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Process and Device for Hydrolytically Obtaining a Car- hoxylic Acid and

Al cohol fromthe Corresponding Car- boxylate
5 Te ical

[0001] The present invention relates to a process and
to a device for the simultaneous hydrolytic cleavage of
a carboxylate into the corresponding carboxylic and al-
cohol.
10
Back of th nven
[0002] Carboxylates, especially low molécular 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 polyvinyl alcohol plants, besides a
small amount of low-boiling substances such as acetal-
dehyde, contain an azeotropic mixture of methyl acetate
20 and methanol.
[00D03] For chemical companies, where methyl acetate as
a Dby-product occurs in relatively small ¢quantities,
methyl acetate is not an economically interesting prod-
uct, since it cannot be profitably sold on the market.
25 A better price can be obtained if wmethyl 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.
[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-
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5 Technical, field [00013 The present invention relates to a process and

to a device for the sinultaneous hydrolytic cleavage of dRPPate into
the corregppdigep carboxylic and al- cohol. 10 Backgrouggg fﬂn?}ﬁb@s' nvention
[ 00023 Carboxyl ates, especially |ow nolecular weight carboXxylates, occur
in the chem cal industry during varioys reactions as by-products or nain
products. For 15 exanple, nmethyl acetate is a typical by-product in the
production of purified polyvinyl alcohol. Mthyl ace- tate mxtures from
pol yvinyl al cohol plants, besides a small anount of |ow boiling substances
such as acet aﬂaQE@ehy(@é sjopeaithe ameagieiair ajE camni ednuirld bat unet-byd- acet ate 20

and net hanol 0033 ni.es ere t hyl e as

by-.pr oduct octcllj?rle I'n re au%gyg%unamguantl |easnt g%?%yy %]g‘gt%%e i's not an

econoni cal | y ¥eRcEient |mg>dp¢bd~lsuetrrs§l§|, Bc(@_)l tkaeramset dfe phieof fﬂzfdsﬂ yss?‘l d on

t he mar ket . e [ a i E acetate i y-
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drolysed into acCetic acld met hano ySi's 8 CTarried out
ei t her as5a Bftelepr owddwloracefirtel watens| pn byheisong diddder and eactor in

conj uncti on' rP{MtthE';lC%@:%‘EQ{:éﬂﬁ@clhagbg'J:u!?a&h@n Ia, sidl.g reactiye

distillation colum. [O The use of a reac Imn COI‘IJUI‘]CFIOI’I W|thad|s-
tillation coltfkicRoFtagrs hangareleyde@ aftarettiel raeettmre Thd sdésads bed, for
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smal |, (b) because of the az
conventional processes

fooos5] 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 {00061 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 zone,

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.



tropic mxture which is set up in the reaction mxture 5 between net hyl
acetate/water, on the one hand, and nethyl acetate/ nmethanol3 Apii 206& ot her,

several diygfdihret ation stages are needed after the reachpi@iayodilss ' €ads to
hi gh investnent and running costs, (c) corrosion problens occur because
honogeneous catal ysts such as 10 sul phyric and hydrochloric acid are used

i n the known conventional processes. [0005] US 5,113,015 discloses a
process for obtaining acetic acid fromnethyl acetate, in which nethyl

ace- tate and water are brought into contact in the presence 15 of catal yst
packi ng in a tRM&7] | Betlbnafotemmtibnetihivs eaeeatst hes,nes hyls agesiate is

hydrol ysed i nd o,.ac8bj,c ol d nethanaol . The resulting reaction m xture
is.inthis case ﬁar?i’a %&ée%gera &d O%t SERERI A T e 9 TH838%pa- ration

colum. 20 [ 0BG6]aYScELFIAGLEZ0 Ini KM 5,8 70i, 3Th psés asppecpssed oto t he

hydrol ysis of,a ngthyl,ac ' re.l reac- tive distil]ation colum.
The hydr ol ysi%_ of a rre?’ﬁy &g%é{@aﬁ%%F?Jdév? 5 igﬁecgﬁﬂi ﬁg %Fgﬁ’f%an 500

met hyl acé- t&ngs.t dResaddiage 4 nplastdactdsorbizaiee ito Whehidwneex 25 change
packing is PraseRt Thas et vl . ;acet ] X1 Ur s, supplied frombelowto
the i on exchange packi ngfm%ndészg1 te?kgr?\rﬁ}}é:bg\%e 3RED t%’é’ﬁogﬁl%?(%hange

packi ng. The shRPeseadnedSnet hid . ticot ahe aptalyttermataydal asecowt | ected and

condensed in d&uPRe JaLL he | op,.zone, 30 and are then recycled
back to the reaction zgge. At%t)?%'e aé‘garrgﬁ%lrlr;rlaetz f%rem %agglelr‘sa €Ot 1ttt ed and

separ at ed i nt'PU8E VRydHi Y} ysivsingr pdebtlsetwe@dni hpar idayes:., Theordgurities are

then retypned.d opt- acti . ril 0 01/ 27062
PCTI CHOOl 00551 -pssﬁc[’%%o%k%‘g%iﬁ%?‘ oréﬁeﬁ'ﬁeonfeﬁpi% "pat ent s‘,’?z%?ﬁ%, 015 and

5,770, 770, t ERHifHe MRferdplstmahgby i donphiznchapgr-mesd asulsat al ysts. |n
US 5, 770, 770,stalack$ BLQPOSCHetD Pien hanbOReXchange JapLeripl;in the form
of Raschig 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 laborious 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.g. of a polyvinyl alcohol plant, the acetic



5 rings, by adding a plastic as binder to the ion ex- changer and pressing
the mixture into appropriate shapes. In US 5,113,015, the Godpil28¢4

mat eri al weovmos2 served in glass wool, and the mat for nedr/Cher®ssiom i s
rolled up with a wire mesh between the layers, in order 10 to pronote
circulation of the fluids. The catal yst - packing material may be a
conpliant open-nesh sub- stance, e.g. a netal cloth. Another usable
material is a nore rigid cellular nonolith, which can be produced from
steel, polyners or ceranjc nmaterial, The catal yst 15 packing material may,
however, ai sGHBE FPEAREY Fasom SEEFHHifatEd ket tYHe s 161 VEBF Y ugat ed

pl astic or cerllfaBhBy®@taises. (0008] The processes described above, which
use only a sljcoglglﬁ: reactive distillation colum, suffer fromthe 20 fact
that nethyl af&Pdfe TRE GI§hart iTq PresererirWant SomethRSIEEPRS acet i ¢
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carboxylate, \gpee Ly JIBL0Y! RESLAL & TR Y dOr PRl pi14ty  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 methyl

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 élause 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 wmeans 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-



and allyl acetate, by using a reactive distillation colum. In_particular,
it is desirable to inprove the conversion ratio of carboxyl%ted 20 o

al cohol am@@&reszboxylic acid. A further object is to preramoopesssoni ng 10
of the catalyst used in the distillation colum. An- other object is to
optim se the energy budget of the proBess. It is also intended to offer a
process and a hydrolysis device, which allow great flexibility in terns
of conposition and quantity of the feed. The com 15 position of ‘the product
flows is also _intended tp be controllable in a Iarge range by the process.

