WO 01/ 27062 PCT/ Cli 00100551 1 Process and Device for Hydro ical] y
ot ai ning a Car- boxylic Acid and Al cohol fromthe Correspondi g Car-
boxyl at e wWobaeme2cal Fi el d [0001] The present invention PEF&BAY0Ss

process and to a device for the sinultaneous hydrolytic cleavage of a
carboxylate into the correspondi ng carboxylic and al - cohol. 10 Background
of the Invention [0002] Carboxylates, especially | ow nol ecul ar wei ght
carboxyl ates, occur in the chemical industry during various reactions as
by- products or acetate is_a typica
by- product in% SCote=-METh
tate m xturespbkoni g b , : s -l o

| ow boi | i ng subst nces such as acetal dehyde contain an azeotroplc

m xture of ne tate 20 and nethanol. [0003] For chem cal conpani es,
where nethyl acetate as a by-product occurs in relatively smal

quantities net hyl acet.a Is not an economically interesting prod- uct,
since it nn3F§8é1%£5#?F§§1y sold on the market. 25 A better price can be
obtained if nHbbyhl acnieﬁlt;ﬁ:és‘énl&Y1ndéﬁi:j(&edrél’H&saQﬂ i maicdsandndet hanol .
The hydrol ysis be carried out, elther as  a baﬁ process or con-
tinuously, by t&s?naevé‘?? * Fhe Sdmyttaneqth RysEetght V\H?‘F‘V@@ﬁvg ti onal
distillation ar carbbRgl#cd ciatld the ZOreespgdrdiabi earbekylit dArd@4} The use
of a reactor in cgnjunction with a dis- tillation colum for the hydrolysis
of methyl acet®P8l-is described, for exanple, in US 4,352 940. This type

of hydrolysis of nethyl acetate has several disadvan-

Background of the Invention
[0002] Carboxylates, especially low molecular weight

carboxylates, occur in the chemical industry during
various reactions as by-products or main products. For
15 example, methyl acetate is a typical by-product in the
production of purified polyvinyl alcohol. Methyl ace-
tate mixtures from polywvinyl alcohol plants, besides a
small amount of low-boiling substances such as acetal-
dehyde, contain an azeotropic mixture of methyl acetate
20 and methanol.
[0003] For chemical companies, where methyl acetate as
a by-product occurs in relatively small quantities,
methyl acetate is not an economically interesting prod-
uct, since it cammot be profitably sold on the market.
25 A better price can be obtained if methyl acetate is hy-
drolysed into acetic acid and methanol. The hydrolysis
can be carried out either as a batch process or con-
tinuously, by wusing. either a reactor in conjunction
with conventional .distillation or a single reactive
30 distillation column.
f{0004] The use of a reactor in conjunction with a dis-
tillation column for the hydrolysis of methyl acetate
is described, for example, in US 4,352,940. This type

of hydrolysis of methyl acetate has several disadvan-

BESTATIGUNGSKOPIE



BESTATI GUNGSKOPI E WD 01/ 27062 PCT/ CHOO 00551 2 tages: (a) since the
reaction is an equilibriumreac- tion with a.small equilibrium constant,

t he yi elWMO@127062acti on product is small, (b) because oPCTNHOYYSE- tropic
m xture which is set up in the reaction mxture 5 between net hyl
acetate/water, on the one hand, and™ 4rethyl acetate/ methanol, on the other
several distil- lation stages are needed after the reaction. This leads to
hi gh investment and running costs, (c) corrosion problens occur because
honbgeneous Y as,. 10 ric and hydrachloric acid are used
Tt he. knowt 068y I8, BufiPe JEnd xS, 5 F SR IENAER' Ge86 oses s
process for tdbnaiwiithg a asretlilc eqpiid ibriwm nethgtamcet e, yieldho£h net hyl
ace- tate a 1 ught C a ' h resen 5 of catal yst
packing in 2arERh BEBARCe R dnad, TR Hecallel Tor’ BRTRT02 2t e s
hydrol ysed it¥ppigceixtureiwhichndsneehaupl in e resrlibhngiktecti on ni xture

ol um 5o FEEREeR Rl SeRaka Gt Al (B AP Lh® b "epgPe Tl on

colum. 20 ew S€ di'scl oses a proces or the
hydrol ysi s okethyheat§tata/seshsnol xtom ethen ethesac-sevieralddsstil-ati on col um.

The hydrol ysbsigh SediildMre AGEAE SadtedendhhGle GO A, MPLEsE NaN S0%
nmet hyl ace- tate, takKes place 1n a reaction zone in Wi ch ion ex 25 change
packing is peeskigh ¥heestoemyl anset mumnimiaxt oests,i s {(supgbiredsigrom bel ow to

(the 1on exchagBfeacbal: 2flaudl! Sbnbd HIAROVGAALBLEN TR gKchange
packing. Thé un- reacted net y? acetat® and water vapour are collected and
condenstd i Fulpbuxisherndpydrsichilpvie cacid oare onsed 3in atleke akmowrhen recycl ed

back to thecgﬁ@gﬁighazlo?(; cbbsddhe sane tine, the base is collected and
separated into the hyd o?y3| S products and inpurities. The inpurities are
[0005] Us 5,113,015 discloses a process for obtaining

acetic acid from methyl acetate, in which methyl ace-

tate and water are brought into contact in the presence

15 of catalyst packing in a distillation column. In this

case, the methyl acetate is hydrolysed into acetic acid

and methanol. The resulting reaction mixture is in this

- case partially separated at the same time in the sepa-
ration column. |

20 [0006] US 5,770,770 likewise discloses a process for

the hydrolysis of a methyl acetate mixture in a reac-

tive distillation column. The hydrolysis of a methyl

acetate flow, which contains more than 50% methyl ace-

tate, takes place in a reaction zone in which ion ex-

25 change packing is present. The methyl acetate mixture

is supplied from below to the ion exchange packing, and

water from above onto the ion exchange packing. The un-

reacted methyl acetate and water vapour are collected

and condensed in the upper part of the reaction 2zone,

30 and are then recycled back to the reaction zone. At the

same time, the base is collected and separated into the

hydrolysis products and impurities. The impurities are

then returned to the reaction zone.



then returned to the reaction zone.. WO 01/27062 PCT/ClI100/00551 3 (0007]
Bot h af orenenti oned US patents, 5,113,015 and 5,770,770, teach the use of
strongl y wolodrteep exchang- ers as catalysts. | n US 5, 770PGV/CH0§/§0551s
proposed to put the ion exchange material in the formof Raschig 5 rings,
by adding a plastic as binder to the 4 8n-ex- changer and pressing the

m xture into appropriate shapes. In US 5,113,015, the catalyst material is
con- served in glass wol, and the mat formed therefromis rolled up with
a wire nmesh between the Ia ers, in order_10 to rorm?se circu aﬁgn of the

fluids. The chE%%Ast B°ﬁ90l5ft?§eﬁﬁP%+?%qd neSy BBtEtRdnpPr dht - sh sub-

stance, e.g. & 78 370G dlddchArakhgse Usablerdmilgr istdid ionaelsfaheng+ gi d
cellular nonolith, which_can be produced from steel, é %is ceram c
mat eri al . TheS¥St afy SBERBYSERK| HS Het &r 120 7, Howkt ePTORPE bE°pr oduced

from corrugapedl gRéakonhesihafife CRALLERIICMiD BB T Eoth ee Raaam:gpl ates.
[ 0008] The processes descr.i bed abovet whi ch usqsﬁonl%e n%ée reactive
di still ati®on EH9Hm, PEuPLBING r BmPlREL1S0 28 RINERE: BRettRA 42t 8¥e is only

partially conw&ﬁ@éi:tcamt I@aeelsmgld meet lnﬁx&ﬁrd lesneo angppropeiatet hyl
acetate |nthe product fl ow makes the use east ,one_ addi - tional

purification SRIRRS neteEhr3y, uﬁhoéﬁ | Eaﬁsc?'ba]zif(ft d}attFEﬁé tAvESRRent and

runni ng COStSsefvéd”iﬁ'%léH@bué’& | efid SHehadat! r&ﬁmahwheaeewa eigeed flow
often contains _netal ions, whi Cﬁéﬁm son the cat al in the rgactive

distillation FOHRMH UErHE thepl HiErdRTShPWESEat AP Ye%t &Fi 8F9PR the

distillaticon €6l Wromdrel r €blculRitebhalof RBBEVEIuidss | ARSI icatalpst
expensive. Furthernore, it _is 30 desirable faor, the hédml%%' ocess to be

control led - PHISRABRERTIRE MRY nefh@ SETRLAANTC oARERTY the feed
flow - in suchrand@y & RAl .a atet=2AqWlcRH. binbtifer usable material is

a more rigid cellular monolith, which can be produced
from steel, polymers or ceramic material. The catalyst
15 packing material may, however, also be produced from
corrugated metal sheets or corrugated plastic or ce-
ramic plates.
{0008] The processes described above, which use only a
single reactive distillation column, suffer from the
20 fact that methyl acetate is only partially converted to
methanol and acetic acid. The amount of methyl acetate
in the product flow makes the use of at least one addi-
tional purification stage necessary, which leads to ad-
ditional investment and running costs. A further prob-
25 lem is that the methyl acetate feed flow often contains
metal ions, which poison the catalyst in the reactive
distillation column. The replacement of the catalyst
material in the distillation column by £fresh material,
however, is laboricqus and expensive. Furthermore, it is
30 desirable for the hydrolysis process to be controlled -
independently of the methyl acetate concentration in
the feed flow - in such a way that, as required by the
operator e.qg. of a polyvinyl alcohol plant, the acetic



operator e.g. of a polyvinyl alcohol plant, the acetic WO 01/27062
PCT/ CHO 4 acid obtained has a specific water ris virtu-
Ayapiaes pEgeT.,

ally anh [ 0009] The object of the present inven efore to
provi de an inproved process for the_hydrolysis of a 5 carboxylate,
especially nmethyl acetate, nethyl formate. and allyl acetate, by using a
reactive distillation colum. In particular, it is desirable to inprove
the conversion ratio of carboxylates into alcohol and car- boxylic acid. A
further obj aelidi sbtfinyeHast apspeONfity whleol cobmcarnical st viised- i n t he ’
distillation i?l gﬁrj’ggy An- other object is to optim se the energy budget of
(3

t he proces§‘.1 45 i ntended to offer a process and a hydrolysis

devi ce, vvhic qlorc:aia?c owrkg eﬁgea‘:temﬁ Rihel pyesérit i?@éﬁﬁi&‘i :iég)lﬂhef&iafd:ﬁl andI

gquantity of the feed. The, com 1 osition_of the product, flows is al so

i nt ended t o *BePFE¥HLT o a’d'l‘%"q"ﬁgagf"ﬁ?ﬁ%’r%ﬁfgé:bﬁyht REOLYBRSRE 3 furt her

obj gct ijs t@ﬁirﬁaxml et,haasyéla:‘i&ﬂ.ﬁj"ometl@i]i Oaégtaﬂigt, h)ﬂethﬁtﬁtaiﬁatieﬂt o acet Ih c

acid and nmethagnol_.. 20 Description [0010] According to t i nvention, this

i s achi eved 3 atlﬁlé’%'c%"eet@ftea %chgﬁn%céorrcﬁaﬁdjlf’g t‘ﬁé‘tﬁiéﬁﬁh‘?’hct eris- ing

cl ause of Clcollumd, In pAftiddlaxfedd dentRrisirapléheo Gmpboveylehe 1S firstly

fed into a pre-reactor the carboxyl ate i brguiggt I nto cont act
0

I.n I ch §5 )

