i P S FOR THE RECOVERY OF A CARBONYLATI ON PRODUCT The present invention

relates to a process for the recovery of a carbonylation product froma

| i quid carbonyl ation reaction conposition and in particular to a process

for the recovery of a carbonylation product froma |iquid carbonylation

reaction 5 conposition conprising free or conbined iridiumcarbonylation
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carbonylation product from a liquid carbonylation reaction
composition comprising free of combined iridium carbonylétion
catalyst. |

Britiéh patent GB 1,234,641 describes a process for the
production of an organic acid or an ester by carbonylation of an
alcohol, halide, ester, ether or phenol in the presence of a noble
metal catalyst selected from iridium, platinum, palladium, osmium and
ruthenium and their compounds and a promoter which is halogen or
halogen compound. In the liquid-phase embodiment illustrafed in
Figure 1 in GB 1,234,641 the liquid effluent from the reactor has its
pressure let down and is then inﬁroduced into a distillation or flash
column 30 where the lower boiling compounds consisting principally of
methyl acetate, methyl iodide and unreacted methanol are separated
from acetic acid and the other less volatile components such as the
catalyst system. The lower boiling componenté are recycled to the
reactor. The acetic acid and other higher boiling compounds are
removed from column 30 and énter distillation or flash column 40. In
this column acetic acid which may contain water is separated from the
other high boiling components, principally comprised of the catalyst.
The acetic acid is withdrawn and may be further purified to remove

water. The high boiling components are recycled to the reactor. If no

cé@ppnent higher boiling than acetic acid, such as a high boiling



“car boxylic acids and esters by carbonyl ation of alcohols and their ester,
ether and halide derivatives in the prgience of an iridium hal ogen catal yst
system According to British patent GB “1, 355, 146 conventi onal processing
schenes involving distillation for the separation of carbonylation products
“fromthe liquid reaction nmass pose problens of catal yst inactivation and
precipitation for rhodium and iridium carbonylation catalyst systens such
as those described in GB 1, 234,641 because these tend to deconpose and
becone i nactive when they come in to contact, with the ho yrfaces in
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distillation column reboilers. Another solution proposed in GB
1,355,146 is to pass at least a portion of the liquid reaction mass
to a separation zone maintained at a pressure substantially below
that of the reaction zone thus vapourising at least a portion of the

20 carbonylation products without the addition of heat. In a preferred
process the liquid remaining in the separation zone after
vapourisation of at least a portion of the carbonylation products is
re-cycled to the reaction zone. The examples giveh only relate to the
use of rhodium catalysts and there are no details given of what

25 components’ are present in the unvaporised liquid fraction when
iridium carbonylation catalysts are used.

The technical problem to be solved by the present invention is to
provide a process for the recovery of a éarbonylation product from a
liquid carbonylation reaction composition comprising free or combined

30 iridium carbonylation catalyst in which the catalyst has reduced
tendancy to lose its stability and/or solubility. -

Thus, according to the present invention there is provided a
process for the recovery of a carbonylation product from a liquid
reaction composition of an iridium-catalysed carbonylation reaction

35 of a carbonylatable reactant, which liquid composition comprises
\
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'f?ﬁ‘us;';accordi ng to the present invention there is provided a process for
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conbi ned iridium carbonyl ation catal yst, which pro subj ecti ng
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isothermal flash the pressure of the composition at elevated
temperature is reduced and the temperature of the composition is
maintained by the addition of heat. Either of these types of flash
vaporisations may be used or a combination of both, for example

20 addition of only some heat and reducing pressure or addition of heat
without a change in pressure.

Thus, for example, in one embodiment using an adiabatic flash,
the liquid carbonylation reaction composition at elevated temperature
and pressure such as, for example, that required for the

25 carbonylation reaction, is introduced into a flash zone which is at a
substantially lower pressure than the elevated pressure of the
‘carbonylation reaction composition. This causes at least a portion of
the liquid carbonylation reaction composition to vaporise and produce
the vapour and liquid fractions, which may be removed separately from

30 the flash zone. A suitable adiabatic flash may be performed by, for
example, introducing liquid carbonylation reaction composition having
a temperature of about 100 to 250°C and a pressure of about 10 to 100
barg into a flash zone maintained at a temperature of about 80 to
200°C and a pressure of about 0 to 20 barg.

35 The vaporisation may also be performed by the addition of heat to
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carbonylation product passes up the distillation zone and may be
removed either as a liquid or vapour at any point above the base of
the distillation zone.
More than one vaporisation stage may be used in the process of
20 the present invention provided that in each stage the concentration
of water present in the liquid fraction is sufficient to maintain the
stability and solubility of the iridium carbonylation catalyst.
Thus, two or more flash vaporisations may be used in sequence each
independently with or without the addition of heat. Alternatively,
25 one ‘'or more flash vaporisations may precede a fractional distillation
zone.
When heat is added to effect the vaporisation a suitable source
of heat is steam heating.
The residence time of the liquid fraction in the vaporisation
30 zone or distillation zone is preferably relatively short, for example
a liquid fraction residence time of 1 to 60 minutes. '
Whatever the design of the equipment used for the wvaporisation,
the water concentration in the liquid fraction comprising the iridium
carbonylation catalyst is at least 0.5% by weight, preferably about
35 0.5 to 50% by weight, more preferably 1 to 10% by weight. The water
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15 Suitably the ester derivative is present at .a concentration of 1 to
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components in the liquid fraction are independently set out in Table

1 below.
20
TABLE 1
* CONCENTRATIONS OF COMPONENTS IN LIQUID FRACTION
COMPONENT - PREFERRED MOST PREFERRED
% BY WEIGHT $ BY WEIGHT

Water 0.5 - 50 1.0 - 15
Iridium catalyst 0.05 - 2.0 0.1 - 1.0
Halide promoter 0.01 - 20 0.1 - 10
Ester derivative 2 - 50 | 3 ~ 35
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A suitable alcohol carbonylatable reactant is any alcohol having
15 from 1 to 20 carbon atoms and at least one hydroxyl group.
Preferably, the alcohol is a monofunctional aliphatic alcochol having
from 1 to 8 carbon atoms. Most preferably, the alcohol is methanol,
ethanol and/or propanol. A mixture comprising more than one alcohol
may be used. The carbonylation product of the alcohol will be a
20 carboxylic acid having one carbon atom more than the alcohol and/or
an ester thereof with the alcohol reactant. A particularly preferred
reactant is methanol, the carboxylic acid product of which is acetic
acid and/or methyl acetate.
A suitable ester carbonylatable reactant is any ester of an
25 alcohol and a carboxylic acid. Preferably the ester reactant is an
ester of a carboxylic acid and an alcohol which alcohol has from 1 to
20 carbon atoms. More preferably the ester reactant is an ester of a
carboxylic acid and -a monofunctional aliphatic alcohol which alcohol
has from 1 to 8 carbon atoﬁs. Most preferably the ester reactant is
30 an ester of a carboxylic acid and methanol, ethanol or propanol.
Preferably the ester reactant is an ester of an alcohol and the
carboxylic acid product. Preferably the ester reactant has up to 20
carbon atoms. A mixture of ester reactants may be used. The
carboxylic acid carbonylation product of the ester reactant will be a

