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PREPARATI ON CF ALKYL ESTERS OF ( METI ~ACRYLIC ACID to The present i nvent 1on
relates to a process and an apparatus for the contl nuous preparat|on of

al kyl esters of (meth)acrylic acid by reacting 13 t h) acr c acid wt

al kanol s having from1 to 5 carbon atons;.As is knovvn t he iﬂmﬂmmu l)l"l""M
(nmeth)acrylic acid refers to acrylic acid or rrethacryl e a ters
of (meth)acrylic acid are generally known and are of i nportancegsisgor

exanpl e) as starting nononers for preparing aqueous polymer dispersions

whi ch are used) for exanple, as adhesives. Zo Processes fjw@ﬂm ring al kyl

(meth)acrylates by reacting (neth)acrylic acid w th nmonohy Im
having from1 to 5 carbon atons in a honobgeneous liquid p ted

tenperature and in the presence of proton-donating catal ysts aseeoknown and
described, for exanple, in DE-A 14 68 932, 22 26 829 and 22 52 334. The
reactions here are z3 typical equilibriumreactions in which the degree of
conversion of the (nmeth)acrylic acid and the respective al kanol into the
corresponding ester is significantly restricted by the equilibrium
constant. As mf—tﬁwe—mmmk-sm—h—ng—rmﬂ-&kﬂr&ve—be—be—
separ at ed fromthe ﬁﬁﬂ RYAT ag b one to

achi eve econonic operaﬁ‘ron PF@% % m {rgsgg?ﬁ&gfned from
unreacted (neth)acrylic acid @ rly difficult, since
their boi M ng_points are usual ly ' conparatively close to one another. For
this reason, various neasures for increasing - the conversion of the
(meth)acrylic acigd into the caorrespondin 15 C 2002 esters have

al ready been pro %@&esef]{)r‘""@? %Ir ﬁfeﬁ ge°r8?es§1rf"\‘{1§nﬂ égggﬁ&'ﬁoférélﬁxcess of
al kanol over doxBiARCHYEparatiasidt alkleedt@g0y R (meth)dchRic\adi8 by fredcliagt i on by
means of a suitable azeotrope-fonm ng organic entrainer or the extraction

of the estser (metyecerylearacidy withe alkanals ihamingsfrom 4 touSt edsben atoms.

As is known, the term (meth)acrylic acid refers to acrylic acid or

methacrylic acid. Alkyl esters of (meth)acrylic acid are generally known
and are of importance, for example, as starting monomers for preparing
aqueous polymer dispersions which are used, for example, as adhesives.

20 Processes for preparing alkyl (meth)acrylates by reacting (meth)acrylic
acid with monohydric alkanols having from 1 to 5 carbon atoms in a
homogeneous liquid phase at elevated temperature and in the presence of
proton-donating catalysts are known and described, for example, in
DE-A 14 68 932, 22 26 829 and 22 52 334. The reactions here are

25 typical equilibrium reactions in which the degree of conversion of the
(meth)acrylic acid and the respective alkanol into the corresponding ester
is significantly restricted by the equilibrium constant. As a result, the
unreacted starting materials have to be separated from the ester formed
and returned to the reaction zone to achieve economic operation. The

30 separation of the ester formed from unreacted (meth)acrylic acid is
generally particularly difficult, since their boiling points are usually
comparatively close to one another. For this reason, various measures for

increasing "the conversion of the (meth)acrylic acid into the corresponding



s_sol vent. However, these processes have the disadvantage that a grdab MAR 2002
excess of alkanol has to be recovered or the entrainer or extractant has to
be isolated. In addition) an increased excess of al kanol increases the
formati on of the dial kyl ether thereof as by-product. GB-B 1 017 522

di scl oses a process for preparing n-butyl2acrylate. io As esterification
conditions, it recommends a nolar ratio of (starting) al kanol to (starting)
acid of from2.3 to 5) and a content of catalytically active sulfuric acid
or organic sulfonic acid of fromO0.5 to 5 % by wei ght, based on the total
mass of the reactants. Di sadvantages of this procedure are the increased
excess of al kaswers hevpiiatreatly bednc proposerht fog éxample thioousatdfoan dficreasddsi r ed

di al kyl ether, and al so th ield of n-hutyl|l. acrylate, based_on the amount
of acrylic aci'ﬂﬁﬁ%gaﬁeswﬂfcﬁk%/@?rﬂ)“ter C(BTFHBQ‘F&I‘?/ a§'§¥i @Fa@?ﬁ’fy?l Grﬁdg? Waer

condi tions pregClehétfth bPmband o2 SeibKd! ﬁ%b@é@éf(ﬁnﬂg)g?%ﬁﬂé Qherhider or .
continuous preparation of al kyl esters of acrylic aci y reacting acrylic
aci d and nonohlelektradivnabk sireoesteth 4o1imegl fiuong the geattionrsing at suimblen a
honogeneous, |iquid, . solvent-free phase in Jar ratio, of froml

(al kanol ) 1 (AUFY | HORRYeR these RFobessesohgvey fhec Rissdvanizge dPatea PR at od
tenperature andedss JfNRAKPGIIRRCHR BE rEitivertd 6r 36 ‘énﬁ‘?in@f n(h&raéﬁhf Ggs ¢ acid
as catalyst, in which the acrylic acid, the al kanol and the catalyst are
cont i nuously ftedet soktadednt adshitiomnan increashd extésyl ofaalkphelt inceasesethe s

removed by rectificati dyr i,n resi dence tine of sone hours as
constituent o O%a"loga%fa}fn ‘agageeglff‘é' é’f?ﬁ??raﬁp “BEES si ng) apart fromthe
al kyl acrylate, V@B 10017Ve2r didf18se3! & Prodes@Tof Prépading CABEEY] taéBa. via the
top of a rectification colum superposed on the reaction zone and having a

pressure ab ties esterififatipn qenditions,t 8 recemmends at meolati watiol dH(amipghi ned i s

separated intog,an .o i ase ¢ risy the 15 2002 3. acrylic
ester forned ﬁ%nﬁn{%a{g@ﬁ]g}h ﬁﬁlgsgf,)?%_é? ?'S%Otﬂea%q @aﬁ?%‘ﬁhggfgaﬁay%cgﬁy
recircul ated yérvet RAfirRPa@E éherganfet bdlfonid a8l 0 TOM T.5tlespuppose of
produci ng an increased separation action and) if desired, part” of the

aqueous phase Wweight.cbased udmitkel total masstofi the t igactanssp Bisadvantages ohshiaqueous s
azeotrope, the_al (i‘é_l est&r .i? see%arat ed 'tn a nner. novwaﬁer se_fromthe
excess or gani BFSRBLE 31R 6 JPEreayed; mrcess, 9f 1alkanotrqired, jwnigh RIRTOISy ¢ r om
the reacti@n aRNformiati6 bfofindekigéy laRilkAr ehéry HdSilsd (B iyaeldasMd nthugyldi still ate

thus obtained is returned to the reaction zone. The prinmary objective of
DE- C 25 52 98%crylate, hlased dind thec amepnt of apmydisi acéd) usedheWhichr isaPlon from t he

starting al kapol . 3 dj vant .of th edure of DE-C 25 52
987 is that, %BB‘F%?@?‘%‘% P;S/cgeqt@ga@gﬁﬁn&fprﬁggggfschar ge fromthe _
reaction m xtureDmd R6t ST 980f disd16sedi £ tprddedd Fort MHes comintions Préparitim reaction
zone, the yield of alkyl acrylate, based on the acrylic acid used) is not

sati sf act ory. offalkyl eggEs 06 racryicaatifl ehe degching rasrylicapddg| anst manobydnig oduct

formation s £ ul satj sfa e Ur r t he rgsi.dence tine
required ﬁ%cogl%?‘goép?’ tgvﬁﬂgehé%aﬁp Oeg :&g&%tamé%t ﬁ@ga@&gﬁéﬁm?ﬁﬁ’sﬁ@l 0 applies
to the space- §dlventfiee! phast tini & mclat b o afrorh hi (alkafiold:d ¢eedid ucidhao | ow

concentration of catalyst. It has therefore in the older (frompriority),
non- pr epubl i sHatkapph) A (@rylis a0d) et Elevateda tepseasiirepansh dr dhe toreseneth of

correspondi nguGRIRMhdih Gt b&ch sulfonic acid as catalyst, in which the acrylic

acid, the alkanol and the catalyst are continuously fed to a reaction zone,

25 the alkyl acrylate formed is removed by rectification during a residence
time of some hours as constituent of at least one aqueous azeotrope
comprising, apart from the alkyl acrylate, water or water and alkanol as
further constituents via the top of a rectification column superposed on
the reaction zone and having a pressure at the top of from 0.1 to 1 atm,

30 the distillate obtained is separated into an organic phase comprising the



process be carried out in the presence of increased concentrations'éfMAR 2002
catal yst, whi'ch pronptes the re-cl eavage of oxy esters formed as further
by-products in the esterification and thus increases the yield of ester
based on (nmeth)acrylic acid used for a given residence tinme. zs It has al so
al ready been proposed in the older (fromguriority), non prepublished

Eur opean Patent Application No. 96115454.9 that a further reduction in the
anount of dial kyl ether be achieved, while obtaining a high yield of ester)
by the reaction zone conprising a cascade of at |east tw) preferably
continuously operated, reaction regions connected ..in series so and the
liquid di schaaggllstdfsmnfo@mwrmdraa(aquwusr;ﬂgse}npdmmﬁ thg drigenit epirase id 5 MAR
2002 -4 streamto the next reaction region, i s an object of the present
i nvention to PicoeratedaNiacthectops ol ghe 8¢ @P%é’ro‘i“‘orfo"t He BP@@?R &ion of al kyl
esters of (ne bl, o] timzed
yield, but al ég)d%{ng érpruzég%égf%ﬁkgﬁggﬁg?ﬁl%ﬁ?ﬁgn d 1ted :yeat?{:| ecreased

et her formati aqueohes;masieomvEmmnlamﬂ tu glaittainl t—:hescornpdmgim ef)ah:eaaqiwnasyi el d,

increased flexibility rTE)lgger atign of thg pl ant and al so | ow capital costs
owing to asni areoiroRey Hg B91CT L) ISERAEHED i Ardangen kOPWY RGTt 8¢ {387 known

process for t Jacrylic
acid by reacti ngg’%% 0 l(r:?:y Pﬁs@:%@ b%tﬁf %ekgeﬁg({féﬂ ﬁﬁ\ﬁll}lﬁ%q %S&ﬁ%%%{i') 5 carbon
atons in a hofrogedeousction qonel, freed \of ntigh rlnnlembyedlaillaeibnvmdemet enperature
and in the presence f aci d, esterification catal in which the
(meth)acrylic ’éﬁ# e ‘8 gfak’%fﬁo}s ERMEt 40 e egion, z efed to a reaction

zone, the vater fagmhniy bERBINTOMDEL H8CH) a9l @R ANiddage er osi dence

time as constituent re conprising alkanol 1 n a rectification unit
super posedo onundesired @dter ofiormatien fohe ths starting akaholusHobewrped i s separat ed

into an organic phase c rising, alk ueo phase conpri si ng
water, the or@# Vémﬁﬁ%ls‘g.% 9’89‘%‘“5%(??[ﬁhfcﬁgg 32 HT%nHEFrW‘F) t he
reaction m xt gig@diie dirStiehI6e thd QMcKeg Efﬁ?ﬁeﬁa@tf&&l&oﬂﬁxﬁ%’ afi@PéRid i nto
a distillative separation zone conprising further rectification units and
in the | atterof de dishuate(tdms lobtatmed| & ¢hef ocaction izons,e e ptedd] o fdlkylt he

e T Ot St B S e il Do, 'S A SARRBES ¥ Seditlidnnd on

15 achieved in the dialkyl ether by-product formation is also not fully

satisfactory. Furthermore, the residence time required according to the
examples is not satisfactory. This also applies to the space-time yield. It
is assumed that this is caused by the low concentration of catalyst.

