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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 

5 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-

10 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 

15 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-
20 phase oxidation 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. 

25 

30 

However, other possible starting compounds are those from which 
the actual C3/c4 starting compound is first formed as an inter­
mediate during the gas-phase oxidation. An example is the methyl 
ether of tert-butanol. 

These starting gases, as a rule diluted with inert gases, such as 
nitrog~n, co2 , saturated hydrocarbons and/or steam, are passed as 
a mixture with oxygen, at elevated temperatures (usually from 200 
to 4oo•c) and, if required, superatmospheric pressure, over tran-

35 sition metal mixed oxide catalysts (containing, for example, Mo, 
v, W.and/or l!'e) and are converted by oxidation into {meth)acrylic 
acid (ct. for example DE-A 4 405 059, EP-A 253 409, EP-~ 92 097, 
OE-A 44 31 957 and OE-A 44 31 949). 

40 owing 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 

45 (meth)acrylic acid, the inert d~lution g_ases and byproducts, from 
which the (meth)acrylic acid must be separated. 
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2 
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 

5 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 

10 these secondary components, which frequently present considerable 
problems during subsequent applications, is as a rule ~ 2% by 
~eight, based on the amount of (meth)acrylic acid contained in 
the reaction gas mixture). 

15.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 r·eaction 
gas mixture of the gas-phase oxidation into a suitable absorbent. 
By separation of the absorbate by rectification, a crude (meth)-

20 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 > 9Bt by weight, the im­
purities being in particular lower aldehydes and possibly maleic 

25 anhydride, whereas the separation of the {meth)acrylic acid from 
the absorption liquid takes place essentially quantitatively. In 
contrast to crude (meth}acrylic acid, the purity of the pure 
(meth}acrylic acid is usually > 99• by weight. 

30 DE-A 44 36 243 relates, for example, to a process for the isola­
~ion 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-

35 boiling inert hydrophobic organic liquid in an absorption 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 colllDlD: an amount of energy over 
and above its natural enerqy release t'akinq place as a result of 

40 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 

45 components. 
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3 
OE-A 44 36 243 defines high-boiling inert hydrophobic organic 
liquids (absorbents} generally as those liquids whose boiling 
point at atmospheric pressure (l atm) is above the boiling point 
of (meth)acrylic acid and which comprise at least 70\ by weight 

5 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 OE-A 43 08 087 likewise disclose the 
10 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 

15 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 

20 acrylic_ 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 
aldehydes and possibly maleic anhydride as secondary components, 
is subsequently rectified in a rectification column in order to 

25 isolate crude acrylic acid via the top. 

EP-A 297 445 relates, for example, to a process for the isolation 
of methacrylic acid from the reaction gas mixture of the cata­
lytic gas-phase oxidation by absorption of the methacrylic acid 

30 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 
35 acid from the reaction gas mixture of the catalytic gas-phase ox­

idation by absorption of the acrylic acid in an absorption column 
operated with water. The acrylic acid is separated off from the 
liquid discharqe by extraction with ethyl acetate and crude 
acrylic acid is obtained from the extract as a bottom product by 

40 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-

45 tion efficiency with respect to lower aldehydic impurities, it is 



4 
advisable to add chemical compounds, such as primary amines, 
which bind the aldehydic impurities. 

The abovementioned isqlations of (meth)acrylic acid from a 
5 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. 

10 
A disadvantage of all these prior a_rt 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 

15 rapidly become covered with a coating during the isolation by 
rectification, even when polymerization inhibitors, such as air, 
hydroquinone, hydroquinone monomethyl ether, par•-nitrosophenol, 
para-methoxyphenol and/or phenothiazin~, are present, and the 
rectification, which is usually carried out continuously, there-

20 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. 

25 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-

. 30 ti on, in which proc·ess the formation of coatings on the rectif i­
cation apparatuses (in particular on the evaporator surface} is 
reduced. 

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

acrylic acid as the main component and lower aldehydes as second­
ary components by rectification in a rectification column con­
sisting of a strippinq section and a rectification section, 
wherein the starting mixture comprising the (meth)acrylic acid to 

40 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 
of the rectification column and in which the starting mixture is 
kept at the boil and, instead of the starting mixture as such, 

45 the bottom liquid 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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forms the strippinq 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-

10 taininq 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 evapo_rator, as a thin-film evapo-

15 rator (Sambay or Luva evaporator) or as a fallinq film evapora­
tor. The dwell evaporator can of course be designed as a one­
staqe or multistage unit. 

The residence time in the dwell vessel of the startinq mixture to 
20 be separated by rectification is advantaqeously 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 

25 take-off via the top or side, a top pressure of S 500, usually 
from 10 to 500, frequently from 10 to 200, preferably from 10 to 
100, mbar is advantageously employed, accordinq to the invention1 
in a corresponding manner, the associated temperatures at the 
bottom of the rectification column are as a rule from 100 to 

JO 23o·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 

35 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 rectification section and stripping section of 
the rectification col\lmn is advantageously roughly at the end of 

40 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, durinq which the following relationships were 

45 found. 
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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 
coatinqs in the strippinq section of the rectification column (in 
particular on the evaporator surface), owing to the elevated 

5 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-

10 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 
converted into resinous form in the dwell evaporator itself. It 

15 has also 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 
deqree of free radical oliqomerization and/or polymerization of 
the (meth)acrylic acid takes place in said mixture before it is 

20 fed into the rectification column. However, the resultinq 
(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 

25 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 

30 applies in particular to the evaporator surface, on which the 
solubility limit is particularly readily exceeded owinq to evapo­
ration. As a result of the use, according to the invention, of a 
dwell evapo~ator staqe upstream of the rectification column, a 
part of the· (meth)acrylic acid oliqomers and/or polymers con-

35 tained in solubi~ized form in the starting mixture to be sepa­
rated by rectification is for various reasons separated off as 
early as the dwell evaporator stage, increasinq the operating 
time of the actual rectification apparatus (what is important 
here is that the boiling point in the upstream dwell evaporator 

40 stage is below the temperature at the bottom of the rectification 
column). 

