
EP 0 345 083 B1 Description Many industrial catalysts have been developed
for the production of methacrylic acid by catalytic oxidation reaction of
isobutylene, t-butanol, methacrolein, isobutyl aldehyde or isobutyric acid
(hereinafter referred to as 5   "isobutylene and the like) in a vapor
phase. However, a catalyst having an industrially sufficienty satisfactory
performance has not been found yet. Because of this, the catalytic
oxidation reaction is ordinarily carried out while the conversion of
methacrolein, an intermediate reaction product or a reaction material, is
controlled to 50 to 80 %, and from the resulting reaction product gas,
methacrylic acid is separated and refined to obtain a methacrylic acid
product, on the other hand, methacrolein is recovered and circulated in the
reaction system 10  to be re-used. This invention provides a method of
industriallyadvantageously recovering methacrolein forcirculating and
re-using methacrolein in the production of methacrylic acid by such a
catalytic oxidation reaction In a vapor phase. Heretofore, the production
of methacrylic acid by the catalytic oxidation reaction of isobutylene and
the 15  like in a vapor phase has been carried out as follows. Namely,
isobutylene and the like are subjected to a cat- alytic oxidation reaction
in a vapor phase, and the resulting gas as a reaction product is brought
into contact with water in a methacrylic acid condensation column to obtain
an aqueous solution of methacrylic acid, bring- ing said aqueous solution
into contact with a solvent in a methacrylic acid extraction column to
extract metha- crylic acid, which is separated and further introduced to a
refining step to obtain a methacrylic acid product. 20      The gas after
being brought into contactwith water contains methacrolein, the recovery
and re-use of said methacrolein is carried out by introducing said gas to a
methacrolein absorption column where it is brought into contact with water,
the resulting aqueous solution of methacrolein is introduced to a
methacrolein desorp- tion column where methacrolein is desorbed and
recovered, and then returned to the reaction system. However, methacrolein
has a small solubility in water and for the absorption of methacrolein, it
is necessary to use a large 25  amount of water or use a multi-stage
absorption column. Further, a large amount of waste water is discharged,
which possesses a problem of how to dispose of it. Accordingly, a proposal
is made to use an organic solvent besides water as an absorption solvent in
a methacrolein absorption column. This proposed method, however, possesses
another problem that in concomitance with circulation and re-use of
methacrolein after it Is sepa- rated and recovered In the oxidation
reaction system, said organic solvent is circulated in the oxidation
reaction 30  system together with the recovered methacrolein, and the
circulating organic solvent tends to poison the cat- alyst. Hence, this is
not a preferable method. In the event that methacrylic acid is contained in
the recovered methacrolein, due to polymerization of me- thacrylic acid in
the reaction system, lowering of the yield and clogging attributable to the
polymer and lowering of the catalytic activity of the catalyst are likely
to be caused, which obstruct the continuous operation. Accord- 35 Ingly, in
the methacrylic acid condensation column, an attention should be paid to
ensure that methacrylic acid be sufficiently collected there and the gas
going out from said collection column be free from methacrylic acid, which
compels the use of a high-performance separator or an additional or extra
amount of water, which is industrially inconvenient. On the other hand, an
aqueous solution of methacrylic acid obtained in the methacrylic acid
condensation 40 column is separated in the methacrylic acid extraction
column by the use of a solvent to a solvent phase con- taining methacrylic
acid and an aqueous solution phase, from the former, by further passing
through a refining step, a methacrylic acid product is obtained, while the
latter is disposed of as waste water. In such a process, a very large
amount of water is used, in addition, a large amount of waste water is
produced. For example, British Patent No. 2,004,886 discloses a process
forefficiently recovering methacrolein which 45  comprises using part of an
aqueous solution of methacrylic acid discharged from a methacrylic acid
conden- sation column as an absorption solution to be fed to a methacrolein
absorption column, feeding an aqueous solution after having absorbed
methacrolein to a methacrolein desorption column, feeding an inert gas from
the lower portion of said desorption column and separating methacrolein
from the top portion of said desorption column and separating methacrylic
acid from the bottom portion of said desorption column. However, according
50  to this process, because methacrylic acid stripps from the top portion
of the methacrolein desorption column, this process possesses problems such
as lowering of the yield, an adverse effect on the oxidation catalyst and
discharge of a large amount of waste water. Further, because an aqueous
solution of methacrylic acid dis- charged from the methacrylic acid
condensation column is directly used as an absorption solvent, a high
boiling 



point by-product contained In said aqueous solution brings about a soil in
the methacrolein absorption column, 55  which makes it difficult to
continuously operate the reaction for a long period of time, which is a
fatal defect as an industrial process for the production. In U. S. Patent
4,618,709, upon obtaining methacrylic acid by a vapor-phase oxidation of
methacrolein, by the use of a non-condensable gas as the majority of an
inert gas, the concentration of an aqueous solution 2    EP 0 345 083 B1 of
methacrylic acid is elevated and the amount of waste water is reduced to
facilitate the disposal of waste water. In this case also, the amount of
waste water is reduced to be sure, however, because an aqueous solution of
methacrylic acid discharged from a methacrylic acid condensation column is
directly used as an absorption solvent problems such as lowering of the
