WO 01/ 27062 PCT/ CHOO/ 00551 Process and Device for Hydrolytically Qotaining
a Car- } cid and Al cohol fromthe Correspondi ng TG, e 5
Techni cg‘iiai)gi/ieﬂll66 [ 0001] The present invention rel ates tocg&{)/roce/ééésggnd to a
device for the sinmultaneous hydrolytic_.cleavage of a carboxylate into the
correspondi ng carboxylic and al - cohol© 10 Background of the Invention

[ 0002] Carboxyl ates, especially | ow nol ecul ar wei ght carboxyl ates, occur
in the chem cal industry during various reactions as by-products or main
products. Fof kR ! Bl Dy A8 S A1k [ t.in the
production of puri pol yvi ny hol.- MET hyt ixtures from
pol yvi nyl alketitliog|Asgid i Adlecotn e ) o rak gl iqa-subst ances
such as acet,al.- de, contain an azeotropic mxture of nmethyl acetate 20
and net hanol@ﬁy&%g%]y For chem cal conpanies, where nethyl acetate as a

by- product occurs in relatively small quantities, nethyl acetate is not an

econom cgl Iy, i r}ltere tin rod- uct, since it cannot be profitably sold on

t he market. %@ﬁ’t—gé&ai ce can be obtained if nmethyl acetate is hy-

drol ysed i ntoacat i ¢haciptteardtnabianehon The1Ayds oL yShs prerBshe Loy ried out
either as a batch process or con- tinuously, by using e€ither a reactor in
conj uncti on & HEGRFefarortdie Figmltpraern bydrekitig «lesyadevef 30
distillation cliHBky16@Q04htEhendsecelegns red B SQAl NG W th a dis-
tillation col um fory t he hydrol ysi soofe%%tﬁ%é;c%&{tfabtoe |l§ %tggc%lbed, for

exanpl e, in 9994352, 940. This type of hydrolysis of methyl acetate has
sever al ; gli sadvan BESTATI GUNGSKOPI E

Background of the Invention

[0002] Carboxylates, especially low molecular weight
carboxylates, occur in the chemical industry during
various reactions as by-products or main products. For
15 example, methyl acetate is a typical by-product in the
production of purified polyvinyl alcohol. Methyl ace-
tate mixtures from 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.
[0003] For chemical companies, where methyl acetate as
a by-product occurs in relatively small quantities,
methyl acetate is not an economically interesting prod-
uct, since it cannot be profitably sold on the market.
25 A better price can be obtained if methyl acetate is hy-
drolysed into acetic acid and methanol. The hydrolysis
can be carried out either as a batch process or con-
tinuously, by using 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-

BESTATIGUNGSKOPIE



WO 01/27062 PCT/ CHOO/ 00551 2 tages: (a) since the reaction is an
equilibg$&gbgﬁ - tion with a small equiIibriun1constantPg&R§w¢h%%p of
uct i m

reaction pro s small, (b) because of the azeo- tropi Xture which is
set up in the reaction mxture 5 between nethyl acetate/water, on the one
hand, and nethyl acetate/ nethanol, on the other, several distil- |ation

stages are needed after the reaction. This leads to high investnent and
runni ng costs, (c) corrosion problenms occur because honbgeneous catal ysts

such as 10 suélrBurig)angd; Hydroehl pri [d;are_u hothe K _
conventionaligrocesggs. [ 0005] US 5,%% , 1%§d?gc%§gégggkg§%cg§§@for
obt ai ni ng &éeni cviddi daf somlietdgildbetiane constahtch tiet hylehteeoft ate and

wat er are br . LNt act _ i presence 15 of catal yst packing in a
di stillati onr%(%%:e&ﬁh Ef)‘r? fts iséagren%ﬁhe f?ét h§?°%‘ése‘% af’% i%‘%yaFgPysed into
acetic acidtrapdcnetiranok. whhehr ésuktingpr eacthen ma¢tuba mSxtréhi s case

partially s rated at, .the sa i in the sepa- ration colum. 20 [0006]
us 5, 770%/7787%%”?8\% s%e%l?%h]cl 8§g§a§eg§'ﬁﬁ%’§s By EPﬁe Per S1apshi-s 8Rda et hyl
acet ate m xmgtayiln a@etage/metNendl Stbh! ahé0BraekUMevEhg) hydepkysis of a

met hyl aceﬁate flow, which contains nore than 50a nmethyl ace- tate, takes
place in a réi¢Ploft39%d PREWRPePed ALt IhecrargeipackiThgsi depdesent. The

methyl acet abe Wigh Un@veksmsHEPldRd Hrom he! %wsftg,th@%)i oR.g¥ghagge packing,
and water from above onto the ion exchange packing. The un- reacted nethyl

acet at e and PRRP&RTG assiturar keedtsechedoganeowondetiséssta tshehupper part of
the reagf i 08uI8A8yi 302ARd HYueoLREB§ ngggdaQQCké% the {gaction zone. At
the sane tinme, the base i s col ecteg and separated into ? e y%roly5|s
product s angonwpokrional. pridwessgsurities are then returned to the reaction
Zone. [0005] US 5,113,015 discloses a process for obtaining
acetic acid from methyl acetate, in which methyl ace-
tate and water are brought into contact in the presence
15 of catalyst packing in a distillation column. In this
case, the methyl acetate is hydrolysed into acetic acid
and methanol. The resulting reaction mixture is in this
case partially separated at the same time in the sepa-
ration column.
20 [0006] US 5,770,770 likewise discloses a process for
the hydrolysis of a methyl acetate mixture in a reac-
tive distillation column. The hydrolysis of a methyl
acetate flow, which contains more than 50% methyl ace-
tate, takes place in a reaction zone in which ion ex-
25 change packing is present. The methyl acetate mixture
is supplied from below to the ion exchange packing, and
water from above onto the ion exchange packing. The un-
reacted methyl acetate and water vapour are collected
and condensed in the upper part of the reaction 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 reacticn zone.



WO 01/ 27062 PCT/ CHOO/ 00551 - 3 [0007] Both aforenentioned US patents,

5,113, 0 ?lr)fj, 770,770, teach the use of strongly acid ers
as catal'ys ?n US 5,770,770, it is proposed to put th%bl/gﬂﬁag&@ggnge

material in the formof Raschig 5 rln%s by adding a plastic as binder to
the ion ex- changer and pressing the mxture into appropriate shapes. In
US 5,113,015, the catalyst material is con- served in glass wool, and the
mat forned therefromis rolled up with a wire mesh between the layers, in

order 10 10 rppghpt esstﬁaCg'f@tflafagneioﬁ%?sgg?ip Fentil Cetﬂa‘/sotl Pagg| nd

material may be a co i ant open-nes ance, | ot h.
Anot her usal@llé7ﬁat7éﬁbateash ahepuneer pdi dtorehgmj/aacmﬁnd)bnt bxcmngh can be

produced fr, tee I JTer s or cera eri, The catal yst 15 packing

mat eri al rray,gg]hgav\sgvée?tgf Y ‘be prgguéeg%rm c rdgsat]%ﬁoﬁ’%?teﬁ/ SReets or

corrugat ed phasttite oxomeexthan@e phatesial OQQB]th'EhefdlrnDC@ﬁSﬁﬁséﬁﬁ ri bed

above, vgu ch.use o a. . single reactive distillation colum, suffer from
20

t he acflpﬁﬁt WGt at #1PSTEAI PSR Y yERoPEr tIQR t 8% net hanol

and acetic aﬁhdgefheaﬁﬁnuﬁfeﬁilﬂﬁtthaaQ@Eﬁﬁﬁe i nrcbe BpRIUpLiftow makes
t he use of at | east _one addi - tional gurlfl cation stage necessary, which
| eads to adShaPEFondP USvéstdBnflandt BnARAYlEost Bat@rfak thercerob 25 | em

whi ch
(s that thesgebbyl sacehals el flaw ahienLoNkalASy PELALEIGNS, whi c

poi son the catalyst in the reactive n col um e repl acenent
of the cataFgstednapevith &nwihe wisht ildtaceon thel dayeby, f iesbraateri al

h , h 30 d ble f
Uy oS 0 BRSEE NS o PR B 1 o, Safegiagtl e o

t he hydrol ysis ocess to be con Ted = n
acet at e conpegkiagi orraua"rlaﬂhemfayeobél aW coinpl Saeth @paay mebat , s@s- requi r ed

by the Opeggggée?' g Qfaamggl Q%thal%ggggeplggébléhgéggﬁiéf is

a more rigid cellular monolith, which can be produced

from steel, polymers or ceramic material. The catalyst

15 packing material may, however, also be produced from

corrugated metal sheets or corrugated plastic or ce-
ramic plates.