It has therefore in the older (from priority), non-prepublished EP-A O

20 733 617 already been proposed that the corresponding esterification
process be carried out in the presence of increased concentrations of
catalyst, which promotes the re-cleavage of oxy esters formed as further
by-products in the esterification and thus increases the yield of ester
based on (meth)acrylic acid used for a given residence time.

25 It has also already been proposed in the older (from priority), non-
prepublished European Patent Application No. 96115454.9 that a further
reduction in the amount of dialkyl ether be achieved, while obtaining a
high yield of ester, by the reaction zone comprising a cascade of at least
two, preferably continuously operated, reaction regions connected -in series

30 and the liquid discharge stream of one reaction region forming the feed



are reacted in a.mlar ratio of from1:0.75 to 1:2, b) the organic dhgsMAR 2002
formed in the rectification unit is essentially . conpletely returned to
the rectification unit, c¢) the aqueous phase forned in the rectification
unit is essentially 30 renoved fromthe systemn 1 5 MAC Z002 -s. d) the
reaction m xture di scharged fromthe reaat-i on zone is, with addition of
water, fed to a further rectification unit and in this is separated into a
product conprising the catalyst and the renmaining (neth)acrylic acid and a
product conprising the alkyl ester of s (nmeth)acrylic acid) renaining

al kanol and water, e) the product formed in the rectification unit is
essential |y cetnganettel the rextireastion aegion. r eacti on zone, f) the product from
the rectification unit i rated into an, organic,phase copprising the

al kyl ester of ( t‘%)"_&c‘l?bj‘?‘ﬁ%g&gg’ieqm&ﬁﬂ“dﬁv%fﬁ’t‘j’éo s Prayt ggecs%rgﬁ:@t)\oq he
organi ¢ phasepfREdeehyi mgtﬁl@%z{rﬁﬁéd fo‘fcﬂk};lloébté%ﬁ“éf ggecpﬁngﬁ%e fcifl Whibk"

rectificationunit and in this the alk ester acrylic acid is

separ at ed fr omakése possibié moh@niy laaneptimized tyiedd,r butaalsd mildérk zeaotion s r et ur ned
nit 11 oo oORPAHATS oS I pertR SFHBERdsSher FormARoBo it dRBPRIY o ne
rectificationpighi Bojlers, BOtHigh@pReaiife J2d18VWinckdiRed FeXbiRG! bf ioﬁ_@xra'ti&'i‘ gfnit is
used as a general designation for apparatuses in which”heat | nput generates
vapors whi ch the plant and also low capital costs owing to a minimized number of
equipment items.
Starting with the known process for the continuous preparation of
10 alkyl esters of (meth)acrylic acid by reacting (meth)acrylic acid with
alkanols having from 1 to § carbon atoms in a homogeneous, liquid,
solvent-free phase at elevated temperature and in the presence of an acid
esterification catalyst, in which the (meth)acrylic acid, the alkanol and the
catalyst are fed to a reaction zone, the water formed is removed by
1s  rectification during a residence time as constituent of a mixture
comprising alkanol in a rectification unit superposed on the reaction zone,
the distillate thus obtained is separated into an organic phase comprising
alkanol and an aqueous phase comprising water, the organic phase is
returned to the rectification unit, the reaction mixture is discharged from
20 the reaction zone and conveyed into a distillative separation zone
comprising further rectification units and in the latter the alkyl
(meth)acrylate formed is separated off, the inventive process is

characterized in that

25 a) (meth)acrylic acid and an alkanol having from 1 to 5 carbon atoms
are reacted in a molar ratio of from 1:0.75 to 1:2,
b) the organic phase formed in the rectification unit is essentially
completely returned to the rectification unit,
c) the aqueous phase formed in the rectification unit is essentially

30 removed from the system,



Xo rise and are i.n contact with liquid phase fl ow ng downward. These1 %M&R 2002
i nclude sinple distillation colums. In general, however) they are
rectification colums having internal fittings to provide efficient contact
between liquid and vapor. Such internal fittings are trays such as bubbl e

cap trays ) perforated trays ) in particubar dual flow trays, beds,

packings 2s or the like. To sinplify the understandi ng of the

rel ati onshi ps, the various rectification units are designated by Roman
nuneral s. The various, specifically described products are al so desi gnated
inthis way. OMng to the relatively low volatility of the acid

esterificati ord)cathal sescticnn thixtuse discharged fréme thetreaction zemeoisgdwithom t he
reaction zone via .the.rectification upit 11l ) the proportion by weight
of catalyst in th@gd?“%‘ 8f IWYZO% tharfE&g?q G?Ft'rtﬁ‘:i‘ﬂ‘mé‘ o‘!"ﬁl it thig s
esterification a | h tdd | el t i St b dinipe
reaction zone frg%p%lﬁéédf ?}tgﬁc?g?gg?ggﬁ?g?@gt%Etdﬁggggg%ﬁdtﬂr@eg%% tion zone
and) if a plural i(metacrydiacacicdrand egjippoducticomprisingnthe alkglo estepf r eact i on
region to reactie@m{t@gi&g. s. The est.ericha iog is carried out at reduced
pressure td reno CIYHE eACidyt remainipg alkanol and WAL ated from t he

subsequent sepgr ahk Oftodiict t fopmed K| thé Niebdfiation ! @Hie idoeséaniimﬁreaﬁ;gle?aﬂ by

means of regulating devices. Esterification and subsequent” separation of
t he al kyl (nmet h) aetupned ¢o ithe treastionczdngi cati on zone can therefore be

dj ust ed f 1 exi bl whi ch.is. io i.ptroduced.into th d
FeLtiti cat ton ot ey rhLp tsbfiattionouhif it BT i s PR r vl at e,
therefore has onlghage %binghtsingfﬂlecémﬂneﬁ&eop%ﬁtﬂ)aéryﬁé 281 aﬂ_d‘fhnrf‘%ﬁbﬁé)n zone

consists of one or nore reaction regions. In the enbodi ment of the
i nvention thavi ng phage @ndl ity of reaction regions, it is is advantageous to

cascade these., T | i gui. i SC stream of. one reacti egi on, here
forms the feeg) t g‘ﬁ? Wégﬂﬁgﬁ?gﬁeeg%gaﬂ I&&nr?c '&I%thqn ?ﬂi%s'sc%ﬂ {S’Cgtﬁmgﬁr nmeans
of an overflow Ifciifit@tibAdinit ehdlin rBRCHHeOlkyIE 8§te Bf AR UDRAFiE A fE $s
separated fromone another, there are, taking capital costs into

consi deration, frseparatedoframothet rearaining falkanob and athe otemaining dlanobrs r egi on i s
created within one S . r (eg. by the use of separating

pl ates)) the nurrﬁ‘éﬁu%%% ?J;g%et ?%5?“5@3%5}% can also be greater than 4. In the
case of a,pluraliThe pbedrearbiwh foBBed A, the hecrifidagios wieIf egnt o the reaction
regions of a conmmon rectification colum whose liquid outflow

advant ageous| §dvgatageousito beneetyrned; esseatisly samplagglynto theerectifieation; pnist e i s,
after condensEtion) divided into two phases, an organic phase consisting
| argel y of al Kanol and an aqueous phase consisting largely of water) and

the organi c phas@otls hefd Whdeskl@ss e ket Yectifigitic @hit, is Pisedl edsab! general
conpletely) to the rectification unit 111. The..tenperature of the reaction

m xture in thdesignation sfor ARpRTABIfeS dn reljrly rheat innva | geperates ¥apeshadiely t he
boi 11 ng point ;@f AhHCark SRPESHACY Swith %iq%i%ﬁa&oﬁowing downward. These also
include simple distillation columns. In general, however, they are
rectification columns having internal fittings to provide efficient contact
between liquid and vapor. Such internal fittings are trays such as bubble
cap trays, perforated trays, in particular dual flow trays, beds, packings
2s or the like. To simplify the understanding of the relationships, the various
rectification units are designated by Roman numerals. The various,
specifically described products are also designated in this way.
Owing to the relatively low volatility of the acid esterification
catalyst and also because the water is removed from the reaction zone via

30 the rectification unit IIl, the proportion by weight of catalyst in the



reaction mxture at the pressure set, preferably fromO0.1 to 1 atm 15 MAR 2002
particularly preferably fromO0.1 to 0.5 atm ie. it nornmally increases

al ong the cascade (in the case of a plurality of reaction regions) to the
bottom of the rectification unit |I. s The separation of esterification
reaction and distillative renoval of theéal kyl ester of (nmeth)acrylic acid
allows mlder reaction conditions. The reaction can be carried out in all
reaction regions at a pressure from 100 nbar to atnospheric pressure,
preferably at a pressure at the top (of the water separation colum) of

from 200 to 700 nbar, particularly ~o preferably from 300 to 450 nbar) and

at from 90C t écactiow mixgue Jotl 4n rthe &sierifisation: and i the weetifieasiont wwih Ir egi ons.

