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Isolation of (meth)acrylic acid from a mixture containing
(meth)acrylic acid as the main component and lower aldehydes as
secondary components by rectification in a rectification column
consisting of a stripping section and a rectification section

. The present invention relates to a novel process for the iso-

lation of (meth)acrylic acid from a mixture containing (meth)-
acrylic acid as the main component and lower aldehydes as second-
ary components by rectification in a rectification column con-
sisting of a stripping section and a rectification section.

(Meth)acrylic acid is used as an abbreviation and represents
acrylic acid or methacrylic acid. (Meth)acrylic acid, either as
such or in the form of its esters, is particularly important for
the preparation of polymers for various applications, for example
for use as adhesives.

(Meth)acrylic acid is obtainable, inter'alia, by catalytic gas-
phase oxidatiqn of alkanes, alkanols, alkenes or alkenals of 3 or
4 carbon atoms. (Meth)acrylic acid is particularly advantageously
obtainable, for example, by catalytic gas—phase oxidation of pro-
pene, acrolein, tert-butanol, isobutene, isobutane, isobutyralde-
hyde or methacrolein.

However, other possible starting compounds are those from which

the actual C3/Cy starting compound is first formed as an inter-

mediate during the gas-phase oxidation. An example is the methyl
ether of tert—bu:anol.

These starting gases, as a rule diluted with inert gases, such as
nitrogen, Coz,'saturated hydrocarbons and/or steam, are passed as
a mixture with oxygen, at elevated temperatures (usually from 200
to 400°C) and, if required, superatmospheric pressure, over tran-
sition metal mixed oxide catalysts (containing, for example, Mo,
V, W and/or Fe) and are converted by oxidation into (meth)acrylic
acid (cf. for example DE-A 4 405 059, EP-A 253 409, EP-A 92 097,
DE-A 44 31 957 and DE-A 44 31 949).

Oowing to the many parallel and secondary reactions taking place
in the course of the catalytic gas phase oxidation and due to the
inert dilution gases to be used concomitantly, the product of the
catalytic gas—phase oxidation is, however, not pure (meth)acrylic
acid but a reaction gas mixture which contains essentially
{meth)acrylic acid, the inert dilution gases and byproducts, from
which the (meth)acrylic acig ?uSt be separated._ )
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In addition to byproducts which are comparatively simple to re-
move from (meth)acrylic acid and are less troublesome in subse-
quent applications of the (meth)acrylic acid, for example acetic
acid, the reaction gas mixture also contains in particular lower
aldehydes, such as formaldehyde, acetaldehyde, acrolein, meth-
acrolein, propionaldehyde, n-butyraldehyde, benzaldehyde, fur-
fural and crotonaldehyde, which are related to (meth)acrylic acid
and therefore more difficult to separate from (meth)acrylic acid,
and in addition may contain maleic anhydride (the total amount of
these secondary components, which frequently present considerable
problems during subsequent applications, is as a rule < 2% by
weight, based on the amount of (meth)acrylic acid contained in
the reaction gas mixture).

The (meth)acrylic acid is usually isolated from the reaction mix-

ture by extraction and rectification processes, ie. as a rule the
(meth)acrylic acid formed is initially taken up from the reaction

~ gas mixture of the gas-phase oxidation into a suitable absorbent.
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By separation of the absorbate by rectification, a crude (meth)-
acrylic acid is then usually obtained, from which a pure (meth)-
acrylic acid is frequently produced by passing through further
separation stages involving rectification. The crude (meth)-

‘acrylic acid has, as a rule, a purity of > 98% by weight, the im-

purities being in particular lower aldehydes and possibly maleic
anhydride, whereas the separation of the (methj)acrylic acid from
the absorption liguid takes place essentially guantitatively. In
contrast to crude (meth)acrylic acid, the purity of the pure
(meth)acrylic acid is usually > 99% by weight.

DE-A 44 36 243 relates, for example, to a process for the isocla-
tion of (meth)acrylic acid from the reaction gas mixture of the
catalytic gas—-phase oxidation by countercurrent_absorption with a
high-boiling inert hydrophobic organic liquid, in which the reac-
tion gas mixture is passed countercurrent to the descending high-
boiling inert hydrophobic organic liquid in an absérption column,
a rectification process is superposed on the absorption process
taking place in the absorption column in a natural manner by

‘withdrawing from the absorption column an amount of energy over

and above its natural energy release taking place as a result of
contact with the ambient temperature, and crude (meth)acrylic
acid is isolated via the top by rectification from the liquid
discharge of the absorption column (absorbate), which discharge
contains (meth)acrylic acid and the absorbent as main components'
and lower aldehydes and possibly maleic anhydride as secondary
components.
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DE-A 44 36 243 defines high-boiling inert hydrophobic organic
liquids (absorbents) generally as those ligquids whose beoiling
point at atmospheric pressure (1l atm) is above the boiling point
of (meth)acrylic acid and which comprise at least 70% by weight
of molecules which do not contain any externally acting polar
group and are thus, for example, incapable of forming hydrogen
bridges.

German Patent 2,136,396 and DE-A 43 08 087 likewise disclose the
isolation of acrylic acid from the reaction gas mixture of the
catalytic gas-phase oxidation of propylene and/or acrolein by
countercurrent absorption with a high-boiling inert hydrophobic

~organic liquid. The process is essentially carried out by a meth-

od in which the reaction gas mixture is passed countercurrent to
the descending absorption liquid in a conventional absorption
column, the readily volatile secondary components which are easy

.to separate off are substantially removed, by stripping with in-

ert gas in a desorption column, from the liquid discharge of the
absorption column, which discharge is composed essentially of
écrylic.acid, the absorbent and secondary components, and the
liquid discharge of the desorption column, which discharge con-

- tains acrylic acid and the absorbent as main components and lower

25

aldehydes and possibly maleic anhydride as secondary components,
is subsequently rectified in a rectification column in order to
isoclate crude acrylic acid via the top. :

EP-A 297 445 relates, for example, to a process fot the isoclation
of methacrylic acid from the reaction gas mixture of the cata-

~ lytic gas—-phase oxidation by absorption of the methacrylic acid
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in an absorption column operated with water. For isolation of
crude methacrylic acid as a bottom product, the liquid discharge
of the absorption column is rectified.

EP-A 117 146 relates to a process for the isolation of acrylic
acid from the reaction gas mixture of the catalytic gas-phase ox-

- idation by absorption of the acrylic acid in an absorption column
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. operated with water. The acrylic acid is separated off from the

liquid discharge by extraction with ethyl acetate and crude
acrylic acid is obtained from the extract as a bottom product by
rectification. :

EP-B 102 642, British Patent 1,346,737 and DE-B 2 207 184 relate
to the isolation of pure (meth)acrylic acid from crude (meth)-
acrylic acid by rectification. In order to increase the separa-
tion efficiency with respect to lower aldehydic impurities, it is
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advisable to add chemical compounds, such as primary amines,
which bind the aldehydic impurities.

The abovementioned isolations of (meth)acrylic acid from a
mixture containing (meth)acrylic acid as the main component and
lower aldehydes as secondary components by rectification in a
rectification column consisting of a stripping section and a rec-
tification section are merely a small selection from the variety
of such separation problems mentioned in the prior art.

