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PROCESS FOR THE REMOVAL OF CATALYTI C METALS AND
PROMOTER METALS FROM CARBONYLATI ON PROCESS STREAMS The
w@e@san479 nvention relates to the recovery of ERDGBU0E001529
carbonyl ati on catal yst and/or pronoter netals from
process streans obtained in carbonyl ati on processes.
The production of carboxylic acids and derivatives
t hereof such as esters and anhydrides by the
carbonyl ati on of al cohols or reactive derivatives
thereof in the presence of a Goup VIII netal catalyst
such as rhodiumor iridiumor mxtures thereof and a
catal yst pronoter is well known and is described, for
exanpl e, in EP-A-0144935, EP-A-0643034 and US 6, 21
1,405. Typically, where the catalyst is iridiumthe
catal yst pronoter may be selected fromnetals such as
rut henium osm um rhenium tungsten, zinc, cadm um
indium galliumand nercury as described, for exanple,
in EP-A- 0849248 and EP- A0643034. \Were the cat al yst
is PR&HCE&S H]QR EHERE&\IOMME\EATQALYH‘JEMW AL$ BINPn

I i mu¢ plres@m@iveﬁﬁomfam@gsﬂotth@fecémymf Geoupeamt @fbdngzld@@ﬁ %@t@lyst
to one or nore flash separation vessels wherein the

ang/ gt BIOYITCT SRS Aot BIOSpsS sEedrmy ehtaiged Horareonylatgnerocesses.
Vo lneley) T
i hlgﬁ‘lé gxloﬁ (gtst Co%ﬂ)tcﬁ{gh chcllg a{n(all'ﬁeglvgt'i\ga%:tlgqu%fgs%?% géc %té%g grrl%
anliyriei deappthe cfarlﬁmy]aﬁnn obaipslicii mgreaﬁﬁxteiderla@tl\d:s tineeédtiih the
acet ate i odi de i s passed to.the
presefaerot ézﬁa @@ff%%?%ﬂys{ Fre ﬁé%%%%m oMy EY O mixtyggssthereof
and®8 8af gmtot@tls Fell Rﬁb\kfﬁgﬁd isQfe s&ﬁ)te@ ?Exﬁyé Qh EP- A—0144935
pronoter netals nay becone entralne cont’al ned
EPMné)MWumdﬂﬂ 26121 d)ﬂO&n dypibdlyysthatesthacatatyhus npdmselﬂe t:atalyst

the p urjfication section of the process from
g ﬂ’%ﬁ doéomé%?rléa“? 3SR R, OF R, HIRRo BREH D,

zin®ScaRnN@R! BdRif, SAThaD Qndjxlnh‘cﬂﬂl £ dés&ib%@ ofeexQhple,1AGP-A-

catal yst and pronoter nmetals are ofteh. expensive and

08@2@8 iahl EXrd 0e43984 a Wizt thgestatymyishkodiumi thy eatallyst promoter is

; @ Z]ZIng the 1 oss of such netals fromthe

yPAGAlly MR hods of renoving metallic conponents from a
carpg Béd yahi ﬂh@ ofi)@@ﬁbﬂa 8N PArBSAAtiohl 6L, 306h KPR rddlctiof
art. 70 describes the use of a resin

acegiGrpids ﬁied@utvbteeqatmmnppswpn fogethegervictiinpasged topewtor more

fladl!] separaglgn vEALE %vth%geln h%ucgta}é!slt (I:onrlrgcgnaelntss afré gerga}ratc]eed from the more

“volatile components. The liquid fraction containing the catalyst components is recycled

to the reactor and the vapour fraction comprising acetic acid, methyl acetate and methyl
iodide is passed to the purification section of the process. However, it has been found
that a low level of catalyst and/or promoter metals may become entrained or contained
in the vapour fraction and the metals are thus passed to the product puriﬁcétion section
of the process from where they may be removed from the acetic acid product as a waste
stream and ultimately disposed of.

The catalyst and promoter metals ére often expensive and significant cost

advantages may be achieved by minimizing the loss of such metals from the process.
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product streamof a |iquid phase,
honogeneousl y- cat al ysed carbonyl ation reaction. In

WG e/ 1834p9 ocess, the vapour fraction enmanati ngp€T/oBRE0SA01529
flash vessel is contacted with the aforenentioned
resin, whjch renoves entrained or volatile Goup VIII
meMdteodserireneeng tivrlhe pompgiestsIxan 4 38rbgeyler pbesgct greproduct

Rl e el e R R R
hefBRd @l € o donthidimaichéf whits tohegyestelEirahp VONReAE Sroff the

nobl e nmetal conpounds. EP-A-1203777 describes a
Prodichsirasm olmbay 6 phrseseempgesEonshorateiittsagpnytiar aeastion. In

5800, DA LA DN RBEIT 0 L l c vise

af@emenisined regi,avhiclordnadvicn amiindd emodatile Guouh CUIHRS]lS temtained
conprising a carboxyllc acid or carboxylic acid

the{diydri de using a chel ating resin. Thus there renains
oy PR BEREEREG el LRI, BEh kel bend

podtmaera mltalhmgnbmme(algralnps antl theoenhsd fbrsatadﬂmnig mg‘ed) v@mpdund, in
the. c taI nd/or r onot als coul d be recovered

Paﬁi’?” 31"’%‘? e‘ﬁ%té ot ?%%‘tbg? ’%1‘3%3;6?188‘?‘1 cont ai ned in

ﬁM‘z@ﬁ?%d@F%?ﬁg@hf&aﬂﬁ Jﬁﬁ?ﬂseﬂ%ﬁﬂ% hoik e h%'ké-of

an al kal1 neta to al oduct puri |cat| 0
irchyguidehddiym frdue hgdrogesitaiminde albabef ound in carbonyl ation

