;e3e|s| ppP' 6@NS,' , wo 03/055837 PCT/ EP02/i 3828 Conti nuous production of
al kyl * (nmet*h) acryl ates Field of the invention *159159* 5 The present
-invention relates to a further continuous process for preparing al kyl
(meth)acryl @éeg 29%’ lg)hconti nuously transesterifying peirhgbobpesBracryl ate
(A with alcoh P Ig) to rel ease nethanol (D) according to the follow ng
reaction equation: 10 RL RL | ROH,.- | -~ CH30H H2C=CCOOCH3 H2C=CCOOR2
(A>tB) (~) (~) RL = H CH3 where RZis a linear, branched or cyclic alkyl
radi cal or aoptinadivsapredratdon f Bl HReHIAREYIBERDI es 1T‘wmm“mm“mmm“
al cohol s RZOH i ncl ude et hanol, propanol or isopropanol, butanol
i sobut anol, pentanol, cycl ohexanol or hexanol, heptanol, octanol or ssois59*
i sooct anol #AG¢1lE @fhyihfexdahsinti®her useful al cohol s incl ude isoborneol,
benzyl al cohol, tetrahydrofurfural, 20 allyl alcohol, ethylene glycol,
3,3,4-trimethyl cycl ohexanogl henyl , Jhutyl Lgl li-,4
tertbuty? amTﬁ)ﬁetlﬁﬁ?\%F?édil&vﬁ alno‘lryno]gégﬁ%%, tgt hayl gﬁgt{q%?g%&glotll,nur?&shyl ene
triglycol, hutodesd glfool rrebasiol oA kydened EATY 1B i ofClar YA ky!
(meth) acryl ales [RYGRe P Epansds bir dby1 £ CRbeAPL hagenddckylaeact (2n of
acet one cyancﬂ‘nydlrl nwth alcohols in ¥he presence. of _sul phuric _acid or by
transest eri fiddt i shcohoket KB CRetINRaSE AeCHFERL aI(thS‘Fgoirﬁllnﬁe %%} esence
of Mu~umi~Uvype folPowmhdOreaction equation:

10
R R
é + R20H + CHgOH
H,C==CCOOCHj H.C=—=CCOOR2
(A) 8) (C) (D)
R = H, CHg

where R; is a linear, branched or cyclic alkyl radical
or aryl radical having 2 to 12 carbon atoms. Examples
15 of useful alcohols Ry,0OH include ethanol, propanol or
isopropanol, butanol or isobutanol, pentanol,
cyclohexanol oxr hexanol, heptanol, octanol or
isooctanol and 2-ethylhexanol. Other useful alcohols
include isoborneol, benzyl alcohol, tetrahydrofurfural,
20 allyl alcohol, ethylene glycol, 3,3,4-trimethylcyclo-
hexanol, phenylethanol, butylene diglycol, tert-
butylaminoethanol, diethylaminoethanol, ethylene
triglycol, methylene triglycol, butyl diglycol and

isopropylideneglycerol.

25
Prior art
Alkyl (meth)acrylates may be prepared by different
methods:

30

By reaction of acetone cyanohydrin with alcohols in the
presence of sulphuric acid or by transesterification of

methyl (meth)acrylate with alcohols in the presence of

AN

*G00002*



1520 25,30 35 a catalyst. In the transesterification, both honbgeneous and
het er bogene'ous catal ysts are used. Frequently, the reaction is carried out

- in the presence of a tetraal kyl titanate (tetraal koxytitaniunm). The

met hanol released in the reaction is regoved fromthe reactor with the aid
of a distillation colum to renove it fromthe reaction m xture in order to
positively influence the reaction equilibrium The literature discloses
many transeseri tatailyst .pr odessestlar ri sdapsestrdhiiicsd iGsat ch Poth

transesterifjGatl OR-BLOCESSES) Hdt&UYLHEIOHN whth1ghther ete cajadysts. The
search for nore econom c processes ledq to the scover ﬁjé%contl nuous
e

transest eri fFEQEVORL Y oc EBCeE PR HAPCA St FETFEES aittls T RUSLSFy fed
in and the pgedugt steenthepus! i tenaved. (JdersankbRyolsanium) . The

transesterification_ processes, have i he foll aw_ng. advant ages Qv

bat chwi s& tr’ﬁﬁ&%@?@?‘i frieg S5 p’rrbcgégeéfzeatchtelodlerrh%dgeg V%%ntf%o% a% §

regul ati on areatower withe ther sdodnelf reequistEinieition |owymn t he peodvct
quality is better gnd hess yacl bl emidRduldie s pl afla&aPaG (Yot neroases ow ng
to the absenceé o e sequentrial execution of the individual preparation
steps (char gin§lueaget tbg, reamtber eAVLdab¥FaM product renoval , enptying).
Conti nuous transesterification processes are well known. EP O 960 877 (EIf
Atochem S. A.) describes a continuous process for prepari . .y| at e
esters firfom %P&I kyihﬁ?ﬁ%&?ﬁ%holcﬁ.s"%oﬁpﬁl afffidal cgﬁ%ﬁéeaggrgg%gggﬁ?%

react ed wit hpgetkylsenet h) acaytiaéd® to obtai n t hécatichwdgeani noallkakch
(meth)acryl ate_by the f.ol.l ow. pr : 3:.Th 1 . S i ng

mat eri al s (W%FW%e(gr’%%ﬁb%é& ;%%?le aﬁ%&?j?safiﬂ amlrﬁloaﬁ:%ﬁé&?ls&ion%q?%housl y
fed to a stididdereandt catedysitiver with a tetraal kyl titanate
transesterification catalyst (for exanple 5 tetrabutyl titanate, tetraethyl
titanate or tetra(2eth Ihexg) titanate) and at_ | east onin I merit%%tion

i nhi bi t ok> (f GPSex ERFFETPhERDE MPAET neSCYRTEbUL W AT EHT | G%ﬁro&ui none
nmononet hyl etdigic Rrediyy dbaquiaoni)yoand ttrteen seaearisi iara ttiert herdicalsleglsam no
10 (nmeth)acrylate is effec | e ir I . at-yre of
90- 120C whi | "o llcﬁrhoﬁé%y‘t‘rggﬁ%%g fRe zgzoggctlrng%q%:sq%ﬁﬁf? IEWBF:‘LE e

(et h) acryl ae/adetdtanol FPREGREOUTAY cr UBEMPEREt i on TSt ur EOPEATHEYSst er )
is fed to a fifslsdlitadiidald b0l Whbdds ey chhawder treducedlpoedsiy e, a
15 substantially catalyst-free stream.is w thdrawn overh ad,.gand tti%%
cat al yst 28nd @5 t2995 t | 8V&Fal kyP&mi rﬁ?attq\yﬁ)'fl?‘?ret MFERPTIEASE *4r S Ferdved at
t he bottom ofpidrdhied i | kaki atemamidemofTheotiopo bt med@m négthetfenstare
distillation colum js then_f o] 0 distillati o '

whi ch, under ]roé’&eLFc’ed]E%?e gﬁrsg,gggﬁstr%é%%%%ngtw,déoi H)Vrv\%?brggﬁc?s%r?pe:i si ng
a little di aldydlrtinodiskybetferh)ardyllass i yagiekdcawnabder Head Qa
stream consi %A;{go%f@nl ¥netediakkylanmimpal kyl et h)assenas e and also

pol ymeri zation 1 nhibjtors) is 25 renn\}ggd&?_lltg t he hot.tom.and i s fre‘_jdtitoq1 a

third di 3bi | |SRIGP A MR ERRD ¢ hP ti FPEEVERYES uit SRE
rectificati onst&pcanehadgony, urdertrietycebwressler remaledh tdreodest red
pure dial kyl am noal fylergganglf:_ryl ate ester is withdrawn overhead and

remova

Continuous transesterification processes are well

30 known.

