1 | MPROVED METHOD AND APPARATUS FOR CARBONYLATI ON W TH REDUCED CATALYST
LOSS Technical Field 5The present invention relates generally to an
apparatus and nethod for producing a carbonyl ated product such as acetic
acid or acetic anhydride, and sequestering catalyst netal that is entrained
in the process stream Background Art 10Car bonyl ati on processes are wel |
known in the art. O particular comrercial significance are processes for

t he carbonyl ati on of nethanol to make acetic acid and processes for the
carbonyl ati on of nethyl acetate to nmake acetic anhydride. See Applied
Honogeneous Catal yst Wth Organonetal [ ic Conpounds, Cornils et at, Ed.
(Bench Edition) (WIi e MdIOVED METEEIRAND ARepubd Tos 8ORGer many 2000) ,

Chapter 2, Parts 2. CARBONYVOATIIN OOTH EHQATRIXSTLOSS To make acetic
acid, one nethod of choice involves carbonyl ati ng nmet hanol in a honobgeneous

reaction dj Mherein rhodiumis utilized as a catalyst. This nmethod is
sonet i WM toin the art generally as the Monsanto process and was
devel gped i n THerds8mGnentidh Rl gifed] g ns Sdappating sy méthahfopprodedig 4 S t aught
in United States Pajent No. 5, 144 068 .20 .t this cal |l ed
1 ow v EaroO R et s e et bR apd o5 Biiok B el Fbon
nmonoxi deisiedtréindd if thethbré@acdtdean. medi um cont ai ni ng a rhodi um cat al yst
stabilized with an iodide salt, especially lithiumiodide along wth alkyl

i odi de such as nethyl iodide and al kyl acetate such as nmethyl acetate in
speci f i eBagkgapad Artons. Wth a finite concentration of water in the reaction
medi um the product .is the carboxylic acjd | ead t he
annydb de. - 2R et ploge i B P rRE e gt rRren et RG BPIGrees an
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Anot her R#thorgareineciion @nnﬁomndscé?miwmytlcét Edg net hanol involves utilizing a
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for tihe prddduetingrppoflf4ald@tic aci d conprising carbonylating with carbon
nonoxi de net (0] f o subst anti al
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acid, acetate eln re 1s maintalned In iquid reaction
2 corrposi%ﬂcﬁnAr(nal)c prefereed carbonyletinmasencesds lagght it Uhlé@§t4tPFa??t@WBy5 WiigRt ;. (b)

met hy), | %@nﬁﬁ: e B 3n ‘E}{?s“&%@flécﬁtléd?%aﬁf” HS&RAL & alEde%f‘sul@%xQé’thXﬁ%’l Qh&acﬁ:@q\qﬁ]c) in

t he car bon%/ ation reactor a pressure of less than See al so
Uni t ed Stasbangneugridain %bqul@,reawnmlwomraﬂ%aa@pdlam CaWstlﬁibBlé’de BitPes Pat ent

No. 5, 88%%&&1%@%&1% 1%&%?1@:@5 alghg R EKHANSMRAGK &f mORIREsNCAdSISYStens is

the tendency of the catalyst to formvolatile species which |eads to
cat al yst aqe@?ssu‘?@émfhld receide Hpipeci liegyrerations o Wad apiipite spnoRpration ofwatgmin t o
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Pat ent No. 5, 932, rris et at at 'l ne andfollovmn
wher @ n e reactign axsw of the “0p8 antentapl glx Efoblﬂ%iﬁéﬁf’ldé’r%qu&rﬂff“f%s&ﬁlﬂy liowaaé%{se in

t he vol a&dn'ténE é/t wBExpefigdty 'deGfa'dmrg-t@s Sl Ao g hibRNEHeRpecRRly B OMNIRY. t he

anount of carbon npnoxide in the second |[iquid conposition withdrawn from
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mai ntain at | Qaster ARMKHODYT MRITEH @fbohN St SERnYEdvARd/valiziegh hethsRdedases
therein iridium catalyst in the reactor. There is disclosed, for example, in United States Patent No.
30 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 abse:nce
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



15Supported catal ysts systens have been proposed to avoi d excessive

catal yst 1 oss through entrai nnent. For exanple, United States Patent No.
5,466,874 to Scales et uL,United States Patent No. 5,281,359 to Scates et
at, United States Patent No. 5,334,755 to Yoneda et at, United States
Patent No. 5,364,963 to Mnam et at, United States Patent No. 5,155,261 to
Marston et at , United Statcs Patent No. 5,892,110 to Ranprasad et at,
United States Patent No. 20 4,127,506 to Gray et at, WPO Publication WO
98/ 57918, and W PO Publication 98-3359@. A signifi cant drawback of usi ng
supported catalyst systens in car bo?ﬁyll ation processes has been the |eaching

of the caoaEPyEtion r(&f?’ztt?fé‘tf)éq"?ﬁ‘ﬁ’fam"t &ss fraanBadiriiels Gbmahliiedide ingt | east in
part, - by dghéenirgioA®bfighatePthas €1 bl WAL dndc)as thd lcgaﬁbygmdn bkl Mdbal pressulRat her
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subst r at esatedBENOMS. DE’TIAT SIsh YPLirRY & sflescri bed, for exanpl e, in European

Pat ent Specification No. 1 315 693 to John and United States
Pat ent’ No. 6, 688 Sk PTERmABRRoRHs Séﬁtem%ﬁg’éﬁe %‘%"81" ﬁ‘@cﬁ?léﬁ‘fé% &% velgleoyi ng

resin begb@e&a,- WiREHIesEs €F cadystlops tSeb, L@Mxﬂhpﬁ%ﬁte&fsfa@a%ﬂ’étehmwlﬁﬁ4(6)0'1!%) has b
entrai ned_c St i r esent e part t has been
di scover €8 ?“Wg@z‘f{n@&%f gnhlﬁstgﬁn‘f'ﬁ’él b’F’@saéﬁ’Fﬁ %@@ﬁpsﬁesﬁﬁaﬁg‘g%gﬁﬂ% F%ent and

ef f ecti veromishost. faocr:olrgq;mue@nm@uamnglwheﬁtxﬂtustateaﬂ car bonyl ation processes

can be provided by fj eneratin rocess strtclaa r}glill .ess_than 100
ppb %“rm ght o § %hfqp vent H%"t “i‘ﬁ’i 5% #id th a

pol y havi ngatﬁ'iygtraﬁ 8 °p§18fﬁ ’ib8n E e‘ elsgcon se t he
catalyst is p 81§Ba(§ﬁ b b ? ’i’?%"t Fieé‘ac r’ beds
can be 35 used:i:gﬁ’\% RS 6°r o8 ea?rﬁf erdésﬁ? ﬁfe’lS'Fal Sﬁ%l yner .

