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al kyl esters of (meth) ent invention r to a

- process for the preparatlon of al- kyl esters of (nmeth)acrylic acid by
elimnating al cohol fromal kyl esters. of- [err]-acryl oxy- 06.z. cosorss249
[err]-al koxypropionic acid or -isobutyric acid. 10 In the course of
the acid-catalyzed preparation of Cferr]-Clerr]-alkyl esters of
(nmeth)acrylic acid, conpounds of the general.fornula | and in case those
of the geneBASFfAkhuigselllsclmd‘E formed as byproducts. ThAugust29t1996venti on
relates in particular to a process for the pNAE199sMI6SE 0G/Si/SF/an
Cerr]-Cerr]-alkyl esters of (nmeth)acrylic acid ((neth)acrylic acid is 15
acrylic or nethacrylic acid) by elimnating the al cohol R err]-OH from
esters of the general formula | [err] 20
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according to the follo- wing equation: [err] 30 and in case by
correspondingly elimnating of (meth)acrylic acid fromesters of the
general fornmul a | ITigspresent invention relates to a process forthg. prep@atias2fi®l{ err] n

kyl esters of (meth)acrylic acid by eliminating alcohol from alkyl esters of
B-acryloxy- or B-alkoxypropionic acid or -isobutyric acid.
10 In the course of the acid-catalyzed preparation of C;-C4-alkyl esters of
(meth)acrylic acid, compounds of the general formula I and in case those
of the generl formula II are formed as byproducts. T
The present invention relates in particular to a process for the pre- SR

paration of C;-Cg-alkyl esters of (meth)acrylic acid ((meth)acrylic acid is
15 acrylic or methacrylic acid) by eliminating the alcohol R2-OH from esters
of the general formula I

Rl O

| | |
2 R?—-0—CH,—C—C—0—R3 @

I
H

where R! is hydrogen or -CH; and
25 R2 and R® are each C;-C,-alkyl,
in the liquid phase and in the presence of an acid according to the follo-

wing equation:

R! O
30 | ."
M - R-0H + CH,=C—C—0-—R?

and in case by correspondingly eliminating of (meth)acrylic acid from esters
of the general formula II

s

Cppmnne ©



5 where Rlerr] is hydrogen or -CHerr], Rerr] is CJerr]-Cerr]-alkyl and n
,is an integer [err] 0. 10 Thi s neans that unconverted al cohol and
unconverted (meth)acrylic acid are al so capabl e of undergoing addition at

t he doubl e bond of al kyl (nmeth)acrylate already formed and according to the
invention are elimnated according to the above reaction. 44 oosorae2ss
Cerr]-Cerr]-A kyl esters of (neth)acrylic acid are genera?ly nown. 15
They are inportant starting nononers for the preparation of polymers which
are used, for exanple in the formof their aqueous di spersion, as binders
in a wide range of applicati ®sQ (Jerr]-Cer}t]-A kyl esters of
(meth)acrylic acid are usuall}y rﬂrepared by esterifying (nmeth)acrylic acid
W th C[err]-C[err]-aIkar@H%g]_C L ‘£§S_Q~3 | B220 t he pregpnce of
an acid as a catalyst (cf.“for exanple - A 23 m). The disa nt age of
this methbd of preparation is that, as a secondary reac- tion under the
abovenenti oned esterification conditions, unconverted starting al cohol

under goes adwhéreoR! (iMhydrogenasidiciign) at the double bond of already forned
al kyl (neth)agrylate with formation of a compound of the general 25
formula I, vt 18 tGeCyalkyl andhat the formation of desired product is

reduced. EP-A;379 %gn% EP-A 429 800 disclose that al kyl (neth)acryl a-
tes can be produce eli ninati on of al cohol from al kyl esters of

[err]-al koxy- al karinismisansy |thst @Roiveried ﬂb&aaﬁdpﬁ!ﬁ%ﬁv&i&rﬂﬁéﬁﬁhﬂllki ne
zeolites. The, dis- a€i1dvanta e of this procedure is that it has to’be carried
out in the g%é‘gpﬂli% s capable of undergaing additionr ats thef doublg abquide of taikyluse of

