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PROCESS FOR THE REMOVAL OF CORROSI ON METALS FROM
CARBONYLATI ON CATALYST SCLUTI ONS The present invention

WO edoatie®4t o t he renoval of corrosion netal conPEIVGBAVEH01216

from carbonyl ati on catal yst sol utions conprising a
carbonyl ati on catal yst such as iridium rhodium or

m xtures thereof. The production of acetic acid by the
carbonyl ati on of methanol in the presence of an
iridiumcatalyst and a pronoter such as rutheniumis
wel | known and is described, for exanple, in

EP- A- 0752406, EP- A-0849248, EP- A-0849249, and

EP- A-1002785. I n operating carbonyl ati on processes,
such as the production of acetic acid, over extended
peri ods of tinme, corrosion netal contam nants such as
conpounds of iron, nickel, nolybdenum chrom um and
the like formand build up in the carbonyl ation
reacti on conposition. Such corrosion netal

contam nants, if present in sufficient anmounts may

| ‘ OR/IORMESS
CToe 4 OU0T, VANOIS 9 d PTr OCE O

regener at i ng GARBONYICATDONYCATANYSESAIMSTIGNS Ut | on

conprising a rhodiumor iridium Caltq?fl yst by contacting

y
it wi The Bresent innuqeeitieido thasiemaval oicoreyiap sufiH cppipinants

E%%?&Bxﬁ%ﬁ @Ltalg/ﬁtg:loihﬁ%F €oin Il?srfn% Q\b&ﬂb%y’iatl&@ca@ﬁ%%{sh&?&s

contacting a cat st solution conprising rhodi
Irididrh o dineh @onixésesotheref.al s with a cati on exchange

resin_jnits lithiumfor CT patent. appli cati,on,, WO

o7/ 15BhuPiadseian sl ace iRt e eeaibonyiatioR hymeBQldt e presence
SO igiatunt 84:PQYnatl ROmERT AdchSHs ek velineWnG@A iPdderibed,
rhodiumand an alkali netal to renove netallic

oo exuuplenindib4u@t52 406 HE-Hr B¥8248, ddivpr(54824% and E8t A+1§02785.

the Cflnt (%e}leic’t}ng carbonylatidn processes, such as the production of acetic acid, over

extended periods of time, corrosion metal contaminants such as compounds of iron,
nickel, molybdenum, chromium and the like form and build up in the carbonylation
reaction composition. Such corrosion metal contaminants, if present in sufficient
amounts may have an adverse effect on the carbonylation reaction.

US patenf number 4,007,130 describes a process for regenerating a spent
carbonylation catalyst solution comprising a rhodium or iridium catalyst by contacting it
with a cation exchange resin in its hydrogen form. |

European patent application, EP —A-0 265 140 describes contacting a catalyst
solution comprising rhodium, lithium and corrosion metals with a cation exchange resin
in its lithium form.

PCT patent application, WO 97/15544 describes a process for treating low water
content carbonylation catalyst solutions which contain rhodium and an alkali metall to
remove metallic corrosion products. The process comprises contacting the catalyst
solution with an ion exchange resin and a sufficient amount of‘water to decrease the

concentration of alkali metal ions to optimize removal of corrosion metal products.
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solution wth an ion exchange resin and a sufficient
anount of water to decrease the concentration of

wa@bkdéoaho7oaet al ions to optim ze renoval of corrpST/GB2005/001216

metal products. Thus there remains the need for an

| pr oy Rek BERGESSink e [E)ééﬁ??ﬁ‘ &Qn%?&feﬁ?r@&s@r%movin% corrosion
contam nants from carbonylation catal yst solution

mietat borgampranteran cabboylytict datalyst aolatiyist whieh eotpdsd 2 om

i rjdi yum and/ or rhodi an .al kal j tal and/ .
AR elpatpd Hher B s it T A ey metal and/or
hi¥RinfAlartG 3 AABIRbBE R EREASS, such as in the

manuf acture of acetic acid or the manufacture of

acet i In aiypidt patbonylatonquedessh phieh ason themeanyfaeture of acetic acid or

 PRPERER b A G b b ulEREE Serflof o BRtiA HEm e

fehatol sQassvits B s RdreSBEsdphRtibRIM6 biiipalr fditos atdd Ugtid
conponents. This carbonylation catalyst solution is

feetonavhigh eerapases theymaierityot the catalygitcompopgnts.rYhds earbesylation
an_qL i di und rhodi .Sasuseeptihle to
GV AR S A R ACRSR i Sp RSO
irfitueaeBumtatahgedbioabds ismisatptibiioaniallathhngesiis alkihk edafal

to. reduce the carbonylation rate and nay cause_a
eqgamtFationapd tarereesss Iibe plkak metal cancemiationisdiely tpgedpce the

pa{r?&rﬁl?%ioﬁqgtetaﬂ %@t&uwﬂgﬁﬁcm éu%fiﬁ@fd BB%5a187 A FhdeRlih
met a owever ftluctuations in the alkali netal
coalgsdipradeiso cannfolerate greater checentratinms wif atkiab matd dowicoer

rate to vary resulting in non-stead eration which .
fluctpgions &hﬂ‘&aﬁlﬁz‘ﬁpf@a &C“EH’F@E‘BH & 8?‘YSP %P%%zb%%t‘ﬁéé?ﬁcm rate
{ oo rds g BY nBiRElchd) dperdiRmdimen & voil ﬁrﬁi%ts,iﬁagﬂ@ gftP&neconomic. It

resin wth-alkali/alkaline earth nmetal, o
bonenbeeatiowrd bt hyheartidlkaloading R ahtiorecxshange rasn avith ajkali/alkaline

th | ati gn .sol ut i , i.nt ai ned..t hereby, .
e G Arr o orap g kel ety TE b Lk AR Hation
SHISRAVARIRILSintaiNed MUV Mninhthe d11=€ SRB mitipuend HeRfore-
provi des a process for the renoval of corrosion netal

wenftienelnamatyaiagst a carbonyl ation catal yst sol ution
conpr J&%éor}gingly, the present invention provides a process for the removal of

corrosion metal contaminants from a carbonylation catalyst solution comprising a
carbonylation catalyst selected from iridium, thodium and mixtures thereof, an alkali
and/or alkaline earth metal and corrosion metal contaminants which process comprises
contacting said catalyst solution with a cation exchange resin having its active sites
partially loaded with a sufficient amount of alkali and/or alkaline earth metal to
maintain the concentration of said alkali and/or alkaline earth metal in the catalyst
solution and recovering a catalyst solution of reduced corrosion metal contaminant
content. .

