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process for continuously preparing al kyl

(meth)acrylates with repeated catal yst recycling Field

of the invention 5 The present invention relates to a
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where R? is a linear, branched or cyclic alkyl radical
or aryl radical having 2 to 12 carbon atoms. The R?
group is, for example, the ethyl, n-propyl, isopropyl,
allyl, n-butyl, Il-methylpropyl, 2-methylpropyl, tert-
butyil, n-pentyl, l-methylbutyl, Z2-methylbutyl, 3-
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35 R*OH may also be ethoxylated and/or propoxylated
alcohols, and also mixed ethoxylated/propoxylated
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descri bes a continuous process for preparing
metrhacr hah®vewe®tS Uver the prior art is that the

homogeneous tetraalkyl titanate {tetraalkoxytitanium)
20 catalyst which is used with preference can surprisingly
be used repeatedly by recycling. This decisively
reduces the catalyst consumption and consequentiy the
costs of the auxiliaries, which again distinctly

increases the economic viability of the process.
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Prior Art
Alkyl (meth)acrylates can be prepared continuously in
varlous methods by transesterifying methyl
30 (meth)acrylate in the presence of catalysts.

EP 0 960 877 (ELf Atochem S.A.) describes a continuocus

process for preparing methacrylate esters of

dialkylamino alcohols. Dialkylamino alcohols are
35 generally reacted with methyl (meth)acrylate to obtain

the dialkylaminoalkyl (meth)acrylate by the following

process:

The mixture of starting materials {methyl

(meth)acrylate and dialkylamino alcohol) is
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and a stream consisting mainly of dialkylaminoalkyl
(meth)acrylate and also polymerization inhibitor(s) is
removed at the Dbottom and is fed to a third

25 distillation column. In the third distillation column,
a rectification is carried out under reduced pressure
in which the desired pure dialkylaminoalkyl
(meth)acrylate ester is withdrawn overhead and
essentially the polymerization inhibitor or the

30 polymerization inhibitors are withdrawn at the botton.
After further purification with the aid of a film
evaporator, the bottom stream of the first distillation
column is recycled into the reactor, 1like the top
stream from the second distillation column.

35 A detailed description of the procedure for recycling
the homogeneous catalyst is not specified. It can
merely be discerned from the specified purification of
the bottom effluent of the first distillation column

using a film evaporator that the remaining
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bottom After further purification with the aid of a
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like the top streamfromthe second distillation
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the catalyst in the distiliation column is

25 disadvantageous because an increased pressure drop then

occurs in the distillation column and very high
additional cost and inconvenience are associated with
regular. cleaning of the distillation column. Also,
heterogeneous catalysts may deactivate, for example as

30 a consequence of undesired polymerization.

No information is given on the procedure for recycling
a homogeneous catalyst into the reaction column after
removing crude ester beforehand.

35
Compared to the aforementioned processes, the German
patent application no. 102 00 171.5 describes a
distinctly improved continuous process for preparing

alkyl (meth)acrylates by transesterifying methyl
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oxygen. Since coh used may contain
andbiit oF*#APEFSi nOthe PAILOBIFGIL 2ade@ni n irhd kddsersof imclude

20 bUhgmﬁbqu5nbﬁé\/\ea1ra>n%a@%h911005e»@km/r vei ght bomprigh %:&%%Ce with

at i ewat eri ng the al coho
%lven t%l%égléhe a Kog Jd

used mady contain water (the
amount of water in the alcohol used in the case of n-
butanol 1is between 0.05-0.005% by weight), preference
is given to distillatively dewatering the alcohol using
25 the azeotrope column (2) before entry into the reaction
apparatus. The water contained in the alcohol is
removed overhead. To avoid contamination of the
methanol/MMA azeotrope (13) with the alcohol used, the
alcohol is preferably added in the lower section of the
30 distillation column (2). However, the alcohol used may
also be dewatered by using an upstream dewatering
distillation column, by treating with a dewatering
agent, for example a molecular sieve, or by a membrane
separating process, for example a pervaporation. The
35 dewatering is significant because the water contained
in the alcohol can lead to irreversible damage of the
catalyst (for example tetraalkyl +titanate) in the
reactor. This dewatering step avoids the hydrolysis of

the catalyst and the costs resulting from increased
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25 the azeotrope colum (2) before entry into the

reacti on apparatus. The water contained in the

al cohol is renoved overhead. To avoid contamni nation

of the nethanol/MVA azeotraope (13) with the al coho

used, the alcohol is preferably added in the | ower
secttahyef tume 3Gudnstithikat i ond cdlramn g2dbléayevarh solid
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appapdtas atlivilenpereithiraciyiate, r angeoofe80etio MBBC. and

