gasses in the thermally coupled 
rectifying column, improve the accuracy of control on the gas phase load and 
liquid phase load at the two sides of the dividing wall in the thermally coupled 
rectifying column, improve the product separation effect, and simplify the 
control on the dividing wall column. 

(2)  The dividing wall in the middle section of the thermally coupled rectifying 
column is in a heat insulating design to prevention heat transfer between the left 
side and the right side of the dividing wall. In the actual operation process, the 
operating parameters at the left side and right side of the dividing wall are set 
differently for different materials and properties, so that the pre-separation 
section and the side-cut product section operate independently from each other, 
the heat back-mixing phenomenon is controlled effectively, and the purity of the 
mid-section product is improved effectively. 

The above description is only an overview of the technical scheme of the present 
invention. Hereunder one or more preferred embodiments will be presented and 
described with reference to the accompanying drawings in detail, in order to make the 
technical means of the present invention understood more clearly and implemented on 
the basis of the description, and make the above-mentioned and other objects, 
technical features and advantages of the present invention understood more easily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic structural diagram of the dividing wall column in the present 
invention; 

Fig. 2 is a schematic cross-sectional view at the dividing wall of the dividing wall 
column in the present invention (illustrating the layered structure of the dividing 
wall); 

Fig. 3 is a schematic structural diagram of the gas phase distribution control apparatus 
in the dividing wall column in the present invention; 

Fig. 4 is a schematic diagram of the inlet of the gas phase channel of the gas phase 
distribution control apparatus in the present invention (bottom view of the hollow 
circular ring); 

Fig. 5 is a schematic diagram of the outlet of the gas phase channel of the gas phase 
distribution control apparatus in the present invention (top view of the hollow circular 
ring); 

Fig. 6 is a schematic structural diagram of the electromagnetic distribution control 
component in the gas phase distribution control apparatus in the present invention. 

Reference Numbers: 
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T - dividing wall column, T1 - common rectifying section, T2 - feeding section, T3 - 
discharging section, T4 - common stripping section; C1 - top condenser, G1 - 
mid-section buffer tank, G2 - top liquid separation tank, H1 - mid-section reflux 
heater at feeding side, H2 - mid-section reflux heater at discharging side, P1 - 
mid-section reflux pump, H3 - reboiler; 

1 - raw material to be treated, 2 - top gas phase, 3 - condensed liquid, 4 - top product, 
5 - top reflux liquid, 6 - mid-section product, 7 - mid-section reflux liquid at feeding 
side, 8 - mid-section reflux liquid at discharge side, 9 - side-cut product, 10 - liquid 
phase entering into the common stripping section from the dividing wall section, 11 - 
bottom liquid phase, 12 - bottom product, 13 - gas phase returning to the column; 

20 - column wall, 21 - first heat-insulating layer, 22 - second heat-insulating layer, 23 
- hollow layer; 

30 - gas phase distribution control apparatus, 31 - gas rise channel, 32 - central 
partition in the distribution layer, 33 - iron ball (33A and 33B), 34 - filler grille, 35 - 
filler layer, 36 - hollow circular ring, 37 - steel plate; 

S1 - first inlet zone, S2 - second inlet zone, S3 - third inlet zone, S4 - fourth inlet zone; 
E1 - first outlet zone, E2 - second outlet zone; 

40 - electromagnetic distribution control component, 41 - arc-shaped track, 42 - 
electromagnet, 43 - electromagnetic controller. 

EMBODIMENTS 

Hereunder some specific embodiments of the present invention will be detailed with 
reference to the accompanying drawings. However, it should be understood that the 
scope of protection of the present invention is not limited to the embodiments. 

Unless otherwise expressly stated, throughout the specification and claims, the term 
"comprise" or "include" or their variants such as "comprising" or "including" shall be 
understood as including the enumerated elements or components, without excluding 
other elements or components. 

In this document, for the convenience of description, spatially relative terms such as 
"underside", "below", "bottom", "upside", "above", and "top", etc., may be used to 
describe the relationship between one element or feature and another element or 
feature in the drawings. It should be understood that the spatially relative terms are 
intended to include different directions of the objects in use or operation other than 
the directions depicted in the drawings. For example, if an object in a drawing is 
turned upside down, an element described as "below" or "bottom" other elements or 
features will be oriented "above" the elements or features. Therefore, the exemplary 
term "below" may include "below" and "above" directions. Objects may also have 
other orientations (rotated by 90 degrees or other orientations), and the spatially 
relative terms used herein should be interpreted accordingly. 