LS SRS %E"SJH%QS%&5%%@%%%%&5?#%&0%%%%?@%% Containants
£ 5 15 dRHIpRG bR cBMbRENE GHIo DAY ol BHOSHEA eI kB Sldride

to selectively renove oup VITI carbonyl at’i on
usn@tmhybtmgstsais and/ or pronoter met aI S from
ca Iatlon roce strearrB a [ lar t
Dot BB R R S BOR 156 e Br R of bR ey

1&%@% ﬁwﬁ‘a‘lﬁ"ﬁ@h@ﬁﬂmhﬂaﬁo&?ﬂ’ eRYkRih O NINY2E834, 8 WRddbe
Accor di ngl the present invention provides a process

advgrtageqes g" @@ttaly% ané/mpmmqicr r@;telmomdlhe remmdyn aréforence to

oG R0 b 2P R RO RTPhEy b frc By of i bion
mét@ashd AREL GelPaddeliko eR@ITROMICE phriiRthtioal alyyshllyTehédorrosion

and/ or pronoter netal, corrosion nmetals and opti onal IC?/
metplg Zoundgp cabraylptien process streams include iron, nickel, chromium an
molybdenum.
| It has now been found that chelating resins having thiourea functional groups can
be used to selectively remove Group VIII carbonylation catalyst metals and/or promoter
metals from carbonylation process streams and, in particular to remove the catalyst
metals in preference to con'osion‘rnetals contained in a carbonylation process stream.
Accordingly, the present invention provides a process for the selective removal of
Group VIII carbonylation catalyst metals and/or promater metals from a liquid
composition comprising a carbonylation product, at least one Group VIII carbonylation
catalyst metal and/or promoter metal, corrosion metals and optionally alkali or alkaline
earth metals which process comprises contacting said liquid composition with a
chelating resin to remove at least a portion of the Group VIII carbony]lation catalyst

metal and/or promoter metal contained in the liquid composition and wherein the
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earth nmetal s which process conprises contacting said
liquid conposition with a chelating resin to renove at

wo e@stiim7porti on of the Goup VIII carbonyl at i BOT/GB2005/001529
catal yst netal and/or pronoter netal contained in the
l'iquid copposition and wherein thechelating resin

Cb@bi@pg reses cenpissa st leati one Hiowee finkchions igonwal  gr oup.

R G e N s e
TlﬁdeHeﬁl&hg résdis ufEbIE fort e iP1HeGRG@s Db the BraléR$/Rhtion have at least
i nvention have at |east one thiourea functional group.

onprbiopgsi fengtisgalcgrenat Thrfollewing ¢helating repsemal e wpad in the process

&,.present invention: wherein P represents
(ﬂgﬁgﬁﬁﬁggg%wg ¢kbone. The chenical backbone may be

organi c or inorganic. Suitably, the organi c backbone
may be a pol yner kbone, for exanpl e polystyrene,

poly I P /fnethacrylate pol yet hyl ene or
po|y3&§%9?§§l, ef erably pol ystyrene. The pol yner
backbone, such as pglystyrene, may optionally be
cross-1linked, for exairp@e, w th divinyl benzene,

di vinyl toluene and triVinyl benzene, especially
divinylbenzene The chel ating resin may be
or ous f the gel-type. Macroreticul ar

mac nmay he
Wl?eéglln eﬁﬁ?@ﬁs%&}}?ﬁﬁﬁ)‘/’@g}aﬁ}é ®¥§s and interconnected gel

Dhqfh%%héﬁﬁzldi d ! G
PR EhEaR B Kggg(eg@ﬂ@&r PRI for Inégl SHEBIyTRY: Ghaflc

backhameg meay- qumlymnabaCkb«men Exi enallnalcl odyséyrpmd, polyeenylate,

ac on U|ta e, for e in the process of the
ol RESEHES ity R PO Ui of $F R DAL b FRgR PPy B Pl polymer
bad¥Rink AR a§ f)@l@‘bt@/é% Qﬁa@%‘f@rﬁﬁ&%e cgﬁﬂhﬁkécp Gorf e%ﬁin@fe with
haV|ng an i norgani ¢ backbone nay al so be used

direxzibprasse, cﬁwlgml tokishe am@@wglaﬁb@zm kipsaiedy dnahylbenzene.

si | i tan a, ceri zirc a cl s and

2 edtf Pl Rundy o P BopiBhl Doty ST b £ B
Madrureibeiphesipb ahesh cotiRlsa bbftgis bed ifdchaetied g@ﬁﬂfﬁ@&r}@%ltlng in

with inorgani c and orggnl c noieties may al so

f”éﬁﬁﬂﬁyéwsﬁﬂmﬂﬁ@HEW@@é egtpleyed. present |nvent|on
Pr & S5 lec&ea! cqlteia{ilxg% ﬁﬁl@% f{n?ct ffac'l?sed Tes Iglg gsrbgg%go ymerlc

bag]?l;ab tI'Sr’gl?llatblci)for tubeinl the| ptddesscd’fmlﬁlﬁpﬁet,dﬁﬂ 1ﬂv$nttt§1u\ﬂb1|ﬂﬁ be Lewatit
TP%fI]:l%t%:ldeegnarﬁl) avgfcl’gbllg %OLJhSeyblrélg %ihgmicals.

Chelating resins having an inorganic backbone may also be used. Examples of
suitable inorganic backbones include silica, alumina, titania, ceria, zirconia clays and
zeolites such as aluminosilicates and aluminophosphates.

Chelating resins having backbones with inorganic and organic moieties may also |
be employed in the process of the present invention.

Preferred chelating resins for use in the process of the present invention have a
polymeric backbone.

