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SPECIFICATION

TITLE OF THE INVENTION

"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
little dibasic acids such as maleic acid and cifraconic
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-
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 |
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

solution, followed by distillation of the extract. The
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organic solvent used for this purpose may include, for
example, aliphatic hydrocarbons having 5 to 9 carbon
atoms, aromatic hydrocarbons such as benzene and tol-
uene and esters such as methyi 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
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compounds, higher boiling point componehts, can also 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
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-
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.
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-
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-

crylic acid are adsorbed or made high boiling point
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components by bringing the methacrylic acid extract
into contact with a basic ion-éxchange resin or a basic
amine, and the extract thus treated is subjected to the
subsequent distillation step to produce methacrylic
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

comprising the steps of subjecting an aqueous metha-

crylic acid solution obtained 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
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
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

solution, extracting methacrylic acid from the aqueous
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solution with an aromatic or aliphatic hydrocarbon
solvent, and adding an alkali or an aqueous hydrazine
solution to the extract to separate maleic acid and the
like as a salt by precipitation.

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-
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.

Further, a reaction of polymerizing methacrylic
acid takes place due to the substances incorporated,
giving rise to the problem of equipment being contami-

nated.

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

dibasic acids such as maleic acid and citraconic acid.
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The present inventors have intensively inves-
tigated a proceés which removes the above-described
dibasic acids such as maleic acid and citraconic acid
efficiently, dées not evolve wasfe water and wastes
which are unrecoverable to'the process, and is excel-
lent in economical 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 -
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
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

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;

bringing the extract into contact with water;
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separating the resultant mixture into an organic
phase and a water phase; and

distilling the organic phase for refining.

Accordihg to the present invention, it is possi-
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
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ihvention is a conventionally known organic solvent
which does not mix with water to cause phase separa-
tion, i.e., forming two liquid phases with water. The
exemplary suitable organic solvents include specifical-
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
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
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
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,

it is common to use distilled water or ion-exchanged
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water not containing metal salts and_the like, but is
also possible to use potable water or water with metha-
crylic acid dissolved.

The amount of the water added is suitably in the
range -of from 0.01 to iO% b& 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
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-
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

may also be fed to the distillation step.

The time for mixing and contacting the extract
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

extract is allowed to stand to separate the mixture
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into two phases. The time reduired for this operation
is suitably from 30 seconds to 2 hours.

In all the operations after obtaining the
condensed solution, no particﬁlar restrictions are
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.
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
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
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

rest.
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Seventy five grams of the extract was mixed with
1.5 g of distilled water, and the mixture was stirred
at 25°C for two minutes and allowed to stand for one
minute to ciarify the liquid mixture. Then, the super-
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
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
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
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:

Refined methacrylic acid was prepared by distill-
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ing the extract obtained in Example 1 in the same
manner as in Example 1, except that distilled water was
not added to and mixed with the extract. Then, a
polymer deposition test was carried out for the refined
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
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%
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
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

as in Example 1. It took 7 hours and 40 minutes to
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deposit a polymer.
Example 3:

A supernatant liquid was obtained in the same
manner as in Exaﬁple 1, except that the standing time
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.
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-
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.

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

weight of citraconic acid, a small amount of other
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impuritieé, and n-heptane as the rest. Both liquids

.were mixed in a static mixer and fed to a continuous

extraction vessel operated at 10 kg/cm2 gauge, where
the organic phase was discharged at the top at a rate
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
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
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
was carried out for the refined liquid in the same
manner as in Example 1. The time for depositing a

polymer was 8 hours.
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What is claimed is: -

1. A process for refining methacrylic acid
comprising the steps of:

oxidizing mefhacrolein, 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
which forms two liquid phases with water to carry out
an extraction operation and thereby to obtain an ex-
tract of the methacrylic acid in the organic sélvent;

bringing the extract into contact with water;

separating the resultant mixture into an organic
phase and a water phase; and

distilling the organic phase for refining.

2. The process according to Claim 1, wherein
the amount of the water brought into contact with the
extract is from 0.01 to 10% by weight relative to the

extract.

3. The process according to Claim 1,- wherein

. the organic solvent is an aliphatic hydrocarbon having

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

e ——
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4 ester or a mixture thereof.
1 4. The process according to Claim 1, wherein

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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