EP 0 960 877 (E1lf Atochem S.A.) describes a continuous
process for preparing methacrylate esters from
dialkylaminoalcohols. Dialkylaminoalcohols are
35 generally reacted with methyl (meth)acrylate to obtain
the dialkylaminoalkyl (meth)acrylate by the following

process:



30 essentially the polynerization inhibitor or the polynerization
inhibitors" are withdrawn at the bottom After further purification with the
-aid of a filmevaporator, the bottomstreamof the first distillation
colum is recycled into the reactor, Like-the top 35 streamfromthe second
distillation colum. This process dispenses with dewatering of the al cohols

bef ore use which can have effects ranging fromnore .- 4 sig‘gigi nt
deactivati onTR¢ t heMiBEWESI kyl OFi t andt®F as 2P tUmtiience' Tt 1?ﬁrol ysi s
to the formiheshphcuplaser adds diiad kyrleaipicedicesio IThel prooessniass ihe
further disadvantage that.in the first dist] i clu{]@C tal yst
is thernall ygggr e 0298 a%tjr]é]f%%i \f(ﬁaftﬁrg.h,:?é%%%t %e% i % t he ﬁ%%ﬁf%fphase.
This can eastiyaheasd t o mecomgiosiitfiigmtgfort hecebady§st . (fent hi exgrEess,

both the unconyegiadyieact anhscand ddeAadiet draked | bred-oveghpad tui ce

in total.” Thrs very high enerqgy costs and a total of four
rectificati oatbwlbewyl)sdretaiatii cANfHadE t bSREVe W& yPP oY BRr HFHEhST ons.

The process iignhageerdi ngl y dyyr denedcamgd e ver yohdphticapiiwd, | nvesénenat and
operating costs. 15 EP_0.968 995 (M t.subi shi Gas m-cal .) descri bes
a conti nuousPBEYLERSEFEP Ly e p ARHG W et A %;h%ﬁles u%qﬁ?\ngg)ra r(ggcti on
col um. The hyamsestevink)catamd itheefdwutacsidin ecol yeha t Aiallydasine| ation
colum (j,e. re r sl i 0:co0 fLQr i e, et hyl
(et h) aclr%/l at(ren r%rglb angl gé:%ezltér o‘%ogf‘%(g?erﬁgp#g I&%grsat? t%;e%tn%éta{)&v\%x?c%@?he
starting mat seinplesatveehdl (HetAEG yhat e a?l‘an‘é}%‘bq’l‘bﬂy af gnpeyng the

conti nuously,,Ihe eeesSSREhFat ahksh) abek e akiekpethanpnefei-ablye a rheani um
conmpound, is I1n the distillatjon 25 ((;ol ﬁgﬂ In the .caﬁte Cﬁfta hogog(g@eous
catal yst, thETE8EaIRRACHLR RTINS G HEEePEGST At &5t HEDI ST i F1 46T 5

col um. Howewgk)k iQWang dro o fumrs himgeteidlectumdet heefluged dprefébuxei naa
distilla, on ERatthe e Jse %@;ﬁ@@%ﬂe@é’s calALysts £8 the:idhsthlhation

col um s to 1 ncredse st consunption and al so, when a_solid
catal yst precivpirhees oced s theo FarAliviF odndhalesl dmlihEee ndtalkvd -t he

case of a hetgrioGenequs Galdhystrylidee catal yehoved md hens epstton ol um.
However, the positioni ng of the catalyst in the 35 distillat.,jon CO|SI,ém’] i's
a

di sadvant agedt® batabselahlPRcGHIEE pr 8& utePdr D T BN Ofccths A the
distillationg@ldimladibyer vdiiugh addist i onakncosfsdandté ncenvesiesod ar e

aSSOCiatgg\Méﬁé€f¥¥g€¥oﬁ”§§{ﬁﬁg fﬁ %ﬁfch,Suﬁge}5régugéd pressure, a
stream of low-boiling products comprising a 1little
dialkylaminoalkyl (meth)acrylate is withdrawn overhead
and a stream consisting mainly of dialkylaminoalkyl
(meth)acrylate and also polymerization inhibitor(s) is

25 removed at the Dbottom and is fed to a third
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
30 essentially the polymerization inhibitor or the
polymerization inhibitors are withdrawn at the bottom.
After further purification with the aid of a film
evaporator, the bottom stream of the first distillation
column is recycled into the reactor, like the top

35 stream from the second distillation column.

This process dispenses with dewatering of the alcohols

before use which can have effects ranging from more



5 distillation colum. Also, heterogeneous deactivate, for exanple as a
consequence pol ynerization. Object catalysts may of undesired It is
- therefore an object of the present invention to provide a continuous
process for transesterifying nethyl (paegh)acrylate with high-boiling
al cohols relative to nethanol which avoids the di sadvant ages of the two

abovenentionei d processes. (Meth)acrylic_ esters and al th)acryliates
refer herei MO&ITovE ¥GREst dlearid er 1%;at‘ﬁ/est %Waiacl%c]l %ﬂ?@i%aoryl iC
aci Iol tThtethi/sﬁéd F&@ﬁ@sﬁoﬁﬁédﬂle@tSOoﬁr nyilde lgspisodoctthehifchrmiedsi cn bet t er
quality an those therto on the A el shal | SO

provi de al kyAFSEthy cr@?% C%?@E%gévscos??l\énd%%o%%\%zm ence 1f;}lﬁd with
gr eat er ener@yrtﬂiérmchimd\(antagmortéla@osuefféhelv’éilyﬁ)t Thi st objateion and

al so further ‘?‘ﬁl fu?’% i1 lustrated ingdet ghgrgggly,\hl cgtgggge@e i erred

or derlvedvm er |nformat|onfromt e i ntroduct di scussi on of
the prior artelagivelyii Bieh BEMRSFPSEESS hdvi HySt Adarast 2 Sf e m 1.

FL Ste ﬁtCt IO ﬁn Q{axﬁdééﬁ%iﬁﬁeP%'ﬁdd%ld@&bx@@?s@ﬁlbheoﬁrEﬁeseaaaagsdl ng to the

[ s C ped I n e cla errin ck.-to C
Process desc%zrﬂp'?]i‘bﬁ ?ﬁ@cﬁFBCet’g'EFP é‘ Al I%y I Cttaar%rp’d i Ft ure 1.
Key for Fi ngSEoducti d&mcrlecmlépg&ﬂr aousrBead Areiote oper deotilLl atT}@hS col um
3. Low 28' e %ié' | pdg\Pn gh””&lér %é)@é | ehadi stiddati OBfCOJEéhﬁTP 10 5.