Treatment of the liquid composition is usually effected by passing the liquid
composition through a fixed bed of the resin. The treatment of the liquid composition

may be carried out as a batch, semi-continuous or continuous operation employing
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conposition through a fixed bed of the resin. The

treatnment of the |iquid conposition may be carried out
w@sg00a/1reh, seni -continuous or conti nuous opePEr/iGBR0S/001529

enpl oyi ngnet hods and techni ques well known in the art

of chelating resins. Continuous operation is
mPBtheheidedchnliies WUk waaAResdrt bdhe Mg B0t REihE6hs operation
~With the chelating resin at any sui ta%l e tenperature
ispredersed- he freezing point of the Iiquid conposition and

o O SRR B ALl D g SR e 9o
tepbtabl2t WooiehBe PEOARS FoifRYT theligad cbR@odtbn ald Below the "

tenperature in the range Oto 1000C, preferably in the
tempagaIrs at whigh Oes piagatios lifwid sgmpgsitien extuhits yractetbie

akl: r - Vi

ARRRIEHE. T ERTBNR bty B AR RSTHE &% SHpIIY if i Enge o
toSWPET AreMEPNET the BMmgs YhasowSpheri c pressures may be

used if desired. The rate of flow (liquid hourly space

velFessusp)is aet & ¢rétiqal variablccmdesaeell b ratmpyrbayh onptepstaes slightly

e . . L o ‘N the
at350 o SHEAL b BLBIOML. Hob B BE Ao Gelil
subbtendsplgt cbresomee shdyi lerust difliesitgdeat ed by the process of -
the present invention may be treated in-situ or may be
. tr Breaaest floy iguiddntlycpacsvetasty) oldhe Haeidspeppeifigh tirgugh a
ﬁ&%%%ﬁ%f e &%la?ﬁ% Lk gvh? iff ?éﬂe?atl,' 'nrtﬁéfaﬂgg?%o reached
Its capacity for the cdtafyst and pronotfer netals. The
2(ciik lsath mginrtesiangerhyo 1het. be treated by any suitable
means .t o.recover . the netal Regeneratjon of the .
. cﬁgwéﬂuﬁgcm@wﬁl%tg% bsére%reibzév&pragﬁw AEDRarFrpignvention may

bgt%%gg%@r%gt@gaegﬁg%&%ﬂ@r ers. Mdre than one

chelating resin b y be used such that whilst the

| i didantket ofiihe dighidorenip®sition igcaessise dr bforuthh chelatingeskin has

bed.one or.mMre. other resin beds ar in . )
e MR CARGiY T8 PR FHAD PV ProT R T i e bp silyBey then
beStRalRIT e visQitab16 b AL MR PR GRESls | RefindBhioh @f HRCQ¥BEing
the netal S. Such destructive nethods incl ude

regip miAyste ashievpy by thegietheds re¢rammended dydbnposifottorerof t he

i S e b R s PR SV G BRLR R s imie o
coBipeRisiboa s BeihglpassetCihrduphtont ResiCBdBINESIr nddtd other resin beds are

- being regenerated.

Alternatively, the chelating resin may be subjected to a destructive process in
order to recover the metals. Such destructive methods include combustion, pyrolysis or
chemical decomposition of the resin. The resultant residue may be treated or digested
with a suitable dissolving medium, such as a Bronsted acid, such that the catalyst and
promoter metals are solubilised for recovery. ﬁ

The process of the présent invention is particularly applicable to the removal of
Group VIII carbonylation catalysts such as iridium, rhodium and mixtures thereof and
their associated promoter metals such as ruthenium, osmium, rhenium and mercury . V
from liquid compositions comprising corrosion metals typically found in carbonylation
processes such as iron, nickel, chromium, manganese, zinc and molybdenum,

particularly iron and nickel.
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pronoter netals are solubilised for recovery. The

process of the present invention is particularly
wappsiicad e to the renmoval of Group VIII car borgl/aBr@s/ 001529

catal ysts such as iridium rhodiumand m xtures

thereof and their associated pronoter nmetals such as

ruf hﬁembcm obtheipuesent ingeritigmigpattigdady) agplicablmmhei rquiiodal of

risin ryosion i cal l .
e P PSR ST Sh s LD S8 S SE P B Stipkgpained
fro@th® Birbon y1 AFRAGSMRSAo0ohd], BEchedRGnstRAND BRI rdagkitd G vatily
iron and ni ckel . The process of the present invention

thetegf gatht: ipm&pmel of aa@:f;@lup &dBIcerbopylanen paakystapn alikylhalide co-

111 S m. ca | ation

catify o SRSy G D i RO ARG Y a BRI R SucsbBERGTac TR o1 an

al Teh1afuid ssia S«iﬁoﬂl@éah@nﬂ |th@15t66€§356 ofitHeqREdehV@vaaidnahy ¥So

thereof in the presence of G.oup VI'l]l carbonyl ation
corpRiisg|aliei or@HwapRWrthn@ma&sewél@é%lhtén%tsodamemc&orymtassmm Salts

. I {on of

of & SRR Rl AR oA RRR At o iclD e hEISRERE BHABILEE, Ocess
pro@fotériyetapiliese i rhioditem tatalyssfearisdngiation Ppsdesees ahdvat are@dded to

,alkallne earth nFtaIs such as lithium sodi um and/ or
displhativasplymnsggprgligttiqnadsa) kal i /aI kaline earth netals

o o AR R s DS PR i vention may

alsqocmmemcamd:h@d canbenﬂdmi@drehaalm &ir Iekdlrapllepiﬂc@iﬁﬂ&} rtiersakalides

urification aids. The l.iquid co 03|t|o
andyQreEsieEy aéwapwefhﬁrca@@gglawn fHE2PIBRRYIPH ﬂc@ o fgphols,
suchta$ theBRRBY. i3k %ﬁ{%&V\%ér@i% tﬁ@mkz?f%begg ﬁaeﬂeﬁaa{tgn ave 196 10
.exanpl e, "al cohol's, ethers es and/'or es
carBui atalios Mor @mwardamn&ﬂyhitheo,mlksdduahdmthanagg lcmmr@rqaslmn@{toms