The rectificat] [ . rate t nopspherj c..oressure and
at from 100C %‘g:?%%.“}“ﬂﬁ% ee%agﬁlg{' %égirg&ﬁh@er@rcs? ir??a%lgﬁi %W%uk)l g

downst r eam of sédofd rrearifidation Zone APUF d Phiralty CErefbat@SCregionPaper to
suppress undesired ~s pol ynerizations as secondary reactions. According to
an advant ageoREseftb@dronfran &actipe region o pactiath gegiomt ent of catal ytically
active acid int f] t] : €0 qQn.t.he ' ] Xture
present thgr ein, blﬁls? %s?eg—irrqc%ﬁ%qt%%%gqe@?ggp@e?%ﬁﬁgd grerera cfe?g#‘?gér; 1 and 6 %
by wei ght, of waeraoft edavsioreand fignseparard dfrom @i sithsequedn isepamatioibbfirthé her et o
of another organic sulfonic acid and/or sulfuric acid. The correspondi ng
aci d content AKY} k@ethyacrylate both cinyspace and by jmeans t9foregulating |deyiggised on t he
m xture prese : n, 1 : 4Ra t SO&R% | .¢hahe total
resi dence ti nggtgélﬂt@ﬁg)hr %rgéts gt?]st@ él?ﬂlrnﬁl%% %aergdri@{;g itg?] aMe(nl{s ggﬁértgmym rom 0. 25
to 15 hours, pectfieativinl yorfer can thezsfoteo bd dijustes], vergr flexiblyar Wiatepy eftdelalid y from

2 to 5 hours. It preferab] decrease,g fromregion to region in a dowstream
di r ect i on.10 | nintgeduesdy iitey ‘B%ég‘é?"éf recHbcation: zqnec far; 4§ azsptropis femqual of

i csociat] on BF Tk (eMaes: el paTnl) Qe bethl onp snefET 1

esterifi cati oestdriftvatiby. al koxy esters and (nmet h~acryl oxy 30 esters of
(meth)acrylic acid) occurs owng to the increased catalys 5 MAR 2Q02

t
"8 content. Thi dNfgreaFHian #fIe; SORSISEY 05 NG BIOTE (T8aCH0B g IONS( JI{* HBE pr esent
invention. On clalal f I S [ I @gn:conpri ses
recircul ati ngghﬁgr [ O ”tﬁﬂtéhflua\he?gmggf%?il% U%S’gll"%hﬁr g?nqté%gtoﬁl?éﬁﬁ%’e?ﬁs?i cation
unit s | downsivartapeouk toheascaizcthessy Thediquid tiisehargactrean eboae preferably
to the first reaction.region._. A fﬁlrgtger art of the bottomliquid of this
rectification®gfHan Fe&iQn Dety é?rmﬁ tt eﬂitgh%olqvgpgeamegfgctqubg 1y
cont i nuously, T4i¢ @nf tickify Hicahd ok nl BVerilBh! 1f ndVihdlichBe rdagiiboi | ers are
separated fromthe high boilers (oligoners and polynmers fornmed), io
pr ef er abl y i nregivas sdra cappanathskatsepanated . frohesne huothdroitheresarar dalkingenti al |y

I kyl (meth late, water. alkanol .and (neth lic acid. Th fed
o Lo rect | TABUEL CrFs P OneQeTsRBRe 208 ohib i BF Ahekpn If RPTEAFR |Ral

distillathpn yiddon R3idn N ctARAOWNhASbRE Snd Sthk | 5MY RAckk gég.cib?te@, so that
the | osses of useful "materials can be kept very low 1s Fromthe
rectificati orusandft séparatingaplates), Gweomumberoofi esptiondiregjonso cam abso2be % by wei ght
to 95 % by wei ght r ef er.ab from.35 to 55 % by wei ght,, of .the amount fed
Lo his rect SPEE (AR Anil Y <abiat o PTER, o Bactiin Fegopt He vapor

advant ageous| e gl WoN@d fedctidif régiGist bP3 éSfRon Tectifichtibn [ddPurh QPRse! on of

hi gh-boi i ng by-products which cannot be dissociated) it xo is sufficient
to bl eed of f liquidnoutftow edvarntagesuslyrgagsiinto then fisstongactionf regienm The o 20 % by

wei ght, prefey, from2 to .10 % by weight ased on the feed of starting
mat or a1 575 o Gidlale it st Sohokapib ided npo 3RBTPraRch | B offARS APPEat ] on)
unit I'V. The c’bﬂ@ib'ﬂi‘r_igt qﬁr{g/ayg&sr ARkah@lr snd aﬂmgadodsr phask Ndonsidiing 'liulﬁéty! e
(rectification) unit IVis from3 to 30 % by \Aetltaglht’ general 'y'is 5-15 % by
wei ght) basedwaer,t4ns theparganicephase is Hesinedogssentizlly completdly,s prefergblyed on

alkyl acrylate forned arge | €8fndaiaR vhicmt® -

The--temperature of the reaction mixture in the various reaction

/)

30 regions normally corresponds to the boiling point of the respective



2002

An ampunt of fresh catal yst corresponding to the anount of catalyst15igggn
in the high boilers renoved fromthe distillation (rectification) unit |V
is fed into the first reaction region, preferably continuously. '"his 30

| eads to the required concentration of catal yst being nmaintained at a 15
| ~AR 2D2 .g_ constant level in the reacti®n zone and in the rectification
unit |I. The circulation of catal yst makes a catal yst work-up step
superfluous and the consunption of fresh catalyst is reduced. Process
stabilizer is also renoved fromthe systemin the bleed stream so that the
stabilizer s content settles down to a steady-state value. The conversions

based on the AAStIAR TBXNIREAtHhE CRIGISUEE Aot (PrafsEably feomyBilcw Ilyatm,05 ol 9% .
Advant ageousl . f i OR 1 €0in04 i ef.a nver si on of
V30 ol . Spfichfifly piefiratiF OEbC0 1 REI0°E kel HECHCheay PFARET T <
(cascade) is uhmg, theheseadar @n atly ansea o aplurality 60 reuerien regions)Clo thenay t hat
the residence_tinme decreases along the cascade fromreaction region to
reaction regi SAMOMCRlS FrStification HRi dnt ageous enmbodi nent of the inventi on,
the nolar ratio ( acryd | i : . I r?fm!!ile:o.75
to 1:2. O 5ver y glfathret F@h@?ﬁa%évgﬁ%gg%%ée‘ggﬁo& %4‘??”%{11?1 |{lgg?%¢1|8\c’)ilo Sl

St oi chi onmet ri alkiyb estee off (ntdus)actydic tacid) attewe riddes feastidrh €onditieny. aDige t hat |
besi des the | ow tenperature in the esterifjcation) a very great reduction

in dialkyl etFR@FUeHCARLICORITIED QI i8Rl regstiopEsLiAss eat 3 MIESSPES{IOms i n an
excess of (ne | i~C | | Stdsfiffel I gui,d f

rectificati ontlg%]?gﬁ%f izgt ae S%ﬁdﬁééé‘gfy?{&%ﬁi egttj?a?l?g%zg)aqv&#g pi%)ft urn
has the advanthegwatehaseparator cohinkrgnof fiforr 1280 tor 300 trtsars ipartidudarlyous in situ

di ssociation is _reacted t ive al kyl (nmegfh)acrylate inst f reacting
further tdof oPWH?@ng'P’_negqgr‘?’ ‘}5[% Fﬁ’a’ba?‘?‘{ @L%‘é‘?’%‘/yga%g:v%tldgggugn{eo use
para-t ol uenesyltomi GagChe R S4rRé iﬂt:ﬁf"reaféﬁgﬁfll-hgioﬁw RO rectffdatisn AR ©'

sul furic acid as esterification catalysts. content of catalytically
active acid iis preéeratipcopenated aan edtmbspheric opresshee aad ratafromoh00fiCttoir e pr esent

therein, can be fromO0.1 to 6 % by wei Qf para:tol uenesul fonic acid
and/ or an anolift qﬁ%frrayerem&%%h%freqq{}ﬁﬂg} ugityh dognsireany pfcthsci ds and/ or

sulfuric aci dreadlify GO SRS Tk Uxkbolf 3¢ Y iR bhdef CoAGirfbreed iRsikdlul d phase
of the rectification unit |, based on the reaction . mxture present
t herein) aan payhenzatdnd asose2édnddrypyreaatioght of 30 para-tol uenesul fonic acid

and/ or an anmount equi ol ar thereto of another 1.5 h+ ~ ~ 202 organic

sul fonic acid ané\/cg?rd_g@l qu!apcaté'epta_gecgis n?%quﬁfée%fcpgl!ﬂ% ‘%VGF‘HO%sﬁ"G cont ai ns
smal | amount S pherRCt éﬁal?ﬁéa‘l’l}r s aGS iR the qirsa%acusﬁ%gfén?rbﬁsédowed as
by-products in addition to dralkyl ether. Both secondary conponents go over
at the top ofthehreactiont imfixtueet prasert theicin,! isl froop & bde el %Brbyt weightact i on zone

and) in the distillative noval_.of wat e remain (n the al kanol, ie. the
or gani c phas_epr8¥er?m¥: flf%’Bté“ﬁi @5?.63'?2 bLYn?”Flg_IE“F’I °§ﬁafaaﬁ°h*°a P&g@cd_gs‘frya? et ur ned
to the reagti gRowRRuinisiar thetsid! ) ahGthér bffauic Lilfshi@GeldTHARHE shlfudibe _
organi c phase. It is particularly advantageous to use a crude acrylic acid

depl eted in aacéd.i Theicoorespondingi acid ccoptene intthe Jighid fphaseeof theowi ng to t he

ver | nts .of dialkyl her, an -
ery sm arrr%gnttlcsatlon Lgmta lI %aseﬁt O 'thé! n%xture present therein is preferably

from 2.5 to 25% by weight. The total residence time of the reactants in
the reaction zone is generally from 0.25 to 15 hours, preferably from 1
25 to 7 hours, particularly preferably from 2 to 5 hours. It preferably
decreases from region to region in a downstream direction. In the liquid
phase of the rectification unit I, it is preferably from 0.2 to 5 hours. In
the rectification unit I, partial dissociation of the oxy esters formed to a
slight extent in the esterification (mainly alkoxy esters and (meth)acryloxy

30 esters of (meth)acrylic acid) occurs owing to the increased catalyst
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al kyl acetate, to bleed off a substream of the organic phase, generall
| ess than 1 % of the anmpbunt of al kanol used. In this way, |low boilers are
renoved fromthe systemand do not get into the pure product. In a further
enbodi nent, a substream of the organic phase of the i s top product of the
rectification colum IIl superposed on th&-reaction zone is separated in a
further colum into a top product conprising dialkyl ether, alkyl acetate,
al kanol and water, and a bottom product consisting |argely of al kanol. The
al kanol fromthe bottomof this rectification colum is returned in the
manner described above to the Zo reaction zone, preferably via the
rectification catemtmThis| is an iBWpHEAR: adventage f thewpiseesseefs theTpeesentgani ¢
phase of the t.op product of the rectification unit | conprises the alkyl
(met h)acryl at emgeéﬂlr?&t n conponent as well as al kanol and water. In this
rectification col omB)embeRtifeRCoY kheC piseess 8ndhélpfaysielidiehtibd cBfpsisss Of
(meth)acrylic acid (hereinafter al so abbrevi ated as al koxy esters) are
prevent ed by rreeirenlatingappit offr thet bquidtqontipuaysiy fieomy the Sirstnrectificationt wni¢ f r om

