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DESCRIPTION 

 

TITLE OF THE INVENTION 

 METHOD FOR PURIFYING EASILY POLYMERIZABLE SUBSTANCE 5 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a method for purifying an easily 

polymerizable substance, such as (meth)acrylic acid.  More particularly, the 10 

present invention relates to a method comprising a separation step using a wet 

cyclone. 

 

BACKGROUND ART 

[0002] 15 

 In production of an easily polymerizable substance, a 

separation/purification method by heating such as distillation is often adopted to 

separate the easily polymerizable substance from the impurities in a crude liquid 

containing the objective easily polymerizable substance and impurities.  

However, the easily polymerizable substances have a property of being 20 

polymerized by heating.  Therefore, even after the separation of the impurities 

from the easily polymerizable substance, there is a case where the polymerized 

products may be left as insoluble solids in the liquid containing the easily 

polymerizable substance.  As a means for removing insoluble solids, for example, 

as disclosed in Patent Document 1, there is a solid substance removing device 25 

comprising a body provided with a fluid inlet pipe and a fluid outlet pipe and a 

filtering part consisting of a metal mesh or the like disposed between the fluid 

inlet pipe and the fluid outlet pipe inside said body.  
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CITATION LIST 

[PATENT LITERATURE] 

[0003] 

 Patent Document 1: Japanese Patent Publication No. 2002-1017 

 Patent Document 2: Japanese Patent Publication No. 2001-293301 5 

 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0004] 

 However, in the filtration method using a metal mesh disclosed in Patent 10 

Document 1, the metal mesh is likely to be clogged with the deposited insoluble 

solids, and therefore, it is necessary to clean the metal mesh regularly and 

frequently to eliminate clogging, which is troublesome.  Most of easily 

polymerizable substances used in chemical plants are hazardous to the human 

body, and therefore, workers engaged in cleaning need to wear some protective 15 

gear, and they suffer much physical and mental stress when cleaning. 

[0005] 

 Under these circumstances, it is an object of the present invention to 

provide a method for purifying an easily polymerizable substance efficiently to 

improve the troublesome matters when cleaning, e.g., reducing the number of 20 

times the metal mesh is cleaned. 

 

SOLUTION TO THE PROBLEMS 

[0006] 

 Conventionally, it has been understood that an easily polymerizable 25 

substance inevitably undergoes polymerization in a portion where a solution 

containing the easily polymerizable substance is retained (see paragraph 0003 in 

Patent Document 2, etc.).  Therefore, according to conventional common 

knowledge in the art, if a solution containing an easily polymerizable substance 



 

 

 3 

is passed through a narrow pipe where insoluble solids easily clog, the easily 

polymerizable substance is likely to become retained in the pipe, and thus the 

easily polymerizable substance is feared to undergo polymerization at the 

retained portion.  Further, a bottoms liquid immediately after being extracted 

from a distillation column has a high temperature.  Thus, for example, if a 5 

bottoms liquid containing an easily polymerizable substance is handled in a high 

temperature state, a polymerized product is likely to be formed since the liquid is 

in a high temperature state.  Therefore, apparatuses, devices, or the like having 

a narrow pipe diameter have not conventionally been used in a handling process 

of a hot bottoms liquid containing an easily polymerizable substance.  10 

 However, the present inventors have extensively studied to solve the 

above problems.  As a result, contrary to the above conventional wisdom, the 

present inventors have found that a wet cyclone having a narrow pipe diameter 

may be used to separate insoluble solids contained in a hot bottoms liquid, and 

improve the troublesome matters caused by cleaning operations, to efficiently 15 

purify an easily polymerizable substance.  Based on this finding, the present 

invention has been made. 

[0007] 

 That is, a method for purifying an easily polymerizable substance of the 

present invention is characterized by comprising: 20 

 a step of introducing a crude liquid containing the easily polymerizable 

substance into a distillation column, and 

 a first separation step of introducing a bottoms liquid extracted from a 

collection part of the distillation column into a wet cyclone, to separate a first 

purified liquid containing the easily polymerizable substance from a liquid 25 

containing an insoluble solid.  The insoluble solid contained in the bottoms 

liquid was separated by the wet cyclone, that makes it possible to remove the 

insoluble solid having a relatively large grain diameter efficiently.  Thereby, the 

conventional problem about the clogging by the insoluble solid in the filtration 
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may be solved, and a burden when cleaning may be reduced.   

 In a preferred embodiment, the insoluble solid having a grain diameter of 

not less than 450 µm is removed by the wet cyclone; and a ratio of removing the 

insoluble solid having a grain diameter of not less than 450 µm is not less than 

90%. 5 

 In a preferred embodiment, a speed of introducing the bottoms liquid into 

the wet cyclone is not less than 0.1 m·s−1 and not more than 2.0 m·s−1. 

 In a preferred embodiment, the bottoms liquid introduced into the wet 

cyclone has a temperature of higher than 70°C and lower than 120°C. 

 Additionally, in a preferred embodiment, a flow rate per unit time of the 10 

liquid containing the insoluble solid is not more than 10% of that of the bottoms 

liquid. 

 Furthermore, in a preferred embodiment, the present invention further 

comprising: 

 a second separation step of separating at least a portion of the insoluble 15 

solid comprised in the liquid containing the insoluble solid to obtain a second 

purified liquid containing the easily polymerizable substance.  The liquid 

containing the insoluble solid separated by the wet cyclone is further subjected to 

a second separation step, thereby the easily polymerizable substance remaining 

in the liquid containing the insoluble solid may be efficiently collected. 20 

 Furthermore, in a preferred embodiment, the present invention 

comprising: 

 a returning step of introducing the second purified liquid containing the 

easily polymerizable substance into the distillation column.  That makes it 

possible to collect the easily polymerizable substance remaining in the second 25 

purified liquid containing the easily polymerizable substance more efficiently. 