[0008] The processes described above, which use only a

single reactive distillation column, suffer from the

20 fact that methyl acetate is only partially converted to

methanol and acetic acid. The amount of methyl acetate

in the product flow makes the use of at least one addi-

tional purification stage necessary, which leads to ad-

ditional investment and running costs. A further prob-

25 lem is that the methyl acetate feed flow often contains

metal ions, which poison the catalyst in the reactive

distillation column. The replacement of the catalyst

material in the distillation column by fresh material,

however, is 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



WO 01/27062 PCT/ CHOO/ 00551 - 4 acid obtained has a specific water content
or is viwger27ed2l y anhydrous. [0009] The object of the presgotiodevgsnti on is
therefore to provide an inproved process for the hydrolysis of a 5
carboxyl ate, especially nethyl acetate, nmethyl formate and allyl acetate,
by using a reactive distillation colum. In particular, it is desirable to
i nprove the conversion ratio of carboxylates into al cohol and car- boxylic
acid. A further object is to prevent poisoning 10 of the catal yst used in
the distill aciidnobohiimad Ais &t iescDhjeciaties condphtnbgeikheieer gy budget
of the procEis. It i.s also intended to offer a process and a hydrolysis
devi ce, whi 1Yl FBWGFREE- flexibility in terms of conposition and quantity

of the feed.[odbe]comhd opRHd i@Ntak bPesPhOAUG oA QNS iisS tabsarbpt ended to
be controllable in a large range by the process. A further object is to

i nprove t he t@oR¥EN3IFBN 2PalMBTeVAePRgFesacEent ehe nhpduelys s aef dr and
”Ethanoha,ZQaE%éﬁpiﬁééPneEBQé9ilﬁ$CHééh LR RE ] NYEPE fobigiSe! S

I,on
achieved in the case of a process according to the preié}garacterl s- ing
cl ause of CRadmallylh eRhatathe foedusbngaiani ngachive caldlsoiylateons firstly

fed into a RLELRAACKAr ol Mheh 23t he carboxylal e ds, broyght jato contact
y 0

at
with a first “catal yst i n the présence of wa er,leby Tredh l|“?:h t he

car boxyl at ecosvpasicnl kgt tbeafedairbbryliteedyiliiond yalsoisopraddicesr- The
reaction m tur?afrom he pre-ngactohEj is fed into the reactive

distillatioR°ESLuim3CaRd P's P33 BPbugRISFht 45 cHRt REEVRPEhP]ISRRLAG

hydrol ysi s edt alnsstcatfrysd Least ipardHeal aComver-iom ofoldng r efml ni ng car -
boxylate into the carrespondi ng carboxylic acid and al- cohol. The process

accordi ng t 8PRE OVEREI orF hER  PRBIMESE pFhei FyeagVaislgett Ik Bhe

substanti al byohkg8er 1€0As also intended to offer a 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 clause of Claim 1, in that the feed containing the
carboxylate is firstly fed into a pre-reactor, in which
25 the carboxylate is brought into contact with a first
catalyst in the presence of water, by means of which
the carboxylate is partially cleaved into the hydroly-
sis products. The reaction mixture from the pre-reactor
is fed into the reactive distillation column, and is
30 brought into contact with a second hydrolysis catalyst
for at least partial conversion of the remaining car-
boxylate into the corresponding carboxylic acid and al-
cohol. The process according to the invention has the

surprising advantage that a substantially higher con-
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pre-reactor
substanti al
pr edom nant

PCT/ CHOO/ 00551 - 5 version ratio can be achieved than with
known prwoorgmses. A further advantage is that, by the uger@hosn0ss1

the working Iife of the reactive distilla- tion columm can be

ly I engthened, since 5 catatyst poisons, e.g. netal ions, are

ly trapped in the pre-reactor. A further advantage is

that, by

the pre-reactor, differences or fluctuations in the feed quantity or in
conposition can be conpensated. Yet another advantage is that
the par 10 tvedsticsi zeabiot kancaal ¥ehigwé@r itdlhnUSettH Nkhben PiRod-eact or

S inportant_ role than in the case of the catalyst Eacklngs
S5

the m xture

plays a les
advant ageou

ed*i FUERBEF e AAVapEREe dilst i 11adti oY cbhgmiiSeBaP

speci fi ¢ parprdirdaRteirze take waek iRy | Yitsedr f ke CAL Al vSle RAUHINGS -

the catalys

t material could not otherwise be fully retained by t

hés with a

15 since

he

partial |y périffabl®paeki AgR wef | SutentiaAdvantergoiensd, atsinegst the
feddha ydreaghi ¥endi sti Ll atiqn jcol yomn o%rgg?fﬁd%g‘}fr{a%\gl s deliv-

head fl oy o
20 ered to

at | east one further Separation stage, eas

partially

separ at ed i riix®pRes coéppoklemt PreCmeacber norke dbmﬁb&reamdwspaﬁazidﬂ st ages ;
) ) . : . T rate
are prefer iy, used Lhel NG SSULELDT RITLLANCL XL &) .d g gogepa

as fully as

POSSi into“the indvid conpo

Advant ageousiry , thehef esat bpartaitty fdrovin sthd xeiktuMd feadpds@@sbnaragqui nol ar

amount of ter
pre-reactcx%%e'ﬁﬂ?gﬁﬂ%ﬁpepa

viden eappioxi o8t ehy kakaapdtlmbrerptef &isld Yin behéve%&eli
1: 10, and nore particul arl

di ent | yi1bet

preferably between 1:4 and 1:7.

dth oxylate/water m xture is fed into the
it < f%r% é%ﬁg fcArYBRYRAE e+ 8nGPRAL &PCi ®3&xpe 30

2 and

he hydrol ysis

proceeds paFﬁ%ﬁEPrIQFPysmérﬂeFF {AROEERHoXEA et d/hpat e thei 6288 Pfie f eed

15

20

25

30

the catalyst packings advantageously used in the reac-
tive distillation column. Batches with a specific par-
ticle size are normally used for catalyst packings,
since the catalyst material could not otherwise be
fully retained by the partially permeable packing
walls.

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



flowis between 1:3 and 1:5. WO 01/27062 PCT/ CHOO/ 00551 - 6 [0013]

Al t houglwo be2oydr ol ysi s reaction can actually be carri edcomiHoanossoom
tenperature, the carboxylate/water mxture is preferably heated to a
tenperature of be- tween 30 and 100C goreferably from40 to 90C, and 5 nore
particularly preferably between 50 and 80C, since the reaction proceeds
well and quickly at these tem peratures. The reaction mxture fromthe
pre-reactor is expediently fed into the reactive distillation colum in
the region ¢pohel wirtleudre tert apeblysiarreadigeitn eanl@cslaghy | ye above or
bel ow this regi on. The head fl ow con- taining, alcohol, water, carboxylate

and vol ati | S2EBADD- CHEnBE HRP e TRHGTFELEG t SNE GRSy 185pAVAETHN st age,

preferably aidtstél lial i ©f RAHABTY, hehtdld Cho t Be dlmplea@urks Jurpder
separated. 15 [00133)] Particul arl'y advantageously, the reactive dis-
tillation cbFERR i3¥ opRtat€8°Fn FrefezaRdy threm tHe tear¥beyl idndcid and at

| east one pableObal-PEcUBLLly Mere flIdH 1N HehGeRASEo0hnNE0E 8ACL XEe

E
distillation colum. In this case, the reaction mxture ?romt e

pre-react or tRe ireastdpar apioceeadsr oidedandt quihlsly eadt ithesd steht ati on
colum at a_poai oV, | yst: zon ntr The _ base fl ow produced,
whi ch essenplgg%fj‘%/r%%htg?%?%%%%%or%/,%lx\zfvg’[r%r Cf%r?&‘ g%b&%ﬁ?l F%a%%?la,l%ny be

del i vered t expeflientihefedepartat i e stagetips e@iesabl Yataiah stolbmti on col 25
um, in which H_]e mxture is f her separ at is also (goncei vabl e for

t .ot
both the head wrS%O?h%l’b%%rgrw}?efro‘?N tcr%%&éfﬁ& tie2dret¥¥¥at?on col um

to be delivslegerdlyoabewd her e alHien r¥igdgas, TReOhediStidhatd®n col ums,
and separated, As a varjant, the head product 30 nay_be delivered partially
to the pre- FBAEtBY BFCPRPt hevatPed TRV aERe 2PEaVPLBRI LD GRFPCT n order to

further conugtt eakbeey|dte i@ fedyi pul-beeheadpflov orpUshage,
preferably a distillation column, in which the wmixture
is further separated.

