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WD 2005/ 085162 PCT/ GB2005/ 000438 PROCESS FOR
PRODUCI NG CARBONYLATI ON PRODUCTS The present invention
n general to the production of a

|
“%2@%%ﬁéygtlon product by the carbonyl ation bfY/§f2005/000438

al cohol and/or a reactive derivative thereof and, in
particular, to the production of a carbonyl ation
product by the vapour phase carbonylation of an

al cohol and/or a reactive derivative thereof in the
presence of water 5 and a heterogeneous carbonyl ation
catal yst. Acetic acid nay be produced by the
rhodlun}catalysed |od|de pronnted carbonylatlon of

medi uﬁlopngéjs% 1§§enh1glg§ecf£tlepiﬁgaxﬁefr8 %%p(%i gnélpofl’g%afboaylatlon

3,769 Ium ca ysed
ﬂ)rlotmnt dy t};ﬂcaﬂmny.lanbmwﬁﬂhlaﬂqoboi apfl/ometdaetne! derlsatafe thereof and, in

erate a 10 c nrer ci a
Bl i BRfeFRR o Fyb i RE BT Sid wihoyeERt o
EAbdAgRYibabf ﬂﬂal&ﬁb&hr}dﬁr& redctive ddt® auer tn@B6f i@fthe presence of water
facilitating product. se ation fromthe catal yst has
4§JWH§@ﬁ““F§€@§ﬁP§@H“1é%*@?ogeneous car bonyl at i on
cat al ¥&kis a@dGndyRipoddsed B 1Be SRR -BRAyded, RdidBpidRstedf
patent publications |nclud|ng for exanple WO

gEyHyBiign ofanchaEs grobopogensrys Epuigphaspasachion mpdiuggpsuch as
(?é%éxgo ;ﬁ%l g&g@{lé hass 3786 982 58e fh%:u?rf‘@ataﬂ&s%q %Hfd@? ‘ﬁﬁ‘fté‘d liquid

car by the ™ carbonylation of an al
@ingy arbanylatiae of methdead isawel-snavinepreesss and is.laperbted an d

%%ﬂﬁﬁpe??ig?/s%éleaﬁée:}getﬁlggt@?ts I%? %ggllogiﬂ%g?tg%é %eogpca?%nﬁﬁ a¥1§¥1 catalysts

ecl es
oo thy iperpose offacititahiay pm»gucft sepatation &lomghe uqlﬁysealaedt@bleeh rom

ni trogen_cont ai ni n cl.es r.ogen | added to
B O BRGTREr R PEP TS IOR  ETh MRInEH s Qesehid I 30
SahRl Y1 paent pEWlicaSodsiRIRAINE fSWRpAPE WEDEIST7al 8 Brrisess70 Al
carbOQ%latlon EP 0885870 Al describes a process for

AEFNBRL Adn of carboxylic acid and/or carboxylic
aci d W@)‘%%‘ﬂgaeée’ﬂbés@ easgsffoﬁﬁl% mn&@ﬂdf%%a% \Aglliccﬁhﬂlg the

and//or a car est er opt 1 onall
cfanrbosylahyrdvftmvaﬂwbl hndldr decagngy @mvatlwywwan ltiy:l ligutdphaselover

a\ll}%tezr%%)c%/ﬁgug%%ﬁ) nggﬂér}%ﬁaﬁg\s nQpr%3 2 grrgua Cﬁfﬁpﬁobel\%meéﬂ species on

sSeco rocar e promno
mm;axmberesm havieg ﬁmcmah greumf semcueaﬁafnmtrogmmpnﬂasmﬂgg an

|nsolu§ I m dazol ai n resin ortin .
St et EBE USSR sHEE bRy LR i
dafhlftie&pkdiiUirdin Bie shﬂﬁ)rt\/lﬂ&%}d] dufiP&ebonylation.

EP 0885870 Al 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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5 EP 0353722 A2 describes a process for the vapour
phase carbonyl ati on of one or nore alcohols, ethers
or_ether alcohols to esters and, optionally,

VB9 acids over a solid catalyst conp}){j@G%OOngO“s

pol yoxonet al at n ich the netal is at Iea
@tanttaaﬂeﬁeqopeﬁy%ow lba%# IRotsh Witheahap msupEide be,

?ﬂé%c@éf Moutal Y \Xrll\ﬂ?ng & in?Neb1d AnidaZo RURh BXERL Wsﬁlr%u%g)mng a
east one Grou VA cation, such as Fe, Ru,

Rroup| YT myptal spgcxesl @he pgcess mawge gerfgmed thhg élg%lfih% ébé; vapour

@g gesses for the conversion of a feedstock conprising
ar

on nonoxi de and hydrogen to a product stream
conprER D3P 72a2 Alalgsaribehepiofesa fordipt pour phesedarbgaigtion of one or
Iy S
AR HER, AR, B S RERbRE S aloflichily AR08, peidsover
asmii«natagtshmlaismgrmolyoaomga@mﬂnmned “pnmhdh@mstas sahleass one

d d anh n
Ffﬁ %‘6’?‘ Glrﬁhlﬁagr?n cess pﬁao {aloflc' Guét I\élm s Lv C@%npdoﬁar
pdhasiexcdweith 8 1@@&@&@@@9@5« a;itmhmbh a:aFéQRmyOat@cQ Rh, Ir, Ni, Pd
cat aI yst selected froma solid superacid, clay,
ite or nolecular sieve. The al cohol carbonylation

cat al y§%312738) Weberibdeh SRty At dBver Qb6 SicBdhtétk comprising
pol yoxorret alate anion in which a netal,. or mxture of

pASBGH Bonaxidecne SRR QISRAYST Sreams copPEYIRE 7t Ipast aecofiag ester,
g&mg%gﬂ éluﬁn@mq%feg’ thetdo® PG, ?97 @@s%rdlsﬁ’cfnb@ QHR)cgs’s for