 Furthermore, in a preferred embodiment of the present invention, the 

easily polymerizable substance is acrylic acid, methacrylic acid, an acrylic acid 

ester, or a methacrylic acid ester. 
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ADVANTAGEOUS EFFECTS OF THE INVENTION 

[0008] 

 According to the present invention, the bottoms liquid extracted from the 

collection part of the distillation column is introduced into the wet cyclone so that 5 

the first purified liquid containing the easily polymerizable substance is 

separated from the liquid containing the insoluble solid, whereby the number of 

times the separation device is cleaned may be reduced, and therefore, it is 

possible to purify the easily polymerizable substance efficiently.  In addition, the 

present method may allow a worker to be less often exposed to chemical 10 

substances during cleaning.  Thus, the present method is preferable for the 

worker in terms of mental health and safety.  Furthermore, after the second 

separation step, the second purified liquid containing the easily polymerizable 

substance is introduced and returned into the distillation column, whereby the 

loss of the easily polymerizable substance may be reduced, and therefore, it is 15 

possible to improve the production efficiency of the easily polymerizable 

substance. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 20 

 [FIG. 1]  FIG. 1 is a schematic drawing showing a flow of a method for 

purifying an easily polymerizable substance according to the present invention. 

 [FIG. 2A]  FIG. 2A is a schematic drawing showing a front view of a wet 

cyclone used in examples. 

 [FIG. 2B]  FIG. 2B is a schematic drawing showing a side view of the wet 25 

cyclone used in the examples. 

 

DESCRIPTION OF EMBODIMENTS 

[0010] 
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 A method for purifying an easily polymerizable substance according to the 

present invention is characterized by comprising a step of introducing a crude 

liquid containing the easily polymerizable substance into a distillation column, 

and a first separation step of introducing a bottoms liquid extracted from a 

collection part of the distillation column into a wet cyclone to separate a first 5 

purified liquid containing the easily polymerizable substance from a liquid 

containing an insoluble solid.  Wet cyclones do not have a mesh for collecting 

solid matter that a strainer or the like has.  Thus, the wet cyclones will not be 

clogged even when the wet cyclone runs for a long time.  Therefore, although it 

took much time and cost to clean the strainer and also put a burden on a worker 10 

conventionally, these problems may be solved by employing a wet cyclone.  In 

addition, the use of a wet cyclone allows separation of an insoluble solid having a 

relatively large grain diameter at a high removal ratio.  Note that even when a 

wet cyclone is employed, a ratio of removing an insoluble solid having a relatively 

large grain diameter is similar to that of a strainer.  In the description that 15 

follows, the method for purifying an easily polymerizable substance according to 

the present invention will be specifically described with reference to the 

accompanying drawings.  The present invention is not intended to be limited to 

examples shown in the drawings.  The present invention may be carried out 

with appropriate modifications within the range adaptable to the present 20 

invention, and such modifications are included in the technical scope of the 

present invention.  

[0011] 

 FIG. 1 shows a flow of the method for purifying an easily polymerizable 

substance according to the present invention. 25 

[0012] 

 In the present disclosure, the term “easily polymerizable substance” 

refers to a polymerizable monomer which may be polymerized by temperature, 

pressure, contact, agitation, or the like.  Examples of the easily polymerizable 
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substance include unsaturated carboxylic acids such as acrylic acid, methacrylic 

acid, fumaric acid, maleic acid, maleic anhydride; and esters thereof. 

 Examples of a hydroxy group-containing compound that may form esters 

with the above unsaturated carboxylic acids include aliphatic alcohols or alicyclic 

alcohols having 1 to 12 carbon atoms.  Examples of the hydroxy group-5 

containing compound include: monohydric alcohols such as methanol, ethanol, n-

butanol, isobutanol, sec-butanol, t-butanol, 1-pentanol, 2-pentanol, 3-pentanol, 

cyclopentanol, 1-hexanol, 2-hexanol, 3-hexanol, cyclohexanol, 1-heptanol, 2-

heptanol, 3-heptanol, 1-octanol, isooctanol, 2-ethylhexanol, isononyl alcohol, 

lauryl alcohol; polyhydric alcohols such as ethylene glycol, 1,3-propanediol; and 10 

the like.  These may have a straight-chain or a branched-chain.  These may be 

used singly or in a combination of two or more. 

 The easily polymerizable substance is preferably acrylic acid, methacrylic 

acid, an acrylic acid ester, or a methacrylic acid ester, more preferably acrylic 

acid, methacrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, 2-15 

ethylhexyl acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, methyl 

methacrylate, ethyl methacrylate, butyl methacrylate, 2-ethylhexyl 

methacrylate, 2-hydroxyethyl methacrylate, or 2-hydroxypropyl methacrylate, 

and even more preferably acrylic acid or methacrylic acid. 

