
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

47
5 

36
4

B
1

TEPZZ_475¥64B_T
(11) EP 1 475 364 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.08.2018 Bulletin 2018/32

(21) Application number: 04010571.0

(22) Date of filing: 04.05.2004

(51) Int Cl.:
C07C 67/54 (2006.01) C07C 51/44 (2006.01)

(54) Method for distilling (meth)acrylic acid and/or the ester thereof

Methode zur Destillation von (Meth)acrylsäure und/oder deren Ester

Procédé de distillation d’acide (méth)acrylique  et/ou de son ester

(84) Designated Contracting States: 
BE

(30) Priority: 09.05.2003 JP 2003131509

(43) Date of publication of application: 
10.11.2004 Bulletin 2004/46

(73) Proprietor: NIPPON SHOKUBAI CO., LTD.
Osaka-shi, Osaka-fu 541 (JP)

(72) Inventors:  
• Nakahara, Sei

Himeji-shi
Hyogo (JP)

• Sakamoto, Kazuhiko
Kobe-shi
Hyogo (JP)

• Matsumoto, Yukihiro
Kobe-shi
Hyogo (JP)

(74) Representative: Müller-Boré & Partner 
Patentanwälte PartG mbB
Friedenheimer Brücke 21
80639 München (DE)

(56) References cited:  
EP-A1- 1 086 939 WO-A-99/50221
DE-A1- 3 837 955 GB-A- 1 402 002



EP 1 475 364 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention relates to a method for
preventing polymerization of (meth) acrylic acid and/or
the ester thereof during production thereof, and in par-
ticular to a method for effectively preventing generation
of polymers, which often causes problems during distil-
lation of liquids containing (meth) acrylic acid and/or the
ester thereof.
[0002] (Meth)acrylic acid and the ester thereof have
been hitherto produced by various processes (DE 38 37
955 A1). Acrylic acid is prepared, for example, by cata-
lytically oxidizing propylene and/or acrolein (hereinafter,
referred to as "propylene and the like") with a molecular
oxygen-containing gas in gas phase, collecting an aque-
ous acrylic acid solution obtained by bringing the reaction
products (reaction gas) obtained into contact with an ab-
sorption liquid, and then distilling the aqueous acrylic acid
solution. For production of high-purity acrylic acid suita-
ble as an industrial product, it is desirable to remove im-
purities contained in the aqueous acrylic acid solution,
such as formaldehyde, furfural, benzaldehyde, propionic
acid, formic acid, acetic acid, maleic acid, and the like as
much as possible by distillation or other methods, but
because the relative volatility of acrylic acid to water or
acrylic acid to acetic acid is small, it is difficult to obtain
high-purity acrylic acid in a simple distillation process,
and thus these impurities were removed by various dis-
tillation methods combined. For example, such an aque-
ous acrylic acid solution is first distilled together with an
azeotropic solvent (azeotropic distillation) to remove wa-
ter and low-boiling components, giving an acrylic acid-
containing solution containing high-boiling impurities and
polymerization inhibitors, and then the high-boiling im-
purities and polymerization inhibitors are removed from
the acrylic acid-containing solution by various other dis-
tillation methods. In addition, additional distillation, crys-
tallization or the like is conducted as needed for removal
of the trace amounts of impurities and production of high-
purity acrylic acid.
[0003] In the distillation process, the vapor generated
by distillation is withdrawn from the top of the distillation
column and condensed, and part of the condensate is
circulated as the reflux liquid into the distillation column
from the top thereof. As many polymers are generated
in incidental facilities of the column such as the condens-
er, condensate tank, and the like, it is required to sup-
press generation of polymers in these incidental facilities
of column for more stabilized operation thereof. In addi-
tion, it is needed to maintain the concentration of polym-
erization inhibitors added into the distillation column at a
certain level or higher for securing the potential of the
polymerization inhibitors, and hence to add the polymer-
ization inhibitors continuously into the distillation column,
as the polymerization inhibitors are also distilled off con-
tinuously from the distillation column.
[0004] Various methods, for example, of raising the
concentration of polymerization inhibitors in the distilling

solution (feed solution) and of directly supplying the po-
lymerization inhibitor into the distillation column, are
adopted to solve the problems above (e.g., Japanese.
Examined Patent Publication No. Hei7-72204 and Jap-
anese unexamined patent application No.
Hei11-235352). However, even though capable of sup-
pressing polymerization in the distillation column, these
methods cannot suppress generation of polymers in the
condenser if the polymerization inhibitors are removed
from the bottom of the column. Accordingly, a polymeri-
zation inhibitor is added to the condensate for raising the
concentration of polymerization inhibitor in the conden-
sate and thus for preventing generation of polymers in
the incidental facilities of column, and the condensate is
circulated into the distillation column for preventing po-
lymerization in the distillation column (e.g., Japanese un-
examined patent application No. 2001-348360).
[0005] However, if the polymerization inhibitor is added
to the condensate in the amount sufficient for preventing
polymerization in the distillation column, the concentra-
tion of the polymerization inhibitor in the condensate be-
comes higher than the amount required, and thus such
methods also raised the problem of additional cost, for
example, for installing an additional distillation process
for removal of the polymerization inhibitor.
[0006] For example, in the case of a high-boiling im-
purity separation column, which has a relatively high dis-
tillation temperature, the concentration of polymerization
inhibitor should be raised to a relatively high level for
effective prevention of polymerization in the distillation
column and the concentration of polymerization inhibitor
in the condensate should also be raised. However, be-
cause such polymerization inhibitors should be removed
before the final purified product is obtained, such in-
crease in the concentration of polymerization inhibitors
in the condensate caused the problem that it demands
an additional distillation process, or expansion of the dis-
tillation column facility for removal of the polymerization
inhibitors.
[0007] Alternatively, in the case of rectification column
in the final distillation process, if a polymerization inhibitor
higher in polymerization-inhibiting potential, which exerts
a greater effect even with a small amount thereof, such
as phenothiazine or an N-oxyl compound, is added to
condensate and part of the condensate is circulated into
the column for prevention of polymerization in the distil-
lation column, the incidental facilities of column and of
the condensate for the purpose of maintaining the purity
of the condensate obtained by distillation, the purified
product from such a process may have a purity satisfying
the requirements for the product, but the use of such a
polymerization inhibitor causes the problem of inferior
quality due to coloring of acrylic acid, as phenothiazine
or the N-oxyl compound is a colored polymerization in-
hibitor. Although addition of a polymerization inhibitor
less coloring, such as hydroquinone monomethylether
or the like, is examined for prevention of decrease in qual-
ity due to coloring, such a polymerization inhibitor should
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be added in a greater amount due to its inherent low
polymerization-inhibiting potential for prevention of po-
lymerization in the column, and thus caused the problem
of lower purity of the final purified product. In this manner,
it was difficult to maintain the purity and quality of the
purified product at a certain level or higher and simulta-
neously to suppress polymerization sufficiently in the dis-
tillation column during distillation in the final rectification
column, and thus it was frequently required to discontinue
operation of the distillation column and wash and remove
the polymers generated in the distillation column.
[0008] The present invention has been accomplished
taking into account the circumstances above, and an ob-
ject of the invention is to provide a method for suppress-
ing generation of polymers in a distillation column used
in the distillation process of (meth)acrylic acid and/or
(meth)acrylic ester, and suppressing polymerization of
the condensate obtained by distillation in the incidental
facilities of column such as condenser, condensate tank,
and the like.
[0009] In particular, an object of the present invention
is to provide a method for maintaining the purity and qual-
ity of (meth)acrylic acid and/or the ester thereof at a cer-
tain level or higher, suppressing generation of polymers
in a distillation column, and suppressing polymerization
of the condensate obtained by distillation in the incidental
facilities of the column during distillation in the final rec-
tification column.
[0010] The present invention that solved the above
problems is a method for distilling (meth)acrylic acid
and/or the ester thereof by withdrawing vapor generated
in a distillation column by distillation from the top of the
column, condensing the vapor to give a condensate, and
circulating part of the condensate as reflux liquid into the
distillation column from the top side thereof, comprising
the step of adding a polymerization inhibitor to said con-
densate and said reflux liquid.
[0011] Another aspect of the present invention is a
method for distilling (meth)acrylic acid and/or the ester
thereof by withdrawing the vapor generated in a distilla-
tion column by distillation from the top of the column,
condensing the vapor to give a condensate, circulating
part of the condensate thus condensed as reflux liquid
into the distillation column from top side thereof, and feed-
ing the other part of said condensate as circulating liquid
into the lines connecting the condenser and/or the distil-
lation column and said condenser, comprising the steps
of adding a polymerization inhibitor to said condensate
and/or said circulating liquid, and adding a polymerization
inhibitor to reflux liquid.
[0012] In practicing the present invention, it is prefer-
ably to circulate part of the reflux liquid into the distillation
column from the top side thereof, circulate the other part
of the reflux liquid into the distillation column from a po-
sition lower than the top side thereof, and additionally
add a polymerization inhibitor to the reflux liquid circulat-
ed from the lower position. It is also favorable that the
polymerization inhibitor added to the reflux liquid, which

is supplied to the line connected to the position lower
than the top of the distillation column, is different from
the polymerization inhibitor added to the reflux liquid cir-
culated from the top side of the distillation column, the
condensate, or the circulating liquid.
[0013] Further, in the present invention, the distillation
column is preferably the rectification column for obtaining
the final purified product.
[0014] These and other objects, features and advan-
tages of the present invention will become more apparent
upon reading of the following detailed description along
with the accompanied drawings.