A further obJ8ET*R TS NpfavePEn@chdRved sFBATr #FB R OWBt IRFCC-acet at e
into acetic askseandameubenet . adfhriager iRt iomte] 00401 iccesdi gg 1o the
invention, this is achieved in the case of a process according to the
prechar act er i BT HG G Aus R0 "adnmh ¢3¢ ok Hehe (asgckévd SoiidiltArng t he
car boxyl at e i sibnr sidlymhedcamt @ea PhSsHLRCAOLy |iYenghehedS tdi@cear boxyl ate
I's brought_ into ntact wwth a first catalyst in the presence_of water, by
means of hi cﬁat?cﬁlétca?%ﬁaﬂsat i% J%Eal 1570 eAVR dPFRENEREtAYdr ol y- sis
products. Thetrammdd otinnittieur prérmcthe. pre- Fagche¥ aksaheshd ntig the
reactive dist%ﬁlatign §Elunn and is 30, .brought into contact wth a second
hydrol ysis cabatyst™Y f 5PCaP FaisIcEekr t i fEB%V%‘?%i‘E’)‘F\ HUSHR YIRS ni ng car -
boxyl at e i nt oit hehe ofees panaitagy Car bhx e micittirandomposizaal cakhe process
according to e_invention hgs_the sur advant age that a

b ol ket

substanti al |y hi GR&r con - TG SHERO199 062 PEH GHS0RBESS1 5
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cat al yst poi stims, catag.ystretpakkiogs , adwaatpyedaosiynandddy int rappedatn the
pre-reactor. €&Jé”&i§%i1§g¥§gﬁaQE&Jﬁ%. 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. |
[o011] 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 1:3 and 1:5.



that, by the pre-reactor, differences or fluctuations in the feed quantity
or in the mxture conposition can be conpensated. Yet anottkAprd@daht age is
that the pax012®eei cl e size of the catal yst nmaterial usedcrcHolvessr e-
reactor plays a less inportant role than in the case of the catalyst

packi ngs advant ageously used in the freac- tive distillation colum. Batches
wth a specific par- ticle size are nornmally used for catal yst packings, 15
since the catalyst material could not otherwise be fully retained by the
partially per{m Q e ack| n wal | s, EOOll] Advant ageously, _at |east the
head flow of e QAR | IGHTYRLE I 167 e 35438 HY RE i s del i v-

20 ered to atcdx&‘d&'&l ane Etll"frb@ll& ae@@éﬁtwa stagecadbskiincalwheast partially
separ at ed |nthtthe cqnponents. nore downstream separati on stages

are preferabl*HEE&d J1“"’f firﬁge?:@%{ﬁ't Pﬁ@tefdea'&? i ®n EATREXAS S % R sepa- rated

as fully as peeshblm ianid 1oe-d ndpﬂéﬂs!i&bl907fﬁam 49 nant spod,00dxd
Advant agegusl%), t he car 0X late flow.is mxe with at | east an equinol ar
t

anount of Fe RREEtRLta 5’5%?5?@%@?"*%’1 xtUrdd $0Ed FHIS t he
pre-reactor. thBhereadtaenr @trbae@@é waem caﬁ@oagui@&@ adel vRd t&mexpe 30
diently betmeen r oxi teI 1:1 and referably between 1:2 and

1: 10, and nor& g?‘fQFiul F‘B?a'B+’§Furl5’elf Bpthe éPrfn&ei‘C?“ THe hydrol ysis
proceeds par ta:@edlbatiy !ﬂedll ihtot hﬁeC&éb@ﬁ(Meat&'lmllQ&tiéﬁl 8olind he feed
flow is bet veen }IﬁBI‘ 5. VO 01/ 270!%1 April 2004_ PCT/ CHOO 00551
100131 Al t hough & ﬁ%‘?lbl%ﬁhfrrg Btf o ecgﬁt%}(%%l’tsy PE3085¢y i ¥ out at

room tenperatamghtweamdomynaeabe/ vl L rregibXl Uriee iMeadr €lewaddy- heated to a
t enperature q_j .be- 4 er}m}o an 10000%%;) ﬁferggllg from.40 to 900C, and 5
nore particul ar Fy gre a7 abl'y "BEfheeh* 55 Ana ifddle compo
nents may be delivered to a further separation stage,
preferably a distillation column, in which the wmixture
is further separated.
is [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



the reaction proceeds well and quickly at these tem peratures. The
reaction mixture fromthe pre-reactor is expediently fed itd&pil280¢eactive
distillatizug@leym in the region either where the catgofktge ,ﬁosg{ranged

or 10 slightly above or below this region. The head fl ow con- tal ni ng

al cohol, water, carboxylate and volatile conpo- nents may be delivered to a
further separati on stage, preferably a distillation colum, in which the
m xture is further separated. is 100141 Particul arly advantageously, the
reactive dis- tillation colum is operated in such a way that the

car boxyl i ¢ actddumnd adllokeasie an@apaty of tHee plahertsd ebe MAidrehBedihe base of
the reactive dis |Ik: n colum. In this case, the reaction mxture from
t he pre- react%’rb H) ¥f er abl y introduced into the reactive distillation
colum at a pmm]abmﬁmeeabajrysﬂhemeacem ridstIbeat s eofildwy produced,

whi ch essenti al | cont Ins al co ter I|c a may be

del i vered to & f gr gef)'é‘ﬁéﬁ o‘??ys}t,'\%a , g?eﬁ‘?%% "Vygr E‘Pét EP‘Fat i on col
25 um, I8 V\Ihi‘cd]’att‘.l.b,e mo«ipa»nents huet aseaepar Bt edontdidesl alisotrencei vabl e
for both the he Iow flow of t ere ctlve distillation

col um to be ¥&9 v-loe"r egﬁ?'oc‘ ?ﬁ‘lﬁt %Z’F EEFAPRRTON Qe FF° "Hﬁéfi |l ation
col ums, and amp‘ar aSe(brodscadvaml avhe bheehe&cthpra)dparbpaﬂ:imy be delivered

partlallytot re-reactar or the f,ee Wof t he reaction col um,
in order to furlti:’h1 cg‘sﬁve f:ecarabb X1t © CO%PSI REFITH FERE54°F | ow. Such
recycling of tdmchead ﬁhomhnf dase beasthimredi dffi I:hatrmth&nApier 2004 WO
01/ 27062 PCT/ %% oL % col ur arl Iloswsl]n he gap C|r;tt)é %fhet he lant to be
[ ncrease& su%st an I y 581%? vant ageous‘l-1 He Teacti ve distillation
colum is opdiva el.sitiliatiora gwlpminhat taheoaddeblelmart erheanchthgst5 vol atil e
conponents arg. ¢ eeh%ggugl.ly contained in the head flow. This has the
advant age that the carboxylic

[0016] The process according to the invention is advan-

tagecusly 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 verted into its hydrolysis products, the hydrolysis
products being drawn off continuously as a head flow or
as a bottom fraction (base flow), and opticnally deliv-
ered to a further separation stage. The volume flow de-
livered pexr unit volume of catalyst is advantageously
25 between 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 one
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 tﬁixture
into the pre-reactor and therefrom, respectively, a

first catalyst, which is arranged or deposited in the



acid is produced in the base with a proportion by weight > 95% preferably
> 99% The highest conversion ratio can in this case be actd&wdd@004 the
reacti on wWio012ms2 ure fromthe pre-reactor is introducedrCCBotdessir eac- tive
distillation colum at a point below the catalyst zone centre. [0016] The
process according to the invention is &advan- tageously operated
continuously, i.e. carboxylate and 15 water or a m xture thereof,
respectively, are continu ously fed into the pre-reactor, and the resulting

reac- tion mxture is drawn off conti nuouslé%éfromthe pre- reactor and fed
into the reackTSEGCEPF! | At TYHECEHLBINL INGvh &Pd CHNFRIRALF EREDBRYT ate is for

the nost parti@onoc20twer ied-+8i@dd Stdyeho! Yaist: Peduaks rekbeifydr ol ysi s
products bei ng drawn off continuously as a head flow or as_a bottom

fraction (bas®F4iMRptigRICIPIFHNAEY fdéFthe%’f’éw MF3RSf tPrh8f2Eepar at i on

stage. The voimgrecid opwer ﬂldﬁercﬁd R pt@-&ea@&we e caaiﬁhuxsgess
en 0-1 -1, prefera 1 and particularly

advant agequsl bet o]

