s SPECI 1 CATI ON TI TLE OF THE | NVENTI ON PROCESS FOR REFI NI NG MVETE v gx%g)
5 BACKGROUND OF THE I'NVENTI ON 1. Field of the Invention Th '
~invention relates to a process for producing highly refined a yiqu
"~dcid containing 10 little dibasic acids such -as maleic acid and
citraconic acid efficiently on an industrial scale froman aqueous
met hacrylic acid solution obtained by cooling a netha- crylic
aci d-containing reaction gas forned by oxidiziyng net hacrol ein, isobutyl
al dehyde, t-butanol or isobutyl- 15 ene catalytically in a vapor phase.
2. Description of the Related Art Methacrylic acid is generally refined
by extract- ing it froman aqueous net hagppdieragrxbol ution, which is
obt ai ned by cooling and condensing a nethacrylrc 20 aci d-containing gas
formed by oxidizing a 4 C conpound such as nethacrol ein, isobutyl aldehyde,
t-butanol or isobutylene catalytically in a vapor phase, with an organic
sol vent, which does not mx w th waTETLENdFhTHEcINVENFIONpar at ed phases

wi th the condensed aqueous-25 solution, followed by distillation of the
extract. The "'PROCESS FOR REFINING METHACRYLIC ACID

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The present invention relates to a process for
producing highly refined methacrylic acid containing
10 little dibasic acids such as maleic acid and ciﬁraconic
acid efficiently on an industrial scale from an agqueous
methacrylic acid solution obtéined by cooling a metha-
crylic acid-containing reaction gas formed by oxidizing
methacrolein, isobutyl aldehyde, t-butanol or isobutyl-
15 ene catalytically in a vapor phase.

2. Description of the Related Art

Methacrylic acid is generally refined by extract-
ing it from an aqueous methacrylic acid solution, which
is obtained by cooling and condensing a methacrylic |

20 acid-containing gas formed by oxidizing a 4 C compound
such as.methacrolein, isobutyl aldehyde, t-butanol or
isobutylene catalytically in a vapor phase, with an
organic solvent, which does not mix with water and
hence forms separated phases with the condénsed agqueous

25 solution, followed by distillation of the extract. The



--2- organic solvent used for this purpose may include, for exanple,
aliphatic hydrocarbons having 5 to 9 carbon atons, aromatic hydrocarbons

-such as benzene and tol - uene and esters such as nethyl nethacrylate. 5
The process for producing nethacrylic acid by the catal ytic oxidation of
t he above-described 4 C com pounds in one or two reaction stages or nore
Is now actually practiced on an industrial scale. However, a variety of
side reactions occur sinultaneously in the 10, catalytic oxidation
reaction and therefore the reaction product gas contains a variety of

by- produced inpuri- ties in addition to the desired nethacrylic acid. The
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with the organic solvent. The principal by-produced inpuri- ties include
acet al dehyde, acet @tomsgC aromatdicd hydrozarbons siihhad detizénea@nd itolaci d,
maleic acid, citra- 20 conic acid, aromatic al dehydes, aromatic

carboxylic
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uene and esters such as methyl methacrylate.

| The process for produéing methacrylic acid by the
catalytic oxidation of the above-described 4 C com-
pounds in one or two reaction stages or more is now
actually practiced on an industrial scale. However, a
variety of side reactions occur simultaneously in the
catalytic oxidation reaction and therefore the reaction
product gas contains a variety of by-produced impuri-
ties in addition to the desired methacrylic acid. The
miscellaneous by-produced impurities get mixed partial-
ly in the aqueous methacrylic acid solution obtained by
cooling and condensing the reaction product gas and in
the extract from the aforesaid aqueous solution with

the organic solvent. The principal by-produced impuri-

- ties include acetaldehyde, acetone, acetic acid, acro-

lein, methacrolein, acrylic acid, maleic acid, citra-
conic acid, aromatic aldehydes, aromatic carboxylic
acids, heterocyclic compounds and the like.

Among these by-produced impurities, acetaldehyde,
acetone, acetic acid, acrolein and mefhaérolein, which
are lower boiling point componeﬁts than methacrylic

acid, can be separated by distillation, and aromatic



»aci ds, heterocyclic conmpounds and the |ike. Anong these by-produced
I mpurities, acetal dehyde, acetone, acetic acid, acrolein and nethacrol ein,