yield of methacryic acid, the adverse effect on (over) the oxidation 5
catalyst, the soil in a methacrylic acid absorption column and difficulty
in a long-term continuous operation have not been solved at all. Further,
in British Patent No. 2,096,601, the temperature of water to be fed to the
top portion of a metha- crylic acid concentration column is lowered to
about 3 C so as not to allow a gas leaving from the methacrylic acid
condensation column to contain methacrylic acid, and an aqueous solution
phase discharged from a me- 10  thacrylic acid extraction column is
circulated in the reaction system as an absorption liquid to be fed to the
me- thacrylic acid absorption column to raise the concentration of acetic
acid in an aqueous solution phase dis- charged from the methacrylic acid
extraction column, by which the absorption efficiency of methacrylic acid
is raised. According to this process, because the aqueous solution phase
discharged from the methacrylic acid extraction column is used in
circulation, the amount of waste watercan be reduced, and because the
recovered 15  methacrolein does not contain methacrylic acid and the gas
leaving from the methacrylic acid condensation column does not contain high
boiling point impurities, this process is free from problems related to the
long- term continuous operation such as the adverse effect on the oxidation
catalyst and the soil in the methacrolein absorption column. However, in
order to cool the water to be fed to the top portion of the methacrylic
acid con- densation column, it has a problem that it requires an
industrially huge amount of energy. And the methacrylic 20 acid
condensation column is required to be equipped with a sufficient number of
stages and operated under strict conditions. An object of this invention is
to prevent the aforesaid problems in the conventional reaction system by
re- covering methacrolein substantially not containing methacrylic acid
from the gas produced as a reaction prod- uct and circulating such
methacrolein In the reaction system without requiring a high-performance
methacrylic 25 acid condensation column, extreme cooling or strict
operational conditions. Anotherobjectof this invention is to use an aqueous
phase dischargedfrom the methacrylic acid extraction step in circulation
and resultingly decrease the amount of waste water, by which to
industrially advantageously recover and re-use methacrolein. As a result of
assiduous investigations, the present inventors found that by so     (i)
accompanying in a gas containing methacrolein discharged from the
methacrylic acid condensation step with methacrylic acid and contacting the
resulting gas with an aqueous phase containing methacrylic acid and acetic
acid, raising the absorption efficiency of methacrolein in the methacrolein
absorption step, (ii) contacting a gas containing methacrylic acid and
methacrolein desorbed from the methacrolein des- orption step with an
aqueous phase containing acetic acid, thereby substantially removing
methacrylic acid 35     in said gas, then circulating the resulting gas
containing methacrolein in the oxidation reaction system, at the same time,
recovering methacrylic acid in the gas derived from the desorption step in
the aqueous phase and circulating the aqueous phase in the system, (iii)
circulating at least a part of an aqueous phase discharged from the
methacrylic acid extraction column in the system, thereby raising the
concentration of acetic acid in an aqueous phase discharged from the 40
methacrylic acid extraction column, and circulating and using said aqueous
phase as the aqueous phase described in (ii), above the aforesaid problems
of the prior art could be solved. Thus, according to this Invention, there
is provided, as shown in Figure 1, a process for recovering metha- 



crolein which comprises a reaction step (A) comprising catalytically
oxidizing isobutylene, t-butanol, methacro- 45  lein, isobutyl aldehyde or
isobutyric acid ora mixture thereof with agas containing molecular oxygen
in a vapor phase, a methacrylic acid condensation step (B) comprising
contacting a reaction product gas obtained in the step (A) with an aqueous
phase containing methacrylic acid and acetic acid, by which obtaining an
aqueous solution of methacrylic acid, a methacrylic acid extraction step
(C) comprising extracting methacrylic acid from the aqueous solution of
methacrylic acid obtained In the step (B) using a saturated hydrocarbon
having 6 to 9 50 carbon atoms as an extraction solvent into said solvent
and separating the extracted methacrylic acid to a sol- vent phase and an
aqueous phase containing acetic acid, a methacrolein recovery step (D)
comprising con- tacting a gas containing methacrolein and methacrylic acid
dischargedfrom the step (B) with an aqueous phase containing methacrylic
acid and acetic acid, by which recovering methacrolein and methacrylic acid
contained in said gas into said aqueous phase, a methacrolein desorption
step (E) comprising contacting an aqueous 55   phase containing methacrylic
acid, acetic acid and methacrolein discharged from the step (D) with a gas
con- taining molecularoxygen, by which desorbing methacrolein, and a
methacrylic acid recovery step (F) compris- ing contacting a gas containing
methacrylic acid and methacrolein desorbed from the step (E) with an
aqueous phase containing acetic acid, by which obtaining a gas containing
methacrolein, at the same time, recovering 3    EP 0 345 083 B1 methacrylic
acid into said aqueous phase, characterized by circulating an aqueous phase
containing acetic acid discharged from the methacrylic acid extraction step
(C) in the methacrylic acid recovery step (F), circu- lating an aqueous
phase containing methacrylic acid and acetic acid discharged from the
methacrolein des- orption step (E) in the methacrylic acid condensation
step (B) and/or the methacrolein recovery step (D) and 5   circulating a
gas containing methacrolein discharged from the methacrylic acid recovery
step (F) in the reaction step (A). In the accompanying drawings, Figure 1
Is a flow sheet illustrating the gist of what is mentioned above, and
Figure 2 is a diagram showing one preferred embodiment of this invention.