preferabl y b %/%ve%ff' HEE. a[:%’i‘i?‘]ngl'ﬁé’ ﬁﬂ’@séﬁ%‘e??ﬁfﬁhtr}aﬁﬁ 3'€6af¥l ates to a
reaction andbé@palﬁaiﬂﬂihedew:ﬁeccﬁﬁié@:ltdbﬁgwﬁ.ﬁht heprRehaigeiatief i ng clause
of Claim 16, gharacterised ‘lg%/ at east re-react or having-at |east

one inlet and"BhEGGEFEr AFHHATERREL F V“‘Ei‘}ﬁgl% ntbhedrﬂ?v&f:&ﬁﬁ‘?gl ng a
fluid flow cdﬁwnmeaglhf&ec@rebeﬁaéﬁ eblarimhhe carboxylate m xture into the

pre-reactor a from pectively, a_ first catal which is

arranged or E‘go&saq i {Gf?é“e'lfs %\pFP? é?f(fﬂ Eh3p 5&?23?%%%?6—5@/ 00551 8

pre-reactior, armgleECtalp@gokim’ﬁa;el%I\ﬁéttﬁﬁﬂDeChﬁdt bee Ollhizett eis Olot he

pre-reactor toéf&elnl the re cl'tflve dlstllla]blog colum, and first
51 P

heating means 161 heat E}’?nﬁoPh@“fil FPEASr The® Eb¥tor Ehehe
advant ages 5 cfitadllyiss desectancdior dheg pre-rlsctidw entpgearichaye abready been

mentioned in QQBE%CtB%%c Egetgﬁode E%é iég1o 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 prineciple also conceivable
20 for the inlet to be arranged at the bottom and the out-
let at the top.
[0019] In 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, =o
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



t he process. Advant ageous refinenents of the device are described in the
dependent claims. [0018] As a result of the fact that the ptRAP@RO04r is
10 arrangw@oapmsdxi mately vertical, and the inlet is | oPCT&HOM0051 t he top
and the outlet at the bottom the catalyst material in the pre-reactor
experiences vor- texing, since the flow direction of the reaction flow and
gravity keep the catalyst material at the bottomof 15 the pre-reactor. It
is thereby possible to prevent un- desired attrition of the catalyst
material. It is also_ conceivable for the inlet ang?outlet to be provided

lateral |y on BBpoRTHidIOFdER LERRFEFr OBeFaWadie et AP yEt 1Sforf&3c™
respectively. tbt i$ épesitefCupl 8 aligne€onagierablife 2thdiprarchereaplet to be
arranged at the bottomand the out- et at the tog.%i 0019] In a

particul arly pPeferPePEHEgdiTRMAT FRETAEECRRaBESTSSHI: offf P& r eact or
having two reggéi elowhasaviber S résedactdnd mBans aperjizalyded-f or maki ng
It 25 possible to send the feed flow re p,ectivelx t hrough one. of the
pre-reactots br¥ § e BEaCEROHPTh r §855§ etﬁ‘a‘fa‘%?@eottﬁé’?

pre-reactor OknéhprétfeictogachnobeC RAMEnfLined aSRACErVehyn da@nnbe provided
with fresh catalyst. This has the é)ldvanta}“gl('[a:l t hat the device ca

. be
operated 30 cOREYTIOWs Iy ForSaPERG PEF i B ttf"ﬁepr?fr‘?%ctéirSOa(?gn- cei vabl e

to arrange thenéWeapheitgacforshonglehi id tweriaptberin Sdch=amgear r angenent
has t he advant age that dif- ferer& tengeratur S be mai ntai.ned in the
iFFE

two reac- torS*9% of Her Y Tsid BxpFof aYﬁB HepeRRHA 6F 13 Apri |
2004 WO 1dl/ 27R6€h&£ T @Ba5bre-Peddirednl bbr avwideshddy @n ren
tenperature (e. st reac- tor is operated-at a higher tenperature than
2nd reac- torf}.’g]Aec% ®"ng to an advant ageous processor variant, the flow
| eavi ng t he prhieszElacEapedbyntie  patie alrbyctved Hisdd attd ohhezqinenr eact or .
Thi s has the adyantage that . LIe.RECo(SARLR, S0 BR. Aufipasi Qngd smel ler
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 £irst 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 5,417,933
{Shelden), US 5,470,542 (Stringaro} and US 5,536,699
(Gﬁelfi), the content of which is hereby included by



recycling line is provided around the pre-reactor, and the capacity of the
plant is variable in a larger range. Yet another advantagel3ApnliZaP4phase

separ at i olwohdntegz t he feed to the pre-reactor can be avoipdqad-hyossi €- cycl ed
flow [00201 Expediently, the reactive distillation colum has a catal yst

zone and one | ower and one upper rectiyg fii cati on zone, the upper
rectification zone being pro 15 vided above the catal yst zone and the | ower
rectifica- tion zone being provided bel ow the catal yst zone. The
rectification zone may have separating stages, Raschig rings, structured
mat eri al excheefprepmeki AYes berm FOORIMrEde qatelyesacpacking axheaitiageousl y

desi gned as 5N I the_f] at al | i ted. Expedi -
ently, the fﬁ%%%%gggggna&gggg&f y%t %E%éc}tué%i (L?%é%ﬁé di-:étsafc&g{lgl ca%al ysts, the
first catal ysvidesvitryga pags) cFer sokial ofatadyweemaogpiadxiamd day-0. 35 and 3
mm and the s ngh sat avj appr oxi 525 and 1.5
nm preferablgl(]P %%% antg-la){lﬁ%’rlng' a%]ggcnlgpagreggﬁg?%ﬂt Fgr Féég%%%&a%y bet ween
0.7 and 15mm IWhi$ealde ddncefivablbe atysuse ssymheferabbyredt esaidlyss a bed in

the pre- reac j f.0r; pher e .09 extr t t he
second cat al y%%éllds&asfj\r}gorﬁhagl{aﬂoaé?&f/ ??\{3 f%&f%gg %rrllfi o)%o t ee]iseeag%:t%v\?e ,
distillation ébfritagdonocgiaiined struc- tured catal yst packing. Suitable
structured catal yst packings are described, for exanple, in US 5,417, 939
(Shel den), US 5,470,542 (Stringaro) and US 5,536,699 (Ghelfi), the content
of which is héP@334 i ncl uded by 13 April 2004 WD 01/27062 PCT/ CH00100551 -

10, ref ergnces; Jhe LeUSLENElUAG:6ALALIS ) PASkhnusfeldh be ynder st oot
g de- e.g. bags

to mean a structure havi ng retainin Vi ces for solid
e

cat al yst mat eRfEicangoRafhei fRtelEhie hanAsrkysishi eh sreborelsd®s in t he

structure. 5 {ith S 320,600 WAl 8 FOMSQeSHER: SITMALH 8ch At al yst
packings bot hFigr;]u::[*ehez péiea-grrg%r?ltag:il:ca?lnl% Isrll'xotwge ar ?;2?:5)1'121/ eembodiment 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-
drelysis of a carboxylate, especially methyl acetate,
methyl formate or allyl acetate, into the hydrolysis

products and at least partial separation of the reac-



distillation colum. [0022] 10 Figure 1 diagrammatically shows a first
enbodi ment of a device for the catalytic hydrolysis of car bb3<9p%lt2894 With

a pre-reagiginageg a reactive distillation colum; Fi gupgrmoooosst
di agrammatically shows a second enbodi ment of a device for the catalytic

hydrol ysis of carboxylates, 15 wth a,pre-reactor, a reactive distillation
colum and a distillation colum for further separation of the bottom
fraction of the reactive distillation colum; Figure 3 diagrammatically
shows a third enbodi nent of a device for the catalytic hydrolysis of

car boxyl at es,t2f weitiwrepr econgadtes, easepbtidlilye ai prelteddtmy cxd um and a

distillation rt ratlo of e dflowof t he
reactive distilla B%Q{:to 3 dl%lqilfure T aurrngmrlrgt [ ‘(’;’g FowE®Y fourth
enbodi ment ofneca:e@ﬂewcené cancttherclautaﬂ ycbnnech;adrgollyaesl'bf car boxyl ates, 25