.wWhich are | ower boiling point conponents than nmethacrylic 25 acid, can be
separated by distillation, and aromatic - 3- conpounds, higher boiling
poi nt conponents, can al so be separated by distillation. However, it is
difficult to separate by distillation dibasic acids such as maleic acid and
citraconic acid transferred to the extract 5 phase along with nethacrylic
acid during the extrac- tion. Wth a view to renoving these hardly
separabl e inpurities frommethacrylic acid, the present inventors have

exani ned a process ¢ g@.ms } heid K@Hrlbéi.?ﬁuf%ulﬁ componemgs /¢ 18.Cd Vs o Cbe
acid extract prior to the dlstll a- tion is brought into contact with a

basi ¢ i on-exchange geparatéd! bpv@isbill®tion Ny Héwever s ebtll isandiefdiacwlt by

distillation. Thus, inventions of United State Patent No. 4,879,412 and

Japanese Patent Laisegiatélby ldist bbb Shibdmie debds pFupiosasl. ma ke

present inventors :

acid and citraconic acid transferred to the extract
5 phase'along with methacrylié acid during the extrac-
tion. | |
With a view to removing theée hardly separable
impurities from methacrylic acid, the present inventors
have examined a process in which the impurities-con-

10 taining methacrylic acid extract prior to the distilla-
tion is brought into contact with a basic ion-exchange
resin, followed by refining of the resultant extract by
distillation. Thus, inventions of United State Patent
No. 4,879,412 and Japanese Patent Laid-Open No.

15 193740/1989 have been proposed. The present inventors
have also studied a process in which the impurities-
containing methacrylic acid extract prior to the dis-
tillation is brought into contact with a basic amine,
followed by refining of the resultant extract by dis-

20 tillation. As a result, an invention of Unitet State
Patent No. 5,196,578 has been proposed.

According to the processes proposed by the inven-
tors, it has been proved that impurities including

dibasic acids such as maleic acid contained in metha-

25 crylic acid are adsorbed or made high boiling point



“have al so studied a process in which the inpurities- containing nethacrylic
acid extract prior to the dis- tillation is brought into contact with a
~ .basic amine, followed by refining of the resultant extract by dis- 20

tillation. As a result, an invention of Unitet State Patent No. 5, 196,578
has been proposed. According to the processes proposed by the inven- tors,
it has been proved that inpurities including dibasic acids such as maleic
acid contained in netha- 25 crylic acid are adsorbed or nmade high boiling
poi nt -4- conponents by bringing the nethacrylic acid extract into
contact with a basic ion-exchange resin or a basic am ne, and the extract

thus treated is subidigdditbries tkff quginﬁ%ﬂg PRI AR Lt ce

met hacrylic 5 acid of "a high quality.” To sol ve the aft’orenenti oned probl ens,

in process- es ot hefnfd bt iAe WitaP s Bhaie LivhJuRAfitigd i 'or d Basic
exanple, in the specification of Japanese Patent Lald-é$en No. 152438/1985,

there is proposed aamireesnd he Gitirdc hhid ardaisd dfs Bilh Fedte) 89 the
aqueous net ha- .
subsequent distillation step to produce methacrylic
5 acid of a high qualitf. |
To solve the aforementioned problems, in process-
es other than those proposed by the present inventors,
for example, in the specification of Japanese Patent
. Laid-Open No. 152438/1985, there is proposed a process
10 comprising the steps of subjecting an aqueous metha-
crylic acid solu£ion oﬁtained by cooling and condensing
the reaction product gas to an evaporation step such as
dﬁstillation to remove low boiling point components,
extracting methacrylic acid from the resulting solution
15 with an organic solvent that forms an azeotropic compo-
sition with water, such as an aromatic hydrocarbon,
bringing the extract ihto contact with an aqueous
hydrogensulfite solution to separate the mixture thus
obtained into two phases, and subjecting only the oily
20 phase to a distillation and refining step. Further,
for example, in the specification of Japanese Patent
Laid-Open No. 178842/1985, there is proposed a process
comprising the steps of cooling and condensing the
reaction product gas to an aqueous methacrylic acid

25 solution, extracting methacrylic acid from the aqueous



‘crylic acid solution obtained by cooling and condensi ng the reaction
product gas to an evaporation step such as distillation to renove | ow
.boi ling point conmponents, extracting nethacrylic acid fromthe resulting
solution 15 wth an organic solvent that forns an azeotropic conpo-
sition wwth water, such as an aromatic hydrocarbon, bringing the extract
into contact with an aqueous hydrogensulfite solution to separate the

m xture thus obtained into two phases, and suljecting only the oily 20
phase to a distillation and refining step. "Further, for exanple, in the
specification of Japanese Patent Laid-QOpen No. 178842/1985, there is

" proposed a process giRiicH Qﬂt%h%nstﬁe%t%%a@‘iﬁcgy iAG i@;}gﬁiﬁ%\%ﬁ&}{?

