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METHOD FOR RECOVERING ACRYLIC ACID~ 

This invention relates to a method for recov-
5 ering acrylic acid. More particularly, the invention 

relates to a method comprising contacting an acrylic 
acid-containing gas, which is obtained in gas-phase 
catalytic oxidation of propylene and/or acrolein using a 
molecular oxygen-containing gas, with water whereby 

10 collecting said acrylic acid in form an aqueous solu­
tion, and disti I I ing the aqueous solution of acrylic 
acid in the presence of a specific azeotropic solvent, 
whereby effectively isolating and recovering the acrylic 
acid. 

15 Production of acrylic acid through gas-phase 
catalytic oxidation of propylene and/or acrolein has 
been industrially widely practiced. This method nor­
mally consists of an oxidation step to catalytically 
oxidize propylene and/or acrolein using molecular oxygen 

20 in gaseous phase. collection step to collect an acrylic 
acid-containing gas resulting from the gas-phase cata-
lytic oxidation by contacting said gas with water, and 
recovery step to isolate and recover acrylic acid from 
the aqueous solution of the acrylic acid which is ob-

25 tained in the collection step. 
Said acrylic acid-containing gas contains such 

side-products as acetic acid, formic acid, acetaldehyde, 
formaldehyde and the I ike, among which acetic acid is in 
relatively large quantity. For producing high purity 

30 acrylic acid, therefore. acetic acid must be removed. 
Attempts to remove the acetic acid in the acrylic acid 
by means of disti I lation, however, tend to induce poly­
merization of acrylic acid because of the required high 
disti I lation temperature. (Boi I ing point of acetic acid 

35 is 118. 1°C.) There is also another problem that the 
smal I specific volatility values of acrylic acid and 
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acetic acid render their separation by simple disti I la­
tion difficult. 

Consequently, with the view to isolate and 
recover high purity acrylic acid from said aqueous 

5 acrylic acid solution, that is, to separate acrylic acid 
from acetic acid and water to recover high purity acryl­
ic acid which is substantially free from acetic acid and 
water, normally a method of disti I ling the aqueous 
acrylic acid solution in an azeotropic separation column 

10 in the presence of an azeotropic solvent i~_adopted. 

This method comprises, utilizing azeotropic disti I lation 
of a three-component system composed of acetic acid­
water-solvent, disti I I ing off an azeotropic mixture of 
acetic acid, water and the solvent from the top of the 

15 azeotropic separation column, and recovering acrylic 
acid from the bottom of the column. The impurities 
other than acetic acid can be readily removed without 
relying on azeotropic disti I lation, because they al I 
have low boiling points. 

20 For example, Japanese Official Patent Gazette, 
Pub I ication No. Sho 63(1988)-10691 taught a method of 
such azeotropic disti I lation using as an azeotropic 
solvent a hydrocarbon I ike toluene. 

Japanese Official Patent Gazettes, Pub I ication 
25 Nos. Sho 46(1971)-34691 and Sho 46(1971)-18967 disclosed 

the methods using, as azeotropic solvents, butyl ace­
tate, dibutylether, ethyl butyrate. heptane, ethyl 
methacrylate, propyl acrylate or the I ike. 

Japanese Official Patent Gazette, Publication 
30 No. Hei 6(1994)-15496 disclosed a method of carryin2 out 

azeotropic disti I lation using azeotropic solvents such 
as butyl acetate, methyl isobutyl ketone and the I ike. 

Furthermore, Japanese Official Laid-open 
Patent Gazette, Laid-open No. Hei 5(1993)-246941 dis-

35 closed a method using, as azeotropic solvent, a combina­
tion of at least a member selected from a group consist-
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ing of diethyl ketone, methyl propyl ketone, methyl 
isobutyl ketone, methyl-tert-butyl ketone and n-propyl 
acetate, and at least a member selected from a group 
consisting of toluene, heptane and methyl cyclohexane. 

According to our studies, however, those known 
methods are subject to various problems as follows. 

In the method taught in JP Sho 63-10691, 
separation of acetic acid is insufficient and necessi­
tates double disti I lat ion operations at an azeotropic 

10 separation column and an acetic acid separation column 
for separating acetic acid. Furthermore, because such 
difficultly water-soluble azeotropic solvent like tolu­
ene is present down to the vicinity of bottom of the 
azeotropic separation column, the I iquid in said column 

15 comes to be separated into two phases of oleaginous and 
aqueous layers, which prevent homogeneous dissolution of 
polymerization inhibitor and the acrylic acid distrib­
uted at higher concentration in the aqueous phase is apt 
to be polymerized. 

20 When those azeotropic solvents which are 
taught in JP Sho 46-34691 and JP Sho 46-18967 are used, 
high purity acrylic acid product cannot be obtained with 
a single distillation operation, because separation of 
either one of acetic acid, water and solvent is insuffi-

25 cient. 
Use of the azeotropic solvents as disclosed in 

JP Hei 6-15496 gives rise to a problem that separation 
of the solvent in azeotropic separation column is in­
sufficient and the solvent mixes into the recovered 

30 acry I i c acid. 
Again in a method of recovering high purity 

acrylic acid with single disti I lat ion operation as 
described in JP-Hei 5-246941 A1, acrylic acid is present 
at high concentration in the azeotropic separation 

35 column, in particular, at the part from the middle 
plates to upper plates, and hence polymerizing tendency 
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of acrylic acid in the column can by no means be ig­
nored. When polymerizabi I ity of acrylic acid in the 
azeotropic separation column is thus high, acrylic acid 
polymer accumulates in the column to render continuous 

5 running of the azeotropic separation column over a 
prolonged period difficult. 