oy Gor rmn ARy ey’ Rl dndacdoblify 4"l ERERAS clilinhB DT s
1,124, 482 aratcording3to the above reaction. =~ O Z 0050/46249 . o
C;-C4-Alkyl esters of (meth)acrylic acid are generally known. : |
15 They are important starting monomers for the preparation of polymers which = * |
are used, for example in the form of their aqueous dispersion, as binders
in a wide range of applications.
C-C4-Alkyl esters of (meth)acrylic acid are usually prepared by
esterifying (meth)acrylic acid with C;-C,-alkanols in the liquid phase and in
20 the presence of an acid as a catalyst (cf. for example DE-A 23 39 519).
The disadvantage of this method of preparation is that, as a secondary reac-
tion under the abovementioned esterification conditions, unconverted starting
alcohol undergoes addition (Michael addition) at the double bond of already
formed alkyl (meth)acrylate with formation of a compound of the general
2s formula I, with the result that the formation of desired product is reducéd.
EP-A 379 691 and EP-A 429 800 disclose that alkyl (meth)acryla-
tes can be produced by elimination of alcohol from alkyl esters of B-alkoxy-
alkanecarboxylic acids in the gas phase over crystalline zeolites. The dis-
advantage of this procedure is that it has to be carried out in the gas pha-

3% se. The latter requires, for example, the use of comparatively complex
tube reactors or tube bundle reactors. In the same way, German Published
Applications DE-AS 1,126,378, DE-AS 1,124,481, DE-AS 1,124,482 and



DE-AS 1,124,483 relate to the cleavage of [err]-al koxynonocarboxyl ates with
. the use of a very wide range of acidic catalysts in the gas phase. Gernman
Publ i shed Application DE-AS 2,339,519, JP-A 05/25086, JP-B 72/38419 and
CN-A 1 058 390 relate to the recleavage of alkyl [err]- 5

al kyl propionates in the liquid phase L@ l1he presence of aciggdSgossidésh as p-
tol uenesul fonic acid, sulfuric acid or phosphoric acid, as catal ysts and
with the use of pressures [err] 1 atm The di sadvantage of this procedure
is that a |arge amobunt of the al cohol elimnated reacts further to formthe

corre- spon®BEMSAil {l24y483erdlate, tonitien cleavagecof! |B-alkvgimonobarbbLylaes witlnd,
al cohol to be 10 $st erified is renpved, al so on recycling the cleavage
product mi xiRE 85§ OF 3 yeys Nide mangs: ol Acidicecatalysts i@, thengasnphasener hand, the

preparation of the a . | HrcRat sl d i ' | ether.
Thus, in a separat pglr-llho @@@a%ﬁl&ﬁﬁerﬁéggg g’%ggt éﬂép‘??g?’?do * pr oduct
m xture by JP<B i72/38#190md €N-A r1uDS8 3900 relatec o shed @eclédvaga rofustkyoB- al kyl

acrylate, ie he desired ester, 15 is, entrained. In contrast, the novel
process ies@kyiPropiopaes B thei Hauig| phasecin ther praserss. of)cidss yeh a0 -

di scl oses t RShIPeh s Of rl rial teLs opi oni ¢
acid into tE@uéorrespg%g}drzgmﬁl%ld%%gléﬁo@d%@e? Eh?é-ﬁagle%&%‘gg@ig%l ites in
a fixed bed thehaseviof hpressaress & df atmpeThe Wisagventage of diis precedlre 1sothat

mai ntaining the liquid state of aggregation. According to the exenpl ary
enbodi nent & %A%%Q%Jgﬁ,ﬁmgﬂ%' deacts fusther &f%@%é@r‘i"h t he
fi xed-bed c . lﬂ#j@ | I SpeD Rend S cm‘ii cated
handl i ng of% e >€1e - e%hég%@yﬁegﬁ#cﬁm’f%r?%g’%ll@n%wafﬁgﬁ?lo pol yrer
for mat i om oestefified dsirremogedaalsohen sesyolingthe rcirasigeoprodoetc aivtard toctked  from. .
time to tinme _angd has to be changed, C eavage, processes which hav o
di sadvant ag&Ste ﬁq"&r'ﬂle?o?h@z ‘g‘? the, other, n@oﬂ@ﬂ%ﬂ%i&%@%ﬁﬁ@éssés' are
di scl osed i 6 éé‘g“m@ﬁa 3 9(%?!){.} z 2] Bidsd . in) R RBpsEGo li.shed..
Appl i cat i on@%’?%g%lg&aﬁsd JP- S%}tES _Peﬁeﬁ > in°d A S
. the dialkyl ether from the esterification product mixture by rectification, as C
a rule a pot inconsiderable amount of alkyl acrylate, ie. the desired ester,
15 is entrained. In contrast, the novel process results in reduced dialkyl ether
formation.
US-A 4 814 492 discloses the recleavage of C;-Cs-alkyl esters of
methoxypropionic acid into the corresponding alkyl acrylates over base-trea-