Figure 1 is a schematic diagram of a process for
producing acrylic acid.
Figure 2 is a schematic diagram illustrating the rec-
tification process 18 as set forth in Figure 1.
Figure 3 is another schematic diagram illustrating
the rectification process 18 as set forth in Figure 1.

[0015] After an intensive study to solve the problems
above, the present inventors have found an effective
method of suppressing generation of polymers in the dis-
tillation column and simultaneously suppressing polym-
erization of the condensate obtained by distillation in in-
cidental facilities of the column such as the condenser
and the like, as described below. In particular, the present
inventors have found an effective method of preventing
polymerization that allows suppression of the polymeri-
zation in the distillation column and the incident facilities
thereof while maintaining the purity and quality of (meth)
acrylic acid and/or the ester thereof obtained by conden-
sation in the rectification column at a certain level or high-
er.
[0016] Hereinafter, the present invention will be de-
scribed using the process of manufacturing acrylic acid
as a typical example, but the method according to the
present invention is not limited to the process of manu-
facturing acrylic acid, and may be also used in the proc-
esses for production of methacrylic acid, and (meth)acryl-
ic ester such as methyl (meth)acrylate, ethyl (meth)acr-
ylate, n-butyl (meth)acrylate, 2-ethylhexyl (meth)acr-
ylate, 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, cyclohexyl (meth)acrylate, t-butyl
(meth)acrylate, i-nonyl (meth)acrylate, diethylaminoe-
thyl(meth)acrylate, i-octyl (meth)acrylate, and the like.
[0017] The present application is directed to a method
for distilling (meth)acrylic acid and/or the ester thereof
by withdrawing vapor generated in a distillation column
by distillation from the top of the column, condensing the
vapor in a condenser to give a condensate, and circulat-
ing a part of the condensate as reflux liquid into the dis-
tillation column from the top side thereof, comprising the
step of adding a polymerization inhibitor to said conden-
sate and said reflux liquid, wherein a phenol-based po-
lymerization inhibitor as the polymerization inhibitor A is
added to said condensate and at least one polymeriza-
tion inhibitor B selected from the group consisting of N-
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oxyl-based polymerization inhibitor, amine-containing
polymerization inhibitor and metallic polymerization in-
hibitor, is added into said reflux liquid, and circulating the
reflux liquid containing the polymerization inhibitors A
and B into the distillation column.
[0018] As polymers are generated more frequently in
absorption column and during transport of the distilling
solution in the processes of manufacturing these
(meth)acrylic acid and the ester thereof, the polymeriza-
tion inhibitor described below may be added if desired.
The polymerization inhibitor may be added to the distilling
solution or into the absorption column and the transport
lines directly.
[0019] The polymerization inhibitors are not particular-
ly limited and examples thereof are polymerization inhib-
itors known in the art including: N-oxyl compounds such
as 2,2,6,6-tetramethylpiperidinoxyl, 4-hydroxy-2,2,6,6-
tetramethylpiperidinoxyl, 4,4’,4"-tris-(2,2,6,6-tetrameth-
ylpiperidinoxyl)phosphite, and the like; phenol com-
pounds such as hydroquinone, hydroquinone mono-
methylether, pyrogallol, catechol, resorcin, 2,4-dimethyl-
6-t-butylphenol, and the like; phenothiazine compounds
such as phenothiazine, bis-(α-methylbenzyl) phenothi-
azine, 3,7-dioctylphenothiazine, bis-(α-dimethylben-
zyl)phenothiazine, and the like; copper dimethyldithio-
carbamate, copper dibutyldithiocarbamate, and the like.
The polymerization inhibitors may be used alone or in
combination of 2 or more inhibitors.
[0020] The kinds of the polymerization inhibitors used
in distillation columns other than rectification column
(hereinafter, referred to as intermediate distillation col-
umns as a whole), such as azeotropic distillation column,
low-boiling impurity separation column, high-boiling im-
purity separation column, and the like, are also not par-
ticularly limited, and the polymerization inhibitors are
preferably added according to the method of present in-
vention described below. In addition, with respect to the
final rectification column, it is recommended to select a
polymerization inhibitor suitable for the method of the
present invention described below and add the polymer-
ization inhibitor according to the method of the present
invention for maintaining the quality and purity of the pu-
rified product.
[0021] Hereinafter, the method of the present invention
will be described with reference to Figure 1, which illus-
trates an example of the process for manufacturing acryl-
ic acid, and Figures 2 and 3, which show schematic di-
agrams of the rectification process 18 in the same proc-
ess. As will be described below, the method of the present
invention is characterized in that a polymerization inhib-
itor is added to the condensate and the reflux liquid, or
that a polymerization inhibitor is added to the condensate
and/or the circulating liquid, and at the same time to the
reflux liquid circulated into the distillation column from
the top side thereof. Therefore, the methods according
to the present invention are not limited to the following
manufacturing processes, and it should be understood
that any modifications that do not interfere with the ad-

vantageous effects of the invention are also included in
the scope of the present invention.
[0022] The products obtained from propylene and/or
acrolein by catalytic oxidation are fed via a line 1 into an
absorption column 2. The products generated by catalytic
gas-phase oxidation of propylene and the like with a mo-
lecular oxygen-containing gas or the like under an arbi-
trary condition are usually provided as a reaction gas. An
absorption liquid (e.g., water) was introduced via a line
1a into the absorption column 2, and brought into contact
with the products in the absorption column 2. Acrylic acid
contained in the products is absorbed in this manner to
give an aqueous acrylic acid solution. The aqueous acryl-
ic acid solution contains, in addition to acrylic acid, un-
reacted acrolein and byproducts (impurities) such as for-
maldehyde, furfural, benzaldehyde, propionic acid, for-
mic acid, acetic acid, maleic acid, and the like. The aque-
ous acrylic acid solution is supplied into a distillation col-
umn (not shown in the figure) if desired to remove low-
boiling products (impurities having a boiling temperature
lower than that of acrylic acid) such as acrolein and oth-
ers, and then fed via a line 3 into an azeotropic distillation
column 4. In the azeotropic distillation column 4, low-
boiling products such as water, acetic acid, and others
are removed from the aqueous acrylic acid solution by
azeotropic distillation using one or more publicly known
azeotropic solvents fed therein such as toluene, xylene,
hexane, heptane, cyclohexane, methylisobutylketone,
butyl acetate, and the like. The low-boiling products and
the azeotropic solvent(s) are removed via a line 6 from
the top of the distillation column. Alternatively, acrylic ac-
id, high-boiling impurities (impurities having a boiling tem-
perature higher than that of acrylic acid) such as maleic
acid, acrylic acid dimer, and the like, and polymerization
inhibitors are withdrawn via a line 3a from the bottom of
the column as an acrylic acid-containing solution. The
vapor containing low-boiling products, azeotropic sol-
vent(s) and the like withdrawn from the top of the column
is condensed in a condenser 10, and fed into a solvent
separator 12a. The azeotropic solvent is separated in the
solvent separator 12a from a phase mainly containing
water (aqueous phase), and circulated via a line 6a into
the azeotropic distillation column 4, while the remaining
aqueous phase is supplied to any process via a line 6c,
but at least part thereof is preferably sent via the line 1a
into the absorption column 2 and reused as the absorp-
tion liquid for absorption of acrylic acid. The acrylic acid-
containing solution withdrawn via the line 3a from the
bottom of the column is additionally sent if desired to a
low-boiling product separation column (not shown in the
figure) for removal of low-boiling products. After removal
of particular impurities, the acrylic acid-containing solu-
tion is then introduced into a high-boiling impurity sepa-
ration column 4a.
[0023] In the high-boiling impurity separation column
4a, the high-boiling impurities and the polymerization in-
hibitor(s) are removed as the bottom effluent from the
bottom of the column by distillation, while crude acrylic
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acid is withdrawn from the top of the column (or from the
side of the column) . The crude acrylic acid contains, in
addition to acrylic acid, polymerization inhibitors that are
not removed by distillation (and polymerization inhibitors
additionally added after distillation), trace amounts of im-
purities that are not completely removed by distillation,
and others. The crude acrylic acid (vapor) withdrawn from
the top of the column is condensed in a condenser 10,
and part of condensate in the condensate tank 12 may
be circulated into the distillation column. The crude acryl-
ic acid withdrawn from the high-boiling impurity separa-
tion column 4a is then fed via a line 3b into a rectification
column 8.
[0024] If present as impurities in the crude acrylic acid,
low-boiling products are distilled together with acrylic acid
from the top of the column, leading to decrease in the
purity of acrylic acid, and thus if the crude acrylic acid
contains a significant amount of low-boiling products, it
is preferable to reduce the amount of low-boiling products
to a desirable value by redistilling the crude acrylic acid
before it is sent to the rectification column 8.
[0025] In the rectification column 8, an aldehyde-mod-
ifying agent, such as hydrazine, phenylhydrazine, or the
like, may be previously added to the feed solution, or
introduced directly into the column for reduction in the
content of aldehydes in the acrylic acid.
[0026] The rectification column 8 according to the
present invention is the final distillation column for pro-
duction of high-purity acrylic acid. The high-purity acrylic
acid can be obtained by removing the impurities by re-
peated distillations of the feed solution containing mainly
the desired purification product, such as acrylic acid. In
the present invention, the high-purity acrylic acid is an
acrylic acid that has a purity satisfying the requirements
as an industrial product, and more specifically having a
purity of preferably 99.5% or more.
[0027] Specific "configurations" of the distillation col-
umns used in the processes for production of acrylic acid
the present invention, including azeotropic distillation col-
umn 4, high-boiling impurity separation column 4a, rec-
tification column 8, and the like, may be selected accord-
ing to the desirable applications, and thus are not partic-
ularly limited, and examples thereof include plate col-
umns having any one of plates such as bubble cap tray,
sieve tray, valve tray, and the like; and packed columns
packed with any one of packing materials such as Ras-
chig ring, Lessing ring, ball ring, and the like. In the
present invention, plate columns fitted with sieve trays,
which exhibit excellent performance in commercial scale
distillation, are favorably used. In using the plate col-
umns, the types of vapor-liquid contact are not particu-
larly limited, and any types of contact, including cross-
current, countercurrent, concurrent and others, may be
employed. The number of plates to be placed in a column
may be suitably selected according to the diameter and
capacity of the column and the desirable conditions
thereof such as the purity of product. Further, incident
facilities of the distillation column are not particularly lim-