15 [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



recycling of the head flow of the reactive distillation WD 01/27062

PCT/ CHO s 7 colum allows the capacity of the pl ncr eased
subst an%gﬁﬁgﬁm[ 0015] Advant ageously, the reactive disti ?Pgﬁ}@#&@g* um is

operated in such a way that the added water and the 5 volatile conponents
are essentially contained in the head flow This has the advant age that the
carboxylic acid is produced in the base with a proportion by weight >
95% preferably > 99% The hi ghest conversion ratio can in this case be

achieved if the re %i on pix 10 ture fr the .pre-reactor, is i %_roduced
into the reé:ggu |nv§E r¢ iﬁ’%t 7O a%%?}fjrf)nfoarpthea pplc?in%t tﬁeﬁ’&wl{’ﬁ%eég %I yst zone
centre. [00%Gpbsthatpadtess according to the invention is advan- tageously

operated continuous|y, i.e. carboxylate and, 15 water. or, a m xture thereof,
respecti vel ,oo&gg c%%Y??ﬁF%eL%‘ﬁ}}ﬁ"e%hﬁnFSaFﬁé"%r%l-ﬁte‘;c]ta&rl,onaﬁﬂzf{‘% resul ting
reac- tion HkXbpegaktsadiawsuehl acoili ruaushkyef caarlihGapee- ahgaeher and fed

into the reactive_distillation colum, where unreacted carboxylate is for

t he nmost5 pavPlabhaleo SRMABENLF ATe s SRFERbLFSTE Foodadrsd tHe RPErol ysis

products beiagqdreay, OffnGONh QUPHS| ¥adsnfadieatdhbt OWhAr cadoyROLt Om
fraction (base flow), and optionally deliv-"ered to a further separation

stage. The wohdmeis| awageceld vered-figer bapgt widlhune afrerenfipst by

advant ageou etgpeen Q- 1 pr efer a 5 - icularly

preferably %Igtx\%égngl-g H- f&eﬁf%éj%#yTﬁe%&"és?r% %ﬁ%g%ts!ﬁoko%@ggg;i‘é ates to a

reacti on amdtseparationtteési cesackeradchnpevead tife ghreeotearcadber mgx-i ng cl ause

of d ai charact eri,sed by at |east one 30 rea havi ng:. at | east
gi

| 16, A I . re- tor
one inltl afmd=end =St I R 5F8558E |l\7’ell§r/‘t§88BF§7?nén Rdt8FsER&Fgi ng a
fluid fl ow tdeapdisitigltbhecfiacboxyhake ar pohatcaebhoxylake caivsiyse
zone centre.
[0016] The process according to the invention is advan-
tageously operated continuously, i.e. carboxylate and
15 water or a mixture thereof, respectively, are continu-
ously fed into the pre-reactor, and the resulting reac-
tion mixture is drawn off continuously from the pre-
reactor and fed into the reactive distillation column,
where unreacted carboxylate is for the most part con-
20 vérted into its hydrolysis products, the hydrolysis
products being drawn off continuously as a head flow or
as a bottom fraction (base flow), and optionally deliv-
ered to a further separation stage. The volume flow de-
livered per unit volume of catalyst is advantageously
25 between 0-15 h'!, preferably 0.5-8 h' and particularly
preferably between 1-4 h'.
[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 mixture
into the pre-reactor and therefrom, respectively, a

first catalyst, which is arranged or deposited in the



into the pre-reactor and therefrom respectively, a first catalyst, which
i s arrangegi/aosdeposited in the WO 01/ 27062 PCT/ CHOO/ 005&dt/enbo/gussr r eact or
a connecting line, which connects the out- let of the pre-reactor to the
inlet of the reactive distillation cofum, and first heating neans for
heat- ing the fluid flow or the pre-reactor. The advantages 5 of this

devi ce according to the invention have already been nentioned in
connection with the description of the process. Advantageous refinenents

of the devi gaeakeactessr abednhéct ey deprendeani el aoibeck80t8: Agta result of
the fact that the pre-reactor is 10 arranged agproxi mately vertical, and
the inlet id8Fo- katbg RAraFEacsprark® t ke odPiler &F t Hee bseRSHIVENe

catal yst maigiikah1h8ibhecBli8mheaghar re¥Ber heREesy VREant €Xbhdnegtnce the
flow direction of the reaction flow and gravity keeg the catal yst materi al
S

at the bottdmdofthes fHelprelewaerofthel Priesrepekeby Fbssiagivantagprevent un-
desired tt i '%&fdéﬂ%ec%%%aﬁpgf%f legle: i'n%eh%iéhsﬂavgoaﬁ%ég-g' e for the

inlet and outlet to be provi erally on opposite sides above or bel ow
t he cat al ystoeenoreentriamppatct inelopnnertigni wiphi ndiegpl deatsipttiomcepfabl e 20

for the inlet tobearrapged ol the %é%'on@ma% the out- 46t at the top.
[0019] In a par |culearly pre?er?ed‘le 0 |meﬁet, tWwo pre- reactors-or one
pre-react or deaciripetivinr elaetdeperclzame dlaedissare used, and nmeans are provi ded

for making it possi ble to. send the feed flow respectively through one
of the pre- r[ggi'?ér sgﬁraoﬁﬁs‘b}tt "rl%%c{?% té‘r‘?atnifé‘respr?c?ref"ﬁ\ﬁ/f’rt h& ot her

pre-reard Or a@frahBedotdppirokeaatelp “BamichEl, ah@Spee! iMelet £&8ni1be provided
with fresh catalyst. This has the advantage that the device can be

oper at ed 30 CSRE ritfousP§ TP a2Pdnghser?wd Bf 2F mEhel tbestap sotlen-
ceivable toarkagge PR LWRIPIEr M ERACT Le-PBE-PENI BYpLtPences vor-

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

tors, in order to positively exploit the dependency of



ot her. Such an arrangenent has the advantage that dif- ferent tenperatures
can be wmroot/moseed in the two reac- tors, in order to pospti/csbyomsspl oit the
dependency of WD 01/27062 PCT/ CHOO/ 00551 - 9 the equilibriumreaction on
tenperature (e.g. 1st reac- tor is opegated at a higher tenperature than
2nd reac- tor) . According to an advantageous processor variant, the flow
| eaving the pre-reactor nmay be partially re 5 turned to the pre-reactor.
This has the advantage that the pre-reactor can be di nensi oned snall er
than if no dmRCWRhiiNgdring reaptoyhded aeoperhtlre pleg.eastoreaand the
capacity of the plant is variable in a |larger range. Yet %pother advant age

i s that phas®Zdpar®IGHerb 3t 3 Nt Idy T RIFEEHFE. F82% SR 45366 avoi ded

by a re- cyddq flanoff2P0] cEXxpadi frtdntagkbasr gaeidessod stddilaati,on col um
has a catal yst zone and one | ower and one upper recti- fication zone, the
upper recti fiteat ¥ zbRRVHRI n§hPr BT E5TORERRE aBdY e PENPATAL LYYt TE6ne and t he

lower regtifi gared Q) @one, Relng Vi ded Helow e LAlAlkge 2eRe. The
rectification zone may have separating stages, Raschig rings, structured
mat eri al exdiengerpacdaaiyy etan POOZiheThioped- seakier FBamduldnt@geous!y

designed as a _2Q .tube,. in which th ir t | ¢ it Expedi -
ently, the frlercéfthalrli1 glelcnoen T ra?\i/ls%gf aarIZO%él?dﬁ!seyoFércé %:setqiz;%l?g@éa'?1 adyst g , the
first catal yste hawbagiaypastt i c¢he pslae: ofisbetawsablapprioxiamtlelnged®. 35 and 3
mm and the second catal yst. havi one between appr.oxi mat el .9 25 and 1.5
mm  pref er alf 35 63 And® Om?raﬁgg%?%g?)aﬁfi %ﬁ‘-a%l éﬂas?eprseefpea}r/raab ¥'bet ween
0.7 and1d mmn Wid erddie fd rishe ©0d - alesdtdrs qamefer akloy deaesgnta ag-a bed in
the pre- reactor in_the formof spheres, rings, extrudates etc., the
second cat al §¥¥19% fd@¥ant ageously introduced into 30 the reactive

distillationfgdiMmeapes@anth{ed Hd Ubsactive distillation 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 2zone. The
rectification zone may have separating stages, Raschig
rings, structured material exchange packings etc.
[0021] The pre-reactor is advantageously designed as a
20 tube, in which the first catalyst is deposited. Expedi-
ently, the first and second catalysts are acid solid-
state catalysts, the first catalyst having a particle
size of between approximately 0.35 and 3 mm and the
second catalyst having one between approximately 0.5
25 and 1.5 mm, preferably 0.63 and 1 mm, and more particu-
larly preferably between 0.7 and 1 mm. While the first
catalyst is preferably present as a bed in the pre-
reactor in the form of spheres, rings, extrudates etc.,
the second catalyst 1is advantageously introduced into
30 the reactive distillation column as so-called struc-
tured catalyst packing. Suitable structured catalyst
packings are described, for example, in US 5,417,939
(Shelden), US 5,470,542 (Stringaro) and US 5,536,699
(Ghelfi), the content of which is hereby included by



tured catal yst packing. Suitable structured catal yst packings are

describ f xample, in US 5,417,939 (Shelden), US 5
(Stri ngg‘g% I/QE%EUS 5,536,699 (Ghelfi), the content of V\ﬁlé?:%}lﬁﬁs}/% ses% eby

