|P0L’s aoPu,f
W02y -

Con‘-t -nuous preparation of alkyl esters of (nmeth)acrylic acid

-1- 0.Z. 0050/46571

BASF Aktiengesellschaft January 20, 1997
NAE199506358G IB/ws

Continuous preparation of alkyl esters of (meth)acrylic acid

The present invention relates to a process for the continuous preparation
5 of alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid with
monohydric alkanols having from 1 to 8 carbon atoms in the presence of

an acid esterification catalyst. '
The term (meth)acrylic acid here refers, as is customary, to acrylic or
methacrylic acid. In esterifications of an alkanol with an organic acid,
10 typical equilibrium reactions generally proceed, these reactions being
catalyzed by strong acids and, as typical condensation reactions, leading to
elimination of water. The esterification equilibrium is usually shifted in the
desired direction by removal of the water from the reaction mixture. The
_ removal of the water can be carried out by distillation as constituent of an
15 azeotrope comprising the target ester. The continuous removal of the
reaction water from the reaction mixture is simultaneously accompanied by
the separation of the target ester from the reaction mixture. In general, the
esterification ‘reaction proceeds with the water being removed continuously
from the reaction mixture, but the major amount of the target ester formed

| 20 remains in the reéction mixture.

| | Examples of esterifications of this type are those in which the water of
reaction is distillatively removed by addition of an organic sélvent as

azeotropic entrainer. Howeyer, (starting) alkanol used in excess can also
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The present invention relates to a process for the continuous preparation

5 of alkyl esters of (nmeth)acrylic acid by reacting (nmeth)acrylic
acid with nonohydri ¢ al kanols having from1 to 8 carbon atons in
t he presence of This Sheet a9 BesniRepl&sd er i fi cati on catal yst.

The term (neth)acryli m:’n"ﬁlﬂlﬂ liﬁfers, as,is custonmary, to acpylic Qr

nmet hacrylic acid. In s of an al kanol with an organic acl d, 10

typical equilibrium Treactions generally proceed, these reactions being
catal yzed by strong acids and, as typical condensation reactions, |eading
to elimnation of water. The esterification equilibriumis

usual |y shiftedgbiet B¢ such an azeo&@ﬁibrﬁﬁ'trﬂh&‘?cfrﬁ QRothér ' HIRNE! o Witer Vgt er
fromthe reaction mxture. The renova o? tf“le wat er can be
carried out by distillatively i cemevedc @ss constitwent o6f aan ldzeotrope commrisimgetarget

conprising the tar ester. The conti.nuous renoval of the,
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t he esterification reaction procee e water
continuodsly  excess alkgnobmexeessr gmeth)aorylici acidy eacid udsterification ocatalystuand of

the target ester forned. .y s . . . .
9 polymenzglon inhibitors, since (meth)acrylic acid and their esters tend to

polymerize. In addition, azeotropic entrainers or organic solvents, residual
amounts of water and high-boiling by-products (Michael adducts) may also
be present. The target ester then has to be separated from these product

10 mixtures. According to Ullmann’s Encyclopedia of Industrial Chemistry, 5th
edition, Vol. Al, VCH Weinheim, pages 168-169, this separation is
generally carried out by the product mixture first being washed with water.
The acid esterification catalyst and the excess (starting) acid go from the
organic product phase into the aqueous phase and are thus removed from

15 the product mixture. The separation is normally completed by further
washing with aqueous alkali solution.

Subsequently, the remaining alkanol is, as a rule, first removed from
the remaining organic phase in a first rectification column and the target
ester is then separated off in a further rectification column, in each case via

20 the top of the column. |

The disadvantage of such a work-up procedure is, in particular, the
formation of large amounts of greatly contaminated wastewater. In addition,
the acid dissolved in the aqueous alkali solution and the alkanol dissolved
therein can generally not be returned directly and technically simply to the

25 esterification, which causes losses of starting materials. |

A water-free work-up process is known, for example, from DE-C 25
48 561 for the preparation of 2-ethylhexyl acrylate. In the work-up
procedure described therein, excess alkanol and excess acid are separated
frbm the product mixture by distillation via the top of the column. In a

30 downstream distillation column, the target ester is then separated by distilla-

el ng renoved



20 ° renains in the reaction mxture. Exanpl es of
esterifications of this type are those in which the water of

reaction is d|$Msmka&hy&kyR ed by addition of an organic solvent as
azeotropic entr (starting) al kanol used in excess can al so
-2 - ch an azeotropic entrainer. In anp} b@éaesn
variant, the mat distillatively renoved as constituent of
an azeotrope conpr|5|ng t ar get est er/ al kanol / wat er and

contai ning nore than 95 % by wei ght of water. The product

m xtures fornmed in such esterifications contain essentially
tion from the bottom product of the preceding distillation column. However,

the bottom product from which the target ester is separated by distillation
still contains the acid catalyst of the actual esterification reaction. | In
addition, the distillative separation of the target ester requires elevated
5 temperatures even under reduced pressure. This leads to redissociation of the
Michael adducts formed as by-products in the actual esterification occurring
during the distillative separation. The redissociation then forms alkanol
having a boiling point lower than that of the target ester plus acid and also
olefins, which may have a low boiling point, which result from water

10 elimination from the alkanol and are then present as impurities in the target
ester separated off by distillation. The purity of a target ester obtained in
this way is unsatisfactory.

GB-B 1 017 522 discloses a process for preparing n-butyl acrylate. As
esterification conditions, this déscribes a certain molar ratio of (starting)

15 alkanol to (starting) acid and a content of catalytically active acid of from
0.5 to 5 % by weight, based on the total mass of the reactants. Disadvan-
tages of this procedure are the high excess of alkanol required, which
promotes the formation of undesired dialkyl ethers, and the not fully
satisfactory yield of n-butyl acrylate under the abovementioned conditions,

20 based on the amount of acrylic acid used.

' | DE-C 25 52 987 discloses a process for the continuous preparation of
alkyl esters of acrylic acid by reacting acrylic acid and monohydric alkanols
having from 1 to 4 carbon atoms in a molar ratio of from I1(alka-
nol): 1(acrylic acid) to 2(alkanol):1(acrylic acid) in a homogeneous, liquid,

25 solvent-free phase at elevated temperature and in the presence of sulfuric
acid or organic sulfonic acid as catalyst, in which the acrylic acid, the
alkanol and the acid catalyst are fed continuously into a reaction zone the '
alkyl acrylate formed is separated off by rectification, during a residence

_ time of several hours as constituent of at least onme aqueous azeotrope

30 comprising, apart from the alkyl acrylate, water or water and alkanol as




5 *° excess al kanol, excess (neth)acrylic acid, acid esterification

catal yst and pol ynmeri zation inhibitors, since (nmeth)acrylic acid
and their esters ThéSteet Has Been Repiaceg POl YMEri ze. In addition, azeotropic

entrainers or orga resi dual anounts of water and
hi gh-boi I i ng by- pr | adducts) may al so be present.
en ha separated f#om these product . 10 0-Z 00504657t

The target ester t
m xtures. According to Ul nmann's Encycl opedia of Industrial Chem stry, 5th

edition, Vol. A, VCH Wi nheim pages 168-169, this separation is
generally carried out by the product m xture first being washed with water.
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t he rated in a manner known per se from the excess organic phase and part of
| the reaction mixture is discharged from the reaction zone, freed of high
10 boilers by distillation and the distillate thus obtained is returned to the
reaction zone.

The primary objective here is the avoidance of undesired ether
formation from (starting) alkanol. However, a disadvantage of this procedure
is that, despite distillative treatment of the discharge from the reaction

15 mixture and the return of the distillate thus obtained to the reaction zone,
the yield of alkyl acrylate, based on acrylic acid used, is not satisfactory.
The reduction achieved in the dialkyl ether by-product formation is also not
fully satisfactory. Furthermore, the residence time required according to the
examples is also not satisfactory. This also applies to the space-time yield.

20 It is assumed that this is caused by the low concentration of acid esterifica-
tion catalyst. _

It is an object of the present invention to provide a process for the
continuous preparation of alkyl esters of (meth)acrylic acid which makes
possible not only an optimized yield but also milder reaction conditions and

25 thus, besides greatly reduced ether formation, less formation of high boilers,
a high space-time yield, increased flexibility in the operation of the plant
and also low capital costs owing to a minimized number of equipment
items. .

We have found that this object is achieved starting with the known

30 process for the continuous preparation of alkyl esters of (meth)acrylic acid




25 esterification, which causes |osses of starting materials.

A water-free work-up process is known, for exanple, from DE-C 25

48 561 for the preparation of 2-ethyl hexyl acrylate. In the work-up
procedure described therein, excess al kanol and excess acid are separated

fromthe product mxture by distillation vig the top of the coly g@o,o,ng”a 30
downstream di stillation colum, the target “ester is then separate

distilla-
tion fromthe bottom product of the preceding distillation columm. However,
t he bottom product fromwhich the target ester is separated by distillation

by reacting (meth)acrylic acid with monohydric alkanols having from 1 to
8 carbon atoms in the presence of an acid esterification catalyst in a
reaction zone, in which there is discharged from the reaction zone a
product mixture which comprises the alkyl (meth)acrylate formed, the
5 catalyst and the by-products formed during the course of the esterification
having boiling points higher than that of the alkyl (meth)acrylate, and from
which the alkyl (meth)acrylate is separated by distillation in a separation
zone. The inventive process is characterized by feeding the product mixture
discharged from the reaction zone to a rectification unit I, in this unit

10 separating the product mixture discharged by rectification into at least one
product I comprising the alkyl ester of (meth)acrylic acid and a product I
comprising the catalyst, feeding the product I to a further rectification unit
II and in this separating off the alkyl ester of (meth)acrylic acid by
rectification. |

15 Both here and below, the term rectification unit is used as a general
designation for apparatuses in which heat input generates vapors which rise
and are in contact with liquid phase flowing downward. These also include
simple distillation columns. However, these are generally rectification
columns having internal fittings to provide efficient contact between liquid

20 and vapor. Such internal fittings are trays such as bubble cap trays,
perforated trays, in particular dual flow trays, beds, packings or the like.
To simplify the understanding of the relationships, the various rectification
units are designated by Roman numerals. The various, specifically described
products are also designated in this way.

25 Thus, according to the present invention, the product mixture discharged
from the reaction zone is separated by rectification in a first rectification
unit I into at least one product I comprising the alkyl (meth)acrylate to be
isolated, which product I can be taken from the upper part of the rectifica-
tion unit I, plus a product II which is formed in the lower part of the

30 rectification unit I and comprises the catalyst. The product I comprising the
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still contains the acid catalyst of the actual esterification reaction. In
addition, the distillative separation of the target ester requires el evated
5 t enperatures even under reduced pressure. This leads to

redi ssoci ation of the M chael adducts formed as by-products in
the actual esterification occurring .. during the distill]aflye,
separation. The redissociation then forns al kanol having a

boi I'i ng point lower than that of the target ester plus acid and al so

ol efins, which may have a | ow boiling point, which result fromwater 10
elimnation fromthe al kanol and are then present as inpurities in the

tar get alkybr o (medt)astyf facky st Siakb f OR. thENQpPOK phit Of the
target ester obtalned in . this way is unsatisfactory.. .
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al kyl esters ofpraferahly cfragn d:®9 teedetlng ¥ paefecablih dn ndneatigdef d:1.

al kanol s Here, the (meth)acrylic acid, the alkanol and the catalyst are fed to the

10 reaction zone and the water formed is removed by rectification during a

residence time as constituent of a mixture comprising alkanol via the top of
a rectification unit III superposed on the reaction zone. The distillate thus
obtained is separated into an organic phase comprising starting alkanol and
an aqueous phase comprising water. The organic phase and, if desired,
15 aqueous phase are returned to the rectification unit 1II. The reaction mixture
thus largely freed of water is discharged from the reaction zone and fed to
a separation zone.
The reaction zone comsists of one or more reaction regions. In an
embodiment of the invention having a plurality of reaction regions, it is
20 advantageous to cascade these. The liquid output stream of one reaction
region here forms the feed to the downstream reaction region. This can
occur by means of an overflow. If the individual reaction regions are
apparatuses separated from one another, there are, taking capital costs into
consideration, from 2 to 4 of these. If more than one reaction region is
25 created within one and the same reactor (eg. by the use of separating sheets
of metal), the number of reaction regions can also be greater than 4. In the
case of a plurality of reaction regions, the vapors are fed to the reaction
regions of a common rectification column whose liquid outflow advanta-
geously goes into the first reaction region.
30 If this prooess is carried out using an alkanol having 4 - 8 carbon
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having from1l to 4 carbon atons in a nmolar ratio of from1 (alka-
nol’): 1(acrylic acid) to 2(al kanol): 1(acrylic acid) in a honpbgeneous,

liquid, 25
presence of sulfuric

sol vent-free phase at el evated tenperature and in the

acid or organic sulfonic acid as catal yst,

in which the acrylic acid, the alkanol and the acid ccg%_gjsemgﬂ are

fed continuously into a reaction zone the al kyl acryla

is separated off by rectification, during a residence time of
hours as constituent of at |east one aqueous azeotrope 30

sever al
conpri si ng,

4 -

10

15

20

30

apart from the alkyl acrylate, water or water and al kanol

atoms, the temperature in the first reaction region is generally 70 - 150°C,
preferably 80 - 130°C, and in the last region 100 - 160°C, preferably 110
- 130°C. The reaction temperature is preferably set in such a way that it
rises along the cascade. The pressure in all reaction regions is from 100
mbar to atmospheric pressure, preferably 200 mbar - 700 mbar. The
pressure is advantageously the same in all reaction regions. The total
residence time of the reactants in the reaction region is 0.5 - 10 hours,
preferably 1 - 7 hours, particularly preferably 2 - 5 hours.

As acid esterification catalyst, preference is given to using para-

to!uenesu@fonic acid. Its content in the reaction zone, based on the reaction

or ned

as

mixture present therein, is 0.1 - 10 % by weight, preferably 0.1 - 6 % by

weight. Acid esterification catalysts such as sulfuric acid and/or other
organic sulfonic acids can likewise be used.

In general, both the (meth)acrylic acid and the catalyst are fed directly
to the reaction zone. The alkanol to be esterified is preferably fed to the
reaction zone via the rectification unit III superposed thereon. This
rectification unit III can be a rectification column of a known construction
type, for example having bubble cap trays or mesh trays. The reaction
regions can advantageously consist of reactors having natural or forced
convection vaporizers.

Depending on the alkanol to be esterified, methods of operation
differing in detail are appropriate and useful. In the reaction of lower
alkanols, the boiling pointé of the ester and the. (meth)acrylic acid are so
close together that they can no longer be separated economically by
distillation in the rectification unit II; this applies particularly to n-butyl
acrylate. For this reason, water is fed into the rectification unit I to keep
the (meth)acrylic acid in the liquid phase. The resulting process steps are
illustrated by means of the esterification of n-butanol with (meth)acrylic

acid.
The esterification of alkanols having more than 4 carbon atoms, in

A
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further constituent via the top of a rectification colum superposed on the
the distillate | obtained is separated into an organi c phase

reacti on zone,
conprising the
organi c phase i

action, returned to the rectification zonegvuia the top and, if glegish&sh
t he aqueous phase is returned to the rectification zone

part of
via the top to
azeotrope, the

acrylic ester formed and an aqueous phase, part of the
s, for the purpose of producing an increased separation
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actory. urt hernore, e res

Iiﬁ/ace-_ti me yield., 20 It is assumed that this is
ig odisehargess i prefesably ccemplstely.i The gproduct mixture discharged

from the reaction zone is fed with addition of water to the rectification unit
1. The product mixture introduced with addition of water into this rectifica-
tion unit I is in the latter separated into a product II comprising the
catalyst and the remaining (meth)acrylic acid and a product I comprising the
n-butyl ester of (meth)acrylic acid, remaining n-butanol and water. The
product containing the water can then be separated into an organic phase
comprising the n-butyl ester of (meth)acrylic acid and n-butanol and an
aqueous phase. Advantageously, the aqucous phase is then partly returned to
the rectification unit I. This rectification unit is configured as a rectification
column of the above-described construction type. The product mixture
discharged from the reaction zone is. fed to the lower part of the rectifica-
tion column I and the water addition is preferably carried out in the upper
part of the rectification column I. In the rectification unit I, a liquid
aqueous phase and a liquid organic phase are produced.

Advantageously, part of the resulting organic phase comprising the
n-butyl ester of (meth)acrylic acid and n-butanol is returned to the upper
part of the rectification column I. The product II which is formed in the
rectification unit I and comprises the catalyst and the remaining
(meth)acrylic acid can be essentially completely returned to the reaction
zone, preferably in the first reaction region, either directly and/or via the
rectification unit III. In this procedure, part of the product II formed in the
rectification unit I can be discharged and fed to a further distillation unit

) | scpatiosldr fthes® hiving Sacirbon #6MS, if Wafich Ghe bolllhg pBints of the
boilers by distillation and the distillate thus obtained is returned to the
reacti on zone. ester and -(meth)acryli,dcish area fyrthesj apary gad additions of water, &9 dbgce
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This Sheet Has Been Re[ilaced.

