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5 Continuous preparation of alkyl esters of
(meth)acrylic acid and apparatus for this purpose

‘The present invention relates to a process for the continmous pre-
paraﬁon of alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid
10 and a monohydric alkanol of 1 to 8 carbon'atoms in the homogeneous, li-
quid, solvent-free phase at elevated temperatures and in the presence of an |
acidic esterification catalyst, in which the (meth)acrylic acid, the alkanol and
the acid catalyst are fed continuously to a reaction zome, the alkyl
(meth)acrylate formed i separated off by rectification, after a residence
1s time, via the top of a rectification zone mounted on’the reaction zone, as
a component of at least one azeotropic mixture consisting of water or water
and starting alkanol as further components in addition to the alkyl
(meth)acrylate, the resulting distillate is separated into at least ome organic
phase containing the alkyl (meth)acrylate and into at least one water-contai-
20 ning aqueous phase, a part of the organic phase containing alkyl (meth)acry-
late is recycled via the top of the rectification zone and, if required, water
is recycled to the reaction zome, the alkyl (meth)acrylate is isolated from
the excess organic phase contaihing the alkyl (meth)acrylate and a part of
the reaction mixture is discharged continuously from the reaction zone.
25 The term (meth)acrylic acid denotes, in a known manner, acrylic
| or methacrylic acid. Alkyl esters of (meth)acrylic acid are generally known
and are important, for example, as starting monomers for the preparation of
aqueous polymer dispersions, which are used, for example, as adhesives.
Processes for the preparation of alkyl (meth)acrylates by reacting
30 (meth)acrylic acid with monohydric alkanols of 1 to 8 carbon atoms in the
homogeneous liquid phase at elevated temperatures and in the presence of

proton-donating catalysts are known and are described, for example, in DE-
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(meth)acrylate, the resulting distillate is separated into at |east one
ergani ¢ phase containing the alkyl (nmeth)acrylate and into at |east one
wat er-contai - 20 ning aqueous phase, a part of the organic phase
containing al kyl (meth)acry- late is recycled via the top of the
rectification zone and, if required, watgr. is recycl ed to thezreaaskon
zone, the alkyl (neth)acrylate is isolated fromthe excess organi c phase
containing the alkyl (meth)acrylate and a part of the reaction mxture is
di scharged continuously fromthe reaction zone. 25 The term
(meth)acryl i cAabt 684832t 82,26 1828 amb@2 52rB%d:, Fmsyldre typicak etuitibsitinc aci d.
Al kyl esters of (neth)acryljc acid are generally known, and are inportant,

for exanpl e, f&%‘?‘@f‘%r‘f‘i‘ﬁb“: & FEpversign qf] erﬂ%@?‘&ﬁ’}lﬁﬁ"@f and, o he P3dti~y ner
0 Sher s ST S8 o E L SR B S5 el L
wi t h nonohydrbriunaldonstants dCornkedquently,c forbam eabmomicalnpideedure, the unconver-
5 ted starting materials have to be separated from the resulting ester and re-
cycled to the reaction zone. As a rule, separating the resulting ester from
unconverted (meth)acrylic acid proves to be particularly difficult since their
boiling points are generally comparatively close together. Various measures
for increasing the conversion of the (meth)acrylic acid to the corresponding
10 esters have therefore been proposed, for example the use of an increased
molar excess of alkanol relative to the (meth)acrylic acid, and the removal
of the water of reaction by means of an organic entraining agent which
forms a suitable azeotropic mixture or the .extraction of the resulting ester
with a suitable solvent during the reaction. However, these methods have
15 the disadvaniage that a large excess of alkanol must be recovered or the en-
training agent or the extracting agent must be isolated. In addition, a large
excess of alkanol promotes the formation of its dialkyl ether as a bypro-
duct. |
It is now also known that the difference between the boiling point
20 of unconverted (meth)acrylic acid and that of resulting alkyl ester can be in-
creased by incorporating the resulting alkyl ester of (meth)acrylic acid in at
least oﬂe low-boiling aqueous .azeotropic mixture which may also contain
starting alkanol in addition to the alkyl (meth)acrylate and water, and by re-
moving the alkyl (meth)acrylate continuously by rectification, as a compo-
25 nent of at least one such azeotropic mixture, from the reaction zone compri-
sing the unconverted (meth)acrylic acid, and thus separating it from uncon-
verted (meth)acrylic acid. When the above procedure is carried out conﬁnu—
ously, the aqueous azeotropic mikture obtained as the distillate is separated
into at least one organic phase contailiing the alkyl (meth)acrylate and into

30 at least one water-containing aqueous phase. A part of the organic phase
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horr;Dgeneous | i quid phase at elevated tenperatures and in the presence of
proton-donating catal ysts are known and are described, for exanple, in DE-
2 A 14 68 932, 22 26 829 and 22 52 334. These are typical equilibrium

reactions in which the conversion of the (neth)acrylic acid and of the
parti- cular alkanol to the corresponding -ester is significagkl bsddsiasted by

brium constant. Consequently, for an econom cal procedure,

the equili-
unconver- 5

10

15
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30

t he

ted starting materials have to be separated fromthe resulting
ester and re- cycled to the reaction zone. As a rule, separating the
resul ting estcontdining) thecalkyk (ineth)dcrylate) i radycledaviadther wpe of tthe Rittached
particularly difficult since their

rectification zone in order to establish the rectificative separation effect
(rectificative reflux ratio).

If the aqueous azeotropic mixture which contains the desired ester
and is separated off continuously from the reaction zone via the top of a
rectification zone in the course of the novel process is not & hetero azeo-
tropic mixture, said azeotropic mixture does not separate spontaneously into
an aqueous phase and an organic phase after its condensation. However,
this separation can be achieved in a simple manner, for example by extrac-
ting the alkanol contained in the azeotropic mixture by means of water and
separating the resulting water/alkanol mixture by rectification. The alkanol
is advantageously recycled to the reaction zone, preferably via the top of
the attached rectification zone in order to establish the rectificative separa-
tion effect. |

The alkyl (meth)acrylate is separated in a manner known per se
from the excess organic phase containing the alkyl (meth)acrylate. In the
esterification of lower C;-and C, alkanols, the water of reaction formed as
a byproduct in the course of the esterification is usunally sufficient for for-
ming the composition of the aqueous azeotropic mixture (suitable composi-
tions of aqueous azeotropic mixtures are described, for example, in Azeotro-
pic Data-III, Advances in Chemistry, Series 116, American Chemical Socie-
ty, Washington, D.C. (1973)) and is thus removed simultaneously and con-
tinuously from the esterification equilibrium as a cdmponent of the aqueous
azeotropic mixture. However, this is no longer so with increasing chain
length of the alkanol, and in these cases additional water over and above
the water of reaction formed in the course of the esterification must be
introduced into the reaction zone. This is realized in the simplest manner
by recycling to the esterification .part an appropriate portion of the aqueous
phase produced during separation of the aqueous azeotropic mixture obtained

as the distillate. Since water tends to have an adverse effect with regard

This Sheet Has Been Rc.ilaced |

L]




boiling points are generally conparatively close together. Various neasures
for increasing the conversion of the (neth)acrylic acid to the
corresponding 10 esters have therefore been proposed, for exanple the use
of an increased nol ar excess of al kanol relative to the (nmeth)acrylic acid,
and the renoval of the water of reaction py nmeans of an organjg gihkba Ni N
agent which forns a suitable azeotropic mxture or the extraction of the
resulting ester with a suitable solvent during the reaction. However, these
met hods have 15 the di sadvantage that a | arge excess of al kanol nust be
recovered or tiheherconveion Y the Qbfuallestelifictidn #6dclibh, AREDécylfs JTethe

I solated. In addition, a |large excess of al kanol pronotes the formation of
its dial kyl etaqueoussphaseiphsefernblyt effeated yimohe $0ps of ithe wttachedt rectification

di fference between boi lin oint .20 . of unconveyst met hlacrylic acid
and that of r &%t ﬁfg RO gt% OtEQRIC Juixtyre separated of” by e G0l via

the top of the attached rectification zone contains starting alkanol as an

5 additional component, this is separated in a manner known per se from the
excess of organic and aqueous phase remaining after Separation of the azeo-
tropic distillate into an organic and an aqueous phase after its partial
recycling, and is recycled to the reaction zone. Since the starting alkanol,
as one of the two reactants, participates directly in the esterification, this

10 recycling is advantageously effected preferably by a direct route.

GB-1017522 discloses an appropriate process for the preparation of
n-butyl acrylate. As esterification conditions, GB-1017522 recommends a
molar ratio of starting alkanol to starting acid of from 2.3 to 5, a reaction
temperature of < 100°C and a content of catalytically active sulfuric acid

15 or organic sulfonic acid of from > 0.05 to < 5% by weight, based on
the total mass of the reactants. The disadvantage of this procedure is the
required large excess of starting alkanol, which promotes the formation of
undesirable dialkyl eﬁler, and the fact that the yield of n-butyl acrylate,
based on the amount of acrylic acid used, is not completely satisfactory

20 under the abovementioned conditions. '

German Patent 2,552,987 discloses a process for the continuous
preparation of alkyl esters of acrylic acid by reacting acrylic acid and a
monohydric alkanol of 1 to 4 carbon atoms in the homogeneous, liquid, sol-
vent-free phase in a molar ratio of from 1 (alkanol) : 1 (acrylic acid) to

25 2 (alkanol)' : 1 (acrylic 'acid) at elevated temperatures and in the presence
of sulfuric acid or an organic sulfonic acid as a catalyst, in which the
acrylic acid, the alkanol and the acid catalyst are fed continuously to a
reaction zone, the resulting alkyl acrylaie is separated by rectification, after
a residence time of a few hours, as a component of at least one aqueous

3 azeotropic mixture consisting of water or water and starting alkanol as
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creased by incorporating the resulting alkyl ester of (meth)acrylic acid in
at | east one | ow boiling aqueous azeotropic m xture which may al so contain
starting al kanol in addition to the alkyl (neth)acrylate and water, and by
re- noving the alkyl (neth)acrylate continuously by rectification, as a
conpo- 25 nent of at |east one such azestropic mxture, frogyrlhukRacti on
zone conpri- sing the unconverted (neth)acrylic acid, and thus separating
i't fromuncon- verted (neth)acrylic acid. Wen the above procedure is
carried out continu- ously, the agueous azeotropic mxture obtained as the
di stillate i sfusthpacampdnéntd ¢n aidditieasto theecalkylyacrylatg)heiaethe oppaoh n@ctihe

al kyl (meth)acrylate _and into 30 at |east one water-containing aqueous
phase. A p arﬁcaépn 1qolump Jaeynted, eastbe reaction zone and having a top pressure of

from 0.1 to 1 atm, the resulting distillate I is separated into an organic
phase containing the resulting acrylate and into an aqueous phase, a part of
s the organic phase is recycled via the top of the rectification zone in order
to produce a greater separation effect and, if required, a part of the
aqueous phase is recycled via the top of the rectification zone .in order to
maintain the composition of the aqueous azeotropic mixture, the alkyl ester
is isolated in a manner known per se from the excess organic phase and a
10 part of the reaction mixture is discharged from the reaction zone and is
freed from high boilers by distillation and the resulting distillate I is
recycled to the reaction zone.
The primary object of German Patent 2,552,987 is to avoid undesi-
rable ether formation from a starting alkanol. However, the disadvantage
15 of the procedure of German Patent 2,552,987 is that, in spite of the distil-
lative treatment of the discharge from the reaction mixture and recycling of
the resulting distillate to the reaction zone, the yield of alkyl acrylate, based
on acrylic acid used, is unsatisfactory. The achieved reduction in the for-
mation of the dialkyl ether byproduct is also not completely satisfactory.
20 Furthermore, the residence time required in the Examples is unsatisfactory.
This also applies to the space-time yield. It is assumed that this is due to
the low concentration of acidic esterification catalyst.
It has therefore been proposed (German Patent Application 195 10
891.4) to carry out the corresponding esterification process in the presence
2s of high concentrations of acidic esterification catalyst, which promotes the
recleavage of oxyesters formed in the esterification of further byproducts and
hence, for a given residence time, increases the yield of ester, based on
(meth)acrylic acid used.
It is an object of the present invention to provide an esterification

s0 process for the preparation of alkyl esters of (meth)acrylic acid which per-
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3 containing the alkyl (nmeth)acrylate is recycled via the top of the
attached rectification zone in order to establish the rectificative
separation effect (rectificative reflux ratio). If the aqueous azeotropic
m xture which contains the desired ester 5 and is separated off
continuously fromthe reaction zone via _the top of a rectificg}ign,zaone in
the course of the novel process is not a hetero azeo- tropic mxture, said
azeotropi c m xture does not separate spontaneously into an aqueous phase
and an organic phase after its condensation. However, this separation can
be achi eved i Bifs #h BRKMIBIYRIG of Bitei© kAT T ¥arBX HiAE » AhimfiiaBBn! GiSe@! kano!
contained in the azeoOtropic  mxture by neans of water and separating the
resul ti ng wat dornztioanof dialigil uetherbbypredudtf i cat i on The al kanol is

I ' I h
advant ageousl y recycl“ged hta\?e %\?nc{ etﬁacttﬁl%no fep:te is 'ac veda%yyavﬂrgcéssefotrot%e()f

continmous preparation of alkyl esters of (meth)acrylic acid by reacting

5 (meth)acrylic acid and a monohydric alkanol of 1 to 8 carbon atoms in the
homogeneous, liquid, solvent-free phase at elevated temperatures and in the
presence of an acidic esterification catalyst, in which the (meth)acrylic acid,
the alkanol and the acid catalyst are fed_ continuously to a reaction zone,
the alkyl (meth)acrylate formed is separated off by rectification, after a

10 residence time, via the top of a rectification zone mounted on the reaction
zone, as a component of at least one azeotropic mixture consisting of water
or water and starting alkanol as further components in addition to the alkyl
(meth)acrylate, the resulting distillate is separated into at least one organic
phase containing the alkyl (meth)acrylate ‘and into at least one water-contai-

15 ning aqueoﬁs phase, a part of the organic phase containing alkyl (meth)acry-
late is recycled via the top of the rectification zone and, if required, water
is recycled to the reaction zome, the alkyl (meth)acrylate is isolated from
the excess organic phase containing the alkyl (meth)acrylate and a part of
the reaction mixture is discharged contmuously from the reactlon zone,

20 wherein the reaction zone consists of a cascade of at least two, preferably
continuously operated, reaction regions, connected in series, and the liquid
discharge stream of one reaction region forms the feed stream of the subse-
quent reaction region. _

In this process, the amount by weight, based on the amount of

25 esterification mixture contained in the particular reaction region, of acidic
esterification catalyst increases along the reaction cascade owing to the rela-
tively poor volatility of the écidic esterification catalyst. This leads to a
spatial separation of esterification and recleavage and gives rise to reduced

dialkyl ether formation. However, this acid profile may also be achieved
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the attached rectification zone in order to establish the rectificative
separa- tion effect. 15 The al kyl (neth)acrylate is separated in a
manner known per se fromthe excess. organi c phase containing the al kyl
(«reth)acrylate. In the esterification of lower (Jerr]-and (ferr] al kanol s,
the water of reaction fornmed as a byprodact in the course of ofzhassorss246
esterification is usually sufficient for for- mng the conposition of the
aqueous azeotropic mxture (suitable conposi- 20 tions of aqueous
azeotropic m xtures are described, for exanple, in Azeotro- pic Data-I11,
Advances i n Chleng ghe ycascade i bys edteal Additionaof frirther @eld Bpdindividugl rédétidn ngt on,
D.C. (1973)) and is thus renoved sinultaneously and con- tinuously fromthe
esterificati off8¥ilibriumas a conponent of the aqueous azeotropic

T o ooty ok sRRoBRAE e U] gt BB G P
is passed to a subsequent reaction region with the aid of a pump. In fur-

s ther embodiments, the discharge is also introduced into a subsequent .reaction
region with the aid of an overflow or is passed into the lower part of the
rectification column, from where the rectification mixture, freed from low
boilers, flows into the reaction region which has a liquid connection to the
rectification column. _

10 In an advantageous embodiment of the invention, the content of ca- -- -
talytically active acid in the first reaction region is from 0.1 to 5% by
weight, based on the reaction mixture contained therein, of sulfuric acid (or
an equimolar amount of an organic sulfonic acid, preferably methanesuifonic
acid, benzenesulfonic acid, dodecylbenzenesulfonic acid or p-toluenesulfonic

15 acid or of a mixture of an organic sulfonic acid and sulfuric acid). The
corresponding acid content in the last reaction region is preferably from >
5 to 20% by weight. The total residence time of the reactants in the cas-
cade is as a rule from 1 to 20 hours.

