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| MPROVED METHOD AND APPARATUS FOR CARBONYLATI ON W TH

REDUCED CATALYST LGOSS Technical Field The present
WO pwensisod rel ates generally to an apparat us apdi/Deiongieh4824

for producing a carbonyl ated product such as acetic

acid or acetic anhydride, and sequestering catal yst

nmetal that is entrained in the process stream

Background Art Carbonylatlon processes are well known

inthe art. O particular connerC|aI S|on|f|cance are

processes f REVELY METHOD AND APPARARRISHOR

aceti c ackARBEN Y AP &fﬁ%ﬂﬁﬁii%ﬁbf

net hyl acetate to make acetic anhydri de. See Applied

ous Catal yst Wth O ganonetal I i c Conpounds,

Iﬁg%%%%gggfet al., Ed. (Bench Edition) (Wlie, Winheim

Fedbe pleseRe pybition relfateSgenveaily t@ @@&I)para@hatpd erctidd féaarrbducing a
carbgr(izs&%gd grod r(])guct g{l(.lfl"loagl arc]%ic ﬁ?foc)il 06%19 fhrc] \?.n.ﬁ délge Cagg%e%efq% m%,]c&talyst metal that
1smmmhMQHUMepnnamhaamgeneous reaction nedlun1mhere|n

rhodiumis utilized as a catalyst. This nethod is

sonmetines referred to in the art generally as the
Backdossd® process and was devel oped in the 1970's. A

nor.e erred carbonyl ati on process is taught in
Un Pe@anéﬁ%négova%eé Ate wWpAD ths g §8peﬂ?tt lgr qemgreial| significance
are prédeSseS Por@id da@bnyla@ivh Vi@xh@t'h P EPEBEScetB hch] aﬁﬂl'if%ce%ég FordRe

met hanol is reacted wi th carbon nonoxide in i qui

id
carbpryARton oh meeyl arpiaie I Bk aREficanp iy ﬁfecfépweylﬁomogeneous Catalyst

WlthS(t) J)dl@t@l@tc‘@oh{boaﬁhs' @gﬁn@?eﬁcﬁl k4. especially lithium
| de al ong wi al kyl i odi de such as methyl iodide

(Benah @dmovag/(waleet\*éﬁtleh@uc darel Renublit ofGermanie 2000) s@lepiet Relhrts 2.1.2

andﬁgﬁaﬂ{tbQQE4lg%th a finite concentration of water in
tﬁ ion nedium the product is the carboxylic

acﬂdnmhsa@adaoﬁ;mﬁondexh#bheu:mhdvanhwamwuengﬁhemnmina
homB%e%%dsﬁQac%X %?]ug{ w}le}gm rQ o urR tu%htze a c%pa rP%/st ﬁfk?lg {n% od is

unusua oW wat er- ¢o
somemeespeiietrecﬁtoynftlmmt ghokrlly at me Mdmsant@pooese xind Wag developed in the

nexpect edl C sta i1t Th IS, th
197 oA Biteched shbpRab R hosdt i et Lor B Sugkd gafeiivo. oy 144.068
to Srhzlﬂﬁetraéaht thdrzo kEItHdU D w ARt TR 6cedE ah aldolad] sGdhGls Geetiiambl is reacted with
car bon Ia1| hanol invol ves utili
car b%wsgeﬁ%%ﬂ &"qgﬁe ‘Eﬂoé‘é‘fegf% fontainipg a f‘POé‘&EI? gralysiiepilized with an
iodidbl sakt] e3p&shllyflphiu@xadige Blong WithalkyEiddidt aicBSs Bﬁﬁl@lﬂ fodNR-and alkyl
5, 883, 295 o Sun|ley et al. a process for the

acetqff Sl P%?H“YLFCG&”’&%H geaiedbprerniienssiWidh ¢ Ariorapeentiatign of water in
the r¥dckiBn GRARET tl{g}ﬂé’dﬁcd% tREEERRNic A0dnSkadof! RRCkANSe, the anhydride.

derivative thereof, in the Substantial absence
The reaction system of the ‘068 patent not only provides an acid product of unusually low water
content at unexpectedly favorable rates, but also exhibits unexpectedly high catalyst stability.
That is, the catalyst is resistant to catalyst precipitation out of the reaction medium.

Another method of choice for carbonylating methanol involves utilizing a homogeneous
iridium catalyst in the reactor. There is disclosed, for example, in United States Patent No.
5,883,295, to Sunley et al. a process for the production of acetic acid comprising carbonylating
with carbon monoxide methanol and/or a reactive derivative thereof, in the substantial absence
of a metal promoter and/or ionic iodide co-promoter in a carbonylation reactor containing a

liquid reaction composition with an iridium carbonylation catalyst, methyl iodide co-catalyst,

water, acetic acid, and methyl acetate wherein there is maintained in the liquid reaction
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of a nmetal pronoter and/or ionic iodide co-pronoter in

a carbonyl ation reactor containing a |iquid reaction
wW@09p03dstd on with an iridi um carbonyl ati on catBCTES2008/004824

met hyl iodide co-catalyst, water, acetic acid, and

nmet hyl acetate wherein there is maintained in the

liquid reactionconposition (3) water at a

concentration of |less than 5% by wei ght; (b) net hyI

i odi de |n a concentratjon of eater than 12%b
Come\%ﬁ“gqﬂ ‘Hat?rca}alcﬂ“‘ieﬂréatl?&roéé?ﬁ?ﬁ’é{‘ P GrPYreighiob) ﬁlef}’éﬂ igride in a
condRh® M of gRhtel 888 1098y Wl ahd §ﬁ§th@ Eﬁgorg'iﬂtfoﬁ GeactoRh §5tal pressure

Patent No. 5,877, 348to%)|tze United States
of lepptham 0 Igy. Se@yo YniredStates P@ermNOz é4872>64%1|o 5rrel dohabdbrited
Statégfpatkgmseﬁmbm%ys%ttsméz% N&qzhe tendency of the catalyst

formvol afil e species ich leads to catal yst | oss.
Se ©ne ﬂwbeﬁémfﬁlomogumouwsismn%@e Ratlensy oNthe cstp@é!izpzﬁﬁﬁu volatile

el i FRIE Claly o B i dflE D GBS ucs Tl B o0 o

Garlahd etalGolCol. 3, lihds3eand fdhﬂwflg)hd well axgnited Seidtes Hatent No. 5,932,764 to

ref vent .a _significant
Morfik 8@ cot, LIRE T ORT Rliob MRS Rl coral yst
and/ or opPrefenaly @rpReRhed sifii€icaiidriaseoh tigavolmity®NBX irdeum
| Ncdthl@st28¢/616btioh sl Préneentpe ainbu df varbsithanskide ia Mhe S3€ond liquid
S ec@sbs(tida i tharhwhOi@n SleautdhdnedctiBezdne dh&RdndteR rédded too low,

t yBipfall} 36 heinfal A16ki0034 by e 3PMe BIssHMdHTR/ R Enttdiced gases
di gegdived and/ or entrai ned gases therein .. Supporte

cat al ysts systerrB have been proposed to avoid

ex XeG Ssolrt\é(? fj}%ﬁ s% ¥y§{eg}sgx ei:,éﬁerg %%Jo%%e%qt [cwzl%g gpgc%tsnfe ca%éyasf g)gs through
entradimadt. FoMmatn@lﬂ: BhiddeStattaPaeit N0 5368814 @Fale9eSn.at/aBedEStates

I i States P, nt ) 755 t da et
pateffiNG. b1 St G i B RBes BadaaNG au g St daet ol
Unitéd StatebPufedNSis868 6P BMianier aly ULmédS sé&@s Patte@t m@rssltse 261 to

et al Uni ted States Patent No.
Margapgirals Haited Stajes Pat@ﬁll‘{%é 8824t fi%@ﬂ%adr%au @wd StptestRgtent No.

4,12656¢ tetrdler al, WIPQ Pullichat worog/¥7998/ad Fhdo mbtcNoR9s-33590. A
Publication 98-33590. A si lgnl ficant drawback of using

signifigap draviack e usingsupeaFed saBIySiystamp SrsprenylsHopproesssesdiss been
the l@a@ﬁm@%? thelcB@1ysERGH 'tﬁ%gpo‘l)}tmérhgngcﬁ%‘g%a\gﬁ gpagl he @v&@@d at least in part, by

pol ymer, this drawback | east
utlllipwthe prspeniinventzgnyg dissesspd gelmﬁftqrnventl on as di scussed

E‘Ptfm&ﬁeﬁsn@aat %ﬁﬁoﬁt ac'&ta %ﬁeréﬁ@x@%ﬁlﬁg b tt%"sé(cfhtﬁm?r catalyst

anot er appr tO se ter cata
that IS$nEmtl¢Chllnrpe@be$srBtrpams by ssmg pcdmrsmmpbstsatesg I\mamlhqdmf thds type are

rates., Method t hies L {,bed, , for
desc§ H %qr exam%le u?Egro Ran t nt S e%% a 101111| 83?? gﬁé%pgihrgi%Matthey,
and Uﬁ&dt SlatdsoPmsm No[\/é,ﬁﬁb,@?/() tom uhg]ettae dwﬁi‘chﬁ&énﬁ’ﬁﬁx@ﬁéssé‘d@mploying

resing it By LT ae o e ettt G »BEDdr e PrB RS s present n

the pﬁﬂ@ﬁﬁ'ﬁﬁlllﬁdmfrm in which the entrained catalyst is

pr F% been I&ISCOVCer in connection with the present invention, that a convenient and
effective method for recovering metal catalyst in carbonylation processes can be provided by
first generating a process stream having less than 100 ppb by weight of catalyst metal, and
treating the process stream with a polymer having nitrogen-containing heterocyclic repeat units.
Because the catalyst is present in low concentrations, moderately sized polymer beds can be

used without the need for constant replacement of the polymer. Moreover, the inventive
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the parts per mllion range It has been discovered in

connection with the present invention, that a
w@omvsasdsent and effective method for recoveri NBCTES2008/004824

catal yst in carbonylation processes can be provi ded by

first generating a process stream having | ess than 100

ppb by weight of catalyst netal, and treating the

pr ocess streamw th a pol yrre? havi ng

ni trogen-cont ai ni ng heterocyclic repeat units. Because

methodg %pé?ri%ts epablp thegeglamation japdyreciss @8 Falpaple eatadyst which would
othemgeeﬁeal'b@tltbf et ARHeRAhYBE oI RAE AN e used w thout the
need for constant replacenment of the polymer.
Mor eover, the inventivenmethods and apparatus enabl e
Sum&%gfsﬁ%@@hl on and re-use of valuable catalyst which
erw se be lost to entrai nnent and/or
volragrie| aspeat piothe inSemtiray Shemfls pmwmelncﬂ n oaIbd>rrylame pmcpsd’or of

i nven [ Vld
carbgny(:fatm§sa r]p%crtaonct: glr t%xo e? ntce ﬂga roug a e%%al aF}ﬁL W] gsaepﬁgcéess stream
is gepéraad @rhaehpindbidids tlmGaiup OHIIaheysltm ambiteofdeBivmelNd ppb be aight,

| ner at ed |ncu steGrou VIII netal in.
and iy RGP o bt Blehi ot S5m B mibseirees et Dl o
polyﬂ‘i&f Rdvigadieb g’@tcdn&nﬁﬁgh&érb@fcﬁa rdpE Qg tufRg. TRE EeS Satdlly 518/ be
treating poI yner havi ng