35 carboxylic acid having one carbon atom more than the alcohol



feactant is met hanol, the carboxylic acid product of which is acet+c acid
and/or nethyl acetate. A suitable ester garbonyl atable react an '1ac a y

ester of an 25 al cohol and a carboxylic acid.
reactant is an ester of a carboxylic acid and an al u ohol has
from1l to 20 carbon atons. More preferably the ester n ester
of a carboxylic acid and a nonofunctional aliphatic al cohol which al cohol

has from1l to 8 carbon atons. Mst preferably the ester reactant is 30 an
ester of a carboxylic acid and nethanol, et ha.no%j or g%’)egno Preferably
the ester rSFMORREE | BP° SSFRY T5RCHAITAl FORBF AR T e PRRBERY 19555 ci d
product. Preésdtabtyid hetlagt ecetratactidet chaoxyhic acD cessdnghatatannprodchi xt ur e

of ester reggt‘ﬁ)@_gﬁ J{pgcgﬁ uggqi The carboxylic acid carbonyl ati on product
of the ester reac carboxylic acid having one carbon atom

nmore than the &l ewitgble haljfe qasbqr#yéawa#amwt disetny budrecarhyl 6/ 96

conmponend ohaihe §§J=§.'£3 ﬁﬁa;%t @@tcarﬁbrpfili;&rh&.u' ﬂféf\ér%l%;f Qﬁé Qﬂlﬂéé eat@agtant is
nmet hyl acetate, the carb i c, acid carbonyl ation product of which is

acetic aci di® Ansdptids e FPa¥F‘a‘%ld8ar BW?I%&%BF%"H%E’FF aatidss camRP Yt Bear byl 5
hal i de havi Be ydiacazByr diahate deatBantPLeftReaidne hilidbadd deat egctBnt IS an

| odi de or ab referably 0
hydr ocar byI { | d‘e’alFbeoalN? e i ﬁgegsan%‘b%ap r#ee r%%& ﬁ?q“é’?‘ E:?T?l;rbk
car bonyl at i bnlqﬁeonataehydmrbﬂr dpéideh| yosthpréfedablv mpihylnabdifie, | sttafl

hydrocajpyl ;bodeder JHRsH1L RAL&. abk%nﬂ%&ﬂé’ logl Rlrd8arrih hyd1140 réaQE'&:q?s or

propyl iodide. A mXxture of hydrocarbyl halide reactants nmay be_used. The
car boxyl i ¢ B2Y PepPeRfuct TR SRRRPHVHT GCAR BRORSH iodethee Bedearariyy papide,
car boxylic aea&ahavwmg paa araﬂsbxgai&)aalanﬁmﬁémaetdaﬁehyacﬂbaﬁaddmy\l tidl | de

reactant. T ester nyl ation duc}, of the hydrocar.byl I|de WI|| be
the ester PE? dﬁo%ar g&b%/ili i apa 5 %‘r?desatecfa(r: %’xyfflfa(a:t a§| %aw n one
nore carbonthe thbtrhehahy'tdqt 0dal e theldsger oX tke thaiteragbhkrhalide

carbonyhat able & 255 1d Sc28 VoW G U e ELARN atom than the
hydrocarbyl halide.

A suitable ether carbonylatable reactant is any hydrocarbyl ether
having up to 20 carbon atoms. Preferably the ether reactant is a
dialkyl ether, most preferably dimethyl ether, diethyi ether or

20 dipropyl ether. A mixture of ethers may be used. The carbonylation
products of the ether reactant will be carboxylic acids having one
carbon atom more than each of the hydrocarbyl groups of the ether
and/or esters derivatives thereof. A particularly preferred ether
carbonylaﬁion reactant is dimethyl ether, the carboxylic acid product

25 of which is acetic acid.

A mixture of alcohol, ester, halide and ether carbonylatable
reactants may be used in the carbonylation process. More than one
alcohol, ester, halide and/or ether may be used. A particularly
preferred carbonylatable reactant is methanol and/or methyl acetate,

30 the carboxylic acid carbonylation products of which are acetic acid.

The iridium carbon&lation catalyst in the liquid carbonylation
reaction composition may comprise any iridium-containing compound
which is soluble in the liquid reaction composition. It may be added
to the liquid carbonylation reaction composition for the

35 carbonylation reaction in any suitable form which dissolves in the
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may be usedeExafppes tdfc shidrabie piré i bum-ednicenbag \dompairide whezbt mayt besusegdt hanol

and/ or met hyl t t ar |G, aci( rhaon ' products of
which are a%lljétl?ggaci 31 %%é” ?ﬁggﬁ'mqgg?%)&%ﬁf gft ggﬁﬁ’cclai?a#@5%r%zt'he l'i qui d
car bonyl at | B¥flzed#1q-oFFHaApefyi TrotifYay igdApin setaly iridigmursetahtai ni ng

conpounds Whi £fd,l, S1:850), UP @ché) (08§, | drnqui £l dctas].| OPrSRFROS),t L .irk&idkRY be
added to the li qui d carbonylation reaction corTFosi tion for, the 35
car bonyl at i B?Fallgﬁiét‘i%ﬁe’ftr’fa ISP 48 T 4G FRRPEH PR SSAGEY n t he Thi s

is the repl asgoenticdhéetin8the range 50Dab €.000Q /pph AWy Welghtd of cad i o,
conpositio ' l& I Pp ey £ es of suitable
Nu&le F§e€é}g¥n§ L38' & 8o p%%lyﬂs&gbs nt' Bk C‘ifiggﬁgl

i ridium containfng conpounds whic e used In [err] [err] iridium
met al , iridi unfthedwaide cgrborvdption prymeter Hfsrythe [Fuitaklg| eanbenyatysn

concent @t | fdhdelod Ray! bélldnd; SRGEOSY habhida é&@ahh&rbreem},tarpaomé.n the
range 50 to_ 10000 ppm by weight of iridium nore preferably 100 to 6000 ppm
by wei ght of*§5erahi¥m thhdahids @zorehehotfy FhEi At e ATSLEIEFEr°% fBSsui t abl e