Wih a £ rsPORERTRIRR anid Y SPLbalAsE e, aipgh %ini ch .t he
car boxyl at e bogypixt tadid.y x| Raekdri Bbfedtheid el qhnevenits ppl.ecmixgs. The
reactiop m xture fro he_pre-regctqr i .feg Info the reactjve
diotill B ofEe ?%‘}mfa@gﬁa#s ‘-‘§6dbr‘-8u3'ﬁ’ﬁ s ihntiot frH Sond
hydrol ysi s eoahatysbjeforiat tbeaptipisd i the coneafsinmgeit tde i ni ng car -
boxyl at e intg tgses copres oar)ﬂsiongjtr%arn géykgcogg&cj gndrgéésscoar}! 2 The process
accor di ng t 5°CHhE T nveht TorHas The. p

hydrolysis device, which allow great flexibility in .

terms of composition and quantity of the feed. The com-

15 position of the product flows is also intended to be
controllable in a large range by the process. A further
object is to improve the conversion ratio of wmethyl

acetate into acetic acid and methanol.

20 Description

[0010] According to the invention, this is achieved in .
the case of a process according to the precharacteris-
ing clause of Claim 1, in that the feed containing the
carboxylate is firstly fed into a pre-reactor, in which
25 the carboxylate is brought into contact with a first
catalyst in the presence of water, by means of which
the carboxylate is partially cleaved into the hydroly-
sis products. The reaction mixture from the pre-reactor
is fed into the reactive distillation column, and is
30 brought into contact with a second hydrolysis catalyst
for at least partial conversion of the remaining car-
boxylate into the corresponding carboxylic acid and al-
cohol. The process according to the invention has the

surprising advantage that a substantially higher con-



surprising advantage that a substantially higher con WO 01/ 27062

PCT/ CHOO/ -5 wversion ratio can be achi eved than proc-
esses. A %Sgﬁamzadvant age is that, by the use of a pre%‘%ﬂ%ﬁ@?ﬂ%he

working life of the reactive disti IIa-_'[_;ign colum -can be substantially
| engt hened, since 5 catalyst poisons, e’g. netal ions, are predom nantly
trapped in the pre-reactor. A further advantage is that, by the

pre-reactor, differences or fluctuations in the feed quantity or in the

m Xt ure conpoSjddsAbnCarhtile SMPEESALRIeve®t tABA RALHAURAREAIS dS- that the
par 10 ticle size of the catalyst material used in the pre- reactor plays a

| ess i nport ant®S§5§Se thafurthaheaduanbage ishchadtalPst thackFaget a

advant ageous| yorese@datBok ethe aforkli zrl.elﬂfétéflta{é OReacRlivENaiBpithes with a
specific par- ticle size are normall'y used for catal yst packings, 15 since

the catal yst % i SPLEBR| Fatbt PEt heukftamtially y| Igngtieapded ingehe

partial ly per eabh¢spagidi@nshald g [#MERE] fh@ant apgouskdondhahelst the
head flow of the reactive distillation colum or the"base flow I's deliv-
20 ered to at 4@RPedontn f (FhehePTREFRACEPFon At dy&thend adyantageasts partial ly

separated i nt G@Haltg ARIPORENpSe-fAR Lo, Hir2edoMASs F 6AMSGRRLAL{ M) St ages

are preferably used if the resulting reaction mxture is to be sepa- rated
as fully as pddsiihee fesdo uABLiRY| F diml they et urs - gempesitimgy ¥an

Advant ageousl| ybe td&g@ﬁ&éeédl ayér faWres WavgHradd t ks atndieasie a8h,L0UI Ol ar
anount of water, _and the carboxylate/water mxiure is fed into the

pre-react df. EHFdendiiFe of i et ystaiseyiat c usrd st d&he Prepe 30
diently bet weerréaaaa_&ogsiwéeiyléésliagdréaﬁé,r&reeftﬁaﬁbkﬁ thetygen e 2 and
1:10, and nore particularly preferably between 1:4 and 1:7. The hydrol ysis
proceeds parti _ catalyst packings advantageously used in the reac-

tive distillation column. Batches with a specific par-

ticle size are normally used for catalyst packings,

15 since the catalyst material could not otherwise be
fully retained by the partially permeable packing
walls.

[0011] Advantageously, at least the head flow of the
reactive distillation column or the base flow is deliv-

20 ered to at least one further separation stage, and is
at least partially separated into the components. One
or more downstream separation stages are preferably
used if the resulting reaction mixture is to be sepa-
rated as fully as possible into the individual compo-

25 nents.

[0012) Advantageously, the carboxylate flow is mixed
with at least an equimolar amount of water, and the
carboxylate/water mixture is fed into the pre-reactor.
The molar ratio between carboxylate and water is expe-

30 diently between approximately 1:1 and 1:15, preferably
between 1:2 and 1:10, and more particularly preferably
between 1:4 and 1:7. The hydrolysis proceeds particu-
larly well if the carboxylate/water ratio in the feed
flow is between 1:2 and 1:5.



larly well if the carboxylate/water ratio in the feed flowis between 1:3

and 1: 5.w§\§H9é/§27062 PCT/ CHOO/ 00551 6 [0013] Alt houg%é&oﬁlé&glol ysi s

reaction ually be carried out at room tenperat

carboxyl ate/water mxture is prefergbly heated to a tenperature of be-
tween 30 and 100C, preferably from40 to 90C, and 5 nore particularly
preferably between 50 and 80C, since the reaction proceeds well and
quickly at these tem peratures. The reaction mxture fromthe pre-reactor

is expedi eqobysf ehiitholgh hend a@kbYPs ik Slealck 8bh 0Fart AlceER11y bd he regi on
either where the catalyst is arranged, or 10 sléghtl above or below this
regi on. The SREEHEE | OWF c¥h- TP nFSRPETREBKS) | thRit EREPRHIBER(YAESF and vol ati | e

conpo- nent aigByrdeideprecessbly Redted ey $epanpdiiuret age,pepreferably a
distillation colum, .in which the mxt uie is further separated. 15 [0014]
Particul arl §“§ﬂ§aﬁf’a@é@us’r% G hPRessEaPte &rem P 158 i th Tol¥fh is operat ed
in such m Wayréhpart idiflart@r poxFerab19Cbdtweeh Bo la@sisoens sande of the water
re- mainin {_lhe base,of the reactive distillation colum. In this case,

the reacti ofi®fi XEBFEIPR oRFPFReF ¥t DGR YpraK cFB8RS) $$R7 oduced into

the reactivegegatiitdd atihen reGot U6H milxtarBOEAdm My priheesatat Y& zone
centre. The base fll(grw 5roduced, whi ch essent | al copnt ai ns_ al cohol, water

all
and car boxy PIREGHTY Deltfe? | R BRI LY S -Stliﬁré?‘t*’s%rba?:‘éjt‘?‘ﬂh st age,
preferably andtréitédidrorRithbr2bheid thien cubaDyet Hes @irxhhged) Sod urt her

Sebar 3l e AREBE YA ol RS ISRl U0 he Dase
separati on sahfgbsg #£1dphodi, Swhté] | @¥bok@latd SsndnblaeRde atefpo-AS a vari ant,
t he head product 30 e.delivered paptially to the,pre-reactor or to the
feed 11 ow of b PRACPFORCLETTRAY (o b HEFCHeS rArpRrarion “stase,
preferably a distillation column, in which the mixture :
is further separated.
1s [0014] Particularly advantageously, the reactive dis-
tillation column is operated in such a way that the
carboxylic acid and at least one part of the water re-
main in the base of the reactive distillation column.
In this case, the reaction mixture from the pre-reactor
20 is preferably introduced into the reactive distillation .
column at a point above the catalyst zone centre. The
base flow produced, which essentially contains alcohol,
water and carboxylic acid, may be delivered to a fur-
ther separation stage, preferably a distillation col-
25 umn, in which the mixture is further separated. It is
also conceivable for both the head flow and the base
flow of the reactive distillation column to be deliv-
ered to further separation stages, e.g. distillation
columns, and separated. As a variant, the head product
30 may be delivered partially to the pre-reactor or to the
feed flow of the reaction column, in order to further
convert carboxylate contained in the head flow. Such

recycling of the head flow of the reactive distillation



convert carboxylate contained in the head flow Such recycling of the head
flow of the reactive distillation WO 01/27062 PCT/CHOO 00551 - 7 colum
al l ows t heveapzmbz y of the plant to be increased substanfCRCHENN0FNDOLS5]
Advant ageously, the reactive-distillation colum is operated in such a way
that the added water and the 5 volatrl® €onponents are essentially
contained in the head flow. This has the advantage that the carboxylic

acid is produced in the base with a proportion by weight > 95% preferably
>"99% The hi ghest conversiqQn ratiQ can_in thi,s case ge achieved i f the

reaction mx FOLPORe2HVMT (1He FAP2FEEXIQT The iRI@RGaEReR®i IROFFARESY eac- tive
distillation gabgtaneiariypoi nt bel ow the catalyst zone centre. [0016] The

process according to the invention is advan-, 6 tageously operated
cont i nuousl y, [i°.°g.5]ca?r%wa§taé’“§m' Ghe fepeFive d&ﬁﬁ’%ﬁ&?‘ °’E‘h‘é‘?e]é‘l9\“,