Prelerrnge b0l vakd 0 e 4 eMPREAULe £aN0Gedhadt] 1O the
5 135C, To positively intluence the reaction
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atal yst, e pol ynmerization rihrbitors and a"v
propopenentof bpighodusts | boweebibimg coneilatdusl yto the

opﬁf@aﬁgtlog\égeéﬁf,er dbsddidih Bt 40 ol KdoRf teva  and

about 15 0. 5- ours of reactor residence tine
( prRferEntked s regickemntt R kCe_l depde tremowid otisre, sinder

hotg@)ced Conpaaest se Wi Ghir&f €rdew boi 14 ng 4ied at iﬁ’eﬁqdéé) of
the, duct ester, predom nantly nethanol, an
uﬁg%ngéﬁt a¥9a§$§ﬁFzﬁ?ﬁﬁﬁﬁ?n%ﬁeaFgmﬁﬁﬂPY r 8VGhtepd 1in
20theddded ipiessone, cqnefrer ablly re vidied ahgec okhe reactor
region (14). This cycle stream guarantees that, based
on the overall process, there is wvirtually complete
conversion with regard to the reactants MMA and
alcohcl. The crude ester (15) which is obtained at the
bottom o©of the distillation column (3) and is still
contaminated with catalyst, polymerization inhibitor
and high-beoiling by-products preferably comprises > 98%
by weight of product ester and is fed continuously for
workup to a further vacuum distillation stage (4, 5)
which operates in the preferred pressure range of 20 to
200 mbar. The highly pure product ester is continuously
distillatively removed here as the top product (16).
When & conventiconal vacuum distillation column as
described in the prior art is used for removing the
catalyst and the polymerizatiocn inhibitors and also the
high-boiling by-products from the crude ester (15),
impermissibly high thermal stress in the bottom of the



20- 200 nbar. These conponents are renoved overhead in

the distillation colum and recycled into the reactor
region (14) . This cycle stream guarantees that, based

on the overall process, there ¢s.virtually conplete 25
conversion with regard to the reactants MVA and

al coficinn Thesultde Est eledchfposdhiiein i sfobtiad neﬁt@tlytsh;e and
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colum results in deconposition
caPaP§ftand Ushérer P ease ST t kB iseaptanpse include

al caholingrdisanetinms-falmoahbe §106 PRl om obva o&%rt%rs A
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15| owebwibki ngoconpohent s tiid h higgsmect plrodube pesdeet purity
est gl andst §§%ﬁr%-@ Cll a3 am91 EXFﬁﬂo&hedu%%O ppm,

product ester i ch distinc c’es e pro
quiipt §. 1Phpempr Gisihem fayp m@nsolqz:ddmb:y nweiery G@pha) < 1).

apmar ahls hatdnggentidee it m gvaparall AhdDa &mploying
e the product ester fromthe catal yst an
i@rl ZEPPORALARNDI 165 &h¢ aldiFadi@thiagr bd?ﬁl r@fferlng
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in Li fil thin m and short -
ev%k ?]% glrlglc ﬁ’rt eurd&%s%p%a%uﬁﬁgﬁrﬁ&qc& ester (16).
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by-products from the pure product ester above the
25 apparatus employing film evaporation. After removing
the catalyst and the polymerization inhibitors and also
the high-boiling by-products from the crude ester, a
certain proportion of product ester remains in the
bottom product, so that the bottom effluent is still
30 able to flow and be conveyed efficiently. In order to
minimize the loss of product ester when discharging
catalyst, polymerization inhibitors and high-boiling
by-products (17), there should be a downstream vacuum
evaporation stage (6) which operates in the preferred
35 pressure range of 20-200 mbar. A useful apparatus for
this task 1is again an apparatus employing film
evaporation. Useful apparatus for this purpose again
includes faliing-£film, thin-film and short-path

evaporators. Owing to an excessive content of high~-
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MVA < 10 ppm ether < 5 ppm colour nunber (apha) <

1). In this context, however, a single apparatus

enpl oying filmevaporation has the di sadvant age of
offering 20 insufficient pucifying performance so that

hi gh-boi ling by-products also occur in the pure
prbdud&n@ﬂqﬂmgdﬁéntsThtBepp@bHa&ti%s%ﬁﬁ“ﬁbﬁbVed overhead
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ai mof recovering the product ester fromt
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e reactl on

10 |
ok B B SRR ey DohLRe Rabgh eincreased

dlsbstbabfoauxmﬁmamless) in order to renove the | ow

boil ers before the first
DE 101 27 939 (BASF) describes a continuous
transesterification process. The formulation of one of
the partial objects to be achieved is that the catalyst
should be reusable without any problem.
It is an object of the present invention to provide a
process which is free of said weaknesses and fulfilis

the following criteria:

1. The starting materials (catalyst, stabilizer, lower
{(meth)acrylate) should be economical, easy to

handle and available in industrial quantity.

2. The catalyst should be stable at elevated
temperatures and in the presence of small amounts.

of water.
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evaporation stage (5). The process has the

di sadvantage that the partly 15 inactive, honbgeneous
catal yst which has been repeatedly thernmally stressed

and is therefore possibly danaged, after it has been
renmoved fromthe product ester, is discharged inits
enﬁlreE?GMAlh5$hexfp@m¢HWQWQatbﬁn tméntnaﬁﬁkygﬁujshould be
hi gh-b g c d reused
recycl?ﬁgn@Aggéig%ﬁggq%%%%eyo hguT Féllgﬁﬁiﬁﬂﬁ gt Peing
cataly§?u§6§thth§tl@§@§15m8|ncreased costs of
auxiliaries. DE 101 27 939 (BASF) describes a

continyous 25 transesterification process. The

f of mul 3Pi ot lgtoRsHe o?or?h%npaﬁplaﬂﬂﬁbjeéygtﬁm behould be

achi evedtirsdtihatl thﬁt@atﬂh&Sttr§ﬁ§@§@e?§fi§§§§@he via the
MAthou£ an i s an ect of the present

i nvent ron B%%S&?agaggoﬁr895§ whirch is free of said

weaknesses and fulfills 30 the follow ng crlterla 1.