i ncluded by WO 01/27062 PCT/CHOO/OOQSéO-_lo reference. The term structured
catal yst packing should be understood to nmean a structure having retaining
de- vices (e.g. bags) for solid catalyst material and hav- ing flow
channel s, which are present in the structure. 5 1t is also conceivable to

use such st LlLadecaahy serPa0kLN0SA0 bl RRAIEACLIOANT 10 (e

reactive distillation colum. guré 1 diagramuatically shows a
first enmbodibeenindsfrsgoddyviteoe nfeam tehestwatadunel awichgolnediagd nghgcaeboxyl at es,

with a pre-reactor, and reactd ve di-stillati-on. col umm; - Fi_gur _

di agrammat i géﬁ%f s(hed\%s' %agg onééD rerﬁ)oolcﬁdrrecrﬁ%a&fy“a m&%ﬁréglf 3%%1 %ea%cat alytic
hydr ol ysi s dfngcailiox diateelsl5 wiildh arer evezaeitorin alrecatiruceudiesti | | ation
colum and a disti]lation col for further separation of the  bottom
fraction of tthe T eAciy v‘éortﬁeslt‘ﬁlg% iTh W TR #)’@‘tﬁtél%e%dl ically
shows a thi rghcibe@ Myth ofnathdevhe dictbire Lat al ¥t ittehydizaltyiSies of
carboxylates, 20 with a pre-reactor, a reactive distillation colum and a
distillatiofic&idditisP FRFYRRr separation of the head flow of the
reactive distillation colum; Figure 4 diagrammatically shows a fourth

enbodi mrent of a device for the catalytic hydrolysis of carboxylates, 25
with two prel@@2dtors; Figure 5 diagrammatically shows a fifth enbodi ment

of a dei CeFlf%Qﬁ:et H.e d}%.%qla}ﬁh'a 1Q¥gi9l gﬁ&ﬁs Oi Eﬁfgpxé/n#k%éﬁ%fentwotfha:[m .
pre-reactors, e fee romthe pre-reactors erng 1e into the, reactive
di still ati odeoplagmiat dihe- G@tdkyrteit ppdndbdysis of carboxylates,
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-
drolysis of a carboxylate, especially methyl acetate,
methyl formate or allyl acetate, into the hydrolysis

products and at least partial separation of the reac-



[ 0023] The device 11 for the sinultaneous catalytic hy- drolysis of a

car boxyl ecially methyl acetate, nethyl formate gprRlHodboget ate,
into th‘ﬁﬁﬁg iy)3| s products and at |east partial separatl on o){] Ele reac

WO 01/27062 PCT/ CHOO/ 00551 - 11 tion m xture, conprises essenti aIIy a
pre-reactor 13 and a reactive distil Ilatl on colum 15, which are con-
nected to one another by a connecting line 17. [0024] The pre-reactor 13
has an inl et 19 for feeding a 5 fluid flowinto the reactor space and an

outl et 21 1t orr Ak 0\g-of T LN 120! LQDHLXLITE- 2T EAUREING; i e 17

connect s the outlet of the " reactor to an on the reactlve
distillati omndolajnmacﬂzlvﬁwedmmlrm c01131mns I3 efvriadil yateibabar, the
inlet 19 and the |rel et _10 sw%] 1 bei n {a%(ggld on p05|te end si des of
the tube. THE PpFeiPelBfor™d Y cgf’ solid first

cat al yst nat[@oezall. ThRO2bte Tﬂ‘&d’t&ﬂ:CtLBVBadlslhliﬂ]E&'d an Cf®|rUIitBe315anla§ a cata-

| yst zone 27 _an upper and |lower rectification zone _15 29, 31, which
a)r/e provi dedt Fég ?c{iol Wy Y O EPEWESRGEGhoTBAEh e 1At AT ySEE Y8he2275°R second

sol i d- statedc'ratﬂahgstof&B thdr eéLeedhy aont@dedrhd senfatt £gh catabyst
packing, is __provided in the catalyst zone 27. The rectification zones are

formed i n a WnGRRPREFSetie BytRe&chl °F ithys reaotes| tAnast Agést 33ruct ured

(material e&h%@e)rea@%&b@galseiflaAAri rl,%l%ﬁ\ Qi drru Okfealfgsrbase flow
is pro- vided at the columm foot, and [1'ne 37 for dr Wi ng o t he head

fl ow of the lBeadit i peefiexably atu@ml@_al u'f:me 18njst pPowingedtlse théetol um
head. Fh? 'W%§c?5:£ ﬁéﬁ ngﬁg?gﬁFé!gﬂ %%P§g§§§ gkd 4{&@%13 th a heat

exchanger 41, S c nnec via a I'ntuarn fne ¢ol um
foot. The healﬂoeechTMgpreMeacsthseﬂBtbaheaat d:attealqa:lwrrnedbase.oﬂByarreanfs of a
]E)Irg\rllvcprljlmntehgﬂidp%rlgsgf ttaelys matceq:riatie renmoved as a base or base [sic]
[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 lique-
fied. By means of a recycling line 47 connected to the

condenser, part of the distillate can be returned as



30 hydrolysis and separation device. [0026] The line 37 for the head fl ow

| eads t Qyg etz denser 45, by which the gaseous head floWb% dmaﬁsique-
fied. By nmeans of a recycling |ine 47 connected to the condenser, part of
the distillate can be returned as WO Q1/ 27062 PCT/ CHOO/ 00551 - 12 recycle
to the reactive distillation colum 182 Part or all of the distillate from
the reactive distillation colum 15 can be renoved via the line 49. [0027]
The carboxyl ate conpound to be hydrol ysed can be 5 delivered into the
pre-reactor 13 vi.a line 51 ich,.is.connected.to t inlet 19. Water
can be adde&efgcgﬁe%olfﬁg §fa€¥2V% ?}?ﬁﬁé;éklﬂﬁbc &FBBX@gatgf t&F mixture
can be heatedlbyof heat Exahidngee SxomhtBd ir2acficen-dikedtnasivht h the
line 51. 10 028] . The second illustrative enbodi ment (Fig. 2) dif- fers
fromthe fi FSHY £Raf2 BF sTFITRS O3cE5PEmhiB? $2 connected to the line

44, whi ch i goior7¢oNNEEt EQFbIYatel RempBLHANEH 0B - nfBfoltRRasake BE
sinplifying the de- scription, the sane reference nunbers as in the de 15
scription ofelR¥eFPASENEP| §8er REPvECRABOH| henViara liRer &for ¥hiiskd for

identical paitsondRdebRecdesali phidn 14 S dfld d o @t Raqaddibi ppal features

of the second il- lustrative enbodinent. [0029] Like the reactive
distillatiodigel urh t5a tehelirxd 63 st Theatdaorpxoilanm/87tet seikasra heat

exchanger 61, inteqr iN.a.circ [ [ 59, . ] d heat the
base of the%ﬁfsggiﬁ%fﬁ%ﬁpé%?ﬁhﬁﬁf%.%ngkggfktﬁg’ g?%%ﬁl?ét?éngggse can be
renoved fromecheéohydibhyshe lievisde by a branch line 63. 25 [0030] At the

head ol he dghdl L FALODSSLIT STty Gandsneel, B8 I conarehed by means
into the di seirkl #rbanthel BiRst Oin Calfatea I @TENEd atiidnt R@1umn 57 is

connected to the line 44, which is in connection with

the column foot. For the sake of simplifying the de-

scription, the same reference numbers as in the de-

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

[0029] Like the reactive distillation column 15, the

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

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

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

umn. By means of the distillation column, the head



line 71 fromthe hydrolysis and separation device. 30 [0031] The
illust rq&,{)\ﬁ .ﬁ)gpodi ment in Figure 3 differs fromthat i 9&,@(9#550%“ n t hat
I % chrsTin

the distirlation colum 57 is connected to the |ine 49,

connection wth the condenser 45 of the reactive distillation col- um. By
means of the distillation colum, theiead WD 01/27062 PCT/ CHOO 00551 - 13
fl ow, which may be a conpound m xture, can be separated at |least partially
into the conponents. A further dif- ference is that a recycling or

recircul ati | N, %3, pravid round the pre-reactor 13, in.order to
mke it 5 paasi @i BayPbgy b R Bb SR R e O e eprab a0 P Lo
del i vered new ylddwr giaoct iBapendintg ahet kempoapatat i an fprehkemiian

extraction col um may so be usef, i nst ead of qt*gg distillation, col unmm.
[0032] The 19508 Fath vg BhbBdFRERE 11T FPOUT S A FHgteR8 138=d7ét Rgui shi ng

feature of tpweviredr aactifastidapaddrdattor Wi ChrCaRdbe Usedagkmikt aneously
or alternately. The reaction flow can in this case be fed through val ves

