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PROCESS FOR PRODUCI NG ( METH) ACRYLI C ACI D The present
lsaventi.on relates to a process for 5 producing (neth)acrylic pﬁbd. Mor e

particularly, it relates to a process for producing (methgacryli .Qﬁid
by ~ gas-phase catal ytic oxidation, wherein troubles such ag%%aﬁti%
generation of scumand the |ike are effectiyvely pre- vent ed and

(meth)acrylic acid of high purity is produced 10 efficiently.

. ity i | "
oxi dat i on of i Sobut yl ene. RugRSS” FUR bRUbilgYhG, nEAPARERTLE A L1

al dehyde, an aqueous met hacrylic acid solution obtained by cooling and
con- 15 densing a nethacrylic acid-containing reaction product gas is
freed of such | owboiling substances as neth- acrolein and the |ike and
thereafter introduced i ntlhea preseoitydamvendtircactiedmted o & @readgsactfand

20 ther puridi &5 SBRIAE FEDadti inadihe’ Mete mantiputanbliiad i
acid product. relates to a pnocdss rfirhaoroducd meci Ghectdmta mi INg reasiad ibgn
gas—phase catalytic oxidation, wherein troubles such as
generation of scum and the like are effectively pre—
vented and (meth)acrylic acid of high purity is produced
10 efficiently.

[n the production of methacrylic acid by the
gas—phase catalytic oxidation of isobutylene, tert-
butano!, methacrolein or isobutyl aldehyde, an aqueous

| methacrylic acid solution obtained by cooling and con-

15 densing a methacrylic acid—containing reaction product
gas is freed of such low-boiling substances as meth-
acrolein and the like and thereafter introduced into a
solvent-extraction column to extract and separate meth-
acrylic acid, and the separated methacryliic acid is fur-—

20 ther purified by distillation or the like to obtain a
methacrylic acid product.

In the methacrylic acid-containing reaction
product gas, there are contained, in addition to meth-
acrylic acid, various by-products, for example, aromatic

25 carboxylic acids such as terephthalic acid and the fike:
maleic acid, aldehydes, polymers; and so forth. These
b&Lprdaucts, especially terephthalic acid, ext. cause,
in the extraction and separation step for extracting and
separating methacryfic acid from the aqueous methacryliic

30 acid solution and the distillation step for purifying
the separated methacrylic acid, various troubles such as
the attachment of by-products to the walt of vessel, the
generation of scum, the acceleration of polymerization
of methacrylic acid, the reduction of yield of methac—

35 rylic acid, and the like.

As techniques for solving the above problems,



product gas, there are contained, in addition to neth- acrylic acid,
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terephthalic acid and the |iKke; mal ei ¢ aci d, al dehydes, polyners; and so
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in the extraction and separation step for extracting and separating

nmet hacryfic acid fromthe aqueous nethacrylic 30 acid solution and the
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method which comprises adding a bisulfite to an agueous

methacrylic acid solution and feeding the resulting
10 mixture to an extraction step (Japanese Patent Publica-
tion No. 45,6218/1987); a method which comprises adding
to an aqueous methacrylic acid solution an organic
compound such as an aromatic carboxylic acid or the iike
and/or a metal powder to deposit the organic compounds
15 f{e.g. terephthaliic acid) contained in the aqueous meth-—
acrylic acid solution and thereafter separating the
deposited organic compounds (Japanese Patent Publication
No. 80,810/1995); and so forth.
Further, in the production of acrylic acid by
20 gas—phase catalytic oxidation of propylene or the like,
there has been carried out a method which comprises
cooling and condensing an acrylic acid-containing reac-—
tion product gas to obtain an acrylic acid—containing
solution, and subjecting the solution to solvent extrac-
25 tion to separate acrylic acid.

After the extraction and separation of meth-
acrylic acid from an aqueous methacrylic acid solution,
it is necessary to treat the resulting waste water, and
the amount of this waste water is desired to be as small

30 zs possiblie in view of, for example, the energy cost and
apparatus size required for the treatment of the waste
water. In order to make the amount of the waste water
small, it is necessary to decrease the amount of water
used in the step of cooling and condensing the methac—

35 rylic acid-containing reaction product gas so as to
obtain an aqueous methacrylic acid solution having a



colum (Japanese Patent Publication No. 16,927/1985); a met hod whi ch
conpri ses adding a bisulfite to an agueous nmet hacrylic acid solution and
feeding the resulting 10 m xture to an extraction step (Japanese Patent

Publ i ca- tion No. 45,218/1987); a method which conprises addi ng to an
aqueous nethacrylic acid solution an orgaryc conmpound such as an
aromati c carboxylic acid or the like and/or a netal powder to deposit

the organi ¢ corifloratr i @-ad B RGN afi) LRI 1R | da [IPe20uCOUS

nmet h- acrylic acid so fer separating e deposi ted
organi ¢ conpoutafit (Umpnrestiment off vaste ovateon theoredavenw/abosgihand so
forth. . therg, A #ﬁggﬁ' | ' _

gas- phase cat é’ley':tyl !cl {%%‘;kfiforndfﬁ;f“ﬁo% ene 90‘?“% %Iec ﬁ:lk%éﬁfa P‘?L@% g_y?las been
carried out atsmarathiath gamprantdsthe Lide iang agensiodeired. ngt abs acrylic
aci d- cont aigi £AS £ i ' .