Filmev pora Fi Imeva rator Met hyl (nmeth)acryl ate and
cat al yst feGUegglfppgﬁh@n p@égmns, some ‘of which have to "have very

large dimensions. The process is accordingly burdened

with very high capital investment and operating costs.

15 EP 0 968 995 (Mitsubishi Gas Chemical Comp.) describes
a continuous process for preparing alkyl
{meth)acrylates using a reaction column. The
transesterification is effected directly within a
distillation column (i.e. reactor and distillation

20 column for removing the methyl (meth)acrylate/methanol
azeotrope form one apparatus), into which the starting
materials (methyl (meth)acrylate and alcohol) are fed
continuously. The necessary catalyst, here likewise
preferably a titanium compound, is in the distillation

25 column. In the case of a homogeneous catalyst, the
catalyst is continuously metered into the distillation
column. However, owing to a flushing effect of the
liquid reflux in a distillation column, the use of
homogeneous catalysts in the distillation column leads

30 to increased catalyst consumption and also, when a
solid catalyst precipitate occurs, to fouling of the
column internals. In the case of a heterogeneous
catalyst, the catalyst 1is in the reaction column.
However, the positioning of the catalyst in the

35 distillation <column is disadvantageous because an
increased pressure drop then occurs in the distillation
column and very high additional costs and inconvenience

are associated with regular cleaning of the



13. Met hanol / methyl (meth)acryl ate azeotrope 20 14. Low boiler cycle stream
15. Crude ester 25 16. Pure ester 17. Hi gh boilers and catal yst _ g _ The
-reactants nethyl. (meth)acrylate (MMA, 11) and al cohol (12) are fed
continuously to a suitable reaction apparatus (1) which nay be either a
single reaction tank or else a battery of two or nore reaction 5 tanks
connected in_serjes. It is sensible that all reaction tanks should have a
vapour takedl¥Stblinel 2 eGOLYPE -difstFT1 aREBRT EEFRRAVE 2 H G SoI™Y t he
met hanol r el @asedivaté he foracdtapld0athes t ebhaatkghcti odnatiedeetpeded as
catal yst (the etraalkgaétitaniun1content relative to MVA used is
preferably & -¥P%£;B§ tht) is|preferably netered continuously into the
reaction apparatus (1), as is theronnerization i nhibitor(s). However, the
15 transgstqﬁgiég@tion catal ysts used may al so be any transesterification
catal ysts disctosed by the prior art. Exanples of useful catalysts include
zirconi um acetyl acetonate and further 1, 3-di ketonates of zirconium and

m xtures of alkaki dmbalrey@nahest9ec20 &t kehé pebkaknthigsyanatsas asd

al kali metal halides may al so, be used, and al so zi nc_conpounds, _al kal i ne
earth metal B%PULLCor 2aj KIFEPRAMT h REPSFSRydri®E det 2F3FS B ahpY £7€a0
Ca(OH) 2, MyGnethyDH) 2 (meth) atuyeatef twiéthboveightbointingonpaluadsoland al so
al kal i t al oxi.d | i I [ {.1.hi | gri de and
Iithiunﬁ%&drgé?ag¥gén§3€ﬁ%Eﬁ%§§iﬁhﬁﬁ%ﬁaggéggéngg%hggﬂ%%%%%tn §€A§E t he
abovenent i onedealtia iateoeement hepel PEREESRES - andlathy aqmhiifin SaFesSmy

al sg bet useflanéit ﬁllhwl_t 't ﬁm@ﬁh?géry bkaki retad ﬁgtré@ﬁfgemawesoo iaégebksmet al
car bonat es toget her wi uat er nar moni um, sal ts, r exanple |
tetrabutylanﬁﬁﬂiﬁﬁqﬁ%W%&ﬂﬂ% Bf ﬁé%& 125+ ?H?I&ﬁﬁ%ﬁQﬁﬁ onf8ed- and
al so m xed cahal yshaelof pdbeeganydHa Il oxilde asbwirdiany! tdrodiadd dehiahi di c
i on exc gers, 35,phospharqus-nol e et 0 cids i i

al koxi d g? cﬁ%?a?ebggﬁﬁguﬁ&§%ﬁt%fﬁgghiﬁggg%iﬁ%ﬁ#%%%gi+$c%%%uﬁggk§g% or
zinc with 1,3-di caebehyl comsmssds, ahdlllead bdpoundgpviigie exaspkell ead

oxi des, |ead mernJacrydi@s das,véead) alkexistesnd eatdSardonates ghal ead
salts of CaerXﬁ|IC aci ds. Exaggles of _pol ynerization inhibitors include 5

hydr oqui none"AbRonet A ¥t he PPPR I¥ont? nat § HFPW t h {6x§genmore  cost-
effectively).

20
This object, and also further objects not illustrated
in detail but which ¢an be inferred or derived without
further information f%om the introductory discussion of
the prior art, are échievaﬂ by a process having the
25 features of Claim ‘l. Protection of advantageous
derivations of the process according to the invention

is claimed in the claims referring back to Claim 1.

l



10 15 The al cohol used may contain water. The anount of water in the

al cohol used in the case of n-butanol is 50 to 500 ppm (0. 05-0.00y by

. weight). Before entry into the reaction apparatus, preference is given to
distillatively dewatering the al cohol -ugi ng the azeotrope colum (2). The
wat er contained in the alcohol is renoved overhead. To avoid contam nation
of the nethanol/MVA azeotrope (13) with the al cohol used, the alchol is
preferably ddustbssh dRCTBNe¥O%ection of the distillation colum (2). The
al cohol used may al so be dewatered in other ways: 20 - using an upstream
dewatering distillation colu 2530 - LAg: W Lk eyat eri ng
agent , for(gaﬁnﬁ¥9%ﬁﬁ%l%%u?gﬁb%?%b%?f%¥ %P%ﬁgggﬁéﬁgréﬁg%ggggga??ng
process, for exanple a pervaporation. The dewatering is significant because
the water contained in the alcohol can lead to irreversible damage of the
catal yst (for exanple tetraal kyl titanate) in the reactor. This dewatering
step avoids the hydrolysis of the catalyst and the costs resulting from

i ncreased catal yst use quantities and from problens with solid
precipitates. The reaction is 35 effected in the reaction apparatus at a
the range of 80 to 160C. Preference is tenperature range of 110 to 135C

i nfluence the reaction equilibrium tenperature in given to the To
positively the mnethanol - 10 released in the reaction is renoved from
the reaction mxture as an azeotrope with MVA (13) using the distillation
colum (2). The reaction m xture which consists predom nantly of the
product al kyl 5 (neth)acrylate, unconverted MVA and al cohol and al so snal
anounts of methanol, the catalyst, the polynerization inhibitors and a very
| ow proportion of by-products is fed to a continuously operated | ow boiler
distillation colum (3) after about 0.5-3 hours 10 of reactor residence
time (preference is given to a residence tinme of 0.75-1.5 hours).
Conmponents which are lowboiling relative to the product ester,

predom nantly nethanol, MVA and unconverted reactant al cohol are renoved

t here under reduced pressure, 15 preferably in the range of 20-200 nbar.
These conponents are renpbved overhead in the distillation colum and
recycled into the reactor region (14). This cycle stream guarantees that,
based on the overall process, there is virtually conplete conversion with
20 regard to the reactants MVA and al cohol. The crude ester (15) which is
obtained at the bottomof the distillation colum (3) and is stil

contam nated with catal yst, polynerization inhibitor and high-boiling
byproducts preferably conprises >98~ by wei ght of product 25 ester and is
fed continuously for workup to a further vacuumdistillation stage (4, 5)
whi ch operates in the preferred pressure range of 20 to 200 nbar. The

hi ghly pure product ester is continuously distillatively renoved as the top
product (16). 30