Mor eover, the Bntive 3 rret hods and apparatus enable the reclamation and
re-use of val uable catal yst which woul d ot herwi se be |ost to entrai nnment
and/ o#5 vol at i [Supparied patalBiinsystepms bave|bgonprepased tomyeid gxpssdratatysypssithrough

I nvent i onyyhillfkeR, iFSr @Jaﬁmcd@m@ st /b, I%a[mfmawi Ol Ceﬁmrmhégtl ng a
reactant in the presence of a Goup VIII netal cat where a process

streami s a&'@h@P 2 W%‘?F“feﬁéf%fdy@‘%a@%ﬂ%“b‘ﬂﬁ 3 t5§F° Taredhntiht s of | ess

t han 100 m&aleatwa&mNo 3'3@4%§fo%9ﬂz mﬂ aJnlféatSﬁtlte‘éiPhtehtS\loSSQB§§§ﬁfoed from
that process streamb | ymer
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ni t r ogen- @@fﬁ‘["éleh‘iﬂn&“ﬁﬁ %P‘S%%F’gé‘“’r %B%?altlloﬁ@RﬂfﬁP’i“éad “Tﬁ% W%ﬁta@éf YN0 may be
t]? flﬁﬂﬁ_e%mﬂoﬁ td eﬁ@\éemecbvfpmnb éﬂ lﬁb&nﬁ@&lrw%?c?lsdanaenwd Bfblicdtion 8898508, Aaspect
o] ein on e ener a Si ng .,a regen
conposi ti éﬁzﬂ’% "?"%" B%ﬁéﬁglsﬂl’@“ﬁﬁfﬂﬁ? éYSEg}Sg%F?;]P E‘H?l“ P‘@%@ E??‘F%‘FF% ure
such t hatthé Eéﬁﬂl‘it%rcﬂ‘(ﬂlec‘oafa@ﬂsyﬁém ﬂﬁrpotyaleelltmleeﬁawadkewa:leadmaa ktheast inaitody from
regeneratl n, | |l%uor t. hat there is a%Fneed to isolate the catal yst

net al fro‘m gt éﬁ@ﬁ‘@f%‘fef‘%?{‘qs%sﬁwedp}fef%? © returning the catalyst netal to
the reactor. FRatgrthhetsifeeadupparedendlyagadibcgproach hasheentb esRBdtericamBet i on

w | | becotg:’?e]t ﬂﬁgre t fromthe discussi pA thatb f ol wavs cﬁ f Description of
Dr awi figs FHé® TIVERT IMGHO9CE HELBY THEY S YHE’P&F‘P safso g © Séﬂéf'rf‘é% to the
fol | ow ng:le@krrﬁml JToScxample) if) Eudopedh Rategit B@hlﬂgﬁtlo@m:s IIIG\I\Z£693ytpU?iadsoﬁ Riaghey, of .
entrained r [ c en e, stream of an acetic aci
rocese. o UntegRlES bt o, bRAEHS PhaiasT anmitioh JetoRER PRt S MBS mont of
a carbo nyﬂeﬁn bﬁm 1® mtmm- whilgd fioaypro@susedins in whichibedruameddtdlydt beprggemdent

i nventi or} @ rt| culate polymer resin bed is placed on a side stream

of the Iight OTUAY™ 25Fig. 3 is a schematic diagramillustrating a
secongh enbodi r}‘etms bedn discoardildn gbakectamn 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

35  used without the need for constant replacement of the polymer. Moreover, the inventive



system whi ch may be used in connection with the present invention where a
particul ate polyner resin bed is placed on the residue streamfrom a

dehydrati on col um; Fig. 4 is a graph showi ng the absorption of
rhodi um catalyst in a polymer resin bed placed on a feed streamto a
dehydration colum; and 30Fig. 5 is a graph illustrating the absorption of

rhodi um catal yst in a polynmer resin bed placed on the residue stream of the
dehydration colum. 4 Description of the Preferred Enbodi nents The
invention is described in detail beloww th reference to numerous

enbodi nents for purposes of exenplification and illustration only.

Modi f i catdetnds dnd apgardtiscanhble therbdahanien wsd neiusdwfivaluble s@hlstitwhaghdvaddpe of the
present invention et forthin th ended clains, will be 5readily

appar ent 0?‘8"“*(‘?‘?3’%656% eé‘Ei"Pﬁ“eﬁ}‘]‘ﬁn‘éfﬂre"f’iﬂt@'.%m Unl ess nore specifically
defined bel ow, term nology as used herein is given its ordinary nmeaning. %
ppb and Li ke t erms rtleofner to wei ght percent, parts per billion by weight and

SO forth% se indicated. "Predom nantly" refers to nore than

50% om a nol dh obasspsct ufithe sisrentidagthede Seproyids] 4 dadanyldfonfiedesafer r ef er, for

exanple, to a vinyl ri.di.ne or vi Lidon | yer bein

o edbm negrg ey el U ¥ b GroB R P PR P WSS 06 of

t he am n& gkeanaed whigh inciudes 1 Gtdwp VIl methil imeangounie i fesd thato I ppb &y queihem zed.

As used herein the "purified pr ‘ t n the process stream
fed for w%tnr% erreo&rhe ﬁﬁgpﬁ%}ﬁstt %éﬁ(ﬁlgag%? Errorﬁl ,tﬁagﬁﬁ)cgsﬁf/q? és?ﬁﬂ) etaetjagrﬁ% ’Pﬁvﬁtﬁiafi cations of
t he | i ghpolgnethaping odwgerstantining haterddycld depeabeg apisr Beiadtaddathlysirmayte

di scuyssi i t i A .. on_ of

et 3 ne e ot Rl G B Borly M poiler 2hd SR WubuleP oL RIS D)

accor danpdymértbied ishregeperacd psing mtegereraphcomposition Fhighis @mestitlwdhigle a resi n bed

in bed v . : | k vol une
of resi n&gnp %9%{8%‘585 ?nd%%g%)ét r%lgﬁ%@{;a?#%&%ﬁ%%v%%?%%g %&cte go %lréoduct 20

t hr ough tehesordeadn tegenerasioh diduarothatie thert is ne aesrhtdisplatg theehtal vt maghfrem 2@ gal | on
resin be 00 r j ' (o in the bed at a flow
rate of %gﬁ%g@@l%ﬁ%bﬂ%}? onl}{rﬁ,g%ehdﬁgl}}%%%}%épg{er%dgﬁgence time of 12 m nutes
in the treat fsytherifeaiures adad vantagpoeiibepresepidnventioniyidk becomanpateasiyom the
econom cgld v desivrailyg Since small er beds can be used, reducing equi pnent
costs. The Goup VIIl netal catal yst conponent may he present in the
purified process stream 25 in anounts of |ess than 50 ppb by wei ght; but
may be pggmcﬂﬁgoﬁngQEQ_;%ss streamin anmobunts of |ess than 40 ppb by

wei ght, or Tess than 30 ppb by weight. From5 to 30 ppb may be readily
renoved in acid®riryanan ifiesprigaddn é@t@g@lﬂw with esderprsa to the dollosiineRsrWiRgy be

sel egf ed from;fhes JERPPWRRAShSS tRfcA fevBlY bf Sirdfed HRBMEOR A DINMigh€&dRS,
pyrrolidone ring-containing resins, or conbinations thereof Typical resins
may be 259G HE¥R PhNERFEYS 474 PIPSEsHdi ne resin having a degree 30 of

crosslinki ng g, 238 a kd@mhti AN AestRInB 08¢ aboAiI L PE cAIBIS)atin sydtei NY|
pynol i done resin having a degree of crosslinking of at |east about 5%

(pr ef er aPigh mE¥PHYsedHy QnechRn ¥tk (he MResFit Y PHBNIITCET 2 PAtCWE PUVESHIFSN et hy|
i odi de, ®RAGs plhRd bR aclda BireahSoflTRd NP eds @blumnf €act i ve derivative thereof. The
G oup VIII al_.catal yst conponent conprises yhodiu i rjdium or
combPhat | ons FI6 JieFOBPEtH GFBR Aryet e RE-5OT SHRRPE GEePUPIERPR. enpve at
| east 50Gterh viHich ddyoseusdd inlcobmcidiyith e pibent nentioh evhefeaRaRubitd éyier MOr €

pr ef erabI%z, tJﬂ_e [gloldyms[3 i S o'ioerative t‘? renpve at | east 75% of the G oup
VITI cat8MBed KeRgsd aranesidee fieandwd fshydai e at |east 85% of the
Goup VIII ca&igleisi giaphi sHowlingodie idserppomofrbsdisth kcaalyiofn a pblymemetin 982 of t he

G oup Vi lI' gat al ﬁt mettal (g f otrgth rnﬁ)ﬁrocess stream Renoval of 95% and
nore of Rf& @86%’ T5m O P’ffé?‘ RSP #m the streamis readily achi eved.
30 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.