aci d- cont aig]ni E*g}er SO lu i1%)dn,chrbarlr?t'r sﬂgt}he%ﬁon%%'ﬂg%o u'?in%ﬁ_qﬁ%{@%?%ln‘tcext rac-
25 tion to sepdriat d mcthd iaquadus methacrylic agid ego bkl erxtatcd$ oboe and
separation ofgﬁ%tby weidHy!ic acid froman aqueous methacrylic acid

sol ution, it I s necessary to treat the resulting waste water, and t he
amount of this waste watGanedraldasi mhen dchee mathagry ] 30 asi hoznder—in vi ew

reat ment of "t i) JHF e e U met MY Hq St d SEBMISET § 0 Lot e
wat er sh@l Ihighen,s thec exslahyi ki wexf ctarenhthahitimcid avatthe likeed in
ﬁggcff gﬁ of CQQ{ LeHL %b@.e%ﬂ%dmﬂk%#fﬁ eI soRuL VA G 9 Pgirgnt al ni ng
product gas so as to
Therefore, according to the conventional method, it is
difficult to sufficientiy deposit, before the extraction
step, terephthalic acid or the like which is low in

15 deposition rate. As a result, when such an aqueous
methacrylic acid solution is introduced into an extrac—
tion column to contact it with a solvent, a farge amount
of scum is generated, which tends to invite troubles.

Accordingly, an object of the present inven-—

20 tion is to provide a process for producing methacyrlic
acid, wherein the impurities contained in an aqueous
methacrylic acid solution are efficiently removed in a
simple manner without using a solvent, an organic com—
pound, a metal powder, etc. as in the above-mentioned

- 25 conventional methods and, thereby, the above-mentioned
troubles due to the impurities are effectively prevented
to make it possible to efficiently and stably extract
and separate methacrylic acid from the agueous methac-
rylic acid solution.

30 Another object of the present invention is to
provide a process for removing impurities efficiently
from an aqueous methacrylic acid solution having a high
methacrylic acid concentration of 35 to 50% by weight in
a simple manner.

35 A still another object of the present inven—
tion is to provide a process for producing acrylic acid



obt ai'-n an aqueous nethacrylic acid solution having a _

3 hi gh nmet hacrylic acid concentration. Wen the require- ment in
treatment of waste water, the recovery of neth- acrylic acid fromthe
met hacrylic acid-containing reac- ti oh product gas, and the |ike are
considered, it is 5 preferable to control,the concentration of nethacrylic
acid in the aqueous met hacrylic acid solution at 35 to 50@6by wei ght .
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object of the present inMEN ecent inventors have made extensive

research for achieving the above objects and have conse—

quentiy found that when a crude aqueous (meth)acrylic

10 aeid solution obtained by cooling and condensing a
(meth) acrylic acid—containing reaction product gas is
cooled, the above-mentioned impurities are deposited as
solid matter and can easily be removed.

Thus, according to the present invention,

15 there is provided a process for producing (meth)acrylic
acid by gas—phase catalytic oxidation, which comprises
cooling and 6ondensing a (meth)acrylic acid-containing
reaction product gas to obtain a crude aqueous (meth)-
acrylic acid solution; cooling the agueous solution to

20 deposit the impurities contained in the aqueous solu-
tion, as solid matter: separating the solid matter: and
then extracting and separating (meth)acrylic acid from
the purified aqueous (meth)acrylic acid solution ob-
tained.

25 The present invention is expfained in more
detail below for a case of producing methacrylic acid.

: ~ The process for producing methacrylic acid
comprises basically a step of the gas—phase catalytic
oxidation of isobutyiene, tert—butanol, methacrolein or

30 isobutyl aldehyde; a cooling and condensation step in
which the methacrylic acid-containing reaction product
gas obtained in the gas-phase catalytic oxidation step
is cooied and condensed to obtain a crude aqueous meth-
acrylic acid solution; and an extraction and separation

35 step in which the crude agueous methacrylic acid solu—
tion is, if necessary, freed of low-boiling substances



20 ti.on is to provide a process for producing nmethacyrlic

aci d, wherein

the inmpurities contained in an aqueous nmet hacrylic acid solution are
efficiently renoved in a si npl e manner w thout using a solvent, an
organi c com pound, a netal powder, etc. as in the above-nentioned 25

conventional nethods and, thereby, the abqye-nentioned
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step of extracting and separating methacrylic acid. The

purification step consists of cooling the crude agueous

methacrylic acid solution to deposit, as solid matter,

10 the impurities contained in the aqueous solution and

removing the deposited solid matter from the aqueous

solution. In the present invention, from the solid

matter—free, purified aqueous methacrylic acid solution

obtained in the purification step, methacrylic acid is

15 extracted and separated in the subsequent extraction and

separation step.

Incidentafly, as generally adopted in the

production of methacrylic acid, it is a matter of course
that a distii{ation step may be provided after the

20 extraction and separation step to purify methacrylic

acid. In addition, each of the above—mentioned gas-—

phase catalytic oxidation step, the cooling and conden-

sation step, the purification step and the extraction

and separation step can be conducted in a manner known
25 per se, and the method, conditions, apparatus and the

like therefor are not critical.

N

According to the process of the present inven-

tion, the crude aqueous methacrylic acid solution is

introduced into a mixing vessel and cooled therein at a

30 temperature ranging from 5 to 50°C, preferably from 20

to 40°C, usually under normal pressure. Incidentally,
this cooling had better be conducted with sufficient

agitation of the aqueous solution. The residence time
in the mixing vessel is varied depending upon the cool-

35 ing temperature and the like and hence cannot be speci-—

fied in a given range. However, it is usually 1 to 30



Incidentally, in the present invention, acryl- 5 ic acid and nethacrylic
acid are collectively referred to as (nmeth)acrylic acid.

