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DESCRIPTION 

 

TITLE OF INVENTION: METHOD OF PRODUCING (METH)ACRYLIC ACID OR 

ESTER THEREOF 

 5 

TECHNICAL FIELD 

 [0001] 

 The present invention relates to a production method of a (meth)acrylic acid or an 

ester thereof (hereinafter, sometimes referred to as "(meth)acrylic acids").  More specifically, 

the present invention relates to a production method of (meth)acrylic acids, including a step 10 

of, under a reduced pressure created by a pressure reducing device, forming a distillation gas 

from a process liquid containing (meth)acrylic acids and allowing the distillation gas to turn 

into a condensate through a vertical multi-tube heat exchanger, wherein continuous 

production of (meth)acrylic acids is stably performed for a long period of time with 

preventing production and accumulation of a polymerization product in a pressure reduction 15 

system of the vertical multi-tube heat exchanger. 

 [0002] 

 In this connection, the (meth)acrylic acid as used in the present description is a 

collective term for an acrylic acid and a methacrylic acid and may be either one or both 

thereof.  In addition, the (meth)acrylic acids may be only either one of a (meth)acrylic acid 20 

and a (meth)acrylic acid ester or may contain both. 

 

BACKGROUND ART 

 [0003] 

 The (meth)acrylic acids are a compound which is very easy to polymerize, and the 25 

polymerization is promoted in particular under high temperature conditions.  If the 

(meth)acrylic acids are polymerized in the production process thereof, an apparatus and a 

piping equipment are clogged by a solid matter produced by the polymerization and in the 

case of serious clogging, an operation cannot be continued.  In addition, even if operation 

stopping due to clogging of the apparatus and the piping equipment is avoided, for example, 30 

clogging causes many problems such as an increase in the cleaning frequency of the apparatus 
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and piping equipment during normal operation or in the cleaning load at the time of periodic 

maintenance. 

 [0004] 

 To cope with these problems, at the time of distillation of (meth)acrylic acids, a 

polymerization inhibitor is added so as to prevent the polymerization thereof.  However, 5 

many polymerization inhibitors have a low vapor pressure compared with (meth)acrylic acids, 

and the polymerization inhibitor added is often scarcely contained in the gas of volatilized 

(meth)acrylic acids.  Even when the polymerization inhibitor is not contained, since the 

density of (meth)acrylic acids is low in a gas state, it is therefore expected that a 

polymerization reaction does not substantially occur.  However, when the gas is once 10 

condensed and turns into a condensate, the condensate has high possibility of polymerization 

and brings about clogging, etc. of the apparatus.  The apparatus in which the state above is 

most likely produced is a condenser for cooling and condensing a distillate gas from a heating 

distillation apparatus.  Accordingly, various studies have heretofore been made so as to 

prevent (meth)acrylic acids from polymerization in the condenser. 15 

 [0005] 

 For example, Patent Literature 1 has proposed a method of spraying a liquid 

containing a polymerization inhibitor on a condensation surface of a vertical multi-tube heat 

exchanger used as a condenser for cooling and condensing a distillation gas of an easily 

polymerizable compound. 20 

 [0006] 

 In addition, Patent Literature 2 has proposed a method where in the distillation and 

purification of an easily polymerizable compound, at the time of cooling a vapor of the easily 

polymerizable compound through a vertical multi-tube heat exchanger to form a condensate, 

by allowing a portion of the obtained condensate to be circulated to the gas introduction side 25 

of the vertical multi-tube heat exchanger and uniformly spraying the portion of the obtained 

condensate on an upper tube plate to wet the inner surface of a condenser tube (heat transfer 

tube) with the condensate flowing down inside the tube, a distillation gas in an overheated 

state is prevented from coming into direct contact with the condenser tube and producing a 

polymerization product.  In Patent Literature 2, it is stated that a polymerization inhibitor 30 

may be added to the condensate circulated. 
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 [0007] 

 The vertical multi-tube heat exchanger includes, as described later, a tubular body, 

an upper tube plate and a lower tube plate arranged respectively on an upper end side and a 

lower end side of the tubular body, a plurality of heat transfer tubes erected between the upper 

tube plate and the lower tube plate, and lid sections arranged respectively on an upper side of 5 

the upper tube plate and on a lower side of the lower tube plate.  The heat exchanger is 

configured such that an extraction chamber formed by the lower tube plate and the lid section 

on the lower side of the lower tube plate is suctioned via a suction pipe by a pressure reducing 

device, thereby creating a reduced pressure state, and a distillation gas introduced into a 

receiving chamber formed by the upper tube plate and the lid section on the upper side of the 10 

upper tube plate is cooled in the course of passing through the heat transfer tube, turns into a 

condensate, and is discharged from the bottom of the extraction chamber.  In the case of 

spraying a liquid containing a polymerization inhibitor as in Patent Literatures 1 and 2, the 

liquid containing a polymerization inhibitor is sprayed to the inside of the receiving chamber 

into which a distillation gas is introduced. 15 

 

BACKGROUND ART LITERATURE 

PATENT LITERATURE 

 [0008] 

 Patent Literature 1: JP-A-2000-344688  20 

 Patent Literature 2: JP-B-63-11921 

 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

 [0009] 25 

 The conventional vertical multi-tube heat exchanger for cooling and condensing a 

distillation gas of (meth)acrylic acids has the following problem, and this problem could not 

be solved even when a liquid containing a polymerization inhibitor is sprayed into a receiving 

chamber of a vertical multi-tube heat exchanger. 

 [0010] 30 

 More specifically, a portion of mist of a condensate or an uncondensed gas having 
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reached an inside of an extraction chamber after passing through an inside of a heat transfer 

tube (hereinafter, referred to a "condensed mist") flows into a suction pipe due to suction 

created by a pressure reducing device and furthermore, is carried over into the pressure 

reducing device.  The (meth)acrylic acids carried over into a pressure reduction system of 

the vertical multi-tube heat exchanger, such as suction pipe or pressure reducing device, 5 

produce a polymerization product in the pressure reduction system to cause the following 

problems. 

 (1) A pressure reduction system such as a suction pipe or a pressure reducing device 

is clogged with the polymerization product to inhibit pressure reduction by the pressure 

reducing device or increase the amount of energy for pressure reduction. 10 

 (2) In the case of controlling the pressure by an automatic pressure control valve 

(PCV), production of a polymerization product within PCV makes the pressure control 

difficult. 

 (3) A carry over of (meth)acrylic acids into a pressure reduction system causes a 

decrease in the recovery rate (production efficiency) of (meth)acrylic acids. 15 

 (4) A portion of the suction gas in the pressure reduction system is recovered in a 

hot well tank and thereafter, is processed in a neutralization tank and discharged to the outside 

of the system or recycled to the process.  However, for example, in the production of a 

(meth)acrylic acid, an acid gets mixed into the hot well tank, and the amount of an alkali 

agent required for the neutralization increases.  In the case of recycling the gas, a 20 

(meth)acrylic acid can be recovered without using an alkali agent necessary for neutralization. 