ited, and, for example, heating means such as reboiler,
heater, heating jacket, and the like may be additionally
installed as needed. Furthermore, the feed rate of the
feed solution and the operational conditions such as the
temperature and pressure in the distillation column and
others are not particularly limited, and may be selected
suitably according to the desired applications, and pres-
sure-control and feed rate-control valves may be addi-
tionally installed arbitrarily.
[0028] In the present invention, the incidental facilities
of columns are facilities additionally added to the distil-
lation column, such as condenser 10, condensate tank
12 (or azeotropic solvent separator 12a), line 11 connect-
ing condenser 10 and condensate tank 12, line 14, line
13 for withdrawal of purified acrylic acid, and the like.
[0029] Acrylic acid contained in the crude acrylic acid
fed into the rectification column 8 is vaporized by distil-
lation, and the vapor is withdrawn from the top of the
column via a line 9 into a condenser 10, where it is con-
densed in the condenser 10 to give a condensate. Impu-
rities including polymerization inhibitors and the like are
withdrawn as the bottom effluent via a line 15 from the
bottom of the column. Part of the bottom effluent is sup-
plied to a reboiler 16, and circulated as part of the heat
source for heating the rectification column 8, and the oth-
er part of the bottom effluent is supplied to any other
processes.
[0030] In the condenser 10, the vapor may be con-
densed by direct contact of the vapor with a refrigerant
for condensation, for example, in a showering contact
condenser, or by indirect heat exchange between the
vapor and a refrigerant, for example, by supplying the
vapor into the tubes of a shell-and-tube condenser and
the refrigerant into the shells surrounding the tubes. Oth-
er publicly known condensers, such as coil and spiral
heat exchangers, may also be employed.
[0031] The condensate obtained by condensation in
the condenser 10 is sent via a line 11 into a condensate
tank 12 and stored therein. Part of the condensate in the
condensate tank 12 is supplied as the reflux liquid into
the rectification column 8 from the top side thereof, and
used for vapor-liquid contact with the vapor generated
therein. The other part of the condensate in the conden-
sate tank 12 may be supplied as a circulating liquid to
the condenser 10 and/or to the line 9, which connect the
rectification column 8 and the condenser 10. The con-
densate in the condensate tank 12 may be supplied via
a line 13 to any other processing and production proc-
esses, or to the process for preparation for shipment as
the product.
[0032] As the condensate obtained by distillation in the
rectification column 8 contains almost no polymerization
inhibitors, polymers are more easily generated in the in-
cidental facilities of column such as condenser 10, the
condensate tank 12, and the like. In addition, if part of
the condensate is supplied as the reflux liquid into the
rectification column 8 from the top side thereof, polymers
tend to be generated in the rectification column 8 if the
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reflux liquid does not contain any polymerization inhibi-
tors.
[0033] Thus, the condensate may be added with a po-
lymerization inhibitor in a concentration sufficient to pre-
vent polymerization in the rectification column 8 and then
part of the condensate circulated into the rectification col-
umn 8, but in such a case, the purity and quality of the
acrylic acid obtained via the line 13 decreases, although
it is possible to suppress polymerization in the conden-
sate tank 12 and the rectification column 8. Namely, if a
polymerization inhibitor highly effective by addition only
of a small amount thereof, such as an N-oxyl compound-
based polymerization inhibitor, phenothiazine, copper
dibutyldithiocarbamate, or the like, is added to the con-
densate, the polymerization may be avoided in the rec-
tification column 8 without reducing the purity of acrylic
acid unnecessarily, but the addition of the polymerization
inhibitor to the condensate is unfavorable because it
causes coloring of the condensate (acrylic acid) obtained
via the line 13, leading to deterioration in product quality.
Although a polymerization inhibitor that does not color
acrylic acid such as hydroquinone monomethylether or
the like may be added to the condensate for prevention
of polymerization and of deterioration in quality due to
coloration, the inhibitor is generally weaker in polymeri-
zation-inhibiting potential than the polymerization inhib-
itors described above such as N-oxyl compounds and
the like. For that reason, if the condensate added with
hydroquinone monomethylether is circulated into the rec-
tification column, the amount of the inhibitor added
should be raised for effective prevention of polymeriza-
tion of the reflux liquid in the rectification column 8, com-
pared to the case when an N-oxyl compound is added.
However, the increase in the amount of polymerization
inhibitor added to the condensate stored in the conden-
sate tank 12 is undesirable, as it leads to decrease in the
purity of the acrylic acid obtained via the line 13.
[0034] Accordingly, for the purpose of maintaining high
polymerization-inhibiting property in the distillation col-
umn, keeping the purity and quality of acrylic acid at a
certain level or higher, and preventing polymerization of
the condensate obtained by distillation in the incidental
facilities of column such as the condenser 10, conden-
sate tank 12, and the like, it is recommended not only to
add the polymerization inhibitor to the condensate but
also to the reflux and circulating liquids as described be-
low.
[0035] If a polymerization inhibitor is added to the con-
densate and the amounts of the polymerization inhibitor
added to the reflux liquid and the condensate are favo-
rably adjusted to a concentration required for maintaining
the product quality at a certain level and at the same time
preventing polymerization of the condensate in the inci-
dent facilities such as the condensate tank 12, condenser
10, and the like, and further the polymerization inhibitor
added to the reflux liquid, i.e., part of the condensate, is
at a concentration required for preventing polymerization
in the column. The addition of the polymerization inhibitor