The process of the present invention is particularly applicable to the
removal of corrosion metal contaminants from carbonylation catalyst solutions obtained
from carbonylation processes employing in the carbonylation reaction composition

either an iridium carbonylation catalyst, a rhodium carbonylation catalyst or a
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carbonyl ati on catal yst selected fromiridium rhodi um

and m xtures thereof, an alkali and/or alkaline earth
woredoa/10masl corrosion netal contam nants whi ch PeDGB2®5/001216

conprises contacting said catal yst solution with a

&ﬂﬂlﬂdhoﬁ)?ﬁhﬁ@igﬁl Jrﬁ%@dlﬁﬁ‘lvda%nﬂaﬁoﬁ@&tbl\&@ts $hél @Eo an allkah or

partially loaded with a sufficient anmbunt of alk
alkalinoreasth kttdl welt egrable ofegendrating todidetiansintsite.

ot o WO e leiofsmabt RS s B g B chid phase

&ably¥aton 9P hlebhOIB afd/of RAGERUCFOAIRS hlwﬂedfeiu@h as ethers, esters,
contam nant content. The process of the present

hatidener mixtirss ﬁ)@rQOif mpradmy: cgpsixiyieptids, Decfenablys aeatigacidgn the

LEI g {({R fc‘) §3/ b fa%ln%L L?? car§ n%g B (Iglﬁée]dtt g;t La?nlfﬁ‘gg%gggag%’ r{%ztléuorﬁ catalyst or a

PnELtRAOfeidiLeYinddhodiuinnarwaylhdoy tatiyon, dedryl Ha[ide co catalyst
conposition either an iridium carbonyl ation_ catal

andranadialinmetal Qfoﬁ%ﬂlwﬁe@ﬁh Beta ﬁ@lgfapéble&é ERARTAAS 1OF1 flOﬂS in-situ
éucflg %{T}Tﬂﬁgﬁl n{e ‘i #ﬁ?aﬁ@é’ éﬁ?t@hwn@cgl' iBfid& %F ?le YL E‘Fe@ﬁ ?Iaﬁéc)xhne earth

i ne ear rreta capa
@é@Eﬁo@ta!té] oV heﬁé Itldﬁcatal’m einptoged is. iriGitink ahda;a,lyst pmmoter such as
carbonyl ati.on catalyst solution is derived fromthe
Tufheniugn, hepiwn O OHBRYR B2y ¢80 be PEesewHB It casbnmyiatiogdeaction
cq)?ﬁﬂ afhves thereof, such as ethers, esters, hali des
or ‘m xtures thereof to produce car boxyl i c acids,
pr ef esldrhytively ¢hé carbriythtion catatyspsodstéoncmaypbe abtainedl diormthe

i dplye SO efaor e BARFFI R RA RkPa n te

Is;@gehaem AHoAMnt 84taly¥5na an Alkaf)iHinB dhrifR e kP sABEHaBlof
and an al kali nmetal or alkaline earth nmetal sal

gapabing i dugiensinasitripdensibsientialysanhydrons consliéonsds peasuce a

al kal i | kal t. t al di.d

Srteivhic fiiricd sodh s opce-a i FEA BBt dtaols anhyarice
drlder cafboly)is i RREIPMEOmibGure rdfdcsﬂmnaycﬁaieaurmbetw a&ﬁ@t er
such as ruthenium rheniumor osm ummay al so

pr esehie qapbanytation caighipt selitinn tp bs étepigd by élifmgwss @ﬁthe present

invention comprises an iridium carbonylation catalyst, a rhodium carbonylation catalyst
or a mixture thereof. Suitable iridinm carbonylation catalysts are described, for example
in EP-A-0 643 034 and EP 0 752 406. Suitable rhodium carbonylation catalysts are
described, for example, in EP-A-0 161 874 and US 6,211,405.

Where the carbonylation catalyst solution treated in the process of the present
invention comprises an iridium carbonylation catalyst, the catalyst solution may further .
comprise one or more catalyst promoters. Suitable promoters are selected from
ruthenium, osmium and rhenium, and are more preferably selected from ruthenium and
osmium. Ruthenium is the most preferred promoter. Examples of suitable promoters
are described, for example, in EP-A-0 643 034 and EP 0 752 406.

The carbonylation reaction composition comprises a source of alkali metal
and/or alkaline earth metal such as salts capable of generating iodide ions in-situ.

Suitable salts include alkali metal or alkaline earth metal iodides and alkali metal or
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Al ternatively, the carbonyl ation catal yst sol uti on may
be obtained fromthe |Iiquid phase carbonyl ati on of

wabk@shetyss and/ or reacti ve derivatives thereof POT/GBR05001216

presence of a rhodiumcatalyst and an al kali/al kaline
SR OBt etiPcbtabR Pﬁﬁka%l}g khOaRAl AblaNeh1d i® HBml i0M0ie, lithium
I'n-situ under substantially anhydrous conditions to
peatateicedantmdiisor spdiusmdeptitd. Suitahle hlkalnesgaethimgetal salts are the

anhydri de or i xture of a.carboxylic anhydride and a
Pﬁ?‘%ﬁ@??e&atﬁ%ﬁ?focﬁ%'&lﬁ A8%& " %Pure of acetic anhydride
and aggt b&rba;gywhonm@alysa cERAYA BHak Ao CBiPHYS indoRk tkddoN

to be treated by the process of "the présent jnvention
cohprylateen reactant; i evamople binehdlat dthers,dalidgsyamixguresibeiean

st .or XLur

P E PRy R iRy Bt M o AR st eters

kRl BelalkyERr Fﬂlﬁéﬁmﬂaﬂﬂyﬂﬂﬁleﬁﬁoq 0%t oA GfomSHbt @ahple

rhodi um carbonyl ati on catal ysts are described, for
divanily] @,thalsrﬁuBﬂ’XJAh@S@Ilmfoalﬁﬁa@n@t%llﬁs,%51.5 i dodigeand
. v Ci .
SHERTEY, LCARTLYE GIRLEI IR UREAAH, 1 Lo SRR