 (5) A frequency of cleaning for preventing a polymerization product from inhibiting 

the operation of a pressure reduction system increases. 

 [0011] 

 An object of the present invention is to solve these conventional problems and 25 

provide a production method of (meth)acrylic acids, including a step of, under a reduced 

pressure created by a pressure reducing device, forming a distillation gas from a process 

liquid containing (meth)acrylic acids and allowing the distillation gas to turn into a 

condensate through a vertical multi-tube heat exchanger, wherein continuous production of 

(meth)acrylic acids is stably performed for a long period of time with preventing production 30 

and accumulation of a polymerization product in a pressure reduction system of the vertical 
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multi-tube heat exchanger. 

 

SOLUTION TO PROBLEM 

 [0012] 

 As a result of many intensive studies to solve the problems above, the inventors of 5 

the present invention have found that when a vertical multi-tube heat exchanger having a 

specific configuration of disposing a baffle plate in an extraction chamber is used as the 

vertical multi-tube heat exchanger for condensing a distillation gas of (meth)acrylic acids, etc. 

and a particle diameter of drops of a liquid containing a polymerization inhibitor sprayed into 

a receiving chamber of the vertical multi-tube heat exchanger and a gas flow rate between an 10 

inner wall of a lid section near a junction port of a suction pipe and a baffle plate are set to be 

appropriate values, the above-described object can be attained. 

 [0013] 

 The present invention has been accomplished based on this finding, and the gist 

thereof resides in the following. 15 

 [0014] 

 [1] A production method of a (meth)acrylic acid or an ester thereof, including a step 

of, under a reduced pressure created by a pressure reducing device, forming a distillation gas 

from a process liquid containing a (meth)acrylic acid or an ester thereof and allowing the 

distillation gas to turn into a condensate through a vertical multi-tube heat exchanger, wherein 20 

 the vertical multi-tube heat exchanger has 

 a tubular body,  

 an upper tube plate and a lower tube plate arranged respectively on an upper end 

side and a lower end side of the tubular body, 

 a plurality of heat transfer tubes erected between the upper tube plate and the lower 25 

tube plate,  

 an upper lid section provided on an upper side of the upper tube plate, 

 a lower lid section provided on a lower side of the lower tube plate, 

 a receiving chamber surrounded by the upper tube plate and the upper lid section, 

 an extraction chamber surrounded by the lower tube plate and the lower lid section,  30 

 a junction port provided in the lower lid section, to which a suction pipe connecting 
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the vertical multi-tube heat exchanger and the pressure reducing device is joined, and 

 a baffle plate provided in the extraction chamber and having a vertical plate section 

facing the junction port, and 

 the distillation gas and a liquid containing a polymerization inhibitor are introduced 

into the receiving chamber, the distillation gas is cooled in the course of flowing inside the 5 

heat transfer tube to produce a condensate, and the condensate and uncondensed gas flow into 

the extraction chamber, 

 an area of the vertical plate section of the baffle plate is larger than an opening area 

of the junction port, 

 a top plate section is provided to connect the upper edge of the vertical plate section 10 

and an inner wall of the lower lid section, 

 uncondensed distillation gas within the extraction chamber flows into a relay space 

surrounded by the baffle plate and the inner wall of the lower lid section and flows out to the 

suction pipe from the relay space via the junction port, 

 the liquid containing a polymerization inhibitor is sprayed as drops from an 15 

atomizing nozzle into the receiving chamber, 

 an atomizing nozzle where when water is sprayed from the atomizing nozzle under 

the same conditions as in the case of spraying the liquid containing a polymerization inhibitor 

from the atomizing nozzle into the receiving chamber, the Sauter mean diameter of water 

drops sprayed becomes from 570 to 1,500 m is used as the atomizing nozzle, and 20 

 the average gas flow rate of the uncondensed distillation gas flowing into the relay 

space from the extraction chamber is 15.0 m/s or less. 

 [0015] 

[2] The production method of a (meth)acrylic acid or an ester thereof according to [1], 

wherein 25 

 the vertical plate section is provided substantially in parallel to the junction port;  

 in the baffle plate, 

 a first side plate section connecting one side edge of the vertical plate section and 

the inner wall of the lower lid section and being joined to one side edge of the top plate 

section, and 30 

 a second side plate section connecting another side edge of the vertical plate section 
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and the inner wall of the lower lid section and being joined to another side edge of the top 

plate section, are provided; and 

 the baffle plate is configured such that the uncondensed distillation gas flows from 

the baffle plate’s lower surface side into the relay space. 

 [0016] 5 

[3] The production method of a (meth)acrylic acid or an ester thereof according to [2], 

wherein when the junction port is projected in a direction perpendicular to the inner wall of 

the lower lid section onto the vertical plate section, the shortest distance between an outer 

circumference of a projected image and an outer circumference of the vertical plate section is 

50 mm or more. 10 

 [0017] 

[4] The production method of a (meth)acrylic acid or an ester thereof according to [2] 

or [3], wherein a small opening is provided in at least one of the first side plate section and the 

second side plate section and the uncondensed distillation gas flows also from the small 

opening into the relay space. 15 

 [0018] 

[5] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [4], wherein an extension strip hanging from the lower edge of the vertical plate 

section and extending with inclining to approach toward the lower lid section on the lower 

side of the junction port is provided. 20 

 [0019] 

[6] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [5], wherein the baffle plate is configured such that the uncondensed distillation 

gas flows from the baffle plate’s lower surface portion and both side surface portions into the 

relay space. 25 

 [0020] 

[7] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [6], wherein the lower lid section has a substantially vertical surface and the 

junction port is provided in the substantially vertical surface. 

 [0021] 30 

[8] The production method of a (meth)acrylic acid or an ester thereof according to any 
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one of [1] to [7], wherein the pressure reducing device is a steam ejector. 

 [0022] 

[9] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [8], wherein a downwardly inclined section toward the junction port is provided 

in the suction pipe. 5 

 [0023] 

[10] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [9], wherein the exterior surface of the suction pipe is kept warm with a heat-

insulating material. 

 [0024] 10 

[11] The production method of a (meth)acrylic acid or an ester thereof according to any 

one of [1] to [10], wherein the exterior surface of the suction pipe is warmed by steam tracing 

or electric tracing. 

 

EFFECTS OF INVENTION 15 

 [0025] 

 According to the present invention, in a production method of (meth)acrylic acids, 

including a step of, under a reduced pressure created by a pressure reducing device, forming a 

distillation gas from a process liquid containing (meth)acrylic acids and allowing the 

distillation gas to turn into a condensate through a vertical multi-tube heat exchanger, 20 

continuous production of (meth)acrylic acids can be stably performed for a long period of 

time based on the following actions and effects with preventing production and accumulation 

of a polymerization product in a pressure reduction system of the vertical multi-tube heat 

exchanger. 