to the reflux liquid at such a concentration that is required
for preventing polymerization in the rectification column
8 allows reduction in the amount of the polymerization
inhibitor added to the condensate, consequently permit-
ting suppression of decrease in the purity of acrylic acid
and at the same time suppression of the generation of
polymers in the incidental facilities of column such as the
condenser 10, condensate tank 12, and the like and also
in the rectification column 8.
[0036] Alternatively, if a polymerization inhibitor is add-
ed to the circulating liquid, i.e., the other part of the con-
densate, as the circulating liquid is distilled back to the
condensate, the amount of the polymerization inhibitor
added to the circulating liquid is favorably adjusted to a
concentration required for maintaining the product quality
and preventing polymerization in the incidental facilities
of columns in the similar manner to above.
[0037] If the effluent vapor passing through the line 9
is cooled, the vapor condenses in the line 9, sometimes
causing generation and adhesion of polymers therein,
and therefore, for the purpose of preventing polymeriza-
tion due to condensation in the line 9, heating means
such as heating jacket, heater, and the like for keeping
the vapor in over-heated state (at a temperature above
the dew point) may be additionally installed if desired to
the line 9, or the circulating liquid containing the polym-
erization inhibitor may be added at any point of the line 9.
[0038] In the similar manner to the case where a po-
lymerization inhibitor is added to the condensate above,
the amount of the polymerization inhibitor added to the
line 9 is adjusted to a concentration required for main-
taining the product quality and preventing polymerization
of the condensate including the circulating liquid. In ad-
dition, an additional polymerization inhibitor may be add-
ed to the condensate if needed, when it is supplied via
the line 13 to other processing and production processes
or the preparative process for shipment as the product.
[0039] Independent of the method of adding the po-
lymerization inhibitor into the condensate described
above, a polymerization inhibitor may be added to the
reflux liquid at an amount required for preventing polym-
erization in the rectification column 8 as described above.
[0040] Because the incidental facilities of columns
such as the condensate tank 12 and others are relatively
cooler compared to any positions inside the rectification
column 8 and thus have a smaller possibility of generating
polymers, a polymerization inhibitor having smaller po-
lymerization-inhibiting potential than those used for pre-
vention of polymerization in the rectification column 8
may be used as the polymerization inhibitor used for pre-
vention of polymerization of the condensate in the inci-
dental facilities of columns. Even at a smaller concentra-
tion, the polymerization inhibitor can prevent the polym-
erization of the condensate sufficiently in incidental facil-
ities of columns and the like and thus allows prevention
of polymerization while maintaining the purity and quality
of the acrylic acid obtained via the line 13 at a certain
level or higher.

9 10 



EP 1 475 364 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0041] Accordingly, for example, phenol-based polym-
erization inhibitors, such as hydroquinone monomethyl-
ether, hydroquinone, 2,4-dimethyl-6-t-butylphenol, and
the like, that do not cause coloring of acrylic acid are
preferably used as the polymerization inhibitors added
to the condensate and the circulating liquid.
[0042] If the polymerization inhibitor contained in the
condensate is a polymerization inhibitor having a low po-
lymerization-inhibiting potential and the amount of the
polymerization inhibitor added is sufficient for preventing
polymerization of the condensate and the like (to an ex-
tent not decreasing the purity and quality of the acrylic
acid) as described above, polymerization in the rectifica-
tion column 8 may not be sufficiently controlled even if
part of the condensate is used as it is as the reflux liquid.
Thus, it is preferable to raise the concentration of polym-
erization inhibitor by adding the polymerization inhibitor
to the reflux liquid.
[0043] A phenol-based polymerization inhibitor or a po-
lymerization inhibitor having high polymerization-inhibit-
ing property may be used as the polymerization inhibitors
added to the reflux liquids of the intermediate distillation
columns. It is preferable to use the polymerization inhib-
itor having high polymerization-inhibiting property in view
of the fact the reflux liquid is heated at high temperature
in the distillation column. Favorable examples of the po-
lymerization inhibitors having high polymerization-inhib-
iting property is at least one selected from the group con-
sisting of N-oxyl-based polymerization inhibitor, amine-
containing polymerization inhibitor and metallic polymer-
ization inhibitor. Specific examples of N-oxyl-based po-
lymerization inhibitor are 4-hydroxy-2,2,6,6-tetramethyl-
piperidinoxyl and the like. Examples of amine-type po-
lymerization inhibitors include phenothiazine, phenylen-
ediamine, and the like. A specific examples of metallic
polymerization inhibitors are copper dibutyldithiocar-
bamate, manganese acetate, and the like. As the polym-
erization inhibitors added to the reflux liquids of the in-
termediate distillation columns are eventually removed
in the rectification column 8, the kinds and amounts of
the polymerization inhibitors added are not particularly
limited. Favorably, the amount of the polymerization in-
hibitor is 1 to 1000 ppm with respect to the acrylic acid.
[0044] In contrast, polymerization inhibitors similar to
those added to the condensate and the circulating liquid
are preferred used as the polymerization inhibitor added
to the reflux liquid of the rectification column 8. If the reflux
liquid is supplied into the distillation column from the ut-
most top thereof (e.g., a position higher than the highest
tray in the case of a plate column), the polymerization
inhibitor added to the reflux liquid may be distilled back
from the top of the column by entrainment, and thus use
of the N-oxyl-based polymerization inhibitor, amine-type
polymerization inhibitor, or metallic polymerization inhib-
itor described above may result in the contamination
(e.g., coloring) of acrylic acid and affect the polymeriza-
tion property of the resulting acrylic acid. Even if a po-
lymerization inhibitor such as an N-oxyl compound or the

like is used or the concentration of polymerization inhib-
itor in the reflux liquid is raised, it is possible to prevent
effectively decrease in the purity and quality of acrylic
acid due to the entrainment of polymerization inhibitors,
by supplying part of the reflux liquid into the distillation
column from the top thereof and the other part of the
reflux liquid separately from a position lower than the top
of the distillation column as set forth in Figure 3, and
further by adding a polymerization inhibitor to the reflux
liquid supplied from the lower position for increase in the
concentration of polymerization inhibitor. The specific
supplying position may be decided arbitrarily, taking into
account the amount of entrainment and the like.
[0045] The polymerization inhibitor to be added to the
circulating liquid and/or the condensate may be adjusted
to an amount sufficiently suppressing the generation of
polymers of the condensate or in the incidental facilities
of columns, and if hydroquinone monomethylether is
added to the circulating liquid as the polymerization in-
hibitor for example, the polymerization inhibitor may be
adjusted to a concentration of about 10 to 200 ppm with
respect to the acrylic acid in the condensate. Addition
thereof in such a range achieves the object of the inven-
tion, i.e., of preventing polymerization in the column while
maintaining the purity of the acrylic acid in the condensate
or the incidental facilities of column.
[0046] Alternatively, if hydroquinone monomethylether
is added to the reflux liquid during the distillation of acrylic
acid, the amount of hydroquinone monomethylether add-
ed to the reflux liquid is preferably adjusted to a concen-
tration of about 100 to 5000 ppm with respect to the acrylic
acid in the column for preventing polymerization in the
rectification column 8. If the concentration of hydroqui-
none monomethylether in the condensate increases by
entrainment, it is preferable to supply part of the reflux
liquid into the rectification column 8 from a position lower
than the top thereof as set forth in Figure 3, and add a
polymerization inhibitor to the reflux liquid supplied from
the lower position in an amount adjusted to make the
concentration of hydroquinone monomethylether in the
column at about 100 to 5000 ppm with respect to acrylic
acid.
[0047] In particular, if a polymerization inhibitor (having
high polymerization-inhibiting property such as an N-oxyl
compound or the like) different from the polymerization
inhibitor added to the condensate is added to the reflux
liquid, it is preferable to add the polymerization inhibitor
to reflux liquid to be supplied from a position lower than
the top position of the rectification column 8, from which
part of the reflux liquid is supplied in the similar manner
to above, in an amount adjusted to make the concentra-
tion thereof in the column at about 1 to 1000 ppm with
respect to the acrylic acid, for the purpose of preventing
contamination of polymerization inhibitors into the efflu-
ent above and polymerization in the distillation column.
[0048] In this manner, adjustment of the concentra-
tions of polymerization inhibitors by controlling the meth-
ods of supplying polymerization inhibitors to the reflux
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liquid, condensate, and circulating liquid and the amounts
thereof added respectively enables suppression of ex-
cessive decrease in the purity and quality of the purified
acrylic acid obtained via the line 13, and also of polym-
erization in the rectification column 8 and incidental fa-
cilities of the column .
[0049] Figures 2 and 3 are schematic diagrams illus-
trating examples of the method of adding the polymeri-
zation inhibitor in the rectification process 18 shown in
Figure 1.
[0050] If a polymerization inhibitor is added to the con-
densate, the position of adding the polymerization inhib-
itor is not particularly limited and, for example, the inhib-
itor may be added directly to the condenser 10 (via line
20), and/or directly to the condensate tank 12 (via line
20a), and/or to any position in a line 11 (not shown in the
figure), and/or to any position in the line 9 (via line 14C),
as set forth in Figure 2. The polymerization inhibitor may
be of course added from any multiple positions to the
condensate. As polymers are often found particularly in
the line 9 connecting between the rectification column 8
and the condenser 10 and in the condenser 10, and also
polymers derived from the condensate obtained in the
condenser in the line 11 and the condensate tank 12, it
is preferable to supply the circulating liquid added with a
polymerization inhibitor to any point in the line 9 via the
line 14c and at the same time into the condenser 10 via
the line 14b, for effective prevention of polymerization.
The position of supplying the polymerization inhibitor to
the circulating liquid is not particularly limited, and thus
the polymerization inhibitor may be added from any point,
and for example, after installing a line 20b at any position
in the line 14b, the polymerization inhibitor may be added
via the line 20b as set forth in the figure.
[0051] In Figures 2 and 3, the reflux and circulating
liquids are withdrawn from the condensate in condensate
tank 12 via the same line 11a, and the circulating liquid
is supplied via the lines 14a, 14b, and 14c to the con-
denser 10 and to the line 9, while the reflux liquid via the
lines 14a, and 14 to the rectification column 8. However,
the reflux and circulating liquids may be supplied respec-
tively via independent lines connected to the condensate
tank 12, and in addition, any other modifications are also
possible. The configuration wherein these liquids are
withdrawn via the same line 11a as shown in the figure
is favorable, as it allows supply of these liquids only by
a single supply pump and hence simplification of the fa-
cility.
[0052] It is recommended to add a polymerization in-
hibitor to the reflux liquid supplied via the line 14 into the
rectification column 8, via a line 19 additionally installed
for addition of the polymerization inhibitor at any point of
the line 14. As the reflux liquid is part of the condensate,
it certainly contains the polymerization inhibitor previous-
ly added to the condensate (hereinafter, the polymeriza-
tion inhibitor added to the condensate is referred to as
the "polymerization inhibitor A"; and the polymerization
inhibitor added to the reflux liquid, the "polymerization