reacti on product gas to an aqueous acrylic aci
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or aliphatic hydrocarbon solvent, and adding an alk or an aqueous
hydrazi ne sol uti on goluitioneXo thle extTARY ok siPatateinadednd AdiQ lanee the 2

salt by precipitation. 5 In these conventional processes, however,
sub- stances, whichitke agt a0Badithdy preipitatiomi r process
5 In these conventional.processes, however, sub-
stances, which do not originally exist in their process
solutions, are incqrpdrated so that waste watér and
wastes, which are unrecoverable to and unreusable in
the processes, are evolved therein to render the proc-
10 esses’ defective. Therefore, expenses are necessary to
treat the waste water and wastes that are unrecoverable
to and unreusable in the processes. Consequently, the
p£ocesses involve an essential problem of deteriorated
economical efficiency.
15 Further, a reaction of polymerizing methacrylic
acid takes place due to the substances incorporated,
giving rise to the problem of equipment being contami-

nated.

20 SUMMARY OF THE INVENTION
It is an objéct of the present invention to
provide a process for refining meﬁhacrylic acid for the
purpose of producing highly refined methacrylic acid at
low cost by reducing the amount of impurities including

25 dibasic acids such as maleic acid and citraconic acid.



‘solutions, are incorporated so that waste water and wastes, which are
unrecoverable to and unreusable in the processes, are evolved therein to
.render the proc- 10 esses' defective. Therefore, expenses are necessary
to treat the waste water and wastes that are unrecoverable to and
unreusable in the processes. Consequently, the processes involve an
essential problemof deteriorated econom cal efficiency. 15

Further, a reaction of polynerizing nethacrylig acid takes place due to the
substances incorporated, giving rise to the problem of equi pnment being
contam - nated. 20 ' SUMVARY OF THE I NVENTION It is an object

of the present invention i-mep%fa/é&et 3 I SESSs fifivd eintengivelpachvésc acid
for the purpose of producing highly refined nmethacrylic acid at |ow cost by

reduci ng the anounttDjate®ud i présess Ghiti araifovedli {166 | abdve ddeseEibes
mal eic acid and citraconic acid. -6- The present inventors have
i ntensively inves- dilgsdixd acideassh vds allaleiovasid hend boiteratssicic beeid
efficiently, dées not evolve wasfe water and wastes
5 which are unrecoverable to'the process, and is excel-
lent in econoﬁical efficiency. As a result, it has
been fpund that the contents of dibasic acids such as
maleic acid and citraconic acid can be decreased to
significantly low concentrations by adding a small
10 amount of water, and the added water can be recovered
and reused in the process by separating it from the
methacrylic acid extract. The present invention has
ﬁeen completed on the basis of this finding.
Thus, the present invention provides a process
15 for refining methacrylic acid comprising the steps of:
oxidizing methacrolein, isobutyl aldehyde, t-
butanol or isobutylene catalytically in a vapor phase
to form a methacrylic acid-containing reaction gas;
cooling and condensing the reaction gas to an
20 aqueous methacrylic acid solution;
adding to the aqueous solution an organic solvent
that forms two liquid phases with water to carry out an
extraction operation and thereby to obtain an extract
of the methacrylic acid in the organic solvent;

25 bringing the extract into contact with water;



di basic acids such as maleic acid and citraconic acid efficiently, does not
evol ve waste water and wastes 5 which are unrecoverable to the process, and

.i s excel- |lent

in econom cal efficiency. As a result, it has been found

that the contents of dibasic acids such as maleic acid and citraconic acid
can be decreased to significantly |ow concentrations by adding a small 10
anount of water,
process by separating it fromthe nethacrylyg.fqid extract. The present
i nvention has been conpleted on the basis of this finding. Thus, the

present invention provides a process 15 for refining nethacrylic acid
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ble to remove dibasic acids such as maleic acid and
citraconic acid to a considerably low level prior to
the distillation and refining, and thereby provide
highly refined methacrylic acid containing little
dibasic acids, economically and without increasing the

amount of wastes from the process.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The présent invention will be described in detail
hereunder.

When methacrolein, isobutyl aldehyde, t-butanol
or isobutylene is oxidized in a vapor phase in one or
more stages of reaction using a catalyst for catalytic
oxidation composed primarily of molybdenum oxide or a

composite oxide thereof, a reaction product gas con-

taining methacrylic acid as a main component can be

obtained. The product gas is cooled and condensed to
an aqueous methacrylic acid solution and the condensed
aqueous solution is extracted with a given organic
solvent to obtain a methacrylic acid extract. The

organic solvent useful in the practice of the present



-7- separating the resultant m xture into an organi c phase and a water
phase; and distilling the organic phase for refining. According to the
.present invention, it is possi- 5 ble to renove dibasic acids such as