The latter applies in particular when the rectification process 
relates to the isolation of (meth)acrylic acid from a mixture 

45 containing (meth)acrylic acid and an inert hydrophobic orqanic 
liquid having a higher boiling po~nt than (meth)acrylic acid, as 
main components, and lower aldehydes as secondary components, as 

THIS SHEET HAS BEEN 
REPLACED 
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7 
occurs, for example, in the isolation 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 

5 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 qas mixtures of .the catalytic gas-phase oxidation, 

10 as a liquid discharge of a countercurrent absorption with subse­
quent desorption by stripping according to German Patent 
2,136,396 or OE-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 

15 liquid is to be understood as meaning those liquids whose boiling 
point at atmospheric pressure (l atm) is above the boiling point 
of (meth)acrylic acid and in which the solubility (t by weight, 
based on the weight of the solution) of (meth)acrylic acid 
oligomers and/or polymers at 2s•c and l atm is lower than that in 

20 pure (meth)acrylic acid. 

In particular, there are those high-boiling organic liquids which 
comprise at least 70t by weight of those molecules which contain 
no externally acting polar groups and, for example, are therefore 

25 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 OE-A 4 362 243. These are essentially liquids 
whose boiling point at atmospheric pressure is above 1so·c. Exam-

30 ples are middle oil fractions from paraffin distillation, diphe­
nyl ether, biphenyl.or mixtures of the abovementioned liquids, 
for example a mixture of from 70 to 7St by weight of diphenyl 
ether and from 25 to 30t by weight of biphenyl. Another advanta­
geous high-boiling hydrophobic organic absorption liquid is a 

35 mixture comprising a mixture of from 70 to 7St by weight of 
diphenyl ether and from 25 to 30t by weight of biphenyl, and, 
based on this mixtilre, from 0.1 to 2St by weight of o-dimethyl 
phthalate. 

40 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 qas­
phase catalytic oxidation of tert-butanol, isobutane or isobutene 
or by reaction of formaldehyde with propionaldehyde according to 

45 EP-B 92 097 or EP-B 58 927. Frequently, the gas-phase catalytic 
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a 
oxidation of tert-butanol, isobutane or isobutene is carried out 
using a catalytically active material of the qeneral formula I 

where 

X' 
a 
b 

is nickel and/or cobalt, 
is thallium, an alkali metal and/or an alkaline earth metal, 
is phosphorus, arsenic, boron, antimony, tin, cerium, lead, 
niobium and/or tungsten, 
is silicon, aluminum, titanium and/or zirconium, 
is from o.s to s, 
is from 0.01 to 3, 

15 c 
d 

is from 3 to 30, 
is from 0.02 to 2, 

20 

e 
f 
n 

is from O to 25, 
is from O to 10 and 
is an integer which is determined by the valency and fre­
quency of the elements in I other than oxygen, 

at from 300 to 4oo·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 

. 25 without intermediate purification. The gas-phase catalytic oxida­
tion of the methacrolein can, apart from the specific temperature 
curve, be carried out according to OE-A 4 132 263 at from 200 to 
35o•c or according to OE-A 4 132 684 at from 250 to 4oo·c. In par­
ticular, the multimetal oxide catalysts stated in DE-A 4 022 212 

30 may be used. 

In the ease 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-

35 pylene via acrolein. 

40 

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

where 

45 xi is nickel and/or cobalt, 
x2 is thallium,.an alkali metal and/or an alkaline earth metal, 

1u11m1r11nr 
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X3 is phosphorus, arsenic, boron, antimony, tin, cerium, lead, 

niobium and/or tungsten, 
x• is silicon, aluminum, titanium and/or zirconium, 
a is from 0.5 to S, 

s b is from 0.01 to 3, 
c is from 3 to 10, 
d is from 0.02 to 2, 
e is from O to s, 
f is from O to 10 and 

10 n is an integer which is determined by the valency and frequen­
of the elements other than oxygen, and cy 

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

15 mula III 

M012VaWbCUcNidX1eX2fX3gX4bX510n (III) 

where 
20 

·.xi. is one or more alkali metals, 
x2 is one or more alkaline earth metals, 
X3 is chromium, manganese, cerium and/or niobium, 
x• is antimony and/or bismuth, 

25 xs is silicon, aluminum, titanium and/or zirconium, 
a is from 1 to 6, 
b is from 0.2 to 4, 
c is from o.s to 6, 
d is from 0.2 to 6, 

30 e is from 0 to 2,· 

f is from 0 to 3, 

9 is from 0 to s, 
h is from 0 to 40, 
i is from 0 to 40 and 

35 n is an integer- which is determined by the valency and f re-
quency of the ·elements other than oxygen. 

The reaction gases of the first oxidation stage are usually fed 
to the second oxidation stage without intermediate purification. 

40 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 

45 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 lS, ' by weight of 
(meth)acrylic acid. 

Of course, the novel process is carried out in the presence of 
5 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, b~sed on the weight of (meth)acrylic acid. 
Furthermore, owing to the inhibiting effect of atmospheric oxygen 

10 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-

15 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, 

20 however, be maintained. 

Examples 

(The procedure was carried out in the presence of 200 ppm (based 
25 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 

30 Example Bl of DE-A 4 302 991. 2.1 Nml(S.T.P.)/l of this reac­
tion gas mixture were cooled to i1o•c in a gas cooler by 
spraying in a coolant mixture comprising 57.4t by weight of 
diphenyl ether, 20.7t by weight of biphenyl and 20t by weight 
of o-dimethyl phthalate. 