Accordingly, therefore, an object of the 
present invention is to solve the problems as above 
which are encountered in the known art. More specifi-

10 cal ly, the invention aims at providing a method which 
comprises, in the occasion of introducing an aqueous 
acrylic acid solution into an azeotropic separation 
column and dehydrating by means of azeotropic disti J la­
t ion, preventing polymerization of acrylic acid within 

15 said column and disti I I ing acetic acid off from the 
column top in the form of an azeotropic mixture of 
acetic acid-water-solvent, whereby recovering from the 
bottom of said column high purity acrylic acid which is 
substantially free from acetic acid with high effi-

20 ciency. 
According to our studies, it has been found 

that above object of the invention can be accomplished 
by using as the azeotropic solvent, a mixed solvent 
comprising at least one member selected from the group 

25 consisting of ethyl acrylate, methyl_ methacrylate, vinyl 
acry I ate. a I I y I acetate, i sopropeny I acetate. vi ny I 
propionate and methyl crotonate; and at least one member 
selected from the group consisting of toluene. heptane, 
1-heptene, methylcyclohexane, cycloheptene, cyclohepta-

30 diene, cycloheptatriene, 2,4-dimethyl-1,3-pentadiene, 
methylcyclohexene and methylenecyclohexane; preferably a 
mixed solvent comprising at least either one of ethyl 
acrylate and methyl methacrylate, and at least either 
one of toluene and heptane. 

35 According to the present invention, above 
object is accomplished by a method comprising collecting 
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an acrylic acid-containing gas, which is obtained upon 
gas-phase catalytic oxidation of propylene and/or acro-
1 e in, in the form of an aqueous acry I i c acid so I ut ion by 
contacting said gas with water, and introducing said 

5 aqueous acrylic acid solution into an azeotropic separa­
tion column and disti I ling the same in the presence of 
an azeotropic solvent, whereby isolating and recovering 
acrylic acid, the method being characterized in that a 
mixed solvent containing 

10 at least one solvent A selected from the group 
consisting of ethyl acrylate, methyl methacrylate, vinyl 
acry I ate, a 11 y I acetate, i sopropeny I acetate, vi ny I 
propionate and methyl crotonate, and 

at least one solvent 8 selected from the group 
15 consisting of toluene, heptane, 1-heptene, methylcyclo­

hexane, cycloheptene, cycloheptadiene, cycloheptatriene, 
2,4-dimethyl-1,3-pentadiene, methylcyclohexene and 
methylenecyclohexane 
is used as the azeotropic solvent. Hereinafter this 

20 method is referred to as the first embodiment of the 
present invention. 

The characteristic feature of the first em­
bodiment method of this invention resides in the use of 
the mixed solvent containing above-specified solvent A 

25 and so I vent B as the azeotrop i c so I vent, in the occasion 
of introducing an aqueous acrylic acid solution into an 
azeotropic separation column and disti I I ing the same 
therein in the presence of an azeotropic solvent to 
separate and recover the acrylic acid. Use of the 

30 specified mixed solvent effectively prevents polymeriza­
tion of acrylic acid in the azeotropic separation col­
umn. Again, as the result of using the specified mixed 

- so I vent, it is made poss i b I e to di st i I I off acetic acid, 
water and solvent from the top of the azeotropic separa-

35 tion column and to recover high purity acrylic acid 
substantially free of acetic acid from the bottom of the 
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column, by only single disti I lation operation. Hence, 
according to this embodiment of the present invention, 
substantially acetic acid-free, high purity acrylic acid 
can be isolated and recovered upon disti I I ing an aqueous 

5 acrylic acid solution in an azeotropic separation col­
umn, while preventing polymerization of acrylic acid. 

Of the named solvents under group A, ethyl 
acrylate and methyl methacrylate are preferably used, 
and of the solvents of group B, toluene and heptane are 

10 preferably used. 
Thus, as preferred examples of the mixed 

solvent, the fol lowing may be named: ethyl acrylate + 
toluene, ethyl acrylate + heptane, methyl methacrylate + 

toluene, methyl methacrylate + heptane, ethyl acrylate + 

15 methyl methacrylate + toluene, ethyl acrylate + methyl 
methacrylate + heptane, and ethyl acrylate +methyl 
methacrylate + toluene + heptane. 

Said ethyl acrylate. methyl methacrylate, 
toluene and heptane may be those industrially available, 

20 which can be used without any further processing. 
The blend ratio of solvent A and solvent B 

ranges 10:90 to 75:25. preferably from 20:80 to 50:50, 
by weight. When the ratio of solvent A is too high, 
acetic acid concentration at the bottom of the azeo-

25 tropic separation column increases, to render it diffi­
cult to recover, from aqueous acrylic acid solution, 
high purity acrylic acid which is substantially free of 
acetic acid by single disti I lat ion operation. Whereas, 
when the ratio of solvent B is too high, the I iquid in 

30 the azeotropic separation column separates into oleagi­
nous phase and aqueous phase, and it becomes difficult 
to prevent polymerization of acrylic acid. 

We have also discovered a method which enables 
recovery of high purity acrylic acid, by use as the 

35 azeotropic solvent at least a member of the group con­
sisting of ethyl acrylate, methyl methacrylate, vinyl 
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acry I ate, a I I y I acetate, i sopropeny I acetate, vi ny r 
propionate and methy I crotonate, i. e. , ear I i er I i sted 
solvent A alone. According to this method, high purity 
acrylic acid is obtained through two disti I lation opera-

5 tions, i.e., extracting crude acrylic acid containing 
acetic acid from bottom of an azeotropic separation 
column, and then introducing the same into an acetic 
acid separation column to remove acetic acid therefrom. 

Thus, according to the present invention, a 
10 method of recovering acrylic acid is provided, which 

comprises collecting an aqueous acrylic acid solution 
formed upon contacting an acrylic acid-containing gas 
obtained from gas-phase catalytic oxidation of propylene 
and/or acrolein with water, introducing said aqueous 

15 solution into an azeotropic separation column and dis­
ti I ling it in the presence of an azeotropic solvent to 
isolate and recover the acrylic acid, characterized by 
using as the azeotropic solvent at least one solvent 
selected from the group consisting of ethyl acrylate, 

20 methyl methacrylate, vinyl acrylate, al lyl acetate, 
isopropenyl acetate, vinyl propionate and methyl croto­
nate. Hereafter this method is referred to as the 
second embodiment of the present invention. 