(not rep? es@NSEFRLR ATt RAT et i FRre et REr 1EAVATGH thRe Ps-&epEietor 13a or

pre-reactor 153beoThee UgR19Get¥® RIR1LS ERBELQSS BRSehAEngdvat age of that,
in the event that it is necessary to replace the catalySt material in one

pre-r eact or ,SeHFEPAEPBN Bedd efot Fe PrEBREUPPRJCSLlnee malye Pprorebs fl ow can
be fed {hr ol 12 PLRT 0P e LEAR U103l 0933k, The i1l ustrat i ve
tin i

enbodi nent in Figure 5 differs romtha fgure 4 in that the
pr e-r eact or sl0D3&]andhe 138blas eraonre cirecbdiynemeans Gfigsepasahes| thes 17a and

L0, el AU b babien, oL Ao TRt 1l ggpnected to
arranged i nwhhiehr egironbeofusidie ¢aactinRecieNe ofr bel ovrhdwec1at t ehe and the
inl et 23b irr(]aatcrtl_?orne%il%r\lr Oc;arg hfnr %ggtsl %gts%aonbee OEec?bgl\{go}lgl'? valves
(not represented in further detail) either through the
pre-reactor 13a or pre-reactor 13b. The use of two pre-

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

20 [0033] The illustrative embodiment in Figure 5 differs
from that in Figure 4 in that the pre-reactors 13a and
13b are connected by means of separate lines 17a and
17b to the reactive distillation column 15. The line
17a is connected 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
23b in the region of the reaction zone or above the
latter. The composition of the feed can be adjusted in-
dividually for each pre-reactor. The reaction conver-

30 sion and the productivity can thereby be improved. 1In
the case of using pure components, i.e. only water or
only carboxylate, the use of a second pre-reactor may

also be omitted.



| atter. The conposition of the feed can be adjusted in- dividually for each
pr e-r eawigyi/270dae reacti on conver 30 sion and the productpoi/csonmssit her eby
be inmproved. In the case of using pure conponents, i.e. only water or

only carboxyl ate, the use of a secondi4r-e-reactor may also be omtted. WO
01/ 27062 PCT/ CHOO/ 00551 - 14 [0034] The hydrolysis of a carboxylate wll
be de- scribed below with reference to the hydrolysis of nethyl acetate as
an exanpl e of other carboxylates. Methyl acetate flow having a proportion
by wei ght ofoaa4]5 ITmst hp@oolpesiy/| odcet arerbexpixee wiitld abe aweunt of wa-

ter at least equipolar wth.respect to nethyl ta ferably a 4 to 7

ti mes nol ars%geg%esgoﬁe]\ﬁgt e?v.ll{:$here%$l§<‘gtnucree itg) t%gl% hég lé%ﬂglst hg&heat

gi(changerdSEetwpf acerabky 49 ant esparleur ef bettheen 38rlamd/1EGEE,. prefera 10
y 50 and 80C, and fed into the preferably vertically , arrange

pr e- r eact orMABY Y (FEHA e 156 PEEALEoP Eﬁoggr%@k&yv&%w%&n ° cia% sol i d-

state catal ysisc es@ metddll QRictatenigXmhragenitden &adaly Yf pieef erably has

a particle size between ap 15 proximately 0.35 to 3 nm_ Such a catal yst

material istemvalb| ABREL PERIBREMP| BlthNERIPYIe HanBeWiber?SRYES from the
conpany Rogg%%%@fm-a%t /Iaf i vencat ahystSexakb8s Her Wl expezeol ites,

S
al um ni um , Sillicon oxide etc. 20 (0036] The nethyl acetate/water
m xture flowsxtuwouih thér heatedadey ofhd 3heatr coxehangar fTomR%SF to bottom

and cones jnt.o contact w a er al FAn .S, In this
case, parti %ﬁak??l r% y%i g%#gféggﬂe\gt%%‘yesetglcg&atéeﬁd?akgésj %’I g‘%%%gg'l%e conver si on
of theiloet hyly ase &3dta&tec, mideqy enteacher prsfbeabkenvett srad 14000, pref -

erably between 50 (gnd 800, gf tgs equi li brium conver- sion. The resulting
reaction miXt1AETE Bt rGaTCEd via

[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



the line 17 into the catal yst zone 27 of the reactive distillation colum
15, al t wogirtoee i ntroduction may 30 al so take pl ace aboveTamHob®IBY t he
catal yst zone. As a variant, part of the reaction m xture may be recycled
back to the pre-reactor 15 (Fig. 3).- [8037] The reactive distillation
colum 15 is prefera- bly operated in such a way that the nore volatile WO
01/ 27062 PCT/ CHOO/ 00551 - 15 nethyl acetate rises in the catal yst zone,
and the less volatile water flows down over the catalyst as ref lux. 1In
this case, metéwdeacetnhtet rbee¢setm the atatsdilymt ezonei, alandwaher lasd net hyl

acetate tak%%lpal ace, “jartl_et he%ISW%ogir se %f whi &h rrg%h;il cet atre '% cl eaved
into acetic acrd and “fethanof [ 8§§] ﬁSﬁeﬁ en§ A-tRe 88si Ieg 6Urity

and/ or conpasi -thi®ncatet hemeeiieC enithet! hetwead | vardigét | matkeon col - um
may be operat.ed in such a way that_ unreacted water 10 collects together
b

with the acétPc acldtFh &RE bESE Bt aCREAES UrRT TaBé2%F: oril stBEsential 'y

contai neg i rdufge REAdAiW REchye seacddveidi shkhiali @Rce0l R itcase 2).
In the first case, an acetic acid/water/ methanol mx- ture is produced,
whi ch can b&cigr fREr M§EParated e. g. 15 by a downstream separation stage

(Fig. 2) . It SBE+ , u oSt [ IS acetic
acid wth a[%galra?t yﬁgpggg%lé:cgﬁb%%b?%ﬁ% (0039] %ﬁe%tr‘g% %tggre of the

pre-reactor tion of the acehéri wveidi sthe| netonivoldimtillesgent codly, may be
s 20 tabl iaets 1 (RSN f MESSW G2 GBI A QURLaPLERRUT o ki ng

it possible to opérate a higher tem per € process
utilisibg theldectee togekhgur evi2h tihee dvead o laovidofin hehe ebasevert

distillati on col ugn con: 25 tgi ns. nmet h%gl a elt gﬁe, me}t'hanocli, vvagﬁg3 and
| ow boi | i ng "CEMSEHERE's. (CAFE Bds&™ whi ¢ &rnd TECHhEABFT wat &
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 by a downstream separation stage (Fig. 2). In the sec-
ond case, aqueous 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 column con-
25 tains methyl acetate, methanol, water and low-boiling
components. The base, which contains methanol, water,
acetic acid and traces of methyl acetate, is removed as
a so-called base flow. The volume ratio between the
head flow 37 and the base flow 35 varies between 1:1
30 and 1:1000, preferably 1:30 to 1:200. The reflux ratio
of the reactive distillation column is between 1 and
300, and preferably between 80 and 200. The base flow
35 of the reactive distillation column can be further

separated in the distillation column 57. The head flow



acetic acid and traces of nethyl acetate, is renobved as a so-called base

fl ow. TgﬁoﬁﬂgﬁaP rati o between the head flow 37 and he pgfﬁ?%QB 5 varles

bet ween and 1:1000, preferably 1:30 to 1:200. The io

the reactive distillation colum is befween 1 and 300, and preferably
between 80 and 200. The base flow 35'®f the reactive distillation col um
can be further separated in the distillation colum 57. The head fl ow WO
01/ 27062 PCT/ CHOO/ 00551 - 16 of the distillation colum 57, exiting

t hr ough the tains than and . races t cetate, and
t he base fI8m1Fﬁ|nel§5} g%%%?%t% ég§%nt|aFFy oPga uggﬁqﬁ g%%t?c Qcid. 5
[0041] In the, peconessnslthétlisamg tdel dendcee off Eeghye 3cethbe, haadl fl ow of
the reactive di t|II ion,col um 15 contains neth h acetate, nethanol

wat er and | bi¢ B??l QO%O bﬂ%n?% ﬁ?ﬂ?ﬂi&feeFFSRF&é t¥i RE BATRLYS pure
acetic acidacktec &£dic acid at nore than 996 propor 10 tion by weight, or
aqueous acetic acid. The volune ra- tio between the base flow 35 and the
head flcw 3E0Pf}- Bt Iy RFQGeES BELhE®HD:TPeasEVECE0 P aRdINB? e parti cu-

larly prefepgbl et Werhly 1o2 el AactQe efidiibatba Qf1dnfe {sactive
distillation colum is between 1 and 15 100, and preferably between 5 and

50. The headofitawndf mehky} eartdtatali stmathanpdn cwhten candbeldwrt her sepa-
e 0y Bkl LRl S Toa b RO AL clbpert gL SLion,
wat er and Iameﬂ@cb@ckdnglcenpanenis adhe @aseoféomhémlae/Sﬁyopon{alns
essenthllytmate% %004%% Exanglgs: I.n thg f ol %ﬁgg% g %lnentgl exanpl es,
a catiodn 381 dYst'atd atng fUF P £He %%n%%h ™ ARdHRat?” 25
Ger many wasttisedetwadertystb{SP R)ow 135 tHid r@achead 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 methanol, methyl acetate, water and low-

20 boiling components. The base flow (line 59) contains
essentially water.