35 
The portion of the coolant which ha.d remained liquid was then 
separated, in a separator, from the gas phase consisting of 
reaction gas and vaporized coolant. The gas phase at 11o•c 
was .introduced, below the first tray, into a bubble tray col-

40 umn with 27 trays having a diameter of 80 mm and was exposed 
to the countercurrent of 3 l/h of the absorbent which like­
wise comprised 57.4t by weight of diphenyl e-ther, 20.7t by 
weight of biphenyl and 20t by weight of o-dimethyl pht.halate 
and was added at the top of the column at 45•c. The discharge 

45 of the absorption column was heated indirectly to los•c in a 
heat exchanger and added to the top of a desorption column 
which was in the form of a bubble tray column having 

---------------



11 
2.0 trays. In the desorption column, components which are low­
boilinq 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-

5 troqen (400 l/h, countercurrent). The discharqe of the de­
sorption column consisted of 

10 

84.S\ by weight of absorbent, 
15\ by weight of acrylic acid and 

in particular lower aldehydes as secondary components. 

It was introduced at 2s•c in an amount of 3 l/h between the 
fifth and sixth tray (counted from the evaporator) into a 

15 rectification column which comprised 20 bubble trays and had 
a diameter of 80 mm and throuqh which air flowed. The recti­
fication column was operated at a bottom temperature of 16o·c 
and a bottom pressure of 130 mbar and at a top P.ressure of 
80 mbar. 

20 

60 ml of acrylic acid in a purity of 99.3' by weight were 
taken off continuously 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-

25 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 
30 stop the operation of the rectification column owing to pro­

nounced formation of coating in the stripping section of the 
rectification column. 

b) As in the case of a), except that the discharge of the 
35 desorption column was first fed into a heatable round-bot­

tomed flask havinq a capacity of 500 ml, heated to lso·c in 
said flask and, with a residence time of o.s 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 

40 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 surf ace of the round-bot­
tomed flask servinq as a dwell tank. 

45 



12 
c) As in the case of b), except that the round-bottomed flask 

servinq 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. 

S The ·operating time of the rectification column until shutdown 
was required increased to 276 hours. Formation of coating 
occurred on the inner surf ace of the round-bottomed flask 
serving as a dwell tank. 

10 
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Patent claim 

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

aldehydes as secondary components by rectification in a rectif i­
cation column consisting of a stripping section and a rectif ica­
tion section, wherein the starting mixture comprising the 
(meth)acrylic acid to be isolated by rectification is not fed 

10 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 

15 is fed to the rectification column. 

20 
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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 

5 consistinq of a strippinq section and a rectification section 

Abstract 

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

aldehydes as secondary components by rectification in a rectif i­
cation column consisting of a stripping section and a rectif ica­
tion section, wherein the starting mixture comprising the 
(meth)acrylic acid to be isolated by rectification is not fed 

15 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 boi.l and, instead of the 
starting mixture as such, the bottom liquid of the dwell vessel 

20 is fed to the rectificatio~ _column. 

25 
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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 

5 consisting of a stripping section and a rectification section 

Abstract 

A process for the isolation of (meth)acrylic acid from a mixture 
10 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 rectif ica­
tion section, wherein the starting mixture comprising the 
(meth)acrylic acid to be isolated by rectification is not fed 

15 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 boi~ and, instead of the 
starting mixture as such, the bottom liquid of the dwell vessel 

20 is fed to the rectification column. 

25 
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Isolation of (me~h)acrylic acid _from. a mixture ·containing 

(meth)acrylic acid as the main coi:nponent.andlower aldehydes as 

secondary components by rectif icatiori in a rectification column 

s consisting. of -~ stripping section and a rectificatiori section 

The present invention relates to a novel process for the iso­

·1ad.on of (meth)acrylic acj:.d from a mixture containing (meth)­

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

10 arycomponentsby rectification in a rectification column.con­

sisting of a stripping section and ~ r~ctificatiort section. 

(Meth)acrylic a~ici is used as an abbreviation and represents 

acrylic acid or methacrylic acid. (Meth)acrylic acid, either as 

15 such or in the :f·orm of its esters, is particularly important for 

the preparati_on of polymers for various· applications,· for example 

for use as adhesives. 

(Meth)acrylic acid is obtainable, inter alia, by catalytic gas-

20 phase ·oxidation of alkanes, alkanols, alkenes or alkertals of 3 or 

4 carbon atoms.~ (Meth)acrylic acid is part.i.cularly advantageously 

obtainable1· for example, by catalytic gas-phase oxidation of pro­

pene, acroiein', tert-butanol, isobutene, isobutane, is"obutyralde­

P,yde or methac;t"olein. 
25 

30 

However, other possible starting_ compounds are those from which 

the actual c3/c4 . starting. compound is "first formed as an inter.:. 

mediate during the gas-phase oxidation~ An example is.the methyl 

ether of tert~butanol. 

These starting gases, as a rule diluted with inert gases, such as 

nitrogen, co2 , s_aturated hydrocarbons and/or steam, are passed. as 

a mixture wi-th oxygen, at elevated terllperatnres {usually from 200 
to 400.C) and,· if required, superatm:ospheric pressure, over tran-

. , •. 35· sition metal mixed oxide catalysts (containing, for example, Mo, 

v, wand/or Fe) and are converted by.oxidation into (meth)acrylic 

acid (cf. for e~ample DE-A 4 405 059, EP-A 253 409, EP-A 92 097, 

DE-A 44 31 95.7 and DE-A 44 31 949_). 

40 

. . . .. 