with two pre- tor r ticall ous. & fLifth enbodi ment
! téﬁyi fhe %% &Sa§$§95¥% %ggaan 1n1e¥ %9 #w% eedlﬁg

of a device for the cat t1 ¢ hydradl ysis of "¢arbox th two
pre-react &rs,fiig ffdew ﬁnbtm thee !mwtpeaspmes arbblaxmg omatet ned fdwe, reactive

distillation gal g@,tffdltfhe %%aEEESHt?Pﬂd]}e s Zﬁgmlggl e%v ce, 11 for the

si mul t aneous catal ytic hy- drolysi's of a car esp |aﬁ‘y met hyl
acetate, nethylconpeahsety itilpk Atetfattde irréoctehe-dhydr dhyst s23 product s

and at | east I I t r 3 r 4 01/ 27062
PCT/ C1100/ 00565}? ﬁéreaggﬁéﬁ%ﬁ?gaﬁ%mc%?%gé éé“s)eh% 2:1(}% rggi\% ellr eactor 13

and a reacti Vi distpretaraddycsibmhath, thdi thletr el & omnd nem eiinter one anot her
by a connpgcti | e- 19 for
e {!ﬁcjl 8 il 0024L,L08 Bh ob gg{@ e;'rg:l oraet e%] %S_

feeding a 5 |de0W|ntothereactor pacea for
drawi ng of f tHPer-edds drrarireagEer fl-'hehe@nne@taltﬁéym need]125cerdnect s t he

outlet 21 of dhaqar eaeLOredR138¢i MlErid3.

[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 zone 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 ligque-
fied. By means of a recycling line 47 connected to the

condenser, part of the distillate can be returned as



an the reactive distillation colum 15. The pre-reactor 13 is preferably
tubular, the inlet 19 and the inlet 10 [sic] 21 being arranbefPdR08pposite

end si desw@foikie tube. The pre-reactor 13 has a catal ygerhe@odnrsef a
solid first catalyst material. [0025] The reactive distillation colum 15

has a cata- |yst zone 27 and an upper ;3nd |lower rectification zone 15 29,
31, which are provided respectively bel ow and above the catal yst zone 27. A
second solid-state catalyst 33, preferably contained in so-called catalyst
packing, is provided in the catalyst zone 27. The rectification zones are
forned in a kremywrlwayoethe iadRasehdgstiligsioROcenininmsst ages, oSt ruct ur ed

(material exchange ckings..etc. |ine 35 for drawn .é’f t he base flow
is.pro- vi deaahlgt ?%uegggl &ﬁ%g%%lgatt,e aﬁﬁc’“h Hrhe 5 0e \éé’a%lﬁr 25192 the head
fl ow of the radetinvesdest iHd atmoved odivmahdSlirse 4pr,ovi ded at the col um
head. The lin I SN connec. 25 tjon by nmeans of .a lJine 39 wth a heat
exchanger 41, Foo\%?i]chﬂﬁ% Ccagnﬁég%%tae \ﬁog"pgu%{‘ii ne E’? gﬁdﬁjjryﬁeﬁocf‘ﬂ\gg%ol um

foot. The5healelewelmadgéntd lthes preedebotdeats ttiea collime shasehidy neans of a
branch |ine 44 r the ,hase_.c e noved as , ase or base [sic]
flow fromthe™ %ﬁ%ﬁg%?y%? st%aen&n%ee%a é’?ﬁ i“{@%eaeﬁlag?e [aﬁl%fg] ?hgh‘T ine 37 for

t he head fl owireadsl twiam sodinedenA3er TaB, daybokyTird/watgaseansutead fl ow can

be lique- fie o} recycling. line 47 connected.to the
condenser, paérja{tn (%é ?%%Q%Fs%’(ﬁa%e%caeﬁm 8 9%t usr%ecY’%é"s?%lésAb?i F°%004 WO
01/ 27062 PCT/m@&403000854h -the2 linec3icl e to the reactive distillation colum

15 can batr env2dhyi S HEThiC Shburahiht SRR R Bk BhTna To be
hydr ol ysed cadiedse fxrgmdeh¢ visisd int bhathex plistriddstiom k®lvuima 37 lise 51, which
55 o Car b PSR AnE o2, LA ke P AL B V12 2 1S
the column foot. For the sake of &implifying 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



can be heated by a heat exchanger 55, which is in con- nection with the
line 51. 10 [0028] The second illustrative enbodi ment (Fig.124pdi2004fers
fromthe igg@hned that a distillation colum 57 is conpegicefdob®dsi he |ine
44, which is in connection with the colum foot. For the sake of
sinplifying the de- scription, the sang reference nunbers as in the de 15

scription of the first illustrative enbodi nent are therefore used for
identical parts, and the description is limted to the additional features
of the second il- lustrative enbodi ment. [0029] Like the reactive

distill ati on Ebdvwmrhi®h tmhe b@Gr dicgpbluhdtmituwrel, utmn 5% aleparhasda heat
exchanger 61, _. i .Lh.a circulation line 59, i der .to heat the
base of the d?%t?ﬁg% ?‘%aﬁ”qé%%’ml%tf ar tcogPOPﬁ%ts'diAstéi?ﬂrI%%\‘FFoﬁlgése can be
removed from féwreernedriel yhas a deadyediby ar breanicirulaner63in257p00380] At the
head of the dist.iid.ati I . condenser. 65.1s,.connected by neans
of a line 67%%&{%&5% égpﬁﬁnﬁ iﬂ(ﬁ%oﬁ She At g%caﬁnb%rdreé Lfronglaﬁﬁi 3%the line 69
into the & stidssithilen fogl pawt ©f ¢he Fdowedsweinwithd here-rienerdt fromt he

hydrol ysi s ang, sepangf i l.ce. 0 The 1] ] .rative odi ment in
Figure 3 differs from taﬁ%?&élllne iréurélzgg#? Tat %?Pee%ﬁ’ltlggi |Tat ?gér)\ colum 57
i S connect ed sePausEippn®@rddlenhi gh iextiractimmectiwm meyt haldwe bendenser 45

of the reactiygfi;skiLLatd Olyz : of the distillation colum,
the head 13 %‘F 2004 aﬁ%f%zbb%%@ﬁ%ﬁ&?c 551 - 13 - flow, which may
be a conpound{®@3&lur &he chhlusdrabpee atmrbdiaent et Fizparei al hysi hhe t he
conponentyg.  Agf iRk <Rl fs QREELES 4 ' or,_recLrcul ation
line 73 is proyilglg’g grou%dgt l_'e prce)-r%%%?é)ﬁeafjg?g?%éo?%gr P8 (rir% eit 5

possi bl e for Wardh ofan heef LRl | savithpnamisgye qreatiternatgly o Beedel i ver ed

new y theret Oped@ReRdifIgwORakNen SERAr 3islN Jor %de@hr@ﬂgﬁxr\é%éé on col um
may also be (not represented in further detail) either through the
pre-reactor 13a ox 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 13a and
13b are connected by means of separate lines 17a and
17b to the reactive distillation column 15. The 1line
17a is comnected to 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
723b 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.



