PROCESSFOR PRODUCI NG CARBONYLATI QN PRODUCTS The

present invention relates in general to the production
woahozsssebonyl at i on product by the carbonyl at iPem/GHE20e8000438

al cohol and/or a reactive derivative thereof and, in

particular, to the production of a carbonyl ation

product by the vapour phase carbonyl ati on of an

al cohol and/or a reactive derivative thereof in the

presence of water and a heterogeneous carbonyl ation

catal yst. Acetic acid may be produced by the

rhodi um cat al ysed, i odi de-pronoted carbonyl ati on of

nmet hanol in a honbgeneous |iqui d-phase reaction
medi (0 R I YRBOAYLATIGNIRRODUCTS

G
3,7 329. The rhodium cat al d,. i odide-pr .
i quts rsal MRt B IoHE SR RE e bR AR GPIB BOhuasion
prBiet B $heddaehdn§ 12008 bAke 8l c6tiv] and/onABIacti vl degivaliee th&Ref and, in
desirability of enploying heterogeneous carbonﬁégtion

pagtaqudiirytottbe poduetinn qfardarhwaylation arodpetibatthenyansus abrse
caf_'io?ngaﬂgh gp alg 5195%(}1 Iaﬁd/81a£ féa}ft?\;e &?ﬁ/fi@\llestﬂeltégfeﬂl tﬁg p&géﬁcﬁ %‘f’l water
rogeneous car bonyl ati on catalysts and thefr use

andrachefteSgonebiectatbonglativirbstalysf pat ent publicati ons

i ncl udi ng,. for exanpl e 98/ 57918, EP 0885870 Al and

EP O3esiipaoidapay keprg vwgy)i%e @@éwm-ﬁaégyaedpr setomgfed
i IEHAR RqPAARAck o piom,
dederitied afor eearbple ireS 3, 769%328. Thephodiuphesal ysade rodide-promoted liquid

het er ogeneous .carbonyl at i catal yst conpri
PhEREAEO 9108 TAaaP! s 3t Bnoath BIOGRSP JRLFIOPSTALE] ¢ 2
coaMerBdl §dRCThE H@éiragﬂil@}ld@tsenﬁ@bﬁﬁg B6tefdgeRR IS CABEEY] ﬁtéon catalysts

cont ai ni ng heterocycles. drogen is added to t

for thelporposevf failitasinggdedist separation droof the lsatalyst hagalso been

tal yti ' f t t terial duri .
ref by HaT e s coRgaurton i BREt rdBs y sttty n
nunftRr B Pkt thuBlcatlbons Aichiaig] it eRfhple AN 975798 X PEEIB70 Al

acid anhydri des which conprises contacting an al cohol

andrddl 0393732 A@r boxyl i c acid ester, optionally water, a

et noV FLAS BTR eroA¥ s b BB R, B s ObPRE Phowytic aid by e

cabs R TAti6h of ¥ 400K ARdOr dEsacivedderivatitdBefebEBaRE Hquwill phase over
catal yst conprising an_insol uble i m dazol e-containing
a hedeypaensOpRATPQNYAtAN Criglyst sanmmrisiig agroup ¥eIlagblerpgtal species on

a F?J]%@ﬁé regﬁlyhagfﬁgqﬁﬁétl%ﬁmeﬁoﬁﬂl stef%@teh I ﬁjitrgﬁeﬁ &ﬁlté{ﬁ‘lﬁgu r _

heterocycles. Hydrogen is added to the carbonylation to reduce leaching of the active

catalytic species from the support material during carbonylation.
EP 0885870 A1 describes a process for the production of carboxylic acid and/or
carboxylic acid anhydrides which comprises contacting an alcohol and//or a carboxylic

acid ester, optionally water, a first hydrocarbyl halide and/or a hydrocarbyl ether
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phase. EP 0353722 A2 describes a process for the

vapour phase carbonyl ati on of one or nore al cohols,
we@bdvenssier et her al cohols to esters and, opti opal/GB20065000438

carboxylic acids over a solid catalyst conprising a
e W Ry oler P LBbor SoRbrilpfihe
pmscmean? a Walyw coviaprisimg @@rinsoiebld anidezoipicentaiding refinatipporting a

VPG R e oS s S e B
pRisecesses for the conversion of a feedstock conprising
car bon nonoxi de and hydrogen to a product stream
conpEPIB3AY722 AT desstibenveprotesafordhe eapounphage cabpuylation of one or

ng)glcg%lf?}bo S egle sroorce)e(htse;r” E:%holh ?o:]%sgerr IaI}L]ch 06t1(:;'n2 Ylg oﬁa%(&?’]nc amds over

a36led Sdtalfst h@fnpﬂblﬁg B?ol)foﬂoﬁlmémﬁlﬂbledl \K’hl@ﬁl teirietalis ft Rast one
esters, acids, acid anhydrides and m xtures thereof,

tajgn @Wmééaﬁﬁayl pkthe @ﬁ’d%? &pls, pughas Map¥uV, PhaSeand Ta,
c&%ﬁfex?d \g{%@ G R4S %ﬁg Qﬁﬂg lcat? [ plpcl’illyas %{el RY %E%g?ﬁf Ir, Ni, Pd

roma so su eraci zeol i
afidPecul ar si eve. The aIcohoI carbonylatlon catal ysts

i ncl ude het eropol yaci ds conprising a polyoxoneta ate
ani oNSitl @fpeécﬂﬁtsé’roc%sﬁ rythe ganvegsiongf g feedstogk sempgsing

c&t{)&mn@h BS afld Iﬁ\éi n%%n%g pécml%%?e’%ni &nglﬂ'ligg"ge(ff %éist%x{el'bf 3n ester,

cation on1a and/ or
acid} alidanhydabe asl dectuiBsithefdof. 1€ 6,1BA,432 also NescriBes apnbc@ts for