Gounst r cam?r od PRPRAERE S, A p4TBH, Ao 08, b Pl FBAK. Pbieetoay bche -

- operated in fyecheadtivB\refionl Alfiana! parordfaghei hgtomraiguic@Punfss so of water
and al kyl acrylate is taken off as top product at the upper end ,; ~~r; ~
2~~2 - 11 of redfificatigrynit Eds. §h clipiinate, high Beilerss febnpwferablfack to t he
reacti on zone). g e .al : | at.e .1'S : ower end
of the rectificc(,?e‘:‘It?llg‘looﬁ])lglé/bItﬁn’%}ftl ép;{;zzrl{g?l@é&[oérF’&/J?ﬁ?e?liéi??:@eg%og%’lrlégfméf t he

al kanol / est er sepipracedtfrom thenhighskusiletskolighneers andepaglymersefdrfied),n vapor form
s as a side streamat the |lower end of the rectificatjion colum || above

t he vapor i Per preferapbein 1one stagsornd datchwise: nEhese rlow beilgrs ase @sseatipypri at el y

above the vapqky | S e | AQstghi | [.Zzeg i n a
known manner %%SG‘E“?? %’?’5“8@ g?%g’i ?ilig%go? %g]g%ﬁt?/lz&(ggﬁ}? ﬁéﬁ'e %%ko#ét%&l
ether). To avaed dhé hrectiffoariah ivmit dfto hingfeaseothee yield.alrs ties addicondls t aken from

~0 the vapori zer, of the,rectif*_cation colum J I which serves to separate
the al kanol adétilatieq unie Rartapl fhe, oy fsters dfnlkewise ofissociateds osayghat $hef er apl y

fromlto 5 %IOSSQSf OEQECE'@%E?% Jaﬁeﬂe §Qnd bé[? &%.ym, and is returned to

the reaction zone or pre y to the rectification unit |I. Further
purificatign of tFrenpuhe resifieatidmiain f4 partial agmount aworesponditg redemsary.

[w o

20% by weight to 95% by weight, preferably from 35 to 55% by
weight, of the amount fed to this rectification unit I from the last
reaction region is advantageously returned to the reaction zone. To limit
the proportion of high-boiling by-products which cannot be dissociated, it
20 is sufficient to bleed off from the rectification unit I an amount of from
1 to 20% by weight, preferably from 2 to 10% by weight, based on the
feed of starting materials to the reaction zone, to a further distillation
(rectification) unit IV. The amount of high boilers removed from this
distillation (rectification) unit IV is from 3 to 30% by weight, generally
25 5-15% by weight, based on the amount fed to this zone. The total losses
based on alkyl acrylate formed are less than 1.5%.
An amount of fresh catalyst corresponding to the amount of catalyst
present in the high boilers removed from the distillation (rectification) unit
IV is fed into the first reaction region, preferably continuously. This

30 leads to the required concentration of catalyst being maintained at a



is A favorabl e enbodi nent conprises recirculating the top product oflgh@AR 2002
rectification colum Il for the al kanol/ester separation to the upper pan

of the rectification columm |11l superposed on the reaction zone, in order

to prevent water present therein fromgetting into the reaction mxture. zo

In a further enbodinent, the alkyl (nethy&erylate is taken off in liquid
format the bottomof the al kanol/e'ster separation colum (rectification
colum I1) and the desired pure (nmeth)acrylic ester is separated off via

the top in a downstream hi gh-boiler rectification colum. The bottomliquid

fromthe high-boiler rectification colum, which is contains the

by- products h&@nsianty levek jn, dhs, reachpn H@P?laﬁ’é ifothet sectlﬁ§atmanndge%| y
returned to t n 0 t

preferably di ?ngpﬁ%ﬁ'ﬁ? ca%ﬁg%eglggégfgt%&l%r esenthdl ﬁi&éa%dpgﬁ]#gk pa t}hgul arly

preferably errmbﬁmobtfanr oplfﬁ:phirdamjysn lbu*ewceacrwbwss stajnlmr Tblealsoapor s forned
in the rectification unit whi ch is according ;~ L~ Z~QZ -12

the present i ﬁ?‘@ﬁl’qdoﬁr%ﬁ’éﬁ sygempiy thec hlepd, SF’F@)‘R) tsﬁeﬂllaééléﬁ |S@h11¥61he are) as
descri bed gbo ciy fi Wth regard to the m xture
separ at ed gff\égptghteget l? ?io(vﬁ {Ohl sﬁ%tg g&éﬁg}a@ont aining the target ester,

essentially two s’ﬂiwabm&rﬁombad&d oh she agiounhed. (meth)hdrglienasidiuseds aiar at ed
off sis a heteroazeotr0£ %s in the case of the preparation of n-butyl
acryl ate, the ¥Riealr Ghed s Biphteat Advanfageousliy e fiEs rrgactioneregi®hifensat i on i nt o
an aqueous ph d ase q |y consists
mai nly of wat g? aa gtgge%llgggm ?ht'ﬁeg%}ggr??cﬂgﬁz@%ﬁhgﬁer gﬁ‘gﬁ)%ona sts
essential |y ofegdibs eanrectefl oinneatiean@asshde) nisl usedp thetp umt ddvanmgeduislyl cative io

separation actio appropriate part of .the organjc phase is returned via
the top t ot héo‘i‘fn&{r %aﬁgfﬂ&r? Aeth a*l'éherrﬁ?sl‘F{eQF?\ t’f’!%% deereptssi o e the
agqueous azeot LonRey. %ﬁ%&&ﬁhl& Iwﬁ*}@ RRUeous phase is returned to

p
the rectification zone I, prefe g’tl))l l?brlrmalgevw se via the top of the superposed
rectification coIAm:nrdmg té d«aad&anmgemntmbudnﬂmt [odirthe dhvértionaghee eudaphase

which is not recircul at dc arat for_ exanple by strippin
(eg. using ai Fatly og {du?Q?Edtot@Jl g")é‘éc‘ﬁlfé‘?fnzgﬁe% Fé/ i g 19
advant ageousl| ge{yegz&leaqr %oﬁﬁzgeyls Ingoemsaiidaide BETE1 BGEnbREARA here i
di schar ged. aqueous azeotrope containing t target ester and

separ at ed 16f f useo of ah¢ i starting Inyaterials thae themdeéntage dluatj besiddsi tre lowne of a
process accordin resen nvention i s not, a . heter trope, then

t h
this does nott %%éartglfee“g FgeB{XHI“QBC&r Yerys Brept Emg%ﬂl‘ﬁ%ﬁte@ n aqueous

phase and an gifARbe xp%ﬁﬁved‘bpﬁz‘fﬁénnoﬁ@' i SRS hOfh €RGs@ai Ly be achi eved
by extracting the al kanol present in the azeotrope by neans of water and is

fracti onati ng(théth)acedial aaxd@nmmgrmaﬂicahqnxdrpbasmroé thy reetifi¢ation atriioh. atThe

al kanol is advanta returned to th Jreaction n ref erab via the
fop of the <UPETIBLEaENSL cPRredizanons. bR inrRin 1eF ohe dveledho B ¥ or e, o
particul anpy Bk@ﬁcﬁrfo?ﬂeé@&ﬂ' @i@”&unﬁﬁiﬂ%h@?ﬁ snﬁoﬁ'l‘é@éia?ignt@ereﬁ&%% agueous

phase (reactl on water fromthe so esterification) obtained fromthe
rectificati ongivelalkyl (thé¢thyagpate oigsteladaiof trinacting1fusther ;te o2 0dialkyl ether.

It is particularly advantageous to use para-toluenesulfonic acid and/or

other organic sulfonic acids and/or sulfuric acid as esterification catalysts.
The content of catalytically active acid in the reaction zone, based on the
25 reaction mixture present therein, can be from 0.1 to 6% by weight of
para-toluenesulfonic acid and/or an amount equimolar thereto of further
organic sulfonic acids and/or sulfuric acid. The content of catalytically
active acid in the liquid phase of the rectification unit I, based on the
reaction .mixture present therein, can be from 2.5 to 25% by weight of

30  para-toluenesulfonic acid and/or an amount equimolar thereto of another



-13 top of the reaction zone to the top product of the rectificati on1 éok‘éi‘R 2002
| . The aqueous phase of this heteroazeotrope takes up | ess al kanol after
separation of the phases owing to the high al kyl (meth)acrylate content and

of the | ower al kanol content of the organic phase. The excess water s of
reaction, which contains from1 %by weittht to 5 % by weight) on average

2.5 % by weight, of al kanol, can be renoved fromthis aqueous phase

obtained at the top of the rectification unit |I. In general, a further

process step conprising stripping of the al kanol can be omtted. The

azeotrope taken off fromthe rectification unit | generally io contains no
starting aci doiganichsulfoaist a¢id cand/ere selyrier aeidon acti on has been adj ust ed

tly. Ho | d the latt t. be t the start] id
can be separ at et Stiet "85 o BritEhe cfitiny mellr aBATE fl ForB Fotdit o ana

the extract cgRyl bdter@Pof asticadcid & roffe® k! by-PRINE kifdadditiom té diRRME!
known per se. ~s In the process of the present invention) both the

esterificati otthereddath ogcendary KempRBeNihIZos eyrir &t thentapr ef ghefreqtifisatiorarri ed

; Y | . . or O
cust omar y _bor e M reerfuE! SO BB 20 aRE: HTEse STHEHL BBAS: i on
i nhi bitor) bagfedatn, régaianidutie akaiidle i@, (h3- orpaniet piydsenofC del yectifisation at ed

nononmers, zo is generally used. It is advant ag}eousl / added at the top of
the rectificattibAlcanduars piyaniagseyshoJeyrnsd tondher &eactipm 7opendys atresle top of

the rectificat] the.t.0 .t eet b f| I unit I1

(al kanol / est Zédtggg§pg£lf%ﬁ%l%%)a g’ltﬁi ?%8{“8 gﬁaséng ?szg%?%hﬁﬁr‘{hi bitors are,
for exanpl e) givemagdons xonmeuacsudaiabrydie dvidirdegletedo ireacdtiod aciquilnohis
nmononet hyl is ether, but_ also p-benzoqui none, phenothi azine) nethylene

bl ue, phety| cidsiiibis Seffigit@l.opwing to (the verpsmal Amynts, of Halkyb ssE @fdof t he
prior art) t r f S Lavend i . ISt reduced
nunber of sugag epgc(égaze; @esgeggtﬁg% g‘%%?&@?‘oﬁi%?%@‘ﬁif’g@f |g§)§%l]6IMYI ty ow ng
to the separ dkdsothaaf 1 $oofvaliecc amoanpvflalkanohusdie ks thds i wayg alomoboilerd arenoval
of the alkyl 15~ ~R202 -14 (nmeth)acryl ate by addition of water, has
reduced resi demered fFam theysysismaand Gor BRls 8¢t inte the purg PEodSt-er desired
based on startin C} ces 0%: .0 f hal €SUlTLS TN
| ow hi gh- boi | er g‘y-gp{;“g%‘g’z?ﬁ}bggﬁng#’oﬁ %‘%&'&?‘E’lﬂug&g‘hr@e ahic @?@%@%‘8 of the
l'i qui d phase tbp groduve ofethet reotifientidnscalemhi Il capérposednon shandadtional so