[

|



tion catalyst. It is an obj ect of the present invention to

provi de a process for the conti nuous preparation of al kyl esters
of (meth)acrylic acid which makes possi ble not only an optim zed
yield but also mlder reaction conditions and 25 t hus, besi des
greatly reduced ether formation, |less for ion of high b0|Ier S0/46571

a high space-tine yield, i ncreased fl exibill ty in the operation ofw?ﬁj

pl ant and also | ow capital costs owing to a mnimzed nunber of
equi pnent i temns. We have found that this object is
achi eved starting with the known 30 process for the continuous

B;?gar ation of prkyh @8, effe produeBidahase Yiepsrard fnto a product I comprising
n-butanol, (meth)acrylic acid and the n-butyl ester of (meth)acrylic acid and
a product IV comprising the catalyst and components having boiling points
higher than that of the n-butyl ester of. (meth)acrylic acid. The product III
5 comprising n-butanol, (meth)acrylic acid and the n-butyl ester of
"(meth)acrylic acid can then be returned to the rectification unit I and/or the

reaction zone. | |
The organic phase of the product I is advantageously fed to a
rectification unit II and in this is separated into a) a product V comprising
10 remaining n-butanol and components having boiling points lower than that
of n-butyl (meth)acrylate, b) the target ester n-butyl (meth)acrylate and c)
a product VI comprising constituents having boiling points higher than
n-butyl (meth)acrylate. The product V is recirculated to the reaction zone,
preferably via the rectification unit III. The product VI is returned to the
15 rectification unit I. The rectification unit II can be configured as a rectifica-
tion column II of a construction type described above. The above mentioned
product V is separated off in the upper part of the rectification column II,
- the product VI is separated off in the bottom of the rectification column II
and the n-butyl (meth)acrylate is taken off in vapor form by means of a
20 lateral offtake in the lower part of the rectification column II. The gaseous
target product n-butyl (meth)acrylate is then condensed and can afterwards
be admixed with a storage stabilizer. | -
The esterification with alkanols having 5 - 8 carbon atoms will now be
described by means of the example of the esterification with 2-ethylhexanol.
25 Here, the product mixture discharged from the reaction zone is fed to the
rectification unit I. Part of the aqueous phase obtained at the top of the
rectification unit [I is returned to the rectification unit III. The product
mixture fed to the rectification unit I is in this separated into a product VII
comprising the 2-ethylbexyl ester of (meth)acrylic acid, remaining
30 2-cthylhexanol and remaining (meth)acrylic acid and a product VIII
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by reacting (nmeth)acrylic acid with nonohydric al kanol s

having from1l to 8 carbon atons in the presence of an acid
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column and the product VII is obtained at the top. Part of the product VIII
is advantageously returned to the reaction zone, preferably in the first
reaction region, either directly and/or via the rectification unit III. Advanta-
geously, part of the product VII is discharged and fed to a distillation unit
IV and in this is separated into a product IX comprising 2-ethylhexanol,
(meth)acrylic acid and the 2-ethylhexyl ester of (meth)acrylic acid and a
product X comprising the acid esterification catalyst and components having
boiling points higher than that of the 2-ethylhexyl ester of (meth)acrylic
acid.

The product IX can then be returned to the rectification unit T and/or
to the reaction zome. Acid esterification catalyst can be partially or
completely separated from the product VIII and/or the product X by
extraction with water and the aqueous phase obtained can be partially or
completely returned to the reaction zone. Part of the aqueous phase formed
in the rectification unit III can be used for this extraction. The product VII
taken from the rectification unit I can be fed to the rectification unit II and
in this be separated into a) a product XI comprising remaining
2-ethylhexanol, (meth)acrylic acid and components having boiling points
lower than 2-ethylhexyl (meth)acrylate, b) the target ester 2-ethylhexyl
(meth)acrylate and c) a product XII comprising constituents having higher
boiling points than 2-ethylhexyl (meth)acrylate. The product XI can then be
returned to the reaction zone, preferably via the rectification unit III, and
the product XII can be returned to the rectification unit I. The rectification
unit II is advantageously configured as a rectification column. Here, the
product XI can be separated off in the upper part, the product XII from
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recfification. 15 Both here and below, the term rectification
unit is used as a general desi gnation for apparatuses in which
heat i nput generates vapors whi-ch rise and are in contact with
i quid phase flow ng downward. These al so incl ude sinmpl e
distillation colums. However, these are generally rectificatiof, s
colums having internal fittings to provide efficient contact begmeen
liquid 20 and vapor. Such internal fittings are trays such as
bubbl e cap trays, perforated trays, in particular dual flow
trays, beds, packings or the |iKke. To sinplify the understandi ng

of the rel ati onghe Rsottolrh and athe O2thyfiekyl (@eth)RRylate can be takBh [ &fF &ne vapor
desi gnated by Roman nunerals. The various, specifically described _
products are al Sermeasi griatesad branghhiskeamyin the lower part. ~ Thus, according to

oacti on zone 1< scharer el RO adeiagdscal ohe BNRR max e foued O he”

unit | into at ler@iplesrdesqriteduwith! the O dfStheOdriaWingd! kil the @t vl ate to
be i sol ated, which product | can be taken fromthe upper part of

the recti¥ica- Fig. 1 shows éh¢ process flow diagramrofdacplany fohipeepariogf nibutyd i n
the I ower part of the ?&X rectification unit | and conprises the
catal yst. The product @l”ﬁ)ri sing the

Fig. 2 shows the process flow diagram of a plant for producing

2-ethylhexyl acrylate.
Equipment items which are the same or ilave the same action are
10 provided with the same reference numerals. The rectification columns are
provided with Roman reference numerals. In the interest of clarity, the
product designations, generally provided with Roman numerals, are also
inserted specifically in these specific examples.
The plant shown in Fig. 1 for carrying out the process of the present
15 invention for preparing n-butyl acrylate has three rectification columns I, II,
III, and a distillation unit IV. It is additionally provided with two esterifica-
tion reactors 5 and 6 which are connected in series via a line 7 and thus
form a reaction cascade. Convection vaporizers 8 and 9 are connected to
the reactors 5 and 6. 4 mol/h of acrylic acid were fed via line 10 to the
20 first reactor 5 and 4 mol/h of n-butanol were fed in via the column III
superposed on the first reactor 5, the n-butanol being introduced into the
column III through the line 12. (For the sake of simplicity, butanol is used
hereinafter to refer to n-butanol.) In addition, aqueous para-toluenesulfonic
acid as catalyst was introduced via line 11 into the first reactor 5 in an
25 amount of 1.5 % by weight, based on the starting materials used. The
reaction in the first reactor 5 was carried out at 100°C, in the downstream
second reactor 6 at 105°C, at a system pressure of 380 mbar and a
residence time in the reaction zonme of about 3 hours.
The vapors rising from the reactors 5 and 6 were introduced through
30 lines 13 and 14 into a column IH fitted with 25 bubble cap trays and
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- 6 - al kyl ester of (meth)acrylic acid and taken off in the
upper part of the rectification unit | is fed to a further
rectification unit Il and in this the pure al kyl (neth)acryl ate
to be isolated is then separated off by rectification.

According to an advantageous enbodi ment of l%he present inventio 20§5|31?5511
esterification in the reaction zone takes pface in a honpbgeneou rquid,

sol vent-free phase at el evated tenperature by reaction of (nmeth)acrylic

acid and t he nonohydric alkanol in a nolar ratio of from11:0.75
to 1:2, preferably from1:0.9 to 1:1.1, particularly preferably
inaratio of 1operated at 360 mliﬂ?r res$uf€ 4dcTRiek rdé' Ittt cdctifichdish & and
the catal yst ar eﬁ?ed to 4 reactlonédz:one and th eI wat er n?tg??r{iad S

removed by rect rdctifiadi ﬂmreahw |Trhg twp product of uheslcdhmre IIli was afree afsacrylient
of a mxture COQBE SIit "Saé' | é(ciarlr&ense\clil Ellnt hesur&ge condenser 16 and conveyed to a
separator 17. There, an organic phase containing 70 % by weight of
5 butanol, 12 % by weight of butyl acrylate, < 13 % by weight of water,
4 % by weight of butyl acetate and 2000 ppm of dibutyl ether separated
out. It was comfaletely returned through line 18 as runback to the column
III. The aqueous phase formed in the separation, which still contained 6 %
by weight of butanol, 300 ppm of butyl acrylate, 750 ppm of butyl acetate,

10  was, for the purpose of increasing the conversion in the reaction, separated
off completely and fed via line 19 to the condenser 20 of the downstream
rectification column I.

The liquid raw ester ﬂowihg out from the second reactor 6 was fed
via line 21 to the rectification column I. It contained 78 % by weight of

15 the desired product n-butyl acrylate, about 4 % by weight each of the
unreacted starting materials butanol and acrylic acid and up to 5 % by
weight of catalyst, as well as 0.2 % by weight of water and at most 20
ppm of dibutyl ether. The remainder was high-boiling by-products, in
particular oxy ester compounds. '

20 Acrylic acid and high boilers together with a part of the product and
of the alcohol were separated off as bottom product (product II) in the
rectiﬁcatidn column I which was fitted with 25 dual flow trays having a
diameter of 50 mm and was operated at ambient pressure. The bottom
product (product II) contained 20 % by weight of acrylic acid, 45 % by

25 weight of butyl acrylate, 3 % by weight of butanol, 8 % by weight of
water. A partial amount of about 45 % of the feed amount fed in through
line 21 was returned via line 22 to the first reaction region. |

The major part of the high boilers (up to 80 % of the amount fed in)
was here cracked in the liquid phase of the rectification column I to form

30 starting materials and products. Owing to the high acrylic acid and water
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a rectification unit Il superposed on the reaction zone. The distillate

t hus obtained is separated into an organi c phase conprising
starting al kanol and an aqueous phase conprising water. The
organi ¢ phase and, if desired, 15 aqueous phase are returned to the
rectification unit Il1l. The reaction nixturﬁ t hus Iargekx freed
of water is discharged fromthe reaction 7dRé and fed to 2. 005g/46sT1
separation zone.. The reaction zone consists of one or nore
reaction regions. In an enbodi nent of the invention having a
plurality of reaction regions, it is 20 advant ageous to cascade

these. The |iquighehtsPyf thd AN ProdUeE 4:€3Chéci temperature bEYBRAChES R
forms the feed to the downstream reaction region. 'S can o¥:cur
by nmeans of an insignificant anhourits of ntbw-bdiling bppedduots (&i200s ppre of dibutyl

appar atuses separated fromo another, there are, taking . capital costs

"t o PERD; Hereatarmed et These pypiylugthatere sPpar@d OFF ragethssavith

reaction regi ong t oldIh&R 1 h t .
gi ONttieSmAf product sfrefA f@awowba(}w%g?@pg@t RetSRAE:ALOBE ik the

by the use of separating sheets er - of reaction
regi ons 6an al stopbef gheatadumnhhrand. fddn viadhdine 23 to the comdensdr 20p/Botinlthéy of

Common rect 111 oA Eniic e AL 8d | 6,08 BdhFoRFiEadeataed at 95°C idgan g v
0o, L " Sl S5 S B8 S g To paain oo 5
column I, this was treated with aqueous phase from the decanter 24 through
line 25 and with organic phase from the decanter 24 through line 26 as
10 runback. The aqueous phase contained < 3 % by weight of organic
constituents, predominantly butanol. The organic phase contained from 75 to
85 % by weight of butyl acrylate, from 14 to 20 % by weight of butanol,
from 2 to 3 % by weight of water, 1500 ppm of butyl acetate. The excess
water corresponding to the conversion in the reaction was removed from the
15 system through line 27.
5 % by weight' of the bottom product (product II), based on the
amount of starting materials fed to the esterification, were discharged via a
line 28 and fed to a wall-heated stirred vessel IV. There, the product was
evaporated batchwise at ambient pressure and 180°C until the viscosity rose
20 distinctly. The starting materials butanol and acrylic acid still present therein
and the product butyl acrylate were first distilled off (product IN). The
amount of distillate was up to about 65 % by weight, based on the amount
fed in. In the subsequent cracking of the high boilers, which was continued
to an amount of distillate of about 85 %, based on the amount fed in, low-
25 boiling by-products such as butenes and dibutyl ether were formed to a
slight extent only toward the end. The condensed vapor (product IV) from
the cracking in the stirred vessel IV consisted essentially of acrylic acid,
butyl acrylate, butanol and water. This product was recirculated directly to
the bottom of the column I for the high boiler separation. A further

30 rectification was not carried out.
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- 7 -
generally 70 -

| ast regi on 100
tenperature is
the cascade. Th
to atnospheric

atons, the tenperature in the first reaction region is

150[ err] C, preferably 80 - 130[err]C, and in the
- 160[err] C, preferably 110 - 130C. The reaction
preferably set in such a way that it ri ses al ong

e pressure in all reaction regions is from 100 0'52 oosarags7, TRAT

pressure, preferably 200 " nbar - 700 nbar.

pressure i s advantageously the same in all reaction regions. The t ot al
of the reactants in the reaction regionis 0.5 - 10 hours,

residence tine
preferably 1 -

10

15

20

25

30

7 hours, particularly preferably 2 - 5 hours.
The organic top product (product I) from the azeotropic distillation in

the column I, which was free of high boilers and acrylic acid, was fed via
line 31 to a distillation column II which was fitted with 25 dual flow trays
having a diameter of 50 mm and was operated at a top pressure of 450
mbar and rectified therein. Butanol, residual water and any low boilers
present were taken off as top product via line 32 (product V). This
contained from 65 to 70 % by weight of butanol, from 20 to 30 % by
weight of butyl acrylate, from 8 to 10 % by weight of water, < 500 ppm
of dibutyl ether, < 4000 ppm of butyl acetate. This top product (product
V) was condensed in a condenser 33 and a partial amount of 60 % was
returned through line 34 as runback to the top of the rectification column
II. The remaining amount was fed through line 35, together with the fresh
alcoho! fed in through line 12, to the esterification via the first column I.
The butyl acrylate was concentrated in the liquid phase of this column II

‘and, to achieve the desired color number and to separate off the process

stabilizer, was taken off in vapor form as a lateral branch stream through
line 36, condensed in the condenser 37 and conveyed away through line 38.
The pure product contained < 50 ppm of butanol, < 50 ppm of dibutyl
ether, < 150 ppm of water, < 50 ppm of acrylic acid.

A small bottom bleed stream (product VI) in an amount of < 2 % by
weight of the feed to the column was conducted via line 39 to the bottom
of the high boiler separation in column I.

The residue was discharged from the stirred vessel IV through line 40.
Line 41 connected the columns III and Il to a vacuum pump. Waste air
from the column III was removed through line 42. The liquid phase of the
columns I and II was heated via convection vaporizers 43 and 44 respec-
tively.

The pure ester had a purity of = 99.9 %, the yield based on acrylic
acid and butanol was 98 % of theory in each case.

In a further experiment, the second esterification reactor 6 was taken
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As acid esterification catalyst, preference is given to using para- 10
tol'uenesul fonic acid. Its content in the reaction zone, based on the

reaction

m xture present therein, is 0.1 - 10 % by wei ght,

preferably 0.1 - 6 % by - wei ght. Acid esterification catalysts

such as sulfuric acid and/or other organi c sulfonic agi ds ;691.)3
. X - 15 - 'z
| i kewi se be used. In general, both the (neth) acr?/lflic oaIC| and

the catalyst are fed directly 15 to the reaction zone. The al kanol

be esterified is preferably fed to the reaction zone via the
rectification unit 111 superposed thereon. This rectification
unit 111 can beoat lofCpefdtiont arfd teOtdwTes@t ok NMN{iFAP TeAdSIC!S| RAs introduced
type, for exanple having bubble cap trays or nesh trays. The reaction

regi ons can advai# digeodsHdirectbndntot ther bosemt of stheaeolummd: (Fhe reactipor wasl 20

anol

cotori 11 od, ' mot FIGE ot BhclOg o Ping 32 ROU M S 15, (R Gariond i ewo

appropriate andrdag@rs)l and thishe rédeed i residetice! ©M€ and otherwise Relifida®!procds'e

boiling points of the ester and the (neth)acrylic acid are so
cl ose todet her parametensy itc aasnpossihigeto pbtair piirrawe ESter opetising y1bye 2by

G 111 o0 0L e R YA bt P 5 B i

n- but yl

to

rectification ugi indst 120 ppaP of dibutyl ethdrheaboliEt)%BChy | weighCiof édeht BE thé qui d

phase. The resulting process steps are Il lustrated by nmeans of

the esterifi catstartingf matesiglsa Qontanql tand( aerylg sacid)| ped up to 5 % by weight of

10

15

20

25

30

catalyst. The remainder was high-boiling by-products, in particular oxy ester
compounds.

The raw ester thus produced was purified by a method similar to the
first experiment at identical process parameters in the work-up part to give
a 99.9 % pure product in a total yield of 98 %, based on the starting
materials. -

The plant shown in Fig. 2 for carrying out the process of the present
invention was used to prepare 2-ethylhexyl acrylate.

The esterification reaction for reacting 2-ethylhexanol and acrylic acid

was carried out in a two-stage esterification cascade consisting of two
reactors 5 and 6 each having the same volume. Acrylic acid was fed to the
reactor 5 via a line 10 and p-toluenesulfonic acid as catalyst was fed via
line 11 to a convection vaporizer 8. The reaction component 2-ethylhexanol
was fed via a line 12 to the top of a distillation column III whose lower
end was connected via line 13 to the reactor 5. The vapor formed in the
esterification in the reactors 5 and 6 and comprising the water of reaction
was fed via lines 3 and 14 to the distillation column III which had ten
theoretical plates and was operated at a pressure of 270 mbar. This pressure
was maintained by means of a line 15 which led to a condenser 16 and a
line 41 leading to a vacuum pump. The condensate formed in the condenser
16 was separated in the separator 17 into two liquid phases. Octenes
separated off were conveyed away through line 45. Water of reaction was

e
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acid. 30 The esterification of alkanols having nore than 4
carbon atons, in

parti cul ar those havi ng 8 carbon atons, in which the
b0|I|ng poi nts of the ester and (neth)acrytlc acid are further
apart and addition of water to the .16- rectification uniloekfesn
therefore not necessary, are described in ‘nore detai l by neans
of the exanple of the esterification of 2-ethyl hexanol. 5
Hence, the esterification of alkanols having 1 - 4 carbon atons with
(meth)acrylic acid will first be described for the exanple of n-butanol as

conveyed away through line 46.