Typically, the pur'ified procéss streamis treated in the resin bed to

remove Goup VIII catalyst netal at a flowrate of at |east 5 BV/ hour. Mre
preferably, the purified process streamis treated in the resin bed to
remove Goup VIl catalyst netal at a flowrate of at |least 10 to BV/ hour,

such as at a flowrate of at least 20 BV/ hour or at a flow rate of at |east

40 BV/ hour. In many cases, the purified process streamis treated in the

resin bed to renove Goup VIII catalyst netal at a flow rate of from about

5 BV/ hour to about 75 BV/hour; while iff still other cases the flow rate of

liquid process streamthrouh the bed can be 5-100 BV/ hour or nore. In yet
A2 of thy Brefer : #ere i s an inprovenent to processes using
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St ates Patent No. 4,755 éﬁ Yoneda et al t he disclosure of which is
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gener at i Ngitidn &E@%ﬁﬁ@d&bd}ﬁ@ﬂf&qﬁé&eﬁthﬂknﬂdn fffortd ifIhe ufpeMddicldimt,alilleont ent  of

| ess than 100 ﬁ}‘EE %g an@l b) treating the process streamhaving a
G oup WV IrFadﬁl@StaBﬂ’ar% fie o<l Bse Pfan 100 ppb by weight with a pol ymer
conprising ni Uxmemore%ﬁedﬂﬂiﬁaay AefMi@d belbey eeyifdldgy as epddicreitnis gie petdinare t 0

o et o %o b W s B ¥l bRt SRR A
provi ded lalwgpbtaénmﬁm;ddatl on process wi.th catalyst netal recycle

i ncludi ng the_steps. arbonyl atjng a car.bonyl atahl e .react.ant in the
r esence of o EORBOIT ke SRR A0 SR AP AR RO 1o
form @ cawhanyt afedoPbampltyota vied itidine srivitylipatoliftne miyppk Yeing t he reacti on
ent rai necRPBUNY T HERPurTer Rapare RrlihY BE Ry FRBUERET ean

entrai ne process streamto a
purifi catﬂumnosgmieenf thmpjmhhercg parrmlelsnmarbquhmmz@bl ymer provided with

ni t rogen- cont Q ral r on the
ol yner - ent r a e Cr Bbr P el prfop s Thdr el BRI XSty RAMSHET 70 11
resi n bedfrdm dmugheenpmqldmmandw@ysqm mwc&mnegfethehghtlemy grmssrsasam Wth a
regenerant . t i
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CoNposi t|afmn@mﬁdmr@tgﬂyvelcamlyadesalanayégeweﬂakﬂor sodveerin aeavdlanesyeittethat i ng agent
sel ected @’&%Fﬁh{'ﬁb fegeneration liquor is conpatible with the reaction

m xture, SO a € recovered Goup VIII catalyst netal may be 6 directly
recycl ed to t Hidow méesthrowghra metin bed mibedivalengesper kowr (BY ow) areMlt:@atn@Ibasv@I y, the
recover L Al GalmBSE RLA S m@& SRR o AR drBidiske The

G oup VI 19 cat al yst rreta et o e |nvent|ve
sequest erhhnlgglssbsbedrbm? b@bviéummoﬁﬁmwgdﬁd fhrough o &Y edloairssint bed BREDT hodi um

metal cat St Spopﬂa/mbseoe ﬁwmiﬁa%ed%va haPlkfe éf%rgsa%uﬁ.ﬂeg p@moﬁhﬁﬁbum isin

t he cat al tion as an equi rium m xture 1ncluding 500)212r ani on
as is welhaviog@uesidence tiree e i2 minpeninthroteratmens bady Lowar lieaque tlmés

TONOXT 0~ flc0f b LA AR/ estMotd 3 SRR Beds cAPboAb rb ool hlIfmEddQBHe4i | S

4
general | y ndi ntai ned beécause rhodi um car bon%/ i odi de ani oni c species are
general |y sol JBe&oyp Viikeetalsaalyscempeneat mdy be petkatia the RuR8ed progsss fEsled t o

car boRs NDRQKIHts Qﬁﬁis%ﬁ%?ay 'b% war%n bt Ay He)pRdseitlid the HRBES §@reamnta%uﬁtk asher,

| i ght ends_col um SO e equilibrium_rhodiun cataly

conposi t | e than e epk pweighieardes A ah Pﬁbhb%ﬁlalél iFgomyy &9 $0mnb énaym?daadeﬂm

preci pi t afeRSvedSin Bdcbtdnce With B pRer@invelRloal The pSyrh® mah®e bQEIR ko el @dupe
rhodi um downstream of the reactor are not, well understood. |odide sa ts

hel p al | eSPRSFUNEA BIGIYING BAG-CAHRTATHPE Hing PREHIPG FitaGonBYIRLALSEY OF | o\ wat er "
condi t i oNgn@Enalibhd thé}eofarrmslealr@str@dndqweammsafnk%hhﬁ phidihd\@siabhvind BUedide

salts mai n ai in_the react of t rocesses, descr.i bed herein
rmy bl ORISR o5 St b Eteblt 054 S A SRS PTG RE F e car 1 h
rrﬁt al or | mm&t@mabycrmn%maﬁrea@hmxg Bgsr(pnaf&mgl 10% bimerey. t & ﬂkﬁrﬂaﬁ@lai ment s,
the catal yst co-pronoter is t hi.um i, qdi de um acet at e, m xt ures
ther cof - HrmoEa L i peuy! iy e B setat ianp! BERTeRe e aPhvava: 1)
gener at e @erebH dTikeGwap VI Mael tanadysl eorgminahtshpsdeathioliuze fridimy obe@nbiatiogkuc ed
directly into the 20 reaction system Alternatively, the iodide salt may be
generated in-situ since under the operating conditions of the reaction
system a wi de range of non-iodide salt precursors will react with mnethyl
iodide to generate the corresponding co-pronoter iodide salt stabilizer.

For additional detail regarding iodide salt generation, see U S Patents
5,001,259 to Snmith etal.; 5,026,908 to Smith et al.; and 5,144,068, also to
Smth etal., the disclosures of which are hereby incorporated 25by
reference. Simlarly, an iridiumcatalyst in the Iiquid carbonylation




conprise any iridiumcontaining conpound which is soluble in the liquid
reaction conposition. The iridiumcatalyst my be added to the liquid
reaction conposition for the carbonylation reaction in any suitable form
whi ch dissolves in the liquid reaction conmposition or is convertible 30 to
a soluble form Exanples of suitable iridiumcontaining conpounds whi ch may
be added to the liquid reaction conposition include: IrC3, 1r13, IrEr3,
[1r(C0)21]2, [Ir(CO)20]2, [Ir(Q0)213t]2, [Ir(CO)212]H+, [h(CO)2Br2]-1-1+,
[1r(C0)214)-1t, [Ir(CH3)13(CXR11-1+, 154(C0)12, IrC13.3H20, IrBr3.3H20,
Ir4(C0)12, iridiumnmetal, 1r203, Ir(acac)(C0)2, Ir(acac)3, iridium acetate,
7 [ 1r30( fhée);ﬁ(ﬂ?&fﬁﬁ);&] 1[hé)ml},rme1an dpdnaivacditenivos dtilahsicS0&cofthd Gidhp @IB]:atalyst

