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WO 2007/071902 PCT/GB2006/004358 1 CARBONYLATION PROCESS

The present invention relates to heat transfer, more specifically to a

process for capturing and reusing low-grade heat in a process for the

VEYBYRPEI8H of an alcohol 5 and/or reactive derivative theredicT/GB2006/004358

Carbonylation of an alcohol and/or redctive derivative thereof to produce a

carboxylic acid and/or carboxylic acid anhydride is known, as described

for example in EP-A-0 144 935, EP-A-0 643 034 and US 6,211,405. A

typical homogeneously {

carbon 10 monoxide vm- Feae! SH

alcohol and/or reactive derivative thereof and a group VIl carbonylation

ca | [ /or _jridium) in a reactiop zqne at elevate

o B e SRR s s o
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an@BMYERER igraeRNer gl frgm the liquid reaction composition by feeding the
liquid reaction 15 cor&ﬁosition to a flash separation zone, wherein a liquid

fratfBIREaAHGE grItcpimdrations deralosy rivetthereol to tredecention
carBORAIAIHAN@BP VA HBRYRD KAMBIISHSICRPRNWIC %C&és@ﬂgégrfgﬁg%%bﬂig in

aci dride, is fed to one or more distillation columns to separate
Epuﬁ"rigg]e% {e% fﬁf&%%%ﬁ-ﬁ%&@}érﬁ%e desired carboxylic acid

and/eypicar homdiceacitanaxdidedratiuall bl %%%E@J eRRIORRMcting carbon

ass%cia ith c(gyrbonglation rocesses is that heat can be lost from
TOprotess's r%ﬁ% FBEEORAR SABBIERE S bl eheliRpdiay reactive
denixcoive thizatl§ anskes grdap\WIHr eadame katop e aes e STRNIRT AiHESIS and/or

.. insufficie be transferred to,a supply of pressurised steam, Such
S e P 5Tt prosenc
of ¢rsing meretto-eatrlygts endlanppontition GrebosylinscibditdneattisgEt asid
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owever, there remains a need for a carbonylation process iri which heat
cargzzéyligc acid anhydride product. Y P

However, a problem associated with carbonylation processes is that heat can be lost
from process streams whose temperature is too low to be readily and economically used
elsewhere, for example whose temperature is insufficient to be transferred to a supply of
pressurised steam. Such process streams are often cooled by a supply of cooling water
before being sent to storage or transportation means, and so the heat is lost as waste as
opposed to being captured and usefully employed.

In US 6,114,576, an exothermic, heterogeneously catalysed carbonylation process is
described in which heat from a stream withdrawn from the reactor is captured by heating
process streams in the product recovery section of the process. Additionally, GB
1,261,170 describes a heat management process in the production of urea, in which heat
released by condensation in a recycle stream is transferred to a reactant stream.

Fowever, there remains a need for a carbonylation process in which heat that is

otherwise lost as waste can be captured and usefully employed elsewhere, either in the
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otherwise lost as waste can be captured and usefully employed

elsewhere, either in the WO 2007/071902 PCT/GB2006/004358 2 same
carbonylation process or in a different process. According to the present

Y EPIAT tHEre is provided a process for the carbonylation of BATARBHEE/004358
and/or reactive derivative thereof, whith process comprises; (a) feeding

one or more reaction zone feed streams to a reaction zone, wherein at 5

least one reaction zone feed stream comprises an alcohol and/or reactive
derivative thereof, and at Ieé\}ﬁ one reaction zone feed stream comprises

samg SARTRIRRIIECTE) Shh A ARG hRe $action zone a temperature and
prasssidRUidi et il dveaticaxathe e saibe ayaiiess Rachio Batddal@tion
lace, tq produce a carhoxylic acid and/or. carboxylic acid anhydride; 10
of o A B ACeH TRARE PO e b RTBHEH SP PSR aci
arigly dieedanp @xylicr actdeanimttnda frofacth etreacti orazeasiod) dren sfeeriig at
eat contained in at t tion of the r e product, stre t
e L A L RO B o,
and atdesstnddwsatiinchongyisstritpantcempEsesaetibenzooeofade stream of

jvtgog @Lbeirming {ﬁ@fé&@ﬂ&%&%ﬁﬁ&%‘%&?gﬂp&%&ﬁe RREEIRNE8 Bow

rein the temperature of the second heat-excharige stream before heat
an epeiherarescriErigAT HRACHPIE ke Blagsorensrdderce sadaKidioadidend/or

cartRREPRMMRIIRM Pageess of the present invention, one or more reaction zone
feed streams are fed to a reaction zone in which an exothermic

cARIISHIANGH R BHOR FEFIRIYGT S BRUTR BRSNS F RSy Hfcifid pnd/or

carbRi ORI Hadtiiea Fdpagc adaeniarehshe one or more product streams
is fed to a first h at-exchanggf@trezm, such as a sypply of pressuri%id
StEANTERRP VAR AL R PSS &rATh B )ReataR SR YE I tHE
strepastto of fing Beanexcarhaytatian process, or even in an entirely different
prqcess. At least one of the reaction zone feed sireams is heated by a
R A B T R T 5GP R TSN (st o
readﬂim_lanﬁecﬁem_ﬂmmpmdﬁstept(e)abpﬁqramhbwé&cﬁds ryppéciitd ststreaintibto the
reac‘{}‘lgé‘h‘:?on%e%ﬂé&%’%ﬁ%@%ﬁé&%ﬁ}’%‘%% %ﬁésggcs’oﬁvc?ﬁé%%be% ﬁaﬁse%t%oa%%%%?oeré‘%%at
the one &r more product” streams comprise hea ongmfnng ffom the
transBe dhtd ventherchainefalstiesmrtowatmodit shieamgenerated by the

e O SO A0 R e e
stregps seciiddhaagaction zone in which an exothermic carbonylation reaction occurs to
produce one or more product streams. Heat from at least a portion of the one or more
product streams is fed to a first heat-exchange stream, such as a supply of pressurised
steam, and which can be usefully employed elsewhere, such as in other parts of the same
carbonylation process, or even in an entirely different process. At least one of the reaction
zone feed streams is heated by a second heat-exchange stream, having a temperature lower
than that of the one or more product streams, and which is typically a stream from which
heat is generally otherwise lost as waste heat. As aconsequence, the one or more product
streams comprise heat originating from the second heat-exchange stream together with
heat generated by the exothermic carbonylation reaction, which combined heat can be
transferred to the first heat-exchange stream. Thus, heat originating from the second heat-
exchange stream is transferred to the first heat-exchange stream for use elsewhere,

resulting in reduced heat loss and greater process efficiency.

The second heat-exchange stream can be any stream which has a higher temperature
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30 exchange stream is transferred to the first heat-exchange stream for

use elsewhere, resulting in reduced heat loss and greater process

efficiency. The second heat-exchange stream can be any stream which

Ne 200719 heptemperature WO 2007/071902 PCT/GB2006/004 868/ 3sthvasroo43ss
the reaction zone feed stream to be héated, whose temperature is too low

to be usefully employed elsewhere by direct heat transfer means, and

whose heat is generally lost from the process as waste heat. The

temperature of the second heat-exchange stream before heat transfer is

thangheaiegstianirensteest yhera i dedcetde shrsclsmpsisiure inlmp lowedp be
usetAN dh sl aatwengRanas stierm Ralers: RN hariemhb abieashaherally

portion of the one or mortﬁeag)roduct streams. The reaction zone feed

lostdiorm ARG AP FSHASBAL - S LRBIFIPREATER e scsad et cXRlARgS ftream
befStseRM thakierRd do/thenseatl oRzona A hrhieh fraastemp sy piefa tiovver

that gf the second heat-exchange stream before heat transfer. Suitable
thag i D TR G T R0 G BT, e BB LR o o
mofepritiedarbaaib/e thereof, a fresh supply of carbon monoxide, or a

recycle stream. It is.preferred t.the reaction zone feed stream thatis .
noLiEdeRy GO R Cra B e A B e e o
anyfeedhtitseah theaisfedoxbin mretiengivenaedngacdtbes rfcrepsetiggbeleralfyat of

the %‘3@1&8 rh@ﬁ%%)&@ﬁagg@tségﬁﬁ@agr%% %ﬁ%@ﬂs A fé\ég{i&ezé % ed streams

temperature range. The quantity of heat that can be 15.absorbed by the

inchedetiotppbinelteshstienhol rndlenrrataiierideritetisaiberentire ksl fanndnel
carb@NSislo 1S g IR Rl teMmpREAIuR LeaechRdons [RetkslIRAM NI Beialitim

to absorb a greater quantity of heat than a higher temperature feed

thatiydigatedrpiat A& Bert-fackrage sy Rdhe fanidehisaars thauantity of
heAOBEIMREZOVE: ARG enithafthah sRaAcHQRN ke fResGHAAMS YGRASbsorbed

other reactant and recycle streams. In the 20 reaction zone, exothermic

by & SATBRHA TSRS BISCATS [STBRTTERHE SRS Arantibt Shisghibat can be
absoEBPBSINE ceubiyHoRcieaneintarbesitaae doithsiideamobefore heat