-8

Since the starting materials were fed at ambient temperature to the
reactor 5 and a large amount of water is formed in the reaction, a high
heat input into the first reactor 5 is necessary to maintain a reaction

5 temperature of 110°C. This makes possible the use of an external convec-
tion vaporizer 8 which is also particularly advantageous in terms of the
necessary mixing of the contents of the vessel. The bottom product
discharged from the reactor 5 via line 7 was fed via a further convection
vaporizer 9 to the second reactor 6 in which a temperature of 120°C was

10 set. The second vaporizer 9 was also configured as a convection vaporizer
to ensure, despite a significantly lower heat input, a sufficient circulation
flow for mixing of the contents of the vessel. Here too, lean air was added
as costabilizer. In accord with the decreasing acrylic acid and water concen-
trations, the second reactor 6 was operated at elevated temperature. The

15 bottom product formed in the reactor 6 was discharged through line 21.
The total material discharged from the reaction, which contains the target
product, ie. the 2-ethylhexyl acrylate formed, and all lower-boiling starting
materials and by-products, was introduced, via line 21 and a further
convection vaporizer 43, into the lower part of a rectification column I

20 which was configured as an enrichment column and, being fitted with ten
dual flow trays, served for the high boiler separation. The target product,
namely 2-ethylhexyl acrylate, and all lower-boiling starting materials and
by-products (product VII) were discharged via the top through line 23 and,
after flowing through a condenser connected to the vacuum line 41 were fed
25 via line 31 to the top of a pure column II operated as a stripping column.

The column I for the high boiler separation was operated at a bottom
pressure of 100 mbar and a top pressure of 70 mbar. The temperature was
150°C.

The bottoms (product VIII) formed in the column I for the high boiler

30 separation was discharged via a line 28, cooled to 50°C and fed to an
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al kanol . Her'e, the aqueous phase obtained at the top of the rectification
uni't 1l is discharged, preferably conpletely. The product

M xt ure di scharged fromthe reaction zone is fed with addition
of water to the rectification unit 10 |. The product m xture

i ntroduced with addition of water into thig rectifica- 0.2. ockdi@43; uni t
| isinthe latter separated into a product |l conprising the

catal yst and the remaining (nmeth)acrylic acid and a product | conprising

t he n-butyl ester of (neth)acrylic acid, remaining n-butanol and
wat er. The product containing the water can then be separated

into an organi cexphadtién Mmit. The pagRihichésufohite a¢idbebrtdntest e Qﬁgamc phase
(meth)acrylic acid and n-butanol and an aqueous phase.

Advant ageous| y, Wahdowered dasthehyaue iof 1.8ef pprimupn rf@lt bheh sepcking by addition t he

rectification u r ficC t

rectification &J L ;Lart B?C@F &&H ok %ﬁ#gﬂ%ﬂﬁ% @é’i‘gﬁﬂ%dggr ?ﬁ%ﬁ’ﬂ%ﬂs&?mnt ype.
The product ni xﬂawmﬁ out, which cdtnambarmpe@b 3009 tof patpestidnRsulfonie atid, fwas t 0
the |l ower part of the rectifica- tion column | and the water

additionSis pr éﬂléffﬂanfyﬂ"é@H&hl &lﬂe&fh th‘h organiqpbase was taken offythreughy liph S5
rectification C “géa ‘Jioqw ﬁﬁﬂoﬁ ‘iﬁﬁtpi] g'f R 12tk ¢ Jodg@t YelifPrlent was first

aqueous phase 4 organi c are prd

Advant ageousl y, vapaﬁzedobatbkmsé et UlS0PQ0andr § Jptessuieh of GOCHBAY. | Subs¢quehigy, the
n- butyl ester of éneth acrylic acid and n-butanol is_ returned to the upper

25 ~ part revidyeavhich had jachigh siontest efpara-toluraesilomicc acid | andhpxsh esters
formed 10 the g cracked & 'fobh® Marfifl “Nhterils thrdel "Blodiet WarCahd! #R! and

t he renaining _
10 octenes obtained as by-product. The combined top product from the cracking

was taken off via line 25, liquified and returned via line 39 to the bottom
of the high boiler separation. The remaining viscous residue was taken off
through line 40 and disposed of in a residue incineration facility.
From the product (product VII) fed via the top to the pure column II
15 through line 31, the starting materials still present and lower—boﬂmg
secondary components were taken off via line 32 (product XII) and fed to
a condenser 33. The condensate thus formed was returned via line 48 to
the second stage 6 of the esterification cascade. The liquid phase of the
column II was heated by means of a convection vaporizer 44 similar to
20 those used in the esterification.
The pure product 2-ethylhexyl acrylate was taken off in vapor form via
line 36 and fed via a scrubber demister to the pure product condenser 37
in order to avoid color number problems and to make possible the change
in stabilization of the product from phenothiazine as process inhibitor to
25 hydroquinone monomethy! ether as storage stabilizer. The pure product was
conveyed away through line 38. The storage stabilizer was fed in through
line 39. The phenothiazine used as process inhibitor was fed via line 49 to
the tops of the rectification columns I, II, III.
A specific example carried out using an experimental apparatus as
30 shown in Figure 2 will now be described. In this example, use was made
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(meth)acrylic acid can be essentially conpletely returned to the reaction
zone, preferably in the first reaction region, either directly and/or via

t he. rectification unit Ill. In this procedure, part of the
product Il forned in the 30 rectification unit | can be discharged
and fed to a further distillation unit -18 - 0.Z. 0050/46571
Dat e: 9 -7

of two esterification reactors 5 and 6 each having a utilizable capacity of
2 1 which had superposed on them a glass tray column having a diameter
of 50 mm and fitted with 20 bubble cap trays as well as a phase separator
at the top of the column. The operating pressure was 270 mbar. Convection
5 vaporizers were used to heat the esterification reactors. At a residence time
of 4 hours, acrylic acid was reacte;i with 2-ethylhexanol in the stoichiomet-
ric ratio with addition of 1.5 % by weight of aqueous p-toluenesulfonic acid
and with continuous distillative removal of the water of reaction formed to
give 2-ethylhexyl acrylate (EHA). The temperature in the first esterification
10 reactor 5 was 110°C, in the second esterification reactor 6 it was 120°C.
An EHA concentration of 70 % by weight was achieved in the outflow
from the first reactor 5 and a concentration of 82 % by weight was
achieved in the outflow from the second reactor 6. Low-boiling secondary
components (mainly octenes formed in the cracking) were concentrated at
15 the top of the esterification column III to such an extent that the waste
stream taken off via line 45 contained only < 10 % of useful components, |
ie. 2-ethylhexanol and 2-ethylhexyl acrylate. By means of aqueous column
runback, two aqueous phases were generated over the entire height of the
column. This enabled the acrylic acid at the top of the column to be
20 depleted to < 100 ppm. The water of esterification formed in a stoichio-
metric amount contained about 1.5 % of organic compounds (mainly
2-ethylhexanol and octenes) at equilibrium.
The esterification product discharged through line 21 was freed of the
catalyst acid and the high boilers formed in a laboratory éolumn I having
25 a diameter of 50 mm, fitted with 10 dual flow trays and equipped with
convection vaporizer and upright tube-bundle condenser. 5 % of the amount
of raw ester fed in was taken off at a reflux ratio of 0.5 from the bottom
of the column as high-boiler bleed and fed to the cracking step, while the
remainder was taken off as top product free of high boilers (oxy esters <
30 10 ppm). The feed to the column was directly to the bottom of the column
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V. 'In this, the product can be separated into a product 11l conprising

n- but anol, (neth)acrylic acid and the n-butyl ester of (neth)acrylic acid

and a product IV conprising the catal yst and conponents havi ng
boi ling points hi gher than that of the n-butyl ester of
(meth)acrylic acid. The product I11 5 _y9. conprising n-bu
(meth)acrylic acid and the n-butyl esﬁ%r of 69%@3%¥§I|
acid can then be returned to the rectification unit | and/or the

reacti on zone. The organi ¢ phase of the product | is
advant ageously fed to a rectification unit Il and in this is

separated into and ah@rcotlii IVwﬁs)fﬁpEtaﬁddn?urel)O as an enné}ﬁﬂaitnéd]ﬁmﬂ t)’l{t @Q@ﬂ) and

conponent s having boiling points [ower than but yl
(met h) acryl at e, prgpsuraeof A0yambasstthe bottont yempcremng awasy |ablee tanble d§ept at a

P butyl (et h) alRg BB o R ko, BRAE. Pich: ek koot pip Bl o o

preferably via {dparatatiin fal @dbiatstyUsdlamh! il  halilgy R digmeder \df 5@ n&ﬁt léﬁﬁ@fled 0

the 15 rectification unit |I. The rectification unit
configuréd as awitBc25f dual- flow trays at t3 dap cpresswne | of F0 anba:ngnd ubaving) ay

descri bed above S separ at ed of
i n the upper pawlwxoﬁggﬁ tj ct

P
-

bRl of 1996, to 9" rop trdeepRE Elritsiiing

i s separated offhei ftaiting Rateriald &ryli® cacid G f 2-eMyileRadd?| 4N 50! % by weight
of 2-ethylhexyl acrylate plus the pure product. The top fraction was
returned to the second esterification reactor 6. The pure product was taken

10 off in vapor form and free of high boilers and process stabilizers from the
bottom of the column which was heated using a natural convection vaporizer
and liquified in a condenser regulated by inert blanketing. A content of >
99.8 % by weight of 2-ethylhexyl acrylate was thus achieved. Accumulation
of high-boiling trace components in the liquid phase in the column was

15 prevented by taking off an amount of liquid at the bottom of the column
corresponding to 2 % of the amount of liquid flowing in and feeding it to
the bottom of the high boiler separation stage. The bottom discharge of the
high boiler separation stage was, after partial extraction of the catalyst acid
with water, evaporated to 20 % of its original mass in a cracking vessel

20 IV operated batchwise at 60 mbar and a maximum temperature of 180°C.
The resuiting residue contained the catalyst acid p-toluenesulfonic acid and
also a high concentration of high boilers which could not be cracked or
vaporized. This residue could not be utilized further in the process and was
taken off. The top product comprising 80 % of EHA, from 10 to 12 % of

25 octenes and also acrylic acid, water and 2-ethythexanol was condensed in a
heat exchanger and returned to the bottom of the high boiler separation

stage.
A yield of 98 % based on starting materials was able to be achieved
in continuous, steady-state operation of this experimental unit. Only 2 % of

ne,

pe
f
\

30 the starting materials used were lost as by-products.
This Sheet Has Been Re

AL |||I

laced




and'the n-butyl (neth)acrylate is taken off in vapor form by neans of a 20

| at'eral offtake in the |Iower part of the rectification colum II. The
gaseous target product n-butyl (nmeth)acrylate is then condensed
and can afterwards - be adm xed with a storage stabilizer.

The esterification with al kanols having 5-208 carbon atons w | | o 3aQckagr
descri bed by neans of the exanple of the esterification with

2- et hyl hexanol . 25 Here, the product m xture di scharged fromthe
reaction zone is fed to the rectification unit 1. Part of the
aqueous phase obtained at the top of the rectification unit 111

is returned to the Fhestabilizar isolutiomiused (was ThH: %rsbmgm phenothiazine rsolutione
fed to the recti.fi n|t in thi pa d|ntoa r oduct VI
conprising the 2% ?ﬁ%‘f’ﬁ@?\? s‘YlEFEO?Va? n@F%’f%fg ci'P ?‘@ng‘ﬁ’%g Bo

2- et hyl hexanol MdeﬁﬂnﬁoﬂtsagstaédﬁPﬁlhirﬂﬁﬁ%th of qmdppxﬁrwhse& onP R0 HShectivk

- 10 - )
feed stream to the stage. All natural convection vaporizers were exposed to

] air as costabilizer.

A particular advantage of the above-described process is the removal of
all high-boiling secondary components and, in particular, the catalyst from
the esterification product in column I. This reliably avoids redissociation of
the high boilers and/or the target product in the liquid phase of the pure

10 column II to form starting materials and thus prevents contamination of the
pure product with low-boiling dissociation products and, in particular, acrylic
acid.

If, as is customary in conventional procedures, the components having
boiling points lower than that of the target ester (in particular acrylic acid

15 and starting alkonol) are first separated from the esterification product, it is
not possible to isolate pure product free of low boilers and in particular
free of acrylic acid owing to the dissociation reactions which then occur in

~-the liquid phase of the pure column in the presence of catalyst and high
boilers, as was demonstrated by the example described below:

20 Esterification product taken from line 21 was first, in column I, freed
of all secondary components having boiling points lower than that of the
target ester and also freed of the starting materials acrylic acid and
2-ethylhexanol. From the bottom of the column I, the raw ester free of low
boilers but contaminated with high boilers and, in particular, the catalyst

.25 was then taken off and rectified at a reflux ratio of 2 in a laboratory
column having a diameter of 50 mm and equipped with 25 dual flow trays.
The raw ester taken off from the top of the column was then contaminated
with 1400 -ppm of acrylic acid although the raw ester fed in was free of
acrylic acid; ie. the acrylic acid found in the target ester can onmly have

30 arisen by means of dissociation reactions in the liquid phase of the column.
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conprising the catal yst and conponents having boiling points higher than
that of the 2-ethyl hexyl ester of (neth)acrylic acid. Here, a rectification

colum | is advantageously again used as rectification unit |I. The product
m xture di scharged fromthe reaction zone is fed to the |lower part of this
5 colum. The product VIII is'obtaLng from the bOttO"‘..mkﬁk§|
rectification colum and the product VIl is obtained at the top.
Part of the product VIII i s advant ageously returned to the
reaction zone, preferably in the first reaction region, either
directly and/or via the rectification unit I1l. Advanta-

geously, part oHoWweeemrdistiltitivy/| dlemoval &F Stheadcgpiit aoid fsedot PodsibleSivhén ahé On
unit 10 IV and in this is separated into a product | X conprising

2- et hyl hexanol , pure ester is isofatask By dep yproducicisince raerylife agideishg| lowk Ppilesimr of
(meth)acrylic ag] : product X conprising the acid
Ehtnvity, o, g, 988

esterification € and €O havi ng boi l i ng points
hi gher than that ofTheh®ove-déseyibé experiifiéritil @bults ®id hiirttiey |shidies showed that
acid. 15 The product |1 X can then be returned to the

rectificdtion uliis Adyampaspus to operate the, twpcesterification woefors Aiand 6 at
et er 1 cat! on SRR 4y 130 AR 0 i Cbrserably trom 16! S0 ka8 o
' temperature in the first reactor 5 can be from 80 to 120°C, in the second
reactor 6 from 100 to 140°C. As catalyst for the esterification reaction in
the reactors 5 and 6, acid catalysts, in particular organic sulfonic acids and
10 here particularly p-toluenesulfonic acid in an amount of from 0.1 to 4 %
by weight, preferably from 0.5 to 2 % by weight, have been found to be
particularly advantageous.
The residence time of (meth)acrylic acid and alkanol in the reactors is
from 0.5 to 8 hours, preferably from 1 to 6 hours. From the raw ester fed
15 to the rectification column I through line 21, it is possible, at a reflux ratio
of 0.5, to take off .an amount of < 10 % by weight, preferably < 5 %
by weight, from the bottom of the column as high-boiler bleed and pass it
to the cracking step. The top pressure of the column I can be from 50 to
400 mbar, preferably < 120 mbar. The maximum bottom temperature of
20 this column is preferably < 150°C. The top product of column I, which
is free of high boilers and was fed via line 26 to the column II, can be
processed in the latter column at a top pressure of from 50 to 400 mbar,
preferably at a pressure of < 120 mbar, and at a bottom temperature of
< 140°C. With optimum setting of the abovementioned values, a product
25 containing > 99.8 % by weight of pure product, in the case of the
example 2-ethylhexyl acrylate, can be taken off through line 36.
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extraction with water and the aqueous phase obtai ned can be partially or
conpletely returned to the reaction zone. Part of the aqueous phase forned
20 . in the rectification unit 11l can be used for this extraction.
The product VI taken fromthe rectification unit | can be fed to
the rectification unit Il and iny4his be separated i 90@3,1691
product Xl conprising remnaining 5 et hyl hexanol , (net %'a’cry C
acid and conmponents having boiling points | ower than 2-ethyl hexyl
(meth)acrylate, b) the target ester 2-ethyl hexyl 25 (meth)acryl ate
and c) a product Xl I conprising constituents having higher

boi ling points BASF Aktlchydsbipsenaft(met h) acryl ate. The produyatnu o@n 1ooen be
returned to the reaction zone, preferably via the re%Aﬁi%ﬁ@ﬁ@”'lﬁ/M'

and the product X1 can be returned to the rect ation unit

The rectification unit Il is advantageously configured as a
rectification colum. Here, the 30 product Xl can be separ ated off

in the upper part, the product X I from heetHasBeenRTlilced

We claim:

1. A process for the continuous preparation of alkyl esters of (meth)acrylic
5 acid by reacting (meth)acrylic acid with monohydric alkanols having from
1 to 8 carbon atoms in the presence of an acid esterification catalyst in a
reaction zone, in which there is discharged from the reaction zone a
product mixture which comprises the alkyl (meth)acrylate formed, the
catalyst and the by-products formed during the course of the esterification
10 having boiling points higher than that of the alkle (meth)acrylate, and from
which the alkyl (meth)acrylate is separated by distillation in a separation
zone, wherein the product mixture discharged from the reaction zone is fed
to a rectification unit (I), in this unit the product mixture discharged is
separated by rectification into at least one product (I) comprising the alkyl
15 ester of (meth)acrylic acid and a product (II) comprising the catalyst, the
product (I) is fed to a further rectification unit (II) and in this the alkyl
ester of (methjacrylic acid is separated off by rectification.
2. A process as claimed in claim 1, wherein the esterification in the
reaction zone is carried out in a homogeneous, liquid, solvent-free phase at
20 elevated temperature by reaction of (meth)acrylic acid and the alkanol,
especially having from 4 to 8 carbon atoms, in a molar ratio of from
1:0.75 to 1:2, preferably from 1:0.9 to 1:1.1, particularly preferably in a
ratio of 1:1, in such a way that the (meth)acrylic acid, the alkanol and the
catalyst are fed to the reaction zone, the water forméd is removed by
25 rectification during the residence time as constituent of a mixture comprising

A




t he” bottom and—Lhe—zuet—hyl—he*yl-—enet h)acryl ate can be taken off in vapor

formas a later . st eam n the | ower part. Furt her
details and adv ention may be found in the
exanpl es descri b of the drawings. In the draw ngs: 5

Fig. 1 shows th d| agr am of pl ant for preparin
acryl ate Flg 2 shows t he procgsss flow diagram O%QO(Q‘?}&%% for

pr oduci ng . 2-ethyl hexyl acrylate.