Where the individual reaction regions are reactors which are spa-

20 .tially separated from one another, the number thereof is advantageously =
2 and < 4, taking into account the capiial costs. If more than one reac-
tion region is created within one and the same reactor (for example by
using partitions), the number of reaction regions may also be greater than
4,

25 In a possible embodiment of the novel process, only one rectifica-
tion column is mounted on the total reaction zone, the liquid reflux of said
column being connected only to the first reaction region. With regard to
the remaining reaction regions, there is a connection to the rectification co-
lumn only for the ascending vhpors. In a further embodiment, the first re-

30 action region is operated as a dwell container (preliminary reactor) without
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the water of reaction formed in the course of the esterification nmust be
tntroduced into the reaction zone. This is realized in the sinplest manner
by recycling to the esterification part an appropriate portion of the
aqueous phase produced during separation of the aqueous azeotropic m xture
obtained 30 as the distillate. Since wafer tends to have arnAdyeEsR
effect wwth regard 4 to the conversion in the actual esterification
reaction, the recycling of the agqueous phase is preferably effected via the
top of 'the attached rectification zone. If the aqueous azeotropic mxture
separ at ed of f absonmectionf toc dhié oectificationh eolunm. (Preferablytthe dirsidreaeton fregiohi on
zone contains, starti ng al kanol as an, . .
is connected on the gas side neither to a downstream reaction region nor to
the rectification zone. The top pressure of the rectification column is ad-
vantageously from 0.1 to 1 atm, atmospheric pressure being particularly pre-
5 ferred.
The temperature of the reaction mixture in the various reaction re-
gions usually corresponds to the boiling point of the particular reaction mix-
ture at the set pressure, ie. it usually increases along the cascade, which is
advantageous with regard to the objects of the process. In the first reaction
10 region, the temperature is usually = 80°C and < 125°C. In the last re-
action region of the cascade, it should be < 135°C, in order to suppress
undesirable polymerization as a secondary reaction. _
The conversions are typically = 95 mol %, based on the amount
of (meth)acrylic acid used. The first reaction region is advantageously ope-
15 rated at a conversion as high as = 90 mol %. When a dwell reactor
(preliminary reactor) is used as the first reaction region, the reaction mixtu-
re therein generally does not boil. Here too, the recommended reaction
temperature is from 80 to 125°C. 'When a dwell reactor is used as the
first reaction region, a conversion of about 80% of the equilibrium value is
20 reached as a rule. Advantageously, the reaction regions are designed so
that the residence time decreases along the cascade from reaction region to
reaction region.
In an advantageous embodiment of the invention, the molar alka-
nol/(meth)acrylic acid ratio used is = 1 and is as a rule less than 5. A
25 ratio of from 1 : 1 to 3 : 1 is particularly advantageous. A ratio of from
1.1 : 1 to 1.8 : 1 is very particularly advantageous. It is particularly ad-
vantageous to use sulfuric acid and/or organic sulfonic acids as esterification
catalysts.
As a rule, it is sufficient continuously to remove < 2.5% by

30  weight, based on the amount of ester obtained, of reaction mixture from the
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5 additional conponent, this is separated in a manner known per se fromthe
excess of organi c and aqueous phase renmaining after separation of the azeo-
tropic distillate into an organic and an aqueous phase after its parti al
recycling, and is recycled to the reaction zone. Since the starting

al kanol, as one of the two reactants, pawticipates directly bR bobuiss
esterification, this 10 recycling is advantageously effected preferably by
a direct route. GB-1017522 discloses an appropriate process for the
preparation of n-butyl acrylate. As esterification conditions, GB-1017522
recommends a Yeattion zoms, (preferabiy ftom ghellastresction egion; iingorder ¢o dimit rthen 2. 3

to 5 a reaction te ture of < a a content of catalytically
active sul f ur¥go %.@Dﬁﬁhﬂﬂ% Hcgeag&l?g)ﬂl’f?dgﬁﬁsd of from > 0.05to < 5%
by wei ght, based on A Ji\?an}agﬁ@dsl aftlstbdil # ?}&&f fronT e Fyﬁaﬁ%ﬁﬂgﬁ vvnq‘?‘gh()f

this procedure is the required | a ge excess of” starting a
pronot es t he gionnef ithen cascade to the first reaction region and, if required, to other

5 reaction regions. Acidic esterification catalyst is removed together with the
high boilers and is continuously added to the reaction mixture. Process sta-
bilizer is also simultaneously removed, so that its content settles to a
steady-state value. This leads to steady-state conditions of the required con-
centration of acidic esterification catalyst. At the same time, this circulation

10 dispenses with working up of the catalyst and reduces the requirement for
fresh catalyst.

Since the acrylic acid used contains small amounts of acetic acid,
alkyl esters of acetic acid are obtained as byproducts, in addition to dialkyl
ethers. Both secondary components pass over via the top of the attached

15 rectification column and, in the alkanol/ester separation by distillation, re-
main in the alkanol, which is advantageously recycled to the starting mixtu-
re. As a result, both impurities accumulate in the return streams. Steady-
state concentrations are established by virtue of the fact that, to a certain
extent, these low boilers enter the resulting ester. Depending on purity re-

20 quirements for the ester, removal from the alkanol circulation too is therefo-
re effected.

In a simple distillation column downstream of the alkanol/ester se-
paration, the ester can be separated from the process stabilizers by distil-

, lation and can be treated with storage stabilizers in their place. Preferably

25 the acid to be esterified is acrylic acid and/or the alkanol to be esterified
is a C;-Cy-alkanol, especially n-butanol.

The novel process is particularly preferably used for the prepara-
tion of n-butyl acrylate. |

The vapors foméd in the .reaction zone set up according to the

30 invention as a cascade are fed continuously to a rectification zone, as
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mixture, as, for example, in the case of the preparauon of n-butyl acrylate,
the azeotropic mixture separates after its condensation spontaneously into an
aqueous phase and into an organic phase. The aqueous phase usually con-
sists mainly of water and a little alkanol, while the organic phase generally
consists essentially of the resulting ester and alkanol. In order to establish
the rectificative separation effect, an appropriate part of the organic phase

is recycled via-the top of the rectification zone.

In order to maintain the composition of the aqueous azeotropic -

mixture, an appropriate part of the aqueous phase is recycled to the reaction
zone, preferably likewise via the top of the attached rectification zone.
Alkanol present can be separated from the unrecycled part of the aqueous
phase, for example by stripping (for example with air) and is recycled to
the reaction zome. Recycling is advantageously effected directly. The

resulting essentially pure water is discharged. The alkyl (meth)acrylate

formed is separated in a manner known per se, for example according to
DE-A 25 52 987, from the unrecycled part of the organic phase. For
example, the excess organic phase is fed to a downstream rectification
column and the alkanol is separated off via the top in pure form or as an
azeotropic mixture consisting of ester and alkanol. The alkanol thus separa-
ted off (in pure or in azeotropic form) is preferably recycled to the reaction
zone. Recycling is advantageously effected directly. |

The bottom liquid of this rectification column consists essentially

of the desired ester and small amounts of byproducts having lower and

higher boiling points than this ester. The bottom liquid of this rectification -

column is therefore also referred to as crude alkyl (meth)acrylate. The
lower-boiling byproducts are in particular the dialkyl ether and the acetate
of the starting alkanol, since the esterification of (meth)acrylic acid with
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5 further conponents in addition to the alkyl acrylate, via the top of a
recti- fication colum nounted on the reaction zone and having a top
pressure of fromO0.1 to 1 atm the resulting distillate | is separated into
an organi c phase containing the resulting acrylate and i nto an agueous
phase, a part of 5 the organic phase isjifecycled via the top®fwbids
rectification zone in order to produce a greater separation effect and, if
required, a part of the aqueous phase is recycled via the top of the
rectification zone in order to maintain the conposition of the aqueous
azeotropi ¢ maikanels usoaliy|thkes Iﬂacteestai'thxgi frohmcadiei (meth)aerytier adidlowlhisels se

fromthe excess organi c_phase_a
produced predominantly by catalytxc gas-phase oxidation of C;/C, starting
compounds, such as propene or isobutene, minor amounts of acetic acid
being formed as a byproduct (cf. for example DE-A 44 36 243). Higher-
s boiling byproducts are, for example, oligo- and polymers of the «,3-mono-
ethylenically unsaturated target ester.

In a downstream low-boiler rectification column, the lower-boiling
byproducts are separated off from the crude alkyl (meth)acrylate, usually via
the top, before the desired pure alkyl (meth)acrylate can be separated off

10 via the top in a high-boiler rectification column downstream from this. The - - - -
bottom liquid of the high-boiler rectification column, which liquid contains ... -
the higher-boiling byproducts, is advantageously recycled to the reaction
znne,;ueﬁnabbrdhrcﬂy..

In a particular embodiment, if acetate is separated off from the

is return butanol stream, which is effected as described above, the ester is
removed from the rectification column for recovery of butanol by a side
take-off after separation of any entrained liquid di'oplets and is- condensed
to give pure ester. In the condensation, the storage stabilizer is added to
this (eg. hydroquinone monomethyl ether). In this embodiment, the bottom

20 discharge of the rectification column for butanol recovery (mainly comprising
alkyl acrylate) is advantageously recycled to the last reaction region of the
cascade for cleavage of small amounts of high boilers present and for
recovery of pure ester.

In both cases, a small amount of reaction mixture is discharged,

25  preferably continuously, from this last reaction region of the cascade in
order to maintain a steady state and to avoid accumulation of high boilers
there. The amount of acid catalyst simultaneously discharged is added to
the reaction zone. | _

Usually, the aqueous azeotropic mixture removed from the reaction

30 zone contains no starting acid when the rectificative separation action is
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10 part of the reaction mixture is discharged fromthe reaction zone and is
freed fromhigh boilers by distillation and the resulting distillate Il is
recycled to the reaction zone. The primary object of German Patent
2,552,987 is to avoid undesi- rable ether formation froma starting

al kanol . However, the disadvantage 15 - @f -t he procedure of G o®Bbuskgt ent
2,552,987 is that, in spite of the distil- lative treatnent of the

di scharge fromthe reaction m xture and recycling of the resulting
distillate to the reaction zone, the yield of al kyl acrylate, based on
acrylic acid cemettlyi established.sf Howevey, iffitiee datter cis bt rthel Loasé,osnid ractdh@afh or -

20 Furt her mobe. ai»qﬁé'eﬁiét?%éw%ﬁe‘%[ B S R 22 S Y
e o 21 o bl e SRR 3 binl ARG et %) Bl ® 1S
catal yst.  novel process, both the esterification reaction and the rectificative separations

5 and extractions are preferably carried out in the presence of conventional
amounts of conventional polymerization inhibitors. As a rule, from 0.01 to
0.1% by weight, based on the amount of the a,B—mdnoethylenically unsatur-
ated monomers, of a suitable polymerization inhibitor is used. They are
advantageously added at the top of the attached rectification column and at

10 the top of the alkanol/ester separation column. Examples of suitable poly-
merization inhibitors are phenolic compounds, such as hydroquinone and
hydroquinone monomethyl ether, as well as p-benzoquinone, phenothiazine,
methylene blue, phenylenediamine and/or air.

Compared with the prior art processes, the novel process is di-

15 stinguished by a substantial reduction in the number of steps and separation
operations, shorter residence times, a higher yield of desired ester, based on
starting acid used, a smaller amount of ether and a reduced discharge of
the liquid phase from the reaction zone and by the fact that it is no longer
necessary to work up this discharge from the reaction zdne._ Both the latter

20 and the increased yield are probably due to the fact that the steady state
established in the reaction zone is kinetically controlled. The recleavage of
relatively high-boiling oxyesters (for example alkoxypropionates or acylox-
ypropionates) probably plays a key role.

In an advantageous embodiment, the total process is operated with

25 a total of four separation columns for removing high boilers and low
boilers. These are the column for removing the ester via the top, the
butanol recovery column, the acetate column for removing acetates from the
return butanol stream and a striﬁping column for removing residual butanol

from the removed water of reaction.
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It has therefore been proposed (German Patent Application 195 10 891.4) to
carry out the corresponding esterification process in the presence 25 of
hi gh concentrations of acidic esterification catalyst, which pronotes the
recl eavage of oxyesters fornmed in the esterification of further byproducts
-and hence, for a given residence tine, -itscreases the yield obzesmbomss based
on (nmeth)acrylic acid used. It is an object of the present invention to
provi de an esterification 30 process for the preparation of alkyl esters
of (meth)acrylic acid which per- 6 mts an optimzed yield of ester and
at the sane tine a rihei invertionoalsofrelates to an apparatus for carrying out the des-

cribed process for the continuous preparation of alkyl esters of (meth)acrylic
acid, having a first reactor (1) which is provided with a feed line (3) for
the reactants and whose top is connected via a line (5) to the lower part
s of a rectification column (6) whose top is conmected via a condenser to a
separator (13) which has a discharge line (20) for the crude product,
wherein the lower end of the first reactor (1) is connected via a line (4)
to the lower end of at least one further reactor (2) whose top is connected
via a line (8) to the lower part of the rectification column (6).
10 | Preferably the upper part of at least one further reactor (2) is
connected via a line (7) to the upper part of the first reactor (1).
Preferably the lower part of the rectification column (6) is connec-
ted via a line (9) to the top part of the first reactor (1).
Preferably the lower part of the separator (13) is connected to the -
15 top part of the rectification column (6) and to the top part of at least one
of the further reactors (2). '
Preferably the separator (13) is connected to a further rectification
column (21).
The invention also relates to an apparatus for carrying out the des-
20 cribed process for the continuous preparation of alkyl esters of (meth)acrylic
acid, having a reactor (1) which is provided with a feed line (3) for the
reactants and which, as a dwell container, forms the first reaction region,
wherein the first reactor (1) has a liquid-side connection (4) to at least one
further reactor (2) whose top is connected via a line (8) to the lower part
25 of the rectification column (6) whose top is connected via a condenser to
a separator (13) which has a discharge line (20) for the crude product.
Preferably at least one of the further reactors (2) has a connecting
line (7) to the first reactor (1). |
Preferably the lower part of the rectification column (6) is connec-

30 ted via a line (9) to the top part of one of the further reactors (2).