SRR hgrr e e ain s o St Rt e
greateegmastigud Adetiperatiphdrighesdhanalbtdeteattion zone feed

sU CTEas ?ogt%'c%%‘es%e%&’ qriion of th Ee‘f’t{‘%a‘%{sf”ro{sefé’é?g #k% Séé%%é‘?lsz%ﬁ%a%icany

prefefrably fed 1o'a’ purification zone for producing purified carboxylic aci
withrodier eabijdnidenafictdwiichmtysicdlBs coheprisesnnandrenyele distitasiom the
rea%%lﬂ@gﬁe,E%tﬁé%fcn@a%r&%go%%ﬂgy%&r{o produce one or more product
streams comprising carboxylic acid and/or carboxylic acid anhydride whose temperature is
higher than the reaction zone feed stream heated by the second heat-exchange stream.
Preferably, the one or more product streams have a temperature higher than all the reaction
zone feed streams.

At least a portion of the one or more product streams are preferably fed to a
purification zone for producing purified carboxylic acid and/or anhydride, and which
typically comprises one or more distillation columns. The exact nature and configuration
of the purification zone will be dependent on the composition of the product stream and the
operating conditions in other parts of the process, such as the reaction zone. The
purification zone typically comprises one or more recycle streams, ‘in which unreacted
reactants and components that may be converted into desired products are separated from

the one or more carboxylic acid and/or carboxylic acid anhydride product streams and
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of the purification zone will be dependent on the composition of the

product stream and the operating conditions in other parts of the process,

such as the reaction zone. The 30 purification zone typically comprises

e 8P MGrtecycle streams, in which unreacted reactants anBiCT/GB2006/004358

components that may be converted intb desired products are separated

from the one or more carboxylic acid and/or carboxylic acid anhydride

product streams and WO 2007/071902 PCT/GB2006/004358 4 returned

to the reaction zone. The purification zone typically also comprises waste
regtrecthis thehikektane zoerethelpdriaekida theersadtidly a0snec angristetuste streams

' ) t I ntaminate the product. As the purifi

B b o R T

CHd Coskmbe therstustirdsrtseparified raedugbitalipsonibibeoratiheatams are
n&f%b%@éé%ﬁ‘ll&@%ﬁé"r@&ti@x%EHR&Y&E@%W@%@%% srgsi r@g&%ﬁy%‘wfm

therein can be transferred to a reaction zone ccordance

hegftetEpie danexivuaon sapRly e mees Baisades tris dbo heah cantajnsddhgrein can
bstraamerrdl 3V e aeadmRINGIRCYAadHam hacrialicalionr ane et IRAGKRR, and

zone mg% Iso be Eﬂsed to heat a reaction zone feed stream if heat

honSh G2 2% S RARTh BEPLTRERIRE SRS, forEsaimbring Bestiedrfiem the
pmm?ﬁns?ﬂmto&a@rmgtrsfﬁnmagyaam@@m §tf@e?é'ﬁ'o‘i§%§§e%%€_%tream
.cErerera , secon eat-exchange stream s a process stream that IS,
R DRI LR I oo e LA 5 Eyerion of
thsteestrmis bifregpsrificatopciosiecan akeyifleck cafamebilyadid aRdial heat-exchange

ic.acid anhydride t St f.th ificati . Mos
S e R T B PSR e e epems
bairgitorastr bssgicod tiet antifidAtienlS provtuchstideitadsitydivalidwednd

: ity-of | rejineis. .generally higher. The firs
B L e

segpng HeaberabragsHerat dtre avrifierhsathonrlic pridess/streatrowosesid anhydride
privfRerRE S i iRMeWs T hAR AL 9hine %?_%P&?Eﬁa xﬁgfﬂdg RHCAMS

before heat transfer, and whose 20 temperature is prefera igher than
2pEA# 6t Hih¥acond heat-exchange stream before heat- transfer to the

reagtiemizoneafasdistigsMrHae t@%ﬁﬁ%@ﬂ%ﬁ@f&?@d%dﬂ%ﬂQz{ﬁdiﬁrtion of
ow

streams is preferably sufficient to raise the temperature of a supply of It
OnS, SIS R SRRSO AR $ 1R 58 SSSASIOW B e BN BRI o 3N ipisilLy
lofasreanipieoflinuié s ior basp{0dadsReiMdPalR d At ampesatue wrisally

teés%egr)gttéll%%gr: g‘% eg%f%k&%ﬁgyﬁgagﬁggteo qc grs] c%gérﬁgarp-égﬁge{ggg%%eegmb%?gre heat-
transfer to the reaction zone feed stream.

The temperature of the one or more product streams is preferably sufficient to raise
the temperature of a supply of low pressure steam, which typically has a pressure of up to 6
barg (0.7MPa), for example about 5 to 6 barg (0.6 to 0.7 MPa) and a temperature typically
of 150°C or more. The first heat-exchange stream that is heated by at least a portion of the

one or more product streams may be a supply of low pressure steam, as described above,

~ which may in turn be used for further heat transfer purposes either within the same process

or within a different process. Alternatively, the first heat-exchange stream may be a
process stream within the same carbonylation process of the present invention, for example
a feed stream to one or more distillation columns in the purification zone. In a further
embodiment of the invention, the first-heat exchange stream may be a process stream from

a different process, for example a process stream of a vinyl acetate production process
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one or more product streams may be a supply of low pressure steam, as
described above, which may in turn be used for further heat transfer
purposes either within the same process or within a different process.
RiteepeivaBp2the first heat-exchange stream may be a procesBGIYeam06/004358
within the same carbonylation process of the present invention, for
example 30 a feed stream to one or more distillation columns in the
purification zone. In a further embodiment of the invention, the first-heat
exchange stream may be a process stream from a different process, for
nggarmmeba b@é@bsegn@ammwwcaﬁeﬁ mamm;@b | mmgggsg;)/&@ first heat-
ex : which m e located near to a,_,
soﬁgggzof&%gc%tgi)cg gg@ eedsté%cgé?%%fg?rrg%, ‘txfwég}l};g VERE B ngatility over

hogy the herd Gagsfsprodohprelosunrdy saeshrRrelidiyptbvidemarsatens the one or
mdersaiilify: ovemi AR IR NS IR RGNS Rl DAY, egts_gdd}%relée RO i
Su%?ég.temgféature of the one or mare product streams from whic If%east IS

e A PP RIS O RS s¥irhY eearbaing oot ane of A6&YGor more,
suplly nfpfessoisechetaann bayipm @46 TReAINEAHIR0G %'I@Qﬁ‘% adhSed
y

us}ﬁarésglgg tof hleat betwgen.on process stream and another is typica

achieved Uit a Xt ERtHISger srare maplatsdintesmal spaisricwithinach
othaerwhi¢lcontistivithobiaghofatheiowdtishoes sl IReaRi0g O s o8 am.

str heating of the cooler stream, Optignally, any product stream

or Ramom i R AR R el i o mranster et to e
firfidsetesarhange ssemis isreturd ol the tihectzactinr Zanehith WY 6B i0Ruently

SRASEUSUY, M can assist in requlating the |
“te m%%_ratu re ﬁﬁ[ﬁ%&gﬁé@; rggsg(l:f%? ct>r §%%%{§1'g ?ﬁe?%BSff‘oﬁﬁf%%‘H@%ﬁ?ﬁm?H@ KR
Th &SRB ZPE] tiereriyradentidrafuctsingeolhe hyradtitbstiemotiagior eits

" prd @Rty ' f | ly of copling water. In .
Do e R A S apting

waieg -@%%@F?F%@ﬁ%éé@%ﬁ%ﬁ@mh@t heantiom twiogoidhe proaustare
rerStfeAnSis Hensfarird thethefl %Q@ﬁéﬁm%ﬁe% t%%@t%gé)a&%st?se r. eéred to

theg%wg %Je% cooled product stream is returned to the reaction zone.
! rﬁﬁ bR SHTIEHaTRE MR SORTRATBHYZ AR duaie spranficd returned to
theaanbotizy homcid hnofhsgatiy ierasitianvdride et dodd s, which
pureégéhc% OI)({: ?rb?g%:%zon re%ctio\[]}éof the present invention is preferably

0 catalyseV . ThIS PH&A T d‘ﬁgt@fg\ﬁfgf@dﬁéﬁ%\“ﬁ@mogeneously.