Chloride-fr exes. of iyJdi h as .acet.ates, . oxal a

acet oace?’&‘taggmggbe HE Sltrealm Ore r(g?eragl(}:r PEPYYRE RaRLvRSf Orem}f eeatl T d| um

cat al yst 7526 ofén Gratp Gl aatml}tsheetlall fopum the pemess |smmninmsatﬂaastr85%mftheGnonp t he
range of The. c Qn n I iridium
cat al yst Vﬁ?catalys't n’ié:%?frglplq}le cproces%s‘"flre%m ro}a[jitE}eas%;bS/g LE tﬁ%&ﬁﬁﬁlﬁg&%lg tﬁ'xl(l)e\?maqng Uni t ed
St at es Pﬁbmﬁie&:ro@SMMBBﬁm5Y@BQ9%md xﬁquBBthQ%qupBJ I8 7tZa348netd fBRVh847 and
5, 696, 28 fe t he eg%f SRR Wes of which are hereby incorporated by reference
into thlss 5‘8&” HERTES i f set forth in their entirety. An al kyl halide
co- cat al yst/ prypivaligrthe piriffediproads streamasitréatedgo Hisiresdst bedrio wintove ShapGridup VI | |

netal ca hal i de
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|ncorporat ed by reference. Sultab Eppormters are selected fromrutheni um

osmi uin fuepered&roun KEBhingtpl cajalysts of g grAstdnscribgd inddpiteg tatgsisiente-cur y, ni ckel ,

pl ati num 3207 anagi i 4, [HelHigdiShurt GPREER isMddBoRd hebdid by @ftfdng@NY, and are
more preferably selected fromrutheniumand osm um Specifjc co-pronoters

are descPeisedlyi the ipnrevsenest ineladespia) @prerating aprasesy streamn such @2bih ISP UBf  whi ch
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effective anpunt up to the |limt of ifs solubility in the |iquid reaction
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suitably present in the liquid reaction conposition at a nolar ratio of

pr onot ercaf%ysﬁ@f"é]PTE%P%I'PWP’W“[S(FCWTo 15]:1, preferably [2 to 10]:1, nore
prefe rT ﬁbl y [ gn higotHer adpedt of fheSkNehBtY, theR 19 BiovRled ﬁam_edsﬁrmmaam pr&cé@@;th oh5000
ppm The car bony] at | aratus or, process that is the subject of the
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connection, wt or, exa the car 0 ation with carbon
nonoxi deprP‘Hm&reﬁﬁWBé‘Hﬁ‘@fﬁJgg)é&PﬁV’% the rpagh W“rgf})sat éﬁg%(f‘ﬂ%g?%faﬂﬁgﬁ reaction
sol vent (rboepd ﬁﬁblhyvlﬁﬂﬁfohﬁmaehlfb)inedlmblﬁlﬁ“m catalgbt pital; t(8) feating thy prodessi vat i ves,

a sol ubl e rhodium cat al east .a.finit 8 . o
streamtoa purpl cattion stem mctluimg a resin be cr:]fl poFymer provided with nitrogen-

of

containing heterocyclic repeat units operative to sequester on the polymer entrained Group VIII
catalyst metal; (d) periodically isolating the resin bed from the purification system and

30  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



concentration of water, as well as an insoluble pyridine or pyrrolidone
ring containing polynmer. The carbonyl ation reaction proceeds as net hanol
and carbon nonoxi de are continuously fed to the reactor. The carbon

nonoxi de reactant may be essentially pure or may contain inert inpurities
such as carbon di oxi de, nethane, nitrogen, noble gases, water and Cl to C4
paraffinic 5 hydrocarbons. The presence of hydrogen in the carbon nonoxi de
and generated in situ by the water gas shift reaction is preferably kept

| ow, for exanple, less than 1 Bar partiﬁal pressure, as its presence nmay
result in the formation of hydrogenati on products. The partial pressure of
car bon nehrestydecycled thike peagtian reiturewith fegensTapt ligyog. h%ltef'f%i‘ﬁ@j@yslth‘t ®eoMsrHar

preferablryetdlc&pbé?]ﬁc@@{mdq%m@g&ud;raﬁﬂﬁr@gdy 1 to 15 bar. 10The pressure of
t he carbonylation reaction is Swtabﬁlu}égtll{}]at ran e 10, to 200 Bar,

preferably 10TheCmyp WHcatajysidpety camng he fraspofiihe invepixe SSQHESIRR ur e of

the car b%ps\férﬁthiag Be b @RQUnOhdlo¥ irfdihrh 38hlyst] mhé Editdhgal $8Ryitdnag@e eddarief er abl y
in the range 150 to 220C. Acetic acid i B{tcally man ?,actured inaliquid
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react ant Sexisfin theefhersite ek cblimnanad fefonh, tm‘ﬂdlhmrbnmﬁalo:idiunﬁfcadﬂyst vat i ve thereof
will be 20 conver ed to, 3nd hence F cEent @SB n@} acet ?ﬁ l'iquid
react i on CERPBLINS arhgewn? B CRa o bl g PEET P B 2 ' The
concentr ad‘xmﬁﬁle;l detdilbes bitlpuiotin bﬁminemmmﬂmaz’whstaam@)ff theatdoyor aaet wéle i S
suitably an 0% 50% h
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wei ght . \Mhditionzay wilbbd appreeidtediby oné of skill it fie arti qui d reactl on corrp05| tion, for
exarrple by t 5 esterification reactlo h t.han actant and
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conposi ti on r r f.
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one step or tiste ess usin converter as we l-ash vessel
as her ei rmagthy dodidese ngmeaye mwnm@pmg\ﬁapmmot@ lwmbgtablﬂlmaﬁwfadémﬂﬂe
flasher ig e Fardifle dlﬁ!s'EdltféggﬂrH:&Psa%Xﬁé%e%'S%lQﬁé‘ﬁnr.si?;lthlét hNGlisdess o | east

a light en dration col umm earl’ier, the form of
any cat al§mth et sallnd WHitBAGE, leém%r"ﬁédf ity disptospiegpf widehage b@'F‘EmC‘am}‘a‘B@yond
IS nots we[;ylreféféq,gg stood; however, the entrained catalyst netal is lost in
convent i oral systens. 5Accor di ng to the invention, a process, stream
(located in t Remiathy & isdmmotabest i thhaktheartegylpiaisreachiah commysigp 19y wei ght  of

the catal aeﬁtpngﬁeat@lu@&mwmngl Smbb@RALAFIY tduie mﬂla/m@qd actidR 8 hpdsRiophi ch
i ncludes a polymér with nitrogen-contajning heterocyclic repeat units.