O al | t |
for R esP R R PRI FBERE" nco per Aol ik e 1 Cri gytic
aci§sd T&Qﬁaﬁ&knﬁeﬂfyﬁ) hcefatél n’ﬁ’h@h%ﬁﬁ @Sﬁbbﬂlﬁ‘&hﬁ‘{ay afb K:}élnprlse an

hal i des having 1 to 10 carbon atons, for exanpl e,
10d1ﬁ@tdﬁquuaf@ma@bealam, plytsehise gisedict @ agtigoay compbenditdn iglide.

sol R Bl R ey PG ARy ol BTG B o

desaribRdah RTNABY3,884. NBuitPNOGRRIARY adkisCidtife @hltPdtt idBRMbed in US
ound or an iodide salt of an alkali or alkaline

4 3%%.??43 Uret 480278 and 481 oA Jda2€P8n diby lm&mmluo@dmted in the
pro§(%| to?th%r ?esggtsl%(’élgl%% d’h%f A1) (?’({n;l)’ ?ig’s’e %%§1V6§P éongj tl%]@ the

are

carlébrfif&%mﬁ @)éocebﬁ‘rém%ﬁéﬂ &edﬂdmﬁ%mp‘&s%ﬁQéﬁé ivedh GW héra tediquid

conposition treated in the
composition is derived from a carbonylatlon process for the production of a carboxylic

a01d, the liquid composition may also comprlse water. ‘
Suitably, the liquid composition is derived from the liquid reaction composition of
a liquid phase carbonylation reaction for the production of carboxylic acids and/or
carboxylic anhydrides, preferably acetic acid and/or acetic anhydride by the
carbonylation of alcohols, ethers, esters and/or halides in the presence of a rhodium or

iridium carbonylation catalyst, a halogen-containing carbonylation co-catalyst and a

" carbonylation catalyst promoter/stabiliser.

Suitable rhodium catalysed carbonylation processes are described, for example, in

GB 2146637, US 4,994,608, US 5,001,259, US 5,026,908, EP-A-0144936 and EP-A-
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process of the present invention may al so conprise a

sol vent conpatible with the carbonyl ati on process from
woneoshiidhe |iquid conposition is derived. WierBCT/682005/001529

liquid conposition is derived froma carbonyl ation

process for the production of a carboxylic acid, the
014it9ad whichrgarsitt tlerprodyctish 9 cabopyliceeidsatyesarbonyiatiabl YS

é(ge | iquid congositi on_is derived fromthe liquid )
5.0kt Bhich Gri5HEPT TEPOTDFALON IERES Spr8 R Prosk BTy plaartspylic

! duiet i p i ds. _

D e B U8 1 2P TP TR e R A aceric
anhgdridedhyaranlywhryi atien hP 1480 70 ovhittad ésambesfthapmahai), of acetic

gt%_gs,. esterﬁ and/ or hal i des ]Lcﬂqf t.he .Hr esence of a
anpKEHRATR P VDR IRT R PRSI PlAreiafdtyst, a

halsaaghe Gontai dﬂ’ia‘]‘;&leg hBeRyhEdd ﬁ@céé@éscfl%f ?He?ﬁ‘(t) B %F .

d
carbonyl ati on catalyst pronoter/stabiliser. Suitab
cartivapiiiciaeid anlaldyideslarcaicburpetl an GB2,p3H¢Esses are

AL
16ER7A0Y4493% 408hiha Epr-eA aves 120, thaahk asueh QRbd lation catalysts

carboxylic acids by carbonylation; US 5,003, 104 iC
argl@eseribisk Sorcapivpley inGBa3 3 6Besses for -t he production

of ,carh i ¢, acids and, carboxylic anhydrides; US -

%, 5500088 e RSP DR ian 20 Wt F5Ztieq Frgmposition
is iy Hrigd @ 00Yo TS batiepiht oERAnP87870 whi ch

descri bes the production of acetic anhydride wth or

wi thediquidrempesitipn sehyctsodre ftally detivedaicpal. thesliquidstastion

AN g . C nylation..processes .for t .
colp U bE A B AR Bh o PRR) R TREER b Blor Uprmganti
aclds pfdBerdbB3Betlc/ &id Bylichidbh@atidrOsh didohoal baey| étdr®Bnd/or halides in

catal ysts are _described, for exanple, in EP-A-O 161
thegpresengg opapiridium garbapylatm cakalystg #opxtuge pf Bigdam prdyirigim

B RN, Bl0s AP SRR RSEL L DAl REp BT S
o 100 Lo 2000 b O e of rhoat i he "
. 0 . ,
|t i ga{tgﬂgg}ﬁﬁwgiGeﬁabﬁegrﬁvggmé6t¥9§eprg€ﬁ5f%%rfmﬁha SFqdpston P’gm
caltlﬁﬁ%llié AL B S hdePR 2ERMPOIEL BN, @&d&ah fwhﬂgﬁ%@s@om, EP-

carbonyl ation reaction for the production o

A-025BORYEP-AA-884 (g 4 pER{Ae D SN 9 ACRA-08402158 abg EP-A-0849243.
carb | atj.on of al.cohol et hers, te and/ or.
haSRHEe fii cathoBRERED LY e dess RO ol GOPIEER BR-A-0 643

03%ah@lpyst 79r40s. M xture of rhodiumand iridium

Preferably, the iridinm catalyst concentration in the liquid reaction composition is
in the range 100 to 6000 ppm by weight of iridium.

Suitable iridium carbonylation catalyst promoters are, for example, ruthenium,
osmium, rhenium and mercury, preferably ruthenium and osmium. '

A suitable iridium promoter concentration is 400 to 5000 ppm.