ted zeolites in a fixed bed and with the use of superatmospheric pressure
20 for maintaining the liquid state of aggregation. According to the exemplary
embodiment of US-A 4 814 492, the alcohol elifninated is absorbed in the
fixed-bed catalyst.
The disadvantage of this procedure is the complicated handling of
the fixed-bed catalyst, which, for example owing to polymer formation oc-
2s curring as the secondary reaction, becomes blocked from time to time and
has to be changed.
Cleavage processes which have disadvantages similar to those of
the abovementioned cleavage processes are disclosed in CN-A 1 063 678,
GB 923 595, JP-A 82/6229, Japanese Published Application 72/15936 .and
3 JP-A 94/65149.



-4 - O Z. 0050/46249 It is an object of the present
invention to provide a process which avoids the di sadvantages of the known
processes and in particular reverses the abovenenti oned M chael addition
with reformati on of desired al kyl (neth)acrylate and starting al cohol. The
object in particular was to provide 5-a cl eavage process wuoxs eospesaduct

m xture as such can be recycled directly to the esterification stage to
increase the yield of alkyl (neth)acrylate wi thout substantially inpairing
said stage and the working up of the resul- ting product m xture. Against
t he background of {this am@)bhctanfitlqubspnﬁ inventian, tm/prmddeaalprocesemhkhhat

Lhe pr opbr oK otﬁccén%ﬁ‘ﬁfﬂ §, o S Ky iaeasseh adan pestivyls BERERR” 11 om
esters of 1 hge Rk ﬁ]k: 10 V\hereﬁaRd[eM 1u€ﬂ‘dﬁ§}gr?éi§ﬁn§tfoﬁmo?3%ﬁ&d0faﬂ&

formula (11) 20 [err err ogen or -CHerr], Rerr] and
Rlerr] are dmeth)@rylatd ag] starfingaicphol. aﬂﬂhembjeptan partiajar wasrto]providen t he

| i qui d phase din the f an.aci reduced_pr 0 (< 1
2t 1) and s oh CEBYAER RrOGesS AR ahrodhot, Muiec s, Mt SRDARCEYSEA ety
Rierr] and Fhepel estefificstfon 's&@b to NBcka %etfiﬁld“%fehl@loﬁrﬂétﬁ)dc late
particularly inportant 1n the case of conpounds | in which Rerr] and
Rlerr] are ewithouCsubstantiallyyimpaining,saitli stageaand -the-working up of the resul-
ting product mixture.
Against the background of the abovementioned prior art, we have
10 . found that. this object. is achieved, according to the invention, .by-a: ‘process. S
. for the preparation of C,-C,-alkyl esters. of (meth)acrylic acid . from.;.esters:

of the general formula I

Rl O

| | |
15 R?—0—CH,—C—C—O0—R3? @

I
H

and in case from esters of the formula (II)
20
Rl 0 R1

CH2=C—C—-0—-(-CH2—CH—COO-)-—R2 i)

where R! is hydrogen or -CHj,

R? and R3 are each C;-Cg-alkyl, and

n is an integer = O,

in the liquid phase and m the presence of an acid, at reduced pressure

30 (< 1 atm) and with continuous removal of the cleavage products.

Preferably R? and R3 are identical.
The use of the novel process is particularly important in the case

of compounds I in which R? and R® are each C,-alkyl, in particular n-bu-



-5 - O Z. 0050/46249 tyl. Under the abovenentioned

" preconditions, R err] is advantageously at the sane tine H The use of the
novel process in the case of n-butyl [err]-n-butoxypro- pionate as conpound
- (1) and n-butyl [err]-acryl oxypropionate as conpound (I1) 5 is very
particul arly advantageous. Catalyticalbsy active acids whi chiz.aomueus t abl e
~according to the inven- tion are both Lewis acids and Bronsted acids. The
| atter are conpounds capable of donating a proton to a Bronsted base. The
former are com pounds which have an acceptor sjte for electron pairs.
Exanpl es of tylewlUndai thex aberementionede preconditionse SR bfis tadyantageousipraatnthgr oup,
such as BF[erre]h or Cl[err]. Preferably, the catalytically active acids
are sol ubl S UM punt to be used, in the compound under the reaction
condi tions. Howeverpe {6t xhéﬂhwc}j pR6¢ks$ Gh itHe GdelSf AL BD-Buthkydpd-2-