When a conventional vacuumdistillation colum as described in the prior
art is used for renoving the catalyst and the polynerization inhibitors and
. also the high-boiling by-products fromthe crude ester (15), 35 excessively
high thermal stress in the bottom of the colum results in deconposition of
the catal yst and therefore release of the reactant al cohol and sonetines
also the formation of ethers of the reactant al cohol. - 11 Both
conmpounds (rkeitt B¢ BIE6R8I Land ether of the reactant al cohol) are

| ow- boi | i ng conponents with respect to the product ester and therefore
occur as an 5 inpuritg.in t he Eé duct ester which distinctly reduces the
product qualtty. FRFRSEpPOLPRRT? guﬁe sol ved by using an apparatus having
gentle fil mevaporation (5) to renove the product ester fromthe catal yst
and the pol yperizali Lnhi Qe Lot I hi gh-boi ling by 10 products.
Usef ul agbarg?us ?%%8?ﬁFggp§?%gggl?Engdggggpﬁing-filn1 thin-filmand
short-path evaporators. A further downstream high boiler distillation stage
(4) serves tg achigyepbhechi ghast 1nkedust celfugh purity 15 (product ester >
99.9 by weight, alcohol < 120 ppm MVA < 10 ppm ether < 5 ppm col our
nunber (apha) < 1). In this context, a single apparatus enploying film
evapor ation has thHegti baduaent djetdfl leftffien mgliumsuffici ent purifying

per f or e so that high-boiling 20 by-products occur in the pure product
ester (16). This problemis solved by positioning a vacuumrectification
colum (4) fér refddingvelperitgr- boili ng by-products fromthe pure product
ester above the apparatus enploying filmevaporation. 25 After renoving the
catal yst and the polymerization inhibitors and al so the high-boiling

by- products from fHeTcEYGPREHEY, a certain proportion of product ester
remains in the bottom product, so that the bottom 30 effluent is still able

to fl ow and conveyed efficientl . e 1 Nidm the | oss of

pr oduct @gt eﬂiﬁheﬁqeg%é’gha(pgeitnd acce{{%ayés ag%g %}%ﬁ%}{)go?lﬂlgngg&byproducts (17),
there shoul d be a downstream vacuum evaporation stage (6) which operates in
the preferred 35 pressiye gange of 20-200 nbar. Useful apparatus for this
task i s again an apparatus enploying filmevaporation. Useful apparatus for
this purpose again includes falling-film thin-filmand short-path - 12
evapor at ors. 1GM NQid tthaato IEXeESsy Y e( ettt et rwfate ghlmot faowge conponent s, t he
pr oduct Séter renmoved overhead in the evaporating stage does not fulfil the
requi red“specification for the pure product ester. Furthernore, 5 owing to
the thernmal deconposithonled ¢heleaswfsan, it al so contains reactant

al cohol and sonmetines also ethers of the reactant al cohol. For these
reasons, the aimof recovering the product ester fromthe distillate stream
cannot be achi®vedB¥? R5%cF¥ng it directly into 10 the high boiler
distillation colum, but rather by recycling to the reaction apparatus (1)
or advan ggeo ly oréheslgylboiler distillation colum (3) in order to
renove t | oW boi T4FS BRfOre the first evaporation stage (5). 15

17. High boilers and catalyst



The process according to the invention is illustrated by the exanples which
follow without being [imted to them 20 The reported exanples were carried
. out in an experinental plant on the pilot plant scale (throughput per hour:
6-8 kg of feed (MVA and al cohol) and 5-6 kg of product ester). The
construction of the experinental plant was as illustrated in Figure 1 and
as described 25 in the process description. ﬁ reactl on applglaat us 1) used

was a st eamThaat ceeadbdREhanteblYYy stf“?FEéia§F¥ AlcEss (e ctlacﬂ'l t ank
having a magdrasndil | (vohumaref Ifedl. stwcimmﬁs)lywamBOacomlﬂdtaé@[Lan a a
vapour line to an, azeotrope disti atlon ol d_aboy

azeot r ope dl%?af‘ftfja?ﬁlor‘?‘p@&pms(téé) praERF o 1%ara ; V\rg.s a %. ot pI ant
gl ass col unrreéﬁctt-tcmZtanhndrdeaﬁet er befttbry @fl tvipauk e N t et ¥et  CY
metal faric g e85 (ieeelop hor o2t aBlralipnol cige dsposed i

the m ddlre oﬁ‘ he reactor effluent was fe
cont i nuousl yret@C‘aquJ@W tkﬁﬁk%r séhostid | BBVEn %ol‘iﬁﬁ?‘-{%) tapgad fyi §P| | $8&i on

col utm was aaﬂééeioﬁéanalsti11§tlaﬁcuam@:hﬁss 2Pl updr (t BEmPvesGUrehe | 20
nbarabs) of H 3.8 mand_dia acked wi th Sul zer CY netal

fabric packi®@sRamnd FeLaafa é’f’ Fthe Eef’hc ':I’EE bottom was heated by neans of
steam The condensed top 5 takeoff (cycle strean) (14) was recycl ed

cont i nugys! Yobg the,Leasion. Lustead ol Jdietald | nge 1L evaporatoe (9

shown i € co t| nuous wor kup the botto fluent of the |ow
boi | er disti tearaehkeuymﬁaplgyn V\E@né‘éﬂl e RIS P aM¥Rer HERI L heat ed

glass 10 thig r&fgma%y?p% aj of . HRViRY RaigMaporad Obr‘%lﬂéfr&(ﬁﬂyal’ﬁété\redo 1 ng.
The vapours of this ass ,thin-filmevaporator were ed conti nggusl y

into a high ﬁ@PFéFu8P§tliYI R PO A IMGAT AR (TSRt * THT s*Was"q pi | ot
pl ant vacuunpghgﬁ@rcmblumn(top pieasbieor ($20 nbar aHs}veﬂzErof H = ©0h& m and

di t th Sul bot t

o 11 uent! Sras SPBEREBREE G081y oo §oCauRtS cuarfer Moy B35, "BR,, 487 Potiom
oi | - heat ed gtaassebmarhﬁllma@l@pﬁor aabal&r@;s(t@@@l@%@@r ¥ tPe nBHLabs)
having an eVQFQr at E&aﬁﬂﬁggceof‘r 6 frur0 it vits The Maprur 810kohhim second

glass thin-fiTmevaporator were condensed out and, gﬁ?l ned with thg
reactor effl éé’ﬁfcylﬁé@t(‘:’@ﬁ‘tqenuoﬁ@ t o FEREDPESW bot 1t $1ESE5F on 851 um.
The bottom efzf1|ru;©ﬁht1u§nl7) awas mﬂattmfwu&lfy diizehar geet4t omuadmaymsocess. 25