Referring to Figure 2, the process of this invention will be specifically
explained as follows. 10     The reaction step (A) is a step wherein
isobutylene and the like are subjected to a catalytic oxidation re- action
with a gas containing molecular oxygen. Examples of isobutylene and the
like Include isobutylene, t- butanol, methacrolein, isobutyl aldehyde or
isobutyric acid or a mixture thereof. In this invention, a gas con- taining
methacrolein discharged from a methacrolein desorption step (E) of which
mention will be made later is circulated in the reaction step (A) and
subjected to a catalytic oxidation reaction. The amount of molecular 15
oxygen used vis.a.vis isobutylene and the like varies depending on the
material, but ordinarily the range of 0.5 to 20 mole times is preferable,
and the feed material gas may contain an inert gas such as nitrogen gas,
carbon dioxide gas and a hydrocarbon. The reaction temperature varies
depending on the catalyst used, but it is or- dinarily  [err], preferably
[err]. Ordinarily, the material gas Is fed at a space velocity of 100 to
8,000 [err] (STP), preferably at 300 to 5,000 [err] (STP). The reaction may
be carried out on any one of a 20   fixed bed, a fluidized bed and a moving
bed. In the embodiment shown in Figure 2, the reaction step (A) consists of
a first reactor 101 mainly subjecting isobutylene and the like to an
oxidation reaction to thereby obtain methacrolein and a second reactor 102
mainly subjecting methacrolein to an oxidation reaction to thereby obtain
methacrylic acid. Through a line 1, the ma- terial gas containing
isobutylene and the like and molecular oxygen is fed to the first reactor
101, and through 25  a line 22, a gas containing methacrolein discharged
from a methacrylic acid recoverystep (F) of which mention will be made
later is fed to the second reactor 102. The methacrylic acid condensation
step (B) is a step of contacting a gas obtained as a reaction product in
the reaction step (A) with an aqueous phase containing methacrylic acid and
acetic acid to obtain an aqueous solution of methacrylic acid. Because in
this invention, in order to condense methacrylic acid in a gas produced 30
as a reaction product, said gas Is brought into contact with an aqueous
phase containing methacrylic acid and acetic acid, methacrylic acid is well
absorbed into the aqueous phase and a condensation step is easily carried
out. When the concentrations of methacrylic acid and acetic acid in said
aqueous phase are too low, the ab- sorption of methacrylic acid becomes
inadequate. Accordingly, it is preferable that the concentration of metha- 



crylic acid is within the range of 10 to 30 % by weight, and the
concentration of acetic acid is within the range 35  of 2 to 10 % by
weight. As an aqueous phase containing methacrylic acid and acetic acid, an
aqueous phase discharged from the methacrolein desorption step (E) of which
mention will be made later is suitably used. An aqueous phase discharged
from the methacrylic acid extraction step (C) or the methacrylic acid
recovery step (F) of which mention will be made later may be used after the
concentration of methacrylic acid and the con- centration of acetic acid
both contained in the aqueous phase are properly adjusted. 40     In this
invention, methacrylic acid in a gas produced as a reaction product is not
completely condensed, and in a gas discharged from the methacrylic acid
condensation step (B), methacrylic acid is contained together with
methacrolein. This Is to raise the absorption efficiency of methacrolein
and to facilitate the recovery in the methacrolein recovery step (D) of
which mention will be made later. The concentration of methacrylic acid in
a gas discharged from the methacrylic acid condensation step (B) is
preferably within the range of 2 to 5 % by 45  weight As such, in the
methacrylic acid condensation step (B) of this invention, to condense
methacrylic acid in a gas produced as a reaction product an aqueous phase
well absorbing methacrylic acid Is used, in addition, methacrylic acid is
not completely condensed, which preclude the necessity of using an
especially multistage methacrylic acid condensation column, or extreme
cooling of an aqueous phase to be fed and enable the op- erator to
industrially advantageously obtain an aqueous solution of methacrylic acid.
50     In the embodiment shown in Figure 2, the methacrylic acid
condensation step (B) mainly comprises a me- thacrylic acid condensation
column 103. The gas obtained as a reaction product is fed to the
condensation column 103 from the lower portion thereof via a line 3, while
an aqueous phase containing methacrylic acid and acetic acid discharged
from the methacrolein desorption column 109 and/or the methacrylic acid
recovery column 110, of which mention will be made later is fed to the
condensation column 103 from the upper portion 55  thereof via a line 4 to
have the two make a countercurrent (head-on) contact, whereby methacrylic
acid in the gas is caused to be absorbed into the aqueous phase. The
methacrylic acid extraction step (C) is a step comprising extracting
methacrylic acid from an aqueous solution of methacrylic acid obtained In
the methacrylic acid condensation step (B) using an extraction solvent, 4
EP 0 345 083 B1 into which methacrylic acid is extracted, where the
extracted methacrylic acid is separated to a solvent phase and an aqueous
phase. In the step (C), equipment for treating the solvent phase with such
means as distillation for separating methacrylic acid, further treating the
aqueous phase by such means as distillation to ensure the sufficient
removal of the solvent and removing the scum appearing on the surface of
the solvent produced by 5   a high-boiling point by-product by such means
as filtration in order to use the resulting methacrylic acid in cir-
culation is ordinarily provided. As the extraction solvent in said
methacrylic acid extraction step (C), a saturated hydrocarbon having 6 to 9
carbon atoms is used. As mentioned above or will be mentioned later, in
concomitance with circulation of substances discharged 10  from the
respective steps in the reaction system, when the solvent is mixed in the
reaction system, the catalyst is occasionally poisoned by the solvent and
lowered in Its performance, however, the saturated hydrocarbon having 6 to
9 carbon atoms does not adversely affect the reaction steps. Accordingly,
such hydrocarbon can be preferably used. In addition, when a saturated
hydrocarbon having 6 to 9 carbon atoms is used as an ex- traction solvent,
acetic acid is resultingly well distributed in the aqueous phase, with the
result that the concen- 15 tration of acetic acid in the aqueous phase
discharged from the methacrylic acid extraction step (C) is elevated.