The liquid carbonylation reaction composition may also comprise an alkyl halide.
co-catalyst such as methyl iodide. 'Preferably, the concentration of the alkyl halide co-
catalyst, such as methyl iodide, in the liquid carbonylation reaction composition is in the
range 1 to 20% by weight, preferably 2 to 16% by weight.

Water niay be formed in situ in the liquid reaction composition or may be

6
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carbonyl ation catalysts, an al kyl halide co-catalyst,

a catalyst pronoter and a finite concentration of
WORi0811343ui t abl e iri di um catal ysed car bonyl at i BOT/GB2005/001529

processes for the production of carboxylic acids such

as acetic acid are described, for exanple, in

infebthiye§ G4s %arﬁnﬁat@ﬁ@%&@&bﬁleﬁiﬁﬁﬂ&@z rately from the other
EP- A- 0849249, EP-A-0849251-and EP- A-0849248." Suit aeb? e

compiogprisroE tieleaviipa comnovhen| Pisfesaly.dheeswentoibn dfovater in the

X e in EP-A-0.643.034 a ER Q,752 406.
KEMTRY Sonl Sholstiom B nRr 2B oo P8 vl e mrgfersiy. 1 to
15 wihli edpectaBt 1 @M cwivgosi tion is in the range 100 to
6000 ppm by wei ght of iridium Suitable iridium .
carbisity p&aibeRykarBydEde Srtberearbenylaion predict.dhatighid reaction
ani I i ' . ref er abl
oo SR DAL FRESH ST Bl s
0.cotbemdterat i on is 400 to 5000 ppm The liquid
carbonyl ation reaction conposjtion nmay al so conprise
Fﬁ%ﬁb%l@il%pr@éu@aw Best C%'lawha@cy%%awmg fregailde 10 carbon
: . ' ] yl.: hali .
g e L P S
anpwdrlenyl ati on reaction conposition is in the range 1
preferably 2 to 1696b¥ wei ght. Water

to O%ﬁy i ght ,.
) YBiEA RS ARV gtigh pLocesyer ARerite gl 00 14098 e ot elevated
it ' ' t tion
praQIROE U A0 0k REMLT UGS LS GRIOGT L
atroospheree abhd maf be keerriedat inoohec mpas irdaction zdeef er abl y,

t he conce hrati%% of water.in the |iquid reaction

conp®EPiab HavE-RiasE FELIRYRion@Pracessioshich Hig nieseghef the present
. . P e [0) . i - 0/ X
R RBLSLARL Sl £6,55 B SREES byl sy 0 9 o
capooylagen reabterd anguiassedea e tfiaginzammp @ prdsiwon bebw that of the

SRS W e B O b
ma‘j’érﬁg%ﬂhé@ybc@l% Ri0f RABARNY A L if8gh o RAVIHE gn{j 51‘?[?‘ of tl’éfﬂ:])rgagloter, is
car eo an S

on atoms Or carboxylic anhydride the
sepsraip@rabl 3/vapout fractai apmpmigingrentreised or emttaided chebonylation

cat-!égvg%n %%Zé%gfaﬁﬁ%n olteartsipgae , S 8%}‘?1%?0110&%{13&? ca?lgon%l a(‘ga‘t;lg 00
reactant, water and alkyl halide co-catalyst and non'—condensablf; gases such as nitrogen,
carbon monoxide, hydrogen and carbon dioxide; at least a portion of the liquid fraction
'is recycled to the carbonylation reactor(s) and the vapour fraction is passed to the
product purification section which generally comprises one or more distillation zones.
In a first distillation column (generally referred to as the light endé column)
carbonylation product is separated from the light components (alkyl halide co-catalyst
and unconverted reactant). The light components are removed overhead, and recycled
to carbonylation reactor(s). A crude carbonylation product stream is removed from the

first distillation column and fed to one or more further distillation columns to obtain a

* carbonylation product of commercially acceptable quality. Where the carbonylation

product is a carboxylic acid, the crude carboxylic acid from the light ends column may
be fed to a drying column to obtain a dry crude acid product which is then fed to a

heavy ends distillation column to remove high boiling impurities such as propionic acid
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pressure (15 to 200 barg) with a partial pressure of
carbon nonoxi de of 2-30 atnospheres and nay be carried
W@Ri05i1m40ne or nore reaction zones. In a typi cBET/GB2005/001529
| i qui d- phase carbonyl ati on process to which the
process of the present invention is applicable, liquid
as beaeis foom clapdsinkiaod to scovwer tldr @apxfytioavidheodine br somz e
car honyl ati on reactors and‘p sse%yto a fI ash .zone at a
carBpdic Acl! HFRFEHIFS: Hakt s foY P@ )it erHedpitin grsingle
coltbiBPUSbfpe addition of heat, a liquid fraction
conprising the majority of the carbonyl ation catal yst
aritlhe athowripif ogtelyst drtiéorpegrootet metat enthiengiherppodirct pusfication

ted froma va g{lfr icti.on ong S|n entrai ped

separ.
sechiph SU ISP PICATISBR YT D7D G5 R PO PR cactipRpyaditions and
als® bR @I&t (ﬁ)'il ?ﬁﬁx@ﬂoﬁ of tlﬁ%ra%ﬂyiaﬁbﬁ ﬁfbcws%ﬁﬁﬁnent

car bonyl a | e reactant, water and al kyl halide

colhalialig somaﬂ:dtwmw@dma@ldsaamrél@ag ély: sacdss a the present

it d
i be A R AN bRy P e e G op AR g ctalyst
ancr/&cm@h@eért Sulthify G RAM Ydiapéstior 86t RA{D)acéhdid ?h@ the process

vapour fracti on I's passed to the product purification

of e prisept lppintien g@q—yebeamtgm@bﬁpmagggﬂbﬁ@n &pluppy sfream such as from
{ I { ti.l | at
the élgen(éflr Lig alvg)f% %s cO u { od/§rS fr?]ﬁle gés% olf a ﬁggl g})eldqlrgb;‘\? ends and
dry@reg,rmwhaﬁ@/@ﬂfrpfrped&gtnglc@hﬁ@par at ed fromthe |ight
conponent s %_al kyl halide co-catal yst and unconverted