In this document, the terms "first", "second", etc. are used to distinguish two different 
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elements or parts, rather than to define a specific position or relative relationship. In 
other words, in some embodiments, the terms "first", "second", etc. may also be 
interchanged with each other. 

As shown in Fig. 1, in the dividing wall column T in the present invention, a vertical 
dividing wall extending along the axis of the column body (e.g., the vertical center 
line of the column body in Fig. 1) is arranged, and divides the internal space of the 
column into four parts: a common rectifying section T1 above the dividing wall, a 
feeding section T2 on the left side of the dividing wall, a discharging section T3 on 
the right side of the dividing wall, and a common stripping section T4 below the 
dividing wall. A raw material 1 to be treated is fed into the feeding section T2 of the 
dividing wall column, the feed liquid is separately preliminarily, the top gas phase 2 is 
cooled by an top condenser C1, the condensed liquid 3 enters into an top liquid 
separation tank G2, one part of the liquid (i.e., top reflux liquid 5) is returned to the 
top of the column, while the other part of the liquid is outputted as top product 4 from 
the apparatus. The top reflux liquid 5 passes through the common rectifying section 
T1 and then is collected in a liquid receiving tray above the dividing wall, the 
collected liquid is taken as a mid-section product 6 and enters into a mid-section 
buffer tank G1; then the mid-section product flows through a mid-section reflux pump 
P1 and mid-section reflux heaters (including a mid-section reflux heater H1 at the 
feeding side and a mid-section reflux heater H2 at the discharging side) where the 
reflux temperature is controlled, then enters into the two sides of the dividing wall; 
the liquid phases entering into the two sides of the dividing wall are regarded as 
mid-section reflux liquid 7 at the feeding side and mid-section reflux liquid 8 at the 
discharging side respectively, and finally a side-cut product 9 is formed in the 
discharging section T3. A gas phase distribution control apparatus 30 is arranged 
below the dividing wall, and gas phase flow distribution is carried out for the rising 
gas phase under the action of a computer control system. The gas phase rises, while 
the liquid phase 10 flows downward from the dividing wall section into the common 
stripping section. Then the liquid flows from the common stripping section T4 to the 
bottom of the column, thus a bottom liquid phase 11 is obtained and finally a bottom 
product 12 is formed. The liquid passing through a bottom reboiler H3 is transformed 
into a gas phase, and the gas phase 13 returning to the column enters passes through a 
filler grille at the bottom of the gas phase distribution control apparatus 30 in the 
present invention from the common stripping section T4 and enters into the gas phase 
distribution control apparatus 30. The gas phase is controlled and distributed 
accurately by the apparatus and enters into the two sides of the dividing wall; thus the 
entire gas distribution control process is completed. 

As shown in Figs. 1 and 3, the gas phase distribution control apparatus 30 in the 
present invention is arranged below the dividing wall of the dividing wall column T, 
and comprises a filler layer 35 at the lower part and a distribution layer at the upper 
part. The filler material in the filler layer may be a conventional filler material that has 
a gas-liquid separation function, such as one or more of wire mesh filler, bulk filler, or 
regular corrugated plate filler, etc.; as a preferred but non-limiting example, the filler 
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material may be a wire mesh material, and the height of the filler layer may be set 
according to the dividing wall column T and the actual application condition, usually 
is 10-50mm, preferably is 10-40mm. The filler layer 35 is used to remove liquid from 
the gas phase that returns to the column from the common stripping section. A filler 
grille 34 is arranged at the bottom of the filler layer 35, the porosity of the filler grille 
34 may be 5~20%, preferably is 5%~15%, the filler grille 34 is used to support the 
filler material, and the pores in the filler grille 34 are used to form channels through 
which the gas phase enters into the filler layer 35. The distribution layer is located 
above the filler layer 35, and is provided with at least two gas phase channels that are 
separated from each other, each gas phase channel has an inlet close to the filler layer 
35 and an outlet close to the upside of the distribution layer, at least two inlets of the 
at least two gas phase channels are set with an opening that can be adjusted in size by 
a gas phase distribution mechanism according to a preset gas phase distribution ratio. 
At least two outlets of the at least two gas phase channels respectively communicate 
with two gas rise channels 31 that lead to the two sides of the dividing wall. 