Subsmyw%wﬁ%ﬁ %?Iﬁ.ﬂafgv B ey sled rlagaatberigpeshpf e imation, 2

polyHﬁ¥ Bdd i6 adgBharated U8Ng DR gBnhsR q&ﬁmshtyonrvaﬁayﬁ I8 Rp AT With fhe
ynmer and recycled. 1n another aspect of E

carbpwgmr%twta%ﬁwrw?h Hhalresayered gatalyptrpp he dg?%lg rgpycled to the
reacfof Q’@Hﬁ@%ﬂl Era6iBARGS ! ths, WhH-E 1 Ho%e@cpt'gQQ)tlétp e c‘ﬁfahjgt ﬁl@ﬁl from the
car bonyTation reaction mxture such t recover ed
fegewﬁtmryﬂuoéafﬂpfﬁé f@vfﬂ@éttlﬂ%ﬁaﬁaéﬁyme@ﬂtottbe teh@tolr eactor from
reg
| < oPARE R B Olgack Bt Brostnl Bl 48 HROEFR IBarent from the
discyssign dhrat frllows. t 0 returning the catalyst netal to the
reactor. Further features and advantages of the
present invention will becone apparent fromthe
BrieﬂDszcciss'cbmastI)ﬂa ngsol | ows. Brief Descri pti on of Draw ngs
i nvention,is.descr,i b det i th. .
T o SR 3 R SR B Bt i terengd 1o e Ko Vipe draipes:
V\:hF D 1 showaplt which showetypicsl 16felseiflenidin@ithodi0sh ddfllyst in a light ends
in a%lr?ht ends side stream of an acetic aci

., cat al
Sldeﬁtrr?i’gbéémaﬁ?tbc I9CesS;schemat i ¢ diagramillustrating
ONRige pOdicAeRktiOdia@aban RaANABde @mbS NiseR M M dagthd WZBMOIb@stem
used | n connection with the present invention ere a
whichdpay keised & qoansrier vithdhepresat inkenypa pderegrpaghicyfaepolymer resin
bed SipIRBMDOS sitib Sirda DS h@NRER ef® déln;Fi 9. 3 is a schematic

diagramillustrating a second enbodi ment of a
caFigoAyd atcheinatic diagram illustrating a second embodiment of a carbonylation

system which may be used in connection with the present invention where a particulate polymer
resin bed is placed on the residue stream from a dehydration column;

Fig. 4 is a graph showing the absorption of rhodium catalyst in a polymer resin bed
placed on a feed stream to a dehydration column; and

Fig. 5 is a graph illustrating the absorption of rhodium catalyst in a polymer resin bed

placed on the residue stream of the dehydration column.
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system whi ch may be used in connection with the

present invention where a particul ate polyner resin
wheasi338pd aced on the residue stream from a dePgmD81008/004824

colum; Fig. 4 is a graph showi ng the absorption of

rhodi um catal yst in a polynmer resin bed placed on a

feed streamto a dehydration colum; and Fig. 5is a

graph illustrating the absorfbti on of rhodi um cat al yst

in a pol ymar resin bed pI aced on the residue stream of
":’-':L-s hg Peafersed Bmpbodimentescri ption of the Preferred

, ﬁginmm i A& chitbiaR Eéth‘i] bél§w%&qgfe%ge iorhu%}cﬁis emlgghﬁjrgé(nts for

reference to numerous enbodi nents purposes O

purpeses op Exempdidichtinn aad dllustratipn qndy. i MadiGeatipns mnquﬁmembn@ments
| | S oe.

PR G B D BB 0
readdi' aplmﬁntwthbsekwéslméamthe)artappar ent to those of ski Il in

t e nles orlg%pg&ﬁcarﬁg éiggf?e%ebeiow ?ermlr%lod&%falf gsec% hareln i )glven its ordinary

meaﬂiﬁ@.n%’] gpb Qlod lmeberarsdeﬂer toevdight IpiBrcérﬁf retts per bikkiog by weight and so forth,
lgshqcent ﬁ@ 5 Per billion by weight and so forth,
unleys WIS se indicated. "Predominantly” refers to

MO rBreddhdifafiBYorfbrsao Adkethad 5@k Sn 4 Ml ?EDadl HElew oBiRrwise specified.
specified. Wien we refer, for exanple, to a, vi n){)
eing

Whegyts Tgferdobs iy fo pypYIquridiRer poylmeeliduepglymer
predBSRARHN 1ARE h¥atdrRizbDRrAURE Gl #RORNAN SEMSPASY thd@hine
nore than 50 nol % of the amine functionalities of the
funchgralifpnef Be mﬁWl%eocmpdaﬁhdoaae arefivatesrsfidzed. As used
hengiBediifein BFbldi Gl PERSERTamE 'irf%ﬁf&'ﬂss ﬂh@ E{&Qs%%trwﬁ fed forward
process streamfed forward fromthe ends col umm,
frorranhel lightyend ¢pderamend a@xjwbﬁmamtup@nﬁca@pns ¢féh¢ lighttendsrpigeess stream. It
will gé Qﬁéﬁéczatez%‘ frﬁﬂ?ﬁ(ﬁq&l% (‘)]}é\% !())ré,\gﬁ?ﬁ g@f&gﬁQﬁag%xx‘f}gsg{%ax\%mtllhﬂqglolwo({,,(\)/ncentratlon
of egured ot Fitiveranlysemtiabinaebe @rgefedgonmwewan atopsdanpeith the
presQrRanl%ﬁ J.arget ed for recovery in accordance with the
pres Tnvention. Flow rates through a resin bed in
beﬂlowﬁawsrﬂmma aginbed a\ﬂehoruru)neapﬁ loat BN/adwilaleasledlated based

on Gl O P ST e B el ooty

throﬁg’hﬁhé)ﬁcdi iothel BEd vohurge. r garedel bﬁgg feddhibhgtoahgAllod Qegabddod 100

resi ed at 100 n our e urified i n
gall%ﬁ@erﬁwf é?tbeH‘ng“B‘@gﬁ? tg Beds' Wtﬂ(% é@gd & BF", hopp, {faus
hav1ﬁg’12&i kd3@lieRcel B GEINGRInLicE T BE tr@&m@htméﬂ eBowér &ﬁ&:ﬂcé BaeSBiigher flow

bed. Lower residence tinmes (higher flow rates) are

rateg @t URrly deisablapne %}aHerebegﬁem beruserh drAuging cpE PRS- FOStS.

I eGHE GREpOAIT RERINTatabRE E&mpoﬁ@@c nngﬂéHJréékﬁtlm %t;ﬁhﬁed process stream
cat al yst conponent nmay be present'in the purified

in arpeweefdess lraaayppb by weight; but may be present in the process stream in amounts
of less than 40 ppb by weight, or less than 30 ppb by weight. From 5 to 30 ppb may be readily

removed in accordance with the present invention. The polymer may be selected from the group
consisting of pyridine ring-containing resins, pyrrolidone ring-containing resins, or
combinations thereof. Typical resins may be a crosslinked vinyl pyridine resin having a degree
of crosslinking of at least about 5% (preferably 10% or more) or a vinyl pyrrolidone resin
having a degree of crosslinking of at least about 5% (preferably 10% or more). An alkyl halide
promoter is, for example, methyl iodide, and the reactant is methanol or a reactive derivative

thereof. The Group VIII metal catalyst component comprises rhodium, iridium or combinations
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in amounts of |ess than 50 ppb by weight; but may be
present in the process streamin anounts of |ess than
wa0oppkssiny wei ght, or | ess than 30 ppb by wei gh€T/US20081004824

5 to 30 ppb may be readily renpoved in accordance with

the present invention. The polynmer may be sel ected
fromthe group consisting of pyridine ring-containing
resins pyrrolidone ring-containing resins or

nblnatlons thereaf. Typical resins ma

thereof oBefrahladhe pHyergy Prttts ¢ egaye RETh90% oé ézjr%r@uw I catalyst
metdt FORSthe PIocBg s@fanit Mlo%qﬁéfeﬁllggfu{he%&ym; &f speally oo & at least

nore) or a vinyl pyrrolidoné resin having a degree of
75%f thesGionriViTY caflystmetalisom Hispuecesnsrepn shdrasior least §984cnf the Group

VIII %ﬁzﬂ miégl d?édﬁ ’l’ﬂe ad?@éeséjﬁre?lggwgtg{algést ?(Z% r(T)fIg %anoﬁﬁm IH? catalyst metal
frony the ptoicess stieant.vRemeal phty e efd maiteef Gredinoupy/ VIl cat@lwlmetal from the
strea a}s%ﬁl:a\éﬁ%a&?g% nent conprises rhodium iridiumor
[ onst ereof. Preferably, the polyner is
op@mtalkyet}iewunﬁerb}mecas strepasit trbiéd mfth¢ feeinGed tpreMol ¢ Group VIII

catalblsat %/l f&ft@%&/&rlﬂ%%gg ? BRQ!? 5 es&gﬁt Lgfg%fa&]ng}wélﬁgq process stream

is trda@dst thea86iobed beerﬁim@ro\{t VIl cathightysdtaliieh ﬂbwfrét@ Bf ht1east 10

rocess str m suc t 85% of the
BV/Aoyraei s ahet af st BP@ Quir gf 3t %{ateaq of Eeagit‘*o%‘é/éwur
In mahy &Res, HePupfivd bﬂoc@s@%@éa}’rﬂs Bk n tflé fintte t@feﬂfb@é S}roup VIII
stream Renoval qof 95% and nore of the G oup

catalysfmgtolat a flappteof Famahautsy B¥ARYs to abagdd W%@H. wbléedm still other
case W@'fﬁ)@l rlabé’ofthE@ldeeEs £daRHREE5HSths b EAMbE S- ltO'f)fBe\]?/ﬁSJtlr'oﬁJ more.
the resin to renove Group VIII catalyst netal at a
f | Bwet anathesfaspeet ofdbeinventiy) therars anNBIPEoSERTEP Rlyiopsses ¥ring
suppBHEA G U VTGRS o f<RAUPu 14t BLAL i Un¥Ed SER PaRfNG.0

renove OUp cat al yst net a ow yate (0]
5,334,855 to Hape@etmduthe desgloburg of which if inguporated hokindty refssgice.
0 40 BV/[h .
Gen%gll}B%&&g)g%vgéleﬁ’{ aug{sr :ﬁ’ g&at%{ 3ssrg(lze§ ?[}eegrrnn S|u§1 {hraglg[l%s Ga Group
VI inretdl hentenisxf ﬂﬁsbédntl@o p]dn’oyvae@ltoanﬂ (V) tréating tlad predessr@teain having a

Gro Gy e 2 Gk Eoftirsa b 1 BBy S Bt mivogen-
conthlhmglhdtemcgdmp@t nm&mpexhrxwgheqdeeteb@dthe aolyber te TR6up VIII
oyr %et -anot her aspect of the
CatalP'f‘f\)’é?W pé‘??emt‘ﬂél'l‘eé’r??S H*Rpr ovenent to processes using
S URPaHotiREladpe P thélihventTBi, Aher€ Rtpad WdddS Métall dAfboslIatsn process with
described |n United States Patent No. 5,334,755 to
catalyyf facial f%%YCLﬂ includipg thgisises & (Pl cEPoRkALEs aicarbrpvaiapls Ferciaat in the

preséiREBF A Gl%’upr \eﬁﬁ&@tﬁp&talﬁeﬂxﬁf A d1¥y] hhIR JroME@Y@TBAY a carbonylated
i ncl udes: %ener at1ng process stream such that it

prodgtgeagtiop auﬁuw; 1) %ﬁlﬁrlwng@aﬂm@qﬂon FHxueedy atflagher apbegyetsting a
proc%'sggém wWaARH cofthink Eﬁ?&lhé&%%hﬁ VIRl @4&iS st Iﬁétﬁlew f@éﬂ‘(ﬂé‘tﬂe Brocess