Exanpl es of these are alumna and “zir- coniumdioxide.” Particularly

sui t abl e Br piosate casacomipouade(l) land st-butyly Spacoyloxypropionata easacomapiwnd. (IBxanpl es

are sulfurigc acid hqsphor.i c .aci d, net hanesul foni c acid, benzenesul fonic
aci d, dotlec¥l Bﬂz@@%‘ﬁ?‘ﬁ%rﬂdm‘aﬂus&nd p-tol uenesul foni ¢ acid. A sparingly

volatile mineral ajstylisally &iieaids WARH. arduitiSle i RBordig £ @ROAWERSI NS, 1o

exanpl e sul fo-containing resins, may also be used as ca- talysts in a form
di st ri but edtipm aréeatle dawis racidsx and Bromted acids. Thehlattemwaee tcogfpounds

catal ytical | tiye, aci.d to_be used ends,,. in a nper _known per se to a
per con s | PATaBEof isaafie opra 16, JSBRHET o ER T Remer A0 CeOR, ¢ e
case of p-tgédiﬂﬁeﬁhibﬁ%'v@ aACacdeptof \sRB fof QMutilor pdiRM Exampldd o Lewd abl y
from5 to 15, particularly preferably from5 to 10, 9% by wei ght, based on

t he armpumt- agids laee dherptoibalides: ef dbe jthirdnpainp grapapawhdas BE;oopeAlllgaved, -ate

ne. novel - pPiteed 35k el atfvd v, el RORBIS u aRTRAPhEE b ° T

operating paeds i ehe fcompoumD vder Pthe Geactionscaditivik AgHowevet, fimely dR4- t-0- 960, -
preferably from 200 to < 500, particularly preferably from 30 200 to 400,
nbar. The @¢biselid pgidscargcalse shitable, Examples of these arepglumina and zir-

conium dioxide. Particularly suitable Bronsted acids are the strong protic
15 miperal acids. Examples are sulfuric acid, phosphoric acid, methanesulfonic

acid, benzenesulfonic acid, dodecylbenzenesulfonic acid and p-toluenesulfonic

acid. A sparingly volatile mineral acid is preferably used. Acidic ion ex- -
change resins, for example sulfo-containing resins, may also be used as ca-
talysts in a form distributed in the reaction mixture.

20 The amount of catalytically active acid to be used depends, in a
manner known per se to a person skilled in the art, on the type and
strength of the acid. In the case of p-toluenesulfonic acid, advantageously
from 1 to 20, preferably from 5 to 15, particularly preferably from 5 to
10, % by weight, based on the amount of the compound I and, if any,

2s compound II to be cleaved, are used. Other strong acids are to be used
in comparable amounts. Preferably, the novel process is carried out in the
absence of an inmert solvent.

The operating pressure of the novel process is advantageously from
100 to 900, preferably from 200 to < 500, particularly preferably from
30 200 to 400, mbar. The operating temperature is as a rule from 120 to



- 6- O Z. 0050/ 46249 220[err]C, preferably from 160 to
. 220[err]C, particularly preferably from 180 to 200[err]C. It is

advant ageously bel ow the boiling point Tb of the reaction m xture at the
. chosen operating pressure. The follow ng is advantageously applicable to
the operating tenperature T[err] of t.hg.novel process: 5 oz oosome249
T[err]-10[err]C < T[err] < T[err]. The novel process is advantageously
‘carried out in a sinple stirred kettle. Since the boiling points of the
cl eavage products are substantially |ower than the boiling point of the .
starting cA08Cncpreferdbly dramVvESD td 2208CE pastivalaplyo greférablyt fromall80h0l and t he
(meth)acrylgte  in case also 10 met h) acryl i c acid) are present_in higher
concentr at i%ﬁ’ Cr tﬁe‘sgég"%@“ﬁl%(@!ﬂw | the beikinginoint: fp off dhg deastione