A disadvantage of all these prior art separation processes by
rectification, regardless of whether the (meth)acrylic acid is

‘isolated via the top or via the bottom, is that the rectification

apparatuses (in particular the evaporator surface) relatively
rapidly become covered with a coating during the isolation by
rectification, even when polymerization inhibitors, such as air,
hydroquinone, hydroguinone monomethyl ether, para-nitrosophencl,
para-methoxyphencl and/or phenothiazine, are present, and the
rectification, which is usually carried out continuously, there-

fore has to be stopped from time to time in order to remove the

coatings formed. The different colors of the coatings formed
(black and white) show that at least two processes are involved
in the formation of the coatings.

It is an object of the present invention to provide a novel pro-
cess for the isolation of (meth)acrylic acid from a mixture con-
taining (meth)acrylic acid as the main component and lower alde-
hydes as secondary components by rectification in a rectification
column consisting of a stripping section and a rectification sec-

tion, in which process the formation of coatings on the rectifi-

cation apparatuses (in particular on the evaporator surface) is
reduced.

We have found that this object is achieved by a process for the
isolation of (meth)acrylic acid from a mixture containing (meth)-

acrylic acid as the main component and lower aldehydes as second-

ary components by rectification in a rectification column con-

‘gisting of a stripping section and a rectification section,

wherein the starting mixture comprising the (meth)acrylic acid to
be isolated by rectification is not fed directly to the rectifi-
cation column but is first passed into a heated dwell vessel

- which is connected to the vapor side.of the rectification section

45

of the rectification column and in which the starting mixture is
kept at the boil and, instead of the starting mixture as such,
the bottom lzqu;d of the dwell vessel is fed to the rectification

- column (that part of the rectification column which is located

below the entry point of the bottom liquid of the dwell vessel
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S
forms the stripping section of said column in the usual manner,
and that part of the rectification column which is located above
this entry point forms the rectification section of said column
in the usual manner).

In the novel process, the dwell vessel thus performs the function
of an evaporator, the vapor containing the more readily volatile
components in higher concentration being fed to the rectification
section of the rectification column and the bottom liquid con-
taining the more readily volatile components in lower concentra-
tion being fed to the stripping section of the rectification
column. Accordingly, the dwell tank may be designed, for example,
as an evaporator with self-circulation, as an evaporator with
forced circulation, as a flash evaporator, as a thin-film evapo-
rator (Sambay or Luva evaporator) or as a falling film evapora-
tor. The dwell evaporator can of course be designed as a one-

stage or multistage unit.

The residence time in the dwell vessel of the starting mixture to
be separated by rectification is advantageously from 0.1 to

3 hours. In order to keep the temperatures in the rectification
column as low as possible, the novel isolation of the (meth)-
acrylic acid by rectification is carried out very generally pre-
ferably at reduced pressure. If said isolation is effected by
take-off via the top or side, a top pressure of < 500, usually
from 10 to 500, frequently from 10 to 200, preferably from 10 to
100, mbar is advantageously employed, according to the invention:

- in a corresponding manner, the associated temperatures at the
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bottom of the rectxflcatzon column are as a rule from 100 to

230°c.

Suitable rectification columns for the novel process are all con-
ventional types, ie. the rectification column may be, for exam-
ple, a tray-type column or a packed column. Tray—type columns are

preferably uséd._Examples are valve tray columns, bubble tray

columns, tunnel-cap tray columns, sieve plate columns and dual

flow plate columns. Bubble trays are preferably used. The separa-

tion line between rectification section and stripping section of
the rectification column is advantageously roughly at the end of
the first third of the zone between the lowermost and the upper-
most theoretical plates.

The novel procedure described above is the result of extensive
research work, during which the following relationships were
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First, it was found that resin formation attributable to the al-

dehydic impurities is involved in particular in the formation of
coatings in the stripping section of the rectification column (in
particular on the evaporator surface), owing to the elevated
temperatures prevailing there. As a result of the starting
mixture to be separated by rectification being fed, according to
the invention, to the rectification column, the relatively
readily volatile part of the aldehydic impurities passes via the
vapor-side connection of the dwell tank to the rectification sec-
tion of the rectification column directly into said rectification

‘'section, which prevents participation of these aldehydic impuri-

ties in resin formation in the stripping section and thus reduces

" said formation. Another part of the aldehydic impurities is

15

converted into resinous form in the dwell evaporator itself. It
has alsoc been found that, in spite of the starting mixture to be
separated by rectification being stabilized by means of usual
amounts of conventional polymerization inhibitors, a certain
degree of free radical oligomerization and/or polymerization of

- the {meth)acrylic acid takes place in said mixture before it is
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fed into the rectification column. However, the resulting
(meth)acrylic acid oligomers and/or polymers have, as a rule,
sufficient molecular and/or colloidal solubility in the starting
mixture to be separated by rectification, and are therefore not
usually visible before said mixture is fed into the rectification
column. Owing to their high boiling point, these (meth)acrylic
acid oligomers and/or polymers accumulate within the rectifi-
cation column, but toward the evaporator, and, on exceeding their
solubility, are deposited as a coating on the rectification appa-
ratuses and are firmly adsorbed onto said apparatuses. The latter
applies in particular to the evaporator surface, on which the
solubility limit is particularly readily exceeded owing to evapo-
ration. As a result of the use, according to the invention, of a

dwell evaporator_stagé upstream of the rectification column, a

part of the (meth)acrylic acid oligomers and/or polymers con-
tained in solubilized form in the starting mixture to be sepa-
rated by rectification is for various reasons separated off as
early as the dwell evaporator stage, increasing the operating
time of the actual rectification apparatus (what is important
here is that the boiling point in the upstream dwell evaporator
stage is below the temperature at the bottom of the rectification
column). '

| The latter applies in particular when the rectification process

45

relates to the isolation of (meth)acrylic acid from a mixture
containing (meth)acrylic acid and an inert hydrophobic érganic
liquid having a higher boiling point than (meth)acrylic acid, as
main components, and lower aldehydes as secondary components, as
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occurs, for example, in the isclation of (meth)acrylic acid from
the reaction gas mixture of the catalytic gas-phase oxidation by
the procedures described in DE-A 4 436 243, German Patent
2,136,396 and DE-A 4 308 087, ie. when the starting mixture
intended for the novel process and containing (meth)acrylic acid
and an inert hydrophobic organic liquid having a boiling point
higher than (meth)acrylic acid, as main components, and lower al-
dehydes as secondary components was obtained, for example from
the reaction gas mixtures of the catalytic gas—phase oxidation,
as a liguid discharge of a countercurrent absorption with subse-

_ quent desorption by stripping according to German Patent
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2,136,396 or DE-A 4 308 087, or as a liquid discharge of a coun-
tercurrent absorption with superposed rectification according to
DE-A 4 436 243. Here, high-boiling inert hydrophobic organic
liquid is to be understood as meaning those liquids whose boiling
point at atmospheric pressure (1 atm) is above the boiling point
of (meth)acrylic acid and in which the solubility (% by weight,
based on the weight of the solution) of (meth)acrylic acid
oligomers and/or polymers at 25°C and 1 atm is lower than that in
pure (meth)acrylic acid.