In the method according to second embodiment 
25 of the present invention, ethyl acrylate, methyl meth­

acry I ate, vi ny I acry I ate, a 11 y I acetate. i sopropeny 1 

acetate, vinyl propionate and methyl crotonate which are 
useful as the azeotropic solvent may be those industri­
ally available, which can be used without any further 

30 processing. Of those, methyl methacrylate is preferred. 
The second embodiment is conveniently used in 

a process for preparing high purity acrylic acid through 
·the steps of: gas-phase catalytic oxidation step of 

propylene and/or acrolein using a molecular oxygen-
35 containing gas; collection step of the acrylic acid­

containing gas obtained from the gas-phase catalytic 
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oxidation by contacting the same with water; recovery 
step for isolating and recovering the acrylic acid from 
the aqueous acrylic acid solution which is obtained in 
the collection step; and acetic acid-separation step to 

5 separate and remove the acetic acid contained as an 
impurity in the acrylic acid obtained in the recovery 
step. 

Appended Fig. 1 is a flow chart i I lustrating 
the first embodiment of the present invention for recov-

10 ering high purity acrylic acid by single disti I lation 
operation. In Fig. 1, the numerals 1-15 denote I ines of 
flow, 101 denotes an acrylic acid collection column, 102 
denotes an azeotrop i c separation co I umn, 103 denotes a 
solvent recovery column, 104 denotes high-boi I ing sub-

15 stance separation column and 20, a reservoir. 
Hereafter the first embodiment method of the 

invention fol lowing the steps as i I lustrated in Fig. 1 

is exp I a i ned. 
An acrylic acid-containing gas obtained upon 

20 gas-phase catalytic oxidation of propylene and/or acro­
lein using molecular oxygen is introduced into an acryl­
ic acid collection column 101 through line 1, wherein it 
is contacted with water introduced through line 2. Thus 
obtained aqueous acrylic acid solution containing acryl-

25 ic acid and side-products such as acetic acid is with­
drawn through line 4. The gas from which the acrylic 
acid has been collected is discharged through line 3 and 
recyc I ed to the oxidation reaction step. Occas i ona I I y a 
part of the gas is discarded as gaseous waste, after 

30 going through a combustion step. While the water intro­
duced into the acrylic acid collection column 101 
through line 2 may be that which is supplied through 
I ine 13, preferably the aqueous acetic acid solution 
discharged from the bottom of a solvent recovery column 

35 103 as I ater described is used. Then this aqueous 
acrylic acid solution is introduced into an azeotropic 
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separation column 102, normally without any intervening 
processing. If necessary, however, it may be first 
introduced into an acrolein-releasing column (not shown) 
to be removed of the acrolein dissolved therein and 

5 thereafter introduced into said azeotropic separation 
column 102. In the latter case, the released acrolein 
is conveniently recovered and recycled into the reaction 
system. 

Into the azeotropic separation column 102, the 
10 aqueous acrylic acid solution is fed through line 4, and 

an azeotropic solvent, through line 5, and disti I lation 
is effected. An azeotropic mixture composed of the 
acetic acid, water and azeotropic solvent is disti I led 
off from the column top through line 6, and acrylic acid 

15 which is substantially free of acetic acid is extracted 
from the column bottom. 

Composition of the aqueous acrylic acid solu­
tion fed into the azeotropic separation column 102 
varies depending on the amount of water supplied to the 

20 acrylic acid collection column 101 through I ine 2, and 
other operating conditions. Whereas, under convention­
ally employed acrylic acid-producing conditions, gener­
ally the composition consists of: acrylic acid 50-80% 
by weight; acetic acid 2-5% by weight; and water 20-40% 

25 by weight (total I ing 100% by weight). 
The azeotropic mixture composed substantially 

of acetic acid, water and azeotropic solvent, which has 
been disti I led off from the top of the azeotropic sepa­
ration co I umn 102 through Ii ne 6, is introduced into a 

30 reservoir 20. In the reservoir the mixture is separated 
into an organic phase composed mainly of the azeotropic 
solvent and an aqueous phase composed mainly of acetic 
acid and water. The organic phase is recyc I ed into the 
azeotropic separation column 102 via line 5, while the 

35 aqueous phase is introduced into a solvent-recovery 
column 103 through I ine 8. At the solvent-recovery 
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column 103, the azeotropic solvent 1s disti I led off from 
the column top and returned into the reservoir 20 via 
I ine 9, while an aqueous acetic acid solution composed 
substantially of acetic acid and water is extracted from 

5 the bottom of the column 103 through I ine 14 and dis­
charged off the system. For effective utilization of 
this aqueous acetic acid solution, it may be recycled 
into the acrylic acid collecting column 101 through I ine 
10 as earlier indicated, to be contacted with an acrylic 

10 acid-containing gas fed through I ine 1. 

The acrylic acid substantial Jy free of acetic 
acid which is extracted from the bottom of the azeo­
tropic separation column 102, ie., high purity acrylic 
acid, can be sent to be esterification step via I ine 15 

15 to be used as a starting material of acrylic acid ester 
as it is. 

For obtaining sti I I higher purity acrylic acid 
products, the acrylic acid extracted from the bottom of 
the azeotropic separation column 102 may be introduced 

20 into a high-boi I ing substance-separation column 104 
through I i ne 7 and di st i I I ed. Hi gh-bo i I i ng substances 
such as polymerization inhibitor are extracted from the 
bottom of said column 104 via I ine 12, and the higher 
purity acrylic acid is recovered from the column top via 

25 I i ne 11. 
The operations at each of the above steps can 

be conducted under the conditions conventionally em-
P I oyed for this kind of processes. For examp I e, running 
the azeotropic separation in column 102 under the fol-

30 lowing conditions (at the time of steady operation), 
high purity acrylic acid containi~g no more than 0.05% 
by weight of acetic acid is obtained. 

Operating pressure: 100-200 mmHg 
35 Column top temp.: 45-55°C 

Temperature at aqueous acrylic acid solution supply 
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part (aqueous solution supply plate): 70-90°C 
Temperature at bottom of the column: 100-110°C 
Reflux ratio (total mol number of reflux fluid 
per unit time/total mol number of disti I late 

5 per unit ti me) : 1. 1-1. 6 

It is recommendable to add a conventionally 
used polymerization inhibitor to prevent polymerization 
of acryl ic·acid in the azeotropic separation column 102, 

10 fol lowing conventional practice. 
The first embodiment method of the present 

invention as above, fol lowing the flow chart of Fig. 1, 

to obtain high purity acrylic acid through single dis­
tillation operation dispenses with use of an acetic 

15 acid-separation column and brings about such advantages 
that acrylic acid-producing process is simplified and 
production costs of acrylic acid is markedly reduced. 