Goup VII'l nmetal content of |less than 10
streapefoginurificationesy gom inadvdiepapmsingied gf mlymergemém mtlm nitgggen-
contilfilnGhe %&gélfc refdAE fhit \}{a ORSL QS Eforl B HReP Lifai Group VIII

ntﬁ % \% CIZ EroluspUdg ﬁ, cat eystorreegﬁlgvpr esent ino 0P
catalwstgnepalo é@)s@rxgdlpdbmsolatmg the resin bed from the purification system and
regenerating the resin with a regenerant composition to recover the sequestered catalyst metal in
a regeneration liquor as well as regenerate the resin. The regenerant composition preferably
includes a regenerant solvent and regenerating agent selected such that regeneration liquor is

compatible with the reaction mixture, so that the recovered Group VIII catalyst metal may be
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I n anot her aspect of the invention, there is provided
a netal carbonylation process with catal yst netal
WO 2@$a83816 ncl udi ng the steps of: (a) carbonyl aRCTGSW08/004824
carbonyl at abl e reactant in the presence of a G oup
VIIl metal catalyst and an al kyl halide pronoter to
forma carbonyl ated product reaction m xture; (b)
suppl ying the reaction m xt uPe to a flasher and
generating a process stream which contains entrained
dlre@wde&ycw Itq the a@aanylsmlmqeawth regpeRpBEifluag Akgmyivelyeths recovered
including a resin bed
meta?% :%/r ?l?atr oV Iﬂ%quug arﬁl?/rtétrugmencont ai ni ng
hefl b¢ chl@IVIH qattpshimetgh¢ansponpes rﬂaﬂt isvthe targes effhe stventivgrsequestering
| \
s Bl IR SPUILRIT QURY! e AR TR b s i
any spmuablé |f<orat suoh tigiy godiunaisdn thegetalystasblutign bhan erqaﬂibmmm' mhixtae

o RGO BT 5 RD RS EEH, WIRoPRRER s

carboregienedidd-gcH ehﬁxrfiﬁﬁérﬁ of fRaedcagesotibility ofLhepagiun Benerally

e Raet Alp RE DY B BT FPERER 7 BERU dplubl in waterand

aceticl laeﬁuo How&v&OWRE frddlsriol tdicahd rheside qeple@ea El‘ﬂ\ﬁﬁmm%ﬁts as typically
the recovered Group VIII catal ¥St net

emfwég*rerf@ékfrr light e9si cebminndsg fortin dicicg i lmlswwhwvtcwalyst

comm&m%asges LihERss camoheﬁd}@tddv% HraildtRe mm\ﬁ?ﬁ%@hpl@&@&s Rhls, for
can remgﬁ;tate fromthe uor and re-used

exar@l@lﬁﬁtaw pq todlg ferm of epfeaingd rb@iwo evnstrepmtof ithe TFfFFéOrtaa@f rgétwell

undeQ;toc;ch qoéhﬁé/ ?antg |h¥ ﬁ@ﬂyt% ?ﬁ&: _Fltrﬂgorﬁﬁﬁgfleeﬂgsﬂaﬁnhgr 8- Jap&fj‘Lleater
/or iridiumcataly ium netal catal yst

Condmns lpe wHlbibkeabpragiatashb YSQneméBklé if @emtsuch that r hod| umis

1S 58 S A B

in thafarm dffassplubkecdit ofimsakalt inoral orsalkahing bathaaethblon a quaternary ammonium

or phr$p o(ﬁllluqr? F]agtd CIrE r(%t%?a\sfn érglﬁ(gf aniltg tlﬁ%?aﬁatlxés as. Bpo%rg)é%d%f'l tl?num 10¥11de lithium

acetaté@d mﬂxﬂnea tHeesny.| Thoghitde-manmowt Ragpesides asa ﬁorgﬁﬂﬁl’e ahlt hat will
soluble.in er. d acetic Cld

eenchtg erdi it Bus o R ST R Bl B Bioised VT the

reactih styyuatnc a:u{eynaﬁxe@tthe bdidesalk b Be benekdt@iin-sa0 G§lc@ @hdéfthe operating
and s ort the equi|ibriumrhodium cataly

condiis SR SR ¥idsree S or ol A Biseers Wi react with

metlY RIdIdRRG encRROGe YBEpBRdiIRE ERPB RS 1o'a|iﬂe3salt t@biliexamat &dditional
details as to the form of entrai ned rhodi um downstream

detaip fegpidéngrigdide st generaien. sveel|S Dnfen 308b339 oonithe: ghi 1.926,908 to

Smithe} 8. @h& ?‘ﬂl@b@ RIs6 & .Wnitﬁgt’d?nth'e RistR8urbd Méh 4B UEEby incorporated
SO- Ca ["ow V\ﬁt er" condi fl ons as w |

byr%f?fplﬂ@m at ed by one of skill in the art. Iod| de salts

mSMl%lg dﬁﬁhﬁlu}r{]&d@s‘?g{eﬂhgﬂqftﬁﬁ)ég.r;ﬂ{)r%ﬁat% rEJ&‘ﬁo cgﬁrgc?sgg) [may

descri erein ormof a so
compriseany gidtahiconteinglg compalukdvhink issathuble inghtediquat reaction composition.

The g@%ng 5191&%& n?zg{'%nadﬁ tg{tg}és) cﬁgg pe%%}%olljlrrl{?to lo%itlori H){ erctau%onylatlon
reacti@dndey suifablei fomm a/beﬁhaillssdveﬂmmhediqmlde&adtkbeR:embosanlBorsabdnvertlble
toa W?lllkﬁ P Tt %xmng F suatdlgjle mg um- cogtgﬂur{goc%lm%guécp Iwh1ch mgy be added to
the liquid reaction composition include: IrCls, Irls, IrBrs, [Ir(CO),l]2, [Ir(CO),Cl],, [[r(CO),Br],,
[Ir(COY, 1,1 H™, [Ir(CO),Br, ] H, [Ir(CO),Ls] H, [Ir(CHs3)I5(CO,] HY, Irs(CO),, IrCls.3H,0,

IrBr3.3H20, Irg(CO),3, iridium metal, Ir;O3, Ir(acac)(CO),, Ir(acac)s, iridium acetate,
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generate an iodide salt. The iodide catalyst
stabilizer may be introduced directly into the

WO 2@8t3sm system Alternatively, the iodide saP@T/Osz00den4824
generated in-situ since under the operating conditions
of the reaction systema w de range of non-iodide salt
precursors will react with nethyl iodide to generate
t he correspondi ng co- pronnte? i odide salt stabilizer.

dd | detai d di d
e PO R e ralinians s olshirel Sott e complees of

1r1d1§mga§) S08ethies, IMhihids £id ﬁbto&ce%ﬂ& aPe %ﬁllp@ﬁploﬁédsﬁ staPting materials.
th et al, the disclosures of are hereb

The Frﬁb@m ﬁ@tﬁlaﬁté@nwtrﬁ@r@péhﬁ:lequwemtioarcpylposampn ma)dbmlmthe range of 100

to 6&)@ r{%hy Slt'he c&thgaﬁdn%#rﬁet%EP&H%l@ dh&’iﬂmrcgé?)ls{ QQNell known and is

ositlon conprise any Iridi um cont-al ni
geneazzdlypt@mtd)ed\m bhfollowing Ubites! States Paterits: quP4R, 46@a5,,932;7164 5 883 295;
[ iU
5,879 %Hp %d§7t7é3§2 tana- E‘ %g%ﬁé% thCrHISC?OSPrCX { WEH% grreglgrne%?/ ar%cognr?rate
rﬂhmmannmamsamﬂammnsunfabﬂﬁmhonmuwmnmbrd|ssolves in the

L t tibl
 softisret P SRR ERTEE Rk BuslharP SRR B i g Crou
VHI@W euanst whip@hemaMehejl adelids 4 prefdned i tiatkyl RARIE ipfymoter.

Preffrpﬁ?é% tgtla%?lglrart]l(égx g? gb;légpile B tfl ' Il(}l{l o ggc%]cHHp(r)s(lggz 125|11]1 t2he range 1
to 54% lb{z@@)g%BrpzafHam, 20th BO@@yZ\bé}éhtH [Ir(CHB) I 3( cx2] Ht,
Ir4éCO 3.3H20, 1rBr3.3H20 Ir (COI ,|r|d|um
fig alky rhzbﬁe prpme%;é HEY Peeymbingd ik ag3ibstabilizegoonpromoter
com tda&/ﬁicfl ha J QC%)sal(sl @@&thll%@rouﬁ%rmﬁﬁ fiho 5105 ﬁda@érﬁary
acid loride-free conplexes of 1fid
ammegEE arsph@aétoatueétsaltofamatﬂedy areereed areoadide at @gtamselts e.g., lithium
1mh&§ﬂ i¥meRLieyed as starting materials. The iridium
catal yst concentration in the liquid reaction
coRges promstersrand d@epromotersemmlwgeed)as 100 itlee GEOBicystem of the
s EnFHERY ALy TR Bk LI 29 | ot ofposre o
whidhhehéreit)l mmrpg‘atdd by ecferShat emitktsle efa)t'r&‘ter5alﬁéae(4&0from ruthenium,
2, 164; 883, 295: 5 877,348:; 877, 347 :
°sm’é‘h’6 g‘%‘g%‘h rh‘i“ﬁ‘g“ e FEEHP RS PR LR AP EC R ‘é‘t‘sg"l platinum
vanadiueg nmﬁm edpiy, d@hRuRNGE antifnony, Ahs akpiiré pRfdrably fdedidd from
WS set (gth in their entirety. Ala aI,EéLiahal,igg
ruthenium ARG PSR SBREE O POMYiTR3TE dFSer Yrited SHissHtrbNo-
6,62W7Y70) theénti@tPuPwhith Is ilBIirgdrae@heeindy réRrgaenent . Met hyl
iodide is a preferred as the al kyl halide pronoter.