The reactants ed, i o] u of
pi ston rée(?erl &&%(A and é%x\{? ??/g?g??e%rlﬁ QL %%%gng%% gﬁggﬁ%gtsered
in di ssol ved a11I$o(vba$euSEdeea@si peise hé%ﬁe@i@ﬂ%ﬂ ) adRetbed. eppEh

MW cat al yst feed wag;hed Cfo egl k1t Aet heyFaCkaka1angy 3ot hees) cabel feed
i ntroduced pre feheated (to the internal col um t enper at ure to thg ddl e of

the azeot r ope*@mliq | @2Pon C&di¥n: O c MY { FbusChddes g/ h of
stabili zer S Qiydhicaer{td adfedy \WRghtundss , hy dangui nameonoradmml wtetlher in

WA o product Selered ot elLuK strsamigl Lha distiLbathan,gelims

was effe% ose pu conti nuous conveyance
of the streammdet V\be‘nhbhle pahwsilr@f(ltiﬁe pl @d wagnetfeesed ePfher B h the

aid of pistonyms rﬂfﬁcﬂ%@s UonPodres SUQJ@.'tr}g eftirct  efbdeneracsnda
I nt er nedi at e vesse (buffer volumes) were avo d%%e Sl:fLth as I%%%_SC' bl e.
alkallne earth metal ompounds
may also be used, dialkyltin oxides, alkali metal
30 carbonates, alkali metal carbonates together with
gquaternary ammonium salts, for example tetrabutyl-
ammonium hydroxide or hexadecyltrimethylammonium
bromide, and also mixed catalysts of diorganyltin oxide
and organyltin halide, acidic ion exchangers,
35 phosphorous-molybdenum heteropolyacids, titanium
alkoxides, chelate compounds of the metals titanium,
zirconium, iron or zinc with 1,3-dicarbonyl compounds,

and lead compounds, for example lead oxides, lead



The conposition of the streans (MVA, al cohol, MeOH and product ester
contents) were determined with the aid of a gas chromatograph. 10 Exanple 1
< (continuous.preparation of n-butyl nethacrylate): To continuously prepare
n- butyl methacrylate (n-BuMA), 4 kg/ h-ob MV catal yst feed having a
tetra-n-butyl 15 titanate (Ti (n-OBu)4) content of 0.45% by weight and 2.7
kg/ h of n-BuOH feed were netered_ into the reaction gank. The recycl e stream
fromthe topwirereieow bdiadr adikeriiides i one@8 uRARTRPEEFFoWBE ¢ Gﬁ"flgnuousl y
into the reagdofs (£ Sckgbbxhaveéngcine. fol l ow ng conposition: 20 1.0% by

wei ght of n-BuMA, 38.3% by wei ght of n-BuOH, 57.3% by weight of MVA and
3.4% by weight of MeOH). The nolar MMA:n-BuOH ratio in the reactor feed was
1.1:1. At a meacpdesr esiaencepbilymegfizaticand aanhMRANROHE azebtgbpéet akeof f
of 1.5 kg/h, e I f C was atdained-;okhe goprosition
of the N VT SSb0y o0 nas B0t By wer ot of TREC I T0 by el Ot of MM
and < 5 ppm@kY@eBuOH. The resulting reactor effluent of 8 kg/h had the
foll owi ng conposition: 64.6% by wei ght of n-BuMA, 13.5% by wei ght of

n- BuOH, 20.3% 30 by Lght aof MVA,_ 1.3% by i ght_.of MeOH and_0. 3% by

wei ght of byT]B?OBEEng&Tﬁéegpﬁ‘@éﬁt'Or?é:a;?irél"ff‘v%rgt 'S 8T bk el25R  n- BuMA
was theref or en5thekglidabl Qag tio e udsy cbnphbucanedoviad 2 to

| ow boi |i ng onents rel ati t - he m e f t he

| ow boi %8 dr8p] PRI i B Bortut e ‘?‘?%’@’atses@?%% gtH%f v8) eaR eady
conprised > 90a5%iby wei ghpabityusBulVA RIFfereecal | ofS t he 9&4EA yst &nd t he

stabilizer. Theryhehd;oki19- Bugkhasedngn thge overiaddhdir ocesSngds the 15
therefore virtually 100% _The yield of MVA batsed on_t he. ov(gral.l process

m nus the MVAZRBSEOPRa Rl aZett r opetTal cTPAt R B3f of Bhant “was
| i kewi se Vi rhUabhyl1106% réthowed evapphatiion Toatdwwi{d atontahivapban td 5

feedstr in the first,, rg pn-fil % rat o] %7 5.1
kg/ h of retﬁ?Blﬁrﬁ&hdarneO]Tﬁ% I%%%%‘?%éed (g}g’?tﬁ’[el%thop&% %%ggﬁ?%h%%gial'er
distillationtbel whehadd haverehersbly odiddgdcdmpddia | bewes 99?92%1b3?fwei ght
of n-BuMA, < 120 pomof1 b BUOH o Furk® REM. OfrMVA 1 dbhst Supdin by diaigobut vl

et her, colour nunber (apha) < Q.2. At an evaporation ratio in the second,
smal | er thi nbE BASFEFGatisy SReHIRYTH0% the overal | discharge of the
process (catalyst, stabilizer, highboiling by-products, n-BuMA) is 0.1 kg/h

and the yield 15 | gss of n-Bgl}\éA d RUr €34 uced s, < 0. 5%
by wei ght. Exanpl élsi'n(gcoﬁ?iﬁlouslb%ﬁrgpgggta}t%%lg i%{(;s'buty tFeiet acryluate): 20

To continuously pragpare isobutyl nethacrylate (i-BuMd), 3.4 kg/h of

MW cat al yst feed ﬂ(}ﬁvéf&@iﬁc_ﬁtﬁtﬂ-Quaadvat;éir@ﬂ@t 8gbhit (i £EBURAhnpaRt ent of
0. 56% by weight and 2.36 kg/h of i-BuOH feed were netered into the reaction
25 tank. The recyd® &ty $Offithe top of the low boiler distillation

columm al so fl owedxcontinuously into the reactor (2.4 kg/h having the

fol | owi ng_conposi tion, 6. 29 [ foal- 3% ' f 4-BuOH,
56. 3% by9 i ght ofb ar?l%f“%?b%%%\ﬁf &E%Tr%ﬁtﬂgf %és Thog%om%o arl%lw% i - BuOH
ratio in the reactmgrfaeerafson. 1: 1. At a reactor residence time of 1.2 h
and an MVW MeCH azeotrope takeoff of 1.26 kg/h, a reactor tenperature of
115C was attai ned. The conpositjon of the, MVA/ Me azeotr ope was 8t2% by

wei ght of Medpe 189¢HRtRERGHL oFS 355&/%13&85‘2% %ﬁw%-eﬁﬁﬁ et
resul ting reasdrapiédueni ofhé. hkgihvhaddrhe Fedd owiong icompesitilole 67. 3%