respectively, iar epeeatedUifUshoh fedvdyithalth@hBr 8d86dCiater adtl ttie resul ting
reac- tion mxture_ is drawn off conti nuouslgéfromthe grr‘e- reactor and fed

into the r2actoyatdtet (GMRPPEALS oPEfn, eSSRRELRLIN E2BERHPRAr BBx 1%t e is for

the nost part nead ZQower ipdsi Mae ithe RMGaAtYGE StRAOAURE Scatbexy @ ol ysi s
products bei ng drawn off continyously as a head flow or as,a bQottom
fraction (bas@ftPowS BFIWEER oA | %ePRFe SPE D é’WPFﬁé?nsg’é(ar ation

stage. The volyeiBht!| ewoge; br¥EERMDINEN> WYY, VidleUM gabstatahyétsion

advant ageously 25 between 0-15 h"1, preferably 0.5-8 h"1 anpd particularly
preferably betiREaf $22 2 1thiFRFE PRe2ppEE IinFEft FEACHHYD M ates to a
reaction i1@nd taepakabin0BheePpiré CretctdrdiiRg in@rbltcdd ECEY agieertee- Ng cl ause

of Claim 16, characterised by at |east one 3Q pre-reactor having.-at | east
one inlet and%3¥E S&FFéﬁa‘?’c#“ r IR iaGerP§&BB| behg¥ abke ofd $ing a

flurd flow zone centre.
[0016] The process according to the invention is advan-
tageously operated continuously, i.e. carboxylate and
15 water or a mixture thereof, respectively, are continu-
ously fed into the pre-reactor, and the resulting reac-
tion mixture is drawn off continuously from the pre-
reactor and fed into the reactive distillation column,
where unreacted carboxylate is for the most part con-
20 vérted into its hydrolysis products, the hydrolysis
products being drawn off continuously as a head flow or
as a bottom fraction (base flow), and optionally deliv-
ered to a further separation stage. The volume flow de-
livered per unit volume of catalyst is advantageously
25 Dbetween 0-15 h'!, preferably 0.5-8 h™* and particularly
preferably between 1-4 h'l.
[0017] The present invention also relates to a reaction
and separation device according to the precharacteris-
ing clause of Claim 16, characterised by at least omne
30 pre-reactor having-at least one inlet and one outlet
for respectively supplying and discharging a fluid flow
comprising the carboxylate or the carboxylate niixture
into the pre-reactor and therefrom, respectively, a

first catalyst, which is arranged or deposited in the



conprising the carboxylate or the carboxylate m xture into the pre-reactor

and ther‘ﬁgﬁfép respectively, a first catal yst, which g@,{@ﬁ&@g d or

deposite #%% WD 01/ 27062 PCT/ CH00/ 00551 8 pre-re onnect i ng

| i ne, which connects the out- let of éh_e pre-reactor to the inlet of the .
reactive distillation colum, and fiTst heating neans for heat- ing the
fluid flow or the pre-reactor. The advantages 5 of this device according to
the invention have already been nentioned in connection with the

descripti on ge- rbB8t&F 0GE onnhe¥ #RY ANAMS wheth Nedmict Oknkheugevi ce are
described in the dependent clainms. [0018] As_a result of the fact that the

pre-reactor & ab EheaRyRTFeAFHOSKi bt B iBIeG caf, tARd ®eRStivtet is | o-

cated at theiilseR138€idMecnnSt adll EResOOhéDng hRangalEdky nbafBt erial in
the pre-reactor experiences vor- texing, since the flow direction of the

reaction fl.owWS dlE s F1eMe9rt Fdec RESryRRCURk-oFRE 3dvanka@dedt t om of 15

the pre-sea@Orchilst deibd 8 rdiNgSithl @ hbOiRTEMEEn Hived@irkagyattrition of
the catal yst material..- i.s also conceivable for the inlet and outlet to

Lt I C /
be provi ded PeeRk eRtipngd dppFannectioRswabRy Ehe, ASEFEIPEIRR c@Fal yst  zone,

respecti vel yehel brogessd. HdvagitBh€ods SkefieRmehyabe tHe fqiyitheatal et to be
arranged at the bottomand the out- let at the top. [0019] In a
parti cul ar | PESCERREG P dhFodrReAdenY RdabP3: reactors or one pre-reactor”

havi ng two r@aasl OMas NaPesR@ESofll €hélSEibt &Rt TERE Sp¥d-Gepklyi-des for making
It 25 possible to send the feed fl ow respectively through, one of the

pre-reatPor 2FANERE BPPYNEMASELY| YRTERSHrer30d sthe ¢ iatetl nts ol Per :
pre-reactor catetihaitot figd £6pChnan theaButlet, AtesHact b¥etom, CeRe be provi ded
with fresh catal ' as the advant a%qe t hat the device can be

st. This h
operated 30 °@t§ﬁ?‘¥ﬁﬁoﬂ’§F§rﬁ‘a€r It oFBe pBFPOTPIREY (FRPEFEePEe]| ¥8  con-

texing, since the flow direction of the reaction flow
and gravity keep the catalyst material at the bottom of
15 the pre-reactor. It is thereby possible to prevent un- .
desired attrition of the catalyst material. It is also
conceivable for the inlet and outlet to be provided
laterally on opposite sides above or below the catalyst
zone, respectively. It is in principle-also conceivable
20 for the inlet to be arranged at the bottom and the out-
let at the top.
[0019] 1In a particularly preferred embodiment, two pre-
reactors or one pre-reactor having two reaction cham-
bers are used, and means are provided for making it
25 possible to send the feed flow respectively through one
of the pre-reactors or one of the reaction chambers, so
that the other pre-reactor or the other reaction cham-
ber, respectively, can be provided with fresh catalyst.
This has the advantage that the device can be operated
30 continuously for a .long period of time. It is also con-
ceivable to arrange the two pre-reactors one behind the
other. Such an arrangement has the advantage that dif-
ferent temperatures can be maintained in the two reac-

tors, in order to positively exploit the dependency of



ceivable to arrange the two pre-reactors one behind the other. Such an
arrangenent has the advantage that dif- ferent tenperatures can be

mai nt ai nePHAPE two reac- tors, in order to positively Pé%?(ﬁlfﬂof”"qshe
dependency of WD 01/27062 PCT/ CHOO/ 00551 9 the equilibriumreaction on
tenperature (e.g. 1st reac- tor is opér%t'ed at a higher tenperature than
2nd reac- tor). According to an advantageous processor variant, the flow

| eaving the pre-reactor may be partially re 5 turned to the pre-reactor.
This has the acql\éa@h@gg-f,pﬂm ggaect%g- BﬁaEL:Q;Sefaad%zQe (di gensiongchamal | er
than if no recycling flne I's provided around the pre-teactor, and the
capacity of tHemlisntopesatedi abl @ highey deneratungethamt 2ngh¥#RE- advant age
i s that phase ar gid I Rt f SRk (o] &=V r > avoi ded
by a re- cycl e%qﬁl'o?\%dé[yo}g%g E)?pe |entlﬁﬁgﬁgﬁ?egg?f:gig%?gﬁ?ﬁ%on col um
has a cat al ysttheorfdand-eRvdngokde P¥e¢-sR_RCUPHRAY cbe | PaFEERlYor¥Sone, the
upper rectkfi Gahinan 2anenRepRa-PELeder Vit #QVenkhasabsdysteane and the
| ower rectifica- tion zone bBelng provide el ow the catalyst zone. The
rectification theneneryrenater separ &ei dgmenaiened reradidiey thamgsit #id uct ured
mat eri al excha&g:g, [ etg. |3 T +hea Lyl a eously
designed as a 2 C?Sgé algﬁe\/\l%%cﬁ{ﬂtgﬁ%éﬁdi rggfo%dfgﬁgs?kigsr%%%%%v't (ra%:lr?gExpedi -
ently, the firthe apapacitahdofattdie spiantt e igci Rnigible- thafe tAXIWYsts, the
first catalyst gl nGed RRdneke acvhatadl BE!VASE BRRBLOXGEBAEAYidE 35 and 3
mnm and the seco catal yst havi ng one Detween appfoximately 0.5 25 and 1.5
mm pref eRfbl yir0 8@ feed] tenthangrevreaqion icen- bearvgidedilsf b3 bet ween
0.7 and 1 mMm Mhhld EDGefirst catalyst is preferably present as a bed in
the pre- reactor in the formof spheres, rings, extrudates etc., the
second cat al yst0928]5dksprdisnddyl y the r seRekive ndbstillation column

has a catalyst zone and one lower and one upper recti-

fication zone, the upper rectification zone being pro-
15 vided above the catalyst zone and the lower rectifica-
tion zone being provided below the catalyst zone. The
rectification zone may have separating stages, Raschig
rings, structured material exchange packings etc.
[0021] The pre-reactor is advantageously designed as a
20 tube, in which the first catalyst is deposited. Expedi-
ently, the first and second catalysts are acid solid-
state catalysts, the first catalyst having a particle
size of between approximately 0.35 and 3 mm and the
second catalyst having one between approximately 0.5
25 and 1.5 mm, preferably 0.63 and 1 mm, and more particu-
larly preferably between 0.7 and 1 mm. While the first
catalyst is preferably present as a bed in the pre-
reactor in the form of spheres, rings, extrudates etc.,
the second catalyst is advantageously introduced into
30 the reactive distillation column as so-called struc-
tured catalyst packing. Suitable structured catalyst
packings are described, for example, in US 5,417,939
(Shelden), US 5,470,542 (Stringaro) and US 5,536,699
{Ghelfi), the content of which is hereby included by