[0013] 20 

 In the present disclosure, the term “crude liquid containing an easily 

polymerizable substance” refers to a liquid which comprises the easily 

polymerizable substance and impurities, and may be introduced into a 

distillation column.  Examples of the crude liquid containing an easily 

polymerizable substance include: a (meth)acrylic acid-containing liquid obtained 25 

by condensation of a (meth)acrylic acid-containing gas produced by a catalytic gas 

phase oxidation; a (meth)acrylic acid-containing liquid which is obtained by 

collection of a (meth)acrylic acid-containing gas produced by a a catalytic gas 

phase oxidation with a solvent (e.g., water, organic acid-containing water, or an 
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inert hydrophobic organic liquid having a high boiling point (e.g., diphenyl ether, 

diphenyl, etc.)); partially purified (meth)acrylic acid which is obtained by 

purification of these (meth)acrylic acid-containing liquids; and the like.  More 

specifically, it is a column bottom flow, a column side flow or the like extracted 

from such as a collection column, a condensation column, or a distillation column; 5 

or a liquid containing an easily polymerizable substance obtained by purification 

of the column bottom flow or the column side flow using a distillation step and/or 

crystallization step.  When the easily polymerizable substances are an acrylic 

acid and an acrylic acid ester, the crude liquid containing the easily 

polymerizable substance is allowed to comprise an acrylic acid, by-products 10 

produced by a catalytic gas phase oxidation (e.g., water, an acetic acid, a maleic 

acid, aldehydes, a polymer of acrylic acid, etc.), and a solvent for collection of the 

acrylic acid-containing gas.  When the easily polymerizable substances are a 

methacrylic acid and a methacrylic acid ester, the crude liquid containing the 

easily polymerizable substance is allowed to comprise a methacrylic acid, by-15 

products produced by a catalytic gas phase oxidation (e.g., methacrolein, acetic 

acid, etc.), a solvent for collection of the methacrylic acid-containing gas. 

[0014] 

 The crude liquid containing an easily polymerizable substance may 

comprise a polymerization inhibitor.  Examples of the polymerization inhibitor 20 

preferably include: 

 phenol compounds such as hydroquinone, methoxyhydroquinone, 

methoquinone, cresol, phenol, t-butylcatechol; 

 aromatic amines such as diphenylamine, p-phenylenediamine; 

 phenothiazine compounds such as phenothiazine, methylene blue; 25 

 copper salt compounds such as copper dialkyldithiocarbamates (e.g., 

copper dimethyldithiocarbamate, copper diethyldithiocarbamate, and copper 

dibutyldithiocarbamate), copper salicylate, copper acetate, copper naphthenate, 

copper acrylate, copper sulfate, copper nitrate, copper chloride; 
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 manganese salt compounds such as manganese acetate; 

 N-oxyl compounds such as 4-hydroxy-2,2,6,6-tetramethylpiperidine-1-

oxyl; 

 nitroso compounds such as N-nitrosophenylhydroxyl amine and 

ammonium salts thereof, p-nitrosophenol, N-nitrosodiphenylamine; 5 

 piperidine compounds such as N-hydroxy-2,2,6,6-tetramethylpiperidine, 

2,2,6,6-tetramethylpiperidine; 

 ureas such as urea, urea derivatives; 

 thioureas such as thiourea, thiourea derivatives; and the like. 

 These compounds may be used singly or in a combination of two or more.  10 

The method of adding the polymerization inhibitors is not particularly limited.  

The polymerization inhibitors, for example, may be added directly in the form of 

such as solid or powder, or may be added in the form of a solution dissolved in a 

suitable solvent such as (meth)acrylic acid, a (meth)acrylic acid ester, water, an 

organic solvent, or the like.  The polymerization inhibitors may also be dissolved 15 

in a process liquid in each step such as a material liquid, reflux liquid, absorbent 

liquid, or the like. 

[0015] 

 A column top part of a “distillation column” 21 has an “outlet of 

impurities having a low boiling point” 22, and an “inlet of reflux liquid” 23.  A 20 

column bottom part of the “distillation column” 21 has an “outlet of the bottoms 

liquid” 26 for discharging a bottoms liquid.  An “inlet of a treated liquid” 25 is 

provided at any suitable position between the column top part and the column 

bottom part, which is connected to an introducing pipe for feeding a crude liquid 

containing an easily polymerizable substance.  The “inlet of reflux liquid” 23 is 25 

connected to an “introducing pipe of reflux liquid” 24.  In the present invention, 

it is preferable that a “returning inlet” 27 is provided for returning a second 

purified liquid containing the easily polymerizable substance.  

[0016] 
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 The distillation column may be a single distillation column, a packed 

column, a bubble-cap column, or a perforated-plate column.  In particular, it is 

preferable that a distillation column having a plurality of sieve trays, or a 

distillation column having packed substances.  A multiple perforated-plate 

column is preferable in terms of prevention of forming a polymer. 5 

[0017] 

 A reboiler 31 is used in the distillation column.  The type of the reboiler 

is not particularly limited.  When a multitubular heat exchanger is used as the 

reboiler, a vertical multitubular thermosiphon reboiler, a vertical shell-and-tube 

falling liquid film reboiler, or a forced circulation reboiler may be used. 10 

[0018] 

 Impurities having a low boiling point are discharged from the column top 

part of the distillation column.  The term “impurities having a low boiling point” 

refers to impurities having a boiling point lower than that of the easily 

polymerizable substance.  Examples of the impurities having a low boiling point 15 

include water, acetic acid, acrolein, or methacrolein.  