Speci fi caTheyn‘E}F"@fCé‘ia]rYéHn?Ye‘%ei fﬁgeq tﬁél?edtﬁ@‘d\fFi’rWP“ iﬁ}?ﬂoé‘FlP'H@ﬁQ"eﬁé‘W%?téon vi nyl

pyridi ne RRUWIER] sy sﬁm@letfbﬁn lvhieR disddlds i@s 1iRQ e Feallesi B&b&ﬁﬁ&ﬁbrﬁi@hvéﬁ;ﬁlﬁ'
pyrrolidone reS| ns will bjnd rhodi um catal yst corrponent S, forbe\eﬁéﬁ?}f

Uni t ed? Stiaedeluplsiny INgmplss abwitablg ndgpustoptatang ¢omgounds yhichamay
pyri di ne thefquis reatildn coinleiiMichandidre IrCROK; UG At Q)sil2, gﬂmm]at[&(@@)sz§crl bed

pat ont ieinri’é@h@iﬁﬁi‘ﬁ%ﬂweiﬁ%ﬁir bl L o Hmach By i i ne

ri ng- cont RBRI3HYO ASLQDRY, iridivim et 1RO, MhERTO), dR@cacfiiribiulseacised herein is
intended to refer to a pol ynmer containing substituted or non-substituted
pyridine rings or substituted or non-substituted, pyridine-containing
pol ycondensed rings such as quinoline rings. Typical exanples of the

i nsol ubl e, pyridine ring-containing polyners include those obtained by
reaction of vinylpyridine wwth a divinyl nononer or by reaction of 20
vinyl pyridine with a divinyl nononer-containing vinyl nonomer, such as
copolynmers of 4- vinylpyridine and divinyl benzene, copol yners of

2-vinyl pyridine and divinyl benzene, copolyners of vinylpyridine with



30l i ke used herein is intended to refer to a polyner containing substituted
or non-substituted pyrrolidone rings, Typical exanples of insoluble,
pyrrolidone ring-containing polynmer include those obtained by reaction of
vinyl pyrrolidone with a di-vinyl nononer such as a co-polyner of a vinyl
pyrrolidone and divinyl benzene. Pyrrolidone polyners are discussed in
United States 10 Patent No. 5,466,874 of Scates et al. as well as United
States Patent No. 5,286, 826; 4,786,699 and 4,139, 688, the discl osures of
which are incorporated herein by reference. It is desirable that the

pol ymer with nitrogen-containing heterocyclic ring repeating should be

cr ossl i nked(OxcR0RHSNAC], B hqzaail@bigidicyacid{HHGIH! Chb¥dofre2Obnpe@s o to 75%
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pol yner h‘élﬁ%{eg : gﬁ%ﬂ%@g g%b%égﬁ)ﬁg%ﬁﬁﬁgg{ﬁﬁ%&%ﬁﬂreﬁ?crﬁgﬁc@m%ﬁé Yorm
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Sul tabl & dendht e PR Bl SRl & sBiB S S SO0 RE R ErouP iy
pyrrol i dEiiésiptabeatl wt sonmmeait! Methel foridmisldpriBifed abhle dlkyd baludelpegmapstr | di ne or
pyrrolidgne nring-containin | = S refer i . r icul ate
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of 0.01 tZ0knyy weightagrelbtaply@.td 30%omwenght.e preferably 0.25 - 0.7 nmm
Comrercially i y i dine- i 0, . I ei |l ex(r)-425
Cproduct of * PRy PYHIE: Bkl R BRI M ARP K TRE R BR A | 51501 and
KEX- 212 ¢qmpodut tdichimaxaedludglsalts of alme@d of Gioug [ ondisoub élis i @ adsteynagged 20 f or
the purp i.n ' ; i o -
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puri f i CaghieRisetn ohiBbialchl Yorbindel a2l AR Grd PREERHR FBllif, |
effective to renpve anionic” species; however, at the outlet of the

dehydr at pHURPRAEN] theniwm. pile kadmjurayigdismoealam. mgreupb pickenplgfinuphe resin
becoses GHAadieR! #&Hum Y@ppdr MBurhif®h Nid, SntShody! an\ieafé/m&tefp?c@érhl?\ifselaafh% ff@si n may be
predomnantly 1 n the quaternized, predom nantly in the N-oxide or

pr edomi nBfteRipm ard ppainpy SpeiBteo-prompicrsast desgingd in Wnird SXatesdatlesbime apparent |y
uni ver sag ¢2f f72CHhE YRNAS of Rhick RendidtASE R bLicReMcte resins in sequestering
cat al yst species at such trace ppb _concentrations and the overall

ef f ect i venes < BPMmEKEMRRDepretepbingp GHetiye pgounppiq s Hgit of Hesqlwidlitién Bk e so

ef f ect i vigpiidi@hctioh orRgsdRioNBYd/Beng Bghia R e tréAlsabdyved Yo thovarb&Siadence ti nes,
m nim zi ngﬁﬁrhe required size of the bed and thus capital costs. Generally

11 speakictier o Bpacetis paf respvarniagen JEban ust thy prmqteriespiably pEset \tieam i s
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t he catal yst al | ow concentratjons, Le. less than ] wei ght .
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from abosgioo ppto 50 ppb by weight of Goup VIII netal, and nore typically
from2 to 40 pb,or from5 to 30 ppb_under steady state.conditions.
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Fig. 1 of this application shows the rhodiumconcentration of a typical

| i ght ends process stream taken over a period nore than six (6 nonths)
fromthe side of the colum in an acetic acid process. As can be seen, the
concentration varies, yet remains in the ppb range and does 15 not exceed
40 ppb over an extended period of time; although when a process upset
occurs, levels may be higher. For process streans which are further
downstream for exanple, the residue streamfromthe dehydrati on col um,

t he catal yst netal concentration is evén | ower; typi cal anmounts are from

about 2 to 15 . In accor&ance W th the |nvent|8 entrained or volatile
cat al yst @5@&1@@&#&%&&&@ & W ble pypiding a7 BRERLAYIS ring caniaining #OlYARDDI | | zed

on the remer&arbwﬁylmnrf&\mmpr@mw Aeettagcland sdrbdroHbdk e BRI WARuchdpfel tded.
General ly, the poHﬁner i S fegtlve to reane t | east about. 50% of the

catal yst thteason [Tofcahen 1p Jeactaplmay be capniiglyPurs R may AN iSoves  at
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That  the IGHOFEEORT Gt PREHPIHEROERLE b B CORPATHL B ek A BB e 5 ppb
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wher e t hecafyah yoaoxidSinparesdion SsohatdBinuis raggeCian 78 bir, prefekabl oNtoSs tan age
regeneration t Chﬁ{? %5 mnth amoni um salts, sulfuric acid or hydrochloric
aci d andfgﬁﬁgéﬁﬁé @ e@Bverlng t he net al fronlthe regeneration |liquor.
More BO pref erl“abbnpssusae:fml&staﬂmeglamtraacysn isaitadly in sher@rpe\8¢b 200Bart he resin by
using a re udi n t e ar

regener ath’ Sraglﬁ ﬁtto Mg)gbr?ﬁé]tl DSgPrefem%B’eﬁq?lgethgsagk‘? %%pergm?e a %Mbogﬂ%tbver ed

cat al yst mastieh iscaimablshienhdrengti 108 ¢4 300°C, epoqfcrhlﬂgl it tbe talnge I¥ac 22i°Cardeticheeid esi n
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acetic aamdammmﬂﬁmmhwacﬂﬁahebmmﬁmhy%omdommne nethanol and m xtures thereof.
sal & and hyargersir BTN el et Fiaug 2P s SySROR R dliotant
conpositions fSortahlce@amee dérivagvds hémtemsmuh irshnde triathsl dcolcudincthgleibusnabyiut i ons
of : I|th|un1 cetat 505 thi.um hydr.oxi lit un1|od|de
hydr ogen | q Oaatl dand TIE yé Jol Iugzmxhy 11,%66)(0(% (!jx? Ehah(())ltancé reactwe de va&ves tgeré t ma myg)ge used, e:

sodi um i cdirehetants axdiha process oHha peegens odenmmh yntfemahlxj meﬁmdolsaod/bomemyl acetate The
resin bed, | 5. %ﬂl%gm a9 1% sB.@S’S‘% AE ALl Do %?Q#ﬁeede%@&wﬁer fw?llll%jl

conposi tions. € regenerant uor ‘recovere er regenera I'ng e bed
may t#en doevared e hmtjheaipﬁr Eeschijast methﬂelcqrtaam tbe liquithection compoditiutbyirsastian i ng

t he cat al p

compati bl HiigePR: ELbDELEL len 1t L SRE I AR Athctoh BifoskBp Y, oo
cont ai ns mghylaertaie is sniteblspinithe gt tod Ovahy wm,tmfeldbﬂunﬂrﬁgmomumﬂmur i ng
canpai gn r 1A iodide salts
whi ch arénéggkﬁﬁ&%Y%ﬁgﬂﬁgg%?g@&?@ﬂ%gﬁgﬁéafﬁg#Q%ﬁ?ﬁg#ﬁﬁ@: or other fugitive
| osses of mat &¥atgnmaycystfpraned (i sitv in Sediqaid r@ﬂﬁteorr pPReEitien tfor%arxmlmbym be