r eBRQ RIREGSS oF His Hirpsght Indetisanamt dsabeusedip ey wec}mmmpsﬂmns
t
col R0k S A RO ARG B U e
frodﬂ@kphh@t(haﬁmgehwm) @tﬂlﬁbrfyﬁaﬂxoh@r@ﬂ&@se@r nmore further
distillation colums to o }al n a. carbonyl ati on product

of ThegresmE PP Yot bpta b dlugtiaies Py Waysdicsatpplg only and with

fSah (el ?@ﬁ% s a carboxylic acid, the crude
e car%oxyl:“?fg amngi ro téhe light ends colum may be fed
Extapk dryi ng colum to obtain a dry crude acid product

Thg Shelalingy B BT |G S ia07: Tl ek i e rgmcals
Inc3CTHR Qb OB s L IR R r ok i [ﬁﬂgtﬁ&er e&HY, %ﬁdtcbﬁtam

carboxylic acid product. I'n sone “carboxylic acid
difforant elsdateng fungfivinabgasps, eameb/ mnmuiicctaw (Ag208y albmophosphate
I ed. out |l e . conbi ned. col um. Th anmount . of
reP L Shen P2 P el S P Feisb vt Brer e s g i eid.
In 4Bdktidnl & Rlih&a1 8¢ hicOReathbdt vEHRRRABAN MATPEWBpA R FeStment
such as the carbonylation reaction conditions and al so
with acetiveacidbinfardenta ré¢mevesfodivneionar bonyl ati on process

eqﬁleohqma composition to be treated was derived from a carbonylation process for

~ the production of acetic acid and comprised 4cetic acid, methyl acetate, methyl iodide,

water, approximately 2000ppm Ir, 4300ppm Ru, 90ppm Li, and varying levels of
corrosion metals within the following ranges: Fe, 14 — 60ppm; Ni, 14 — 92ppm; Cr, 8 —
20ppm; Mo, 18 — 60ppm; Zn, 4 — 6ppm. ‘

The liquid composition was passed through 30mL of a fixed bed of resin at a

* temperature of 20° C, a pressure of 1.5 barg, and at a liquid hourly space velocity

(LHSV) of 10. The resin was removed from the vessel, washed with water and dried in

an oven at 80°C for 16 hours. The metal content retained by the resin was then

8



10

15

20

The liquid conposition to be treated according to the
process of the present invention nmay be derived from
W@RysAIBCess stream conpri sing carbonyl ati on CERCEGBG05/001529
and/or pronoter. Suitably, a liquid conposition to be
treated according to the process of the present
detemERUIBYX ABRY filGeQRh& foe diditifha neth&tilh #bhRO asRkpHA
stream Such ‘as fromthe base of a heavy ends col um
spesithsenpyffoohthitre, wlsadustively corpIe Rlagmiar ajpmiceamaigsiam spectroscopy
drying colu [or fro 4 um . The
fobﬁ%&@%@“%’f H{%Eaésa“gfheesrgﬁfl{sia%/%ﬁ%%&ﬁﬁ%g% al so be used to
Tdp€at |iquid conmpositions containing Goup VIII

cl

carbonyl ati an - st netals and/or pronote etals
deriyed from phase (hetMetd&onsentiof&Rasbonyl ati on
i n\ﬁgntrw W 4. no

tocesses. Jhe ese e .
R%W ustﬁ%l{léé)rb vvgy oF{tuexarrpI e only and V\A\Nflﬁ refZeI} en(:eLl
t o t he StadanoW| RgYEX argdb e ppnicx pippt e ppnd heppel appmg  ppm

- P2() 260 » /

resins used were |lews v 60 —anhno
(Sybron Chem gals Inc.) The resins are cross-I|inked

THRGT O etigepil an ol yshyr engyg eghhig. A capbai nsso <o

i fferent chellating tunctional groups, nanely
i m npacetate (TP207), am nophosphate (TP260) and
thiourea (TP214). Prior to use the resin re

TP{?@Q- swol B&n in é@et i©>4ci89%0 1 W di {qoon, fanvefn nktd <25
acid|pre-treatinent was perforned on TP207 prior to
treafment with acetic acid in order to renove sodi um

TR2ds| Th&0I i qui d.8conpdsi tiS6n t 60be €ilkeat edOwas 18@ri veds
froma carbonyl ati on process for the production of
acetic acid and conprised acetic acid, nethyl acetate,

metnyl i odi de, water, approxi mately Z2000ppmTT,
4300ppm Ru, 90ppm Li, and varying |levels of corrosion
Tireatallls imiTebled shbe tholthodictkging acrgest thEerestdt inv@MoprTP214) is

Ni, 14 - 92ppm. O ,.8 - 2 m ., Mo -.. 60 Zn, "4
SUBSSIARL0 SHLS TG 8 EBIROR Y B e iradbatiPRT BOgR Do
seREtife felneQdl sedihyla88h Batalystnt RasRE Hetlf 20 C a

pressure of 1.5 barg, and"at a liquid hourly space

Exeghplei2t y (LHSV) of 10. The resin was renoved fromthe

d. wth - dr i ' 3
RS seqarao-h® et SLuRT B Ebah Rl il ot

 hep et RN 6MT SN aXafbattylblictop@ses s prddate hdvticwoid. The

and ruthenium atom c absorption o
metal content of the liquid composition is given in Table 2. 150ml of the liquid

composition and 15ml of Lewatit TP214 (Sybron Chemicals Inc.) which had been
soaked in glacial acetic acid was charged into a round-bottomed flask and stirred, using
a magnetic follower, for a total of 48 hours at ambient temperature. 10 ml liquid
aliquots were removed from the flask at periodic intervals and analysed for their-metal

content. The results are shown in Table 2.
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spectroscopy for lithium and inductively couple

pl asma-at om ¢ en ssion spectroscopy for the corrosion
wOoredal1s3479he results are shown in Table 1. Tabber/6B2005/001529