car bonyl at i eédrvbayldtadté i @act@mt ,behan ik ol hgeraarby DMalsscconpetnd pref erably
an 1odide. Preferahl vyt he, hal ide, Rrompler ladihe fahlde derdyati ve of the
car bonyl at abi e eact an?, A33° i°8 a"l’fy?jroca?’f)ﬁ Ralides st preferably, the
hal i de” car b®rafezahlon the seorertrasiompofiyhalidel ¢hebonylation promoter in the
15 liquid carbonylation reaction composition is in the range 1 to 20% by
weight, more preferably 1 to 10% by weight.
The carbon monoxide feed to the suitable carbonylation reaction
may be essentially pure or may contain inert impurities such as
carbon dioxide, methane, nitrogen, noble gases, water and C; to Cy
20 paraffinic hydrocarbons. Hydrogen may be present in the suitable
carbonylation reactor. Hydrogen may be generated in situ or fed to
the carbonylation reactor with the carbon monoxide and/or separately
therefrom. The partial pressure of carbon monoxide in the suitable
carbonylation reaction may suitably be in the range 1 to 70 barg.
25 The pressure of the suitable carbonylation reaction is suitably
in the range 10 to 100 barg. The temperature of the suitable
carbonylation reaction is suitably in the range 100 to 250°C.
The liquid carbonylation reaction composition may also comprise
ester derivative of the carbonylatable reactants preferably in the
30 range 0.1 to 75% by weight, more preferably in the range 1.0 to 60%
by weight. '
The liquid carbonylation reaction composition may comprise water.
The water may be formed in situ in the carbonylation reaction, for
example by the esterification reaction between alcohol reactant and

35 carboxylic acid product. The water may be introduced to the



Bref ef abl y the concentration of halide carbonylation pronoter in the 15

| i qui d carbonyl ati on reacti on conpositi is intheTange T to 20% by

wei ght, nore preferably 1 to 10% by wei ght. The mgggamnem ctkeed to the
sui t abl e carbonyl ati on reaction nay be essentiall ont ain
Inert inpurities such as carbon dioxi de, nethane, y‘ e gases,
water and [err] to C4 20 paraffinic hydrocarbons. ogen may be
present in the suitable carbonylation reactor. Hydrogen may be generated in
situ or fed_t Qarbon ation reactor noxi de and/ or
separately T g’?@?f rh°“'l'ﬁe€y aF 17°4F hefe'g’std‘r 8roﬁepa5a‘be§ °ﬂ'o>pi}|’) de)&‘n the

sui t abl e caltizpigl| egactant=ezath Gi» aagersultce:béaymdpeelmetmhb gemhges.1l Water0 barg.
25 T S ' AN bly in
fhe range 15 GoIDBars: SHin e A L G e st
reaction i Sa%q,llr?ﬁ.m}fdl i (oeetreligd arpunts toserdntTie the gig®tised bonyl ati on
reacti ors Coggtehti&iiodBin ahsé Cbarxeawlaseoze&beétmr tonpobueical the

car bonyl at abl e react.ants_prefera I int e 0.1.to 75% by wei ght,
ot o pi ef er SHIPTETEIAE TERGEeS 9 e SOTH, SRRGRIAELIR IR car bony! Ll on

reaction con@mﬂtm nay keoaprleset Wailerby Whbghtat efypteyliye & megdendingi tu in
t he carbony | Q1 e . [er r tion

bet ween al CJ(I) Qirqeea%?l%t a (c)llfl%rg 2§1§?r?l el%éf'%qgeg?gm%r g%ﬁ%RLP#heQ%ter may
be intr oduc‘e%i‘-etroc?‘m?ntratlilﬁ’?lsili $hendquid| apcbpayipt i¢regpackion composition

Dat e: 124/ 98aF b leabi Qﬂlﬁ; a@ptveigﬁtog&i R@r ezl w wgg@aer at_-@ééfatipmpt he
other liquid reactants such as es ers for exanpl e %:rhoacet at e.

may be sepa?%tlé"a b¥ S ecPPEh PESFﬁf(?g Yids V\?tteﬁd?%ﬁﬁﬁnﬁ PHeE PRI 3r and
recycl ed i nteoanst bplwedghiamounts to maintain the required 5 concentration in
t he carbonyl at co S ent.L in the
liquid car %onykg‘%]l‘%ﬁg;‘\%éé%? | B‘?\r{ggrripl g%‘ cakBS QQE tr ?%adal%tg %Jmfﬁi)ym\?vei ght.
Typi cal Iy, emehdeprmeragraipbile héa@tmebofu’éﬁ’b{ﬂ%m‘%dw pa¥e be | xrecdersshct i on

CONMPOSi {§ ONgrdul @ndala@bofPREEH RhEOIN! Bordgd8idicaUL S £ BELORYhALY QBcERAGT T ON

conposition
.stage before the carbonylation product is recovered from the

remaining carbonylation reaction composition. These more volatile
components may be, for example, carbonylatable reactant and/or ester
derivative thereof and carbonylation halide”promoter. These volatile

20 components may be recycled to the carbonylation reaction. A suitable
preliminary recovery stage may comprise flash vaporisation with or
without the addition of heat.

In particular, it has been found that in the liquid phése,
iridium-catalysed carbon&lation of an alcohol, ester, hydrocarbyl

25 halide and/or hydrocarbyl ether reactant to produce carboxylic acid,
the concentration of ester derivative of the reactant necessary in
the liquid phase reaction composition to achieve a suitable rate of
reaction is relatively high. This ester derivative may be recovered
from the liquid carbonylation reaction composition in a preliminary

30 vaporisation before the carbonylation product is recovered.

Thus, according to one embodiment of the present invention there
is provided a process for the recovery of a carboxylic acid
carbonylation product of an alcohol, ester, hydrocarbyl halide and/or
hydrocarbyl ether carbonylatable reactant, from a liquid