—_—
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formati on of dial kyl ether .byproduct. W have found that this object is
achi eved by a process for the continuous preparation of al kyl esters of
(meth)acrylic acid by reacting 5 (neth)acrylic acid and a nonohydric

al kanol of 1 to 8 carbon atons in the honbgeneous, |iquid, solvent-free
phase at el evated tenperatures and in the presence of an aci @iz gosousz4s
esterification catalyst, in which the (neth)acrylic acid, the al kanol and
the acid catalyst are fed continuously to a reaction zone, the al kyl
(meth)acrylate forned is separated off by rectification, after a 10
residence tine, via Pieferdblp thé laperepirt fof cthti separatore(18p Ustcotingdied Be theacti on
zone, as a conponent of at |east one azeotropic m xture consisting of water
or water and ©PaPatf Hiek ctifications columa, (Qoasbtemue ofy they fuxthern reagtorsie

al kyl (et h)a@yl ate, the resulting distillate is separated into at | east
one organi c phase containing the alkyl (neth)acrylate and into at |east one
wat er - cont ai - Preferably the separator (13) is connected to a further rectification

5 column (21).

Further details and advantages of the invention are evident from
the Examples described with reference to the drawing. It should be empha-
sized once again at this point that all statements above and below are valid
in particular for the process for the preparation of n-butyl acrylate, ie. bu-

10 tanol is m-butanol.
Example 1

This Example is to be described below with reference to Figure 1.
Here, a mixture of 5 mol/h of acrylic acid (AA) and 7 mol/h of butanol
(BuOH) and sulfuric acid as an esterification catalyst was fed, via a feed

15 line 3, to a reactor 1 having a forced-circulation evaporator 1A. The
amount of sulfuric acid was from 2 to 3% by weight, based on the reac-
tion mixture. The reaction was carried out at 120°C and 1 atm and during
a residence time of 2.5 h. The gaseous reaction product was fed from the
top of reactor 1 via a line 5 to a rectification column. A part-stream of

20 the reaction mixture (stream 4) was pumped cont_irmouély by means of a
circulation pump (not shown) from the lower part of reactor 1 into the
lower part of a second reactor 2 having a forced-circulation evaporator 2A.
The second reactor was operated at the higher temperature of 130°C and at
a higher sulfuric acid concentration of about 10% by weight. Reactor 2

25 had an overflow 7 to reactor 1, by means of which a constant catalyst con-
centration was maintained in reactor 1. Reactor 2 likewise had a gas-side
connection 8 to the lower part of distillation column 6. Its liquid outflow
was passed via a line 9 into reéctor 1. The subsequent reaction and the
in situ cleavage of oxy compounds (Michael adducts) formed took place in

30 reactor 2. The two reactors 1 and 2 connected to one another at their

_—
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15 ning aqueous phase, a part of the organic phase containing al kyl
(meth)acry- late is recycled via the top of the rectification zone and, if
required, water is recycled to the reaction zone, the al kyl (nmeth)acryl ate
Is isolated fromthe excess organic phase containing the al kyl
(nmeth)acrylate and a part of the reactiomsni xture is di schar @4 oosors246
continuously fromthe reaction zone, 20 wherein the reaction zone consists
of a cascade of at |east two, preferably continuously operated, reaction
regions, connected in series, and the liquid discharge stream of one
reaction regi boweroends viahkiné de forated ethen rvel beaction sone chudintupr 88.at é36adecgi ON.

In this procegs, the, anmount by wejght, based qn the anmount of 25
esterificati onfi&Rf Lﬂ"é"‘ﬁ%ﬁ%ﬁ‘%&'}sb’n&?‘i@e Feactom Zeng é%f@tqlﬁﬂlﬂt@gi‘&h}m%f

acidic esteri i | Qs t JcC 0 . .on a Wi ng
to the rel a- tEi \G}@% y&ggggé \a/dc}%(%f iatdlat ;t/l’i‘%‘]faﬁtﬁ e sa%‘%%%%?@%ﬁf?c%@%% cg'Pgl yst.
This | eads tofam the top of this distillation column 6 via line 10, containing the target -

5 ester to be formed and copsisting of butyl acrylate, butanol and water was

fed to a condenser 11 and condensed therein. The condensate flowed via
‘a line 12 into a separator 13. There, the azeotropic mixture separated into
an aqueous phase and into an organic phase. The aqueous phase, which
comprised mainly water and a little butanol, was taken off through line 14
10 and fed partially via line 15 to the top of distillation column 6 to effect the
rectificative separation as well as azeotrope formation of the vapors ascen-
ding there. Another part of the aqueous phase was fed via line 16 to the
top of reactor 2. A further part was removed via line 17 fo; .stripping off
butanol. In the experimental setup, half the amount of reflux flowing away
15 through line 14 from the condenser was fed via line 15 into the distillation
column and half via line 16 into reactor 2. Organic reflux was fed from
separator 13 via line 18 into the top of distillation column 6 in order to
suppress the acrylic acid. The aqueous reflux was effected under tempera-
ture regulation and the organic reflux under level control. The line 19 pro-
20 vided on the lower part of reactor 2 served for disposal of remaining resi-
dues.
. The organic phase consisting essentially of butanol and butyl acry-
late contained only 876 ppm (ppm data are all based on weight) of dibutyl
ether. It was removed continuously from separator 13 via a line 20 and
25 introduced as feed to a further column 21 which was in the form of a
bubble-cap column in the experimental setup, in order to recover butanol.
In this butanol recovery colum 21, the excess butandl, with residues of
water and portions of butyl acrylate, was removed via tﬁe top through line
22 and fed to a condenser 23. From the latter, the excess butanol was

30 added via line 24 to the mixture of reactants which was introduced into
-
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spatial separation of esterification and recl eavage and gives rise to

reduced di al kyl ether formation. However, this acid profile nay al so be

7 al ong the cascade by external
reaction regions. In one enbodinent, the |liquid output stream of
reacti on regi ono.niobdvseee ai d

achi eved
i ndi vi dual

one reaction region is passed to a subsed@ent
In fur- 5 ther enbodi nents, the discharge is also introduced

of a punp.

addition of further acid to

into a subsequent reaction region with the aid of an overflow or is passed
into the lower part of the rectification colum, fromwhere the
rectification reaciaryd ethreyghe ding rHm Aopart of the distillate was fed from separator

10

15

30

23 via line 25 to the top of column 21 as a reflux for increasing the recti-
ficative separation.

Crude butyl acrylate which was free of high boilers, contained
only residues of low boilers and had a butyl acrylate content of 99.5% by
weight was removed from the bottom of butanol recovery column 21 via a
line 27. After subsequent removal of low boilers and high boilers, it was
possible to obtain a pure butyl acrylate having a purity of > 99.9% by
weight. Butanol recovery column 21 was operated at 400 mbar. The pure
ester contained only 598 ppm of dibutyl ether.. A temperature of 115°C

was established in the bottom of this column by means of heat exchanger .

26.
A second experiment under the same conditions with only a

- reduced butanol excess (molar ratio 1.3 : 1) resulted in a decrease of the

ether in stream 20 to 623 ppm and an increase of 374 ppm in the amount
of pure product. The yield of butyl acrylate, based on acrylic ‘acid, was
98.8% of theory in the first experiment and 97.3% of theory in the second

experiment.

omparative Example

For comparison, a known esterification process was carried out
using only one reaction region. In this Comparative Example, 4 mol/h of
acrylic acid, 4 mol/h of fresh butanol and 1.6 mol/h of recycled butanol
(distillate from the butanol recovery) were fed to a circulation evaporator
(2.5 1, level of fill 2 ). The residence time was 2.5 h. The esterification
was carried out in the presence of 9.7% by weight (based on the reaction
mixture) of sulfuric acid at 126°C. The reactor was connected to a bub-
ble-cap column (30 trays), which -was stabilized with 15 ml/h of hydroqui-
none monomethyl ether (MeHQ) in butanol. Butyl acrylate formed was re-
moved via the top by adding 340 ml/h of water as a reflux (azeotropic en-
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boilers, flows into the reaction region which has a liquid connection to
t-he rectification colum. 1lo I n an advant ageous enbodi nent of the
i nvention, the content of ca- talytically active acid in the first reaction
region is from 0.1 to 5% by weight, based on the reaction m xture
contained therein, of sulfuric acid (or.gn-equi nol ar amount @fz, aBossgani c
sul fonic acid, preferably nethanesul fonic acid, benzenesul fonic acid,
dodecyl benzenesul fonic acid or p-toluenesulfonic 15 acid or of a mxture
of an organic sulfonic acid and sulfuric acid). The corresponding acid
content in thtrainimg agen)cto dre cdgimn Is additioa; 4G5 ymi/h f) organit aefaRowere

wei ght. The tg&@é reg}ege ce ti f the react&gts in the cas- cade is as a
rule from1 t E‘P I QqsunpYess| the ARYHG ACllegi ons are reactors

which are spa- 20 t "ﬂ:é ¥x&RP Yrghfid phat QI nft/ 1 IS addedCcomtibhsty R g0 1S

advant ageously >
feed to a second bubble-cap column, as in the Example for the novel pro-

5 cess for the recovery of butanol (BuOH). A crude ester containing 1295
ppm of dibutyl ether was obtained in the bottom of the butanol column,
which was at 115°C. 1940 ppm of ether were present in the feed to the
BuOH column. The column was stabilized with MeHQ (2% by weight in
butanol).

10 After removal of the low boilers and high boilers, a pure ester
having a purity of > 99.9% by weight was obtained. The yield was
98.4% of theory, based on acrylic acid.

Example 2
15 This Example is to be described with reference to Fig. 2. Here,

the same reference symbols as in Fig. 1 were used for identical or corre-
sponding parts. '

A mixture of 5 mol/h of acrylic acid (AA) and 5.5 mol/h of n-

butanol (BuOH) and sulfuric acid as an esterification catalyst was fed via

20 a feed line 3 to a reactor (dwell reactor) 1 having a forced-circulation eva-
porator 1A. The molar BuOH/AA ratio was 1.1 : 1. The amount of sul-
furic acid was from 2 to 3% by weight (based on the reaction mixture).
The reaction in reactor 1 was carried out at 120°C and during a residence
timé of 3.5 h. A part-stream of liquid reaction mixture was passed conti-

25 nuously from reactor 1 via line 4 to the second reactor 2. This second
reactor was operated at the higher temperature of 130°C and at a higher
sulfuric acid concentration of about 10% by weight. Reactor 2 had a liquid
recycle 7 to reactor 1, by means of which recycle a constant catalyst con-
centration was maintained in reactor 1. Reactor 2 had a gas-side conmnec-

30 tion 8 to the lower part of distillation column 6. Its liquid outflow was

\
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2 and [err] 4, taking into account the capital costs. If nore than one
rreac- tion region is created wthin one and the sane reactor (for exanple
by using partitions), the nunber of reaction regions nay al so be greater
than 4. 25 In a possible enbodi nrent of the novel process, only one
rectifica- tion colum is nounted on thesdotal reaction zoneg,t hsyldgui d
reflux of said colum being connected onry to the first reactlon regl on.
Wth regard to the renmining reaction regions, there is a connection to the
rectification co- lum only for the ascending vapors. In a further

enbodi ment, thmsdd vid a’ Bne 30 to 3EdctN2! TR NsubSedqRRff MRflofand Hheein situ
cont ai ner (preI|n1nar reactor) w thout
~ cleavage of oxy compounds (Michael adducts) formed took place in reactor
2. The two reactors 1 and 2 connected to one another by line 4 formed
the novel reaction zone built up as a cascade.

5 The reaction mixture was worked up similarly to the isolation of
pure ester, described in the first Example. The crude ester removed at the
lower end of butanol recovery column 21 contained 134 ppm of dibutyl
ether before removal of low boilers and high boilers. The pure ester con-
tained 99.9% by weight of butyl acrylate. The yield of butyl acrylate was

10 98.1% of theory (based on acrylic acid).
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8 a connection to the rectification colum. Preferably the first reaction
rFegion is connected on the gas side neither to a downstreamreaction region
nor to the rectification zone. The top pressure of the rectification colum
i.s ad- vantageously fromO0.1 to 1 atm atnospheric pressure being
particularly pre- ferred. The tenperature of the reaction m xdzlgokdst NE
various reaction re- gions usually corresponds to the boiling point of the
particular reaction mx- ture at the set pressure, ie. it usually increases
al ong the cascade, which is advantageous with regard to the objects of the
process. In tBASH Adtiengesellschaft 10 region, the tenperat Séptemberugyialioog [err]

80C and < 125[err]C In the last re- action r agAEI9950428SGC oG AISE/aht
shoul d be [err] 135[err]C, in order to suppress. undesirable polynerization
strable polymerizatl

as a secondary reaction.

s E'\\!I\“l T R R

We claim: i
1. A process for the continuous preparation of alkyl esters of (meth)-
acrylic acid by reacting (meth)acrylic acid and a monohydric alkanol of 1
to 8 carbon atoms in the homogeneous, liquid, solvent-free phase at elevated
10 temperatures and in the presence of an acidic esterification catalyst, in
which the (meth)acrylic acid, the alkanol and the acid cétalyst are fed
continuously to a reaction zomne, the alkyl (meth)acrylate formed is separated
off by rectification, after a residence time, via the top of a rectification
zone mounted on the reaction zone, as a component of at least one azeotro-
15 pic mixture consisting of water or water and starting alkanol as further
components in addition to the alkyl (meth)acrylate, the resulting distillate is
separated into at least one organic phase containing the alkyl (meth)acrylate
and into at least one water-containing aqueous phase, a part of the organic
phase containing ‘alkyl (meth)acrylate is recycled via the 'top of the rectifica-
20 tion zone and, if required, water is recycled to the reaction zone, the alkyl
(meth)acrylate is isolated from the excess organic phase containing the alkyl
(meth)acrylate and a part of the reaction mixture is discharged continuously
from the reaction zone, wherein the reaction zone comsists of a cascade of
at least two reaction regions, conhected in series, and the discharge stream
25 of one reaction region forms a feed stream of a subsequent reaction region.
2. A process as claimed in claim 1, wherein the cascade has from
two to four reaction regions spatially separated from one another.
3. A process as claimed in claim 1 or 2, wherein the ascending
vapors from the reaction regions' are fed to an individual rectification zone

30 whose liquid reflux is recycled only to the first reaction region.
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The conversions are typically [err] 95 nol % based on the anount of
(nmeth)acryli ¢ acl d used. The first reaction region is advantageously ope-

15 rated at 'a gh as [err] 90 nol % . \When a dwell
reactor (preli Mﬂmmﬂnﬂl s used as the first reaction region, the
reaction mxtu-+rectheretnsgeneral ly doeg -not boil. Here too.z. tokeasss

recomrended reaction tenperature is from80 to 125[err]C. Wien a dwel |
reactor is used as the first reaction region, a conversion of about 80% of
the equilibriumvalue is 20 reached as a rule. Advantageously, the reaction
regions are dbsi gnedA sprocésatas klaimesb iinleanye of iclaimsl ek rte a3, whetein gthe hiirst ascade
fromreaction region to reaction. region, In an dvan ageous enbodi nent of

the inventiorf 2¢HRR FBQP &} \COMOGHE QRetths 2835 |5 TTd0i 8 dewmsteamerr] 1
and is as a rjh&idn®Pspiéd'30r Jo tﬁe%ct@cﬁ?bﬂrﬁ%hefrom 1. 1to3: 1is

particul arly advantageous. A ratio
5. A process as claimed in any of the preceding claims, wherein the

5 temperature in the first reaction region is from 80 to 125°C and that in the
last reaction region is below 135°C,
6. A process as claimed in any of the preceding claims, wherein the
top pressure of the rectification column is from 0.1 to 1, preferably 1, atm.
7. A process as claimed in any of the preceding claims, wherein the
10 total residence time of the reactants in the cascade.is from 1 .to 20 hours.