mal eic acid and citraconic acid to a considerably |low level prior to the
distillation and refining, and thereby provide highly refined nethacrylic
acid containing little dibasic acids, economcally and w thout increasing
the 10 anpunt of wastes fromthe process. DERAILED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS The present invention will be described in detai
her eunder. 15 When net hacrol ein, isobutyl al dehyde, t-butanol or

| sobutylene is oxidipedntliof YaPA BRISALIBNAISOknBUAC oFgBAEE Gb1GRARI I ON

using a catalyst for catal ytic oxidation conposéd prinmaril’y of nolybdenum

oxide or a conposit@hg¥hddobBehtef mik witht WaiteR’ @dUchugas phaBe &@para-
taining nethacrylic acid as a nmain conmponent can be obtained. The product

gas is cool ed and ceddapsédetl 9 Eormdngotwontigaidy phasasi dithl watetr.andhiehe

gondensed exemplary suitable organic solvents include specifical-

5 ly aliphatic hydrocarbons ﬁaving 5 to 9 carbon atoms,
aromatic hydrocarbons such as benzene and toluene, and
esters such as methyl methacrylate. They may be used
alone or as a mixture. |

In the present invention, water is added to the

10 methacrylic acid extract, and they are fully mixed and
brought into contact with éach other to subject the
mixture to extraction again. Thus, dibasic acids such
éé maleic acid and citraconic acid in the extract are
transferred to the water phase and thereby separated

15 and removed from the organic phase. The organic phase
is sent to a distillation step where methacrylic acid
is obtained as the product. The water phase may be
preferably reused as a process water by recycling and
mixing it to the aqueous methacrylic acid solution

20 obtained by cooling and condensing thus obtained metha-
crylic acid-containing reaction gas, but it may also be
suhjected to distillation together with the organic
phase or dischaiged As.waste water.

As the water specified by the present invention,

25 it is common to use distilled water or ion-exchanged



.aqueous solution is extracted with a given organic solvent to obtain a
nmet hacrylic acid extract. The 25 organi ¢ solvent useful in the practice

.of the present -8- invention is a conventionally known organic sol vent
whi ch does not mx with water to cause phase separa- tion, i.e., formng
two |liquid phases with water. The exenpl ary suitable organic solvents
I ncl ude specifical- 5 |y aliphatic hydrocarbons having 5 to 9 carbon

atonms, aromatic hydrocarbons such as benzeng end tol uene, and esters such
as nethyl nethacrylate. They may be used ‘al one or as a mxture. In the
present invention, water is added to the 10 met hacrylic acid extract, and
they are fully m xgat@&Pdnédt ot@htaining onetaLisaltd Sadhthé hBikép Bubj £6t

the m xture to extraction again. Thus, dibasic acids such as naleic acid
and citraconic acidlso pbesible atd @se potalsIerwatiet oot hwavet ewiphasethad
thereby separated 15 and renmoved fromthe organic phase. The organic
phase is sent to acxybi¢|acidodissebvediere nethacryllc acid is obtained as
t he product. The water phase may be
The amount of the water added is suitably in the
5 range of from 0.01 to 10% by weight, preferably from
Q.l to 5% by weight, relative to the extract.

To add and mix the water with the extract, gener-
ally, both liquids are fully brought into contact with
each other by mixing in a continuous or batch stirring

10 vessel or in a line mixer and sent to a filter-type or
settling-type two-phase separation vessel. Also, it is
possible to use a packing-type or spray-type extraction
column or an orifice column~type extraction column.
Here, the organic phase is preferably fed to the dis-

15 tillation step in the state under which the waﬁer'phase
and the organic phase are completely separated into two
phases. The organic phase with water droplets mixed
m#y also be fed to the distillation step.

The time for mixing and contacting the extract

20 with water is suitably from 10 seconds to 1 hour, pref-'
erably from 30 seconds to 10 minutes. The contact
temperature is not particuiarly restricted and is
commonly in the fange of from 0 to 100°C.

After mixing and contact with the water, the

25 extract is allowed to stand to separate the mixture



preferably reused as a process water by recycling and mxing it to the
aqueous nethacrylic acid solution 20 obt ai ned by cooling and condensi ng
.thus obtained nmetha- crylic acid-containing reaction gas, but it nmay al so
be subjected to distillation together with the organic phase or discharged
as waste water. As the water specified by the present invention, 25 it is
common to use distilled water or ion-exchanged -9- water not containing
metal salts and the like, but is also possible go_use potable water or
water with netha- crylic acid dissolved. The anbunt of the water added is
suitably in the 5 range of fromO0.01 to 10% by wei ght, preferably fromO0.1
to 5% by weight, r | LEXt T i : ' t ' he
extract, gener- al %ﬂ%\éﬁl& f?%%% s ar'lggéf utl-'JI-'l;[;/la bro Igl%(linn%(%i %ﬁcﬁ%ﬁ%&%oh

other by mxing in g GAtABIRKSE¥Em bPY Cdecdnds | €8 AOhouressel or in a line
m xer and sent to a filter-type or settling-type two-phase separation

vessel . Also, it is possiin alb tie cparekidits (e ol Rying Pehext racti on

condensed solution, no particﬁlar restrictions are
'5 placed on the operation preesures, which are usually
atmospheric.