[0019] 

 Meanwhile, a bottoms liquid, from which all or a portion of impurities 

having a low boiling point have been removed, is extracted from a collection part 

of the distillation column.  In the present disclosure, the term “collection part” 20 

refers to a part of the distillation column that is located below the inlet of the 

treated liquid, where the introducing pipe for feeding the crude liquid containing 

the easily polymerizable substance is connected.  Therefore, in the distillation 

column 21 of FIG. 1, a part below the inlet of the treated liquid 25, where the 

introducing pipe for feeding the crude liquid containing the easily polymerizable 25 

substance is connected, corresponds to the collection part.  In the present 

disclosure, the term “bottoms liquid” refers to a liquid discharged from the 

column bottom part of the distillation column.  The bottoms liquid comprises an 

insoluble solid such as a polymer of the easily polymerizable substance, and other 
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components such as the easily polymerizable substance, high boiling point 

components contained in the crude liquid containing the easily polymerizable 

substance.  Therefore, in FIG. 1, a liquid extracted from the outlet of the 

bottoms liquid 26, which is connected to the collection part of the distillation 

column 21, corresponds to a bottoms liquid. 5 

[0020] 

 In the present disclosure, the term “insoluble solid” refers to a solid 

matter which is caused by impurities, and/or a polymer which is formed by 

polymerization of the easily polymerizable substance, which are contained in the 

crude liquid containing the easily polymerizable substance; and the insoluble 10 

solid is insoluble in the bottoms liquid.  The polymer having a low degree of 

polymerization may have a property of being dissolved in the bottoms liquid.  

Meanwhile, the polymer having a high degree of polymerization has the property 

of being insoluble in the bottoms liquid.  Insoluble solids may include insoluble 

components such as carbides produced by carbonization of the above polymers of 15 

the easily polymerizable substance by heat or the like.  The bottoms liquid 

extracted from the distillation column is transported to a first separation step 

described below. 

[0021] 

 1. First Separation Step 20 

 In the first separation step, the bottoms liquid extracted from the 

collection part of the distillation column 21 is introduced into a wet cyclone 29, to 

separate a first purified liquid containing the easily polymerizable substance 

from a liquid containing an insoluble solid.  The insoluble solid, such as a 

polymer of the easily polymerizable substance or the like, is contained in the 25 

bottoms liquid discharged from the collection part of the distillation column.  In 

the present invention, the wet cyclone is used to separate the insoluble solid from 

the extracted bottoms liquid, and therefore, unlike the conventional art, the 

insoluble solid may be separated without passing the bottoms liquid through a 
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filter, whereby cost and burden required for cleaning may be reduced.  

[0022] 

 In the present disclosure, the term “wet cyclone” refers to a classifier that 

separates solid particles from a liquid containing the solid particles which are 

suspended (also hereinafter referred to as a “particles-suspended liquid”), by 5 

centrifugal force.  FIG. 2A and FIG. 2B are schematic drawings of a 

representative example of the wet cyclone which is preferably used in the present 

invention.  Note that the wet cyclone which may be used in the present 

invention is not limited to the type shown. 

[0023] 10 

 The wet cyclone comprises: an introduction part 2 for introducing a 

particles-suspended liquid; a cylindrical inlet/outlet part 3; a hopper part 4 

provided below and adjacent to the inlet/outlet part 3; and a discharge part 5 

provided above and adjacent to the inlet/outlet part 3.  In the present invention, 

the particles-suspended liquid is particularly the bottoms liquid.  The bottoms 15 

liquid is introduced tangentially into the inlet/outlet part 3 through the 

introduction part 2, and creats a vortex at a high speed in the cylindrical 

inlet/outlet part 3.  An insoluble solid such as a polymer having a large specific 

gravity collides with a wall surface of the inlet/outlet part 3 by centrifugal force, 

thereafter, falls down in the direction of gravity in the hopper part 4, and is 20 

separated as a liquid containing the insoluble solid in a lower portion of the wet 

cyclone.  Note that, in the present disclosure, the term “liquid containing an 

insoluble solid” refers to a liquid which is separated by a wet cyclone and 

comprises an insoluble solid having a large grain diameter at a high 

concentration.  Although described in detail below, the liquid containing an 25 

insoluble solid preferably comprises most of insoluble solids comprised in the 

bottoms liquid.  In particular, the liquid containing an insoluble solid preferably 

comprises the insoluble solid having a grain diameter of not less than 450 µm at 

a high concentration. 
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[0024] 

 Meanwhile, an upward flow occurs at a center portion of the inlet/outlet 

part 3, and therefore, an insoluble solid such as a polymer having a relatively 

small grain diameter and a small specific gravity is carried by the upward flow 

and moved to the discharge part 5.  Thus, by using the wet cyclone, an insoluble 5 

solid such as a polymer may be separated depending on the specific gravity by 

centrifugal force.  As the grain diameter of an insoluble solid, particularly a 

polymer, increases, the mass of the polymer increases.  Therefore, a polymer 

having a relatively large grain diameter is collected in the liquid containing an 

insoluble solid. 10 

[0025] 

 The discharge part 5 of the wet cyclone has an upper exit 6.  An upper 

discharging pipe (not shown) is connected to the upper exit 6.  The hopper part 4 

of the wet cyclone has a lower exit 8.  A lower discharging pipe (not shown) is 

connected to the lower exit 8.  The first purified liquid containing the easily 15 

polymerizable substance obtained after the first separation step is discharged 

from the upper exit 6.  The liquid containing an insoluble solid is discharged out 

of the wet cyclone through the lower exit 8.  When the liquid containing an 

insoluble solid is discharged from the lower exit 8, a valve 9 provided below the 

hopper part 4 may be opened.  Note that, in the present disclosure, the term 20 

“first purified liquid containing an easily polymerizable substance” refers to a 

liquid which is separated by a wet cyclone, and is obtained from the upper exit of 

the wet cyclone.  Note that the first purified liquid containing an easily 

polymerizable substance may comprise an insoluble solid at a low concentration. 

[0026] 25 

 The introduction part 2 is preferably a cylindrical pipe.  Specifically, the 

pipe diameter “a” of the introduction part 2 is preferably not less than 40 mm, 

more preferably not less than 45 mm, preferably not more than 100 mm, more 

preferably not more than 80 mm.  Note that, in the present disclosure, the term 
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“pipe diameter” means an inside diameter and a diameter of the pipe. 