The gas phase distribution mechanism described above may be implemented in a 
variety of ways. In an embodiment of the present invention, the distribution layer is 
provided with two gas phase channels, the gas phase distribution mechanism 
comprises a hollow circular ring 36 and a slider, wherein the hollow circular ring 36 is 
fixed above the filler layer 35 and comprises three sections that are arranged 
sequentially in its circumferential direction, the bottom of one side is provided with 
two inlets that are spaced from each other at an interval in the circumferential 
direction of the hollow circular ring 36 (e.g., the two inlets are two strip-shaped 
openings that extend in an arc-shaped form) or communicate with each other (e.g., the 
two inlets are a strip opening that extends in an arc-shaped form), the other two 
sections are at the two ends of said one section respectively and have an outlet at the 
top respectively; a slider is adaptively arranged in the inner cavity of the hollow 
circular ring 36 and can slide in said one section in the circumferential direction of the 
hollow circular ring 36, and the gas phase distribution mechanism is arranged to 
adjust the opening size of the two inlets by altering the position of the slider. It can be 
understood that the inlet and outlet may be hollowed parts (i.e., strip-shaped openings 
extending in an arc shape) or formed by a plurality of aggregated holes, as long as the 
area of communication between them and the corresponding gas phase channel can 
vary with the position change of the slider. The separation the two gas phase channels 
between each other means that the two outlets are separated from each other, i.e., the 
two outlets don't communicate with each other, but communicate with two gas rise 
channels 31 respectively. 

According to another embodiment of the present invention, the gas phase distribution 
mechanism comprises a hollow circular ring 36 and at least two sliders, wherein the 
hollow circular ring 36 is fixed above the filler layer 35 and comprises at least four 
sections arranged sequentially in its circumferential direction, at least two of the at 
least four sections are provided with an inlet at the bottom respectively, and at least 
the other two of the at least four sections are provided with an outlet at the top 
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respectively, and the inlets and the outlets are arranged alternately in the 
circumferential direction of the hollow circular ring 36; at least two sliders are 
adaptively arranged in the inner cavity of the hollow circular ring 36 and can slide in 
the circumferential direction of the hollow circular ring 36, and the gas phase 
distribution mechanism is configured to adjust the opening size of at least two inlets 
by altering the positions of the at least two sliders. 

In the above description, it can be understood that the inlets and the outlets are 
alternately arranged in the circumferential direction of the hollow circular ring 36, 
which means that the corresponding sections of the hollow circular ring 36 with inlets 
are alternately arranged with the corresponding sections of the hollow circular ring 36 
with outlets, i.e., in every two adjacent sections, one section is provided with an inlet, 
while the other section is provided with an outlet. The hollow circular ring 36 may 
comprise four sections, six sections, eight sections, etc., which are sequentially 
arranged in its circumferential direction. In the case that the hollow circular ring 36 
comprises four sections, there are two gas phase channels in the distribution layer, and 
two outlets of the two gas phase channels respectively communicate with two gas rise 
channels 31; in the case that the hollow circular ring 36 comprises six sections, there 
are three gas phase channels in the distribution layer, wherein two outlets of two gas 
phase channels communicate with one gas rise channel 31, and the outlet of the rest 
gas phase channel communicates with another gas rise channel 31; in the case that the 
hollow circular ring 36 comprises eight sections, there are four gas phase channels in 
the distribution layer, wherein two outlets of two gas phase channels communicate 
with one gas rise channel 31, and the outlet of the rest two gas phase channels 
communicate with another gas rise channel 31. 

In the above description, the arc lengths of the sections may be equal to or different 
from each other. In order to facilitate the sliding control of the slider, the slider may 
be a magnetic component, for example, the slider is a hollow or solid iron ball, and 
accordingly, the cross section of the inner cavity of the hollow circular ring 36 is 
circular. 