The st n rial al yst,,, stabilizer
(mget h)gé;rl% gﬁlg?ésghdéﬁﬁ}‘éea&}ﬁeco%orﬁ%ea| 988§y the haf\’&Fé’ few
and avﬁ@lﬁ%ﬁél?ﬁtiﬁﬂusptpéﬂeqaanﬁmﬁy uszs X f Thapparatuses

Cata'Y§BléﬂoyégupﬁeS%@PbelﬁEtfée¥@%§gr tenperatures
and in the presence of Small anoun of water. - 11

3. The loss of activity of the catal yst shoul d be
snél | Bﬂﬂe@ﬁldré&&é|y&h:Sh@Miﬂlbﬁtﬁ@@abe ofcrRei N suiting

reuse h rqhl e 4. No_al coh foreign.to
t he sS@?% Pﬁou daﬁegyiﬂﬂ%%nﬁﬁﬁF?$ﬁo ?héower atkanol and
transesiter¢dicaspondivina ¢heertransesterification
catal yst. 5. Long ti mes-on-streamof the plant, i.e.
very few 10 gﬁ meri zation problens and use of

i

ahﬁara?%%%%an h FEf@ieEWer 9Ll ithee repmiinify useful

Di rectpretiser O fubil i Zad | QB ek tg‘@réﬁ%’” tagag B UEE by
or azeotrgglc m xture of | ower al kanol

8. The transesterification should preferably be

operated continuously.

9. The desired ester should have a high purity (at
least 99.9%) and, in the case of the preparation of
the dialkylaminomethyl (meth}acrylates, the
formation of ethylene glycol di(meth)acrylate and
vinyloxyethyl ({(meth)acrylate should be reduced, as
far as possible, to below 100 ppm.

10. The amounts of waste should be very small and easy
to handle.

l1l. Conversion and yield should be high (> 95%).
12. The residence times should be short.

13. The overall process should be technically simple
and economical.
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15 the corresponding ester. 7. Substantial recovery of

the remai ning useful products fromthe waste streans

and fromthe by- products. 20 8. The

transesterification should prejerably be operated
continuously. 9. The desired ester should have a high
publthopgh 2bikeasbj8@t9%isandormiltdteasadfrd hesre no

f . the,di alkyl
(roRfiBebopng, oo hnd! BEOCARIOT W seasstdrpoorecyel ing
di PhethRaeefiste candemiiamylioey et l yatet Huadrhdmt ethere is

Shﬁ@'gn?@rﬁggﬂgﬁdona%hef%ﬁm@%l@%ﬁsggﬁiyg(1JN%h eqxcllng

ppm 30 10. The anmounts of waste sho be ver
andi eddyF T MY e Or1 KN (HHRAL IO NORN I eq:ldaxsml dn the

bepho@hct> 9;5%@11ty35 whan The residencerti mssho U'Idea?cled
overal | grOfess shoul d be technlcal
ﬁﬁf%segﬁﬁr%gbﬁﬁﬁ+%ﬁlc $3 yﬁFthﬁu@ﬁe?hls obj ect |s
fornulated there are no indications in the
deég% Lption of selective recycling of the active or
semactive catalyst. Further, there is no information
on the numerical ratios in the recycling 5 of the

Cai@|Y§tdﬂ'éﬂﬁéE@H$fO@ %ntl recnﬂﬁ§Jﬁléﬁetop%%%%&%e a

quality when a fully or pa
tr%%%%%%%???lcaPF@ﬁeéﬁtaly%ers E§éﬂse€ﬁFéé€Ylm9 |t Methyl

an (b iecacof1dhe nmqseﬁithn\aq@dmfsto !'O\Hadﬁ_rﬁ‘g a higher
(et Ny B35 (FEh arEsore ) o) (Having™a nigheR  che
bdn¢m¢@erp@>tm$ tdzara Ingetthanekd( D)anl manhizebdt heeddatedly by
hq&98€ﬂ£PUSr86§éhXﬁ&.US%ﬁlCthP§ uéggtégg?atq%k%jgécrylic
esters or alkyl {meth)acrylates refer hereinbelow to
esters and derivatives of acrylic acid and of
methacrylic acid. In addition, the novel process should
provide a product whose quality is better than that of
those already on the market. The novel process should
further allow alkyl (meth)acrylates to be prepared in a
very uncomplicated and energetically more efficient
manner using a smaller amount of auxiliary (i.e. more
cost-effectively). This object, and also further
objects which are not specifically illustrated in more
detail but which can be inferred or derived without
further information from the introductory discussion of
the prior art, are achieved by a process as illustrated

hereinbelow.
Solution

Starting from the prior art established by Réhm
(DE 102 00 171.5), it has been found that,
surprisingly, the homogeneous  tetraalkyl titanate
(tetraalkoxytitanium) catalyst which is used with
preference still has considerable activity at various

points in the process despite thermal stress in the
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partial recycling. In this context, (neth)acrylic

esters or alkyl (neth)acrylates refer hereinbelowto

esters and derivatives of acrylic acid and of

met hacrylic acid. In additiong3the novel process

shoul d 20 provide a product whose quality is better
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ti t—‘ﬁﬁﬁtléon( t@?%\mikléﬁ(yt(ﬂt anegm) a cared sste wiifchths usedrent