LSS O Leaelee, g s sce, Wiarbig, ARl
ﬁds1 2éidhARy i Rb §§d frp@treks Riger&draRhich bYoctls &R%e conducted in the

et erogeneous al cohol carbonylation catalyst iIs
vaprr phasd ogr alsaterogerivpuy dgehwl carbanylgaustatdyst ededted fiomg solid

e e

@‘ESIyaHG& %@Qm?w pol§axdinctilaildn@h iRMaEESSmdtal,| or $hikGire of
etero yaCI cat al yst conpri sing one or rmre

mvéqlsalseleq@ fam @wes‘h rapd dametals a gosmplexad; with g cation from a
n‘gag}%% ﬁ'i %ghg C%%cggrnfl &?ﬁ‘é?sngucgns% 0[¥u C&? C% Rh, Ir, Ni, Pd and

for e’ produc ti'on of
Pfl Ao ﬁa@t&ieamb@mp@n@dmonmhsspmﬁpom whafeomi mnn ®xi B8, Pd and
combmatlons thereof. US 6,127,432 states that the stability of the heterogeneous alcohol
carbonylation catalyst is improved by use of hydrogen or a feedstock containing

hydrogen in the carbonylation process.

We have now found that addition of water to the feed in a vapour phase,

_ heterogeneous carbonylation process utilising an heteropolyacid catalyst comprising one

or more metal cations gives improved catalyst activity.

Accordingly, the present invention provides a carbonylation process for the
production of a carbonylation product by contacting carbon monoxide with a feed
comprising an alcohol and/or a reactive derivative thereof in the vapour phase using an
heterogeneous heteropolyacid catalyst comprising one or more metal cations selected
from Cu, Fe, Ru, Os, Co, Rh, Ir, Ni, Pd and Pt, characterised in that there is also present
in the feed at least 0.5wt% water.
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conprising an al cohol and/or a reactive derivative
thereof in the vapour phase using an heterogeneous

wedosnggiel yaci d cat al yst conprising one or norECTeBal05/000438

cations selected fromCu, Fe, Ru, Gs, Co, Rh, Ir, N,

Pd a i ! ' t

n e plosefi ANVABEAIG Bt s Kothe bkt Suatet o b BON R of
ldastvESWi%0 in thE Seedpo e\ciadaesylhﬁam proecess seinofeavethe acta'a\tityaof an

concentration o{ least 0.5Wwt% in the feed.to
hetgroggRRAUENFIEIOPH yaeéscgt X5t FHRREHLONEE mpre Mefal §atbqnse§ﬁlected
ﬁjaﬁ{ €h,98CRE00S, ¢ RET RPREMRCIHE P A Bk pRddueQsPs 1 aséd?gor@']‘a%on

nore’ netal’ cations selected from Cu, Fe

pﬁ«ipctﬁky contactibg carboh srodoftle withtah @lcph@jdmdtqr mcm’?e éxerlvatwe

car | ation product acting carbon nonoxi de
thrs “?a CAPRYN aWF5§31¥8§€1?' %e derivative thereof in

the YaPpQMler RRFIR fRYR vabidiadd/6Rfcaldlsd watthe water may be
fresh water and/or recycled water. Preferably, the

wat ePreférablyhthg w@ﬁejr(frpsitwoé)reqmleh inethe geed te ghetqarbonylation

- pEReiRaRb i B0s CuRERP SRl BRE Tl oftn R RERR PRI BgE

pidféavig! @e Wafhrlilhﬂlef@&ﬁtott@e tdBorSdtidnPydcREd O Pr3eMeess i S
present at a concentration of at |east 5wt %

coposnisation| of at tepst Sweter (fresh and/or recycle) in the

f eed ' r .

conc g%et?erg?lsr e ﬁ?&ékr?&ﬂ a%@/ d J;‘&g%zld tﬁg 3%‘:?%(2 g{euc%}lioﬂylatlon
piooedstis prE@t at Msiceprafonradpyo 20Wis watee,rsuclm ad iip‘:‘tof Eevi% water.

t he carbaonyl ati on process is present, at a

Masherstfrably thy water i1 th faaship ghe qagbony figh BERSFSPdS prgsent at a

g one or nore netal cations selected
@%ﬁnﬁ&ﬁ}nﬁgwﬁg%(p Co, Rh, Ir, Ni, Pd and Pt", as

us ed Bye€heteropolyacideatalysacomgisarpel qramxjrel metal whti@is seleeted from

f t f | _ o
efgﬁggg%ygef@ H_ég\f b%‘gﬁ“i QZBISI%W}{E elﬂ;l(gzreeap%%&leetgﬁgolg?md in
whith GH2F hdRedr &@%?,@x%gex( V85 8 thaltice heRropeRatidthal 86en substituted

het er opol yaci d) dition to the one ‘or nore netal
bg at leasi ons ef thetdestribed nat@us (Feeginsdier a@slbstl@ded Reteropplyadid). In

Pd . , _the het
8PS oot R RGP AR R S R e S o, e v
PG'aKé“Pt tﬁ@?ﬁ@éroﬁﬁza&@§1a§%bfh§h%jﬁlhh@mahbns Bech 80 réfthashydrogen

plca et eropol yaci d anj on conprises 2-18
iang pgd/or ali/(mlk swtab chtjangiselaeted from Li, Na, Rb an Cs.