Tar the pyddaktienolairbdyiit acidhevaatiakymired ad cu-reantanefor ether or ester
further_. conprise one or nore_ catalyst pronoters.

martenls| Rrefraipiaeibangl ander methylageiBpric e FATAHEM um
and rhen hmxgﬁmﬂa@m@gﬁﬁ&?&aﬁe@lntvthés}o%egsed% ﬂflafr f%ent

rut henium and osm um entumis the nost preferre
fnventidremay Esacpdpsscdn dkylttmbiecpranaiyttensh as methyl iodide.

descr i bed,  f o | P- A- 43 034 ERP O 75
206, Rirderaly oy atpiton b oty Ehatils ePer B ED St Fvbay
thdrdy, ﬁ{:t%e‘ﬁl ufd éﬁﬁidngﬁﬁbﬁ‘ keRAGH Smpdsktnl iDfh BB hdkeNBb3l0% by

such as salts capabl e of generating iodide ions
meight, tpuefe@blyt 2t % ay veighticl ude al kali netal or

or kel o g SR AL ot e el
BEhpdtibIith ife dalbdiylbiioh EbARSS frbtWHithha eefBsesols@sh iy @erived
i odi de or sodium acetate. Suitable al kaline earth

amd whichas also eerapatinde WisH tlfecntion exelvpeg wsinoF orcexagiplgnvdiere the
CRE0% {cua'g:}d to be produced is acetic acid the solvent may be acetic acid.

Where the catalyst solution is derived from a carbonylation process for the
production of carboxylié acids, such as acetic acid, the catalyst solution may also
comprise water. Water may be formed in situ in the carbonylation reaction composition,
for example, by the esterification reaction between methanol reactant and acetic acid
product. To maximise catalyst system stability-during the acetic acid product recovery,
the concentration of Watér in process streams containing catalyst system for recycle to
the carbonylation reaction zones is preferably maintained at a concentration of at least
0.5 % by weight.

The carboxylic acid may comprise a carboxylic acid having 1 to 10 carbon
atoms and is preferably acetic acid.

Typically, carbonylation processés operate at 100 —300° C and at elevated

pressure (15 to 200 barg) with a partial pressure of carbon monoxide of 2-30
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The carbonyl ation catal yst solution nmay al so conpri se
unconverted carbonyl ation reactant, for exanple

w@bk@shotyg; et hers, halides or m xtures thereof PCT/GB2005/001216
Sui tably, the reactant may conprise Cl to Cl10

ARl and Wedy RSoafRd AN o ondbrahéslreRiBRZEnshEr €i n the

al kyl groups i'ndependently have 1 to 10 carbon atons,
for eKapbeess pfrélewq:seeit lmé¢ntloall$<part1hldhﬂﬂ epplisablerig the regoval of

c'tob'ro%%%*%g %lgc:(?ofm 1 shfr%% atnc?tlﬁxirlaé ion ggt% )}%{‘ éjol et%&ne 9 Igsglg an

iedARP tabomkRAtA cabl @it ahehylHedide be-criabt) @&ajtéma&ﬁc ac1d methyl
carboxylic acids, water Is required as co-reactant for

aselats; ablpasé one promaien sgtested Hroay Brtbaniym, efspipEy S thgypand an
3’1%110%1 y(rr afin€ e%rthej[nlé§ d as reactants. The

on cata solution treated in the process

of t MEhefa€is e BkcHanyerking Buitabye folr S6e @AHPpicsessat tiad ﬂﬁ’yﬁéent
hal i de co-catal yst such as pethyl iodide. Prefera

inHetion RBHhe AbEDAL BF SEPRE 3%k o1 ity arsek@cikdypaindhy gﬂ(kah or alkaline
e%vtﬁf}?&a 85h W 519915 %ta1 loP almgné ém'n%ta%ael%é }%Ei:}%‘ole provided

reaction conposi 'S 1N range
the conéspopdiag elkali’ Iny:t?ﬂ o alkhbifé drythweetghtatioh ms eployécbin, the alkali

eIk SR BICE A G oL SPUSTIEONIGh BRoS Rl T Asfion
ée{eh&ffgetr&@n sallxtliﬁﬁn %ehltahi @R ciush &%a%ﬁgmﬁm%nmg &B}@o%ed

SQ conpat I'e wt’h the’cation exchange resin
exanpBeh stwheg-acitl hed vaakbowijtyre rasinglarcaviidabhy cuumentialky.

tic.aci'd. th | v, b W h
cat ol RO bG e P EREAEagg R T AR ST
RVRGBR Az Copd1PmbF Mm@pf&&am@nm%ha@smﬂﬁolyﬁl@ﬁ h

as acetic acid, the catalyst solution may also
Hmmaks@ldvam resnvwaﬁ be ﬁ&ypqimmﬁ?éayhcrprgmthaqrﬂlq apad or esters or

SRR PR RES  EAREL P80 AR el o
®86h ﬁ@qﬂt@nﬁﬁv&tﬁmﬂw@ﬂmngmmb Mesh® catal yst system
stability -during the acetic acid product recovery,

The resin may be either a macroreticular type resin or a gel-type resin. ’