Wi I:Qtaﬂ?&@f:era%‘@ﬁvﬂ*l | Aha§u9‘8ﬂékdefr?cﬂ@a1ﬁtgr'n\éa:h ¥t can be

varioys _points in rocess despite t stress

i nUPRE £PT cBP%m‘EUEétetn&nsC%%llYﬂma@\mﬁ@rtat ots, the amount

Reaﬁa:] edmpﬁelﬁﬁon:] be ]gnteawat b@%lﬁéra_?_gcaéogi@rélaﬁpﬁ@&l) .

t hr s g herefore passibl e is ows the

cos?s o?HgaUX| FRgHEdg 1t o T TSR - & céﬂﬁﬁﬁt?ﬁtalySt
unchamgédnﬁ;ptbauéplQQ&hmgl@@l@mdomn@hangﬁﬁxspﬂ@ffpdsnﬁble
angroyerall;yields. For this purpose, all that is
addltlonally required is a liquid stream di vi der and

a punp. The anount of catalyst which is recycled is

copbratied whthanthe akdgeteabgohol (B) or MVA (A)
conversion in the 10 reaction apparatus (1) as a

nmeasure of the current catalyst activity. A further
i ndheabottwihi efiftasnbecfuseed fvekcuuie ecidioalt 6 &nasfe

{6)
PORRYERY Sl ALRUR) And coBRstiion, of S\ izacion
inhibitors, and also high-beoiling by-products and
residual product ester is divided and recycled partly
(18) to the reaction apparatus (1). The remaining
residual stream is discharged (17). The discharge (17)
is in proportion to the steady-state amount of high-
boiling secondary components which has been formed and
in proportion to the remaining residual activity of the
catalyst in the bottom effluent of <the wvacuum
evaporation stage (6). The fresh amount of catalyst in
the stream (11) is reduced in proportion to the
recycled amount of catalyst compared to the operation

without catalyst recycling.

The recycled stream (18) 1is between 1 and 95% by
weight, preferably between 40 and 90% by weight and
most preferably between 60 and 85% by weight, of the

bottom effluent from the vacuum evaporation stage (6).



For the industrial inplenentation of the catalyst 15
recycling, the follow ng solution variants are

possible in principle: Solution variant 1 (Figure 2):

20 The bottom effluent of thejyacuum evaporati on stage

(6) which conprises the catal yst, polynerization

i nisicliuttaios, vaurd aalts@ Hitghrdra 13)ng by- products and

resi dual product ester is divided and recycled partly

(18) to the reaction apparatus (1). The rennining 25
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di vi ed 1 n part actron
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rior arf, where the majority of the product
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di stil.l,ation col vﬁ‘%y(%f Tp bott Stcl uent of the

vakGam ed por’aact in the bottom
effliuent of the vacuum distillation stage (4, 5). The

fresh amount of catalyst in stream (11} is reduced in
proportion te the amount of catalyst which is recycled

25 compared to the operation without catalyst recycling.

The recycle stream (18) is between 1 and 95% by weight,

preferably between 40 and 90% by weight and most
. preferably between 60 and 85% by weight, of the bottom
30 effluent from the film evaporator (53).

Solution variant 3 (Figure 4):

The bottom effluent from the apparatus employing gentle
35 film evaporation (5) which remains after the highly
pure product ester has been removed and comprises the
catalyst, polymerization inhibitors and alsco high-
boiling by-products and residual product ester is

divided and recycled in part (18) into the reaction
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pol yneri zation inhibitors and al so high-boiling

by- products and residual product ester is discharged
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the bottom effluents from the film evaporator (5) and
from the vacuum evaporation stage (6).
25

Examples:

The process according to the invention is illustrated
) in detail by the examples which follow, without being
30 restricted to them.

The examples cited were carried out in an experimental

plant on the pilot scale (throughput per hour: 6 - 8 kg

of feed (MMA and alcohol) and 5 - 6 kg of product

ester). The construction of the experimental plant was
35 as illustrated in Figure 3 or in slightly modified

form.

(Comparative) Example 1: no recycling of the catalyst
(n-/i-butyl methacrylate preparation).



been formed and proportional to the remaining residual

15 activity of the catalyst in the recycle stream

(18). The fresh anobunt of catalyst in stream(11) is
reduced in proportion to theqgecycled anmount of

catal yst conpared to the operation w thout catalyst
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(3F TR SRR aH’bnSE‘SIWBmﬁLanEl%UEﬁEI 8t mf@mtcontlnuous

20 vaguumugl a®$¥ the bottom effluent of the low boiler
distillation column (15) was carried out wusing a
thermal oil-heated glass thin-film evaporator having an
evaporator surface area A = 0.1 m®. The vapours of
this glass thin-film evaporator were passed

25 continucusly into a high boiler distillation column (4)
mounted above. This was a pilot plant vacuum glass
column (top pressure = 120 mbar,,s) having a diameter D
= 0.05 m and packed with Sulzer EX structured metal
gauze packings of H = 0.5 m. The bottom effluent was

30 fed continuously to a second, smaller, likewise thermal
oil-heated glass thin-film evaporator (6) (top pressure
= 120 mbar.s) having an evaporator surface area A =
0.02 m*. The vapours of this second glass thin-film
evaporator were condensed out and, combined with the