Owing to the many parallel~ and secondary re8:~ti~n~ .. taking place 
in the course. of'. the catai"ytie g·as · phase oxi~atiofi ·and due to the 

inert dilution gases to be 1,1sec:i conc.omitaii~ly, the ... product of the 

catalytic gas-phas·e oxidation is, however~. not pure {meth)acrylic 

acid but a reaction gas 
45 (meth)acrylic acid, the 

which the (meth)acrylic 

mixture which contains essentia~ly 
inert dilution gases. :ind hyprnd,,cts ~-,--t..;:om,.7.·~~~~ . ... .·. 

acid _must be. separal· ed..v.:REPL_A~::M~NT SHEETS SG · . 
. · .... · .. · isrpescnpt1vn; pagod .J to· paged~-~~ 
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In addition to.byproducts which are comparatively simple to re-
move from (meth)acrylic acidand are less troublesome in subse­
.quent, applicaticms of . the (meth) acrylic ac_id, for example" acetic 
acid~ the reac:t.ion .gas mixture ~lso :con_tains in particular lower 

s "aldehydes; such"" as f~rrnaldehyde' acetaldehyde, acrolein ,_ mf!th- . 
. acrolein I pr()piorialdehyde t n;.,..buty"ra,idehyde r benzaldehyde I fur­
fui:al and ·cr6tonaldehyde, which. are r~lated_ to (meth) acrylic aci.d 
and thet:E!f9re rnor.e dif f·icui t to sepa·rate fro~ (me th) acrylic acid, 
and.in addition.may contain maleic anhydride (the total amount of 

. 10 these 13ec6ndary components, which frequently present considerable 
pi:'OblemS during-.S~bS_eqtJerit. application:$ I i_S a~ a rule ~ 2\ by 
weight, based on t_he amount of· (meth)acrylic acid contained in 
tne· reaction gas mixture) • 

. 15 The· (meth)acryli_c acid_ is usually isolated from the reaction mj,.,_c­
t.U:r.e by. extr~ction and rectification processes, ie. as a rule the 
(meth)acryiie acid formed is_ initially taken up from the reaction 
gas mrxture of-the gas-phase oxidation into a suitableabsorpent. 
By separation of the absorbate by rectification, a crude· (meth)-

20 acrylic acid is th,en usually· obtained, from which .a pure (meth)­
acrylic ac:id ,is frequently.produced by passing through further. 
separ_atiori stages involving rectification. The crude· (meth)­
acrylic acid has~ "as a rule, a: purity of > _981 by weight, the im....; 
puri t.ie·s . being in' particular lower aidehydes and possibiy maleic 

25 anhydride, ~hereas -the separation of the (meth)ac·rylic acid from 
the:ab~orptiod.li~uid takes place e~sentially quantitativeiy~ Iri 
contrast tc_:> crud~-(meth)acrylic acid, the .purity of the pure 
(meth)acrylic ae:ici is usually > 99% by weight.· 

. ·.· .... · ... · ·. . ·.. . 
. . .. . 

. 30 DE-A 4:4 36 2:43 relates, for example, to .a process for t_he isola­
tion of (m:eth)acrylic ·acid. from the reacti_on gas mixture of_ the 
catalytic gas::..phase oxidation by countercurrent absorption" with a 
high-boiling ihert. hydrophobic ~rgan_ic liquid, in whi~h the reac- . 
tion g_u~ mixture i.s pas.sed counter:currt!nt to the descending_ high-

3 5 boiling inert · hydropho.bic organic liquid in ·an absorption column, 
a J:ectificatiori process is superposed on the absorption process 
taking place_in the absorption colum,n in a natural manner by 
withdrawing from the absorption .·column_ an amount ot energy over 
and above" its nat~ral .·energy release taking place as a result of 

40· contact .with t.h.~' ari\bient temperature,· and crude (meth)acrylic 
acid ·is isolated _via the top by rectification from the liquid 
discharge of.thE! _a.bsorption column (absorbate), which discharge 
contains (metb)acrylic acid and the absorbent as main components 
·and_·• 19wer alc!ehydes"· and possibly maleic:. -anhydride as ~econdary 

45 component~.··.· 

· ·; ·; ,;5· is the replacement sht)et 
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·oE-A 44 36 243 defines .high~boilinq inert hydrophobic organic 

liquids ( ah,sorbehts) generally as .those liquids whose boiling 
point at atmospheric pressure (1 atm) is above the boiling point 
of (meth) acrylic. aci'd and which comprise at least 70% by weight 

5 of molecules.· which. do not· contain any extei:nally acting polar 
group arid are thus, for example, incapable of forming hydrogen 

. bridges. 

German ·Patent ·2, lj6,.396 ani:i DE-A 43 09 087 likewise disclose the 
10 isolation of acrylic{ acid from the reac~ion 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 es.sentially carried out by a meth­
od in which the ;-eaction gas mixture is passed countercurrent to 

15 the descending abs.orption liquid in a conventional absorption 
colu.Inn,· the readily volatile secondary components which are easy 

to Separate Off ·are SUbf;tantially removed, by stripping with in­
ert gas in a desorption column, from.the liquid discharge of the 
absorption coiwnn',~hich discharge is composed essentially of 

20 acrylic acid, the,absorbent·and secondary components, and the 
liquid dis'charge ()f. the desorption column, which discharge con-' 
tairis acrylic ·acid and.the.absorbent as main components and lower 

aldehydes a~d possibly m.aleic anhydride as secondary components, 
is subsequently.rectifiesi in a rectification column in.order to 

25.isolate crude.acrtl1~ ~cid via the top~ 

EP-A.297 445 relates, for example, to a process for the isolation 
of methacrylic.acid~rom the reaction gas mixture of the cata-

. ~ . ' . ' 

lytic gas..;phase'o>i:idation by absorption Of the·metnacrylic acid 
30 in an absorption column operated .with water •. For isolation of 

crude i:nethacryli~ .a.cid as a' bottom product, the liquid discharge 
of the absorptic;m column is rectified. 

EP-A 117 146 relates to .a process for t.he · isoiation of acrylic 
35 acid from the reaction gas mixture of 'th& catalytic gas-phase ox­

idation by absorption of the acrylic acid.in an absorption column 
operated with wat.er. The acrylic acid i~ separated off from the 
liquid discharge by extraction with· ethyl acetate and crude 
acrylic acid .l.s obtai,ned from the extra.C:t.-. as a bottom product by 

40 rectification. 

EP-B 102 642, B~itish-Patent 1,346,737 and DE-B 2 207 i84 relate 
to the' isolatic:>l'l o~ pure'' (me th) acrylic. acid from crude ( meth )-

. acrylic acid by 'rectification. I.n orde.r to increase the separa-
45 tion efficiEmcy·wi:tn· respect-to lower aidehydic impurities, it is 

.:.,~·· .. 