35 carbonylation reaction composition comprising carboxylic acid



30 may be at least 0.1%by weight and up to 30% by weight preferably up to
15% by wei ght, nost preferably the wat er,, concentration 1s about 2 to 8% by
wei ght. The conponents in the liquid car%onyl at TigsShea fiad BeamR osi tion

whi ch are nore volatile than carbonyl ati on produ ered 15
fromthe carbonyl ation reaction conposition in a covery stage
before the carbonyl ation product is recovered fromthe remalnlng

carbonyl ati on reacti on conposition. These nore volatile conponents nay be,
for exanple, carbonyl atabl e reactant and/or _ ester derivatve thereof and
car bony | at | SFETIRoB GObEY FTRAGE GURAOPS dEoEen SRR TSy be

recycl ed tocdtdystardanangsdtairi derivetitte ofi.thd sandoaplaraple|deattrmtywhiahovery
stage may c Lse v rj ' .t h Wi t L4 of heat.
T part | eul Syteps SocPEibe P00 A el ke Bl U 1RG0 1R AR

i ridi um cat atmpeeHtioR bo iy VaPewisationnin|ac SheAt verrdpatippdeeReatpy| 25

hal i de and/ gkodayd) Rah by wethi tRaahaidichCoPhedtiCa eaFRO¥Mdue acid, the
concentration of ester derivative of the reactant necessaré in the |iquid

phase react FOAFEEMFEEPT VATt Y 26T PePX AR (A FB® (S5EE” ST TR oI FBe
relatively higiid darbenghitabn d@acvhdn vempoaytiv aed Gy Eiedt fiq@nd Beadtigni d
carbony! at i g, .¢actd Qe COURORI 98 Jnd SLChdTLDAY 20 cY3paigation before
t he car bony?anfpl on oduct 1s recovered.” ThusS, "accordi ng to ohe enbodi nent
of the presembonplatioporeachiene conpqrisiPmicdt algasbor Portim pheheecovery of a

carboxyyd ¢ aeifdxgRiaBYd b hREUGE Ofi o3l AlaBtRhat &S Bheal}u€] QfAr by
hal i de and/ or hydrocar byl ether carbonyl atable reactant, froma |liquid 35

f
car bonyl at i BHABLRI%A (BTERIALEBH LokpratsPhdtc dfHtx Pt Tk PEIG9RE Hhis is
t he repl acetmnifisdeatiqldil fraction and (b) Pakeingl 2hé/fAGst arigeny |fateionpr oduct ,
free or conplned Ll LmcaLhany! Allomeasal val ANl gahal faldyaliye of the
car bonyl at abl e reac ants Wwhi ¢ process conpri Ses a% suﬁ ecting e liquid
car bonyl at i sybieeted itona carpesisatoent with wapeithoghttihgnadditior jafsheat,
vapori sgd i 0P, 2088udd as AL UsHoul £ cPfontVcbiiii bR adpilivhiOadh heat, a

first vapour .
carbonylation product and a second liquid fraction comprising iridium

carbonylation catalyst and maintaining in the second liquid fraction
a concentration of water of at least 0.5% by weight.
In this embodiment, the first vapour fraction and the second

20 liquid fraction may be recycled to the carbonylation reaction. The
second vapour fraction comprising carboxylic acid carbonylation
product may be further purified by conventional means such as
fractional distillation in one or more fractional distillation zones
to recover carboxylic acid carbonylation product from the other

25 components which may be recycled to the carbonylation reaction. Thus,
for example, the second vapour fraction may be introduced into a
distillation zone and subjected to fractional distillation in which a
heads process stream comprising halide or halide compound
carbonylation promoter, ester derivative of the carbonylatable

30 reactant and optionally water is removed from the distillation zone
and may be recycled to the carbonylation reaction; and a base process
stream comprising carboxylic acid carbonylation product and
optionally water is removed as a vapour or liquid from the base of
the distillation zone and may be subjected to further conventional

35 purification if necessary, for example to remove water and trace
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fraction conprising at |least a portion of the ester derivative in the
l'iquid carbonylation reaction conpositiqp and a_tu—sH—i—qmi_on
conprising the remai nder of the ester derivativei rghggggaggeqm@med

carbonyl-ation reaction conposition, at |east a poh m%&ngl\“‘)
and
(l ht in the

carboxylic acid product and the iridium carbonyl at\“m‘l
mai ntai ning a concentration of water of at |east 0l
first liquid fraction and (b) passing the first liquid fraction to a second
vapourisation zope wherein the first liguid fractign.is,subjected to a
Vabour | sat i SRR far 8o B b abp ek lsheld Heintid o5 ChET s,
second vaporassipgcthrongle cnpgilwrngoadedbiony ekehangedrasanbonyl ati on product and

a second |i qui ¢nfeAGt bROSALAY b i tHe brdAhtMLRAOAYLRAL is@Bscat al yst and
maintaining in the second liquid fraction a concentration of water of at

| east 0. 5% PRPRELEARIOD| i PrPEerahby Atnddtabatie AP (vapapdErtiTmart df®and t he
second X) séddydi $hcudCsdtAbn Ny pbLEdrRey Glncd fract énataahanyldioanzémact i on.

ThHe second vapour _fraction_conprising carboxylic i,d c onyl ati on product
may be furtRer PROTTTPRY AR, *CBRVARF | BREF IREaRechs i taen (o BeTGnal
distillation i mhenaventivor ei¥ly aov ikenilluwktsatdd by iveyw gbrssmple PBLObLEr

carboxyl i ¢ agidlefal RN ALLEM REOGUCH LLAM LG QLIRG 25 sonGAUIANENLS 4 whi ch

may be recycled to the carbonylation reaction.” Thus, r exanple, the
second vapoftow AiRIyaEnofey PERFISHt RIPEEERP LAt HreaPERENE| invePBIP ™2 0ne and
subj ect e t Onddrp6tdtingl a Hingld lFahs0 Bepiratibs NEtagh L a S gt eRC e SEnaS B I 1

conprising h hal‘{ﬁde corrggund car bon%l ation_pronot est er

| i de, or . r,
dor i vative BIPTRELS IR0 RARGFSNR BY SPo PESGAPRRT SSROFURE: ThaTFPAREPRT i s
removed froimteneich siach|wtingrnewoonepanatiomptiges.ecycl ed to the carbonyl ation
reaction; and g,b %cQéé?%e%& ﬁ%&?ﬁ“ﬂé’m&r }néﬁt N GHDLAY S fYalction of
nally water

carbonyl ati on product and optione s renoved as a vapour or |iquid
fromthe ba3eetdr 2ti@ BY starbpaxlaghoy ditemefd@ddy be subjected to further

convent ipnal 3%n Mihiréd GALbON a EaltREGESA0N . rdaREoeXANPLL phoviRaDYA At er and
trace Th.isusppilfr gfh %ag:ggrll ?n%ggz?iréte (Szh)e%%d [;atsggzaplylczaf‘:‘ 6xr{e?:gar}o]1 (3). In use,
the carbonylation reactor contains a liquid reaction composition
comprising acetic acid carbonylation product, iridium carbonylation
catalyst, methyl acetate derivative of methanol carbonylation
20 reactant, methyl iodide carbonylation promoter and a finite
concentration of water of at least 0.1% by weight. 1In use, fhe
reactor is maintained at a pressure of 10 to 100 barg and a
temperature of 100 to 250°C. 1In use, liquid carbonylation reaction
composition is wiﬁhdrawn from the reactor (1) and passed to flash
25 zone (4) operated at a pressure below that of the reactor (for
example 0 to 20 barg). This is preferably an adiabative flash zone.
In the process shown in Figure 1 a vapour fraction comprising
methyl acetate, methyl iodide, acetic acid and water is passed from
the flash zone (4) to separation zone (15). This is shown
30 schematically as a single block and may comprise one or more
separatioﬁ stages, for example fractional distillation zones. 1In
this separation zone (15) acetic acid product is separated from the
methyl iodide, methyl acetate and water which are recycled separately
or together in one or more process streams back to the carbonylation