 (1) Since the pressure reduction system can be prevented from clogging with a 25 

polymerization product, the degree of pressure reduction can be more efficiently increased by 

a pressure reducing device though a suction pipe and at the same time, the amount of energy 

for pressure reduction can be reduced. 

 (2) Pressure control by an automatic pressure control valve (PCV) can be smoothly 

performed. 30 

 (3) A recovery rate (production efficiency) of (meth)acrylic acids can be increased 
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by preventing carry over of (meth)acrylic acids into a pressure reduction system. 

 (4) An amount of an alkali agent required for neutralization of a recovered liquid in 

a hot well tank can be decreased. 

 (5) The operation stopping period or labors for cleaning can be reduced by 

decreasing cleaning frequency. 5 

 

BRIEF DESCRIPTION OF DRAWINGS 

 [0026] 

 [Fig. 1] Fig. 1 is a schematic system diagram illustrating one example of an 

embodiment of the production method of (meth)acrylic acids according to the present 10 

invention. 

 [Fig. 2] Fig. 2 is a schematic system diagram illustrating the vertical multi-tube 

heat exchanger used in the present invention and its pressure reduction system. 

 [Fig. 3] Fig. 3 is a perspective diagram illustrating one embodiment of the baffle 

plate of the vertical multi-tube heat exchanger of Fig. 2. 15 

 [Fig. 4] Fig. 4 is a perspective diagram of one embodiment of the baffle plate. 

 [Fig. 5] Fig. 5 is an exploded perspective diagram of one embodiment of the 

baffle plate. 

 [Fig. 6] Fig. 6 is a perspective diagram of one embodiment of the baffle plate. 

 [Fig. 7] Fig. 7 is an exploded perspective diagram of one embodiment of the 20 

baffle plate. 

 [Fig. 8] Fig. 8 is a right-side view of the baffle plate of Fig. 6. 

 [Fig. 9] Fig. 9 is a left-side view of the baffle plate of Fig. 6. 

 [Fig. 10] Fig. 10 is a bottom view of the baffle plate of Fig. 6. 

 [Fig. 11] Fig. 11 is a diagram explaining a dimension of the baffle plate of Fig. 6. 25 

 

DESCRIPTION OF EMBODIMENTS 

 [0027] 

 The embodiments of the production method of (meth)acrylic acids of the present 

invention are described in detail below by referring to the drawings.  However, the present 30 

invention is not limited by any means to the contents in the following description and can be 
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implemented by making various changes within the scope of the gist of the present invention. 

 [0028] 

 In the following, although an embodiment of condensing a distillation gas of acrylic 

acid is described, the present invention is not limited to an acrylic acid and can be widely 

applied to the condensation of a distillation gas of (meth)acrylic acids. 5 

 [0029] 

 Furthermore, in the following, numerical values provided to the dimension of each 

section of the vertical multi-tube heat exchanger are exemplary only as a vertical multi-tube 

heat exchanger used in general-purpose commercial facilities, and the dimension of each 

section of the vertical multi-tube heat exchanger according to the present invention is not 10 

limited by any means to those described below. 

 [0030] 

 In the present invention, the "substantially in parallel" encompasses a 10  tilt range 

with respect to parallelism, and the "substantially vertical surface" encompasses a 10  tilt 

range with respect to a vertical surface. 15 

 [0031] 

 Furthermore, in the present invention, "upper" means a direction opposite to the 

gravity direction, and "lower" means the gravity direction. 

 [0032] 

 The present invention is a production method of a (meth)acrylic acid or an ester 20 

thereof, including a step of, under a reduced pressure created by a pressure reducing device, 

forming a distillation gas from a process liquid containing a (meth)acrylic acid or an ester 

thereof and allowing the distillation gas to turn into a condensate through a vertical multi-tube 

heat exchanger. 

 [0033] 25 

 Fig. 1 is a schematic system diagram illustrating one example of the embodiment of 

the production method of (meth)acrylic acids according to the present invention.  Fig. 2 is a 

schematic system diagram illustrating the vertical multi-tube heat exchanger used in the 

present invention and its pressure reduction system.  Fig. 3 is a perspective diagram 

illustrating one embodiment of the baffle plate of the vertical multi-tube heat exchanger of 30 

Fig. 2. 
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 [0034] 

 In this connection, Fig. 1 illustrates a case where a high-temperature distillation gas 

of crude acrylic acid from a distillation column 1 is directly introduced into the vertical multi-

tube heat exchanger 20 and condensed.  However, the present invention is not limited by any 

means to such an embodiment and can also be applied, for example, to an embodiment where 5 

a relatively low-temperature uncondensed gas obtained after partially condensing a high-

temperature distillation gas from a distillation column 1 by a heat exchanger (condenser) 

provided in a stage prior to the vertical multi-tube heat exchanger 20 is further condensed by 

the vertical multi-tube heat exchanger 20. 

 [0035] 10 

 Fig. 1 illustrates, in the process of producing an acrylic acid, a high-purity acrylic 

acid distillation step of feeding a crude acrylic acid obtained through a reaction step and a 

purification step of an acrylic acid to a distillation column 1 and separating by distillation into 

an acrylic acid and a high-boiling-point impurity.  In Fig. 1, the distillation column 1 

includes, as inserts, a regular filler 2 in a concentration section, an irregular filler 3 in an 15 

upper recovery section, and under the irregular filler 3, plates 4 having perforated plates 

without weir.  A crude acrylic acid solution containing an extraction solvent is fed to the 

distillation column 1 by a feed line 5.  An acrylic acid vapor separated by a column top gas 

line 6 is cooled and condensed by the vertical multi-tube heat exchanger 20 and recovered in a 

reflux tank 7.  A portion of the recovered acrylic acid is circulated to a column top section of 20 

the distillation column 1 by a reflux line 8, another portion is circulated as a spray liquid to an 

upper part of the vertical multi-tube heat exchanger 20, and the remainder is sent to a high-

purity acrylic acid product tank (not illustrated) by a remainder line 9.  The column bottom 

liquid of the distillation column 1 is heated in a reboiler 11 after passing through a circulation 

line 10 and then circulated to the distillation column 1.  A portion of the column bottom 25 

liquid containing high-boiling-point compounds is recovered from a withdrawal line 12. 

 [0036] 

 The outer peripheries of the distillation column 1 and the column top gas line 6 are 

warmed by means of an electric heater or a steam pipe (steam tracing) and further kept warm 

with a heat-insulating material so as to prevent the withdrawn distillation gas from 30 

condensing halfway.  In addition, the column top gas line 6 is downwardly inclined toward 
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the distillation column 1 side so that even if a condensate is produced, the condensate cannot 

stay inside. 

