0Q50/ 47502 gg ?gigééon of (nmeth)acrylic esters 5 The present invention
rel ates 't o § for preparing esters of acrylic acid or nethacrylic
aci-d [(nmeth)acrylic acid]. (Meth)acrylic esters are generally prepared
industrially by esterification of (nmeth)acrylic acid with alkanols in the
10 presence of strong acids as esterification catalysts (e.g. a m neral
acid such as sulfuric acid, phosphoric acid, alkanesulfonic acids or

arylsulfo Relof=1 gown from for exanple, Kirk

Q hner, y%ﬁopeéla ofnﬁ%r%gcaif%eg Fogy, Vol . 1, pp. 347-348. The
cat al yst content of the 15 esterification m xture can vary fromtenths of a
per cent toThRevredenpelinvertionhealatesgopel phasess fiomeprépaings estexsit al yst

the ninePabsagelic gesdlor akaaéiyEL Reihp(mdtgackypiesasid)lo form the
nonoester which is the actual esterification catalyst. After the

esterification is conplete, the reaction m xture 20 contains a relatively
| arge anpuitMebti)adrydifoeskenseereTueneraldy preprzed dadusysiallyn®¥any esters
t her eof whiesberifidationdofa(rethpabeylisnacéd withmalkkanpdacin dhem xt ure

bef ore fl{{bb@éeﬁé)%gs§tﬂ&zg Hoigsi 8s garalel Yaeidt @eed1pyescrallhi ag and 25

neutr al t K | kal th
et al h'yg'rg.gkgpa AR b8h N st Suitld Mhcld ahod #Jﬁlcaagl@ a lne ear

i,on_ oy . car
formation '@\ﬁéf‘éf’ RFrsiss OFi gg%ai%qlsé%é‘l os€+3/s) gvﬁ§ F P a%?g
pol | uti ng. XpPwa £%4qj £0F cexpmpde,sEirk Othaery /F °1‘E°ﬂ'é’ﬁ’e ??gﬁeﬁ'ﬁ'éﬂ t he
nonoest er Gechudlagy”c ¥eld v OPp-3347Hideal R‘hﬁo@a’@@n@& ﬁe@lt?%t @fedbfi nant |y
formed. jEhessetificftibhemixdune canacary mronesértiss dfnappetcent! &o the esters

of higher alkapg] perdefit s WHAE asdfyi po1yHadiemiheRAS abing gl d‘aQaiyéer ably

i mpai r the qualbi {8 9f LE& Seta%\i@ eLsfdap;Lhe prafee%akaﬂal Cﬁl:lé%%n%
oo e et B AR ¢ m‘%@ageg,s?sffe S “‘Fﬁzg%?: ogica

di scl oses éfﬁﬂﬁhEﬁe(ﬂStﬁFbﬁﬁgﬁﬁ%Q“wHFdﬁmgﬂétﬁk & ed by
consi dergplcontains|\amedgbivelyy lapge- an@aos !?i?tblb%dﬂqf!?égrtarpr ocess for
prepari ng (rret h) acryl ic esters, with the al cohol conmponent being recovered

b idh f h di | h 45
P il B R et
process i s fO5ME ‘feed"° BRVFERAYIREN FEPT Ehso FREPEHYP ﬁ%c}B Scal .

further processing. This is generally achleved by scrubbing and

25 neutralizing the reaction mixture with alkali metal and alkaline
earth metal hydroxide solution or carbonate solutions. This
results in the formation of wastewater whose disposal is costly
and environmentally polluting. If sulfuric acid is used as
catalyst, then, as mentioned, the monoester of sulfuric acid with

30 the alkanol concerned is predominantly formed. The salts of the
sulfuric acid monoesters, in particular the esters of higher
alkanols, are surface-active and on disposal would considerably
impair the quality of the wastewater from the process and cause a
not inconsiderable loss of useful product. Thus, for economic and

35 ecological reasons, the recovery and reuse of the catalyst is
desirable.

The prior art discloses a number of processes which are all,

however, encumbered by considerable disadvantages.
40

EP-A-0 609 127 describes a process for preparing (meth)acrylic
esters, with the alcohol component being recovered by acid
hydrolysis from the corresponding sulfuric monoester which is

45 formed in the esterification from sulfuric acid and the alf:ohol.
This process is complicated, environmentally polluting and

uneconomical.
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In all known processes, the esterification of the starting
materials and the distillative removal of the water of reaction
are carried out in one and the same reaction vessel or in a
cascade of similar vessels. Since the distillation capacity of
the reactor can only be utilized sufficiently when relatively
large amounts of water have been formed by the esterification
reaction, the conventional processes are not optimal in terms of
the space—-time yield and economics.

30
Increasing the conversion by raising the reaction temperature is

possible to only a limited extent because of the polymerization
tendency of the acrylic compounds.