used instead of the distillation colum. [0032] The illustrative enbodi nent
in Figure 4 has the 10 distinguishing feature of two pre-r&actP#29043a and
13b, whiwbovamebe used sinultaneously or alternately. FowcHowmmssli on fl ow

can in this case be fed through valves (not represented in further detail)
ei ther through the pre-reactor 13a-ol¥ 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 catal yst rrateri al in one pre reactor operation ‘need not be

interrupted s f.low can bhe rou h er pre-
reactor, 20 [8@55} #e ‘t yg‘tlfsvec’fgn%od’l ]t‘ah:eFl g'g:tfe E fers from
that in Fi guserdbed tlhadtowt hmp}ne-rreéaceme ]:3a el rﬂy@lroayexs:omfect ed by
means of separ%}}e I|ne§ %7a and, 17b_ t the rea t|ve d 1a tion colum
15. The line™® ARectsd ¥ 5A°TH%t °538 Sﬁd Ct""ﬁ-e f7b to 25 an

i nl et 23b. Tuethpleacé&a:el $lawr hagody |anpt:b§ortag:u'oﬂby etigle crfead:t i on zone or
bel ow t he Ia;ter met't% lnagtt l__2é%bt I n. ;[ch ‘51 |on of the rfa tion zone or
above t he’ EEEF . " Thd"TIWSoSFEFR of fnﬁ cdn 6& mdj us i n-

di vidual | y faereath 1|aaetre@@irm:rlarTh:etheae$pm conweth8D scerrtend t he

roduct VitV pERReEIRLPY Dol Nads hiiadNecane of yalig AL
conponents, Pre-6h wat er onI car use of a second
pre-reactor mEyxtuaesbs b'ehaJthtaetdd bs ﬁpeallheaﬁoozkch‘a@gen/ 27062-eBCTI CHOO 00551

- 14 100341 Thslgygt tym at%rgaﬁgpmr?% wWild Re-de- ﬁ%ﬁ%&%ﬁd bel ow wi th

ref erence toef:ﬁe y5| acetate as "an eéka ot her
car boxyl ae esblyl\/ét)hgthdam‘tcat @niil ﬁadhammgh& profporabion veytiwdlght of at 5

| east 500 ”Etaft%%lang C?lte rleﬁc egy with an amount of wa- ter at |east
equimolar withre acetate, preferably a 4 to 7 tines nolar

excess of watiéﬂ?'sll'héfhernpxtaurew@lt Adnihemakgdbyitherhegideseligger 55,

pref - 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 {0036] The methyl acetate/water mixture flows through
the pre-reactor 13 in cocurrent 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 zone 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}.

[0037] The reactive distillation column 15 is prefera-

bly operated in such a way that the more volatile



erably to a tenperature between 30 and 100C, prefera 10 ny 50 and 80C, and
fed into the preferably vertically arranged pre-reactor 131 %@6@@@ The
pre-react $i00a7063 packed with an acid solid- state catalPgFICHO®IGFS1 a
cationic ion exchanger. The catalyst preferably has a particle size
between ap 15 proximately 0.35 to 3 m& Such a catalyst naterial is
avai l abl e, for exanple, under the nanme Anberlyst 15 fromthe conpany Rohm
and Haas. AIternative catal ysts are, for exanple, zeolites, alum nium

oxi de S|I|con |de

[ , 00361, Th t t fl
through the P gg?gatiflsﬁ[scégu%P%n‘fe %I#t Sgg?eoaa%{ V\%ﬁ]e&gmx g{)rGres v

i nto contact wltattltllaewaaéal §héwaraicem alveduthagcatdliyst ias theifdugase, parti al
hydrol ysis of_theg neth acef at e t akes pl The conyersion_of the nethyl
ace 25 tate in't 1él‘Tbr eg?e'acf'%% b‘é?r\‘;e\tleaec% %ﬁ?eté"r? a1 ,axﬁ?%f BakFably between
50 and 80% ofialhe weaer | bnclurmechmzeracesaae tékesr edulcel, ngi eak&i on m xture
I's introdyced_ v t l.i.n o_the catal yst zone of  the reactive
distillat :éon cd'}r%e L ,Wh “ hé“&éhy% ace%??eod’tfct?%er‘?vﬁay 15% ala§8lgf'%ke pl ace
above or bel mrichendanetysiolzone. As a variant, part of the reaction

m xture may bg,regyc k to pLe-reacto . [ 00371 The
reactive di Stlﬁlq’aﬁl oégg%rf&l}% P |¥1 %"Feéiepb’lry{: perjed |r'1")pgﬁ h a way that
t he nmore vol audle Ofsthpr is-tetZDﬂzhchw.) ﬁhéZﬂéﬁﬁﬂ:lﬁ@Tﬂ&Bﬂl}iﬁBh eol5 et hyl

acetate ri se %a%gieg_ﬁg{:e& md t w%y' %Rfs‘t l\_{lgmaatct -8 \\alLer fl ows down

over the cat yst sre Ease,; ense contact  bet ween
cat al yst lfat ecolliegits \N&Heth@ndwm h;he aoettate atdlesnpkheebasa ofle 5 course

of whi ch et hylo aglake (E5e6! PAUSO | DO AGRLLE , AGkd AndareLhapol - [ 0038]

Dependi ng on purity and/or conposi atetic aci d,
the reactive l@ﬁagit iflomt pEntlee| xeactive distillation column {case 2).

In the first case, an acetic acid/water/methanol mix-
ture is produced, which can be further separated e.g.
15 Dby a downstream separation stage (Fig. 2). In the sec-
ond case, agueous 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] 1In the process utilising the device in Figure 2,
the head flow of the reactive distillation ceolumn 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



um may be operated in such a way that unreacted water 10 coI ects together
with the acetic acid in the base of the colum (case 1) or qur&@?@‘?’ntlally
cont ai nedwig gz head flow of the reactive distillati opcgRigddiisécase 2) .

In the first case, an acetic acid/water/nmethanol mx- ture 1Is produced,

whi ch can be further separated e.g. _19gby a downstream separati on stage
(Fig. 2). In the sec- ond case, aqueous or essentially anhydrous acetic
acid with a purity > 99% can be obtained. [0039] The tenperature of the
pre-reactor, or of the reactive distillation colum, respectively, may be
es- 20 tabli ddfedhasdastimicition oblmrewurexiaim@rﬁl-a:id&ghvempl:‘assure maki ng

It possible tQ operate at e‘%h@'ngg (%etn];r i %ra%ureth 00%%1;.3!:” thed process
uti-lising the deviceTmn ure he ead°t | oW & FeactiVe

distillation thel bamecbhow 26L:1m| 59) nmﬁgdlstacesaemlarmwhalﬁohgumar and

| ow-boiling ¢ crgp.gfgegéf The base, which contains nethanol, water, acetic
acid and traces o %y acetate, is renoved as a so- cal | ed base flow.
The vol ungé r aiticdlbet Ivedrhet procemachtil hsily tallasddeh'ecéJaiseFﬁbome% varies

between 1:1 30.and ki 1000, o efer ablydid0 0.3 200 Thsfel ug ratio o

t he reactive Fation co ween préterably
bet ween 80 amPn280ns Theettinde falcet\ate,S afethhrol cactabee dasti | Latd on col um

can be furth a I n d flow 13
hori 12004 VB0t IB0s0 R0 B0set s Th” ool e BEERPATPOR col um 57
exi ting throwgetiineatide 169, xwitiai asidesthampie ahdnt Pq&eyropornret hyl

acet ate, ,gnd : ( r@cpé C al Ly, ueous

acetic aélad ttE‘;L%FXO% %e%&}flvhe& ro esssutg{9 1|£ch|E ﬁa&%ﬁ QE%VH@% e %g-gure 3, the
head flow of tilrebebuesh vichalibaise| Few 6ib @@Idunhe 18ead diloni AT me@ﬂTyI acet at e,
met hanol ,  vatgLp3yd vhote s bRt idith COMPARRNTS10TNEnRRSE,E! QUERALAI NS ei ther

pure ]
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 1line

67, contains methancl, 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] t Experiment (Pri

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.