 [0037] 

 A temperature of the distillation gas of crude acrylic acid fed to the vertical multi-

tube heat exchanger 20 is usually on the order of 50 to 110 C.  However, as described above, 5 

in the case of partially condensing the distillation gas by a heat exchanger (condenser) 

provided separately in a stage prior to the vertical multi-tube heat exchanger 20, the 

temperature of the uncondensed gas fed to the vertical multi-tube heat exchanger 20 is 

approximately from 15 to 50 C. 

 [0038] 10 

 The vertical multi-tube heat exchanger 20 has a tubular body 21 and upper and 

lower lid sections 22a and 22b provided at its both ends and has a plurality of heat transfer 

tubes 23 inside the tubular body 21. 

 [0039] 

 More specifically, as illustrated in Fig. 2, the vertical multi-tube heat exchanger 20 15 

has a tubular body 21 disposed such that the axial direction runs in the vertical direction, 

upper and lower tube plates 24a and 24b arranged respectively on the upper end side and the 

lower end side of the tubular body 21 such that the plate surface runs in the horizontal 

direction, a plurality of heat transfer tubes 23 erected in the vertical direction between the 

upper tube plate 24a and the lower tube plate 24b by fixing respective tube end parts to the 20 

upper tube plate 24a and the lower tube plate 24b, and domed upper and lower lid sections 

22a and 22b arranged respectively on the upper side of the upper tube plate 24a and on the 

lower side of the lower tube plate 24b, and a receiving chamber 25 and an extraction chamber 

26 are formed respectively in a space between the upper tube plate 24a and the upper lid 

section 22a and in a space between the lower tube plate 24b and the lower lid section 22b. 25 

 [0040] 

 As illustrated in Fig. 2, a junction port 31A of a suction pipe 31 is provided in the 

side wall section of the lower lid section 22b.  A suction pipe 31 coupled with a steam 

ejector 30 serving as a pressure reducing device is connected to the junction port 31A and is 

configured to reduce the pressure in the extraction chamber 26 by a suction effect of steam 30 

from a steam pipe 32.  A gas suctioned by the steam ejector 30 is cooled in a condenser 33, 
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and a vent gas is discharged through a discharge pipe 34 to the outside of the system. 

 [0041] 

 On the other hand, a condensate cooled and liquefied in a condenser 33 is recovered 

and accumulated in a hot well tank 36 through a pipe 35, then fed to a neutralization tank (not 

illustrated), neutralized and thereafter, discharged to the outside of the system.  Air is 5 

introduced into the suction pipe 31 through a pipe 38 via a pressure control valve 37, and a 

degree of pressure reduction created by the steam ejector 30 is thereby adjusted.  In this 

connection, the pressure regulation by the pressure control valve 37 includes a case of 

suctioning air through the pipe 38 as illustrated in Fig 2 and a case of recycling the gas at the 

steam ejector 30 outlet. 10 

 [0042] 

 In the extraction chamber 26 of the vertical multi-tube heat exchanger 20, a baffle 

plate 27 having a vertical plate section 27A facing the junction port 31A of the suction pipe 31 

is provided. 

 [0043] 15 

 An inflow port 21b for a cooling medium (cooling water) is provided in the lower 

part of the side wall between the upper tube plate 24a and the lower tube plate 24b of the 

tubular body 21, and an outflow port 21a is provided in the upper part.  As a result of suction 

and pressure reduction created by the steam ejector 30, a distillation gas containing an acrylic 

acid as a main component, which has been introduced into the receiving chamber 25 through 20 

an inflow port 22A provided in the upper part of the upper lid section 22a of the vertical 

multi-tube heat exchanger 20, is cooled in the course of flowing down inside the heat transfer 

tube 23 by the cooling medium flowing outside the heat transfer tube 23 to produce a 

condensate.  The condensate is recovered the reflux tank 7 illustrated in Fig. 1 from an 

outflow port 22B provided in the lower part of the lower lid section 22b through the 25 

extraction chamber 26 formed in a space between the lower tube plate 24b and the lower lid 

section 22b.  As described above, a portion of the condensate is circulated to the column top 

section of the distillation column 1, another portion is circulated to the receiving chamber 25 

side of the vertical multi-tube heat exchanger 20 by a circulation line 17, and the remainder is 

sent to a high-purity acrylic acid product tank (not illustrated) by a remainder line 9.  A 30 

solution containing a polymerization inhibitor is fed to the circulation line 17 through a 
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polymerization inhibitor feed line 18, and a high-purity acrylic acid circulating liquid 

containing a polymerization inhibitor (hereinafter, referred to as "liquid containing a 

polymerization inhibitor") is fed into the receiving chamber 25 of the vertical multi-tube heat 

exchanger 20. 

 [0044] 5 

 Although a form of feed of the liquid containing a polymerization inhibitor to the 

receiving chamber 25 is not particularly limited, the liquid containing a polymerization 

inhibitor is preferably fed to achieve full contact with a distillation gas introduced into the 

receiving chamber 25.  For example, the liquid containing a polymerization inhibitor is 

preferably sprayed like mist throughout the interior of the receiving chamber 25 from an 10 

atomizing nozzle 28 inserted into the central part of the receiving chamber 25 from the upper 

lid section 22a so as to increase a contact area of the liquid containing a polymerization 

inhibitor with the distillation gas as much as possible and also to spread the liquid containing 

a polymerization inhibitor all over the upper tube plate 24a. 

 An uncondensed distillation gas that has not been condensed in the course of 15 

flowing down inside the heat transfer tube 23 flows into the extraction chamber 26, flows into 

the later-described relay space 27T, and flows out of the relay space 27 T to the suction pipe 

31 via the junction port 31A. 

 [0045] 

 Fig. 3 is a perspective diagram illustrating one embodiment of the baffle plate 27 20 

provided in the extraction chamber 26 of the vertical multi-tube heat exchanger 20 of Fig. 2.  

The baffle plate 27 has a vertical plate section 27A and a top plate section 27B and preferably 

has a first side plate section 27C and a second side plate section 27D. 

 [0046] 

 The vertical plate section 27A is preferably provided such that the plate surface 25 

faces the junction port 31A of the suction pipe 31 bored through the lower lid section 22b 

(namely, the opening section of the suction pipe 31 toward the lower lid section 22b) and runs 

substantially in parallel to the junction port 31A with a predetermined spacing. 

 [0047] 

 The top plate section 27B is provided such that the base end side combines with the 30 

inner wall of the lower lid section 22b and the distal end side combines with the upper end of 
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the vertical plate section 27A. 

 [0048] 

 The first side plate section 27C is provided such that one side edge part combines 

with one side edge part of the vertical plate section 27A, another side edge part combines with 

the inner wall of the lower lid section 22b, and the upper edge part combines with one side 5 

edge part of the top plate section 27B. 