In particular, there are those high-boiling organic ligquids which
comprise at least 70% by weight of those molecules which contain

no externally acting polar groups and, for example, are therefore

incapable of forming hydrogen bridges. In a narrower sense, the
definition in this case includes the high-boiling organic absorp-
tion liquids which are recommended in German Patent 2,136,396,
DE~A 4 308 087 and DE-A 4 362 243. These are essentially ligquids
whose boiling point at atmospheric pressure is above 160°C. Exam-
ples are middle oil fractions from paraffin distillation, diphe-
nyl ether, biphenyl or mixtures of the abovementiocned liguids,
for example a mixture of from 70 to 75% by weight of diphenyl

ether and from 25 to 30% by weight of biphenyl. Another advanta-
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geous high—-boiling hydrophobic organic absorption liguid is a
mixture comprising a mixture of from 70 to 75% by weight of
diphenyl ether and from 25 to 30% by weight of biphenyl, and,
based on this mixture, from 0.1 to 25% by weight of o-dimethyl
phthalate.

In the case of methacrylic acid, the preparation by gas-phase
catalytic oxidation may have been effected, for example, starting
from methacrolein, which in turn may have been obtained by gas-
phase catalytic oxidation of tert-butanol, iscbutane or iscbutene
or by reaction of formaldehyde with propicnaldehyde according to
EP-B 92 097 or EP-B 58 927. Frequently, the gas-phase catalytic
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oxidation of tert-butanol, isobutane or isobutene is carried out

using a catalytically active material of the general formula I
Mo;2BiFepXl X2yX3.X4£0, (1)
where

X1 is nickel and/or cobalt,

X2 is thallium, an alkali metal and/or an alkaline earth metal,

X3 is phosphorus, arsenic, boron, antimony, tin, cerium, lead,
niobium and/or tungsten, :

X4 is silicon, aluminum, titanium and/or zirconium,

is from 0.5 to 5,

is from 0.01 to 3,

is from 3 to 30,

is from 0.02 to 2,

is from 0 to 25,

is from 0 to 10 and

is an integer which is determined by the valency and fre-

quency of the elements in I other than oxygen,

S o Q0 U

at from 300 to 400°C and, apart from the specific temperature

curve, otherwise under the conditions of DE-A 4 023 239. The re-
sulting methacrolein is used for the further oxidation, as a rule
without intermediate purification. The gas-phase catalytic oxida-
tion of the methacrolein can, apart from the specific temperature
curve, be carried out according to DE-A 4 132 263 at from 200 to

. 350°C or according to DE-A 4 132 684 at from 250 to 400°C. In par-

ticular, the multimetal oxide catalysts stated in DE-A 4 022 212
may be used.

In the case of acrylic acid, the preparation by gas—-phase cata-
lytic oxidation may have been carried out, for example, in one
stage starting from acrolein or in two stages starting from pro-

pylene via acrolein.

Suitable multimetal oxide catalysts of the catalytic gas-phase
oxidation of propylene are in particular those of the general
formula II

'MO12BiaFepXlcX23X34X4£0, (II)

where

Xl is nickél and/or cobalt,

. X2 is thallium,.an alkali metal and/or an alkaline earth metal,

This Sheet Has Been Reﬂlaced
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X3 is phosphorus, arsenic, boron, antimony, tin, cerium, lead,

niobium and/or tungsten,
X4 is silicon, aluminum, titanium and/or zirconium,
is from 0.5 to 5,
is from 0.01 to 3,
is from 3 to 10,
- is from 0.02 to 2,
is from 0 to 5,
is from 0 to 10 and
is an integer which is determined by the valency and frequen-
cy of the elements other than oxygen, and

(= I T o PR B ¢ 2 )

suitable multimetal oxide catalysts for the catalytic gas-phase
oxidation of acrolein are in particular those of the general for-
mula III

MO 2VaWpCUNigX1eX2eX3gX4,X5;0n (I11I)

'where

20

"X} is one or more alkali metals,
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X2 is one or more alkaline earth metals,

X3 is chromium, manganese, cerium and/or niobium,
X4 is antimony and/or bismuth,

X5 is silicon, aluminum, titanium and/or zirconium,
is from 1 to 6, '

is from 0.2 to 4,

is from 0.5 to 6,

is from 0.2 to 6,

is from 0 to 2,

is from 0 to 3,

is from 0 to 5,

is from 0 to 40,

is from 0 to 40 and

is an integer.- which is determined by the valency and fre-
- gquency of the elements other than oxygen.

S TG RO QO D

The reaction gases of the first oxidation stage are usually fed

- to the second oxidation stage without intermediate purification.

40

45

The reaction conditions usually used are described, for example,
in DE-A 4 431 957 and DE-A 4 431 949.

As a rule, such a mixture described above and consisting essen-
tially of (meth)acrylic acid and an inert hydrophobic organic
liquid having a higher boiling point than (meth)acrylic acid, as

main components, and lower aldehydes as secondary components
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10
contains from 5 to 25, in general from 5 to 15, % by weight of
(meth)acrylic acid.

Of course, the novel process is carried out in the presence of
conventional amounts of the usual polymerization inhibitors.

‘Phenothiazine is preferably used as the polymerization inhibitor.

The polymerization inhibitors are usually used in amounts of from
50 to 1000 ppm, based on the weight of (meth)acrylic acid.
Furthermore, owing to the inhibiting effect of atmospheric oxygen
on the polymerization of (meth)acrylic acid, the rectification
column is advantageously operated with air flowing through.

The novel process can of course also be used in combination with
other prior art processes for suppressing the formation of coat-
ings.

In the novel process, coatings must of course be removed from the
dwell evaporator from time to time. By switching over to a second
dwell evaporator, the operation of the rectification column can,
however, be maintained.

Examples

(The procedure was carried out in the presence of 200 ppm (based
on the weight of the acrylic acid) of phenothiazine as polymer-
ization inhibitor).

a) A reaction gas mixture containing acrylic acid was produced
by catalytic gas—phase oxidation of acrolein according to
Example Bl of DE-A 4 302 991. 2.1 Nm3(S.T.P.)/l of this reac-
tion gas mixture were cooled to 170°C in a gas cooler by
spraying in a coolant mixture comprising 57.4% by weight of
diphenyl ether, 20.7% by weight of biphenyl and 20% by weight
of o-dimethyl phthalate.

The portion of the coolant which had remained liquid was then
separated, in a separator, from the gas phase consisting of
reaction gas and vaporized cocolant. The gas phase at 170°C
was introduced, below the first tray, into a bubble tray col-
umn with 27 trays having a diameter of 80 mm and was exposed
to the countercurrent of 3 1/h of the absorbent which like-
wise comprised 57.4% by weight of diphenyl ether, 20.7% by
weight of biphenyl and 20% by weight of o~dimethyl phthalate
and was added at the top of the column at 45°C. The discharge
of the absorption column was heated indirectly to 105°C in a
heat exchanger and added to the top of a desorption column
which was in the form of a bubble tray column hav;ng

S
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: 11
20 trays. In the desorption column, components which are low-
boiling compared with acrylic acid, such as acetic acid, were
substantially removed from the mixture otherwise containing
acrylic acid/lower aldehydes/absorbent by stripping with ni-
trogen (400 1/h, countercurrent). The discharge of the de-
sorption column consisted of

84.5% by weight of absorbent,
15% by weight of acrylic acid and

in particular lower aldehydes as secondary components.