In &lprefethecinzmibdinginionf e e se tidprartiomvbiricak Qralien

HRAGHOR{S lysed,by a .homogeneous group VIII carbanylation catalyst,
o v% erein a ?%ﬁé%ﬁr%e%%ng ecglohrﬁ%ggﬁ?gﬁ%sﬁh%ﬁ REMRESRAFYre T oResemes
empdnengofdhentiont oveptsitichecomprigks@nradeabplis catalysed bya
homogeneous group VIII carbonylation catalyst, wherein a liquid reaction composition is
maintained in the reaction zone, which liquid reaction composition comprises an alcohol
and/or reactive derivative thereof, carboxylic acid and/or carboxylic acid anhydride, and a
group VIII carbonylation catalyst.

Reactive derivatives of an alcohol include compounds that are capable of producing
the alcohol as a result of a hydrolysis reaction, examples of which are alkyl carboxylates,
alkyl ethers and alkyl halides. The preferred product of the carbonylation process is
carboxylic acid and/or carboxylic acid anhydride. Carbonylation of alkyl carboxylate
under anhydrous conditions typically results in the formation of carboxylic acid anhydride.
In the presence of alcohol and/or small quantities of water, carboxylic acid is also

produced. In the presence of water above a threshold concentration, typically 0.1% or
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and/or reactive derivative thereof, carboxylic acid and/or carboxylic acid
anhydride, and a 25 group VIII carbonylation catalyst. Reactive
derivatives of an alcohol include compounds that are capable of producing
We HEBaPes a result of a hydrolysis reaction, examples of wICH/ &R2006/004358
alkyl carboxylates, alkyl ethers and afkyl halides. The preferred product of
the carbonylation process is carboxylic acid and/or carboxylic acid
anhydride. Carbonylation of alkyl carboxylate 30 under anhydrous
conditions typically results in the formation of carboxylic acid anhydride.
moyp i evsieiendbor ad FECHAY At aucattiesy be weitkls harpedpieinund
protfudlso produced. In the presence of water above a threshold
concentration,@%pically 0.1%, or WO 20071071902 PCT/GB2006/004355

6 BT EBDREERIHIAP B R A Ehisctisphbrp Sy caruB apieran of the
reaalil((%d oeninaiite Pty @uca]hﬁ, Mb%s@&ﬁ@ib@@rﬁﬁ%ﬁ i élbﬂar?zkf(ih thhrldhﬁle
roup or groups of the. .reactive derivative of the alc , Is one less
e TRRO R B SRR AL 1 S A S HGE BFaRee. For
exammbpxw#cmjbﬂand/@edammyﬂhkiahhiramhydﬁﬁﬁmm@tuetﬁplw‘e@bhe)fatmmia_petate
o8 26,200 Aeliganydide f1ave noqaian a'ome i each oliielleq
a étate groups, an there IS one carbon-in®ach o fﬁle a?l%y groups Ofl
ream@mmaéjmmcﬁate@mém;ﬁde, d@ma:wm@gd@mﬂrmmwde, _
dimeiylelherand.maliv Arsiaia, WalRL MmN F'qpéﬂgggg %g%ﬁ%%Was 2

the reaction zone. It may be introduced as a 10 freshly a

fresilayrdgied Aeprkety B rnalimenieysy prdifinusdlinbehierodueatbin famesantion zone as
a rd@HE o dORGHONS DA SRR REORS m&%ﬁgﬁﬁsﬂgﬁﬁgﬁ%@i&b&@ﬂ&#’&@&ﬁ&'@ﬂon,

composition, such as the condensation of alcohol with carboxylic acid to

sucfotiing epPdansasionaed drehahaiéh crrhoprlisenidiodompally berthangiale and

wafatlitable for the carbonylation of methanol and/or 15 reactive derivative
thﬁﬁgof, preferable reactive _de%f\tives of methanol being methyl acetate,
di

SR SR R ATt DB vt hlsréordhe s bery Riigaatdustipuol and/or
readth@/derpagive arysitigaiidost preferallyracticasichigihtopredichang

herefore water is prefer bg | seq#in the liquid reaction compo%iition f
sl SN SANS TH S ORGP ch BRI R Al AL ABH anc o
acetiompinsitidn. Méysvargfeebsrding acidhie 2O frodupt \AMt metefempiayet as

re%earg%gﬁttéégn Sra 150{1{5: odigm.catal ésebﬁ Caé%%%"’é‘%i%%{‘ jp Y3t may be
P pres PR an amountin the range from 16 Y, pre era%’ily from' 1 to
contBgation of water in the liquid reaction composition may vary depending on the
Group VIII metal employed as catalyst. Generally, for thodium-catalysed carbonylation,
water may be present in an amount in the range from 0.1 to 30%, preferably from 1 to 15%
by weight. For iridium-catalysed carbonylation, water may be present in an amount from
0.1 to 10%, preferably from 1 to 6.5% by weight.

The group VIII carbonylation catalyst is preferably selected from rhodium and/or
iridium, and is preferably iridium. The group VIII carbonylation catalyst may be added to
the liquid reaction composition in any suitable form which dissolves in the liquid reaction
composition or is convertible therein to a soluble form. Suitable compounds are described

in EP-A-0 144 935, EP-A~0 643 034 and US 6,211,405. Typically carbonyl complexes,

‘halide salts and acetate salts of the metals may be employed. Rhodium may be present in

an amount of from 50 to 5000 ppm, preferably from 100 to 1500 ppm, expressed as
elemental thodium. Iridium may be present in an amount in the range from 100 to 6000

ppm, preferably from 400 to 3000 ppm, expressed as elemental iridium.
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by weight. For iridium-catalysed carbonylation, water may be present in an
amount from 0.1 to 10%, preferably from 1 to 6.5% by weight. The group

VIII carbonylation catalyst is preferably selected from rhodium and/or 25
WRIRMHT/EmYIs preferably iridium. The group VIII carbonylationP§E&RS006/004358
may be added to the liquid reaction composition in any suitable form

which dissolves in the liquid reaction composition or is convertible therein

to a soluble form. Suitable compounds are described in EP-A-0 144 935,
EP-A-0 643 034 and US 6,211,405. Typically carbonyl complexes, halide
saftSFhICRHGR: f@éﬂéf%ﬁﬂmﬁé@%gy Be wiisryB R IBAFRHEY be

confesto inT80i dendmedhiahbiond §R:ia50Q0:pp ekt erebaraf!v:iam AP to

150 m res as _.elemental rhodium. Iridium may,be present in an
e RO RBER BB e ARPARy RORR 406 153800
optiopah pexpréssiscseisablymerntal sdlticiad. f¥E AROHOFQORisting of ruthenium,

/ / ion _catalyst promoter, may also,be
o B B Rt R o,
prefrehin setherdamerestarition SiBliole widlacationfpomtataidtmnihénthe
ranBdqi 545 18Rp! W@&%ﬁﬂ?&ﬁiﬁ@y@@ a@aﬁ%ﬁ%la%yﬁg#? lea?igtg}%%%ﬁ;onal

suitably a metal selected from the group consisting eniu

ProBSaTfSWERGHi P oiRd Aiom the areumy uainting, ofidedide satty sfcaikalhand alkaline
earfRBHRS fieseah pRY Hiaah YodB SQINE- R0 SMIUThinH Todbe N e Rt ealioy

of promoter: iridium is in the range [0.5 to 1.5]:1. When rhodium is”
PhoshRpToYEL idRe cattbiahlyidtcienalysrmeleptarde pretiuter i Kaitamitor

solgstlagted from the group consisting of iodide salts of alkali and alkaline

earth metals, for example lithium iodide, quaternary. ammanium iodides,
and%hﬁﬁ@/ajr?éﬂri}éf&&%p HE RO PRERSD. & a R TR sRABRERSHaP: the

halogey dienpreiseeferptly Bsitipisdiiesdubilityadonaiisylonalitatexsatabdbmeyctive

T T LT —
an gheoivativelth eregd, fnoettd/td Afiden= feretdyabbympteasdisbirbihedighid reaction

ComEaN AT B Ses P 15 Rl
reagiiorl coimiepiohig iodivielio tsatirgeid indhetiopidommptsitiormpesjtalsppaeicularly
for %g%i%ﬁ%%ggé&%%@@@g% &HH}P&%%' W RAYUEY! QQICXI}I&rstabilliser. Sgifable

- ysed processes in which they can act as'a catalyst stabiliser.

conmgiaBianeldpindides selttedelkediiae atlsstkinsfeanta inotadikatinslidarshlinefals,
qqa?ﬂ'ei‘ﬁ&ii{}' QRAEhAIm or phosphonium ions. Preferably, the iodide salt is an alkali metal
iodide, most preferably lithium iodide. Ionic iodide-generating compounds are preferably
avoided for iridium catalysed processes, as they may inhibit the reaction.