 [0049] 

 The second side plate section 27D is provided such that one side edge part 

combines with another side edge part of the vertical plate section 27A, another side edge part 

combines with the inner wall of the lower lid section 22b, and the upper edge part combines 10 

with another side edge part of the top plate section 27B. 

 [0050] 

 The relay space 27T with the lower surface being opened (Fig. 4, Fig. 7) is formed 

by the baffle plate 27 and the inner wall of the lower lid section 22b.  In this embodiment, 

the top plate section 27B is an inclined plate downwardly inclining from the base end side 15 

toward the distal end side. 

 [0051] 

 In the present invention, an area of the plate surface of the vertical plate section 27A 

is larger than an opening area of the junction port 31A (corresponding to an opening area of 

the suction pipe 31).  In addition, when the junction port 31A is projected in a direction 20 

perpendicular to the inner wall of the lower lid section 22b onto the vertical plate section 27A, 

a shortest distance between the outer circumference of the projected image (in Fig. 3, the 

circle 31B denoted by the dashed-dotted line) of the junction port 31A formed in the vertical 

plate section 27A and the outer circumference of the plate surface of the vertical plate section 

27A (hereinafter, this distance is sometimes simply referred to as "dimensional difference L") 25 

is preferably 50 mm or more.  In other words, all of L1, L2, L3 and L4 in Fig. 3 are preferably 

50 mm or more. 

 [0052] 

 If the dimensional difference L is less than 50 mm, the baffle plate 27 cannot 

sufficiently prevent the inflow of condensed mist or uncondensed gas into the suction pipe 31, 30 

and a polymerization product may be formed within the polymerization system. 
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 [0053] 

 From the viewpoint of preventing formation of a polymerization product in the 

polymerization system, the dimensional difference L is preferably larger and in particular 

preferably 55 mm or more.  On the other hand, if the dimensional difference L is excessively 

large, condensation of the gas may occur due to a reduction in the gas flow rate.  In addition, 5 

in view of restriction on the space size of the extraction chamber 26 of the vertical multi-tube 

heat exchanger 20, the dimensional difference L is usually 100 mm or less and among others, 

is preferably 95 mm or less. 

 [0054] 

 In this connection, although in the baffle plate 27 illustrated in Fig. 3, the top plate 10 

section 27B is an inclined plate, the top plate section 27B may be provided in a horizontal 

direction.  However, as illustrated in Fig. 3, when the section above is an inclined plate 

forming such a downward slope that the angle between the top plate section 27B and the 

vertical plate section 27A is approximately from 100 to 130 , this is advantageous in that 

condensed mist on the top plate section 27B can smoothly flow down to the outflow port 22B 15 

side of the extraction chamber 26. 

 [0055] 

 In the present invention, from the viewpoint of preventing the liquid retention, the 

junction port 31A of the suction pipe 31 is preferably provided in a substantially vertical 

direction.  The side wall portion of the lower lid section 22b of the vertical multi-tube heat 20 

exchanger 20 has a portion forming a substantially vertical surface, and for the reason above, 

the junction port 31A is preferably provided in this substantially vertical side wall section. 

 [0056] 

 Although Fig. 3 illustrates an example where the vertical plate section 27A of the 

baffle plate 27 is square-shaped, he vertical plate section of the baffle plate is sufficient if the 25 

dimensional difference L is 50 mm or more, and the shape thereof is not limited to a square 

and may be circle or other shapes. 

 [0057] 

 With respect to the top plate section 27B, its dimension in the width direction is 

preferably equal to that of the vertical plate section 27A.  Usually, the vertical plate section 30 

27A, top plate section 27B, first side plate section 27C and second side plate section 27D of 



17 

the baffle plate 27 are prepared by processing a plate material composed of a stainless steel 

(e.g., SUS304, SUS304L, SUS316, SUS316L) and fixed to the side wall section of the lower 

lid section 22b of the vertical multi-tube heat exchanger 20 by welding, etc. 

 [0058] 

 From the viewpoint of more unfailingly preventing inflow of condensed mist or 5 

uncondensed gas into the pressure reduction system by providing a baffle plate 27, the baffle 

plate 27 is preferably provided at such a position that the area of the opening section of the 

baffle plate 27 (the area of the lower surface potion of the baffle plate 27 in Fig. 3) becomes 

approximately from 2 to 3 times the area of the junction port 31A (opening area of the suction 

pipe 31) and the above-described projected image of the junction port 31A in the vertical plate 10 

section 27A is formed at the center of the plate surface of the vertical plate section 27A. 

 [0059] 

 In addition, the distance (distance W in Fig. 2) between the vertical plate section 

27A of the baffle plate 27 and the junction port 31A is sufficient if it is a distance enabling to 

obtain the later-described gas flow rate within the baffle plate, and although it varies 15 

depending on, for example, the size of the vertical plate section 27A of the baffle plater 27 or 

the inner diameter of the vertical multi-tube heat exchanger 20, the distance is usually equal to 

the diameter of the junction port 31A (the diameter is the bore of the suction pipe 31 and is 

usually on the order of 100 to 500 mm). 

 [0060] 20 

 Using a vertical multi-tube heat exchanger configured as above, a liquid containing 

a polymerization inhibitor is sprayed as drops having a particle diameter within a 

predetermined range from an atomizing nozzle into the receiving chamber of the vertical 

multi-tube heat exchanger. 

 [0061] 25 

 In the present invention, an atomizing nozzle where when water is sprayed from the 

atomizing nozzle under the same conditions as in the case of spraying a liquid containing a 

polymerization inhibitor from the atomizing nozzle into the receiving chamber, the Sauter 

mean diameter of water drops sprayed becomes from 570 to 1,500 m is used (since the 

conditions are the same, the atomizing nozzle diameter, spray angle, feed pressure to nozzle, 30 

and feed amount are of course the same).  In this connection, this average particle diameter 
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of water drops measured using water is substantially the same as the average particle diameter 

of drops of the liquid containing a polymerization inhibitor which are sprayed from the 

atomizing nozzle and therefore, the average particle diameter of sprayed water drops 

measured using water is hereinafter referred to as the particle diameter of sprayed drops of the 

liquid containing a polymerization inhibitor. 5 

 [0062] 

 If the particle diameter of sprayed drops of the liquid containing a polymerization 

inhibitor is less than 570 m, the liquid drop or the condensed mist or uncondensed gas 

together with the liquid drop is likely to flow into the suction pipe from the junction port of 

the suction pipe. 10 

 [0063] 

 Namely, as a result of many studies to attain the object of the present invention, the 

present inventors have found that drops of liquid containing a polymerization inhibitor which 

is sprayed like mist turn into a liquid in the process of flowing down inside the heat transfer 

tube from the upper tube plate but thereafter, when discharged from the lower tube plate, the 15 

liquid again returns to liquid drops having the same particle diameter as the liquid drops 

sprayed and reaches the extraction chamber.  In addition, the present inventors have found 

that if the particle diameter of the drops of the liquid containing a polymerization inhibitor in 

the extraction chamber is small, the liquid drops as well as the condensed mist or 

uncondensed gas entrained with the liquid drop are likely to flow into the suction pipe from 20 

the junction port. 