The present inventors have nmade extensive research for achieving the
above objects and have conse- guently found that when a crude aqueous
(meth)acrylic 10 acid solution obtained by cooling and condensing a
(meth)acrylic acid-containing reaction product gas is cool ed, the

above: ment i ongduIPUEGFRT ARG AR ShAY, | THOIA T A east |y

be renoved. according to the prese Invention, 15
there is proviided appmocesd ingr i deédkeim @ utndtogeddren ivdi th theciatiumous

gas, phase cat i eity e MR UBET Ing, BT AR, 00 °
aqueous (nethpy a separgitiingasiednsolsutchorzs dddltierg arhethegueidies sol ution to
TRt ter . sefarating the JB1 EASACCEPaly M MRIRELT Ehe nd B K epar ati ng
(rret h) acryl i c ddaigatahr aimow i nigh e np emibloidd eheanctu eecfu st hemetpp)aarartyl § c(mklirml ution
OBt b nenafTa-tigw i, ssPAR AR M B T B kB
process for prtbeupiregemit iaveytionciand eachnufi fog.b&itwalfig.a Stiep af the
gas: phase Sal gkl oV AL et SHBAIRIG, o WP Uil o ol
net hacr yl i1d aciedrydmgaionitnd hee pateisem tpriohestt i on. gad rolaamefti gur e,hel
gas- phase Cat%hybi$e9%%d%%tin %SpA to a mixing vessel, B to a cool-
' ing and mixing vessel, C to a separation apparatus and D
to an extraction cofumn.
The above-mentioned process of the present
15 invention is further expiained befow based on Fig., 1. A
crude agueous methacrylic acid solution is introduced
into the mixing vessel A through the {ine 1 and cooled,
whereby solid matter is deposited; the solution contain-
ing the solid matter is introduced into the separation
20 apparatus C through the line 2. In the separation
apparatus G, the solid matter is separated and then
taken out through the line 4. The purified agueous
methacrylic acid solution from which the solid matter
has been separated, is introduced into the extraction
25 cofumn D through the line 3 and subjected to extraction
and separation therein.
In the present invention, when the crude
agueous methacrylic acid solution is cooled to deposit
solid matter, it is suitable for effectively conducting
30 the deposition of the solid matter that a part of the
aqueous solution is introduced into a cooling and mixing
vessel, the solid matter is deposited therein, and the
solid matter—containing aqueous sofution obtained is
circulated to a mixing vessel. This suitable process is
35 shown in Figs. 2 to 5.
According to the process shown in Fig. 2, most



is cooled and condensed to obtain a crude aqueous neth- ~ acrylic acid
sol ution; and an extraction and separation 35 step in which the crude

aqueous nethacrylic acid sol u- tionis, if necessary, freed of

| ow boi | i ng subst ances S by
distillation or stripping and then is subyfcted to extraction of
nmet hacrylic acid by the use of an extract- I ng agent to separate
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ature ranging from 0 to 30°C, preferably from 5 to 10°C,
usually under normal pressure, and the solution contain-—
10 ing the deposited solid matter is circulated to the
mixing vessel A through the line 3. The residence time
in the cooling and mixing vessel B is varied depending
upon the cooling temperature and the |ike and hence
cannot be specified in a given range specified: however,
15 it is usually 5 to 25 hours, preferabiy 10 to 20 hours.
In the mixing vessel A, a mixture of the
aqueous solution introduced through the fine 1T and the
solid matter—containing aqueous solution circulated
through the line 3 is stirred usually under normal
20 pressure. Incidentally, the temperature of the solution
introduced through the fine 1 is usually in the range of
from 55 to 70°C, and upon mixing this solution with the
solid matter—containing aqueous soiution circuiated from
the cooling and mixing vessel B, the temperature of the
25 mixture is substantially in the range of from 20 to
50°C, preferably from 30 to 40°C, so that the stirring
in the mixing vessel A is conducted in this temperature
range.
The residence time in the mixing vessel A is
30 varied depending upon the stirring temperature and the
like and hence cannot be specified in a given : however,
it is usually 1 to 30 hours, preferably 2 to 5 hours.
Thus, by depositing the solid matter in the
cooling and mixing vessel B and utilizing the same as
35 seed crystal, it is possible to accelerate the deposi-—
tion and growth of solid matter in the mixing vessel A.



Incidentally, as generally adopted in the production of nethacrylic

acid, it is a matter of course that a distillation step may be provi ded
after the 20 extraction and separation step to purify nethacrylic aci d.
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vessel is var pen |ng upon ng tenper ure and
and hence canridt the #pecing vesseld A.n a given range. However, it is usually

11to 30 According to the proceé% shown in Fig. 3, into
the mixing vessel A are introduced the crude aqueous
methacrylic acid solution through the line 1 and the

10 solid matter—containing aqueous solution from the cool-
ing and mixing vessel B through the line 3. The aqueous
solution containing the solid matter deposited in the
mixing vessel A is sent to the separation apparatus C
through the line 4. In this case, a part, usually 3 to

15 30% by weight, preferably 5 to 10% by weight, of the
solid matter-containing aqueous solution in the line 4
is introduced into the cooling and mixing vessel B
through the line 2. In the cooling and mixing vessel B,
the solid-containing aqueous solution is cooled at 0 to

20 30°C., preferably 5 to 10°C, and thereafter circulated to
the mixing vessel A through the line 3. Incidentally,
the temperatures and residence times in the mixing
vessel A and the cooling and mixing vessel B are the
same as described above in the process of Fig. 2.

25 The process shown in Fig. 4 is a partial
modification of the process of Fig. 2, and in the Fig. 4
process, a part of the solid matter—containing aqueous
solution taken out from the cooling and mixing vessel B
is circulated again to the cooling and mixing vessel B.