Alkyl carboxylate may also be present in the liquid reaction composition, either
being introduced to the carbonylation reactor as a reactant, or being formed by the reaction
of an alcohol and/or reactive derivative thereof with carboxylic acid or carboxylic acid
anhydride. In the carbonylation of methanol and/or reactive derivative thereof, methyl
acetate will be present in the liquid reaction composition. For an iridium-catalysed
process, methyl acetate will preferably be present at a concenﬁaﬁon of from 1 to 70 wt%,
more preferably 2 to 50 wi%, and most preferably from 5 to 40 wt%. For a rhodium-
catalysed process, the methyl acetate concentration is preferably from 2 to 15 wt%, more
preferably from 3 to 10 wt%.

Carbon monoxide is present in the reaction zone at a preferable partial pressure of
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20 quarternary ammonium or phosphonium ions. Preferably, the iodide

salt is an alkali metal iodide, most preferably lithium iodide. lonic
iodide-generating compounds are preferably avoided for iridium catalysed
Wi»2eded2®s they may inhibit the reaction. Alkyl carboxylate P¢yGEH200HE04358
present in the liquid reaction composiﬁon, either being introduced to the
carbonylation reactor as a reactant, or being formed by the reaction 25 of

an alcohol and/or reactive derivative thereof with carboxylic acid or

C xylic. acid ydride. In the carbonylation of methanol and/or reactive
B TR TR MO S PR TR 70 B (R eAion The
carlgor nfmm'fi’mh-rﬁazr Bedsidintintizagaly 32 £ 06865 Eﬂ@ff;ﬁg@ﬁg{ﬁ;@sﬁ@ﬂ as carbon

._prefera e present at.g concentration of from J to t%, more
o e B Yo MO G TS i egbons. The
preg¢vsdiofiBhagsaipsbd provessictvaidwefnd acktatecoatantialibnse water gas

: abl 0 Q referably from. 3.10,10,wt%,.Carhon
o R e AR GB e

hydgrapretionprodraso TP TicBRODSI 004388 g8rfronhe Gutbon0fdnarid: 2Ettant is
prefbEhBPRYs GRS RERIEIR RO DR (A3 dug O tﬁzﬁlwgngl%%?gré]oglej preferably

monoxide may be essentially gure of may contain inert imp

lessdhppdin’ mehiaendettihneatitloyenuiopiéysaseen indker carvarGlstiorndactor is
prefRatiIinie M eaab@s Mbs ﬁqﬁéﬁﬁ%@sﬁf&})&%f@ﬁ%ﬂ&é SAUDR%, 0.5 bar (50

onoxide feed and generated in situ by the water gas 5 shift reaction is
kP aﬂ"ﬁgﬂﬁabm Bt ?&Kﬁgb’ itess F@é%ﬁc%h%{aé%é’a% irf beePasind aesswse of carbon
momdne@%mueacm@maaﬂfmﬁ,mlaleaag@ogt@h &tlgf h@;@@@ﬁd%é@%ﬁfﬁ?@}w,
manaoxide r nt is, prefer ess than 1 mot %, more preferably less
sn i) B e

o an ferably less than 0.3 mol % and/or the
paftietpessurefeydragemithihis heaharyfationdeactaeds-cRiBiRERNNISSSTay
(0.1 MPa) partial pressure, more preferably less than 0.5 bar
b R B B B R hmgt st oy
of cpfatyietl pregsoyelofzanbofromantiexipartin dhihe pactessssacliably it R sa8gH of
[eatesdhang 4 MPa), typically from 4 to 30 bar (0.4 to 3
rec)%/l Pa). '(I')hea rea%%c?lr% z&})art\r%g%{géﬁ §%é%{ln% ?ﬁ%%?hégrae% %Iilzt%%e’sg%% gaction zone
feedhrpamx babg dest sansferayvib diaforadrarenienpeirste shar cbeob adedtirht-
excRGOIFEACIVS Setivativng tBRtselqad Eﬁsme%gp{%nl%ﬁé FARNEL, Q18800 o
recycle stream from other parts of the process, such as a recycle stream

belast. ey RiBferebih SBe vtsRisHY thie! puai caeforabbikOl6 wrcbriawtiokfzoheat
excheR@d @REpEPNArd R UhsiTeA o PEIRECTARMERRSIE pr Yl Ay 6.8 RMREN 40°C,
prefg?gﬁ%eé?éé‘é? i aiaril‘] ﬁtg"ec,sggg rrlr(zjogtepargferably greater than 80°C. Preferably, the
reaction zone feed stream is an alcohol, more preferably an alcohol in the liquid phase.

Preferably the reaction zone in which the exothermic carbonylation reaction occurs is
maintained at a temperature and pressure sufficient to ensure that exothermic carbonylation
is maintained. Typically, the temperature will be from 100 to 300°C, more preferably from
170 to 220°C. A pressure of from 17 to 100 bara (1.7 to 10.0MPa) is typically maintained
within the reaction zone, preferably from 20 to 80 bara (2.0 to 8.0 MPa), more preferably
from 20 to 40 bara (2.0 to 4.0 MPa).

In a preferred embodiment of the invention, liquid reaction composition is withdrawn
from the reaction zone to form at least two product streams. Heat within one of the
product streams is transferred to the first heat-exchange stream before being fed back to the

reaction zone, optionally with further cooling. The temperature of the liquid reaction
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exchange stream. Typically, the temperature of the reaction zone feed

stream is 80C or below, more preferably 60C or below, and most

preferably 40C or below. After heat 20 exchange, the temperature of the
YeQetiohzone feed stream is preferably greater than 40C, preRsr&tsip2006/004358
greater than 60C, and most preferably greater than 80C. Preferably, the
reaction zone feed stream is an alcohol, more preferably an alcohol in the
liquid phase. Preferably the reaction zone in which the exothermic

carb.g{{) lation renct' n occurs s maintained at a temperature and

cor SR SRR BB BRI b AR ea adhe st eat
exaimaigtaingch. TYhicalyothbeteriynedndfoiecd b ke Fomikaf decBofe, e when

ly from 170 to . A pressure of. from 17 to 100 bara (1.7to|
o e I Skl SR LRy B
the2presigeneiarn ¢ongptwiBionwith)iramor & prefier ablytiforoRo O@DbbaErAKRS to

(). | r ' vention, liguid. reaction
cod BT e P L S RS o

ovesibaiRnBeaareswildattatifrct pe Tithelp istiadustrenentbistiraesfeneti¢ostream

thathe:HEStRE VXN AAR RIEBATLRER @Q%J%dsp&%tx%égﬁoﬁ%ﬁ 190 oo peat-
N zoneg,ggtlonally with further cooling. The temperature of the liquid reaction

9 /0P Bers-Preas Atsero0 A5 seoprdapiionorens ebaws futilisy reaction
of aanilingdhe Ayt ehhpatiarsiae sonieH e ilSt Reak SXGBARIRIure of the

ream. Thus, more heat is :%ansferred to the first heat-exchange stream

t ,
PTOfHA SR N IR HE BRISFBhIR R e Rt Setidsatorasiange stream.
In tidgialiodineie R entionhenbenscoRBe HO R £Q RO IR WERSRWER fed to

.. from.the reaction zone. Qptiopal urt[{}ie 5 cooling may be carried qut after
the ik Lars s

eattransterStep P84 Bb CESHIB Wi Hiat carbon
motenige hssoky odithid/ thenactedrtizoeia. iy dirthéu iber enfbedisddntopioduct
5 rgﬁm is recycled back to the reaction zone is first fed to a second
carre{)actloﬁ ;@r%)éﬁﬁ:gfore heat- transfer to the first heat-exchange stream. The
seboiid reesstibimyention)lateafidipertionofithe aicotraimredaniiarstreams are fed

' n 0X] ich.further.raises the temperature of.the 10
e o M S B SR
antydadexEhangefirsiamzone thidl éyniselincentpoisthe flavie ntiomratontes ofid a
distitgtidesst two product streams is fed to the purification zone, and is
optionally first fed to a second reaction zone so that carbon monoxide

did8recfeiridl smbneimeat ehtientaseay nendenecrid dbithe sadiouyiation

reaCR6R AR RIQEAIC 6 al A1 Y QB GRS WRAHPG: ALIBER AR O 1o
the %r&% mra%%rgo%og %%g;?e%r?gtc? ;ev];%(gur fraction and a liquid fraction in the flash
separation zone. The liquid fraction comprises the relatively involatile components, such
as group VIII carbonylation catalyst and any metallic promoters and/or ionic iodide
promoters that may optionally be present. The liquid fraction is recycled to the reaction
zone, optionally with prior cooling to regulate the temperature within the reaction zone.