The cation exchange resin may be converted to its alkali/alkaline earth metal form by
contacting the resin with a solution of an alkali/alkaline earth metal salt, such as a
solution of alkali metal acetate or iodide, for example lithium or sodium acetate or
lithium or sodium iodide or a solution of the iodides or acetates of an alkaline earth
metal such as the acetates or iodides of magnesium or calcium. Suitable procedures are
well known in the art. The amount of alkali metal or alkaline earth metal salt added to
the resin should be such that the loaded resin has greater than 0 but less than 100% of its
active sites loaded with the alkali metal and/or alkaline earth metal. For any given résin
the exact degree of loading onto the resin required to maintain the concentration of
alkali/alkaline earth metal in the catalyst solution will depend on the amount of
alkali/alkaline earth metal employed in the carbonylation reaction solution, the specific

alkali metal or alkaline earth metal to be loaded onto the resin because different metals

will have a different degree of affinity for a resin, the flowrate through the resin bed and
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the concentration of water in process streans
containing catal yst systemfor recycle to the

wa@arsamph®at i on reaction zones i s preferably naPor/aBa@d/001216

at a concentration of at |least 0.5 %y weight. The

{%@:og%%ﬁ% ngﬁ*é%uw {ROFBhIRE. %ﬁﬂ?’oﬂ lah %(ﬁﬁindcalf‘eﬁWeH%rocess

n atons and is preferably acetic acid
Whgemahe yonacatrmycbfdtthmm mnmnﬁhs mcmp earbbaylamommuucsoe >0 to

and at eva S 00 parg). Ww.
B g FheeTheresP S 1 BOR fraRnbmurg: 18 rdin Milsbiiims 20 o
G oY a&ﬁfe%%i loﬁgecﬁﬂth ifhi@AGorR, sUBB8 308865%T iGQRESe sites. For
The process of e present | nvention is particularly

apipidiuna bhtelysed pmeess avhsveuh thsfcopeantratipmoaf sasivmn ions in the reactor

SRR R R AR 140 L B o o,

the %ﬂ?sxﬁﬁb@ﬂia@ 0sb 60Y@RéfEfs, acAeedites 1ekeled witlidobitim ions, such as 30
acet at e, | east one pronoter selected from

L&5Wenf1§ﬁﬂctld§mt%ﬁn and rhenium and an al kal i and/or
al kal | %"flgcttlrﬂ %?{hael aHJIK] gxc%%e%e%m?ﬁ‘tf L@Qﬁ@h 'ix‘?e?%l%? alkaline earth
et T HE § € Process o e“presen

- suita

ﬂn@MBﬂiin%thﬂy: dagbogiylakien cathlybthelusion ey wcdatrial ovtheing any
weak-acid type in the al kalj or alkaljne earg
fusiabie cmyﬁnapn%lmrowétuéﬂ angequipRisnt: depisaly.thegar Pnsagﬁqndwtalyst

%oﬁutgqq,&spgggaangﬁ mt%ﬁé}ﬁ,ﬁ%&gﬁpondl ng al kal i ' et al

afrne eart cation 1s enployed in the
al kal Themateadf ftow af thalcatabysesulutionntbtomih slad fixcddpadfeesd during the
generat i i odi de ions. .Suitabl a_cation exchan .
GOEES1om e Rk TEmON EkRragRSs Stk pnecdl) o WAL SPOmGRREY fipibe resin
HoQfPad i HRd R gqgléﬂm teagoﬁ%d;ea%lm&m@ﬁm type
resins are ava e co rcially. Suitably,
str on’ljhamnuaqtlyng of tlesqarbonmlﬁtlb@ csaah/s,ﬂ sohtwatveith the ca’uon exchange

B AS PUFHTADR AE L mEALRETT Bh ooy put oy suitabe
eéﬁ?ﬁrggfrg ldlla(}:%gg? g@g@% gfﬁ.‘g? gﬁggcmg@d SpIRion@hd 86Tow! the téiperature
at which the resin and/or the catalyst solution exhibits undesirable decomposition. If
temperatures above the boiling point of the catalyst solution are employed, then the
contacting should be carried out under pressure to maintain the catalyst solution in the
liquid phase. Suitably, the contacting temperature may be in the range 0° to 110° C such
as 10° to 100° C. However, pressure is not a critical variable. Generally, the contacting
operation may be carried out at atmospheric pressure or a pressure slightly above
atmospheric but superatmospheric or sub-atmospheric pressures may be employed if
desired. '

When the cation exchange resin in its alkali metal or alkaline earth metal form
has reached its capacity for corrosion metal contaminants it may firstly be rinsed with a
liquid compatible with carbonylation processes, for example, carboxylic acid to remove
residual carbonylation catalyst solution and then regenerated. The cation exchange resin

may be regenerated by the methods recommended by the manufacturers to displace the

retained corrosion metal contaminants. Suitably, a solution of carboxylic acid, such as
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the corresponding nitriles or a phenolic resin.

Preferably, the cation exchange resin for use in the
w@L@sAn945 nvention is a strong-acid type resi npCT/E82005/001216

resin may be either a nmacroreticular type resin or a

Selic Eéi@%g& eRbR meldl®r Féahﬁ’ GhAROR o5 'sﬁbmltﬁﬁm acetate,

converte Its aI |ne earth nmetal form by
sodivna edeitatg of tmagm&smm agatath rrmysb@ luged tmrregefneaa’ue the resin.

al kal | Ikallnee rth netal salt, su asollgt'ron.

of ' al ko8 SoriRsioRmElaksoR I PR L PGS @%meéen ipeRlioR may
B opRPHLAE AERERELasY cdntihbdud Prétess 9%fb&ﬁbly°£’d Q@oxﬁfnu@us process.
solution of the iodides or racetatées of kal i ne

@ptiarhallppnate tharconeassinfped quovided sothat W];nlgjéhe effrbonylation catalyst
nesi ym or um, Suitabl e, procedures

SEhaT HepReegRd iR botilE b8 AP RER R o bets are being

ﬁh&@kdté@ earth netal salt added to the resin should be

such that the | oaded resin has greater than O but |ess

t han Tigoowesss pf thegeesenieingention i3 patiewagly epplicale4e rmrpmoval of

plRlop 306 lon BLHALLO oo bl TR B oM

gree e resrnr qU|re

WBlyBl&iun, phefedbl; &0h bad hmﬁeloEadM dodokiod nkadli coatagdn it may be
metal  in the catal yst solution wll depend on the
RERTSORIN the carbrRylaticH TeastioReoRRPSIHOPEL 3} AtBoRHIt P del its Hupif