[or t metal s, such
Rlnventmg amalcolﬂtd, eahmt an¥pr etherpira@hdrt@ exiyseetpied @pmuyta@u@ as esters,

(G rd AL TR g Wbt By oo e

sdpabi phiaty/ovef ahberdgetenogested usbalytoho batalyarsbl@ctycﬂ ﬁbmcansohd

t al
SBrratngiay 2R POgETrorHr e DiealbRorarbe R eltst Bt
Merbﬁdd?acﬁu%\/&’oﬁ@biﬁhﬂ g b palyonsialitilh@Anioh invahieh atheetdl e nﬁlﬁﬁd: of
i n a vapour_ phase, hetero enequs cargi(%all ation

w@@@egeéecmfr% Creyrad hérasd mt%@.came yyeh a cation from a
&%BF FBu PN, 990 AB6LI matet@is &el hORS RAI B8, KA RMEHPd and
catal yst activity. According the present invention
Pt Avprdfesecahqtapwmwcécqmmm Mﬂéls%%,owhem@ M jsrlo &ye Rhold and
of @ ar b t

O BB TR 0087 2 Gl M LRSS BB ERE PR it

ézem{ylavlen dﬁalryvtat 1m;ﬁotddé1yexsé of nydtdgen vapfradstgpikasetainsigg
%Pﬁ’é het er.o eneg)gs het er ogol yaci d catal yst conprising

ogsp B e LaPRPURUQIRIPCESY sl ected from Cu, Fe, Ru,

Cs, Gfe hie ndw foubll thaPskidatigh dPtwates hagha e fin 8 @gpounplidset
there is al so present in the feed at | east 0O.5w %

. beieregeneousRerbRoyafioErPEss PENERR (ST RlyAQ 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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The present invention also provides for the use of
water at a concentration of at least 0.5m % in the
feed to a carbonyl ation process to increase

VA0t an  het er ogeneous het er opol yaci d%@?ﬁ?@?gl{m%s

conprising one or nore netal cations selected from
Cu, FBhe presentQgvenign aiRp prqvides fgr themge ghiyatex atjagopgsatration of at

1%5&%%%% 1 £ £ t%aar&%}ﬂ/ﬁfx nogﬂogés%quil@atse 2E@RHAGLNY

arbon nonoxide with an’ a and/ or reactive
Ummg@teousehetqrmmfd dafalstshepmpaisioa O Pagereaaszl catigng selected

{ t d
Bb T PRy CB B IR, 1 nd PER IR B PhabGRIIR
pxbéudt bg domtmctmlgealdnan lmmybdt wrm an gragoéesl/irgegstivs dertvative a
ﬁ}g Bat on qu Ver caté'th % such as at |east 2wt %

feQt N {A° VAPRFTRIART §Y tsan {8r in the feed to the
car boryd wdtéraRa P et svates a@d/élSIec}tc]eﬂthm%r concentration

SR Y 25 M R S e o R TSR R A 0

. Pﬂi)@(%@fktpr@stentaat@%@ﬁ&ﬂfrﬁtﬂﬁﬂ o718t 19dst UPtob, GudDasta¥ieagtoRitys. BLtgd

as up to 15wt % water. Most referably, the water in

pmﬁer&bésedhq Watehia ﬂaeaﬁe%wh%&armyb?%@@gm § 5FSEREe at a

rﬁﬁﬁgﬁ‘wﬁtléagps@tf’/ 5to 15wt % By "heteropolyacid
cata conprising one or nore net al cations sel ected

from Préﬁrabl—'}se theRuaterifreshGmd/oRrecy¢le), in Klie feqtodlrgcapponylagign
gr?)g%s ?sgorr%legliaﬁ éi%ﬂg%g{}gtlo%rbf ﬁ]ﬁ {oefm‘?l %ﬁ?r'f gxchrzls um %Qn@ater

rogen 10
hmsarrdpmbmmedwduasn I:iEefeBdstu ﬂstcnatbumddlonkwoms s pasetntahe
of t e desg% t gations (hereinafter a substituted

SYBHBE ¢ 0d W% 20 addition to the one, or nore

rret al Bj‘z) &tdt@éﬁolﬁe&lmeﬁﬁbt Esmoprisag, onber mBt, méBl, cafions sBected from

[t, Ni the hetero acid ma
EpurFen BE, Q%tqooﬁjé Ir s]ﬂ‘e hd é%‘rp Ir”é’él e}t’l%re"hgﬁo‘i“f‘)%lé BfﬁgleaCld in
@HQ‘B ‘Bﬁe &4 t&elof ARIBAIrdz8s 1A0SS hE keCh&sto dﬁ(ﬁ%d—has bh s_uBE’atuted