inhibitor B"). The polymerization inhibitors A and B, may
be the same polymerization inhibitor or different polym-
erization inhibitors.
[0053] In the present invention, the reflux liquid con-
taining polymerization inhibitors A and B is fed via the
line 14 into the rectification column 8. All of the reflux
liquid may be fed into rectification column 8 from the ul-
timate top thereof (a position higher than the highest tray
in the case of a plate column). Alternatively, the reflux
liquid may be fed from any lower positions of the column
via multiple lines as set forth in Figure 3.
[0054] When the polymerization inhibitors A and B are
different, for suppressing the contamination of the efflu-
ent vapor containing the polymerization inhibitor B by en-
trainment and raising the polymerization-inhibiting poten-
tial in the column, it is preferable to supply the reflux liquid
containing the polymerization inhibitor A via the line 14
into the distillation column from the utmost top thereof
and at the same time the reflux liquid added with polym-
erization inhibitor B via the line 19a and the line 14d con-
nected to the rectification column 8 at a position lower
than the utmost top thereof as set forth in Figure 3. At
the time, it is preferable to add polymerization inhibitor A
via the line 19 for increasing the concentration of the po-
lymerization inhibitor A in the reflux liquid fed via the line
14.
[0055] The connection position of the line 14d is pref-
erably, for example in the case of a plate column, is a
position 1 to 10 plates lower, and preferably 1 to 5 plates
lower than the utmost top, for prevention of entrainment
and polymerization in the column. Independent of wheth-
er the polymerization inhibitors A and B are the same or
not, the polymerization inhibitors and the reflux liquid may
be supplied from a plurality of positions. By controlling
the supplying position and the kinds of polymerization
inhibitors in this manner, it becomes possible to suppress
the polymerization effectively at the ultimate top and in-
side the column, preventing such problems as decrease
in the purity of acrylic acid due to contamination due to
the vapor containing the polymerization inhibitor B and
coloring of acrylic acid.
[0056] In addition, if the reflux liquid is fed separately
(via lines 14 and 14d) as set forth in Figure 3, it is rec-
ommended to supply the reflux liquid more via the line
14 than via line 14d from the viewpoint of keeping the
distillation-separation efficiency higher, and more specif-
ically, the ratio of the feed rates via line 14:line 14d is
preferably in the range of 2:1 to 500:1.
[0057] If the polymerization inhibitor B is supplied di-
rectly into the rectification column 8 without being added
to the reflux liquid, polymers are often generated in the
feed line 14 (or additionally, in line 14d) for introducing
the reflux liquid and at the portions thereof connected to
the rectification column 8 (including portions supplying
the reflux liquid, such as the spraying nozzle and outlet
of the reflux liquid supplied, and the feed line extending
inside the column, and the like), as the reflux liquid does
not contain a sufficient amount of polymerization inhibi-
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tor. As the connection portions are heated to high tem-
perature by the vapor in the column, the polymerization
often occurs in the feed line and in the neighborhood of
the inlet. For preventing these problems, it is desirable
to raise the concentration of polymerization inhibitor in
the reflux liquid sufficiently by adding the polymerization
inhibitor B to the reflux liquid as described above and
thus to prevent generation of polymers at the connecting
portions.
[0058] It is undesirable to supply polymerization inhib-
itor directly into the rectification column 8, as it demands
installation of additional a polymerization-inhibitor feed
line and various control instruments. Therefore, it is pref-
erable to dissolve the polymerization inhibitor in the con-
densate and the reflux liquid as described above, for ef-
fectively preventing polymerization in incidental facilities
of columns and in the rectification column while keeping
the quality of purified acrylic acid.
[0059] The polymerization inhibitor may also be fed di-
rectly into the intermediate distillation columns if desired
from any positions of the columns or fed indirectly, for
example, by dissolving the inhibitors in solvents such as
the purified and crude acrylic acid, but the polymerization
inhibitor is preferably supplied by dissolving it in the reflux
liquid or the condensate, from the reasons similar to those
for the above rectification column and from the easiness
in handling the polymerization inhibitor.
[0060] The method of adding polymerization inhibitors
according to the present invention as described above
may be employed in intermediate distillation columns
such as azeotropic distillation column, high-boiling impu-
rity separation column, and the like, as well as in the
rectification column. Application of the method of adding
the polymerization inhibitor according to the present in-
vention to other intermediate distillation columns allows
more efficient prevention of polymerization in these col-
umns and the incidental facilities thereof and reduction
in the amount of polymerization inhibitor used, compared
to the case where the polymerization inhibitor is added
directly into the distillation columns.
[0061] For example, in the azeotropic distillation col-
umn 4 set forth in Figure 1, vapor containing water, aze-
otropic solvents, low-boiling impurities (having a boiling
point lower than that of acrylic acid) and a trace amount
of acrylic acid is withdrawn via a line 6 from the top of
the column and condensed in a condenser 10. The con-
densate is then separated into solvent and aqueous
phases in a solvent separator 12a. The solvent separated
in the solvent separator 12a is supplied as the reflux liquid
via a line 6a to the top of the azeotropic distillation column
4. At that time, a polymerization inhibitor is added for
prevention of polymerization in the distillation column. In
addition, part of the solvent and/or part of the aqueous
phase separated are circulated as the circulating liquid
via a line not shown in the figure to the line 6, and a
polymerization inhibitor is added to the reflux liquid, the
condensate (and/or effluent vapor) and/or the circulating
liquid in the similar manner to above. However, as acrylic

acid is contained in the condensate only in a trace
amount, the polymerization may be prevented by the po-
lymerization inhibitor carried by entrainment from the re-
flux liquid added with the polymerization inhibitor, without
any addition of an additional polymerization inhibitor to
the condensate. Use of the method of adding the polym-
erization inhibitor as described above allows effective
suppression of generation of polymers in the distillation
columns and the incident facilities thereof. It is of course
possible to add a polymerization inhibitor into the azeo-
tropic distillation column 4 from any point thereof as well
as to add the polymerization inhibitor to the reflux liquid
and the condensate. For prevention of entrainment, part
of the reflux liquid may be supplied from the top of the
column and other part thereof from a position lower than
the top position, in a similar manner to the rectification
column 8.
[0062] Hereinafter, the method of the present invention
will be described in detail with reference to EXAMPLES,
but it should be understood that the present invention is
not limited to the following EXAMPLES.

EXAMPLE

EXAMPLE 1.