The vapour fraction of the flash separation zone comprises relatively volatile
components, such as unreacted alcohol and/or reactive derivative thereof, carboxylic acid
and/or anhydride product, and other volatile components such as water and alkyl jodide.

The vapour fraction is fed to the distillation zone, which comprises one or more
distillaﬁqn columns that purify the carboxylic acid and/or carboxylic acid anhydride
product by removing impurities and by-products to produce a purified product stream.

The purification zone typically comprises recycle streams, which comprise
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to a purification zone, which produces purified carboxylic acid and/or
carboxylic acid anhydride, The purification zone will typically comprise a
flash separation zone and a distillation zone. In a preferred embodiment
Bfanepiydedtt invention, in which the carbonylation 20 reactiorP{SI/GB2006/004358
homogeneously catalysed, any produt stream or portion thereof that is
fed to the purification zone is separated into a vapour fraction and a liquid
fraction in the flash separation zone. The liquid fraction comprises the
relatively involatile components, such as group VIII carbonylation catalyst
con@ighaamny siigdial icrpcacnal ecsceantd pivinaiGiadid eoprorm tier sithcidnetyrned to the
tionally he present. The liquid fractian is recycled ta the reaction 2
o Dot B R A S R i gt
conteimetion swhaecyhie vagous iy actiomrdfotbdfirshtes phentiontypivel jompriselsto
w8ty AlBlle, SOMPRRTLS SHAh AT HARAE S Blental andiendaasive,
rboxyli u

erivative thereot, ca c acid and/or anhydride product, and other
recyafatirsasanipionemsls tbro s feescanic angaasarBIcliee capsisusaiansidrenghe
healQA BB AR BHANLARE VUBICBRRTARHISES HIRSAT AR AP PRl Qs ferred

columns that purity the carboxylic acid and/or carboxylic acid anhydride
to agRrerigpaeinpvieRs ifpstiitR:and by-products to produce a purified

pr@ﬁiE%@H@@@iﬂﬂ'&ﬁrﬂéﬂﬁi6@&%&%&9%'@%&%&%%&@%@5&@%
which comprise WO 2007/071902 PCT/GB2006/004358 10 components

andor pEdighPaatE s rEeaRt S At DOV RRE SR8 dh TR R RLITEE
reat@idheoreaetio stzANG Vb eie HbayCacheaaitnsforsnldesiaty/eoshkis Gbthehe

reaction. As the heat contained in such recycle streams is returned to the
PIofest F?ﬁgillpé%e ypically not used to transfer heat to the reaction zone

fedd streanhodinveavef, tihierertizat cartbaedostdlonmeadive cecleasive dmyefalris
TR (Drough.exolermic RIpgesses sHohas sendensation. dbanhe

eat can be use u?ly captured In accordance With the present invention by
disbBatigrirerisfenseds tewuilbiffd fontrengiio mAdowaisket str€atalyisispFeflaseld (1993),
[ ts of the.i ' f I

P o S T e cad of
firpdisidlaioneauneaadprdernblicetsadarrhsariciedde imairasorehedight

endy%ﬁﬂca@%&?%%eﬁwf%e% Rresssa HRlessteRMISdidBaN8nd some of

embodiment of the invention, methanol and/or reactive derivative thereof

thejgvageih ORyienalvidiom die ase sfiths st disalisHam e dheinatisiesgheomprising

enteAMMANSESo BB on metal catalyst and/or promoter is returned to the reaction zone. A
side stream, comprising acetic acid product and water is fed to a second distillation
column, wherein water is removed from the head of the column, where it is preferably
recycled at least in part to the reaction zone. A substantially dry acetic acid stream is
removed from the second column and fed to the third distillation column, wherein heavier
impurities, such as propionic acid, are removed and disposed of, to leave purified acetic
acid. Substantially dry acetic acid typically has a water concentration of 0.5wt% or below,
preferably 0.2% or below, and most preferably 0.1wt% or below.

In an alternative embodiment of the invention, relating to the production of acetic
acid from carbonylation of methanol and/or reaétive derivative thereof, the distillation zone
comprises two distillation columns, as described in EP-A-0 849 250, the first distillation
column being a combined light ends removal and drying column.

In a further embodiment of the invention, wherein methanol undergoes carbonylation

to produce acetic, there is only a single distillation column in the distillation zone, as
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distillation columns, as described for example in Howard et at, Catalysis

Today, 18 (1993), 15 pp325-354. The more volatile components, or light

ends, are removed from the head of the first distillation column, and

prefeteiiylWeleast in part, recycled to the reactor. The light ermdsrtgmizalyno43ss

comprise methyl acetate, unreacted mMéthanol, methyl iodide, and some of

the water. Optionally, from the base of the first distillation column, a

stream comprising entrained carbonylation metal catalyst and/or promoter

is returned to the reaction zone. A 20 side stream, comprising acetic acid
despribad én ERdAvAtETIsI S (thussBebinmhdistitatip impotitrenawdneasnaneedtr is

renfSPRQ YRAAELING NEAY &foﬁlﬁﬁﬁ'y%‘é’ﬁﬁﬁ%ﬁ Ksferaply recycled at

least in part to the reaction zone. A substantially dry acetic acid stream is

re ok AuRsRS B Bedigraicoll tha rrasratdey eation. theti disid and messicuamhydride

areWhrsih eyl BuNIHiRS SURRIRA RERIRNIC Acidy Bte FSMRRYRTRRE me
disposed of, to leave 3urlfled acetic 25 acid. Substantially dry acetic acid

afofgmeniignRd s Gakyals e E BRsh b rbeldw diptidasiom Rpoe sognprises

a figst %@?Mi@ﬁ%?ﬂ%ﬁhﬁ&fﬁiﬁb{&r@iﬁgﬂi%ﬁhﬁaiﬁwgé R@B@I?m@&{@f thg ?ash
empodiment of the inyention, relating tqQ fhe production, of acetic . aciq from
SRR S SRS B e PURES B AR S0E e SHHAGR

colzmne thecavijol inesy tinidacistiftation ediunm) sylasde sosibegidrn &P 18\ rehBA2PH0m the
the first distillation, 30 colump being, a combined Jight ends removal and . ..
R QDR oA L AR e 7 i Uor T et is
trangfietesd des tart dgtifititon twiproduekescbtithehbphtismislyra wimghed from the
istillati in the distillati WO /07190 ‘ .
e B RN R A B Pt A MR Rt T e
en%ewh}ctmw_iﬁ@_@pgﬁ@ writsrersTaind eyt iptisn they apstoabidprsalie
estifify SINOlCAiSUlAlpnL QIR AR uS anqihenembodiment ol BE RIRSEFcetic
JInvention, acetic acid and acetic anhhydride are co-produced by
acid Jo16 PNy S Asatrused tardhaproessridaifindarafispieiditsatmoted as a
sidairemenyane dnkigiaixaing Qamyn 2Kk DXHONYRICi Sl sHhe distillation

.zone comprises a first distillation column for removing light ends from the
acig/apbytifsctraatipnecAlinn pfrhendeHitineadumtidahacie dgevy
impaiidrideRs sendaipddinaaecendeistiialianncalyMie tBethe column. Acetic

acjd/anhydride separation column, wherein the acetic acid is removed
RS BB DB o BT R PR AR FBIFPRRG Res to 2
fingiditiching belanetio asithbiz i idaddfghetitapadiniesl distillation column,

wher ug@g;éﬁ@%g& is are rem ch:@stfrom th%lheadgof %column agd bl

op |0$1alfy recycled, a fEast P par‘f, AcKk 1o the Fatter? figifemay o suttable
for being recycled to the reaction zone, as they typically contain components such as
methyl iodide, methyl aCetate, water and methanol, which can be reused to make further
acetic acid and/or acetic anhYdride. The heat within these recycled streams is therefore
returned to the reaction zone, and so heat contained therein is generally not lost from the
process, and so does not need to be transferred to a reaction zone feed stream.