30 The process shown in Fig. 5 is a partial
modification of the process of Fig. 3, and in the Fig. §
process, a part of the solid matter—containing aqueous
solution taken out from the cooling and mixing vessel B
is circulated again to the cooling and mixing vessel B.

35 According to any one of the processes shown in
Figs. 2 to 5, the solid matter is deposited and thereaf-



hours; preferably 2 to 5 hours. The solid matter depos- I ted upon
cooling is taken out together wth the aqueous solution fromthe m xing
vessel and thereafter separated by a separating neans such as filter or
the like. 5 In the acconmpanying drawings, Fig. 1 is a di agr am
show ng an enbodi nent of the apparatus (capling, solid-liquid separation
and extraction) for carrying out the present invention, and each of Fig.

2to Fig. 51 [ SS9 ‘ﬁﬂng{ b the; gppgiglus for
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discharged through the line 9.
The filter used in the separation apparatus C
is not critical, and there can be used one which is

15 generally used for the separation of solid matter from a
solution containing the solid matter. For example, a
feaf filter, a cartridge filter, a decanter, a Nutsche
funnel or the like can be used. Incidentally, as the
filter used, a wire gauze of 110 to 360 mesh coated with

20 diatomaceous earth (filter aid) having an average parti-
cle diameter of 10 to 50 ym is suitably used, whereby
the solid matter deposited on the wire gauze can be
easily removed together with the diatomaceous earth and
wasted.

25 The structure of the above extraction column
D, the conditions for the extraction and separation
operation, the kind of the extracting solvent used and
the like are not critical, and it is sufficient to use
such apparatus and extracting solvent as generally used

30 in the extraction and separation of methacrylic acid
from an aqueous methacrylic acid solution and carry out
the extraction and separation under conventional opera-
tion conditions. For example, it is sufficient to use,
as the extracting solvent, an aromatic hydrocarbon (e.g.

35 benzene or toluene), an ester {e.g. ethyl acetate or
propyl acetate) or the like and contact the agueous



30 the deposition of the solid matter that a part of the aqueous
solution is introduced into a cooling and m xi ng vessel, the solid
matter is deposited therein, and the solid matter-containing aqueous
solution obtained is circulated to a m xing vessel. This suitable
process is 35 shown in Figs. 2 to 5. 10 According to the process
shown in Fig. 2, nost 7 of the
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and the |ike an ence anno |f| in a given range specified,;
however , crease the degree of extract:on of methacrylic acid by

severely controlfing the temperature conditions in the
10 extraction and separation step.

The present invention has been explained above
for a case of producing methacrylic acid. Similarly to
the above case of producing methacrylic acid, acrylic
acid can be obtained by cooling and condensing an acryl-

15 ic acid—containing reaction product gas to obtain a
crude aqueous acrylic acid solution, separating impuri-
ties as solid matter from the crude aqueous acrylic acid
solution to obtain a purified aqueous acrylic acid
solution, and then extracting and separating acrylic

20 acid from the purified aqueous acrylic acid solution.

The present invention is more specifically
described below based on Examples.

Example 1
25 A methacrylic acid—containing reaction product

gas obtained by the gas—phase catalytic oxidation of
isobutylene was cooled and condensed. Then, low—boiling
substances were removed from the resulting condensate to
obtain a crude aqueous methacrylic acid solution. The
30 methacrylic acid concentration of this solution was 42%
by weight, and the amount of terephthalic acid dissolved
in the supersaturation state in the agueous solution was
900 ppm.
In a vessel was placed 100 m! of the above
35 crude aqueous methacrylic acid solution. The solution
was cooled to a temperature of 10°C and stirred for 20



15 it-is usually 5 to 25 hours, preferably 10 to 20 hours. In
t:he m xi ng vessel A a mxture of the aqueous solution introduced
through the Iine 1 and the solid matter-containing aqueous sol ution
circul ated through the line 3 is stirred usually under normal 20
pressure. Incidentally, the tenperature oflithe sol ution I nt roduced
through the line 1 is usually in the range of fromb55 to 70[err]C, and
upon m xi ng t WoursO 4y idepod ith ddeid matgdr.d MEQQ ant cohteh g ngo bidreous
solution circul ated from t he copljing and m xi ng,vessel B tpe

tenper at ure ofSHHE U N ,3qH&PYS %‘h@ﬁ'ﬁfgﬂ %A Wfarf’?%e”?a?lg‘ée%?e rom 20 to

50[err] C prefeyrad dhifngo G nlo oP[he |Samsciudd ddeesid rmeétigacryliict he

sl donce &1 mad i Rl b cas, dearlt 1 90ad Shover ey BRI TRERboYP Lime

stirri ng t gpefturOEng .t heThe rédikit il deneli e dei spedidt 40 a

O OV, o o i o 4 e e oL EA M o e

and utilizing pyhefisitatticomd SHes amoiritlof térdphtieskidlscid dicsel erate

the deposi - sgllvoend ainnd 'Ig{eomr"tehsuolft iSnOgI I'lgi Ff?rtatteé, Ix{]ar}leth,m %%Qgpx}/t?iséieéd A
aqueous methacrylic acid sofution was 400 ppm.

10 Example 2

In the present Example, the same crude aqueous
methacrylic acid solution as used in Example 1 was
continuously treated in the apparatus shown in Fig. 1.