Fig. 2 of appended drawings i I lustrates the 
second embodiment method of the present invention in 

20 which high purity acrylic acid is recovered through 
double disti I lation operations. 

In Fig. 2. 21-36 are lines of flow: 201 is an 
acrylic acid collection column; 202 is an azeotropic 
separation column; 203 is a solvent recovery column; 204 

25 is an acetic acid separation column: 205 is a high-
boi I ing substance-separation column: and 40 is a reser­
voir. 

Hereafter the second embodiment method of the 
present invention following the flow chart of Fig. 2 is 

30 exp I a i ned. 
An acrylic acid-containing gas obtained upon 

gas-phase catalytic oxidation of propylene and/or acro­
lein using a molecular oxygen-containing gas is intro­
duced into an acrylic acid collection column 201 through 

35 line 21, wherein it is contacted with water introduced 
through I i ne 22. Thus obtained aqueous acry I i c acid 
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solution containing acrylic acid and side-products such 
as acetic acid is withdrawn through I ine 24. The gas 
from which the acrylic acid has been collected is dis­
charged through I ine 23 and recycled to the oxidation 

5 reaction step. Occas i ona I I y a pa rt of the gas is dis­
carded as gaseous waste, after going through a combus­
tion step. While the water introduced into the acrylic 
acid collection column 201 through I ine 22 may be that 
which is supplied through I ine 33, preferably the waste 

10 water discharged from the bottom of a solvent recovery 
column 203 as later described is used. 

Then this aqueous acrylic acid solution is 
introduced into an azeotropic separation column 202, 
normally without any intervening processing. If neces-

15 sary, however, it may be first introduced into an 
acrolein-releasing column (not shown) to be removed of 
the acrolein dissolved therein and thereafter introduced 
into said azeotropic separation column 202. In the 
latter case, the released acrolein is conveniently 

20 recovered and recycled into the reaction system. 
Into the azeotropic separation column 202, the 

aqueous acrylic acid solution is fed through I ine 24, 
and an azeotropic solvent, through I ine 25, and disti 1-

lation is effected. An azeotropic mixture composed of 
25 water and azeotropic solvent is disti I led off from the 

column top through I ine 26, and acrylic acid containing 
acetic acid is extracted from the column bottom. 

Composition of the aqueous acrylic acid solu­
tion fed into the azeotropic separation column 202 

30 varies depending on the amount of water supplied to the 
acrylic acid collection column 201 through line 22, and 
other operating conditions. Whereas, under convention­
ally employed acrylic acid-producing conditions, gener­
ally the composition consists of: acrylic acid 50-80% 

35 by weight; acetic acid 2-5% by weight; and water 20-40% 
by weight (total I ing 100% by weight). 
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The azeotropic mixture composed of water and 
azeotropic solvent, which has been disti I led off from 
the top of the azeotropic separation column 202 through 
I ine 26, is introduced into a reservoir 40. In the 

5 reservoir the mixture is separated into an organic phase 
composed mainly of the azeotropic solvent and an aqueous 
phase composed main I y of water. The organic phase is 
recycled into the azeotropic separation column 202 via 
I ine 25, while the aqueous phase is introduced into a 

10 solvent recovery column 203 through I ine 28. At the 
solvent recovery column 203, the azeotropic solvent is 
disti I led off from the column top and returned into the 
reservoir 40 via I ine 29, while the waste water is 
extracted from the bottom of the column 203 through I ine 

15 34 and discharged off the system. For effective uti Ii­
zation, this water may be recycled into the acrylic acid 
collection column 201 through I ine 30 as earlier indi­
cated, to be contacted with an acrylic acid-containing 
gas fed through I ine 21. 

20 The acetic acid-containing acrylic acid which 
is extracted from the bottom of the azeotropic separa­
tion column 202 is introduced into an acetic acid sepa­
ration column 204 through I ine 27 to be removed of the 
acetic acid. From the top of said column 204 the sepa-

25 rated acetic acid is eliminated through I ine 31, while 
acrylic acid which contains substantially no acetic acid 
is recovered from the bottom of the same column. Be­
cause the recovered acrylic acid has been highly puri­
fied, it can be used as a starting material of acrylic 

30 acid esters as it is. Obviously, sti 11 higher purity 
acrylic acid can be obtained by sending said high purity 
acrylic acid into a high-boiling substance separation 
column 205 through I ine 32 and extracting from the 
bottom of said column 205 high-boi I ing substance such as 

35 polymerization inhibitor through I ine 36 and recovering 
the higher purity acrylic acid from the column top 
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through I i ne 35. 
For preventing polymer formation in the azeo­

tropic separation column 202, normally a polymerization 
inhibitor is added. In the present invention, it is 

5 also recommendable to add those commonly used polymer­
ization inhibitors. 

The operating conditions of the azeotropic 
separation column 202 in the second embodiment method of 
the present invention for isolating and recovering 

10 acrylic acid through two disti I I ing operations are 
variable depending on individual acetic acid concentra­
tion in crude acrylic acid extracted from the bottom of 
said column, and hence cannot be uniformly specified. 
Whereas, by operating the azeotropic separation column 

15 under the fol lowing conditions (at the time of steady 
operation), for example, substantially solvent-free 
acrylic acid containing acetic acid at a concentration 
of 1 to 9% by weight can be obtained. 

20 Operating pressure: 100-200 mmHg 
Co I umn top temp. : 40-50°C 

Temperature at aqueous acrylic acid solution-supply 
part (aqueous solution supply plate): 45-70°C 

Temperature at bottom of the column: 95-105°C 
25 Reflux ratio (total mol number of reflux fluid 

per unit time/total mol number of disti I late 
perunittime): 1.0-1.3. 