Typically, the heteropolyacid anion comprises 2-18 oxygen-linked polyvalent
metal atoms; which are known in the art as peripheral atoms. These peripheral atoms-
surround one or more central atoms in a symmetrical manner. The peripheral atoms are
usually one or more of molybdenum, tungsten, vanadium, niobium, chromium and
tantalum, but may be or may include other metals. The central atoms are usually silicon
or phosphorus but can comprise any one of a large variety of atoms from Groups I-VIII
in the Periodic Table of elements. These include, for instance, cupric ions; divalent |
beryllium, zinc, cobalt or nickel ions; trivalent boron, aluminium, gallium, iron, cerium,
arsenic, antimony, phosphorus, bismuth, chromium or rhodium ions; tetravalent silicon,
germanium, tin, titanium, zirconium, vanadium, sulphur, tellurium, manganese nickel,

platinum, thorium, hafnium, cerium ions and other rare earth ions; pentavalent
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metal atons, which are known in the art as peri pheral

atons. These peripheral atonms surround one or nore
wa@ensnsgdieat ons in a symmetrical manner. The pepC¢pbse@b/000438

atons are usually one or nore of nolybdenum tungsten,

pl)éd}g;ﬁ;gllyy{gr% %Hi un‘? Qﬁﬂmo?i@(ﬁ@dhéxg{);@{tlf{ﬂurﬁ% 10%yange

Ude ot net a he“centr atons are
hejganalldry igiind i00% Smch httempbkyacids hmtalmaonownmpr'pdgommomfe

;%ayq%@lmar q 'ﬁlr@} 'S{ngtgh %&ﬁgstersrh g_mg sﬁrﬁ%{i)réa :gf égn!},e: ofl tﬂe twt;ﬁ known

ar'118§st z?r@‘ﬁ@me& HREr’ tﬁe bﬁéﬁﬁal i AheRtin BEE HElaisHER asZ Ed¥example, the
cobalt or nickel ions; trivalent boron, alum nium

stgadtireskmown ank egpan, iWiells-Bawsomi and Aardermfﬁvanpﬂuécpﬂﬁ otrurgyres.

bi s I i umi.ons; tetraval gnt

ot 1 A bRy Aci o Wi i proL AAPUTE to the present
invaRddH omipriveloRb B moﬁeedﬂrhmybuenumaa&ga% &aRhdili@l niobium,

pl'ati num" thorium hafnium ceriumions and other rare

clyamiwmiaod santabem tas thel peniphirelsaioros ad silieeneoriphosphanzsdisithg central
aantl nmony ions; hexaval ent telluriumions; and
tﬁgﬁt aval ent iodine ions. Such het eropol yaci ds are al so

knowrygigallypk )éﬁl)’s@&ﬁé(Dlilétemﬂolpﬁdi& X0 BEhpitidedlt B Yoy weiﬁht of the
"metal oxide clusters’ e structures of sone of the
syhstitucRiTooin! eationrgetgrablnd tredlodytvesighth Eheyubgfityied heteropolyacids

L R e

prfdatsls om the\ramge-2000 to #6005 nidicintinelade difeerigrcofmptaxes
heteropol%@m ds for use in the grocess accordi nt%
t he Predaably, thesehstifyged }é"é?FﬁP‘? ¥erid eselseteddiom gbstituted

s1ﬁ9$t¥9 BYBds ]! %ﬂoﬁ’yrb a(?sd gH&ERE&gﬁ xdg,girllﬁgﬂrﬂb%cﬁ%ic

tantafum as t e perlp er
aqahs; spﬁmsmbﬂﬁutm tetermpblyatidadhHiims fol]qung ﬁ1eb ycitlhie

bst|t het er, ag| )| corrpriseltoG"/by
r@ﬁﬁol’ p?‘ﬂ’é‘:%‘i}%gfﬂ%@ﬁ)ﬂﬁgté cati on, preferablc;/ 3
li?h phi&dp8biic acT@ﬁgﬂiM&EOIoﬂ‘kHQbhEt er OIOOI yaci ds

usual ly ha e a high nol ecular weight, for exanple, in
12-hngstmnigieicfacohtl 00812020]8000, preferably in the range

OOO n jpnel| di meri c conpl exes.
1%?&3@%@@&yuﬂ?ﬁﬁﬁgﬁﬁ@?v@ﬁﬁég et eropol yacid i s sel ected
f r onpgagkrably! Ak aebtad ichtiGipis @ag@t&d fromCdrdor n§ré bE ¥R digium
aci ds, phosphotungstlc acid phosphonol ybdi ¢ aci ds,

* anslestppas andspartioiads Hedie poiridhusm. dthogum Habe slosearefrred
me{a?%at?o%' ds: 12-tungstophosphoric acid H3[ PWM2040] . xH20

The substituted heteropolyacid is preferably supported. Suitably, the support
may be selected from oxide suppons such as silica, silica /aluminas, zeolites, clays,
diatomaceous earths, titania and alumina. Other non-oxide supports that can be used
include silicon carbide, organic polymers such as crosslinked polystyrenes and cafbons.
The support, such as a siliceous support, is suitably in the form of granules, beads,
globules, extrudates or 'pellets.