30 the reactive distillation colum as so-called struc- tured catal yst
packi ng. Suitable structured catal yst packings are described, for exanple,
in US 5WQ02J88 (Shel den), US 5,470,542 (Stringaro) aR§TGHY3SE 699
(Ghelf1l), the content of which is hereby included by WO 01/ 27062 .
PCT/ CHOO' 00551 - 10 reference. ThelPerm structured catal yst packing
shoul d be understood to nean a structure having retaining de- vices (e.g.
bags) for solid catalyst material and hav- ing flow channels, which are

present in the struct . Lt J | ongei use structured
Catal yst | paSRPRSESRor Fs Crh 3PaleiRfBRE LA, St it
di still ati obecaindemstéGD22) mesh B rhmictude abawint ¥ed@ininghdes a first
enbodi nment . vj ce. t C Lyt | f r ylates, wth
a pre-react glcgﬁdqg'ééa%%%)e | st%ﬁqgt }cg%ag%%?rd‘né;/éé%agura gﬁzm‘é

di agr ammat i dagl \Elolwowbannskxormhighbadenpreseft in dele cetiusturige catal ytic
hydr ol ysiLs : I . |t pre-rea G istillation
col um a%d O‘Jé: %%;%ﬁ]éﬁa?%ggeléo ul\r% '{bo?ls%u%tuﬁg‘r %’g%g?gﬁ%cgn ofa&?ﬁg bottom
fracti on of packingacbpyb dinstthel mreoresctormandFigurthel rfiaggidamati cal |y

shows a thir | t device for the catalytic hydrolysis of
car boxyl at es&s%gg\%gt’ﬂag cp?(ri];él!“?léact or, a reactive distillation colum and a

distillation colum for further separation of the head flow of the
reactive di S#dolz'zi‘t ion colum; Figure 4 diagrammatically shows a fourth
enbodi nent o a"device for the catalytic hydrolysis of carboxylates, 25
Wi th twe0pr cRigaaret 3r diadiapmatisadilygshowemtal Falrsy enepdimenti PEhaenbodi ment

of a devi codvilce! L ALl VELEIVNO! Hphrofe1cdl DX WIS 1Atk N TVO
pre-reactors, the feed fromthe pre-reactors being fed into the, reactive
di still ati orviddl enpretrefictor and a reactive distillation column; . :
Figure 2 diagrammatically shows a second embodiment of
a device for the catalytic hydrolysis of carboxylates,
15 with a pre-reactor, a reactive distillation column and
a distillation column for further separation of the
bottom fraction of the reactive distillation column;
Figure 3 diagrammatically shows a third embodiment of a
device for the catalytic hydrolysis of carboxylates,
20 with a pre-reactor, a reactive distillation column and
a distillation column for further separation of the
head flow of the reactive distillation column;
Figure 4 diagrammatically shows a fourth embodiment of
a device for the catalytic hydrolysis of carboxylates,
25 with two pre-reactors;
Figure 5 diagrammatically shows a fifth embodiment of a
device for the catalytic hydrolysis of carboxylates,
with two pre-reactors, the feed from the pre-reactors
being fed into the, reactive distillation column at dif-
30 ferent points.
[0023] The device 11 for the simultaneous catalytic hy-
drolysis of a carboxylate, especially methyl acetate,
methyl formate or allyl acetate, into the hydrolysis

products and at least partial separation of the reac-



30 ferent points. [0023] The device 11 for the simultaneous catal ytic hy-
drolysis of a carboxylate, especially nethyl acetate, nethyl formate or
al lyl acet¥®812706% 0 t he hydrolysis products and at | eastPGRAEHIOLOSSI
separation of the reac WD 01/27062 PCT/ CRO0/00551 - 11 tion m xture,
conprises essentially a pre-reactor X31land.a reactive distillation colum
15, which are con- nected to one another by a connecting line 17. [0024]
The pre-reactor 13 has an inlet 19 for feeding a 5 fluid flowinto the

réactor space _and an outlet 21 for ra the reactio ure. The
connecting | i k&% 1?“’8‘33’1‘58& FYREBEPI &ssﬂgbﬁ(‘){]tyhe ré’gﬁ'E?aFg° %nl et 23
on the reacti \aaddlastrddauven dd.etﬂmt:lﬁm 'Ehﬂurme 15¢aehdch htel s:onr-ef erably
tubul ar, the |nI 19 and the Si C elng grranged on opposite

bnd st des of FREEE, TR S, eRgrher By & Fopnéhndie, 1RR 7L DoG 28 of a
solid first cettoalzyl;t Tt @treakea{:wa]s hhe mammeteldl s«brlfe&tdmg aol um 15

has a cat o] n upper _and |l ower rectifi one 15 29,
31, which re%g'ﬁ'ié gg‘a 8 ecqﬁ/é‘lp%cﬁgf‘oﬁpiﬁﬁ \féit‘ﬁ’éﬁ@%‘t %q‘y Yzone 27. A
second sol i d- sfrawvéng ab&ify the3Zeacpieh emaiattg/ra:ormrm neshrieztiagcdlined cat al yst
packing, is rowced In the ¢ y 7. The rectification_. zones are
forned in a kﬁ = than)? ;gl{; g% ?fmg? TSBCERY uhh t €Pructured
(material excoangkp pesktiigs d:fs(td.llétidm&:o’a&mhon.sdrmngre)-fzfeatc:ltterbase flow
IS pro- vi ded t .t he c Wi t he head
flow of the ré ctlveprae etrgp’%tl Hug%fUnﬁL?LSlT’ et p??%vf’lﬁ tg'?‘ [lﬁlé ®Eol umm
head. Thel®di nds36]i 21i rbeo.ngnexrrﬂﬁgédonnbyzppesﬂse oéndi bides 38fWthB a heat
exchanger 41, iC cannect line 4 urn .tq the_colum
foot. The heaf gﬂch%ﬁge 1rfag‘cu%rédi€o%ﬁ§ata 572, &XF‘Em? *dh&%e. ®By3neans of a
branch |ine 44pclpdrfimdt tdatabgste material.

[0025] The reactive distillation column 15 has a cata-

lyst zone 27 and an upper and lower rectification zone
15 29, 31, which are provided respectively below and above
the catalyst zone 27. A second solid-state catalyst 33,
preferably contained in so-called catalyst packing, is
provided in the catalyst 2zone 27. The rectification
zones are formed in a known way e.g. by Raschig rings,
20 column stages, structured (material exchange) packings
etc. A line 35 for drawing off the base flow is pro-
vided at the column foot, and a line 37 for drawing off
the head flow of the reactive distillation column 15 is
provided at the column head. The line 35 is in connec-
25 tion by means of a line 39 with a heat exchanger 41,
which is connected via a line 43 in turn to the column
foot. The heat exchanger 41 is used to heat the column
base. By means of a branch line 44, part of the base
can be removed as.a base or base [sic] flow from the
30 hydrolysis and separation device.
[0026] The line 37 for the head flow leads to a con-
denser 45, by which the gaseous head flow can be lique-
fied. By means of a recycling line 47 connected to the

condenser, part of the distillate can be returned as



can be renoved as, a base or base [sic] flow fromthe 30 hydrolysis and
separation device. [0026] The line 37 for the head flow | eads to a con-
denser 4®OO0KY70%hi ch t he gaseous head flow can be |i quePCTIEWOWF neans of a
recycling line 47 connected to the condenser, part of the distillate can .
be returned as WD 01127062 PCT/ CHOG/@@551 - 12 recycle to the reactive
distillation colum 15. Part or all of the distillate fromthe reactive
distillation colum 15. can be renoved via the line 49. [0027] The

r e renctor TERVERA o | P asRetine ALt S BsdRn fefifin, SBhe PRRFfr 10° vt er
can be adde&ino dihethé i Aesbillste afdomnetlsd. rdéeticer bivgtianetiaher m xture
can be heated b eat exchanger ., is.in con- nection with the
line 51. 10 9°3Y §] lgh%a% c?oﬁam%f?du t"?‘aﬁlﬁe WHsdiment (Fig. 2) dif- fers
fromthe fi r[smnzrlm tThed cmrﬂbsynﬁeatclomponmwmb&?hydromuaecanobéo the line
44, whic

conpection.w th the col foot. .For
si npl i fy?ng dtellrévaﬁ Qst?tf%[}frb% PYERESRGHY u]g]er’@hc?e Wﬁb%?s ¥ f the ‘de 15
scription of:.st I&enhed:'séd itd wdier dhlete Enboditeentamrie dddedetor eheised for
| dent i cal nd_t he d scrlgéio I S éﬁi)m’%etd othe addi ti onal
features of coftef i F- %t Pat i vESeBEAPTEN .e 85551 "LFkE" S he reacti ve
distillati ora:aﬁolbenheasedtllsge a Xeati &kbhhagénorsst,olwhrnhSIsahaocha-s a heat
exchanger 61, |nte ta}bq__% E rculation line 59, in order to heat the

Col Ghh

base of the 8 . Part of the distillation base can be
rem)vedmromonlae] hmmlmpsd Eisteabyve dmbmddivent n&FigB. 225d§0030] At the

head of the gLt ELLAtLOD SOLUME, Bl o CANIENSEE,B5 d8 fignagci ed by means

of aline 6 hiéhsars can returned via the line 69
connected to the line 44, which is in connectz.on with

the column foot. For the sake of simplifying the de--
scription, the same reference numbers as in the de-

15 scription of the £first illustrative embodiment are-
therefore used for identical parts, and the description.
is limited to the additional features of the second il-
lustrative embodiment.

{0029] Like the reactive distillation column 15, the

20 distillation column 57 also has a heat exchanger 61,:
integrated in a circulation line 59, in order to heat
the base of the distillation column 57. Part of the
distillation base can be removed from the hydrolysis
device by a branch line 63. _

25 [0030] At the head of the distillation column 57, a
condenser 65 is connected by means of a line 67 to the
column. The condensate can be returned via the line 69
into the distillation column, or can be removed via the
line 71 from the hydrolysis and separation device.

30 [0031] The illustrative embodiment in Figure 3 differs
from that in Figure 2 in that the distillation column
57 is connected to the line 49, which is in connection
with the condenser 45 of the reactive distillation col-

umn. By means of the distillation column, the head



into the distillation colum, or can be renoved via the |ine 71 fromthe
hydr ol ysis and separation device. 30 [0031] The illustrative enbodi nent in
Figure 3 swdém276862 fromthat in Figure 2 in that the di st PCTEHWYASEL| um 57
is connected to the line 49;,. which is in connecticon wth the condenser 45
of the reactive distillation col- um. 1By-nmeans of the distillation colum,
the head WD 01127062 PCT/ CHOO 00551 13 flow, which nay be a conpound

m xture, can be separated at |east partially into the conponents. A
further dif- ference js that _a recycling or, recircul ation IineFég S

provi ded ar oufidO¥he"iH MY P§r 21 SOMPOURS} FUXTREe np®RR i Re F9P5E&FBPe for part

of the flow | gaviegst hgaPEEx118aGneb the tompenéinld.ver efhxttely diler et o.