Specifically, for example, in the embodiment shown in Figs. 3-5, the gas phase 
distribution mechanism comprises a hollow circular ring 36 and an iron ball 33 
arranged in the distribution layer. The outer diameter of the hollow circular ring 36 
matches the inner diameter of the column body of the dividing wall column T, and the 
hollow circular ring 36 is fixed above the filler layer 35. As shown in Fig. 4, the 
hollow circular ring 36 comprises four sections with the same arc length, i.e., L1, L2, 
L3 and L4, wherein the bottom parts of L1 and L3 are respectively provided with a 
hollowed inlet part (unfilled part in Fig. 4) to form two inlets of two gas phase 
channels. As shown in Fig. 5, the top parts of L2 and L4 are respectively provided 
with a hollowed outlet part (the unfilled part in Fig. 5) to form two outlets of two gas 
phase channels. The hollowed part may be formed by cutting the hollow circular ring 
partially, but it should be understood that the hollowed inlet part should be sized to 
ensure that the iron ball 33 will not fall out from it. Specifically, the following two 
cutting options may be adopted, scheme 1: as shown in Fig. 4, the bottom ends of the 
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sections L1 and L3 of the hollow circular ring are cut off (as distribution inlets for the 
gas phase to entry), and the cutting length is preferably the entire length of the bottom 
ends of the sections L1 and L3. If the circumference of the circular ring is L, the 
cutting length of the sections L1 and L3 is L/4; as shown in Fig. 5, the top ends of the 
sections L2 and L4 of the hollow circular ring are cut off (as gas phase distribution 
outlets), and the cutting length may be L/8 to L/4; preferably, the cutting is carried out 
at the side near the center of circle, and the cutting length is L/5. As shown in Fig. 4, 
the iron balls 33 are arranged at the centers of the sections L1 and L3 of the circular 
ring, and the diameter of the iron balls 33 is slightly smaller than the inner diameter of 
the hollow circular ring (two iron balls altogether, respectively designated as 33A and 
33B), which is to say, the iron balls are in clearance fit with the hollow circular ring, 
so that the iron ball 33A can roll in the section L1 of the circular ring, and divides the 
opening area of the section L1 into two parts (designated as S1 and S2 respectively), 
while the iron ball 33B can roll in the section L3 of the circular ring, and divides the 
opening area of the section L3 into two parts (designated as S3 and S4 respectively), 
and the ratio of the volume of gas phase entering into the sections S1+S3 to the 
volume of gas phase entering into the sections S2+S4 is the distribution ratio of the 
gas phase entering into the two sides of the dividing wall. When the gas phase 
distribution control apparatus in the present invention is installed, the central partition 
32 in the distribution layer is located on the connecting line between the midpoints of 
the arc lengths of L1 and L3 (i.e., the connecting line between the centers of the iron 
balls 33A and 33B at their initial positions), and is in the same plane as the dividing 
wall in the dividing wall column T. The opening size of the inlet of the gas phase 
channel is adjustable with the position change of the iron ball, thus the ratio of the 
volume of gas phase entering into the sections S1+S3 to the volume of gas phase 
entering into the sections S2+S4 can be control accurately as the two iron balls move 
respectively. Scheme 2 (not shown in the figure): the bottom ends of the sections L1 
and L2 of the hollow circular ring are cut off (as distribution inlets for the gas phase 
to entry), and the cutting length is L/2; the top ends of the sections L3 and L4 of the 
hollow circular ring are cut off (as gas phase distribution outlets), preferably near the 
center of the circle, and the cutting length is 2L/5. An iron ball is arranged at the joint 
between the sections L1 and L2, and divides the opening area of the sections L1+L2 
of the hollow circular ring into two parts. Likewise, the opening size of the inlet of the 
gas phase channel is adjustable with the position change of the iron ball, and the ratio 
of the volumes of gas phase entering into the openings of the two parts is the 
distribution ratio of the gas phase entering into the two sides of the dividing wall. The 
above two cutting schemes are exemplary schemes, and any variant of the schemes 
conceived on the basis of the design concept is within the scope of protection of the 
present invention. The iron ball 33 may be of solid or hollow design, and the hollow 
design is preferred. 