35 reactor (1l). The acetic acid product taken from the separation zone
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i-mpurities such as iodides and oxidisable inpurities by, for exanple,
passi ng through .a_silver |gaded ion excggnge resin. In this enbodi nent of

t he present invyny nRERACE \ apouri SAtion is preferably an adiabatic
flash vapouri satli u second vapourisation is perforned in a
fractional distill r, preferably is a partial vaporiser with
addition of heat. The invention will now be illustrated by way of exanple
only by reference to Figures 1 to 3. Figure 1 represents in schematic form
a flow diagram of a process according to the present invention 10

i ncor por at i AYPLY IAPR)I(@6) |BIhPS FYEFLRY BRTLRIS0Y CRRYRREASRS BFRFeSS&how
schemati c f kAwhd pfgae dowhWin [Figaes3es 1AgGDd drAgtion &drpsasgeatetirvent i on
each using twp, se atio tages. .The processes .in . Figures 1 to 3 may be
used for th8°br'oa‘8g’{?38% %’fﬁa%gtwleég%%iwag li/agar’bngﬁ}?%’t]’leoﬁrlo “fret hanol .~ 15

I n Fi gures tarken3laticar buralliet iignpassedt Hrom( the fdaph eeneed)watd racxeledl y of
carbon npnoxige (Zle 319y &S YRR 2LalioRianol (3). In use, the carbonylation
reactor contains a liquid reaction conposition conprising acetic acid

car bonyl ati on ﬁPo’EfthF{“b‘i"’r"f“G’f“EﬁnsE‘a‘t”bdﬁgP gures T ardl 3 ke fheshyaongcktlats
derivative opersieladiDla pes1liaDyd 3t b&pardOion Z6AE taNkeparatd\Home il @Re

carbonyl ati on_pronoter and a finite concentration of ter, of at least 0.1%
by wei ght . ﬁttpsle,ac?%aé:eraeréc Sérhqusl?r%’idﬁt a’for'f‘e{dg%trexé‘mberdes%%urléi of 10 to 100
barg and a treripeydstics opéact@6n taomP&fitdpn] . Thws.ude, Figuges & end [Fodyl ati on
eact i 0o COFPOS] LD doy 1106t Mol ALIGA 811 Lsdolh 2 PASREd to Tl ash

25 zone (4) operated at a pressure bel ow that of e reactor (for exanple
0 to 20 bar §pournthP§ the pedwpdr agatete prdoreidat i iRAiAe Rm Hhfe carkpoyhatisnocess
shown in Fi gdicibnacotippoiliiohl &€ trebiic1aNEFdnS tRg f1RbNYdonacalyate, tnaet hyl

I odi de, acetic acid and water is_passed frQq he flash zaon 4) to
separati on SERESE1SI T [0 upabAie el dnttelof BingStiad thel o b1 ock
and may conpensi@denefokhemeg¢hgk paptdticonnd maglyl, ibdtdegx timplieidiwct i onal
distillqlion,a0nesa:ddh ENa3ySERMALE ABaZORE 54 i Gadilyl ds RLQdUEL i
separ at ed frémtﬁea?rlet hy%ualslgdlggag’,d met h?%pacgt ;ﬁ@éwan wat er W?\P%ah are
recycl ed sepaPatépyfi@sht erpet her alanpAdrer(&lere process streams back to the

carbonyl ati on 38 thd @@bddimehd )showd & BERIHC2 AGhE PRdUCiqul ak@actigmithe

separation zone . L. .
passed to a stripper distillation zone (7). From the top of the

distillation zone (7) a process stream comprising methyl acetate and

20 methyl iodide is taken along line (8) and recycled directly or
indirectly back to the carbonylation reactor. A crude acetic acid
carbonylation product is taken from the distillation zone (7) as a
vapour or liquid at a point above the base of the distillation zone
and passed along line (10) to a distillation zone(ll). 1In

25 distillation zone (11) water is removed as a head product and
recycled to the reactor along line (12) and acetic acid product is
taken as a base product. A second liquid fraction comprising iridium
carbonylation catalyst and at least 0.5% by weight water is taken
from the base of the distillation zone (7) and recycled to the

30 reactor along line (9).

In the embodiment shown in Figure 3, the first liquid fraction is
passed to a partial vaporiser (20) in which part of the fraction is
vaporised by the addition of heat to form the second vapour and
liquid fractions. The second liquid fraction comprising iridium

35 carbonylation catalyst and at least 0.5% by weight water is recycled

12



This is the replacenent sheet Date: 12/6/96 12 al eng—J—wre*(‘lG) nay Ty be
further purified by conventional processgs. In the pgy wiRdphiceldi gur e
1 aliquid fraction conprising acetic acid, at |east vvater
and involatile iridiumcarbonylation catalyst is pass m “FM sh zone
(4) and recycled 5 along line (17) to the reactor (1). odi nent s
shown in Figures 2 and 3 the flash zone (4) is operated as a prelimnary
separation zone to separate sonme of the nmet hyl acetate and net hyl i odide
fromthe re vdI| ar bo action composition. Thus, in

Fi gures 2 agld) a’%% ﬁ?lc'nﬂ Q%ne %3 S PS °n\?a‘;5crr%rurf FActIOn conprising a
significant cmmiﬁinmfmetlml reetate, amnha!- ewelnde.rm@hq# an@ At i€ ramidt e
carbonyl at i B&Jeeagia@nlmeﬂ teooalgalis.%sl £hef (249t Nend lndsily12 99@1&4) to
t he reactor along I ne . first liquid fraction conprising the

remai nder ofnd Fethgk ﬁyﬁta&@eﬁﬁ% &aker fr’FE‘E‘I‘BHe frhiiddaticRezone §2Pmassa

carbonylst i Qé’ad‘sab%dlﬁ:ﬁ: angl aaé ﬁeegsiecﬁté%rﬁyraﬁtghtamaermes(msseﬁ fromthe
flash zone ' t he

showt Fi
st |1 qui Bade REoRls oo, thy o Prl (RpT e TR SR e o fhiE p 8t ' B o
the top of ahd wiketiils dékenakoreling (25prapdessssetirenm ¢nygillistiiog rmtehyl

acetate and 2 B Wl oh aledes Iudihaleoalangs ldng () Ashucecual gikdli rect |y

or |nd|rectly bagE'Lto t he carbonyl at1on react or crude acetic aci
car bonyl at i &% Yked A aj headgRePAvCE oA WeCcxfiledi aloag| bimez 60 £9)thgs a vapour

or liquigl atestlel ntmabeé/emw@ueaﬁesmmtﬂerda&eisl b afnkaon whengevdr@ssed
along line %0 to a distillation zone(1l1 distillation zone (11)