35 reactor effluent, fed continuously to the low boiler
distillation column. The bottom effluent (17} was
continuously discharged from the process. The reactants
(MMA and alcohol) were metered in continuously by means

of piston metering pumps, and the catalyst {(tetraalkyl
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per the specification) MVA feed. The MW/ catal yst feed
was fed directly to the reactor, and the al cohol feed
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hydanuﬁnﬂnereaobmehhykuﬂdhell)n W& ofePyoUICtstesher )from
the top of the low boiler distillation column also
flowed continuously into the reactor (2.8 kg/h having

25 the following composition: 1.0% by weight of n-BuMa,
38.3% by weight of n-BuOH, 57.3% by weight of MMA and
3.4% by weight of MeOH). The molar MMA:n-BuOH ratioc in

the reactor feed was 1.1:1. At a reactor residence time

of 1 h and an MMA/MeOH azeotrope takeoff of 1.5 kg/h, a

30 reactor temperature of 115°C was attained. The
composition of the MMA/MeOH azeotrope was 82% by weight

of MeOH, 18% by weight of MMA and < 5 ppm of n-BuOH.

The resulting reactor effluent of 8 kg/h had the
following composition: 64.6% by weight of n-BuMA, 13.5%

35 by weight of n-BuOH, 20.3% by weight of MMA, 1.3% by
weight of MeOH and 0.3% by weight of by-products. The
space-time yield of the reactor based on n-BuMA was
therefore 570 kg/h/m’. Owing to virtually complete

removal of low-boiling components relative to n-BuMa,
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10 effected with the aid of hose punps. The conti nuous

conveyance of the streans between the parts of the
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metering punps or by the sucking effect of the vacuum
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t h&® %gggryst and the stablllzer. The yield of n-BuOH 5
based on the overall process was therefore virtually

The catalyst consumption is 3.5 g of tetra-n-butyl
titanate/kg of pure n-BuMA.

To continuously prepare isobutyl methacrylate (i-BuMA),
3.4 kg/h of MMA feed, 19 g/h of tetra-i-butyl titanate
(Ti(i-0OBu),4) and 2.36 kg/h of i-BuOH feed were metered
into the reaction tank. The recycle stream from the top
of the low boiler distillation column alsc flowed
continuously into the reactor (2.4 kg/h having the
following composition: 6.2% by weight of i-BuMA, 35.3%
by weight of i-BuOH, 56.3% by weight of MMA and 2.2% by
weight of MeOH). The molar MMA:i-BuOH ratio in the
reactor feed was 1.1:1. At a reactor residence time of
1.2 h and an MMA/MeOH azeotrope takeoff of 1.26 kg/h, a
reactor temperature of 115°C was attained. The
composition of the MMA/MeOH azeotrope was 82% by weight
of MeOH, 18% by weight of MMA and < 5 ppm of i-BuOH.
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di-i-butyl ether, colour number (apha) < 0.2. At an
evaporation ratio in the second, smaller thin-film
evaporator of about 890%, the overall discharge of the
process (catalyst, stabilizer, high-boiling by-
products, i-BuMA) is 0.05 kg/h and the yield loss of i-
BuMA based on the pure i-BuMA produced is < 0.5% by
weight.

The catalyst consumption is 4.2 g of tetra-i-butyl
titanate/kg of pure i-BuMA.

Example Z2: Complete recycling of the catalyst (n~butyl
methacrylate preparation)

The reaction apparatus (1) used was a steam-heated
stainless steel reaction tank having a maximum £ill
volume of 15 1. The reactor was connected via a vapour

line to an azeotrope distillation column (2) mounted
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2Ocontinuously into a high boiler distillation column (4)
mounted above. This was a pilot plant vacuum glass
column (top pressure = 150 mbar.ps) having a diameter D

= 0.05 m and packed with Sulzer EX structured metal

25 gauze packings of H = 0.5 m. The bottom effluent was
continuously recycled into the reaction tank (18) and
also partly discharged continuously from the process
{(17). At time t = 0 h, the bottom effluent was recycled
fully and continuously into the reaction tank {18) and

30 there was no 1longer any discharge (17) nor fresh
catalyst metering. The reactants (MMA and alcohol) were
metered in continuously by means of piston metering
pumps, and the catalyst (tetraalkyl titanate) was
metered in dissolved in (water-free as per the

35 specification) MMA feed. The MMA/catalyst feed was fed
directly to the reactor, and the alcohcl feed
introduced preheated (to the internal column
temperature) to the middle of the azeotrope

distillation c¢olumn. The continuous addition of 50-



above. The azeotrope distillation colum (top pressure
= 1 barabs) was a pilot plant glass columm having a
dianeter D = 0.1 mand packed with Sul zer CY
structured netal gauze packingg of H=2 m The feed 5
for the reactant al cohol was disposed in the mddle of
the'LCrbegJ/n‘n @ —s]:alhi’)llMﬂ eaxdl@ftlefrﬂ uentewasf edheight

of
sti.l | on colu
comi et e folaibe L orfLat il sen colim, (..
gI dggo cdaumef{iop ptessmr @f- t.’hZEO arbar abst hawvi aglamns was
di areeier g 101 £h0.thdn ang p k%%s\@ tﬁm%ggzer’l‘h%Y fgntinuous

structured nmetal gauze pac I ngs of
St e&PNNEY 3CeH ef2 *hlile THe g oﬂﬁe\m@emeat:ba yereansf the

of pSfae@m whke eondensed olieRdtrakeakh (¢yel €.5hreg® piston
was rec conti nuousl y to the reactor.