[0027] 

 The inlet/outlet part 3 is also preferably a cylindrical pipe.  The pipe 

diameter “d” of the inlet/outlet part 3 is preferably not less than 120 mm, more 

preferably not less than 150 mm, preferably not more than 300 mm, more 5 

preferably not more than 250 mm.  The length “h” of the inlet/outlet part 3 is 

preferably not less than 50 mm, more preferably not less than 70 mm, preferably 

not more than 150 mm, more preferably not more than 120 mm. 

[0028] 

 In FIG. 2A and FIG. 2B, the hopper part 4 is cylindrical.  The shape of 10 

the hopper part 4 is not limited to this, and may be, for example, conical.  The 

hopper part 4 may have two or more stages.  When the hopper part 4 has a two-

stage configuration, the hopper part 4 may have an upper hopper part adjacent to 

the inlet/outlet part 3, and a lower hopper part adjacent to the lower exit 8.  The 

upper hopper part may be cylindrical, and the lower hopper part may be conical.  15 

Furthermore, the hopper part 4 may have three stages.  When the hopper part 4 

has a three-stage configuration, the hopper part 4 may have an upper hopper 

part adjacent to the inlet/outlet part 3, a lower hopper part adjacent to the lower 

exit 8, and a middle hopper part between the upper hopper part and the lower 

hopper part.  The upper hopper part and the middle hopper part may be 20 

cylindrical, and the lower hopper part may be conical. 

 The hopper part 4 preferably has a length of, for example, not less than 

800 mm, more preferably not less than 820 mm, preferably not more than 1500 

mm, more preferably not more than 1200 mm.  The length of the hopper part 4 

is preferably not less than two times, more preferably not less than five times, 25 

preferably not more than 12 times, more preferably not more than 10 times as 

great as the length “h” of the inlet/outlet part 3. 

 The pipe diameter of the hopper part 4 is not particularly limited.  The 

maximum diameter is preferably not less than 50 mm, more preferably not less 
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than 70 mm, preferably not more than 300 mm, more preferably not more than 

200 mm in case where the hopper part 4 is cylindrical or conical.  The maximum 

diameter of the hopper part 4 is preferably not less than 0.3 times, more 

preferably not less than 0.4 times, preferably not more than 0.9 times, more 

preferably not more than 0.7 times as great as the pipe diameter “d” of the 5 

inlet/outlet part 3. 

 When the hopper part 4 is conical, the pipe diameter of the hopper part 4 

preferably becomes narrower from the inlet/outlet part 3 toward the lower exit 8.  

The pipe diameter of a bottom portion of the hopper part 4 is preferably, for 

example, not less than 20 mm and not more than 200 mm. 10 

[0029] 

 The upper exit 6 of the discharge part 5 preferably has a pipe diameter 

“b” of not less than 40 mm, more preferably not less than 50 mm, preferably not 

more than 120 mm, more preferably not more than 100 mm. 

[0030] 15 

 The wet cyclone preferably has a length “H” of not less than 900 mm, 

more preferably not less than 1000 mm, preferably not more than 1800 mm, more 

preferably not more than 1700 mm.  The length “H” of the wet cyclone is 

preferably not less than two times, more preferably not less than seven times, 

preferably not more than 15 times, more preferably not more than 13 times as 20 

great as the length “h” of the inlet/outlet part 3. 

[0031] 

 An insoluble solid may be efficiently removed from the bottoms liquid by 

processing the bottoms liquid with the wet cyclone.  For separating fine 

insoluble solids more than necessary, it is necessary to make the shape of the wet 25 

cyclone narrower to increase the speed of introducing the bottoms liquid.  

However, if the wet cyclone is made narrower, the inside of the wet cyclone is 

likely to be clogged with an insoluble solid and the easily polymerizable 

substance will be retained.  Therefore, polymerization will likely occur at a 
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portion where the easily polymerizable substance is retained.  Meanwhile, if the 

first purified liquid containing the easily polymerizable substance comprises a 

large quantity of an insoluble solid having a grain diameter of not less than 450 

µm, in the following purification step or the like, the insoluble solid will 

additionally generate polymer, or will trigger a clogging of pipes and devices.  5 

Therefore, it is desirable that, in the wet cyclone, an insoluble solid having a 

relatively large grain diameter should be separated as a liquid containing the 

insoluble solid, and thereby the insoluble solid may be efficiently removed while 

inhibiting an additional generation of an insoluble solid.  For such a reason, it is 

preferable that the wet cyclone should separate an insoluble solid having a grain 10 

diameter of not less than 450 µm, more preferably an insoluble solid having a 

grain diameter of not less than 350 µm.  A ratio of removing an insoluble solid 

having a grain diameter of not less than 450 µm is preferably, for example, not 

less than 90%, more preferably not less than 95%, and even more preferably not 

less than 98%.  Note that, in the present disclosure, the term “a ratio of 15 

removing an insoluble solid having a grain diameter of not less than 450 µm” 

refers to “the total weight of an insoluble solid having a grain diameter of not less 

than 450 µm in the liquid containing an insoluble solid”/“the total weight of an 

insoluble solid having a grain diameter of not less than 450 µm in the bottoms 

liquid.”  20 

 Note that the grain diameter of an insoluble solid may be measured with, 

for example, a laser diffraction grain size distribution analyzer.   