25

35 It is an object of the present invention to develop a technically
simple and economical process which makes possible high
space~time yields under mild conditions and makes do with
sulfuric acid as esterification catalyst. In addition, the
process should allow the esterification catalyst (sulfuric acid

40 or monoalkyl sulfate) to be separated off very simply and
completely from the reaction mixture obtained. Furthermore, the
catalyst should be able to be returned directly, i.e. without
additional concentration by distillation, to the esterification.

45
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uninsulated vessel without stirrer, column or condenser, and a
further customary reactor or a plurality of further customary
reactors (cascade), preferably with superposed distillation
columns, condensers and phase-separation vessels. The contents of
these reactors are mixed in a customary manner, e.g. by stirring.
The first reactor can also be operated without particular mixing,
mixing preferably occurs as a result of injection of the starting

materials.
30

25

The first reactor is operated at from 60 to 130°C, particularly
preferably at from 80 to 110°C, with the water content of the feed
mixture (alkanol, (meth)acrylic acid, catalyst) being below 5% by

35 weight, based on the sum of the starting materials, in order to
effect a (meth)acrylic acid conversion of at least 40%, in
particular at least 50%. However, the conversion must not be
continued so far that the resulting water forms a separate phase
and the mixture thus becomes a twd-phase system. The optimum

40 conversion is generally reached after a residence time of from 30
minutes to 2 hours, in particular about 1 hour.

For the example of the preparation of butyl acrylate, the
following table shows the relationship between water content of
45 the feed mixture (acrylic acid, butanol and catalyst) and

conversion in the first reactor at 100°C and a residence time of 1
hour.



35 wei ght, Bgszg ga the sumof the starting materials, in order to effect a
(neth)aéryp 78%onversi on of at |east 40% in particular at |east 50%
However, the conversion nust not be continued so far that the resulting
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content of at nobst 5% by weight, a high esterification conversion is
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of the starting materials is selected. When the residual alkanol
25 content is then still more than 5% by weight, the alkanol is
distilled off in a conventional distillation apparatus (e.g.
column with sieve trays, Raschig rings, or the packing, etc.).
Surprisingly, despite the presence of the strongly acid
esterification catalyst, no acid-catalyzed secondary reactions
30 such as ether or olefin formation or addition of the alkanol onto
the double bond of the (meth)acrylate (Michael addition) are
observed to a significant extent.

The distillation is carried out in a customary manner; the
35 gistillation conditions depend on the type of alkanol used.

The conditions for the extraction of the catalyst from the
esterification mixture are preferably selected such that the
catalyst concentration (sulfuric acid and monoalkyl sulfate) in
the aqueous phase is at least 20% by weight, in particular at
least 30% by weight, based on the aqueous extract, and the degree
of extraction is at least 70% by weight, in particular at least
80% by weight, based on the amount of catalyst in the reaction

mixture.
45

40



35'distillation conditions depend on the type of al kanol used. The
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(sul furic acid and nonoal kyl sulfate) in the agueous phase is at |east 20%
by weight, in particular at |east 30% by weight, based on the aqueous
extract, amg 4 Pardeeaeerlf pesfercéd @mbodinént cahie dGdedys wei ght, in
particul arcé‘éally%%&tzoﬁ@g/imgwksmet has ade@nedh @ nanenptaciionatial ybder n t he
reaction 4§or%§ﬂfé9$'as n{fiP Q64 g%é&ﬂié 0 BaPRTJdtC BbRELY RS r?.ﬁdth

enbodi nment, "t he aqueous, . cat al yst-cqnt ai gl n%_sextrac |st?§Ise co% %eda

ext ract i onS¥H¥itef OF ot hith PAYROZS! hﬁq'g?ne T80 sThPESAEAR A A SBohcEht rati on
in the efitvheh paxgr of hthe mxtyast being &egnia¥ly fakepffLHiAnd circul ated 5
with part opéintmdacedadirdetilyginteuiher legtenkbicatfibnaneacion.r Fheced
directly i ghéudtheakehesff iizarepla¢eahtly diesHheatrqunt taken off is replaced
by fresh water. The esterification mxture is preferably extracted with
from 10 about 5 to 20% by weight, in particular fromabout, 5 to 15% by

wei ght , é@f Thatesterdficatinp MHELRER ois RERSRFaRIY grtracted i FittafroR ni xture.
The aquedusbout 8 ot 289 by iwed.ght, rin paysédcularcidon abewo i tiseilhy ¥

concentr at digiee t o Wwhtét, azetioon thee tethl awsight ofnthe esterii€édcatdon n a
manner KnopykyPgre se. It is preferably carried out in countercurrent, e.g.
i'n colums w thout 20 energy input, pulsed colums, colums wth internal
fittings, mxer-settler apparatuses or in static mxers. The extraction can
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The extraction can be carried out at ambient or elevated
temperature, but advantageously at from about 15 to 40°C.