notabl e for the fact that re-c| eavage, of high boiler,K bl eeds and recovery of
usef ul mmat er iZ8P% i§Separatef jinga s’%“ﬁSF"e%QIéiHB‘r i“i‘gr? oM PESANSE COPPIISHE(f ourt h

rectif rationg:upit it t r S I d 0N, GO T ulting
reduced Iosserhslélgggc%tgé\fé %M?‘S"h‘%‘g’o?’ e§°lr g‘%va éré}gﬁa%tri It}ltgg?déﬁttso a parti al
re-cl eavage abnsistingt iargdly dfi glkaindi IThegalkanad xfromasther Bot{aeyy . ofathiksox y pr opi oni ¢
esters) in the rectification units |, and IV. In one, favorable enbodi nent,
the entire pregification cobmy dy Tumedsith dic, magnes Eeribed yioo¥s ¢8 BEpar at | on
col umms (4N tsdction - zce! GréfefabfAlvid el Mctifithtion @HUREIPN! BY ¢ bfrom t he
reaction, 2. a rectification unit | for separating the alkyl (nmeth)acrylate
fromis highthoiléwrmileecrylic acid and catalyst, and 3. a rectification

it Il f t i th | k | di ti th t i id
o ftake. | Anot her BnBGEATHo RIRS oBltea toR, REdHGtoF |t drcalPR B cof umme. 1 or
removi ng acetc@ﬁlﬁfitgésﬁ‘.ﬂlet E’l&gpr(ﬂxéﬂbé‘crﬂﬁésﬁs Rhait N@nipdRem’ 20l 2§ alkdRoO

rectification u erposed on the reacti on zone and for stripping
al kanol fromanthewatet.eln dfis rrectifidation debuwav.e (heth)acrydict acid hands alkbkyadipdunt s t o

capi chl | Fucerrnel SMATRIKG By bvenatn, At eBbe VR of Al fuiges of

the process. gre prevented by means of appropriate setting of the operating parameters

from going into the top product and require no further separation.
The downstream rectification unit II (alkanol/ester separation) is
preferably..operated in such a way that alkanol containing small amounts

30 of water and alkyl acrylate is taken off as top product at the upper end

2
s



zs Further details and advantages of the invention may be found in dne MAR 2002
follomﬁng exanpl es described with the aid of the drawi ng, wherein this
drawing shows in Fig. 1 a schematic plan of an apparatus for preparing

n-butyl acrylate. The..rectification colums (units) are provided with

Roman reference so nunerals. In addition)lli-n the interests of clarity) the
product designhations) 15~~~ ~2~~2 - 1is generally provided with Roman
nuneral s and additionally are precised in the specific exanples. The pl ant
shown in the drawing for carrying out the process of the present invention
for preparing n-butyl acrylate has three rectification s colums I, I1, Il

and a distill &fithh cﬁqnﬁcatm eRluBRoll and s lsoRveyed back taddiet Tesetion zones

provided wth @qf t nnect ed in
series by rrean}sla\g?ug b ne a}ﬁg&tligggf%e?ﬁ §f ea"htgl on eéaeg@agg Tonvecti on
vaporizers 8 aedifRRadse columieCAeparticulafle prefeéied’ émbodimentS of 4heol / h of
acrylic acid were fed via line 10 into the first reactor io s and 4 nol/h

of but anol \Aela&aflelée#qﬂ m#@ﬂgh qompsises takipg toff theo PUFen ester iB 8PPHJEBA on t he
first reaCtsor a&f@a )LIE@W&U? ath& %@%&%@thc%mxﬁnﬁf'a%oéé nﬁé’i‘t al ySt
was | nt roduce VI a | ne I rs reac I'nan anbunt of

by wei ght basedparizet, heemteantthag/apmmrlaidsmmh tty freec hppropiistelyne fi rst
reactor s was carried out, at 100C, in the . is downstream second reactor 6 at

105 C) at a syeRenthsr é%%lﬂz@f sBRsnfERamy, iy candensed) and drestabilized iBbut 3
h h [ d
ours in the @&ﬂ'xﬁih&?’lﬁ é&ﬁ‘%gé’rs&b'iﬁz%i- b’g%bpgﬁ?ogﬂﬁoﬁ@qﬁéﬁqnﬁr@la” 6

were introduced via 'l nes into a p tray c 11 as
first rectifi eter)orTa raivmdatmt famnatldm od mgh:rlm'llnrs Theubsteamr ixdtaken offormhi s
colum 111 was free of 2’3 tﬁ%rl)é I.C acid. s condensed in a surface

condenser 106 HifdVaRAEEEY, HP‘&tQ?ll“@‘? THRIFR seryes fogsaparate fhg e

o6 by el ght o Mgle PRl et sublyetnbior BoRl) 8 20 MrgRERly Ot °
di butyl et her freapdr &t & ,00f thd tamoant af Ifeede taithisdcdhimnyghd |is rtetui:ﬁbdaso runback

to the colum 1. Zs The ueoys .phase forned in the aration, which
still containB¥ Bastion zaes @Etprﬁg’r@& dadhs rg ﬁ?ﬁ‘ﬁpoqmbit gﬁ‘mﬁﬁ? ylate and 750

ppm of butyl r d t eaction
equi | ibrium aﬁ%@%ﬁw a Fh ngﬁ‘%Q@sﬁ% %ag&fl dﬂgant eﬁ’s‘lzfmt"? hdof[ o&&gwggt eam
rectificatison colAifavdrable_erimodiinentl co:qnpmkes av:cmﬂamgf tlm/vtopgpfddnm bfie second
reactor 6 was fed v lﬁ . 1‘§Hh ; R( ~~~ g{ ine 21 to the rectification
colum I. It gntestticationge Hefogthe Alkanolestes SERAZALIAN, IR, Khe MPBST v

acryl ate) abo f cI@RR i erials
but anol and aﬁy#ﬂﬁgcﬁﬂlﬂﬁlgigtCS % blgfm ae&gglt?ﬂ yst%étsﬂ)\%e{rl?Is as 0.2 %
by wei ght of omieerogprdvent watst pPddequptheodin sfrofmbgxtiihg dntoethe fEaetiorenai nder was
hi gh-boi | i ng by-products) in particular oxy ester compounds. Acrylic acid
and hi gh boil ¥ogether with part of the product and the al cohol were

separ at ed ,pf f as 1ot (AP’ GAHImER! AR Glikyl | dnetidatlyBate is taken off in

liquid form at the bottom of the alkanol/ester separation column

(rectification column II) and the desired pure (meth)acrylic ester is
separated off via the top in a downstream high-boiler rectification column.
The bottom liquid from the high-boiler rectification column, which
25 contains the by-products having relatively high boiling points, is

advantageously returned to the reaction zone and/or to the rectification
unit I, preferably directly.

The process of the present invention is particularly preferably
employed for preparing n-butyl acrylate. .

30 The vapors formed in the rectification unit I, which is according to
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rectification colum | fitted with 25 nmesh trays and operated at anmbient io
pressure. The bottom product (product I1) contained 20% by wei ght of
acrylic acid) 45 % by weight of butyl acrylate, 3 % by weight of butanol, 8
% by wei ght of water. A partial anount of about 45 % by wei ght of the feed
amount fed in through line 21 was returnéé-via line 22 to the first
reaction region. ~s The nmajor part of the high boilers (up to 80% of the
anount fed in) was cracked in the |iquid phase of the rectification colum
| to formstarting materials and products. Onng to the high acrylic acid

and water content of the bottom product) oply insjgnificant anmounts of

| ow boi | i ng byI%PEIERY MvaaLen FWE%E‘P (P%éfg_‘c@go){ﬁ?&n‘m IeaobiQRyZ0NE ¢ [3E8+) a5 These
20 by- product i i d r : of f as
21 ow boi || mg CSieERER Wob, 1B LTS, PSuMedlon k. AWIRER B 1L ANRE 2
conveyed vi a Isepagate® dfp vich¢hec topdefigbis Zthe adek eonthiming thputadgétnestdre col umm

and also the to roduct separated |[ntQ an agueoys phase and an o iC
phase. To mai ﬁfsgpﬁal yhéw‘i’iesﬂté}g?fﬁ’fe@t"r f)éﬁﬁwgl‘ﬁi%ecﬁoﬁum W}Xt%@umt?%gf is
fromthe tQp conpd S hat I b d
organic phgse?sowgsﬁ%‘lggﬁz%ﬁg r ﬁgnglgctlz@tcﬁ?%%ghtﬁfiﬂrl:gﬂ%%twﬁﬁgmagt gtﬁé’?’éﬂg’se
cont ai ned S 3tl% bzeowepe rseparhtesrafaits owroastord after congensation liptobart anol . The

organi ¢ phase contained from75 to. 85 % by wei ght of butyl acrylate, from
14" o0 20 % bJISFYIRIA: ai (2R ERnic, Brese: (Be FHSORS RRASGHACTBIRIE FASSEr, 1500
ppm of butyl AEENALS: wiRE ANCRRA: WKaRol, (e ERARO PG endlly cobsifls~ ~ =
2~~2 -mconversionh I n the reaction was renoveéd omtHhe systemthrough |ine
27. 5 % by weeghatiadly ofi¢herestenfoymesidand alkamokiuTe adjust thexgectiftmativhe anount

and'f o0 1 0Va SRHARR YHER0IoN APPRANA Port il (oDl ales, Boraiared G

bat chwi se at gbi@nty Riep&tifitatidid zdR0C until the viscosity rose distinctly.
The starting materials butanol and acrylic acid still present therein and

t he product but ylToaomyjitsinetheecamyasition off thei hquedusfazeotiipe, saamoaprropriate
distillate was up to about 65 % b i ght, sed .he amount fed in. In
t he subsequenPa%roéc'%Fn@US?ust Bgasﬁiéhﬁﬁﬁﬁ?cgrtg;%ﬁ? chtgngélg%z&ng. arge i o was
evapor at ed t opRR3Hly Likehi®d vid theOtdpdoNahe oA drecQitAidn! £dl@mRY - product s
such as butenes and di butyl ether were fornmed to a small extent only toward
the end. The Atkadehgpeasemtapoths pamrofi the aqugons phasenwhich ist notr eagiroelatedl |V
consi sted essent '*)al léﬁ}Of acr.yl.ic acilﬂ butyl acryl ate, butanol ansi wat er .
Thi's 1iquid v PRGBS Pl (O ERAmale o AP, tes, USing ditos S8 ¢ ne

hi gh-boi | er sgpRr&hiRd. to theUrdabiedn z66d.1 fii i§ addvamayeusHOtet@rbd | difbcAyt - The
organi c top product (product |I) fromthe azeotropic distillation in the
colum |, whi The wasentialbe pure Waggy fosmedrhereyrisl disshgnged. aci d, was fed

If the aqueous azeotrope containing the target ester and separated off

20 continuously via the top of a rectification zone of a process according to
the present invention is not a heteroazeotrope, then this does not separate
of its own accord after condensation into an aqueous phase and an
organic phase. However, this separation can easily be achieved by
extracting the alkanol present in the azeotrope by means of water and

25 fractionating the resulting water/alkanol mixture by rectification. The
alkanol is advantageously returned to the reaction zone, preferably via the
top of the superposed rectification zone.