Pr éfpé?raﬁqeymax Prepressat wraneAiertdis agtount W/ thedimiger jtysolybality in the

lqulH ir€helish &ﬁﬁﬂsitl‘aﬂ aﬁ&@&ﬁ@'lhﬁﬁl"brb&sd ﬂreﬁx‘ﬂ? rerc?{lgdatojthé 9ar§<91ﬁatlon
preferably 2 to 30% b The al

reacwafrpmég ?C@% pad rmyﬁrb atag iy hmawsew thhprarr@éar is sultably present in the
llqulatr@akahJ)d g(ﬁﬁdo%f?loﬂ BPJTBBEF ra@lg'mg er‘M‘ {n%gil E@é’lyét 3¢ L(P?lfo 15]:1,

G oup Goup [TA
pref‘t{@ldr & Walﬂjl' I ammmrﬁn\ablw [Pkro% éhb nA@mt%@ mrompar ccmgrhtmloy is 400 to
Sompﬁﬁﬁerred are iodide or acetate salts, e.g. , lithium

The carbonylation apparatus or process that is the subject of the invention includes
generally at least a reactive section, and a purification section. The present invention may be
appreciated in connection with, for example, the carbonylation of methanol with carbon
monoxide in a homogeneous catalytic reaction system comprising a reaction solvent (typically

acetic acid), methanol and/or its reactive derivatives, a soluble rhodium catalyst, at least a finite
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iodide or lithiumacetate. OQther pronoters and
co-pronoters nmay be used as part of the catalytic
weymBaessod the present invention as descri bed PEI/US2008/004824
Eur opean Patent Publication EP O 849 248, the
di scl osure of which is hereby incorporated by
reference. Suitable pronot erg are selected from
rut henium osm um tungsten,®rhenium zinc, cadm um
i ndium _gallium _nercur ni ckel , platinum vanadi um
concepifatign Qﬁqg"a['?bﬁﬁ el 25 o s pyTigine ATTPGAgRe rieFoRIRINg polymer.
The BRb&h Pt Rh ERAbY proedes hedlethidMid LRSI HeRoR aQeSéHnHmously fed to
Specific co-pronoters are described in United States
the renetqsn Thiearben memoxpdeyeaqtang mayibe ewseytiably PWFF @ ndygeontain inert
impureO GRAA L&Y GHSIIR, RUhdR! S16 enou?e PIONTOLGE 2B, REC, paraffinic
present In an effective anoun to-thée limt of ite
hydrgesiripasis| iThg piepence ef hydgeged in @ae@rbomm@omdgmdl gsnerauqdlirosntu by the
LG 0pRRs Wy, TGS e
Wate?gy Jg%fg/#at {on ?eacatlbg% om tfﬁe&gllgggi ltggsat}:l%‘hdl P amal \yressure as
its p@sqngemaV\h@nltuns@ld fomheoxpoﬂmdt@cnatwns)mduatbl thnpaarazarmesswre of

carbgn moh ng(?e 1? tﬁeel%? n Co OSI %‘I (r)z{]r)@gg t(? ggE%rlpreﬁe bly 1 ?o 35 bar, and

mosmraﬁembablml[ﬂaato 10] 1 rmre preferably [2 to 7.5] :
A suita r co cent rat .S 400
o Rt ST e FagRRs e T6biS i e stmeh e 20CBar
prefdrklﬂy $0/kj B0Otbadfmdsh prefdﬁa’cﬂ?yll § @50 Bre| THEasmpaR@FeAd flte @Trbonylatlon
ast .a g’eactlve se %@Cand urification sectio

reactmels BHELEHP herrash 1% perelerbieisithe waes HOdBRARE Hgstic acid

is typitdif mzier'facﬁﬁ‘@Jrﬂl a%quﬁ aSEeRAION a8 teRipeRburdBE HFAShoWi15H - 200°C
car bon nonoxi de in onbgeneous CatalytIC reaction

and aipal @fﬁswﬁ@ﬁr@mﬁgoﬁméa@&qum ol vent (typically acetic
< 0{48%10 élqrﬁhggﬁjéaugat al.f?i%d kn the Ee%i%:orn' r%(“?(tugg £§ t}éggél%en% forthe reaction.

fi Sllhitaélpcrnamimt dawatmesoff nvtiaeo], indsdanetthylasetate, dingdlylbther, methyl |
formHE" ré?ng?l ogﬁ&/er zréxonlnI 919@ gf metﬂglof“ 9 Qitr%allcrtlllv? ﬁgxﬁv&tlx%s téerg#ﬂ,n&y be used

car ony reac roceeds as
as remnamsundhe puioeess ofithie lpl'muﬁllyveﬁm tRleﬁefablyt erthansl.anddemethyl acetate
on nono e react sent j. al ure, o
ore Rl RaH B A e SPRp eaeng e 5 et s B et will b

convBRéd@NEhd Hehtd Sreent aslﬂﬁhbih@l zgnaﬁ&ﬁn tMIcﬁﬁ[d RBdioRlcomBodiflon by reaction

par af fj ni c_hydrocarbaons. The presence of, hydrogen in
with BRI AL RS RSO AL e cgRsatatoadn lglrltdaewov Rempgtign of

meth@Pcefald iEtsu1Ea%¥}Cffr1|tBl{‘rah§e ®5 e ’raby We}"gﬁp‘i)réf&%lyfoojrto 50% by weight,
exanmpl e, less than Bar partial pressure, as it

morepﬁr@cé’&l?&yel Palp s By &’F"tghﬁ Fdppest prsferily brO%rbyeigligen at i on
Pr Q@ iy bERGmRANA bif) inRACARRH] I%aafon%aﬁlseﬁmsm @(Q)%ggxﬁpl'e by the

the reaction is suitably in the range 1
esterificatiqty gpgtipn betvege memnol raasthnfrenst acplicegcid mm}ctl\?fa@erp@y be

1ntro§€dl'e%l t {f)s I&%St gﬂro?l arg;gcé(;r? c%l; %g%g%ﬁ&gﬁl‘l% ﬁer adbl%rr] !irgp?nents of the
liquid gRctiay commositiopr Whter mby be Ss?@alta@d S@nBather C'ﬁhmon@madrraetcune
comﬁjsulto'flgwﬁlﬂfm&ﬁniﬂe reactor and may be recycled in controlled amounts to maintain
the required concentration of water in the liquid reaction composition. Preferably, the
concentration of water maintained in the liquid reaction composition is in the range 0.1 to 16%
by weight, more preferably 1 to 14% by weight, most preferably 1 to 10% by weight.

The reaction liquid is typically drawn from the reactor and flashed in a one step or multi-

step process using a converter as well as a flash vessel as hereinafter described. The crude vapor
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reaction is suitably in the range 100 to 3000C,
preferably in the range 150 to 22Q0C. Acetic acid is
W@ 9@Ba3dsiey manufactured in a |iquid phase reackCDOSHNS/@N4824
tenperature of from about 150 - 2000C and a total
pressure of from about 20 to about 50 bar. Acetic acid
is typically included in the reaction m xture as the
solvent for the reaction. SuPtable reactive
derivatives of methanol include nethyl acetate,
procgssyiseany fromy the flasheris lent (¢ pyricatiomeysiemrwich gengradly inchudes at least
Ctlpl
ahgﬁfﬁéﬁ%éﬁa@é gH(g ?ggtatngﬁ?%ﬁﬁ% s%@te?%éﬂg}éxgﬁ{gf ﬁ%gp&r‘yecgfa r?ISt metal
whidghriy eftaingd to redight ads yOlumetahdihQMOIlé rsd100welr1r9t1¢fy$tocai; bbater, the
entrf AR Al £365 AN SefoniS@SEmsOMe Of Lhe met hanol
/or reac Ive deri ereof will be converted
t 0 Acemdhng énthe npaemmmh paicessrm'bziw (locettiatle punificitéon secfitinihaving

s R0 B BB R L PR RS G e

substretacwmcnnndodm&s;jolynm vath rrimgewcoﬁtamtr@t}eteh&y&w flepddt Yniks

an to 70% fera O 5 to 50%
Spe% C‘\k'éup ‘f“edrfﬁ?‘és ‘6?1&{%}” B %Y”%P{"B’e 0?@61;?5 and
the Ifieef erabl y 1-20% by wei ght. Water nmay be for med in
situin the liquid reaction corrpostlon for exanpl e
by [thawbesademppsirated;thal vinyhryrolidopgsesiae wilhbind singium catalyst

comp&idhils ot e@iﬁﬂal@@@t}hﬁ‘e@@th&ls PAOEHU. 5,4¥88 RS to@%tepgt al.; whereas, vinyl
Introduced to the carbonylation reactor together wth

pyrigjpe sainavall Bkevise Bind grodiim ety aempaents ag iescribegiin @nited States
pateﬁﬁ@& tsi 1818 26 WP REFLid PR a1 VLR 7R 861 ﬁeﬁ&ﬁ{ ab %{icogfo%{éd herein by

her " conponents of reaction conposition wth
refeleﬂlrl‘lfﬁrnthe reactor and may be recycled in controlled

aWHQ{elﬁnﬁBP | wrﬂfuga Iji%ecorn?a%hégﬂﬁﬁgp 0‘%3}151%%5 ng’m%p, a[nd the like

wat er ction osi t
usedtheeein snotemded d¢ redin tof pebtrer corddiming substituted or hen-lsmlqunmbd pyridine

rmgsr gras hsttl?lﬂeé: SRS SH‘EJSeU?lgtBﬁi >Pyﬁ}(r1]1tnt h%%é}%g% P I'cl ({egseéggu({g? duch as
qumphl&f r@rgab Il'yplialteaarihﬁl% b)ﬁ/th&t\ﬂls@hble phifidine eﬂgtcbﬁ)t;amhﬂgmdlﬁnérs include
t ypi ca drawn fro ere ndflashedlnao

thost B SE bsem oty iR MG P Connalt B st
viny®ytilas hvit\heﬁﬁﬁhylaﬁorhﬁ{e@-lcﬂﬁﬁﬁl&fg Vike s elonbiaek, suthes espilhaners of 4-

) a,arprocﬁ_ss treamfromthe flasher |s sent .to a

VmYLVﬂXF Rder ww@vg%eeﬁa SRRP Y dramiinyriding and divinylbengensy
copcﬁlydqérg bt vﬁﬂgﬁuﬁﬂé Wi s@Rshe vighaboteERtdng Glﬁ@l&gﬁﬁenep&pe%rﬁa@is of

ear]ier form of any cat al yst metal which Is
vinylmgthypyriding andidndnylpejencandor sppaliymeraniyinepyiting sefhyl acrylate
and t‘!‘tﬁifll distpflge st eRmbie ;tH?Wﬁﬁ ’pyltulﬁﬁe)%wn?ér{‘ﬁg a@zﬁfa@iem?otm ﬁ@l‘il?l

is lost”in conventional Systens. Accord Ing t
Industaig® Ardignapolis, BYl.oSeitpblesnalwagrs peadsadestribed mﬂémted States Patent No.

5 33@%5 Ea ﬁﬁwﬂa?e&yd eboséa@\sr wh?sslﬁcérgagtelérgQrte@ggvt Brence.

e cata conpon
Relaavw highdevets csflspbeslmrtg 1mhteqwlyrrmlls,uaies peefgroddytmeraimainphysical

stab@ Jn%q%l’ﬁt q%glﬁtbl%lfferred)’ Jocycl ic repeat units.

ecl fi resins include vinyl
py ﬂ“h@terrdmnbgp 6i>y5rmé1rdsne uagiydntgying dolpmeyopyrmdidsne poiginer and the

like used herein is intended to refer to a polymer containing substituted or non-substituted
pyrrolidone rings. Typical examples of insoluble, pyrrolidone ring-containing polymer include
those obtained by reaction of vinyl pyrrolidone with a di-vinyl monomer such as a co-polymer

of a vinyl pyrrolidone and divinyl benzene. Pyrrolidone polymers are discussed in United States
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the like. It has been denonstrated that vinyl

pyrrolidone resins will bind rhodium cat al yst
w@ovposssnd s, for exanple, in United States PatRCI/UBN8/004824

5,466,874 to Scates et al; whereas, vinyl pyridine

resins will |ikew se bind rhodi um catal yst conponents

as described in United States Patent No. 5,155,261 to

Marston et al. The '874 and Y261 patents are

i ncorporated herein by reference. The term nol ogy

Patentglfo.iSeftoae 7 iohgeasesrel ak As wefl pol/yitadrStates Rajant Hpn&%ﬁmﬁ;réﬂ% 699
and @,ﬁ‘ﬁb b4 ulel di&1diGRY of‘\% i€h Orel ﬁco'r;%}%&t@&’ﬁéjre&%a fl d0 a
pol'y bstitu

mer contalnln st tut non-s ted
py Hiisidesaable Hgsth rpols*/m@s wuth mitsgenromaning hbistocyelicethg repeating

shou?&/ Bé g ﬂn]?e%rbh'aak ﬂ:' %}QO e?&‘glqg‘gflggst f %%ﬁ %Mﬁgoﬁﬁ Eﬁ 75%. A degree

e i exanpl €s o
of cxpysﬂmldmg belbwnl@%:xs rdﬁmdvanmgeqmlbymsesthe nekhmeat hieagth of the polymer

bt a d.b t f dine with a div
may kBT i, “HEARRR AR tsrBien By BEAE arRe e R it and
numbBE P Rkt Cofih étiohbNgo syl thdripne@ decrsikeh Aafaapﬁ@.mi dég&fe$f