[0042] Examples:
In the following experimental examples, a cationic
solid-state catalyst from the company Rohm and Haas,

25 Germany was used ({(Amberlyst CSP 2). In the reaction
distillation column, the catalyst was introduced into
structured catalyst cracking.

[0043] 1st Experiment (Prior Art
A single reactive distillation column was used.

30 The base flow contained a mixture of methyl acetate,
methanol, acetic acid and water, which was separated in
an additional purification column into a methyl ace-

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



distillation colum, the catalyst was introduced into structured catal yst
cracki ngvo pytréeéd 1st Experinent (Prior Art) A single reagtr/nsocoessil | ation
colum was used. 30 The base flow contained a m xture of nethyl acetate,
met hanol, acetic acid and water, whi.chswas separated in an additional
purification colum into a nethyl ace- tate/nethanol m xture and an acetic
aci d/water m xture. WD 01/27062 PCT/CHOO 00551 - 17 5 10 15 20 25 The

nmet hyl acetate flow to be hydrol ysed had the follow ng conposition (in per

cent by weight): acehal debyge: dAQtemetivy asetrt eny@bBkedrehbanol @ 1. 30
[0044] Reactive Distillation Colum: inner dianeter: 220 mmrectification
zone: 7 thesPet £EALCYLRG OISt icdadiPoReE oRRRt PYTYSEGHEPpi ng zone: 8 TS
Feed Flows: methyl acetaifny3f.87 ka/hy spater: 62.33 kg/h Product Flows:

head flow. 0.67 kg/h base flow. 97.87 kg/h Experinmental Conditions: head
pressure: 956 nbar m¢ekyl msietater3 TS 9§ ¥4 ux ratio: 220

5 methanol: 1.3%
[0044] Reactive Distillation Column:

inner diameter: 220 mm
rectification zone: 7 theoretical stages (TS)
reaction zone: 6 TS

i0 stripping zone: 8 TS
Feed Flows:
methyl acetate: 35.87 kg/h
water: 62.33 kg/h
Product Flows:

15 head flow: 0.67 kg/h
base flow: 97.87 kg/h

Experimental Conditions:

head pressure: 956 mbar
feed point: 13 TS
20 reflux ratio: 220

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

composition base flow of the reactive distilla-

25 tion column in per cent by weight:
methyl acetate: 6.97%
methanol: 14.19%
water: 56.61%
acetic acid: 22.24%

30 2nd Experiment: Combination of Pre-reactor with Reac-
tive Distillation Column

A combination of pre-reactor with reactive dis-

tillation column was used. The base flow of the reac-

tive distillation column contains methanol, acetic



heat exchanger tenperature: 73.7C Result: nethyl acetate conversion: 79.20
conposi twonikase flow of the reactive distilla- tion col pon/dgHoopessicent by
wei ght: nmet hyl acetate:6.970 et hanol : 14. 190 wat er: 56. 610 acetic
acid: 22. 24% 30 2nd Experinent: Conbi-natgi on of Pre-reactor with Reac- tive
Distillation Colum A conbination of pre-reactor with reactive dis-
tillation colum was used. The base flow of the reac- tive distillation
col umm cont ai ns net hanol, acetic WO 01/27062 PCT/ CHOO/ 00551 - 18 acid,

wat er and t rsdds ofateet lapld doetcatse.ofThiet: hyilX bide@ atwas Thepamikedrkn a

di stillation,_gol i_nta a_methangl...flow containing traces of nethyl

acet at e andvg% 5%%%F%te§c337ﬁbfgfgﬁﬂiﬁﬁﬁ8p §°%H@nnégﬁ9laaé@F&FéoiIOM/to be
hydr ol ysed HHadw tdomthdhliow ngacespesi ne@hRyfi Bcpeit&elhabynWaicght ):
acetaldehyde:&%.oo 0 nethyl acetate: 96.530 nethanol: 3.460 10 Reactive
Distillatiof<coYURHET 18156 Fead pressure: 967 nbar feed point:13 TS refl ux
ratio:122 inner di amgéemetB3 EBJRAL fELA T 08 FRNen, drd iR ELLGR! Stages

(TS) reaction zone: 6 TS .
the following composition (in per cent by weight):

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

10 Reactive Distillation Column:
inner diameter: 220 mm

rectification zone: 7 theoretical stages (TS)

reaction zone: 6 TS
stripping zone: 8 TS
15 Feed Flows:
methyl acetate: 38.61 kg/h
water: 58.20 kg/h
Product Flows:
head flow: 1.0 kg/h
20 base flow: 92.92 kg/h

Experimental Conditions:

head pressure: 967 mbar
feed point: 13 TS
reflux ratio: 122
25 heat exchanger temperature: 83.7°C
Result:

methyl acetate conversion:

after pre-reactor: 57.6%
overall: 98.0%
30 composition base flow of the reactive distilla-

tion column in per cent by weight:
methyl acetate: 0.01%
methanol: 18.93%
water: 50.54%



stripping zone: 8 TS Feed Flows: nethyl acetate: 38.61 kg/h water: 58.20

kg/h P ows: head flow. 1.0 kg/h base flow 92.

Experi neaﬁ?gﬁ%?nditi ons: 25 heat exchanger tenperature: B%Uk/;g(]&ﬂ?sglult

met hyl acetate conversion: after pre;peactor: 57.6% overall: 98.0% 30
conposition base flow of the reactive distilla- tion colum in per cent by
wei ght: methyl acetate:0.01% net hanol : 18. 93% wat er : 50. 540 WO 01/ 27062

PCT/ CHOO/ 00551 - 19 aceti c acid: 30.680 (0045] Exanple 3: sinmulation of

t he hydrol ysis and %[Saaf\flslép reacti bé/s,rreans of the simulation program
5 PROII of the corrpany (Si rrula lon Sciences Inc.) with the ai m of
obt ai ni ng pure acetic aC|d froma nethyl acetate flow utilising a

Prven. ti on-LoB8o]5 SeaRelteive. BYBRTFTHTT of CoF Uim: SFEGIA ar FBR zone: 10
t heoreti cal s&bagaﬁl()ﬂfs)reat’:eaﬁhl B #eAfs 2% TheStgimpphaBgoropeogtamTS
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 Column:
rectification zone: 10 theoretical stages (TS)
reaction zone: 25 TS
stripping zone: 15 TS

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

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

MeAc, MeOH and H,O)

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

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

heat exchanger temperature: 120°C

Result:



For the methyl acetate flow to be hydrolysed, the follow ng conposition
was assuwodifiosz per cent by weight): acetal dehyde: 0. 9%pcrrtHugloossget at e:
93.1% nethanol: 2.1% water: 3.9% Feed Flows (in kg/h feed flow 6500
kg/ h (of acetal dehyde, MeAc, MeOH angH20) 25 water: 7100 kg/ h 30 Product
Flows (in kg/h): head flow 10,000 kg/h base flow 3600 kg/h Experinental
Conditions: head pressure: 1.5 bar feed point: 35 TS reflux ratio: 10
heat exchanger tenperature: 120C Result: WO 01/27062 PCT/ CHO0/ 00551 - 20
met hyl acetate conveeshod: addtfle RIIneg@Gbak: 57. 6% overal | : 73. 306 base fl ow
conposition of the reactive distilla- 5 tion colum in per cent by weight:
net hyl acet at e: 0. 003F RB¥ hRFRI X TRBTWHwabér€®. 01% aceti ¢ aci d: 99. 901 10

[ 0046] The process ggepsding to the inygngion is suit- able, in particular,
for the hydrolysis of |ow nolecu- |ar weight esters (esters with C1 to C4

or higher al co- 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 Cl1 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 1likewise takes
place by a hydrolysis reaction. In this case, methyl
formate is reacted with excess water to give formic
acid and methanol. The reaction can in this case be
carried out autocatalysed by formic acid (DE-A-44 449

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

ration methods such as distillation, extraction, etc.