Heavier components, such as propionic acid or ethylidene diacetate, are removed
from the processas waste streams, and heat within these waste streams is therefore
potentially lost from the process. Therefore, such waste streams may be used as the second
heat-exchange stream, for trénsferring heat to a reaction zone feed stream to prevent or
reduce the quantity of heat lost from the process.

The purified acetic acid and/or acetic anhydride streams will also comprise heat that

may be lost from the process, as purified product is generally not recycled back to the
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ends, which may comprise some water and methyl iodide, may optionally

be used to esterify any acetic acid therewith to methyl acetate, in order to
control the ratio of acetic acid to acetic anhydride produced by the
ProcesEPRfied acetic acid is extracted as a 15 side-stream PRGB!/ 004358
polishing column. Acetic anhydride is!fed from the acid/anhydride

separation column to a further distillation column, wherein heavy

impurities, such as ethylidene diacetate, are removed from the base of the
column. Acetic anhydride is removed as a side-stream from an upper

reaRiGATST thBUSolifprERgdagete ackadianhiaticcoibynide serpveare also
suitetideraplighiendniruitiesd 20:kighi s%ﬁéé}ﬁ‘i%g&%%@éﬁgngo'}g%%‘%rﬁt{e%"

h in.the purification zone may be suitable for being recycle e reaction
e g&‘fﬁ‘f&‘?‘iﬁ?ﬁ%ﬁ?ﬁé&’ﬁ%ﬁﬂlé%ﬁﬁé%fﬁ@ﬁ@%hea@%@miﬁmmmxhw
actiate imateefenddeaibadichenicthe probai auzedda, %%%J%H‘ﬁéa@é}?cﬂ(&nge

' [or acetic anhydride. The heat within these recycled streams is
S“ﬁ%?lqs%q&a%%ﬁ?’r%%’& TCTRE AR BAR AT Somdhe auriaratianreneinns

ere

purifederaiipetotiosnfromttis Rbprifressaicctdd sapsmeeneadipibge. %/Iost
m{g I [on.zane feed stream. Heavier components, such as

prepropio’nﬁirc6 grg%c%ti)ra%%ﬁglfgéégn §|/§£3 gilé: , %:r{E Er‘ghﬁ%{lga R’f‘éﬂﬁ‘i@ﬁ?ﬁb@é@%@cond

heafreichangrogrramant the aolinkio theseiakistecntmatiyijghtheliefofe volume of

wadiOBRHANKGS! HO T Ie RIAGERS, | herefore, such waste streams may be
used as the second heat-exchange stream, for transferring heat to a

redCfioResefdbe RireaFhiny prévenilbnad bedlingedduatititfotibivias ot
Iimf{@@e&mp[@gmﬂigr%giﬁqﬁ%gggq ,@%gr}’gﬁfl&getic anhydride streams
t

Wig also comprise heat that may be lost from the process, as purified
pr

s k1§ énchameteiiusiaiion pherterese fovthe carianistsh of methanol to

prodRicd: ﬁaﬂaQ&@/ﬁ@ﬂ&ﬁ%@ggwg{m&%@m‘mﬂ%ﬁh&gurified acetic acid
and/or aczetic hydride streams are also _suitably employed as the
secénd h egfl-d;i@réﬁ copbs s atonsret nivy prsat Burthsisatbomdetiontef a

metteactiorprahedeed kaariniordes ivaRenenReatioas FRm NS RIESSS

T In.a preferred emhodiment of the present invention, the second
e PSR o o G PR A ool

ea -exg ar]gsec gné rea
prodpseratistiqeidicatimadaeraress RatifRg Ot Greteaam M ISiNGere is no

Y S S AU SECE En M sirat  pure

hédetbsedlanigetemparatuas ohi2006|sfecbfhnoatdrittets lgrRnEraliyibighetinan,
Cartbg M%Mﬁﬁ&fat"&aé}ﬁp%&f&é@%ﬁ m:[l?se il Eﬁ{g?ﬂg eadtor 102 through feed line
103. Within the reactor, t‘here is maintained a liquid reaction éomposition comprising
methanol, iridium catalyst, water, acetic acid and methyl acetate. A first product stream at
a temperature of 190°C is withdrawn from the reactor through lines 104 and 110. The
contents of line 104 are fed through heat exchanger 105, wherein heat is transferred to a
low pressure steam supply line 106 (first heat-exchange stream) at a pressure of between 5
and 6 barg (0.6 to 0.7 MPa) and a temperature before heat transfer of 150°C. The |
consequently cooled liquid reaction composition is further éooled in heat exchanger 107 by
heat exchange with a cooling water supply line 108, and returned to reactor 102 through
line 109. '

A second product stream, also at 190°C, is withdrawn from the reactor 102 through

line 110 and fed to a flash separation zone (not shown), the vapour fraction from which is

fed to a distillation zone 111 comprising one or more distillation columns 1 12, each having
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10 The process of the present invention will now be illustrated by the

following non- limiting examples, with reference to figures 1, 2 and 3,

where; Figure 1 is a schematic illustration of a process for the

Pepony/IEtiv? of methanol to produce acetic acid not accordingao/¢R2006/004358
present invention; and Figures 2 and B%are schematic illustrations of
processes for the carbonylation of 15 methanol to produce acetic acid

which are in accordance with the present invention; Figure 1is a

schematic illustration of a process for the carbonylation of methanol to

a rpaitendd acane efciee reboiiesd pidebeatedtbyrimgnly Hansdisanpipiamigpam
1165 heradsoer Meakiransfarfapihesegqodeteain abands FrerRAMQ Feboiler

reaction zone feed stream. Methanol, at a temperature of 20C, is fed

L15hssaghostbimetye 1 Intofredbest 2065 soital b EmRSAGKTRS bhC is withdrawn
frot@ Mp piaifetoh4dkes tErtrtkinimdhe 6eaatesclolitthesgixfaatoine 1193th a

ithin the reactor, there js maintained a Jiquid reaction composition
SR GG TR ALY: A SR ntEF St AT B deERgRere of
30°acKtaten defishirprd dusiosipeatnr@igh lienpeXature of 190C is withdrawn

from the reactor thro lines. 104 and 110. The ntents of line 104 ar
cﬂ r}E 9%1 %onr%e%tal

fed throtgh Ada eé?(%languesﬁﬂig’f‘v% SFein NEAt IS Transterred 16 a 25 Tow -

Meghesslisdstearmestypl)2itectoh edtimeA0dxdhdegeestiempdrad prossindhe
e I t 7 t I eat
tenflen iR AONHERRA BTN 1S, TR e Aale o2
tenfpethereoHA80C s fedcivamiractoy 203 thieus e feaddinse2AdnVei b ipreactor,
theV¥ateh SupRding J08 ra0di SRt AR ERARIAn £ 02 JHHeHBR NG AR 38Hst,

second product stream, also at 190C, is withdrawn from the reactor 102

WaEHAGGHC AFIE ANDBEIHTERP R £l A FSERRIGHS StsesR At b tesmRRRFY g 190°C is

with@RRW Faatias abhichds fieestooa girtiladioTROnS kil GTMRSISIAhRTR]
or more distjllation columns 112, each having WO 2007/071902