- ' d dj b ly
cros 1113;}%%\%;3@%{»'{ g@/ !r’i‘lég%’g%t nrwr vi (gyJE enze c&g 0 §s J&klng used herein
is indhdBdl tB Yéfeito Mg dntehit, $it RFBOEE % by mehgm wﬁﬁ%aﬂﬁ monomer, for
d|V|nbeenzene copolyners of “vi nyl met hyl pyri di ne and
exagfléi nyl benzene and/ or copol ymers of vinyl pyri di ne,

MehhpkidAg oy b%(ﬁld@ﬂgln%lnwe pliyRfef )hla?i)@ in (R frE@pelsg opﬂ Ldkide form or

(vinyl pyridine) grers are available from Reil
quaterifg fomesleqVﬁaﬁ, ﬁ)ﬁem mess mppninciody @lébla@dryMan@nfacvr@lkylated

v1ny ﬁﬁ)lﬂs }gdl?ﬁg sy #nalré g\gll?&l@tﬁ%ﬁl t%#, e{%‘RIJ Suitstfe Je%?ely

Ybne di scl osure o
crosslm@@d eghést IgdoM@pnwbgne(m)ﬂ)gngn tanyl Refralidoned) yremls@ravallable from

ISP. ! ﬁl 1113%119)&&: ?)&831%1: {‘élrr%%dh& rtlr%?orﬁ%tl Poléfmer 1S Brelferabl¥ in a bead or

y - an
partlsuﬂhtla kgrdnlutay fafn, bh&rqﬂﬂy ymespheﬂ'ctae fdre h‘avlmig a}glytlcle diameter 0of 0.01 — 2

o BB 20 LR 808 BPYHIE Gt Bl bR g

conthiing pp@irr)emiruch: @sﬂRﬂlléN@-@ZS Whsduict bﬂlﬁﬂllpfndﬂﬂﬁcsS IHdsdnbpdlis€IN) and

T RTEE N B

for tROpRpAe S Iy pr@a@tih@ftied. vi nyl pyrrolidone with a
di -vinyl nmonomer such as a co-polyner of a vi

pyifbwhoasﬁetegﬁﬁﬂalam KPSt ctw:@ylrlrs%qqeam vp%qlxﬁ.megals from
the paftfllg 'pﬁﬁﬂ&ﬁ;ﬁ'gdﬁc@ aﬁéﬂér@ 8elicot A ESHRARER wi¥of chettfbh %7\461958 ion-

Scat es et . as wel as United States Patent
exchangeggivegp e dAVCVSBGO%QOIﬁr?ﬂd hikqly gerefsgveraewetamssr@?f@bmegss infthe

purlmltlslh trQﬁle an{HQ&RR-E 8t g hﬁ‘@ eﬁh{'col?lymﬁ &h&L 6 Be sdfhckﬁ‘t methyl iodide

desirabl e that the pol h ni’trogen-contal ni n
mtrOIdme@lrt@eyemﬁ@tlpn hed tioeq@sadly ngﬁélbroluhtdrnm the wsis Inalkogdt ﬁ“ﬁecuve to

rem% O}l‘u%%ﬁ: ét:QeéQ h leeF y @élt olf ﬁ'%sdlteh#{%?@, ngr%’ i@ﬂqmﬂfgd; gny

greé o créss ng
substhintiz pettivhnad deussib beauss qudtemme«t,hfamhe adsinsib Btelhgetrh efféctivae The

resmorgll}y gegredommantly in the quaternized, predominantly in the N-oxide or predommantly
in the free base form, yet remain effective.

The apparently universal effectiveness of the nitrogen heterocycle resins in sequestering
catalyst species at such trace ppb concentrations and the overall effectiveness of the inventive
process is surprising. The resins are so effective that the beds may be operated at relatively low

residence times, minimizing the required size of the bed and thus capital costs. Generally
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may degrade during use. However, as the degree of
crosslinking increases, the availability and nunber of
WO 2@811338¢6 f unct i onal groups on the pol yner decPEEES2008004824
maxi mum degree of crosslinking of 50 or 60 percent is
then preferred. The term "degree of crosslinking" used
herein is intended to refer to the content, in terns
of % by wei ght, of the divinVi mononer, for exanple. A
yridine or yrrolldone i nsol ubl e polyner may be in
spe H’és mraperajgn af e inyepianga Prrifies Repces firedn iy geagrafedrang sent through a
polykek Sc\M Shere the IB%SX gt?eraﬁl lrﬁ@l)[ldésrlﬁé gﬁqysﬂﬂ@Yal ﬂltl?g' Bht ratlglons ie.,

pyridi'ne or al kyl vinyl pyrrolidone
less &Emdﬂ@ palv by waighe qur anlllﬁﬂ in ggastic adid PI'OSQHSI ﬂib Ilghtdaadmadifystream

incl eg%in zﬁ%ﬁtdl’ o@&%ﬁes ar%ﬁjg{ %fo%é%ﬁl a%%le @Qné/rnfygtgzall*ﬁrgm 2to 40

Vi ny pyrro i var | rom
ppb bnﬁrmﬂndbbép pp!ynhdﬁr atead)fstq:hg/cmmodsme ring- cont al ni ng
articu

0 ead or
or AR ERp R oF it fie Rty B a et Rk UB ingyiongyseem
depemdp gnehu])cillﬁ)ndhafpetlﬁb eO)ilpxﬁiexﬁilempl@ediTHnd ioy effeeti @by t0 minimlze

f | .25 - 0.7 Co ciall
o T R0 10 SO TGEE By e
leveB@f k:zlit&l)yétfrﬁctéﬂafn the b predesRiehn YwHi 10448 bkbs&fuent] lost Further, in

g@ gpolls h? %gd KEX-3 16, KeX-501 and KEX-21

the C@Eﬁ' Jridiua csfalysh df is ey that SO 11 irid IE{HCFP?CI?FB%VG b%latélgla{uabrpcy:suably

distid 586 teQfuritigiduypeae of the pr esent invention. The
above-noted resins are unexpectedly effective in

s e§iged & fingprgationyhewihe hodivm enncetiratipmef 4 typicgl light ends process
stred?ﬁJ rtélkff:h Sdery RetUG ho@@ﬂa@glﬁ ® ﬁJOhﬁ rh heQRR R 1R n‘ﬁ@?ﬁ Rlacetic
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enove ani Wev &)
mnowmhmdﬁammdmnw@kanﬁmpu is unllkely any substanti al
tion .of th esi n_becones quat i zed, yet
ol ac3gRice i Py P BTrtsT Ok s EF AR B sequestered
fronptlhe gitRRantdny andintiiebilgaed oa i e, wmﬂeﬂ@yrb@@abidyd hda pdiBculate

N- oxi d nantly jn _the free base fo
pOIVF’Sﬁ%?F‘I’i‘%égf g’&?‘?rglgymh‘m%ly%‘ﬁb’éregﬁ?qvﬁ QFFmPYE §*alFaSt abOUt ¥0% of the
catal§ b rRGAl T 8 prétless h8a] dd QRO pRELr £ P FhEdves £tQ§dsﬂ§oohﬂ75% or at
seq uesterln% cat al yst species at such trace ppb

least BRSPS o Pl s RO Sehsinfiallf 14868 iahbyEs0 Ve catahest metal from

the strl@MRNubl 812D S8 %& ﬁ‘oﬁl tﬁle' bON 3t f26in bl @ox{tﬁﬁé 18ss tHaPatolt % b of
effective that the beds may be operated at relative 9p

GroymoWIk eatalyrs etalt Sralder badsdrerzetieradly toreferresifiom e gossipeespertive.
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operation o inventron,” a puri pro
incirjegatige e batoder &n@msernt:essw\’dwgmtha pplatnyne ispdved] suchhesrusinghe
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concentra
hydrochloric acid and subsequently recovering the metal from the regeneration liquor. More

preferably, sequestered catalyst metal is removed from the resin by using a regenerant including
a regenerant solvent and one or more regenerating agents compatible with the reaction system.
The recovered catalyst metal can then be directly recycled to the reactor and the resin re-used to

improve system economics and reduce environmental impact. Suitable regenerant solvents for
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| ess than 100 ppb by weight. For exanple, in an acetic

acid process, the light ends side streamincludes from
WwW@Rkwat33B1¢ o 50 ppb by wei ght of Goup VIII netBCT/US2008/004824

nore typically from2 to 40 ppb or from5 to 30 ppb

under steady state conditions. The anount of entrained

catal yst in the process streamsent to the

purification systen1depends]&reatly upon the specific

equi pnent enp ed and its effectiveness to mnimze
TegeRgiRting therasin, ln%‘l@%@e‘ﬂ@?r agetic lagid, B acatadnethgt fonmaseimethgnol and

h I f
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compajibeith %mtl%@mmﬁo Prefsralphpl the regenerang Hns sorping gemponents
norntal19 Bdd¥Go ART¥ A& duRAe § %aﬂmcnﬁlﬁlgc&ﬂ;a?ény pr?l‘i)alsuchfcom onents

concentration i s eveR |ower; typical anounts are
are Bl grigup PA oplIASogigh saltswhichoase akded &0 the reactohts makeemt fooentrainment or

othef{‘ﬁg{%@k nc?sgescgf n}/a?érﬁt ' &)gtloqﬁﬁ% ﬁ%ﬁg&g Ft%g?ﬁg%t%oﬁﬁ&%ﬁ?b%rrggoved

' he process stream a on t
priofhiresiycledanto ithe gystemi ded as a particulate polyner re3|n

be h r,enpbye
oS PERS Ehphlf PR Bfec B LB i IR hsemat
diagsitir ilastratiapd typicad cqlbmgdmg)b Ip?ocbﬂbmumlnalhdéseia&tal)a;b Sediestéabiig
r 5 era

or he pol . .
syt o ¥Rt ars 18 M, £ s GO PR RGP PR Tl ingluchngpgeactor
12 piolviies tWithargenS1H hREeh:iair 1t2he%@1ptehe¢ a flaher I(thy ?@;1' dﬂ’ﬁ%on{i/ullt I18 The
resin bed copntains ss than abou o] 0
flashgr, gy jun, s plsf To Spwcafonsgton [4w B@ﬁ éﬁg‘gP’Pi?S g?r@raﬁfgraelbght ends
coluimf QU) ﬁd&l@&ﬂatl&eécﬂ@xﬁﬁ D VRd a ﬁ%grﬁefdahlv@laéﬂ:'hyrﬁg]%d U&Yonh@n exchange
ubsequently recovered b dlgestln

resinpdi3h T TEIPYS, ‘OQJFCSJWIB%/'W@IO%HW s 6@ St cydhangsd; Hiong acid

catioR @by BBhar gt ré@liCiths beMLRpHEdUBdt Afiok %V%Bér%@ Asin can be used to
1 oNn- eXChan e regPener ation techni ques w t h "amoni um

remaygjiqdidess §¢q Brifigh BatangNer GRY 239471 aywall asdinited Sigates Patent No.
5,416 998 ey entiho 5&@0&}}{@5 kdaghds i lﬁ?t)?h Fnryﬂ)'ﬁﬁfﬁ@ resins for d1od1de removal.