.. ,. ... ,. ·~·; Js is the replacement -sh~et 
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·advisable to.·. ad~.· chemical comoounds, such as primary amines, 
·which blnd.the .aldehydic impu;ities. 

The abovementioned, isolations of (meth) acrylic acid from a 
5 mixture conta,ining (meth)acrylic acid as the main component and 

lower.aldehydes ~s secondary components by rectification in a 
:::-ect!.f ication column _consisting of. a stripping section and a rec­

" tif icat:iori section are merely a small sele~~ion f;-om the varie~y 

10 
of such separa't..i.on problf!!mS mentioned in t:he prior ar'C. 

A. d_isadvantage :.of all these prior art separation processes by 
rectification, .regardle~s of whether th·e (meth)acrylic. acid is 
isolated via. the·top or via the bottom, is that the rectification 
apparatuses (in particular the evaporator surface) relatively 

15 rapidly become coye:red with a coating during the isolation by 
rectification~ e"en when polymerization inhibitors, such as air, 
.hydroquinone, hydroquinone monomethyl ether, para-nitrosophenol, 
para-methbxyphenol ~nd/or phenothiazine, are present, and the. 

-rectification,,·which is usually carried out continuously, there-
20 fore ·has to be stopped from time to time in order to remove the 

coatin~~ ~or~eci. The different colors of the coatings formed 
(black and white) sh.ow that at least two processes are involv.ed 
in the formation of the coatings. 

25 It is an Object of the present.invention to provide a novel pro­
cess for the .isolation of {meth)acrylic acid from a mixt:ure con­
tai·ning (meth)acrylic acid as the main component and lower alde­
hydes as secondary components by rectification in a rectification 
column co~sisting .·of a stripping. section _and a rectification sec-

30 tion; in which process the formation o.f coatings on the rectifi­
·cation apparatuses (in particular on the evaporator surface) is 
reduced. 

We have found _that t.his object is _achieved by a process for t.he 
35 isolation of (met~) acrylfc acid fr<:)m a mixtu-re containing (met.h )­

acrylic acid as the main component .and lower a_ldehydes as second­
ary components by rectifi~at.ion in .a r·ectification column con­
si~t.ing of· a. stripping sect:ion· and a rectification section, 
wherein the starting mixture comprising the (meth)acrylic.acid to 

4.0 be isolated .by rectificat:ion is not."fed directly to the rectifi,.;. 
cati,on column but is flrst passec:(into .a heated dwell vessel 
which is connected to t.he vapor side.of the rectification sect.ion 
of the rectification =olum.n and in. which .. the starting mixture is 
kept at the :t::>oil and~ ins_t.ead of the·. siarting mixture as ·such, 

· 4.5 .the bottom liquid of. the dwell vessel. is fed to the rectification 
column (that.. part of t.he. rec_tificatior:i, column which is locat.ed 
bel·ow t.he entry point of t.he bottom liquid of the dwell vessel 

TnlS' ls the replacemenf $.heet 
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forms the.stripping·section of·said cdlumnin the usual manner, 

and·that·part of the rectification column which.is located above 

.. :tnis entry point __ forms the rectifi~ation section of said colUmn 

in the usual manner;. 

5 
-In the novel process, the dwell vessel thus.performs the function 

of ~n evaporator, - the- vapor_ -coritaininc;j'_ the more readily vol.a tile 

components in- higher concentration· being f~d to the rectification 

section of therec't.ification column and the bottom liauid con-

10 taining the more r~adily voiatile comp~nents in··_ lower -conceritra-_ 

tion beirig fed to the stripping' section of the rectification 

column. Accordingly, the dwell tank may.be designed, for example, 

as ~n evap~rator with "self--~irculation-~ . as an evaporator with . 

forced cir~ulati~n, asa flash e~aporatc)r, as a thin-film evapo-

15 -rater ( Sambay or iuva evaporator) or as' a falling film evapora­

tor. The dwell-evaporator can of coµrsebe designed as a one-

. stage or multist~ge unit. 

The residence_ t~me in the dwell vessel of the . starting mixture to 

.. 20 be separated 'by rectification is advantageously f.rom 0. 1 'to 

3 hours. In_ order to keep the temperature_s_· in the rectification 

column as low- as -_pO!:;Sible, the novel isolation Of the (meth)­

acrylic acid by rectification is c.arried out very generally pre­

ferably at: reduced pressure. _If- said isolation is effected by 

25 take-off via the top or Side, a top pre.S!iUre of ~ 500, usually .. 

. from lei to 500, frequently from 10 to 290, preferably from 10 to 

100, mbar is advantageously employed_, according to the invention; 

in a cor'responding. mariner, t,he associated' temperatures at the 

bottom of the rectification column are as a rule from 100 to 

30 230.·c. 

. -

Sui tabl_e .· recti~ic:ation columns for. the novei process are all con­

ventional -types, ie. the "rectificati"ori_ coi.umri may be, for exam­

ple, a tray-type ~olumn or a packed col\lml. Tray-type columns are 

35 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_ rectificati_on s.ectioi:l ahd stripping _section -of 

the rectification column is ad.vantageoii~ly roughiy at the end of 

40 _the first-third c)f the zone between the lowermost and_ the upper­

most theoretical plates. 

The novel procedure: described above is the result of extensive 

research wc:;;rk, during which the following relationships were 

45 found. 

. : ,·· 

-,Thfs -rs the. repla.ceme~t sheet 

Oat.: . -J 0 MAY 1996 . 

"' ..:. 