It was introduced at 25°C in an amount of 3 1/h between the
fifth and sixth tray (counted from the evaporator) into a
rectification column which comprised 20 bubble trays and had
a diameter of 80 mm and through which air flowed. The recti-

~fication column was operated at a bottom temperature of 160°C

and a bottom pressure of 130 mbar and at a top pressure of
80 mbar.

60 ml of acrylic acid in a purity of 99.3% by weight were
taken off continuocusly per hour in a side stream between the
fifteenth and sixteenth tray (counted from the evaporator).
The top product in the form of vapor was condensed, polymer-
ization inhibitor was added and, apart from a take-off stream
of 5 ml/h, the mixture was recycled to the rectification col-
umn, above the uppermost bubble tray.

After an operating time of 165 hours, it was necessary to
stop the operation of the rectification column owing to pro-
nounced formation of coating in the stripping section of the
rectification column.

As in the case of a), except that the discharge of the
desorption column was first fed into a heatable round-bot-
tomed flask having a capacity of 500 ml, heated to 150°C in
said flask and, with a residence time of 0.5 h and a working
volume of 250 ml, was fed via a lower discharge of the round-
bottomed flask to the rectification column, between the fifth
and sixth tray (counted from the evaporator). After an oper-
ating time of 167 hours, it was necessary to stop the opera-
tion of the rectification column. Essentially no formation of
coating was detectable on the inner surface of the round—bot-
tomed flask serving as a dwell tank.
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c)

12
As in the case of b), except that the round-bottomed flask
serving as a dwell tank was connected via a vapor tube to the
rectification section of the rectification column, directly
above the lowermost bubble tray of the rectification section.
The operating time of the rectification column until shutdown
was required increased to 276 hours. Formation of coating
occurred on the inner surface of the round-bottomed flask
serving as a dwell tank.

-
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A process for the isolation of (meth)acrylic acid from a mixture
containing (meth)acrylic acid as the main component and lower
aldehydes as secondary components by rectification in a rectifi-
cation column consisting of a stripping section and a rectifica-
tion section, wherein the starting mixture comprising the
(meth)acrylic acid to be isolated by rectification is not fed
directly to the rectification column but is first passed into a
heated dwell vessel which is connected to the vapor side of the
rectification section of the rectification column and in which
the starting mixture is kept at the boil and, instead of the
starting mixture as such, the bottom liquid of the dwell vessel
is fed to the rectification column. '

Patent claim
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Isolation of (meth)acrylic acid from a mixture containing
(meth)acrylic acid as the main component and lower aldehydes as

‘secondary components by rectification in a rectification column

consisting of a stripping section and a rectification section

Abstract

A process for the isclation of (meth)acrylic acid from a mixture
containing (meth)acrylic acid as the main component and lower
aldehydes as secondary components by rectification in a rectifi-
cation column consisting of a stripping section and a rectifica-
tion section, wherein the starting mixture comprising the
(meth)acrylic acid to be isoclated by rectification is not fed
directly to the rectification column but is first passed into a
heated dwell vessel which is connected to the vapor side of the
rectification section of the rectification column and in which
the starting mixture is kept at the boil and, instead of the
starting mixture as such, the bottom liguid of the dwell vessel
is fed to the rectification column.
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Isolation of (meth)acrylic acid from a mixture containing
(meth)acrylic acid as the main component and lower aldehydes as
secondary components by rectification in a rectification column
consisting of a stripping section and a rectification section

Abstract

A process for the isolation of (meth)acrylic acid from a mixture
containing (meth)acrylic acid as the main component and lower

.aldehydes as secondary components by rectification in a rectifi-

cation column consisting of a stripping section and a rectifica-
tion section, wherein the starting mixture comprising the
(meth)acrylic acid to be isclated by rectification is not fed
directly to the rectification column but is first passed into a
heated dwell vessel which is connected to the vapor side of the
rectification section of the rectification column and in which
the starting mixture is kept at the boil and, instead of the
starting mixture as such, the bottom liguid of the dwell vessel
is fed to the rectification column.
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Isolation_of (meth)acrylic'acid'from,a mixture containing

(meth)acrylic acid as the main component and' lower aldehydes as
secondary ‘components by rectificatioh in a rectification column
consisting.of-a'stripping section and”a:rectification Section '

The oresent lnventlon relates to a novel process for the ~so-'

f1atlon of (mech)acrylrc acrd from a mlxture containing (meth)-
,acry11c acid as the main comoonent and lower aldehydes as second-

ary components by rectJ.rJ.catJ.on in a rectlflcatlon column con-

'515t1ng of_a strlpplng section and a rectlflcaclon_sectlon

(Meth)acryllc ac1d is used as an abbrevratlon and represents
acryllc acid or methacryllc acrd. (Meth)acryllc acid, either as

‘'such or in the form of its esters, is partlcularly lmportant for
‘the preparation of ‘polymers for varlous “applications, for examoln

for use as adhes;ves.

_(Meth)acryllc acrd is- obtarnable, lnter alla, by catalytlc gas-—

20

phase ox1datlon of alkanes, alkanols, alkenes or alkenals of 3 or
4 carbon atoms._(Meth)acryllc ac1d is partlcularly advantageously
obtainable, for example, by catalytlc gas—phase oxidation of pro-

_pene, acroleln, tert-butanol, lsobutene, isobutane, lsobutyralde-

:hyde or methacroleln.,

25

‘However, other possrble startlng compounds are those from whlch

o the actual C3/Cq. startlng compound is first formed as an inter-

30

35

mediate during the gas-phase oxldatlon. An example lS ‘the methyl
ether of tertfbutanol. '

These startlng gases, as a rule dlluted w1th inert gases, such as'

nltrogen, COz, saturated hydrocarbons and/or steam, are passed as

a mixture with oxygen, at elevated temperatures (usually from 200

to 400°C) and, if requlred, superatmospherlc pressure, over tran-
sition metal mixed oxide catalysts (contarnlng, for example, Mo,
V, W and/or Fe) and are converted by ox1datlon into (meth)acry1lc
acid (cf. for example DE-A 4 405 059 EpP~-A 253 409, EP-A 92 097

" DE-A 44 31 957 and DE-A 44 31 949).

.40

Ow1ng to the many parallel and secondary reactlons taklng place
in the course. of the catalytlc gas phase oxldatxon -and due to the

inert dilution: gases to be used concomltantly, the product of the

catalytlc gas-nhase ox1dat1on is, however, not pure (meth)acryllc

" acid but a reaction gas mixture which contains essentlally :

45

(meth)acryllc acid, the inert dllutlon gases—and_hunroducLsm_from_

_whrch the (meth)acryllc acld must be separateiW/R"PLACEMENH‘SHEETS
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In addltlon to byproducts whlch are comparatlvely srmple to re-
_move from (meth)acryllc acid and are less troublesome in subse-

i quent anpllcatlons of the (meth)acryllc acid, for example aceti
' ac1d, ‘the- reactlon gas mlxture also contalns in partlcular lower

aldehydes, such as formaldehyde, acetaldehyde, acroleln, meth-:

- 3,acrole1n, proplonaldehyde, n—butyraldehyde, benzaldehyde, fur-

fural and crotonaldehyde,_whlch are related to (meth)acrylic acrd

‘and. therefore more dlfflcult to senarate from (meth)acryl;c ac;d

- aad in’ addltlon may contaln malelc anhydrlde (the total amount of

10

.15

:these secondary components, which frequently present consxderable

nroblems durlng subsequent appllcatlons, is as a rule £ 2% by
welght, based on the amount of (meth)acryllc ac1d contalned in
the’ reaction’ gas mlxture).