14 cl ed
fnﬁeé‘ra?&l&fg tFﬁJé“RSm P¥ ngY 15DEi ISMCEESorat G ST shibsin veauum.
Fi glmrt@rf&a,edﬂae:eCOﬁé$sl§leID$l|S b\m!fgf@ip ﬁlﬁlﬁ@sbot«%@@ 52\3051ded as
ff h er istillati um
\i/aséaclfgpgrsle Og ?b%gvng 13 THER Rt T T - ﬁgatti’t? of asams  (MMA,
10¢ hlaﬂ--Cpll'ﬂthe\Pw atral fhandungt a&st@n*/acpmaémt ) suafadetermined
ar ea A Th LiforThe Mapeyh ok é)%Qcagpliﬁts gl ass

thin-filmevaporator vvere passe i nuously into a
hi gh boiler distillation colum (4) nounted above.

Th ms; Vi 18 i 0 1 1p ﬁﬁégaaéuﬁ%gﬂtﬁs mé&lé&gfﬂét%’ fp-Buta)

= d
nd-packél 3%%5&%% Coh e h BT e merarn digabobl fanace

15 padK'IlriglsOBﬁ.l = abuds Zn7 e Hhaift ameidi upedd \ii%re 1n1t1ally
co sl re I t.o the a |ontan 18
al gl%lt@g%ﬁl 1¥15I sgtﬁlcaerer% (“{:Jcon | nhauaorﬁgl )C/f F ont The l{)r%%ﬁ%@“ from
(1?)’1@ AJFOPI raf t theo howt Heobbe orﬁlﬁtfllldattloms column also

n 0] e r t n
{Z%@"(”%% PRl A g§§%95%5 A Ehagh paving

(1FenorC ¥ Y UEHI c SPRPPSH taenar i higl® The reatgant © T MvABuMA,
20 andlaleohgl Jwaresier get @L@@omn cntdnuepsl¥ i Bt meansnef ang

i st terln e ca alyst (tetraalkyl
PlL08, B S P RRe D, e SN Sl A Yo 5n
petheheeaﬁtspefiefedcactalsori) zlem freech frmﬁ\d\wﬁ@éﬁdiyﬁée time

fegd wan Lo oA MGl AR JAR LSRR Yardlik e A1 £y
reactor temperature of 115°C was attained. The
25 composition of the MMA/MeOH azeotrope was 80.4% by
weight of MeOH, 19.6% by weight of MMA and < 5 ppm of
n-BuOH. The resulting reactor effluent of 8.1 kg/h had
the following composition: 63.8% by weight of n-BuMa,
. 11.3% by weight of n-BuOH, 24.0% by weight of MMA, 0.7%
30 by weight of MeOH and 0.2% by weight of by-products.
The n-BuOH conversion of the reactor was therefore 74%.
After discharge (17) and fresh catalyst feed ceased at
t = 0, the n-BuOH conversion (as an indicator for the
catalyst activity) was followed over a period of 24 h.
35 As can be seen from Figure 5, the n-BuOH conversion
decreases within 24 hours surprisingly only by 18% to
56%, even though neither high-beiling ' secondary

components are discharged nor is fresh catalyst fed,
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ChPERBIETR%, ATt o i Sonifbe (PR b Fredh - 2 Ao The
cabaryem feedheedsed at means OoftIaEeamBuG]t-iecm@ms@ai top
(282 RBCERAI (@RI TOF L08R (14) was recycled continuously
to the reactor. Instead of the falling-film evaporator
(5) shown in Figure 3, the continuous workup of the
bottom effluent of the low boiler distillation column
(15) was carried out using a thermal oil-heated glass
thin-film evaporator having an evaporator surface area
A = 0.1 m?. The vapours o¢f this glass thin-film
evaporator were passed continuously into a high boiler

distillation column (4) mounted above. This was a pilot

plant vacuum glass column (top pressure = 150 mbara.)
having a diameter D = 0.05 m packed with Sulzer EX
structured metal gauze packings of H = 0.5 m. The

bottom effluent was divided and partly recycled (18)
continuously into the reaction tank and also partly
discharged continuously from the process (17). The
reactants (MMA and alcohol) were metered in

continuously by means of piston metering pumps, and the
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catalyst activity) was followed over a period of 24 h.