I n
water is re sl MR RE HPTNFEL PG TR cf%ﬁef"bl‘i"ﬁe PREREL G1° aF]E)‘?’(ﬁ‘ line
(12) and aceéixematce cfoprathu@uelﬁad&akmda&:aubaﬂe prpouieies.A second |iquid

fraction conprisgk | L cafals ang. bl £ay W by

wei ght wat er |sﬁtgkVe romt gg% o{l tq'%e gfllst?éﬁte Plg‘h Z(f)ne {s:%) é

recycl ed tofehewdns exagakasor aI ong line (9).-In the enbodi ment shovvn in

Figure 35 the fi asitdckOsbhtibRUe @PidiSm carbonylation catalyst was prepared
by charging the following components to a 100ml Hastelloy B2(trade

mark) batch autoclave fitted with a Dispersimax (trade mark)

stirrer:-
IrCl3.4H,0 1.5g
20 methyl iodide 2.5g
water 0.75g
acetic acid balance to 50g

The autoclave was pressurised with carbon monoxide to 45 barg

and then heated to 195°C with stirring for 2 hours. After cooling to
25 room temperature and depressurising, ﬁhe stock solution was analysed

by Inductively Coupled Plasma spectroscopy (ICP) for iridium content

(typically about 7500 ppm). High pressure infrared analysis of

similarly prepared solutions had previously indicated that they

contain the species [Ir(C0)3I4]) . This stock carbonylation catalyst
30 solution was used in subsequent experiments.

Catalyst Stability Test 1

In a first stability test, stock carbonylation catalyst
solution prepared as hereinbeforedescribed and containing about 9300
ppm iridium (8.57g), methyl iodide (0.01g), methyl acetate (0.73g)

35 and water (0.61g) were charged to a Fischer-Porter tube, purged with
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passed to a partial vaporiser (20) in which part of the fraction is
vaporised by the addition of heat to fongp the second vapour and |iquid
fractions. The second liquid fraction conprising iridium 35 car bonyl ati on
catal yst and at |east 0.5% by weight water is recycled This is the

repl acenent sheet 13 DAt e: 12/6/96 to the reactor along line (21).
The second vapour fraction conprising nethyl acetate, nethyl iodide, water
and acetic acid is passed along line (22) to distillation zone (23). The
methyl 100! deRRMndRLAN AGPLARaAR.! AlRRAT LPTobRC sk LLALG R, 00e (23)
as a 5 heads product and are rec 3 to the reactor along line (24).

base producPifytsm tifer dFEeRPRenS BFPS&S‘HE (i3 igHpriesy h‘@e &erfitdiong d and

water is takpitrl.egm bér@;p(eaéad Qdeﬁ&SSEdquQng'itﬂéSﬁchrﬁyl ep zone (26) from
whi ch acetic acid.is recovered as a taken as a

hond or oaucE AT HEER! BAPr o hearBop i BLa, comg ot Bt 6, She PTG
enbodi neht showwbrstaigg wager Lsaidn Jacched ingc by ahedpacets fathal pn'ayedte
further pur n \Y; exanpl e
i odi de aﬁd (%%(ergll(isa | %Ql yﬂutrelhfglr%ls %%%ﬁ%okﬁ%n Wi tcgnéé;[{% g\? t}(ra%her v
i1l ustrat ede*;Fheéf%?réﬁl-Set‘{bG vere Forledwprd) aexlyagiefor igidium contept diyock

sol ution of 1b#] dirHENFMBhEAIBLELEL) RObE Aladl Msdn Veus=BRERA 88k Ryie Cha®kgi Ng t he
fol |l ow ng cor’rl}l)onents to a 100n Hastello trade rrar bat ch autocl ave

Lt ad 't hoRROTSRR Mg EAE: Pate CRETRP™ A PFARed T PP £0F 2 Rofagg 90

nmet hyl i1®@di defore, réheagingtt®é analysis. The r@sti\l‘_lr.g agekhewradhdrable 2 bal ance
to 50g The gg{o clave was pressurised wth carbon nonoxide to 45 barg and

.t hen heat ed QTerr] with stirring for 2 hours. After cooling to 25 room
t enperature and depressurising, the s&ZBBWE €ol uti on was anal ysed by

I nductively Coupl ed Plasm spect roscopy (ICP) for iridiumcontent

(typically dgbout y500 ppny. Mpressure anmm or
Test | Test Duratlon Initial iridium ]} Final iridium iridium
No. {(minutes) concentration concentration remaining in
(ppm) (ppm) solution
(%)
1 15 9327 8986 96
120 ' 9120 8854 97

15 Catalyst Stability Test 2

In a second stability test, stock carbonylation catalyst

solution prepared as hereinbeforedescribed and containing about 9300
ppm iridium (8.51g), methyl iodide (0.02g), methyl acetate (0.84g)
and water (0.48g) were charged to a Fischer-Porter tube, purged with

20 carbon monoxide and then pressurised to 1 barg with carbon monoxide
before being heated to 130°C with stirring for 15 minutes. The
pressure in the Fischer-Porter tube when at temperature was about 2.4
barg. This simulated the conditions which would be expected to
prevail during the recovery of carbonylation product from a

25 carbonylation composition in the second of a two stage vaporisation
according to the process of the present invention. At the end of the

heating period, the contents of the Fischer-Porter tube were cooled

-
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similarl y prepared solutions had previously indicated that they contain the
species [err]. This stock carbonyl ation .catal yst 30 solution was used in
subsequent experinments. Catalyst Stability Test 1 In a first stability
test, stock carbonylation catal yst solution prepared as

her ei nbef or edescri bed and cont ai ni ng about 9300 ppmiridium (8.57g), nethyl
| odi de (0.01g), nethyl acetate (0.73g) 35 and water (0.61g) were charged
to a Fischer-Porter tube, purged W th This is the replacenent sheet