Typi cal l'y,” the het eropol yaci d ani on conprises

by atSea@&%mf 1he dﬁ%@dﬂeééﬁty\ﬂé(@fﬁmaﬂﬁb% abstipsehbctergpobRcid) &
gc{zlgt#@ tb ggid?]@ BhlordscREltiBheE AL HBlFCy, Foase o%ebb rrtmahl

surround one or nore central atons |
B¢ amdeRtr the alaterm;n}yea:ld niﬁlyaomemsedheln@batm&mdmwél r@@dyal”l hydrogen

one no % di um
WP%B‘?‘%‘?‘F}% llj:ﬂ’{ gﬂ‘?&e tgﬁr H‘ﬁqﬁ\saﬂ Eﬁb aﬂ@? be or may

i ncl upkgisinehe ABt@bSLyacld eniCedtnipsesad- mx%eﬁa-lmkuaidlywlent
silicon or phos horus but can, conprlse

n
WSWQ@OW&TW@?}WIS#H%WB methe Ao s RETBESSR! atoms: T% S>élpﬁ“P}Wé"“l atoms’
RetouRElbse dratihie caftrathens i §synﬁﬂ@§&] kiaGhed OPhe He@ibheral atoms are

I nstance, cupric ions; divalent 30 berylli zi nc,
BBy enectr mrire REMO|ySAGHRIM, FinggieR: NENag Iy ﬁlOb&lnﬁ» TRjn and

%ﬁéaidny Bt fn?fﬁe ok HBuge BhS GRS, ﬂetcemwmm@ amﬁawhcon

romum-or r odl um i ons; tetraval ent
& ﬂhoqﬂnrus 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, sulphuir, tellurium, manganese nickel,

platinum, thorium, hafnium, cerium ions and other rare earth ions; pentavalent
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germanium tin, titanium zirconium vanadi um
sul phur, tellurium manganese nickel, platinum

&J‘ﬂ) g,};;g}mhaf nium ceriumions and ot her rare

h
DR BeRt aval ent 3 WO 2005/ 085162 PCT/ @2005?3@%&@@000438

phosphor us, arsenic, vanadi um antl é i ons;
PRORERAITSe ALSeRie| Yanrdivmh PROnY ignd hermigleat sl hemim s s

héPvalentiplink %rﬁr%ﬁh))é@fapgﬁraﬁﬁsear@!a@@km\ﬁb "ﬁ@lfyoxoamons"

pol yoxoani ons' E %/oxonet all ates” or " oxid

trolppremgtallatytieor dmetab oidedums's Shestorturaiene okiews!l known
' I

FRPE: i M AL 1 B A SRR 2,
#nowmesdwmokagg iKiegzineWies-Dawsporand Adderson-Evans-Perloff structures.
Ander . st . r
not o DRgT SRS RSB AHEE B8 ool SR BLER B8 presen
inkentjohesmptise drm\oe ntaroof mdwﬂehsre ton@temr vamdiemphiobium,

%Lg W%/‘bden dr?gnt{iﬁgig é% %ﬁﬁ‘gﬁ%{ﬁ 35?%%1@3 gﬂ&og S} Plﬁoég’}’og?s] a8 thé centra.l‘

ab@sphorus as the central atoms. 10 Typically the
subst j t ut ed- bet ropol. yaci d w orrprl se. 1
wei ghtypfe il e SERiLes g‘?}ETHPOIﬁPé:E wlagtipgise 1 &é%‘f%@ﬁ%f the

§u@st5tv{@rhhe\fﬁ 'c&hfn pr-Ebz@ab‘})k@% 5% by edighe tTee opakitedd lﬂ:&ropolyamds
usual Iy have a @8 mol ecul ar weight, for exanple
o

vvally bvge Hghomp Wegléomexarrw%eemetha@mge ifrﬁmt%@() iciamj)@
é@@?abﬁﬁgﬂtimn @@Gboqeaow chiidg lﬁeldasrdlﬁerwém

era e subst it ut ed het er opol yaci d |s sel ect ed
from Eraﬁmbﬂx, thegsbstuted heteropaliyagist is selentdddEom substituted

pLéo' SR %/CP d&h@o%oq%dmg@sgﬂ%tg@mgﬁﬁgﬁ1%g4sé@osphomolybdic
mactsemp ab yta;etlnhﬁerr]imktet‘dpelyhahél a_:ﬁlma[ag\l}&gg% gfeelx aﬁglg .
%“Ht‘?gﬁq t%??%ﬂﬁﬁ@’@e% Mb12040] . xH2O
12mblBEsHRSH Hoki la€id 3L MM 5. M@(Mo] xH20 20

12- rml ybdosilicic acid. HA[ S Moj 2040] . xH20 Pref erabl vy,
%@na%?%}w%&l@ BelSiW120u) &6 @d from one .or nore of

fﬂ“%lyaﬁésuh&é lealm[smg e%pieﬁ{o and in particular is
rhodi"um or 1ridium iumis the nost preferred

met alPrefarabbm theThesalwatien is selectedl fram ervgrohgraef thodiim, iridium

' ef?lrd%f e? azln¥i i pn%&h grho%Hxln; ?rmléﬁ’umt ﬁﬁocﬁﬁm Fi’é){hg mo%?;frg%}?e? € ‘

oxI de” suppor such as sili
metblminmas zeolites, clays, diatonmaceous eart hs,

L 30k LR B P P SR SRl s
Hafhe RfcfdThn bﬂH@dxprﬁsy@t:b/ﬁ@Eﬁ anéh /slaniR Szeolites, 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