8. A process as claimed in any of the preceding claims, wherein the - . -
molar alkanol/(meth)acrylic acid ratio used is = 1.
9. A process as claimed in claim 8, wherein the molar ratio used and

fed to the first reaction region is from 1 : 1 to 3 : 1, preferably from 1.1
15 :1t1.8: 1.

10. A process as claimed in any of the preceding claims, wherein
sulfuric acid or an organic sulfonic acid is used as the esterification cata-
Iyst.

11. A process as claimed in claim 10, wherein the organic sulfonic

20 acid used is methanesulfonic acid, benzenesulfonic acid; dodecylbenzenesulfo-
nic acid or p-toluenesulfonic acid.
12. A process as claimed in any of the preceding claims, wherein the
content of catalytically active acid in the first reaction region is from 0.1
to 5% by weight, based on the 'reaction mixture contained therein, of
25 sulfuric acid or an equimolar amount of organic sulfonic acid.
13. A process as claimed in any of the preceding claims, wherein the
content of catalytically active acid in the last reaction zonme is from 5 to
20% by weight, based on the reaction mixture contained therein, of sulfuric

acid or an equimolar amount of organic sulfonic acid.
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1.1: 1to 1.8 1is very particul arly advantageous. It is particularly ad-
vant ageous to uSe sulfuric acrd and/ or organic sulfonic acids as

esterification uI e, it is sufficient continuously to
renmove [err] 2 ﬂmmg&ﬂllmﬁl based on the anount of ester obtained, of
reaction mixturesirom *r eact i on- 3one, preferably frooizt hsdsrst
reaction regi on, in order to linmt the amount of hi gh-boi Il i ng non-cl eavabl e
bypr oduct s. Advant ageously, a part-streamis recycled fromthe | ast

reaction re- gion of the cascade to the first reaction region and, if
requi red, to bther A process as claimed in any of the preceding claims, wherein the

acid to be esterified is acrylic acid.

15. A process as claimed in any of the preceding claims, wherein the
alkanol to be esterified is a C;-C,-alkanol.
5 16. A process as claimed in claim 15, wherein the alkanol to be

esterified is n-butanol.

17. Apparatus for carrying out a process for the continuous preparation

of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,

having a first reactor '(1) which is provided with a feed line (3) for the
10 reactants and whose top is comnected via a line (5) to the lower part of a

rectification column (6) whose top is connected via a condenser to a separa-

tor (13) which has a discharge line (20) for the crude product, wherein the

lower end of the first reactor (1) is connected via a line (4) to the lower

end of at least one further reactor (2) whose top is connected via a line (8)
15 to the lower part of the rectification column (6).

18. Apparatus as claimed m claim 17, wherein the upper part of at

least one further reactor (2) is connected via a line (7) to the upper part

of the .ﬁrst reactor (1).

19. Apparatus as claimed in claim 17 or 18, wherein the lower part
20 of the rectification column (6) is connected via a line (9) to the top part

of the first reactor (1).

20. Apparatus as claimed in any of claims 17 to 19, wherein the

lower part of the separator (13) is comnected to the top part of the rectifi-

_ cation column (6) and to 'the top part of at least one of the. further reactors

25 (2).

21. Apparatus as claimed in any of claims 17 to 20, wherein the

separator (13) is connected to- a further rectification column (21).

22, Apparatus for carrying dut a process for the continuous preparation

of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,

30 having a reactor (1) which is provided with a feed line (3) for the reactants
-
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5 reaction regions. Acidic esterification catalyst is renoved together
mth the high boilers and is continuously added to the reaction m xture.
Process sta- b-i lizer is also simultaneously renoved, so that its content
This leads to steady-state conditions of
the required con cidic.gsterification catal yui, gosflisadghe sanme
time, this ci rcuI Ation 10" dff spenses wi th working up of the catal yst and
reduces the requirenment for fresh catalyst. Since the acrylic acid used
contains small anmpbunts of acetic acid, alkyl esters of acetic acid are

obt ai ned as hydrwhich; as a rdwelldicontainet, ofotsl thel fiesthrenetion Begibn,s evtivielar y
conmponents pass over via the top of the attached 15 rectification coI um

and, in the medrﬁsmeé%tp’ér(l)s@aaraamm side echnwat(f*bﬁo 3t deasteone
| k |, wh I h As
Fesul v " bot hielst, (9 GEIRH & YodBGiR, (il 4 ety il kel Bt of e 1 °
rectification column (6) whose top is connected via a condenser to a separa-

s tor (13) which has a discharge line (20) for the crude product.

23. Apparatus as claimed in claim 22, wherein at least one of the
further reactors (2) has a connecting line (7) to the first reactor (1).
24, Apparatus as claimed in claim 22 or 23, wherein the lower part

of the rectification column (6) is connected via a line (9) to the top part
10 of one of the further reactors (2).

25. Apparatus as claimed in any of claims 22 to 24, wherein the

Iower part of the separator (13) is connected to the top part of the rectifi-

cation column (6) and to one of the further reactors (2).

26. Apparatus as claimed in any of claims 22 to 25, wherein the
15 separator (13) is connected to a further rectification column 21).
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state concentrations are established by virtue of the fact that, to a
«certain extent, these low boilers enter the resulting ester. Depending on
purity re- 20 quirenents for the ester, renoval fromthe al kanol
circulation too is therefo- re effected. In a sinple distillation colum
downstream of the al kanol /ester se- parati-on, the ester can hgz®saauat ed
fromthe process stabilizers by distil- lation and can be treated with
storage stabilizers in their place. Preferably 25 the acid to be
esterified is acrylic acid and/or the alkanol to be esterified is a

d err] - er r | BASK ahktiengesefischiaftl | y n- but anol . The novel Septembes 3,51996

particularly preferably used for the prepara- NAB19950428SG VIG/S&/S¥/@f €. The
vapors forned in the reaction zone set up according to the 30 invention as

a cascade are fed continuously to a rectification zone, as
Abstract

In a process and an apparatus for the continuous preparation of
alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid and monohy-
dric alkanols of 1 to 8 carbon atoms in the homogeneous, liquid, solvent-
free phase at elevated temperatures and in the presence of an acidic esterifi-

10 cation catalyst, by feeding the (meth)acrylic acid, the alkanol and the acid
catalyst continuously to a reaction zone, the reaction zone consists of a
cascade of at least two reaction regions connected in series, and the disch-
arge stream of one reaction region forms a feed stream of a downstream
reaction region. Th'e. cascade may have from two to four reaction regions

15 spatially separated from one another.

"



10 described above. Wth regard to the aqueous azeotropic m xture separated
therefromvia the top and containing the target ester, it is possible to
make a distinction essentially between two cases. |If it is a hetero
azeotropic mxture, as, for exanple, in the case of the preparation of
n-butyl acrylate, s the azeotropic mi'kture separates after its
condensati on spontaneously into an aqueous phase and into an organi c phase.
The aqueous phase usually con- sists mainly of water and a little al kanol,
whi |l e the organi c phase generally consists essentially of the resulting
ester and alkanol. In order to establish the rectificative separation
effect, an appropriate part of the organic phase
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10 is recycled via the top of the rectification zone. In order to nmaintain
the conposition of the agueous azeotropic m xture, an appropriate part of

t he agueous phase is recycled to the reaction zone, preferably |ikew se via
the top of the attached rectification zone. Al kanol present can be
separated fromthe unrecycled part & /tBe aqueous 15 phase, for exanple by
stripping (for exanple with air) and is recycled to the reaction zone.
Recycling is advantageously effected directly. The resulting essentially
pure water is discharged. The alkyl (neth)acrylate fornmed is separated in
a manner known per se, for exanple according to DE-A 25 52 987, fromthe
unrecycl ed part of the organic phase. For 20 exanple, the exces rgani c
phase is fed to a downstream rectification colum and the alLkanol™1s
separated off via the top in pure formor as an azeotropic nixture:h

consi sting of ester and al kanol. The al lﬂol t hus separ a- i
X
~N
)
N -
: N
N

24
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ted off (in pure.\or in azeotropic form .is preferably recycl QBEME?\IT 2:1[‘—:%?4\;ﬂ

reaction zone. Recycling is advantageously effected directl
The bottom |iquid of thi s re
desired ester anq.ss#e h

eqti on col umm conS|sts essentlally of the

acetate 30 of theg s
(meth)acrylic acid
- crude (neth)acryli
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5 Continuous preparation of alkyl wters of ~ - /
(meth)acrylic acid and apparatus for this purpose

The present invention relates to a process for the contimuous pre-
paration of alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid

10 and a monohydric alkanol of 1 to 8 carbon atoms in the homogeneous, Ii-
quid, solvent-free phase at elevated temperatures and in the presence of an
acidic esterification catalyst, in which the (meth)acrylic acid, the alkanol and
the acid catalyst are fed continuously to a reaction zone, the alkyl
(meth)acrylate formed is separated off by rectification, after a residehce

15 time, via the top of a rectification zone mounted on the reaction zone, as
a component of at least one azeotropic mixture consisting of water or water
and starting alkanol as further components in addition to the alkyl -
(meth)acrylate, the resulting distillate is separated into at léast one organic
phase containing the alkyl (meth)acrylate and into at least one water-contai-

20 ning aqueous phase, a part of the organic phase containing alkyl (meth)acry-
late is recycled via the top of the rectification zone and, if required, water
is recycled to the reaction zone, the alkyl (meth)acrylate is isolated from
the excess organic phase containing the alkyl (meth)acrylate and a part of
the reaction mlxture is discharged continuously from the reaction zone.

25 The term (meth)acrylic acid denotes, in a known manner, acrylic
or methacrylic acid. Alkyl esters of (meth)acrylic acid are generally known
and are important, for example, as starting monomers for the prepération of
aqueous polymer dispersions, which are used, for example, as adhesives.

Processes for the preparation of alky! (meth)acrylates by reacting

30 (meth)acrylic acid with monohydric alkanols of 1 to 8 carbon atoms in the
homogeneous liquid phase at elevated temperatures and in the presence of
proton-donating catalysts are known and ére_'described, for example, in DE-
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produced predom nantly by catal ytic gas-phase oxidation of

starting conmpounds, such as propene or isobutene, m nor am%ﬁ&%ﬁ@@iﬁh{ﬁg

acid being formed as a byproduct (cf. for exanple DE-A 44 36 243). Higher-
5 boiling byproducts are, for exanple, oligo- and polymers of the

[err],[err]-nono- ethylenically unsaturated target ester.

I'n a downstream

| ow- boi l er rectification colum, the |ower-boiling byproducts are separated
off fromthe crude al kyl (meth)acrylate, usually via the top, before the

desired pure al kyl (nmeth)acrylate can be separated off 10

via the top in a

hi gh- boi | er rectA fidc68i ¥32,c22 B6n 829 \andt 2252 B34m (These amhdypicalt equilibrimd of
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brium constant. Consequently, for an economical procedure, the unconver-
ted starting materials have to be separated from the resulting ester and re-
cycled to the reaction zone. As a rule, separating the resulting ester from
unconverted (meth)acrylic acid proves to be particularly difficult since their
boiling points are generally comparatively close together. Various measures
for increasing the conversion of the (meth)acrylic acid to the corresponding
esters have therefore been proposed, for example the use of an increased
molar excess of alkanol relative to the (meth)acrylic écid, and the removal
of the water of reaction by means of an organic entraining agent which
forms a suitable azeotropic mixture or the extraction of the resulting ester
with a suitable solvent during the reaction. However, these methods have
the disadvantage that a large excess of alkanol must be recovered or the en-
training agent or the extracting agent must be isolated. In addition, a large

- excess of alkanol promotes the formation of its dialkyl ether as a bypro-

duct. . . .
It is now also known that the difference between the boiling point
of unconverted (meth)acrylic acid and that of resulting alkyl ester can be in-
creased by incorporating the resulting alkyl ester of (meth)acrylic acid in at
least one low-boiling aqueous azeotropic mixture which may also contain
starting alkanol in addition to the alkyl (meth)acrylate and water, and by re-
moving the alkyl (meth)acrylate continuously by rectification, as a compo-
nent of at least one such azeotropic mixture, from the reaction zone compri-
sing the unconverted (meth)acrylic acid, and thus separating it from uncon-
verted (meth)acrylic acid. When the above procedure is. carried out continu-
ously, the aqueous azeotropic mixture obtained as the distillate is separated
into at least one organic phase containing the alkyl (meth)acrylate and into
at least one water-containing aqueous phase. A part of the organic phase

} REPLACEMENT SHEET

20 DEC 1996_1

}




-

L

15 return butanol stream which is effected as described ab t

I's renoved fromthe rectification colum for recovery of but m@gﬁgﬁj §5EET
t ake-of f after separation of any entrained liquid droplets and i s condensed
to give pure ester. In the condensation, the storage stabilizer is added to
this (eg. hydroqui none nononet hyl et her). % this enbodi nent, the bottom 20
di scharge of the rectification colum for butanol recovery (minly
conprising alkyl acrylate) is advantageously recycled to the |ast reaction
regi on of the cascade for cleavage of small amounts of high boilers present
and for recover yonfaiging ethe calkylr (mem)aomlatecuswycladsmlmeampuoﬁ the attachedi on

eacti on 1 egi on BGHHOR azkadn | AROEF o cBDih o, frotichfive o FrBraiBR et o
2;/:’)Y:J|dt gﬁgglrjn;: 3t Idﬁ&t%arged 1R a@g tgere The ampunt of acid catal yst
If the aqueous azeotropic mixture which contains the desired ester

s and is separated off continuously from the reaction zome via the top of a
rectification zone in the course of the novel process is not a hetero azeo-
tropic mixture, said azeotropic mixture does not separate spontancously into
an aqueous phase and an organic phase after its coﬁdensation. However,
this separation can be achieved in a simple manmer, for example by extrac-

1o ting the alkanol contained in the azeotropic mixture by means of water and
separating the resulting water/alkanol mixture by rectification. The alkanol
is advantageously recycled to the reaction zone, preferably via the top of
the attached rectification zone in order to establish the rectificative separa-
tion effect.

