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(57) Abstract: The present invention relates to a process and to a device for the catalytic hydrolysis ol a carboxylate. ¢.g. methyl
acetate, ethyl acetate. i- or n-propyl acetate, i- or n-butyl acetate, allyl acetate and methyl formate, into the corresponding carboxylic
acid and aicohol, by means of a combination of a pre-reactor ( 13) and a reactive distillation column (1 5). By the combination of a pre-
reactor {13) and a reactive distillation column ¢15). the conversion ratio can be substantially improved. The device furthermore makes
it possible to compensate for fluctuations in the supply quantity or in the compasition of the feed tow. The product composition can .
also be controlled in a wide range.
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boxylate 5 Technical, field [00013 The present invention relates to a
process and to a device for the sinultaneous hydrol ytic CIE%QEB@OQf a
car boxyl atve g1ateg2t he correspondi ng carboxylic and al - ce@elcmedosBackgr ound
of the Invention [00023 Carboxyl ates, especially |ow nolecul ar wei ght

car boxyl ates, occur in the chem cal ingqustry during various reactions as
by-products or main products. For 15 exanple, nethyl acetate is a typical
by-product in the production of purified polyvinyl alcohol. Methyl ace-
tate m xtures from polyvinyl alcohol plants, besides a small anount of

| ow boi | i ng s@betesgand i=vige 4 Hirdrafleinyide bigd i iy @z anid-opi C

m xture of ne I ef e @~7 h pol. &66'3é For em cal conpani es,
where nethyl acetate as a Dy-pro f%%TEJ%HEP§F§¥¥§§£§SSﬁ%FF

quantities, hexwldteacetate is not an economically interesting prod- uct,
since it cannot be profitably sold on the market. 25 A better price can be
obtained if nethyl acetate is hy- drolysed into acetic acid and nethanol.
The hydr ol si $echmicadeFéaldi ed out either as a batch process or con-
tinuously, by 4§ ehbhghadol Lo conjunction _wth conventional

di stillation or aﬂgi ngl esr%act‘:'e\a/{ear‘i %6 lglns?ie%‘ a1 on caol%]fﬁfesfoﬁﬁ%] The use
of a reactor FRA odguret ifon Ghehsimuitenetis | lgtdlyc ot uatedwarget € hydrol ysi s
of nethyl acetaternd:§idescihsdend @,gg+ vnd 4,802,940, This type
of hydrol ysis of nef%&l acetate agﬁggée atﬁﬂ¥égﬁ%§%x AT GSKOPI E 13
April 2004 wWer®a¥27062 PCT/ CHOO/ 00551 2 tages: (a) since the reaction is
an equiliqfyyiumreac-

Back of th nvent i
[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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tion with a small equilibriumconstant, the yield of reaction product is
smal |, (b) because of the azeo- tropic mxture which is settdfpnl@00he
reacti on Wogifgz © between nethyl acetate/water, on thepphe aasds; and
met hyl acetate/ nmet hanol, on the other, several distil- Fation stages are
needed after the reaction. This |eads to0 high investnent and running
costs, (c) corrosion problens occur because honbgeneous catal ysts such as
10 sul phuric and hydrochloric acid are used in the known conventi onal
processes. [0005] US 5,113,015 discloses a process for obtaining acetic
aci d from nettigesacefeat sinca whecheaetind icen tane ldbdivat ecadr e br ought

into contact {infhe e 5.0f:cat st Racking in a distillation
col.um. In tht:'ls (t}glsng{ e%hg&%leltlh?%lal@g) g Ae4 F(sjgﬁ;é/ Mol y'ER erﬁ](s)é atetic acid
and net hanol .*€RfE1PBs HroARGE r d&ctsmarllm xioir evécmauisp tdf stheaaee@artial ly

separated at ¢hRe ;SamB L e 4y hasepa- Latiop col um.. 20 [[0006] US
5,770,770 |i kelkva\)ﬁ%s:t'e di :écc‘ilosesﬁé:thp?'oscggg Jfl%r&ntﬁlée hz):/e p&(;kllfgi Ehggméé nmet hyl
acet at e nPxt UteEviegna neldyl tacetatiegwatént | on chaimune Theddydrahdgsi s of a

met hyl ~ acet %&hg’llowcew{‘-&hnect@ﬁhﬁiPSOHDEEEEQ%EeISSOse%trEw gige;, tate, takes

place in a reaction zone Iin which ion ex arge packing Ts present. The
met hyl acet at’*@t#ert gEades amumekeided 4fwm Bbdkowetotidie Thiseteddnge packi ng,

and water frmgboyeigpLloddig 1 QL ex ggngp | ng.,Jhe _un- reacted mnethyl
acetate and wat erp%péur ar e col%ﬁehct eg artd gg%é(e'nséa) i nothe-tpper part of
t he reacti on BXSR&EMS0 ogsdrakecehen bopyatrebusackatalyshe rewdt ian zone. At

the sameotirmiphlesbasealfyenldicled godysgrargied LA Gnd Ngnoflydrol ysis

products and inpurities. The inpurities are then returned e reaction
zone. 13 Apri9enyEpkiongd ®rP2ee$Ss -PCTI CHOO 00551 - 3 [ 0007] Both

af orement i one o) patent 5113501333041 80 2 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.



5,770,770, teach the use of strongly acid ion exchang- ers as catalysts. In
US 5,770,770, it is proposed to put the ion exchange materi®afphil208he form

of Raschi bda9S, by adding a plastic as binder to thegi =e.changer
and pr essig}rﬁl)ti%dggm xture into appropriate shapes. In U%CE&%@%S?S t he
catal yst material is con- served in glfass wool, and the mat forned
therefromis rolled up with a wwre nesh between the layers, in order 10 to
pronote circulation of the fluids. The catalyst packing material nmay be a
conpliant open-nmesh sub- stance, e.g. a nmetal cloth. Another usable
material is &0Yle Boyhdafeténdrarionmoaoluist matehiceh canibeois oduged from
steel, poly rapi rial. The, cat st 15 packing material may,
however, al rsngg '?e%[i 73@00%%@&?& corr l?-dg'atsé‘aoﬂ%f}gl et (?txcg%?‘?hgat ed

pl astic or cesrs an¥ ccptatwsds.( OBO8IS Tha7pr 0Tesses deseikbbesedboye, which

use only a singlg,feagti | .Sk | ' col u uffer fromihe 20 fact
that net hyl Zé:_et ate i g&gn%{)gc pziﬁei é‘iaﬁ%kgg%vgrrlt &8°t 5°rBt REnSPSSRF aceti ¢
aci d. The>anotimgsof hetdddingcet apbastin tdwe pheducttd | v nbkesethe use of at

| east one addiy,dqe@nabpurifl L,.on, gt age. ssary, which | eads to ad-
di tional i nvestarrntgr?t and ru%érﬁEﬁl\s‘;i{tﬂgos%;g(.E %ﬁfxtr}r%‘?gergﬁ%/%b HICBM T t hat t he
met hyl acet at¥apesd fInoWSoft k3 cOrfi.aithe cabalyst omtexwhl chs pebson t he

catal yst in thggagl, I gbbh! ation.col um. - The replacement. of the
catal yst naterial in t easgi st.HLT afsflle(;nug%l i Y fie?l%eﬁ% B at®  however,
i s | abori ous ¥ideexpEnsivie.a Fureheeabristyveen th80lagsis,abheofder t he

hydrol yshg priecessohorde SepLIAl{Ld 4F] pepdentd y t he thyl acetate
concentration i n? Stjhe fegq ?‘Powl-o%l nogugﬁl%a vvayr%sﬁatr,%%s Craggjfupf%d by the
oper ator e. g.PaSKIRIpIMLAHRL dahasohbe Pt asomplimntaceper-rEZhApsab- 2004 WO