© is typically present at a loading of 20-70% by weight of the total weight of the

supported substituted heteropolyacid, that is, the substituted heteropolyacid forms 20-
70% by weight of the total weight of the substituted heteropolyacid and the support.
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“%%98%9%@& the substituted heteropolyacid is't

. The rﬂ?e%a %‘ﬁrﬁ%ﬂ y@aacv% asea%x9§c A ﬁhhﬁrmeoaon%gpo%a;n

The support, such as a siliceous support, is suitably

in the formof granules, beads, globules, extrudates
ellets. 30 Wiere the substit uted heteropol acid is

YRBedisheos

present at a |oading of 20-70% by wei ght of the total

Rrefegaitly, ofhetdtbe suhgtippéndiheigrapalyaeif is supporfedt e sphstifuss d,

G I L T SR S R

hepertaipobstiged heterdpel@idupport . WO 2005/ 085162

PCT/ 0 /O bst.i

het e%s%ra a}&gn ?’%ohgﬁ % gl ﬁg id %Iﬁ%?ﬁ% quf oslleﬁ dp%%otn%o?gs,

b&efe%bd)jpbtqﬁcardon ;ﬂorps emﬂmimmethaﬂod]a:dlangl pﬁop&@)l,ﬁwﬁrdimnol, the

ht of t ght
?}H J PRt g’nﬁ re Pfafe“ﬁ? glfcgkfoa]t '5&8 aI cohol is
an al rgpbavd d‘en&bt@\QB of thla alcohg whidhandi2benaed adaredleimiivéto, or in

gdﬁ;}%g&q{l% ?%ﬂ?ﬂi &%]ucdgrgg%grorgggg gsa’lkyll R lerl'slg%ﬁeg%g}g ég glg(%o’l and
Bﬁ?t}ﬁﬁ@éss safishibexanedrvaivey sfidiked], #reRbablel §1clude methy]
hanol . Reactive derivatives of the al coho ch

mratptep dimpslend cdier and ragthdrierhidq. e mixuref ap plcobignd p mcw

A AL LA S, i A 1A
ceployedt | ves of net hanol for exarrpl e, include nethyl
rlnoxfl u gr%fea rga(ljc’ug‘i:3 tgh va 19 gfx gsa{hg%tlﬁg?tog éA sée %:f%? %ﬂcghol is

ehsio palfto g dtiar \:\ebhaalmpxl]c@hal thexdther endibr evestr isamedentam_dm retohytl up to

acet ere a reactive
Boélfm\’/é’f‘io\}gaéﬁ?:‘ﬂ’%ggwgﬁr’E?%Etrl}{gl?cfﬁ%g]ester of an al cohol
s empleyeide Hogatibesuchias in @Rerdk 619 Bdr of ah BRoRI ey be
and/or ester is present .in an anount up to 15

empipyRsl as e fresh faed 2ndrerhtaingd fipee aFecyel é§‘é‘?ﬂ“ in the feed.

of an alco enpl oyed as a fresh feed and/or
cihaiyhie estérr Ehusawh@emmnsltw employertas theal oy fegd.i thn
rodu respondi ng
gaél?oa%gypn Bm%uéi %Eﬁ% i aget{%%ﬂ aﬂ%‘ angraecfa%?egnpl oyed as
t he awemhalaybe Qd),dutddeiuﬁﬂg dﬁrthlbﬂm!lﬂidnqmoq&sm:&uﬁiy—product of

conprises acetic acid and/ t hyl etate. Water
BTk A PTG PRI IR AP firtDeEnesesdly o add
Wk Ratdeto tRE carbsilyBitioh tedatidndBed R Gitiv@Eedny R ehat may be
recycled to the reactor. It may be necessarg?to add

repycdechin oyger & maigtaimibe deyisg ﬁ%cﬁ?tf%‘ﬁ“ PEWBtET Byihe fed tq the

‘t%g(gltlon to any water that may be recycled.in order .

mai ntain the desired concentration of water in the
f eed Tie datlen monoxide reactant may be essentially pure or may contain impurities

such as carbon dioxide, methane, nitrogen, noble gases and Cy 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 51,

and/or up to 20:1, most preferably in the range 5:1 to 15:1.
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25 reactor. The carbon nonoxi de reactant may be
essentially pure or may contain inpurities such as
carbon _di oxi de, nethane, nitrogen, noble gas
V‘foom@ﬂogﬁ!ag?affi nic hydrocarbons. The carbon ngﬁg@?goé)goomss
(CO may be present in the reaction at any suitable
par t ilak preferrgsk embadiraent 8f {hip Presens inysptiqng the saerylptiongeactien
&%e@f&mp@{n th@/pfegengé‘ﬁtﬂy@wg@ﬁ |']3he h&%ﬁmeg(ﬁé/nt Bay He@8H to the
e reactor ih a suit lar “ratio to the
mhat@teelan ﬁsew@(”emmr@?ydr%a@ tfqed er @éﬁlv@r@gmféyd stERaEf BRAeANAIn
bl aleR B LGP bR B8 il Plor8hydi68B dichin SlioHhoess
mﬂmhet presenbingentn lit {scesdially d@st@eZ@esf/ 98HeELgas as a source of both
tg 2005/ 00438 In LidRr eferred enbodi mrent of the
Rgen; ARG &1 S0 PHSXICEr bonyl ati on reaction may be
per f’]t)feﬂi?drolgéh tWhen preeaﬁmey tof présedtr o gieneactioe ahgnj)rsmgd:de
react ant ssenti.a