15 The alkyl (meth)acrylate is separated in a manner known per se
from the excess organic phase containing the alkyl (meth)acrylate. In the
esterification of lower C,-and C, alkanols, the water of reaction formed as

" a byproduct in the course of the esterification is usually sufficient for for-
ming the composition of the aqueous azeotropic mixture (suitable composi-

20 tions of aqueous azeotropic mixtures are described, for example, in Azeotro-
pic Data-III, Advances in Chemistry, Series 116, American Chemiéal Socie-
ty, Washington, D.C. (1973)) and is thus removed simuitaneously and con-
tinuously from the esterification equilibrium as a component of the aqueous
azeotropic mixture. However, this is no longer so with increasing chain

25 length of the alkanol, and in these cases additional water over and above
the water of reaction formed in the course of the esterification must be
introduced into the reaction zone. This is realized in the simplest manner
by recycling to the esterification part an appropriate portion of the aqueous
phase produced during separation of the aqueous azeotropic mixture obtained

30 as the distillate. Since water tends to have an adverse effect _with regard

1 REPLACEMENT SHEET

20 DEC 1996




-~

L

t he reaction zone. Usually, the aqueous azeotropic m xture r he :
reaction 30 zone contai ng no st a(r:]ti ng acid Wneg the rectifi ngMEW? gHEET
separation action is 12 correctly established. However, if the latter is

not the case, said acid can be separated off together with the al kanol by
extraction wwth water and the extract then geparated in a manner known per

se by rectification. In the novel process, both the esterification reaction
and the rectificative separations 5 and extractions are preferably carried

out in the presence of conventional amounts of conventional polynerization

i nhibitors. As aortheeconversionO i) the¢ actual esterification reaction, the recycling of the

aqueous phase is preferably effected via the top of the attached rectification
zone. If the aqueous azeotropic mixture separated off by rectification via
the top of the attached rectification zome contains starting alkanol as an
s additional component, this is separated in a manner known per se from the
excess of organic and aqueous phase remaining after separation of the azeo-
tropic distillate into an organic and an aqueous phase after its partial
recycling, and is recycled to the reaction zome. Since the’ starting alkanol,
as one of the two reactants, participates directly in the esterification, this

10 recycling is advantageously effected preferably by a direct route.
GB-1017522 discloses an appropriate process for the preparation of
n-butyl acrylate. As esterification conditions, GB-1017522 recommends a
molar ratio of starting alkanol to starting acid of from 2.3 to 5, a reaction
temperature of < 100°C and a content of catalytically active sulfuric acid
15 or organic sulfonic acid of from > 0.05 to < 5% by weight, based on
the total mass of the reactants. The disadvantage of this procedure is the
required large excess of starting alkanol, which promotes the formation of
undesirable dialkyl ether, and the fact that the yield of n-butyl acrylate,
based on the amount of acrylic acid used, is not completely satisfactory

20 under the abovementioned conditions.

German Patent 2,552,987 discloses a process for the continuous
preparation of alkyl esters of acrylic acid by reacting acrylic acid and a
monohydric alkanol of 1 to 4 carbon atoms in the homogeneous, liquid, sol-
vent-free phase in a molar ratio of from 1 (alkanol) : _1 (acrylic acid) to
25 2 (alkanol) : 1 (acrylic acid) at elevated temperatures and in 'the presence
of sulfuric acid of an organic sulfonic acid as a catalyst, in which the.
acrylic acid, the alkanol and the acid catalyst are fed continuously to a
reaction zone, the resulting alkyl acrylate is separated by rectification, after
a residence time of a few hours, as a component of at least one aqueous

30 azeotropic mixture consisting of water or water and starting alkanol as
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0.1% by wei ght, based on the armunt of the [err],[err]-nonoet @E'P?_RCEMEW SHEET
unsat ur- ated ultabl e polynerization inhibitor Ts used
- TREFLIRERENT SHEE? boty

They are adva af the top of the attached rectification
colum and at }10 the top of yhe al kanol/ester separation columm. Exanples
n .
m
me

of suitable p I - 20 DEL.!W¥ | nhi bitors aresphenolic conpounds, such as
hydr oqui none hydr oqui none{ npnonet hyl ether, as well as p-benzoqui none,
phenot hi azi ne, hyl'ene bl ue, phenyl enedi anmi ne and/or_air. Conpared wth
the prior art lprocesses the nobel process is di- 15 stinguished by a

substanti al redufurihen compbhcmsuiﬂhﬂmtioh ot thesalkyld acrgate, avia othe lop ' 6ft h reSti-
shorter residence tjnes, hi gher yield of desired ester, based on startlng

acid used, a snaﬁ?aélpnaﬁﬂi‘m{‘ meunted, o the reaction zeneqany Having o tofr prossurei efui d
{oga\igr{(rggntﬂiesr |stcﬂér g}éo?rea&;iﬁn?ﬁg rea@fléon zoiir%iéltI B{)t%ﬂgdlig’ﬁggp ng%g?sary

phase containing the resulting acrylate and into an aqueous phase, a part of

5 the organic phase is recycled via the top of the rectification zone in ‘ordei

to produce a greater separation effect and, if required, a part of the

aqueous phase is recycled via the top of the rectification zone in order to

maintain the composition of the aqueous azeotropic mixture, the alkyl ester

is wolatedmamannerlmownpersefromtheexcess organic phase and a

10 part of the reaction mixture is discharged from the reaction zone and is

freed from high boilers by distillation and the resulting distillate II is

recycled to the reaction zome.

The primary object of German Patent 2,552,987 is to avoid undesi-

 rable ether formation from a starting alkanol. However, - the disadvantage

15 of the procedure of German Patent 2,552,987 is that, in spite of the distil-

lative treatment of the discharge from the reaction mixture and recycling of

the resulting distillate to the reaction zone, the yield of alkyl acrylate, based

on acrylic acid used, is unsatisfactory. The achieved reduction in the for-

mation of the dialkyl ether byproduct is also not completely satisfactory.

20 Furthermore, the residence time required in the Examples is unsatisfactory.

This also applies to the space-time yield. It is assumed that this is due to
the low concentration of acidic esterification catalyst.
' It has therefore been proposed (German Patent Application 195 10
891.4) to carry out the corresponding esterification process in the presence
25 of high concentrations of acidic esterification catalyst, which promotes the
recleavage of oxyesters formed in the esterification of further byproducts and
hence, for a given residence time, increases the yield. of ester, based on
(meth)acrylic acid used.
It is an object of the present invention to provide an esterification

30 process for the preparation of alkyl esters of (meth)acrylic acid which per-
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recl eavage of relatively high-boiling oxyesters (for exanple
al koxypr opi onat es or acyl ox- ypropionates) probably plays a key role. I'n an
advant ageous enbodi nent, the total process s operated with 25 a total of
four separation colums for renoving high boilers and | ow boilers. These
are the colunmm for renoving the ester via the top, the butanol recovery
colum, the acetate columm for renoving acetates fromthe return butanol
stream and a st miifspam@ptintizednyield of esterv and) at ¢he damé¢ time arminimization of. the
removed vater Ol imation of dialkyl ether byproduct.
We have found that this object is achieved by a process for the
continuous preparation of alkyl esters of (meth)acrylic acid by reacting
s (meth)acrylic acid and a monohydric alkanol of 1 to 8 carbon atoms in the
homogeneous, liquid, solvent-free phase at elevated temperatures and in the
presence of an acidic esterification catalyst, in which the (meth)acrylic acid,
the alkanol and the acid catalyst are fed continuously to a reaction zone,
the alkyl (meth)acrylate formed is separated off by rectification, after a
10 residence time, via the top of a rectification zone mounted on the reaction
zone, as a component of at least one azeotropic mixture consisting of water
or water and starting alkanol as further components in addition to the alkyl
(meth)acrylate, the resulting distillate is separated into at least one organic
phase containing the alkyl (meth)acrylate and into at least one water-contai-
15 ning agueous phase, a part of the organic phase containing alkyl (meth)acry-
late is recycled via the top of the rectification zone and, if required, water
is recycled to the reaction zone, the alkyl (meth)acrylate is isolated from
~ the excess organic phase containing the alkyl (meth)acrylate and a part of
the reaction mixture is discharged continuously from the reaction zone,
20 wherein the reaction zone consists of' a cascade of at least two, preferably
continuously operated, reaction regions, connected in series, and the liquid
discharge stream of one reaction region forms the feed stream of the subse-
quent reaction region. .
In this process, the amount by weight, based on the amount of
2s  esterification mixture contained in the particular reaction region, of acidic
esterification catalyst increases along the reaction cascade owing to the rela-
tively poor volatility of the acidic esterification catalyst. This leads to a
spatial separation of esterification and recleavage and gives rise to reduced
dialkyl ether formation. However, this acid profile may also be achieved
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13 The invention also relates to an apparatus for carrying odRERHkSENE@ﬂ'SHEET
cribed process for the continuous preparation of alkyl esters of
(rreth)acrylic acid, having a first reactor (1) which is provided with a

feed line (3) for the reactants and whose top is connected via a line (5)

to the lower part s of a rectification col@dm (6) whose top is connected

via a condenser to a separator (13) which has a discharge line (20) for the
crude product, wherein the |ower end of the first reactor (1) is connected
via aline (4) to the lower end of at |east one further reactor (2) whose

top i s connect edlongathe dascade (1) externahaditingr ofp furthepfacidhto irdividuak reaction

colum (6). 10 Preferably the upper part of at |east one further
reactor (2) is E?ﬁ\%cted via a line (7) to the upper part of the first

reactor (1). Preferablj bhé¢ ehido8imedd the Hiquid dutplt istrédm fi Giie FALLIGN région | S
connees is passed to a subsequent reaction region with the aid of a pump. In fur-

s ther embodiments, the discharge is also introduced into a subsequent reaction
region with the aid of an overflow or is passed into the lower part of the
rectification column, from where the rectification mixture, freed from low
boilers, flows into the reaction region which has a liquid conmection to the
rectification column. _

10 In an advantageous embodnment of the invention, the content of ca-
talytically active acid in the first reaction region is from 0.1 to 5% by
weight, based on the reaction mixture contained therein, of sulfuric acid (or
an equimolar amount of an organic sulfonic acid, preferably methanesulfonic
acfd, benzenesulfonic acid, dodecylbenzenesulfonic acid or p-toluenesulfonic

15 acid or of a mixtre of an organic sulfonic acid and sulfuric acid).
corresponding acid content in the last reaction region is preferably from >
5 to 20% by weight. The total residence time of the reactants in the cas-
cade is as a rule from 1 to 20 hours.

Where the individual reaction regions are reactors which are spa-

20 tially separated from one another, the number thereof is advantageously =
2 and < 4, taking into account the capital costs. If more than one reac-
tion region is created within one and the same reactor (for example by
using partitions), the number of reaction regions may also be greater than
4. o

25 : In a possible embodiment of the novel process, only one rectifica-
tion column is mounted on the total reaction'zone, the liquid reflux of said
column being connected only to the first reaction region. With regard to
the remaining reaction regions, there is a connection to the rectification co-
lumn only for the ascending vapors. In a further embodiment, the first re-

30 action region is operated as a dwell container (preliminary reactor) without
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ted via aline (9) to the top part of the first reactor (1), _Preferably

| ower part of the separator (13) is connected to the 15 toBE BIQAGEMENTI%EET
rectification colum (6) and to the top part of at |east one of the further
reactors (2). Preferably the separator (13) is connected to a further
rectification colum (21). The invention al8&o relates to an apparatus for
carrying out the des- 20 cribed process for the continuous preparation of
~al kyl esters of- (meth)acrylic acid, having a reactor (1) which is provided
with a feed line (3) for the reactants and which, as a dwell container,
forms the first areonmedtion tceghmmcnﬁhmwn colnma. fPreferably abe dirst( tepctiors region

| i qui d-si de connectlon 4) to at ast .one further reactor, ose top is
connect ed via al§ FORRE @;i %lbtleangaq BaEr ¢r 10,8 doyynsirgam  reactj %‘&l“?’bﬁ%é‘? um
(6) whose top i gheC Q&titich@h Yofle. 2 THE "B "PrREsut® of the rectification column is ad-
vantageously from 0.1 to 1 atm, atmosphenc pressure being particularly pre-
5 ferred.
The temperature of the reaction mixture in the various reaction re-
gions usually corresponds to the boiling point of the particular reaction mix-
ture at the set pressure, ie. it usually increases along the cascade, which is
advantageous with regard to the objects of the process. In the first reaction
10 region, the temperature is usually = 80°C and < 125°C. In the last re-
action region of the cascade, it should be < 135°C, in order to suppress
undesirable polymerization as a secondary reaction.
The conversions are typically = 95 mol %, based on the amount
of (meth)acryhc acid used. The first reaction region is advantageously ope-
15 rated at a conversion as high as = 90 mol %. When a dwell reactor
(prelnmnary reactor) is used as the first reaction region, the reaction mixtu-
re therein generally does not boil. Here too, the recommended reaction
temperature is from 80 to 125°C. When a dwell reactor is used as the
first reaction region, a conversion of about 80% of the equilibrium value is
20 reached as a rule. Advantageously, the reaction regions are designed so
that the residence time decreases along the cascade from reaction region to
reaction region.
In an advantageous embodiment of the invention, the molar alka-
noll(meth)acryhc acid ratio used is =2 1 and is as a rule less than 5. A
25 ratio of from 1 : 1 to 3:1is particularly advantageous. A ratio of from
1.1 : 1 to 1.8 : 1 is very particularly advantageous. It is particularly ad-
vantageous to use sulfuric acid and/or organic sulfonic acids as esterification
catalysts.
As a rule, it is sufficient continuously to remove < 2.5% by
30 weight, based on the amount of ester obtained, of reaction mixture from the
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a separator (13) which has a discharge line (20) for the cr REPLACE - SHEET
Preferably at | east one of the further reactors (2) has a connecting |ine
(7) to the first reactor (1). Preferably the | ower part of the
rectification colum (6) is connec- 30 ted via aline (9) to the top part
of one of the further reactors (2). 14 Referably the loper part of the.
separator (13) is connected to the top part of the rectificati.on colum (6)
and to one of the further reactors (2) Preferably the separator (13) S

connected to a furher rectificatio
reaction zone, preferably from the last reaction region, in order to lumt the

~amount of high-boiling non-cleavable byproducts.