The present invention will be illustrated specif-
ically by the following examples. However, the present
invention shall not be limited to or by these examples.

10 Example 1:

Using a molybdenum-base composite oxide catalyst
as a former-stage oxidation catalyst and a molybdenum-~
base heteropoly-acid catalyst as a latter-stage cata-
lyst, isobutylene was oxidized to form a reaction

15 product gas, which was cooled and condensed to an aque-
ous methacrylic acid solution. Then, low boiling point
components such as acetone and methacrolein were re-
moved from the aqueous solution, and methacrylic acid
was extracted from the resulting aqueous solution with

20 n-heptane as an extraction solvent to obtain an ex-
tract. The extract comprised 18.8% by weight of metha-
crylic acid, 0.16% by weight of water, 35 ppm by weight
of maleic acid, 60 ppm by weight of citraconic acid, a
small amount of other impurities, aad n-heptane as the

25 rest.



colum or an orifice colum-type extraction colum. Here, the organic phase
Is preferably fed to the dis- 15 tillation step in the state under which
.the water phase and the organic phase are conpletely separated into two
phases. The organic phase with water droplets m xed nmay also be fed to the
distillation step. The tine for m xing and contacting the extract 20 wth
water is suitably from 10 seconds to 1 hour, pref- erably from 30 seconds
to 10 m nutes. The contact tenperature is not articularly restricted and
is commonly in the range of fromO to [err] "After mixing and contact with
the water, the 25 extract is allowed to stand to separate the m xture

- 10 - into two phases. ngvlhhlggl rfg%l fSOIbft Ring %{}g'ﬁ&ogra'ssm&'ﬁédaw.ﬁﬁh

from 30 seconds to 2 hours t he "operations a obtai ning the
condensed sol ution,; BogPaEt 43'8td11e@s Walteld, ORhd2thed miktued %ast Btirred

operation pressures, which are usually atnDspherlc The present invention
wi Il be illustrate@atspscicf for two minutes and allowed to stand for one
minute to ciarify the liquid mixture. Then, the super-
5 nétant liquid was separated.
The composition of the liquid thus separated was
18.7% by weight of methacrylic acid, 0.17% by weight of
water, 2.1 ppm by weight of maleic acid, 16 ppm.by
weight of citraconic acid and a trace amount of other
10 impurities, the rest being n-heptane. Here, the rate
of removal of maleic acid was_94%, while that of citra-
conic acid was 73.3%.
- Phenothiazine (100 ppm by weight) was added as a
polymerization inhibitor to the supernatant liquid
15 obtained above, and the mixture was distilled to obtain
refined methacrylic acid.

Five grams of the refined liquid was taken in a
10-cc test tube, to which 100 ppm by weight of pheno-
thiazine was added as a polymerization inhibitor. The

20 test tube was tightly sealed with air enclosed and
heated to 120°C to carry out a polymer deposition test.
As a result, the time for depositing a-polymer was
found to be 6 hours.
Comparative Example 1:

25 Refined methacrylic acid was prepared by distill-



ically by the foll owi ng exanpl es. However, the present invention shall not
be limted to or by these exanples. 10 Exanpl e 1: Using a nol ybdenum base
conposite oxide catal yst as a forner-stage oxidation catalyst and a

nol ybdenum base heteropoly-acid catalyst as a latter-stage cata- |yst,

| sobutyl ene was oxidized to forma reaction 15 product gas, which was
cool ed and condensed to an aque- ous nethacrylic acid solution. Then, | ow
boi | i ng point conponents such as acetone and. ngj hacrolein were re- noved
fromthe aqueous solution, and nethacrylic acid was extracted fromthe
resul ting aqueous solution with 20 n- hept ane as an extraction solvent to
obtai n an ex- tractinglhtheeXdxtafdctt Uhta it 1ih PedmpMei Phin cthaesame Ccrylic