Where the substituted heteropolyacid is supported the substituted heteropolyacid
1s typically present at a loading of 20-70% by weight of the total weight of the
supported substituted heteropolyacid, that is, the subétituted heteropolyacid forms 20-
70% by weight of the total weight of the substituted heteropolyacid and the support.
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12- nol ybdophosphori c acid H3[ PMbl 2040] . xH20
12-tungstosilicic acid H4[ SiW2M40] . xH20

wd 2e0s0831brosi | i cic acid HA[ Si Mo120O40] . xH2O Pr ePer/aBkops/000438
the netal cation is selected fromone or nore of

Pfe?&%ﬁlg%hér% 'tlgé %tﬁﬂg&%glgﬁﬁ)mxagﬂ;qﬁ %ﬂ@& 'tﬁé’%lﬁ)rstlfu?r:d

mor iril | um erre
héeredopblyaédtliiopresehinat Slobdihg bfis@45Yteiyeweight (yfahe thtalsveight of the
pr ef er abl supporte Sui tably, the support may be
mg@pg@égamg §ﬁﬁgorts such as silica, silica

/ al uﬁ}e@éﬁblazt‘ﬁg Lﬂcbﬁ& Jis sA ﬁYﬁman@' mbmmga tsqatclaﬁ,on atoms,

titania an um na. non- oxi de stpports that can
pteéeratsgd to6@athde aginhs, am;ﬂuchlag metﬂxanoloetgaml,mrpmnphmcg)rwuhl the

as crosslinked S yrene C ons support,
butgpefs.fentangls Iaf’%gﬁ?ﬁ%‘ ts erre lcggf’l?lémeyhﬁnﬂfet he form

of gRMHVEAeriPRAES of Ik Qi@bjh&smamay@ehs&i Aranh@lelfatiSe to, or in

Where the substituted heterop O|§aCI IS supported the

additiett o, theedcohel isclyde byeer morteglialiyyli eghers, y:stprseﬁéhﬁ althOé and

ol u BBl SR B ancl Tof g gl by

a@e@ﬂ%@tdlﬁqeﬂ@ﬁeth@ffaﬁﬂ QRPhyl 36dide. f QiR tuddof AOMedho] wed 8Fdacie
t he 't ot al i ght of the substituted heterogolya0|d and

deriyative gisorof, ﬂor efaspldp ynixipFreefanethenod apd methy| agtate, may also be

het er opol yacid i s supported, the substituted
elﬁlgtoél?gpol yacid is present at a |oadi ng of 30-65% by

Vei giWhedd a tdactitenderlvatived @ioh aohn tther aruppestet 6flan alcohol is
substituted het erogol yacid. Preferably, the alcohol is
employpd mgsthreewah abRlsphdla (e gher ang/og EStEra‘P BERseRitlp 3R amount up to

(@{ 1?lfo?ar ailno'ilgt (ff \gﬁé\ﬁ%&em ﬁgﬁ? féteﬁ'm udi ng net hano|

noI propano ropan e but anol s,
pent ane f@cm‘ﬁildﬂﬁxm’mdwh adaipethteoirancs@t obirodlcotwl may be

nmet hanol . Reactive, derivatjyves of the al cohol which
emplpypdaga g %ﬁndé?rtw%ﬁ %%‘“@6“3’6?" 45§38 di t i on to,

- the aheelgby h)‘l'ﬁﬁJn @d&'ﬂf‘s LharbBxy fic deiglakiWor flehSfespoRaing! S

of the alco al kyl hali es Suitable reactive
ca‘fboxylmtelstcesT huf, wisdréengtilapolfie nmekamb hgtheiatoholdieedighéry |

T CTONR TR e S
ZIX 2gWaﬁeIé}n£9 B pHo8uRll dIBAS ﬁﬁ@artﬁ)ﬂylaﬂﬁﬁ Bbﬂce@ca@taq;y%roﬂiﬁ:‘l of
esterification. This water may be recycled to the reactor. It may be necessary to add
“fresh” water to the carbonylation reaction feed in addition to any water that may be
recycled in order to maintain the desired concentration of water in the feed to the

reactor.

The carbon monoxide reactant may be essentially pure or may contain impurities

such as carbon dioxide, methane, nitrogen, noble gases and C{ to C4 paraffinic

hydrocarbons.

-The carbon monoxide (CO) may be present in the reaction at any suitable partial
pressure, such as a partial pressure of at least 0.1 bar. More particularly, the CO may be
fed to the reactor in a suitable molar ratio.to the alcohol feed (and/or reactive
derivative), preferably at a CO to alcohol molar ratio of at least 1:1, such as at least 5:1,

and/or up to 20:1, most preferably in the range 5:1 to 15:1.
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enpl oyed. Where a reactive derivative such as an ether

or an ester of an al cohol is enployed together with an
w@bwmelkegdi6y the ether and/or ester is present iPCHGB2005/000438

anount up to equinolar to the amobunt of water present

In type ' ' ' :

or ol aepfked PRRBAR e Gkl kBT e B0 lpir Rkction
mbgbelpaticthed i thegiraedcd oftmdeogeaclind leydsogenaractarit enay be fed to the