Advantageously, a part-stream is recycled from the last reaction re-

gion of the cascade to the first reaction region and, if required, to other

5 reaction regions. Acidic esterification catalyst is removed together with the
high boilers and is continuously added to the reaction mixture. Process sta-
bilizer is also simultaneously removed, so that its content settles to a
steady-state value. This leads to steady-state conditions of the required con-
centration of acidic esterification catalyst. At the same time, this circulation

10 dispenses with working up of the catalyst and reduces the requirement for
fresh catalyst. _

Since the acrylic acid used contains small amounts of acetic acid,
alkyl esters of acetic acid are obtained as byproducts, in addition to dialkyl
ethers. Both secondary components pass over via the top of the attached

15 rectification column and, in the alkanol/ester separation by distillation, re-
main in the alkanol, which is advantageously recycled to the starting mixtu-
re. As a result, both impurities accumulate in the return streams. Steady-
state concentrations are established by virtue of the fact that, to a certain
extent, these low boilers enter the resulting ester. Depending on purity re-

20 quirements for the ester, removal from the alkanol circulation too is therefo-
re effected.

In a simple distillation column downstream of the alkanol/ester se-
paration, the ester can be separated from the procesé stabilizers by distil-
lation and can be treated with storage stabilizers in their place. Preferably

2s the acid to be esterified is .acrylic acid and/or the alkanol to be esterified
is a C;-Cy-alkanol, especially n-butanol. _

The novel process is particularly preferably used for the prepara-
tion of n-butyl acrylate. '

The vapors formed in the reaction zone set up according to the

3 invention as a cascade are fed continuously to a rectification zone, as

REPLACEMENT SHEET

20 DEC 199




5 colum (21). Further details and advant ages of the invent vi dent
fromthe Exanples described with reference to the draw ng. é% o SHEET
efrpha- si zed once again at this point that all statenents above and bel ow
are valid in particular for the process for the preparation of n-butyl
acrylate, ie. bu- 10 tanol is n-butanol. Hxanple 1 This Exanple is to be
descri bed below with reference to Figure 1. Here, a mxture of 5 nol/h of
acrylic acid (AA) and 7 nol/h of butanol (BuCH) and sulfuric acid as an
esterification catalyst was fed, via a feed 15 line 3, to a reactor 1

havi ng a f or ceddescribed sabover eWithoregand td /the dfjueousTBZEOtIopic Hutthrer separated as
from2 to 3% by _we t, .ba ed on the reac- tion mxture. ,The reaction_was
carried out at . igqq: gth target ester, it is possible to make

a distinction essentlally between two cases.  If it is a hetero azeotropic
mixture, as, for example, in the case of the preparation of n-butyl acrylate,

‘s the azeotropic mixture separates -after its condensation spontaneously into an
aqueous phase and into an organic phase. The aquéous phase usually con-
sists mainly of water and a little alkanol, while the organic phase generally
~consists essentially of the resulting ester and alkanol. In order to establish
-the rectificative separation effect, an appropriate part of the orgamic phase

10 is recycled via the top of the rectification zone.

In order to maintain the composition of the aqueous azeotropic
mixture, an appropriate part of the aqueous phase is recycled to the reaction
zone, preferably likewise via the top of the attached rectification zone.
Alkanol present can be separated from the unrecycled part of the aqueous

15 phase, for example by stripping (for example with air) and is recycled to
the reaction zome. Recycling is advantageously effected directly. The
resulting essentially pure water is discharged. | The alkyl (meth)acrylate
formed is separated in a manner known per se, for example according to
DE-A 25 52 987, from the unrecycled part of the organic phase. For

20 example, the excess organic phase is fed to a downstream rectification
column and the alkanol is separated off via the top in pure form or as an
azeotropic mixture consisting of ester and alkanol. The alkanol thus separa-
ted off (in pure or in azeotropic form) is preferably recycled to the reaction
zone. Recycling is advantageously effected directly.

25 " The bottom liquid of this rectification column consists essentially
of the desired ester and small amounts of byproducts having lower and
higher boiling points than this ester. The bottom liquid of this rectification
column is therefore also referred to as crude alkyl (meth)acrylate. The
lower-boiling byproducts are in particular the dialkyl ether and the acetate

30 of the starting alkanol, since the esterification of (meth)acrylic acid with
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a residence tinme of 2.5 h. The gaseous reaction product was fed fromthe

top of reactor 1 via a line 5 to a rectification colum. RETRLIACEMENEPSPEET
of &

20 the reaction mxture (stream 4) was punped continuously by means of
circulation punp (not shown) from the |lower part of reactor 1 into the

| ower part of a second reactor 2 having a ibrced-circul ati on evaporator 2A
The second reactor was operated at the higher tenperature of 130[err]C and
at a higher sulfuric acid concentration of about 10% by wei ght. Reactor 2
25 had an overflow 7 to reactor 1, by means of which a constant catal yst
con- centr ati onalkanolsraisually takes iplaceestarting fromRemd¢ dmeth)acriyHoviasid. hThis is

i d out 11 ow WERGerk obedopinaril Phecualytie S35 e OXkatgh oo oilee saring
oo nca™ s, SEIBH 4 R ) GBI i il B4 USHE ke o
anot her at t hei being formed as a byproduct (cf. for example DE-A 44 36 243). Higher-
s boiling byproducts are, for example, oligo- and polymers of the o,8-mono-
ethylenically unsaturated target ester.

In a downstream low-boiler rectification column, the lower-boiling
byproducts are separated off from the crude alkyl (meth)acrylate, usually via
the top, before the desired pure alkyl (meth)acrylate can be separated off

10 via the top in a high-boiler rectification column downstream from this. The

| bottom liquid of the high-boiler rectification column, which liquid contains

the higher-boiling byproducts, is advantageously recycled to the reaction
zone, preferably directly.

In a particular embodiment, if acetate is separated off from the

15 return butanol stream, which is effected as described above, the ester is
removed from the rectification column for recovery of butanol by a side
take-off after separation of any entrained liquid droplets and is condensed
to give pure ester. In the condensation, the storage stabilizer is added to
this (eg. hydroquinone monomethyl ether). In this embodiment, the bottom

20 discharge of the rectification column for butanol recovery (mainly comprising
alkyl acrylate) is advantageously recycled to the last reaction region of the
cascade for cleavage of small amounts of high boilers present and for
recovery of pure, ester.

In both cases, a small amount of reaction mixture is discharged,

2s  preferably continuously, from this last reaction region of the cascade in
order to maintain a steady state and to avoid accumulation of high boilers
there. The amount of acid catalyst simultaneously discharged is added to
the reaction zone.

Usually, the aqueous azeotropic mixture removed from the reaction

.30 zone contains no starting acid when the rectificative separation action is
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cascade, The gas flowing continuously from this reaction 2Bk ARENENT SHEET
distillation colum 6 was rectified there, and the aqueous azeotropic
m xture flow ng-away fromthe top of this distillation colum 6 via |line
10, containing the target 5 ester to be ft& ned and consi sting of butyl
acryl ate, butanol and water was fed to a condenser 11 and condensed
therein. The condensate flowed via a line 12 into a separator 13. There,
the azeotropic mxture separated into an aqueous phase and into an organic
phase. The aquecorsectiyaessablishedsh Howevers i thealattey isvnot theedses said tacid can
butanol, wes t . er&eggrfate& h&f’ Ligghetﬂeirn\%itﬁélthe alkanol by extraction with water and the
extract then separated in a manner known per se by rectification. In the
novel process, both the esterification reaction and the rectificative separations
s and extractions are preferably carried out in the présence of conventional
amounts of conventional polymerization inhibitors. As a rule, from 0.01 to
0.1% by weight, based on the amount of the «,3-monoethylenically unsatur-
ated monomers, of a suitable polymerization inhibitor is used. They are
advantageously added at the top of the attached rectification column and at
10 the top of the alkanmol/ester separation column. Examples of suitable poly-
merization inhibitors are phenolic compounds, such as hydroquinone and
hydroquinone monomethyl ether, as well as p-benzoquinone, phenothiazine,
methylene blue, phenylenediamine and/or air.
Compared with the prior art processes, the novel process is di-
1s  stinguished by a substantial reduction in the number of steps and separation
operations, shorter residence times, a higher yield of desired ester, ‘based on
starting acid used, a smaller amount of ether and a reduced discharge of
the liquid phase from the reaction zome and by the fact that it is no longer
necessary to work up this discharge from the reaction zone. Both the latter
20 and the increased yield are probably due to the fact that the steady state
established in the reaction zone is kinetically controlled. The recleavage of
relatively high-boiling oxyesiers (for example alkoxypropionates or acylox-
ypropionates) probably plays a key role.
In an advantageous éxhbodiment, the total process is operated with
2s a total of four separation columns for removing high boilers and low
boilers. These are the column for removing the ester via the top, the
. butanol recovery column, the acetate column for removing acetates from the
return butanol stream and a stripping column for removing residual butanol

from the removed water of reaction.

RE -
PLACEMENT SHEET

Vetn 0o o s o

20 DEC 1996 ]

N




10 and fed partially via line 15 to the top of distillation colum 6 to
effect the rectificative separation as well as azeotrope fO'HEP'LA?EMEN'ITSHEET
vapors ascen- ding there. Another part of the aqueous phase was fed via
line 16 to the top of reactor 2. A further part was renoved via line 17 for
stripping off butanol. In the experinental 3etup, half the anount of refl ux
flowing away 15 through line 14 fromthe condenser was fed via line 15 into -
the distillation colum and half via line 16 into reactor 2. Organic reflux

was fed fromseparator_13 via line 18 into the top of disti|lation colum 6
in order to suppress tHee igvyeption alse; wlatesnto ap ppYANs Jor GAITYiNS eutr thet des- '

The Iine 1o procHirg bl Ve ¥aubrtihs Yrefitifiod B e GRH of TEinAYE °' -
di sposal of renatidj hgvingsa -first eeactofh@) owhiohi is prioaided cwitls i & iféedo 1ine @Y iforl | y
of butanol and hutyl acry- . . .
the reactants’ and whose top is connected via a line (5) to the lower part
s of a rectification column (6) whose top is connected via a condenser to a
separator (13) which has a discharge line (20)' for the crude product,
wherein the lower end of the first reactor (1) is connected via Ia line (4
to the lower end of at least one further reactor (2) whose top is connected
via a line (8) to the lower part of the rectification column (6).
10 Preferably the upper part of at least one further reactor (2) is
connected via a line (7) to the upper part of the first reactor (1).
Preferably the lower part of the rectification columm (6) is connec-
ted via a line (9) to the top part of the first reactor (1).
Preferably the lower part of the separator (13) is connected to the
15 top part of the rectification column (6) and to the top part of at least one
of the further reactors (2). | |
Preferably the separator (13) is connected to a further rectification
column (21). | '
The invention also relates to an apparatus for carrying out the des-
20 cribed process for the continuous preparation of alkyl esters of (meth)acrylic
' acid, having a reactor (1) which is provided with a feed line (3) for the
reactants and which, as a dwell container, forms the ﬁrst_ reaction region,
wherein the first reactor (1) has a liquid-side connection (4) to at least one
further reactor (2) whose top is connected via a line (8) to the lower part
2s  of the rectification column (6) whose top is connected via a condenser to
a separator (13) which has a discharge line (20) for the crude product.
Preferably at least one of the further reactors (2) has a connecting
line (7) to the first reactor (1).
_ Preferably the lower part of the rectification column (6) is connec-
30 ted via a line (9) to the top part of one of the further reactors (2).
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| ate contained onl y 876 ppm (ppm data are all based on wei b i

ether. It was renoved continuously from separator 13 via %EF%M@EQ&@EHEET
i ntroduced as feed to a further colum 21 which was in the form of a

bubbl e-cap colum in the experinental setup, in order to recover butanol.

In this butanol

recovery colum 21, the exddss butanol, w th residues of

wat er and portions of butyl acrylate, was renoved via the top through |ine
22 and fed to a condenser 23. Fromthe latter, the excess butanol was 30
added via line 24 to the m xture of reactants which was introduced into
REPLACEMENT SHEET 16 Preferably the loper part of the separator (13) is connected to the

10

15

20

30

top part of the rectification column (6) and to one of the further reactors
2. | '

Preferably the separator (13) is connected to a further rectification
column (21). '

Further details and advantages of the invention are evident from
the Examples described with reference to the drawing. It should be empha-
sized once again at this point that all statements above and below are valid
in particular for the process for the preparation of n-butyl acrylate, ie. bu-
tanol is n-butanol.
Example 1

This Example is to be described below with reference to Figure 1.
Here, a mixture of 5 mol/h of acrylic acid (AA) and 7 mol/h of butanol
(BuOH) and sulfuric acid as an esterification catalyst was fed, via a feed
line 3, to a reactor 1 having a forced-circulation evaporator 1A. The
amount of sulfuric acid was from 2 to 3% by weight, based on the reac-
tion mixture. The reaction was carried out at 120°C and 1 atm and during
a residence time of 2.5 h. The gaseous reaction produét was fed from the
top of reactor 1 via a line 5 to a rectification column. A part-stream of
the reaction mixture (stream 4) was pum;':ed continuously by means of a
circulation pump (not shown) from the lower part of reactor 1. into the
lower part of a second reactor 2 having a forced-circulation evaporator 2A.
The second reactor was operated at the higher temperature of 130°C and at
a higher sulfuric acid concentration of about 10% by weight. Reactor 2
had an overflow 7 to reactor 1, by means of which a constant catalyst con-
centration was maintained in reactor 1. Reactor 2 likewise had a gas-side
connection 8 to the lower part of distillation column 6. Its liquid outflow
was passed via a line 9 into reactor 1. The subsequent reaction and the
in situ cleavage of oxy compounds (Michael adducts) formed took place in
reactor 2. The two reactors 1 and 2 connected to one another at their
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reactor 1 through line 3. A part of the distillate was fed from separator
23 via line 25 to the top of colum 21 as a reflux for i nBEPLACEMENReSHEET
récti- ficative separation. Crude butyl acrylate which was free of high
boilers, contained 5 only residues of |ow boilers and had a butyl acrylate
content of 99.5% by wei ght was renoved fromsthe bottom of butanol recovery
colum 21 via a line 27. After subsequent .renoval of |ow boilers and high
boilers, it was possible to obtain a pure butyl acrylate having a purity of
> 99. 9% by wei ght. Butanol recovery colum 21 was operated at 400 nbar. The

pure 10 ester colwer §ad dallnesddfopped dhe gpyrliiprctiomeene puiltoup aisar wascade.

exchanger 26, a URtSranaYae pontfipiiy, 30o7 s defecl A, i, SREPRAGH spfin

6 was rectified there, and the aqueous azeotropic mixture flowing away

from the top of this distillation column 6 via line 10, containing the target

5 ester to be formed and consisting of butyl acrylate, butanol and water was

fed to a condenser 11 and condensed therein. The condensate flowed via

a line 12 into a separator 13. There, the azeotropic mixture separated into

an aqueous phase and into an organic phase. The aqueous phase, which

coinprised mainly water and a little butanol, was taken off through line 14

10 and fed partially via line 15 to the top of distillation column 6 to effect the

rectificative separation as well as azeotrope formation of the vapors ascen-

ding there. Another part of the aqueous phase was fed via line 16 to the

top of reactor 2. A further part was removed via line 17 for stripping off

butanol. In the experimental setup, haif the amount of reflux flowing away

15 through line 14 from the condenser was fed via line 15 into the distillation

column and half via line 16 into reactor 2. Organic reflux was fed from

separator 13 via line 18 into the top of distillation column 6 in order to

suppress the acrylic acid. The aqueous reflux was effected under tempera-

ture régulation and the organic reflux under level control. The line 19 pro-

2 vided on the lower part of reactor 2 served for disposal of remaining resi-
dues.