acetic acid, i.e. acetic acid at nore than 9901 propor 10 tion by weight,
or aqueous acetic acid. The volunme ra- tio between the basel3Api2884 and t he
head fl owwadipreet- erably varies between 1:1 and 1:10, aowcmoe@sfiarti cu-
larly preferably between 1:1 to 1:4. The ref lux ratio of the reactive
distillation colum is between 1 and 1% 100, and preferably between 5 and
50. The head flow of the reactive distillation colum can be further sepa-
rated in the distillation colum 57. The head flow of the distillation
colum 57, exiting through the line 67, contains nethanol, nethyl acetate,
wat er and | ow 20 boi FieigmebrpbnasetateThilayasee f bawhyPratysss) Rkt ai ns
essentially Vil 9042lg FRBBLER od NikNget Adibpgverpanlment al - exanpl es,
a cationic solid-state catalyst fromthe conpany” Rohm and Haas, 25
Germany was used (Anbeptaidehgde: 2) . | nlt4fe reaction distillation colum,
the catal yst was intg edcbPLO:. Strugd leed catal yst cracking. 10043] 1st
Experinent (Prior Art) single reactive distillation colum was used. 30
The base Pl ow cont ai Rethanoki:xt ure of nktHyl acetate, nethanol, acetic acid
and water, whidgamas ral gelst oaddbii@nal purification colum into a
met hyl ace- tate/nmethanol m xture and an acetic acid/water m xture. 13
April 2004 WO 01/ 2788=PCGEARRERY 00551220 M 5 The nethyl acetate flow to
be hydrol ysed had thecdail-aning i&{g).O?'ﬁﬂéU}e(:lLBaPE‘d’ta%@Bt (Byy weight):
acet al dehyde: 0.40 nmethyl acetate: 98.30 nethanol: 1.30 [0044] Reactive
Di stillation Col um: *##Her dPaRet er: 220 m rectification zone: 7

theoretigal stages (dQ}ipping zone: 8 TS
Feed Flows:
methyl acetate: 35.87 kg/h
water: 62.33 kg/h
hay c OWS :

15 head flow: A0.67 kg/h
base flow: 97.87 kg/h
Ex imen nditions:
head pressure: 956 mbar
feed point: 13 T8

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 n i : i ion Pre-reac i -
ti Disgti ion umn

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

tive distillation column contains methancol, acetic



reaction zone: 6 TS 10 stripping zone: 8 TS Eged Fl ows: rretgox acet ate:
35.87 kg/h water: 62.33 kg/h Product Flowg: 15 head f1 ow: 10ARH 20 h base
flow 97.%0WGMe2 Experinmental Conditions: head pressura’mﬁﬂﬁomdsar f eed
point: 13 TS 20 reflex ratio: 220 heat exchanger tenperature: 73.7C

Result: methyl acetate conversion: 79.13%conposition base flow of the
reactive distilla- 25 tion colum in per cent by weight: nethyl

acetate: 6.97-s nethanol ; 14. 19 water: 56 .61s acetic acid: 22.240 30 2nd.
with Reac- tive Distillation Colum

Experi nment : n on of L& feactor ) .
A conbi nat i o%‘gbd p?'}eatfieacf‘% WTF rEadlatrgt apeetatg | Bign "dBEuER was used.
The base fl owad sdparmead- mlaedﬂsktsiliﬂaltabhoaoraﬁtlﬂlmht@o&t aleRBaf®t hanol ,
acetic WO 01/ 27 004 . PCTI CHOO/ 00551 aci d, water and
traces of net %/ﬁq'ﬁacé"tt;‘g mngl’htlzx?i)c Sy (X BEERES SERats 0% ANa2gREiF | | ati on
columm into aagist/Wabher mixtowecont a| ning traces of nethyl acet ate and an
acetic agid/ water u The hyl. acetate flow to be hydrol ysed had
the foll 0\(/%m ng corrporsﬁi‘%‘(%ohg |51 ?e’getrﬁ %&F"(Ne‘f‘bh‘f’?. hydretvsefe : 0.001%

the following comp051tlon (in per cent by weight):

acetaldehyde: 0.001%
methyl acetate: 96.53%
methanol: 3.46%

10 eactiv isti i n:
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
‘ Experimeptal Copditions:
head pressure: 967 mbar
feed point: 13 TS
reflux ratio: 122
25 heat exchangex temperature: 83.7°C
Regult:
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%



met hyl acetate: 96.53% methanol: 3.460 10 Reactive Distillation Colum:

i nner dianeter: 220 mmrectification zone: 7 theoretical sthyégrlZpe}
reaction " TS stripping zone: 8 TS 15 Feed Fl ows; cetate:
38. 61 kg/ﬁ%{%‘%: 58.20 kg/h Product Flows: head flow?cgl.%gﬁ%glsﬂ 20 base
flow 92.92 kg/h Experinental Conditijgns: head pressure: 967 nbar feed
point:13 TS ref lux ratio: 122 25 heat exchanger tenperature: 83.7C Wt:
nmet hyl acetate conversion: after pre-reactor: 57.6% overall: 98.0% 30
conposition base flow of the reactive distilla- tion colum in per cent by
wei ght: nmet hyl acet aheetfidbBiaet hanol : 18. €53% wat er : 50. 54% 13 April 2004 WO
01/ 27062 PCTI CHOO 00551 -. 19 acetic acid: 30.680 [00451 Exampj~ 3:

simul ati on of the hydrolysis and separation reaction by nmeans of the

si mul ation prpogrash SERRGIE pt tdieutatpamy ol M3E hFinedatiisonasti ences

Inc.) wth the a}:i m.gl}‘1 obt a\%.ni nggpure gce%ieg_ acid froma nethyl acetate
flow utilisi AFREYFFaC r BERY 51T SXc198° QEstPFI ST S ESPuRiCab™i nat i on
accordi ngst o Y IJInNwéEnthe company SIMSCI (Simulation Sciences Inc.)

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 Colump:
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
Produc low 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 T8
refiux ratio: 10

heat exchanger temperature: 120°C
Result:



tion: 10 Reactive Distillation Colum: rectification zone: 10 theoretical
stages (TS) reaction zone: 25 TS stripping zone: 15 TS 15 Foferl 280 t hyl
acet at e f manwi2eoske hydrol ysed, the follow ng conpositi acTwoassuned (in
per cent by weight): acetal dehyde: 0.9% nethyl acetate: 93.1% 20

met hanol : 2. 10 water: 3.9% Feed Fl owsg i-n kg/h): feed flow 6500 kg/h (of
acet al dehyde, MeAc, MeOH and H20O) 25 water: 7100 kg/h 30 Product Flows (in
kg/ h) head flow 10,000 kg/h base flow. 3600 kg/h E t 1 Conditions: head
pressure: 1.5 bar feed point: 35 TS ref lux ratio: 10 heat exchanger
tenperature: 120C RBSHRY! arztape| ¢ompEagiomp 01/ 27062 PCTI CHO0100551 - 20
nmet hyl acetate convensiop preahbgbepre-Egagior: 57.6s overall: 73.39i base
fl ow conposition of the reactive distilla- 5 tion colum in per cent by
wei ght: nmethyl acet aP¥e®R¥gs net hanol : 83 0¥9%

base flow composition of the reactive distilla-

5 tion column in per cent by weight:
methyl acetate: 0.00%
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 Cl to C4 or higher alco-
hols), e.g. methyl acetate, methyl formate and allyl
acetate.