Yy I

SHIAOL 5, HAERALINPL PO ARBREna! L mounc o

daels corrbgaamsel hinfdved droim thetcatalysnsdibitidvew] depeind ﬁpmeuhb initia]

degr ee of fflnlt , f..ow

SOHEeHESPR oD 3R 188“’69633 5E Regos ehie L otk qlie it meta

1&5 oﬁ% redih i€ %L#% fonhe"%Ehu'l ngl %Hbﬁﬁﬁgl:d&ﬁﬁt‘i’orﬁrsﬁ%a?ssﬂow rate
in the conce |ono Vithiumions in t

crfethecmlysiasphnmy xaac;tcmcmqamoomnd semI&ratorelﬁmhmmmnahed
wher indts lithiumfor

r esi ﬁAi af,e ﬁaﬁ lgga'qo(gl rg%f(yogﬁs gfingraé]éft i géednc}utt étgone or more

ﬂe@@%%ﬁest lwﬁdré MHel@tioaatio HabticSis 36 b ¥tidh of ufethanol
active sites. For an iridiumcatal ysed process wherein

andéor @aprssive deriyasiye shereafaind i m ¢apriesl O in the Dresgaewef an iridium
"}J@Z, H(%/c%%%llgg% n?iaHE)I% Qaﬂa an a ;(%1} %Q:Qatl g g?lﬁvég%r r?er%tlkl}ng iodide
188§ nfhleo 89S tathlyst aaqatdpmnaalytaep‘rohmwﬂ @dldvu fikiteSotibetiation of
\;vact)tre]rs thes}yrgguc%%vlﬁ’ %e acetic acid. The crude acetic acid product may be recovered
from a reaction zone by flash separation. In flash separation the carbonylation reaction
composition is passed to a flashing zone via a flashing valve. The flash separation zone
may be an adiabatic flash vessel or may have additional heating means. In the flash
separation zone a liquid fraction, the carbonylation catalyst solution, comprising the
majority of the catalyst and, if employed, the majority of the promoter, is separated
from a vapour fraction comprising acetic acid, carbonylatable reactant, water and
methyl iodide co-catalyst and non-condensable gases such as nitrogen, carbon
monoxide, hydrogen and carbon dioxide; at least a portion of the the carbonylation

catalyst solution is recycled to the reaction zone and the vapour fraction is passed to one

or more purification stages as desired to recover acetic acid product.
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to 55% of its active sites. The contacting of the
cation exchange resin in its alkali netal or alkaline

we@aroshoryet al formwi th the carbonyl ati on cat al peT/GB2005/001216

solution may be carried out using any suitable

conveg 'u%?ﬁ‘lll(ﬁlﬂ fgﬁqy&eth@Q%B(‘?ﬂﬁétﬂ{ﬁg&?alysné@lhﬁﬁé 18% t etﬂ}gcess of the

car bon tion asse
piexad ihedtiod, t]hehmﬂdesp of co'ﬂ‘melonamﬁalofonfahnmamé intthe carb onylatlon

catal yst so| ution throu xed-bed of res
W@rw%ﬁwse@w&%. BH e%?fgﬂ’ré}sw% bar sppshreamotigp alyst Fofution is
é‘lfronpﬁe tﬂ%?tf. s¢] %@H%Hﬁ@&dweaﬁaeac&&%iﬂg tﬂ%ﬁ&%ééé o€ the

rray typically "be up to about 20 bed vol unes
pmsnnt inMesticott rRIbVE gomcﬁsmrtmeuahcdminamts ond paivaiqesctatalyst
| ution, wit [

il PR vR BarEHORET CPOPAIRY ok BerrRledia e

aiordomlbitdenperat ure above the freezing point of
the catalyst solution and bel ow the tenperature at

vvhl chThépresens inveanel! will nowe be dlushrpted byoraytafonamplei anly and with
o}e3| ragb ﬂgcon siti,on. If tenperatures above the
F’?cﬁéo 91]?? ot H&’&? al yst solution are enpl oyed,

PRokatibe Megiidar! L aglishef R editd@ite fithivgd out under
Eressure to maintain the catalyst solution in the

1thfumcpﬁaes@1ut&m (peppipd byddine 08 &tliiRd o B hgbbiod- Bike (F§ W%
%\tﬂfé acﬁpvsatér%gﬁlog) %Vgs é&s?e&h?éﬁ“gp chnttaﬁméo 80l of pre-soaked

pressure varl

ﬁﬁﬂ)@ﬂ%ﬂl}ﬁ ath quuﬁld:{bﬁlﬁ@ﬂacél gelopiey aIHW) oy herteasdih ads meh
at at nospheric pressure or pressure sli giht | y abov

weshsd Srly yete %@5@.&5@1%&(&9%6 pe2phougs; bt %@Bﬁ%ﬁm eontamed 2.6
PABSS %&%s’?@é(deh%?d@%% 4, !rd % 958, FEOEOW 1&1%%&@%&@%(1 by

exchange resin in its’alkalil neta |ne ea

mixting tdgether fisopreac adunts of tha @abovtbylithom hmderbmsmmlth unloaded
a tamnant3|t may firstly be rinsed with a

AFE’G?IHS dénpati bl e with carbonyl ation processes, for

ESRHEY 85 REH WK Widdhedind 1O renove

Preparation method 1 was repeated except that a magnesium acetate solution (480 g
Mg(OAc), in 2.7 kg 95/5 wt% acetic acid/water solution) was used to load the resin.
The loaded resin contained 4.4 wt% Mg. Resins loaded with 0%, 25%, 50%, 75% and

100% magnesium were prepared by mixing together appropriate amounts of the 4.4wt%
magnesium loaded resin with unloaded Amberlyst 15.

Examples 1to 5

A carbonylation solution was prepared by mixing 17.2 kg acetic acid, 1.0 kg water, 1.6
kg methyl acetate, 200 g iodomethane, 1.9 g iron acetate, 2.6 g nickel acetate and 11.1 g
lithium acetate. The solution was pumped at 1.0 Lh™ through a bed containing 100 ml of
resin. Samples were taken after 2, 4, 6, 8 and 10 bed volumes of feed had passed
through the bed and analysed for Li, Fe and Ni content. The intial concentration of Li
and the corrosion metals and the results of the Examples are given in Table 1.