--··· -------------------------------
i 

6 

First, it was found that resin formation attributable to the al­

dehydic. impurities is ·involved in partieular in the· formation of 

. coatin9s. in .:the ·.stiipping section of. the rectification column ( iri 

particular on the·. evaporator surf ace) , owing to . the elevated 

s temperatures prevailing th.ere. As a result of the starting 

mixture to be separated ·by rectification.being fed, according to 

the invel'ltion, "to the rectification column, the relatively 

readily. volatile ::part of the aldehydic impurities passes via -:he 

-vapor-side connection of the dwelltank to_ the rectification sec-

10 tion of the rectificati~n .. column directly into said rectifica1:.ion 

section, which prevents participation of these aldehydic impuri­

ties in resin formation-in the stripping _sectiOI?- and thus reduces 

said form:ation."Another part of the aldehydic.impurities is 

converted into resinous form.inthe dw~ll·.evap~rator itself. It 
. . . . . . 

15 has also:been found that, in spite· of.the" starting mixture to be· 

separated by rect:_ifiea~ion being stabilized by means of usual 

amounts. of conven.tional polymerization .. inhibitors, a cei:tain 

degree of free-radical oligomerization and/or polymerization of 

the (meth)acrylic·acid takes place in: said mixture before it is 

20.fed into the rectifi~ation column. How~ver,-the resulting 

(meth)accylic acid oligomers and/or -polymers have, as a rule, 

sufficient molecular and/or colloidal s_olubllity in the starting. 

mixture to be separ~ted by. ·rectific.ation, and are therefore not 

usuaily visible ·before said.mixture is fed into the rectification 

25 column. Owing to their high bo~ling point, these (meth)acrylic. 

acid oligomers and/or polymers accmnulate·within the rectifi-

· cation colUD\n, but toward the evaporator, and, on exceeding their 

solubility, are deposited as a coatinqon the rectification appa­

ratuses and are firmiy adsorbed or:ito·said apparatuses. The latter 

30 applies in particular to the evaporator· surface, on which the 

solubility limit. is-particularly readily exceeded owing to evapo­

ration. As a res_uit of the use, according to the invention, of a 

dwell evaporator stage upstream of the rectification colmnn, a 

part of the (meth}acrylic. acid. ol,igomers and/or polymers con-

35 tained in solubil:ized form in the starting mixture to be sepa­

rated by rectification is f.or varioµs reasons separated off as 

early as the dwell_ evaporator stage, increasing the operating 

time of the act~al.: rectification apparatus (what is· important 

here is that t:he boiling point in the .. upstream·· dwell evaporator 

40 stage_is below the temperature at th~ ·bottom of the rectification 

column). 

The latter applies in particular when the rectification process­

-·- relate_s to the isolation .ot (meth)ac:rylic acid _from a mixture 

•s containing (meth)a(:rylic acid and an fnei:~ hydropbobic organic 

.liquid having a highe~ boiling point than_{meth)acrylic acid, as 

.main COUtpOnentS I ·. -~nd l()Wer . ald~hyde$ . aS Secondary COmponentS f . aS 

· Thls is the ·rnplacement sheet 
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7 
. occurs, for examplfi!; in the isolation of (meth)acrylic acid from 

the reactio.n 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 

5. intended . for the novel "proces·s. and containing (me th) acrylic acid 
and an inert hydrophobic organic liquid having a boiling point . 
higher than (inetli)acrylic acid, as rnaj.n components,· and lower al­
dehydes a:s se·con:ciary coinponents . was ·obtained, for example ·from 
the reaction gas: mixtures of the catalytic gas~phase oxidation, 

10 as a liquid discharge.of a countercurrent absorption with subse­
quent desorption by stripping according. to German Patent 
2~136,396 or DE-A 4 308 087, ~r as a liquid discharge of a coun­
tercurrent absorption with superposed rectification acco~ding to 
DE~A 4 436 243.· Here, high-boiling inert hydrophobic organic 

15 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 soiubility (t by weight, 

. based on. the weight of the solution) of (meth) acrylic acid 
oligomers and/or polym~rs at 2s·c and 1 atm is .lower than that in 

20 pure .(meth) acrylic acid. 

In particular, there are those high-boiling organic liquids which 
comprise at least 70% by weight of those molecules which contain 
no externally acting polar groups and, for example, are therefore 

25 incapabl~ of forming hydrogen bridges~ In a narrqwer 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 4 308 097 an.d DE-A 4 362 243. These are essentially liquids 
whose boili~g point at atmospheric pressure is above 16o·c. Exam"'." 

30 ples are middle·oil fractions from paraffin distillation, diphe­
nyl ether, biphenyl or mixtures of the abovementioned liquids, 
for example a mixture of from 70 to 75_% by weight of diphenyl 
ether and from 2s_to jo% by weight o:f biphenyl. Aiiother advanta­
geous high-boiling hyd:r:ophobic organic' absorption liquid is a 

35 mixture comprisin9 a mixture of from 70 to 75% by weight of 
diphenyl ether and from 25 to 30% by weight of biphenyl, and, 
based on th~s mixture, from 0.1 to 25%by weight of o-dimethyl 
phthalate. 

40 In the case of methaci:yiic acid, the pr_ei;>aration by gas'."""phase 
catalytic oxidatj.on may have been effected, for example, starting 
from methacrolein, which in turn may have been obtained by gas-

. phase catalytic ·. o~idation. of tert..:.butan61, isobutane or isobutene 
or by reaction of. f.ormaldehyde with propionaldehyde according to 

45 EP-B 92.097 or EP-B SB 927. Freq\lentl~ 1 the·gas-phase catalytic 

This is the replacement sheei 
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oiidation .ot te~t~buta~ol, isobutane o~ isobutane is carried out 

using a catalytically active material of the general formula I 

where 

xi 
x2 
xJ 

X4 

a 
b 

c 
d 

e 

f 
n 

is nickel and/or cobalt, 
is thaliiUm; ·an.· alkali metal and/_dr an alkaline eart:h metal, 

is phosphorus, arsenic, boron, antimony, tin, ceriu..'t\, lead, 

niobium arid/or tungsten, 
is silicon, aluminum, titanium and/or zirconium, 

is from o~·s to s, .. · 
is from 0.01.to 3 1 

is from 3 to 30, 
is from O. 02 to 2, 
is from o to· .25, 

· is from o to 10 and 
is an integer which is determined by.the valency and fre'"". 