" emov el Rislefficd:iBn FAENE! URrvlddh thelififol $63aEng SO0 SARERAGH! WK ENYIHEN | S
further appreciated by reference to Fig. ch i's a schematrc di agram

i 11 ust r atintiefluged t ghecatbordrtingrpactr tagsthey w@e‘s@emﬁa@m fiomcithpd sempenents af st
sequest erifigl 2x3ibs Brfosiids W&%@rﬁ&;’ W epdritedeSin ofhet QR RnbRs FHOMIR

carbonyl ation system10 including a reactor 12 provided wth a vent 14.
React or 1@mpesit@upsitciawnirem theqeaeior andgmpy baggsyclse imcqubatiest amopgts tormeintaims her |

in turn, th§reaamlc%féceheatﬁ>nwwa{et mﬁé m{mcﬁﬁgafoﬁeoﬁ&smmm@&m iipes general |y
a light ends 20, col um éﬁ ion colum 22 and a strongtaC|d

silvef? ex@ﬁ%‘i‘i‘ﬁ@&“&éﬂ#ﬁ‘ﬁm@ﬁ“@ﬁdﬁ GaUiA EEHPNFORPOBHARS ihhe BRER L 19 K des

from t he Rrodsimort pEFeady Plo B1% by WeIRhEMERPRA&ELly 3td 00V bAGkelhCat i on
i on-exchange resin, it has been reported that anion ion-exchange resin can

be used to rerh6Eacting i is tpicaliy drewa fomdherrroiaignd Jashed ipopns stegor galir as

Uni t ed Stsdpasiodesd Bitle aNenvepteriabGnvollhé a ol vessél asl HeR@mafibrddescriB. CThd @@@ERASort he
use of 4-vinylpyridine resins for iodide renoval. 25A gaseous purge stream
is typically vented fromthe head of the reactor to prevent buil dup of
gaseous by-products such as nethane, carbon di oxi de and hydrogen and to

mai ntain a set carbon nonoxide partial pressure at a given total reactor
pressure. Optionally (as illustrated in Chinese Patent No. ZL92108244.4), a
so-called "converter"” reactor can be enployed which is | ocated between the
reactor and flasher vessel shown in Figures 2 and 3. The "converter" 30
produces a vent stream conprising gaseous conponents which are typically



13 nethanol to prevent |oss of |ow boiling conponents such as nethyl iodide
fromthe process. |If methanol is used as the vent scrub |iquid solvent, the
enriched methanol fromthe scrubbing systemis typically returned to the
process by conmbining with the fresh nethanol feeding the carbonyl ation
reactor - although it can also be returned into any of the streans that
recycle back $to the reactor such as the flasher residue or |ight ends or
dehydration colum overhead streans. |f acetic acid is used as the vent
scrub liquid solvent, the enriched acefic acid fromthe scrubbing systemis
typically stripped of absorbed light ends and the resulting | ean acetic
acid is p@exeiRemIFRAKNE AadhBeis 38 & DutiBicion Rysteh @hich gétler 219 thoh@ePaNEst S
stripped fromthe enriched acetic acid scrgﬁbig? sq%ven can be returned to
the mai n Behbepdssolynment pgelyrrating polwp| 43 polekRUET-4pe 9 PEMY TRt PgRlat i ons

i ncl udi NGhith e en@BREAAG thelllgBBENAE col@hn Puil hehdRiat h@Rvellaindeteod; Gpké@nald y, the
gaseous purge streans npy be ventediﬁhrOﬁ%h the flasher base |liquid or
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remove anionic species; however, at the outlet of the dehydration column it is unlikely any

substantial portion of the resin becomes quaternized, yet the resin is still very effective. The

resin may be predominantly in the quaternized, predominantly in the N-oxide or predom-inantly

in the free base form, yet remain effective.

30 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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speaking, in operation of the invention, a purified process stream is generated and sent through a

polymer bed, where the process stream includes the catalyst metal in low concentrations, ie.,

less than 100 ppb by weight. For example, in an acetic acid process, the light ends side stream

includes from about | to 50 ppb by weight of Group VIII metal, and more typically from 2 to 40
5 ppborfrom 5 to 30 ppb under steady state conditions.

The amount of entrained catalyst in the process stream sent to the purification system
depends greatly upon the specific equipment employed and its effectiveness to minimize
entrainment. However, it has been found that even the best mechanical technology leaves trace
levels of catalyst metals in the purified process stream which are subsequently lost. Further, in

10 the case of iridium catalyst, it is known that some iridium species are volatile and undesirably
distill into the purification system.

Fig. 1 of this application shows the rhodium concentration of a typical light ends process
stream, taken over a period more than six (6 months) from the side of the column in an acetic
acid process. As can be seen, the concentration varies, yet remains in the ppb range and does

15  not exceed 40 ppb over an extended period of time; although when a process upset occurs, levels
may be higher. For process streams which are further downstream, for example, the residue
stream from the dehydration column, the catalyst metal concentration is even lower; typical
amounts are from about 2 to 15 ppb.

In accordance with the invention, entrained or volatile catalyst species are sequestered

20  from the process stream and immobilized on the resin, which may be provided as a particulate
polymer resin bed. Generally the polymer is effective to remove at least about 50% of the
catalyst metal from the process stream, and more preferably removes at least about 75% or at
least about 95%. Preferably, the polymer substantially quantifiably removes catalyst metal from
the stream, such that the outlet from the polymer resin bed contains less than about 2 ppb of

25 Group VIII catalyst metal. Smaller beds are generally preferred from a cost-perspective.

The metal catalyst may be subsequently recovered by digesting the polymer, e.g., by
incineration, or by other known processes where the polymer is spared, such as using
conventional ion-exchange regeneration techniques with ammonium salts, sulfuric acid or
hydrochloric acid and subsequently recovering the metal from the regeneration liquor. More

30  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



14.4 12.0 <1 12.0 AVERAGE 9.6 12.6 <1 12.6 *detection limt of about 1 ppb
25The above data fromthe light ends side streamis illustrated in Fig. 4.
As can be seen, the polynmer resin bed is extrenely effective in renoving
catal yst even when in mniscule 16 concentrations of about 10-15 ppb.

| ndeed, the anobunt of netal catalyst remaining in the outlet stream was
bel ow detectable limts (bel ow about 1 ppb). The inventive arrangenent was
subsequently tested at higher flow rates as shown in Table 2 bel ow, where
it is seen that renoval renamined surprildingly efficient. 5 Table

2- Absorption Data_at higher Flow Sanple Fl ow Rate (BV/ hour) Rh inlet (ppb)
Rh out | etregqnpajing the pasimincludesyater, acetic acid, methyl acetate, methy! formate methanol and

mixtures thereof. Suitable regenerating agents include soluble Group IA and Group IIA metal
salts and hydroxides as well as hydrogen halides. Exemplary regenerant compositions for
regenerating the resin bed thus include aqueous solutions of: lithium acetate; lithium carbonate;
5 lithium hydroxide; lithium iodide; hydrogen iodide; potassium hydroxide; potassium iodide;

sodium acetate; sodium iodide; sodium carbonate; sodium hydroxide and so forth.