Dependi ng on the separation problem an extraction col um al so be
used i nstead SETERES AZ(THATaE JAC¥GHIRH.OF C’r'(%'%]rc‘f’ﬂ%t’r‘?’} Mmgvéserrbodi nent

in Figure 4 hagothed Hkdiling! tREUHSEL Pehdteat UBe Oh e ItRr maret ges 13a and
13b, which can be used sinultaneously or a{lternatel . The reaction flow

can in this cROESHRIS ofPY hPREIGhOY aF iR s EleWot R EHI% SBIR RFF TG PRer detail)

ei ther throughathg pee-dedseeedlInwlly PEeretact ovepbiidingheonisenaf two pre
15 reactors has the advantage of that, in the event that i} is_necessary

to repl ace th&SPAFRFIRT REPRIGY #h SREFAGHION CRIYWBFE Bher 3tFdnPheed not  be

interrupted siugea ihdteay @Eesheldintiqaathenfeshunir.ough the other pre-
reactor. 20 [0033% The il lustrative enbodinent {n Figure 5 differs from
that in Figurd®23th (Hha HHushrativeamhedingat oy FigiFea e R3gn B8t ed by

means of s@pagakeihdwRshihda faadurd 7HF tEvd re-@aattonts dis idndatiBn col um
15. The line I117a i's connect ed to,algai nl et §3a, and .t he Ii{le 17B to 25 an
inlet 23b. Th¥tfle3B3PS sUSRT aFfRH 5ARECHEY e Q0P t 6 RR& Y eadtfon zone or

bel ow t he | at reactdtitl £h6wi 8hARt in this case be fed through valves
(not represented in further detail) either through the
pre-reactor 1l3a or pre-reactor 13b. The use of two pre-

15 reactors has the advantage of that, in the event that
it is necessary to replace the catalyst material in one
pre-reactor, operation need not be interrupted since
the process flow can be fed through the other pre-
reactor.

20 [0033] The illustrative embodiment in Figure 5 differs
from that in Figure 4 in that the pre-reactors 1l3a and
13b are connected by'meaﬁs of separate lines 17a and
17b to the reactive distillation column 15. The 1line
17a is connected tc an inlet 23a, and the line 17b to

25 an inlet 23b. The inlet 23a is arranged in the region
of the reaction zone or below the latter, and the inlet
23b in the region of the reaction zone or above the
latter. The composition of the feed can be adjusted in-
dividually for each pre-reactor. The reaction conver-

30 sion and the productivity can thereby be improved. In
the case of using pure components, i.e. only water or
only carboxylate, the use of a second pre-reactor may

also be omitted.



23b in the region of the reaction zone or above the Ilatter. The

conposit he feed can be adjusted in- dividually_f

pre- reac IQ#He reaction conver 30 sion and the produ@F&&?ﬁ@ﬁgﬁh t her eby
be |nproved. In the case of using_pyge.conponents, i.e. only water or
only carboxyl ate, the use of a second pre-reactor may also be omtted. Wo'
01/ 27062 PCT/ CAOOV00551 - 14 [0034] The hydrolysis of a carboxylate wll

be de- scribed below with reference to the hydrolysis of nethyl acetate as
an exanpl e dbodt¢herTiear bpdydlytsds. ofvbahydarkorykdte f bl hdvei ndp-a proportion’

by wei ght of atbgdlenaeﬁ_tOWSO%iggt rpélfeggg(t:?aé%h tg\%xetg d%tlysan anpunt of wa-

ter at Ieasfcng ol ar Wi t i respect %eferabl y adto7
times nol armetzhy]ss agktatécras Tdoe erample eofs ather kmﬂoeniybglteme heat

exchanger 5@8{2&} ?eéag_% 58 a\h :H)%r ?r%?y plggm% alwgggg dotloaQ;C prefera 10

bly 50 and V artanged
pre-reacd or 1é38st maietm p.cetamatsomlﬁedlmqmdnec&nmnh af vwecd d sol i d-

state catal c | X ata referably has
a particle é‘lg]zfe ge?\%gﬁ g%& 1%Fo>%gﬁgt%$%§%%3§ mee§h égé te(?f catal yst
mat eri al i spreferdlsky ea 4okoeXargimes motler eheemrmmysmhew fromthe
conmpany Roh ggg L—laF§ % zeolites,
al um ni um oxi Si ct(:)ﬁralé’} %g(el Eh ?X @15% %{%Bgél i%nggg EJ'e at e/ wat er

m xt ure fl oesably obgha tmpqna@ureabemeelﬁ 30n agdc oo At pr@t‘nzta}p to bottom
and copg 050, t h £d.al; L0g: I,s. In this
case, partlaﬁhygr d;ﬁ/lgélos\ej"of Q’?E ge&a#]nacloy%gggﬁg talgvg(’%?g%:%%l he conversion
- of the net hgrragged Preatreateor Ha8 .pre- reactor is between 20 and 100%- pref-
erably betweggssP &l BO20rQcdoler Sl IdRALUMAAME] acid solia-

state catalyst, e.g. a cationic ion exchanger. The
catalyst preferably has a particle size between ap-

15 proximately 0.35 to 3 mm. Such a catalyst material is
available, for example, under the name Amberlyst 15
from the company Rohm and Haas. Alternative catalysts
are, for example, zeolites, aluminium oxide, silicon
oxide etc.

20 f0036] The methyl acetate/water mixture flows through
the pre-reactor 13 in cocurrxent from top to bottom, and
comes. into contact with the catalyst material during
this. In this case, partial hydrolysis of the methyl
acetate takes place. The conversion of the methyl ace-

25 tate in the pre-reactor is between 20 and 100%, pref-
erably between 50 and 80%, of the equilibrium conver-
sion. The resulting reaction mixture is introduced via
the line 17 into the catalyst 2zone 27 of the reactive
distillation column 15, although the introduction may

30 also take place above or below the catalyst zone. As a
variant, part of the reaction mixture may be recycled
back to the pre-reactor 15 (Fig. 3).

{00371 The reactive distillation column 15 is prefera-

bly operated in such a way that the more volatile



sion. The resulting reaction mxture is introduced via the line 17 into

t he cat al 27 of the reactive .distillation colu ugh the
introductiy‘ghoié@(zﬁo al so take pl ace above or bel ow t he g‘?@%@’%ﬁe. As a
variant, part of the reaction mxture ngy _be recycled back to the
pre-reactor 15 (Fig. 3). (0037] The reactive distillation colum 15 is
prefera- bly operated in such a way that the nore volatile WO 01/ 27062

PCT/ CHO0/ 00551 - 15 nethyl:acetate rises in the catalyst zone, and the

| ess vol ati | eetmiydr abbbate dekesoyar thb%@@é@gtsltzoa&,reﬁdlwée 14% Ithi S
case, intense cqntact betweep catalyst mate- rial, water and pethyl acetate
takes place, i i?héig Hﬁﬁ?ﬁe&o‘?“ﬁlxﬁ*%'ﬁ‘ AYERy (Ehgc SRERLYFE % X%t 0 aceti ¢
acid and net hamol thiH038¢e Depréhsy) oontdtr dpstwerth PeHtdlystNtiLde -CONPOSI -
tion of the acetic acid, the_ reactiye distillation col- um may _be operated
in such a way t‘ u"fﬁteegctﬁﬂdv\é'te&ﬁ"yio AFHREE SSHEFet A t At Hdacet i ¢
acid in thse bastret ofhavhichumethgdsacdtaté LS e36£MHd alnto Caddwiigned in the
head fl ow of the reacgtiv diitillation colum (case 2). In the first case,
an acetic aci &5tgt 8P r@?ﬁ%ﬁﬁ’(ﬂ ‘mi x- ture is produced, which can be further

separated e. g.[0b38hy Pepndingr eamchepaesirad whdeae chtgor 2¢ompdkil-he sec-
ond case, aquZ:Qus or6 gislsentia,l |y agpydrous acetic ' with a purity > 99s
3

can be obtai néd®"[ 8 S TR A S uFBS oF SR A Y éﬁ(r:slég(]:%%?’}mbrc‘ﬂf‘ t he
reactive di stivnnatiagnbeobpafatédsiedidteld) wajtnae asre2ébcddbldtdied as a
2t o highdd | SRLLBEF & BPESCIGAARH T A Ce S A SRy T @i ce i n
Figure 2, theheeadliimaw(edsd hE) r@AcCid vesstindibh ¢t boRcLMdamirc ke 25 tains
met hy| acetat%baHEEEgQOéf gﬁg6¥éégEQVLO iggliiégion column (case 2).

In the first case, an acetic acid/water/methanol mix-

ture is produced, which can be further separated e.g.

15 by a downstream separation stage (Fig. 2). In the sec-
ond case, agqueous or essentially anhydrous acetic acid
with a purity > 99% can be obtained.

[0039] The temperature of the pre-reactor, or of the
reactive distillation column, respectively, may be es-

20 tablished as a function of pressure, a certain over-
pressure making it possible to operate at a higher tem-
perature.

[0040] In the process utilising the device in Figure 2,
the head flow of the reactive distillation column con-

25 tains methyl acetate, methanol, water and low-boiling
components. The base, which contains methanol, water,
acetic acid and traces of methyl acetate, is removed as
a so-called base flow. The volume ratio between the
head flow 37 and the base flow 35 varies between 1:1

30 and 1:1000, preferably 1:30 to 1:200. The reflux ratio
of the reactive distillation column is between 1 and
300, and preferably between 80 and 200. The base flow
35 of the reactive distillation column can be further

‘separated in the distillation column 57. The head flow



conponents. The base, which contains nethanol, water, acetic acid and
traces of nmethyl acetate, is renoved as a so-called base flow. The vol une
rati o beWV@dbe06the head flow 37 and the base flow 35 vEFTEIHHSHeen 1:1 30
and 1:1000, preferably 1:30 to 1:200. The ref lux ratio of the reactive .,
distillation colum is between 1 andl6300, and preferably between 80 and
200. The base flow 35 of the reactive distillation colum can be further
sg_;l)_?r at e;j in the distillation colum 57. The head fl ow WD 01/ 27062