The - (meth)acryllc ac1d is usually lsolated from the reactlon mix-

- ture by extractlon and rectlflcatlon processes, ie. as a rule the

20

. 28

'(meth)acryllc acld formed is lnltlally taken ‘up from the reaction
gas mixture of the gas-phase oxidation into a sultable absorbent.

By - separatlon of the absorbate by rectlflcatlon, a crude’ (meth)—
acrylic acid: is then usually obtalned from whlch a pure (meth)-

'acryllc ac1d is. frequently produced by pa551ng through further.

separatlon stages 1nvolv1ng rectlflcatlon. The crude (meth)-

'acryllc ac1d has, ds a rule, a purity .of > 98% by weight, the im-

purltles belng ln partlcular lower aldehydes and possibly maleic
anhydrlde,_whereas the separatlon of the (meth)acrylic acid from
the’ absorptlon llquld takes place essentlally quantltatlvely In
contrast to crude (meth)acryllc acid, the purity of the pure

y,(meth)acryllc ac1d ls usually > 99% by welght.

“30

35
Ca rectlflcatlon pProcess is superposed on the absorptlon process -
" taking place in ‘the absorptlon column ln a natural manner. by

DE—A 44 36 243 relates, for- example, to.a process for the lsola-
tion of (meth)acryllc ‘acid from the reactlon gas mixture of the

catalytlc gas-phase oxldatlon by countercurrent absorptlon Wlth a
hlgh—bOlllng lnert hydrophoblc organic liguid, in which the reac-:
tion gas maxture ls passed countercurrent to the descendlng high-
boiling inert hydrophoblc organlc lquLd in an absorptlon column,

. w1thdraw1ng from the absorptlon column an amount of energy over

40

a5

and above its natural energy release taklng place as a result of
contact w1th the amblent temperature,_and crude (meth)acryllc
acid “is lsolated v1a the top by rectification from the liquid

ydlscharge of the absorptlon column  (absorbate), which discharge
contalns (meth)acryl1c acid and the absorbent as main components
'and lower aldehydes and poss;bly_malelc anhydrlde as secondary

comnonents .

18 s the reptacement sheet
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'TDE—A 44 36 243 deflnes hlgh—bolllng lnert hydrophoblc organlc

llqulds (absorbents) generally as those llqulds whose b01llng

7.:_polnt at atmospherlc pressure (1 atm) is above the boiling pornt

of (meth)acryllc acrd and which comprlse at least 70% by welght
of molecules whlch do not contaln any externally acting polar
group- and are thus, for example, lncapable of formlng hydrogen

='_br1dges._

- 10

15

German Patent 2 136 396 and’ DE-A 43 08 087 llkew15e dlsclose the'

lsolatlon of acryllc acid from the reactlon gas mixture of the

‘catalytic- gas—phase ox1datlon of . propylene and/or acroleln by

countercurrent absorptlon with a high-boiling inert hydrophobic.
organic llquld The process is essentlally carried out by a meth~
od in which the reactlon ‘gas mixture is passed countercurrent to
the descendlng absorptlon llquld in a conventional absorption

‘column, the readlly volatile secondary components which are easy

 to separate off are substantlally removed, by stripping with in-

- 20

‘ert gas in a desorptlon column, from the liquid dlscharge of the

absorption column, which dlscharge is composed essentlally of

acrylic acid, the absorbent and secondary ‘components, and the

liquid dlscharge of ‘the desorptlon column, which dlscharge con-

~ tains acryllc acld and ‘the absorbent as main components and lower

zsﬁ

30

aldehydes and poss;bly maleic anhydrlde as secondary components,
is subsequently rectlfled in a rectification column in order to
lsolate crude acryllc ac1d via the. top.

EP-A 297 445 relates, for example, to a process for the lsolatlon
of methacryllc acid from the reactlon gas mixture of the cata-
lytlc gas—phase oxldatlon by absorptlon of the’ methacryllc acid
in an absorption column operated with water. For isolation of
crude methacryllc acld as a bottom product, the liquid discharge
of the absorptlon column is rectlfled.

: EP—A 117 146 relates to a process for the 1solat1on of acryllc

35

40

acid from the reactlon gas mixture of ‘the. catalytlc gas-phase OX~-
1datlon by absorptlon of the acryllc acld in an absorption column
operated with water..The acryllc acld 1s separated off from the

liquid dlscharge by extractlon w1th ethyl acetate and crude ‘

acrylic acid is Obtalned from the extract as a bottom product by
-rectlflcatlon. - - : :

EP-B 102 642 Brltlsh Patent 1, 346 737 and DE—B 2 207 184 relate

to the 1solatlon of pure’ (meth)acryllc ac1d from crude (meth)-

'jacryllc ac1d by. rectlflcatlon. 'In order to increase the separa-

tlon eff1c1ency w1th respect ‘to lower aldehydlc lmpurltles, it is

|s is the replacement sheet
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advisable to- add cbemlcal comoounds, such as primary amines,
‘which b*nd the aldehydlc -mpu:1t1=s. o

VThe abovementloned lsolatlons of (meth)acryllc acid from a
'mlxture contalnlng (meth)acrylic aci id as the main component and

lower aldehydes as secondary comoonents ay rect ification in a
:ect*f*catlon column conSLStlng of. a str ng section and a rec-.
tification sectlon are merely a small se l zion from the_variety

of such separatlon_problems mentioned in the prior art ' '

A dlsadvantage of aTl these prior art senaratlon processes by
trectlflcatlon, regardless ‘'of whether the (meth)ac*yl'c acid is

1solated v*a the LOD or via the bottom, is that the rect f*catlon
aooaratuses (Ln partlcular the evaporator surface) relatively
raoldly become covered with a coatlng during the isolation by

_rectlflcatlon, even when polymerlzatlon inhibitors, such as air,
_hydroqulnone, hydroqulnone monomethyl ether, para-nltrosophenol

para—methoxyphenol and/or phenothlaZLne, are present, and the

ctlflcatlon, which 1s usually carried out contlnuously, there-
fore has to be stopped from time to tlme in order to remove the
coatings formed. The dlfferent colors of the coatlngs formed '
(black and’ wh;te) show that at least two processes are involved
in the format;on_of the coatlngs.

It is an object of the present lnventlon to orov1de a novel pro-

cess for the lsolatlon of (meth)acryllc acid from a mixture con-
taining (meth)acryllc ac;d as the maln comoonent and lower alde-
hydes as secondary components by rectlflcatlon in a rectlrlcatﬂon
column COHSLStlng of a strlpplng section and a rectification sec-
tlon, in which process the formation of coatlngs on the rectl"—

‘cation apnaratuses (in nartlcular on the evaporator surface) is

reduced.