Equi prent itens which are the sanme or have the sane action are 10
provided with the same reference nunerals. The rectification colums are
provided wi th Rap@pol’ Ofaeﬂiént‘@ 08 N rédtification tdhﬁ (1M Supetposéd Onktle! yeacﬁ&?
product designations, generally provided with Roman nunerals, are also

i nserted speci f zerg, | yhe rdistildate dpisciobtainedx dspheparated into an orgachmhapé ant
shown in Fig. 1 for.carr out.the roces of the present

i nvention for pFYPRITAG #“B‘&l #ﬁ%caﬂlla PEOUR o @ﬁr‘é@’?’%‘%f‘f’%‘ﬁ'ﬁ i O1F OGS 1,

I, phase and, if desired, aqueous phase are returned to the rectification unit

QO

5 (III), and the product mixture is discharged from the reaction zone and fed
to a separation zone, wherein the reaction zone preferably comprises a
cascade of at least two reaction regions connected in series and the output
stream of a reaction region forms a feed stream of a downstream reaction
region, and wherein the cascade has preferably from 2 to 4 reaction regions

10 separated from one another in space.

3. A process as claimed in claim 1, wherein the rising vapors from the
reaction regions are fed to a single rectification unit whose liquid runback
is returned only to the first reaction region.

4. A process as claimed in claim 2, wherein the temperature in the first

15 reaction region is from 70 to 150°C, preferably from 80 to 130°C, and in
the last region is from 100 to 160°C, preferably from 110 to 130°C, and
wherein the reaction temperature preferably rises along the cascade. '
5. A process as claimed in claim 2, wherein the pressure in all reaction
regions is from 100 mbar to atmospheric pressure, preferably from

20 200 mbar to 700 mbar, especially is the same in all reaction regions.
6. A process as claimed in claim 1, wherein the catalyst used is para-
toluenesulfonic acid and/or another organic sulfonic acid such as
methanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfoni_c acid
and/or sulfuric acid, and wherein the content of catalytically active acid in
25 the reaction zone, based on the reaction mixture present therein, is from
0.1 to 10 % by weight, preferably from 0.1 to 6 % by weight, of para-
toluenesulfonic acid or an amount equimolar thereto of another organic
sulfonic acid and/or sulfuric acid.
7. A process as claimed in claim 1, wherein both thé (meth)acrylic acid

30 and the catalyst are fed directly to the reaction zone, the alkanol, preferably
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L1l and a distillation unit It is additionally provided with two

eSterIfILd- —trOﬁ*reactors 5 and 6 which are connected in series
via a lineg _ %chlmmd forma reaction cascade. Convection
vaporlzers nected to the reactors 5 and 6. 4 nol/h
of acrylic ila line 10 to the 20 first reactor 5 and 4
mol / h of n- d in via the col"dfa 111  sup@fPE¥edon
the first reactor 5, the n- but anol being introduced into the

colum 111 through the line 12. (For the sake of sinplicity, but anol is
used hereinafter to refer to n-butanol.) In addition, aqueous

para-tol uenesul fnol’)'ﬂtgt(l)orl go .be esten%@édj 19%&%%%%&3‘@&1 iéhémng’ctﬁg %E@f J:dbfaﬁ 11

into the first reac anoun ased
on the starting umitt @iatie rt‘i:ﬁﬁcat'ﬂneumt (D) is a recwfidation ¢cﬂumh;e ﬁmd S¥hereiact or
5 was carried out at 100[err]C, in the downstream second reactor
6 at 105[err]C, thg reacion (regiony, compgise rgactorsohaping conyecton vaporizers. resj dence

e ot ol R R8sl SHM TR 7, whorin e savcold AR ORELS 19

into a c um | lat the top of vihe re@ifidation lunitc d) tis aqssemaﬂy completely discharged,
' the organic phase formed is essentially completely returned to the rectifica-
tion unit (III), the product mixture discharged from the reaction zone is fed
with addition of water to the rectification unit (I), wherein the product
mixture fed with addition of water to the rectification unit (I) is in the
10 latter separated into a product (II) comprising the cataiyst and the remaining
(meth)acrylic acid and a product (I) comprising the n-butyl ester of
(meth)acrylic acid, remaining n-butanol and water, and which furthermore is
separated into an organic phase comprising the n-butyl ester of (meth)acrylic

acid and n-butanol and an aqueous phase.
15 9. A process as claimed in claim 8, wherein aqueous phase is returned to
the rectification unit (I), a liquid aqueous phase and a liquid organic phase
are present in the rectification unit (I), the rectification unit (I) is a
rectification column (I), the product mixture discharged from the reaction
zone is fed to the lower part of the rectification column (I) and the
20 addition of water is carried out in the upper part of the rectification column
(D), and wherein part of the resulting organic phase comprising the n-butyl
ester of (meth)acrylic acid and n-butanol is returned to the upper part of

the rectification column (I).

10. A process as claimed in claim 8, wherein the product (II) which is
25 formed in the rectification unit (I) and comprises the catalyst and the
remaining (meth)acrylic acid is essentially completely returned to the reaction
zone, preferably in the first reaction region, either directly and/or via the
rectification unit (III), at least a part of the product (II) formed in the
rectification unit (I) is discharged and fed to a distillation unit (IV) and in
30 this is separated into a product (III) comprising n-butanol, (meth)acrylic acid
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S 12 -

_ —~—eperapedmaL 360 nbar pressure at the top as first
rectificatio rectified therein. The top product of this
colum 111 wa acid. It was condensed in a
surface conden eyed to a separ at or 17 There an
organic phase Yo by wei ght of butanol, % I ght
of butyl acrylate [err] 13 @6by wei ght of”~ ﬁiter é;Béggéh?
of butyl acetate and 2000 ppm of dibutyl ether separated out. It
was conpletely returned through line 18 as runback to the colum
1. The aqueous phase forned in the separation, which still contained 6 %

by wei ght of but@othe 8htyAPEst& ob Wmeth)@érylit HcRl af@Ca Rt @v% wongag

was, for the purpose of increasing the conversron in |on
separ at ed the acid festerifipatiome catalystd afd cCowipanenits hayingt boiling pmmdelngher 20

O (e dounstr eain suar of e’ P, b 9 R BRol, aei e gt (L5 i
returned to the rectification unit (I) and/or the reaction zone, wherein the
5 organic phase of the product (I) is fed to a rectification unit (II) and in
this is separated into |
a) a product (V) comprising remaining n-butanol and components having
boiling points lower than that of n-butyl (mefh)acrylate,
b) n-butyl (meth)acrylate and
10 c) a product (VD) having a boiling point higher than n-butyl
(meth)acrylate,
the product (V) is returned to the reaction zone, preferably via the
rectification unit (II), the product (VI) is returned to the rectification unit
(I), the rectification unit (I) is a rectification column (II), and wherein the
15 product (V) is separated off in the upper part of the rectification column
@D, the product (VI) is separated off from the bottom of the rectification
column (II) and the n-butyl (meth)acrylate is taken off in vapor form as a
lateral branch stream in the lower part of the rectification column (II).
11. A process as claimed in claim 1, wherein the alkanol used is
20 2-ethylhexanol, wherein part of the aqueous phase obtained at the tbp of the
rectification unit (II) is returned to the rectification unit (III), the product
mixture discharged from the reaction zone is fed to the rectification unit (I),
wherein the product mixture fed to the rectification unit (I) is separated in
the rectification unit (I) into a product (VII) comprising the 2-ethylhexyl
25 ester of (meth)acrylic acid, remaining 2-ethylhexanol and remaining
(meth)acrylic acid and a product (VIII) comprising the catalyst and
components having boiling points higher than that of the 2-ethylhexyl ester
of (meth)acrylic acid, the product mixture charged from the reaction zone
. is fed to the lower part of the rectification column (I), and wherein the
30 product (VIII) is obtained from the bottom of the rectification column (I)
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via line 21 totherectificationcolum I. It contained 78 % by wei ght of
15- t he d%ksrsggﬁﬁ%&?ﬁﬂﬂcepmyl acrylate, about 4 % by wei ght each of

t he I“m uﬂu llng mat eri al s butanol and acrylic acid and up

to 5 % by catalyst, as well as 0.2 % by wei ght of water
and at nost 20 f di butyl eth[. The remai ndéer

hi gh-boi | i ng by-products, in ’ particul ar oxy ester conpoun
Acrylic acid and high boilers together with a part of the product and

of the al cohol were separated off as bottom product (product I1) in the
rectification colum |I which was fitted with 25 dual flow trays having a

di ameter of 50 iy afe preduce AIH! Rlokthined i QRé 15 DFSHE CrectlfittiBR t dofifh
product (product 11) contai mEZO %bm wei ght g‘? acry |‘(:: aC|ld 45 (%l;lb(l) 25

wei ght of butyl lacr&IMSSBaS’/&b}lne(bllgmlamf lmutwehwem ;iar@/wﬁyhe\@rgﬂuctowm)
water. A parti al, bout 45 % of the.feed amunt. fed in throu
line 21 was retlﬂ“‘f*rﬁ%gl dacl?lﬁng FACHIQN (3004 Iqrgﬁerq?)i\é rrg}? gepetion reglo%
The maj or part efthdrhdaireeh dpaidrevia thed rbaifRatidh AUnid AT ﬂwueﬂeui SHrt BF

was here cracked in the liquid Ehase of the rectlflcatlon coluim | to form

30 5tarti pgodust (ViIH) SS e vands fedOwg rag distillatinn pnigh(IX2 randi in ghisd

and wat er is separated into a product (IX) comprising 2-ethylhexanol, (meth)acrylic

g4657 i

acid and the 2-ethylhexyl ester of (meth)acrylic acid and a product (X)
comprising the catalyst and components having boiling points higher than
that of the 2-ethylhexyl ester of (meth)acrylic acid, the product (IX) is

10 - returned to the rectification unit (I) and/or the reaction zone, wherein
catalyst is separated from the product (VIII) and/or the product (X) by
extraction with water and the aqueous phase obtained is returned to the
reaction zone, and wherein part of the aqueous phase formed in the
rectification unit (III) is used for the extraction.

15 13. A process as claimed in claim 11, wherein the product (VII) taken
from the rectification unit (I) is fed to a rectification unit (I) and in this
is separated into a) a product (XI) comprising remaining 2-ethylhexanol and
components having boiling points lower than that of 2-ethylhexyl
(meth)acrylate, b) 2-ethylhexyl (meth)acrylate and ¢) a product (XII) having

20 a boiling point higher than 2-ethylhexyl (meth)acrylate, wherein the product
XD is returned. to the reaction zone, preferably via the rectification unit
(IIT), the product (XII) is returned to the rectification unit (I), the product
(XI) is separated off in the upper part of the rectification column (II), the
product (XII) is separated off from the bottom of the rectification column

25 (II) and the 2-ethylhexyl (meth)acrylate is taken off in vapor form as a
lateral branch stream in the lower part of the rectification column (II), and
wherein part of the organic phase formed in the rectification unit (III) is
bled off to remove low-boiling by-products from the system.
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- 138 - contents of the bottom product at a bottom tenperature

of “105[err] C, only I nsignificant anounts of | ow boiling
by-products ([err] 200 ppm of dibutyl et her) were formed her e.
These by-products were separated off together with " the rrai n

product streamas a | ow boiling m ni num heferoazeotrope via the

top of the colum | and fed wg line 23 togfhe condenger 20. B&zhoots%'tgsn
liquid in the colum and the top product here separated at 95[err]C into an
aqueous phase and an organi c phase. To maintain the heteroazeotrope in the
colum 1, this was treated with agqueous phase fromthe decanter 24 through

line 25 and wi t BASFOARtiEndesdRehdtf Om t he decant er 24 througﬁnh ye2@6199 10
runback. The aqueous phase contained [err] 3 % é J3B1G
constituents, predom nantly butanol. The organic phase con al ne froms75 to

Abstract

In the process for the continuous preparation of alkyl esters of
(meth)acrylic acid by reacting (meth)acrylic acid with monohydric alkanols
having from 1 to 8 carbon atoms in the presence of an acid esterification
catalyst in a reaction zonme, there is discharged' from the reaction zone a
product mixture which comprises the alkyl (meth)acrylate formed, the
catalyst and the by-products formed during the course of the esterification
having boiling points higher than that of the alkyl (meth)acrylate, and from
which the alkyl (meth)acrylate is separated by distillation in a separation
zone. The product mixture discharged from the reaction zone is fed to a
rectification unit (I), in this unit the product mixture discharged is separated
by rectification into at least one product (I) comprising the alkyl ester of
(meth)acrylic acid and a prbduct (II) comprising the catalyst, the product (I)
is fed to a further rectification unit (II) and in this the alkyl ester of
(meth)acrylic acid is separated off by rectification.
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85 % by wei ght of butyl acrylate, from14 to 20 % by wei ght of butanol,
from2 to 3 % by, wejght of water, 1500 - ppmof butyl acetate. Ss .
V\/at%’fSFCGFF’@é’HSﬁ‘EYj)r]ﬁ&h?#the conversion in #H reaction wa8: g gé’.? m t he
15 system t hrough |ine 27. 5 % by 1>?g
bottom product (product I1), based on the anouht arting
materials fed to the esterification, were discharged via a l'ine

28 and fed to a wall -Jheated stirred vessel |V. Ther the prodyct was
- C unti qge Vi scosity
d

evapor at ed bat chw gse at anbi ent ppessure and 180[,err
rose 20 disfF tly. The stérting materkal § bud anol crylic acid
still present thergqir and] t he produ®® | acryl atef were first
distilled off (produdt a digtillatp was up to
about 65 % by wei ght",| ™D Anount , eddin. lInlthe
subsequent cracking qf fhe hi b Ledls, : Dauef to
an anount of distilfl gte Yt aiolnt fed in, Iow 25
boi | i ng by- produgtg—gqee dr pwerie forhed to a
slight extent on|y|tgwa sovapor (drofluck 1V) from
the cracking in fhe gti | yf ofj acrylic
aci d, butyll agrylate, butanoljand water. This drofluct was
recirculated dirgctily t¢ ghe pottom of the cqgunn | for the high
boi |l er separatioh. |Ajfufther 30 [ e tificq%ion was Nt tarfried out.
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B 7 The organic top product (product |I) fromthe

azeéotropic distil I ation in the_colum |, which S hi gh’
boil ers and a@RSF Ak se]v%égh'?%ﬂ Vi a 2/2 line 31 ¢ 133 Oetsls at i on,
colum 11 which was fitted with 25 dual flow trays Feb [119966.

di aneter of 50 mm and was operated at a top pressure of 4%0
and rectified therein. Butanol, residual water and any | ow boilers
present were taken off as top product via line 32 (product V). This
contained from65 to 70 % by wei ght of butanol, from20 to 30 % by
wei ght of butyl acrylate, from8 to 10 % by wei ght of water, [err] 500 ppm
of dibutyl ether, [err] 4000‘2me of butyl aceta:%e.g This top pl’(gi]l#:t
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was returned through Iine 34 as runbac
rectification colum "« |l. The renaining
line 35, together with the fresh al coh
to the esterification via the first columd.
was concentrated in the |iquid phase of this co
achi eve the desired col or nunber and to separate
stabilizer, was taken off in vapor formas a | at¢
line 36, condensed in the condenser 37 and conve ,e@mmi hmprll 5445....
The pure product contained [err] 50 ppm of butand 1
ether, [err] 150 ppmof water, [err] 50 ppm of acrylic aC|d 20

A snall bott om bl eed strean1(product VI) in an amount of [err] 2 % by

wei ght of the feed to the colum was conducted via line 39 to the bottom

10 . \/) was condensed in a condenser 33 and a partlal anﬂaﬂquﬁ -60 IPse ‘*‘Ni

crlt!'r'h @53
ﬂClmm(?hqe Read

of the high boiler separation in colum 1. The residue was

di schar ged from+he—9p+pped—\+es-sel—w-uu-eugh-44-ne_40.—__4*.ne_4l
connected the columms Il and Il.to a vacuum punp. Waste air from
the colum |11 WasCHRRYRES bﬁrﬁyﬂﬁm{ 'oi'ealﬂfl estB® bf iﬂ g@g@ﬁqﬁ Q& t he
colums | and Il was heated via convection vaporlzers 4 d 44 respec-
tively. The pure ester had a purity of [err] 99.9 % the

yi el d based on acrylic acid and butanol was 98 % of theory in

each case.