PCT/ CHOO/ 00551 _. - 16 . .of the distillation | Lo EXiLiLng. through the
line 67, c8%t BPﬁs&ﬁ‘i’ﬁ'&ﬁ%P%nﬁoi‘?"g'cgj?'oFx %%Whgggggt E?‘éa%(fwt hegbase
flhow (line 89) comsiisiss meshantl aand/ tohcaguebusetiydetaicetated. ad [ 0041] In
the process _ytilising th [ [ |.Qure . e t he
reactive di §F?I#3f‘7’ Q%mg'om(r%%glg& C%I,’lrpél'l lrt:'és ‘rergﬁﬁ/t}ﬂg% tg?e?&{%\% anol , water
and | ow borketnfccamigonents. The base flow contains either pure acetic

acid, i.e. | i t t 9% pr.opno 1.QN ight, or
aqueous %ce'iilﬁguagi g"% $H§ Yo %eensg F&ggli%bﬂﬁé:?ﬁeéﬁ‘%?%ée %asp‘ggﬁﬂgwﬂ% and the
Ihead f1 ow 3Ehpr éeaderfdbly ofarthes betakder Bistihlation), celhwhmpk® particu- -
arly preferably.betwe 01 . 4. ux 1.0 t reactive
distillatioff coltrm imseg:g:g#weg‘%gigtaerfd %ﬁﬁﬁéi'andja?regf e?g I ybtg‘ét ween 5 and
50. 'Cli'he heathol 1 img ofompgdmenteac Theebadsst fldwatdantadpoburhtisen berd urt her sepa-
rated in the distil i an col N YSU) qd fI 0% et istillation
col um 57, 8)??#%%1ga‘%%'oulg'ﬁ't ﬁgg}gf’%eac%&;,ea%gﬁc?:aei r?glwﬁetgﬁgngﬁogérrét hyl acetate,
wat er anal | ekoR0bpoveight .conpaawebys Ftetimeeifd. okhe| vadud®)rxontains -

essential | y _wat 0 - N the.f ol . , ol I -’
2o on o' 8 et . AU o ST A MR AL o

omt
erably varies between 1:1 and 1:10, and more particu-

larly preferably between 1:1 to 1:4. The reflux ratio

of the reactive distillation column is between 1 and
15 100, and preferably between 5 and 50. The head flow of .

the reactive distillation column can be further sepa-

rated in the distillation column 57. The head flow of

the distillation column 57, exiting through the line

67, contains methanol, methYl acetate, water and low-
20 boiling components. The base flow (line 59) contains

essentially water.

[0042] Examples:

In the following experimental examples, a cationic

solid-state catalyst from the company Rohm and Haas, |
25 Germany was used (Amberlyst CSP- 2). In the reaction

distillation column, the catalyst was introduced into

structured catalyst cracking.

[0043] 1st Experiment (Prior Art)

A single reactive distillation column was used.

30 The base flow contained a mixture of methyl acetate,

methanol, acetic acid and water, which was separated in

an additional purification column into a methyl ace-

tate/methanol mixture and an acetic acid/water mixture.



25 Germany was used (Anmberlyst CSP- 2). in the reaction distillation
columm, the catalyst was introduced into structured catal I ng.
[0043] 1siV@MW¥MZent (Prior Art) A single reactive di st?ﬁ‘ﬁz‘f‘l‘@{?&%ﬁ um was
used. 30 The base flow contained a m xture of nethyl acetate, nethanol,
acetic acid and water, which was separadtfed in an additional purification
colum into a nethyl ace- tate/nmethanol m xture and an acetic acid/ water

m xture. WD 01/27062 PCT/ CHOO/ 00551 17 The nethyl acetate flow to be
hydrol ysed had the f oW 0 lild OFy i} Ny EHC 8RJaBY vIES IlRLY:

acet al dehyde: 0.4% rreﬂylﬁq%%gflgtg .330/§EL<£§'L met haﬁol -1 %X/e 00441 Reactive
Distillation Gbeufiplléowing cdmpeeiion 210 perreent bycweidhtzone: 7
theoretical stages (TReara188RL4QN Z0ne: 36,,JS 10 stripping zone: 8 TS Feed
Fl ows: nethyl acetate: o5 gg i’g?h wat er:” 62.33 kg/h Product Flows: 15
head flow 0.67 kg/ h meidwd Btevat®:7. 87 &§/3% Experinental Conditions: head
pressure: 956 nbar f Rhnt: 13 TS 2D yeflux ratio: 220 heat exchanger
tenperature: 73.7C Result: nethyl acetate conversion: 79.2% conposition
base fl ow of tlee44kaBeantinesPistibllation Column:

inner diameter: 220 mm

rectification zone: 7 theoretical stages (TS)

reaction zone: 6 TS

10 stripping zone: 8 TS
Feed Flows:
methyl acetate: 35.87 kg/h
water: 62.33 kg/h
Product Flows:

15 ‘head f£low: '0.67 kg/h
base flow: 97.87 kg/h

X i ditions:

head pressure: 956 mbar
feed point: 13 TS

20 reflux ratio: 220

heat exchanger temperature: 73.7°C
Result:
methyl acetate conversion: 79.2%

composition base flow of the reactive distilla-

25 tion column in per cent by weight:
methyl acetate: 6.97%
methanol: | 14.19%
water: 56.61%
acetic acid: 22.24%
30 xri : i i Pre- c i -

tive Distillati col
A combination of pre-reactor with reactive dis-
tillation column was used. The base flow of the reac-

tive distillation column contains methanol, acetic



25 tion colum in per cent by weight: nethyl acetate: 6.97% nethanol:
14.19% water- 56.61% acetic acid: 22.24% 30 2nd Expe ﬁkﬁ;, nmbi nati on
of Pre- r%ﬁﬂ'%flo“wi th- Reac-tive Distillation Colum A cgb i na?’?n(%‘srzli of
pre-reactor with reactive dis- tillajjon colum was used. The base flow of
the reac- tive distillation columm contains nethanol, acetic WO 01/27062
PCT/ CHOO' 00551 - 18 acid, water and traces of nethyl acetate. This

m xture was separated in a distillation colum into a nethanol flow

cont ai ni ng kefdpswaterredty | trresaive asthypl) omaiate. ghid/ wikediren xture. 5

The methyl acetate flow t.o be hydr, ed had the_fol [ ow canposition (in
por cent by a: GreyrRCa o, K AR EGR oRthumh, Ankepabe luioEho,

met hanol : 3 £16#6 cadftddsing \trabest of | attleyl Gaettane andeandaesteicer: 220 nm
rectification.é?ne: 7 t.hgoretical stages (TS) reaction zone: 6 TS
stripping z8REY VHE ™EXTPERY Flows: nethyl acetate: 38.61 kg/h water:
58.20 kggh ProductThel arerhyleatdtiate: flo kg hbe 2Ry&eskydddvihad?2. 92 kg/ h
Experi nent althgoggﬁions head pr.essycte: 967 rﬂgaﬂy f ee 5)(:)i nt: 13 TS

owlng composition (in per ce welight
acetaldehyde: 0.001%
methyl acetate: 96.53%
methanol: 3.46%
10 Reactive Distillation Column:
inner diameter: 220 mm

rectification zone: 7 theoretical stages (TS)

reaction zone: 6 TS
stripping zone: 8 TS
15 Feed Flows:
methyl acetate: 38.61 kg/h
water: 58.20 kg/h
Product Flows:
head flow: 1.0 kg/h
20 base flow: 92.92 kg/h
. EKQQI i _mgll;ﬁ_ l and.i t_;i ons:
head pressure: 967 mbar
feed point: 13 TS
reflux ratio: 122
25 heat exchanger temperature: 83.7°C
Result:
methyl acetate conversion:
after pre-reactor: 57.6%
overall: 98.0%
30 composition base flow of the reactive distilla-

tion column in per cent by weight:
methyl acetate: 0.01%
methanol: | 18.93%

water: 50.54%



ref lux ratio: 122 25 heat exchanger tenperature: 83.7C Result: nethyl
acetate conversion: after pre-reactor: 57.6% overall: 98.0% 30

conposi t i 3YP H&AIe62 | ow of the reactive distilla- tion col REH/GHIBBE cent by
wei ght: nmethyl acetate: 0.01% nethanol: 18.93% water: 50.54% WD 01/ 27062
PCT/ CHOO/ 00551 - 19 acetic acid: 30.88%[00451 Exanple 3: sinulation of
the hydrolysis and separation reaction by means of the sinulation program
S PROII of the conpany SI MSCl (Simulation Sciences Inc.) with the ai m of
obtai ning pure acetic act d, fro a rretlt]é/ré1 aketate flowutilising a '

pre-reactor/reactive |FF%\ fon col conbi nation according to the

I nven- tion: 10 Reactlve Distillation Colum: rectlflcatlon zone: 10

t heoretical st ( reacfion,.zo 25 T str RglS 15 For
the methyl ace@gggl fl hy&r"g‘f’gé% % fgorrpo& i on was

assuned (in peepacetiomyresstglan) byamhalsdelﬂydhe elﬁﬁ/natrm;progcremate 93. 1%

20 methancl : ebeyalrcnd Qe EoeurFkare SmasRihl’ sLESEL At §500 Ko/t

with the aim of obtaining pure acetic acid from a
methyl acetate flow utilising a pre-reactor/reactive

distillation column combination according to the inven-

tion:

10
Reactive Distillation Column:
rectification zone: 10 theoretical stages (TS)
reaction zone: 25 TS
stripping zone: 15 TS

15 For the methyl acetate flow to be hydrolysed,
the following composition was assumed (in per
cent by weight):
acetaldehyde: 0.9%
methyl acetate: 93.1%

20 methanol: 2.1%
water: 3.9%
Feed Flows (in kg/h):
feed flow: 6500 kg/h (of acetaldehyde,

| MeAc, MeOH and H;0)

25 water: 7100 kg/h
Product Flows (in kg/h) :
head flow: 10,000 kg/h
base flow: 3600 kg/h
Experimental Conditions:

30 head pressure: 1.5 bar
feed point: 35 TS
reflux ratio: 10

heat exchanger temperature: 120°C
Result:



MeAc, McOH and H20) 25 water: 7100 kg/h Product Flows (in kg/h): head
flow 10 h base fliow 3600 kg/h Experinental | . 30 head
pressurew%%gg ar feed point: 35 TS ref lux ratio: 1%2%‘%d0§§<l%hanger
tenperature: 120C Result: WD 01/270 PCT/ CHOO/ 00551 20 nethyl acetate .
conversion: after pre-reactor: '57. ~ overall: 73.3% base flow
conposition of the reactive distilla- 5 tion colum in per cent by weight:
met hyl acetate: 0.00% nethanol: 0.00% water: 0.01% acetic acid: 99.9% 10
[0046] The process geagfdiadathfe tdshverigBhiON is suit- able, in particular,
for the hydrolysis of low nolecu- |ar weight esters (esters with d to C4
or higher al co- hol 3ftex Rye-KgREkATac8T o, methyl fornate and allyl
acetate. 15 [0047] &éwdiial cohol can 4#tsx alia be produced by the
hydrolysis of allyl acetate. The hydrolysis is in this _case_carried out
accordi ng to known B3R Qo feMPRELHLOH RE ither Feast be rHietdd At neral aci ds
or ion exchangers @forf &t in bd QA48] by R iheduction of formc acid

| i kewi se takes place by a hydrolysis reaction. In this case, nethyl
formate is reacted MW IeREEER  ®vat er PoPYT ve formic

methanol: 0.00%
water: 0.01%
acetic acid: 99.9%

10 [0046] The process according to the invention is suit-
able, in particular, for the hydrolysis of low molecu-
lar weight esters (esters with C1 to C4 or higher alco-
hols), e.g. methyl acetate, methyl formate and allyl
acetate. ]

is [0047] Allyl alcohol can inter alia be produced by the
hydrolysis of allyl acetate. The hydrolysis is in this
case carried out according to known conventional meth-
ods in the presence of mineral acids or ion exchangers
as catalyst.