regener atl on i quor Mor e er ab seguestere
caf\alaseons pureebtrgam is gypasadsl Vf:rrt@;hfromeher ksl nf thy reasfongp prevent

build'#g?)?gge&%t %}tslli%gg sglg% % hEgan ngg@ﬂ@r, &8&&4?%@@%90 R&pPlo maintain a

regener
set canpe mygnoxide partial pressure at a given total reactor pressure. Optionally (as illustrated

in Chinese Patent No. Z1L92108244.4), a so-called "converter" reactor can be employed which is
located between the reactor and flasher vessel shown in Figures 2 and 3. The "converter"
produces a vent stream comprising gaseous components which are typically scrubbed with a
compatible solvent to recover components such as methyl iodide and methyl acetate. The
gaseous purge streams from the reactor and converter can be combined or scrubbed separately

and are typically scrubbed with either acetic acid, methanol or mixtures of acetic acid and
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The recovered catal yst netal can then be directly
recycled to the reactor and the resin re-used to
WO 298033816y St em econom ¢cs and reduce envi r onmePCEIUS2008/004824
i mpact. Suitable regenerant solvents forregenerating
the resin include water, acetic acid, nmethyl acetate,
nmet hyl formate nethanol and m xtures thereof. Suitable
regener ating agents include Soluble Group | A and Group
HA netal salts and hydroxides as well as hydrogen
methanpl tg psevertlessoif i beibrmenmnonents sieh @8 methyhipdfde from the process. If
metfsR0E GRta g JeB@scfu%sil iR chl R ehﬂﬂleu%m the scrubbing
sol utions of acetaté; lithium car e,
syst¢m tﬂ*tmmlhyréﬁumcd d@ethe IprqchsiSle qowlrdlg Whlydlechelnmlemdmdéeeding the
[ y ' M ac tate
carbgrgg?cﬁo%rl ocf%;l d g{tpasggg %ucr%ggltgt? ona &P‘ﬂ g’?ﬁ ﬁgde' ?%%( zlatéﬁ%VCIe back
to thg peafor s¥rh a¥ e flaglsdir meshmd or hght&gdm&r@h;eiﬂathm toledh wedrhead streams.

T T T M

systeﬂﬁ)& hty}hea‘llytne'llp’ptEd ytdtrorbed n?ﬁfeh&i dnd t?d’h?smﬁr@gclte%ﬂf dceti®@did isSecycled
0 Sol atl alys et a ererrom

backaP o %’é%r'bt“ﬁétef’eg frliecr F?ra%/f&enﬁs STIPBTALERT e npiFhad acefe acid

scrubRE §d1 @t BAndeltt@rnel ﬁ(ﬁﬁx@ b Yrocdsh Biré @Y P BIdABLtY ih JMREal different
cont.ai ns ggrglrrponents nor mal Ié added to the reactor
¥

locagrpsiipgureiA iFearflasheg © amlragien cappngaPpyonally,dhe gaseous purge
streafRTRB N efited ‘ﬂﬁroﬁfgha th@ LB Bae Qﬁm!fl@r lo%f fi&t Sahd B H@@h&‘srbggumn to

are added to the reactor to nake up for entrail nrrent
enhageqybpdingitabiis andiestbey why haewnbiasd widpethergssdops prgens volts (such
as the ﬁaﬁnﬁ@&%fa BN o3 QY RI Yk cdFRY vpxﬁs) U BB Those BANFIS are well

he system The present vention 1o urther
w1thavp¢ qupgp@@e Sﬁserr@ﬁrmeetum)east\mll Pép gpprecigthd Grhmitke %ppended claims and
the d%ggg)%ﬁ cgl ﬁl%v@sm illustrating a typical carbonyl ation
ess I ncludes a catal yst sequestering system
Of In h@ordwmltlom firsk dluarglvezntbbélrr&m o thhimwentian, there is provided a

ﬁxetf“ @ed o%néyélaghdo%g o?ff SA rg r%s?tn Iuggrlg% Poq fgac{ @%ﬁ tbrg{%agegl 3t 80 gn the
purlﬁémhmss ét&ainwm/ﬂ&yn ﬂfe lghtmﬂd volumd8. The flasher, in .

turn coupled to a pur.ification ion 19 whi ch
coftpil B et 1ork o gitin Rt R fsrenagnetigeal environmens
encodﬁﬂaﬁédﬁﬂthe@iﬂnﬁ&iﬂéﬁﬁraﬁﬁn@ﬂ@qﬁré&ff@r@ﬁt B&hlurgy. For example, a resin bed
r-exchanged cation_ jon-exchange resin bed 36

e
at thw%rﬁ of BRdeleninenlenas will Bkely Frauise d diconiun yessd due isf the corrosive

natufel Jf W%pr@é%@@ﬁféﬁ@ndwhﬁé 5 088e13¢ bHinkal L8 nla9e %Zfﬁilaﬁﬁ%r resin beds
resin, it has been reported that anion’ion-exchange

placgddgvpstegm pithissisydrgiansnben Wesde ernslitions areychiless corrosive.
Pat&bn %noﬁdgarild]rggtﬁﬁ'rﬁl a@%nt%lukedac%nmo'iﬁ? Vﬁ& ?e%@t%r 12 w1th

Pat ent . 7, lines teache
adequpfe mixiag @f a hllgky pmwpmlmm mrﬁgSW@ rT hﬁ odi-dendenyabledii- .products

are @gggﬁg&@% PUEQLShARAN dndD Lw&gt@a ﬁogmocﬁg 8%@%&&6. The

e reactor to preven
reacloy offigechs trested ux:thcwsr reatthigvadensallen ne. dnethyldedide ﬂefore flaring.

Metlﬂ%gf A3 (rjnotngm c%bafs 18 gretferealbrl boHsa{gtr) ﬁlOXI %}{t Pg ?Q/

pressure a essur
respﬂ{%lgely] Al still ht epbrem]at@hfrmaslae Fetleattal N@tenTZrlcﬁéH dbo 82 4vhj (4)

1neffa 01enc1es 0% lhe proc%gsna\r/ee trh‘é %(r)ncurrer?tcr}laonrufa%ﬁlrr]e c?fe carebrgg diokide avﬁlg hydrogen by
way of the water gas shift reaction.
From the reactor, a stream of the reaction mixture is continuously fed via conduit 18 to

flasher 16. Through the flasher the product acetic acid and the majority of the light ends (methyl
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| ocated between the reactor and flasher vessel shown
in Figures 2 and 3. The "converter" produces a vent

W@ 20084838¢ONPri Si Ng gaseous conponents whi ch arBCT/US2008/004824
typically scrubbed with a conpatible solvent to
recover conponents such as nethyl iodide and nethyl
acetate. The gaseous purge streans fromthe reactor
and converter can be conbinédd or scrubbed separately

n ically scrubbed with either acetjc ac
lod"?r-‘e gwgfm%ﬁ fﬂl% sepgrated g the gracter gpfabrelspitien ape the crude
procBds@ueah 17 %ﬁﬁwﬁirdédmﬁtkb&l‘sﬁoﬂd'ég gQ&E‘H‘Q‘B@ Hfsﬁllaﬁi&il’br ﬁ&lﬁ@hbﬂ Section 19
iodide fromthe process. |If nmethanol is used

in sipglp tageHlaph- (Thg aﬁitaygépwm is reqygled g the h@awmﬁawaﬁ@n 3r2r d#nder the
procE& oR G RIFRIEk %ﬁtrﬁ&hhﬁ 1§ M@&%ﬁblle% E&EHH@%Q af Be 'i(pv@carbon

process by conblnlng fresh nethanol feedi ng
monp¥ide partiplan¢aseres virthe @ﬁ@tvmsek ard mhy beyéntrained amperi fvatigresystem 19.

r ey Eﬁc 1c'aﬁ(§rpofat ac%tlc hi]& ];)%Ecra gm%ludtéé’j%lstﬂ?a‘t"%gl ﬁ@*& Iénc?js column, a

ther tor suc as t I resi
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and SRESUS JRTH Byl miR R 5 e SGton FeORT Hia FaRels SRB 3. The
dissd el dagesafedrdl tHedigtibhide golamhweﬁttth@agh e dfsﬁtléﬂdii%@cttoﬂ B&@re this vent
rocess i Lectl or indirectly in sever
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mgrﬁeﬂmceﬁﬁstrﬁﬁé P ighewe atfshectide phihe kighe Anbsebemin 20 and is fed
into h hQQd 48 3 RRialdidypRREASe, Panyotm sHAP hﬂr%g?ﬁ%&ﬁ]ammg resin so

ot her aseous process ven such as the purl I cation
as togemavmnthe etrdieadcpr thecwilapide Gwnt\@)l mtalgatatyst speeiesoresegt. The

concyﬁ?a?ﬁm\é@[:zitﬁ étqg the i} ﬁt é@ﬁ% Fro\%sts Igt'regm‘} itg? ﬁ&a@??bﬁt oi’ng gr two order of
present 1 nvéntion be appr eci romthe

magiples pexgr tﬂaaithvecaalhdt ¢tdneerdgion inghé¢ cmdewripohstfeai @wsng off of the

ﬂash%ﬁ Sgh g& gro%cﬁ,(sé : reeamSAZL f? %r{l/: l | u t [ I%H‘,t eéloto %;nrgc?get:hygratlon column

22, Wtelr @hdl sinmieacetlc oid frdmrtbls be]amm sbpiarzgé amnlidratecgtled @axtle feactivon

| cate 0 n 1. 0ocess strea
syt @argRE 16 a2 S THREue R GRS i by MR
dehydfatisi icdluminr22tfbels adsin beld!B® aildl pfoduans akEiefie@abm as shown.
envi ronnents _encountered._in gg‘gﬁ&u“ fi Catl on train

Carbopylpfionssygiems 10 usps o Apificayy i prsferably @Bf?fﬁ%é%

descﬂbedtlhencﬂblﬁét@ﬂ 00 nitdaes tdeé e n NAS6 6571, 080 Whdirks ét'all( edn¥itled “Low
re re a_ zirconiumvessel due to the corrosive nature

Energy Cg nppRIERIScest  disifisclgsiiedt ahicdds corppraigddierginreference.