hols), e.g. nethyl acetate, nmethyl formate and allyl acetate. 15 [0047]
Al lyl alwobgiioean inter alia be produced by the hydrol ypcs/cefooadssy!
acetate. The hydrolysis is in this case carried out according to known
conventional neth- ods in the presencg;of mneral acids or ion exchangers
as catalyst. 20 [0048] The production of formc acid |ikew se takes place
by a hydrolysis reaction. In this case, nethyl formate is reacted with
excess water to give formc acid and nethanol. The reaction can in this
case be camneigeggout autocatal ysed by formic acid (DE-A-44 449 25 79) or in
the presence of acid catalyst, e.g. ion ex- changer (DE-A-42 373 39). The
processi ng 8t the hHYAEPHISAT I9i6@uct s conventional Iy takes place with
sepa- rationjnethods sugdy@sodistillation, extraction, etc. WO 01/27062
PCT/ CHOO/ 00551 - 21" Legend 11 hydrolysis device 13 pre-reactor 15
reactive di d6i || ati vpaehi@ndistildesaent Fagutine 19 pre-reactor inlet 21
pre-reactor ,;13) ougf,&gﬁecgﬁ,} Rpecol um inlet 25 catalyst bed 27 catalyst
zone 29 lower rectification zone 31 upper rectification zone 33
sol i d- st at e 1®at al yspr85réadd.of datlelti ne 37 R C. head Iine 39 |ine between
line 35 and heat exghanger .41 ﬁ%‘ umn fopt heat exchanger

pre-re ) “outle

actor
23 R.D. column inlet
25 catalyst bed
27 catalyst zone
29 lower rectification zone
31 upper rectification zone
33 solid-state catalyst
35 R.C. foot line
37 R.C. head line
39 line between line 35 and heat exchanger
41 column foot heat exchanger
43 line between heat exchanger and column foot
45 branch line
47 recycling line
49 line
51 feed line for carboxylate
53 water
55 heat exchanger before the pre-reactor (13)
57 distillation column
59 circulation line
61 heat exchanger for base of the distillation col-
umn
63 branch line
65 condenser
67 line between distillation column and condenser
69 line between condenser and distillation column

71 line for the removal of the distillate



43 | i ne between heat exchanger and columm foot 45 branch line 47 recycling
line 4Qdimgol feed line for carboxylate 53 water 55 wegtHersmbsinger
before the pre-reactor (13) 57 distillation columm 59 circulation |line 61
heat exchanger for base of the distilbation col- um 63 branch Iine 65
condenser 67 line between distillation colum and condenser 69 line

bet ween condenser and distillation colum 71 line for the renpoval of the
distillate WO 01/27062 PCT/ CHOO/ 00551 - 22 Patent Clainms 1. Process for
hydrol ytical |l y obt apategr acxaiox- ylic acid and al cohol fromthe
correspondi ng carboxy 5 late and water, in which process a flow contai ning
car- boxylate is brought into contact with a hydrolysis catalyst in the

presence of jwater aprgteyat edrt aypebaytidaEly NoBrd Balid v& diagbbklation
colum (15), by nmeans of which the carboxylate is at  |east gartially hydr o

10 lysed i ntdiched bRRY| Récaeed ARET altEGh AOr TEFRONAENE e CAERPKY g react i on
mxture 4s ﬁhﬁ%‘%%?e%ﬁ§k¥ S?Ha&ﬂfgﬂ flocd&ast Pahf iRidvainihg Ehe-conponents

in the reactive stillation colum, the nore vol atil e conpounds, e.g.
al cohol , bebogydesen déf Hromhtheihead edntasd r wakhi v 1IydgicdvyBLFat i on

Col 12 g S B IR e d s kgl e <0
(15) as a batirem in agt react whé cHisanl bet tsrawnobffin a¢1%) , 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.g.
alcohol, being drawn off from the head of the reactive
15 distillation column (15) as a so-called head flow and
the less volatile compounds, e.g. carboxylic acid, col-
lecting at least partially in the base of the column
(15) as a bottom fraction, which can be drawn off as a
so-called bottom or base flow, further characterised in
20 that
- the flow containing the carboxylate is firstly fed to
a pre-reactor (13), in which the carboxylate is brought
into contact with a first catalyst in the presence of
water, by means of which the carboxylate is partially
25 cleaved into the hydrolysis products;
- the reaction mixture is drawn off from the pre-
reactor (13) and at least partially fed into the reac-
tive distillation column (15), and is brought into con-
tact with a second hydrolysis catalyst for at least
30 partial conversion. of the remaining carboxylate into
carboxylic acid and alcohol.
2. Process according to Claim 1, characterised in
that at least the head flow of the reactive distilla-

tion column (15) or the base flow is delivered to at



so-call ed bottom or base flow, further characterised in 20 that - the fl ow

cont ai ni arboxylate is firstly fed to a pre-reac n which
t he careggyfg@éfls brought into contact with a first ca%eﬁKﬁéa'Ms

presence of water, by nmeans of which,the carboxylate is partlally 25

cl eaved into the hydrolysis products; "= the reaction mxture is drawn off
fromthe pre- reactor (13) and at least partially fed into the reac- tive
distillation colum (15), and is brought into con- tact mﬁth a second

hydrol ysis $8LALYSnd Obulnd pastod0apach | Akaganyesn] 0fs ofe hgagemaining

carboxylate into carboxylic aci g coh ocess accordlng to

Caima1l, chaaacueilxe@bparauddﬂlmmp kteastomnbendretad f | ow of the reactive

distilla- tion coI or t g ba§e é om1| dellvegpd 01/ 27062
eas rls t

PCT/ CHOO/ 00551 - “ore further separa ion Stag | east

partially sepathaedthetOafbmxﬁnﬂnonenm&xea.wEthcasslaaeardnngqﬁD-Clainll or
2, char cterlg?r in that the carbox&éate IS xed_ wth at |east an equi- 5

mol ar  amounPOORFWAFEM A RF R Car bR | 5P/ WREBPFHRES( YR s™%d into t he

pre-react or t118) is4fedr NERS T IACeRkdiragcteromef Caims 1 to 3, char-
acterised in that the nolar ratio of carboxylate and water is between
approxi mat efy 1:1 afPeSE aSsoafdigbly 2R bek ieledi™E 2 &Rd31: ¥0arand nore

particul arl ycpeeigeabliy dgiveen. 1m61§9d r%t?Loorofl Sa i liabe FESPECti vely.
5. Process according to one of C ains 0 4, char- acterised in that the

carboxylateWﬁé@érlﬁl??EW%emsaP?mﬁﬁmeQQiyalténﬁ@ﬂaﬂuﬂé obrbéevriely 30 and
oo LS RS BEATAdoL o RS QRGBT Bl
between 1:4 and 1:7 or 1:3 and 1:5, respectively.
5. Process according to one of Claims 1 to 4, char-
acterised in that the carboxylate/water mixture is
heated to a temperature of between 30 and 100°C, pref-
15 erably from 40 to 90°C, and more particularly prefera-
bly between 50 and 80°C.
6. Process according to one of Claims 1 to 35,
characterised in that the reaction mixture £from the
pre-reactor (13) is fed into the reactive distillation
20 column (15) in the region where the catalyst is ar-
ranged.
7. Process according to one of Claims 1 to 6, char-
acterised in that the reactive distillation column (15)
is operated in such a way that the unreacted water and
25 the volatile components are essentially contained in
the head flow.
8. Process according to Claim 7, characterised in
that the reaction mixture from the pre-reactor (13) is
introduced into the reactive distillation column (15)
30 at a point below the catalyst zone centre or a small
distance below the catalyst zone.
9. Process according to Claim 7 or 8, characterised

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



characterised in that the reaction mxture fromthe pre-reactor (13) is
fed i ntwd@a®@eactive distillation 20 colum (15) in thepecegHOM0EHEr € t he
catalyst is ar- ranged. 7. Process according to one of Clainms 1 to 6, char-
acterised in that the reactive distidlzati-on 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 Claim?7,
characterised in that the reaction mxture fromthe pre-reactor (13) is

i ntroduced itniom t beageactpreef edtadilnd | at i dins teidl i ofl 5pr 3Ckxatraatponnt bel ow

t he catal yst zone centrg_%[l smal | di stance gel ow t he cacial yst zone. 9.
Process accdididiy t dRAAFA 7507 BXTHE 46t HFEBET FRPTTRAI®The head flow is

delivered tam@ furtbebceepasecMAity 2H062ePEF/ EHONHODS -9,24halki-on st age,
preferably a distillation or extraction colum,_in which the mxture is

further sepa?%eéfc}.sefo.mPrtS‘éés§h§p€6f‘8f~ﬁ§?tSi%ﬁ%ijcﬁtjﬁrhi‘%%luf‘_nt di§) char-
acterised indhaledhted aactdued & Sbdy |@don ol dmdilRic adis @perated in
such a way that the carboxylic acidand unreacted water remain in the base
of the reactynreadited wRLRAL KeMagn| UAmtiia shase 10f Prlve esrrddr dilsg to C aim
10, characteri N th eaction mxture fromthe pre-reactor (13)
is 10 int rggdll}?(;%glloﬁt Sbtﬂﬁénrég%{i ve distillation colum (15) at a point
above the catlal yst Popeesentceonding stml Claxh st@ncchabramredtilsedcadnal yst
zone. 12. Prtqica%ssthaeccor diing to .Claim ]fC% 1, charact r;sr ggﬁsi i.n that the