The resin bed is regenerated by treatment with adequate amounts of such compositions.
The regenerant liquor recovered after regenerating the bed may then be recycled directly to the
reactor; that is, without isolating the catalyst metal therefrom, provided the regenerant liquor is

10 compatible with the reaction mixture. Preferably, the regenerant liquor contains components
normally added to the reactor during a manufacturing campaign. Typically, such components
are HI, group IA or IIA iodide salts which are added to the reactor to make up for entrainment or
other fugitive losses of material. Optionally, some of the regenerant solvent may be removed
prior to recycle into the system.

15 The present invention is further appreciated by reference to Fig. 2 which is a schematic
diagram illustrating a typical carbonylation process which includes a catalyst sequestering
system of the invention. In Fig. 2 there is shown a carbonylation system 10 including a reactor
12 provided with a vent 14. Reactor 12 is coupled to a flasher 16 by way of a conduit 18. The
flasher, in turn, is coupled to a purification section 19 which comprises generally a light ends

20 column 20, a dehydration column 22 and a strong acid, silver-exchanged cation ion-exchange
resin bed 36 which removes iodides from the product. Instead of a silver-exchanged, strong acid
cation ion-exchange resin, it has been reported that anion jon-exchange resin can be used to
remove 1odides. See British Patent No. G 2112394A, as well as United States Patent No.
5,416,237, Col. 7, lines 54+, which teaches the use of 4-vinylpyridine resins for iodide removal.

25 A gaseous purge stream is typically vented from the head of the reactor to prevent
buildup of gaseous by-products such as methane, carbon dioxide and hydrogen and to maintain a
set carbon monoxide partial pressure at a given total reactor pressure. Optionally (as illustrated
in Chinese Patent No. Z1.92108244.4), 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"

30  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



2 25 28.7 <1 3 42 22.2 <1 4 42 22.0 <1 5 42 26.1 <1 6 42 25.4 <1 7 42 21.6
<1 8 42 19.1 <1

13

methanol to prevent loss of low boiling components such as methy! iodide from the process. If
methanol is used as the vent scrub liquid solvent, the enriched methanol from the scrubbing
system is typically returned to the process by combining with the fresh methanol feeding the
carbonylation reactor - although it can also be returned into any of the streams that recycle back
5 to the reactor such as the flasher residue or light ends or dehydration column overhead streams.

If acetic acid is used as the vent scrub liquid solvent, the enriched acetic acid from the scrubbing
system is typically stripped of absorbed light ends and the resulting lean acetic acid is recycled
back to the absorbing step. The light end components stripped from the enriched acetic acid
scrubbing solvent can be returned to the main process directly or indirectly in several different

10 locations including the reactor, flasher, or purification columns. Optionally, the gaseous purge
streams may be vented through the flasher base liquid or lower part of the light ends column to
enhance rhodium stability and/or they may be combined with other gaseous process vents (such
as the purification column overhead receiver vents) prior to sc;'ubbing_ These variations are well
within the scope of the present invention as will be appreciated from the appended claims and

15 the description which follows.

In accordance with a first illustrative embodiment of the invention, there is provided a
fixed bed of pyrrolidone or pyridine resin in granular or bead form indicated at 30 on the
purified process stream 40 from the light ends column, '

As will be appreciated by one of skill in the art, the different chemical environments
20  encountered in the purification train may require different metallurgy. For example, a resin bed
at the outlet of the light ends column will likely require a zirconium vessel due to the corrosive
nature of the process stream, while a vessel of stainless steel may be sufficient for resin beds
placed downstream of this dehydration column where conditions are much less corrosive.

Carbon monoxide and methanol are introduced continuously into reactor 12 with

25  adequate mixing at a high carbon monoxide partial pressure. The non-condensable bi-products
are vented from the reactor to maintain an optimum carbon monoxide partial pressure. The
reactor off gas is treated to recover reactor condensables, i.e., methyl iodide before flaring.
Methanol and carbon monoxide efficiencies are preferably greater than about 98 and 90%
respectively. As will be appreciated from the Smith ef al. patent noted above, major

30 inefficiencies of the process are the concurrent manufacture of carbon dioxide and 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



9 42 19.4 <1 10 42 18.0 <1 11 42 19.85 <1 *detection limt of about 1 ppb
Next, the resin bed was positioned on the residue process stream of the
dehydration 10 colum (Fig. 3 arrangenent). Here again, the rhodium
concentration was neasured on the bed inlet streamand the bed outl et
stream The rhodi um absorbed is determ ned, as well as the total cunul ative
r hodi um whi ch woul d be sequestered on the polyner. The results are shown in
Table 3. 17 Table 3-Absorption Data for Residue of Dehydration Col um
Sanpl e Rh Inlet (ppb) Rh* Qutlet (ppb)!Rnh absorbed

iodide, methyl acetate, water) are separated from the reactor catalyst solution, and the crude
process stream 17 is forwarded with dissolved gases to the distillation or purification section 19
in single stage flash. The catalyst solution is recycled to the reactor via conduit 32. Under the
process conditions of the flash, rhodium is susceptible to deactivation at the low carbon
5 monoxide partial pressures in the flash vessel, and may be entrained to purification system 19.
The purification of the acetic acid typically includes distillation in a light ends column, a
dehydration column, and, optionally, a heavy ends column. The crude vapor process stream 17
from the flasher is fed into the light ends column 20. Methyl iodide, methyl acetate, and a
portion of the water condense overhead in the light end columns to form two phases (organic
16 and aqueous). Both overhead phases return to the reaction section via recycle line 34. The
dissolved gases from the light ends column vent through the distillation section. Before this vent
stream is flared, residual light ends are scrubbed and recycled to the process. Optionally, a
liquid recycle stream 35 from the light ends column may also be returned to the reactor.
The purified process stream 40 is drawn off the side of the light end column 20 and is fed
15  into a fixed bed 30 containing pyrrolidone, pyridine or other similar nitrogen-containing resin so
as to remove the entrained or the volatile Group VIII metal catalyst species present. The
concentration of catalyst in the light ends process stream is typically about one or two order of
magnitudes lower than the catalyst concentration in the crude vapor stream coming off of the
flasher. The exit process stream 42 from the polymer bed is then fed into dehydration column
20 22, Water and some acetic acid from this column separate and are recycled to the reaction
system via recycle line 34 as shown. The purified and dried process stream 52 from the
dehydration column 22 feeds resin bed 36 and product is taken therefrom as shown.
Carbonylation system 10 uses only 2 purification columns and is preferably operated as
described in more detail in United States Patent No. 6,657,078 to Scates et al., entitled “Low
25 Energy Carbonylation Process”, the disclosure of which is incorporated herein by reference.
System 10 is optionally provided with a bypass lines 40A, 42A with a valve 41A. Bed
30 has a pair of valves 31A, 31B which can be used to isolate the bed during regeneration or
replacement of the resin. For example, during normal operation, valves 31A, 31B are open and
valve 41A is closed so that the process stream is treated in resin bed 30. If so desired, some or
30  all of the process stream may be directed through lines 40A, 42A by opening valve 41A and
closing, or partially closing, valves 314, 31B.
In Fig, 2, the product acetic acid is afforded as the residue of the dehydration column as

shown.
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Fig. 3 illustrates another embodiment of the present invention where the process is
similar to the one described in connection with Fig. 2, except the catalyst sequestering unit 30 is
positioned after the dehydration column 22 and a heavy ends purification column is included.
Here, the purified and dried process stream 52 from the dehydration column 22 is fed into

5 polymer bed 30 which contains a resin with nitrogen-containing heterocyclic repeat units. The -
exit process stream 54 from the polymer bed is then fed into a heavy ends column 24 which, in
turn, feeds iodide removal bed 36 via a side drawn from the column.