 [0064] 

 From this viewpoint, the particle diameter of sprayed drops of the liquid containing 

a polymerization inhibitor is preferably larger.  However, since it is difficult to excessively 

increase the particle diameter of liquid drops, the particle diameter of the liquid drops is 25 

preferably from 600 to 1,500 m, particularly on the order of 700 to 1,000 m. 

 [0065] 

 The liquid containing a polymerization inhibitor can be sprayed as drops having 

such a particle diameter by selecting and using a commercially available spray nozzle having 

the capability of spraying liquid drops with such a particle diameter. 30 
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 [0066] 

 Furthermore, in the present invention, it is an essential requirement that an average 

gas flow rate (hereinafter, sometimes referred to as "gas flow rate") of the gas flowing into the 

relay space 27T from the extraction chamber 26 is 15.0 m/s or less. 

 [0067] 5 

 The average gas flow rate is calculated by dividing the gas flow rate by an opening 

area.  The gas flow rate can be calculated using a pressure reducing capacity of a steam 

ejector, etc., an amount of air fed to a reboiler, etc., a vapor amount calculated from a vapor 

pressure of an acrylic acid, etc. at a pressure and temperature in the extraction chamber, and 

an amount of outside air leaked into the multi-tube heat exchanger, etc. under a reduced 10 

pressure. 

 [0068] 

 If the gas flow rate exceeds 15.0 m/s, condensed mist or uncondensed gas is likely 

to flow into the suction pipe from the junction port.  In order to unfailingly prevent the 

condensed mist or uncondensed gas from flowing into the suction pipe, the gas flow rate is 15 

preferably 14.0 m/s or less, and particularly preferably 13.5 m/s or less.  However, if the gas 

flow rate is too small, the inside of the vertical multi-tube heat exchanger may be unable to 

create sufficient pressure reduction conditions.  Therefore, the lower limit of the gas flow 

rate is, usually, preferably 3 m/s or more. 

 [0069] 20 

 In the case of the baffle plate 27, the gas flow rate is a value V/A (m/s) obtained by 

dividing the flow rate (N-m3/s) V of the gas flowing out from the junction port 31A by the 

area A (m2) of the opening section in the lower part of the baffle plate 27. 

 [0070] 

 The gas flow rate can be made to fall in the above-described preferable range by 25 

determining the size of the opening section in the lower part of the baffle plate 27 according 

to the gas flow rate. 

 [0071] 

 Although in the embodiment above, the baffle plate 27 has a bottomless box shape 

in which the upper surface, the front surface (surface in front of the junction port 31A, 30 

hereinafter the same) and both of the right and left-side surfaces are closed and the lower part 
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is opened, in the present invention, a baffle plate having other shapes may be used.  Figs. 4 

and 5 and Figs. 6 to 11 illustrate an example thereof. 

 [0072] 

 The baffle plate 27' of Figs. 4 and 5 has a vertical plate section 27A and a top plate 

section 27B, and the left-side surface, the right-side surface and the lower part are opened.  5 

In this connection, the vertical plate section 27A and the top plate section 27B are fixed to a 

frame 27f.  The gas inside the lower lid section 22b flows out from the junction port 31A 

through the left-side surface, right-side surface and opening section in the lower part of the 

baffle plate 27' via the inside of the relay space 27T. 

 [0073] 10 

 In this case, the opening area of the inflow section into the baffle plate 27' is the 

total of the area of opening section in the left-side surface, the area of the opening section in 

the right-side surface, and the area of the opening section in the lower part, of the baffle plate 

27'. 

 [0074] 15 

 Figs. 6 to 11 illustrate a baffle plate 27".  Fig. 6 is a perspective diagram of the 

baffle plate 27".  Fig. 7 is an exploded perspective diagram of the baffle plate 27".  Fig. 8 is 

a right-side view of the baffle plate 27".  Fig. 9 is a left-side view of the baffle plate of Fig. 

27".  Fig. 10 is a bottom view of the baffle plate 27".  Fig. 11 is a diagram explaining a 

dimension of the baffle plate 27". 20 

 [0075] 

 The baffle plate 27" has a vertical plate section 27A, a top plate section 27B, a first 

side plate section 27C, a second side plate section 27D, small openings 27m and 27n each 

provided in the vertical direction at the front part of at least one of the first side plate section 

27C and the second side plate section 27D, and an extension strip 27E hanging from the lower 25 

edge of the vertical plate section 27A and extending with inclination toward the lower lid 

section 22b inner wall on the lower side of the junction port 31A. 

 [0076] 

 The gas inside the lower lid section 22b flows to the junction port 31A from the 

lower part, small opening 27m and small opening 27n of the baffle plate 27" through the 30 

inside of the relay space 27T. 
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 [0077] 

 In this case, the opening area of the inflow section into the baffle plate 27" is the 

total of the areas A1 and A4 depicted in Figs. 8 and 11, the areas A2 and A5 depicted in Fig. 9, 

and the area A3 depicted in Fig. 10.  A4 and A5 are opening areas of the small opening 27m 

and small opening 27n. 5 

 [0078] 

 The area A1 is, as illustrated in Fig. 11, the area of a trapezoid having an upper edge 

a, a lower edge b, and a height c.  The lower edge b is a line of intersection with a horizontal 

plane P when the first side plate section 27C is extended onto the horizontal plane P. 

 [0079] 10 

 The baffle plate 27" has a bilaterally symmetrical shape, and the area A2 is equal to 

the area A1. 

 [0080] 

 The area A3 is the area of a trapezoid having a lower edge e of the extension strip 

27E, a line segment f connecting rear ends of the first side plate section 27C and the second 15 

side plate 27D, and a distance h between the lower edge e and the line segment f. 

 [0081] 

 Here, in the present invention, the degree of pressure reduction created by a 

pressure reducing device such as a steam ejector preferably on the order of 1 to 80 kPaA in 

terms of the pressure of the reflux tank 7. 20 

 [0082] 

 As the pressure reducing device, a vacuum pump, etc. may be used, other than a 

steam ejector.  However, in view of long-term continuous operation, a steam ejector is 

preferred. 

 [0083] 25 

 According to the present invention, the above-described baffle plate configuration, 

the particle diameter of sprayed drops of the liquid containing a polymerization inhibitor, and 

the gas flow rate inside the baffle plate are made to fall within the ranges of the present 

invention, so that inflow of condensed mist or uncondensed gas into the suction pipe can be 

sufficiently prevented.  In this connection, an inclined section having a downward slope 30 

(sloping downwardly) toward the junction pipe may be provided in the suction pipe so that 
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when condensed mist or uncondensed gas has flowed into the suction pipe due to some 

conditional change and turned into a condensate, the condensate within the suction pipe can 

be caused to flow down and return to the extraction chamber side of the vertical multi-tube 

heat exchanger. 