Heretofore, an aqueous phase from which methacrylic acid is already
extracted has been discarded as waste water. However, in this invention,
the concentration of acetic acid in said aqueous phase is elevated to raise
the absorption power of methacrylic acid, and said aqueous phase Is,
instead of being discarded as waste wa- ter, circulated in the methacrylic
acid recovery step (F) of which mention will be made laterand effectively
used 20  forthe recovery of methacrylic acid mixed in thegas containing
methacrolein. Accordingly, the amountof waste water is decreased. Specific
examples of a saturated hydrocarbon having 6 to 9 carbon atoms include
linear, branched or alicyclic hexane, heptane, octane and nonane that may
be used singly or in combination. Further, a mixed solvent comprising these
hydrocarbons and a lower ester such as methyl methacrylate may be used 



as well. When saturated hydrocarbons having 6 to 9 carbon atoms are used
singly or in combination, the weight 25 ratio thereof to an aqueous
solution of methacrylic acid is preferably 0.4 to 4 times. When said
hydrocarbon is used in the form of a mixed solvent with a methacrylic acid
ester, the ratio of the hydrocarbon based on the methacrylic acid ester is
preferably at least 50 % by weight In the embodiment shown In Figure 2, the
methacrylic acid extraction step (C) mainly comprises a metha- crylic acid
extraction column 104. An aqueous solution of methacrylic acid discharged
from the bottom portion 30  of the methacrylic acid condensation column 103
is introduced via a line 5 to the extraction column 104 from the
upperportion thereof. On the other hand, the solventforextraction of
methacrylic acid is fed to the extraction column 104 from the lower portion
thereof via a line 7. The two makes a countercurrent (head-on) contact
inside the extraction column 104, where methacrylic acid is extracted by a
solvent phase and withdrawn via a line 8, and an aqueous phase is withdrawn
via a line 10. In the embodiment shown In Figure 2, the solvent phase 35
afterthe extraction is distilled in a solventseparation column 105where the
solvent is separated and recovered, and the recovered solvent is used in
circulation in the methacrylic acid extraction column 104, while crude me-
thacrylic acid is withdrawn via a line 9 and used per se as a material for
esterification or further refined to give a methacrylic acid product The
aqueous phase after the extraction of methacrylic acid is introduced via
the line 10 to a solvent recovery column 106, where it is distilled. The
solvent recovered by distillation is fed to the 40  methacrylic acid
extraction column 104 via lines 11 and 7, where the aqueous phase which is
the residue of distillation is withdrawn via a line 12. The methacrolein
recovery step (D) is a step comprising contacting a gas containing
methacrolein and me- thacrylic acid discharged from the methacrylic acid
condensation step (B) with an aqueous phase containing methacrylic acid and
acetic acid, thereby recovering methacrolein and methacrylic acid in said
gas into the 45  aqueous phase. In this invention, the gas discharged from
the methacrylic acid condensation step (B) contains methacrylic acid
besides methacrolein, and the aqueous phase which is caused to contact said
gas contains methacrylic acid and acetic acid. Accordingly, in concomitance
with the recovery of methacrylic acid in the gas into the aqueous phase,
the absorption efficiency of methacrolein increases and the recovery of
methacrolein and methacrylic acid in the gas is effectively carried out.
When the concentrations of methacrylic acid and acet- 50  ic acid in the
aqueous phase used containing methacrylic acid and acetic acid are too low,
the absorption of methacrolein becomes inadequate, and when they are too
high, on the other hand, methacrolein becomes un- likely to be desorbed in
the subsequent methacrolein desorption step (E). Accordingly, it is
preferable that the concentration of methacrylic acid in said aqueous phase
is within the range of 10 to 30 % by weight, and the concentration of
acetic acid In said aqueous phase is within the range of 2 to 10 % by
weight. As said aqueous 55   phase, an aqueous phase containing methacrylic
acid and acetic acid discharged from the methacrolein des- orption step (E)
of which mention will be made later may be suitably used. The use of
aqueous phases dis- charged from the methacrylic acid recovery step (E) and
the methacrylic acid extraction step (C) after being adjusted of these
concentrations is also convenient because the resulting aqueous phases are
capable of de- 5    EP 0 345 083 B1 creasing the amount of waste water.
Contacting of a gas discharged from the methacrolein recovery step (D) with
water having small contents of methacrylic acid and acetic acid and thereby
adequately absorbing me- thacrolein and methacrylic acid in said gas into
the aqueous phase is also a preferable method. In the case of the
embodiment shown in Figure 2, the methacrolein recovery step (D) mainly
comprises a 5   first methacrolein absorption column 107 and a second
methacrolein absorption column 108. A gas discharged from the methacrylic
acid condensation column 103 is fed to the first absorption column 107 from
the lower portion thereof via a line 6, while aqueous phases containing
methacrylic acid and acetic acid, respectively discharged from the
methacrolein desorption step (E) and the second absorption column 108 are
fed to the first absorption column 107 from the upper portion thereof via a
line 13, then the two are brought into contact 10  inside the first
absorption column, thereby methacrolein, etc. are recovered into the
aqueous phase. In order to further recover a small amount of the residual
methacrolein in a gas discharged from the first methacrolein absorption
column 107, said gas is fed to the second methacrolein absorption column
108 at the lower portion thereof via a line 14, while part of an aqueous
phase discharged from the solvent recovery column 106 is fed 



to the second absorption column 108 from the upper portion thereof via a
line 15 to have the two contact, thereby 15  methacrolein is adequately
recovered into the aqueous phase, and methacrolein thus recovered is fed to
the first absorption column 107. The gas after removed of methacrolein is
withdrawn from the top portion of the second absorption column 108 via a
line 16 and forwarded to a waste gas combustor 111, where it is disposed of
by combustion, then it is used as a diuted gas for the first reactor 101,
and the remnant is released into the atmosphere. As another embodiment the
gas subjected to disposal by combustion In the waste gas combustor 20  111
may be used as a diluted gas for the second reactor 102 or a gas for
desorption of methacrolein in the methacrolein desorption column 109. The
methacrolein desorption step (E) is a step comprising contacting an aqueous
phase containing me- thacrylic acid, acetic acid and methacrolein
discharged from the aforesaid methacrolein recovery step (D) with a gas
containing molecularoxygen, thereby desorbing methacrolein. As said gas
containing molecularoxygen, 25  airand a gas afterbeing subjected toa
disposal by combustion in said combustor 111 are used. In this invention,
an aqueous phase containing methacrylic acid and acetic acid
afterdesorption of methacrolein discharged from the methacrolein desorption
step (E) is circulated In the methacrylic acid condensation step (B) or the
metha- crolein recovery step (D) and having it function effectively as an
absorption solvent in the respective steps to simultaneously cut the amount
of waste water. In the methacrolein desorption step (E), the amount of an
aqu- 30 eous phase containing acetic acid after extraction of methacrylic
acid fed to the methacrylic acid recovery sec- tion based on the amount of
a gas with which it is brought into contact in said recovery section is
ordinarily within the range of 0.05 to 5 times by weight, and especially
the range of 0.1 to 2 times by weight is preferable. In the case of the
embodiment shown in Figure 2, the methacrolein desorption step (E) mainly
comprises a first methacrolein desorption column 109. An aqueous phase
containing methacrylic acid, acetic acid and 35  methacrolein derived from
the first methacrolein absorption column 107 is fed to the methacrolein
desorption column 109 from the upper portion thereof via a line 17, which
makes a countercurrent (head-on) contact with air fed from the lower
portion of said column 109 via a line 18 inside said column 109, and a gas
containing methacrolein desorbed from said aqueous phase is fed from the
top portion of said column 109 via a line 19 to the subsequent methacrylic
acid recovery column 110. On the other hand, an aqueous phase containing 40
methacrylic acid and acetic acid after desorption of methacrolein is
discharged via a line 20 from the bottom portion of the methacrylic acid
recovery column 110, and fed to the methacrylic acid condensation column
103 and/or the first methacrolein absorption column 107. The methacrylic
acid recovery step (F) is a step comprising contacting a gas containing
methacrylic acid and methacrolein dischargedfrom the methacrolein
desorption step (E) with an aqueous phase containing acet- 45  ic acid,
preferably 10 to 15% by weight of acetic acid, thereby obtaining a gas
containing methacrolein, and recovering methacrylic acid into said aqueous
phase. The gas containing methacrolein discharged from the methacrolein
desorption step (E) contains methacrylic acid mixed therein, and when said
gas is circulated per se in the reaction step (A), it possesses problems
like lowering of the yield and adverse effect on the oxidation catalyst.