acid, 0.16% by weight of water, 35 ppm by wei ght of maleic acid, 60 ppm by
wei ght of citraconimarmex asn SnmBirampieirk, d@xcagerthapudidtesledirwater was
n- hept ane as the 25 rest. Seventy five grans of the extract was m xed
with 1.5 g of distindtedddadrto antl mixed withe the ettiract atTHens]afor two
m nutes and allowed to stand for one
' polymer deposition test was carried out for the refined
5 liquid in the same manner as in Example 1. The time
for depositing a polymer was found to be 4 hours and 20
minutes.
Example 2:
Three grams of distilled water was added to and
10 mixed with 75 g of the same extract as prepared in
Example 1, and the mixture was stirred at 25°C for two
.minutes and allowed to stand for one minute. Then, the
sﬁpernatant liquid was separated. |
The liquid thus separated was composed of 18.8%
'15 by weight of methacrylic acid, 0.18% by weight of
water, 1 ppm by weight of maleic acid, 13 ppm by weight
of citraconic acid, a trace amount of other impurities,
and n-heptane as the rest. Here, the rate of removal
of maleic acid was 97%, while that of citraconic acid
20 was 78.3%.
The supernatant liquid obtained above was dis-
tilled in the same manner as in Example 1 to obtain a
refined liquid, and a polymer deposition test was

carried out for the refined liquid in the same manner

25 as in Example 1. It took 7 hours and 40 minuteé to



mnute to clarify the liquid m xture. Then, the super- 5 natant |iquid was
separated. The conpositi.on of the |liquid thus separated was 18. 7% by wei ght
.of methacrylic acid, 0.17% by wei ght of water, 2.1 ppm by weight of maleic
acid, 16 ppm by weight of citraconic acid and a trace anount of other 10

I mpurities, the rest being n-heptane. Here, the rate of renoval of nmaleic
acid was 94% while that of citra- conic acid was 73. 3% Phenot hi azi ne (100
ppm by wei ght) was added as a polynerizationiphibitor to the supernatant
liquid 15 obtained above, and the m xture was distilled to obtain refined
met hacrylic acid. Five grans of the refined liquid was taken in a 10-cc

- test tube, to whi chaeghsitpra polymeght of pheno- thiazine was added as a

pol ymeri zation inhibitor. The 20 test tube was tightly sealed with air
encl osed and heat ecExampleris to carry out a polynmer deposition test. As a
result, the tinme for depositing a polyner was found to be 6 hours.
Conpar ative Exanple 1: 285 supernatsit neidiuied heas yohtained| imsthe epamed by
distill- manner as in Exaﬁple 1, except that the standing time
5 after the addition and mixihg of distilled water was
changed to 30 seconds.
The.liquid so obtained was composed of 18.7% by
weight of methaciylic acid, 0.17% by weight of water,
16 ppm by weight of maleic acid, 28 ppm by weight of.

10 citraconic acid, a trace amount of other impurities,
and n-heptane as the rest. Here, the rate of removal
of maleic acid was 51.5%, while that of citraconic acid
was 53.5%. "

The supernatant liquid obtained above was dis-

15 tilled in the same manner as in Example 1 to obtain a
refined liquid, and a polymer deposition test was
carried out for the refined liquid in the saﬁe manner
as in Example 1. - It took 5 hours and half to deposit a
polymer.

20 Example 4:

Distilled water was added at a rate of 2 kg/hr to
an extract fed at a rate of 100 kg/hr, which comprised
19.4% by weight of methacrylic acid, 0.17% by weight of
water, 14 ppm by weight of maleic acid, 22 ppm by

25 weight of citraconic acid, a small amount of other



Too12 - ing the extract obtained in Exanple 1 in the sanme manner as in
Exanpl e 1, except that distilled water was not added to and m xed with the
.extract. Then, a polymer deposition test was carried out for the refined 5
liquid in the same manner as in Exanple 1. The tine for depositing a
pol ymer was found to be 4 hours and 20 m nutes. Exanple 2: Three grans of
distilled water was added to and 10 mxed wth 75 g of the sanme extract
as prepared in Exanple 1, and the mxture was ggitred at 25 C for two
m nutes and allowed to stand for one mnute. Then, the supernatant |iquid
‘was separated. The liquid thus separated was conposed of 18.8% 15 by
wei ght of net hacrylimpwaritdies), Hifd W~-heptgirie s Heerresit ppredyh vieighidof
mal ei ¢ acid, 13 ppm by weight of citraconic acid, a trace anount of other
i mpurities, and n-vepteameixesi tite a estatildemd xarheanditfedito enmant ofuows ei ¢
acid was 97% while that of citraconic acid 20 was 78.3% The supernat ant
| i qui d obtai ned ab®rtuaetitn vasseledperated atrel hdglamhgaugexahegre 1 to
obtain a

the organic phase was discharged at the top at a rate

5 of 100 kg/hr and the water phase at the bottom at a

rate of 2 kg/hr.

The static mixer employed had an inner diameter
of 4 inches and comprised six elements. The extraction
vessel was of a filter-type and had a shell diameter of

10 250 mm and a shell height of 450 mm.