B
relative tonsaid i g PQQ@ L l- r.atj e gas
phase, theol?:1 eava%tleﬂ%rghuct gﬁggaﬁmgﬁé}gées#%%{e ?%*’S?ée@@g lgrdg%gp‘?ééo}ﬁelgct I on
system i n eapplicgble toathaeoperating temperanire OT, efff thei novey peeuesdre i ncreased in a

si npl e manner by 15 connecti n,gl,s &eiwee the stirred kettle and the renoval
point, & rectification apparat 1 s® def uxIwratio is established, in a

manner known per  Sghet fovdl m@g&%@%@%\%&tﬁgﬂmﬁ Egﬁ%?ml ally

excl usively the cleavage pro- duc suitabl e
rectifi catikettlepp8ingt uthe sbaifing lpoints yofether eleivage rprodudts @aa¢ isabstamtialiyns known
per se, for, exanpl e packed or pla- 20 te, colums. The novel 0GCess i s
pref erabl y 1OHEF Eﬁ“éﬁ? bailing pou; <of, the; startingcompoynd &9 ‘{%Sﬁfﬁ%r formul a
| and in c | S b a LSa T hauous! v, stirred
kettle at t gavrhg? \gﬁg@ I c@cl@g@ggeﬁggoﬁ%tgﬂ%@%eyéﬁgﬁ nﬁiou%#g tratekﬁoved. A
dwel | cant afpmsth)acrylip| acid)t area pfesemtein higheriiconcemiratién ievihpogast phasé cin.

hot ewoc hy SRR itk e il cphases RIAVTE o i B PHARE BT SRR i al byl
et her formegysly QEpdrittngelofMiRApRd pRAORAL dlhvages PFRINEAT Yan therefore be

removed from the reaction system in a simple manner.

The separation efficiency can be increased in a simple manner by
15 connecting, between the stirred kettle and the removal point, a rectification
apparatus whose reflux ratio is established, in a manner known per se to a
person skilled in the art, so that essentially exclusively the cleavage pro-
ducts are removed. Examples of suitable rectification apparatuses of this
type are the rectification columns known per se, for example packed or pla-
20 te columns. _ |
The novel process is preferably carried out continuously, ie. com-
pound of the general formula I and in case II which is to be cleaved is
fed continuously to the stirred kettle at the rate at which cleavage products
are continuously removed. A dwell container coupled to a forced-circulation
25  evaporator (eg. falling-film evaporator or flash evaporator) is advantageously
used. It is noteworthy that the novel procedure reduces not omly the
amount of dialkyl ether formed from the eliminated alcohol in a secondary
reaction. Rather, it also reduceé the amount of alkene formed from the
eliminated alcohol by dehydration in a further secondary reaction.



réaction. Rather, it also reduces the amobunt of al kene fornmed fromthe
_.elimnated al cohol by dehydration in a further secondary reaction. -7 -
O Z. 0050/ 46249 The cl eavage products continuously renoved in this nmanner
. can be recycled directly to the esterification. The process according to
the invention is particularly advantageous in the acid-cat alzys@elsao
esterification of n-butanol with acrylic acid. This is 5 preferably
“carried out at atnospheric or reduced pressure using a tenperatu- re from
80 to 135[err]C and a snall excess of n-butanol. As a rule, the nolar ratio
of n-butanol to acTheicteasagedpiodudts confinuotisly remtaved fincthisi manner car bé ed out
in the presence, of froml to 5% by weight, based on the reactants, of, for
exanpl e, sult¢qyeled disscly,to thec oBnd with the use of 10 a conventi onal

| ow- boi | i ng azeotr r&&& r w.h L9 wat er

of reaction in a s?lmr::fp d %?F@é@gscggs%v%aug y@gﬁ%e“ {’ﬁg{%t ?n xture

obt ai ned i nmhhemicbcatﬂymt iesterificationi ofS nehutdmol With agrydiei géitl. ofThisripounds |
unds Il, as in the case of the

d d h
compounds | PF F@Blyhé&eei G 36 D OBRPTIS 7 FoFRE B (S, 4, FYBBOTAlS  of her
component s Gf 8 8916 85 LARN aTkHAN e Be RESNEY. AL B! e

esterification Is ore usual y separating ft
catal yti cal mdlgr aatio \of mbuﬁndytemrylnt acid 134 lﬂ wat.er The hesterificatiorc tis ng

unconverted (neth) acrlﬁl ,c acid by FE ? ous al, |I£| oI ut{on and
then separa oi"’fl t nPFESFIENG afg‘?éﬁt e ¢ DY | weighty bas Bicts (eg.
di al kyl eth I h I

i al kyl et hgesant) &2 mﬁlﬂﬂb édi? dgoh Ndatdiyst Mardh Gidhl

(meth)acryl ate are then y rectification,” after whic the actual
desired producopventionall kgw-bpiliagh pzeotropid antraining sagentr d’oedremidvmg/ the -