The disti I lation of so obtained crude acrylic 
30 acid in an acetic acid separation column to obtain high 

purity acrylic acid is carried out under conventionally 
employed conditions for this type of disti I lat ion. 

The second embodiment method of the present 
invention as above, fol lowing the flow chart of Fig. 2, 

35 to obtain high purity acrylic acid through two disti I l­

ing operations, brings about such advantages of excel-
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lent solvent separabi I ity and effective prevention of 
undesirable polymer formation. 

Hereinafter the invention is explained sti I I 
more specifically, referring to working examples. 

5 Example 1 

Acrylic acid was recovered fol lowing the steps 
as illustrated in Fig. 1. 

A gaseous mixture obtained by gas-phase cata­
lytic oxidation of propylene using a molecular oxygen-

10 containing gas was led to an acrylic acid collection 
co I umn 101 and contacted with water. So obtained aque­
ous solution of acrylic acid was led to an acrolein 
release column (not shown) where the acrolein contained 
in said solution was released. The remaining aqueous 

15 acrylic acid solution contained 30% by weight of water 
and 3.0% by weight of acetic acid. The solution was 
then disti I led in an azeotropic separation column 102 

equipped with a sieve tray with 50 plates disposed at 
regular intervals of 147 mm each, a disti I lat ion pipe at 

20 the column top, a starting material supply pipe at the 
center and a bottom product-extracting pipe at the 
bottom part. As the azeotropic solvent, a mixed solvent 
of methyl methacrylate and toluene (blend ratio: 35:65 

by weight) was used. As the polymerization inhibitor, 
25 15 ppm of copper dibutyldithiocarbamate, 22.5 ppm of 

manganese acetate, 75 ppm of hydroquinone and 75 ppm of 
phenothiazine, each to the amount of evaporated acrylic 
acid vapor, were used. Said manganese acetate was 
supplied into the column in the form as dissolved in the 

30 starting material, through the starting material-supply 
pipe, and other inhibitors, in the form as dissolved in 
the reflux fluid, from the column top. Separately, 0.3% 
by volume to the vapor of evaporated acrylic acid of 
molecular oxygen was supplied to the bottom part of the 

35 column. Here the amount of the evaporated vapor signi­
fies the total volume of the monomer vapor evaporated 
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from the bottom of the column in correspondence to the 
heat applied from the reboi ler of the disti I lat ion 

co I umn. 
The operating conditions of the azeotropic 

5 separation column 102 at the steady operation time were: 
column top temperature, 50°C; column bottom temperature, 
105°C; co I umn top pressure, 160 mmHg, ref I ux ratio 
(total mol number of reflux fluid per unit time/total 
mol number of disti I fate per unit time), 1.32; and the 

10 aqueous acrylic acid solution supply through line 4, 9. 3 
Ii ters/hour. The aqueous phase passing through Ii ne 8 
contained 7. 6% by weight of acetic acid and 0. 6% by 
weight of acrylic acid. Whereas, the fluid extracted 
from the bottom of the azeotropic separation column 102 

15 through I ine 15 contained 96.9% by weight of acrylic 
acid, 0.03% by weight of acetic acid and 3. 10% by weight 
of other miscellaneous components, while containing no 
more than the detection limit (1 ppm) of the solvent. 

The aqueous phase obtained through line 8 was 
20 introduced into the solvent recovery column 103. and 

from the top of said column the solvent was recovered 
through line 9. while from the bottom of the column an 
aqueous acetic acid solution was withdrawn through I ine 
14. Said solution which was composed of B. 1% by weight 

25 of acetic acid, 0.64% by weight of acrylic acid and 
balance of water was recycled into the acrylic acid 
collection column 101 to be contacted with the gaseous 
mixture obtained by the gas-phase catalytic oxidation of 
propylene (i.e., to be used as the collector in place of 

30 water). 
When the azeotropic separation column 102 was 

continuously run for about 14 days under the specified 
conditions, steady operating conditions were constantly 
obtained. When inside of the column was inspected after 

35 suspension of the operation, indication of po I ymer 
for mat ion was n i I. 
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Comparative Example 1 
Azeotropic disti I lation of aqueous acrylic 

acid solution was conducted in identical manner with 
Example 1, except that methyl methacrylate alone was 

5 used as the azeotropic solvent and the reflux ratio was 

reduced to 1.24. 
The aqueous phase at I ine 8 at steady opera­

tion time contained 6. 3% by weight of acetic acid and 
4. 5% by weight of acry I i c acid, i e, as much as about 8 

10 times the acrylic acid content in the aqueous phase in 
Example 1. On the other hand, the fluid extracted from 
the bottom of the azeotropic separation column 102 

through line 15 contained 96.2% by weight of acrylic 
acid, 0.3% by weight of acetic acid and 3.5% by weight 

15 of other mi see I I aneous components. Thus, its acetic 
acid content was as high as ten times that of the prod­

uct of Example 1. 
As above, when methyl methacrylate alone was 

used as the azeotropic solvent, high purity acrylic acid 
20 could not be recovered from the azeotropic separation 

co I umn 102. 

Comparative Example 2 
Azeotropic disti I lation of aqueous acrylic 

acid solution was conducted in identical manner with 
25 Example 1, except that a mixed solvent of methyl iso­

butyl ketone and toluene (blend ratio: 65:35 by weight) 
was used as the azeotropic solvent and the reflux ratio 
was increased to 1.42. 

The aqueous phase at line 8 at steady opera-

30 ti on time contained 6. 9% by weight of acetic acid and 
0.5% by weight of acrylic acid. Whereas, the fluid 
extracted from the bottom of the azeotropic separation 
column 102 through I ine 15 contained 96.9% by weight of 
acrylic acid, 0. 08% by weight of acetic acid, 0.002% by 

35 weight of the solvent and 3.02% by weight of other 
mi see I laneous components. 
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When the azeotropic separation column 102 was 
run under the above-stated conditions continuously for 
about 14 days, stable operation was possible almost 
throughout, but when the distillation column was dismem-

5 bered and inspected after the operation was suspended, 
formation of a minor amount of popcorn polymer in the 

column was recognized. 
Example 2 

Azeotropic disti I lat ion of aqueous acrylic 
10 acid solution was conducted in the same manner as in 

Example 1, except that a mixed solvent of ethyl acrylate 
and toluene (blend ratio: 35:65 by weight) was used as 
the azeotropic solvent. 