However, In this invention, by contacting the gas desorbed from the
methacrolein desorption step (E) 50  with an aqueous phase containing
acetic acid having a high absorption efficiency of methacrylic acid in the
methacrylic acid recovery step (F), methacrylic acid is recovered and
circulates a gas containing methacrolein but free from methacrylic acid In
the reaction step (A). On the other hand, methacrylic acid absorbed into
the aqueous phase and recovered is not lost in vain, but contributes to the
improvement in the yield when said aqueous phase is properly circulated in
the methacrylic acid condensation step (B) and the methacrolein re- 55
coverystep (D). As an aqueous phase containing aceticacid in the
methacrylicacid recovery step (F), an aqu- eous phase containing acetic
acid discharged from the methacrylic acid extraction step (C) is used. In
the case of the embodiment shown in Figure 2, the methacrylic acid recovery
step (F) mainly comprises a methacrylic acid recovery column 110. To the
methacrylic acid recovery column 110, a gas containing me- 6    EP 0 345
083 B1 thacrolein is fed via a line 19 from the top portion of the
methacrylic acid desorption column 109, while an aqu- eous phase containing
acetic acid isfedvia a line 21 from the solventrecovery column 106. From
the top portion of the methacrylic acid recovery column 110, a gas
containing methacrolein but free from methacrylic acid is 



fed via a line 22 to the second reactor 102, and the aqueous phase having
absorbed methacrylic acid in said 5   column 110 is fed via a line 23 to
the methacrylic acid condensation column 103 or the first methacroleln ab-
sorption column 107. In the embodiment shown in Figure 2, partial change of
the foregoing setup in which the aforesaid metha- crylic acid recovery
column 110 is omitted and to make upforthe omission, a methacrylic acid
recovery section is provided on the top portion of the methacrolein
desorption column 109 and having the one column play a 10  dual role as the
methacrolein desorptoin step (E) and as the methacrylic acid recovery step
(F) is perfectly admissible. Hereinbelow, this invention will be more
specifically explained by way of examples. Examples 15 The apparatus of the
embodiment shown in Figure 2 was used. Isobutylene and a gas containing
molecular oxygen were introduced from the line 1 to the first reactor 101
packed with a molybdenum-type composite oxide. Separately, recovered
methacrolein was introduced from the line 22 to the second reactor 102
packed with a heteropoly acid-type compound of the molybdenum-phosphoric 20
acid series, and a two-stage oxidation reaction was carried out to give a
gas produced as a reaction product from the lower portion of the second
reactor 102. Said gas produced as a reaction product was supplied via the
line 3 to the methacrylic acid condensation column 108 having an inner
diameter of 100 mm and a height of 3,000 mm packed with porcelain Raschig
rings, while the bottoms of the methacrolein desorption column 109 was
supplied via the line 4 to said condensation column 103 from the upper
portion thereof, the two were 25  caused to make a countercurrent (head-on)
contact at the column top temperature of 65 to  [err] thereby quenching the
gas and simultaneously absorbing methacrylic acid in the gas into an
aqueous phase, whereby an aqueous solution of methacrylic acid was obtained
from the bottom portion of the condensation column 103. Subsequently, said
aqueous solution of methacrylic acid was supplied via the line 5 to a
rotating disk col- umn having a column diameter of 50 mm and a height of
1,800 mm constituting the methacrylic acid extraction 30  column 104 from
the upper portion thereof, while n-heptane was supplied via the line 7 to
the extraction column 104 from the lower portion thereof, the two were
brought into contact, whereby the extraction of methacryic acid was carried
out at room temperature under atmospheric pressure. An n-heptane phase
containing me- thacrylic acid after the extraction was withdrawn from the
upper portion of the extraction column 104, introduced to the solvent
separation column 105 via the line 8, where the n-heptane phase was
distilled, n-heptane was 35  recovered from the column top of the solvent
separation column 105 and used in circulation in the methacrylic acid
extraction column 104, while on the other hand, crude methacrylic acid was
obtained from the column bottom of the solvent separation column 105. On
the other hand, bottoms obtained from the lower portion of the extraction
column 104 was Introduced via the line 10 to the solvent recovery column
106, where it was dis- tilled, n-heptane was recovered from the column top
and used in circulation in the methacrylic acid extraction 40  column 104.