[0032] 

 The speed of introducing the bottoms liquid into the wet cyclone is 

preferably not less than 0.1 m·s−1, more preferably not less than 0.3 m·s−1, 25 

preferably not more than 2.0 m·s−1, more preferably not more than 1.5 m·s−1 in 

terms of efficiency of separation. 

[0033] 

 The pressure loss in the wet cyclone decreases with an increase in the 
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area of a cross-section of the introduction part 2, and increases with an increase 

of the length “H” in the wet cyclone.  In the present invention, the pressure loss 

in the wet cyclone is preferably 1 kPa to 50 kPa. 

[0034] 

 The wet cyclone may be provided to a pipe in a direction in which the 5 

bottoms liquid flows.  The temperature of the bottoms liquid collected from the 

collection part of the distillation column is, for example, higher than 70°C and 

lower than 120°C, preferably not lower than 80°C and not higher than 110°C.  

The bottoms liquid collected from the collection part of the distillation column 

may be temporarily transported to a storage device such as a tank before being 10 

introduced into the wet cyclone.  In the storage device, cooling is not generally 

performed, and therefore, the temperature of the bottoms liquid introduced into 

the wet cyclone is similar in temperature of the bottoms liquid collected by the 

distillation column, i.e. higher than 70°C and lower than 120°C, preferably not 

lower than 80°C and not higher than 110°C.  To introduce the bottoms liquid 15 

into the wet cyclone, a liquid sending pump 28 is preferably provided to a pipe 

connecting the distillation column and the wet cyclone. 

[0035] 

 The liquid containing an insoluble solid may be continuously discharged 

through the lower discharge pipe of the wet cyclone, or may be intermittently 20 

discharged by opening and closing a valve provided in the lower discharge pipe of 

the wet cyclone.  In the latter case, the easily polymerizable substance possibly 

undergoes a polymerization due to the insoluble solid that is temporarily retained 

in a lower portion of the wet cyclone.  In some cases, it is necessary to stop the 

device for cleaning.  Thereby, that would lead to an increase in loss of acrylic 25 

acid and a decrease in purification efficiency.  Therefore, in the present 

invention, the former embodiment is preferable where the liquid containing an 

insoluble solid is continuously discharged through the lower discharge pipe of the 

wet cyclone.  In this case, a flow rate per unit time of the liquid containing an 
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insoluble solid, which is discharged through the lower discharge pipe, is 

preferably not less than 0.1%, more preferably not less than 1%, and even more 

preferably not less than 2%, preferably not more than 10%, more preferably not 

more than 5% of that of the bottoms liquid.  

[0036] 5 

 Note that the easily polymerizable substance in the first purified liquid 

containing the easily polymerizable substance may subsequently be further 

purified by an operation such as distillation to produce a product. 

[0037] 

 2. Second Separation Step 10 

 The present invention preferably comprises, after the first separation 

step, a second separation step of separating at least a portion of an insoluble 

solid, such as a polymer of the easily polymerizable substance, comprised in the 

liquid containing an insoluble solid, to obtain a second purified liquid containing 

the easily polymerizable substance.  By removing the insoluble solid comprised 15 

in the liquid containing the insoluble solid, the easily polymerizable substance 

remaining in the liquid containing the insoluble solid may be efficiently collected.  

[0038] 

 The method for separating at least a portion of an insoluble solid, such as 

a polymer, from the liquid containing the insoluble solid in the second separation 20 

step is not particularly limited as long as the method may separate the solids 

from the liquid.  The method includes a solid-liquid separation means 30 such as 

a gravitational sedimentation, a filtration, or a cyclonic separation.  These may 

be used in combination.  Of these methods, a gravitational sedimentation is 

particularly preferable for the second separation step because the operating cost 25 

is low, the filter is unlikely to be clogged by the insoluble solid, and the frequency 

of a cleaning operation is low.  

[0039] 

 When the gravitational sedimentation is adopted, a gravitational 
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sedimentation tank may be used.  The gravitational sedimentation tank 

preferably has a volume of not less than 30 L, more preferably not less than 40 L, 

preferably not more than 100 L, more preferably not more than 80 L.  The 

gravitational sedimentation tank preferably has a horizontally projected area of 

not less than 0.03 m2, more preferably not less than 0.05 m2, preferably not more 5 

than 0.15 m2, more preferably not more than 0.1 m2. 

[0040] 

 If the liquid containing an insoluble solid is retained in the gravitational 

sedimentation tank for a long period of time, the easily polymerizable substance 

is likely to undergo a polymerization in the gravitational sedimentation tank.  10 

Therefore, for preventing polymerization, the retention time of the liquid 

containing an insoluble solid is preferably not longer than 48 hours, more 

preferably not longer than 20 hours.  For a sufficient separation of the liquid 

and the solid, the retention time of the liquid containing the insoluble solid is 

preferably not shorter than 5 hours, more preferably not shorter than 10 hours.  15 

If the retention time is excessively short, the insoluble solid is unlikely to sink 

sufficiently, leading to a decrease in the efficiency of separation of the insoluble 

solid. 

[0041] 

 In the filtration, a strainer, a pall filter, a metal mesh, or the like may be 20 

used.  The filtration is preferable because only insoluble solids having a large 

diameter may be removed, and most of the liquid may be collected.  In addition, 

the quantity of the liquid containing an insoluble solid is smaller than the 

quantity of the bottoms liquid.  Thus, even if the filtration is adopted, it is 

possible to make the size of the used metal mesh smaller.  Therefore, compared 25 

to when the bottoms liquid in itself is subjected to filtration with the metal mesh 

or the like, the time and the burden for cleaning and the loss of the easily 

polymerizable substance may be reduced. 