35 As can be seen from Figure 5, the n-BuOH conversion
decreases within 24 hours surprisingly only by 18%to

56% even though neither highshoiling secondary

components are discharged nor is fresh catalyst fed,
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shown i n Figure conti nuous wor

bovib &bel @éﬁt obf at fias| erpwRtegraPBt | | | ati on coI umm

(15) was carried out using a thermal oil-heated gl ass
ator having an evaporator surface area
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pi4 L abion, colymn () Jounied abavey, This e 8 potered
nbamb@s}he reactlon tank. The recycle stream from the top
of the low boiler distillation column alsoc flowed
continuously into the reactor (2.2 kg/h having the
following composition: 2.8% by weight of i-BuMA, 39.3%
by weight of i-BuOH, 56.2% by weight of MMA and 1.7% by
weight of MeQOH). The molar MMA:i-BuOH ratioc in the
reactor . feed was 1.1:1. At a reactor residence time of
1.2 h and an MMA/MeCH azeotrope takeoff of 1.04 kg/h, a
reactor temperature of 116°C was attained. The
composition of the MMA/MeCH azeotrope was 79% by weight
of MeOH, 21% by weight of MMA and < 5 ppm of i-BuOH.
The resulting reactor effluent of 6.5 kg/h had the
following composition: 66.8% by weight of i-BuMA, 13.1%
by weight of i-BuOH, 19.0% by weight of MMA, 0.5% by
weight of MeOH and 0.6% by weight of by-products. The
space-time vyield of the reactor based on i-BuMA was
therefore 417 kg/h/m’. Owing to virtually complete

removal of low-boiling components relative to i-BuMa,
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30 reactor tenperature of 116C was attai ned. The
conposition of the MW MeOH azeotrope was 79% by

wei ght of MOH 21% by wei ght of MVA and < 5 ppm of
i -BuOH. The resulting reactor_ effluent of 6.5 kg/h
had the follow ng conpositi ort> 66. 8% by wei ght of

i - BUMA, 13.1% 35 by wei ght of i -BuOH, 19.0% by wei ght
of MV, % by OH and. 0. 6% by wei ght of
by-pro ugiél&g o w@pegurgee eren%/e 'St e react or
based on i-BuMA was therefore 417 kg/ h/nB8. OMng to

vi rt ual Ipe Lol e }\%p of | ow boiling conponents
relative to i-Bu 24 1 ebottomeffluent of the I ow

boid er diZR994ORY ¢H Steldi lafi @ Wiude ester (4. 25
5kg/31) Wiigsh dineadyd i eontiaidiesh A by wei ght  of

al.so all of e catalyst and the
st a il %gh 'ﬁﬁ’eﬂﬁreldgl%?lﬂ Sjvoc}a%‘% on the overal |
pr dcess Ridsn tehverpefarteowirtually 100% The yield of
MV bas \§ rall process mnus the MVA | oss
vi a the%ﬁé%% g:zgté)t rope calcul ated beforehand was
- |i Kewi sélatihmlualrer Meady Jate amdeveiarlatdtorfeaat i o
10(rati o of; MapouUrsstyeamto feed 10 stream) in the
thin-film evaporator of about 90% 3.81 kg/h of pure
i - BuivA &18& Rneal/Imp tdptlai (ied rt2 aye atieop 2sfo wechi gh
boillder djcst inla_telxord:yQ;qJeUI’gtI% have the follow ng
cor{%osngﬁ%rg 9C9 9% by wei ght of i-BuMA, < 150 ppm
i™- Bu mof MVA, O ppm of di-i 15 butyl
et Aeér , cE’@Ir@uresrtmroer (apha) < 0.2. At 10 percent
di sehar 04 ) % recycl ing (0.45 kg/h),
= Sltpjhe %%tdtﬁjom eflt@{Jeﬁtndo tﬁ%qlt in-film evaporator,
thé caCaltpdtyséome@ystliiag is 0.8 g of tetra-i-butyl
titanate/ kg of pure i-BuMA. 20 Conpared to Exanple 1,
the catalyst saving is therefore approx. 80% 25 -
Description of the reference nunerals: 1 Reaction
appar at us



2 Azeotrope distillation columm 5 3 Low boil er
distillation colum 4 Hi gh boiler distillation colum
5 Filmevaporator 6 Filmevaporator 11 Methyl

(meth ryl nd catal yst feed 10 12 Al cohol feed
13W9bbﬁ§ dﬁ%ﬁgﬁ | (meth)acryP& e azeotr oBeT/ER2PB%/ 013060

boil er cycle stream 15 Crude ester 16 Pure ester 15
17 AKi hoil ers and catal yst 18 Catal yst recycling WO

SiFg 140 - 26 - PCT/EP2003/013060 Cdainms: 1. A
process for continuously preparing higher

th I rs b th
(TS ALer  5 AMLE Yl 2 We
presencéméﬁhéa§§ﬁéﬂyst efFtensal y&t) m wur efransesterifying

5 charact epkzgd i(elthatadie et tem effdenty ﬁrtgfcoréols (B)

vacuum evaporation stage (6) is_divided and_ is f
par t tolphE%elﬁrF§§@FPoﬁfa6p§@§?&§s€lPr satglyssc@dgture,
for conthauausbylpeapahlmgahlgher (meth)acrylic

() “w i gheFSRoRGFEbe; "Taei nt i prestncerprbataion
catalysstagecaﬂﬁly$s|ﬂ3ﬁ1ﬂ&d apfariact Eetlzeich i pathatto the
1Othe_botggggggghuggbagggggtQﬁgﬁlIn1evaporator (5) s

di vi ded a I1s fe art the reaction apparatus
(1). 20 3. A process for conti nuously preparing higher

(meth) agryldoasdLer s £b6) b&’orﬁifMéP}F'f%‘r%@aarﬁ%bhylhlgher :
(nEth)agm%¥g; Sgyéanth h{ per algon ransesterifying
presenc ¥st ofF Efalyg% mi R¥ur et
methyl (meth)acrylate (A) with higher alcohols (B)
15 in the presence of a catalyst or catalyst mixture,
characterized in that
the bottom effluent from the film evaporator (5)
is divided and 1is fed in part to the reaction
apparatus (1).
20
3. A process for continuocusly preparing higher
(meth)acrylic esters (C) by transesterifying
methyl (meth)acrylate (A) with higher alcohols (B)
in the presence of a catalyst or catalyst mixture,
25 characterized in that
the bottom effluent from the film evaporator (5)
is divided and is fed in part to the reaction
apparatus (1) and in that the bottom effluent of
the vacuum evaporation stage (6) is divided and is

30 fed to the reaction apparatus (1).