If a heteroazeotrope is formed, a particularly preferred embodiment
comprises. conveying the excess aqueous phase (reaction water from the

30  esterification) obtained from the rectification column III superposed at the



‘A
vialine 31 to a distillation colum Il provided with 25 trays and 13 KAR 2002
rectified zo therein. Butanol, residual water and any |ow boilers present
therein were here taken off as top product via line 32 (product V). This
contained frome65 to 70% by wei ght of butanol) from20 to 30% by wei ght of
butyl acrylate, from8 to 10 % by wei ght- 8f water, 5 500 ppm of di butyl
ether, S 4000 ppm of butyl acetate. This top product (product zs V) was
condensed in a condenser 33 and a partial anount was returned through line
34 as runback to the top of the rectification colum Il. The main anount

was fed through line 35, together wth the fres | cohgl fed in through
line 12, to tﬂ%p &t e repctian S?Pevf%\%%éoﬂ‘ iPF%‘{“cE(S’I?Lfﬁﬁ nectitigation gope hicryl ate
has concentr at j b duj j | achi eve
the desired co orhﬂﬁ%ﬁﬁ%ﬁdb?éﬁggﬁ?g&égﬁe t%h:ueeyp oééesggzﬁﬁgnf.)li %fég; , ~~ 2~0~
_,g_ stabilizaeeparatiort @k ehe gihfiseésnowimgoto ther highsalkyk (miethddctwam edmensgh | i ne

36) condensed in t condenger 37 and cqgnyeyed agway thrgugh |ine 38. The
pure product @BEt‘?i‘Jiqﬁ'Ed@eSoﬁgﬁﬁ’?&Pnﬁﬂf é’go‘%‘/’ agZHYHC ﬁ%ﬁfeof'izm ISEESPF WllBer . S
150 ppm of swatpgrreaRion? wiibh YonrsrsY frofm 39 ¥ 14 t‘m% | egd stream
(product VI5) corrrS?i }si ng S 2 %nby wei ght %og)yt hgépggg %%b%e C tph(r?r)n?l was
conveyed vi a laverag82.5% bnewéight, cofi atkandie chn die- trmidved fremathis iaquedus col um

| . The residue, was discharged fromthe stirred vessel |V throug i ne 40.
Li ne 41 conne®P2¥ PRaps Lﬂ?n@el‘PP nipel Tecflbcﬁ“\?aﬁ%ﬁr Jingeneiids defurhier; ¢ om

the col um w%r&&@/@ﬁéﬁdcﬁmsiﬁgﬁrsm@mg' bR @hé 21kahbe can e Gmipase of the
colums | and”Il was heated by neans of convection vaporizers 43 and 44
respectively. Thellpuazeogropertakendoff fromi the oectifictibnOusit I gérerallyel d , based
on acrylic acid and butanol wasg i.n.,each.case 98 % of theory. is In a
further exBer FRUANS Athstacing, AL F | EPUlEaisn FRation sgtomdis JEER out of

operation anda§jiered aWrReiIE; Howdier, Néhohid He [8RFtHE be WRScdsP! Wgﬁ%&%\/i a
line 7 directly into the bottomof the colum |. The reaction was carried
out at 105 C. asidt¢ant be scparated coffi Y ewsaction whbrwdter oraan etkatingl solutibnience
time conpared with the variant with t Zo reactors, and otherw se

i dentical pr oé&ﬁ%&ﬁgﬁt%arns,ltfﬁpp@@aﬁgs%‘sﬁqqé‘e?tb 8&‘5?{3@9 ¥ &t er

contai ni ng 71p¥nker WROWRtpepfset he desired product n-butyl acrylate, 0.4 % by

wei ght of water, at nost 20 ppm of dibutyl ether) a starting materi al
content (betanol Innde aerogass cofathedpresdnt abwventiongoboth wee gsterifieatiosach and al so

to5 %b ight of t.al . .The..2 i nd . hi gh-boi i
35 p(r)oductsgl \}!\ér%lc %{}ta?lguﬁﬁgrtﬂ%@@:tlesgpg%tng%%%&ﬁ%;a%%‘@%% gg‘t E{rjlﬂf%sg pr oduced
was purified ppeséncaeéiektomary amotiits tdfepdlymetizawRcinhiBiidrs ¢stematydest i cal

process paraneters in the work-up part to give a 99.9 % pure product at a
total yield ofe.9Brom Ka8kdo dhlfndysweight 9 a3suitables pplymerization inhibitor,

based on the amount of the «,8-monoethylenically unsaturated monomers,

20 is generally used. It is advantageously added at the top of the
rectification column III superposed on the reaction zone, at the top of the
rectification unit I and at the top of the rectification unit II (alkanol/ester
separation column). Suitable polymerization inhibitors are, for example,
phenolic compounds such as hydroquinone, hydroquinone monomethyl

25 ether, but also p-benzoquinone, phenothiazine, methylene blue,
phenylenediamine and/or air.

In comparison with the processes of the prior art, the process of the
present invention has a distinctly reduced number of substeps and
separation operations, gives high flexibility owing to the separation of

30 water removal from the esterification and removal of the alkyl



A
15N ~ 202 -19 s W claim 1. A process for the continuous preparaJi%ng%zmn
al kyl “esters of (neth)acrylic acid by reacting (neth)acrylic acid with
al kanols having from1l to 5 carbon atons in a honogeneous) |iquid,
solvent-free i o phase at elevated tenperature and in the presence of an
acid esterification catalyst, in which tHé-(nmeth)acrylic acid, the al kanol
and the catalyst are fed to a reaction zone) the water fornmed is renoved by
rectification during a residence tine as constituent of a mxture
conprising al kanol in a rectification unit (l111) superposed on the ~ s
reaction zone, the disti]late fhus obtained is separated into an organic

phase conpri si(fgthaacedats) by addition,ef, dates. hasJeducsapresidenss timess giveRealor gani ¢
phase is retur . i £d i UL ( . J.e i jxjure is
di scharged fr 6%?%?%@9@(2&éfgﬁ{ezégﬁ%ag#g&go%é%eddl %Qﬁl{t 5 gg%i‘?s‘?slcepl g’? ?@é:e;

separ ati on zoaeredoegdr ambogy 6fietheer resalts iifii loat high-boilet Dyaprddiidt Hembutien | at t er
t he al kyl (metgaaacryl ate forned is separated, off, wherein a) (neth)acrylic
acid and an aPRABYS Aakeducpds dispharee of othe Jiqyid, phassirom ¢he seactien and a nol ar

ratio of fro ' a1 nj f oKy o
rectificat fsonrr]r%cﬁi?lf Zt?‘ﬁ Igflﬂsl ?Kli ?l eaggsbgrrllt {agﬁ glﬁcglrlarpaﬁgi %rﬁg%l%d&ﬁé%%tfohlgge
rectificati onbaibért bleeds aixk recpvenusf pisefud rharerislel dcoutshin mesitpld cati on unit
(Irr) is essential I}//Fre ved from}he S action mxture

stem ., d) the r
di schar ged fr §PRAKE pses nsYStsHe (fourth qeﬂﬁ%ﬂ:!mntw E}’Ft%%& arfurtheyy 1o a

further rectifd Walp) Ty i ol NMnScak S r _td:fa.a product
(I'l) conpri si %%%ﬁgﬂc%?%ét%nﬁgﬂt%gﬁ ?EC;CFL‘S&ZCE Zbéiglgét ﬁfa r Hn%klsl%lrng

(et h) acryl i creovdl anel atribntatilecto @l partialnpe-clsavage t dfe relatively dgheboitihg
(meth)acrylic acid) remainjng al kanol and water, e) the prodyct (lJ) forned
i the redb  PRRSEHS GFE AR Brapla cersl o stiboanan e (%! ¢ ne
reaction zone, s rh)odnfBfRf Ehbblimeh, Offe! Bifirk ibhds G e B} g 1S
separated into an organi c phase conprising the ‘alkyl ester of (neth)acrylic
aci d and an aguetalifpéry eheeedseppration aoigmans umitsjese fornmed in the
rectification unit (L) is fed further rectification unit (l11) and in
this the al kyt: edt E"&;tlé?’atwﬂ ‘(‘%hﬁ) gﬁ’r TAMQVINg. Waters oMY, the f€agtien.o m ¢ he
remai ni ng al kanol r itn¢dRg | 1 t eaction
zone. 2. A pr%’cegs?éggﬁ% rEl)lnrr‘glgﬂiInipdéll ﬁ&%ﬂx‘ﬁ?{l@ﬁ%%ﬁbﬁ ﬁe rg cttlé(ln)fﬁmleone

conpri ses 1a caschiph-bdilesd, dorplic atidoamdzetalysy amelyi ons connected in is
series, and erein tphe cascad as preferably from2 to 4. reaction regions
Separat ed {1 of oRCTeAHBRANER Wt Ipdct rELHRINg (e JKaBRDAa KI5 e PORe
reaction region Laef%iaaf §86 oHii@am to a downstream reacti on region) and
wherein especially the tenperature in the first reaction region is 70-150C,
pref erably 80- 13@@othencembodiment| reguirgo twe gidditiona]l sq@ra®dCeolpmas eoabl y

105- 130C) and_wherein the reaction tenperature, preferahly rises along the
cascade. 3. Arcmoa/ggsgceﬁlecfr% PrEagic P S%,Ofmﬁgrté’i’nprloa}é&p?#e rein all

reacti on Legi REsfitaioh’ @it I0superioséd ont ﬂﬁsﬁﬁéﬁdxﬁz%eeﬁﬁ&”fﬁr_s&'iﬁu?% ably from
zs 200 nbar to 700 nbar) and wherein the pressure is especially the sane in
all reaction alkeficdrisomvither watar tofereaction. Howeveenowing e th¢ smadl amauntants in
t he reaction regi ons its fifro 0. 25 tto 151hour[<S .Psr)efer.abl from élto 7
hours, partic@l B SPHPER ¢ gbfr'pﬁ? pPAFAuON, colwmps, (haits) requite, only 4 Sl [ osi dence
time preferabdpidieeiveatrRat iafid SHCASE Sy 8dver@AF laffedt A bt WdFantages of

the process.