AP st en prech 1 SN S A L
inﬁﬁfjéﬁgp,lsgé’t?gs @b kiddsaph Qitr(fg@RdWhEﬂ%%yrﬁrg{gﬁg Mils@d irPthe process

uct conprises acetic acid and/or | acetate.
of\iht preseraynveatipn,dtis espkctilly idasjrabetoame byrihdsst gasas psowres ef both

a by- product .of esterification. This water may be
thFi‘é@‘@lgé‘blg’f(ggFﬁéerﬂgbot“%‘.dqt may be necessary to add
" resd iy diedeR! whén pRSer ahDObYprakdn®h the dictiomat #9duitable
addition to any water that nay be recycled in order to

~ hydxpgemaioncentatigasuelees a@meeinl prasswn obt 1ogst 84 bap apdds especially

f h — b '
R G e A

toCAFRPM e ox¥dedfolafRikib @ the rBididrdg enleast A [H0psi@ased :20nd 2031, most
0 &4 paraffinic hydrocarbons. The carbon nonoxi de

t
pretenyblynythsgangeds Ehto 1i0al.t he reaction at any suitable

part i I . | rLi )
Ly ol o
istpR&ferabBCdperattdiata total prelduee imtharangatiom 1t @ 100ebanp qubfotably

feed (and/or reactive derivative), preferably at a CO
from Lo e nol ar ratio of at least 1:1, such as at

| easiyonhee RMIGALLHHOMRE] dt a ERPEraRIE[EhE Pnkeiffbnt 160 to
. 1. W e h

range to 15: a preferred enbodi nent oOf the
3Q0°€Ss eretpradticeintfpenopdritmgdambanturabéing depeadariton thathetnaal

SIGHBSHTES 51y TrOODR ‘s gL e Fuha FrgE dai4 oA g mos

PRI DRGSR R0do 9804che hydr ogen feed stream nay
contalfn 1npurities, such as carbon oxi des and

ni t r Sheproctssds siikhlyrmsgormedbyisedadting threrepetante sathghe eatalyst at
a gﬁqﬁ@fg’, Slggée:\gﬁﬁé\cg@gG}@a}r)ilé ﬁ%ﬁgﬁ%ﬁaﬁlo% 168 % ﬁ(%ﬂoeh t, Prifefibly the

GHSYV is in the range 500 to 5000 h™’.

The process may be operated as a batch or continuous process, preferably as a

continuous process.
The invention will now be illustrated by reference to the following examples.

Examples
Catalyst A preparation

A rhodium-substituted hetefopolyacid catalyst was .prepared as follows.
RhCl;3.H,0 (Aldrich, FW=209.26, 0.774 g) was dissolved in methanol (ca 200ml) with
stirring for 30 minutes. After stirring of the rhodium mixture, 12-tungstophosphoric acid
(H3[PW12040].xH20, Aldrich, FW 2280 g/mol, 10.657 g) was added with stirring for 1
hour. 6.416g of silica (Grace, grade G57, FW=60 g/mol, 1-2 mm particle size) was
then added. The solution was then stirred for 4 hours. After 4 hours the flask was

transferred to a rotary evaporator and the methanol removed under reduced pressure of
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t he hydrogen and the carbon nonoxi de. The hydrogen,
when present, nmay be present in the reaction at any

W@ osakdie2 hydr ogen concentration, such as at aPQEEGBR@E/000438
pressure of at least 0.1 bar, and is especially fed,

3% D& fg??ﬂ@ﬁ?ﬁ&)%%d%r x‘aﬁgecsqmﬁ' PEY s¥fid WaSEUHRA usi nga mortar
nonoxi suc e hydrogen to carbon nonoxi

amippeatle amat then sievedie gieaxtatalyitof partickesste 0L5-2@® mauch as

C1: 0,to0,20:1, st preferably in the range 1:10 to
M&ﬁ&of the invention may be operated at

bel oW rak{Hes BN@!pefimRh@ S arribdibuti a$ vy fewasfl dbneRRFa8beSin the
at a total &ressure in the range from1I1 to 100 barg,

fepd endataiioydiffergnt gas houdpspsge gelomhes KsldT¥ss is suitably
erforned.at a tenperature in the range from 100 to

E—g%@&g‘ligépractl cal upper operating tenperature being
dependanippeok. Sapof denyeIA whadtiatdedito @fquaﬂﬂﬁmat@bmwm a
Preferably the ten&erature is in the range 150 t

supgoRtive r%émosm@ﬁé ithe ynifdie of thertubgyd he W’Ctoé %d@n ﬁmber filled

Y T
mvdﬂl«mf 4 ver(iCiBvhadawith esnlatigelagpiamal (e topaddiddnhoflthe furnace.