On the other hand, an aqueous phase containing acetic acid was withdrawn
from the column bot- tom of the solvent recovery column 106 via the line
12. On the other hand, a gas discharged from the column top of the
methacrylic acid condensation column 103 was supplied via the line 6 to the
first methacrolein absorption column 107 having an Inner diameter of 100 mm
and a height of 6,000 mm packed with porcelain Raschig rings from the lower
portion thereof. From 45  the upper portion of said absorption column,
bottoms of the methacrylic acid desorption column 109 cooled to [err] was
supplied via the line 13 to have methacrolein thereof. A gas discharged
from the column top of the first methacrolein absorption column 107 was
supplied via the line 14 to the second methacrolein absorption column 108
having an innerdiameterof 100 mm and a heightof 6,000 mm packed with
porcelain Raschig rings from the lower portion thereof, while an aqueous
phase containing acetic acid discharged from the solvent re- 50  covery
column 106 after being subjected to filtration was supplied via the line 15
to said absorption column 109 from the upper portion thereof to bring the
two Into contact. A waste gas discharged from the absorption column 108 was
Introduced via the line 16 to a waste gas combustor 111 by the catalyst,
where it was burned, and part of the gas after combustion was passed into
the first reactor 101, where it was re-utilized. On the other hand, an
aqueous phase containing methacrylic acid, acetic acid and methacrolein
discharged 55  from the first methacrolein absorption column 107 was
supplied via the line 17 to the methacrolein desorption column 109 having
an inner diameter of 50 mm and a height of 8,000 mm packed with porcelain
Raschig rings, where methacrolein was desorbed at the column top
temperature of [err]. Further, a gas discharged 



from the column top of said desorption column 109 was supplied via the line
19 to the methacrylic acid recovery 7    EP 0 345 083 B1 column 110 having
an inner diameter of 50 mm and a height of 5,000 mm packed with porcelain
Raschig rings from the lower portion thereof, while an aqueous phase
containing acetic acid discharged from the solvent re- covery column 108
after being treated by filtration was Introduced via the line 21 to said
recovery column 110 from the upper portion thereof to contact the two,
thereby methacrylic acid in the gas was recovered. The bot- 5   toms of the
methacrylic acid recovery column 110 was withdrawn via the line 23, mixed
with the bottoms of the methacrylic acid desorption column 109, and the
resulting mixture was circulated in the methacrolein ab- sorption column
107 and the methacrylic acid condensation column 103. Still on the other
hand, a gas containing methacrolein and water discharged from the column
top of the methacrylic acid recovery column 110 was circulated via the line
22 into the second reactor 102. 10      The entire set of the reactors,
columns and lines was consecutively operated for 100 days. During the per-
iod, the operations were very stable, and pressure drops at the reactors
hardly changed throughout the entire period of before, during and after the
consecutive driving operations. The flow rates (kg/hr) and compositions (%
by weight) at the respective sections during the driving (operations) are
shown in Table-1. 15 20 25 30 35 40 45 50 55 8    EP 0 345 083 B1 - 21 - _
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-    EP 0 345 083 B1 Comparative Example 1 Example was repeated except that
the methacrylic acid recovery column 110 was omitted and recovered
methacrolein discharged from the methacrolein desorption column 109 was
circulated in the second reactor 5   102. The entire set of the reactors,
columns and lines were consecutively operated for 100 days as in the case
of Example. During the period, the operations were stable. However, in the
recovered methacrolein circulated in the second reactor 102, 2.3 % by
weight of methacrylic acid was contained and the pressure drop at the
reactor increased to some extent after the consecutive driving operations.
These facts made one wonder if 10  something was wrong of the process of
this comparative example for a long-term consecutive driving opera- tions.
Comparative Example 2 15      The operation was performed as in Example
except an aqueous phase of bottom of the solvent recovery column 106 was
supplied to the top of methacrylic acid condensation column 103, the
aqueous phase was maintained to  [err] after filtration and part of the
bottoms of the methacrylic acid condensation column 103 was used as an
absorption liquid of the methacrolein absorption column 107. As a result, a
gas containing methacrolein discharged from the column top of the
methacrylic acid con- 20  densation column 103 hardly contained methacrylic
acid, and a gas containing the recovered methacrolein dis- charged from the
methacrolein desorption column 109 and circulated in the second reactor 102
also hardly con- tained methacrylic acid. However, in the methacrolein
absorption column 107, clogging was produced by a poly- mer and so forth,
resulted in gradual increase of the pressure drop, which compelled
suspension of the oper- ation on the 90th day since the initiation of the
operation for washing the inside of the column 107. 25      From the fact
mentioned above, It can be said that the process of this comparative
example does not keep the long-term consecutive driving operations and
cannot be adopted as an industrial process for the production as such. 30
Claims 1. A process for recovering methacrolein which comprises: a reaction
step (A) comprising catalytically oxidizing isobutylene, t-butanol,
methacrolein, isobutyl aldehyde or Isobutyric acid or a mixture thereof
with a gas containing molecular oxygen in a vapor phase, 35           a
methacrylic acid condensation step (B) comprising contacting the reaction
product gas obtained in step (A) with an aqueous phase containing
methacrylic acid and acetic acid to obtain an aqueous sol- ution of
methacrylic acid, a methacrylic acid extraction step (C) comprising
extracting methacrylic acid obtained in step (B) with an extraction solvent
which is a saturated hydrocarbon having 6 to 9 carbon atoms, and separating
40      the extracted methacrylic acid to a solvent phase and an aqueous
phase containing acetic acid, a methacrolein recovery step (D) comprising
contacting the gas containing methacrolein and me- thacrylic acid
discharged from step (B) with an aqueous phase containing methacrylic acid
and acetic acid to recover methacrolein and methacrylic acid contained in
said gas into said aqueous phase, a methacrolein desorption step (E)
comprising contacting the aqueous phase containing methacryl- 45     ic
acid, acetic acid and methacrolein discharged from step (D) with a gas
containing molecular oxygen to desorb methacrolein, and a methacrylic acid
recovery step (F) comprising contacting the gas containing methacrylic acid
and methacrolein desorbed from step (E) with an aqueous phase containing
acetic acid to obtain a gas con- taining methacrolein, at the same time
recovering methacrylic acid into said aqueous phase, 



50           which process comprises circulating the aqueous phase
containing acetic acid discharged from the methacrylic acid extraction step
(C) In the methacrylic acid recovery step (F), circulating the aqueous
phase containing methacrylic acid and acetic acid discharged from the
methacrolein desorption step (E) in the methacrylic acid condensation step
(B) andlor the methacrolein recovery step (D) and circulating the gas
containing methacrolein discharged from the methacrylic acid recovery step
(F) in the reaction 55      step (A). 2. A process according to claim 1
wherein the concentration of methacrylic acid in the gas discharged from
methacrylic acid condensation step (B) is 2 to 5 % by weight 10    EP 0 345
083 B1 Comparative Example 1 Example was repeated except that the
methacrylic acid recovery column 110 was omitted and recovered methacrolein
discharged from the methacrolein desorption column 109 was circulated in
the second reactor 5   102. The entire set of the reactors, columns and
lines were consecutively operated for 100 days as in the case of Example.