As shown in Fig. 6, in order to accurately control the position of the iron ball 33 as 
required, the gas phase distribution mechanism in the present invention further 
comprises an electromagnetic distribution control component 40, which may comprise 
an arc-shaped track 41, an electromagnet 42 and an electromagnetic controller 43, 
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wherein the arc-shaped track 41 is arranged outside the column body of the dividing 
wall column T in the circumferential direction, and is in the same horizontal plane as 
the hollow circular ring 36. The electromagnetic controller 43 receives an instruction 
to drive the electromagnet 42 to move along the arc-shaped track 41 according to a 
preset gas phase distribution ratio, and the moving electromagnet 42 drives the iron 
ball 33 to move to a desired position under the action of attractive force. 

Furthermore, as shown in Fig. 3, the gas phase distribution control apparatus 30 
comprises a baffle plate arranged between the distribution layer and the filler layer. 
The baffle plate is arranged to ensure that the rising gas phase can only enter into the 
distribution layer from the cut in the bottom end of the hollow circular ring (i.e., the 
aforementioned gas phase distribution inlet), and can only enter into the gas rise 
channels 31 on the two sides of the dividing wall from the cut in the top end of the 
hollow circular ring (i.e., the aforementioned gas phase distribution outlet). The baffle 
plate may be a steel plate 37, which is hermetically arranged inside the hollow 
circular ring 36 (e.g., by seal welding) and located at the center of the hollow circular 
ring in the axial direction. 

Furthermore, as shown in fig. 3, preferably, but not limitedly, the cross-sectional area 
of the gas rise channel 31 is 0.1~0.4 times of the cross-sectional area of the column 
body of the baffle distillation column T, and the cross section of the gas rise channel 
31 may be rectangular, square or circular. 

In the gas phase distribution control apparatus in the present invention, the rising gas 
enters into the bottom opening (gas inlet) of the hollow circular ring 36 in the 
distribution layer, and the electromagnetic controller 43 (see Fig. 6) controls the 
position of the iron ball 33 in the hollow circular ring, i.e., controls the gas inlet area 
(the gas inlet area determines the flow rate of the gas). The position of the iron ball 33 
is determined by the electromagnetic controller 43 that controls the electromagnet 
arranged on the outer wall of the column to move along the outer wall of the column. 
The gas separated by the iron ball 33 enters into the inner cavities of the distribution 
layer on the two sides of the central partition 32 in the distribution layer through the 
top openings (gas outlets) of the hollow circular ring, and then enters into the two 
sides of the dividing wall of the dividing wall column T through the gas rise channels 
31; thus a gas distribution control process is completed. The gas phase distribution 
control apparatus in the present invention can adjust the gas distribution ratio on the 
two sides of the dividing wall in the column separately and flexibly, so as to achieve 
an ideal product separation effect. 

The dividing wall column T in the present invention may be a plate column or a 
packed column, and is preferably a plate column. In the dividing wall column T, the 
dividing wall is located in the middle of the column, within a radial position control 
range of 0.1~0.8D (D is the diameter of the column), preferably 0.4~0.6D. The height 
of the dividing wall is controlled within a range of 0.1~0.8L (L is the height of the 
column), preferably 0.4~0.6L. Furthermore, as shown in Fig. 2, the inner wall 20 of 
the dividing wall column T is provided with a heat-insulating layer filled with a 
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heat-insulating material to prevent heat transfer through the column wall. The 
heat-insulating layer is in thickness of 1~10mm, preferably 3~6mm. The 
heat-insulating layer on the inner wall of the column may be made of aluminum 
silicate refractory fibers or vacuum heat insulating panels, preferably vacuum heat 
insulating panels. The dividing wall is in a multi-layer hollow design, and consists of 
a first heat-insulating layer 21, a second heat-insulating layer 22 and a middle hollow 
layer 23. The hollow layer 23 may be filled with a heat-insulating material or inert gas 
to prevent heat transfer through the dividing wall. The multi-layer dividing wall may 
include 1-5 layers, preferably is 2-3 layers. The heat-insulating material filled in the 
middle layer may be aluminum silicate refractory fibers. In the case that the dividing 
wall has 3 or 5 heat-insulating layers, the space of the central layer may be filled with 
an inert gas, which may be nitrogen, argon, or methane, etc., preferably is nitrogen. 