The organic phase obtained was composed of 19.3%
by weight of methacrylic acid, 0.15% by weight of
water, 0.9 ppm by weight of maleic acid, 3 ppm by
weight of citraconic acid, a small amount of other

15 impurities, and n-heptane as the rest. Here, the rate
of removal of maleic acid was 93.6%, while that of
citraconic acid was 86.4%.

The organic phase obtained above was distilled to

obtain a refined liquid, and a polymer deposition test
20 was carried out for the refined liquid in the same
manner as in Example 1. The time for depositing a

polymer was 8 hours.



‘refined liquid, and a polyner deposition test was carried out for the
refined liquid in the sane manner 25 as in Exanple 1. It took 7 hours

.and 40 minutes to - 13 - deposit a polyner. Exanple 3: A supernatant
liquid was obt ai necu“m m,mrnmmger as in Exanple 1, except that the
standing tine 5 aft nd m xi ng of. dlstllLed_maIer was
changed to 30 seconds. ‘Thé N qU|d so obtai ned was conpo%?ﬁﬁngHgg'ﬁﬂngEN
wei ght of nethacrylic acid, 0.17% by wei ght of ygater, 16 ppnp@prggﬁ

mal ei ¢ acid, 28 ppm by weight of. 10 citraconi c acid, ~a—+t+ace—arpunt nf
other inmpurities, and n-heptane as the rest. Here, the rate of renoval of
mal ei ¢ acid was 51.Wilat W8 |cldiiméd ofscitraconic acid was 53.5% The
super nat ant |iqui d obtal ned above was dis- 15 tilled in the same nmanner
as in Exanple 11to obtainla re ipwacess|ufalr werfliwdpy nechacheybic tacid t est

was carried out for the refined liquid in the same manner
2 comprising the steps of:

oxidizing methacrolein, isobutyl aldehyde, t-
butanol or iscbutylene cataiytically in a vapor phase
to form a methacrylic acid-containing reaction gas;

cooling and condensing the reaction gas to an
aqueous methacrylic acid solution;

adding to the aqueous solution an organic solvent

W 00 ~N & U e W

which forms two liquid phases with water to carry out
10 an extraction operation and thereby to obtain an ex-
.11 tract of the methacrylic acid in the organic sélvent;
12 _ bringing the extract into contact with water;
13 separating the resultant mixture into an organic

14 phase and a water phase; and

15 distilling the organic phase for refining.
1 2. The process according to Claim 1, wherein
2 the amount of the water brought into contact with the
3 extract is from 0.01 to 10% by weight relative to the
4 extract.

-

3. The process according to Claim 1,- wherein
2 . the organic solvent is an aliphatic hydrocarbon having

3 from 5 to 9 carbon atoms, an aromatic hydrocarbon, an

——
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“as in Example 1. It took 5 hours and half to deposit a polyner. 20
Exanple 4: Distilled water was added at a rate of 2 kg/hr to an extract fed
.at a rate of 100 kgfhr, whieh—compr+sed 19.4% by wei ght of nethacrylic

acid, 0.17% by meig pnlby wei ght of maleic acid, 22 ppm by
25 weight of citr '"m%mjmgnmﬁ anount of ot her -14- inpurities,
and n-heptane as the*r ds were mxed in static mxer and
fed to a continuous extraction vessel operateqeat 10 [ETHIS SHERFeHASIBEEN |t he
organi ¢ phase was di scharged at the top at a rate 5 of | 100 IgEPhACEMd th
wat er phase at the bottomat a rate of 2 kg/hr. The st
had an inner duanegg%egfog hnﬁE§§u§gdtﬁgggbfsed six elements. The
extraction vessel was of a filter-type and had a shell dianeter of 10 250
mm and a shell height of 450 nm The organic phase obtained was conposed of
19.3% by wei ght of nmethacrylic acid, 0.15% by wei ght of.

1 4. The process according to Claim 1, whereln

2 the organic solvent is n-heptane, benzene or toluene.

1 5. The process according to Claim 1, wherein
2 the water phase after being brought into contact with

3 the extract is reused as a process water.