DY el Ghi0f Ao BUbh. 1A 0%y welahiy fc - 408 18xapDy eldiiadlich
titanate) in the reactor. This dewatering step avoids
the hydrolysis of the catalyst and the costs resulting
from increased catalyst use quantities and from
problems with solid precipitates. The reaction 1is

35 effected in the reaction apparatus at a temperature in
the range of 80 to 160°C. Preference is given to the
temperature range of 110 to 135°C. To positively

influence the reaction equilibrium, the methanol



- 16 by. wei ght of by-products. The space-time yield of the reactor based
on i-BuMA was therefore 516 kg/h/mB. Oning to virtually conplete rempval of
1 ow boiling conponents relative to i-BuMA, the bottomeffluent of 5 the | ow
boiler distillation colum was a crude jgster (5.0 kg/ h) which already
conprised > 99.5 by weight of i-BuMA and also all of the catalyst and the
stabilizer. The yield of i-BuOH based on the overall process was therefore
virtual |y 10®leRReqi &nd the NMRHESe bR MFECNSHVEFaR| theodeaSTHidus t he

lVMAt l OISIS Oxgrrlﬁ&;gcé\/l\ﬂ%yb%atzg%beﬁepéal wukat eﬁl?db&Ef quahandls/mgf dl i teew m)se_
virtually n_evaporation ratio (ratio o our.to feedstream in
Uhe Tirst, Kt fHiRAT G sibbor@0or GPeabbareahon MERETR IS o

i -BuMA are fddreehlsytsl5 obtrmdmadnahttlhze t opf of tdhee hi gprbdubEr dissltky1 ati on
col um apd hayv n n 9 gh f MA, <
150 ppm gf %e‘&hgc}%é%m %%Wgéépp%of%ﬁ- - l 5 8 EiI(:o our
nunber (apha@madb 2. almu%i’h? evapbr atherhangl o |ntlt€he ﬁ*’eﬁﬁ(s%ml | &€ 20

thin-film e%@éﬁz&&@:@whh@g%o&ae Rveral Yoy sebar gﬁ:dga‘oztdl%rpr&ﬁess
(catal yst, stabilizer, hi ghbo%e%ng by- roducts, I - BUMVR) /h and
the yield | d96 RFOFTIBLRA bAsetEDdn the PureEBHRY %dL&%%Ir"i“'se “BL by
wei ght . V\Q&Bf@ﬁ5a3§tillat16hAld\zﬁufmn Proiceastéor abonti rudu+s yhours

th I te f (Q_P 02/.13828
E)?gpaz ?% yaﬁck ] 0 ere Rl rg‘fg%n&g) 1'5]&’3 %9@?@%%1% ls g;l/'\{—:eﬁearégj b%anched

or cyclic alﬂ@:"pldamzeatlme afyP .7adilcal h@al\rlsr) L@Hmfmﬁrﬁﬁﬁ oMixlaaton at ons
by reacting Pov?—OHEPPPDH%Of the ol a (B) Rzgﬁ'e( B) drodhere RzedSeAs

defi ned above with, net X (et _h) acryl ate (A
predominantly methano , MMA "and unconverted reactant

alcohol are removed there under reduced pressure,
15 ©preferably in the range of 20-200 mbar. These
components are removed overhead in the distillation
column and recycled into the reactor region (14). This
cycle stream guarantees that, based on the overall
process, there is virtually complete conversion with
20 regard to the reactants MMA and alcohol. The crude
ester (15) which is obtained at the bottom of the
distillation column (3) and is still contaminated with
catalyst, polymerization inhibitor and high-boiling by-
products preferably comprises >98% by weight of product
25 ester and i1s 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 1is continuously distillatively
removed as the top product (16).
30
When a conventional vacuum distillation column as
described in the prior art is used for removing the
catalyst and the polymerization inhibitors and also the
high-boiling by-products from the crude ester (15),
35 excessively high thermal stress in the bottom of the
column results in decomposition of the catalyst and
therefore release of the reactant alcohol and sometimes

also the formation of ethers of the reactant alcohol.



R1 H2C=Lr COOCH 3 20 where R1L is an H or CH3 group in the presence of a
transesterification catalyst and in the presence of at |east one

- pol ynerization inhibitor in an apparatus for continuous
transesterification, characterized inthat-25 the reactants are
continuously fed to a suitable reaction apparatus (1) and that the nethanol
resulting fromthe reaction is continuously renoved as an azeotropic

met hanol / met hyl (meth)acrylate m xture (13) with the aid of a distillation
colum (2), Bachal somp@Gndst héreaatanon aigohed i andonethebusP§ cbhbuct ed

fromthe react]on.apPacatys o 2 i stbhlabh99ng0! Wiky{cherds Wit

distillation Undér reduced pressure is used to rénove the volatile
conponents respect(AC Bhenmupditl) apben #Bfy HhGRSHBFor?OH ofS pfBduct
ester (Cg ovephgadiyhiich ae pesyctedeknte tiig dipadidoineppar atdacasd to

remove the product ester (C) together with t cat al yst._and, t.he
ponnerizatiBHeiﬂﬁ?%@?%?s‘ﬁ%ﬂ' 50 &ﬂﬁibBFPEﬁﬁmbyp o&ﬁ%t?cﬁfgﬁftﬁg bott om
of the col umizingt ke bapparstseaa(itly) deovnléhdidimstévdporarienl ym (3) is
fed continuoysiy Lo an evapgiahor (R.ddL Wish dhst iddalian uader cheduced

S 0 a

pressure 10 -§ separate the product ester (C) fromthe catalyst and
t he pol yneri pafliyoerizhitbionornahdsd tairso andgraber | thg ByoBrbauétsy ®Y-Process

accor di i t0p Al L, 1§sgba&aca§15az§éugn_f@@t drhies VaRewo s r eamielie he

evapor ator ( I's fed continuously to diistillation colu 4) in which

di stillati onfaddéngrdddded Hhrdsdird aa s%t?%‘%%\ﬁev%%"er%%y pur e

product ester (C) (16) overhead and to 20 renove the catal yst and the

pol ymeri zatign Jinhibitors and alsa t i gh-hojl | T d W th a

smal | portioﬁ(ﬁ“%%Qﬁﬁuéo%ﬁéEﬁe?T5£§$§ %%gbﬁgt?%%?gﬁEXE?%gegggggbéﬂging to

Claim1, 25 clanvact etioczedchaevhat thiie hbyhont siPeAHYF t9RESH sEIHIHY on

col um (fg an(%r%fdutvite %ggggra;fjggg@ ib?ydf\%éigﬁﬁt,i oMshy1 t @ adfourddaer film
in I C