01/27062 PCT/4eHQee00854. 4a 2k ch Pt AirRed ahBsh& SREGh Ga0BLEL, content or is

virtu- 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



al Iy anhydrous. [00091 The object of the present invention is therefore to
provide an inproved process for the hydrolysis of a 5 carbt#4wpraeend

especi al Iwoopttyd acetate, nethyl formate and al lyl acerat/eHodps31Si ng a
reactive distillation colum. In particular, it is desirable to inprove
the conversion ratio of carboxylates 4 nto al cohol and car- boxylic acid. A
further object is to prevent poisoning 10 of the catal yst used in the
distillation colum. An- other object is to optimse the energy ‘budget of
the process. It is also intended to offer a process and a  _hydrolysis

devi ce, whi cifEH 83?/15%%%4 Hased SPEFHIAS Watesr RENHAN . GfpdSi VB and quantity
of the feed. aihg agrydfoymsi-tion of the product flows is also intended to

be. controllahle in | arge range by the process. A further object is to
i nprove the gﬁ‘r‘i\?@hsiﬂ?ﬁ r°§’3le8to? Fteh Preseitigvent #en it dEreserd and

met hanol . 20 doegaiovRiie0an [ ORdfvelCeRbde g £6r the IHPeBLYS: dHis IS
achi eved i e of a praocess according to the precharacteris- ing

the ca
cl ause of >d & ffcyi"ht‘?ha‘fs Sfeaf 28 d MEBRY L ARG HEne MeERYBoXPFER S is firstly
fed into a praexdr eatiyl , atscand,Cho 5 ukhifg car besgdraie idideioughion Nt o cont act
with a first at al yit I n the presence, of water bz means of which the
carboxyl ate i PRPri &P PREFLSVRF i o 1hePFRdRELG- ©8i IMBFORRICERE The
reacti on m xtasneretsbon t het iy exf eaabokylited ethtiontaQcbhelr gagt tae-

distillation %ol m, anéi |§ go roug}?}t, into contact with a second
hydrol ysis cati¥ysf 2FH¢- EILRPIRSE LBnVRrRYORRSr PPRECrEMI ni ng car -
boxyl at e1pnt @il hehee ordtasiyerdiusgdcarbond | €iadildasdéh akol@fnol an-The process

Subst ant [al [P HEBnGPIRs 15 Apr (PCIB0H" ber 0 enD6 PHEh Tl B 1 5
versi on rati progrsbe athievelssd hhmcetided koOWEEREO&- process and a
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 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-



esses. A further advantage is that, by the use of a pre-reactor, the
working life of the reactive distilla- tion colum can be sUbARARPP4AI |y

| engt heneWO M@ 5 cat al yst poi sons, e.g. netal ions, &CE/qHNGH nant |y
trapped in the pre-reactor. A further advantage is that, by the
pre-reactor, differences or fluctuati-ohs- in the feed quantity or in the

m xture conposition can be conpensated. Yet another advantage is that the
par 10 ticle size of the catalyst material used in the pre- reactor plays a
| ess inportant role than. in the case of the cat al.¥st packi ngs

advant ageous| YeTREF | h2tHe FaRdcPet arbiaredi £hani #AtRokgRHT ®ECEhes with a
speci fic par-eksed e Ai Zeraher neavEtayeused fion  cahal et wackbpgs, 15 since
the catalyst paterial could not otherwise be fully retained by the
partial |y per REBLI Lk ﬁge YRS EHER 197 AdafeaGEdtR | st Reast t he
head flow of then reeAckhyecsh Stdel | QibHANCORUIP OlerigRBehase fdigwei s del i v-
20 ered tQ_; at | east one further separation stage, and is at |east partially

separ at ed 7 nt Satfzfa\:gysctonﬁ%hsécﬁlfss. Ofe Wi or PHOWNRTS eBREIIPAIERE SN st ages
are preferabl grapsed bh tdre r pselddacgoreadt | @drthedt Unavhstidqe bessepa- rated
as fully as pgﬁasi blg ingo the indivi du;l,lfncfon%c‘)- 25 nents. [0012]

Advant ageous| Vot he € aFBox PFET E23956 | SHERERNCST t PF af L P8RS equi ol ar
anount of wat &n, tiedfddie quearhexybat B Wi mikitxirdr @ohsodi@d ohntant he
pre-reactor. Im'al'hgO nol_ar

_ ol ar .t tigeg)et n_carboxyl ate and water is expe 30
di ently betweeh approximately :i%rlfn"fg?‘n FE SradthPt FEEWeBR-1: 2 and
1:10, andomor eighe téiad anf ythe ebatabisy weewean hsdaand thd. pkhe hydrol ysis
proceeds, b LRI s e SERBP LT St ogli@n e foed

the 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. |
[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.



PCT/ CHOO' 00551 100131 Al though the hydrolysis reaction can actually be
carried out at roomtenperature, the carboxyl ate/water m 13 Apd 2084
pref er abl yomareel to a tenperature of be- tween 30 and Pog@Eowpessr er abl y
from40 to 900C, and 5 nore particularly preferably between 50 and 800C,
since the reaction proceeds well and &§uickly at these tem peratures. The
reaction mxture fromthe pre-reactor is expediently fed into the reactive
distillation colum in the region either where the catalyst is arranged,

or 10 sli ghtll\r/ give or. below this region. The head flow con- taining
al cohol , wate r RYIREE ERG RSTERLYELS HRSEIOREFRS AREyAhaY def i vered to a

further Separc&iﬁrﬁ.ﬁdSbageat RE6h et aRpdratudtest thé ath PBo6Al#ENwaty Whi ch the
mxture is furtther separated. is 100141 Particul arly advant ageously, t he

reactive di s- 5 &t |"5'n RSEERAPLE Bpeted et i & SEERSEWET (FatPihe

car boxylic acnv.daeandatatarhceamboml,e pedterabli’hersat @b e o i dnd he base of
i i i In this case, the reaction mxture from

th t di still
t hg [)(rag?r \ellgt"l?ltr%zé’afgl‘ﬁ?%rg'ryaﬁ’lrﬁf?ﬁ@]d’dl?@éﬂe?‘ht%0 tafe BaCti 8%/ still ation

colum at a poientreiadent beoeatad yeklroged Cadiaiely THe thase £4pw produced,
whi ch essentlal :‘% cont ai.ns al cohol wat er and carboxylic acid, may be

del i vered to BEAIFECF hetPSs SFRCEEPBNBIGTE, fﬁ?’éf'él?%ltﬁﬁﬁ‘ieaHF%’fl*s’r ation col

25 um, in V\hax@l&db.bﬁtmxfmelhﬁofunéheéaéte:ﬁﬂar adegtilhbtisn aksouoncei vabl e
for both the he fl ow and the base he reactive d| stillation

col urm to be del - “8P L (B FTFt Hg?%e'ﬁbﬁ é'taltﬁ VSt age ST8RgS i ¥ i | | ati on
col umms, 1and s;agacayeanoom & batbanthid heghead tptﬁeomwd $Qowvyorbe del i vered
partially to the. RreEl actor or tothlgCE flo reaction col um,

in order to fur convé]Tt “E5PBox§T °§Y§8ﬁ?a?‘h ]ﬁ‘ttlﬁﬁ FeERPT1 ow. Such

recycling of rtelm@sh@a@ feowledfivehed r eachi Yarthet |ée{;aarr|aaloﬂ35@qogé,l 2004 WO