base flow of° the T&active aistTiTation o%'rs &5 BRT CESFTP fvéfed to a
f urt her 1gepairatricaiuceBagent pr eher abhytavei stiskhial aohowr cextimact(iien col um,
in which the mxture is further separated.
at a point above the cdtalyst 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 stage,
preferably a distillation or extraction column, in
which the mixture is further separated.
13. Process according to one of Claims 1 to 12,
characterised in that the head flow and the base flow
20 of the reactive distillation column (15) are delivered
to a further separation stage, preferably one distilla-
tion or extraction column each, in which the respective
mixture is further separated.
14. Process according to one of Claims 1 to 13,
25 characterised in that the process is operated continu-
ously, i.e. the carboxylate and the water or a mixture
thereof, respectively, are continuously fed into the
pre-reactor (13), and the resulting reaction mixture is
drawn off continuously from the pre-reactor (13) and
30 fed into the reactive distillation column (15), where
unreacted carboxylate is for the most part converted

into its hydrolysis products, the hydrolysis products

being drawn off continuously as a head flow or as a



13. Process according to one of Clainms 1 to 12, characterised in that the
head fl| ovoanegroehe base flow 20 of the reactive distill arcecHoloossn (15)
are delivered to a further separation stage, preferably one distilla- tion
or extraction columm each, in which 1 kg respective mxture is further
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 thereof, respectively, are

conti nuous! yadsed filrivg tdrel qutetareadtyorde(liskeredndot he fueshleti gpreact i on

m xture is drawn off continuously fromthe pre-reactor (13) and 30 fed
into the red@ i \°& §F8BPr1 ation col urm (15), where unreacted carboxyl ate is

for the nostipart copyeeted adddtrainls dydeabydss pratmets, tdeiBydrol ysis
products being drawn off continuously as a head flow or as a WD 01/ 27062
PCT/ CHOO/ 0058 racssriggde iy gatanchdpefbral FOTBRYGTY et 8d2t 4 ¥drt her sepa-

ration siagernla., Rr-0cssSs-acephdi Beckp, one of MEidp kdt@rl3.espe-
characterised in that the estef conpound is a nmethyl, 5 ethyl, i- or
n- propyl est@alliy. asretgtegt yhegepédy , oasge wixdMre sdettdrteLRITETEHT, or a

m xture of t Qng&p%gggg-cgkgﬁggdgster conpounds. 16. Hydrol ysis and
separation device having at least” one reactive distillation colum (15),

in particul a6. 10 f ydrohyeisiamd & armrdiphateviiae chahierx grty dspetidi ng
carboxylic acid an he_ car.respondi ng al cohol at . | east, .partial
ceparalion o heoRgHreT y e tarsauere ARLEH B uir SRR havi ng:

- at | east awr prenveacing (d3kabBokplatd |lieast 6he |dorddsdeeidiand one
outlet for respectively supplying and dis- charging a fluid f%OM/conprising
the car boxyl%?trng’?(tldc the rézge Sor CQEEHS 1'?‘Fiier"’é]f':r‘ﬂ"r‘fiti r88Qelti vel v;

least partial separation of the hydrolysis products
into individual components, having:
- at least one pre-reactor (13) having at least one in-
15 let and one outlet for respectively supplying and dis-
charging a fluid flow comprising the carboxylate into
the pre-reactor (13) and therefrom, respectively;
- a first catalyst, which is arranged or deposited in
the pre-reactor (13);
20 - first heating means (55) for heating the fluid flow
or the pre-reactor (13});
- a reactive distillation column (15) having an inlet
(23), which is connected by means of a connecting line
(17) to the outlet (21) of the pre-reactor (13), the
25 reactive 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 1is
formed by distillation packing, Raschig rings, separat-
30 ing stages or the like;
- lines (37, 35), connected respectively to the distil-
lation column head and the distillation column £foot,
for drawing off a head flow and a base flow, respec-

tively; and



- a first catalyst, which is arranged or deposited in the pre-reactor

(13); 2Qooeifeet heating neans (55) for heating the fl uigc¥cavéooss: the
pre-reactor (13); - a reactive distillation colum (15) having an inlet

(23), which is connected by neans of_. ggannecting line (17) to the outlet
(21) of the pre-reactor (13), the 25 reactive 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), which is forned
by distill ati deqmekingtiRasakbgsr (g5, fSE st ing3 G Ha@paslea@Es thle t he | i ke;
- lines (37, 35),. connected respectjvely to the distil- lation colum head
and the di sti93%tdivVén AAStdimharder, cobyn dil@li-ng of f a head flow and a base

flow, respecrytivel yevand WOBL624962oPCIACH0Q/003hrac?Brizedeqand heating
means (41) for heating the base of "'the reactive distillation colum (15).

17. Device ddwedr dithg tBretzgast®;, dRaY acter pgeangad tIRRTPHEHEAYr eact or
(13) is arr 'Caaqpié/oxig@ezg%{le@ v 55i galil ’o%ﬁ%é{?%ldetat( 18)1eb9cioﬁg arranged

at the top and t'he oudt'l et at the botto , nversely, the™ outl et
(21) bei ng amrdangesl autiére (3p) aat tthe botébm ©EX9) cainviehseBott dune 18.

Devi ce accordi to im1l6 or 17, chargcter- 10 ised. i hat_-t
pre-reactorsm‘tt;%é:, i%b? ?Flgﬁe aﬁrrg-ngregacatorglﬁ3)%°ﬁav?rh% ?9\% rlélélt#?on
chanbers are(1mmect ahed boeaos.are provided for nmaking it possible to feed

the supply flow respectively through one of the pre- reactors or one of
the reactionfhanmbeP§Y1§8 Fﬁé?rgﬁﬁglgooFﬁé?mpﬁé- P&act’or ‘%ﬁr)ac&rert'he ot her

reacti ong chardeey , inr eapectiweel pre -GRB RS rBr oMizded WH)h éF esheCral-yst .
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.
19. Device according to one of Claims 16 to 18,
characterised in that the reactive distillation column
(15) has a catalyst zone (27) and one lower and one up-
20 per rectification zone (29) and (31), respectively, the
upper rectification zone (31) being arranged above the
catalyst =zone (27) and the 1lower rectification zone
(29) being arranged below the catalyst zone (27).
20. Device according to one of Claims 16 to 19,
25 characterised in that the inlet of the reactive distil-
lation column (15) is 1located in the region of the
catalyst zone (27).
21. Device according to one of Claims 16 to 20,
characterised in that the pre-reactor (13) is tubular,
30 and the first catalyst is a bed of a solid catalyst.
22. Device according to one of Claims 16 to 21,
characterised in that at least the second catalyst is

formed as structured catalyst packing.



19. Device according to one of Clains 16 to 18, <characterised in that the
reacti vevglaigizod2l ati on columm (15) has a catal yst zone (2F)/cHosloossie | ower
and one up 20 per rectification zone (29) and (31), respectively, the
upper rectification zone (31) being- g7 anged above the catalyst zone (27)
and the lower rectification zone (29) being arranged bel ow t he cat al yst
zone (27). 20. Device according to one of Clains 16 to 19, 25
characterised in that the inlet of the reactive distil- lation colum (15)
is located 2. t he megieer cicddmwiirgatadyshnezome €2@)ms21.6 Dewi &2 ,accor di ng
to one of Cains 16 to 20 aracterised in that th re-reactor (13) is
t ubul ar, ﬁ%ﬁ%&%‘fs{ncgpﬂy S SHYEHTS é:astcﬁeliy%tca?%cf st3 22,
Devi ce accoigli mprinedonByofpddiaids tlehen2d, hahaigactevisedsj n tHwat at | east
the second catal yst is formed as structured catalyst packjing. WO 01/27062
PCT/ CHOO/ 00532 1y sty mageripd,, pedng ctbt iR Hf e 1ohe 6¥ecF Y +et % to 22,
charactgrisgd in thakithe stedcdiHpdesaladeysés paakiing 16 terned by packing
el enents having cavities, the catalyst material being introduced into the
cavi ties. Schrraqystiisedactor dhag tBronbivst CRadnseeh PRCalwsidr act eri sed
n that the,fdrst andoseqonts Calalyste Al & o1 Aol Lttnpbale Lalal yst s,
e.g. ion exchange res- 1ns, the first cataly having a particle size of
be- tween appsoxthat éiysD. 8Btahys8 mavand thepagédohd care BF Ibsst having
one between_approximatel v 0..5 1.5 referably_0.63 1 mm and
Tore part Ciat v R er R, Hernad O AR G sdedtt Hita

10 lyst having one between approximately 0.5 and 1.5 mm,

preferably 0.63 and 1 mm, and more particularly pref-

erably between 0.7 and 1 mm.