Preferablyth GISV js i he range 500 t.0 5000h1
ken grapesis a n&yleal@nalpwa @{jtoatee auaa%ﬁrewfefrm@m laryatipef CO :

MROREGES: 1 tha‘?fuﬁ{ ﬁghélyb&éataal %g%g{kg%@ 180 %ﬁﬁﬁﬁl -wab'1€d intp the top

I nventi on now y reference to
off thé Feavion giaexfiop neser. Breangtdtds flQatvedsyashieedoafe ar htironesAthe

A A T —
2@mf rQ)no‘O@ﬁleqh§§ﬁiyV(ﬁQhé WalBEDANRL cz(tﬁ?st%@t@%)ncﬁ"tﬁﬂe the

stirring for 30" mnutes. After stirring of the rhodium
fumace orae hedtgd gwdgaslty;((jﬂ@@phbm B0ECi "ﬂle(ﬂﬁstﬁmmm]at SeRiprature
h, .FW 2 / 10. 637 dded with
100 il eam st Sokgtog g m T in P M g (see

T4BM 1 bEMRORr tighil feedlfi A Phaaicterd) vReré fed@d tNESP of the reactor via a

syringe pump. The liquid and gaseous reactants passed down through the reactor and

into a liquid trap. The liquid trap comprised a coil condenser immersed in an ice-bath,
where the liquid products were isolated. The gaseous products were vented via a T-
piece containing a septum for taking gas samples via a gas syringe. Typically, the liquid
trap was changed every hour and a gas sample was taken during the middle of each time .
segment. Liquid samples were analysed on a gas chromatograph equipped with a
boiling point column and a TCD detector. Gas samples were analysed on a four-column
gas chromatograph. Post-reaction the system was completely purged with nitrogen
before removing the reactor from the rig. The GHSV was 1800/h. Acetic acid and
methyl] acetate were products of the reaction.

The results of Examples 1 to 3 are given in Table 2 below.

Experiment A

The catalyst testing procedure was repeated as for Examples 1 to 3 except that
no water was added to the carbonylation reaction feed. The results of Experiment A are

given in Table 2 below.
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then added. The solution was then stirred for 4 hours.
After 4 hours the flask was transferred to a rotary
wer@posdasonr and t he net hanol renpbved under redPCEGB2005/000438
pressure of 337 nbar for 1 hour to yield a red/orange
EsShbils 4thiss solid was crushed using a nortar and
then sieved to give a catalyst of particle
si zeTke &itdlyq tesing Gatcathyrs twas ecaxeauag apfopddmplesA tndrexeept that a

of . .experiments r rrled out var I ng._wat e
GRSYEIRP A 3D HhokorEnysE Avanipecc heigr i ERampleg 440 6 are
i VabdPgeeIoue! ocities (GHSV). Exanples 1 to 3 5 ni
(approx 5g) of catalyst A was charged to a quartz

Mtor with a supportlve frit p05|t|oned in the

Fi 11 D6 i B roctfs SR T Rhed TR BRyhpiaB's excoptthar

né ek wat addedao Etfb&ﬁﬁ&fnylbﬁ&n Pagiidr £26&dHerreduts oﬁE@lﬁérﬁn@ft B are
a vertical furnace with insulating |agging at the top

gizerlinobablofrbelowt he furnace. Carbon nonoxi de and

nmet hanol were fed to the quartz reactor in a nolar
ratio of CO: MeOH of 9 : 1. Carbon nonoxi de at a gas
ThbReW: La§eiddtedlpirafetérsn was fed into the top of the
reactor via a flow neter. Once-stable flow was

Wakerdged af MeOB Fged ndfkFeadhe {urnace was heated
l\y to furnace renmi ned at
%@g%r) Jﬁgn{;{ér? o)r errg%ggpﬁgﬁ}fm' ority of the water

gromthe catabyst aften.00hich tifre the furnace was
heat ed nrn"lunll\/ (R(‘Ir nN—tao 230C The syst em was | eft

L.

%t tenperaf 4@ for 15|08 to fully equilibrate and
hren—t-qui ,Ill/_i&llldlIUI cg)u]f gnater (pwhere used) (see Table
bel ow fof "Tiquid fee Iowpararreters) were fed to

t9he top of {1he reacton (vidda a syringe punp. The |liquid
and gaseoub reactantsipassed down t hrough the reactor

and into a liquid trap. The liquid trap conprised a

T Rfe &iﬁpﬁ)?rEfa £ssf“9) fRx Qﬁ‘{ﬂ where the
eous products

Coidifionse D8@C, Mibard) rébetie ime ofiB dhbﬁlﬂsng a septum for

_]_es__w_a_a__g_a& svringe— Tvnicall .
Exmnlﬁmﬁpnmts Wiaterdeavebver | M6QH eony- B P‘%‘r\'ﬁf e
was taken duri n\(_ljse“;t £ m ddl e gf each tine se hivi (%)
Li qui d sanpl es ré ‘anal ysed lon a gas chro oqragﬁ

Aequi pped with g @oiling point] XJ8 um and a

detect.or Gas _slanmml

1 5 2?.7E >4-0R—2 EEI9'5.8EGI S

2 10 328 95.9

3 15 29.3 95.5

Table 3: Results for Examples 4 to 5 and Experiment B

Conditions: 230°C, 1 barg, reaction time of 3 hours.

Example/Experiment | Water Level MeOH conv. (%) | Product
(wt%) selectivity (%)

B 0 22.0 98.1

4 5 23.0 98.9

5 10 23.8 98.9
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gas chromat ograph. Post-reaction the system was
conpletely purged with nitrogen before renoving the

wo eashgiief romthe rig. The GHSV was 1800/ h. AcCPCT/GBawb@00438
~and nmethyl acetate were products of the reaction. The

resul,.ts,of Ex les 1 r iven.in Table 2 bel ow’
ThsEslsinfin & TREe2e § Serto Rt b hatiine figamount o water
intBPRRY eslthe TafbohylmiaiRh&fonlimpeov@d exdBiiol tidfersivh Way BE

was added to the carbonyl ation reaction feed. The

achgaygdl.tAn BreEsEmrogiiet SAECHVRY 4 aleholsarved i thepresence of water .