Example 

A raw material 1 containing components A, B and C enters into the feeding section T2 
of the dividing wall column T, and the feed liquid is preliminarily separated, so that 
the light components rise and the heavy components fall. The gas phase in the column 
passes through the common rectifying section T1 and becomes a top gas phase 2, 
which passes through the top condenser C1 and becomes a liquid phase and enters 
into the top separation tank G2; on part of the liquid phase is outputted as a top 
product 4 from the apparatus (the main component is A, containing a trace amount of 
component B), and the other part of the liquid phase is returned as a top reflux liquid 
5 to the top of the dividing wall column T. The top reflux liquid 5 enters flows 
through the common rectifying section T1 and enters into the mid-section buffer tank 
G1, and is divided into two streams under the action of the mid-section reflux pump 
P1, the mid-section reflux heater H1 at the feeding side and the mid-section reflux 
heater H2 at the discharging side, wherein one stream is a mid-section reflux liquid 7 
at the feeding side and the other stream is a mid-section reflux liquid 8 at the 
discharging side (the temperature difference between the left and right sides of the 
dividing wall may be controlled to be 15~30℃). After mass transfer on the right side 
of the dividing wall, a mid-section side-cut product 9 is obtained and discharged from 
the apparatus (the main component is B, containing a trace amount of components A 
and C). The liquid phase 10 enters into the common stripping section from the 
dividing wall section, and finally enters into the bottom of the dividing wall column T. 
The liquid phase 11 at the bottom of the column is divided into two parts, wherein one 
part is outputted as a bottom product 12 from the apparatus (the main component is C, 
with a trace amount of component B), and the other part is vaporized in the bottom 
reboiler H3 and then returned as a returned gas phase 13 to the dividing wall column 
T. The returned gas phase 13 passes through the common stripping section and then is 
distributed by the gas phase distribution control apparatus in the present invention, so 
as to control the flow rates of gas phase entering into the left side and right side of the 
dividing wall (the ratio of the flow rate of the gas phase entering into the right side of 
the dividing wall to the flow rate of the gas phase entering into the left side of the 
dividing wall may be controlled within a range of 0:1~8). 



13 
 

The above descriptions of the specific embodiments of the present invention are for 
the purpose of explanation and illustration. The description is not intended to limit the 
present invention to the disclosed specific forms; moreover, it is obvious that various 
modifications and alternations can be made in light of the above teaching. The 
exemplary embodiments are selected and described in order to explain the specific 
principle of the present invention and its practical application, so as to enable those 
skilled in the art to implement and utilize the exemplary embodiments of the present 
invention and make various choices and changes. Any simple modification, equivalent 
variation or refinement made to the above exemplary embodiments shall be deemed 
as falling in the scope of protection of the present invention. 
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Claims 

 

1.  A gas phase distribution control apparatus for a dividing wall column, comprising: 

 a filler layer for removing liquid from a gas phase; and 

 a distribution layer arranged above the filler layer and provided with at least two 

gas phase channels that are independent of each other and respectively 

communicate with the filler layer and the upside of the distribution layer, wherein 

each gas phase channel has an inlet close to the filler layer and an outlet close to 

the upside of the distribution layer, and at least two of the inlets are respectively 

arranged with an opening that is adjustable in size by means of a gas phase 

distribution mechanism according to a preset gas phase distribution ratio, 

 wherein the distribution layer is provided with two of the gas phase channels, and 

the gas phase distribution mechanism comprises: 

 a hollow circular ring that is fixed above the filler layer and comprises three 

sections sequentially arranged in circumferential direction, wherein the bottom of 

one section is provided with two inlets that are spaced apart from each other or 

communicate with each other in the circumferential direction of the hollow 

circular ring, and the other two sections are respectively located at two ends of 

said one section and have respectively an outlet in the top; and 

 a slider that is adaptively arranged in inner cavity of the hollow circular ring and 

slidable in said one section in the circumferential direction of the hollow circular 

ring, 

 the gas phase distribution mechanism is arranged to adjust the size of the two inlets 

by changing the position of the slider; 