thrpsel RSB SSERIBEA TS, MU TOISRIST TN EHE DI TEHBRETTY £598 supply line
200 eieddy- exshiiply Hfonayi N Reassdrervaartnld 4ndl RIS €00f. 1 31Pa)
Cﬁar% and a tegﬁeraﬁrﬁf of 1%OC. T%&@:ov% ate of stearga}o re %iier 113 |s{
g PREENY VEIVE 158 B LLa Cacliet SR GRe st 199 feaction
compipiiiaiy firaimrtbeopud ificidinrzsnedhr o0y bylihealdtchnteddtd tvbidgt water
exchanger 117 with a 5 supply of (%Fp ter . The cooled purified
Supé)&gilg %1%% ’sat?ga{?nmgtl%gtté)nl%geer(g uzr(%ao %a}énﬁjé@transferred to storage
thréugghdidep oD cFiganends svitlsbiasm &tioni s teatitor 302 througkdine 210 and fed
1o a?ﬁ%%%%%r‘é&ég%gﬂg %ﬁ&t éﬂ?f&z%',%e vapour fraction from which is fed to a
distillation zone 211 comprising one or more distillation columns 212, each having a
reboiler 213. One of the reboilers 213 is heated by a supply of medium pressure steam 214
at a pressure of 13 barg and a temperature of 190°C. The flow rate of steam to reboiler 213
is controlled by valve 215. Purified acetic acid (second heat-exchange stream) at a
temperature of 130°C is withdrawn from the purification zone through line 216 and cooled
in heat exchanger 217 by heat transfer to methanol feed line 201. The cooled purified
acetic acid stream at a temperature of 30°C is then transferred to storage through line 219.
The temperature of any product stream removed from the reactor is maintained at
190°C by controlling the quantity of heat transferred to the low pressure steam supply line
206 in heat exchanger 205. By such means, the additional heat contained within the hotter
methanol stream 201 fed to the reactor is removed by heat exchanger 205 in order to

maintain the withdrawn liquid reaction composition at 190°C. In this embodiment of the
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Methanol is fed to reactor 202 through feed line 201 via heat exchanger
217, wherein the temperature of the methanol is raisedfom 20C to 100C.
Carbon monoxide at a 10 temperature of 40C is also fed into reactor 202
WeoWwgheaedziine 203. Within the reactor, there is maintained aditygid2006/004358
reaction composition comprising metfénol, iridium catalyst, water, acetic
acid and methyl acetate. A first product stream at a temperature of 190C
is withdrawn from the reactor through lines 204 and 210. The contents of
. line 204 are fed through heat exchanger 205, wherein heat is transferred
mvezat%ww@@sa@gt%a%&agwm@m@ (fiessfreat ex chalye stesanm satm
in [APIOETAFS: BERCHNBRRAR ARchR NATBAR-EiR Ol MBA ARG AIGTREIARES, the

befare heat transfer of 150C. The consequently cooled liquid reaction ,
proggs Bé’i’f?é?éiglfﬁﬁeﬁs rledoBRITH e isemargaraior oftheatcdxatefiers by the
purifith seodicig yradaet $eply line 208, and returned to reactor 202 through

inlg 209.A sec%nd %{% ct stream js withdrawn from the reactor 202

I . :

thotgh e 2 TR et U8R AERHPLRss Araners sersdinatierbrminsen
invardjoouMetctiohifr i whichtis f03 tareugisfitationz0ne R HeAURMSING oM

.mare distillation columns.212, each haying a_ reboiler 213. One of the |

e T Ca e mpapic
at a frepstrausiof 3 G4l ds atrg detbinioeratioe 2021906 gheetl ding 303 OWStRAIhEO

ale [ I . Purified acetic acid (second. . ..
L R R R e b

catalysfiffeaiorsditeatit sugmpteybacatnl dobkstipinduenttesvechahgsrictdoyre of
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]gtream at a temperature of 30C is then transferred to storage through liné
are

dhrpeh besh exshare 81 3y Phstrieheebisiansfedddrolowmassantotdam

supphialin@sued @it IRAfchonanpiraliiaeihe 95&@@Weqﬁ%%ééﬁr§ﬁﬁ%%ggﬁth§6 to
regsure steam supply line 30 206 in heat exchanger 205. By such
0.7 ﬁﬁ%ﬁ@ ﬁé@&@&ﬁ?&?{aﬁ%fgﬁe&mrﬁ@afw?ﬁ ik the hdte eonsernemsisaecind liquid

reacfl0d deipositien eatiar fariBeneusR dinRat SxFhapaes ineaf @ﬁr{)_ﬁgnge with a

Cool@lai&%ien the ﬁ%jrwg liguid. reaction composition at 190C. In this
eRpBoarment of the THFASS Eests HohesBaans3A% invention,

betweend.paodli2t Midhnf addifidast héainstieratesrebianhs MR SIBURA fed
o o e B T LG A ARG R Bionere
distildaHensrenh adi rgroptiserpethan ol deedisilittienpuiiiiedsaiecatidpraguct
rebo?#e? : %Zgﬁgﬁéeﬁ@oéﬁﬂaw8%‘&@'&%%&%9, g Nl L R
a source of steam derived from a combination of the heated low pressure steam in line 306
(first heat-exchange stream) and a source of medium pressure steam in line 3 14, which
medium pressure steam has a temperature of 190°C and a pressure of 13 barg before being
mixed with the lower pressure steam of line 306 in heat pump 320 to provide steam with a
pressure‘of 10 barg (1.1 MPa). The rate of flow of the mixed steam to the reboiler is
controlled through valve 315, which is opened to a greater extent than the valves 115 and
215 of the processes illustrated in figures 1 and 2 respectively.

Purified acetic acid at a temperature of 130°C is withdrawn from the purification
zone through line 316 (second heat-exchange stream) and cooled in heat exchanger 317 by
heat transfer to the methanol feed line 301. The cooled purified acetic acid stream at a
temperature of 30°C is then transferred to storage through line 319.

The temperature of liquid reaction composition withdrawn from the reactor is
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invention. Methanol is fed to reactor 302 through feed line 301 via heat
exchanger 317, wherein the temperature of the methanol is raised from

20C to 100C. Carbon monoxide at a temperature of 40C is also fed into
Ye@eoo7/8020through feed line 303. Within the reactor, there is mansBI60004358
a liquid reaction composition compristfg methanol, iridium 10 catalyst,

water, acetic acid and methyl acetate. A first product stream at a

temperature of 190C is withdrawn from the reactor through lines 304 and

310. The contents of line 304 are fed through heat exchanger 305,
maipiainedh b0 s Warensiolingdhe mwniiesef heat teansfonag poytinbosQgessure

stedfir Sk Ali@¥ e SAFRRBANALR PIESSEHE:OfReles rfe@c?i@qeg ch{ge(l%egggr

a) and a t erature before heat transfer of 150C

mcrceongg Fﬂ@/v%(ﬁgﬁq?é P SeR3 0 O CBHR Seitsiniainie mfh%?\méﬂ@dd

reamd]eam@ﬂiauge; B by Ilﬁeﬁis@ﬁﬁlib’t&liﬁﬁliﬂlﬁf @eq%mw%&%gmlxdm MW
urne t or,302 through line 309. A second product
o S s ot 206 G ety shange.

streﬁaéw@epwtahmh@hw(mnsfmmh)pﬂmvmmxmtﬁaptmsﬁ@mmm@@ its figdrto1, in
lati r|5| 0 distil n columns
Whl%h%%%?&tf?@gr%ri% E)Ig)%ler rlef t e ﬁ?%?fffea?ﬁggﬁﬁ@r?rg uct line.

each having a 20 re |s em
As fhisadditiontindeatsdilors Iilseh@atedebm & su&edemﬂstminmd@m&mﬁrmﬁl for

heafRMPIBAIIORQEIRS &ﬁag?ﬂxéodysﬁfﬁﬁgﬂrgfo dine 3%6ca on zone,ltﬁg usage

heat-exchange stream) and a source of me um pr sure steam in

of mediuy, RreRsYRHRIM frédedrd Siklavianaten torthsermmmes il@OGahth figures 1

andressure of 13 barg before being mixed with the lower pressure steam of
line 306 in heat pump 320 to provide steam with a 25 pressure of 10 barg
(1.1 MPa). The rate of flow of the mixed steam to the reboiler is controlled
through valve 315, which is opened to a greater extent than the valves
11.5 and 215 of the processes illustrated in figures 1 and 2 respectively.
Purified acetic acid at a temperature of 130C is withdrawn from the
purification zone through line 316 (second heat-exchange stream) and
cooled in heat exchanger 317 by 30 heat transfer to the methanol feed
line 301. The cooled purified acetic acid stream at a temperature of 30C is
then transferred to storage through line 319. The temperature of liquid
reaction composition withdrawn from the reactor is WO 2007/071902
PCT/GB2006/004358 15 maintained at 190C by controlling the quantity of
heat transferred to the low pressure steam supply line 306 in heat
exchanger 305. Thus, if a hotter feed is fed to the reactor, more heat is
removed by heat exchanger 305 in order to maintain the withdrawn liquid
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reaction composition at 190C. In this embodiment of the invention,