I e 5 I - L '

oQREPYOBHATRL T dpbiheEl BB Bl N0 LIS o

prohSHeLhinathel ExPerithern$ atdrgltalr ysdce Acloaiics fiethe rddecors Elaus| ins
of Exanples 4 to 6 are given in Table 3 bel ow

Example ?@ﬁ@xa@mﬁﬁéhe‘gﬁ thay, S methanoh gonyersiQis irsTepsed from 17.8

wiBReRL R AS {Pfee 8685 4t 4 POt WaRP Lo %@t, gﬂgst er
was added to the carbonyl ation reaction teed. The

carespindsgyfrodap eelestnity iR reases flomed.0% tarahP%. 3 bel ow.
Table 1: Liquid feed paraneters Table 2: Results for
Exanples 1 to 3 and Experinent A Conditions: 230C, 1
barg, reaction time of 3 hours. Table 3. Results for
Exanples 4 to 5 and Experinent B Conditions: 230C, 1
barg,reaction tinme of 3 hours. The results shown in
Tables 2 and 3 denonstrate that by increasing the
amount of water in the feed to the carbonyl ation
reaction inproved nethanol conversion may be achieved.
An increase in product selectivity is also observed in
the presence of water co-feed conpared to its absence.
The increases in activity and selectivity are al so
nore pronounced in the Experinents at higher space
velocities in the reactor. Thus, in Exanple 2, for
exanpl e, shows that the methanol conversion is
increased from17.8 wt%w th no water co-feed to
32.8wWt % at a 10m % water co-feed, whilst the
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correspondi ng product selectivity increases from 94. 0%
to 95.9% Cl ains 1. A carbonylation process for the
we@emdugtison of a carbonyl ati on product by contBCL/GB05/000438
car bon nonoxide with a feed conprising an al coho
and/ or a reactive derivative thereof in the vapour
phase usi ng an het erogeneous heteropol yaci d cat al yst
conprising one or nore netal cations selected from Cu,
Fe, Ru, Gs, Co, Rh, Ir, Ni, Pd and Pt, characterised
in that there is also present in the feed at | east
0.5wm % water. 2. ‘A process according to claiml
wherein the feed conprises 1 wt% such as at |east 2
W% preferably at | east 5wt% water. 3. A process
according to claim1 or claim2 wherein the feed
conprises up to 20 wt% such as up to 15wt % water. 4.
A process according to any one of the preceding clains
wherein the feed conprises 5 to 15w % water. 5. A
process according to any one of the preceding clains
wherein the water in the feed is fresh and/or recycle
water. 6. A process according to any one of the
CRIgcedi ng cl ai ms wherein the heteropol yacid conprises
l1to6 w%netal cation(s). 7. A process according to
Lany Awrarbohylatien proeese donthe plodietomii@rceihonylagion product by

het er opo] yaci d cat al yst. conprises a al cation
co e B B OYT BRI e 5 G el o gbactive
deRVRGRStheREERIHE DghduP pkdseubing avheteRigBndous heRfopblyasidicanlyst
is rhodium 9. A process according to any one ofthe

coprpstsa ang ot mwirergicioh etwing selpeted o (Op dieyRei Os, EonBhi BeNi, Pd

enum as um
2.and A ardcasstitcdddihgato eRiivhrlakhatianhs b cotprides Arvish, Isuctoas at
and phosphorus. 10. A process according to any one of

leashe Ve PEAPTABLY X lHARP WiHe VAR t he het eropol yacid is

356] CRYFRAE RIS B0 KB b AR 020
withaapihad upngsitSwe%aeatdls and phosphonol ybdi ¢ aci ds.

4. A process-according to any one of the preceding claims wherein the feed
“comprises 5 to 15wt% water.

5. A process according to any one of the preceding claims wherein the water in the
feed is fresh and/or recycle water.

6. A process according to any one of the preceding claims wherein the
heteropolyacid comprises 1 to 6 wt% metal cation(s).

7. A process according to any one of the preceding claims wherein the

heteropolyacid catalyst comprises a metal cation selected from rhodium, iridium and

copper.
8. - A process according to claim 7 wherein the metal cation is rhodium.
9. A process according to any one of the preceding claims wherein the

heteropolyacid comprises a peripheral atom selected from the group consisting of
molybdenum, tungsten, vanadium, niobium, chromium and tantalum and a central atom

selected from silicon and phosphorus.

10
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11. A process according to any one of the preceding

cl ai ns wherein the heteropol yacid conpri ses one or
wore0s/081161 her cati ons sel ected from resi dual hpdr/cgems/000438

ions and al kali netal cations. 12. A process according

10t © %éﬁg% a%oahx’glgttg F&g ?x‘fjé &9né RE&Hn gﬁ'(?sj \Qhérgﬁﬁ the

het ér acl I'S supported on a support.
hefsrgpoderkis ageaed irom the golupicomsi@ingtod sebstititérbsiBegipagstic asids,