The crude aqueous methacrylic acid solution

15 was introduced into the mixing vessel A through the line
1 and cooled and stirred therein under the conditions of
normal pressure, a temperature of 35°C and a residence
time of b hours to deposit solid matter. This solid
matter—containing aqueous methacrylic acid solution was

20 introduced into a leaf filter C in which diatomaceous
earth having an average particle diameter of 40 pm had
been precoated on a wire gauze of 110 mesh, through the
line 2 to remove the solid matter. The solid matter-
free, purified agqueous methacrylic acid solution thus

25 obtained was introduced, through the line 3, into the
extraction column D (muiti—stage extraction column) in
which methacrylic acid was extracted and separated using
toluene as an extracting solvent under the conditions of
normal pressure and a temperature of 15 to 50°C.

30 The production of methacrylic acid was contin—
uously conducted according to the above—mentioned proce-
dure; however, no such troubles as deterioration of
liquid-liquid separation and the tike due to the genera—
tion of scum in the extraction column D were found for

35 about 3 months.

The flow rates and compositions (concentra-—



This process nmakes it possible to | ower the cooling tenperature in the

m xi ng.vessel A which has a | arger vol unme than that of the cooling and

m xi ng vessel B. and hence, the energy cost can be reduced as conpared
with 5 the process in which the solid nmatter is deposited only in the
m xi ng vessel A According tgathe process showmn in Fig. 3,
into the m xi ng vessel A are introduced the crude agueous met hacrylic
acid sol ution ﬁx*HrﬂéJQﬁ td‘@cﬂddﬁﬁé% tdie ééb&@i'&é[dd “@é:‘é’ﬁhﬂ‘?ﬂﬂé n+é‘9daqueous
solution fromthe cool - and_m xi ng vessel B thr e [rne 3. The

aqueous s Naharo b itha !rkge)t f sihe RanRus mbotww im the main

m xi ng vessel lAde% seito tP de s‘-?ﬁﬁﬂ'faltd oppwaratus C through the Iine
4. In this case, a part, usually 3 to 15 30% by wei ght, preferably 5 to 10%

by wei ght, of the solid matter-containing aqueous solution in the line 4
is introducgd into the cooling and m xi ng vessel B t hrough the line 2.
In the cooling and m xi ng vessel B, Tdbdesdl i d- cont ai ni ng aqueous
solution is cooled at 0 to 20 30[err]C, preferably 5 to 10[err]C, and
thereafter cirgulated t0 the mxing vessel A through the line 3.
I nci dental ly, hgqggqgﬂga s g%m tel i N
vessel A and 1bln%collng anqm I'?Eﬁ:rgpve‘>sef= Qﬁéhc”&ﬁd sg%% s Jggc I bed
above in the tegs of Flg showy in Fi¢g. 4 is
a parti al rodi f i{cafkigdr) of tt(atprmce;>9;sx=fo(|iecg De%psam | fntl g Q%) {
process, albaft 1or tne1 ((})II HB.[[%I’-CO talgrgong quUeETUS T 4 10

2 100 42 350 550 48 10

3 100 42 350 - 48 10

15
Exampie 3

In the present Example, the same crude aqueous
methacrylic acid solution as used in Example 1 was
continuously treated in the apparatus shown in Fig. 2.

20 90% by weight of the crude aqueous methacrylic
acid solution was introduced into the mixing vessei A
through the line 1. Simultaneously therewith, 10% by
weight of the crude aqueous methacrylic acid solution
was introduced into the cooling and mixing vessel B

25 +through the line 2 and cooled and stirred therein under
the conditions of normal pressure, a temperature of 10°C
and a residence time of 20 hours to deposit solid mat—
ter. This solid matter—containing aqueous methacrylic
acid solution was circulated from the cooling and mixing

30 vessel B to the mixing vessel A through the tine 3.

In the mixing vessel A, a mixed aqueous solu-
tion consisting of the crude aqueous methacrylic acid
solution introduced through the line t and the solid
matter—containing agueous methacrylic acid solution

35 circulated through the line 3 was stirred under the
conditions of normal pressure, a temperature of 40°C and



solution taken out fromthe cooling and m xi ng vessel B I's circul ated

again to the cooling and m xi ng vessel B. 30 The process shown in
Fig. 5is a partial nodi fication of the process of Fig. 3, and in the
Fig. 5 process, a part of the solid matter-containing agueous

solution taken out fromthe cooling and myzi ng vessel B I's circul ated
again to the cooling and m xi ng vessel B. 35 According to any one

of the processese¢did¥hdd timdidF 5 hédrd e Séauéﬂod@té@rutﬁordepow ted
and t hereaf - ter

sol i d- contalmQRfﬁﬁﬁﬂkﬂ% danaficisd igo bid dratdier WastﬁQﬁfQ@HQ%&en out from
the m xi ng Veﬂ?rﬁ*ou%fﬂ%é \r/‘\)Fhlrr% 4, HESCHHO RN BBy & | A waPek atus C

through the Ii paratus the solid matter is separated
through 5 a AI*HWW%% qan@ RGN MR IUPATE gt diameter | jne 6.

The solid et o 40 §fn FHHd fu&ch USRI wire r@/éuzg?wdm@'m% pn is

I ntroduced through the line Into the extraction um_Din i'ch the
methacrylic to d@ampye, the %Rq'débd’éa@’cﬁrut i dihe sakid materafirean ex- 10

tracting sol venfr iifitde dd R dAA ild MR id AW uti o SFRVE SIS i&wah
the line 8 while the waste water 1s
was introduced into the extraction column D (multi-stage
extraction column) through the [ine 5, and methacrylic
10 acid was extracted and separated therein using toluene
as an extracting solvent under the conditions of normal
pressure and a temperature of 15 to 50°C.
The production of methacrylic acid was contin-—
uously conducted according to the above—mentioned proce-
15 dure for about 3 months; however, there were found no
such troubles as deterioration of liquid-liquid separa-
tion and the like due to the generation of scum in the
extraction column D.
The flow rates and compositions (concentra-
20 tions of methacrylic acid, deposited terephthalic acid,
water and the [ike) of the aqueous solutions in the main
lines 1 to 4 are shown in Table 2.