Examples 6 to 10

The procedure of Examples 1 to 5 was repeated except that in the preparation of the
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resi dual carbonyl ati on catal yst solution and then
regenerated. The cation exchange resin nay be

wo egsnemai ed by the net hods recommended by t hePCT/GB2005/001216

manuf acturers to di splace the retained corrosion netal

GAn3R:BARb Ritiorrds haBE Mmagﬁes%ﬁh WEdrR V\%E ugéH 1|H§’cé¥ci bﬂltﬁﬁn‘ij acetate.

such”asacetic acid and al kalt netal or alkaline earth
Hetialtiahmetad tencesuaionasnd rashituiof the Examples swdiven iacksbie 2
or magnesi um acetate may be used to regenerate the
resin. The corrosion netal contam nant renoval process
of the present invention may be operated as a batch or
as a continuous process, preferably, as a continuous
process. Optionally, nore than one resin bed is

provi ded so that whilst the carbonyl ation catal yst
solution is being passed through one resin bed, one or
nore other resin beds are being regenerated. The
process of the present invention is particularly
applicable to the renoval of corrosion netal

contam nants such as iron, nickel, chrom um nmanganese
and nol ybdenum preferably, iron and nickel. Each
corrosion netal contam nant may be present in the
carbonyl ation reaction conposition in an anount up to
its limt of solubility. Typically, this maybe up to
10, 000 ppm by wei ght of netal. The anobunt of each
corrosion netal renoved fromthe catal yst solution
wi || depend upon the initial concentration of the
corrosion netal, the degree of alkali netal or

al kaline earth nmetal |oading on the resin, the
capacity of the resin, and operating conditions such
as flowrate of the catal yst solution, reactor
conposition and tenperature of the resin bed. A

| i qui d- phase carbonyl ation reaction is generally
carried out in one or nore reaction zones. \Were the
carbonyl ation reaction is the carbonyl ati on of

met hanol and/or a reactive derivative thereof and is
carried out in the presence of an iridi um and/ or

rhodi um carbonyl ati on catal yst, an alkali netal salt
capabl e of generating iodide



ions, nmethyl iodide co-catalyst and optionally a

pronoter, and a finite concentration of water, the
w@e@daeto4mi | | be acetic acid. The crude aceti cPeEriGB2005/001216

product may be recovered froma reaction zone by flash

separation. In flash separation the carbonyl ation

reaction conposition is passed to a flashing zone via

a flashing valve. The flash separati on zone may be an

adi abatic flash vessel or may have additional heating

means. In the flash separation zone a liquid fraction,

the carbonyl ation catal yst solution, conprising the

majority of the catalyst and, if enployed, the

majority of the pronpter, is separated from a vapour

fractidn donprl di.ng asetdic Acicd, ogar bonyl at abl e

reactarjt, jwat and net hyll ilodijde |co-cat al yst and
non-cordeqsa'ie gasfes_[SyupiT gs Jjrtrjogen, carbon
monoxi dg, Eydgp%gg ant| car Fan—di 8%i de; at |east a
portiornf ofi~t he tihe jcarbonyl ati gn datal yst solution is
recycl gd tlo tjhejreactiijon.zene gngit he vapour fraction
Is pasqed {to |ongior| mor e piRk|i FI|c&lfi on stages as
desired tqg regcover ticl acid|prdduct.By treating al
or part[ off tHe, darbonyl atfi e edt alfyst sol ution by the
procesqy of| t H& fdeslent| i nventign, |the buil d-up of
corrosijon [nmetlal—{cortani-nants—+-tHe carbonyl ati on
reactiqn gonpasifty awbedrequfdd. Preferably, a
sl i pst ri€anrof|=cdtalfyst| sql utlion iq renoved fromthe
fl ash deparatpiotf—=2 atrd—treatred-jaccording to the
procesqy of| t Hes diedet| oHv t l'gn3{o rempve corrosion
net al dontlam 3 [and prlovilde |a datal yst sol ution
(o
e

nan
havi ng ucgU qor rjosijon ng;ak) orit am nants which is
recycl dd tlo t|Be |carlbShy (At fgnHe&dt or. The present
inventionmmgll row il llustiratied {by way of exanple
only arld Wi i & gf{er exajo<t|he|f gljl ow ng Exanpl es.
Prepar dti gif NEt {68 |1 :| Lqgadilhg [of |Resin with Lithium
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acetic acid/water solution) was passed through a bed
containing 500 m of pre-soaked Anberlyst 15 at a
wo eepsitad7oapur space velocity (LHSV) of 4 h 1. TheT/cB3008/001216
was then washed with water and oven-dried at 1000C for
24 hours. The | oaded resin contained 2.6 wt%Li.
Resins | oaded with 0% 25% 50% 75% and 100% | it hium
were prepared by m xing together appropriate anounts
of the 2.6Wwt % | ithium]loaded resin w th unl oaded
Anmberlyst 15. Loading of Resin with Magnesi um
Preparation nethod 1 was repeated except that a
magnesi um acetate solution (480 g Mg(QAc) in 2.7 kg
95/5 wt %acetic acid/ er_solution) was used to | oad
the resip. The|Lohded resin sontainpd 4.4 w % M.
3 8

Resi ns | paded et oY —25% SO 6 and 100%

magnesi um wer efprepatged;by Tri1inft bget her appropri ate
amount s (e 9. o TRgRESEU ed resin with

unl oadedﬂ'é\mooer mys'wli.mﬁﬁés%lgfo 5 A carbonyl ation
sol uti on{ was pr~epprep| by m xi ng?‘l?. P kg acetic acid,
1.0 kg whtef, ]%%%g nBi gl 3cetpt@®f 200 g

i odonet hhne| 1|9 {7 fon|acetdt €)' 2’6 g nickel acetate
and 11. lfg[ithiumacetare] Tn ofpti on was punped at
1.0 I.h Il throfghl® bed|conts| mRhgzlloo m of resin.
Sanpl es erge takeh after 2¢ 4! 6{ 8{ and 10 bed vol unes
of feed had| pasgef, .t hrouah|the hed.and anal ysed for
Li, Fe apd N fBnien| ~Thal it icd) pncentration of Li
and the fOr [ osponfnefats atrd—ther+repul ts of the