th to
chepl §79}}°8@%ﬁ10f19§18g 8% &t fa énet%érr%gséée offaZFéa%;bt 1% ,[ﬁnd is espgmally

| fé@ r&tﬁéﬁbcpérﬂ@l&rﬂ‘ém eSconwﬁ:ehi With @etidnanomxiddesichicht the hydrogen

nitrogen. Where hydraogen is used.i roces
plsarbgp ewapkids H\?é%f?t@rin thetreacgoré%%é???faf 5@, SHTEE lafaq 8 2501 most
ﬁr ﬁﬂh@ﬁ§ﬁgggp$0§§uﬁlsource of both the hydrogen
e carbon 'nonoxi de. The hydrogen, when present,
may Behepresseef theinyprsiop sxyioe 9Rcrated ahielew) pimgspleric pressure, but
r
G SR e SR
ﬁmpanaﬂ@bmgfron1or conbi ned with carbon nmonoxi de, such

e iR S YRl Bri Rl A e PRI R i3 460 &7

st th@pﬁﬁﬁd‘aabbper bperhtirg témplﬁgﬁuﬂe b]aﬁlgtdapérﬁlaﬂ.t onfhethermal

process of the |nv§i % B be OFS ted at B IZ#O ;
Fé%h*f}b%(ﬁlﬁ theicatalysk SEICERL IR E tenfPeralire fSdp |r9n&9p‘é &9 &G mgs
ﬁr@fe?slbly%t%ﬁéﬂﬁgemb fbhsos@nge from1 to 100 barg,
preferably from1l to 20 barg. 15 The process s

sui t aBleyprensps is swiadlaper @np@c}ﬁyeqogfag?@g ihA rftaﬁ@n‘is éi‘ﬁ@éh? Fagpfyst at
%g% ol ﬁpaggvelbagf (g?g—’g&gﬁ dﬁ e riRRFonP PRY 8110060 b, Preferably the

nper a bei n ant on the thermal stability
GHSWheunheadngsl‘SOOt@rfé)D@hébl y the tenperature is in the
range,.150 to 250 pr t
to 25Ot Pressss ra?%gé %%erellsf%d a8 btea{cgll o?%ﬁ{m#xgus égcegsagge?ergﬁ9 asa
mahm&bmegshe reactants with the catalyst at 20 a

as hourly spac el th f 1
? 0 166%0“‘1)‘/?%8“ p(:?lé}l/%vy ltpgtﬁ(ﬁgbs Vl)eference to the Folfowin gr exg]mp es.
Examples
Catalyst A preparation

A rhodium-substituted hetefopo]yacid catalyst was .prepared as follows.
RhCl3.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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GHSV is in the range 500 to 5000 h-'. The process
maybe operated as a batch or continuous process,

f y as a continuous process. The inv ion
Vﬁéﬁog/ﬁ%ﬁ% be iIIustrat ed by reference to the ?gﬁ"cga\?()ﬁ/gomss
anpl es. npl es Catal yst_A preparation A

Wdalpqmrshm e L’:‘F’éld‘ TRUPBPEHOTIf abhits it pEishegassing a mortar
Qfd‘;ﬁﬁieeﬁda&nfs@évle@%gwe MI%t bRRArAL 91zt 613-1.6-M5E209. 26,
74 g) was dissolved in nethanol (ca 200nl) wth

r €nutes. After stirring of the rhodi um
m Xt ug ﬁumggr dt légge?m&%@%ﬁlgd Mty a3Png water concentrations in the
M[P\MZMO drich, FW 2280Hg/ nol , 10. 657 Q)

arglchy 6o wffemnégawhquﬁgsnaép valocitigs (] 367)4169 of silica

de G57, FW=60 g/ nol, 1-2 mmparticle size)
éﬁ"%?nleﬁfgdded The solution was then stirred for 4
hour s3 mNappnoxAng@ﬂ rdalydid Whsashkrgad®o a qmsﬁlsrremrmothaa

rota va nd t de
bt i PREE i PRl o ARl R 3B s s
\8317 barositicdtoplads Heads abooe i edtalyst. Tlmdkmtarvm poaitibgkd i ktes
d was crushed us est| e and_t hen '
SRl g G e Ml Bl e abe paPeoB R b B £ e Rifpace.
@m)@{ WShoi @SdridBetPAmOL REHITQI t tHfilaRs réattof HREnbIRERLS of CO:
were carried out at varying water concentrations in

Mg@H of 9. de HarkAH Ué’tml“\%atd’i o SP\é‘ﬁ?‘e §55°5 hmlimin, waspige énto the top
mﬂlé)l%bét Ie1§a g%\&cteﬁbﬂwtﬁﬁe ﬂo\;/ Qzag’aénéved Qﬁ&@ripﬁ‘rmu%&) the

cat al yst A was ch ar? to a quartz t ube reactor
ﬁmtahe was aappd @raduglly €°Ctmipble |190°6h déie finmadgeemdivies] & 166°C for