15 [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-
changexr (DE-A-42 373 39). The processing of the hy-
drolysis products conventionally takes place with sepa-

ration methods such as distillation, extraction, etc.



wat er: 0. 016 acetic acid: 99.9% 10 [ 0046] The process according to the
invention is suit- able, in particular, for the hydrol ysis &3 AP#0RS] ecu-
~lar wei ghwoastmes (esters with Cl to C4 or-higher al co- rawicsingemssyy. net hyl
acetate, nmethyl formate and allyl acetate. 15 [0047] Al lyl alcohol can
inter alia be produced by the hydrol gsis of allyl acetate. The hydrol ysis
isinthis case carried out according to known conventional neth- ods in
the presence of mineral acids or ion exchangers as catalyst. 20 [0048] The
production of formc acid |ikew se takes place by a hydrolysis reaction.
In this case,l98838)| formate is reacted with excess water to give formc
acid and net hgnol . ThearSRGEs08e¢afL I N this case be carried out

aut-ocatal ysed by formc acid (DE-A-44 449 25 79) or in the presence of acid
catal yst, e.gl3ion eRFETHATEEF (DE-A-42 373 39). The processing of the hy-
drol ysis produscts copygrdivenakkbyi ivkasnpkatgu th sepa- ration nethods such
as distillation, extraction, etc. 13 April 2004 WD 01/27062 PCT/ CHOO/ 00551
- 21 Legend Y11 hydfFeMRStEndeli’® 13 pre-reactor 15 reactive distillation
colum 17 cojwecti ngréif@ckrpigrdteactor inlet 21 pre-reactor (13) outlet
23 R D. colum inlet 25 catalyst bed 27 catalyst zone 29 | ower

rectificati omZone B{etﬁfﬁ&t°¥eé}?)f iW4EBn zone 33 solid-state catal yst

23 R.D. column inlet

25 catalyst bed

27 catalyst zone

29 lower rectification zone

31 upper rectification zone

33 sclid-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



35 RC foot line 37 RC. head line 39 |ine between |ine 35 R’ﬂ §%
exchanger 41 columm foot heat exchanger 43 |ine between helt AR 2R ger and
col um f omb o/Besor anch line 47 recycling line 49 |ine BAT/€H@dodsine f or
carboxylate 53 water 55 heat exchanger before the pre-reactor (13) 57
distillation colum 59 circulation |- a8 61 heat exchanger for base of the
distillation col- um 63 branch line 65 condenser 67 |ine between
distillation colum and condenser 69 |ine between condenser and
distillation colum _71 line for the renoval of the distillate 13 Apri

2004 WO 01/27062 PCEResFo&iB88%1 - 22 Patent Clains 1. Process for

hydrol ytically obtaining a carbox- ylic acid and al cohol fromthe

correspondi ng carboxy 5 late and water,  in whi rocess a fl ow contai ni ng
car- boxylatelis br oé@?ﬁeﬁsnt"tr?rccfmd%@ilyé\?r‘far?]é’ tﬂﬁ’cﬁagf’ﬁﬁls E&FRP%st in the

presence of watier ajicelm@tadtdheiperam tHee chresﬁcﬁﬁﬁhgveaﬁb&ty-l | ation
colum (15), by neans of whjch_the carbox Ia%ﬁ is at least partially hydro
10 |ysed Pnt o0-dT%e 304 BBXST i Ghiid CHnBraS FRACTHEF B I T ng react i on

mxture is siggihytiaReousd Y beeightt adtat cdnﬁa&t pﬁmmlahlywmmbmykhe conmponent s
in -the reactive distillation colum, the nore v

£ %e congounds e.g.
al cohol , bei M@ Rh oPf PR ORFEFRI ST &FtFﬁeaFeS.?Y%ﬁf 15°8PEEFT1 ati on
colum (15) asur@ sih Cal Lethdiead cfl|s§.WlMl£h.on column (15), by means

of which the carboxylate is at least partially hydro-
10 lysed into the carboxylic acid and alcohol, and the re-
sulting reaction mixture is simultaneously separated at
least partially into the components in -the reactive
distillation column, the more volatile compounds, e.9g.
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



the |l ess volatile conpounds, e.g. carboxylic acid, col- | ec{i ng, at | east
partially in the base of the colum (15) as a bottom fract %,”'\gﬂ%h can
be drawn ¢fdoipgsd SO-called bottomor base flow, furthgrfidiRba@serised in
20 that the flow containing the carboxylate is firstly fed to a
pre-reactor (13), in which the carbaoxgkate is brought into contact with a
first catalyst in the presence of water, by neans of which the carboxyl ate
is partially 25 cleaved into the hydrolysis products; - the reaction

m xture is drawn off fromthe pre- reactor (13) and at |east partially fed
i nto the reacteasitveordi sfurtihmri overmolagdnn ( B5rge andnis iy catghfleastt o con- tact

wth a secongm}péq%gll%lséépa atalsyste d c%rhesf:o ;?cﬁ'?éh&%o partial conversion. of

t he remai ni ng car boxyl at'e into car boxyl'1c" acid and al cohol. 2. Process
accordi ng to Al ai m 1Predemsasceridiay itp Clévin lakr| 2asthadeetheased | ow of the

reactive distid gt gg%, ) 5 OF s | | | ed to at 13
April 2004 V\ilI)1 (%%78%% IED%TI C Ilgééobgﬂlg{égzggéﬁeéa%%o&r% ur'lta e% separati on
stage, an8 i $FRY eégountpaft iwaltky. sepdr shedcanbertlisdedwapenenis:s 3. Process

accordi ng t0 @ Q1eQf i ChRLAGELNS8H,-1 fiA)hat the carboxylate is mixed
with at | east an equi- 5 nolar anount of water, and the carboxyl ate/ wat er

m x- ture is %ed i nt®redResprecerdigicoro( 93 o4 Clpineesmdcortang to one of

Clainms | to agagterihsed t ml r.at} r yl ate and
3ictEhabaaaghelihaed chl tnt&ﬁ%r he B! Rk &%@;:9%&%6%%

water is between approximately 1:1 and 1:15, prefer en 1:2 and

1: 10, and norr@5s&r tFchrBYesE Frereraprielbdtheand 11 flmndrefzraplv: 3 and 1: 5,

respecti ¥g! Y.bedweBh0§25SaRGCOL i NGl iR RhrEhBhIBr1y! diréraGiiAr -
acterised in that the carboxylate/water m Xture is Hhedted to t enperature
of between 3FeAMEeR0obr: et 718F eh@bPpaf } om 4GsPBCHPEIYand nore

particularly greferaprocess 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 B0°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 ox 8, characterised

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



bly between 50 and 80C. 6. Process according to one of Clainms 1 to 5,
characterised in that the reaction mxture fromthe pre-ret&pml 2008) is
fed i ntowdeseacti ve distillation 20 colum (15) in thectegimswhere the
catalyst is ar- ranged. 7. Process according to one of Clainms 1 to 6, char-
acterised in that the reactive distidlaation colum (15) is operated in
such a way that the unreacted water and 25 the volatile conponents are
essentially contained in the head flow. 8. Process according to daim7,
characterised in that the reaction mxture fromthe pre-reactor (13) is

i ntroduced i Nt hetagact Preferahly | at |®r$té-éﬂa‘ﬁwl'( 185y 3kmaciipsi nt bel ow

the catal yst g&%nce%r@jﬂh th_nm,lct gag&&lpeg:l %\é’p&? catalyst zone. 9.

Process according to Claim 7 aracterls Iht at the head flowis
delivered to ¥-furt hB?O%%ﬁ%ﬁ&CQBdW itto 2p84cf \§3adnsE2¥ (082 PCThErn0/ 00551 24

tion stage, P&fR7aBRYiA Sl idHeatl0Bt Pe XA hOTbn G MR (hB) Whi ch the
m xture is further separated. 10. Process according to one of ains 1 to