25 Further details and advantages of the invention may be found in the
following examples described with the aid of the drawing, wherein this
drawing shows in Fig. 1 a schematic plan of an apparatus for preparing
n-butyl acrylate.

The. rectification columns (units) are provided with Roman reference

30 numerals. In addition, in the interests of clarity, the product designations,



rising vapors fromthe reaction regions are fed to a rectification unit
(I'1l) whose liquid runback is returned only to the first reaction region. s
5. A process as clainmed in claim1, wherein the catal yst used conprises
par a-t ol uenesul foni c acid and/or an ot hed3erganic sul fonic acid such as
nmet hanesul foni ¢ aci d) benzenesul fonic acid, dodecyl benzenesul fonic acid
-and/or sulfuric acid, wherein the content of catalytically active acid in
the reaction zone) based on the reaction m xture present io therein, is
fromO.1 to 10% by weight) preferably fromO0.1 to 6% ght, of

par a- t ol uenes&¢ReEHI PEQYIGEds Witho Roman isagtals cang ﬁé‘l’laf’mlé’eﬁ@t aresisednidt her

or gani ¢ sul fom C I?e 3{1 sul furic acid, vvherel n the content of

catal ytically GcivVe actra iR t he | iquid phase of the rectification unit

(1)) based on thehei plant ehgwe e the tdrewingnfori Garfyifgnout tBe prbeesd of%hey wei ght
of para-toluenesul fonic acid and/or an anount equinolar thereto of another

organi c_sul f oRfeseicinyentingy i Brgpaning @-tusyljacrglaten has gheegsregtifieatignned in
claim1l) er tih o herr ( ) z Y are fed
directly \tNg tﬁéelﬂrrnggclt |I%nﬁ§ Jr@)y cﬁ&flgﬁ:r Ean"f:];{if ?‘o, (l:?))eﬂég elgr]tﬁlr g@‘gﬁﬂprz erably

n- but anol , i saddétod,oittiseproeided iwith zwneestérﬁidatien rreadtofsi §adridos which 4rkl 1))
wherei n t he rectifi‘iati on, ug{yt (I'lnis 7ct|f| cation columm, the reaction

regi ons conprfRested dnoiesies i ALY & 16 n @Bﬁoﬁh}‘%efpgn HAEACHABT ei n t he
aqueous phase,Q otiZe o) €n4E td.0f,.U [ kl) is
conpletely di sc argert%&@&uﬁhg%cesgpgséﬁ gl anxfgdc%dnfel: g fo g‘e \M%{:atpési rB] t he
product (1) iandsépar atctth bhtaorydic avidamére fedasie hmruol ﬂitanghe astnrdattoy| ester
of (meth)acrylic acid and n-butanol and an aqueous phase) art ~of the SO

agueous phased jand r&tmev of tanpl wers: fed; iy threpgh, Jine 13 )wa ghe jcglymp Iy 5
T T2 =22 ﬁ;% Haﬁlﬁ fifl r@ac#éxq'.‘l' Gn YRIRYC zfl%ﬂ r‘°a thu‘E &lifohid the

rectification ani e rectification unit rectr ication
colum (1)) tdvid rasochmi)rstnwast imteodticad lvia gind ¥Ir dmtot the ﬁsacr’eamr doircans fed to

t he | ower part of the rectificati (L) .and the water dition s
occurs in theATHR ot} éét% t*t‘g{aﬁ?dropegate ﬁzxgrggumqte(tprﬂugﬁd erein part
of the resul tw&ogr @t&f@ttaesctsmouaaagn&h%utt 2P U001° CESih ethe Of

(meth)acrylic aci utanol i's returned to the upper part of the
rectifcatiion downstmarf| jecond réactox prztcHﬁs"Casatca ailyntem ipressurei off 880 vthbarei n t he

product (I11) faornmed in the rectification and conprising the
catal yst and 3e? (TERidERGen n%r{ ASOHE |l]ogr H? (ﬁh‘? §g3r°é‘f)ﬁr?9é‘8 essentially

conpl etely to thepg ev%?&fs?ﬂsﬁ%“ﬁomp{tﬁfﬁfé@@tsyst gnd tsewfefer $htrddeed ive T egion,
either directly and/of via the rectification unit (Il1), wherein part of

t he product (lirty 13 ahdrifedntd m bhbbleecapi fray aolwnn JHi as (ﬂr)st restificatigwar ged and
fed to a distillati it (l dinthis is ted i,nto roguct
(1) “conpr 1 iy et werafh R pp) Brdadke; & 6 Yoot Hoovgs te! 6 o
(meth)acry] i caepflicd agiad 18 whis Osb#dbnsed Vih scmrat&lcaﬁdéxﬁ@r gl a.hdes.&weyéd Ggt i on
catal yst and conponents having higher boiling points Zo than thé n-butyl

ester of (nethypemaratbr d7acihere, anmi orrgm«erprhaaeheormmmgcﬂo%l by)weight ef ur ned to

the rectification, u an ctro cess_as
clainmed in cﬁ’é‘it"?ﬂ 33) T%\% ﬁ’% ‘Helgﬁt/ Ogrbé'gﬁ Bee 01{‘9?%«5’%?“8‘&8& ?(‘ﬁte’i 's fed to
a rectificatipp ppiveight! of BOY] iaBethiei &nd Qoeewﬁtcﬁddxsﬁtyt egtfer ageparateidoduct (V)
conpri sing remaini ng n-butanol and conponents havi ng I ower borllng poi nts

than n-butyl quielthyasral attt@meé)mrpustrtgme (18eash yenhagk doethgneplemn dIbr oduct

(V) i o7 eftor Pl ek FeHgRC, LR SerraiSh O SR ESntBEC e 1 B, LT
(1'11) ) the py&Qgrtcbf butanol, 300 ppm of butyl acrylate and 750 ppm of butyl

acetate, was separated off completely to shift the reaction equilibrium and

SN ~~~~~2-21 _ 4. Aprocess as clained in claim1) wherein th]e5 MAR 2002
S
I

fed via line 19 to the decanter 24 of the downstream rectification column
I.

30 The liquid raw ester flowing from the second reactor 6 was fed via



15 MAR 2002

30 (VI) is returned to the rectification unit (1), the rectification unit
(rry s"fr. ti, ~-23is arectification colum (11), and wherein the
product (V) is taken off in the upper part of the rectification colum
(1)) the product (VI) is taken off fromthe bottomof the rectification
colum (I1) and the n-butyl (meth)acryl atté-is taken off in vapor formwhile
rising as s a lateral branch streamin the lower part of the rectification
colum (I1). 10. An apparatus for carrying out the process for the
continuous preparation of alkyl esters of (neth)acrylic acid as clainmed in
claimio 1 conprising a first reactor (5) which is provided with a feed
line ( 10) folingnd & the,geqtificationcolumm Lo It é@@rampdmép b by eight afnehe

an over {1 ow (FPBRGBORRECRTRY ahally BOuT% BETAERbESH R85 15" 1) "1

the | ower par unfhctad rseatting i igteriale bitdrol (anki! dcrylid@cidprbeft W% ©y wWeighs
connected via a condenser (16) to a separator (17) having a_discharge |ine
(19) for the whtcawlyst asecwel iasn0.2% dysweighhiofr water and va{emestn2Q pms @far at or

24) is conne [A..a n ect 1Ll Lon col um
(1) and tne s B et B RetRer: S8 nidhebifind 99-Rbaed 06 beskfy " o'
rectificationogples@h doimpovh@se bottomis connected 20 via a line (22) to

the first reactor (51)_ and via a line (28) to a distillation unit (1V).
CAFLY. A2, A2. Al . ARAARYTicnacid pndy high baiters togetherawithy past Rf Athe Aproduct sgwd AQI

" b4AWNZ?LP

a] ca] ca] cafcai@a?lggédég‘i"g%} %g%ﬁ]gfﬁgf%gﬁ%cgﬂgﬁ g‘gﬁfﬂgéﬂ%ﬁﬁa (ilée aljc al

7=] k>R Ec G| wreetifitaddnc edlampc b]fireel cwith 235 ajesh] teayks caldc aperaded adtcahbiehf ca] c
a] ca] ca] ca] ca] ca] ca] ca] cb;’]gca] caj ca] ca] ca] ca] ca] ca! IR _tellt/™p"m"

D
HREHHHT Sy $$$0D8esR & &he (boftern produry [Rrafiuct) Hy cenl E’&Fc%é(%a?ltéﬁ%ﬂ]‘c@q ca] ca] ca]

27 Cal cal ta] bafC Aps R B MEfH (of huol agrlate., 3 By Heght of putanol,

: ft:>i?1@]s\XA} ?ssi%d Q]Z] Wéight ofi|wagrc al cpartial] ambwm] ofahboin] 45'%] byaweiglnagca] cal caj ¢
aJ]ca]ca]c a]ca]ca]calcalc c i o

a] ca] ca] ca] ca]héafeéegﬂi‘%?]ﬂs%‘{%%‘ll throygh sne) 21| was PRNOASLYedinRd Ooexsni d_7] ]
] ca] ca] ca] ca] gal Gad i%}lcﬁtkfd?ﬂ caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

aJca]ca]ca]calcalcalca]c

a! QQRRR( SuSTTVEV&‘bl'l'k\AKaWr naxtywi'Yhd hhighb Bbildre Ciup BioPRQfok puthieh athéphic &ddca) ¢
o caleel ool coleels sheeleod sl alichpabenl a0 selfolis) cabes) b ophet) £l o
o<y ol el saupelonebak ol poglacioaps e phcmuiolarie sho ad e
content of the bottom product, only insignificant amounts of low-boiling
by-products were formed (< 200 ppm of dibutyl ether). These
20 by-products together with the main product stream were separated off as
a low-boiling minimum heteroazeotrope via the top of the column I and
conveyed via line 23 to the condenser 20. Here, the liquid in the column
and also the top product separated into an aqueous phase and an organic
phase. To maintain the heteroazeotrope in the column I, aqueous phase
25 from the top condenser 24 was fed into the column through line 25 and
organic phase was fed in as runback through line 26. The aqueous phase
contained < 3% by weight of organic constituents, primarily butanol.
The organic phase contained from 75 to 85% by weight of butyl acrylate,
from 14.to 20% by weight of butanol, from 2 to 3% by weight of

30 water, 1500 ppm of butyl acetate. The excess water corresponding to the



o A
TkxT@Iity. +| wmhc~XU] ¢ a] ca] ca]ca] caljca]calcalc a]c T3 RAR 2002
aJ calcalca]calca]lca]lcalcalcalcalca]lcalcalcalcalcalcalcalcalcalc ajc alc
al d% 06" zupkf a\ W ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca]ca]ca] c. a] ca] ca] ca] ca]ca]ca
]caljcalc aUc a]ca]calcalcaUcalcalcaljc aUc aJc al MRWch~ S
Qy6" zupkf a\ W ca] ca] ca] c"a] ca] ca] ca] ca] ca]léa] ca] ca] c. a] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] caU] ca] cal] cal] ca] ca] ca] ca
" _beF10%& ()-s109% ()-F 10%& ()-F"'10%& ()-M gl0%-& ()-' Y109 () -
b4AWdEL10%&' ()-10%&' ()- |109& ()-10%& ()- S10%&' ()- yl09& ()- NZdEL310%&' () -
, 109& () - 3+109%&' () -.$s10%&R' () - #. i
109 (§) ! 10%0{1\}&@3%@,_%58%%/&5 (Fpmoyeddom ythe sygferythrough line 27.