{
e T
fusmcd ons Ivmsd;gnaiu’aily)(ﬁéﬂ/rmm) tb 28010 Tie dybtean ohs Rit\weetetripeature

o 1 R b toaeatibred i e B PRuBhol R ateRE BT B8
Tad1d heel6 dbrtlkuidRed H6w phrametdB) dererfad toath®fop@Ptlie reddidettia a

of, 9: 1. Cargon nonoxi de at a gas flow rate of 150
STINgR P d be Hguid gnd epssensirenstantsipassred dpwn thrgehythe regcter g,

%taq'fqmcm&}ﬁ Tht ﬁaﬁle trhp ORISR ehil £)HABNsRS {hfherdeddn an ice-bath,

m nut es, furnace was heated gradually (5Cmn) to
umhetn@dfmdv&sevqr@wahaWédﬂmgawe@qoévctwe@o'emeﬁ vigg T-

g mﬁh@d‘&?&&ﬂ fo%ta(ﬂnigga tleesrvmf id § OiFs gng?gg g@ﬂk%ﬁyme liquid

ttap W agichinged e23¢ Gourking agyssztampiam thlehtduehg thempddlabfieah 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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15

for 15 min to fully equilibrate and then liquid
rret hanol and water (where used) (see Table 1 below

ujd feed flow paraneters) were fed to
ZOP?{Q% gé’factor via a syringe punp. The |IunéT/§’R 081000435

gaseous react ants passed down through the reactor and
iquid trap. The liquid trap conprised a

C 0' | 'lgxgr& gﬁ%sﬂﬂﬁrﬁ%&g&e kyfds %Beétébeaskiﬁlt BrampMer @ 3 &8ept that a

cts were isolated gaseous products

GHS‘é o@ém/é dnd | @ g offcatylyse éewa:somchTh@ mguiﬁs afdpramiriep 4o 6 are
é%'lﬂﬁa%% Bapl es via a gas syringe. Typically, the

I qul trap was changed every hour and a gas sanple
BgerinadoeB during the mddle of each time segnent.

Li qui

equi 61318 &atnpysﬁtést}’@é)?%%?ﬁ% %\’ég p E)?am&)qg% t%%%@gbt that
shew et wds, addéhe tbachbeylavien maemml fgesie’(lfh@nsﬂtsfaﬁ lixperohem® are
as ng@ to aph. Post-reaction the system was

B‘Wp‘l“ £er nébﬁ “ged with nitrogen before rempving the
reactor fromthe rig. The GHSV was 1800/ h. Acetic acid
and nethyl acetate were products of the reaction. The
Falplikiayrd ERARRTACS 0 3 are given in Table 2 bel ow.

2tk BET T e NieAH Feed C AR Bdedt €5t i Ng procedure was

repeated ag for Exanplies 1 to 3 |lexcept that no water
Sdﬁdﬂ/elj t&ﬁthénE@r bcr%}llt%l(m]@ﬁ rleaction feed. The
resut-ts—of ETTITETT girvien in Table 2 below. 7
W0 5005/ osaded pr cea0dh) o00dsa Exanpl es 4 to 5 The
at al yst testSan pr océ@lﬂSe vvas repeat ed as for
Exanples—1to u except—H gHSV of 900/ h and 10 m
df cat al yst I&%as used 01\éhe resul ts of Exanples 4 to 6
ake given|imglabl e 3 {pelyow. 5 Experinment B The
catalyst testing procedure was rlepeated as for
Exarrpl es 4 to 5 except that no water was added to the

f£e |ts of Experinent
:E@;re—grm—rn%lpfnﬂ&ﬂw&&i J‘F‘E’% i %W%Lg{e?ié e 1. Liquid feed
@t&fd&hﬁk-@ts9°(mﬂtlmrg,|reacw&m59fﬁjhm Feed Feed (WM %

PRatan (/[ h RAat 1cnnn

Eﬁtﬁplﬁkbé'ﬁment W;t'ér' L'e{'el 1 MeOH conv. (%) | Product
(wt%) selectivity (%)

A 0 | 178 94.0

1 5 22.7 95.8

2 10 32.8 1959

3 15 293 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
Ia 5 230 98.9
5 10 23.8 98.9




10

15

20

25

30

51.52 0.08 10 1.44 0.16 15 1.36 0.24 Table 2:

Results for Exanples 1 to 3 and Experinent A

Condi tions: 230C, 1 barg, reaction tine of 3 QE#%
“ﬁ&QWﬁW?FExperlnent Wat er Level MeOH cony. a%@@W““
(W% selectivity (%9 A0 17,8 94.0 15 22 7 95.8 2
T 18R:8 sI8FviBin Tables 2284 3 d@BoIBTatE Al by BicreReing Ithesarricmnt of water
Exanpl to. 5 an i itions; OC
PIRTRLER e o B PRy Bt o) 0T ol

Abhieedd. lAanindreddl GHbrodumy sel«{&bxit?isca&hocﬁaser(lam%chesiﬁbmtd oﬂvt/zycr ‘