The present invention relates to a process for the continuous preparation
5 of alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid with
monohydric alkanols having from 1 to 8 carbon atoms in the presence of
an acid esterification catalyst.

The term (meth)acrylic acid here refers, as is customary, to acrylic or
methacrylic acid. In esterifications of an alkanol with an organic acid,
10 typical equilibrium reactions generally proceed, these reactions being
catalyzed by strong acids and, as typical condensation reactions, leading to
elimination of water. The esterification equilibrium is usually shifted in the
desired direction by removal of the water from the reaction mixture. The
. removal of the water can be carried out by distillation as constituent of an
15 azeotrope comprising the target ester. The continuous removal of the
reaction water from the reaction mixture is simultaneously accompanied by
the separation of the target ester from the reaction mixture. In general, the
esterification reaction proceeds with the water being removed continuously
from the reaction mixture, but the major amount of the target ester formed

20 remains in the reaction mixture. |
Examples of esterifications of this type are those in which the water of
reaction is distillatively removed by addition of an organic solvent as
azeotropic entrainer. HoWéver, (starting) alkanol used in excess can also

This is the replacement sheet
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30 .. . In a further experinent, the second esterification reactor 6

was taken out of operation and the raw ester from
the first reactor 5 was introduced vialine 7 directly into the
bottom of the colum |. The reaction was carried out at

105[err]C. Using feed flows the sane as ifthe variant wth two
reactors, and thus a reduced residence tinme, and ot herw se identical

process 5 paranmeters, it was possible to obtain a raw ester
containing 71 % by wei ght of the desired product n-butyl
acrylate, 0.4 % by weight of water, at nmost 20 ppm of di butyl

et her, about 7Sep/®yassught anfazggiopiof entrainer. In another variant, the water is
distillatively removed as constituent of an azeotrope comprising target
ester/alkanol/water and containing more than 95 % by weight of water.

The product mixtures formed in such esterifications contain essentially

b excess alkanol, excess (meth)acrylic acid, acid esterification catalyst and
polymerization inhibitors, since (meth)acrylic acid and their esters tend to
polymerize. In addition, azeotropic entrainers  or organic solvents, residual
amounts of water and high-boiling by-products (Michael adducts) may also
be present. The target ester then has to be separated from these product

10 mixtures. According to Ullmann’s Encyclopedia of Industrial Chemistry, Sth
edition, Vol. Al, VCH Weinheim, pages 168-169, this separation is
generally carried out by the product mixture first being washed with water.
The acid esterification catalyst and the excess (starting) acid go from the
organic product phase into the aqueous phase and are thus removed from |

15 the product mixture. The separation is normally completed by further
washing with aqueous alkali solution.

Subsequently, the remaining alkanol is, as a rule, first removed from
the remaining organic phase in a first rectification column and the target
ester is then separated off in a further rectification column, in each case via

20 the top of the column.
| The disadvantage of such a work-up procedure is, in particular, the
formation of large amounts of greatly contaminated wastewater. In addition,
the acid dissolved in the aqueous alkali solution and the alkanol dissolved
therein can generally not be returned directly and technically simply to the
25 esterification, which causes losses of starting materials.

A water-free work-up process is kmown, for example, from DE-C 25
48 561 for the preparation of 2-ethylhexyl acrylate. In the work-up
procedure described therein, excess alkanol and excess acid are separated
from the product mixture by distillation via the top of the column. In a

30 downstream distillation column, the target ester is then separated by distilla-
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starfing,materials (butanol and acrylic acid) and up to 5 % by wei ght of
catal yst. The remai nder was hi gh-boiling by-products, in particular oxy

ester 10 conpounds. The raw ester thus produced was
purified by a nethod simlar to the first experinment at identical
process paranmeters in the work-up part to djive a 99.9 %pure
product in a total yield of 98 % based on the starting

materials. 15 The plant shown in Fig. 2 for carrying out the
process of the present i nvention was used to prepare 2-ethyl hexyl
acryl ate.

) he esterjfication regctign for reactin
2- et hyl hexanol tgRdTem the ;{’éma[ﬂ groduct of the pirseding distiiatigy cofumn, ﬁﬁﬂ%ﬁrage
esterification LS Fd : : adiB8ACh
having tho sanityories SRERHLR ot e mrger eter if SEFkA By MABISECT, |
a line 10 and ptill otemaias utheoncid aatafysasof athel getalweestetifidatiorn reaction. In | i ne

11 to a convectiqQn vapori zet,. 8, The reacti gn conponent 2-ethyl hexanol
was fed via a P‘?‘ﬁ%%z the %’FFéuaP(Yﬁ 8§Pagatigns OF | the ir%ﬁ%(ﬂsfﬁ’m requireH e vatedwer

end was scon ”ecfe?x%eﬁ]t@reé 'eYEn %d&xg redifed. Ei}%ﬂﬂé. This{8Gdy/ i’cfﬁédi&%iﬁﬁé’n }o‘? th'e

esterification 1n e reactors conpri sing e water of reaction
25 was f Michaeh atiduves férnsetd ad dytprodives i she lacwmbl esterifitation ddcurringhi ch
had ten .theoretjcal .plates and s operated at a pressure of_ 270
mbar. This predWing the disti lan‘&as‘emﬁ‘ﬁ‘hi :ﬁa 1§58¢iadoR f then,| f?@lsmﬁm%h | ed

to a condenserp 6, AQGding point lower than that of the target ester plus acid and also
olefins, which may have a low boiling point, which result from water
10 elimination from the alkanol and are then present as impurities in the target
ester separated off by distillation. The purity of a target ester obtained in
this way is unsatisfactory.

GB-B 1 017 522 discloses a process for preparing n-butyl acrylate. As
esterification conditions, this describes a certain molar ratio of (starting)
15 alkanol to (starting) acid and a content of catalytically active acid of from
0.5 to 5 % by weight, based on the total mass of the reactants. Disadvan-
tages of this procedure are the high excess of alkanol required, which
promotes the formation of undesired dialkyl ethers, and the not fully
satisfactory yield of n-butyl acrylate under the abovementioned conditions,

20 based on the amount of acrylic acid used. '

' DE-C 25 52 987 discloses a process for the continuous preparation of
alky! esters of acrylic acid by reacting acrylic acid and monohydric alkanols
having from 1 to 4 carbon atoms in a molar ratio of from 1(alka-
nol):1(acrylic acid) to 2(alkanol):1(acrylic acid) in a homogeneous, liquid,

25 solvent-free phase at elevated temperature and in the presence of sulfuric
acid or organic sulfonic acid as catalyst, in which the acrylic acid, the
alkanol and the acid catalyst are fed continuously into a reaction zone the
alkyl acrylate formed is separated off by rectification, during a residence
time of several hours as constituent of at least one aqueous azeotrope

30 comprising, apart from the alkyl acrylate, water or water and alkanol as
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line 41 | eading to a vacuum punp. The condensate formed in the condenser

16 was separated in the separator 17 into two |iquid phases. Cctenes 30
separated off were conveyed away through line 45. Water of reaction was

16 -

conveyed away through |line 46. Since the

starting materials were fed at anbient tenperature to the :
reactor 5 and a | arge anount of water is fornmed in the reaction, a high

heat i nput

into the first reactor 5 is necessary to maintain a reaction

tenperature of 110C. This nmakes possible the use of an external convec-

10

15

20

25

30

further constituent via the top of a rectification column superposed on the
reaction zone, the distillate I obtained is separated into an organic phase
comprising the acrylic ester formed and an aqueous phase, part of the
organic phase is, for the purpose of producing an increased separation
action, returned to the rectification zone via the top and, if desired, part of
the aqueous phase is returned to the rectification zone via the top to
maintain the composition of the aqueous azeotrope, the alkyl ester is sepa-
rated in a manner known per se from the excess organic phase and part of
the reaction mixture is discharged from the reaction zone, freed of high
boilers by distillation and the distillate thus obtained is returned to the
reaction zone.

The primary objective here is the avoidance of undesired ether
formation from (starting) alkanol. However, a disadvantage of this procedure
is that, despite distillative treatment of the discharge from the reaction
mixture and the return of the distillate thus obtained to the reaction zone,
the yield of alkyl acrylate, based on acrylic acid used, is not satisfactory.
The reduction achieved in the dialkyl ether by-product formation is also not
fully satisfactory. Furthermore, the residence time required according to the
examples is also not satisfactory. This also applies to the space-time yield.

It is assumed that this is caused by the low concentration of acid esterifica- .

tion catalyst.

It is an object of the present invention to provide a process for the
continuous preparation of alkyl esters of (meth)acrylic acid which makes
possible not only an optimized yield but also milder reaction conditions and
thus, besides greatly reduced ether formation, less formation of high boilers,
a high | space-time yield, increased flexibility in the operation of the plant
and also low capital costs owing to a minimized number of equipment
items.

We have found that this object is achieved starting with the known

prdcess for the continuous preparation of alkyl esters of (meth)acrylic acid

5
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tion vaporizer 8 which is also particularly advantageous in terns of the
necessary mxing of the contents of the vessel. The bottom product

di scharged fromthe reactor 5 via line 7 was fed via a further convection
vaporizer 9 to the second reactor 6 in which a tenperature of 120[err] C was
10 set. The second vaporizer 9 was -lso configured as a convection
vapori-zer to ensure, despite a significantly | ower heat input, a
sufficient circulation flow for mxing of the contents of the
vessel . Here too, lean air was added as costabilizer. In accord

with the decreasing acrylic acid and water concen- _ trations, the
second react or bp tRaesingpkmethiagrdic acidywithamoaekydrie: alkanolyrhaving from 1 4@t t om

duct f dgi t - dj d t li.ne 21. .
The total b b s B, e oBoansE BRCHF aeld' ethicabifit Fbvetdn 2, geo
product, ie. tfRactioretimeeiny witich Yihatee i§ OdiEhrgan dréthl thedVyRhctival 1Zoh® a

starting materials and by-products, was introduced, via |line 21
and a further product mixturgnyeich oePmprises i ther aligyl i(methacmplareoviormedy tthef a

rectificgation ' ' ich f jgu as ent

col um §nd, becl?a%ly #I?ﬂdegg %vibtyﬁp‘P%‘%\é%] t\Sl:l'né‘(&a%"lﬁggafrhgf #%&fe[ Pgs‘@? %éé?ﬁe%gﬂﬁr t he
hi gh boi | er semrm% ibelling T péintsahighér Hafdthat of the alkyl (metRyaEfylate,- &id¥oaexy!
acrylate, and all lower-boiling starting materials and =~ | )

by- product s ( pwVbighctheypikyl vmeét%mrymr@ewpwadt % distillationoigyha |SepaFation and,

25 TTONTS Ao e e RSk R A oo i R prfic ke T

'stripping col udischarged from the reaction zone to a rectification upit I, in this unit

10 separating the product mixture discharged by rectification into at least one
product I comprising the alkyl ester of (meth)acrylic acid and a product II
comprising the catalyst, feeding the product I to a further rectification unit
II and in this separating off the alkyl ester of (meth)acrylic acid by
rectification.

15 Both here and below, the term rectification unit is used as a general
designation for apparatuses in which heat input generates vapors which rise
and are in contact with liquid phase flowing downward. These also include
simple distillation columns. However, these are generally rectification
columns having internal fittings to provide efficient contact between liquid

20 and vapor. Such internal fittings are trays such as bubble cap trays,
perforated trays, in particular dual flow trays, beds, packings or the like.
To simplify the understanding of the relationships, the various rectification
units are designated by Roman numerals. The various, specifically described
products are also designated in this way.

25 Thus, according to the present invention, the product mixture discharged
from the reaction zone is separated by rectification in a first rectification
unit I into at least one product I comprising the alkyl (meth)acrylate to be
isolated, which product I can be taken from the upper part of the rectifica-
tion unit I, plus a product Il which is formed in the lower part of the

30 rectification unit I and comprises the catalyst. The product I comprising the
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The colum | for the high boiler separation was operated at a bottom
pressure of 100 nbar and a top pressure of 70 nbar. The tenperature was

150[err] C. The bottonms (product VIII) forned in the col umm
for the high boiler 30 separation was discharged via a |line 28,
cooled to 50[err]C and fed to an -6-

-17- extraction unit. The para-tol uenesul fonic acid content
of the organic phase was |owered to the value of 1.5 % opti nmum
for the cracking by addition of a part of the water of

esterification through |} . Th t t
T ! al‘i(ylr-egt%r o(J rar(;"v.:t?l?acrylice act %Eld Sta eenargff in the upper part of the

rectification unit [ is fed to a further rectification unit II and in this the
pure alkyl (meth)acrylate to be isolated is then separated off by rectification.
According to an advantageous embodiment of the present invention, the
5 esterification in the reaction zone takes place in a homogeneous, liquid,
solvent-free phase at elevated temperature by reaction of (meth)acrylic acid
and the monohydric alkanol in a molar ratio of from 1:0.75 to 1:2,
preferably from 1:0.9 to 1:1.1, particularly preferably in a ratio of 1:1.
Here, the (meth)acrylic acid, the alkanol and the catalyst are fed to the
10 reaction zone and the water formed is removed by rectification during a
residence time as constituent of a mixture comprising alkano! via the top of
'a rectification unit III superposed on the reaction zone. The distillate thus
obtained is separated into an organic phase comprising starting alkanol and
an aqueous phase coniprising water. The organic phase and, if desired,
15 aqueous phase are returned to the rectification unit III. The reaction mixture
thus largely freed of water is discharged from the reaction zone and fed to
a separation zone.
The reaction zone consists of one or more reaction regions. In an
embodiment of the invention having a plurality of reaction regions, it is
20 advantageous to cascade these. The liquid output stream of one reaction
" region here forms the feed to the downstream reaction region. This can
occur by means of an overflow. If the individual reaction regions are
apparatuses separated from one another, there are, taking capital costs into
consideration, from 2 to 4 of these. If more than one reaction region is
25 created within one and the same reactor (eg. by the use of separating sheets
of metal), the number of reaction regions can also be greater than 4. In the
case of a plurality of reaction regions, the vapors are fed to the reaction
regions of a common rectification column whose liquid outflow advanta-
geously goes into the first reaction region.
30 If this process is carried out using an alkanol having 4 - 8 carbon
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flow ng out, which contained up to 30 % of para-toluenesulfonic acid, was

5 ‘taken off through line 54, the organic phase was taken of f through
‘1'ine 55 and fed to a distillation unit IV. In the latter,

product still present was first vapori zed batchwi se at 180[err]C
and a pressure of 60 nbar. Subsequently, -he resi due which had a
hi gh content of para-tol uenesulfonic acid and oxy esters was
cracked to formstarting nmaterials, target product, water and the 10
octenes obtai ned as by-product. The conbi ned top product fromthe cracking

was taken off via line 25, liqujfied_and returned via li?ﬁ 39 t015 bott om
of the high bdi9ms hepiemperature i the, BFsk; rRACKON, [egIAT S B Weis n of f

t hrough |ine QBP0 o®f LA : Laue it AChmer.ag 4 f Ly -

From the. prodditrribbaREy TP, S abd i, GE7iad gl 107 2lede, ' Afert; 10,

t hrough line 311309@® Therreactipnnwngperatre i ptdfemblys sett imsacH aweny rhat itng
secondary conponents were taken ff via line 3 roduct Xl 1) and f to

a condenser 33!“%’%0%6%%331 ﬂ{% PSFTES ‘R/aélfrlégﬁme?m% & 2@“&81%80

‘the secgnd st 6 .0of rafl [ T i_qu e t he
colum 11 was ‘heat é‘gl) gé/ﬁlﬁggﬁiscegé%ﬁcdn ecﬂéﬁgﬁa\@&r‘?gﬁr 42703%% ar 1?1% 20
those used i n préssurestier advanageously the same in all Temtiour eegiomsduThe total

2- et hyl hexyl acrylate was taken off in vapor formyvia l.ine 36 and

fed via a scruptiéancactims: e the reardanss, g Wo%ﬁ'@‘bd’ﬁ%ﬁ@ﬁs@r 07 - 10 hours, -
order to avoi ¢, calgfy 1UTPEhollO YaRiBuAl préertBliF 2POS 1R, the change

As acid esterification catalyst, preference is given to using para-
10 toluenesulfonic acid. Its content in the reaction zone, based on the reaction
mixture present therein, is 0.1 - 10 % by weight, preferably 0.1 - 6 % by
.weight. Acid esterification catalysts such as sulfuric acid and/or other

organic sulfonic acids can likewise be used.
In gemeral, both the (meth)acrylic acid and the catalyst are fed directly
15 to the reaction zone. The alkanol to be esterified is preferably fed to the
reaction zome via the rectification unit II superposed thereon. This
rectification unit III can be a rectification column of a known construction
type, for example having bubble cap trays or mesh trays. The reaction
regions can advantageously conmsist of reactors having natural or forced

20 convection vaporizers.

| Depending on the alkanol to be esterified, methods of operation
differing in detail are appropriate and useful. In the reaction of lower
alkanols, the boiling points of the ester and the (meth)acrylic acid are so
close together that they can no longer be separated economically by
25 distillation in the rectification unit II; this applies particularly to n-butyl
acrylate. For this reason, water is fed into the rectification unit I to keep
the (meth)acrylic acid in the liquid pbase. The resulting process steps are
illustrated by means of the esterification of n-butanol with (meth)acrylic

acid.
30 The esterification of alkanols having more than 4 carbon atoms, in
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in stabilization of the product from phenothi azine as process inhibitor to

25 hydr ogui none nononet hyl ether as storage stabilizer. The pure
product was conveyed away through line 38. The storage stabilizer
was fed in through | ine 39. The phenot hi azi ne used as process
inhibitor was fed via line 49 to -8-the tops of the rectification
colums |, I, III. A specific exanple carried out using an
experinmental apparatus as 30 shown in Figure 2 will now be

described. In this exanple, use was nade

;.I.t II?I zabl e c ap%'}iﬁ}ag;thgs\ébha%?rt\ge%i I:;r grtliact)gmg,e?nc tw?hrigh Sthg1 rf)%ileisngeii)girr]ltsh%\t[it.lrllcg 2
ester and (meth)acrylic acid are further apart and addition of water to the
rectification unit I is therefore not necessary, are described in more detail
by means of the example of the esterification of 2-ethylhexanol.