quency· of the elements irt I other than oxygen, 

at from 300 to 4do·c: and, apart from the specific temperature 

curve, otherwise under the conditions of DE-A 4 023 239. The re­

sulting rilet.hacrolein is used for the further oxidation, as a rule 

~5 without intermediate purificati.on. The gas-phase catalytic oxida-· 

tion of the methac,iolein can, apart from the specifj.c temperatu·re 

curve, be carriE!d a"ut accordin·g to DE-A 4 13i 263 at: from 200 to 

Jso·c or according.to oE.:..A 4 132 684 atfrom 250 to 4ao·c. In par­

tici.:.lar, the muftimetal oxide catalysts stated in DE.:..A 4 022 212 

30 may be used. 

In-the case of acrylic acid, the. preparation by gas-phase cata­

lytic oxidation ~ay have been carried 5=>Ut, for exampl~, in o~e 
stage starting .. from acroleiri or in two stages starting from pro-

35 pylene via acrolein. . . . . . . . 

40 

_Suitable multimf!tal .. oxide. ·catalysts of thf! catalytic gas-pha.se 

oxidation of. propylene. are in· particu.lar those of· the general 

formula II 

where 

45 xi is nickel and/or cobalt, 
x2 is thal,lium, an alkali metal an_d/or an alkaline earth metal, 

.. This·. is the replacement sheet 
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·x3 is .pho_sphorus, arsenic, boron, antimony, tin, cerium, lead, 
ni~bium_. andi~; tungsten, 

X4 

a 
b 

c 
d 

.e 
~· ... 
n 

is.silicon, aluminum, titanium arid/or zirconium, 
is from o.s to s,.· . 
is from ~~01 to 3, 

is from 3 to 10, 
is.from ~.b~. to 2, 

is.from o to s, 
is from 0 t6 10 and · 
is an Jnteqer which "is d.eterminec:i by the valency. and frequen­
c.y Of the elements Other . tha.n OXyqen I and 

sl.iitab.le multimetal oxide catalysts for· the catalytic gas-phase 
oxidation of acrolein are in particular those of the general for­

lS mula III 

20 

25 

30 

35 

(III) 

where 

xi 
xi· 
X3 

X4 
xs 
a 
b 

. c .. 

d 

e 
f 

q 
h 

i 
n 

is orie or m~re alkali metals, 
is one or :more alkaline eareh metals, 
is chromitim~. ~anganese, cerium and/or-niobium, 
is antimony.and/or bismuth, 
is silicon, aluminum, titanium and/or zirconium, 
is from 1 to 6, 

is from 0.2 to 4, 

is 
is 
is 
is 
·is 
is 
is 

from 
from 
from 
from 
from 
from 
from 

0.5 to 6, 
.. 

0~2 to 6, 
0 to 2~ 
0 to 3, 

0 to 5, 
0 to 40, 

0 to 40 and 
is an integer'.whieh is determined l:>Y the valency and fre-

. .. 

quericy of the elements other thari_oxygen. 

The reaction·g~ses of the first oxidation stage are usually fed 
to the second oxidation stage without intermediate purification . 

. 40 The re~ction conditiort~ usually us.ed are described,· for example, 
in DE-A 4 431 9s1:and DE~~:4 431 ~49; 

. . . 

As a rule, suc;:h a mixture described ab,ove· and consisting es.sen­
tially of .(meth)acrylic acid and an inert hydrophobic organic 

45 l~quid having a higher boiling point thari (meth)acrylic acid, as 
main components,-~nd.lower aldehydes.as secondary components 

. This is the reptacement sheet 
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. contains from 5 to 25, in g_eneral from 5. to · 15, ' by weight of 
(meth)acrylic acid. 

Of coµrse, the nov~l process is carried out in the presen~e -of 
·. -s conventional· amourrts of the usual .. P,olymerization inhibitors. . 

· Phenothiazine is preferably _used as the. polymerization inhibitor. 
The polymerization_ inhibitors are usually used in amounts of from 
SO tolOOO ppm, based ori the weight of (nieth)acrylic acid. 

-Furthermore, ·owing to the· inhibiting effect of atmospheric o·xygen 
10 on the polymerization of ( meth) acrylic acid, _the rect:if ication 

_column is advanta,g_eously operated with air flowing through. 

The novel process_ c·an of course aiso be used_ in combination with 
other-prior _art processes" for suppressittg the formation of coat-

15 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 "operatio_n. of the rectification column ca-ri, . 

20 however~ be maintained. 

Examples. 

(The procedure wascarried·out in the presence of 200 -ppm (based 
25 on the weight of the acrylic acid) of phenotlliazine as polymer.:.' 

ization inhibitor) ~· 

a) A reaction gas mixture_ containing acrylic acid was produced 
bycatcs,lytic gas-phase oxidation of"acrolein according to 

30 Example Bl of-DE-A 4. 30~ 99l. 2._l Nml(S.T.P.)/l of this reac­
tion gas mixture were cooled to 170"c in a gas c;:ooler by 
spraying in acool"ant niixture comprising 57.4% by weight of 
diphemyl ether, 20 ~ 7t by weight of biphenyl and 20\ by weight 
of o-dimethyl phthalate. 