 The filter used in the filtration preferably has a net-like structure.  The 
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net-like structure preferably has a mesh count of not less than 20 mesh, more 

preferably not less than 30 mesh, preferably not more than 60 mesh, more 

preferably not more than 50 mesh. 

 The net-like structure also preferably has a mesh aperture of not more 

than 1 mm, more preferably not more than 0.8 mm, and even more preferably not 5 

more than 0.5 mm, preferably not less than 0.1 mm, more preferably not less 

than 0.2 mm. 

 The net-like structure also preferably has an opening ratio of not less 

than 20%, more preferably not less than 25%, and even more preferably not less 

than 30%, preferably not more than 65%, more preferably not more than 60%, 10 

and even more preferably not more than 55%. 

 Note that the “mesh count (unit: mesh) of a net-like structure” represents 

the number of openings per inch (25.4 mm), which may be calculated by, for 

example, the following expression (1). 

 Mesh count (mesh) = 25.4/(A + W)    (1) 15 

 The “opening ratio (unit: %) of a net-like structure” may be calculated by, 

for example, the following expression (2). 

 The opening ratio (%) = {A/(A + W)}2 × 100    (2) 

(in the expressions (1) and (2), “A” represents a mesh aperture (mm), and “W” 

represents the wire diameter (mm) of the net-like structure) 20 

[0042] 

 In the cyclonic separation, the above wet cyclone may be used.  When the 

cyclonic separation is employed in the second separation step, the discharge valve 

provided in the lower portion of the cyclone may be open or closed. 

[0043] 25 

 3. Returning Step 

 The present invention preferably comprises, a returning step of 

introducing the second purified liquid containing the easily polymerizable 

substance into the distillation column.  The second purified liquid containing the 
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easily polymerizable substance comprises the easily polymerizable substance and 

the polymerization inhibitor.  Therefore, if the second purified liquid containing 

the easily polymerizable substance is introduced into the distillation column, the 

loss of the easily polymerizable substance may be reduced, and in addition, the 

cost of purification may be reduced.  When the solid-liquid separation method in 5 

the second separation step is the gravitational sedimentation, a supernatant may 

be introduced into the distillation column.  When the filtration is adopted, a 

filtrate after the filtration may be introduced into the distillation column. 

[0044] 

 The present application claims for benefit of priority based on Japanese 10 

Patent Application No. 2014-245161 filed on December 3, 2014.  The entirety of 

the specification of Japanese Patent Application No. 2014-245161 filed on 

December 3, 2014 is incorporated herein for reference. 

 

EXAMPLES 15 

[0045] 

 The present invention will now be specifically described by way of 

examples.  The present invention is not intended to be limited to examples 

described below, and can also be carried out with appropriate modifications 

within the range adaptable to the present invention, and such modifications are 20 

included in the technical scope of the present invention.   

[0046] 

 Example 1 

 As the distillation column, a distillation column having an inside 

diameter of 2200 mm and including 50 stainless steel perforated trays without 25 

downcomer was used to carry out an operation of purifying a crude liquid 

containing acrylic acid.  A column top part of the distillation column has an 

outlet of impurities having a low boiling point, and an inlet of reflux liquid (the 

inlet of reflux liquid is connected to an introducing pipe of reflux liquid).  A 
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column bottom part of the distillation column has an outlet of the bottoms liquid 

for discharging a bottoms liquid, and a returning inlet for returning a second 

purified liquid containing the easily polymerizable substance.  An inlet of a 

treated liquid to which an introducing pipe for feeding the crude liquid 

containing the easily polymerizable substance is provided between the column 5 

top part and the column bottom part.  A tank for temporarily storing the 

bottoms liquid, a liquid sending pump, and a wet cyclone were disposed to a pipe 

for the bottoms liquid.  The distillation column was equipped with a reboiler 

(vertical multitubular type) where the liquid passes through the tubes in a 

natural circulation system.  A liquid containing acrylic acid was extracted as a 10 

bottoms liquid from the column bottom part of the distillation column, and a flow 

rate of the bottoms liquid was controlled at 10,000 kg/h.  Note that the bottoms 

liquid had a temperature of 100°C, and a density of about 1000 kg/m3. 

 After temporarily stored in the tank, the bottoms liquid was transported 

to the wet cyclone (“Filstar (registered trademark),” manufactured by Industria 15 

Co., Ltd.) by the liquid sending pump.  At this time, the speed of introducing the 

bottoms liquid into the wet cyclone was 0.98 m·s−1.  A first purified liquid 

containing acrylic acid was obtained from an upper portion of the wet cyclone, 

and a liquid containing an insoluble solid such as a polymer was obtained from a 

lower portion of the wet cyclone.  In this example, the opening degree of the 20 

valve provided at the lower exit of the wet cyclone was adjusted so that the liquid 

containing the insoluble solid was discharged at a rate of 300 kg/h.  In this 

example, 100% of an insoluble solid having a grain diameter of not less than 450 

µm comprised in the bottoms liquid was successfully collected into the liquid 

containing the insoluble solid by the wet cyclone.  Note that the wet cyclone 25 

shown in FIG. 2A and FIG. 2B had the following dimensions. 

 · The pipe diameter “a” of the introduction part 2: 60 mm 

 · The pipe diameter “d” of the inlet/outlet part 3: 170mm; the length “h”: 

105 mm 
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 · The shape of the hopper part 4: cylindrical; the pipe diameter “D”: 95 

mm; the length: 880 mm 

 · The pipe diameter “b” of the upper exit 6 of the discharge part 5: 60 mm 

 · The length “H” of the wet cyclone: 1124 mm 

 The liquid containing the insoluble solid discharged from the lower 5 

portion of the wet cyclone was transported to another storage tank.  Acrylic acid 

was collected from the transported liquid containing the insoluble solid if 

necessary. 