5 Hence, the esterification of alkanols having 1 - 4 carbon atoms with
(meth)acrylic acid will first be described for the example of n-butanol as
alkanol. Here, the aqueous phase obtained at the top of the rectification unit
Il is discharged, preferably completely. The product mixture discharged
from the reaction zone is fed with addition of water to the rectification unit

10 I. The product mixture introduced with addition of water into this rectifica-
tion unit I is in the latter separated into a product II comprising the
catalyst and the remaining (meth)acrylic acid and a product I comprising the
n-butyl ester of (meth)acrylic acid, remaining n-butanol and water. The
product containing the water can then be separated into an organic phase

15 comprising the n-butyl ester of (meth)acrylic acid and n-butanol and an
aqueous phase. Advantageously, the aqueous phase is then partly returned to
the rectification unit I. This rectification unit is configured as a rectification
column of the above-described construction type. The product mixture
-di.scharge'd from the reaction zome is fed to the lower part of the rectifica-

20 tion column I and the water addition is preferably carried out in the upper

' part of the rectification column I. In the rectification unit I, a liquid
aqueous phase and a liquid organic phase are produced.

Advantageously, part of the resulting organic phase comprising the'

n-butyl ester of (meth)acrylic acid and n-butanol is returned to the upper

25 part of the rectification column I. The product II which is formed in the
rectification unit I and comprises the catalyst and the remaining
(meth)acrylic acid can be essentially completely returned to the reaction
zone, preferably in the first reaction region, either directly and/or via the
rectification unit III. In this procedure, part of the product II formed in the

30 rectification unit I can be discharged and fed to a further distillation unit
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2 1 which had superposed on them a gl ass tray colum having a di aneter
of 50 mMmand fitted with 20 bubble cap trays as well as a phase separator
at the top of the colum. The operating pressure was 270 nbar. Convection

5 vapori zers were used to- heat the esterification reactors. At a

resi dence tine of 4 hours, acryPi-c acid was reacted with

2- et hyl hexanol in the stoichionet- ric ratio with addition of 1.5
% by wei ght of aqueous p-tol uenesul fonic acid and wi th conti nuous
distillative renoval of the water of reaction formed to gi ve

2- et hyl hexyl yat . (E Thete erature ntheflr esterification
10 react g V\ﬁg‘ W8] Rrodyiet cany ?%ée%@éﬁd“’é%t%rﬂrf’ tﬁi)ncmtsl"!ﬂ 6 it

was 120[err] C. n-b.,m?. (medﬁEbrﬁ'@‘aEf&nﬁﬁd"tﬁ«ﬂtn' iRy st Do P Y BUIRPY! a¥fR%and

achi eved in the out reactor

concent r at i on afprdéictd¥ycomprsing vths catalyst and comporenr’dhaving lbeilingt poimw from
' conpanent s, ( mainl y

t he second reacgtor 6. L vv-b Iﬁ%ﬁln secondar(y]
oct enes forme ‘gant EHET t(pmﬂ@acrg{xclagld The preduct

the esterific Iu e nt et N
streamt aken ?PWI gﬁl |ir?gu4 con a| neg onl yﬁé&‘ gﬁh usrg corrpeg)ne%ft S,
i e. 2-ethyl hexardi)aayplic acidt tarl thenybe aetuyredt ©. ﬂﬁyreﬁﬁﬂmldnf uqueamﬁoxcdieurm

runback, two aqueous phases were generated over the entire height of the
colum. This é’ﬁ’é’é‘PEqunﬁe acrylic acid at the top of the colum to be 20

e e o coofal R g Lol hMY "1 iRty R S
rectification unit II and in this is separated into a) a product V comprising
10 remaining n-butanol and components having boiling points lower than that
of n-butyl (meth)acrylate, b) the target ester n-butyl (meth)acrylate and c)
a product VI comprising constituents having boiling points higher than
n-butyl (meth)acrylate. The product V is recirculated to the reaction zone,
. preferably via the rectification unit III. The product VI is returned to the
15 rectification unit 1. The rectification unit II can be configured as a rectifica-
tion column II of a construction type described above. The above mentioned
product V is separated off in the upper part of the rectification column II,
the product VI 1s separated off in the bottom of the rectification column II
and the n-butyl (meth)acrylate is taken off in vapor form by means of a
20 lateral offtake in the lower part of the rectification column II. The gaseous
' target product n-butyl (meth)acrylate is then condensed and can afterwards
be admixed with a storage stabilizer.
The esterification with alkanols having 5 - 8 carbon atoms will now be
described by means of the example of the esterification with 2-ethythexanol.
25 Here, the product mixture discharged from the reaction zone is fed to the
rectification unit I. Part of the aqueous phase obtained at the top of the
rectification unit III is returned to the rectification unit III. The product
mixture fed to the rectification unit I is in this separated into a product VII
comprising the 2-ethylbexyl ester of (meth)acrylic acid, remaining
30 2-ethylhexanol and remaining. (meth)acrylic acid and a product ViII
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2- et.hyl hexanol and octenes) at equilibrium The
esterification product discharged through line 21 was freed of the

catal yst acid and the high boilers fornmed in a |aboratory columm | having
25 -a dianeter of 50 mm fitted with 10 dual flow trays and equi pped
W th convection vaporizer and uffti ght tube-bundl e condenser. 5 %
of the anount of raw ester fed in was taken off at a reflux ratio
of 0.5 fromthe bottom of the colum as high-boiler bleed and fed
to the cracking step, while the remai nder was taken off as top

P e o B S SR e S e i BB i 50 Lo

-19- that of the 2-ethylhexyl ester of (meth)acrylic acid. Here, a rectification
column [ is advantageously again used as rectification unit I. The product
mixture discharged from the reaction zone is fed to the lower part of this

S ¢column. The product VIII is obtained from the bottom of this rectification
column and the product VII is obtained at the top. Part of the product VIII
is advantageously returned to the reaction zone, preferably in the first
reaction region, either directly and/or via the rectification unit [I. Advanta-
geously, part of the pfoduct VII is discharged and fed to a distillation unit

10 IV and in this is separated into a product IX comprising 2-ethylhexanol,
(meth)acrylic acid and the 2-ethylhexyl ester of (meth)acrylic acid and a
product X comprising the acid esterification catalyst and components having
boiling points higher than that of the 2-ethylhexyl ester of (meth)acrylic
acid.

15 The product IX can then be returned to the rectification unit 1 and/or
to the reaction zonme. Acid esterification catalyst can be partially or
completely separated from the product VIII and/or the product X by
extraction with water and the aqueous phase obtained can be partially or
completely returned to the reaction zone. Part of the aqueous phase formed

20 in the rectification unit I can be used for this extraction. The product VII
taken from the rectification unit I can be fed to the rectification unit I and
in this be separated into a) a product XI comprising remaining
2-ethylhexanol, (meth)acrylic acid and components having boiling points
lower than 2-ethylhexyl (meth)acrylate, b) the target ester 2-ethylhexyl

25 (meth)acrylate and c) a product XII comprising constituents having higher
boiling points than 2-ethylhexyl (meth)acrylate. The product XI can then be
returned to the reaction zome, preferably via the rectification unit III, and
the product XII can be returned to the rectification unit 1. The rectification
unit 1T is advantageously configured as a rectification column. Here, the

30 product XI can be separated off in the upper part, the product XII from

This is the reptacement sheet

16 MAY 1997

Date:



and .the colum | was operated purely as an enrichnment colum. At a top
pressure of 80 nbar, the bottomtenperature was able to be kept at a

maxi mum of 150[err] C. The top product, which was free of high boilers, was
separated in a laboratory colum Il having a dianeter of 50 mm equi pped

5 with 25 dual flow trays at a top -piessure of 80 nmbar and having a
maxi mum bottom tenperature of 140[err]C to give a top fraction conprising
the starting materials acrylic acid and 2-ethyl hexanol and 50 % by wei ght
of 2-ethyl hexyl acrylate plus the pure product. The top fraction was
returned to the second esterifjcation reactor 6. The pure product was taken

10 of f i &, DGBPm; aRgn the 2-pthythexy! (meth)aseylater sambg fker coff i8¢ ¥apari zer s
fromthe form algo& tlﬁg?‘a‘l)fbrsm g&%amnmgggw@@}aﬁeat ed using a natural
an qurfied-in

convection vapori zer condenser regul ated by

i nert bl anketing. Purthentdemilsoind advantages of e Gndérkivn\@aghe Fbumt gh hmkhexy!
acrylate was thus achi eved. Accunul ati on . of high-boiling trace
conponents in FWPlFﬁ@PEFT}dﬁﬁs@q‘thﬂ?éd&fl thendragingss In the “dgwingsht ed by

taking @f f an upt I oLl t o) ol .
corresp?mdi ng ?E?’ZP% %io“{shgﬁaggﬁkfs g@"}ﬁ%%?@’f‘}foévi Sﬁtl ﬁwgﬂgcqagggi ﬁ-&up'll to
the bottom of the higieriate er separation stage. The bottom di scharge of the

hi gh boi |l er seg_ar ation stage was, after partial extraction of the catalyst
aci d W-th HoBE, 1By aprecasedlley agramr oft sa oplag nfor nereduging o

cracking vessel 2-ethylhexyl acrylate.

Equipment items which are the same or have the same action are

10 provided with the same reference numerals. The rectification columns are
provided with Roman reference numerals. In the interest of clarity, the
product designations, generally provided with Roman numerals, are also
inserted specificaily in these specific examples.

The plant shown in Fig. 1 for carrying out the process of the present

15 invention for preparing n-butyl acrylate has three rectification columns I, II,
III, and a distillation unit IV. It is additionally provided with two esterifica-
tion reactors 5 and 6 which are connected in series via a line 7 and thus
form a reaction cascade. Convection vaporizers 8 and 9 are connected to
the reactors 5 and 6. 4 mol/h of acrylic acid were fed via line 10 to the

20 first reactor 5 and 4 mol/h of n-butanol were fed in via the column I

| superposed on the first reactor 5, the n-butanol being introduced into the
column III through the line 12. (For the sake of simplicity, butanol is used
hereinafter to refer to n-butanol.) In addition, aqueous para-toluenesulfonic
acid as catalyst was introduced via line 11 into the first reactor 5 in an

25 amount of 1.5 % by weight, based on the starting materials used. The
reaction in the first reactor 5 was carried out at 100°C, in the downstream
second reactor 6 at 105°C, at a system pressure of 380 mbar and a
residence time in the reaction zone of about 3 hours.

" The vapors rising from the reactors 5 and 6 were introduced through

30 lines 13 and 14 into a column III fitted with 25 bubble cap trays and
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20 | V operated batchw se at 60 nbar and a nmaxi num t enper at ure of
180[err]C. The resulting residue contained the catal yst acid
p-toluenesul fonic acid and al so a high concentration of high

boil ers which could not be cracked or vapori zed. This residue
could not be utilized further in the proe&ss and was taken off.
The top product conprising 80 %of EHA, from 10 to 12 % of 25 oct enes
and al so acrylic acid, water and 2-ethyl hexanol was condensed in a

heat exchanger and returned to the bottom of the high boiler separation

st age. A %ield of 98 % based on starting materjals was able
to be achi evedoperated at 360 mbar ipresuee att Bgdiaps@at Brspeectificagionounitpad

experimental ublhedthoreth. “tl 3 produce bPnR" A5 ITPHES ' of Sy HET ©
20 - acid. It was condensed in a surface condenser 16 and conveyed to a
separator 17. There, an organic phase containing 70 % by weight of
5 butanol, 12 % by weight of butyl acrylate, < 13 % by weight of water,
4 % by weight of butyl acetate and 2000 ppm of dibutyl ether separated
out. It was completely returned through line 18 as runback to the column
III. The aqueous phase formed in the separation, which still contained 6 %
by weight of butanol, 300 ppm of butyl acrylate, 750 ppm of butyl acetate,
10 was, for the purpose of increasing the conversion in the reaction, separated
off completely and fed via line 19 to the condenser 20 of the downstream
rectification column I.
The liquid raw ester flowing out from the second reactor 6 was fed
via line 21 to the rectification column I. It contained 78 % by weight of
15 the desired product n-butyl acrylate, about 4 % by weight each of the
unreacted starting materials butanol and acrylic acid and up to 5 % by
weight of catalyst, as well as 0.2 % by weight of water and at most 20
ppm of dibutyl ether. The remainder was high-boiling by-products, in
particular oxy ester compounds.
20 Acrylic acid and high boilers together with a part of the product and
~ of the alcohol were separated off as bottom product (product II) in the
rectification column I which was fitted with 25 dual flow trays having a
- diameter of 50 mm and was operated at ambient pressure. The bottom
product (product II) contained 20 % by weight of acrylic acid, 45 % by
25 weight of butyl acrylate, 3 % by weight of butanol, 8 % by weight of
water. A partial amount of about 45 % of the feed amount fed in through
line 21 was returned via line 22 to the first reaction region.
The major part of the high boilers (up to 80 % of the amount fed in)
was here cracked in the liquid phase of the rectification column I to form
30 starting materials and products. Owing to the high acrylic acid and water
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The stabilizer solution used was a 2 % strength phenot hi azi ne sol ution

I n 2-ethyl hexanol which was netered into the top condensers of the
individual process stages in an anobunt of 100 ppm based on the respective
feed streamto the stage. Al natural convection vaporizers were exposed to

5 air as costabilizer. -13-A particul ar advantage of the
above-descri bed process is the renoval of all high-boiling
secondary conponents and, in particular, the catalyst from t he
esterification product in colum |I. This reliably avoids redissociation of
the high boilers and/or the target product in the |iquid phase of the pure
10 col urrRomtents oof dhen batiom i prgdueat &tr nabettem dteripesatyree wEnt@5°C, only

o7 oduct & ang. ridsiicans mpuns, i BoRE by Pridiel:S <20 et Ay °0

| s customary | eu@Anwers foriRkl B THk By-piddfic WAL RBAReA Y gether with
boiling points Iower than that of the target ester (in particulfar acrylic

acid 15  Hiedmaim produgt stramotsy aalow-boiling minimumt betefaagenttdpe via the
cot e 1100t 0Nl 818k cdbmb] ot i 15 95 B bk 4 S
QUi d phase of Thne. pure ot ind e, BB pRLE] ISPl "I gy an 11
aqueous phase and an organic phase. To maintain the heteroazeotrope in the
column I, this was treated with aqueous phase from the decanter 24 through
line 25 and with organic phase from the decanter 24 through line 26 as
10 runback. The aqueous phase contained < 3 % by weight of organic
constituents, predominantly butanol. The organic phase contained from 75 to
85 % by weight of butyl acrylate, from 14 to 20 % by weight of butanol,
from 2 to 3 % by weight of water, 1500 ppm of butyl acetate. The excess
water corresponding to the conversion in the reaction was removed from the
15 system through line 27.
5 % by weight of the bottom product (product II), based on the
amount of starting materials fed to the esterification, were discharged via a
line 28 and fed to a wall-heated stirred vessel IV. There, the product was
evaporated batchwise at ambient pressure and 180°C until the viscosity rose
20 distinctly. The starting materials butanol and acrylic acid still present therein
~and the product butyl acrylate were first distilled off (product III). The
amount of distillate was up to about 65 % by weight, based on the amount
fed in. In the subsequent cracking of the high boilers, which was continued
to an amount of distillate of about 85 %, based on the amount fed in, low-
25 boiling by-products such as butenes and dibutyl ether were formed to a
slight extent only toward the end. The condensed vapor (product IV) from
the cracking in the stirred vessel IV consisted essentially of acrylic acid,
butyl acrylate, butanol and water. This product was recirculated directly to
the bottom of the column I for the high boiler separation. A further

30 rectification was not carried out.
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boilers, as was denonstrated by the exanple described bel ow. 20
Esterification product taken fromline 21 was first, in colum I, freed
of all secondary conponents having boiling points |lower than that of the
target ester and also freed of the starting materials acrylic acid and

2- et hyl hexanol . Fromthe bottom of the celldirm |, the raw ester free of |ow
boilers but contam nated with high boilers and, in particular, the catalyst
25 was then taken off and rectified at a reflux ratio of 2 in a
| abor at ory colum having a dianeter of 50 mm and equi pped with 25
dual flow trays. The raw ester taken off fromthe top of the
col umm was then cdhEaPRgABICeP product (proggatnl 1o Bysnmptraes‘:ymsgl latigry in