Exanpl esf arp 0] aehoi ngabhe 3| &Xapples 6 to 10 The
procedurg of E@rml‘\\‘les D 9] 5=vas r%peat ed except that
in the preparatiop-of-th rbonyl aty on sol ution 23. Qg
of magneki um a?t el was Wsad| iostepd of |ithium
acetate.| The initjialjnmetal|copcentrpti ons and results
of the Ekanple & 3i¥ n._frabl e~P. Tabl e 1. Tabl e

2. The refal b
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al kaline earth netal is renoved. Wiere the resin has

100% of its active sites |oaded with the
wa@bkdéoahin7oas kal i ne earth netal, there is signifiPBenGB2005/001216

elution of the netal fromthe resin into the sol ution

T}féerreﬁﬁﬁé ih TehRR$ahg 2tsH§le§%ﬂ %&FJ 8k k@ Bfunloaded all the alkali and
al kali/al kaline earth nmetal. However, operation with a

qdmlmeaaﬂﬂy nieted d@@nmfsd Wherls |tlw@§mshag BO9% ehits actove sk tnaded with

SEAR AR o oL, AR AT Yy PPABAEPAOS 40 e s

iae the BhadHh m@r&zluwre@mg thX asfeSatioh FataliZlkdlinEXxanp histal.
12 a cation exchange resin having 50% of its active

1§®W@@Ll th?él@n\)ﬁlthﬁ partlﬁlﬂsuwd\?aisreﬁﬂ@@a@w sigreead efresion metal
RO LB e, OB R RR AR ARt i e

daﬂﬂﬁlﬂyragoﬁtgdsﬂaﬁoﬁ,s inits proton forn). A catal yst
sol ut| on obtained fromthe flash zone of an acetic

system conprising acetic acid, iridium

ﬁ{nge%%?ﬂglé P} g onr&tcﬁlsﬂge e @ﬁ‘?‘?ﬁ %(h"é E,k ggfg%tﬁ%rsﬁteﬂoqaed with

and- wat er Was passe unme o
lehiuin wespriepired aadording chP\repam’éomMeﬁﬁﬂ Indbolvd.1ln cohparison Example

effect of the resin be hellthlu entratlon
et ks BRe OB Fost WAL RS itk g hﬂ&um#f)%amgl #td$, 1 s proton

SRAYSA hatysf ﬂutiﬁ%lﬁﬁﬁé@frbﬁciﬂe 1188 Bné BXan dchtic kbR reaction

concentrat| on of lithiumin the reactor becane
systgmi doingaisfgyacetiphad,co i, exetiiyd dodide meetiayd dotatehlitinad

to be added. | n contrast se of tiall

coBopian FStr el o posed (s ety iR e Y B0 Bl at o
ARREO6f 100 Rl HNTRERDE s8hé ARin BedaBRUR 1#Bivth S8hiceftration in the
m xture of Anberjet 1500 and Anberjet 1200Na (both

reaqtoraye slaiven igedliz: i Feg.rledleanty shownhat folths camperisap Fesin (Ex. 11)
b SRR A JRRR b E beGlpor SRR 1B AP B At 19 ours
At Ahiaechadre e bided nsdhtrasnaseat tiiapartially loaded resin resulted in
virtually no net change in the reactor lithium concentration.

Example 13 |

A 50:50 mixture of Amberjet 1500 and Amberjet 1200Na (both strong acid gel type
resins commercially available from Rohm & Haas; Amberjet 1200Na having sodium on
the active sites) was prepared. A catalyst solution obtained from the flash zone of an
acetic acid reaction system comprising acetic acid, iridium, methyl iodide, methyl
acetate, sodium, corrosion metals and water was passed through a 30 ml volume of the
resin bed at a flow rate of 300 m1h™. At 30 hours and 10 hours prior to the start of the
experiment samples of catalyst solution were taken and analysed to ensure a steady
concentration of sodium. Fig. 2 illustrates that a cation exchange resin partially loaded

with sodium does not significantly alter the sodium concentration in the reactor.

12
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acetic acid reaction system conprising acetic acid,
iridium nethyl iodide, nethyl acetate, sodium

wa@ososasisen netal s and water was passed t hr oughrer/882005/001216

volune of the resin bed at a flowrate of 300 M h 1.
At 30 hours and 10 hours prior to the start of the
experinment sanples of catal yst solution were taken and
anal ysed to ensure a steady concentration of sodi um
Fig. 2 illustrates that a cation exchange resin
partially | oaded with sodi um does not significantly
alter the sodium concentration in the reactor.C ai ns
1. A process for the renmoval of corrosion netal
contam nants from a carbonyl ati on catal yst sol ution
conprising a carbonyl ation catal yst selected from
iridium rhodiumand m xtures thereof, an al kal

and/ or al kaline earth nmetal and corrosion netal
contam nants whi ch process conprises contacting said
catal yst solution with a cation exchange resin having
its active sites partially |oaded with a sufficient
anmount of al kali and/or alkaline earth netal to
Gwimt ai n the concentration of said al kali and/or

alkallne ear h et al he catal t sol uti on_ and
Fecovemagsa Oéélﬂf‘alle%’tvag‘éft COFOAn G143 SaRiaREnEG; o Agatbonylation

ﬁ%ﬁl?ﬁ] SGRAbA Thi ﬁﬂglﬁgg%%%f% laon &tﬁ?ﬁ%@l@&eé%ﬁ{ Hd¢hn Bodium

1 wherei cata IS | fumor a mxture
mfd mixfaresritercf rancdiaknandsr alkafhn@ catismeiat ardeanpsion métai m

%‘i’ %ﬂ%la%:g m&g‘f%géﬁeslé 2?152}93%3% %tgllltg?t&eg)éségia Cfgaggﬁriggihx&qx 8/11% a cation

&t bR e eV BhGhP itk N6t JiRD ParBallf 1 dadlEwitE %isQfficer amount of alkali
sul phonat ed stryrene divinyl benzene copolynmer or a

g;tdéwmlkaﬂm waitiigieyad éo moimdain sher doppeniatignret saidalkali pnderglkaline
orzr}gt.flrgﬁﬁe caﬂg]l)_{rst SO utl%% a}uri] ?ec xr/&?negdal 5‘ gal?sltaslbfrﬁon o? re%uced

corrosion metal contaminant content.