6. The process according to Claim 1, wherein
the water phase after being brought into contact with
the extract is recycled and mixed to the agueous metha-

ciylic acid solution obtained by cooling and condensing

mod» W N =

the obtained methacrylic acid-containing reaction gas.
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‘water;, 0.9 ppmby weight of maleic acid, 3 ppmby weight of citraconic
acid, a small anount of other 15 inpurities, and n-heptane as the rest.
Here, the rate of renoval of maleic acid was 93.6% while that of
citraconic acid was 86.4% The or gani ¢ phase obtai ned above was distilled
to obtain a refined liquid, and a polynmer deposition test 20 was carried
out for the refined liquid in the sanme manner as in Exanple 1. The tinme for

dep03| ting a pol ynErPRmmés QR REFINING ®ETHAJRYLIC Briphat is claimed is:

1. A process for refining methacrylic acid 2 conprising the
steps of : 3 oxi di zi ng net hacrolein, isobutyl aldehyde, t- 4
butanol or isobutylene catal yticahgprAce b@pqﬁgpbqg@ngU§E forma
met hacrylic acid-containing reaction gas; © coollng and

condensi ng the reacti on gRsprécdds forpesdisc IRy Bt ihed MethacHylic Odcid
adding to the aqueous solution an organic
comprising the steps of oxidizing methacrolein and the
like catalytically in a vapor phase to form a metha-

5 crylic acid-containing gas,.cooling and condensing the
gas to an aqueous methacrylic acid solution, adding to
the solution an organic solvent that forms two liquid
phases with water to.carry out an extraction operation
and thereby to obtain an extract, bringing the extract -

10 into contact with water to mix them together, separat-
ing the mixture into an organic phase and a water
phase, and distilling the organic phase. According to
this process, highly refined methacrylic acid contain-
ing little dibasic acids such as maleic acid and citra-

15 conic acid can be obtained economically and without
increasing wastes that are unrecoverable to the proc-

ess.



-

9, Solvent which forns two-liquid phases with water to 10 carry out an
exrractlon operation and thereby to obtain 11 an extr +-he
neLhacryllc acid in the organic 12 solvent; 13 REPLAEENﬂﬁVFSh“
extract into Ttomnmtact” withat—teast 14 one kind of wat gr “ﬁ‘ﬁﬁ‘ﬁﬁﬁUﬁr“@f
from0.01 to 1 relative to the extractj, 19‘9%Ie¢te
from16 distil ﬂm wmm"ml iﬂm exchanged water not corjt | n| ng E.L@ T
salts and the | *ke¢ potabl e water or water with 18 netlh

di ssolved. 19 separating the resurtanit mxtude into an organic
phase and a water phase; and 21 distilling the organitc piase o

refining. 1 What 2ig dhwinedciess according to Claim1, V\/nerei n the 2
organi ¢ solvent is an aliphatic h%ﬂrocarb n havi g from3 to 9 car bon

atons, an aronhtic hydrocarbodt BX¥OSSEE °rorr%1 IR é“eitht@r%'@f ig . acid

3. The process ACESHsh Tl e (i B Svm_e.r ein the 2 organic solvent is
n- hept ane, benzene or tol uene: 6- 4. The process
according to Gaim 1, vvl"ler@ilﬁiltzwé‘-g methacroleln, isobutyl aldehyde, t-

4 butanol or isobutylene catalytically in a vapor phase to

Q). ﬂ\

5 form a methacrylic acid-containing reaction gas;

6 cooling and condensing the reaction gas to an

7 aqueous methacrylic acid solution;

8 adding to the aqueous solution an organic

9 solvent which forms two liquid phases with water to
10 carry out an extraction operation and thereby to obtain
11 an extract of the methacrylic acid in the organic
12 solvent;

13 bringing the extract into contact with at least
14 one kind of water in an amount of from 0.01 to 10% by
15 weight relative to the extract, which is selected from
16 distilled water or ion-exchanged water not containing
17 metal salts and the like, potable water or water with
18 methacrylic acid dissolved.

19 separating the resultant mixture into an organic

20 phase and a water phase; and

21 distilling the organic phase for refining.
1 2. The process according to Claim 1, wherein the
2 organic solvent is an aliphatic hydrocarbon having from
3 5 to 9 carbon atoms, an aromatic hydrocarbon, an ester
4 or a mixture thereof.

=

3. The process according to Claim 1, wherein the

2 organic solvent is n-heptane, benzene or toluene.

d

20



2 water phase after being-brought into contact with t 3 _extract is

retsed as a process water. 1 - 5. The process |fF ' sy
1, wherein the 2 _water_phase after being brought into g R 10&HEET?

extract is recycled and mxed to the aqueous methacrylijcy4 acid solutfop
obt ai ned by cool i nglmmﬂm Hﬁll““lt he 5 obtained rret af:ry'l? BEC 1996
acid-containing re

-16-

1 4. The process according to Claim 1, wherein the

2 water phase after being brought into contact with the

w

extract is reused as a process water.

5. The process according to Claim 1, wherein the
water phase after being brought into contact with the
extract is recycled and mixed to the aqueous methacrylic

acid solution obtained by cooling and condensing the

g o W N R

obtained methacrylic acid-containing reaction gas.