Irecltlsflrg%i/on nd th bogtom oduct con51 }Fi&n nai Oédtngriﬁ Inosv__r_lge___

fed 25 to tp%ﬂd&@‘ﬂﬁkuﬁé bR B ﬁiéeés'ienﬁdaﬁﬁﬁ dolitatns"@p tenm% "5 Welght | N

reconversi on of
of compounds I and compounds II. Typically, the compounds II, as in the

case of the compounds I, also have a higher boiling point compared with

15 the other components of the esterification mixture. The product mixture of
the esterification is therefore usually worked up by separating the catalytical-
ly active acid by extraction with water, then extracting unconverted
(meth)acrylic acid by means of aqueous alkaline solution and then separating
off the entraining agent by rectification. Byproducts (eg. dialkyl ethers)

20 having a lower boiling point than the alkyl (meth)acrylate are then removed
by rectification, after which the actual desired product, the alkyl (meth)acry-
late, is separated off by rectification and the bottom product consisting
mainly of compounds I and II is removed.

It is noteworthy that the bottom product as such can now be fed

25 to the novel cleavage process, since this not only results in reconversion of
the compounds I into alkyl (meth)acrylate and alcohol but also converts the
compounds II back into (meth)acrylic acid, alkyl (meth)acrylate and in case
alcohol.

This advantage of the novel process is displayed in particular in

30 the preparation of n-butyl acrylate, where typical bottom liquids obtained



the conpounds | into alkyl (neth)acrylate and al cohol but al so converts the
conpounds |l back into (nmeth)acrylic acid, alkyl (neth)acrylate and in case
al cohol . This advantage of the novel process is displayed in particular in
30 the preparation of n-butyl acrylate, where typical bottom i quids

obt ai ned -8 - @ Z. 0050/ 46249 cont ay$ obsgldade 50% by
weight (as a rule from50 to 60% by wei ght) of butyl butoxypropionate and
Jerr] 20% by weight (as a rule from20 to 30% by weight) of butyl

acryl oxypropi onat e, which, when the novel process is used, can be converted
back into thontisi 2e80%" by Usdightn(e Ui ite! fromC50 |toC60% | By avedgh) of buylt V!
acrylate without significant losses via secondary reactions and as such can

be recycl ed hutoxypropienate iandc & | W% by aveighte(asppodide Srom 20 e, 3% by t he

amount s of Bt ar SRAFY tesy R Hatey Soe e e o FREQEE i bt e
hydr oqui nonecafiohe gohveried chdekr in@y tHeD desinedr products nebutkhdlalabiylici icig haidl d be
stated that the novel process can_be inproved by adding up,to 30, as a rule

from 0.5 %o BButyboasyylalei grithout, sigaificant dessesweiiayhiecondarn creactionsi and st ur e,

of water to [ lxjupe. Jhis r.e- sults in particular in an

I ncr eased spéggg-‘{alﬁ?rféé yltg'f:%ho#o ébf%e?il% “ecag§%duct. 15 The i nvention
also relates to a [Thecaswrl fproceséds ps@h)adsnin Ahe @hsed of[the rabtualestatifiyd- est er
of (meth)acrylic agid by acid-catal yzed esterification of a (Jerr]-

i d L . J
C4- al kanol V9 T¢acHOM,) it the presapceqof wpnal pmonnty pf conventignal; polymsFiza he
conpounds ofy : I ‘ad ortlﬂﬁz' rﬂmﬁ P i o]
bypr oduct s f?aoﬂr.'n gﬁ%bﬁggﬁ% ?%nr €, slfd‘gj etti ﬁg’h?#]eilﬁghﬁ@(%leéﬁptﬁz
process. 36 Indesguidong.to the invention and recycling the cl eavage products.
to be renp- ved continously tq the esterification The Exanpl.e desgri b
bel ow reveal s furt etlﬁish%‘ﬁ‘lrh? m&%@ novePprocess can be improved -
by adding up to 30, as a rule from 0.5 to 25, % by weight, based on the -
weight of the reaction mixture, of water to the reaction mixture. This re-

sults in particular in an increased space-time yield of cleavage product.