01/27062 PCT/Q@%@&QQééla distillation column, in which the mixture
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



- 7 colum allows the capacity of the plant to be increased substantially.
[ 0015] Advant ageously, the reactive distillation colum islhpeil2084 in
such a wawd gkt he added water and the 5 volatile conyeqaeoREE
essentially contained in the head flow. This has the advantage that the
carboxylic acid is produced in the bagse with a proportion by weight >
95% preferably > 99% The hi ghest conversion ratio can in this case be
achieved if the reaction mx 10 ture fromthe pre-reactor is introduced
into the reac- tive distillation colum at a point below the catalyst zone
centre. [001&oilime phacesstieecapdbigy t@f tile ipluant torbd sirmdeabedt ageously
oper ated cont |L§J g__u 5’5% #%e .carboxylate and 15 water or a m xture thereof,
respectlvely, D Tila ously fed into the pre-reactor, and the resulting
reac- tion nijoansd i sdemmwiyeohblgonttienunedstivd rdmt&maamcﬁr cotamhor and fed

mtothereacilve di t|IIat|o colurm e u d carhoxylate is for
the nost part*H2E \78r LRASPHR & Y RS &Ih b%l g‘{ﬁ%d’@%{ 2é%’f/drol ysi s
product s Isei ng:ldalta\llﬂ afdmpeashtauattel yesa;&nammd Eboveiated asnath@ttom
fraction(bae - .optionally deliyv- oafur her separatlon
stage. The vo 3’2'-’-% itr\flgr gbi'epég Miiae! ‘?/oil" Bt ¢ tifs

advant ageouslayczzﬁ lbet \mdueedS il 1ther ehseabiiyh0.5H- @rbpdrtandl payticul arly
preferably betV\.e 1- Agsh 1, rLQelal'll The resgtp1 nventlon also.relates to a

reaction ancf"mé:j ar aticon ' dBV LS ordisig t IS haTEYEEFLRY i ng cl ause
of Cl aim 16, zcattaloa@aar isethiy ctsel basachnnsrefa) 1}ﬁr ehe eaedairionaming- at | east

one inl erloanq;‘_&%e Q4 lg%:hﬁ Lgr res %crt |1\éell t Qx?ce}' n(%hgl schargl ng a

fluid flow conprisin e“car at € or the car oxglclate mi'xtare into the
pre-reactor drigret hﬁe:se:flﬂ@ﬂtmrescpmlmtnnveltya @on‘xt rbel@attaig/siatawsth S

arranged or dgposited.in the 13 April 2004

[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 vérted 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



WO 01/27062 PCT/ CHOO/ 00551 8 pre-reactor, a connecting |line, which connects
the out- let of the pre-reactor to the inlet of the reacti v Aphlg0041 ati on
col um, aweoikrsz heati ng nmeans for heat- ing the flui de€l/omommussihe
pre-reactor. The advantages 5 of this device according to the invention
have already been nentioned in connecgéi-on with the description of the
process. Advantageous refinenents of the device are described in the
dependent clains. [0018] As a result of the fact that the pre-reactor is

10 arranged gglproxi mately vertical, and the inlet is |lo- cated at the top
and the out| ePTSTeRREChot # OTARRSTE LN at TS VISR e FPRPESHF £HE BFe=react or

experiences vibgt bEXkRE, preReladta- TtOWHEr egiéoncef chie Jpaeiyon flow and
gravity keep the ,catalgst material at the bottom of 15 the gre-reactor. I t

i's thereby poSEiHitdaFsoRr EXBHIN NI drEkgharting GRSt toKe DEAEal yst

material. It ifyatisd £noRCEiMADI fe tiR-kBhetorndiUtdRiantagbe provi ded
laterally on o p&TSjisgte si,des above or bel ow the catal yst zaqne,
t

respectively.® i VHFPnBFEPEIS F o FhEe APEBTEL D Hage PHEeRAY et to be
arranged at theerbohémiioned tiie @Hnedr@bnatvitiie thep.dese@ipftidd af
particularly preferred enbodi nent, two pre- reactors or_one pre-reactor
havi ng two re= iFRPCEREm APEE-38F8 sk ,anﬁﬁaﬁg the 5VaGRdBEe f or maki ng
it 25 possi bl @éedariveddihhthd ergehdone r@spmsti vely through one of the
pre-reactors e of the reaction, chanbers, so. that the other
pre-react or of‘f‘%’%‘g ogﬁe? ?eesé’gtti 8h Eha a‘btert?’afe%%c?’r’?féey?,‘megnl%e provi ded
with freslo catmtaysfed appirexhmscdllye wdrashngeahdathé hentleyi €€ tan be
operated 30 conti ua(.)é,lsk:ﬁ%f ggjgal ong .period of tinme i s al so_con- ceivable
-tea

| t
e r $98n e hPd SthePt ofher POBERN ahP@r r angenent

to arrange the two pre
has t he advantagdyshatnatietial eiantheepperabates apbdidebest abned in the

two reac- torg. il otdelet @nROShELY i Y& dr e d8RSRISNCY, O)
' 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



13 April 2004 WO 01/27062 PCT/ CHOO/ 00551 - 9 the equilibriumreaction on
tenperature (e.g. 1st reac- tor is operated-at a higher tenfehpril@Pe4than
2nd r eac-womAR76Accordi ng to an advant ageous processor PaTiCaEae/00ss51t he fl ow

| eaving the pre-reactor nay be partially re 5 turned to the pre-reactor.
This has the advantage that the pre-reaetor can be di nensi oned small er
than if no recycling line is provided around the pre-reactor, and the
capacity of the plant is variable in a larger range. Yet another advantage
is that phase separati,on 10 in the feed to the pre-reactor can be avoi ded
by a re- cyclEﬂef?%H&lﬂﬁﬁe?@lr%ﬁﬁi%ﬁpeﬁPl§?m??ﬁ§tPgﬁcf?v%'cﬁ%ﬁiqeﬁﬁfion col urm
has a catal ystozofe &pul=208a heWar hagle®NEemiRpeEuF£Cihan fiAtieas-zone, the
upper rectificatjon_zone _being pro 15 vided above the catal yst zone and the

|l ower rectifiESE 1i BACTFHEN % fThr B HERIFEEBWPFAET 5 al V&2 85ne. The
rectificati ontRONELEMY 1 LirvigrgS AR GireR Ge st AGE SmayRaASE hprt I51NgS rest ruct ur ed
mat eri al exchaqggﬂfackiggi et c. LOOlei&QE @re-react r is ad%?ptageously
desi gned as at™ U, B RASER2EHRE £ i 2FafyRt 2P PYRFSsiTRE. Expedi -
fently, thelfitﬁi phE- senwad Q:alhalbxestcﬁmaﬁfeicgfeicﬁ SRilldr S:haheiﬂflhal ysts, ;he
irst catalyst having a ,particle size o et ween appr oxi nate 0.35 and 3
mm and the ~sEEOHAER A6t 1RaPFRYOTE Hethled ﬁpBFgﬁ?‘Pa"tt@ry 6¥1§ 25 and 1.5
mm preferabl ynd. Gapasity} o e poae: past iwdriabael yipr ef ex=adakey bet ween
0.7 and 1 mm Wiile the firéﬁ o al¥st IS pr feragl% present .as a bed in
the pre- reactd?9¢n The FOFHST %ﬁyﬁg 83% FPn§Bat eREFTATERAECET the
second catml yst tie afanttagabes pyek AéddidiuC edni Bé Oadhiddie hyeactreve
distillation col s so-called struc- tured catal yst packing. Suitable
J& 5

structured caf®f dcki ngs are described, for exanple, in US 5,417, 939
(Shel den), USIBo2d0, B4&pedSintIngar the andablSive 5836s6Aation 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 £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