9 0 22.0.98 4.5 23.0 98.9. 5 10, 23.8.98.9 8 WD
oot HRPEES itk Aot B RoBRIERSS Tty el Ee BBt pifo more
ﬁ@biuﬁ&dz?@wa@edﬁm' at mgt}ee s;tdaat/elbyhummﬂgas&ﬁa@ trthe, in

nount _ o wat e In the ee 0, t he car baon at |
g’@ﬁ@ﬁ B0y %WB{%SIO&@%%W&|m%&ﬁeleﬁﬂgwﬁl°ﬁwn§sasae I%P@v]gog
¥, WiE 6 B8 ich-f§¥das B Bwee beactommwatbﬁcoaﬁeé@ vaisemhyed in
the presence of water co-feed conpared to its

WHSHRBding PRRdurteleahd dngrepserlion i9f’39/‘a‘ﬁc?5§e/f’ ect ivity are
al so nore 5 pronounced in the Experinents at higher
space velocities in the reactor. Thus, in Exanple 2,
for exanple, shows that the nethanol conversion is
increased from17.8 wt%wth no water co-feed to
32.8WM % at a | Om % water co-feed, whilst the
correspondi ng product selectivity increases from 94. 0%
to 95.9% 10 15 20
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20

25

25 30 9 LLOYD WSE dains |. A carbonylation
process for the production of a carbonylation product,

conprising contacting carbon nonoxide with a feed LLOYD WISE

conprising an al cohol and/or a reactive derivative
thereof in the vapour phase using an heterogeneous
hetgropol yacid catal yst conprising one 5 or nore netal
cations selected fromCu, Fe, Ru, Gs, Co, Rh, Ir, N,

lpd an&i cﬂony%g /Eﬂo@esg hﬁ'i]fé r#vrddﬁctﬁ)ln%% Qa{rﬁél?rmloﬁ [B}OBLD:‘? cgrﬁ&qjsmg

| east 0."5wt % wat er, wherein the water I n

cfoﬁﬁgmig%ax%glll Boh&Gde v“.’lﬁpﬁﬁeéof QridRdad £EN61 a%d)‘@!@& ?e%ctwg del‘ﬁ/atlve
process according to claim| wherein the f

G QBIih 6 SaPur piR8SHsidg MhUeNBERbus het%rop@ly&ﬁ@@a@ﬁﬁst comprising one
according to cl a|n1f wherein the feed conprises up to
RGhotd HethBdaBbns seldfledrorNCRIRC RS DACE WIirNgi, PO akd Bl Whekein there
wherein the feed conprises 5 to 15w % water. 5. A

P BIOE S SenFifi G e [dad 0@k Riater WHE hBEBintiBvater in the feed is selected
het er opol yacid conprises | to 6 wt% netal cation(s).

ffom Aeddraa€ assclaealer. ding to claiml wherein the

het er opol yacid catal yst conprises a netal cation

5el ecA bcésk atbordingptth Wiaim 1 vhélkiu Meofad Rappeas at 1343t 7 wtWh water.
process according to claim6 wherein the nmetal cation
3.s r hodiodsss a@&orddngib oes & waaeia it fagl domptitediuptal2 Onaes whter.

t he heteropol yacid conprises a peripheral atom

&el ec efbeéss actotdie tgralp1 ehersinslid fogl cofmprits Bhe ety water.
tungsten, vanadi um niobium chrom um and tantal um

and aA penddsk atcoatig sklnet tveteih tigmestrdpolyadid asrabrises 1 to 6 wt%
phosphorus. 9. A process according to claiml wherein
thétd chigdné).opol yacid is selected fromthe 20 group

consi sting of substituted silicotungstic acids,

6i | i copwkssbdecordingg tdslainphosphiottherigstdpolyadd cdsdyandnprises a
phosphonol ybdi ¢ acids. 10. A process according to
eétaicanich seleetedfrom trindivng réliopaldapped conpri ses one or

nore further cations selected fromresidual hydrogen
1.ons Apchcabk kabidingsd alaint@tvhersis the rhetal Aatpmog esdiumc cor di ng
to claiml wherein the heteropol yacid catalyst is

& upp ok pedeso Accardir@3o shg'plp bwhereih Ghel He@DoWSEcomprises 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.

0. A process according to claim 1 wherein the heteropolyacid is selected from the
group consisting of substituted silicotungstic acids, silicomolybdic acids, phosphotungstic
acids and phosphomolybdic acids.

10. A process according to claim 1 wherein the heteropolyacid comprises one or more
further cations selected from residual hyéirogen ions and alkali metal cations.

11. A process according to claim 1 wherein the heteropolyacid catalyst is supported on a

support.

10
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12. A process according to claim1l1l wherein the
support is selected froman oxide support and a LLOYD WISE
non- oxi de support. 13. A process according to claim ?5
wherei n the oxide support is selected fromthe group
consisting of silica, alumna, silica-alum nas,

©e ol i A gﬁ)cesg Ia@%ﬁiin g% @fampﬁﬂéﬂén ﬁ%rsﬁ rtmle,céd Ebh 3R bSide
14. A process according to claim12 wherein the