.selected froman oxide support.and a nan-axid '
slicgpiplbeic acils, phospbeluREAERAs hhPeCRIEmaly RIS 8eiiher ei n
11t he Apéllog@ss%%ﬁ%g{n?tb Sny GHEXBEpEQM aﬁinfi’sr\%’&ein the

consisting o ica,” al um na, silica-alum nas,
heteeayol yae&l compaisss ot @troone dethes cateons lssleetadi froint r@sidaal hyBrogen
. A process according to claim13 wherein the non-oxide
lo%gtﬁg’ﬂ@ﬁiaiirget%]e‘ia%?sed fromthe group consisting of

1251 | i 48R cERBESHBIng 3G bRPOTe e PreB@it CcIRMYWRISin tHS. A

process according to any one of clainms 12 to 15
hetghepodyaaid datalyss iscruppontsdaeri aisuppaidr i ses 20 to 70 % by

wei ght based on. the 1ot i ght, _of hetergpol yaci d and
130 pbpreces pecitlipidf sl 32 i fpe dupnti S sRBAGY Ao iae
suppREAM NebrChaidTuppbar ein the al cohol is a G to C 2

al i phatic al cohol. 18, A process according to claim17

l4wherfepiecesiacenrdipgde clagn 48 wheredwtheogieriapprihtgiselected from the
gr(g}é)ﬂc?)rxlngilstii%é)étg oLéluH-lir?ao Bﬁ]?ﬁ’-%ﬂl%ldt.las;%g)l#éét 3994 ﬁiat(;rgaeceous earths

ano exanol's. rocéss’ according to
andmyangie of the preceding clainms wherein the reactive

derivative of the alcohol is selected fromat | east
150ne Aoprogesgiagargmede glaim laﬁvhggetuél@heawntoafec[eaﬁuem}s sglsgted from
- .de. . ¢ e i.Ng: im19
hE%b BRABE of Scot REAESSRACTRE B TBLAT
16l easA paeessatcordingyd amyg eeadfe]aiohs i tdy$ wheiteer thahdterapblypkid

o2 e B RSNy PSSl I o
Suﬁ%_ a reactive derivative thereof.

17. A process according to any one of the preceding claims wherein the alcohol is a
C, to C); aliphatic alcohol. ‘

18. A process according to claim 17 wherein the alcohol is selected from methanol,
ethanol, propanol, isopropanol, the butanols, the pentanols and thé hexanols.

19. A process according to any one of the preceding claims wherein the reactive
derivative of the alcohol is selected from at least one of a dialkyl ether, an eéter of the
alcohol and an alkyl halide.

20. A process according to claim 19 wherein the reactive derivative is selected from
at least one of methyl acetate, dimethyl ether and methyl iodide.

21. A process according to any one of the preceding claims wherein the feed
comprises an alcohol and a reactive derivative thereof.

22. A process according to claim 21 wherein the reactive derivative is an ether or an
ester of the alcohol. '

23. A process according to claim 22 wherein the ether and/or the ester is present in

an amount up to equimolar to the amount of water in the feed.
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22. A process according to claim21 wherein the

reactive derivative is an ether or an ester ofthe
w@baehgdic2 23. A process according to clai m22 pEGBRVS/000438

the ether and/or the ester is present in an anmount up

241 0 @Gstobak adcotding RearaBnevf tief pre@idfig dldimis Meheti@ehe24. A
rocess according to any one of the precedi ng cl ai ns

carppeylation praduce &y Esieddrara At lspsh gueof 3 carkeyydie pad acadex ic acid
east one of a carboxylic and a carboxylic acid ester.
5. A process according to claim24 wherein the
25car bogytat aanrding dudaim 34 sakrent thel cirbomylation pradict dneleeted
acetic acid and nethy] acetate. 26. A process
frogatdeast erg Algcetipachaidonethybacsiatic edi ng ¢l ai ms wherein
t he 4c ] I At i@ S
26, andaitar ] flaRREk HParh oy ot e IRl vk . catfon
monogideto dlhehg) nederdhtigisah shemengeerlebdSt:He feed al so

conpri ses hydragen. 28. A _process.accardi t.o cl ai
2757 WRIPERSH SFE Rl i e o e BSOS SUTCHEN A e Tl
cothprided hyfi®glmnge 1 - 20 to 20 : 1. 29. A process

according to any one of the preceding clains wherein

281 he Acjaobess acrondiRg theclaisn Agwtieiem thhbydrogen tofcagipnirhenpixgde
as...30.. process,accpording to any one of the ‘

mog?‘éﬁté‘ﬂisﬁ@t rﬁ?gﬁslsv%(&”gb:] ‘he process is carried out at

292 t ARBEAL YE@rdifg td1hy ARGT tHQRedcingQailis-whttein fhe carbon
process according to any one of the preceding clains

est

“monheideiiusefién thedoms of syothesisigaed out at a pressure in

30.;25 Agi%a]rg (e§]s %%cit,?(r)digtg 90 ?ngr.r(gre o%ghe @g&@%ﬁc}?w@ﬁ@%{gﬁ ﬂg}?&ﬁ?ﬁsi is

e preceding clai gas

carfiBA68t #lt@apéritukSini the fahge 16M@E30DOT. t0 10000 h 1. 33. A
process according to any one of the preceding clains

3 1.wh e Aepmcash acqording tsatiyone 2f theauteesdingadaims dierdim theusocess is
carbied Sutat a pressure in the range 1 to 100 barg.

32. A process according to any one of the pre.ceding claims wherein the gas hourly
space velocity 1s in the Vrange 100 to 10000 h™.

33. A process according to any one of the preceding claims wherein the process is

carried out as a continuous process.
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