(Ghelfi), the content of which is hereby included by 13 April 2004 WO
01/ 27062 PCT/ CHO0100551 - 10 reference. The term struct ureth dpil2004t

packi ng swowhgrsbe understood to nean a structure havi ngorRimbiissp de-
vices (e.g. bags) for solid catalyst material and hav- ing flow channel s,

which are present in the structure. 54g -is al so conceivable to use such
structured catal yst packings both in the pre-reactor and in the reactive
distillation colum. [0022] 10 Figure 1 diagrammtically shows a first
enbodi ment of a device for the catalytic hydrolysis of carboxylates, wth
a pre-react orrefirkeaceeadhevbednsstthethired celtadpst ﬁgtﬁmg Zhould

O a0r e 0oL VoSN BaceaORE e TROBLIRN,! S h SRl g R B VL ¢

hydr ol ysi s of car ates re-reac a reac i stillation
col um and avz'-ﬁ:eﬁ i {d.at-i bagebl fom $otid Lcratthéys'a‘epat@tlain agid thag- bottom

fraction of t '&ﬁnﬁ%ﬁ&' légjﬁ{é}?rh%gl { ent QUEE 3 ﬁ}\g&rﬁ o aamatical ly

shows a third od| ment evi ce € ca aI ytic s of
car boxyl atses, IQolw phsa qaneeivabiorto ausaemdmestdustuhh@wmlcftsltunn and a

distillation ]%f fLUr s e f e f ot he
reactive di stlfg% ati oanf:oct):lhur%nwetlr'zllle;u?% }te!& aS?ar?#gt [ calethg écﬁl/\&/s g’ fourth
enbodi nent of distide@tdenfeplurpe catal ytic hydrol ysis of car boxyl ates, 25
with two pre-reactors; Figure 5 diagrammatically shows a fifth enbodi ment
of a device for the catal ytic hydrolysis of carboxylates, wth two
pre-reactors, [R¢R2¥ eed fromthe pre-reactors being fed into the, reactive

di stillatjgn 99%1%@1 latdlqgam%@c icahgpt ?ﬂa&gté fl[I%QZQanJ@ﬁ.&%V' geall for the

si mul t aneous ¢ tic hy- drolysis of a carboxylate, espeC|aIy met hyl
acetate, net ﬁ?‘flcf%r ﬁa%’etBP &ﬂtﬁlﬂy*aé%t avdrolysis tof Kpdpreorylites,

with a pre-reactor 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-
drelysis of a carboxylate, especially methyl acetate,
methyl formate or allyl acetate, into the hydrolysis

products and at least partial separation of the reac-



products and at |east partial separation of the reac 13 April 2004 WO
01/ 27062 PCT/ C1100/ 00551 - 11 tion mixture, conprises essehi Apil2p04

pre-react ¢o ¢kB7068Nd a reactive distillation colum 15, wWrfdhofbddsCcon-
nected to one another by a connecting line 17. [0024] The pre-reactor 13

has an inlet 19 for feeding a 5 flujd;fLowinto the reactor space and an
outlet 21 for drawing off the reaction m xture. The connecting line 17
connects the outlet 21 of the reactor to an inlet 23 an the reactive
distillation colum 15. The pre-reactor 13 is preferably tubular, the
inlet 19 and tive i nibxdiuxk) [siwgridésbessgnaialdnged omeopgosidre End si des of

the tube. T re- . catalyst b 25.0f, a__solid first
cat.al yst mat Z%d;laf f%%wﬁﬁsr@gg% Ve |C>siﬁnﬁ ggf oﬁhjc% ufih® 15°%as a cat a-
| yst zone 27 mantedntappes amodtheovey a echnécttiaty ddnzonme. 15 29, 31, which

are provided cthyel v bel abgye_ t he.catal yst ne.27._ A second
solid-state ccfata gsthg%ﬁ/repfefgfqé\%%gﬁf gg%t%‘? ne e?nﬂsof%ralzflcég TR yst
packi ng, Bs Prad dddvi anthethatdacsbrzopac Andllza cecieti 2atfan zones are

formed in a KCE‘%% Yorg- g:.heb&eelg?gggigﬁ%{;g% %Qlecolomcﬁ%?fef%%éstructur ed

(mat eri al exchange) packi ngs f'or drawm ng e base fl ow
is pro- videdthtcanipects| tmn dusdet ahdofa Hhenee8Ftdwrtadraningeoff3 t he head

flowof the IGAGEY Felbelvd |@dedRoldiMchinkS s Pl 46 aLathg, col um

head. The line 35 Is 1 n connec I on by neans of "a II'ne Wth a heat
exchanger 41,13 wh§ chreéferaddnedubdlara the | felet3 1 @ed nthe thkettol umm

foot. Theggheajsseychangals 4l 4,50564 bR nggsfﬁefr;ﬂsuﬂhae{aéf'tlﬁé’ means of a

branch |ine 44, part of the base™ can be Tenove ase or base [sic]
fl ow from t héUbBg [Bpgr oPuasireagher sépabasi en géalget pe026F Tie dine 37 for

the head flowd8adg:te: cftNysHENSE 148, Py which the gaseous head flow can
be |ique-
g [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



fied. By means of a recycling line 47 connected to the condenser, part of
the distillate can be returned as 13 April 2004 WD 01/ 27068 fAi/280%0/ 00551
- 12 recwel@nbmzthe reactive distillation colum 15. Pk ool of the
distillate fromthe reactive distillation colum 15 can be renoved via the
line 49. [0027] The carboxyl ate conpoypd_to be hydrolysed can be 5
delivered into the pre-reactor 13 via a |line 51, which 1is connected to the
inlet 19. Water can be added to the 1line 51 via a line 53. The -
carboxyl ate/water m xture can be heated by a heat exchanger 55, which is
in con- nectimrwilehtbheht i readhive 1816028 idhecsneandsi.| bustrati ve

he first in that illation colum

enbodi nrent (Fig. 2 | f- fers,from di,

57 .is connecet‘lg"d (t)%) gh% Idilﬁ{él %}tevm#’&cﬁ“i DG TRIHHYE i t\hiﬁﬁtl?rhe col um
foot. For thecslake 0f sample fgmtged headehe STirigptaivon, the sane reference
nunbers as in de..15 scription of the first illustrative enbodi nent are
t her ef ore use%otdflglJ iTe%tﬁacr%Fgﬁ%ﬁes,cog'ﬁau? &Y fck‘?’%??f(’yﬁedi §*Fi¥ited to the
addi ti onab f elirvesedf ithe tlecqne-irkactaorstIAtise eridiodi sent waifP29] Li ke
the reactive djstillation cqlum_15 e Q. distillatjo olum 57 al so
has a heat exlf:%actr?élélreg%‘? tcl’nheegrlg%ee% ﬁr]l & FFCE?%tI?%r?édleﬁeggg&?n order to
heat the baskiref Zhevik sti lhiati 6A. cThenrarboxPrate /aatehemigdtste | | ati on

base can be r%p\b dgfﬁgﬁqggtgfs%%ﬁﬁa% )ésscic%andg]}_/i 7%&%hbr.anch Line 63. 25

[0030] At the hea ion CoP um condénser™s5 is
connect ed by madnionowith |[theel8Fet®lt he columm. The condensate can be

returned yi a (S ghl MLELedoRi0; Lsti.Ll ation col umm, or,can.be renoved
via the Ti neE 71 T]rom t %éaaﬁggrg%t?ag%{égs%%ao%é Fon [d]geh\ﬂ'cé.) bf[0031] The
i | lustrative f@nsodirpenthe nfipisjuie Bhak f4 etistifllamidthatolumnFsguie 2 in t hat

the distill at&&ﬁe@%l&&mo the line 44, which is in connection with
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