The aqueous phase at line 8 at steady opera-
15 tion time contained 7.3% by weight of acetic acid and 

0.5% by weight of acrylic acid. Whereas, the fluid 
extracted from the bottom of the azeotropic separation 
column 102 through I ine 15 contained 97.2% by weight of 
acrylic acid, 0.03% by weight of acetic acid and 2.80% 

20 by weight of other mi see 11 aneous components. I ts so 1-

vent content was no more than the detection limit (1 
ppm). 

When the azeotropic separation column 102 was 
continuously operated for about 14 days under the above 

25 conditions, always stable conditions were maintained. 
When inside of the distillation column was inspected 
after the operation was suspended, no formation of 
polymer was observed. 
Comparative Example 3 

30 Azeotropic disti I lation of aqueous acrylic 
acid solution was conducted in the identical manner with 
that in Example 1, except that ethyl acrylate alone was 
used as the azeotropic solvent and the reflux ratio was 
reduced to 1. 24. 

35 The aqueous phase at I ine 8 at steady opera-
tion time contained 6.5% by weight of acetic acid and 
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4. 9% by weight of acry I i c acid, 1 e, as much as about 8 
times the acrylic acid content in the aqueous phase in 
Examp I e 1. On the other hand, the f I u id extracted from 
the bottom of the azeotropic separation column 102 

5 through I ine 15 contained 96.5% by weight of acrylic 
acid, 0. 3% by weight of acetic acid and 3.2% by weight 

of other mi see I I aneous components. Thus, its acetic 
acid content was as high as ten times that of the prod­
uct of Example 1. 

10 As above, when ethyl acrylate alone was used 

15 

as the azeotropic solvent, high purity acrylic acid 
could not be recovered from the azeotropic separation 
co I umn 102. 
Example 3 

Azeotropic disti I lation of aqueous acrylic 
acid solution was conducted in identical manner with 
Example 1, except that a mixed solvent of ethyl acrylate 
and heptane (blend ratio: 35:65 by weight) was used as 
the azeotropic solvent and the reflux ratio was de-

20 creased to 1. 24. 
The aqueous phase at line 8 at steady opera­

tion time contained 7. 6% by weight of acetic acid and 
0. 5% by weight of acrylic acid. Whereas, the fluid 
extracted from the bottom of the azeotropic separation 

25 column 102 through I ine 15 contained 97. 1% by weight of 
acrylic acid, 0.05% by weight of acetic acid and 2.85% 
by weight of other miscellaneous components, while 
containing no more than the detection limit (1 ppm) of 
the so I vent. 

30 When the azeotropic separation column 102 was 
continuously run for about 14 days under said condi­
tions, steady operating conditions were constantly 
obtained. When inside of the column was inspected after 
suspension of the operation, indication of po I ymer 

35 for mat ion was n i I. 
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Example 4 
Azeotropic disti I Jation of aqueous acrylic 

acid solution was conducted in identical manner with 
Example 1, except that a mixed solvent of methyl meth-

5 acrylate and heptane (blend ratio: 35:65 by weight) was 
used as the azeotropic solvent and the reflux ratio was 

decreased to 1. 24. 
The aqueous phase at line 8 at steady opera­

tion time contained 7.3% by weight of acetic acid and 
10 0. 6% by weight of acrylic acid. Whereas, the fluid 

extracted from the bottom of the azeotropic separation 
column 102 through I ine 15 contained 97. 2% by weight of 
acrylic acid, 0.04% by weight of acetic acid and 2. 76% 
by weight of other miscellaneous components, while 

15 containing no more than the detection limit (1 ppm) of 
the so I vent. 

When the azeotropic separation column 102 was 
continuously run for about 14 days under said condi­
tions, steady operating conditions were constantly 

20 obtained. When inside of the column was inspected after 
suspension of the operation, indication of po I ymer 
formation was ni I. 
Example 5 

A gaseous mixture obtained by gas-phase cata-
25 lytic oxidation of propylene with a molecular oxygen­

containing gas was led to an acrylic acid collection 
co I umn and contacted with water. So obtained aqueous 
solution of acrylic acid was led to an acrolein release 
column where the acrolein contained in said solution was 

30 released. The remaining aqueous acrylic acid solution 
contained 30% by weight of water and 3.0% by weight of 
acetic acid. The solution was then disti I led in an 
azeotropic separation column equipped with a sieve tray 
with 50 plates disposed at regular intervals of 147 mm 

35 each, a disti I lation pipe at the column top, a starting 
material supply pipe at the center and a bottom product-
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extracting pipe at the bottom part. As the azeotropic 
solvent, a mixed solvent of methyl methacrylate and 
toluene (blend ratio: 35:65 by weight) was used. 

As the polymerization inhibitor, 15 ppm of 
5 copper dibutyldithiocarbamate and 150 ppm of hydro­

quinone, each to the amount of evaporated acrylic acid 
vapor, were used, both of which were added to the column 
in the form as dissolved in the reflux fluid from the 
column top. Separately, 0.3% by volume to the vapor of 

10 evaporated acrylic acid of molecular oxygen was supplied 
to the bottom part of the column. 

The operating conditions of the azeotropic 
separation column at the steady operation time were: 
column top temperature, 47°C; column bottom temperature, 

15 102°C; column top pressure, 160 mmHg, reflux ratio 
(total mol number of reflux fluid per unit time/total 
mol number of disti I late per unit time), 1. 17; and the 
aqueous acrylic acid solution supply, 10. 7 I iters/hour. 
The aqueous phase obtained from the column top contained 

20 1.5% by weight of acetic acid and 0. 7% by weight of 
acry Ii c acid. Whereas, the f I u id extracted from the 
bottom of the column contained 95. 1% by weight of acryl­
ic acid, 2.2% by weight of acetic acid and 2. 7% by 
weight of other miscellaneous components. 