35 

- The portion of the -coolant which had remained liquid was then 
sepa_rated, in a- separator,.• from the "gas" phase consisting of. 
reaction gas ~nd vaporized coolant~ The gas phase cit l 70•c ·. 
was introduced, below the first_tray, into a bubble tray col~ 

40 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 compri~ed 5 7. ~' by weight of dipheriyl e"ther, 2 0. 7 % -by 
weight of bl.phenyl-and 20% by weight of o-dim:ethyl phthalate 

. . . . . . . . . ·. . .. ' 

and was addedat the top of the column at 45 C. The discharge 
45 of_ the absorptio~_colwnn was heated indirectly to 1os"c ina 

heat exchanger: and added-to the top of a desorption column 
·· whicli was' iri the form of a bubble tray column having 
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20· trays. In .the desorption column, components.which are low­

boiiing: compared with acrylic acid, such as acetic acid, were 

substantially removed from the_mixture otherwise containing 

acrylic· acid/lvw.er -aldehydes/absorbent by stripping with ni-

5 trogen ( 400 _l/h, countercurrent). Thie dis_6harge of the de­

sorption. column consisted ·of 

10 

15 

20 

S4.5% by weight.of absorpent, 
15% by weight.of acrylic acid and 

. . 

in particular lower aldehydes as secondary components.· 

It was introduced at 2s•c in· an amount of 3 l/h between the 

fifth a~d sixth tray (counted from the evaporator) into a 

rectification column which comprised 20 bubble trays and had 

a diameter of SC>° mm and through which afr flowed. The recti­

fication co.lumn was operated at a bottom temperature of l60"c 

and a botto:m pressure of 130.mbar ilnd at a top pressure of 

80 mbar. 

60 ml .of .ac:rylic acid in a purity of 99.J% by w_eight were 

takeri cif f contiii11ously per hour in a side stream between the 
. . . 

fifteenth anci ·.sixteenth tray (counted from the evaporator). 

The tc:ip procJ.u~t:.· i.n. the form of va·por was c~ndensed, polymer-

25 i~ation inhibitor was added and, apart from a take-off stream 

of 5 m.1/h, the mi~ture was recycled to the ~ectification col­

umn, above the.uppermost bubble tray. 

After an optarating time of 165 hours, it was necess~ry to 

30 stop the operation of the rectification column owing to p~o­
nounced formation of coating in t;:.he stripping section of the 

rectification column. 

b) As in the case 'of a) , ··except that the discharge. of the 

· 35 desorpti~n c·o1\iµm ·was. fir$t fed into. a heatable round-bot­

to~ed flask having a capacity of so.o .·ml, heated to iso"c in 

said flask.arid, with a residence time of o.s hand a working 

.volume of 250 •mi, was fed via a lower discharge of the round'"". 

bottomed flask t.o th~ ·rectificatie>n c.'olumn, between the fifth 

40 and sixth tray (counted. from the eviporator). After an oper-

45 

ating tirrie of 167 h.ours, it was rit!cessary to stop the opera- .. 

tion of the rect.ificati~n column~ E:&·sentially no formation. of 

coating was detectable on the inne~ $urf ace of the round-bot­

tomed flask ~et~ing as a dwell tank: 

This is the replacement sheet 
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c) As in the case of b) I. except that tbe round-bottomed flask 

serving as a dwell tank was connected vi~ a vapor tube to the 

rectification_section of the.rectification colWrui, directly 

above the lowermost bubble tray of the rectification section. 

5 The-operating_ time .of the. J"ectification column until shutdown 

was required increased to 276 hours. Formation of coating 
occurreQ. on_- the inner surface_ of the round-bottomed flask 
serving as a- 'dwell tank. 

10 

15 

20 

25 

30 
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40 

45 
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J?ate"nt: claim 
13. 

1 A process for the i.::aoiation Of (meth) acrylic acid from a r:t.:.x:ure 

·. -cont:aining (meth)acrylic acid as t.he main component: and iower. 

·aldehydes as secondary components by rectification in a rect·ifi­

cation colu.-nn· consisting of a st:rippirig section and a ::ec~ifica­

t:ion- section·, wherein :.:.he start.ing mixture comprising the 

(~eth)acrylic atid.~o be isolat:ed by rectification is not fed_ 

direct:ly to the rect:if ica't.ion column but is first passed into a 

heated dwell vessel wh~c~ is connected to the vapor ~ide of the 

rectification section of the rectification-column and in which 

the start:inq mixt:ure is kept at: the boil and, instead of the 

starting mixture as such, the bottom liquid of the dwell vessel 

is fed to the rect:ificat.ion column .. · 

this' Is the replacement $heet 
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!.solatioh of (meth}acrylic acid from a mixture containing 

(meth)acrylic acid as the.main component and lower aldehydes as 

secondary componen~:; by rectification in a rectification column 

s consisting of a stripping section and a rectifieation section 

Abstract 

A process for the isolation of (meth)acrylic acid from a mix-cure 

10 containing (meth)acrylic acid as the main component and low~r 

aldehydes as secondary components by rectification in a rectifi­

cation column consisting of a stripping section and a rectifica­

tion section, wherein the starting mi~ture comprising the 

(meth}acrylic acid to be isolated by rectification is not fed 

15 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 

20 is fed to the rectification column. 

25 
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45 
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:isolation of ( meth) acrylic. acid from a":miJC:ture c;ontairiing 

( Irteth) acrylic. acicl as the. main componetit and lower aldehydes as 

·. ~econda:ty component:~. by rectificatio~ in a rectification column 

5 consisting of a str~pping section and a rectifit:atiori ~ectlon 

Abstract 

A process for tbe isolation of (meth)a~rylic acid from a: mix-.:ure 

l.O contai·ning {meth)aC'rylic acid as the -ma.in component and lower 

aldehydes 'as. s·econdary component,s by rectification in a rectifi­

cation col'umri consisting of a' stripping 'section and a rectifica­

tion section, wherein·the starting mixture co~prising the 

( meth) acrylic ac:ici, to be isol~ted by re_c-tification is not fed 

15 directly to the r-ectification column but is first passed irito a 

heated dweil vessel which is connected- tO the vapor side of the .· 

rectif ic~tion section. of the rectification column an.d in which 

the staiting'mi~tur~ is kept at the boil and, _instead of the 

starting mixture' as such, the botto~ liquid of the dwell vessel 

20. is fed to the rect.i-f ication c.olumn. · 

25 

.30 

35 
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Patent claim 

l. 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 startingmixttire 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 connec~ed 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. 