St S@kenRY i tiSai fyl p%ﬁﬁgd il a Bﬁﬁbﬂlﬁgdﬁ 22C&fh a valvc 41A. Bed
downst r eam of thls dehydrati on col um ere conditions

30 haragpain Rftyalves 31 A Bowhiglecancbgruseshio ol the e Aerineene penqsition or
reple@éxﬁeﬁt R HQJQEE@I? dF(ﬁ‘%QLIhElH OCHE % gb 4 ohﬁ%@t@&n‘? Calvds ZWAF BfB are open and

adequate m xing at a noxi de partra
valvg{tb@, i alesed Thhahiba pmgﬂggnmiseregﬁed pr wesinded 30. If so desired, some or

all of the process stream may be directed through lines 40A, 42A by opening valve 41A and
closing, or partially closing, valves 31A, 31B.
In Fig. 2, the product acetic acid is afforded as the residue of the dehydration column as

shown.
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carbon nonoxi de partial pressure. The reactor off gas
WO 2008n8381ed t o recover reactor condensabl es, iPEI/S2008/004824
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the polymer resin bed is extremely effective in removing catalyst even when in miniscule

The above data from the light ends side stream is illustrated in Fig. 4. As can be seen,
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Tabl e 1- Absor tion Data for Li ht Ends Side Stream
detection |imt of about ] ppb The above data fromthe
WO t@Bt3ssmnds side streamis illustrated in Fig.P@AI/USA88/004824
can be seen, the polyner resin bed is extrenely
effective in renoving catal yst even when in
m ni scul econcentrations of about 10-15 ppb. |ndeed,
t he amount of net al catalysﬂ7renaining in the outlet
strean1mas belom1detectable.lln1ts .belom1about 1
ppb) p Fh ANE B h VRAH P i ]
tested at hlgher fIOM/rates as shomn in Table 2 bel ow,
where it i-ss—seen-thatrenpval remai ned sur nrl Sj ’]gl y
ef ficient | Srapled RingsJRh% ilon Rt a [atFlew heBel bw
detection|linit |ofnlethpQutlet iahsonhedt Rate | dsmp. bed was
posi ti oned_on_t he(PPBK| RRD) nr by JHBY¥MA of (Fhe
dehydrat i on dol um? Fj g<13 |ar rlaﬁgerren')t’}4 Hed @5 agai n,
t he rhodi gmrgonce atTor S Rasyr Tt pd
i nl et strean?and ?ﬁ% begiou | € §stregﬁ$yThe r%ojium
absorbed |s deterﬁﬁﬁed,<as wel3.5as thkmtotaﬂ75
cunul at i ve—+hodium-whrechwatt-d-—pe—segiestered—en t he
ponner.'Thedres 3t?gharélshommr”sn 1aET£r Zz?e
3- Absor pt [ onsDatla 7#@r| Regi due 1§ Ekhygwﬁtlom7§b um
*det ecti optinmitlof about!l lppb The above data i§
i1 lustrated §r aph|8c5al | y<iln |Fi 355, |AS74 th iR |ight
ends si de[STReam 16| POYMETTETEST TF U T §,&f [ ecti ve
to sequester essentially alll o{ the cat al st pr=sent.
The inventi o8 has tbkeen ﬂéscrlbéﬂ in detdi l
i Il ustrat e oonnectionr—wth-nurer nts.
Modi fi cat ong to g%%cif%é enb&% ner‘#ﬁathlxyi
spirit ang shoopeg 05f7the<presen¢7i nyermt4on[witd be
readi |y appafent—te ”os? fskitl-Hnthe art uch
nodi fi catjon areZﬁtrnﬁ t he éb}rit aﬁﬁ‘svob@) [ the
present invepti dn mhich<ns [sety3orih oy the gppended
claims. WHAT_ IS QLAIMED |S: 1A carhonylation process
conprising: Ga) |cdrbonyFatiing @breact@t inldhe
presence of g Gogy Vriymetat; patgtyst aldlgql | kyl
hal i de pr onot er |conponent tjo form a car bonyl at efl
product reactiyon di&turelin a 883act or1,24(b $&parating
t he strea..%6l. ""rbog“l Lc1 %luuuuu eaction
m xture ipto at Iéggt a fir{st "fiquifd I cycl e stfeam
and a crugde pwoce$37strean1 (q27feed|mg;t1e crupe
pr ocess Streamtloa iaht——dnds- col-um: distl|1i ng
t he crude pr@cess“%?rea?nlt qg réﬁ@ve I ol\i\'lgom ling
conponent 5 apd dengpat e<q [Qur ijhig€d [Pr@aess sirepm and

optionally, _a sdcond lliquid recycle stream
*defection limit of about1 ppb

l)

=

The above data is illustrated graphically in Fig. 5. As with the light ends side stream, the
polymeric resin bed is effective to sequester essentially all of the catalyst present.

The invention has been described in detail and illustrated in connection with numerous
embodiments. Modifications to specific embodiments within the spirit and scope of the present
invention will be readily apparent to those of skill in the art. Such modifications are within the

spirit and scope of the present invention which is set forth in the appended claims.



wherein steps (a), (b), (c) and (d) are controlled

such that the purified process streamhas a Goup VIII
woredoal13zsont ent of | ess than 100 ppb by wei ght ; PERTS108§/004824
treating the purified process stream having a G oup
VIIl metal content of |ess than 100 ppb by weight with
a pol ynmer conprising nitrogen-containing heterocyclic
repeat units operative to seﬂhester on the polyner the
C}oup V1II catalyst netal present in the purified

n 2. The carbonyl ati on process according

t01CIaLmdhm, e r is operative to renove
at | east 50@¥%H&?ﬁ20%¥§3§ﬂ$¥F% catal yst netal fromthe
pr G es scasbqylating 3 reaviaat indhmgpsenes (fonGprupcdEiametelcetaliishapd an
ool B B PO e P BT L P P Pkl AR P acror

pr @es sseparagegrihe dtreaithef thardsbonylaed medyst meesm rixture into at least a

ar d] 1 [ e polymer is operative
first REGATEL 08 shforh Mlrdtc BOELSE ﬁ‘geag}oup Vil catal yst
metcz)l f feedmg He cprdeqmmsmnemam a Eght“Ehds @animnyl ation

wh h i
CBot DURTHEE etk P ristedin sl nisr oG BOi R Top e and

gene@a&é abyﬁﬁiedmb@lss ftfe@ﬂil dnBLorbion1BS 5 s@bﬁd‘:‘ﬂd{ﬁld fecydi@ Stream,

car bonyl ati.on e ing to iml, ere.n

t he pol Vﬁ?ﬁm SE" 6 (Ef (6 ? égraé?ﬁﬂ?go’%‘ﬁquélég}ia gg%’%‘lﬁedtm%"ess
strede RidR Glolip VERhadkl SbntéR b@lesPihes 80U ppbbyl i@gUardf i ed

process stream 7.. The carbonylatlon process accordin

t o(® ai Weating Hisdeifind prosess sisant kayinsragewoug VdHimssghcontent of less
thanQO0 bEh w%%ﬁ@wftlli‘ 8BoRhePBInAside’ n%’k% MCbl:ltaH?ng{ﬁqeé%gflzmpeat units

car on ation grocess accordin , : .
Operpiie th a?qurwt@cpnﬁ vEeymerthe S50HPC k@rwt metad preprah ingtbe pyrified
proc®ds sEQyWP VIT1 netal. 9. The carbonyl ation process

according to Claim1l1, wherein the purified process

st eam Beseagionslatipnprogess 6cRdipple GhimG.onhsreit the polymer is

oper%?\’e\%h r&QoveEP 263090 {Méegé%)?lg VIRG6 n%&%lof?&? 8%9’5' s%ieﬁ.m.

reint e pur i cess s reamis
t h3. pol Vimesartznykative pioessateoeding toa(tlallrrela,swhe'r’eﬁlﬁ)tﬁe pbllymeT e

carhon Iat| I cor
operfils QP e Rizn g e f SR Pab st R ke R e
a pol y nElie cacboplyiatibmpronss I @cgaerdmgmtcamm h fgvhlaﬁirethe PY/hietis
r eat unit i se eedi Url rocess
opertFRaa o LR A A i HEtP 18 coal Bay o sream.
pr sces sTRCadhyAfgoh ProtdssatBolding W@ﬁlﬂi I‘, wieeiptheipbiyadr is

WH

process stre mis treated in the resin bed to renmove
OPeréW&dﬁ FPRQVE of L 9@4% ofifas GrougtVIY cpialy pefelefrgsp theproceasyiregm.
6. The carbonylation process according to Claim 1, wherein the polymer is

operative to remove at least 95% of the Group VIII catalyst metal present in the purified process
stream.

7. The carbonylation process according to Claim 1, wherein the purified process
stream contains less than 50 ppb of Group VIII metal.

8. The carbonylation process according to Claim 1, wherein the purified process
stream contains less than 40 ppb of Group VIII metal.

9. The carbonylation process according to Claim 1, wherein the purified process

stream contains from 5 to 30 ppb of Group VIII metal.



BV/ hour. 13. The carbonyl ati on process according to
Claim 12, wherein the purified process streamis

W0 e@atzas1é n the resin bed to renove Group VI I PCHUS109%004824
netal at a flowrate of at |east 10 BV/ hour. 14. The
car bonyl ati on process according to Caim12, wherein
the purified process streamis treated in the resin
bed to renmove Group VII1 catilyst netal at a flowrate
of at |east 20 BV/ hour. 15. The carbonyl ati on process
acd®r di he tasbanylatinn precesiaegoeding toHdaigul.i wheedin the puei§ed process

H Svidhl i [ enove G oup

e e R o e 7L T et 40

BVAhour Thei@rbonpilatiom pitvoesy hetording {orJaisk, vewomn therstpptod treating the

ifil ) | R miS. . .
purifh B ] LR gyl Rl e B B G R el pgpeat e
compmgea feedingahd punified ateeesfstrbam thraghutredn By hour t o about

100, BV/ hour., 17. .The carbonyl.at ] process accor di.

Lot ai & atadimipheRes Arer el tCat F S EGF pifeh rocess
stregdd Bdeated anthe yesinbedhe raindie €ronpz €I Eavdl vt mbl atlhow rate of at least 5
Bv/gar bonyl ati on process according to Claim1l, wherein

€ ni trogen-contai ning polyner is predoninantly in

t he3.f r ephd@sionyRtioh pibless AtRdrdiRd RATYNINAL, WheRiP®E Birified process
according to Claim1l, wherein the nitrogen-containin

9 .
stregmyisyfiaied frsthg resiohedria Frmpaye iCHowm ¥ LTReasaly 9 gictab ping flowg ratgof at least 10
BV/R&fbonyl ati on process for producing acetic acid
conprising: (a) carbonylating nmethanol or its reactive
deddvat Theeprhonylagien prosess geeording (tlaim 1% whateit thg purified process

streafls @b irf the sl Y RLGAL @trm@f ‘7"}1{) %ﬁ{ugggt W6 3t 2hys tra?t? gfp% least 20

m xtures thereof, and a ne pronoter to
BV/bgvuracetic acid reaction mixture in a reactor; (b)

separ at i . f - te agd d.reacti -
B8 B RSl LG AR L R Bl s
streaant tated irdibe prsoctesiso strwafrodc Y IIf egadysigpetdhet aflond eate of at least 40
BV/?rucr)cess streamto a light ends colum; (d) distilling

He crude process streamto renove | ow boiling

coponenhescaatiohyeor patess acquding ioetaipt IX; edsredt the patifiditprocess
A TTNER RN T
aboudt BB \DUsirftd @Ebup 1 OCBY#ost.r eam has a catal yst net al

co 5]’t7.e nt Tl?ef czilrlaeosxglla%igx? gro%gsg agc%kr)dirkl)g tovgiaignh},;whae?e?n the nitrogen-containing
polymer is predominantly in the quaternized form. .

18.  The carbonylation process according to Claim 1, wherein the nitrogen-containing
polymer is predominantly in the free-base form.

19. The carbonylation process according to Claim 1, wherein the nitrogen-containing
polymer is predominantly in the N-oxide form.