System 10 of Fig. 3 is likewise optionally provided with a bypass line $2A with a valve
53A. Bed 30 has a pair of valves 31A, 31B which can be used to isolate the bed during

10 regeneration or replacement of the resin, as is noted above.
The following examples are presented to further illustrate and explain the present

invention and should not be taken as limiting the invention in any way.

Examples

15 In the following examples, a resin bed containing Reillex-425 was installed on the side
stream of the light ends column (feed to the dehydration column) in a commercial carbonylation
process for making acetic acid, e.g., Fig. 2 arrangement. The amount of rhodium metal going -
both into and out of the resin bed was analyzed. From this, the rhodium absorbed by the
polymer can be determined, as well as the annualized savings from entrained catalyst which will

20  vary depending upon prices of the precious metal catalyst. The results appear in Table 1, below.

Table 1-Absorption Data for Light Ends Side Stream

Sample Flow Rate Rh inlet Rh outlet Rh
' {BV/hour) {ppb) (ppb)* absorbed

(ppb)

1 1.2 14.2 <1 14.2

2 7.2 14.8 <1 14.8

3 7.2 114 <1 11.4

4 7.2 10.1 <1 10.1

5 14.4 133 <1 133

6 14.4 12.0 <1 12.0
AVERAGE 9.6 12.6 <1 12.6

*detection fimit of abont 1 ppb

25 The above data from the light ends side stream is illustrated in Fig. 4. As can be seen,

the polymer resin bed is extremely effective in removing catalyst even when in miniscule
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concentrations of about 10-15 ppb. Indeed, the amount of metal catalyst remaining in the outlet
stream was below detectable limits (below about 1 ppb). The inventive arrangement was
subsequently tested at higher flow rates as shown in Table 2 below, where it is seen that removal

remained surprisingly efficient.

Table 2-Absorption Data at higher Flow

Sample Flow Rate Rh inlet Rh outlet
(BV/hour) (ppb) (ppb)*
1 25 21.9 <1
2 25 28.7 <1
3 42 22.2 <1
4 42 22.0 <1
5 42 26.1 <1
6 42 25.4 <1
7 42 21.6 <1
8 42 9.1 <1
9 42 19.4 <1
10 42 18.0 <1
11 42 19.85 <1

*detection limit of about 1 ppb

Next, the resin bed was positioned on the residue process stream of the dehydration
10 column (Fig. 3 arrangement). Here again, the thodium concentration was measured on the bed
inlet stream and the bed outlet stream. The rhodium absorbed is determined, as well as the total
cumulative rhodium which would be sequestered on the polymer. The results are shown in
Table 3.
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Table 3-Absorption Data for Residue of Dehydration Column

Sample | Rh Rh* Rh Flow Bed

Inlet | OQutlet | absorbed | Rate | Temp,

(epb) { (ppb) | (ppb) | (BV/hr) | (F)
1 2.5 <1 2.5 7.44 175
2 28 <1 28 7.44 175
3 35 <1 35 7.44 175
4 35 <1 3.5 7.44 175
5 7.6 <1 ' 7.6 7,44 175
6 8.5 <1 8.5 7.44 175
7 6.6 <1 6.6 744 175
8 6.7 <1 6.7 7.44 175
9 6.2 <l 6.2 7.44 175
10 6.7 <1 6.7 7.44 175
11 7.1 <1 7.1 12.4 160
12 7.2 <1 7.2 12.4 150
13 6.6 <1 6.6 12.4 150
14 7.3 <1 73 12.4 140
15 8.8 <1 8.8 12.4 150
16 11.0 <1 11.0 14.9 -
17 12.7 <1 12.7 14.9 -
18 10.8 <1 10.8 14.9 -
19 12.0 <1 12.0 14.9 -

*detection limit of aboutl ppb

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.
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WHAT IS CLAIMED IS: -

1. A carbonylation process comprising: (a) carbonylating a reactant in the presence of a Group Vil
metal catalyst and an alkyl halide promoter component to form a carbonylated product reaction mixture
in a reactor; (b) separating the stream of the carbonylated product reaction mixture into at least a first
liquid recycle stream and a crude process stream; (c) feeding the crude process stream to a light ends
column; (d) distilling the crude process stream to remove low boiling components and generate a
purified process stream and, optionally, a second liquid recycle stream, wherein steps (a), (b}, (¢) and
(d) are controlled such that the purified process stream has a Group VIII metal content of less than 100
ppb by weight; (e) treating the purified process stream having a Group VlIl metal content of less than
100 ppb by weight with a polymer comprising nitrogen-containing heterocyclic repeat units operative to
sequester on the polymer the Group VIl catalyst metal present in the purified process stream and (f)
recovering the catalyst metal from the polymer by way of a technigue selected from digesting the
polymer and regenerating the polymer.

2. The carbonylation process according to claim 1, wherein the polymer is operative to remove at least
50% of the Group VIII catalyst metal from the purified process stream.

3. The carbonylation process according to claim 1, wherein the polymer is operative to remove at least
75% of the Group VIII catalyst metai from the purified process stream.

4. The carbonylation process t according to claim 1, wherein the polymer is operative to remove at
least 85% of the Group VHI catalyst metal from the purified process stream.

5. The carbonylation process according to claim 1, wherein the polymer is operative to remove at least
90% of the Group VI catalyst metal from the purified process stream.

6. The carbonylation process according to claim 1, wherein the polymer is operative to remove at least
95% of the Group VIl 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 VIil metal.

8. The carbonylation process according to claim 1, wherein the purified process stream contains less
than 40 pph 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 Vil metal.

10. The carbonylation process according to claim 1, wherein the purified process stream is treated with
the polymer at a temperature of at least 75° C.

11. The carbonylation process according to claim 1, wherein the step of treating the purified process
stream with a polymer comprising hitrogen-containing heterocyclic repeat units comprises feeding the
purified process stream through a resin bed.

12. The carbonylation process according to claim 11, wherein the purified process stream is treated in
the resin bed to remove Group VI catalyst metal at a flow rate of at least 5 BV/hour.

13. The carbonylation process according to claim 12, wherein the purified process stream is treated in
the resin bed to remove Group VIl catalyst metal at a flow rate of at ieast 10 BV/hour.
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The above data is illustrated graphically in Fig. 5. As with the light ends
side stream the polyneric resin bed 1% effective to sequester essentially
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22. The method according to claim 20, wherein the reaction mixture includes acetic acid, methyi iodide
and methyl acetate.

23. The method according to claim 20, wherein the catalyst metal is recovered from the polymer with a
regenerant composition which is compatible with the reaction mixture and further comprising the step
of directly recycling the recovered catalyst metatl to the reaction mixture.

24, In a methanol carbonylation process including generally carbonylating a reactant using a
supporied Group VIl metal catalyst, the improvement comprising the sequential steps of: (a)
generating a process stream such that it has a Group VIH metal content of less than 100 ppb by
weight; and (b) treating the process stream having a Group VIl metal content of less than 100 ppb by
weight with a polymer comprising nitrogen-containing heterocyclic repeat units operative to sequester
on the polymer the Group VIl catalyst metal present in the process stream and recovering the Group
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