9, char- Bct ek SREPFCEhAR FReh ready vdadi he| Farbovldel @vdd(2Bf 5 is

operated in sugh areaywitddt IRiAHA0KYL IKa-aC0LE R MU QaGkedswater remain
in the base of the reactive dis- tillation colum (15). 11. Process

accordi ng to ldrmien, colitadilélised in .that the reaction nixture from

the pre-reactgr, (13)pf§ce5150 AcRbEQLE &b Yt BE, T REtd M dksh] Lhatlon
colum (15) at p0| nt above the catal yst zone centre or a snal di stance

above the cattéﬁafst heo f&action ppistads 4E€edr hagP¥e XI24tRE 10618} H

charactenp i sefrcautbat ihbe l@ﬁéerEbem-&é a0 r18aetbye cdhakh! I(@gjon 15
colum (15) is delivered to a further Earatlon stage, preferably a

distillation®r &xPrHti TP Vol din, catq? YS zone centre or a small

distance above the catalyst zone.
12. Process according to Claim 10 or 11, character-
‘ised in that the base flow of the reactive distillation
15 column (15) is delivered to a further separation stager,
preferably a distillation or extraction column, in
which the mixture is further separated. |
13. Process according to onme 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 is operated continu-
ously, i.e. the carboxylate and the water or a mixture
thereof, respectively, are continucusly fed into the
‘pre-reactor (13), and the resulting reaction mixture is
drawn off continugusly f£rom the pre-reactor (13) and
30 fed into the reactive distillation column (15), where
unreacted carboxylate is for the most part conﬁerted
inte its hydrolysis products, the hydrolysis products

being drawn off continuously as a head flow or as a



which the m xture is further separated. 13. Process according, to_one of
Clains 1 to 12, characterised in that the head flow and t hte® 88094 ow 20

of the regeididsuegi stillation colum (15) are delivered tpercdobbdsBer
separation stage, preferably one distilla- tion or extraction colum each,

In which the respective mxture is fuysther separated. 14. Process
according to one of Clains 1 to 13, 25 characterised in that the process
is operated continu- ously, i.e. the carboxylate and the water or a m xture
t hereof, respectively, are continuously fed into the pre-reactor (13), and
t he resul ti ngeassaciliovn ansdt gpbionmallir fied ivefed o i nubudiherf seprt he
pre-reactor ( Jand §§efed-i nto the reactive distillation colum (15),

wher e unreacted' carBo ylate is for the nost part converted into its
hydrol ysi s priduct s, Preressy daetgrsiingprisduens obeidigiusavn ©$ f 18onti nuously

as a head f'Oéfiﬁé}fac%érgse%? ﬁ?riéha@‘)% VQ,% 2%&%%&@&9*@“%@%2%, 25 Dbase

flow, and optionally vered to a furti epa- ration stag 15. Process
accor di ng5t o @ lef i€l ar ms-graryll 8stechatacem-betyl restitat, ©Rpeest er

conpound i s a{BHY bcer2c &l Wherdor, Ok B REQPYle 65f &ne IardPenBabut yl ester,
espe cially acetates thereof, or a mxture of the aforenen- tioned ester

conpounds. 16“75;‘117561 Sﬁtﬁrlﬁﬁt}mﬂuyéﬁs and separation device having at |east.
one reactive g4 stillgsd Qf‘aﬁ% _si‘s%ﬁhiseg&aﬂﬁﬁtdegwﬁav'ﬁg fRsconverting a
Xyl né A

carboxylate into the corresponding carb IcC acid a e correspondi ng
al cohol and &ne | E8atiysr t4aftiddpaiani 6alornt HaShydidl - igkddticts into

i ndi vi duap CcOfAIONeBhPertidY NA' carBbxieASd QREoPIE 86HUsdokdingavi ng at

| east one in- 15 I et and one outlet Tor respectively supplying and dis-
charging a fIGHPRYON cEFPRi g Hife CWISERPPAIR | AtEPhhed R e3Feact or (13)
and therefromeds@Spgsti M8l Yseparation of the hydrolysis products

into individual components, having: -
- at least one pre-reactor (13) having at least one in-
15 1let 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);
- & 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 distillation 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-
320 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



- a first catalyst, which is arranged or deposited in the pre-reactor
(13); 20 - first heating means (55) for heating the fluid f{)?b‘ekpr'@roo‘?he

pre-reactphofddsz - a reactive distillation colum (15)padiuigiecdsl | Nl et
(23), which is connected by neans of a connecting line (17) to the outlet
(21) of the pre-reactor (13), the 25.rgactive distillation colum (15)
having the following features: a catalyst zone (27) conprising a second
catal yst and at |east one rectification zone (29 or 31), whichis forned
by distillation packing,, Raschig rings, separat- 30 ing stages or the
like; - lines- (WCOI%PGEGWGMW r(éspet@li' velaring the bhst idf thati on col um

head and t he drawi ng off a head flow and a
base flow, reg%ée%:% |vePEI:L i 3E§p&"“} (2182)4 VO 01/ 27062 PCT/ CHOQ/ 00551 -

26 - second heéat | ngUﬁ@an@qudmygdeIaimaltG chataoterfs@denof the reactive
dlstiart on golumyL 19 Laclbe 550" 400 fl mAGo AT er 00 i

that the pre-reacto I S arranged’ appr oxli nat Vertica y, the
inlet (19F bevewnfimaldngedhat imfett d39) abdinheavuahesd (21) the tthe bottom or,

conversely, the; oW Ig&tl(egl)(zggel ng q:agagggg%@toihec&gﬁear ag?’tér%fgm et (19)

at the bottom 18. Use according to aim iced in
that two pre-9Wddtor Y1 3einmmyramaede afr ethe ebren ornd 18hehdwiley t wo
reaction chanpgns ar ghgsg&gtoqu means are provided for nmaking it possible
to feed the s pIy fl ow respectively through”™ one of the pre- reactors or
one of the re’a"gtlon Slsananeoozdinggot@®laimtlieen 1k, shhmactgsr e- r eact or (13) or the

ot her reagti ofsdhafWetnat rﬁwe&és&%a&ogén éwapr%ﬁegr%}x@ trgsh catalyst.

19. Use accordi n% to one of Cains 16
reactor (13) having two reactlon ‘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,
respectlvely, can be provided w1th fresh catalyst.

15. Use according to one of Claims 16 to 18,
characterigsed in that the reactive dlstlllation 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. .Use according to one of Claims 16 to'19,.

25 characterised in that the inlet of the reactive distil-
lation column (15} is located in the region of the
catalyst zone (27).

21. IUse 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. Use according to one of Claims 16 to 21,
~characterised in that at least the second catalyst is

formed as structured catalyst packing.



characterised in that the reactive distillation colum (15) has a catal yst
zone (27) and one | ower and one up- 20 per rectification zoheApHSZP04Nd
(31), respeot/r™med y, the upper rectification zone (31) betrgresdossiged above
the catalyst zone (27) and the | ower rectification zone (29) being
arranged bel ow the catal yst zone (27)2720. . Use according to one of C ains
16 to 19, 25 characterised in that the inlet of the reactive distil- lation
colum (15) is located in the region of the catalyst zone (27). 21. Use
according to one of Clains 16 to 20, characterised in that the pre-reactor
(13) is tubuPdr, 30Usacacredingieongmnffflpansiléta2Bed of a solid catal yst.

22. Use accoipghfietedi@e8 Qh- Wmicmenkd did-weluréhacachpfdsoghdinghat at | east
the second catalyst is formed, as structured catal yst packing. 13 April

2004 WD 01/ 2706PTPER CROOPGTESET - S2Pmenss ba¥iggcfihg®to GR€ of d ains
16 to 22, chasectwit sRdekial thahgt het sdduseliul 8o calaalousicpaeking is formed
by packing el enents _having caviti es,@éhf, Cgl;[ﬁgl ysf material being
i ntroduced i fto th_e[&fv???%fg!n%'foz%? Eladmsdiomyt'o one of d ai ms 16 to
23, charact eehgfsbddrikbat itbherHdtr SthedNeli SAC 0L Cababyst SatAlyastaci d
solid-state catalg.sts, e.g. ion exchange res- ins, the first catalyst
havi ng a par 8Fel 8°%¢ z?%ﬁ'ﬁéﬁtﬁvﬁéﬁa oxiEndt ef§0SBFIE FEFm and t he
second cata ifs) yshe hoiadly e 1P8EWRSRiRPPL OphPRicley 328 aFd k-5 Mm
preferably 0,63 and 1 mm anfl nore particularly @ref- erablcy bet ween 0.7
and 1 mm tween approximately 0.35 and 3 mm and the second cata-

10 lyst having one betwegn approximately 0.5 and 1.5 mm,

preferably 0.63 and 1 mm, and more particularly pref-

erably between 0.7 and 1 mm.