57 is connected to the line 49, which is in connection wth the condenser
45 of the reactive distillation col- um. By neans of the dl&fpili2884 on

colum, tkefipag13 April 2004 WO 01/27062 PCTI CHO(c) 1% rkonnods3 - f ! ow,
which may be a conpound mi xture, can be separated at |east partially into

the conponents. A further dif- ferencgsis that a recycling or recircul ation
line 73 is provided around the pre-reactor 13, in order to nake it 5

possi ble for part of the flow leaving the pre-reactor 13 to be -delivered
new y thereto. Depending on the separation problem an extraction colum
may al so be Gbewl iwhdicbadapfbe e mimpbithd atisavreo| cam. b CERAratad

Luo'pro- 1 enct o7 o TH et abtY G TS FBonees s P kRO o

alternately. Témendgeedst tbatfa ove & 1ng ohusemalmdredmbr erghs vaI ves

(not represen%]gcguf%df Q%Q&? ‘ﬁ'? %Ixjel tthOeI[ Ehrough C)pregr eactor 13a or
use of two

pre-react or pre Feact or 57 has %ﬁﬁe §¢5Rt Age of that,
In the evént peraibliet fiog pacesSdr yheo filepl deevime tquiu;es{reaatefl al in one

pre-reactor, gPensliign Reed,ialy bl CLLULES Shagkabfe i Opgss 1w car

be fed through t he other pre- react I've
enbodi nent | nsehapatécs dirtbées, &nomxthattion Feguma 4ndyn alm bae

pre-reactors &g@dqqlgéséiglb??rt%ecgggg tl%q ?’é%pf separate |ines 17a and

17b to the reactive ation co ine 17a is connected to
an inlet 23a, (&Rt h@hﬁh?el@b'atw@&mdimb& 28hFidhre i“nhet EBa is

arranged o { g uiegheBn; &) IR JEEASE] Ak 392 BL DELOW LhG Laylgr, and the

inlet 23b |nthe regi on of reaction “zone or ove the atter. The
conposi ti on ofride ‘?Eéédb‘éaﬁsﬁé ael}nu%tamequwlydmn chiglerpately cathe

pre-reactor . JdiRuieACtsIeh CaRYeh hi8! UAsthe! NdP ALY bhyvEan ther eby
e 1 rovea. n
P (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.



the case of using pure conponents, i.e. only water or only carboxyl ate,
the use of a second pre-reactor may also be onmitted. 13 Apﬁf\p'ﬂ(?@é

01/ 27062 WQILCHE&O 00551 - 14 [00341 The hydrol ysis of aCcrmanmmesdiate w II
be de- scribed below with reference to the hydrolysis of nethyl acetate as
an exanpl e of other carboxylates. WNethyl acetate flow having a proportion
by weight of at 5 | east 500 nethyl acetate is m xed with an anount of wa-
ter at |least equinolar with respect to methyl acetate, preferably a 4 to 7

times nol ar ture the heat
exchanger 55%)‘5%52? Qlté}eab X}éﬁc’lyg‘lferﬁjgér%t Sﬁggﬁﬂh%éen ’éb%ngg C, prefera 10
bly 50 and 8@€Eriand fldownt @itihe yefetenadl y:ovethe Caiyidy:olgﬁisan@éd

pre-reactor 0351, The Rre-feact or cid solid-
state cat al yglFth%‘Q acgtgg?l S ¢ oﬁx%%]ﬁaan%%r O%jcl’ﬁzé cag%gﬁs% %pr eferably has
a particle sweerprta\eemtap lewphmrrmtaeb;toﬁoﬂﬁ.erbS' weiglBucdf atcat al yst

material Ls ,avallable, for exa der .the .name Amberlyst 15 fromthe
conpany R%)hmlgﬁﬁ Hgg"s.-mﬁl}yer ?%e cat gllxe eth & famougxa%%l e, zeolites,
al um ni um oxitee, asi Neash eapxlmté.aet w;tﬁor@%ﬁl tﬁhmamyhyhca@e:taat e/ wat er

m xture flows_t erul?{é, ghg RI.€- rq__%%%gr ani:' %Qé"e urre tw;{e%m tRR to bottom
[ ct

and comes i Rt6-con vmththe cataly uring this. in this
case, parti almlhydrel ysi shef hd“ae:ertebhythe desttatexdhakgsr pfacepreflie conver si on

of the methyl, %ggy a%‘t g/eﬁx;g?}a{}ﬁlr@%& G o 'a%db%‘ﬁe‘é” éPe 1000, pref -

erably bet weéh e e UI r| um conver - e resulting
reacti onlon xbdye5pPsandt $@ducaddyvifad -trh:@ lthreptFferahd vt Nert;m@lyfst zone 27
of the reactiye. . ééer_ln_lér_qteh Pofolym 15, al though the introduction may 30

al so take pl ace abov owt e catal yst zone. As a
[0035] The pre-reactor 13 is packed with an acid solid-

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



variant, part of the reaction m xture may be recycled back to the
pre-reactor 15 (Fig. 3). [00371 The reactive distillation cB At 2984 s
prefera- Woplgpseated i n such a way that the nore vol at PCFCHBO/BSSE | 2004
WO 01/27062 PCT/ CHOO/ 00551 - 15 nethyl acetate rises in the catalyst zone,
and the less volatile water flows dows over the catalyst as ref lux. In
this case, intense contact between catalyst mate- rial, water and nethyl
acetate takes place, in the 5 course of which nmethyl acetate is cleaved

I nt ti i.d .and _pet h 00 d th d purit
andl or - compodteUIAoRCEPaLha SREB A BT &t <Y F od2ETy i SRl 1AFon col - um

may be operatﬁdtauileuerbtermyowmaiomnr@a@t eﬂevvaa&tlyb& el Ixed:uaxtoget her

wi th the acet%c @ﬁldlnthebs tthetoD i% ssentially
contai ned in ad Trowd el%Sn FERAT Y TSR |C§t B SEof“ﬁ “(case 2).
In the first ciasle, umtaceand mtﬁpmtametaeéhmbsmpaacéurem sthpe oduced,

whi ch can _be %urther Sepa paraplon stage

t ed a, do
(Fig. 2). 'n e SeE J d‘cgaénéat qu%gﬁtéa%er V\%t'aivg I Q’ f&?%fﬁ acetic
acid wth a gpuid apd>m@&8érecdAn be obt ai ned. [0039] The terrper ature of the

pre-reactor, f t tive, dis atjon_c¢ res ectlvely, may be
es- 20 tablis ec?%as g%? c-Et%%on OFH%réss U, purle)r'tal r(oorveclr)mﬁ’%%sure maki ng
it possible tolwperfatbeatcetin glrdd,t ehe peatca:tmeed:.{;ﬁ)ﬂﬂ}]tllon the- process

utilising th e f he .reactive
distillati on%r&}eﬂnﬁ’econ- %g#gd %lsn rréta"{kﬁ1 Q %ggt Ila:?yt aath? w\‘?\‘/% er and
| ow boi | il9g cordersat SogFheehasidh vithecracmtntalansdrmnhahel bawat ef, acetic

o e SR Yo B BE L pLS, 17 SAINE Rt Lchese [0
between 1:1 head flow of the reactive 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