 [0084] 5 

 In addition, the exterior surface of the suction pipe is preferably kept warm with a 

heat-insulating material or warmed by steam tracing or electric tracing so as to prevent the 

production and accumulation of a polymerization product within the suction pipe. 

 [0085] 

 As illustrated in Fig. 1, out of the condensate withdrawn from the lower part of the 10 

vertical multi-tube heat exchanger, the amount of the high-purity acrylic acid circulating 

liquid which is circulated to the receiving chamber side of the vertical multi-tube heat 

exchanger is, in view of the polymerization preventing effect due to circulation of the high-

purity acrylic acid circulating liquid and the production efficiency, preferably on the order of 

3 to 70 mass% of the condensate withdrawn from the lower part of the vertical multi-tube heat 15 

exchanger.  In this connection, the temperature of the condensate is, usually, approximately 

from 20 to 60 C. 

 [0086] 

 However, in the present invention, the liquid containing a polymerization inhibitor 

introduced into the receiving chamber of the vertical multi-tube heat exchanger may not be a 20 

solution formed by circulating a part of the condensate from the lower part of the heat 

exchanger and may be a solution obtained by adding a polymerization inhibitor to the solution 

containing high-purity acrylic acid from other systems. 

 [0087]  

 As the polymerization inhibitor, all of the polymerization inhibitors conventionally 25 

employed for the production of (meth)acrylic acids can be used, and one member or two or 

more members of, for example, phenols such as hydroquinone and hydroquinone monomethyl 

ether, amines such as phenothiazine and diphenylamine, heavy metal salts such as copper 

dibutyldithiocarbamate and manganese acetate, a nitroso compound, a nitro compound, and 

aminoxyls such as tetramethylpiperidinoxyl derivative, may be used. 30 
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 [0088] 

 The concentration of the polymerization inhibitor in the liquid containing a 

polymerization inhibitor is preferably on the order of 10 to 2,000 ppm from the viewpoint of 

sufficiently obtaining the polymerization preventing effect due to the addition of a 

polymerization inhibitor and furthermore, preventing the problem in the post process, such as 5 

precipitation. 

 

EXAMPLES 

 [0089] 

 The present invention is described in greater detail below by referring to Examples.  10 

However, the present invention is not limited to the following Examples. 

 [0090] 

[Example 1] 

 Crude acrylic acid obtained by using propylene as a raw material through a reaction 

step of performing a catalytic gas phase oxidation reaction and a purification step was fed to a 15 

distillation column 1 illustrated in Fig. 1, and distillation of acrylic acid was continuously 

performed.  A column top pressure of the distillation column 1 and a reflux ratio were set to 

be 2.4 kPaA and 1.2, respectively, and acrylic acid vapor distilled out of the column top was 

fed to a vertical multi-tube heat exchanger 20 having a configuration illustrated in Fig. 2. 

 [0091] 20 

 As the vertical multi-tube heat exchanger 20, a heat exchanger having 225 SUS304-

made heat transfer tubes with an inside diameter of 1 inch was used.  A feed temperature of 

cooling water was from 15 to 19 C, and a temperature of a condensed high-purity acrylic acid 

was from 30 to 33 C.  Approximately from 5 to 10 mass% of the condensate was circulated 

to the receiving chamber 25 side.  To the circulating liquid, an acrylic acid solution of 25 

hydroquinone monomethyl ether was added as a polymerization inhibitor such that the 

hydroquinone monomethyl ether concentration becomes about 200 ppm.  An atomizing 

nozzle 28 was provided on the tip of the circulation line in order for the circulating liquid to 

spread all over the upper tube plate 24a. 

 [0092] 30 

 As illustrated in Fig. 2, an inside of an extraction chamber 26 of the vertical multi-
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tube heat exchanger 20 was suctioned via a suction pipe 31 by a steam ejector 30 so as to 

cause the degree of pressure reduction in a reflux tank 7 to become 2.4 kPaA. 

 [0093] 

 A side wall section having a junction port 31A of the suction pipe 31 in the lower 

lid section 22b was provided in the vertical direction, and a baffle plate 27 having the shape 5 

illustrated in Fig. 3 was provided to face the junction port 31.  A bore of the suction pipe 31 

was 150 mm, and an opening area in the lower part of the baffle plate 27 was 39,000 mm2. 

 [0094] 

 The baffle plate 27 was made of SUS304, and the specification thereof is as 

follows. 10 

 [0095] 

 Top plate section: 260 mm 173 mm, an inclined plate of 120  

 Vertical plate section: 260 mm 260 mm, a vertical plate 

 Distance W between vertical the plate section and the junction port: 150 mm 

 Side plate section: A trapezoid having an upper edge of 173 mm, a vertical plate-15 

side side edge of 260 mm, a bottom edge of 150 mm, and a lid section inner wall-side side 

edge of about 347 mm 

 Dimensional difference L1: 55 mm 

 Dimensional difference L2: 55 mm 

 Dimensional difference L3: 55 mm 20 

 Dimensional difference L4: 55 mm 

 [0096] 

 A nozzle manufactured by Niikura Kogyo Co., Ltd. was used as the atomizing 

nozzle 28, and drops having a particle diameter of 950 m of a liquid containing a 

polymerization inhibitor were sprayed. 25 

 [0097] 

 The gas flow rate within the baffle plate was 13.3 m/s 

 [0098] 

 Distillation was performed in this way, as a result, a problem such as production of 

a polymerization product was not caused in the pressure reduction system of the vertical 30 

multi-tube heat exchanger 20 even after the elapse of 120 days from the start of operation, and 
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the operation could be stably continued. 

 [0099] 

[Comparative Example 1] 

 Distillation was performed in the same manner except that in Example 1, the 

dimensional differences L1 to L4, the gas flow rate within the baffle plate, and the particle 5 

diameter of sprayed liquid drops were changed as follows.  As a result, the number of days 

for which the operation can be stably continued was 10 days. 