:'C&cﬁrghazrs Y G £ iR 0 37 Bl o o 950 e 25 Sy
nmeans of di ssoiaeBl o 4 efistillation cofunimh 4l wiich dzaprmfsa @itht 2% dual % trays
having a diameter of 50 mm and was operated at a top pressure of 450
s mbar and rectified therein. Butanol, residual water and any low boilers
present were taken off as top product via line 32 (product V). This
contained from 65 to 70 % by weight of butanol, from 20 to 30 % by
weight of butyl acrylate, from 8 to 10 % by weight of water, < 500 ppm
of dibutyl ether, < 4000 ppm of butyl acetate. This top product (product
10 V) was condensed in a condenser 33 and a partial amount of 60 % was
returned through line 34 as runback to the top of the rectification column
II. The remaining amount was fed through line 35, together with the fresh
alcohol fed in through line 12, to the esterification via the first column I
The butyl acrylate was concentrated in the liquid phase of this column I
15 and, to achieve the desired color number and to separate off the process
stabilizer, was taken off in vapor form as a lateral branch stream through
line 36, condensed in the condenser 37 and conveyed away through line 38.
The pure product contained < 50 ppm of butanol, < 50 ppm of.dibutyl
ether, < 150 ppm of water, < 50 ppm of acrylic acid.
20 A small bottom bleed stream (product VI) in an amount of < 2 % by
weight of the feed to the column was conducted via line 39 fo the bottom
of the high boiler separation in column I.
The residue was discharged from the stirred vessel IV through line 40.
Line 41 connected the columns IIf and IT to a vacuum pump. Waste air
25 from the column IIT was removed through line 42. The liquid phase of the
columns I and II was heated via convection vaporizers 43 and 44 respec-
tively.
The pure ester had a purity' of = 99.9 %, the yield based on acrylic
acid and butanol was 98 % of theory in each case.
30 In a further experiment, the second esterification reactor 6 was taken
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- 21 - However, distillative renoval of the acrylic acid is

not possi bl e when the pure ester is isolated as top product,
since acrylic acid is a low boiler in conparison with the target
ester. The above-descri bed experinental results and further
studi es showed t hat 5 It Is advanageous to operate the two
esterification reactors 5 and 6 at pressures of from 180 to 500
nbar, preferably from 180 to 350 nbar. The tenperature in the

first reactor 5 can be from80 to 120[err]C, in the second

reactor 6 from 100 to 14Q[erécLC. As catalyst for the esterification
reaction in  out of operatipn aud;the)rawsesgardirgm she firgareactpstS wasningeducesul ar

or gani ¢ sul f oni j.d . r t j,cul -t al uenesul foni c
acid in an arm&’?ﬁ qg.#e rgﬁﬁd}g 'pl9 ih%/o ot Yt Eheb)?%k%ﬁr, %b? RRER rom
0.5 to 2 % by earriglt outh@vt0sT€RnUSiag fded @loRe the same as P vEHARI With two
advant ageous. The residence time of (neth)acrylic acid and

al kanol i n t her¢astass,oprd jthus a reduced residgageptime; @and otbemwdse jdesticalapriopessr om 1
through i ne oLRarEr i ST ookl o qtyain, A7 Cest® contaling Pl G B
take of f an anmuefpht &f thelfesifelYprodudhi-butil ekceflae! Y0.4 % ¥y weight of water,
at most 20 ppm of dibutyl ether, about 7 % by weight of each of the
starting materials (butanol and acrylic acid) and up to 5 % by weight of
catalyst. The remainder was high-boiling by-products, in particular oxy ester
10 compounds.
The raw ester thus produced was purified by a method similar to the

first experiment at identical process parameters in the work-up part to give
a 99.9 % pure product in a total yield of 98 %, based on the starting
materials.

15 The plant shown in Fig. 2 for carrying out the process of the present
invention was used to prepare 2-ethylhexyl acrylate. |

The esterification reaction for reacting 2-ethylhexanol and acrylic acid

was carried out in a two-stage esterification cascade consisting of two

reactors § and 6 each having the same volume. Acrylic acid was fed to the

20 reactor 5 via a line 10 and p-toluepesulfonic acid as catalyst was fed via

" line 11 to a convection vaporizer 8. The reaction component 2-ethylhexanol

was fed via a line 12 to the top of a distillation column III whose lower

end was connected via line 13 to the reactor 5. The vapor formed in the

esterification in the reactors 5 and 6 and comprising the water of reaction

25 was fed via lines 3 and 14 to the distillation column III which had ten

. theoretical plates and was operated at a pressure of 270 mbar. This pressure

was maintained by means of a line 15 which led to a condenser 16 and a

line 41 leading to a vacuum pump. The condensate formed in the condenser

16 was separated in the separator 17 into two liquid phases. Octenes

30 separated off were conveyed away through line 45. Water of reaction was
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by weight, fromthe bottom of the columm as high-boiler bleed and pass it
to the cracking step. The top pressure of the columm |I can be from50 to
400 nbar, preferably < 120 nmbar. The maxi mum bottom tenperature of 20
this colum is preferably [err] 150[err]C_The top product of colum I,

whi ch is free of high boilers antfwas fed via line 26 to the
colum I, can be processed in the latter colum at a top
pressure of from50 to 400 nbar, preferably at a pressure of <
120 nbar, and at a bottomterrperature of < 140[err]C. Wth

opti num settl ng of t e venment i oned.val ues, a product 25
containing > t& Vaj(/\émé)ﬁ ttlol Q e product I n the :case of the

_exgrzfp[ e 2-et hyI hexg{nc@cghgl %ﬂmgc?ﬁhté}?aﬁ af&e d at NAfbiOH ldiferdfire to the

reactor 5 and a large amount of water is formed in the reaction, a high
heat input into the first reactor 5 is necessary to maintain a reaction
5 temperature of 110°C. This makes possible the use of an external convec-
tion vaporizer 8 which is also particularly advantageous in terms of the
necessary mixing of the contents of the vessel. The bottom product
discharged from the reactor 5 via line 7 was fed via a further convection
vaporizer 9 to the second reactor 6 in which a temperature of 120°C was
10 set. The second vaporizer 9 was also configured as a convection vaporizer
to ensure, despite a significantly lower heat input, a sufficient circulation
flow for mixing of the contents of the vessel. Here too, lean air was added
as costabilizer. In accord with the decreasing acrylic acid and water concen-
trations, the second reactor 6 was operated at elevated temperature. The
15 bottom product formed in the reactor 6 was discharged through line 21.
The total material discharged from the reaction, which contains the target
product, ie. the 2-ethylhexyl acrylate formed, and all lower-boiling starting
‘materials and by-products, was introduced, via line 21 and a further
convection vaporizer 43, into the lower part of a rectification column I
20 which was configured as an enrichment column and, being fitted with ten
' dual flow trays, served for the high boiler separation. The target product,
namely 2-ethylhexyl acrylate, and all lower-boiling starting materials and
by-products (product VII) were discharged via the top through line 23 and,
after flowing through a condenser connected to the vacuum line 41 were fed
25 via line 31 to the top of a pure column II operated as a stripping column.
The column I for the high boiler separation was operated at a bottom
pressure of 100 mbar and a top pressure of 70 mbar. The temperature was

150°C.
The bottoms (product VIII) formed in the column I for the high boiler
30 separation was discharged via a line 28, cooled to 50°C and fed to an
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W claim 1. A process for the continuous preparation of alkyl
esters of (nmeth)acrylic 5 acid by reacting (neth)acrylic acid with
monohydri ¢ al kanol s having from 1 to 8 carbon atons in the
presence of an acid esterification catalyst in a reaction zone,
in which there is discharged fromthe readfi-on zone a pr oduct

m xture which conprises the alkyl (nmeth)acrylate forned, the
catal yst and the by-products forned during the course of the esterification

extraction unit. The para-toluenesulfonic acid content of the organic phase
was lowered to the value of 1.5 % optimum for the cracking by addition
of a part of the water of esterification through line 53. The water stream
flowing out, which contained up to 30 % of para-toluenesulfonic acid, was
5 taken off through line 54, the organic phase was taken off through line 55
and fed to a distillation unit IV. In the latter, product still present was first
vaporized batchwise at 180°C and a pressure of 60 mbar. Subsequently, the
residue which had a high content of para-toluenesulfonic acid and oxy esters
was cracked to form starting materials, target product, water and the
10 octenes obtained as by-product. The combined top product from the cracking
was taken off via line 25, liquified and returned via line 39 to the bottom
of the high boiler separation. The remaining viscous residue was taken off
through line 40 and disposed of in a residue incineration facility.
From the product (product VI) fed via the top to the pure column II
15 through line 31, the starting materials still present and lower-boiling
secondary components were taken off via line 32 (product XII) and fed to
a condenser 33. The condensate thus formed was returned via line 48 to
the second stage 6 of the esterification cascade. The liquid phase of the
column II was heated by means of a convection vaporizer 44 similar to
20 those used in the esterification.
. The pure product 2-ethylhexy! acrylate was taken off in vapor form via
line 36 and fed via a scrubber demister to the pure product condenser 37
in order to avoid color number problems and to make possible the change
" in stabilization of the product from phenothiazine as process inhibitor to
25 hydroquinone monomethyl ether as storage stabilizer. The pure product was
conveyed away through line 38. The storage stabilizer was fed in through
line 39. The phenothiazine used as process inhibitor was fed via line 49 to
the tops of the rectification columns I, II, III.
A specific example carried out using an experimental apparatus as
30 shown in Figure 2 will now be described. In this example, use was made
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10 . havi ng boiling points higher than that of the alkyl

(meth)acrylate, and from whi ch the alkyl (nmeth)acrylate is
separated by distillation in a separation zone, wherein the
product m xture discharged fromthe reaction zone is fed to a

rectification unit (1), in this unit the-gBeduct m xture discharged is
separated by rectification into at | east one product (1) conprising the

al kyl 15 ester of (nmeth)acrylic acid and a product (I1) conprising
the catal yst, the product (I) is fed to a further rectification
unit (I1) and ip this the al kyl ester of (meth)acrylic acid is
separated of f Bl tWacestgrificationpreactors 5 and 6 each haviogss uiiizablai ¢apacivh ofl ai m

1, wherein the s f hcatd Ot ction zone | rjed out
in a homgeneoa?\ﬁéﬁj?‘g‘?{ sggﬁg#td ?rﬁetgétghgs%lasast Erg °°lumnzhaé'(f"gv§t§f§ﬁ]e{§

t enperat ure byof @chimnandffittedewitha@l Bublsle aapdirayydad Reliahkangtase separator
especially having from4 to 8 carbon atons, in a nolar ratio of from

1:0.75 to 1:2,atpthertep0f| therqalymn: The aperating pressyes twas 37 mpapr €pBYESEEPY in a
ratio ok 1:1, | hat [S) t h AN cid,,,t nd
the 05 1T ydhottiEt AeltCifeda il pedtink EIARENIN rbacki ae f Fediofl 'S
removed by 25 of 4 hours,esdryfi¢ aeid Was eadierD) witle 2tethy|BOAR6] id the s®icHisihét: t uent

of a m xture caonprisin . . L.
ric ratio with addition of 1.5 % by weight of aqueous p-toluenesulfonic acid

and with continuous distillative removal of the water of reaction formed to

give 2-ethylhexyl acrylate (EHA). The temperature in the first esterification

10 reactor 5 was 110°C, in the second esterification reactor 6 it was 120°C.

An EHA concentration of 70 % by weight was achieved in the outflow

from the first reactor 5 and a concentration of 82 % by weight was

achieved in the outflow from the second reactor 6. Low-boiling secondary

components (mainly octenes formed in the cracking) were concentrated at

15 the top of the esterification column III to such an extent that the waste

stream taken off via line 45 contained only < 10 % of useful components,

ie. 2-ethylhexanol and 2-ethylhexyl acrylate. By means of aqueous column

runback, two aqueous phases were generated over the entire height of the

column. This epabled the acrylic acid at the top of the column to be

20 depleted to < 100 ppm. The water of esterification formed in a stoichio-

" metric amount contained about 1.5 % of organic compounds (mainly
2-ethylhexanol and octenes) at equilibrium.

The esterification product discharged through line 21 was freed of the

catalyst acid and the high boilers formed in a laboratory column I having

25 a diameter of 50 mm, fitted with 10 dual flow trays and equipped with

convection vaporizer and upright tube-bundle condenser. 5 % of the amount

of raw ester fed in was taken off at a reflux ratio of 0.5 from the bottom

of the column as high-boiler bleed and fed to the cracking step, while the

remainder was taken off as top product free of high boilers (oxy esters <

30 10 ppm). The feed to the column was directly to the bottom of the column
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- 23 - al kanol via the top of a rectification unit (I111)

super posed on the reaction zone, the distillate thus obtained is
separated into an organi c phase conpri sing al kanol and an aqueous
phase conprising water, the organic phase and, if desired,
aqueous phase are returned to the rectifi-d&tion unit 5 (rrr), and

the product m xture is discharged fromthe reaction zone and fed
to a separation zone, wherein the reaction zone preferably conprises a
cascade of at |east two reaction regions connected in series and the out put

streamof a reacjtion reqion forns a feed stream of . downstream reaction
regi on, and whif iuicl)F Fﬂ@%ghgc‘gﬁ% Opgratey, Bﬁﬁﬁélﬁ‘ﬁya"f FRASHMETY columie tAlod PRI ons

10 _ Separ?&%ré \rAﬂmSQ_n?nlﬁ ,Ottﬁl?rboittﬁmsﬂé’tﬁf?era?xre was, able3 1o "b@"IRGESH 45
claimed in claim1, erein the rising vapors tromthe reaction
regi ons are fentagimum AfniFQC.eThe tope produst, uwhichvieas €reki ot highr boibesk was

separated in a laboratory column II having a diameter of 50 mm, equipped

5 with 25 dual flow trays at a top pressure of 80 mbar and having a
maximum bottom temperature of 140°C to give a top fraction comprising
the starting materials acrylic acid and 2-ethylhexanol and 50 % by weight
of 2-ethylhexyl acrylate plus the pure product. The top fraction was
returned to the second esterification reactor 6. The pure product was taken

10 off in vapor form and free of high boilers and process stabilizers from the
bottom of the column which was heated using a natural convection vaporizer
and liQuiﬁed in a condenser regulated by inert blanketing. A content of >
99.8 % by weight of 2-ethylhexyl acrylate was thus achieved. Accumulation
of high-boiling trace components in the liquid phase in the column was |

15 prevented by taking off an amount of liquid at the bottom of the column
corresponding to 2 % of the amount of liquid flowing in and feeding it to
the bottom of the high boiler separation stage. The bottom discharge of the
high boiler separation stage was, after partial extraction of the catalyst acid
with water, evaporated to 20 % of its original mass in a cracking vessel

20 IV operated batchwise at 60 mbar and 2 maximum temperature of 180°C.
The resulting residue contained the catalyst acid p-toluenesulfonic acid and
also a high concentration of high boilers which could not be cracked or
vaporized. This residue could not be utilized further in the process and was
taken off. The top product comprising 80 % of EHA, from 10 to 12 % of
25 octenes and also acrylic acid, water and 2-ethylhexanol was condensed in a
heat exchanger and returned to the bottom of the high boiler separation
stage. _
A yield of 98 % based on starting materials was able to be achieved
in continuous, steady-state operation of this experimental unit. Only 2 % of
30 the starting materials used were lost as by-products.
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I's returned only to the first reaction region. 4. A process as
claimed in claim2, wherein the tenperature in the first 15 "~ reaction
region is from70 to 150[err]C, preferably from80 to 130[err]C, and in
the last region is from100 to 160[err]C,a13referably from 110 to 130[err]C,

and wherein the reaction tenperatiure preferably rises along the
cascade. 5. A process as clained in claim2, wherein the pressure
in all reaction regions is from 100 nbar to atnospheric pressure,
preferably from 20 200 nmbar to 700 nbar, especially is the sane in

all reaction regi . rs L. A proces | ai claiml, wherein
the catal yst u;edorie ngglzer solutiSh use?o‘y?feﬁs%% %ﬁ"@ﬂgepgl%@? SQHSioRer
organi ¢ sul f oniig aGkiyIRkaRoRSwhich was meEE@échamutﬂ‘eorIbﬁ @Sﬁdéns the
benzenesul fonic acid, dodecyl benzenesul fonic acid 7or sulfuric

acid, and wher éndividual pmcssnstagqs inaam amauat iof y10fc ppmebased cori mQBespecuve t he
resent therein,

reaction zone, sed t act i m xt.ur e

0.1 to 10 % by f%@ S‘F. ;5? gﬁ%ﬁg’gf’y "ﬁp SAfuEAL Cqnyeian, BVWFGW“%F"MFQ to

t ol uenesyl f oni gjragy @ogﬁb,ﬁfbrarmunt equi nol ar " thereto of another organic

sul fonic acid and/or sulfuric acid. 7. A process as clained in
claim 1, wherein botparticudar( advantage of Ithe ahoveld&Oribed processl is the cemeMayof are

fed directly tolltlpleh-rboﬁlcrfgi Secofidaty’ cotn?peon%xlltiéano ) mpiagnfucula b,l ¥he catalyst from
the esterification product in column I. This reliably avoids redissociation of

the high boilers and/or the target product in the liquid phase of the pure

10 column II to form starting materials and thus prevents contamination of the

pure product with low-boiling dissociation products and, in particular, acrylic

acid.
If, as is customary in conventional procedures, the components having

boiling points lower than that of the target ester (in particular acrylic acid
15 and starting alkonol) are first separated from the esterification product, it is
not possible to isolate pure product free of low boilers and in particular
free of acrylic acid owing to the dissociation reactions which then occur in
the liquid phase of the pure column in the presence of catalyst and high
boilers, as was demonstrated by the example described below:
20 Esterification product taken from line 21 was first, in column I, freed
" of all secondary components having boiling points lower than that of the
target ester and also freed of the starting materials acrylic acid and
2-ethylhexanol. From the bottom of the column I, the raw ester free of low
boilers but contaminated with high boilers and, in particular, the catalyst
25 was then taken off and rectified at a reflux ratio of 2 in a laboratory
column having a diametér of S0 mm and equipped with 25 dual flow trays.
The raw ester taken off from the top of the column was then contaminated
with 1400 ppm of acrylic acid although the raw ester fed in was free of
acrylic acid; ie. the acrylic acid found in the target ester can only have
30 arisen by means of dissociation reactions in the liquid phase of the column.
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- 24 - n-butanol, to be esterified is fed to the reaction
1)

zone via the rectification unit (11 the rectification unit
(I'11) is arectification columm,-and wherein the reaction
regi ons conprise reactors having convection vapori zers. 8. A
process as clainmed in claim?7, wherein thélagueous phase obtained 5
at the top of the rectification unit (l111) is essentially conpletely
di schar ged, the organic phase forned is essentially conpletely

returned to the rectifica- tion unit (I11), the product m xture
h addi ter

di sch df th | f
to the Pectfi Baess (il eRmsal s “Prerssyfuggie 1 not Possble pign
wi th addition re""@stt@rr 1st Bolat& rz@CtB*))ﬂnﬁaﬁétor}ldéQ' z{cr%llic? §1at R 3)% ler in

| atter separated into a product conprising the ca a yst an
remai ni ng comparison with the target ester.