 or, wherein the gas phase distribution mechanism comprises: 

 a hollow circular ring that is fixed above the filler layer and comprises at least four 

sections arranged sequentially in circumferential direction, wherein the bottoms of 

at least two of the at least four sections are respectively provided with an inlet, and 

at least the other two of the at least four sections are respectively provided with an 

outlet in the tops, and the inlets and the outlets are alternately arranged in the 

circumferential direction of the hollow circular ring; and 

 at least two sliders that are adaptively arranged in inner cavity of the hollow 

circular ring and slidable in the circumferential direction of the hollow circular 

ring, 

 the gas phase distribution mechanism is arranged to adjust the size of the at least 

two inlets by changing the positions of the at least two sliders. 
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2.  The gas phase distribution control apparatus according to claim 1, wherein 

 the hollow circular ring comprises four sections L1, L2, L3 and L4 that have the 

same arc length and are arranged sequentially, wherein the bottoms of L1 and L3 

are respectively provided with a hollowed inlet part to form the two inlets, and the 

tops of L2 and L4 are respectively provided with a hollowed outlet part to form 

the two outlets; 

 the gas phase distribution mechanism comprises two sliders that are slidably 

arranged in L1 and L3 respectively. 

3.  The gas phase distribution control apparatus according to claim 1, wherein 

 the hollow circular ring comprises four sections L1, L2, L3 and L4 that have the 

same arc length and are arranged sequentially, wherein the bottoms of L1 and L2 

are respectively provided with a hollowed inlet part to form the two inlets, and the 

tops of L3 and L4 are respectively provided with a hollowed outlet part to form 

the two outlets; 

 the gas phase distribution mechanism comprises two sliders that are slidably 

arranged in L1 and L2 respectively. 

4.  The gas phase distribution control apparatus according to any of claims 1-3, 

wherein the slider(s) is/are a magnetic component, and the gas phase distribution 

mechanism further comprises an electromagnetic distribution control component, 

which comprises: 

 an arc-shaped track coaxially arranged outside the hollow circular ring; 

 an electromagnet that is arranged on the arc-shaped track and movable along the 

arc-shaped track; and 

 an electromagnetic controller arranged to drive the electromagnet to move 

according to the preset gas phase distribution ratio so as to drive the slider to a 

desired position. 

5.  The gas phase distribution control apparatus according to claim 4, wherein the 

inner cavity of the hollow circular ring has a circular cross section, and the slider 

is a hollow iron ball. 

6.  The gas phase distribution control apparatus according to any of claims 1-3, 

comprising a baffle plate arranged between the distribution layer and the filler 

layer so that the filler layer communicates with the upside of the distribution layer 

only through the gas phase channel; and/or 

 a filler grille is provided at the bottom of the filler layer. 

7.  The gas phase distribution control apparatus according to claim 6, wherein 

 the baffle plate is hermetically arranged at the inner side of the hollow circular ring 

and located at a middle position of the hollow circular ring in the axial direction, 
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and/or 

 the porosity of the filler grille is 5%~15%. 

8.  A dividing wall column, comprising the gas phase distribution control apparatus 

according to any of claims 1-7, wherein a dividing wall of the dividing wall 

column is located in the middle section of the column body and extends in the 

axial direction of the column body, and divides the internal space of the column 

body into a common rectifying section above the dividing wall, a feeding section 

on the left side of the dividing wall, a discharging section on the right side of the 

dividing wall, and a common stripping section below the dividing wall, the gas 

phase distribution control apparatus is arranged below the dividing wall, and said 

at least two outlets communicate with the two sides of the dividing wall 

respectively. 

9.  The dividing wall column according to claim 8, wherein 

 the gas phase distribution control apparatus comprises two gas rise channels that 

communicate with said at least two outlets respectively and lead to the two sides 

of the dividing wall respectively; and/or 

 the dividing wall has a multi-layer hollow structure, and the hollow part of the 

dividing wall is filled with an inert gas or heat-insulating material. 

10.  The dividing wall column according to claim 9, wherein the cross-sectional area 

of the gas rise channel is 10%~40% of the cross-sectional area of the column body; 

and/or 

 the cross section of the gas rise channel is rectangular, square or circular. 
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