We have found that thls object is achleved by a process for the

';solatlon of (meth)acrylrc acxd from a mixture contalnlng (meth)—'

acryllc acid as the main component and lower. aldehydes as second-
ary components by rnctlflcatlon in a rectlflcatlon column con-

sisting of a strrpplng sect'on and a rectlflcatlon sectlon,_

wherein the startlng mlxturﬂ comnrlszng the (meth)acrylic. acid to
be isolated by rectlflcatlon is not fed directly to the rectlf-é
cation column but is first passed lnto .a heated dwell vessel
which is connected to the vapor side- of the rectlflcatlon section
of the rnctlflcatlon -oltmn and in whlch the startvng mixture is’
kept at the boil and “instead of the startlng mixture as such,

the bottom lquld of the dwel1 vessel is fed to the rectlflcat*on

column (that part ‘of the rnctlflcatlon column which Ls located

" below the entry DOlnt of thn bottom llquld of he dwell vesse‘I

'l‘hls 18 the repla cement sheat"'
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forms the strlpplng sectlon of sald column in the usual manner,

‘and” that ‘part of the rectlflcatlon column whlch is located above

“this entry polnt forms the rectlflcatlon sectlon of said column

10

15

1n the usual mannel,.

'In the novel process, the dwell vessel thus performs the function
of an evaporator, the vapor contalnlng the more- readily volatlle'"

comoonents in hlgher concentratlon belng fed to the rectlflca ion
section of the rectlflcatlon column and the bottom ligquid con- _
taining the more. readlly volatile components in lower . concentra—-'
tion belng fed to the strlpplng sectlon of the rectlflcatlon
column. Accordlngly, the dwell tank may be deSLgned, for example,
as an evaporator w1th self—clrculatlon,'as an evaporator with
forced c1rculatlon, as a flash evaporator, as a thin-film evapo-
rator (Sambay or Luva evaporator) or as a falling fllm evapora-
tor. The dwell evaporator can of course be designed as a one- .

'_stage or multlstage unlt.'

; The res1dence tlme in the dwell vessel ‘of the startlng mlxture to_

"~ 20

be separated by rectlflcatlon is advantageously from 0.1 to
3 hours. In order to keep the temperatures in the rectification -

'gcolumn as low as posslble, the novel lsolatlon of the (meth)-

25

‘acrylic ac1d by rectlflcatlon is carrled out very generally pre-

ferably at reduced pressure. If said lsolatlon is effected by
take—off" via. the top or s;de,-a top pressure of < 500, usually

- from 10 to 500 frequently from 10 to 200, preferably from 10 to
100, mbar is advantageously employed accordlng to the invention;

35

40

45

“ln a correspondlng manner, the assoc1ated temperatures at the

bottom of the rectlflcatlon column are as a rule from 100 to
230°c.

Sultable rectlflcatlon columns for the novel process ‘are all con-
ventlonal types,'le. the rectlflcatlon column may be, for exam-—
ple, a tray—type column or a packed ‘column. Tray-type columns are
preferably used. Examples are valve tray columns, bubble tray

‘columns, tunnel-cap tray columns, sieve ‘plate columns and dual

flow plate columns. Bubble trays are preferably used. The separa-
tion line between rectlflcatlon section and strlpplng section of

‘the rectification. column is advantageously roughly at the end of
,the first’ thlrd of the zone between the lowermost and the upper—

most theoretlcal plates.

The novel procedure descrlbed above is the result of extensrve
.research work, durlng whlch the followung relatlonshlps were

found.

'l'his is the replacement sheet
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2 6 .
Flrst, lt was found that resin formatron attrlbutable to the al-
dehydic 1mpur1t1es is lnvolved in partlcular in the formation of

Lfcoatlngs ln ‘the strlpplng section of - the rectlflcatlon column (in

partlcular on the av aporator surface), owrng to the elevated

htemperatures prevalllng there. ‘As a result of the startlng

nmixture to be separated by rectlflcatron belng fed, accordlng to
the 1nventlon, fo the rectlflcatlon column, the relatlvely

' readlly volatrle part of the aldehydlc lmpurltles passes via zhe

10

-vapor—SLde connectlon of the dwell tank to the rectlflcatlon sec-

tion of the rectification column dlrectly into said rectlflcatlon

" section, whlch prevents partrcrpatlon of these aldehydlc impuri-

‘ties in resrn formation in the stripping section and thus reduces

15

:sald formatlon. Another part of the aldehydlc impurities is
converted lnto resrnous form in the dwell evaporator itself. It

has also been found that, ln spite of the startlng mlxture to be"
separated by rectlflcatron belng stablllzed by means of usual

~amounts of conventlonal polymerlzatlon lnhlbltors, a certain

20

degree of free. radlcal olrgomerlzatlon and/or polymerization of

" the (meth)acryllc acid takes place in said mlxture before it is
‘fed into the rectlflcatlon column However, the resulting

(meth)acrylrc acrd olrgomers and/or polymers have, as a rule,
sufflclent molecular and/or collordal solubrllty in the starting.
mixture to be separated by rectlflcatlon, and are therefore not

'g'usually v151ble before sald mlxture is fed 1nto the rectification

25

column. Owing to therr high bollrng pornt these (meth)acryllc

acid oligomers and/or polymers accumulate wrthln the rectifi-

'catlcn column, but toward the evaporator, and of - exceedlng therr'

' solubrllty, are. deposrted as a coatlng on the rectification appa-

30

ratuses and are flrmly adsorbed onto’ sald apparatuses. The latter
applles in partrcular to - the evaporator surface, on which the
solubrllty limit is- particularly readily exceeded owing to evapo-

' ratlon. As a result of the use, accordlng to the 1nvent10n, of a

35

dwell evaporator stage upstream of the rectlflcatlon column, a
part of the (meth)acryllc acrd olrgomers and/or polymers con-’
tained in solubilized form rn the startlng mixture to be sepa-
rated by rectlflcatron is for varlous reasons separated off as
early as the dwell evaporator stage, 1ncreasrng the operatlng

- time of the actual rectrfrcatlon apparatus (what is ‘important

40

here is that the borllng polnt in the upstream dwell evaporator
stage is below the temperature at the bottom of the rectlflcatlon

column)

The latter applles 1n partlcular when the rectlflcatlon process

~:relates to the lsolatlon of (meth)acryllc acid from a mixture

45
. .llquld havrng a hlgher borllng pornt than (meth)acryllc acid, as
imaln components, and lower aldehydes as secondary components, as

contalnlng (meth)acrylrc acid and an inert. hydrophobrc organlc

Tbis iS the .vplacemem sheet
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" occurs, for ekample;'in'the isolation of (meth)acrylic acid from -

_ the reactlon gas mlxture of the catalytlc gas—phase oxldatlon by

" the procedures described in DE-A 4 436 243, German Patent

.10

_15

2,136,396 and DE-A 4 308 087, ie. when the starting mlxture
'lntended for the novel process and contalnlng (meth)acrylic acid

and an lnert hydrophoblc organlc llquld hav1ng a b01llng point
hlgher than (meth)acryllc acid, as main components, and lower al-

‘dehydes as secondary components was obtained, for example from

the reaction gas mlxtures of the catalytlc gas—phase ox1dat1on,
as a liguid discharge of a countercurrent absorption with subse— '

-quent desorptlon by stripping accordlng to German Patent

2,136,396 or DE-A 4 308 087 or as a llquld dlscharge of a coun-
tercurrent absorptlon w1th superposed rectlflcatlon accordlng to
DE-A 4 436 243. Here, hlgh-b01llng inert hydrophoblc organic
liquid is to be understood as meanlng those llqulds whose boiling

_polnt at atmospherlc pressure (1 atm) is above the bolllng point

of (meth)acrylic acid and in which the solublllty (% by weight,

- based on’ the we;ght of the solutlon) of (meth)acrylic ac1d

20

: ollgomers and/or polymers at 25 C and 1 atm ls lower than that ln
pure (meth)acryllc ac1d.