Dat e: 12/ 6/ 96 14c on mnoxi de_se d d .ihe at 0 _100[err] with
stirring foF“‘iBanﬁ'ilﬁﬁ % idaF THL ﬁ%en%ugy pI?:gss'lhhr e{'Jl %F’s"g%’rrgru’i: ]tt“g% S]

condi ti ons wher reapzanidled @)dp‘ehﬁt édst coptinved| usingi the shee settiony of
carbonyl ati go; Qrodugtacl § 96Pces HALDRRNSAB,£ OHRBSiding Nl ahdMys38cHRd S5 of
a two-stage vaporisation according to the process of 'the present invention.
At the end &PsYIFE AERSRRPYe il dder FRPICAIR®ICY: of the Fischer-Porter tube

were coo5edca£wlﬁaa¢i@gdl{3gﬁ-egf iadi um content by ICP. The Fisher-Porter tube
was t hen reassenbl ed a

and the test contl nyed. using t sane sol
mai nt ai ned at 100F&F A YPBrr=FeRTRH 8512 g’eﬁsfir%}farggp%fgffﬁ%e"ttﬁ ’bﬁ'&l‘y& s.
The _resul t s the eirdloym claﬂailiai_ul etcﬂ:kbed:mmox_i' @hEaﬂxeaesnoutTemoompratirwuum
Initial iri QhHrHadeéﬁﬂ Lé éyeﬁn%y removing éﬂduql %{ the acéépcngéfﬁshn er

concentration concentrati on remalning In g
sol uti on 1 vacuum from mstock solution prepayed as hereln eforgdegrribed. T . 96

120 10  result®3l2fe set out in Tabl85# pelow: 97 15 Catal yst
Stability Test 2 In a second stability test, stock carbonylation catalyst

sol ution prepared as herei nbef oredescri bed and cont ai ni ng about 9300 ppm
iridium (8.51g), nmethyl iodide (0.02g), nethyl acetate (0.84g) and water

(0.48g) were charged to a Fischer-Portgr fupe, purged wth
Test | Test Durétion Initial Iridium| Final Iridium Iridium
No. {minutes) concentration concentration | remaining in
(ppm) {ppm) solution
(%)
2 15 9286 9538 100
120 9126 8976 94
3 15 17283 18097 96
120 18316 18035 100
15
The results of tests 1 to 3 show that the iridium catalyst is stable
in the presence of at least 0.5% water.
Catalyst Stability Test 4
20 Test 2 was repeated but without addition of methyl iodide to

the Fischer Porter tube. The results are shown in Table 4 below.

Catalyst Stability Test 5

Test 2 was repeated but without addition of methyl acetate to

25 the Fischer Porter tube. The results are shown in Table 4 below.

I —
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20 car bon nonoxi de and then pressurised to 1 barg with carbon nonoxi de
before being heated to 130[err] with stiggring for 15 mnutes. The pressure
in the Fischer-Porter tube when at tenperature was about 2.4 barg. This
simul ated the conditions which woul d be expected to prevail during the
recovery of carbonylation product froma 25 carbonyl ati on conposition in
the second of a two stage vaporisation according to the process of the
present invention. At the end of the heating period, the contents of the

Fi scher - Por b&fipdrdP ey Vel 8GOk €d This is the replacenent sheet Date:

12/ 6/ 96 15 and analysed for 1ridiumcontent by |CP. The Fischer-Porter tube
was then red€sefblat BRE2TS vt the ot HerdIuEtitdat 1f82898fe sol ution _
mai nt ai ned at 13Qheslystl ock Ssudtson before, repeadpaqg the anal ysis. The
results are set ou{ahiln tq:etTabI e 3 below 5 C&aé%ist Stability Test 3
Test 2 was repeal€d UsfRY a°fresh charge of reagehts in which the iridium
cat al ystSstock saoketibylonodigiet ai ned about 17000 @p@e4g.i di um and had been
prepared by heMAXLPLAAROH GROYAP i kiif<AbRlEq AlUndiliEha RO UHINREPM ST OCK

sol ution prepared as hereilnbe escri ~ The 10 results are set out in
Tabl e 3 bel ShFcHPABPEIRATRR PeTRRYY Puidlt PBrveipht+i dbe 1anpbYeh® oFidFaPivt i di um
Iridium No. concdnft-atiddiShfter 180RMEAMIAEAOMD in FBNE N bedéd @Rows @NBENI NG i N

(922? when th%g‘ga%ocontent issohgé%%ger% 0.5% by weE'gSht8§l7% iridium 9286 94 3
15 . 10 catdil#283does not remain 180&Aution. 96 120 18316
18035 . 100 15 The results OfTAiﬁ?%lZ 1 to 3 showthat the iridium
catal yst is stable in the presence of ar st 0.5% water. Catalyst
Stability Test 4
Test | Test Duration | Initial Iridium | Final Iridium Iridium
No. {minutes) concentration .| concentration | remaining in
(ppm) (ppm) solution
(%)
4 120 9839 9572 97
5 120 9851 9895 100
TABLE 5
Test | Test Duration | Initial Iridium | Final Iridium Iridium
No. (minutes) concentration concentration femaining in
(ppm) (ppm) solution
(%)
A 120 9342 8263 88
15
. This Sheet Has Been Replaced
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20 - Test 2 was repeated but w thout addition of nethyl iodide to the
Fi scher Porter tube. The results are shown in Table 4 bel ow Catal yst
Stability Test 5 Test 2 was repeated but w thout addition of nmethyl acetate
to 25 the Fischer Porter tube. The results are shown in Table 4 bel ow

This is the replacenent sheet 16 Date: 12/6/96 Conparative Exanple
A Test 2 was repeated using the followng initial charge: catal yst stock
sol ution 9. 094g net hyl acetate 0. 873g 5
met hyl i odi de 0.024g. The water c tengl¢g

m xture charged was neasured by the Karl Fischer nethod‘?o be 5 0 33% by

wei ght. The analysis of iridiumconcentration after 120 m nutes shomn I n
Tabl e 5 bel ow shows that when the water content is less than 0.5% by wei ght
the iridium 10 catal yst does not remain in solution. TABLE 4 Test Test

Duration Initial Iridium Final Iridium I ridi um No. (m nut es)
concentration concentration remaining in (ppm (ppm
solution 4 120 9839 ' 9572 97 5
120 ' 9895 100 TABLE 5 Test Test
Duration Ini tmalghae{pigbgép F| ngll [ridium [ ridi omNe————(mnutes)
concentration remaining in (ppm
cereerons " (VAT <o czsH g =
v CLAIMS: _

1. A process for the recovery of a carbonylation product from a

liquid reaction composition of an iridium-catalysed carbonylation

reaction of a carbonylatable reactant, which composition comprises

carbonylation product and free or combined iridium carbonylation
5 catalyst, which process comprises subjecting the liquid carbonylation

reaction composition to a vaporisation with or without the addition

of heat to produce a vapour fraction comprising carbonylation product

and a liquid fraction comprising iridium carbonylation catalyst, and

separating the liquid and vapour fractions and in which process there
10 is maintained in the liquid fraction a concentration of water of at

least 0.5% by weight.