During the period, the operations were stable. However, in the recovered
methacrolein circulated in the second reactor 102, 2.3 % by weight of
methacrylic acid was contained and the pressure drop at the reactor
increased to some extent after the consecutive driving operations. These
facts made one wonder if 10  something was wrong of the process of this
comparative example for a long-term consecutive driving opera- tions.
Comparative Example 2 15     The operation was performed as in Example
except an aqueous phase of bottom of the solvent recovery column 106 was
supplied to the top of methacrylic acid condensation column 103, the
aqueous phase was maintained to [err] after filtration and part of the
bottoms of the methacrylic acid condensation column 103 was used as an
absorption liquid of the methacrolein absorption column 107. As a result, a
gas containing methacrolein discharged from the column top of the
methacrylic acid con- 20 densation column 103 hardly contained
methacrylicacid, and a gas containing the recovered methacrolein dis-
charged from the methacrolein desorption column 109 and circulated in the
second reactor 102 also hardly con- tained methacrylic acid. However, in
the methacrolein absorption column 107, clogging was produced by a poly-
mer and so forth, resulted in gradual increase of the pressure drop, which
compelled suspension of the oper- ation on the 90th day since the
initiation of the operation for washing the inside of the column 107. 25
From the fact mentioned above, it can be said that the process of this
comparative example does not keep the long-term consecutive driving
operations and cannot be adopted as an industrial process forthe production
as such. 30   Claims 1. A process for recovering methacrolein which
comprises: a reaction step (A) comprising catalytically oxidizing
isobutylene, t-butanol, methacrolein, isobutyl aldehyde or isobutyric acid
or a mixture thereof with a gas containing molecular oxygen in a vapor
phase, 35            a methacrylic acid condensation step (B) comprising
contacting the reaction product gas obtained in step (A) with an aqueous
phase containing methacrylic acid and acetic acid to obtain an aqueous sol-
ution of methacrylic acid, a methacrylic acid extraction step (C)
comprising extracting methacrylic acid obtained in step (B) with an
extraction solvent which is a saturated hydrocarbon having 6 to 9 carbon
atoms, and separating 40      the extracted methacrylic acid to a solvent
phase and an aqueous phase containing acetic acid, a methacrolein recovery
step (D) comprising contacting the gas containing methacrolein and me-
thacrylic acid discharged from step (B) with an aqueous phase containing
methacrylic acid and acetic acid to recover methacrolein and methacrylic
acid contained in said gas into said aqueous phase, a methacrolein
desorption step (E) comprising contacting the aqueous phase containing
methacryl- 45         ic acid, acetic acid and methacrolein discharged from
step (D) with a gas containing molecular oxygen to desorb methacrolein, and



a methacrylic acid recovery step (F) comprising contacting the gas
containing methacrylic acid and methacrolein desorbed from step (E) with an
aqueous phase containing acetic acid to obtain a gas con- taining
methacrolein, at the same time recovering methacrylic acid into said
aqueous phase, 50            which process comprises circulating the
aqueous phase containing acetic acid discharged from the methacrylic acid
extraction step (C) in the methacrylic acid recovery step (F), circulating
the aqueous phase containing methacrylic acid and acetic acid discharged
from the methacrolein desorption step (E) in the methacrylic acid
condensation step (B) and/or the methacrolein recovery step (D) and
circulating the gas containing methacrolein discharged from the methacrylic
acid recovery step (F) in the reaction 55      step (A). 2. A process
according to claim 1 wherein the concentration of methacrylic acid in the
gas discharged from methacrylic acid condensation step (B) is 2 to 5 % by
weight. 10    3  A process according to claim 1 or 2 wherein the
concentration of acetic acid in the aqueous phase con- taining acid used in
methacrylic acid recovery step (F) is 10 to 15 % by weight. 5
Patentansprfiche 1.  Verfahren zur Gewinnung von Methacrolein, umfassend:
eine Reactionsstufe (A), umfassend des katalytische Oxidieren von
Isobutylen, brt.Butanol, Methacrolein, Isobutylaldehyd oder Isobuttersaure
odereinem Gemisch davon, mitelnem Gas, enthaltend 10      molekularen
Sauerstoff in der Dampfphase, eine Methacrylsaure-Kondensationastufe (B),
umfassend das Zusammenbringen des als Reakti- onsprodukt In Stufe (A)
erhaltenen Gases mit einer wArigen Phase, enthaltend Methacrylsiure und Es-
sigmaure, um eine wAlrige Lasung von Methacrysisure zu erhalten, eine
Methacrylsliure-Extraktionsmtufe (C), umfassend das Extrahieren von
Methacrylsfure, die in 18      Stufe (B) erhalten worden st, mit einem
Exlraktionslbsungsmittel, das ein gesattigter Kohlenwasserstoff mit 6 bis 9