Metal Content of Resin Resin Hours On Ir Ru Fe N Cr

Mo Zn Li Stream LVt % wt % ppm ppm ppm ppm ppm ppm TP207
Tab®022.7 2.5 200 1200 <50 300 550 <25 TP260 80 0.4 0.53

600-950-100—10001400 P214 80-6-8 5.1 50 50 <50

<50 100 <25 The resul t sMetaly&igpéent show t hat the
S batipg resqp of {he prgsent Znventg.on ({FP214) s

agﬁgeri or to cﬁel ating resl\?ns \M%ch do not Eﬁve K

t hi our @pni unppnonappor ouppmf orpprthe ggiect ippanr eraval

O a1y 1 =‘ atary A O—P1-0HDtE€ HEt+d - _=“'.'
Feedd g | ‘ i d ©8npodili on 1P% be Preated in #Hl s Bkhpl e
1 has obtighded fspom kg basg) of asheavysendsysg 157

di sti|llation colum of a carbonyl ation process to
24pooducesSeet i480aci 350The 8fet al <Sont et of ©he |ilged d

45 GMBoRIPhEn s aoLr [Bher Forbosy Sybcly | ¢

Chem cal's be.) whi ch had been soaked in glacial acetic
acid was charged into a round-bottoned flask and
Ths ré¢sutte th Takdé Agha@vnthghidt itofireh-fowsionalised cheltti giesinfof 48

hour.s at. anhi.ent tenperature. 10 m_ Jiquid aliquots
prey @ity gl B bin R Pk Cae e el e i e n g
pre#@@hyesi8dhd Qrdshel thetdBtaal teoNk8Netal Ne results are

shown in Table 2. Table 2 Metals Content Sanple Fe Cr

Ni Mo Zn | r Ru K ppm ppm ppm ppm ppm ppm ppm wt % Feed
1600 450 420 100 <5 5 240 2.19 1 hour 1500 430 380 80
<5 <5 150 1.87 24 hours 1500 430 350 80 <5 <5 90 1.85

10
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48 hours 1500 430 340 70 <5 <5 30 1.86 The results in
Tabl e 2 shows that the thiourea-functionalised
w@b@batisng resin of the present invention retaP@EGBR@®5/001529
carbonyl ation catalyst netal and pronoter nmetal in
preference to the corrosion netals and the al kal
netal . UJains 1. A process for the selective renoval of
Group VIII carbonylation catalyst netals and/or
pronoter netals froma liquid conposition conprising a
car bonyl ati on product, at |east one Goup VIII
carbonyl ati on catal yst netal and/or pronoter netal,
corrosion netals and optionally alkali or alkaline
earth nmetal s which process conprises contacting said
l'iquid conposition with a chelating resin to renove at
| east a portion of the Goup VIII carbonylation
catal yst netal and/or pronoter netal contained in the
liquid conposition and wherein the chelating resin
conprises at | east one thiourea functional group. 2. A
process according to claim1l wherein the liquid
conmposition conprises alkali or alkaline earth netals.
3. A process according to claim2 wherein the al kal
Lﬂmnﬁtal is selected fromlithium sodiumand potassium

1. ¢ OCESS acg ocgtgvlgﬁglpt ALTRE; one}{ﬁfl carlp)fe)nyf LEGE atﬁgst metals

|ng ormu
anthpxroﬁidﬂeranét@@ fesentiguid cohpebiciah c&aﬁﬁﬁﬁ@ & catbonPafib0pREsCt,
according to claim4 wherein the chem cal backbone, P
at lepss oge SBPYIYIL carbopylpiieiteasdl v desplaindigr peoneotes metl, corrosion
metfy}@ G éého‘n@ff%?&@{ %Fﬁltkbﬁneseealrt?ﬁﬁf(glsf\x;h?fﬂ aéﬂ&@esg 81%Brlses contacting
I'ng pol'ys yacry e,

consi rene

saidpRuEnAStthatieh a Ch'ﬂlatﬁighyélﬁ m?reﬁnﬂ'e poleysiragpyti@net the Ghoup
VH]ff@ocess according to claim5 or claim®6 wherein the

ripmglatioy ot RSl e ey e et conlained dpds liquid
com?gﬁﬁ&g L h%l 91'1 g'leprpgglaﬂﬁ &l nncotngﬁjs% 2584t Ml&ﬁéa}’dﬁﬁ&lmal

Cross rene rocess accor

. grodpo claim 8 mherein t he crosslinked polystyrene s a

2. A process according to claim 1 wherein the liquid composition comprises alkali
or alkaline earth metals.

3. A process according to claim 2 wherein the alkali metal is selected from lithium,
sodium and potassiom. - |

4, A process according to any one of the preceding claims wherein the chelating

resin is of formula:

S
v
(P NH—C{

NH,

wherein P represents a chemical backbone.
5. A process according to claim 4 wherein the chemical backbone, P, is a polymer.
6. A process according to claim 5 wherein the polymer is selected from the group

consisting of polystyrene, polyacrylate, polymethacrylate, polyethylene and
polypropylene.