In partlcular, there are those hlgh—bolllng organic llqulds which

' -comprlse ‘at least 70% by weight of those molecules which contain

25

30

35

40

no externally acting polar groups and, for example, are therefore

incapable of forming hYdrogen bridges; In a narrower sense, the

defznltlon ln this case lncludes the hlgh-bOlllng organlc absorp--
tlon llqulds which are recommended in German Patent- 2 136,396,
DE-A 4 308 087 and DE-A 4. 362 243 These are essentlally liquids
whose boiling polnt at atmospherlc pressure is above 160°C. Exam-
ples are middle oil fractions from paraffin dlstzllatlon, dlphe—
nyl ether, blphenyl or mixtures of the abovementioned liquids,
for example a mixture of from 70 to 75% by weight of diphenyl
ether and from 25 to 30% by welght of blphenyl Another advanta-
geous hlgh-bolllng hydrophoblc organlc absorption llquld is a
mixture comprising a mixture of from 70 to 75% by weight of
diphenyl ether and from 25 to 30% by welght of biphenyl, and,'

based on this mlxture,_from 0. 1 to 25% by welght of o-dlmethyl

phthalate. -

In the case of methacrylic acid,'the preparation byzgas—phase
catalytic oxidation may have been effected for example, startlng

- from methacroleln, which in turn may have been obtalned by gas- _
”phase catalytlc oxldatlon of tert—butanol iscbutane or isobutene

45

or by reaction of’ formaldehyde with proplonaldehyde according to
'EP-B 92 097 or EP-B. 58 927 Frequently,lthe gas—phase catalytlc

This is the replacement sheet
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x1datlon of tert-butanol, isobutane'or'isobutene is'carriedlout

_usxng a catalytlcally active materlal of the general formula I

T e---..Mq_zai.'-,:*e'bxl'cxzdvex°,fc;-n I

‘where -

X! is nickel and/or cobalt,

‘X2 . is thalllum, an alkall metal and/or an alkallne earth netal,

X3 is ohosphorus, a*senlc, boron, antlmony, tln, cerium, lead,
_ ' niobium and/or tungsten,
X4 is s;llcon,'alumlnum, titanium and/or zxrconlum,

is fromIOTS'toHS

is from 0. 01 to 3,

is from 3 to 30,

is from 0. 02 to 2,

is from O to 25,
is from 0 to 10 and , - : C
is an 1nteger whlch is determlned by the valency and fre—.
quency of the elements.;q I other than oxygen,

at from 300 to 400 c. and, apart from the speczflc temperature

curve, otherwise under the’ condltlons of DE-A 4 023 239. The re—'
sulting methacroleln is used for the further oxidation, as a rule
without lntermedlate purlflcatlon The gas—phase catalytic oxida-’
tion of the methacroleln can, apart from the specific temoerature

-curve, be carrled out accordlng to DE-A 4 132 263 at from 200 to

350°C or accordxng ‘to DE-A 4 132 684 at. from 250 to 400°C. In par-

_tlctlar, the multlmetal ‘oxide catalysts stated in DE~A 4 022 212

may be used.
In the case of acryllc acld the. preparatlon by gas—phase cata-
1yt1c ox1datlon may have been carrled out, for example, in one_'

stage startlng from acroleln or in two stages startlng from pro-
pylene via acroleln. : '

_Sultable multlmetal oxlde catalysts of the catalytlc gas-phase
oxidation of. propylene are in partlcular those of the general
formula II - : o

- ['MO12Bi,FepXlcX24X3eX40y  (II)
where

Xl is nlckel and/or cobalt,

'xz is thalllum, an alkall metal and/or an alkallne earth metal,-

This is the replacement sheet
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:ls phosphorus, arsenic, boron, antzmony,-tin,_cerium,jlead,
fnloblum and/or tungsten, - B

,1s.s111con, a’umlnum, tltanlum and/or z*rconlum,
" is from 0.5 to 3, L
is from 0.01 to 3,
is from 3 to 10,
) :from'q.bifto-z,'
'is from 0 to 5, -
_is from 0 to 10 and .
is an 1nteger which is determlned by the valency and frequen-
oy;of the elements other than oxygen, and '

suitable multinetal'oxide catalysts'for'the catalyt’c gas—phase

B oxldatlon of ac*oleln are, in oartlcular those of the general for-.

15
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-D_P'B'\Q'thﬂ.hb'm

mula III
MOy VaWpCUCNLgX1eX2eX3gX4hX5:0q (III)
‘where
‘X1 is one or. more alkall metals, _
‘X2 is one or more alkallne earth metals, _
_X3"is chromlum, manganese, ceriun and/or nloblum,
X4 is antimony and/or bismuth, .
X5 is'SLllcon,xalumlnum, titanium and/or z;rconlum,
' is from 1 to:6, ' '
is from 0. 2 to 4,
‘is from 0.5 to §,
is from 0.2 to ﬁ,
is from 0 to 2,
is from 0 to 3,
‘is from 0 to S,
is from 0 to .40,
is from 0 to 40 and .
is an lnteger whlch Ls determlned by the valency and fre-

quency of the elements other than\oxygen._

The reaction gases of the flrst oxldatlon stage are usually fed
to ‘the second oxidation stage w1thout lntermedlate purification.
The reactlon condltlons usually used are descrlbed, for example,'

_ln DE-A 4. 431 957 and DE A 4 431 949.

R As a rule, such a m*xture descrlbed above and cons;stlng essen-

tlally of . (meth)acryllc acid and an lnert hydrophoblc ‘organic

liquid. hav1ng a hlgher bolllng pOlnt than (meth)acryllc acid, as

" - main components,-and lower aldehydes as secondary components

o _Thls‘ is 'th‘e replace_m_ent sheet
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_contains’ from 5 to 25, in general from 5 to 15, % by welght of
'(meth)acryllc aCld._ ' I

30f course, the novel process is carrled out 1n the presence of
" conventional- amounts of the usual polymerlzatlon inhibitors.

y"Phenoth1a21ne is preferably used as the. polymerlzatlon inhibitor.
_The polymerlzatlon lnhlbltors are usually used in amounts of from

10

15

50 to 1000 ppm, based on the welght of (meth)acryllc acid.

f’urthermore, owing to the 1nh1b1t1ng effect of atmospheric oxygen.'

on the polymer;zatlon of (meth)acryllc ac1d the rectification

.column is advantageously operated with alr flowrng through.

The novel process can of course also be used in combination w1th

'other prlor art processes for suppreSSLng the formatlon of coat-

lngs.