The organic phase consisting essentially of butanol and butyl acry-
late contained only 876 ppm (ppm data are all based on weight) of dibutyl
ether. It was removed continuously from separator 13 via a line 20 and

25 introduced as feed to a further column 21 which was in the form of a
bubble-cap column in the experimental setup, in order to recover butanol.
In this butanol recovery column 21, the excess butanol, with residiles of
water and portions of butyl acrylate, was removed via the top through line
22 and fed to a condenser 23. From the latter, the excess butanol was
30 added via line 24 to the mixture of reactants which was introduced. into
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reduced but anol

15 ether in stream 20 to 623 ppm and an increase of 374 gRUACEMENT
The yield of butyl acrylate, based on acrylic acid, was

of pure product.

excess (nmolar ratio 1.3: 1) resulted in a decrease of the

Dbt

98.8% of theory in the first experinment and 97.3% of theory in the second

experinment. 20 Conparative Exanple For conp¥rison,
process was carried out using only one reaction region.
Exanple, 4 nol/h of acrylic acid, 4 nol/h of fresh butanol

recycl ed but anol

circul ati on evaprsaetonrl thropgh ding 3 oA par of the distillate’ ‘was fed cirom, separator:

wbi ghi *(based ored WA PEcES BT o Sont B POl A" oSl 865

(distillate fromthe butanol recovery) were fed to a

reactor was CONNKEiQE separatibnlb-

Crude butyl acryiatc which was free of high boilers, contained
only residues of low boilers and had a butyl acrylate content of 99.5% by

weight was removed from the bottom of butanol recovery column 21 via a

line 27. After subsequent removal of low boilers and high boilers, it was

~ possible to obtain a pure butyl acrylate having a purity of > 99.9% by

10

weight. Butanol recovery column 21 was operated at 400 mbar. The pure
ester contained only 598 ppm of dibutyl ether. A temperature of 115°C

was established in the bottom of this column by means of heat exchanger

. 26.

15

25

A second experiment under the same conditions with only a
reduced butanol excess (molar ratio 1.3 : 1) resulted in a decrease of the
ether in stream 20 to 623 ppm and an increase of 374 ppm in the amount
of pure product. The yield of butyl acrylate, based on acrylic acid, was
98.8% of theory in the first experiment and 97.3% of theory in the second

experiment.

For comparison, a known esterification process was carried out
using only one reaction region. In this Comparative Example, 4 mol/h of
acrylic acid, 4 mol/h of fresh butanol and 1.6 mol/h of recycled butanol
(distillate from the butanol recovery) were fed to a circulation evaporator
(2.5 1, level of fill 2 1). The residence time was 2.5 h. The esteri_ﬁcation
was carried out in the presence of 9.7% by weight (based on the reaction
mixture) of sulfuric acid at 126°C. The reactor was connected to a bub-
ble-cap column (30 trays), which was stabilized with 15 ml/h of hydroqui-
none monomethyl ether (MeHQ) in butanol. Butyl acrylate formed was re-
moved via the top by adding 340 ml/h of water as a reflux (azeotropic en-

a known esterification
In this Conparative
and 1.6 nol/h of

mﬁé@ér &'Fgé%ﬁyl'he
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'bI e-cap colum (30 trays), which was stabilized with 15 M/hREPLAGEMENWSHEET

none nnnonethyl

ether (MeHQ in butanol. Butyl acrylate fornmed was re-

nmoved via the top by adding 340 mi/h of water as a reflux (azeotropic en-
REPLACEMENT SHEET 17 training agent) to the colum. In addition, 175 nmi/h
of organic reflux were added to the columm #h order to suppress the acrylic
acid. The excess organic phase (610 nl/h) was added continuously as a feed
to a second bubbl e-cap colum, as in the Exanple for the novel pro- 5 cess
for the recovery of butanol (BuCH) A crude_ ester _contai ning 1295

10

15

25

30

training agent) to the column. In addmon, 175 mi/h of organic reﬂux ‘were
~added to the column in order to suppress the acrylic acid.

The excess organic phase (610 ml/h) was added continuously as a
feed to a second bubble-cap column, as in the Example for the novel pro-
cess for the recovery of butanol (BuOH). A crude ester containing 1295
ppm of dibutyl ether was obtained in the bottom of the butanol column,
which was at 115°C. 1940 ppm of ether were present in the feed to the
BuOH column. The column was stabilized with MeHQ (2% by weight in
butanol). |

After removal of the low boilers and high boilers, a pure ester
having a purity of > 99.9% by weight was obtained. The yield was
98.4% of theory, based on acrylic acid. |

Example 2
This Example is to be described with reference to Fig. 2. Here,

the same reference symbols as in Fig. 1 were used for identical or corre-
sponding parts. |
A mixture of 5 mol/h of acrylic acid (AA) and 5.5 mol/h of n-
butanol (BuOH) and sulfuric acid as an esterification catalyst was fed viﬁ
a feed line 3 to a reactor (dwell i'eactor) 1 having a forced-circulation eva-
porator 1A. The molar BuOH/AA ratio was 1.1 : 1. The amount of sul-
furic acid was from 2 to 3% by weight (based on the reaction mixture).
The reaction in _,reacto_r' 1 was carried out at 120°C and during a residence
time of 3.5 h. A part-stream of liquid reaction mixture was passed conti-
nuously frdm reactor 1 via line 4 to the second reactor 2. This second
reactor was operated at the higher temperature of 130°C and at a higher
sulfuric acid concentration of about 10% by weight. Reactor 2 had a liquid
recycle 7 to reactor 1, by means of which recycle a constant catalyst con-
centration was maintained in reactor 1. Reactor 2 had a gas-side connec-

tion 8 to the lower part of distillation column 6. Its liquid outflow was
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ppm of di butyl ether was obtained in the bottom of the but
which was at 115[err]C. 1940 ppm of ether were pr esent mﬁgﬁU\W&H&g
BJOH col utm. The col um was stabilized with MeHQ (2% by wei ght in butanol).

10 After renoval of the |ow boilers and high boilers, a pure ester
having a purity of > 99.9% by weight was 18btained. The yield was 98. 4%
of theory, based on acrylic acid. Exanple 2 15 : This Exanple is to

be described with reference to Fig. 2. Here, the sane reference synbols as
in Fig. 1 were used for identical or corre- sponding parts. A mxture of 5
mol / h of acryli qasssddviasa)lingnd . mr/zq oThen subsequend | regctionrpnd the dwisitr i c
acid as an esterdlLgal WP byt dhgoundd Wbttt Woducts) formed took place in reactor
2. The two reactors 1 and 2 connected to one another by line 4 formed
the novel reaction zone built up as a cascade.

5 The reaction mixture was worked up similarly' to the isolation of
pure ester, described in the first Example. The crude ester removed at the
lower end of butanol recovery column 21 contained 134 ppm of dibutyl
ether before removal of low boilers and high boilers. The pure ester con-
tained 99.9% by weight of butyl acrylate. The yield of butyl acrylate was

10 98.1% of theory (based on acrylic acid).
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20 a feed line 3 to a reactor (dwell reactor) 1 having a

forced-circul ati on eva- porator 1A. The nol ar BuOH AA rat i RERIACEMENT SHER
afount of sul- furic acid was from2 to 3% by wei ght (based on the reaction
m xture). The reaction in reactor 1 was carried out at 120[err] C and during
a residence tine of 3.5 h. A part-streamoflliquid reaction m xture was
passed conti- 25 nuously fromreactor 1 via line 4 to the second reactor

2. This second reactor was operated at the higher -t-e'nﬂgv. a1 [err]C
and at a higher sulfuric acid concentration of abOLJtTHl %H%T %hﬁéﬁ}eactor
2 had a liquid recycle 7 to reactor 1, by neans of jwhi chREBLAGRIE a cdnstant -
catal yst con- centration was nmaintained in reactor T—Reactor 2 had a

gas-side connec- 30 tion 8 to the |ower part of illation columm 6.
Its liquid outflow was ' '

l
; | OO Y 1
We claim:
1. A process for the continuous preparation of alkyl esters of (meth)-
acrylic acid by reacting (meth)acrylic acid and a monohydric alkanol of 1
to 8 carbon atoms in the homogeneous, liquid, solvent-free phase at elevated

10 temperatures and in the presence of an acidic esterification catalyst, in
which the (meth)acrylic acid, the alkanol and the acid catalyst are fed
contimously to a reaction zone, the alkyl (meth)acrylate formed is separated
off by rectification, after a residence time, via the top of a rectification
zone mounted on the reaction zone, as a component of at least one azeotro-

15 pic mixture consisting of water or water and starting alkanol as further
components in addition to the alkyl (meth)acrylate, the resulting distiliate is
separated into at least one organic phase containing the alkyl (me_th)acrylate
and into at least one water-containing aqueous phase, a part of the organic
phase containing alkyl (meth)acrylate is recycled via the top of the rectifica-

20 tion zone and, if required, water is recycled to the reaction zome, the alkyl
(meth)acrylate is isolated from the excess organic phase containing the alkyl
(meth)acrylate and a part of the reaction mixture is discharged continuously
from the reaction zone, wherein the reaction zone consists of a cascade of
at least two reaction regions, connected in series, and the discharge stream

25 of one reaction i'egion forms a feed stream of a subsequent reaction region.
2. A process as claimed in claim 1, wherein the cascade has from
two to four reaction regions spatially separated from one another.

3. A process as claimed in claim 1 or 2, wherein the ascending
vapors from the reaction regions are fed to an individual rectification zone

30 whose liquid reflux is recycled only to the first reaction region.
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18 passed via a line 9 to reactor 2. The subsequent reaction and the in -
situ cl eavage of oxy_conpounds (M chael adducts) fornmed took RﬁM@EMENT SHEET
reéactor 2. The two reactors 1 and 2 connected to one anot her BU‘J‘“
formed the novel reaﬂmm up as a cascade. 5 o HAQ’I@&EN
reaction m xture was wm"mlﬂrly ta2the isol “qﬁ SHE gpester
described in the first Ekxanpl & TFhe*crude ester renov at Bt A end of
but anol recovery colum 21 contained 134 ppm of di but L :
renoval of |ow boilers and high boilers. The -pure ester con- tained 99.9%

by wei ght of butdyl . acr W prrecesSTtas clainted inf abytgfl claims/|late Jnawharein g8 fvstof

t heory (based gn acrxl }é:glgr(x:'d) connected on the gas side neither to a downstream

reaction region nor to the rectification zone.
5. A process as claimed in any of the preceding claims, wherein the
5 temperature in the first reaction region is from 80 to 125°C and that in the
 last reaction region is below 135°C. |

6. A process as claimed in any of the preceding claims, wherein the

- top pressure of the rectification column is from 0.1 to 1, preferably 1, atm.

7. A process as claimed in any of the preceding claims, wherein the

10 total residence time of the reactants in the cascade is from 1 to 20 hours.

8. A process as claimed in any of the preceding claims, wherein the
molar alkanol/(meth)acrylic acid ratio used is = 1.

9. A process as claimed in claim 8, wherein the molar ratio used and

fed to the first reaction region is from 1 : 1 to 3:1, preferably from 1.1
s :1¢t 1.8 : 1. '

10. A process as claimed in any of the preceding claims, wherein
sulfuric acid or an organic sulfonic acid is used as the esterification cata-
lyst.

11. A process as claimed in claim 10, wherein the organic sulfonic

20 acid used is methanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfo-
nic acid or p-toluenesulfonic acid.
12, A process as claimed in any of the preceding claims, wherein the
content of catalytically active acid in the first reaction region is from 0.1
to 5% by weight, based on the reaction mixture contained therein, of
25 sulfuric acid or an equiniolar amount of organic sulfonic acid.
13. A process as claimed in any of the preceding claims, wherein the
content of catalytically active acid in the last reaction. zone is from 5 to
20% by weight, based on the reaction mixture contained therein, of sulfuric

acid or an equimolar amount of organic sulfonic acid.

e
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19 W claim 1. A process for the continuous prepar afio ERLA EMENT SHEET
esters of (neth)-—acryficacid by reacting (nmeth)acrylic aci ?-andea _

fonohydri ¢ al kanol atons in the honogeneous, |iquid,
solvent-free phase“ l EQI errperatures and int
acidic esterificat s | AR whi ch tBe (meth)acry| THISSSHEET HAS BEEN

al kanol and the acid cat al yst are fed continuously to reacﬂFBbAﬁEme

alkyl (meth)acrylate formed is separated of f by rectificatiom —after—=a
residence tine, via the top of a rectification zone nmounted on the reaction
zone, as a corrpM\.ent oA processaas: claimedin@ny of the preceding xlaims, stwwinitheg of
wat er or water ang St rtl&a’ﬁe‘hcanol as erther

is acryhc™ aci
15. A process as claimed in any of the preceding claims, wherein the
alkanol to be esterified is a C;-C,-alkanol.
s 16. A process as claimed in claim 15, wherein the alkanol to be

esterified is n-butanol.

17. Apparatus for carrying out a process for the continuous preparation

of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,

having a first reactor (1) which is provided with a feed line (3) for the
10 reactants and whose top is connected via a line (5) to the lower part of a

rectification column (6) whose top is connected via a condenser to a separa-

tor (13) which has a discharge line (20) for the crude product, wherein the

lower end of the first reactor (1) is connected via a line (4) to the lower

end of at least one further reabtor (2) whose top is connected via a line (8)
15 to the lower part of the rectification column (6).

18. Apparatus as claimed in claim 17, wherein the upper part of at

least one further reactor (2) is connected via a line (7) to the upper part

of the first reactor (1).