11
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di vi nyl benzene pol ystyrene. 10. A process according to
claim4 wherein the chem cal backbone, P, is selected
wo e@snidaed group consi sting of silica, alum na, PCT/GBR08/001529
ceria, zirconia, clays and zeolites. 11. A process
according to claim4 wherein the chem cal backbone, P,
7. has Al procganteraing totigmnt or oiire i vesreil 2he PolpmecBSScrosslinked
according to any one of the preceding clains wherein
POkYH¥T.chel ating resin is a macroporous resin or a gel
resi : - .
5 or ol et ePBE B A A AR R b a crosslinked
polystiycingm r hodi um or m xtures thereof. 14. A process
accqording to cl.aim13 wherein the G VIl metal is
9. 1T & hran 6 SRR B rares i teeraePei ey aRe he
AV b ZERNSdISdt|RGe. Of ruthenium osm um rheni um
nmercury and” m xtures thereof. 15. A process according
10t 0 @& jaopess Bcadnding itonclpine 4 Griougn Wel dhemetadbadkdondy dglisseiected
and the pronoter tal jqis.lithium 16.. A process .
frofl D R oDy o o B s iy 2P e ek ape erolites
11t he ADFa6RS Scdobdiap ed AhRel4 dhefeid HeChemTANMbackBHid, PUAMSInBFganic
conti nuous process. 17. A process according to any one
andergepie nprieleesdi ng cl ai ms wherein the liquid conposition

i's qontacted th. the chelating resin_ at t el rature
127 SRR §Btbg a gy GEO T et dadls Pua PG Seihe
resgiy a@R@réforbinaefih@¢ edeingsig) ai N wherein the |iquid

hourly space velocity of the liquid conposition is in

13t he ArRIAGRES 2cqopdipg tharly org of hqumeessiéng eleistruhagintthe Grgnp VI
mef1 % RlandD & nBERLEH, gtu?és%éi%ojg"”ef ein the liquid
composition 1s treated in-situ or offline. 20. A

14.pr oaguscas actodding td dlaiany3 ohercof the Grows ¥R gy i€1{raiiiE and the
wherein the |liquid conposition is a process stream .
Progiigi gl iF PEIRTIAY SRPHER PTOWPicERs BB d5thepiup) geEn.ghenium,

lnegc%?)b%g}’fnﬁfthx%ﬁ‘t}%ﬁ uct selected froma carboxylic acid,

car boxyl 1 c anhydri de and mi xtures thereof
15 A process according to claim 13 wherein the Group VIII metal is rhodium and

the promoter metal is lithium.

16. A process according to any one of the preceding claims wherein the process is
operated as a batch, semi-continuous or continuous process.

17. . A process according to any one of the preceding claims wherein the liquid
composition 1s contacted with the chelating resin at a temperature in the range 0 to 100
°C.

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

1

hourly space velocity of the liquid composition is in the range 1 to 20 b’

19. A process according to any one of the preceding claims wherein the liquid
composition is treated in-situ or offline.

20. A process according to any one of the preceding claims wherein the liquid
composition is a process stream obtained from a carbonylation process to produce a
carbonylation product selected from a carboxylic acid, a'carboxylic anhydride and
mixtures thereof

21. A process according to claim 20 wherein the carbonylation product is selected from

12
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© acetiompidnacetis as

21. A process according to claim20 wherein the

carbonyl ati on product is selected fronmacetic acid,
wa@e@siie34anhydri de and mi xtures thereof. 22. A PCDGBI®35/001529

according to any one of the preceding clains wherein

the,liquid congdeltlon further conprises one or nore

lay @ddﬁmhmqshberg@foup consi sting of

5 unc nverted ca r eact a_sol vent

2. na AR So-RLnE DS S e GREL s i Vi Sy
commltwmﬁﬁemnﬁﬂr@bmamﬁ&b RofnBnénit sl @tORATHL &:80p | S

a process stream obtained fromthe carbonyl ation  of an

congistibg ef umwmedrv@mmpéabéj@mvtm ¢ eolvprsy wefer pid todisle ions.

pre of a rbon n_cat.a
2300 koGP s Be b o TRl I S e i
corﬂ;ﬁﬁs[tﬁﬂﬂb byrécetd diicam Mﬁﬁﬁdﬁlﬁt’th@@r&ﬁnybﬁm@of ad4icofol and/or
process according to claim 23 wherein the alcohol is

rea?f@t@ﬁb@ﬁwmq therephtndhg Bresense joh A ViR caqbrawlahm ¢adelystsan
alkPRRYE b QfaflRs tABIERPRE: JBE APRERl Sl 25 ?anaEIBO%

ni-um m um ni-um e carb
waueﬁ conducted with a finite concentration of vvater 25.
process according to any one of the preceding clains
24. Meé\éarﬂcet%cqorca&g B CeposThiTER the a)Séh‘i’lrl%Htegﬁmpg the catalyst is

iriaflRh Ah0 Bkl FAMCAs el ldortdl 8 GOIMIB A GANNGIE0ed hom

process according to clail n t e disti
rutleolumrpsstivream ilsensweh eotlele ¢arbonyidiengs cuplucedsiigt 4 figitof

a stream.fromthe base of a heavy ends colum, a
congetEationof ﬁ?etrhe base of a conbined |i ght ends and

25.dr YRG0 &R B @A tdng I r id A
rocggg accor di ngttéﬁlan %%Heergéeeaﬁ%%érlg%e I ng c a%ﬁ%d

commsrcemrto bh @ehnedwﬂ d)tmoﬂbﬁsemtal dstillagionbbmimedrebmom a gas

phagse car bon tion 28 A ocess accordin
26,0 ARy Gt O BEea NGeeRahs R e e rear 1
se]ééﬁérdrff:&h et FBhLorststingbes s@chnt oM thD8a Y FYheaR §ﬁc§5tc'oﬂﬂnn a
of iron, nickel, chrom um -manganese, zinc, nol ybdenum’

streamcfrcpﬁm)t}nquqgg of pepmbined light ends and drymg column and a siream from a
drying column.

27. A process according to any one of the preceding claims wherein the liquid
composition is obtained from a gas phase carbonylation process.

28. A process according to any one of the preceding claims wherein the corrosion
metal is selected from the group consisting of iron, nickel, chromium, manganese, Zinc,

molybdenum and mixtures thereof.
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