2. A process as claimed in claim 1 in which the concentration of

water in the liquid fraction is 1 to 10% by weight.

3. A process as claimed in claim 1 in which said liquid fraction
15 further comprises a halide carbonylation promoter at a concentration

of 0.01 to 20% by weight.

4. A process as claimed in claim 3 in which said halide

carbonylation promoter is methyl iodide.

5. A process as claimed in any one of claims 1 to 4 in which said
20 liquid fraction further comprises an ester derivativé of said

carbonylatable reactant.

6. A process as claimed in claim 5 in which said ester derivative

is present in said liquid fraction at a concentration of 1 to 50% by

weight.

25 7. A process as claimed in claim 6 in which said ester derivative

17



“This'is the replacenent sheet Date: 17 CLAIMS: 1. A process for the
recovery of a carbonyl ation product froglr% a liquid reaction conposition of
an iridiumcatal ysed carbonyl ation reaction of a carbonyl at abl e reactant,
whi ch conposition conprises carbonyl ati on product and—free or mnhi ned

I ridiumcarbonylation 5 catal yst, which process corrprl t he

| i qui d car bonyl ati on reaction conposition to a vaporis EII Miﬂ hout
the addition of heat to produce a vapour fraction conp |0n
product and, a id fraction conprising iridiumcarbonylation catalyst,

and separatlsn {;ﬁté Pf Yﬁc? and vapour fractions and in which process there
10 is maingai nen prmacehe ds qlathdd dot ¢lmimalcibmodith agdidn Ldquidatfeactdonat

| east 0. 5% by, \g;g.swby ‘Zelght ﬁtgr%%eﬁa?@é Bl 2idPd b ﬁk@m é;mnyma%ng he

concentration wat er 1 n raction is 1 to 10% b i ght
A process a%*tefEfted- ilrF°cI18’F rﬂlfY?- rhadhfie [Fasheny 1RE RN er?'vefef i 3¢ B5to 3Rt her

conpri ses dedi@ki &&@aﬁwwka&ueoaamo@m&matreace&mentratlon of 0. 01 to 20%
by weight. 4. cl.al yred whi ch

cess a n
hal i de car bdny! a’[’l ﬁgfﬁsdsrm?sér ?%“’fﬁ?t hyA f’oiﬁ"'del %“ tgﬁ FPEREEY & craal med
in any one edrbokplins dcid 4arPonghacivnsapcbd@ot | icfui an falachalon edtsxt her
conpri Ses rog§%b§(rl hgf{devﬁ él)/oq: wﬁ rocagbih GRREOTV EB |l Rab BAYe@Bantt A
process as clainmed in claim sal'd ester ative is present in
sai d |iqui dffamactd ontigpig ce‘mv@nﬂ%ﬁwen geactipp - SG%Wlm'ght“mESlSl?’g A

processi@s &ddolPrid Nadiladi SaBohPraMibeh p'éaa&testﬁreedw Védriodfea iflditml S the
replacenent sheet conprises acetic acid. process as clainmed in

claim 9 i nc‘?/ﬁ‘?f’ﬁﬁlast&f’ﬁ FRFYSh apBer F§%ﬁr o‘?‘?riﬁ?fﬁ“’@or?ﬁr i*88s CARPUHt AR EC

fl ash vapourésbhton @RM. process comprises (a) subjecting the 1liquid

carbonylation reaction composition to a vapourisation in a first
vaporiéation zone to produce, with or without the addition of heat, a
15 first vapour fraction comprising at least a portion of the ester
derivative in the 1liquid carbonylation reaction composition and a
first 1liquid fraction comprising the .remainder of the ester
derivative in the liquid carbonylation reaction composition, at least
a portion of the carboxylic acid product and the iridium
20 carbonylation catalyst, and maintaining a concentration of water of
at least 0.5% by weight in the first liquid fraction and (b) passing
the first liquid fraction to a second vapourisation zone wherein the
first liquid fraction is. subjected to a wvapourisation, with or
without the addition of heat, to produce 'a second vapour fraction
25 comprising carboxylic acid carbonylation product and a second liguid
fraction comprising iridium carbonylation catalyst and maintaining in .
the second liquid fraction a concentration of water of at least 0.5%
by weight.
10. A process as claimed in claim 9 in which carboxylic acid
30 carbonylation product is recovered from said second vapour fraction
by fractional distillation. '
11. A process as claimed in claim 10 in which said recovered
carboxylic acid carbonylation product is- further purified to remove
water and trace impurities.

35 12. A process as claimed in claim 11 in which said carboxylic acid
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~Ta A process as clainmed in any one of clains 9 to 13 in which said
second vapourisation zone conprises a fipactional distillation zone. 15. A

process as claimed in any of clains 9 to 13 in V\hicHﬁl—M%m
vapouri sation zone conprises a partial vapourisation wi th nmeans

addi tion of heat. 16. A process as clained in any Eﬂm Cﬂu”%””m 7 1in
whi ch the carbonyl atable reactant is an al cohol, este l'ide
and/ or hydrocarbyl ether and the carbonyl ation product is a corre pohdi ng

carboxylic geid.apdlQe;carhgxylic acid ester. 17. A process as clained in
-any one of the preceding clains in which the carbonyl atable reactant is

net hanol aRdf or PneP¥RACSEcetsat £1aHedt hin c B8Ry I%at itBn ‘b‘}lﬁaucfa’lds AtETY
aci d. TRhSourS st iven I&.eﬂé %ﬁﬁﬁryessd&eat-h.{mec 1266/ Opolbi an i izoes. acet i c
acid. 13. A process aijred _in &N SAl Gasd rst

vapouri sti R zofie® ‘E:or%ﬁ?l% °l%11nmeéid|l%t?é' i % f’as(‘;l111 &Q%Oduffsgi Sn" Y She 242,
pr ocessS as set@idredpiur ianticoneonsf conmiiggs ¢ fradtional Whpth lesien 3°nesecond

vapouri sati;gn z@ne .oy 'a%egli”mfeﬁagm Wlofd'c§£inlsj at ik@N1Z008. whlidh safl
process as claimed in any of claims 9 to 13 in which said second

vapour i sat S8RCTH NaPRUHHRT s 2en) SPPREHSed oh FAF it FRRPWFORREIRPL FPFeMHED f or
addi ti on oheh@dtror1dhalbisn SRemdatbtlas Been Replaced 15 20 25 30 35
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