10@° 109%& () - 610%8% £ YR

10008 () - Lhves (%%é'}%‘& ()_{E"o?}%é‘?()_ Vi 05cBr99uct yohasd P 2gEnc %
10908 () - L$10%@@uny of "seartipgDsngtyriats fed wdthe ) eseyificain, ( way disdhgr'ged - iz] dE: /
100 . .

100910%08’ () - 3060 @ T84 JOck. stiyred 1 5siah: 14-- Biersodis Produgs gvasceyaporates / 1y
10% b*b& ()-! batclhie % dmbiedt pré@uk€%nd 180°C until the viscosity rose

distinctly. The starting materials butanol and acrylic acid still present
therein and the product butyl acrylate were first distilled off. The amount
of distillate was up to about 65% by weight, based on the amount fed
in. In the subsequent cracking of the high boilers, the bottom discharge

10 was evaporated to about 15% of its original mass, and low-boiling
by-products such as butenes and dibutyl ether were formed to a small
extent only toward the end. The condensed vapors from the cracking in
the stirred vessel IV consisted essentially of acrylic acid, butyl acrylate,
butanol and water. This liquid was fed directly to the bottom of the

15 column I for the high-boiler separation. A further rectification was not
carried out.

The organic top product (product I) from the azeotropic distillation in
the column I, which was free of high boilers and acrylic acid, was fed
via line 31 to a distillation column II provided with 25 trays and rectified

20 therein. Butanol, residual water and any low boilers present therein were
here taken off as top product via line 32 (product V). This contained
from 65 to 70% by weight of butanol, from 20 to 30% by weight of
butyl acrylate, from 8 to 10% by weight of water, < 500 ppm of
dibutyl ether, < 4000 ppm of butyl acetate. This top product (product

25 V) was condensed in a condenser 33 and a partial amount was returned
through line 34 as runback to the top of the rectification column II. The
main amount was fed through line 35, together with the fresh alcohol fed
in through line 12, to the esterification via the first column I. The butyl
acrylate was concentrated in the liquid phase of this column II and, to

30 achieve the desired color number and to separate off the process
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10%& ()-1,- 10%0%E& ()-*10%& ()-!y 10%b& ()-! y 109&&& ()-

| EbCl | 109@& () - 9@0%Z&' () - @L0%Z&' ()-0' 109%Z& ()- 10[ 10[ 10[ 3

10% & () - cdEDC! ! s109Z&’ () - &109Z& () - 89s109%&Z& () - | 109@&' () - &109%Z& () - &F
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of the high-boiler separation in column I.
The residue was discharged from the stirred vessel IV through line
40. Line 41 connected to columns III and II to a vacuum pump. Waste
10 air from the column was conveyed away through line 42. The liquid
phase of the columns I and II was heated by means of convection
vaporizers 43 and 44 respectively.
The pure ester had a purity of = 99.9%, the yield based on acrylic
acid and butanol was in each case 98% of theory.
15 In a further experiment, the second esterification reactor 6 was taken
out of operation and the raw ester from the first reactor 5 was
introduced via line 7 directly into the bottom of the column I. The
reaction was carried out at 105°C. With the same feed flows and
therefore a reduced residence time compared with the variant with two
20 reactors, and otherwise identical process parameters, it was possible to
obtain a raw ester containing 71% by weight of the desired product
n-butyl acrylate, 0.4% by weight of water, at most 20 ppm of dibutyl
ether, a starting material content (butanol and acrylic acid) of about 7%
by weight for each and also up to 5% by weight of catalyst. The
25 remainder was high-boiling by-products, in particular oxy ester
compounds.
The raw ester thus produced was purified by a method similar to the
first experiment under identical process parameters in the work-up part to

give a 99.9% pure product at a total yield of 98% based on the starting

30 materials.
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from 1 to 5 carbon atoms in a homogeneous, liquid, solvent-free
10 phase at elevated temperature and in the presence of an acid
esterification catalyst, in which the (meth)acrylic acid, the alkanol and
the catalyst are fed to a reaction zone, the water formed is removed
by rectification during a residence time as constituent of a mixture
comprising alkanol in a rectification unit (III) superposed on the
15 reaction zone, the distillate thus obtained is separated into an organic
phase comprising alkanol and an aqueous phase comprising water, the
organic phase is returned to the rectification unit (III), the reaction
mixture is discharged from the reaction zone and conveyed into a
distillative separation zone comprising further rectification units and in

20 the latter the alkyl (meth)acrylate formed is separated off, wherein

a) (meth)acrylic acid and an alkanol having from 1 to 5 carbon
atoms are reacted in a molar ratio of from 1:0,75 to 1:2,

b) the organic phase formed in the rectification unit (III) is

25 essentially completely returned to the rectification unit,

c¢) the aqueous phase formed in the rectification unit (III) is
essentially removed from the system,

d) the reaction mixture discharged from the reaction zone is, with
addition of water, fed to a further rectification unit (I) and in

30 ‘this is separated into a product (II) comprising the catalyst and
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and an aqueous phase and
g) the organic phase formed in the rectification unit (I) is fed to a
further rectification unit (II) and in this the alkyl ester of
10 (meth)acrylic acid is separated from the remaining alkanol and

the remaining alkanol is returned to the reaction zone.

2. A process as claimed in claim 1, wherein the reaction zone

comprises a cascade of at least two reaction regions connected in

15 series, and wherein the cascade has preferably from 2 to 4 reaction
regions separated from one another in space, and the discharge
stream of one reaction region forms a feed stream to a downstream
reaction region, and wherein especially the temperature in the first
reaction region is 70-150°C, preferably 80-130°C, and in the last

20 region is 100-160°C, preferably 105-130°C, and wherein the reaction

temperature preferably rises along the cascade.

3. A process as claimed in claim 2, wherein the pressure in all reaction
regions is from 100 mbar to atmospheric pressure, preferably from
25 200 mbar to 700 mbar, and wherein the pressure is especially the
same in all reaction regions, wherein the total residence time of the
reactants in the reaction regions is from 0.25 to 15 hours, preferably
from 1 to 7 hours, particularly preferably from 2 to 5 hours, and

wherein the residence time preferably decreases in successive_reaction

30 regions.
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'H/110% () 5. A process as claimed in claim 1, wherein the catalyst used comprises

para-toluenesulfonic acid and/or an other organic sulfonic acid such as
methanesulfonic acid, benzenesulfonic acid, dodecylbenzenesulfonic
acid -and/or sulfuric acid, wherein the content of catalytically active
acid in the reaction zone, based on the reaction mixture present

10 therein, is from 0.1 to 10% by weight, preferably from 0.1 to 6%
by weight, of para-toluenesulfonic acid and/or an amount equimolar
thereto of another organic sulfonic acid and/or sulfuric acid, wherein
the content of catalytically active acid in the liquid phase of the
rectification unit (I), based on the mixture present therein, is from

15 2.5 to 25% by weight of para-toluenesulfonic acid and/or an amount
equimolar thereto of another organic sulfonic acid and/or sulfuric

acid.

6. A process as claimed in claim 1, wherein both the (meth)acrylic acid
20 and the catalyst are fed directly to the reaction zone, the alkanol to
be esterfied, preferably n-butanol, is fed to the reaction zone via the
rectification unit (III), wherein the rectification unit (III) is a
rectification column, the reaction regions comprise reactors having
convection vaporizers, and wherein the aqueous phase obtained at the

25 top of the rectification unit (III) is completely discharged.

7. A process as claimed in claim 6, wherein the product (I) is
separated into an organic phase comprising the n-butyl ester of
(meth)acrylic acid and n-butanol and an aqueous phase, part of the

30 aqueous phase is returned to the rectification unit (I), a liquid
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(I), the product mixture discharged from the reaction zone is fed to

the lower part of the rectification column (I) and the water addition
5 occurs in the upper part of the rectification column (I), and wherein

part of the resulting organic phase comprising the n-butyl ester of

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

rectification column (I).

10 8. A process as claimed in claim 6, wherein the product (II) formed in
the rectification unit (I) and comprising the catalyst and the
remaining (meth)acrylic acid is returned essentially completely to the
reaction zone, preferably to the first reaction region, either directly
and/or via the rectification unit (III), wherein part of the product (II)

15 formed in the rectification unit (I) is discharged and fed to a
distillation unit (IV) and in this is separated into a product (III)
comprising n-butanol, (meth)acrylic acid and the n-butyl ester of
(meth)acrylic acid and a product (IV) comprising the acid
esterification catalyst and components having higher boiling points

20 than the n-butyl ester of (meth)acrylic acid, and wherein the product

(II) is returned to the rectification unit (I) and/or the reaction zone.

9. A process as claimed in claim 6, wherein the organic phase of the
product (I) is fed to a rectification unit (II) and in this is separated
25 into a) a product (V) comprising remaining n-butanol and components
having lower boiling points than n-butyl (meth)acrylate, b) n-butyl
(meth)acrylate and c) a product (VI) having a boiling point higher
than n-butyl (meth)acrylate, the product (V) is returned to the
reaction zone, preferably via the rectification unit (III), the product

30 (VI) is returned to the rectification unit (I), the rectification unit (II)
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10.

is a rectification column (II), and wherein the product (V) is taken
off in the upper part of the rectification column (II), the product
(VD) is taken off from the bottom of the rectification column (II) and
the n-butyl (meth)acrylate is taken off in vapor form while rising as

a lateral branch stream in the lower part of the rectification column

ID.

An apparatus for carrying out the process for the continuous
preparation of alkyl esters of (meth)acrylic acid as claimed in claim
1 comprising a first reactor (5) which is provided with a feed line
(10) for one of the reactants and a feed line (11) for the catalyst,
and a second reactor (6) which are connected to one another via an
overflow (7) and whose two top parts are connected via lines (13,
14) to the lower part of a rectification unit (IIT), the top of which is
connected via a condenser (16) to a separator (17) having a discharge
line (19) for the water of reaction to a separator (24), wherein the
separator (24) is connected via a condenser (20) to the top of a
rectification column (I) and the second reactor (6) is connected via a
line (21) to the rectification column (I) whose bottom is connected
via a line (22) to the first reactor (5) and via a line (28) to a

distillation unit (IV).
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