15 The invention also relates to a process for the preparation of a C;-
C4-alkyl ester of (meth)acrylic acid by acid-catalyzed esterification of a C,-
Cs-alkanol with (meth)acrylic acid, which comprises separating off the
compounds of the formula I and of the formula II which are formed as
byproducts from the product mixture, subjecting their mixture of the process

20 according to the invention and recycling the cleavage products to be remo-
ved continously to the esterification.

The Examﬁle described below reveals further details and advantages
of the invention.
EXAMPLE , |

25 A 2 1 stirred double-jacket container was half-filled with a bottom
liquid obtained in the preparation of n-butyl acrylate and having the follo-
wing composition:

0.5% by weight of n-butanol,
6.5% by weight of n-butyl acrylate,
30 56.2% by weight of n-butyl n-butoxypropionate and



of “the i nventi on. EXAMPLE 25 A 2 1 stirred doubl e-jacket contai ner
“was half-filled with a bottomIliquid obtained in the preparation of n-butyl
acrylate and having the foll'o- wing conposition: 0.5% by wei ght of

, n-butanol, 6.5% by weight of n-butyl acrylate, 30 56.2% by wei ght of

n- butyl n-but oxypropi onate and 9 .o9. ©zZe0sdMefa®)/ 46249
21. 6% by wei ght of n-butyl acryl oxypropionate, the remai nder conprising
"highly condensed byproducts of the ester formation and small anounts of
free radical oligomers and phenothiazine as polyneri- zation inhibitor. 5
To establ i sR1.#6% ibyeweight rofspbatyt actyloxyprepiomté,r ogen were fed into the 2 1
vessel . A 50 x 35Q mm packed rectification colum which contai- ned a BX

packi ng fr ofhesremainder compsisingchighly ¢andensed byprodusts ofoths) esteraformationnt ai ner .
Th | 9 0 H . t .
it ur e of 254 SRR, @hilils W trcl il diigomhh?od Bhiienia 58 o Silyipf, | chCt ) o"

part (about z&forXddhjbiveri ght) of the condensate obtained at the top of the
rectification col UJES .recycled to the rectjficatjon columm, The ot her

wa

part wasScol | ect ed rFSR?’HﬂS&HaP’_QE M_ﬁ‘iﬁi@r.s I rofspittogen Mare ofsdpiid oses,
phenot hi azi gy 235 véssI0! VARG 22330 thoh "PALRAE Pécﬁﬁwi‘otnaéicﬂ t @nicCcgiffpdensat e
recycled to the rectification colum,” ITn an anount O 0 ppm Dbased on 15

t he wei ght aéd aaBX pavkitgnfrotre Sulzére whas anountédourithe 2 1 bidrred idouble-jacket ai ner
was kept constant by _confinuous addition of bottomliquid. After, an

operating t FARawer. 1 SFhe, gleavage lemperaiire Wasol 91 e H% amsigtohassdel was
I db : : . tj.eal
Feoul to f of W oo RRANGPY piiifenkabiniO 4R OB AdhCH BN I0d' dcid
10 catalyst. A part (about 60% by weight) of the condensate. obtained. at_ the .=

top of the rectification column was recycled to the rectification column. The:

other part was collected in a discharge container. For stabilization purpose's,'?
phenothiazine, as a polymerization inhibitor, was added to the condensate
recycled to the rectification column, in an amount of 800 ppm, based on

15 the weight of said condensate. The liquid level in the stirred container was
kept constant by continuous addition of bottom liquid.

After an operating time of 120 hours, the content of the discharge
container was amalyzed by gas chromatography. The Table below shows
the analytical results for 5 different operating pressures (in % by weight,

20 Dbased on the total amount).
TABLE

—_
Operating n-Butanol Acrylic
pressures acid

“ 400 0.55 16.0 12.1 70.2 0.14
600 1.04 11.3 7.5 78.7 0.86
800 . 1.16 12.9 5.5 79.3 1.10

30 Il 1000 1.31 14.9 8.4 69.3 4.52 |




20" based o
JAcrylic
acrylate 25
. 0.44 400
1.04

5.5

69. 3

Akt i engesel
NAE19950496

of CJerr]-Cerr]-alkyl

n the total anmount). TABLE QOeratl n- But anol
n- But yl But ene pressures et hgﬁw“ mlr“ n J”“I aC|d '