20. A carbonylation process for producing acetic acid comprising:

(a) carbonylating methanol or its reactive derivatives in the presence of water, a
catalyst selected from rhodium catalysts, iridium catalysts and mixtures thereof, and a methyl
iodide promoter to form an acetic acid reaction mixture in a reactor;

(b) separating the stream of the acetic acid reaction mixture into at least a first liquid

recycle stream and a crude process stream,;

©) feeding the crude process stream to a light ends column;



(e) treating the purified process stream having a
catal yst netal content of |ess than 100 ppb by wei ght,
WORE0R/1388p®©| ynmer conpri sing nitrogen-contai ni ngPCT/US2008/004824
het erocyclic repeat units operative to sequester, on
the polynmer, catalyst netal present in the purified
process stream 21. The process according to Caim 20,
further conprising the stepi%ﬁ distilling the purified
process streamin a second distillation columm to
refBve Hsklbpe BE@rge REtCatsstraam ir epioxeloankpiing @mpspeteangd
generdté EBMifidd prOéesd QrdamO@k] Jb@mfxﬁ@ PYcbid ﬁ%@ﬂgygé b&Am,
process streamw th the polymer. 22. e net hod

aceberginrgers 62)fbai (m) 2 (d)dneeaitiellehanch dme the prrifitdproeess stream has
' ' 1o, LLodi. and net hyl
acm%@%%%??%”%%ﬁa¥ﬂg§ﬂ%@#ggsgg%%P%%ﬁ%q?% Cl aim 20, further
cofer i sireaging Hee pyriéipd procese stoaaar having datatyst aletad tontatt af less than
fnom L h ! r of a.technigue.sel ected,.from .
100 g0 P i T e UM i SR oM RSt e unies
oper2die td hequaseh) onl thepobyrctr, egtatyst k@l presedt inwhepeified pleess stream.

catal yst. netal is recovered fromthe polyner wt -
¢ etEnar T PRg RSP O E0, BRbeTatiring s tep qlisBiting the
purifiiBsibd@strdatin beecnd distinitarcoR@b ir&h&\@ W& a5 @ehedte a purified
Lrectly recyclinq%the,recovered catal yst netal tqg the

and qred Rroesss fiepm, PHor @ Heating thepunified gad drgd prpcsatzieay with the
polyRiéf.i fied carbonyl ated product and sequestering
entrai ned catal yst netal, said apparatus conpri sing; )
(a2-a r Ehemethod ercordinede fyaia 30 yheremghe teastion mixgure includes acetic

acid/RAGHIiOMd&had HERyl Rethfde presence of a Goup VIII netal
catal yst conmponent; (b) a flash system adapted to

r ed®i velke methedpscordingfe Glaimaa0, Hithas somprisingrie gempefire¢owering the

o AL b E0L 8, O B LA 80808 o
regenaatin@th¢ peleaepr oduct and an entrained or volatile

G oup VH I L. (€ .1 distil .Qn_.col um

conb ea 1Rl ieabfle @ qubets, RhEtla bt Sl Fhpspvered fom
the pebmanr atith d rogeneaint ¢amgpositiop evhéthtis cdmmtiblehveiticthel eactiynaassige and

stream .a enerate a purified process streanm (d) at. .
R SR P P B SRy e U R S arg el R g 1 retion
mixtltet r ogen- cont ai ni ng heterocyclic repeating units, said

resin bed bein ositiqgned to treat the purified )

pr Gres s AL APRAEHE ﬁbmt‘ﬁ%ﬁ?‘rrﬁfeﬁ% cAtpenylfied Progugiand peupgFring
entra@@dWataly2bmethl) ;@ai_@ﬁﬂﬂfrﬁﬁd&nﬂﬁﬁ&_@,‘jl ng to Caim 25,

further conpr|5|ng a bypass line for . . _

(a) a reactor for carbonylating a reactant in a reaction mixture in the presence of a
Group VIII metal catalyst component;

(®) a flash system adapted to receive a stream of the reaction mixture and separate it
into (i) at least a first liquid recycle stream, and (ii) a crude process stream containing
carbonylated product and an entrained or volatile Group VIII metal;

() a first distillation column coupled to the flash system, which is configured to
separate low boiling components from the crude process stream, and generate a purified process
stream;

(d) at least a first resin bed including a polymer with nitrogen-containing
heterocyclic repeating units, said resin bed being positioned to treat the purified process stream,

downstream from the first distillation column.



directing the purified process streamfromthe first
distillation colum to a | ocation other than the first

WO e®sn3ised. 27. The apparatus accordi ng to C aPei/B82008/004824
wherein the resin bed is provided with valves for
isolating the first resin bed fromthe purified
process stream 28. The apparatus according to Caim
25, further conprising a deh%,‘dr ation colum
downwstreamfromthe first distillation colum and
whé$-ei nThewrpppiafustaceaading (helgin 35, flrsher eampriinga bypapsdine for

dlreétﬂgttﬁbeplgﬁiau gr&tegs%ﬁeaﬁﬂ e dthe ARt dilfEariBR Qagaﬁll{é ﬂ&g@gﬂ&ﬂ& than

alm 27, further corrpr|S| ng a second resin
theﬁfﬂ‘dﬁ&)dbﬁb a strong acid, silver- exchanged cation

' Oh excf‘ﬁ@dﬂﬁa{aﬁé a@corélﬁgﬂtéﬁﬁ%‘ 96 éﬁ}%rem 91[% egiq% Pr d with

positi oned "downst r eam respec
valveofoursnlagyg thierirst resot bealfodm darpbuﬁyd pocass Strﬂaﬁr: ess

i ngl udi aI I 0 a react ant [ .a
Suftor t 08k PR Borcr AL RSPk s s SEREA TR S0 cotumn
downwstpainsirory thelfarstsiigillation ellursh epbwitdréin (i) firgebah 8éd RGp&ream with

ﬁ{g a str amsuch that it has a Goup VIIl netal
respieh fit B AeArqIgB LR 100 ppb by wei ght: and (b)

treatinghd d}@a@ﬁ@@@&ﬁdlﬁg fce@mnh 27, fikeheR c SR P A §e'coﬁH:-‘1te§lh bed
content of | ess thaﬂ 100 ppb by weight with a

inchgiest TP ol 1 BTGB TRISAL SRR gt REbRIS SR e %eepaear@sm bed being

positidHell So@R{FAE Wigh eSS CRAURSIBYd@ford Huke! Yer the G oup
VI [1 catalyst netal present in the process stream 31.

n3% melfaRethancl rberplation precssdeduding ermetadlly sgrbonylating a reactant
usm@ & Q@'p%lrt,ed/ GrRpBAMYhahl AR, HRAGARemk R ctoF)‘f)HgiFlg ?@k%&ueﬂtlal steps

Goup VITI "metal catalyst and an al ky
of: prormter in a reaction mxture and purifying the

c o% tio nglla)ﬁhg h ?r&cgssgsggzﬁﬁ %‘cﬁ that R3S E %?({@t\rfmtal contetnhof less

ainfng acetic aci i nprovenent "conpri
thansléﬁpehbywbigbt,ep@ of : (a) purifying the process stream
a Gro VI |

f’ﬁ ﬁ % atm% t}Be )}ﬁocess ﬁ'ﬁe (hb)/mg F‘erggt al et%Biﬁ,tH??)]t 8§lsess than 100
ppb by weghﬁwﬁh Elt gglmﬂegvogmglsmgCﬁ'lmgenlébhtbmn‘gtmter?bcygltécembeasnIfur#ts
oper g GO U PR PSR E Foeipe Moo P e et b h ritess

streaﬁperatlve to sequester on the polyner of the G oup

al ys mfta present in the purified process
ethanol car onylatlon process including generally carbonylating a reactant

in the presence of a Group VIII metal catalyst and an alkyl halide promoter in a reaction mixture
and purifying the reaction mixture to generate a process stream containing acetic acid, the
improvement comprising the sequential steps of:

(a) purifying the process stream such that it has a Group VIII metal content of less
than 100 ppb by weight;

)] treating the purified process stream having a Group VIII metal content of less
than 100 ppb by weight with a polymer comprising nitrogen-containing heterocyclic repeat units
operative to sequester on the polymer of the Group VIII catalyst metal present in the purified
process stream; and

© recovering the Group VIII catalyst metal from the polymer.

32. A carbonylation process with catalyst metal recycle comprising:



(c) recovering the Goup VIIl catalyst nmetal fromthe
pol ynmer. 32. A carbonyl ation process with catal yst
woredoal13asecycl e conprising: (a) carbonyl ati ng a PCT/US2008/004824
carbonyl at abl e reactant in the presence of a G oup
VIIl metal catalyst and an al kyl halide pronoter to
forma carbonyl ated product reaction m xture; (b)
suppl ying the reaction m xt e to a flash system and
generating a process stream which contains entrained
G p \saronyleting g sarbamstlatpble reaytantde depgesenre of p Soeaps VI metal
catay b8 Hh biky PhaRdE bg;ngﬁér 9 Eﬁﬁ&%&ﬁ&h #ijdd'ﬂ& rBadti hixdRd
pol yner provi ni t r ogenh- cont ai ni ng
hetter ocguppiymgrtb@@acthmnm@r@m h vjestemarsiaq:uersnw a process stream
Ll catalyst nmetal; (d)
Whlcthtel:?fmggl gﬁ“&%‘%ﬁgwﬁﬁaﬁ(y‘p“r‘%@. n bed fromthe
pufq)f [ c&tdlog the\psdoesn siramIte g puéfiatiomgysteheincleding awesihbeal of
polygxg?g Ig)g{da tfl ggpogﬁn gorﬁ@a e &ctﬂocgﬁlcl re%eab?mtgg)%%é\el}/e 9 sequester on
the p’oﬁ}@ﬁi@hﬁilﬁed eoupeiln¢atdl yue nieefiener ant conposi ti on

gt seisdiees GREHE Ware GO Al N AP 3 nd regencrating

the re@APRathiaké@n¥ahicohlpdsitieR e re€dveihs ketfusterdd at4l9st nsHtd18eh | Y
recycling the recovered Group VIIl catalyst netal to

rogep Gl Qi Svivel| EHEeTHS e Feé’g‘eﬂ]é rr%a%ﬁntwpraaa%mors@clumg a

regeR Q65 cRGROH G g@ﬂerﬁt%gQthmeﬁgted WS Rt RedehGati GATJubPR compatible
m xture con‘g‘wses a litquid selected fromwater, acetic

withglg gagtion end odi de and the regenerant sol vent

cCopmris |
an gg? et ﬁger%:g?/ l‘éc Hi tﬁgieg%egégis(gfoggyg?g?talgstﬁgﬁgl tg Itl%](‘rlsgstmn mixture

withypgenetiation h@loreactl on m xt ure and regener ant
cosy 0Si h'le O@er ac%g k&{hh M3he %gctlo-ﬁr}ﬁlxﬂlrré) go%ﬁ;?rlses a
er ern e

accordi ng ai m regener an
liquldonlp@sd fromnvat@nmtls esid and wgbplapditle agl tag agtnsaiteclved comprises a

hqulfi '&glect(ejds % I%Qva%er_lAac%H (? a(ilé\ ﬁl?(f‘ I%etgan lllp HA metal salts; Goup

droxi and hydr ogen
haB4. deSThe&ﬁoce'Ehmccpfch)@ss’Jlaﬂm dAthglrltthe fehetiom mdiZture and regenerant
wherein the regener. nt conposition i s an aqueous

COMPOSHHHATE FBICYSIOMPATHE at | east one of the fol | owi ng
r eg%n er gid ;ﬁlgceaﬂ ﬁﬁbﬁhnédﬂotdlhlﬁmz;‘l%teﬁtrﬁhe fdgéﬂﬂratﬂb%mlaosmon
carbonate; |ithium yr thiumijo ro
comPWFaéegeﬁﬁ?%gﬁ% Sﬁ{}ﬂﬁeg odke; SOB’B a@‘QPIMﬁ f“&iﬂgﬂ’é‘l’ alts;
@}ﬁmaaidesroapﬁmmmn@ue&m&%uum&g&ﬂ%a&se, sodi um

acetate; and sodi um hydroxid
36. The process according to Claim 32 wherein the regenerant composition is an

aqueous composition including at least one of the following regenerating agents: lithium
acetate; lithium carbonate; lithium hydroxide; lithium iodide; hydrogen iodide; potassium
hydroxide; potassium iodide; sodium acetate; sodium iodide; sodium carbonate; sodium acetate;

and sodium hydroxide.