 [0100] 

 Dimensional difference L1: 40 mm 

 Dimensional difference L2: 40 mm 10 

 Dimensional difference L3: 40 mm 

 Dimensional difference L4: 40 mm 

 Gas flow rate within the baffle plate: 15.4 m/s 

 Particle diameter of sprayed liquid drops: 550 m 

 [0101] 15 

[Comparative Example 2] 

 Distillation was performed in the same manner except that in Example 1, the 

particle diameter of sprayed drops of the liquid containing a polymerization inhibitor was 

changed to 550 m.  As a result, the number of days for which the operation can be stably 

continued was 30 days. 20 

 [0102] 

 While the invention has been described in detail and with reference to specific 

embodiments thereof, it will be apparent to one skilled in the art that various changes and 

modifications can be made therein without departing from the spirit and scope of the 

invention.  This application is based on Japanese Patent Application (Patent Application No. 25 

2018-007446) filed on January 19, 2018 and Japanese Patent Application (Patent Application 

No. 2019-003553) filed on January 11, 2019, the contents of which are incorporated herein by 

way of reference. 
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REFERENCE SIGNS LIST 

 [0103] 

1: Distillation column 

2: Regular filler  

3: Irregular filler 5 

4: Plates 

5: Feed line 

6: Column top gas line 

7: Reflux tank 

8: Reflux line 10 

9: Remainder line 

10: Circulation line 

11: Reboiler 

12: Withdrawal line 

17: Circulation line 15 

18: Polymerization inhibitor feed line 

20: Vertical multi-tube heat exchanger 

21: Tubular body 

22A: Inflow port 

22B: Outflow port 20 

21a: Outflow port 

21b: Inflow port 

22a: Upper lid section 

22b: Lower lid section 

23: Heat Transfer tube  25 

24a: Upper tube plate 

24b: Lower tube plate 

25: Receiving chamber 

26: Extraction chamber  

27, 27', 27": Baffle plate 30 

27A: Vertical plate section 
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27B: Top plate section 

27C: First side plate section 

27D: Second side plate section 

27E: Extension strip 

27T: Relay space 5 

27f: Frame 

27m, 27n: Small opening 

28: Atomizing nozzle 

30: Steam ejector 

31: Suction pipe 10 

31A: Junction port 

31B: Circle 

32: Steam pipe 

33: Condenser 

34: Discharge pipe 15 

35: Pipe 

36: Hot well tank 

37: Pressure control valve 

38: Pipe 

P: Horizontal plane 20 
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CLAIMS 

 

[Claim 1] 

 A production method of a (meth)acrylic acid or an ester thereof, comprising a step 

of, under a reduced pressure created by a pressure reducing device, forming a distillation gas 5 

from a process liquid containing a (meth)acrylic acid or an ester thereof and allowing the 

distillation gas to turn into a condensate through a vertical multi-tube heat exchanger, wherein 

 the vertical multi-tube heat exchanger comprises 

 a tubular body,  

 an upper tube plate and a lower tube plate arranged respectively on an upper end 10 

side and a lower end side of the tubular body, 

 a plurality of heat transfer tubes erected between the upper tube plate and the lower 

tube plate,  

 an upper lid section provided on an upper side of the upper tube plate, 

 a lower lid section provided on a lower side of the lower tube plate, 15 

 a receiving chamber surrounded by the upper tube plate and the upper lid section, 

 an extraction chamber surrounded by the lower tube plate and the lower lid section,  

 a junction port provided in the lower lid section, to which a suction pipe connecting 

the vertical multi-tube heat exchanger and the pressure reducing device is joined, and 

 a baffle plate provided in the extraction chamber and having a vertical plate section 20 

facing the junction port, and 

 the distillation gas and a liquid containing a polymerization inhibitor are introduced 

into the receiving chamber, the distillation gas is cooled in the course of flowing inside the 

heat transfer tube to produce a condensate, and the condensate and uncondensed gas flow into 

the extraction chamber, 25 

 an area of the vertical plate section of the baffle plate is larger than an opening area 

of the junction port, 

 a top plate section is provided to connect the upper edge of the vertical plate section 

and an inner wall of the lower lid section, 

 uncondensed distillation gas within the extraction chamber flows into a relay space 30 

surrounded by the baffle plate and the inner wall of the lower lid section and flows out to the 
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suction pipe from the relay space via the junction port, 

 the liquid containing a polymerization inhibitor is sprayed as drops from an 

atomizing nozzle into the receiving chamber, 

 an atomizing nozzle where when water is sprayed from the atomizing nozzle under 

the same conditions as in the case of spraying the liquid containing a polymerization inhibitor 5 

from the atomizing nozzle into the receiving chamber, the Sauter mean diameter of water 

drops sprayed becomes from 570 to 1,500 m is used as the atomizing nozzle, and 

 the average gas flow rate of the uncondensed distillation gas flowing into the relay 

space from the extraction chamber is 15.0 m/s or less. 

 10 

[Claim 2] 

 The production method of a (meth)acrylic acid or an ester thereof according to 

claim 1, wherein 

 the vertical plate section is provided substantially in parallel to the junction port;  

 in the baffle plate, 15 

 a first side plate section connecting one side edge of the vertical plate section and 

the inner wall of the lower lid section and being joined to one side edge of the top plate 

section, and 

 a second side plate section connecting another side edge of the vertical plate section 

and the inner wall of the lower lid section and being joined to another side edge of the top 20 

plate section, are provided; and 

 the baffle plate is configured such that the uncondensed distillation gas flows from 

the baffle plate’s lower surface side into the relay space. 

 

[Claim 3] 25 

 The production method of a (meth)acrylic acid or an ester thereof according to 

claim 2, wherein when the junction port is projected in a direction perpendicular to the inner 

wall of the lower lid section onto the vertical plate section, the shortest distance between an 

outer circumference of a projected image and an outer circumference of the vertical plate 

section is 50 mm or more. 30 
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[Claim 4] 

 The production method of a (meth)acrylic acid or an ester thereof according to 

claim 2 or 3, wherein a small opening is provided in at least one of the first side plate section 

and the second side plate section and the uncondensed distillation gas flows also from the 

small opening into the relay space. 5 

 

[Claim 5] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 

one of claims 1 to 4, wherein an extension strip hanging from the lower edge of the vertical 

plate section and extending with inclining to approach toward the lower lid section on the 10 

lower side of the junction port is provided. 

 

[Claim 6] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 

one of claims 1 to 5, wherein the baffle plate is configured such that the uncondensed 15 

distillation gas flows from the baffle plate’s lower surface portion and both side surface 

portions into the relay space. 

 

[Claim 7] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 20 

one of claims 1 to 6, wherein the lower lid section has a substantially vertical surface and the 

junction port is provided in the substantially vertical surface. 

 

[Claim 8] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 25 

one of claims 1 to 7, wherein the pressure reducing device is a steam ejector. 

 

[Claim 9] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 

one of claims 1 to 8, wherein a downwardly inclined section toward the junction port is 30 

provided in the suction pipe. 
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[Claim 10] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 

one of claims 1 to 9, wherein the exterior surface of the suction pipe is kept warm with a heat-

insulating material. 5 

 

[Claim 11] 

 The production method of a (meth)acrylic acid or an ester thereof according to any 

one of claims 1 to 10, wherein the exterior surface of the suction pipe is warmed by steam 

tracing or electric tracing. 10 
  