RORONH G0 URROkppbe Sel ected fromthe group _
consi sting of silicon carbide, carbons and organic

pol y r@?ﬁ)cesl RecoRNify D CRMS | BHRAEIA RGO sElpdit 9 sdibcWNBER R
t he heteropol yacid conprises 20 to 70 % by wei ght
Hagadndfing BEsiti@l Alme] BRh-aRikke] 88510 LAC idloARskous earths and
support. 10 16. A process according to claim1l wherein
tithea.al cohol is a CT to Cl2 aliphatic alcohol. 17. A
process according to claim 16 wherein the alcohol is

siel ecA g césk astormigtabRlm 12 Rhddén te noPboBaaPbert is selected from the
I sopropanol, the butanols, the pentanols and the
drenpainndiging dBsiliAdnpadRie sarbaacmd didagic polymk@i m 1 wherein

the reactive derivative of the alcohols is selected

St om Aprob@asdcontie: totlain di @hdeih thehbrerfopolgati®Shdiis@R20the0 %
al cohol and an al kyl halide. 15 19. A process

Boeight basgd brothe kol meldBt afthetemipolytdikandaagiottve deri vati ve

is selected fromat |east one of nethyl acetate,

di metAylocet heordando meinhy/ vhéraiditidalcoRfl.is AC piodk £ iphatic alcohol.
according to claim1 wherein the feed conprises an

1al cohoproagss a@ordgmad chen 1 delaraimthie uieolhdi &rseletted 2dm mAthanol,
process according to claim?20 wherein the reactive
etfenélygrbpanel, issprapanel, Herbunolgithe pRMrareds and thafhekdnelsal cohol .
22. A process according to claim21 wherein the ether
18nd/ ok piobess esbrling tg clpimes whérein theaenctiwndztingtive pf the alcohols is
equi nol ar to the anount of water in the feed. 23. A
splecgekfem aclest cieng atd@lkyl ethen dn epaesfdiernidohel aparbaliyilhatideon
product is selected fromat |east one of a carboxylic
18nd A pardserorbidingde rldinesR wirerei the Pedctivk derivgies s selected from at
according to claim 23 wherein the carbonyl ation

leasionhe of methylsebteiet @aethylsther atd nhattabtodgiee of acetic acid
and nethyl acetate. 11 LLOYD WSE 25. A process

2Qc corAdpuagess ecceldiigrie daiwhkewbdrein thedeed aphpmsepamdsihgbant @ reactive
al cohol nolar ratiois in the range 5: 1 to 15 : 1.
degvatipe fheiseess according to claim1 wherein the feed

al so conprises hydrogen. .
21. A process according to claim 20 wherein the reactive derivative is an ether or an

ester of the alcohol.
22. A process according to claim 21 wherein the ether and/or the ester is present in an
amount up to equimolar to the amount of water in the feed.

23, A process according to claim 1 wherein the carbonylation product is selected from at

least one of a carboxylic and a carboxylic acid ester.

24, A process according to claim 23 wherein the carbonylation product is selected from

at least one of acetic acid and methyl acetate.

11
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27. A process according to claim26 wherein the

hydrogen to carbon nonoxide nolar 5 ratio is in the LLOYD WISE

range 1 : 20 to 20: 1. 28. A process according to
claim1 wherein the carbon nonoxide is used in the
formof synthesis gas. 29. A process according to

a &oRitgd 8 cRPE 6Srehn S @] i
ét:slerrpg}r‘ ko\g%g algdr? 1tér:te Cr ange 180 teo Sb%h?r%n%%e tg(%\l.cgl,b?l molar ratio

REDEESS A£G ding to claim 1 wherein the process is
carried out at a pressure in the range | to 100 barg.

L. A BFRES IS oRGHOD dialY 1 hReSindhdRedd M%ﬁgnseg R&drgAs.
hourly space velocity is in the range 100 to 10000

37 . BBrocds RERERSSo BRAPLEHVRGeih thehlydoBRnko WREEhHhok{A€ molar
process 1s carried out as a continuous 15 process.

3o isfh M6 RE8SS: 28eendi.ng to claim 1l wherein the feed
conprises at least 2 ww% water. 34. A process

28 COr AipRPesk Qcddldadfo Elah € M brBintkecafbo R choG @MY ik §&9 ifdhe form of
|l east 5 wt% water. 35. A process according to claim1
whes fast he feed conprises up to 15 wt% water. 36. A
carbonyl ati on process for the production of a

Iar bos ploatss attoptimdu claindy whebin aled révgss i@ hr6ad d¥0# a temperature in
nonoxi de with a feed conprising nmethanol in the vapour
thhasg 109ite1800EPC. het er ogeneous het er opol yaci d cat al yst
conprising one or nore netal cations selected from

Johodi Aipiocésk actiotdingan diamo pp@ersin\Weair&less it feti@l dusatal B&sure in the
present in the feed 5 to 15 W% water, and wherein

ralpe et @rbary) the feed is selected fromfresh and

recycle water. 12
31 A process according to claim 1 wherein the gas hourly space velocity is in the range

100 to 10000 h'.

32. A process according to claim 1 wherein the process is carried out as a continuous
process.

33. A process according to claim | wherein the feed comprises at least 2 wt% water.
34. A process according to claim 1 wherein the feed comprises at least 5 wt% water.
35. A process according to claim 1 wherein the feed comprises up to 15 wt% water.

36. A carbonylation process for the production of a carbonylation product by contacting

carbon monoxide with a feed comprising methanol in the vapour phase using a
heterogeneous heteropolyacid catalyst comprising one or more metal cations selected from
rhodium, iridium and copper, wherein there is also present in the feed 5 to 15 wt% water,

and wherein the water in the feed is selected from fresh and recycle water.

12