20 [0048] The production of formic acid likewise takes
place by a hydrolysis reaction. In this case, methyl
formate is reacted with excess water to give formic
acid and methanol. The reaction can in this case be
carried out autocatalysed by formic acid (DE-A-44 449

25 79) or in the presence of acid catalyst, e.g. ion ex-
changer (DE-A-42 373 39). The processing of the hy-
drolysis products conventionally takes place with sepa-

ration methods such as distillation, extraction, etc.



acid and net hanol. The reaction can in this case be carried out

aut ocat al ysed b% formc acid (DE-A-44 449 25 79) or in thggrzreSﬁl qcs(f' of acid
catal yst, ex- changer (DE-A-42 373 39). The pro 81t he hy-
drol ysis products conventionally takes place with sepa- ration nethods such
as distillation, extraction, etc. WO 0227062 PCT/ CH00100551 - 21 Legend
11 hydrolysis device 13 pre-reactor 15 reactive distillation colum 17
connecting line 19 pre-reactor inlet 21 pre-reactor (13) outlet 23 R D.
colum inl et %%ggagalyst bed 27 catal yst zone 29 |lower rectification zone
31 upper rectifrcation zone 33 solid-state catalyst 35 R C. foot line 37
R C. head |indl39 |inydlwsds deviceds5 and heat exchanger 41 col um f oot
heat exchanger; 343 Ilgﬁr glaeeRn,-heat exchanger and columm foot 45 branch

i ne 47 recycllng i 491 ne 51 feed |ine for carboxylate 53 water 55
heat exchangerSbef or ereantiyeedisbilimtion3rolwm di stillati on col uim 59
circulation lijge 61 heginxqRgnygte for base of the distillation col-

19 pre-reactor inlet

21 pre-reactor (13) outlet

23 R.D. column inlet

25 catalyst bed

27 catalyst zone

29 lower rectification zone

31 upper rectification zone

33 solid-state catalyst

35 R.C. foot line

37 R.C. head line

39 line between line 35 and heat exchanger

41 column foot heat exchanger

43 line between heat exchanger and column foot

45 branch line

47 recycling line

49 line

51 feed line for carboxylate

53 water

55 heat exchanger before the pre-reactor (13)

57 distillation column

59 circulation line

61 heat exchanger for base of the distillation col-
umn

63 branch line

65 condenser

67 line between distillation column and condenser

69 line between condenser and distillation column

71 line for the removal of the distillate



umm 63 branch line 65 condenser 67 |line between distillation colum and

condens I ne between condenser and distillation cal 71 line for
t he renoe@"%"?'g?"l‘# he distillate WD 01/ 27062 PCTI CHOO/ 005§ET%§12°’°?531 ent d ains

1. Process for hydrolytically obtaini _.a carbox- ylic acid and al cohol )
fromthe correspondi ng carboxy- 5 late and water, in which process a flow
containing car boxylate is brought into contact wth a hydrolysis catalyst
in the presence of water at elevated tenpera- ture in a reactive
distillation columpbaésnt draimeans of which the carboxylate is at |east
partially hydro 10 lysed into the carboxylic acid and al cohol, and the re-
sulting reaction mxture is simultaneously separated at |east partially
into the conponent sprocéde f@AChydrdlydisally abbedimiohumn,cddpdxore vol atile

copounds, <fke FhEfIehe P TA Bk TLls e Slothe react e, 19
conpounds, €lgre Gaidbemybrc BtivhichObrotess i1(Flviv koasiimiald icakky in the
base o e ST (12) 1S5,nbOti R TLgEian UL o CRuDS dhatn off 202,
cont ai ni ng tdeca1aishodyl ahe peebércd lof fvattelro ataepeeatanaiemperd3), in which
bresence of TR & by HEHDIATRIIT i cirbBry OB SYoakRRa 1y 25
cl eaved i nt coft hehigtdr ey startpiydats sis - at heeasacpaonialilyt tiyérbs drawn of f
o el R e, 3 Bk i el el B enc e
sulting reaction mixture is simultaneously separated at
least partially into the components in the reactive
distillation column, the more volatile compounds, e.g.
alcohol, being drawn off from the head of the reactive
15 distillation column (15) as a so-called head flow and .
the less volatile .compounds, e.g. carboxylic acid, col-
lecting at least partially in the base of the column
{(15) as a bottom fraction, which can be drawn off as a
so-called bottom or base flow, further characterised in
20 that
- the flow containing the carboxylate is firstly fed to
a pre-reactor (13), in which the carboxylate is brought
into contact with a first catalyst in the presence of
water, by means of which the carboxylate is partially
25 cleaved into the hydrolysis products;
- the reaction mixture is drawn off from the pre-
reactor (13) and at least partially fed into the reac-
tive distillation column (15), and is brought into con-
tact with a second hydrolysis catalyst for at least
30 partial conversion. of the remaining carboxylate into
carboxylic acid and alcohol.
2. Process according to Claim 1, characterised in
that at least the head flow of the reactive distilla-
tion column (15) or the base flow is delivered to at

A



tact wwth a second hydrolysis catalyst for at |east 30 partial conversion.
of the remaining carboxylate into carboxylic acid and al cohol. 2. Process
accordi ng woor2méan 1, characterised in that at |east therdecHof0E8y of t he
reactive distilla- tion colum (15) or the base flowis delivered to at .
Frrrrerrrrrrererrrrererrrrrrtlr W 01/-22062 PCT/ CHOO/ 00551 23 | east one
further separation stage, and is at least partially separated into the
conponents. 3. Process according to Claim1l or 2,. characterised in that
the carboxylate is mxed with at |east ,an equi- 5 nolar anpunt of water,

and the car box§RSt e ARG SUNHRT (SRPRXRE1PR SLABSE. t B9 s r 8hcti§ASEL3) . 4.

Process accor gapgidDlywnRepaatédi ifcol the domphdntsacterised in that the
nolar ratio of carboxyl ate and t I S_bet ween agproxi mately 1.1 and

er
1: 15, preferaBry 10 J&REER 3% 91 £20C1aHY InSFe 2pafhiaftetigesr ef er abl y

between 1:4 apfl ¢hdt othd chrddttylabe 1£SRieGdd wekd. ab. 1&4ACRSS eg@eording to
one of Clains 1.to 4, char-_acterised in that the carbofyl ate/water m xture

is heated t o™ FBnARPURGr BE oMRREY neBRC 35REN G2 EBEEYL aE§TePAKry from 40

to 90C, and nmeuge ps tiellliatbythe ghi-aeabkyrbetzyeen 50 and 80C. 6. Process
according to gne of ai s characteri S('ﬁ-% in that the_ reaction

l1to 5, .
m xture fromfhe pr EXPEEEERCTABLINGS tPoGRe R FIRAMPLCE? VB FRBET| | ation 20
colum (15) iactéeisel)i on whatethBe meake! WalkibS off -cdrd@9latd. akgocess

according to one of ., Clainms 1 to 6, char- acterised_in that the reactive
distillation ¥BFEAM Y 22579 SERFATRGH Ysdeh 3Ra)’ thatPRsFE @R Bact ed
wat er andi®5 beewset at i eamd NPATENidhd mdres pattishisrporprimedpip the head
f1ow between 1:4 and 1:7 or 1:3 and 1:5, respectively.
5. Process according to one of Claims 1 to 4, char-
acterised in that the carboxylate/water mixture is
heated to a temperature of between 30 and 100°C, pref-
15 erably from 40 to 90°C, and more particularly prefera-
bly between 50 and 80°C.
6. Process according to one of Claims 1 to 5,
characterised in that the reaction mixture from the
pre-reactor (13) is fed into the reactive distillation
20 column (15) in the region where the catalyst is ar-
ranged. ”
7. Process according to one of Claims 1 to 6, char-
acterised in that the reactive distillation column (15)
is operated in such a way that the unreacted water and
25 the volatile components are essentially contained in
the head flow.
8. Process according to Claim 7, characterised in
that the reaction mixture from the pre-reactor (13) is
introduced into the reactive distillation column (15)
30 at a point below the catalyst zone centre or a small
distance below the catalyst zone.
9. Process according to Claim 7 or 8, characterised

in that the head flow is delivered to a further separa-

* c L N s *
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8. Process according to Claim7, characterised in that the reaction
mxtureé{égﬂi_lh e pre-reactor (13) is introduced into b W&ggll ve

distill l umm (15) 30 at a point bel ow the catal ySt "zone Centre or a
smal | di stance bel ow the catalyst zgpe. 9. Process according to Caim?7 or
8, characterised in that the head flowis delivered to a further separa

LErrerrerrerrer Jrrerrrrrrrl €L MS W 01/27062 PCT/ CHOO/ 00551 - 24 tion

stage, preferably a distillation or extraction colum, in which the
mxture is faiidohestappar preferdily Paoeﬁsnamaﬂmh next cextnmarfiof ai ms 1 to
9, char- acterised Ln t ha geactive distillation colum (15) 5 is
operated in R WA ’ﬁ%’[ t?‘ﬁe RS Ei EVEE EREAERY ‘gct ed water remain

in the base xf. the Pﬂ@cﬁatssve.cdbsdutg Itoabhenof @lains (1590 d,1.chBrecess
according to alm 0 racterised in that .the.reaction ure fromthe
pre-react or & B tIt}f‘ﬁ cgﬁaf:ﬁ’(‘f)e %ﬁ%ﬁégéﬁ% T T&ﬁ on col um
(15) at 8 pcﬂmtopmauedtm sﬁﬁ:lalayska}Z(mﬁtCehéreaﬁbo:qusrmldc1ddaaﬂance above

t he catal yst_ zo ess.accor 10 or character- ised

et e hRaltreg e revpaRc iR Ehd hasd, Bt HiL ‘Pedeaire afh2 15) is

delivered tcma.l‘amlibhecohmpar(asl on stage, preferably a distillation or
extraction ich t