Table 2
Line [Fiow rate Methacrylic | Terephthalic acid | Water | Others
No. acid (ppm)
(kg/Hr) wt. % Dissolved {Deposited | (wt. %) | (wt.%)
1 100 42 900 - 48 10
3 11 42 100 800 48 10
4 100 42 400 500 48 10
5 100 42 400 - 48 10




di scharged through the line 9. The filter used in the
separati on apparatus C Is not critical, and there can be used one which
is 15 generally used for the separation of solid matter froma sol ution
containing the solid matter. For exanple, a | eaf filter, a cartridge
filter, a decanter, a Nutsche funnel on4the |ike can be used.
Incidentally, as the filter used, a wire gauze of 110 to 360 nesh coated

with 20 di at omaceous earfdtdrdiligrtdithe e dghani W@rﬁ*@ﬁ@n,patfﬁé-i_mdpu*?' e
di aneter of 10 to, 50 [err],mqlvcg Sui tabléﬁed, wherebY t he s&] id nptter
deposited on the \i§ EYMiAihedn hethe § ARUERNS J RS 3REY Ui ¢ 1R E

di at omaceous gtk @K obta R Dy ool ing and JodErE Led Ls e(wétiihe above

extraction col um D, the conditjons for the extraction and %ﬁgaration

operation, th@¥id ©rag e cantalding RAGERN RROUGH €28 (321 |k&c are not

critical, agddfificietfy Gadvdd Uba sinplld) faiaé At UsHévidle £X¥d AP S
sol.vent as generally used 30, i.n tﬂe extraction and se ar&tjon of
met hacryl i ¢ adi'Publes saused e meARCH A 6% cRRte Lasd | Antie L1788y out

the extracti omcajubife PATRH)UE MRS SO &6 I Phiedn ORI Bhe ext it remdi tions.
For exanpl e, 3%5*5 sufficient to use, qg the,exfractlng sqivent an
aromatic hydr BAPRaty oS iam Latt ke effeshiye lwpravented 2nd;phy|

acetate or (Meh) a ot i R i ddif Bé kixarub €t A ta ther MOWEgHS
10 degree of extraction.

Further, according to the present invention,
since the content of impurities (they are difficult to
separate in a distillation and purification step) is
reduced, (meth)acrylic acid can be produced at a high

16 purity. '

Furthermore, according to the present inven-—
tion, even when a crude aqueous (meth)acrylic acid
solution having a high (meth)acrylic acid concentration
of 35 to 50% by weight is used, the impurities contained

20 therein can be removed efficiently, so that the amount
of the waste water generated in the extraction and
separation step can be reduced.



10 .. nethacrylic acid solution with the extracting sol vent at a
tenperature ranging from 15 to 50[err]C In the present

i nvention, the inpurities which cause such troubles as the generation of
scumand the 5 like in the extraction and separation step, can be
effectively separated fromthe crude aqueqgs nethacrylic acid sol ution,
so that it is possible to further in- crease the degree of extraction of

nethacrylic agikh{Yis cBEMrsE! ¥scontrolling the tenperature conditions in
the 10 extractjon and separation step The present invention
has been explélned abov PVQQﬁS%.ﬁ%@eptﬁdﬁﬁb@%c(mﬁﬁm%ﬁﬁétfy¢|%cbélbY

Simlarly to P AOVE CAEPL PE &% PARE] 6W, Wf@ﬁrd’émﬁr ﬂ&é@ c@&ll’hkc

acid can be ob a ned by cool i'ng,and condensing an acr{
aci d- cont ai ni r&J? éamdwmsmmc(mw@%rbbta.aped-co %U%'%ué@@n@theﬂyllc

aci d sol ution,peRpERlgdy tdMBLain atéﬁﬁdésaéﬁéé&%rWﬁéfﬁ)ééP@1t@eaéiéde

aqueous acryllc acl d solution to obtain a purified aqueous, acrylic acid
sol uti on, and S 8 r £2¢ hiP&ithe cpavesussatyti % m eemswo €he

purified aquedfpAcitids Soith Sedti®ehe aqueous solJ@Poﬁre§§”§olFHe”t'0”

is more specifically descr] bed bel ow based on Exanpl es. Example 1
matter; separating the solid matter; and then extracting
and separating (meth)acrylic acid from the purified
aqueous (meth)acrylic acid solution obtained.
2. The process according to Glaim 1, wherein the
crude aqueous (meth)acrylic acid solution is introduced
into a mixing vessel and cooled therein at a temperature
ranging from 5 to 50°C.
3. The process according to Glaim 1, wherein 3 to
30% by weight of the crude aqueous (meth)acrylic acid
solution is introduced into a cooling and mixing vessel;
simultaneously therewith, the remainder is introduced
into a mixing vessel; the crude aqueous (meth)acrylic

- acid solution introduced into the cooling and mixing

vesse! is cooled therein at a temperature ranging from 0
to 30°C, and thereafter, a part or the whole of the
solution is circufated to the mixing vessel.
4, The process according to Claim 1, wherein the
crude aqueous {(meth)acrylic acid solution is introduced
into a mixing vessel and stirred therein, then 3 to 30%
by weight thereof is introduced into a cooling and
mixing vessel and cooled therein at a temperature rang-
ing from 0 to 30°C, and a part or the whole of the
cooled solution in the cooling and mixing vessel is
circulated to the mixing vessel.
5. The process according to any one of Glaims 1
to 4, wherein the (meth)acrylic acid concentration in
the crude aqueous (meth)acrylic acid solution is 35 to