between | and 2 MW 5 of additional heat is transferred to the low pressure MCSLLP

steam in line 306 (first heat-exchange stream) compared to the heat
wanHferistdo line 106 in the process illustrated in figure 1, in wizhRh@ne004358
is no pre-heating of the methanol feed%y the purified acetic acid product
line. As this additionally heated low pressure steam is mixed with medium
pressure steam for heating a feed stream to one of the distillation
columns in the purification zone, the usage 10 of medium pressure steam
Q%to 2 MW lower than in the examples illustrated in figures 1 and 2, 15
20 25 30 MCSLLP WO 2007/071902 PCT/GB2006/004358 16 Claims
L LA roces% for the arb%%\ﬁlatio of an alcohol and/or reactive derivative
* therddP CThiRh BroBRebisR o2 enlcohol samgrareetir aisravasivetthereot,
whdng dessd strepriassto a reaction zone, wherein at least one reaction zone
fe SH;%&-I’ITI] corygrises an altclohol an /o(%reactive derivative thereofh and

at least one-reaction 20ne 166 SrBSAT EOIHEHOS LA PR appo at
leaphansteinttignmehe feedotimamanenariess perdtote bad prasstiio Suélikiantd thereof,
Ao, .40 ' tion reaction to take place 1o produce a
o carboiyﬁfcl:ggg:igg %E)r%c]j 8§g1 8c'é’:'axr %%fé"%‘é’ﬁisﬁ%ﬁ‘g‘f?ﬁ ég ?8f¥é(?ﬁbving one or
mdka ﬁ}%tﬁé?%éﬁﬁ@ WISMQ:MD@WHM d@r}ﬂhssucaghﬁig/i@tanidﬂow
an aiineliide éﬁ%@ﬂ?ﬁﬁ@é‘i@&&iéﬂ ReAED HANSIEIDGE %tc%?tp&%%dagi]dagnd/ or
Ifas .a portion of the one or more product streams to a first
car ‘@)&9‘%%1@’ gﬂ%%im; 15 characterised in that heat is transferred from a

Se(ONERBANEHANGRTH SRR @txé@&%@%&ﬁﬂ@ﬁé%%%ﬁ%&ﬁﬁcﬁo@

efore the reaction zgne feed stream is fed to the Treaction zone, wherein
Carﬁ%yt@%ﬁﬁgéf&%dgfiﬁ%%%@%@ﬁ%ange stream before heat transfer
is (ayvenisanihgheitbenesacarimaRRIONHSHeRME one or more product
streams to a first heat-exchange stream;
characterised in that heat is transferred from a second heat-exchange stream to a
reaction zone feed stream of step (a) before the reaction zone feed stream is fed to the
reaction zone, wherein the temperature of the second heat-exchange stream before heat
transfer is lower than that of the one or more product streams. '
2. Anprocess as claimed in claim 1, in which the temperature of the second heat-
exchange stream before heat transfer to a reaction zone feed stream is lower than that of
the first heat-exchange stream before the heat transfer of step (d).
3. Aprocess as claimed in claim 1 or claim 2, in which the second heat-exchange
stream before heat transfer to a reaction zone feed stream is below 150°C.
4. Aprocess as claimed in any one of claims 1 to 3, in which the first heat-exchange

stream is a supply of pressurised steam.

5. Aprocess as claimed in claim 4, in which the supply of pressurised steam has a

pressure of up to 0.7 MPa.,

6. Aprocess as claimed in any one of claims 1 to 5, in which the reaction zone feed
stream of step (a) is a liquid stream.

7. Avprocess as claimed in any one of claims 1 to 6, in which the reaction zone feed
stream to which heat is transferred from the second heat-exchange stream comprises

alcohol and/or reactive derjvative thereof,



10

15

20

25

30

2. A process as claimed in claim 1, in which the temperature of the second
heat 20 exchange stream before heat transfer to a reaction zone feed
stream is lower than that of the first heat-exchange stream before the
heat transfer of step (d). 3. A process as claimed in claim 1 or claim 2, in
which the second heat-exchange strearn before heat transfer to a
reaction zone feed stream is below 150C. 4. A process as claimed in any
fne of Alatnsss te 3ladimadhichatiyeofikst hdainexchangén Rhistieampsoduct stream or
supply of pressurised steam. 5. A prqcess as claimed in claim 4, in which .
R L s A B T il Sk n s
phosessiasdlainbeddacting ome eftelaimeshdatardnsfewhich the reaction zone
feed stream of step (a) is a liquid stream. 30 7. A process as claimed in
any one of claims 1 to 6, in which the reaction zone feed stream to which
Deat isAransferred flamahénsavona:dalexshangd stredmicdmprispsrature of the
%'é’c‘%tb%' ?&%%ég%ﬁ%\é q@@@@/%t %[g&fbgﬁgghégp i ]tZagé P Som e second
claimed in any one of claims 1to 7, in which any proéuct stream or
nttiorcbaegeotfeam which heat is transferred to the first heat-exchange
stream in step (d) is returned to the reaction zone after the heat transfer.
5 9. A process as claimed in any one of claims | to 8, in which the
t@mperatprecesstiae clametibinzunedeedistiear Ists0t irveidwabéfayeaeation of
i lrANSTERe L %le%@?&@ms heFLEXS k@%ﬁﬁﬁ&%ﬁ@ 'z%geﬁaBEP HR53@Bnd heat-
claimed in any one of claims 1 to 9, in which at least a portion of 10 the
Pitdanemereaprosladretrsanisited toepikitiaionorene, and the second
heat- exchange stream is a process stream of the purification zone. 11. A
rocess as claimed in claim 10, in which the second heat-exchange
Etreanﬁsloépclﬁaﬁ%al@m%mmaa@id Gria/ohichrBoxstioas gdricechrogdestream is a
suiea oL PHCTERNgRbP aBRBx A MRYBRRRSARBAIIRA AWONR Alcation
claims 1 to 11, in which the process is homogeneously catalysed an
4ABfe is maintained in the reaction zone a liquid reaction composition
comprising alcohol and/or reactive derivative thereof, carboxylic acid 20

and/or carboxylic acid anhydride, and a group VIII carbonylation catalyst.
12 A process as claimed in any one of claims 1 to 11, in which the process is

homogeneously catalysed and there is maintained in the reaction zone a liquid reaction
composition comprising alcohol and/or reactive derivative thereof, carboxylic acid

and/or carboxylic acid anhydride, and a group VIII carbonylation catalyst.

13. A process as claimed in claim 12, in which the group VIII carbonylation catalyst

is selected from rhodium and/or iridium.

14. A process as claimed in claim 12 or claim 13, in which the purification zone
comprises a flash separation zone and a distillation zone, wherein at least a portion of
the one or more product streams is fed to the flash separation zone to produce a liquid
fraction comprising group VIII carbonylation catalyst and a vapour fraction comprising
carboxylic acid and/or carboxylic acid anhydride, in which the liquid fraction is
returned to the reactor and the vapour fraction is fed to the distillation zone to produce

purified carboxylic acid and/or carboxylic acid anhydride.

MCSLLP



13. A process as claimed in claim 12, in which the group VIII carbonylation

catalyst is selected from rhodium and/or iridium. 25 14. A process as MCSLLE

claimed in claim 12 or claim 13, in which the purification zone comprises

a flash separation zone and a distillation zone, wherein at least a portion

of the one or more product streams is fgd to the flash separation zone to

produce a liquid fraction comprising group VIII carbonylation catalyst and

liS\/aDOJéU’fffaﬁéisQrH@QIIﬁDﬂsdi‘lgl sayhaxybt deithandion darboxylich abidalcohol and or

anhﬁdrldg? in which,the li UId fr?ﬁtlonlls 3(9 returned toéhe reacto and tth 4 th
UF FSERERYE fE T e ofBhHEESn 28R€ rtorfierlt% uce eﬁh\?aftlvg car oxyl ighe e

peidweni/acaarboxylic acid anhydride. MCSIAP 18 15. A process as

claimed in any one of claims | to 14, in which the alcohol and or reactive

derivative thereof is methanol andlor reactive derivative thereof, and the

;hﬁoducA@xaceMaaciHa.iﬁlchinﬁapmmsfaﬁaﬂmmed irbamywhieloflelafmgidn zone is

ch the reac tion.zane IS mapyaine t int
B R R S R P R e o o
1.7 to 10.0 MPa.