C%U {3 caM c hg mxééjr%ai_.s tely hﬁa acg{)z}rl%% d, 13 Process
accordi ng t clone of 79 3r?saf £ Jﬁg, tharalt &rr sEdTH h&™head fl ow
and the basecHatowhe2@eattidie mbantreyErdmsthe| pte-aresgorni{1glSisare
el verof € aRULLET SSER AL RU,RLAGE, aBLeLELRUL MG HhStgL) 2, tion of
separated. lat &rpceiass simoe diheg ctactaiuretofzo&éaicﬁatzietorla, small
distance above the catalyst zone.
12. Process according to Cléim 10 or 11, character-
"ised in that the base flow of the reactive distillation
15 column (15) is delivered to a further separation stage,
preferably a distillation or extraction column, in
which the mixture is further separated.
13. Process according to one of Claims 1 to 12,
characterised in that the head flow and the base flow
20 of the reactive distillation column (15) are delivered
to a further separation stage, preferably one distilla-
tion or extraction column each, in which the respective
mixture is further separated.
14. Process according to one of Claims 1 to 13,
25 characterised in that the process i1s operated continu-
ously, i.e. the carboxylate and the water or a mixture
thereof, respectively, are continuously fed into the
pre-reactor {(13), and the resulting reaction mixture is
drawn off continuqusly from the pre-reactor (13) and
30 fed into the reactive distillation column (15), where
unreacted carboxylate is for the most part converted
into its hydrolysis products, the hydrolysis products

being drawn off continuously as a head flow or as a

-_—
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25 characterised in that the process is operated continu- ously, i.e. the
car boxyl at e water or a mxture thereof, respecti

cont i nuous 9%?'273%?nt0 the pre-reactor (13), and the resu &’élgm%gsét i on
m.xture is drawn off continuqusly from the pre-reactor (13) and 30 fed
into the reactive distillation col um. 1 where unreacted carboxyl ate
Is for the nost part converted into its hydrolysis products, the

hydrol ysis products being drawn off continuously as a head flow or as a M
s WO 01/ 27062 H3c¥H @1ew, 08hB1opRiondmse ddiawerandtophi gaathyr dedparered to a
further sepa- ration stage. 15. Process according to one of Clains 1 to 13,

char act eri sed 53FiPRaft#¥R ester conpound is a nethyl, 5 ethyl, i- or
n-propyl esteris.i- OrPib&HEsWaeédﬁmgeSw ehal lof ackiiaisesit ter exd,, or a
m xture of the_aforenen- pned ester conpounds. 16. drol ysi s and
separati on de\ﬁr’@&aﬁﬁﬁfhﬁe‘it In 5t Bhe PELEY CRMRAWE (3537 oﬁe'él'&f]urm (15),

in particusar ed;@vlf Ok -CORVARFpIdHY1A eskebOX Y adE niButyllheseer| esgmndi ng
carboxylic aci qq t he _corresponding aIcohoI and a Leas parti al
separation of "1‘1‘?3' Ky @FoFgses ‘?ﬁﬁ?&r T & SEHEGi G6aF %OH%B‘W%WFE%‘, havi ng:

- at | east oneaiphedr eatédrcdmpduniayi ng at | east one in- 15 |l et and one
outlet for respectlve l.yi ng_and dis- a fluid f]low conprising
the carboxyl at’® i nto ﬁ%#ﬁé%g% sré&ﬂtfﬁpifﬁ§f°§ng'%Hﬁg@PWEH? ?Es% 5 vely; a
first catal ystqne\AM@d:t:uJSreard:Bﬂgﬂ(iaﬁzﬁ.odemhhﬁd {15) ,t hin pparteadgi=y (13); 20

- f t h 5) f h the fluid flo or the pre-reactor
(13|),rs- f& nga‘gg‘é‘%‘gi "é’t?%n eaw ’(”i%) iﬁlgﬂ n@m‘a\r’mv‘ﬁ"ﬁFS?P”c g which is

connected by rmabexgiia aendecindnGHd N€orresponding alcohol and at
least partial separation of the hydrolysis products

into individual components, having:
- at least one pre-reactor (13) having at least one in-
15 let and one outlet for respectively supplying and dis-
charging a fluid flow comprising the carboxylate into
the pre-reactor (13) and therefrom, respectively;
- a first catalyst, which is arranged or deposited in
the pre-reactor (13);
20 - first heating means (55) for heating the fluid flow
or the pre-reactor (13);
- a reactive distillation column (15) having an inlet
(23), which is connected by means of a connecting line
(17) to the outlet (21) of the pre-reactor {(13), the
25 reactive distillatibn column (15) having the following
features:
- a catalyst zone (27) comprising a second catalyst and
at least one rectification zone (29 or 31), which is
formed by distillation packing, Raschig rings, separat-
30 ing stages or the like;
- lines (37, 35), connected respectively to the distil-
lation column head and the distillation column foot,
for drawing off a head flow and a base flow, respec-

tively; and

—_—
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(17) to the outlet (21) of the pre_reactor (13), the 25 reactive
distillation colum (15) having the followi ng featureg, ,yst zone
(27) co%‘??’ﬁ’?@ a second catalyst and at |east one reg?T@F@g@l?gon zone (29
or 31), which is forned by distill a%son packi ng, Raschig rings, separat-
30 ing stages or the like; - lines ( 35), connected respectively to the
distil- lation colum head and the distillation colum foot, for draw ng
off a head flow and a base flow, respec- tively; and 11111 11 1 | | | | |

1111 111 C L. I\Aécmlhaa&lﬂp.wa&qu PES Glda0iRg5ERe basth ofsemend heating -
means (41) for heati ngﬁt he base of_the active distillation colum (15).

17. Device X&idivRgd t’ér]é}trh°i‘6°°?:‘ﬁg’r af&?gri sed in that the pre-reactor
(13) is arranged apDéO%d:éTBé@idﬁ:dligVth Ic&airhylsthehéf&cﬁie:(lkahl kai ng arranged
at the top and the_ outl et at the bottomor, conversel he outl et
(21) being di@hgEheatPine ?‘8 °’énofl?§e 55| BYrandRs) appreel gm 18.

Devi ce agcoryistdcadif altﬁelé.nqtet17(,19¢h®é&ﬁ§ eé.rré.ﬁbédseﬁltl ﬁhéh&bpt WO
pre-reactors (13a ;Lf?%? pre- ﬁctor (13) ﬁactlon
chanbers ar s lel’fea( alaé |51h8v 8E8°'Fo?r'rra‘r2‘?’h‘§e OS§ fle to feed
the supply édt.(l\étr eanactbeslyy adr0iel cite tHe t bep pand thactioletor one of
the reaction chanber SO that the 15 other pre-reactor (13) or the ot her
reaction chaffdr 2t E? %Iy, can be provided with fresh catalyst. 19.
Devi ce accorgf.ng tODQﬁﬁcé)faéao’rldﬁﬁglGot alaﬁn 1€ha art er clssarkdterthat t he

reacti ve d| stil] aJIL I on_col um %15% % Qg%al yg& fone %27) and one | ower
and onellp 2FSserih ebhY | B4R i BREAFRE f’f@) B1 PR BBE: PIETy, the
reactor (13) having two reaction chambers are used, and
means are provided for making it possible to feed the
supply £flow respectively through one of the pre-
reactors or one of the reaction chambers, so that the
15 other pre-reactor (13) or the other reaction chamber,
respectively, can be provided with fresh catalyst.
i9. Device according to one of Claims 16 to 18,
characterised in that the reactive distillation column
(15) has a catalyst zone (27) and one lower and one up-
20 per rectification zone (29) and (31), respectively, the
upper rectification zone (31) being arranged above the
catalyst zone (27) and the lower rectification zone
(29) being arranged below the catalyst zone (27).
20. Device according to one of Claims 16 to 19,
25 characterised in that the inlet of the reactive distil-
lation column (15) is 1located in the region of the
catalyst zone (27).
21. Device according to one of Claims 16 to 20,
characterised in that the pre-reactor (13) is tubular,
30 and the first catalyst is a bed of a solid catalyst.
22. Device according to one of Claims 16 to 21,
characterised in that at least the second cata}yst is

formed as structured catalyst packing.
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upper rectification zone (31) bei ng arranged above the catalyst zone (27)
and the Iower rectification zone - (29) being arranged beI al yst
zone (27) WOR2T92i ce accor di ng to one of Clains 16 to 13 \Q[/(%ﬂﬁm&s‘gi
characterised in that the inlet of the,reactive distil- lation colum (15)
is located in the region of the catalyst zone (27). 21. Device according
to one of Cains 16 to 20, characterised in that the pre-reactor (13) is
tubular, 30 and the first.catalyst is a bed of a solid catalyst. 22.

Devi ce accor dpag to 980106 Glcabblidd t8 Zhe ohacrasiwsi sed o phat at |east

the second catalyst is fornmed as structured catalys gackl n 111 a
111111 11111 $hagacterisef <Anc hay v@%l?%?rpﬁ/%%é BB5BRCkIRg o3,

Devi ce accordigg fcimeae ¥ Parkihgltelehedds KANICt eavIeikd,n that the
structured catal yst packing _is formed by packi n% el enent,s having cavities,

the catal ystcﬂiﬂjéﬁ"aF“aﬁéFhﬁll?ﬁ%&BEW ‘H’E‘?:Si AREOCEDE (FREE18554. " Devi ce

accordinggto gae of Qedtifd hecbedidy tahaﬁﬁctefl e2dih® hbated hesfirst and
second catalysts are acid solid-state cataly i on exchange res-

ins, the firsthrEacherdEedavithgtiptathe cFarst zénéf sr‘}é%n’ti\A/é’ér’faé}SﬁF%X| mat el y

0.35 and 3 Myaadaéle mmtg@bacaeaiyaﬁs hayj gng i¥Me Rhuage 288« oxi mately
0.5 and 1.5 mm preferably 0.63 and mm and nore_particular]ly pref-

erably betweed®®. 7tB@dEirsim caﬁ%ﬂfﬂi‘mmelpﬁrFlFlﬁ’ fife|of P&1 | x CcL M

S - tween approximately 0.35 and 3 mm and the second cata-
10 lyst having one between approximately 0.5 and 1.5 mm,
preferably 0.63 and 1 mm, and more particularly pref-

erably between 0.7 and 1 mm.
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