[0063] A reaction gas containing acrylic acid prepared
by catalytic gas-phase oxidation using propylene as a
starting material was introduced via a line 1 into an ab-
sorption column 2 set forth in Figure 1 and at the same
time, water is introduced into the same column 2 via a
line 1a for absorption of acrylic acid. At that time, a po-
lymerization inhibitor (hydroquinone) was added to the
water supplied from the line 1a via a line not shown in
the figure in an amount adjusted to give a concentration
of the polymerization inhibitor at 100 ppm with respect
to acrylic acid, for prevention of polymerization of acrylic
acid in the absorption column. The aqueous acrylic acid
solution thus obtained was introduced via a line 3 into an
azeotropic distillation column 4, and distilled together
with azeotropic solvents (toluene and methylisobutylke-
tone) fed via a line 6a. The azeotropic solvents, water
and acetic acid were distilled off via a line 6 by azeotropic
distillation, while an acrylic acid-containing solution con-
taining acrylic acid, high-boiling impurities and polymer-
ization inhibitors was obtained via a line 3a from the bot-
tom of the column. At that time, polymerization inhibitors
(hydroquinone and copper dibutyldithiocarbamate) were
added via a line not shown in the figure to the azeotropic
solvents supplied via the line 6a, and the concentrations
of the polymerization inhibitors were adjusted respective-
ly to 200 ppm (hydroquinone) and 50 ppm (copper dib-
utyldithiocarbamate) with respect to acrylic acid, for pre-
vention of polymerization of acrylic acid in the azeotropic
distillation column. Subsequently, the acrylic acid-con-
taining solution was introduced via a line 3a into a high-
boiling impurity separation column 4a (no shell sieve tray:
30 plates), and distilled therein (operational pressure: 40
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hpa; reflux ratio: 0.5; and distillate/feed rate: 0.9). High-
boiling impurities and polymerization inhibitors were re-
moved from the bottom of the column by distillation in
the high-boiling impurity separation column 4a, while the
vapor of crude acrylic acid, which contains no high-boiling
impurities, is withdrawn from the top of the column and
condensed in a condenser 10 to give crude acrylic acid.
At that time, a polymerization inhibitor, hydroquinone
monomethylether, was added to the condenser via a line
not shown in the figure for prevention of polymerization
of acrylic acid in the condensate. The amount of the po-
lymerization inhibitor added was adjusted to 200 ppm
with respect to acrylic acid. Part of the condensate was
circulated as reflux liquid into the distillation column, and
a polymerization inhibitor (hydroquinone monoethyl-
ether) was added to the reflux liquid in an amount adjust-
ed to make the concentration thereof at 1,000 ppm with
respect to acrylic acid in the distillation column.
[0064] After operation for 80 days, the high boiling point
impurity separation column 4a and the condenser 10
were examined. There was completely no generation of
polymers in the high boiling point impurity separation col-
umn 4a and almost no generation of polymers in the con-
denser 10. The crude acrylic acid obtained via the line
3b was colorless.

EXAMPLE 2.

[0065] The crude acrylic acid was distilled in a similar
manner to EXAMPLE 1., except that copper dibutyldithi-
ocarbamate was added replacing hydroquinone mono-
methylether as the polymerization inhibitor to the reflux
in the high boiling point impurity separation column 4a at
a concentration of 50 ppm with respect to the acrylic acid.
[0066] After operation for 80 days, the high boiling point
impurity separation column 4a and the condenser 10
were examined. There was completely no generation of
polymers in the high boiling point impurity separation col-
umn 4a and almost no generation of polymers in the con-
denser 10. The crude acrylic acid obtained was contam-
inated with copper dibutyldithiocarbamate at a concen-
tration of 0.3 ppm and was slightly yellowish, which was
negligible in terms of product quality.

COMPARATIVE EXAMPLE 1.

[0067] The crude acrylic acid was distilled in a similar
manner to EXAMPLE 1., except that no polymerization
inhibitor was added to the reflux fluid in the high boiling
point impurity separation column 4a.
[0068] After operation for 30 days, there was observed
an increase in pressure loss in the high boiling point im-
purity separation column 4a. After discontinuation of op-
eration, examination of the high boiling point impurity
separation column 4a and the condenser 10 revealed
that there were no polymers observed in the condenser
10 but there were a great amount of polymers on the
trays of the high boiling point impurity separation column

4a. The crude acrylic acid obtained via the line 3b was
colorless.

EXAMPLE 3.

[0069] The crude acrylic acid obtained in EXAMPLE 2
was further distilled for production of purified acrylic acid.
The crude acrylic acid was fed via a line 3b shown in
figure 1 into rectification column 8 (no shell sieve tray
having 20 stages) and distilled therein (operational pres-
sure: 50 hpa; reflux ratio: 1.0; and distillate/feed rate:
0.95). The vapor of the acrylic acid generated by the dis-
tillation was fed from the top of the column via a line 9
into a condenser 10 and the resulting condensate was
collected in a condensate tank 12. The effluent vapor
was high purity acrylic acid (having a purity of 99.5% or
more) containing no high boiling point impurities or po-
lymerization inhibitors. Part of the condensate in the con-
densate tank 12 was supplied into the condenser 10 as
set forth in figure 2, by spraying as the circulating liquid
via a line 14b into the condenser 10 and bringing the
circulating liquid into vapor-liquid contact with the vapor
therein. At that time, a polymerization inhibitor (hydroqui-
none monomethylether) was added via a line 20b to the
circulating liquid, and the concentration of the inhibitor
was adjusted to 50 ppm with respect to the acrylic acid
in the circulating liquid. In addition, part of the condensate
in the condensate tank 12 was fed as the reflux liquid via
a line 14 into the rectification column 8 from the top portion
thereof. At that time, a polymerization inhibitor (hydro-
quinone monomethylether) was added via a line 19 to
the reflux liquid, and the concentration of the inhibitor
was adjusted to 500 ppm with respect to the acrylic acid
in the column.
[0070] After operation for 100 days, examination of the
rectification column 8 and the condenser 10 revealed that
there are no observable polymers. In addition, there were
no observable polymers in the lines 11, 14a, 14, and 14b
and in the condensate tank 12 as well. The purified acrylic
acid obtained via the line 13 was colorless and had a
high purity (purity of 99.5% or more).

COMPARATIVE EXAMPLE 2.

[0071] Purified acrylic acid was prepared in the similar
manner to EXAMPLE 3, except that no polymerization
inhibitor (hydroquinone monomethylether) was added to
the reflux liquid via the line 19 in the rectification column 8.
[0072] After operation for 10 days, the purified acrylic
acid obtained via the line 13 was colorless and had a
high purity (purity of 99.5% or more), but there was ob-
served an increase of the pressure drop in the distillation
column. Examination of the interior of the column by in-
terrupting operation thereof revealed that there were a
great amount of polymers inside the rectification column
8 although there were few in the condenser 10.
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COMPARATIVE EXAMPLE 3.

[0073] Purified acrylic acid was prepared in the similar
manner to EXAMPLE 3, except that phenothiazine was
added replacing hydroquinone monomethylether to the
reflux liquid via the line 19 in the rectification column 8
at a concentration of 100 ppm with respect to the acrylic
acid in the column.
[0074] After operation for 100 days, the rectification
column 8 and the condenser 10 were examined, but there
were no observable polymers all therein. In addition,
there were no polymers at all in the lines 11, 14a, 14, and
14b and in the condensate tank 12 as well. The purified
acrylic acid obtained via the line 13 was colorless and
had a high purity (purity of 99.5% or more), but was not
suitable as purified acrylic acid, as it contained pheno-
thiazine at a concentration of 1.3 ppm.

EXAMPLE 4.

[0075] In the rectification column 8, addition of the po-
lymerization inhibitor (hydroquinone monomethylether)
to the reflux liquid via the line 19 was terminated and 1/20
of the reflux liquid was supplied via a line 14d to the fifth
tray from the top of the column as set forth in Figure 3.
Purified acrylic acid was prepared in a similar manner to
EXAMPLE 3, except that phenothiazine was added via
a line 19a in an amount of 100 ppm with respect to the
acrylic acid in the column.
[0076] After operation for 100 days, the rectification
column 8 and the condenser 10 were examined but there
were no polymers observable at all therein. The purified
acrylic acid obtained via the line 13 was colorless and
had a high purity (purity of 99.5%). In addition, phenothi-
azine was not detected in the purified acrylic acid, and
there were no generation of observable polymers in the
lines 11, 11a, 14a, 14b, 14, and 14d and in the conden-
sate tank 12 as well. In this way, supplying the reflux
liquid via the 14 and 14d enables to effectively inhibit
polymerization in rectification column.

EXAMPLE 5.

[0077] Acrylic acid and 2-ethylhexanol were placed in
a reactor (not shown in the figure), and were subjected
to an esterification reaction in the presence of a polym-
erization inhibitor (phenothiazine), using a strongly acidic
ion-exchange resin as catalyst and removing the gener-
ated water. The mixture thus obtained from the esterifi-
cation reaction was introduced into a low-boiling product
separation column (not shown in the figure), and unre-
acted acrylic acid, 2-ethylhexanol and the low-boiling im-
purities generated by the reaction were removed from
the top of the column, while crude 2-ethylhexyl acrylate
containing high-boiling impurities and the polymerization
inhibitor was obtained from the bottom of the column.
The vapor withdrawn from the top of the column was
condensed in a condenser, and part of the resulting con-