The above-described experimental results and further studies showed that

5 it is advantageous to operate the two esterification reactors 5 and 6 at

pressures of from 180 to 500 mbar, preferably from 180 to 350 mbar. The

temperature in the first reactor 5 can be from 80 to 120°C, in the second

reactor 6 from 100 to 140°C. As catalyst for the esterification reaction in

the reactors 5 and 6, acid catalysts, in particular organic sulfonic acids and

10 here particularly p-toluenesulfonic acid in an amount of from 0.1 to 4 %

by weight, preferably from 0.5 to 2 % by weight, have been found to be

particularly advantageous.

The residence time of (meth)acrylic acid and alkanol in the reactors is

from 0.5 to 8 hours, preferably from 1 to 6 hours. From the raw ester fed

15 to the rectification column I through line 21, it is possible, at a reflux ratio

of 0.5, to take off an amount of < 10 % by weight, preferably < 5 %

by weight, from the bottom of the column as high-boiler bleed and pass it

to the cracking step. The top pressure of the column I can be from 50 to

400 mbar, preferably < 120 mbar. The maximum bottom temperature of

20 this column is preferably < 150°C. The top product of column I, which

" is free of high boilers and was fed via line 26 to the column II, can be

processed in the latter column at a top pressure of from 50 to 400 mbar,

preferably at a pressure of < 120 mbar, and at a bottom temperature of

< 140°C. With optimﬁm setting of the abovementioned values, a product

25 containing > 99.8 % by weight of pure product, in the case of the
example 2-ethylhexyl acrylate, can be taken off through line 36.

This is the replacement sheet

Dare: 16 MAY 1987



(meth)acrylic acid and a product (l) conprising the n-butyl ester of
(meth)acrylic acid, remaining n-butanol and water, and which furthernore is
‘separated into an organic phase conprising the n-butyl ester of
(meth)acrylic acid and n-butanol and an aqueous phase. 15

9. A process as clained in claim 8, whepein aqueous phase is returned to
the rectification unit (lI), a liquid aqueous phase and a |liquid organic

phase are present in the rectification unit (I), the
rectification unit (1) is a rectification colum (1), the product
m xture di scharged fromthe reaction zone is fed to the | ower
part of the rectification colum (I) and the 20 addition of water is
carried out in the upper part of the rectification colum (r,

and wherein part of the resulting organic phase conprising the n-butyl
ester of (nmeth)acrylic acid and n-butanol is returned to the upper part of

the rectification colum (I). 10. A process as clained in claim
8, wherein the product (I1) WhIChIS 25 formed in the rectification
unit (1) and conprises the catalyst and the remai ni ng

(meth)acrylic acid is essentially conpletely returned to the reaction
zone, preferably in the first reactionte s either directly and/or via

t he rectification unit (I11), at least a part of the product (I1)
formed in the rectification unit (1) is discharged and fed to a
distillation unit (1V) and in 30 ‘this is separated into a product
(I'11) conmprising A BrHcB&Ofor the®ohtidedus! prepadatish of alkyl esters of (meth)acrylic

5 acid by reacting (meth)acrylic acid with monohydric alkanols having from

1 to 8 carbon atoms in the presence of an acid esterification catalyst in a
reaction zonme, in which there is discharged from the reaction zome a
product mixture which comprises the alkyl (meth)acrylate formed, the
catalyst and the by-products formed during the course of the esterification
10 having boiling points higher than that of the alkyl (meth)acrylate, and from
which the alkle (meth)acrylate is separated by distillation in a separation
zone, wherein the product mixture discharged from the reaction zone is fed
to a rectification unit (), in this unit the product mixture discharged is
separated by rectification into at least one product (I) comprising the alkyl
15 ester of (meth)acrylic acid and a product (II) comprising the catalyst, the
product (I) is fed to a further rectification unit (II) and in this the alkyl
ester of (meth)acrylic acid is separated off by rectification.
2. A process as claimed in claim 1, wherein the esterification in the
reaction zone is carried out in a homogeneous, liquid, solvent-free phase at
20 elevated temperature by reaction of (meth)acrylic acid and the alkanol,
especially having from 4 to 8 carbon atoms, in a molar ratio of from
1:0.75 to 1:2, preferably from 1:0.9 to 1:1.1, particularly preferably in a
ratio of 1:1, in such a way that the (meth)acrylic acid, the alkanol and the

catalyst are fed to the reaction zone, the water formed is removed by

25 rectification during the residence time as constituent of a mixture comprising
D This is the replacement sheet
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- 25- and the n-butyl ester of (nmeth)acrylic acid and a product

(1V) corfpri si ng the acid esterification catal yst and conponents
‘havi ng boiling points higher than that of the n-butyl ester of
(meth)acrylic acid, the product (II1) is returned to the

rectification unit (I) and/or the reactionzzone, wherein the 5

organi ¢ phase of the product (1) is fed to a rectification unit (Il) and in
this is separated into a) a product (V) conprising remaining

n- but anol and conponents havi ng : boiling points | ower than

that of n-butyl (neth)acrylate,
alkanol via the top of a rectification unit (III) superposed on the reaction

zone, the distillate thus obtained is separated into an organic phase
comprising alkanol and an aqueous phase comprising water, the organic
phase and, if desired, aqueous phase are returned to the rectification unit
5 (III), and the product mixture is discharged from the reaction zone and fed
to a separation zone, wherein the reaction zone preferably comprises a
cascade of at least two reaction regions connected in series and the output
stream of a reaction region forms a feed stream of a downstream reaction
region, and wherein the cascade has preferably from 2 to 4 reaction regions
10 separated from one another in space.
3. A process as claimed in claim 1, wherein the rising vapors from the
reaction regions are fed to a single rectification unit whose liquid rumback
is returned only to the first reaction region. |
4. A process as claimed in claim 2, wherein the temperature in the first
15 reaction region is from 70 to 150°C, preferably from 80 to 130°C, and in
the last region is from 100 to 160°C, preferably from 110 to 130°C, and
wherein the reaction temperature preferably rises along the cascade.
5. A process as claimed in claim 2, wherein the pressure in all reaction
regions is from 100 mbar to atmospheric pressure, preferably from
20 200 mbar to 700 mbar, especially is the same in all reaction regions.
6. A process as claimed in claim 1, wherein the catalyst used is para-
toluenesulfonic acid and/or another organic sulfonic acid such as
methanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfonic acid
and/or sulfuric acid, and wherein the content of catalytically active acid in
25 the reaction zone, based on the reaction mixture present therein, is from
0.1 to 10 % by weight, preferably from 0.1 to 6 % by weight, of para-
toluenesulfonic acid or an amount equimolar thereto of another organic
sulfonic acid and/or sulfuric acid. |
7. A process as claimed in claim 1, wherein both the (meth)acrylic acid
30 and the catalyst are fed directly to the reaction zone, the alkanol, preferably
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b) n-butyl (meth)acrylate and 10 c) a product (VI) having a
boiling  point higher than n-butyl (met h) acryl at e,

the product (V) is returned to the reaction zone, preferably via the
rectification unit (111), the product (VI) is returned to the rectification
uni t (I'), the rectification uni.ta4(ll) is a rectification colum
(I'1), and wherein the 15 product (V) is separated off in the upper
part of the rectification colum (I'1), the product (VI) is
separated off fromthe bottomof the rectification columm (I1)
and the n-butyl (nmeth)acrylate is taken off in vapor formas a

| at eral branch nsbutamol) ito behesterified ipafed tof theheeacgon i Zone afih othe crzctifivation! ) .
11. A process as.clainmed in '?'l aim1i,. leﬁ{)ei n the_al kanol used is 20

2- et hyl hexanol Unith@Hei Heprrctitiggtion, unig ({ldh i5s 2 preguficasionasole@nat apg svhespings

t he I b6t ' | LadtSpral ; 1L cation
unit (I11), t héﬁ{)trr%%lt}gl? Hegfany@o}npgr# x%ﬁdrtérsd?&sc ‘r%:ggd‘%[l trcg;v{pﬁg&ér%act I on zone
is fed to the BectAfproedssoas uclairhed lij ,claim 7, whereinhtheeaquebte phasedobtainedxt ur e

01 G B ot TS S s e st 2o
e oyt L) Y el SRR Sl RRARN oo A 0
conponent s haviiog umié (WH)g tigo praduchingkeare diseharpeditfroih thé qedbtiohhaoneeisyfedest er
of (meth)acryl iwclthacaligi’tiog hgf pvfra?tg# CtE) trgex tréjcrti?’lcgtriginr gu%?t f({)? mw%ngrginr -etﬁlec tri)rggucztone
mixture fed with addition of water to the fectiﬁcation unit (I) is in the
10 latter separated into a product (I) comprising the catalyst and the remaining
(meth)acrylic acid and a product (I) comprising the n-butyl ester of
(meth)acrylic acid, remaining n-butanol and water, and which furthermore is
separated into an organic phase comprising the n-butyl ester of (meth)acrylic
acid and n-butanol and an aqueous phase.
15 9. A process as claimed in claim 8, wherein aqueous phase is returned to
the rectification unit (I), a liquid aqueous phase and a liquid organic phase
are present in the rectification unit (I), the rectification unit (I) is a
rectification column (D, the product mixture discharged from the reaction
zone is fed to the lower part of the rectification column (I) and the
20 addition of water is carried out in the upper part of the rectification column
" (@, and wherein part of the resulting organic phase comprising the n-butyl
ester of (meth)acrylic acid and n-butanol is returned to the upper part of
the rectification column D. |
10. A process as claimed in claim 8, wherein the product (II) which is
25 formed in the rectification unit (I) and comprises the catalyst and the
remaining (meth)acrylic acid is essentially completely returned to the reaction
zone, preferably in the first reaction region, either directly and/or via the
- rectification unit (III), at least a part of the product (II) formed in the
rectification unit (I) is discharged and fed to a distillation unit (IV) and in
30 this is separated into a product (III) comprising n-butanol, (meth)acrylic acid
This is the replscement sheet
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is fed to the lower part of the rectification colum (1), and wherein the
30 " product (M1l) is obtained from the bottom of the
rectification colum (1)

- 26 - and the product (VII) is obtained at the top of the
rectification colum (I). 12. Agprocess as clained in claiml11,
wherein part of the product (VII) Is returned to the reaction
zone, preferably in the first reaction region, either directly
and/or via the rectification unit (Il11), wherein part of the 5
product (VIIl) is discharged and fed to a distillation unit (1V) and in
this and theparbatyddestent of {mpthjatuylic @cid) amb rap praiuoy (PV)e tomptisingnol |,
(meth)acrylic the acid esterification catalyst and components having boiling points higher
than that of the n-butyl ester of (meth)acrylic acid, the product (III) is
returned to the rectification unit (I) and/or the reaction zone, wherein the
5 organic phase of the product (I) is fed to a rectification unit (II) and in
this is separated into
a) a product (V) comprising remaining n-butanol and components having
boiling points lower than that of n-butyl (meth)acrylate,
b) n-butyl (meth)acrylate and
10 c) a product (VI) having a boiling point higher than n-butyl
(meth)acrylate,
the product (V) is returned to the reaction zome, preferably via the
rectification unit (III), the product (VI) is returned to the rectification unit
(@), the rectification unit (I) is a rectification column (II), and wherein the
15 product (V) is separated off in the upper part of the rectification column
(), the product (VI) is separated off from the bottom of the rectification
column (II) and the n-butyl (meth)acrylate is taken off in vapor form as a
lateral branch stream in the lower part of the rectification column (II).
11. A process as claimed in claim 1, wherein the alkanol used is
20 2-ethylhexanol, wherein part of the aqueous phase obtained at the top of the
~ rectification unit (II) is returped to the rectification unit (IIf), the product
mixture discharged from the reaction zone is fed to the rectification unit (I),
wherein the product mixture fed to the rectification unit (I) is separated in
the rectification unit (I) into a product (VII) comprising the 2-ethylhexyl
25 ester of (meth)acrylic acid, remaining 2-ethylhexanol and remaining
(meth)acrylic acid and a product (VII) comprising the catalyst and-
components having boiling points higher than that of the 2-ethylhexyl ester
of (meth)acrylic acid, the product mixture charged from the reaction zone
is fed to the lower part of the rectification column (I), and wherein the

30 product (VIII) is obtained from the bottom of the rectification column (I)
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acid and the 2-ethyl hexyl ester of (nmeth)acrylic acid and a product (X)
conprising the catal yst and conponents having boiling points higher than
~that of the 2-ethyl hexyl ester of (meth)acrylic acid, the product (IX) is

10 returned to the rectification unit (1) and/or the reaction zone,
wherein catal yst i s separated 426e6m t he product (VIII) and/or the
product (X) by extraction with water and the aqueous phase
obtained is returned to the reaction zone, and wherein part of

t he aqueous phase fornmed in the rectification unit (I11) is used
for the extraction. 15 13. A process as clained in claim 11

wherein the pranduthe produgt €&lleis obtained at thertem ofhther estification FOIBMIN(R. (1)

is fed t tificati Lt (L1, dinthis. [ d int
Ly o product () AcBRSFRG ph g imte iy A L, rPhtain.nest of fpe' BroaiF (RHAT 1 1O
conponent s havi Ngniifkd itagltr&oireac%iohowe, t prferdBlt irPfthe - fish Wehi@tion! region,

(meth)acrylate, b) 2-ethylhexyl (nmeth)acrylate and c) a product (XII)
havi ng 20 eithen directly napded rvia (the hesctifi¢asion2unit H{HIhe sherginepary fr heat e,

brof or 8Bl v vh PIORFt R s Sisotapect,pid 84 10"F wibeliahBy SR Raf Mg |\
returned to the §eiadd Galol AN pritiukt (IX) coRfrigf@d2Céthylhexanol, (métiacrylic

§
separated off In e?he upper part of the rectification colum (I11), the
product (X 1) dcid smdathet Geethythexyl oestem of bamethlacrylict peidr ard & RFAQYE (%ol urm

25 e o bl SR SRR AL e P i
rectification gl WiMihe! blethylhekyl ester of (meth)acrylic acid, the product (IX) is

10 returned to the rectification unit (I) and/or the reaction zone, wherein
catalyst is separated from the product (VII) and/or the product (X) by
extraction with water and the aqueous phase obtained is returned to the
reaction zone, and wherein part of the aqueous phase formed in the
rectification unit ({II) is used for the extraction.

15 13. A process as claimed in claim 11, wherein the product (VII) taken
from the rectification unit () is fed to a rectification unit (I[) and in this
is separated into a) a product (XI) comprising remaining 2-ethylhexanol and
components having boiling points lower than that of 2-ethylhexyl
(meth)acrylate, b) 2-ethylhexyl (meth)acrylate and c) a product (XII) having

20 a boiling point higher than 2-ethylhexyl (meth)acrylate, wherein the product
(XI) is returned to the reaction zone, preferably via the rectification unit
(II), the product (XII) is returned to the rectification unit (I), the product
(XI) is separated off in the upper part of the rectification column (II), the
product (XII) is separated off from the bottom of the rectification column

25 () and the 2-ethylhexyl (meth)acrylate is taken off in vapor form as a
lateral branch stream in the lower part of the rectification column (II), and
wherein part of the organic phase formed in the rectification unit dm is

bled off to remove low-boiling by-products from the system.
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wherein part of the organic phase formed in the rectification unit (IIIl) is
bled of f to renove | ow boiling by-products fromthe system

.27-

Continuous preparation of alkly esters of (meth)acrylic acid

Abstract

In the process for the continuous preparation of alkyl esters of
(meth)acrylic acid by reacting (meth)acrylic acid with monohydric alkanols
having from 1 to 8 carbon atoms in the presence of an acid esterification
catalyst in a reaction zome, there is discharged from the reaction zome a
product mixture which comprises the alkyl (meth)acrylate formed, the
catalyst and the by-products formed during the course of the esterification
having boiling points higher than that of the alkyl (meth)acrylate, and from
which the alkyl (meth)acrylate is separated by distillation in a separation
zone. The product mixture discharged from the reaction zome is fed to a
rectification unit (I), in this unit the product mixture discharged is separated
by rectification into at least one product (I) comprising the alkyl ester of
(meth)acrylic acid and a product (I) comprising the catalyst, the product (I)
is fed to a further rectification unit (II) and in this the alkyl ester of
(meth)acrylic acid is separated off by rectification.

Figures 1 and 2
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Fig.2
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