30 and 1: 1000, preferably 1:30 to 1:200. The reflux ratio of the reactive
distillation colum is between | and 300, and preferably bEt WeEK08h and
200. The Q{aysgnide®w 35 of the reactive distillation col g, ce@bodas furt her
separated in the distillation colum 57. The head flow 13 April 2004 WO
01/ 27062 PCT/ CHO0/ 00551 - 16 of the gdgstillation colum 57, exiting
through the line 67, contains nmethanol and traces of nethyl acetate, and
the base flow (line 59) consists essentially of agueous acetic -acid. 5
[0041] In the process utilising the device in Figure 3, the head flow of
t he reactive ofi shiel Bastillaadlonmoldmn comt exhsimetthdoughethe elimet hanol ,

water and | o bai l Lhg co nent s. e base flow.caontains either pure
acetic acid, Vgﬁ.'e@ﬁc% 't "ACT 3“8@‘ ?r%%-g:rt Fan 8 O'Eél%phryglpgrcegﬁt?i o%nc{)y wei ght,

or aqueous adde baasei dlowhélirel ok cansiste betemeimltlye olfasgquédwmnv 35 and t he
head fl ow 37 {c{e@g' %rj_;-ﬁpl y varies between 1:1 and 1: 10, and nore particu-
larly preferably FefWeen 1:1 to 1:4. The ref lux ratio of the reactive

di still at bon MGkAIM Fs Hhet weeneds artd 115111 Fheaddvirefigr Zibyrdet . wveen 5 and

50. The head f].0 f reactive. dist.ill at.iqQn | u e rther sepa-
rated in the J&‘les\t,ilfeioﬁdatéllrc])% co u%e S’fgé%%gj ehgltég%fl P’ggv)vtlcﬁrH1 c?cgi(;u"%l s#ljl | ation
col um 57, exdantagns hhroeigivlt hecktaee, 6Tetbanthi nwatetrhanptl, hst-hyl acetate,

water and | O%O%Qihgi gggﬂgo%g{@%qn%ﬂgsFalgeffwe‘f&it%vyng' LBEned) pant al ns
essentially water [O anples:” n"the TolTow ng experi al exanpl es,
a cationic soletdcsaald, chtal yseticoprideattonmpanyciRoh#Pangreépas, 25
CoTmnY 52, B bATREGLEL R flebratiiis ek ol Shiljetien colum,
Experi nent (pﬁpobepyggn the base flow 35 and the head flow 37 pref-

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 1line
67, contains methanocl, 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.



A single reactive distillation colum was used. 30 The base fl ow contai ned
a mixture of methyl acetate, nethanol, acetic acid and wat&APHELeH was
separ at edwiono12ae2 addi tional purification colum into a meticyoo/enss-
tate/ met hanol m xture and an acetic acid/water m xture. 13 April 2004 WD
01/ 27062 PCT/ CHOO 00551 - 17 5 The +mathyl acetate flow to be hydrol ysed
had the follow ng conposition (in per cent by weight): acetal dehyde: 0.40
met hyl acetate: 98.30 nethanol: 1.30 [0044] Reactive Distillation Colum:
i nner dianeter: 220 mmrectification zone: 7 theoretical stages (TS)

reacti on zone: 6 TS Tge stetlppt ngceate Blors tEgkd Hydwelysast jad acet at e:

35. 87 kg/'h  Waleeren) 88w Sty Knos PE ALY ClinFLoWdentd nhe@di Jlrqw: 0. 67 kg/h  base
flow 97.87 kg/h Experimnental Conditions: head pfessure: 956 nmbar feed
point: 13 TS 20 ref|8fekHdedyde20 heat?ekchanger tenperature: 73.7C

Resul t: methyl acetaheciANvueeshod: 79. 28bwonposition base flow of the
reactive distilla- 25 ti'on colum in per cent by weight: nethyl

acet at e: 6597-s net haf®rhrarwlio 1.3%
[0044) Reactive Distillation 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

r c QWS .

15 head flow: A0.67 kg/h
base flow: 97.87 kg/h
Experimental Conditions:
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



wat er: 56 .61s acetic acid:22.240 30 2nd. Experinent: Conbination of
Pre-reactor with Reac- tive Distillation Colum A combi natibhARfl 2004
pre-react WO 20062r eactive dis- tillation colum was usedcTmoNESe f| ow of
the reac- tive distillation colum contains methanol, acetic WO 01/27062 -
18 - 13 April 2004 PCTI CHOO/ 00551 acil®, -water and traces of nethyl
acetate. This mxture was separated in a distillation colum into a
nmet hanol flow containing traces of nmethyl acetate and an acetic
acid/water m xtuye. The h ate flow to be hydrol ysed had the
fol | owi ng corr%éosc?t |wc?%ef| ‘gE{F %% %{/ MRt feetaiGet éﬁ‘ﬂéh;‘fﬂétuﬂe 001% net hyl
acetate: 96.58% seplrahefl: i3. 46Qist1Rea6hi ¥e1 RS tiddoatd GarEahaiM: i Nner
di aneter: 220 r cat i.on zone: retical stages (TS). reaction
zone: 6 TS st?@p.cﬁ’g&%}ﬁe rla§esl§fFé‘§Bﬂ¥ffo%e Aret RPA a8ergeeic 38. 61 kg/ h
wat er: 58. 20 %g/d%waﬁendm}ttuEleows head flow. 1.0 kg/h 20 base flow 92.92
kg/'h Experinental ns; he ressure: 967 nbar. feed point:13 TS ref
lux ratio: 122 25 heg&)k[l]excﬁgh ?%ﬁfz‘-‘r f]tsﬁ t%s??chydml}’se‘f had

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%



Wt: nethyl acetate conversion: after pre-reactor: 57.6% overall: 98.0%
30 conposition base flow of the reactive distilla- tion col ihf\PilR0B&r cent
by wei ghty acet at e: 0. 01% net hanol : 18. 93% water: 5 9 ril 2004
D b S el - 10 aeatic acid a0 680 [ggi@fﬂ@zﬁ% ~ 3
sinmul ation of the hydrolysis and sepggation reaction by neans of the
simulation program5 PRO Il of the conpany SIMSCl (Sinulation Sciences
Inc.) with the aimof obtaining pure acetic acid froma nmethyl acetate
flow utilising a pre--reactor/reactive distillation columm conbination
according to the invetetiorcidi® Reactive.ddsstillation Colum: rectification
zone: 10 theoretical stages (TS) reaction zone: 25 TS stripping zone: 15
TS .15 For the methyl acetate flow to be hydrolysed, the follow ng
conposi ti on We43dSURRghndlien Per siamabhtbyn welfghtle agételydelsydand 0. 9%
met hyl acetate: 93.1% 20_net hag)ol: 2. 10@3«3%@: 3.9%, ;Feed Flows (in kg/h):
feed flow 6500 RGFA T of SATEt A FEhYEERS REASDS MBI EiTd P 8F 95 Nat er: 7100
kg/ h 5 PRO/II of the 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:



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 FoefeilgR04 at i o
10 heat exuhangen tenperature: 120C Result: 13 April 20@4/caMoisss 27062
PCTI CHO0100551 - 20 nethyl acetate conversion: after pre-reactor: 57.6s
overall: 73.39i base flow conpositionzaf -the reactive distilla- 5 tion
colum in per cent by weight: nethyl acetate:0.00s nethanol: 0. 006

wat er: 0. 016 acetic acid:99.9% 10 [0046] The process according to the
invention is suit- able, in particular, for the hydrolysis of |ow nol ecu-

| ar wei ght esters (e%EEP¥! dicefate eenversadpnhi gher al co- hols), e.g. nethyl
acetate, methyl fornmakgeandeabbybeofcetatgy 15 [0047] Allyl al cohol can

i nter alia be produced by the hydrolysis of allyl acetate. The hydrol ysis
isinthis case carPVe¥but accordi ng78e*known conventional nmeth- ods in
the presence of m nepakeagidls RfmpbQht £ie NANARES redst SRl Aiktlia120 [0048] The
production of formc acid |Iikew se takes | ace by a hydrolysis reaction.
In this c&e, methyl B1PRrFRAMED; éan%R:tC@@t\/\ﬁYW%B&PéSS water to give fornmic

acid and nethanol . ThetkgRclide®RAtean i Nnothh$ case be

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.



carried out autocatal ysed by formc acid (DE-A-44 449 25 79) or in the
presence of acid catalyst, e.g. ion ex- changer (DE-A-42 3783 800l 2004e

- processi ngoali2tdéez hy- drol ysis products conventional |y trekestopbmsie with
sepa- ration nethods such as distillation, extraction, etc. 13 April 2004
WO 01/ 27062 PCT/ CHOO/ 00551 - 21 Legenrd -11 hydrol ysis device 13
pre-reactor 15 reactive distillation colum 17 connecting line 19
pre-reactor inlet 21 pre-reactor (13) outlet 23 R D. columm inlet 25

catal yst bed 27 catalyst zone 29 |ower rectification zone 31 upper
rectificati o888 33 solid-state catalyst 35 R C. foot line 37 RC. head
l'ine 39 line petweenp| i 23sapeyi@at exchanger 41 colum foot heat
exchanger 43 |ine between heat exchanger and col unm foot 45 branch line 47
recycling linE 49 |PRETPECEEEd |ine for carboxylate 53 water 55 heat

exchanger befpfe therpie-iveagiori {(1tbdionddotigii |1 ation col um 59

circulation line 61 heat exchanger for base of the distillation col- um
17 connecting line '

15 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 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



63 branch line 65 condenser 67 |line between distillation CO|K n%
condenser 69 |ine between condenser and distillation col unf? gﬂzﬁp e for

t he renoweboniroéhe distillate 13 April 2004 WO 01/ 27062C¥ACHIM0B00/ 00551 -
22 Patent Clainms 1. Process for hydrolytically obtaining a carbox- ylic
acid and al cohol fromthe correspondi 8§ e€arboxy 5 late and water, in which
process a flow containing car- boxylate is brought into contact with a
hydrol ysis catalyst in the presence of water at elevated tenpera- ture in
a reactive distillation colum (15), by nmeans of which the carboxylate is
at |least partially hj€&lpiB2d into the carboxylic acid and al cohol, and
the re- sulting reaction mxture is sinultaneously separated at | east
partially into the conponents in -the reactive_ distillati o#?col um, the

more vol ati | e-conpoultrRSess. for dVEBRIVE1 i lyy AW DY 1 2f FBITTRe head of
the reactive yh3 disdild |aid QL ceBbliMErbhS)khas carseswaldiad kaadotyow and. the
| ess volatile conpounds, e.g. carboxylic acid, . col- |lecting at_| east

partial | y5i n ¥3t& BREevBEeYhetoitdfh PYASSE £1B8t ?‘i’)r?ﬁaflﬂ-‘éegi OF ~ whi ch can
be drawn of f mscnaatrso-Lal beduget t ameer dwgact! omehf ust hgarohgshet erised in
20 that the flow_containi ng t he carboxylate is_fi

pre-reactor (FHRIYSH #Ri ERSt RESENFS0 Y é‘l"ta&efsaﬁr%%‘%’{%d{ %tggl%%]é?ﬁ?act with a
first catal ystuden iea presafice distwdlftiorbycolmans (ab) whbghmedes car boxyl at e
o LY o S Y L FoR Ol Sy et LT
i nto theweacCtydddvantbsthé | cddmxytobumid g, aandhek, mmdught reato con- tact
wth a Secondsur}.ytc_!nrn%l ¥'§aiacs:t:|(.:oar£ arr't%c%:tur]éog.s aéinlme.l.%sag:leously 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



30 partial conversion. of the remaining carboxylate into c1arbox lic acid
and al cohol. 2. Process according to Claiml1, characterised Qﬁp”'%ﬂg at

| east thewkpfdrdshow of the reactive distilla- tion col upgrickbodE: t he base
flowis delivered to at 13 April 2004 WD 01/27062 PCTI Cl100/00551 - 23

| east one further separation stage, .apg Ls at |least partially separated
into the conponents. 3. Process according to Claiml or 2, characterised
in that the carboxylate is mxed with at |east an equi- 5 nolar anmount of
wat er, and the carboxylate/water m x- ture is fed into the pre-reactor
(13). 4. Prodesstacony diwghey osepaofatbni mbaget 0a8d cdlsarat ateasti sed in t hat

the nolar rati.Q..qf r a%w and t | ween approximately 1:1 and
1: 15, preferal{) ;/: f&gge$ er?%%:82 and t?@lggm%%ﬁ%r’e particularly preferably
between 1:4 ahd 1:7 Brocesd apdonding tesPbein Veby. 25. clitneegssisatording to
one of Cains, L@ 4necChals i a1 ot t oxyl wat er

n o CoRE0,3RLEL T 28! latn 3%\?&%5?0& ake!

mxture is heated to a tenperature of between ref 15 erably
from 40 t8& 9GRlagndmeyprt Par viaserar rpdpkbeerarbdstyl dtel/weber 58iand 80C. 6.

Process accorg R0 jkoro8e £5 %@iﬁe—]reraggéré (Gharacterised in that the
h 13)

reaction mxture fromthe pre-reactor 'S 'f(_ad into the reactive
distillation%0 col UFFPYeEES) aracxdiag &gi one weCdaihe tdtmlBysthas- ar- ranged.

7. Process acridingat 9noRael fGeaiial tQcbo GRATRG iééeedaéﬁi‘ that the
reactive distillation colum (15) 1s operated in such way that the

unreact ed wat'&tc&nds2Bet¥Rery GIPREPKENREHYoAe At 3ndr b: Hss arveiftakihlyont ai ned in
the headip! OWereeRr 968SEn@CEOL I Nehd ndrlediphr i ceNANALLRFsed, {0 that the
i's

reaction m xture fromthe pre-reactor (13)
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 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-



I ntroduced into the reactive distillation colum (15) 30 at a poi nt bel ow
the catal yst zone centre or a small distance bel ow t he catt3 gl 2004e. 9.