4, The process according to Claim 1, 2 or 3,
characterized in that
the alcohels used are n-butanol, isobutancl or 2-
35 ethylhexanol.

5. The process according to Claim 1, 2 or 3,

characterized in that
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25 characterized in that the bottomeffluent fromthe
filmevaporator (5) is divided and is fed in part to
the reaction apparatus (1) and in that the bottom

ef fluent of the vacuum evapopation stage (6) is
divided and is 30 fed to the reaction apparatus (1).
4. The phecessadyetr diseg tie @ aiomoben2owrs Fatalyst.
characterized in that the al cohols used are n-butanol,
i sobutanol or 2- 35 ethyl hexanol. 5. The process

ac€or di A§St Brecasm aecpreing, tockdrdst 8ri zed in t hat

27 thecgaggbygglgggdlhstﬁagonogeneous catal yst. 6.
The proc Ss acc%yy C.aim5, characterized in

that 5 the cata u‘é%%id|§8t 14 | thraRetef ofhdhe alcohol
al cohol (B(B). 7. The process according to Caim1,
characterized inthat 10 1 - 95% by wei ght of the

bottom effluent fromthe vacuum evaporation stage (6)

i s7ted Toet peoceeacticonrdppar abusladm The process

accor di [ 1 aracterized in that 40 -
90% by &gugﬁf ?lgE§ ot?o%?effluent fromthe vacuum

evapor ati on Stfadey (6jigkt fed tbet heottomactfifdment from the
appar at 4gchbh %Qza%ormem&w@@asg@ccqn@ 'ngstofgoﬁ BB the
0

characterized in that 60 - 85% by wei ght of the ttom
ef f | uent ®RFEAPENBPPEARHHRT evapor ation stage (6) is fed
to the reaction apparatus (1). 25 10. The process

acgordi pget 8- GLALM Zecof2hactsrkigdy 9, t hat
characterized in that
40 - 90% by weight of the bottom effluent from the
vacuum evaporation stage (6) 1s fed to the

reaction apparatus (1).

S. The process according to Claim 8,
characterized in that
60 - 85% by weight of the bottom effluent from the
vacuum evaporation stage (6} is fed to the

reaction apparatus (1).

10. The process according to Claim 2,
characterized in that
1 - 95% by weight of the bottom effluent from the
film evaporator (5) is fed to the reaction

apparatus (1).

11. The process according to Claim 10,
characterized in that
40 - 90% by weight of the bottom effluent from the
film evaporator (5) is fed to the reaction

apparatus (1).

12. The process according to Claim 11,

characterized in that
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1 - 95% by weight of the bottomeffluent fromthe

fil mevaporator (5) is fed to the reaction 30
apparatus (1). 11. The process according to d ai m 10,
characterized in that 40 - 90%gby wei ght of the bottom
effluent fromthe 35 filmevaporator (5) is fed to

t he readti on 8&ppar ataisgHtl)of 12ne Thet psacesslascor 888 the
to Caimi], t.erized-jn that 0 - 8%b ,
wei ght o@fﬁ#he 0 Ogrcrf%tecﬁlug%i f+8m tf%ﬁgj 19 mégk‘1e Yeaction
evapor ag@pafsftuss (fled to the reaction apparatus (1).

5 13. The process according to Caim3, characterized

in_that 1 - 95% by wei ght of the sum of the bottom
ef fPuent'§ef PERCERE PRIy agolat 613d8) 3and from the

vacuum eviapacati-arest ageth@x is fed to the 10

reaction appargius,_(1). 14. The_ process according to
Caim 12, _chggﬁct iz"é%lgﬁhttr%q Fye g% oP Lt h*ég§urﬁ30tt0m

of the bdffloenesf|fwsphs theonfilb thephidaeoevapey ataeld from
(5) and,.fro acuum__evaporatjon stage (6) is. fed

to the F&Saﬁ%ﬁ&%pﬁg’ﬁ tolfsavc(lﬂn. i ?g%he(a%roagss%ed o the
accor di mgacsiChappprazatu20 (dharacterized in that 60 -

85% by wei ght of the sum of the bottom effluents from
the filmevaporator (5) and from the vacuum

evafor af PEnPSPSEES( BYCPEIfBd te fReim ddeti on

appar at ggafdrterized in that
40 - 90% of the sum of the bottom effluents from
the film evaporator (5) and from the wvacuum

evaporation stage (6) 1is fed to the reaction

apparatus (1).

15. The process according to Claim 14,
characterized in that
60 - 85% by weight of the sum of the bottom
effluents from the film evaporator (5) and from
the wvacuum evaporation stage (6) is fed to the
reaction apparatus (1).