[ mbar] 300 0.27
0.55 16.0 12. 1 70. 2 0.14 600
11.3 7.5 78.71 - 0. 86 800 0.Z] 00b6i46249 12.
79. 3 1.10 30 1000 1.31 14.9 8.4 -
4,52 - 1- O Z. 0050/ 46249 BASF
| schaft August 29, 1996
BASF Aktishgeselléchw® claim 1. A process August B8, 388@ar at i on

esters of (neth)acryl iNAB$99504068G cGAESK/ant he

formula | [err] 15 and in case fromesters of the formula (11) [err] 20

n where R e
C[err] d er

and in the
renoval

wher ei n R[e
claim1l1, wh

10

15

25

30

rr] is hydrogen or -CHerr], Rerr] and R err] are each

r]-alkyl, and nis an integer [err] O, 25 in the liquid phase
R&% nce of an acid at reduced pressure and with continuous
t

a}”é]r;\vage products. 2.

] and ARbRiceds Rircthe
erein Rlerr] and Rl err] are each™n-" buty
acid from esters of the formula I

Rl O

| 1
R>—0—CH,—C—C—O0—R3 o

I
H

and in case from esters of the formula (II)

Rl o R1

CH2=C—-C—0—(-CH2—CH—COO—)—R2 )

where R! is hydrogen or -CHj,

R? and R? are each C;-C,-alkyl, and

n is an integer = 0,

in the liguid phase and in the presence of an acid at reduced pressure and
with continuous removal of the cleavagé products.

2. A process as claimed in claim 1, wherein R? and R? are identical.
3. A process as claimed in claim 1, wherein R? and R? are each n-
butyl.

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

pound (I) is n-butyl B—n—butoxyproplonate and the compound (II) is n-butyl
B-acryloxypropionate.
5. A process as claimed in any of claims 1 to 3, wherein p-toluene-

sulfonic acid is concomitantly used as the acid.

A process as clained in claiml,
- o8 C;-Cy-alkyl é&éi@%ﬁ:ﬁé&)ﬁé@h&ed in

9




30" 4. A process as clained in any of clains 1 to 3, wherein the com
. pound (1) is n-butyl [err]-n-butoxypropionate and the conpound (I1) is

n-butyl [err]-acryl oxypropionate. 5. A process as clained in any of
clainms 1 to 3, wherein p-toluene- sulfonic acid is concomtantly used as
t he aci d. - 2 - -$H.Z. 0050/46249 6. o.z. cosfuedMoOCeESS as
~claimed in any of clains 1 to 3, wherein the opera- ting pressure is from
100 to 900 nbar. 7. A process as clained in any of clainms 1 to 3,
wherein the opera- ting tenperature is from120 to 220[err]C. 5 8. A
process as d.ai ned A praoeys a$ cﬁm’edmn]anyooﬁclaidmﬂethawlmminithe operd-ure to
be cl eared |s used whi c&g se east 70% by wei ght, based on its
total wei ghttDSoPresfure o nﬁ;dc the formula | and at |east one

conpound of - he foﬂk&e& as Saimed in g tgﬁgn@sl @ gl rdifl tﬁgyg Qfa-Clainms 1

to 3, \/\herelnthe tron mxtu cl eaved conprises up to 30 %
by wei ght oftingatemsperdtGre is from 1R0aoe220°C.or the preparation of a

Clerr]-Clerr]-alkyl ester of net h),acr i cid.b cid-catal yzed
esterificat |4)n of A Breses ka&é tc\ﬁ]aapﬂs (lniqa Finca ZegcHonhi ch
conprises s [ 0 u dnof formul a
[l which ar gﬁ?‘g?%egg E;%lragd%cggsaf ?‘gﬁﬁjheﬁ%gé E%{' %@et L?ﬁtbj ecting
t hei r m xt urbased oa itsdotal;svvmghtclcﬁl ateléastnomy.omboumhlofrﬂhd ﬁmnﬁlaahchndecycl i ng
t he cleavage roducts to be .remve co tH]u- ously to the esterification.
at least one compound of the .
9. A process as claimed in any of claims 1 to 3, wherein the reac-
10 tion mixture to be cleaved comprises up to 30 %. by weight of water.. .-
10. A .process for the .preparation of a C;-Cgqalkyl ester of -
(meth)acrylic acid by acid-catalyzed esterification of a C,;-C,-alkanol with i
(meth)acrylic acid, which comprises separating off the compounds of the
formula I and of the formula II which are formed as byproducts from the
15 product mixture, subjecting their mixture to a process as claimed in any of
claims 1 to 3 and recycling the cleavage products to be removed continu-
ously to the esterification.
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