25 When the azeotropic separation column was 
continuously run for about 14 days under said condi­
tions, always stable operation conditions were main­
tained. When inside of the disti I lat ion column was 
inspected after suspension of the operation, indication 

30 of po I ymer formation was n i I. 
Comparative Example 4 

Azeotropic disti I lation of aqueous acrylic 
acid solution was conducted in identical manner with 
Example 5, except that toluene alone was used as the 

35 azeotropic solvent and the reflux ratio was changed to 
1. 20. 
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The aqueous phase obtained from the column top 
at steady operation time contained 4.2% by weight of 
acetic acid and 0.4% by weight of acrylic acid: and the 
fluid extracted from the bottom of the column contained 

5 94. 1% by weight of acrylic acid, 1. 8% by weight of 
acetic acid and 4. 1% by weight of other miscellaneous 
components. 

When the azeotropic separation column was 
continuously operated under the above-specified condi-

10 tions, 4 days after the operation had been started a 
pressure loss within the column was observed, which 
rendered continuation of the operation difficult. The 
operation was suspended, therefore, and the column was 
dismembered and inspected. Whereupon formation of a 

15 viscous polymer in the column was recognized. 
Comoarative Example 5 

Azeotropic disti I lat ion of aqueous acrylic 
acid solution was conducted in identical manner with 
Example 1, except that a mixed solvent of methyl meth-

20 acrylate and toluene (blend ratio: 50:50 by weight) was 
used as the azeotropic solvent and the reflux ratio was 
reduced to 1. 01. 

The aqueous phase at line 8 at steady opera­
tion time contained 7.0% by weight of acetic acid and 

25 1. 3% by weight of acrylic acid, ie., twice as much 
acrylic acid of that contained in the aqueous phase in 
Example 1. Whereas, the fluid extracted from the bottom 
of the azeotropic separation column 102 through line 15 
contained 96. 5% by weight of acrylic acid, 0. 12% by 

30 weight of acetic acid, 0.005% by weight of the solvent 
and 3.38% by weight of other miscellaneous components. 
Thus, the acetic acid content was higher than that in 
the product of Example 1 by the order of one figure, and 
the solvent content was more than 50 times that in 

35 Examp I e 1. 

As above, when a mixed solvent of ethyl meth-
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acrylate containing 6 carbon atoms and toluene was used, 
acrylic acid of satisfactory qua I ity could not be ob­
tained by single disti I lation operation. 
Comparative Example 6 

5 Azeotropic disti I lat ion of aqueous acrylic 
acid solution was conducted in identical manner with 
Example 1, except that a mixed solvent of propyl acryl­
ate and heptane (blend ratio: 50:50 by weight) was used 
as the azeotropic solvent and the reflux ratio was 

10 changed to 1. 08. 
The aqueous phase at line 8 at steady opera­

tion time contained 6. 7% by weight of acetic acid and 
1. 5% by weight of acrylic acid, ie., twice as much 
acrylic acid of that contained in the aqueous phase in 

15 Example 1. Whereas, the fluid extracted from the bottom 
of the azeotropic separation column 102 through I ine 15 
contained 96.3% by weight of acrylic acid, 0. 15% by 
weight of acetic acid, 0.01% by weight of the solvent 
and 3.54% by weight of other miscellaneous components. 

20 Thus, the acetic acid content was higher than that in 
the product of Example 1 by the order of one figure, and 
the solvent content was more than 100 times that in 
Examp I e 1. 

As above, when a mixed solvent of propyl 
25 acrylate containing 6 carbon atoms and heptane was used, 

acrylic acid of satisfactory quality could not be ob­
tained by single disti I lation operation. 
Example 6 

Acrylic acid was recovered fol lowing the steps 
30 as i I lustrated in Fig. 2. 

A gaseous mixture obtained by gas-phase cata­
lytic oxidation of propylene with a molecular oxygen­
containing gas (air) was led to an acrylic acid col lec­
tion column 201, contacted with water and collected. So 

35 collected aqueous solution of acrylic acid was led to an 
acrolein release column (not shown) where the acrolein 
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contained in said solution was released. The remaining 
aqueous acrylic acid solution contained 30% by weight of 
water and 3.0% by weight of acetic acid. The solution 
was then introduced into an azeotropic separation column 

5 202 equipped with a sieve tray with 50 plates disposed 
at a regular interval of 147 mm each, a distillation 
pipe at the column top, a starting material supply pipe 
at the center and a bottom product-extracting pipe at 
the bottom part. As the azeotropic solvent, methyl 

10 methacrylate was used, and an azeotropic disti I lat ion of 
the aqueous acrylic acid solution was conducted. 

The amounts of the polymerization inhibitors 
used were, to the amount of vapor of evaporated acrylic 
acid, 15 ppm of copper dibutyldithiocarbamate and 150 

15 ppm of hydroquinone. both of which were supplied into 
the column in the form dissolved in the reflux fluid 
from the column top. Separately, 0.3% by volume to the 
vapor of evaporated acrylic acid of molecular oxygen was 
supplied to the bottom portion of the column. Here the 

20 amount of the evaporated vapor signifies the total 
volume of the monomer vapor evaporated from the bottom 
of the column in correspondence to the heat applied from 
the reboi ler of the disti I lat ion column. 

The operating conditions of the azeotropic 
25 separation column 202 at the steady operation time were: 

column top temperature, 45°C; column bottom temperature. 
99°C; column top pressure, 160 mmHg, reflux ratio (total 
mol number of reflux fluid per unit time/total mol 
number of disti I late per unit time), 1. 24; and the 

30 aqueous acrylic acid solution supply through line 24, 

10.2 liters/hour. The aqueous phase obtained from the 
top of this azeotropic separation column 202 contained 
0. 2% by weight of acetic acid and 0. 6% by weight of 
acrylic acid. Whereas, the fluid extracted from the 

35 bottom of the column contained 94.5% by weight of acryl­
ic acid, 2.8% by weight of acetic acid and 2. 7% by 
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weight of other miscellaneous components, while contain­
ing no more than the detection I imit (1 ppm) of the 

so I vent. 
When the azeotropic separation column 202 was 

5 continuously run for about 14 days under the specified 
conditions, steady operating conditions were constantly 
obtained. When inside of the column was inspected after 
suspension of the operation, indication of po I ymer 

formation was ni I. 
10 Comparative Example 7 

Azeotropic disti I lat ion of aqueous acrylic 
acid solution was conducted in the identical manner with 
Example 6, except that n-butyl acetate was used as the 
azeotropic solvent and the reflux ratio was reduced to 

15 0. 39. 