25
The esterification is essentially carried out in a customary
manner. The molar ratio of alkanol:acrylic acid or methacrylic
acid is generally 1:0.8-1.2. Examples of C4-Cj;y-alkanols are
pentanol, hexanol, heptanol, octanol, 2-ethylhexanol, nonanol,

30 2-propylheptanol, decanol, undecanol, dodecanol and preferably
butanols, in particular n-butanol. The sulfuric acid
concentration in the reaction mixture is generally from 0.5 to
10% by weight, preferably from 1 to 5% by weight, based on the
total mixture.

35

As polymerization inhibitors, use is made of, for example,
phenothiazine, hydroquinone, hydroquinone monomethyl ether or
mixtures thereof and possibly air (0.1 - 10 1/h X 1) in an amount

of from 100 to 5000 ppm, based on the reaction mixture.
40

As entrainers, saturated hydrocarbons (e.g. cyclohexane) or
aromatics (e.g. toluene) can be used in the process of the
present invention; however, the reaction is preferably carried

45 out without additional entrainer.
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The isolation of the ester from the reaction mixture which has

been freed of catalyst and possibly remaining carboxylic acid and

low boilers is carried out in a customary manner, in particular

by distillation, e.g. by distillation in a sieve tray column.
25

The invention is illustrated by the following example, without
being restricted in any way:

688 g/h of acrylic acid, 820 g/h of n-butanol, 22 g/h of sulfuric
acid and 1.5 g/h of phenothiazine as polymerization inhibitor are
fed continuously to an esterification unit comprising a first
reactor (a heatable vessel having a volume of 3.0 1) and three
heatable 1 1 stirred reactors (cascade) with superposed
distillation columns, condensers and separation vessels. The
temperature of the prereactor, which is operated without a gas
phase, is 110°C, the stirred reactors are at 115°C, 120°C and
123°C, and the pressure in the reactors is 0.61 bar. A two-phase
distillate is obtained at the top of each column. The organic
phase is returned as runback to the columns and the aqueous phase
is removed.

30

35

40

The reaction product (1353 g/h) comprises, according to analysis,
91.3% of n-butyl acrylate, 3.0% of n-butanol, 0.5% of acrylic

45 acid and 2.45% of mono-n-butyl sulfate. The acrylic acid
conversion is 99%, the transformation is 98%.

v
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The results of these experiments are shown in Table 1 and
demonstrate the importance of a reaction procedure which keeps

the content of unreacted alkanol below 3%.

Table 1
n-butanol content 0.1% 2.5% 5.0% 10%
30 catalyst content 1.93% 1.88% 1.83% 1.75%
degree of extraction 89% 88% 71% 55%
residual catalyst 0.22% 0.23% 0.53% 0.97%
content
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acid or q%%rr] Cerr]-alkyl sulfate as catalyst, wherein a) the
reactlon | Jr? fd out in an esterification unit 10 whi ch

conprises a f| rst reactor and at | east one further reactor, b) a mxture
of (meth)aqryl hCpPeddbs €ber pregdrang] (MeUHWRIrydnd EXidrs bysi:emlﬁﬁ cont ai ns
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onlty 819 fa{ thah tege f&éﬁdt&%nrﬂg?idlt&lédsb@@ﬁx l&'ﬁaégteﬁi‘ﬁo%Qldhtﬁm :
esterification is Qgﬁ% I af CRGLQN Aat er

f or med ng rennvggﬂ%ﬁ ri?fé tﬁ?%%k g%gaéag;%%goggss as gﬁg fud n claim
1, wherein the est8FRf ?ﬁﬂn on inthe first reactor is carried out to a
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c) the esterification in the first reactor is conducted
without removing ester, alkanol or water to a
(meth)acrylic acid conversion of at least 40%, but only
so far that the mixture remains a single phase, and
20

d) the esterification is continued in at least one further
reactor with the water formed being removed by distilla-
tion.

25 2. A process as claimed in claim 1, wherein the esterification
in the first reactor is carried out to a (meth)acrylic acid
conversion of at least 50%.

3. A process as claimed in either of the preceding claims,
30 wherein the esterification in the first reactor is carried
out at from 60 to 130°C, preferably from 80 to 110°C.

4. A process as claimed in any of the preceding claims, wherein
the esterification is carried out such that the residual
alkanol content in the esterification mixture obtained as
described in stage d) is at most 5% by weight, in particular
at most 3% by weight.
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5. A process as claimed in any of the preceding claims, wherein
the esterification in the second reactor and, if applicable,
all further reactors is carried out at from 70 to 160°C, in
particular from 90 to 130°C. '
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| east 3 by wei ght, based on the extract. 20 25 30 35 40 45

8. A process as claimed in claim 6 or 7, wherein the degree of
extraction is at least 80%.

15 9. A process as claimed in any of claims 6 to 8, wherein the
catalyst concentration in the extract is at least 20% by
weight, in particular at least 30% by weight, based on the
extract.
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