19. Apparatus as claimed in claim 17 or 18, wherein the lower part
20 of the rectification column (6) is connected via a line (9) to the top part

of the first reactor (1). |

20. Apparatus as claimed in any of claims 17 to 19, wherein the

lower part of the separator (13) is connected to the top part of the rectifi-

cation column (6) and to the top part of at least one of the further reactors
25 (2).

21. Apparatus as claimed in any of claims 17 to 20, wherein the

separator (13) is connected to a further rectification column (21).

22. Apparatus for carrying out a process for the continuous preparation

of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,
30 having a reactor (1) which is provided with a feed line (3) for the reactants
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conponents in addition to the alkyl (neth)acrylate, the resﬁEPLRQEMEHT SHEET'
distillate is se ' t one organi c phase contarning the

af kyl (nmeth)acryl into.at | east one water-containing aqueous phase,
a part of the org%i’,i\l’ﬁﬁw Hu fﬂﬂﬂl ng al kyl (meth)lagrylate is recycled via.
the top of the re L iMizone and4 if reqpTHEISH 'ﬁhslﬁé‘ ycl ed
to the reaction zone, the alkyl (nmeth)acrylate is |sol atﬁ%ﬁﬁ?‘ Texcess
organi ¢ phase containing the alkyl (neth)acryl ate brd-a—all the
reaction mxture is discharged continuously-fromthe reaction zone, wherein

the reaction zoaud cwbichsms ®fdwell soutaimer,oforms theafirst { kactiona £egion whereins,
forms a feed ot sy oot JLE oRE K i des Roegdy, @) st Teksy el SRNE?
claimed in-claiRacfor ()ewBbe idpeiscoorimeied wia 4 Mg (8)Orot el RWer 'Rt of afie
regions spatially separated from one another. 3. A process as clained
inclaim 1 or rectifination columa (&) cwhesertgp is connected via a condenser to a separa-
s tor (13) which has a discharge line (20) for the crude product.
23. Apparatus as claimed in claim 22, wherein at least one of the
further reactors (2) has a connecting line (7) to the first reactor (1).
24. Apparatus as claimed in claim 22 or 23, wherein the lower part
of the rectification column (6) is connected via a line (9) to the top part
10 of one of the further reactors (2).
25. Apparatus as claimed in any of claims 22 to 24, wherein the
lower part of the separator (13) is conmected to the top part of the rectifi-
cation column (6) and to one of the further reactors (2).
26. Apparatus as claimed in amy of claims 22 to 25, wherein the

15 separator (13) is conmected to a further rectification column (21).
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vapors fromthe reaction regions are fed to an individual rectification :
zone 30 whose liquid reflux is recycled only to the first RERCACEMENIGSHBET

20 4. . A process as clained in any of claims 1 to 3, wherein the first
reaction region is connected on the gas side neither to a downstream
reaction region nor to the rectification zone. 5. A process as clai ned

in any of the preceding clains, wherein the;5 tenperature in the.first
reaction region is from80 to 125[err]C and that -in the |last reaction
region is bel ow 135C. 6. A process as clained in any of the preceding
clainms, wherein the

_CONTINUOUS PREPARATTON OF ALKYL ESTERS OF - SBEEN |
_(METH)ACRYLIC ACID AND APPARATUS THIS SHEET HA .

FOR THIS PURPOSE PLAGED

Abstract

In a process and an apparatus for the continuous preparation of
alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid and monohy-
dric alkanols of 1 to 8 carbon atoms in the homogeneous, liquid, solvent-
free phase at elevated temperatures and in the presence of an acidic esterifi-

10 cation catalyst, by feeding the (meth)acrylic acid, the alkanol and the acid
catalyst comtinuously to a reaction zone, the reaction zone consists of a
cascade of at least two reaction regions comnected in series, and the disch-
arge stream of one reaction region forms a feed stream of a downstream
reaction region. The cascade may have from two to four reaction regions

"15  spatially separated from one another.
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top pressure of the rectification colum is fromO0.1 to 1, preferably 1,
atm 7. A process as clained in any .of the precedi ng chahi | :
the 10 total residence tinme of the reactants in the cascadgé?@ﬁ%ﬁf%}&f‘r
20 hours. 8. A process as clained in any of the preceding clains,
wherein the nolar al kanol/(meth)acrylic dcid ratio used is [err] 1. 9.

A process as clained in claim8, wherein the nolar ratio used and fed to
the first reaction regionis froml: 1 to 3: 1, preferably from1l.1 15

1to 1.8: 1. 10. A process as clainmed in any of: the preceding clains,
wherein sulfuric acid or an organic sulfonic acid is used as the
esterification.cata- |lyst. 11. A process as clainmed in claim 10,

wherein the organic sulfonic 20 acid used is nethanesul fonic acid,

benzenesul foni ¢ aci d, dodecyl benzenesul f o- -
| -
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nic acid or p-toluenesulfonic acid. 12.

A process as clainmed in any of

the preceding clainms, wherein the content of catalytically acgi AENTIQUEET
reaction region is fromO0.1 to 5% by wei ght, based EEP?ﬁgEMENTnSHEET

the first

reaction m xture contained therein,

amount of organic sul fonic acid.
precedi ng clainms, wherein the content of catalytically active acid in the

| ast reaction zone is from5 to 20% by wei ght,
m xt ure contai ned therein,

organi ¢ sul fonic acid.

of sul furi

21
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of 25
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A process as clained in any of the
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14. A process as clained in any of the preced| ng cl ai ns, M«Jf’e}{i\gtﬁe
acid to be ester\fied is acrylic acid. 15. A process as clainmed |fig] dAy
of the precedi cl ai ns, wherein the alkanol to be esterified is a
Cerr]-Cerr]- nol. 5 16. - A process as clainmed in claim 15,
wherei n t%rlfled s, h- but anol .
carrying out a cont i nugs preparatii _
(meth)acryl Ial med in any of clains 1 tof1p, haW‘FTgTTT"I"rs
react or (1) Hm&ﬂﬂ d wth a feed line (3) jof ;\@ m?act- ts
and whose top Ics |aaI|ne(5) to the | ojef parp
rectification colum (6) whose top is connected vial a w..ucr‘:cr t-0-da -
separa- tor (13) which has a discharge |ine (20) fok t he crude produdt,
wherein theslower end of the first reactor (1) is connected via a+1TTe (4)
to the | ower . We claim:

1. A proccss for the continuous preparation of alkyl esters of (meth)-
acrylic acid by reacting (meth)acrylic acid and a monohydric alkanol of 1
to 8 carbon atoms in the homogeneous, liquid, solvent-free phase at elevated
10 temperatures and in the presence of an acidic esterification catalyst, in
which the (meth)acrylic acid, the alkanol and the acid catalyst are fed
continuously to a reaction zone, the alkyl (meth)acrylate formed is separated
off by rectification, after a residence time, via the top of a rectification
" zone mounted on the reaction zone, as a component of at least one azeotro-
15 pic mixture consisting of water or water and starting alkanol as further
components in addition to the alkyl (meth)acrylate, the resulting distillate is
separated into at least one organic phase containing the alkyl (meth)acrylate
and into at least one water-containing aqueous phase, a part of the organic
phase containing alkyl (meth)acrylate is recycled via the top of the rectifica-
20 tion zone and, if required, water is recycled to the reaction zone, the ilkyl
(meth)acrylate is isolated from the excess organic phase containing the alkyl
(meth)acrylate and a part of the reaction mixture is discharged continuously
from the reaction zone, wherein the reaction zone conmsists of a cascade of
at least two reaction regions, connected in series, and the discharge stream
25 of one reaction region forms a feed stream of a subsequent reaction region.
2. A process as claimed in claim 1, wherein the céscade has from
two to four reaction regions spatially separated from one another.
3. A process as claimed in claim 1 or 2, wherein the ascending
_vapors from the reaction regions are fed to an individual rectification zone

30 whose liquid reflux is recycled only to the first reaction region.
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‘end of at least one further reactor (2) whose top is connected vi aa l'ine
(8) 15 to the Iower part of the rectification copumr par at us
as claimed in claim 17, wherein the upper part hiR E&&Gé\&%’iﬁﬁaﬁéf t her
reactor (2) is connected via a line (7) to the upppr part of theffjrst

reactor (1). _19,————Ap1aaﬁat-us—ascla|rred|n cla %71 MARLERT in the
| oner part 20 of the reCtlfUiﬁtlon co onnected Vi a ine (9)

(6)
to the top par““‘l m E“ actor (1). 20.
any of clains )|s

the | ower part of the separator 1 [
connected to thé top part of the rectifi- cation corum to the top

part of at |east one of the further reactors 25 (2). 21. Apparatus as
claimed in any of clainms 17 to 20, wherein the

4, A process as claimed in any of claims 1 to 3, wherein the first

U7

reaction region is conmnected on the gas side neither to a downstream

reaction region nor to the rectification zone.

5. A process as claimed in any of the preceding claims, wherein the
s temperature in the first reaction region is from 80 to 125°C and that in the

last reaction region is below 135°C.

6. A process as claimed in any of the preceding claims, wherein the

top pressure of the rectification column is from 0.1 to 1, preferably 1, atm.

7. A process as claimed in any of the preceding claims, whereirt the
10 total residence time of the reactants in the cascade is from 1 to 20 hours.

8. A process as claimed in any of the preceding claims, wherein'the

molar alkanol/(meth)acrylic acid ratio used is = 1.

9. A process as claimed in claim 8, wherein the molar ratio used and

fed to the first reaction region is from 1 : 1 to 3 : 1, preferably from 1.1
15 :1t18: 1. '

10. A process as claimed in any of the preceding claims, wherein

sulfuric acid or an organic sulfonic acid is used as the esterification cata-

lyst.

11. A process as claimed in claim 10, wherein the organic sulfonic
20 acid used is methanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfo-

nic acid or p-toluenesulfonic acid.

12. A process as claimed in any of the preceding claims, wherein the

content of catalyﬁcally active acid in the first reaction region is from 0.1

to 5% by weight, based on the reaction mixture contained therein, of
2s  sulfuric acid or an equimolar amount of organic sulfonic acid.

13. A process as claimed in any of the preceding claims, wherein the

content of catalytically active acid in the last reaction zone is from 5 to

20% by weight, based on the reaction mixture contained therein, of sulfuric

acid or an equimolar amount of organic sulfonic acid.



separator (13) is connected to a further rectification colum (21);

22.
Apparatus for carrying out a process for the contifi jof
al kyl esters of (meth)acrylic acid as clainmed in anygg&@mgﬁé&% 16, 30
havi ng a reac{—or—(‘I)"Vﬁ”"ﬁTs'BFow ded with a feed Iline (3) for the
reactants dwel | cont ai ner, florjnsg iheARi9et dedction
regi on, V\/nerel “ l“ ““Emm (1D a liquid-4ide connectionp ¢4) to
at |east one fu er teactor (*2) whose top i s conrffectedt—via—=atne (8) to
the | ower part of the rectification colum (6) whqse top is connected via a
condenser to a separa- s tor (13) which has a discharge line (20) fTor the
crude product. :
14. A process as claimed in any of the preceding claims, wherein the
acid to be esterified is acrylic acid.
15. A process as claimed in any of the preceding claims, wherein the
alkanol to be esterified is a C;-C4-alkanol.
5 16. A process as claimed in claim 15, wherein the alkanol to be
esterified is n-butanol. |
17. Apparatus for carrying out a process for the continuous preparation

10

15

20

30

of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,
héving a first reactor (1) which is provided with a feed line (3) for the
reactants and whose top is connected via a line (5) to the lower part of a
rectification column (6) whose top is connected via a condenser to a separa-
tor (13) which has a discharge line (20) for the crude product, wherein the
lower end of the first reactor (1) is connected via a line (4) to the lower
end of at least one further reactor (2) whose top is connected via a line (8)

" to the lower part of the rectification column (6).

18. Apparatus as claimed in claim 17, wherein the upper part of at
least one further reactor (2) is conmected via a line (7) to the upper part
of the first reactor (1).

19. Apparatus as claimed in claim 17 or 18, wherein the lower part
of the rectification column (6) is connected via a line (9) to the top part
of the first reactor (1).

20. Apparatus as claimed in any of claims 17 to 19, wherein the
lower part of the separator (13) is connected to the top part of the rectifi-
cation column (6) and to the top part of at least one of the further reactors

(2).

21. Apparatus as claimed in any of claims 17 to 20, wherein the

separator (13) is connected to a further rectification column (21).

22. Apparatus for carrying out a process for the continuous preparation
of alkyl esters of (meth)acrylic acid as claimed in any of claims 1 to 16,
having a reactor (1) which is provided with a feed line (3) for the.reactants



23, ° Apparatus as clained in claim 22, wherein at |east one of the
further reactors (2) has a connecting line (7) to the first reactor (1).
24. . Apparatus as claimed in claim 22 or——23——wi=re%e1—ﬁ—t—he—1—ower part of

the rectification colum (6) is connected via top part 10
of one of the further reactors (2). 25. I _d I n any of
claims 22 to 24, wherein the | ower pat?#2of th t +1S connected

to the top part of the rectifi- cation colum (6) and to one of the further
reactors (2). 26. Apparatus as clained in any of clainms 22 to 25,
wherein the 15 separator (13) is connected to a further rectification
colum (21).

and which, as a dwell container, forms the first reaction region, wherein

the first reactor (1) has a liquid-side connection (4) to at least one further

reactor (2) whose top is connected via a line (8) to the lower part of the

rectification column (6) whose top is connected via a condenser to a separa-
s tor (13) which has a discharge line (20) for the crude product.

23. Apparatus as claimed in claim 22, wherein at least one of the
further reactors (2) has a connecting line (7) to the first reactor (1).
24, Apparatus as claimed in claim 22 or 23, wherein the lower part

of the rectification column (6) is connected via a line (9) to the top part
10 of one of the further reactors (2).

25. Aﬁparanm as claimed in any of claims 22 to 24, wherein the

lower part of the separator (13) is connected to the top part of the rectifi-

cation column (6)-and to one of the further reactors (2).

26.  Apparatus as claimed in any of claims 22 to 25, wherein the
15 separator (13) is connected to a further rectification column (21).
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CONTINUCUS PREPARATION OF ALKYL ESTERS OF
(METH)ACRYLIC ACID AND APPARATUS
FOR THIS PURPOSE

| Abstract

In a process and an apparatus for the contimious preparation of
alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid and monohy-
dric alkanols 6f_ 1 to 8 carbon atoms in the homogeneous, liquid, solvent-

~ free phase at elevated temperatures and in the presence of an acidic esterifi-
10 cation catalyst, by feeding the (meth)acrylic acid, the alkanol and the acid
catalyst contimuously to a reaction zome, the reaction zome consists of a
cascade of at least two reaction regions connected in series, and the disch-
arge stream of one reaction region forms a feed stream of a downstream
reaction region. The cascade may have from two to four reaction regions
15 spatially separated from one another.

Figures 1 and 2
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