50% by weight.
—_—

[



25 .. A nethacrylic acid-containing reaction product gas obtai ned

by the.gas-phase catal ytic oxidation of | sbbut yl ene was cool ed and
condensed. Then, |ow boiling substances were renoved fromthe resulting
condensate to obtain a crude aqueous nethacrylic acid solution. The 30

met hacrylic acid concentration of this solution was 42% by wei ght, and

t he anount of jerephthal ic acig,difsolved I n the supersaturation state
in the aqueousiggigﬁﬁgﬂgga%hﬁ——gﬁg—gﬁﬂig In a vessel was placed
100 M of the above 35 crude aqueous nethacrylic acid solution. The

sol ution was cooled to a tenperature of 10[err]C and stirred for 20

hours to deposit solid nblt¢ hresemt ninwent iwe podvildes acpneaessnfoaqueous
sol uti on was O] nt ai Qi _ crude
B ?@ciﬁgagygﬁﬁﬁ cryl F@ Q@l@n??oggg ghaQL B?gaﬁgggc

aqueous net hacryl i _solution as ne ove, a total
vol une 5 of 1,@00datiomhewh tchil compr Eoésit conl iwvg andr ceddansifgear] C for

S hours, 19 e o) 46-TF] 4 4p L8085 LA, FERRE Pucor Bhuit, kb 48D T

nanely, the pwbtaind a crude aqueous (meth)acrylic acid solution:
cooling the agueous solution to deposit the impurities
contained in the aqueous solution, as solid matter;
separating the solid matter; and then extracting and
separating (meth)acrylic acid from the purified agueous
(meth)acrylic acid solution obtained. Unlike the con-
ventional processes in which {meth)acryiic acid is
extracted and separated from a crude aqueous {meth)ac-—
rylic acid solution, the present process can avoid
various troubles caused by the impurities contained in
the crude aqueous (meth)acrylic acid solutjon, for
example, generation of scum and the {ike, and therefore
can produce (meth)acrylic acid at a higher purity than
in the conventional processes.

ﬁﬂSSHEETHASBEEg‘X
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aqueous nethacryfic acid sol ution was 400 ppm 10 Exanple 2

I'n the present -Exanple, the sane crude aqueous nmet hacrylic acid solution
as used in Exanple 1 was continuously treated in the apparatus shown in
Fig. 1. The crude aqueous nethacrylic acid solution 15 was

i ntroduced into the mxing vessel A through the line 1 and cooled and
stirred therein unde he conditions of normal pressure, a tenperature
of 35[err]C and a rd;;&dﬁie ‘l time of 5 hours to deposit solid matter.
This solid matter- contalnlng aqueous nethacrylic acid solution was 20
introduced into a leaf filter-C in which diatonmaceous earth having an
average particle dianeter of 40 [err]m had been precoatgd on a wire
gauze of 110 nesh, through the - line 2 to renovest heysQlid matter. The
solid matter- free, pugified aqueous nethacryl- gijd[solution thus 25
obt ai ned was i ntroduced, [ 2| jextraction colum

D (multi-stage extraction col mw ngcryli ¢ aci d was
extracted and separated using ext#act {ng sol vent under the
condi tions of nor mal 3 _ : |5{tg S50[err]C. 30
The production of nethacryli [ [ uously conducted
according to the above-nentjy x - p: howevkr J5H0 such troubl es.
as deterioration of l'i qura=TTquro i and théIf7ke due to the
gener a- tion of scumin the extraction colunn D werevfound for 35 about
3 nont hs. The flowgates and conpositghons gconcentra-
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12 .. tions of nmethacrylic acid, deposited terephthalic acid, wat er and

the like) of the aqueous solutions in the main lines 1 to 3 are shown in
Tabl e 1. 5 Table 1 - Line Flow rate

Met hacrylic Terephthalic acid Water Ot hers No. - acid

(ppm 10 (kg/ Hr) (mt. % Dissolved Deposited (wt.% (wt.%

1 100 42 900 - 48 10 2 100

42 350 550 48 10 3 100 - 42 350

- 48 10 15 Exanmpl e 3 In the present Exanple, the
sanme crude aqueous met hacrylic acid solution as used in Exanple 1 was

FIG. 3
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conti.nuously treated in the apparatus shown in Fig. 2. 20 90% by
wei ght of the crude aqueous nethacrylic acid solution was introduced
into the m xing vessel A through the Iine 1. Sinultaneously therewth,
10% by wei ght of the crude aqueous nethacrylic acid solution was

i ntroduced into the cooling and m xi ng vessel B 25 through the line 2 and
cool ed and stirred therein under the conditions of normal pressure, a
tenperature of 10[err]C and a residence tinme of 20 hours to deposit
solid mat- ter. This solid matter-containing aqueous nethacrylic acid
solution was circulated fromthe cooling and m xing 30 vessel B to the

m xi ng- vessel A through the line 3. In the m xing vessel A a
m xed aqueous sol u- tion consisting of the crude aqueous nethacrylic

aci d sol ution intrEB ﬁiough the line 1 and the solid

mat t er - cont ai ni ng aqueou crylic acid solutjon 35 circul ated through
the line 3 was stirred under t he conditi'ons of normal pressure, a
tenperature of 40[err]C and a residence tine of 5 hours. The
aqueous sol ution cont ai ni ng deposited solid nmatter was introduced,

-
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through the line 4, into the leaf filter Cin which di at

onaceaus..earth

havi-ng 'an average particle dianeter 5 of 40 [err]m had bed
Wi re gauze of 110 nesh, to renove the solid matter. The
matter-free, purified aqueous nethacrylic acid solution
was introduced into the extraction colubd® D (nulti-stage

colum) through the line 5, and nethacrylic 10 acid was ext
separated therein using tol uene as an extracting sol vent

REPLACENENT SHEET
usy GohaRnges ]

rdcted and
under the

20 o r 1 O

condi tions of normal  prEXCRSSFOR FRUDURING TRTA) AERYLIC 4G O

\J\JL\/IIJ\I.