2. A process according to claim 1 wherein the catalyst is iridium or a mixture of

iridium and rhodium. |

3. A process according to claim 1 or claim 2 wherein the cation exchange resin is a

strong acid type resin.

4. A process according to claim 3 wherein the strong acid type resin is a

. sulphonated stryrene divinyl benzene copolymer or a phenol-formaldehyde

condensation polymer.

5. A process according to any one of the preceding claims wherein the cation
exchange resin is a macrorecticular resin or a gel resin.

6. A process according to any one of the preceding claims wherein the resin is
partially loaded with an alkali metal.

7. A process according to claim 6 wherein the alkali metal is lithium or sodium.
8. A process according to claim 7 wherein the lithium or sodium loading on the

resin is >0 to 60% of the resin active sites.

13
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exchange resin is a macrorecticular resin or a gel
resin. 6. A process according to any one of the

w@e@sadiony cl ains wherein the resin is parti al PgT/GBa@SM01216

with an alkali metal. 7. A process according to claim

6, WhenehBedsh Sc@hrdil ko ABIRE wirdih tHel IHRuH 0:58dIudMoalingAs 30 o
process according To claim?7 wherein the |ithiumor

§bhi afithe adite sigeson the resin is >0 to 60% of the resin

tive sites. 9. ocess.accordi.n | ai m.8 wher ei .
T 1 Rostpl sreondlnB lERRaRy PSR WGl sE oot Hafiom, fhe resin
BEL /R 60% 6Bits ddliveAitéy 106REASyiAC idlidh BAd tHR 1Rhidkiohcentration in the
wherein the catal yst conprises iridium the resin has
sgbewrylgows setutionds @ £9 130 Bimes | oaded with |ithi um and

e |ithi atq.- ' ; r t] e )
e N SR
Basa0Molo0M 6f @ frtivh gitedbad adstitlc otiith 3848 tHelsodivditorcB@ration in the
resin has >0 to 60% of its active sites |loaded with

sy B tEmdoliondal it @brent ration in the

r bony. ' Ut | i S .> . . ArOCcess
5 or BB SRR LAY et bR i e R
tarbordativmroatadiyst evlutiad &lopstinesiaarh itlonlidusd plhdsaicabdn§laion of an
the liqyjd phase carbgnyl ati gn of an al cohol and/or a
?lé‘él&liai}g/oﬂéi‘?a\?‘é‘f‘? VeHg @8?90213. A process according

{9 cl i Rdls Ygrahtd H5int S RR&YAhE g&bse;tla\ﬁar?&atalyst solution is

solution is obtained fromthe |iquid phase
clztrined fioat the hiquid phesdcantminyéatidh of nretitany] amsléetadthyl atdtateA

B bomrateronecriing Byl DL ReRe Haigheshbonyhiias f
S35 Btk by RAGHs SN hbhyius cBRditbn g OCESS

according to claim1l wherein the carbonylation o
Eat al Parroenss aedorting to dwinal whdrein Gacarbondeterscatdyst solution is

rt(ﬁ)lglg& I%ragl e? ﬁrr()%gs)§¥cl> 'prcodﬁgé E(lj caarﬂc()j)é fo aBid o?)a(lyclalrb%xylic anhydride in

the presence of a rhodium catalyst and an alkali or alkaline earth metal salt capable of

generating iodide ions.

16. A process according to claim 1 wherein the carbonylation catalyst solution is
obtained from aprocess to produce a carboxylic acid in the presence of an iridium
catalyst and an alkali or aikaline earth metal salt capable of generating iodide ions.

17. A process according to claim 16 wherein the catalyst solution also comprises a
catalyst promoter.

18. A process according to claim 17 wherein the promoter is selected from the group
consisting of ruthenium, osmium and rhenium.

19. A process according to claim 1 wherein the carbonylation catalyst solution
comprises an iridium carbonylation catalyst, methyl iodide, water, acetic acid, methyl

acetate, at least one promoter selected from ruthenium, rhenium and osmium, and an

"alkali metal and/or alkaline earth metal.

20. A process according to any one of the preceding claims wheein the corrosion

metal contaminants are selected from the group consisting of iron, nickel, chromium,

14
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t he presence of a rhodium catal yst and an al kali or
al kaline earth netal salt capable of generating iodide

woees/10@s A process according to claiml wher BCIVGBR@&5/001216

carbonyl ation catalyst solution is obtained froma

roc carboxylic acid in the presence
%?gzﬁégiégpﬁégggég?gst and gn al kali or aIkaPine earth
DEt al Asibéess agabditg of aryeoerodthaygeteditigddaingnshic . oplrated as a
process according to claim216 wherein the catal yst
SPINBLPEPIAFSS conprises a catal yst promoter. 18. A
process according to claim 17 wherein the pronoter is
sel ected fromthe group consisting of ruthenium
osm um and rhenium 19. A process according to claiml
wherein the carbonyl ation catal yst solution conprises
an iridium carbonyl ation catal yst, nethyl iodide,
wat er, acetic acid, methyl acetate, at |east one ‘
pronoter selected from ruthenium rheniumand osm um
and an al kali metal and/or alkaline earth netal. 20. A
process according to any one of the preceding clains
wheei n the corrosion netal contam nants are sel ected
fromthe group consisting of iron, nickel,
chrom um manganese and nol ybdenum 21. A process
according to any one of the preceding clains which is
operated as a continuous process.

15