densate was supplied as the reflux liquid into the low-
boiling product separation column from the top thereof
and the other part of the condensate was supplied to
other processes (not shown in the figure). At that time,
the reflux liquid was supplied after it was added with a
polymerization inhibitor (phenothiazine) for prevention of
polymerization in the low-boiling product separation col-
umn. The crude 2-ethylhexyl acrylate was introduced into
the rectification column 8 (no shell sieve tray: 30 plates)
as set forth in Figure 2 and distilled (operational pressure:
40 hpa; reflux ratio: 0.8; and distillate/feed rate: 0.95).
The vapor of 2-ethylhexyl acrylate generated by distilla-
tion was fed via the line 9 into the condenser 10 and
condensed therein. The condensate was stored in the
condensate tank 12. The effluent vapor was high-purity
2-ethylhexyl acrylate (having a purity of 99.7% or more)
not containing high-boiling impurities or polymerization
inhibitors. A polymerization inhibitor (hydroquinone mon-
omethylether) was added to the condensate in the con-
densate tank 12 via a line 20a, and the concentration of
the polymerization inhibitor was adjusted to 10 ppm with
respect to 2-ethylhexyl acrylate. Part of the condensate
in the condensate tank 12 was supplied by spraying via
a line 14c into the line 9 and via a line 14b into the con-
denser 10. In addition, other part of the condensate in
the condensate tank 12 was supplied as the reflux liquid
via the line 14 into the rectification column from the top
thereof. At that time, a polymerization inhibitor (hydro-
quinone monomethylether) was supplied via the line 19
to the reflux liquid, and the concentration the polymeri-
zation inhibitor was adjusted to 200 ppm with respect to
2-ethylhexyl acrylate in the column.
[0078] After operation for 100 days, the distillation col-
umn and the condenser were examined, but there were
no observable polymers at all therein. In addition, there
was no generation of polymers at all in the lines 11, 14a,
14c, and 14 and in the condensate tank 12. The purified
2-ethylhexyl acrylate was colorless and had a high purity
(purity of 99.7% or more).

COMPARATIVE EXAMPLE 4.

[0079] The 2-ethylhexyl acrylate solution was distilled
in a similar manner to EXAMPLE 5, except that hydro-
quinone monomethylether was not added to the reflux
liquid via line 19 in the rectification column 8.
[0080] After operation for 20 days, the purified 2-ethyl-
hexyl acrylate obtained was colorless and had a high
purity (purity of 99.7% or more), but the pressure drop in
the distillation column increased. After interruption of dis-
tillation, the interior of the distillation column was exam-
ined and there were observed a great amount of polymers
in the rectification column 8 although there were few in
the condenser 10.

COMPARATIVE EXAMPLE 5.

[0081] The 2-ethylhexyl acrylate solution was distilled
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in a similar manner to EXAMPLE 5, except that no po-
lymerization inhibitor (hydroquinone monomethylether)
was added to the condensate in the condensate tank via
the line 20a in the rectification column 8.
[0082] After operation for 30 days, the purified 2-ethyl-
hexyl acrylate obtained was colorless, but there were pol-
ymers observable in the condensate. After interruption
of distillation, the interior of the distillation column was
examined and there were no polymers observable in the
rectification column 8 but there was generation of poly-
mers in the condenser 10 and in the condensate tank 12.

COMPARATIVE EXAMPLE 6.

[0083] In the rectification column 8, the 2-ethylhexyl
acrylate solution was distilled in a similar manner to EX-
AMPLE 5, except that copper dibutyldithiocarbamate
was added replacing hydroquinone monomethylether to
the reflux liquid via the line 19 in an amount of 10 ppm
with respect to the 2-ethylhexyl acrylate in the column.
The purified 2-ethylhexyl acrylate obtained via the line
13 had a high purity (purity of 99.7% or more), but con-
tained copper dibutyldithiocarbamate at a concentration
of 0.5 ppm, and thus was yellowish in color and unsuitable
as purified 2-ethylhexyl acrylate (inferior quality).

EXAMPLE 6.

[0084] In the rectification column 8, the 2-ethylhexyl
acrylate solution was distilled in a similar manner to EX-
AMPLE 5, except that the addition of polymerization in-
hibitor (hydroquinone monomethylether) to the reflux liq-
uid via the line 19 was terminated; 1/30 of the reflux liquid
was supplied via the line 14d to the 7th trays from the
top of the column as set forth in Figure 3; a polymerization
inhibitor (copper dibutyldithiocarbamate) was supplied
via a line 19a to the reflux liquid in the line 14d; and the
concentration of copper dibutyldithiocarbamate is adjust-
ed to 10 ppm with respect to the 2-ethylhexyl acrylate in
the column.
[0085] After operation for 100 days, the rectification
column 8 and the condenser 10 were examined but there
were no observable polymers at all. In addition, there
were no polymers generated in the lines 11, 11a, 14a,
13, 14, and 14d or in the condensate tank 12. The purified
2-ethylhexyl acrylate obtained via the line 13 was color-
less and had a high purity (purity of 99.7% or more) .
Further, no copper dibutyldithiocarbamate was detected
in the purified 2-ethylhexyl acrylate.
[0086] This application is based on Japanese Patent
application No. 2003-131509 filed on May 9, 2003, the
contents of which are hereby incorporated by reference.
[0087] Although the present invention has been fully
described by way of example with reference to the ac-
companying drawings, it is to be understood that various
changes and modification will be apparent to those skilled
in the art. Therefore, unless otherwise such changes and
modifications depart from the scope of the present inven-

tion hereinafter defined, they should be construed as be-
ing included therein.

Claims

1. A method for distilling (meth)acrylic acid and/or the
ester thereof by withdrawing vapor generated in a
distillation column by distillation from the top of the
column, condensing the vapor in a condenser to give
a condensate, and circulating a part of the conden-
sate as reflux liquid into the distillation column from
the top side thereof, comprising the step of adding
a polymerization inhibitor to said condensate and
said reflux liquid, wherein a phenol-based polymer-
ization inhibitor as the polymerization inhibitor A is
added to said condensate and at least one polym-
erization inhibitor B selected from the group consist-
ing of N-oxyl-based polymerization inhibitor, amine-
containing polymerization inhibitor and metallic po-
lymerization inhibitor, is added into said reflux liquid,
and circulating the reflux liquid containing the polym-
erization inhibitors A and B into the distillation col-
umn.

2. The method for distilling (meth)acrylic acid and/or
the ester thereof according to claim 1, wherein a part
of said reflux liquid is circulated into said distillation
column from the top side thereof, and the other part
of said reflux liquid is circulated into said distillation
column from a position lower than the top side thereof
and the polymerization inhibitor B is added to said
reflux liquid circulated into the column from the lower
position thereof.

3. The method for distilling (meth)acrylic acid and/or
the ester thereof according to claim 2, wherein said
polymerization inhibitor B added to the reflux liquid
being supplied into the distillation column from a po-
sition lower than the top side thereof is different from
the polymerization inhibitor contained in said reflux
liquid circulated from the top side of the distillation
column or said condensate.

4. The method for distilling (meth)acrylic acid and/or
the ester thereof according to claim 2 or 3, wherein
an amount of the polymerization inhibitor A added
to the condensate is 10 to 200 ppm with respect to
the (meth)acrylic acid and/or the ester thereof in the
condensate, and an amount of the polymerization
inhibitor B added to the reflux liquid is 1 to 1000 ppm
with respect to the (meth)acrylic acid and/or the ester
thereof in the distillation column.

5. The method for distilling (meth)acrylic acid and/or
the ester thereof according to any one of claims 2 to
4, wherein the ratio of feed rate of the part of said
reflux liquid being circulated into said distillation col-
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umn from the top side thereof to the other part of
said reflux liquid being circulated into said distillation
column from the position lower than the top side
thereof is 2:1 to 500:1.

6. The method for distilling (meth)acrylic acid and/or
the ester thereof according to any one of claims 1 to
5, wherein said distillation column is a rectification
column for producing the final purified product.

7. The method for distilling (meth)acrylic acid and/or
the ester thereof according to any one of claims 1 to
6, further comprising the step of feeding another part
of said condensate, as circulating liquid, into said
condenser and/or the line connecting said distillation
column to said condenser, wherein a phenol-based
polymerization inhibitor as the polymerization inhib-
itor A is added to said condensate and/or said circu-
lating liquid and at least one polymerization inhibitor
B selected from the group consisting of N-oxyl-based
polymerization inhibitor, amine-containing polymer-
ization inhibitor and metallic polymerization inhibitor,
is added into said reflux liquid.

8. The method for distilling (meth)acrylic acid and/or
the ester thereof according to claim 7, wherein said
polymerization inhibitor B added to the reflux liquid
being supplied into the distillation column from a po-
sition lower than the top side thereof is different from
the polymerization inhibitor contained in said reflux
liquid circulated from the top side of the distillation
column, said condensate, or said circulating liquid.

9. The method for distilling (meth)acrylic acid and/or
the ester thereof according to any one of claims 1 to
8, wherein the amine-containing polymerization in-
hibitor is phenothiazine.