The production of neth&rytrTc acrdwasS—ContTTI= gousty—tonduct ed

according to Rggxggg\eebrfeQ},igorbqgoqr?%gﬁ-e 15 dure for about 3 nonths;
however, there we ubl es as deterioration of

l'iquid-liquid separa- tion and the |ike due to the gener
t he extraction colu

ation of scumin

ates and conpgsitions

) . .The fl
(concentra- 20 tions OP? tﬁggfﬁlnitc [é‘é’ie(ﬁ’,t'&éﬁ@&fﬁé%%r%&f%‘é??%

®fd,

wat er and theprodaging t(heth)aevyd izoladiidhy igad-hrhase ncatalyves 1 to 4

hown in Table. 2. . . , Tabl & 2 Li
Ao rote Mo RRLHEtFan. ruhigh: famer ises, capkiae @nd eondensing a
aci d (meth} ppryiic acid—conttladnting relddti 88 prd&set vess Degosited

(w9 (wt.%

obtain a crude aqueous (meth)acrytic acid solution:

cooling the aqueous solution to deposit the impurities

contained in the aqueous sclution, as solid matter;

separating the solid matter; and then extract

tng and

separating (meth)acrylic acid from the purified aqueous

(meth)acrylic acid solution obtained. Unlike
ventional processes in which ‘(meth)acrylic ac
extracted and separated from a crude aqueous

the con-
id is
(meth) ac~

rylic acid solution, the present process can avoid

various troubles caused by the impurities contained in

the crude aqueous (meth)acrylic acid solution, for

‘example, generation of scum and the [ike, and

therefore

can produce (meth)acrylic acid at a higher purity than

in the conventional processes.

No figure suggested




1 ;31_00 ¢ 42 900 - 48 10

3 1.1
42 - 100 .- 800 48 10 4 100 %pg_gggmmoSHEET
500 48 10 5 100 42 400 A8
14 - According to the present invention, the
contained in the crude aqueous (neth)acrylic acid sol u FEanb@ﬁ%Qgﬁg by
coollnq“and condensing a (neth)- acryglc aci d- cont ai ni hg{ react.i.an
product ™“gas can be 5 efficiently renoved in a sinple nmanngr. Hence, vari oud

troubl es caused by the inpurities contained in the crude
(meth)acrylic acid solution in the extraction and separation step can be
effectively prevented, and (meth)acrylic acid can be extracted in a very
hi gh 10 degree of extraction. Further, according to the
present invention, [§E§ he content of inpurities (they are difficult
to separate in a di {lation and purification step) is reduced,
(nmeth)acrylic acid can be produced at a high 15 purity.

Furthernore, according to the present inven-
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t|on even ‘when a crude aqueous (meth)acrylic acid sol ution having a
h?gh (neth)acryllc acid concentration of 35 to 50% by wef
the inpurities contained 20 therein can be renoved effi ci entBEPLAGEMITE StHEET
anount of the waste water generated in the extraction an
step can be reduced. VWhat is clainmed is: 1
produci ng (neth)acrylic acid by gas-phask™catal ytic oxidati
conprises cooling and condensing a (neth)acrylic acid-cont
product gas to obtain a crude aqueous (neth)acrylic acid s
t he agqueous solution to deposit the inpurities contained in
solution, as solid matter; separating the solid matter; and then extracting
and separating (neth)acrylic acid fromthe purified aqueous (neth)acrylic
acid solution obtained. 2. The process according to Claim1l, wherein
the crude aqueous (neth)acrylic acid solution is introduced into a m xing
vessel and cooled therein at a tenperature ranging from5 to 50[err]C

FIG. 3
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3. \ the process according to daim.1,. wherein 3 to 30% by wei ght of
the ‘crude aqueous (neth)acrylic acid solution is introduced into a coollng

and m xi-ng vessel; sinultaneously therewi th, the renainder roduced
into.a m xing vessel the crude aqueous (neth)acryllc acid EEPLACHMENT SHEET
i ntroduced into the coollng and m xi ng %Fssel is cooled ther¢in at a
tenperature ranging fromO to 30[err]C, “rand thereafter, a parpwx é?% %gple
of the solution is circulated to the m xing vessel. 4. he é
according to Caim1, wherein the crude aqueous (neth)acryli
is introduced into a m xing vessel and stirred therein, the¢n 3 to 30% by

enl Ili’L
¢ u\.'lu o) n

wei ght thereof is introduced into a cooling and m xi ng vesSelr and cootred
therein at a tenperature rang- ing fromO to 30[err]C, and a part or the
whol e of the cooled solution in the cooling and m xing vessel is circul ated
to the m xing vessel. 5. The process according to any one of O ains
1 to 4, wherein the (neth)acrylic acid concentration in the crude aqueous
(meth)acrylic acid solution is 35 to 50% by wei ght.

FIG. 5
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