In the novel procéss,'coatings must of course be removed from the
'_dwell evaporator from time to time. By switching over to a second_

" 20

dwell evaporator, the operatlon of the rectiflcatlon column can,
however, be malntalned. E
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(The procedure was’ carrled out in the presence of 200 ppm (based
on the welght of the acryllc ac1d) of phenothlazlne as polymer-
ization lnhlbltor) - : : '

a) A reaction gas mixture containing acrylic'acid was produced

' by'catalytic'gas—phase okidation of'acrolein according to
Example Bl of DE-A 4 302 991. 2.1 Nm3(s T.P. /1 of this reac-
tion gas mixture were cooled to 170°C in a gas cooler by -
spraying in a coolant ‘mixture comprising 57.4% by weight of
diphenyl ether, 20.7% by welght of blphenyl and 20% by welght
of o-dlmethyl phthalate. ' : -

'The portlon of the coolant whlch had remalned llquld was then -
separated, in a separator, from the gas phase consisting of"

_ reactlon gas and vaporlzed coolant. . The gas phase at 170 ‘c
 was 1ntroduced, below the flrst tray, into a bubble tray col-
umn w1th 27 trays hav;ng a dlameter of 80 mm and was exposed
to’ the countercurrent of 3 l/h of the absorbent which like~ .
-_w1se compr;sed 57.4% by welght of diphenyl ether, 20.7% by _

- weight of blphenyl and 20% by welght of o—dlmethyl phthalate
and was added’ at the top of the column at 45°C. The dlscharge

.~ of the absorptlon column was heated indirectly to 105 'C in a
. heat exchanger ‘and added to the top of a desorptlon column R

'l“whlch was in the form of a bubble tray column havzng

This is the replacement sheet '
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20 trays; In the desorptlon column, components which are low-
borllng compared Wlth acryllc acid, such as acetic: acrd, wvere

_substantlally ‘removed from the mlxture otherw1se containing
acryllc acld/l-"er aldehydes/absorbent by stripping wrth ni-

 trogen (400 l/h, countercurrent). The dlscharge of the de-.
_ orptlon_column consrsted o{ - _ -

84. 5% by welght of absorbent,'

1:% by welght of acryllc acid and
fin"particular~lower aldehydes as-secondary components.'
It was lntroduced at 25 C in an amount of 3 l/h between the

:flfth and sixth tray (counted from the evaporator) into a
.rectlflcatlon column which comprlsed 20 bubble trays and had

a dlameter of 80 mm and through ‘which air flowed. The recti-

'flcatlon column was operated at a bottom temperature of 160 C '

and a bottom pressure of. 130 mbar and at a top pressure of

180 mbar.

60 ml of acryllc acld ln a purlty of 99. 3% by werght were

taken off contlnuously per hour in a s1de stream between the

flfteenth and slxteenth tray (counted from the evaporator)
The top product 'in the form of vapor was condensed, polymer-

'1zatlon lnhlbltor was added and, apart from a take~off stream

of 5 ml/h," the mlxture was recycled to the rectlflcatlon col-
umn, above the uppermost bubble tray

After an operating time of 165 hours,'it was necessary to
stop the operatlon of the rectrflcatlon column owing to pro-

. nounced formatlon of coatlng in the strlpprng sectzon of the
rectlflcatlon column -

As 1n the case of a), except that the dlscharge of the

desorptlon column was. first fed lnto a heatable round—bot-

‘tomed flask hav1ng a capac1ty of 500 ml heated to 150°C in

said flask. and with a res1dence tlme of 0.5 h and a worklng

. volume of 250 ml, was fed via a lower discharge of the round-

bottomed flask to the rectlflcatlon column, between the fifth
and sixth tray (counted from the evaporator) After an oper-

'atlng time of 167 hours, it was necessary to stop the opera—"'
-tion of the rectlflcatlon column. Essentlally no formation of

coatlng was detectable on the 1nner surface of the round—bot—

tomed flask servrng as a dwell tank.._
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As ln the case of b),"except that the round bottomed flask
serv1ng as a dwell tank was connected via a vapor' tube to the
rectification sectlon of the rectlflcatlon column, directly '
above the lowe:most pubble tray of the rectification section.

~ The operatlng time of the rectlflcatlon column until shutdown
 'was required 1ncreased to 276 hours. Formation of coating

occurred on the lnner surface of the round—bo*tomed flask
schLng as a dwell tank. :

This is the replacement sheet -
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-'Ratent claim o e _ ] .

1A process for the isolaulon of (meth)acryl*c acvd from a m-x:cre
contalnlng (mech)ac*yllc ac1d as the main comoonent and lower
-aldehydes as secondary components by rectlflcaflon in a rect ifi-

' catﬂon column consisting of a strloolng section and a < _ '
‘tion sectlon, wherein che starting mzxtu:e-comormsxng ths
(mech)acryllc acid o be lsolaced by rectification is not'f

. dﬂ*ectly to the rec;lflca ion column but is first passed into a
heated dwell vessel wh1ch is connected to the vapor side of the

_ rectification section of the rectlllcatlon column and . ln'wﬁich_'
the starting mlxtufe is kept at the boxl and, lnstead of the
-starclng mlxture as such, the bottom llquﬂd of the dwell vessel
is fed to the recclflcaclon column ' ' '

T
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(meth)acryllc acid as the main component and lower aldehydes as
secondary components by rectification in a rectification column

consisting of a strloplng sectlon and a rectification section

Abstract

A process for the isolation of (meth)acrylic acid from a mixzure
containing (meth)écrylic acid as the main component and lower
aldehydes as secondary components by rectification in a rectifi-
cation column consisting of a stripping section and a rectifica-
tion section, wherein the starting mixture comprising the
(meth)acrylic acid to be isolated by rectification is not fed
directly to the rectification column but is first passed into a
heated dwell vessel whlch is connected to the vapor side of the
rectification section of the rectification column and in which
the starting mixture is kept at the boil and, instead of the
starting mixture as such, the bottom liquid of the dwell veésel
is fed to the rectification column. S
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_f#Tsolatlon of (meth)acryllc ac1d from a mlxture contalnlng _
,7-(meth)acryllc ‘acid’ as the main component and lower aldehydes as
' fsecondary componen "by rectlflcatlon ln a rectification column,

iconszstlng of a strlpplng sectlon and a rectlflcatlon sectlon

. Abstfact o

]A process for the lsolatlon of (meth)acryllc acid from a mixture

10

contalnlng (meth)acryllc acid as the main component and lower

pfaldehydes as. secondary components by rectlflcatlon in a rectifi-

15

cation column cons;stlng ‘of a strlpplng sectlon and a rectlflca-

:tlon section, whereln the startlng mlxture comprxs;ng ‘the

(meth)acryllc acxd to be . lsolated by rectlflcatlon is not fed

'dlrectly to the rectlflcatlon column but is flrst passed into a
“heated dwell vessel whlch is connected to the vapor side of the .
'rectlflcatlon sectxon of the rectlflcatlon column and in which

dthe startlng mlxture is kept at the bo;l and, lnstead of the
startlng mixture as such, the bottom llquld of the dwell vessel

20 i
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is fed to the rectlflcatlon column

30

o This is the rep!acement sheet

uer 1 0wy 06



.

_—

REPLACEMENT SHEET

C4prc1998

Patent claim

A process for the isolation of (meth) acrylic acid from a
mixture containing (meth) acrylic acid as the main component
and lower aldehydes as secondary components by rectification in
a rectification column consisting of a stripping section and a
rectification section, wherein the starting mixture comprising the
(meth) acrylic acid to be isolated by rectification is not fed
directly to the rectification column but is first passed into a
heated dwell vessel which is connected to the vapor side of the
rectification section of the rectification column and in which the
starting mixture is kept at the boil and, instead of the starting
mixture as such, the bottom liquid of the dwell vessel is fed to
the stripping section of the rectification column.