evaporator (6 istillation under reduced essure.i s us q to
remove the caBH ystlQniPtheeBeehof yrePPRat FBnCHRhPHIMPEFs Qﬁ@azl§b%the
hi gh- boi | i ng hypraduct sowitaxtthe bot & onyaad dpaeanye tdverenmaqi il Jpr oduct
o the rbact (DR BHANHTts (175 35 A pr b Sais i ng b O A ons (2 o
charact eri zedirisufifiatient purifying performance so that high-boiling
20 by-products occur in the pure product ester (16). This
problem is solved by positioning a vacuum rectification
column (4) for removing the high-boiling by-products
from the pure product ester above the apparatus
employing film evaporation.
25
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 Dbottom
30 effluent is still able to flow and be conveyed
efficiently. In order to minimize the loss of product
ester when discharging catalyst and high-beoiling by-
products (17), there should be a downstream vacuum
evaporation stage (6) which operates in the preferred
35 pressure range of 20-200 mbar. Useful apparatus for
this task is again an apparatus employing film
evaporation. Useful apparatus for this purpose again

includes falling-film, thin-film and short-path



- 19 the alcohol (B) is fed to the reaction apparatus via the distillation
colum (2) for dewatering. 5. Process according to Claim1, 5 characterized
-in that the.nolar ratio of nmethyl (neth)acrylate to alcohol in the feed to
the reactor is from1l to 2, preferably b 05 - 1.15. 10 6. Process according
to Caim1l, characterized in that the transesterification catalyst used is
a tetraal kyl titanate. 15 7. Process according to Claim 1, characterized in
that the cataiagEAradtsoigsed GWirgn ot GRCESEINR bﬁfoﬁéﬁﬁﬁt,oﬁas}E@H‘b‘n MVA

gztegl- 5? 8. ﬂ?ﬁ%ﬁr@d : @Sﬁgbﬂéﬂtgst,?tgegi%ggdg;cc@aégﬁéer rzedvied tdiairidel

y Is used in an anount o . 2-1% wei ased,on VA .used. 25 9.
Process accoi hBet £VaPATA TP HAT 22T eﬁP?éd niOrFQt%]%}Pfﬁe%Bgl yITE L}IZI; d|jon

i nhi bi tﬁrl usaskd Sf 2td hesn plienotthiecaziure peodubut glst@irec Ly thsdr@orl none
nonomnet et her d ui r ] reef (i Aoun; of 100
to 5000 %pm?"ﬁja%%d@énrt (_%e tlr%eac aﬁon@eré%(%é%&%%f I%?oggls%s%%c%c}rdi n n£tto Claim
1, characterdkee i aorhaings srpgeants adgericdnaldng usEdnesiBESHol i zation

itﬂhi b: tOL- | %th%’fgcggs_s LU NGAD® Lebiol, For eseharaninrd zechén that
€ alcono gfg o%srgégggggggytgeb%%%ggktoggég¥ngfg¥ﬂthe distillate

stream cannot be achieved by recycling it directly into

10 the high boiler distillation column, but rather by
recycling to the reaction apparatus (1) or
advantageously to the low boiler distillation column
(3) in order to remove the low boilers before the first
evaporation stage (5).

15
The process according to the invention is illustrated
by the examples which follow without being limited to
them.

20 The reported examples were carried out in an
experimental plant on the pilot plant 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 as illustrated in Figure 1 and as described

25 in the process description.

The reaction apparatus (1) used was a steam-heated non-
mechanically stirred stainless steel reaction tank
having a maximum f£ill volume of 15 1. The reactor was
30 connected via a vapour line to an azeotrope
distillation column (2) mounted above. The azeotrope
distillation column (top pressure = 1 bargys) was a
pilot plant glass column of H = 2 m and diameter of D =
0.1 m packed with Sulzer CY metal fabric packings. The
35 feed for the reactant alcohol was disposed 1in the
middle of the column (H = 1 m). The reactor effluent
was fed continuously to a low boiler distillation

column (3). This distillation column was a pilot plant



12." Process according to Caim1l, 5 characterized in that the pressure in

the first distillation colum (3) is 20 to 200 nbar. 13 i
. ( . . . Process accord
.to Caiml, 10 characterized in that the pressure in the second o

distillation colum (4) and in the fid m3¥eva [
_ _ porators (5 6) is 20 to 200
nbar. 14. Process according to Caim1l, 15 charact eri(z)ed(i)n that the

residence tine in the reaction apparatus is 0.5t urs. k54
P
accor di ng t VAW 91298 ERAFER: eCPe S T T HAT thgzévlgkﬁ%? or °© 5) J’éogefslsl m

evaporator. 46g Preerssaagsecdingt e Oalm3,padtieadctwéithzeduirerhdiy 25 th
evaporator (5) and the .evaporator (6),.,are a rs. o1 ©
accor di ng t g"e¥Fad mEBPTHfar Rt et 9o ?Tr}]let h%%é%ght%%e cg{ﬁo—l.asgﬁ Flélgé:ess

2 et hyl hexangbt tofl wA& ASKLAIY AN meSHE . <A§ Eraay. A@hewon&%?%@d top

. ALY. A& H
%>Zupkfa\ Ag @S E was rec cled contlnuously
cal ca] cam]czw%a] maéfgéi]f?? chilaci] fal caleal il ealeal sal sal e

...... - SHSH niy
cal ¢ a]Q cal ¢ 3]1 ;chg;n ;%fc a gﬁﬁféj&@é %Z] gj‘gﬂ:@ | @a"“g{%“@a] P i A B L
LFJ aj])(;:( a{{ {:a] caj( Qg]) cajea] cair:ac]ad apud] ogqglcr% ga] (Eal]eg’gl]}aga]%lﬂ ¥ ca] ca] Ca%glal\llld\l.c?] -
a g Xkhe G2l Cs?\lleﬁ@@] gakaa
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| cal cal cal ng;as bgggi;at;.;;;% caloa] fplsalsalsal saleal #Al sl Gageiot!
plant wvacuum glass column (top pressure = 120 mbaraps)
15 of H = 0.5 m and diameter D = 0.05 m packed with Sulzer

Ra] ca] ca]

cY metal fabric packings. The bottom effluent was 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 =

20 0.02 m?. The vapours of this second glass thin-film
evaporator were condensed out and, combined with the
reactor effluent, fed continuously to the low boiler
distillation column. The bottom effluent (17) was
continuously discharged from the process.

25 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 specification) MMA feed. The
MMA/catalyst feed was fed directly to the reactor, and

30 the alcohol feed introduced preheated (to the internal
column temperature) to the middle of the azeotrope
distillation column.

The continuous addition of 50-100 g/h of stabilizer
solution (0.2% by weight of hydroquinone monomethyl

35 ether in MMA or product ester) into the reflux stream
of the distillation columns was effected with the aid

of hose pumps.
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"10%HH&()'!BiQQQ%@H%%Eﬂ@Hgﬂéﬁﬁﬁé(%i %9 the sucking effect of Eﬁe
vacuum. Intermediate vessels (buffer volumes) were
5 avoided as far as possible.
The composition of the streams (MMA, alcohol, MeOH and
product ester contents) were determined with the aid of
a gas chromatograph.