Patentansprüche

1. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon durch Abziehen von
Dampf erzeugt in einer Destillationskolonne durch
Destillation von dem Kopf der Kolonne, Kondensie-
ren des Dampfes in einem Kondensatabscheider,
um ein Kondensat zu ergeben, und Zirkulieren eines
Teils des Kondensats als Rückflußflüssigkeit in die
Destillationskolonne von der Kopfseite davon, um-
fassend den Schritt des Zugebens eines Polymeri-
sationsinhibitors zu dem Kondensat und der Rück-
flußflüssigkeit, wobei ein Polymerisationsinhibitor
auf Phenol-Basis als der Polymerisationsinhibitor A
zu dem Kondensat gegeben wird und mindestens
ein Polymerisationsinhibitor B, ausgewählt aus der
Gruppe, bestehend aus einem Polymerisationsinhi-
bitor auf N-Oxyl-Basis, einem aminhaltigen Polyme-
risationsinhibitor und einem metallischen Polymeri-

sationsinhibitor, zu der Rückflußflüssigkeit gegeben
wird, und Zirkulieren der Rückflußflüssigkeit, enthal-
tend die Polymerisationsinhibitoren A und B, in die
Destillationskolonne.

2. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß Anspruch 1, wo-
bei ein Teil der Rückflußflüssigkeit in die Destillati-
onskolonne von der Kopfseite davon zirkuliert wird,
und der andere Teil der Rückflußflüssigkeit in die
Destillationskolonne von einer Stelle, niedriger als
die Kopfseite davon, zirkuliert wird und der Polyme-
risationsinhibitor B zu der Rückflußflüssigkeit, zirku-
liert in die Kolonne von der unteren Stelle davon,
gegeben wird.

3. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß Anspruch 2, wo-
bei der Polymerisationsinhibitor B, zugegeben zu
der Rückflußflüssigkeit, zugeführt in die Destillati-
onskolonne von einer Stelle niedriger als die Kopfs-
eite davon, unterschiedlich ist von dem Polymerisa-
tionsinhibitor, enthalten in der Rückflußflüssigkeit,
zirkuliert von der Kopfseite der Destillationskolonne,
oder dem Kondensat.

4. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß Anspruch 2 oder
3, wobei eine Menge des Polymerisationsinhibitors
A, zugegeben zu dem Kondensat, 10 bis 200 ppm
bezüglich der (Meth)acrylsäure und/oder dem Ester
davon in dem Kondensat ist, und eine Menge des
Polymerisationsinhibitors B, zugegeben zur der
Rückflußflüssigkeit, 1 bis 1000 ppm bezüglich der
(Meth)acrylsäure und/oder dem Ester davon in der
Destillationskolonne ist.

5. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß einem der An-
sprüche 3 bis 4, wobei das Verhältnis der Beschi-
ckungsrate des Teils der Rückflußflüssigkeit, zirku-
liert in die Destillationskolonne von der Kopfseite da-
von, zu dem anderen Teil der Rückflußflüssigkeit,
zirkuliert in die Destillationskolonne von der Stelle
niedriger als die Kopfseite davon, 2:1 bis 500:1 ist.

6. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß einem der An-
sprüche 1 bis 5, wobei die Destillationskolonne eine
Fraktionskolonne zum Erzeugen des finalen gerei-
nigten Produkts ist.

7. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß einem der An-
sprüche 1 bis 6, weiter umfassend den Schritt des
Beschickens eines weiteren Teils des Kondensats,
als zirkulierende Flüssigkeit, in den Kondensatab-
scheider und/oder die Leitung, welche die Destilla-
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tionskolonne mit dem Kondensatabscheider verbin-
det, wobei ein Polymerisationsinhibitor auf Phenol-
Basis als der Polymerisationsinhibitor A zu dem Kon-
densat und/oder der zirkulierenden Flüssigkeit ge-
geben wird und mindestens ein Polymerisationsin-
hibitor B, ausgewählt aus der Gruppe, bestehend
aus einem Polymerisationsinhibitor auf N-Oxyl-Ba-
sis, einem aminhaltigen Polymerisationsinhibitor
und einem metallischen Polymerisationsinhibitor, zu
der Rückflußflüssigkeit gegeben wird.

8. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß Anspruch 7, wo-
bei der Polymerisationsinhibitor B, zugegeben zu
der Rückflußflüssigkeit, zugeführt in die Destillati-
onskolonne von einer Stelle niedriger als die Kopfs-
eite davon, unterschiedlich ist von dem Polymerisa-
tionsinhibitor, enthalten in der Rückflußflüssigkeit,
zirkuliert von der Kopfseite der Destillationskolonne,
dem Kondensat oder der zirkulierenden Flüssigkeit.

9. Verfahren zum Destillieren von (Meth)acrylsäure
und/oder dem Ester davon gemäß einem der An-
sprüche 1 bis 8, wobei der aminhaltige Polymerisa-
tionsinhibitor Phenothiazin ist.

Revendications

1. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci par retrait de la vapeur produite
dans une colonne de distillation par distillation du
haut de la colonne, condensation de la vapeur dans
un condenseur pour obtenir un condensé, et mise
en circulation d’une partie du condensé comme li-
quide de reflux dans la colonne de distillation du haut
de celle-ci, comprenant l’étape d’addition d’un inhi-
biteur de polymérisation audit condensé et audit li-
quide de reflux, dans lequel un inhibiteur de polymé-
risation à base de phénol, comme l’inhibiteur de po-
lymérisation A est ajouté audit condensé et au moins
un inhibiteur de polymérisation B sélectionné parmi
le groupe consistant en l’inhibiteur de polymérisation
à base de N-oxyle, l’inhibiteur de polymérisation con-
tenant une amine et l’inhibiteur de polymérisation
métallique, est ajouté audit liquide de reflux, et mise
en circulation du liquide de reflux contenant les in-
hibiteurs de polymérisation A et B dans la colonne
de distillation.

2. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon la revendication 1, dans
lequel une partie dudit liquide de reflux est mise en
circulation dans ladite colonne de distillation du haut
de celle-ci, et l’autre partie dudit liquide de reflux est
mise en circulation dans ladite colonne de distillation
d’une position inférieure au haut de celle-ci et l’inhi-
biteur de polymérisation B est ajouté audit liquide de

reflux mis en circulation dans la colonne depuis la
position inférieure de celle-ci.

3. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon la revendication 2, dans
lequel ledit inhibiteur de polymérisation B ajouté au
liquide de reflux étant fourni dans la colonne de dis-
tillation d’une position inférieure au haut de celle-ci,
est différent de l’inhibiteur de polymérisation contenu
dans ledit liquide de reflux mis en circulation du haut
de la colonne de distillation ou dudit condensé.

4. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon la revendication 2 ou 3,
dans lequel la quantité de l’inhibiteur de polymérisa-
tion A ajouté au condensé va de 10 à 200 ppm par
rapport à l’acide (méth)acrylique et/ou de l’ester de
celui-ci dans le condensé, et la quantité de l’inhibi-
teur de polymérisation B ajouté au liquide de reflux
va de 1 à 1000 ppm par rapport à l’acide (méth)acryli-
que et/ou à l’ester de celui-ci dans la colonne de
distillation.

5. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon l’une quelconque des re-
vendications 2 à 4, dans lequel le rapport de la vi-
tesse d’alimentation de la partie dudit liquide de re-
flux en circulation dans ladite colonne de distillation
du haut de celle-ci à l’autre partie dudit liquide de
reflux en circulation dans ladite colonne de distilla-
tion de la position inférieure au haut de celle-ci, va
de 2:1 à 500:1.

6. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon l’une quelconque des re-
vendications 1 à 5, dans lequel ladite colonne de
distillation est une colonne de rectification pour pro-
duire le produit purifié final.

7. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon l’une quelconque des re-
vendications 1 à 6, comprenant en outre l’étape d’ali-
mentation d’une autre partie dudit condensé, comme
liquide en circulation, dans ledit condenseur et/ou la
ligne raccordant ladite colonne de distillation audit
condenseur, dans lequel un inhibiteur de polyméri-
sation à base de phénol comme l’inhibiteur de poly-
mérisation A est ajouté audit condensé et/ou ledit
liquide en circulation et au moins un inhibiteur de
polymérisation B sélectionné parmi le groupe con-
sistant en l’inhibiteur de polymérisation à base de N-
oxyle, l’inhibiteur de polymérisation contenant une
amine et l’inhibiteur de polymérisation métallique,
est ajouté audit liquide de reflux.

8. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon la revendication 7, dans
lequel ledit inhibiteur de polymérisation B ajouté au
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liquide de reflux étant fourni dans la colonne de dis-
tillation d’une position inférieure au haut de celle-ci,
est différent de l’inhibiteur de polymérisation contenu
dans ledit liquide de reflux mis en circulation du haut
de la colonne de distillation ou dudit condensé ou
dudit liquide en circulation.

9. Procédé de distillation d’acide (méth)acrylique et/ou
de l’ester de celui-ci selon l’une quelconque des re-
vendications 1 à 8, dans lequel l’inhibiteur de poly-
mérisation contenant une amine est la phénothiazi-
ne.
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