 In such a situation, the operation was continued for 8000 hours yearly.  

During this period, the clogging did not occur in the wet cyclone, and it was not 10 

necessary to clean the wet cyclone.  The total loss of acrylic acid during the 

8000-h operation was about 24 tons. 

[0047] 

 Example 2 

 An operation was carried out in a manner similar to that of Example 1, 15 

except that the liquid containing the insoluble solid discharged from the wet 

cyclone was passed through a 40-mesh strainer to remove the insoluble solid, and 

a second purified liquid containing acrylic acid passed through the strainer was 

returned to the distillation column. 

 In such a situation, the operation was continued for 8000 hours yearly.  20 

During this period, the clogging did not occur in the wet cyclone, and it was not 

necessary to clean the wet cyclone.  The strainer provided in a liquid sending 

line for the liquid containing the insoluble solid was cleaned 333 times/year.  

The total loss of acrylic acid during the 8000-h operation was about 2 tons. 

[0048] 25 

 Example 3 

 The strainer provided in the liquid sending line for the liquid containing 

the insoluble solid in Example 2 was replaced with a gravitational sedimentation 

tank having a volume of 50 L and a horizontally projected area of 0.07 m2, and 
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was adjusted so that a supernatant was returned to the distillation column.  In 

the gravitational sedimentation tank, a second purified liquid containing acrylic 

acid was replaced at a frequency of once per two days. 

 In such a situation, the operation was continued for 8000 hours yearly.  

During this period, the clogging did not occur in the wet cyclone, and it was not 5 

necessary to clean the wet cyclone.  The use of the gravitational sedimentation 

tank eliminated the necessity of cleaning of the gravitational sedimentation tank 

itself.  The total loss of acrylic acid during the 8000-h operation was about 1.8 

tons. 

[0049] 10 

 Example 4 

 An operation was carried out using equipment and conditions similar to 

those of Example 1, except that the quantity of the discharged liquid containing 

the insoluble solid was changed from 300 kg/h to 90 kg/h by adjusting the 

opening degree of the valve at the lower exit of the wet cyclone in Example 2.  As 15 

a result, the clogging caused by a polymer was observed at a lower exit part of 

the wet cyclone about 2000, 4000, and 6000 hours (a total of three times) after 

the start of the operation.  To remove the clogging caused by the polymer, the 

line was changed to a bypass, and the lower exit part of the wet cyclone was 

cleaned, and thereafter, the line was put back to the original position.  The total 20 

loss of acrylic acid during the 8000-h operation was about 4.8 tons. 

[0050] 

 Comparative Example 1 

 An operation was performed using equipment similar to that of Example 

1, except that a 40-mesh strainer was provided instead of the wet cyclone.  The 25 

operation was performed for 8000 hours yearly.  The strainer was cleaned 1024 

times/year.  The total loss of acrylic acid during the 8000-h operation was about 

25 tons. 
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DESCRIPTION OF THE REFERENCE CHARACTERS 

[0051] 

 2  introduction part 

 3  inlet/outlet part 

 4  hopper part 5 

 5  discharge part 

 6  upper exit 

 8  lower exit 

 9  valve 

 21  distillation column 10 

 22  outlet of impurities having a low boiling point 

 23  inlet of a reflux liquid 

 24  introducing pipe of a reflux liquid 

 25  inlet of a treated liquid 

 26  outlet of a bottoms liquid 15 

 27  returning inlet 

 28  liquid sending pump 

 29  wet cyclone 

 30  solid-liquid separation means 

 31  reboiler 20 

 33  condenser 
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CLAIMS 

 

[Claim 1] A method for purifying an easily polymerizable substance, 

comprising: 

 a step of introducing a crude liquid containing the easily polymerizable 5 

substance into a distillation column, and 

 a first separation step of introducing a bottoms liquid extracted from a 

collection part of the distillation column into a wet cyclone, to separate a first 

purified liquid containing the easily polymerizable substance from a liquid 

containing an insoluble solid. 10 

 

[Claim 2] The method according to claim 1, wherein, 

 the insoluble solid having a grain diameter of not less than 450 µm is 

removed by the wet cyclone, and 

 a ratio of removing the insoluble solid having a grain diameter of not less 15 

than 450 µm is not less than 90%. 

 

[Claim 3] The method according to claim 1 or 2, wherein 

 a speed of introducing the bottoms liquid into the wet cyclone is not less 

than 0.1 m·s−1 and not more than 2.0 m·s−1. 20 

 

[Claim 4] The method according to any one of claims 1 to 3, wherein 

 the bottoms liquid introduced into the wet cyclone has a temperature of 

higher than 70°C and lower than 120°C. 

 25 

[Claim 5] The method according to any one of claims 1 to 4, wherein 

 a flow rate per unit time of the liquid containing the insoluble solid is not 

more than 10% of that of the bottoms liquid. 
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[Claim 6] The method according to any one of claims 1 to 5, further 

comprising: 

 a second separation step of separating at least a portion of the insoluble 

solid comprised in the liquid containing the insoluble solid to obtain a second 

purified liquid containing the easily polymerizable substance. 5 

 

[Claim 7] The method according to claim 6, further comprising: 

 a returning step of introducing the second purified liquid containing the 

easily polymerizable substance into the distillation column. 

 10 

[Claim 8] The method according to any one of claims 1 to 7, wherein 

 the easily polymerizable substance is acrylic acid, methacrylic acid, an 

acrylic acid ester, or a methacrylic acid ester. 

  