10 Example 1 (continuous preparation of n-butyl

methacrylate) :

To continuously prepare n-butyl methacrylate (n-BuMA),
4 kg/h of MMA/catalyst feed having a tetra-n-butyl
15 titanate (Ti(n-OBu)4) content of 0.45% by weight and
2.7 kg/h of n-BuOH feed were metered into the reaction
tank. The recycle stream from the top of the low boiler
distillation column also flowed continuously into the
reactor (2.8 kg/h having the following composition:
20 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 ratio 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 reactor temperature of
25 115°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% by weight of n-BuOH, 20.3%
30 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, the bottom effluent of
35 the low boiler distillation column was a crude ester
(5.8 kg/h) which already comprised > 99.5% by weight of
n-BuMA and also all of the catalyst and the stabilizer.
The yield of n-BuOH based on the overall process was
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azeotrope calculated beforehand was likewise virtually
100%. At an evaporation ratio (ratio of wvapour to
5 feedstream) in the first, larger thin-film evaporator
of about 90%, 5.1 kg/h of pure n-BuMA are finally
obtained at the top of the high boiler distillation
column and have the following composition: > 99.92% by
weight of n-BuMA, < 120 ppm of n-BuOH, < 10 ppm of MMA,
10 < 5 ppm of di-n-butyl ether, colour number (apha)
< 0.2. At an evaporation ratio in the second, smaller
thin-film evaporator of about 90%, the overall
discharge of the process (catalyst, stabilizer, high-
boiling by-products, n-BuMA) is 0.1 kg/h and the yield
15 loss of n-BuMA based on the pure n-BuMA produced is
< 0.5% by weight.

Example 2 {continuous preparation of isobutyl
methacrylate) :
20
To continuously prepare isobutyl methacrylate (i-BuMA),
3.4 kg/h of MMA/catalyst feed having a tetra-i-butyl
titanate (Ti(i-OBu),) content of 0.56% by weight and
2.36 kg/h of i-BuOH feed were metered into the reaction
25 tank. The recycle stream from the top of the low boiler
distillation column also 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
30 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
35 MMA and < 5 ppm of 1-BuOH. The resulting reactor
effluent of 6.9 kg/h had the following composition:
67.3% by weight of i-BuMA, 12.0% by weight of i-BuOH,
19.4% by weight of MMA, 0.8% by weight of MeOH and 0.5%
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i-BuMA and also all of the catalyst and the stabilizer.
The yield of i-BuOH based on the overall process was
therefore virtually 100%. The yield of MMA based on the
10 overall process minus the MMA loss over the MMA/MeOH
azeotrope calculated beforehand was likewise virtually
100%. At an evaporation ratio (ratio of wvapour to
feedstream) in the first, larger thin-film evaporator
of about 90%, 4.5 kg/h of pure 1i-BuMA are finally
15 obtained at the top of the high boiler distillation
column and have the following composition: > 99.9% by
weight of i-BuMA, < 150 ppm of i-BuOH, < 10 ppm of MMA,
< 0 ppm of di-i-butyl ether, colour number (apha)
< 0.2. At an evaporation ratio in the second, smaller
20 thin-film evaporator of about 90%, the overall
discharge of the process (catalyst, stabilizer, high-
boiling by-products, i-BuMA) is 0.05 kg/h and the vield
loss of i-BuMA based on the pure i-BuMA produced is
< 0.5% by weight.
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1. Process for continuously preparing alkyl
(meth)acrylates of the formula (C)

R1
| ©)
H,C==CCOOR2

where R; is an H or CH; group and R; 1is a linear,
branched or cyclic alkyl radical or aryl radical having
from 2 to 12 carbon atoms by reacting a compound of the
formula (B)

R?0OH (B)

where R, is as defined above with methyl (meth)acrylate
(A)

R1
- (L (A)
HC=—CCOOCH3

where R; is an H or CH; group in the presence of a

transesterification catalyst and in the presence of at

least one polymerization inhibitor in an apparatus for

continuous transesterification,

characterized in that

the reactants are continuously fed to a suitable

reaction apparatus (1) and that the methanol resulting

from the reaction 1s continuously removed as an

azeotropic methanol/methyl (meth)acrylate mixture (13)

with the aid of a distillation column (2), and also:

- the reaction mixture is continuously conducted
from the reaction apparatus into a distillation
column (3) in which distillation under reduced

pressure is used to remove the volatile components
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by - products from the bottom of the column;
- the Dbottom stream (15) from the distillation
column (3) is fed continuously to an evaporator
(5) in which distillation under reduced pressure
10 is used to separate the product ester (C) from the
catalyst and the polymerization inhibitors and
also high-boiling by-products.

2. Process according to Claim 1,
15 characterized in that
the vapour stream of the evaporator (5) is fed
continuously to a distillation column (4) in which
distillation under reduced pressure is used to remove
the highly pure product ester (C) (16) overhead and to
20 remove the catalyst and the polymerization inhibitors
and also the high-boiling by-products with a small
portion of product ester (C) via the bottom.

3. Process according to Claim 1,

25 characterized in that
the bottom stream of the distillation column (4) and of
the evaporator (5) is fed continuously to a further
film evaporator (6) in which distillation under reduced
pressure 1is used to remove the catalyst and the

30 polymerization inhibitors and also the high-boiling by-
products via the bottom and to remove the remaining
product ester (C) overhead which is then recycled to
the distillation column (3) or to the reaction
apparatus (1).

35
4, Process according to Claim 1,

characterized in that
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the molar ratio of methyl (meth)acrylate to alcohol in
the feed to the reactor is from 1 to 2, preferably 1.05
- 1.15.

10 6. Process according to Claim 1,
characterized in that
the transesterification catalyst used 1is a tetraalkyl

titanate.

15 7. Process according to Claim 1,
characterized in that
the catalyst is used in an amount of 0.1-2% by weight,
based on MMA used.

20 8. Process according to Claim 7,
characterized in that
the catalyst is used in an amount of 0.2-1% by weight,
based on MMA used.

25 9. Process according to Claim 1,
characterized in that
the polymerization inhibitor used is either
phenothiazine, tert-butylcatechol, hydroguinone
monomethyl ether, hydroguinone or a mixture thereof in
30 an amount of 100 to 5000 ppm, based on the reaction

mixture.

10. Process according to Claim 1,
characterized in that
35 oxygen is additionally wused as a polymerization

inhibitor.

11. Process according to Claim 1,
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5 characterized in that
the pressure in the first distillation column (3) is 20
to 200 mbar.

13. Process according to Claim 1,
10 characterized in that
the pressure in the second distillation column (4) and

in the film evaporators (5) (6) is 20 to 200 mbar.

14. Process according to Claim 1,

15 characterized in that
the residence time in the reaction apparatus is 0.5 to
1.5 hours.

15. Process according to Claim 1,
20 characterized in that

the evaporator (5) is a film evaporator.

16. Process according to Claim 3,
characterized in that

25 the evaporator (5) and the evaporator (6) are film
evaporators.

17. Process according to Claim 1,
characterized in that
30 the alcohol used is 2-ethylhexanol.