Kohlenstoffatomen ist, und Auftrennen der extrahierten Methacrylsaure in
sine Losungsmit- teiphase und eine wige Phase, die Essigsaure enthalt, eine
Methacrolein-Gewinnungsetufe (D), umfassend das Zusammenbringen des aus
Stufe (B) aus- tretenden Gases, enthaltend Methacrolein und Methacrylsaure,
mitelnerwAlrigen Phase, enthaltend Me- '    zo20     thacrylaure und
Essigelure, um Methacrolein und Methacrylsaure, die in dem Gas enthalten
sind, in die wafrige Phase zu bringen, oine Methacrolein-Desorptionsetufe
(E), umfasmend das Zusammenbrlngen der Methacrylsaure, Essigseure und
Methacrolein enthaltenden wadrigen Phase aus Stufe (D) mit sinem Gas,
enthaltend mo- lekularen Sauerstoff,-um Methacrolsin zu desorbleren, und 25
eine Methacrylsaure-Gewinnungsstufe (F), umfassend das Zusammenbringen des
Methacrylsau- re und Methacroleln, die in Stufe (E) desorbbertworden sind,
enthaltenden Gases mit einerwafrigen Pha- se, enthaltend Essigsaure, um ein
Gas zu erhalten, das Methacrolein enthilt, und gleichzeltige Gewin- nung
bzw. Oberffhrung von Methacryliaure in die wiBrige Phase, wobel das
Verfahren umfaSt das Im-Kreis-fiihren der wiBrigen Phase, enthaltend
Essigsaure aus 30      der Methacrylasure-Extrakionsstufe (C) in die
Methacrylsfure-Gewinnungsstufe (F), im-Krels-ffihren der waRigen Phase,
enthaltend Methacrylsfiure und Essigsiure aus der
Methacrolein-Desorptionsstufe (E) in die Methacrylsaure-Kondensationsstufe
(B) undloder die Methacrolein-Gewinnungestufe (D), und Im- Kreis-fflhren
des Gases, enthaltbnd Methacrolein aus der Methacrylsfiure-Gewinnungsstufe
(F) in die Reaktionsstufe (A). 35 2. Verfahren nach Anspruch 1, wobei die
Konzentration an Methacrylsfiure in dem aus der Methacrylsaure-
Kondensationsstufe (B) ausgetragenen Gas 2 bla 5 Gew.-% betrigt. 3.
Verfahren nach Anspruch 1, wobei die Konzentration an Essigeiure In der
wfirigen Phase, enthaltend 4D     SSlurs, die in der
Mothacryfalure-Gewinnungsstufe (F) verwendet wird, 10 bis 15 Gew.-%
betragt. Rovendications 46  1.  ProcWd6 de r6cuperation de m6thacrol6ine,
qui comports: une 6tape (A) de r6action comprenant l'oxy- 



dation catalytique d'isobutyiene, de t-butanol, de m6thacrol6ine,
d'isobutanal ou d'adde isobutyrique, ou d'un de leurs melanges, avec un gaz
contenant de l'oxygene moleculalre, en phase vapsur; une Mtape (B) de
condensation d'acde mlthacrylique, comprenant la miss en contact du produit
r6ac- tionnel gazeux, obtenu dans I'etape (A), avec une phase aqususe
contenant de l'acide m6thacrylique et de l'acide ac6tique, pour obtenir une
solution aqueuse d'acide m6thacrylique; une etape (C) d'extraction d'acide
m6thacrylique, comprenant l'extraction de l'acide mhthacrylique, ob- tenu
dans l'etape (B), avec un solvant d'extraction qui est un hydrocarbure
asture comportant de 6 a 9 atomes de carbone, etlasiparation de la phase de
solvant, contenantl'acide m6thacrylique extrait, d'avec la phase aqueuse
contenant rlacde acltique; 55      une etape (D) de recuperation de
methacrolbine, comprenant la miss en contact du gaz contenant de la
mbthacrolbine et de l'acide mbthacrylique, d6chargl lors de i'btape (B),
avec une phase aqueuse conts- nant de I'acide m6thacrylique et de I'acide
ac6tique, pour r6cup6rerdans ladits phase aqueuse la mbtha- croleine et
l'acide methacrylique contenus dans ledit gaz;    une etaps (E) de
desorptlon de methacroleine, comprenant la miss en contact de la phase
aqueuse conto- nant de l'acide methacrylique, de I'acide acetique et de la
methacroleine, d6chargee lors de l'etape (D), avec un gaz contenant de
l'oxygbne moleculaire, pour fairs se desorber la methacrol6ine ; et une
Mtapo (F) de recuperation d'acido mithacrylique, comprenant la miss en
contact du gaz contenant 6       I'acide mithacryliqueetla
methacroloinedesorbbsau coursdel'Itape (E) avecune phase aqueuse conte-
nant de l'acide acetlque, pour obtenir un gaz contenant Ia methacroleine,
en r6cupirant en meme temps I'acide methacrylique dans ladite phase
aqueuso; ledit procedo comprenant Is falt de faire circuler la phase
aqueuse contenant de l'acide acetique, d6char- gee lors de l'etape (C)
d'extractlon d'adde m6thacrylique, dans l'6tape (F) de r6cup6ration d'adde
m6- 10     thacrylique, le fait de faire circuler la phase aqueuse
contenant de l'acide m6thacrylique et de I'acide ace- tique, dechargee lors
de l'etape (E) de desorption de methacroleine, dans 'etape (B) de
condensation d'acide mfthacrylique etlou dans l'etape (D) de ricup~ration
de methacroleine, et le fait de faire circuler le gaz contenant de la
methacroleine, decharg6 lors de I'etape (F) de recup6ration d'acide
methacrylique, dans l'etape (A) de reaction. 15 2*  Procede conforms a la
revendication 1, dans lequel la concentration d'acide methacrylique, dans
le gaz decharge lore de l'etape (B) de condensation d'acide methacrylique,
vaut de 2 a 5 % en poids. 3. Procede conforms A la revendication I ou 2,
dans lequel la concentration d'aclde acetique dans la phase K-'   20
aqueuse contenant de cot acide, utilisee dans l'etape (F) de recuperation
d'acide methacrylique, vaut de 10 A 15 % on poids. 25 30 35 40 45 50 55 12