The aqueous phase obtained from the top of the 
azeotropic separation column 202 at steady operation 
time contained 1.6% by weight of acetic acid and 1.0% by 
weight of acrylic acid. Whereas, the fluid extracted 

20 from the bottom of the column contained 94.4% by weight 
of acrylic acid, 2. 7% by weight of acetic acid, 0.013% 
by weight of the solvent and 2.9% by weight of other 
mi see 11 aneous components. Thus, its content of the 
residual solvent was more than 100 times that in Example 

25 6. 

Comparative Example 8 
Azeotropic disti I lat ion of aqueous acrylic 

acid solution was conducted in the identical manner with 
Example 6, except that ethyl methacrylate was used as 

30 the azeotropic solvent and the reflux ratio was reduced 
to 0. 58. 

The aqueous phase obtained from the top of the 
azeotropic separation column 202 at steady operation 
time contained 1.2% by weight of acetic acid and 1.8% by 

35 weight of acrylic acid. Whereas, the fluid extracted 
from the bottom of the column contained 94. 7% by weight 
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of acrylic acid, 2.5% by weight of acetic acid, 2 ppm of 
the solvent and 2. 8% by weight of other miscellaneous 
components. Thus, when separation of the solvent at the 
azeotropic separation column 202 was attempted, the 

5 acetic acid and acrylic acid contents in the disti I late 
became not neg I igible. 

According to the first embodiment of the 
method of the invention, polymerization of acrylic acid 
in an azeotropic separation column can be effectively 

10 prevented in consequence of using the specified mixed 
solvent as an azeotropic solvent, which enables continu­
ous operation of the azeotropic separation column over a 
prolonged period. 

Furthermore, according to the first embodi-
15 ment, high purity acrylic acid which is substantially 

free of acetic acid can be obtained from the bottom of 
the azeotropic separation column, through only a single 
time disti I lat ion operation using the specified mixed 
so I vent as azeotrop i c so I vent, in which an aqueous 

20 acrylic acid solution containing side-products such as 
acetic acid is disti I led in the azeotropic separation 
column, disti I ling off an azeotropic mixture composed of 
acetic acid, water and the azeotropic solvent from the 
co I umn top. 

25 According to the second embodiment method of 
subject invention, high purity acrylic acid which is 
substantially free of acetic acid can also be obtained 
through two di st i I I at ion operations, in which aqueous 
acrylic acid solution containing side-products such as 

30 acetic acid is disti I led in an azeotropic separation 
column to disti I I off from the column top an azeotropic 
mixture composed of water and a specified azeotropic 
solvent or of water, the azeotropic solvent and a part 
of the acetic acid and to recover from the bottom of the 

35 column crude acrylic acid containing the rest of acetic 
acid; and said crude acrylic acid is led to an acetic 
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acid separation column where the acetic acid is sepa­
rated by di st i I I at ion. Because the azeotrop i c so I vent 
used in the second embodiment method excel Is in separa­
bi I ity and its blending into the acrylic acid obtained 

5 from the azeotropic separation column is extremely 
I ittle, high purity acrylic acid can be prepared accord­
ing to the method of this embodiment. Employing this 
embodiment, again polymerization of acrylic acid within 
the azeotropic separation column can be effectively 

10 prevented. 
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* C L M S * 

Claims: 
1. A method for recovering acrylic acid which 
comprises contacting an acrylic acid-containing gas, 
which is obtained upon gas-phase catalytic oxidation of 
propylene and/or acrolein, with water, whereby collect­
ing the acrylic acid in form of an aqueous solution, and 

introducing said aqueous acrylic acid solution into an 
azeotropic separation column and disti I ling the same in 
the presence of an azeotropic solvent, whereby isolating 
and recovering acrylic acid, said method being charac­
terized in that a mixed solvent containing 

at least one solvent A selected from the group 
consisting of ethyl acrylate, methyl methacrylate, vinyl 
acry I ate, a I I y I acetate, i sopropeny I acetate, vi ny I 

propionate and methyl crotonate, and 
at least one solvent B selected from the group 

consisting of toluene, heptane, 1-heptene, methylcyclo­
hexane, cycloheptene, cycloheptadiene, cycloheptatriene, 
2,4-dimethyl-1,3-pentadiene, methylcyclohexene and 
methylenecyclohexane is used as the azeotropic solvent. 
2. A method according to Claim 1, wherein said 
solvent A is at least one selected from ethyl acrylate 
and methyl methacrylate, and said solvent B is at least 
one selected from toluene and heptane. 
3. A method according to Claim 1 or 2, wherein 
the blend ratio of the solvent A to solvent B ranges, in 
terms of weight ratio, from 10:90 to 75:25. 
4. A method according to Claim 1, 2 or 3, wherein 
acetic acid is disti I led off from the top of the azeo­
tropic separation column and an acrylic acid which is 
substantially free of acetic acid is recovered from the 
bottom of the column. 
5. A method for recovering acrylic acid which 
comprises contacting an acrylic acid-containing gas. 
which is obtained upon gas-phase catalytic oxidation of 
propylene and/or acrolein, with water, whereby_ collect-
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ing the acrylic acid in form of an aqueous solution, and 
introducing said aqueous solution into an azeotropic 
distillation column and disti I ling it in the presence of 
an azeotropic solvent to isolate and recover the acrylic 
acid, characterized by using as the azeotropic solvent 
at least one solvent selected from the group consisting 
of ethyl acrylate, methyl methacrylate, vinyl acrylate, 
a I I y I acetate, i sopropeny I acetate, vi ny I propionate and 
methyl crotonate. 

6. A method according to Claim 5, wherein the 
acrylic acid extracted from the azeotropic separation 
column is further purified in an acetic acid separation 
co I umn. 
7. A method according to Claim 5 or 6, wherein 
the azeotropic solvent is methyl methacrylate. 
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