Process agoof/gtospg to Claim7 or 8, characterised in thatrithedasead flowis
delivered to a further separa 13 April 2004 WO 01/27062 PCTI CHOO/ 00551 24
tion stage, preferably a distillationz=ar-extraction columm, in which the
m xture is further separated. 10. Process according to one of Clains 1 to
9, char- acterised in that the reactive distillation colum (15): 5 is
operated in such a way that the carboxylic acid and unreacted water renain
in the base dfiGTheSEeset i peeliemably | Ratdistiddrbian ( ©5) . extracpiggess

according to Lhajm 19, @M@%@r&%ﬁg&rxm- E%héﬁ%ebsfﬁé@n mxture from

the pre-reactor (13) is 10 i ntro I nto e reactive distillation
colum (15) a¥0-a poi R¥oegfsy écchrding dioyspezohdlednered w9 % shart  di st ance

above the catflpeslis2aNen ditat RHRCERIALHOT S Y 180: £, BinOr(2181

character- ised in that the base flow of the reactive distillation 15
colum (15) ik ®cAarpépadinosech i twrsf Wepathei earkeagdc mciflepadly a

distillation afre@¢tbaClhody GUHRIA, ihNcndiLR bRELAL XEH& v fysther
separated. 13. Process according to one of Clainms 1 to 12, characterised
in that the Heddaffiew ePtrmhdlBhse flow 20 of the reactive distillation

colum (15) are delipgsatd @cotdlidfo TARAMALLONRIAGGeRehCIADI Y One
distilla- tion or extraction colum each, in which the respective mxture
is further sdf@tatt®d TEACLERIBYEUECSFEMNEPE oPHIrrSSCteraild8) 1160 13, 25

char act enbsedinitcliiaéat RALHr @EES Teh&r DRET a1 &G 108REbAUOURhY (1) €. the
carboxylate and the water. or a m xture thereof, respectively, are

conti nuousl y Fed i ReH*t iEPOVSr e LAGLYEE3FOrangeres r @S uPt SRgLt eact i on

mXxture i S 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



drawn of f continuously fromthe pre-reactor (13) and 30 fed into_the
reactive distillation colum (15), where unreacted car boxy139ﬁ‘f€"i2§0‘f'or t he

nost partwe@idegsied into its hydrolysis products, the hygi@doysdss: products .
bei ng drawn off continuously as a head flow or as a 13 April 2004 WO

01/ 27062 PCT/ CHOO 00551 25 base fl awgzsand optionally delivered to a
further sepa- ration stage. 15. Process according to one of Cains 1 to 13,
characterised in that the ester conpound is a nmethyl, 5 ethyl, i-. or
n-propyl ester, i- or n-butyl ester, espe cially acetates thereof, or a
m xture of therssf dilewenant| opbtoussttler dedapererdisto 16. fulkdiest sgpaydr ol ysi s
and separati of,dey| %@a%é‘Vi ng at least. one reactive distillation colum

1

(15), in particular for converting a carboxylate into the corresponding

carboxylic actd and Phecessr raspuddingg tal cohwl o&indlatms| dasto pddti al _
separation Ofcﬁél%chl}égi%&’sir? ngé’tﬂuéﬁé eétfléxlo écﬁ'@o\ﬁhgu@s %O%QR?E‘ES’ havi ng:
13 eas 51e

- at |least one pre-reactor avi ng at one in- 1 and one
outl et foPf rexPedti el 9rsuppiarvigeshardi 5= whar-yuhyl sestian.d ebPew conpri si ng

the carboxy! Al @cetBeedr el Olonl 23haRG-L o elPraedrRppaCt I Vel y: - 2
first catalyst, which is arranged or éeposﬂed In the pre-reactor (13); 20

- first heatifngnefarstessommeundaating the fluid flow or the pre-reactor
(13); - a reagdive dijgd bfgﬁ&g%ygglaﬁmeﬁg%ﬁ?%w& %iﬁgkﬁea {23), whichis
connected by neans of a conhecting [ine to the outlet 521) of the
pre-reactor (¥F% , redeive rdbrtilatdpst colurrod 186t uid (BEHLiFAIRAG t he
followi ngp femdlr esavértidiaal ¥S1cAPBGyiA/d QAEBI | ¥dN0caratgRndingt al yst and
at |east one rectification zone (29 or 31), which is
carboxylic acid and the corresponding alcohol and at
ieast partial separation 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



formed by distillation packing,, Raschig rings, separat- 30 ing_ stages or
the like; - lines (37, 35), connected respectively to the d1§f‘grl"-zopgtion
col um hegdepidst he distillation colum foot, for drawepgcahdeidsihead flow
and a base flow, respec- tively; and 13 April 2004 WO 01/27062 ‘

PCT/ CHOO' 00551 - 26 - second heating ggans (41) for heating the base of
the reactive distillation colum (15). 17. Use according to C aim 16,
characterised in that the pre-reactor (13) is arranged approxinately 5
vertically, the inlet (19) being arranged at the top and the outlet (21)
at the bottonrofecashhertéhy medrs (a3l | Eor (bt ibei blge drasnged tae t he top
and the inlet, {19, a;:L0e AYUAM 18y Lﬁg)accordi ng to Caim1l6 or 17,
character 10 fced in that fwo pre-reactors’ (13a, 13b) or one pre- reactor
(13) having t¥b- r eactissnaetradingto Gleimulssdhameterisedans are provi ded for
making it possihle feed ppl ¥y fl td Vv S » one of the
pre- reactors&égru oﬁggofﬁ%hggrggg@t'li g(r:{')""():hal e%gfg%gedt h%}gﬁfgm%%%gyher
pre-react §r (vptiselile ShRerdniebctiloh deanberrraneshesti tbkytopan be

provi ded wit e C | y¥Stynq19 a ing.to f ai 16 to 18,
. characteri Q%%Ic{i%% h‘g%ﬁte%e (rzééctait\l/%%g{i é%tB?F?&ét(lg%’n co urrxl%e1 15)tHEas a

cat al yst zoneeYHEAL afrllonkeinsherrzargednatupthe2 Otqrer ap@cthei daflebn zone (29)
and (31), respeptixekye th&ddpper rectification zone (31) being arranged
above the catalyst zone (27) and the lower rectification zone (29) being
arranged bel oW#t he ckisgl sesordinggo@aim 180r 17, dbarasteror di ng t o one of d ai ns
16 to 19125 Chad afl eEnSededd fsP@-,Fréa*&‘Efok 'gh&’f § rSECBhéef%aS“ I- Tation

: ) 8
colum (15) is located in the Tegion of th catal yst zone (
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.
is. Use according to one of Claims 16 t0 18,
characterigsed in that the reactive distiliation 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.



21. Use according to one of Clains 16 to 20, characterised in that the
pre-reactor (13) is tubular, 30 and the first catalyst is B feid20P4a solid
cat al yst .w@d127se according to one of Clainms 16 to 21, gbacasimsiised in
that at |east the second catalyst is forned as structured catal yst

packi ng. 13 April 2004 WD 01/27062-PETI-CHOQ 00551 - 27 23. Use according
to one of Clains 16 to 22, characterised in' that the structured catal yst
packing 1is formed by packing el enents havi ng cavities, the catalyst
material being introduced into the cavities. 24. Use according to one of
Cl ai ms 16 tozgs chaPaetagcpEdingita opgaf Glaams |16§@ 22nd second catal ysts are

aci d sol i d- stphiEaoairalekat Sn- &bt 112 XGhRRAGH e%atéi‘ﬁst theefingst catal yst
having a particle size of be- tween _approximately 0.35 and 3 nm and the

second cata 3B |5§REMeRaViPhig PERELRSt ideReRbYr FRVARE el SV LEESnd thes mm
preferably Ocf8apnst halBrianddiRge ipeFddudéebat hio pef vaeiabéy. between 0.7
and 1 m"ns 24. Use according to one of Claims 16 to 23, :
characterised in that the first and second catalysts
are acid solid-state catalysts, e.g. ion exchange res-
ins, the first catalyst having a particle size of be-
tween approximately 0.35 and 3 mm and the second cata-
10 1lyst 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.



