22 FEB 2005 METHOD AND APPARATUS FOR SEQUESTERI NG ENTRAI NED AND VOLATI LE
CATALYST SPECI ES | N A CARBONYLATI ON PROCESS Techni cal Field The present
invention relates generally to carbonyl ati on processes and specificald & t05
a nethod of sequestering entrained or volatile group VIIl netal catalysts
In a carbonyl ati on apparatus. Backgrodnd Art Carbonyl ati on processes are

well known in the art. O particular conmmercial significance are processes
for the car bonMﬁTH@D@ﬂVWTHSE@BeS%I@S@@%GM es for the

car bonyl at i I t,i ' kLed
omgenequta e bATH g EATALESTRIE il CARMN LN PROERSS
(Bench Edition)( Wlie, Winheim Federal Republic of Germany 2000),
Chapter 2, Parts 2.1.2 and follow ng, pp- 104-137. To neke acidic acid,

one rret.Pe%ﬂ Dfl }f}?'l%i ce involves carbonylating nethanol in a honobgeneous

reacti erein rhodiumis utilized as a catalyst. This nmethod is
general |y refi@rpr8sbnt hvehtiddiRladdstgeasrall & dMBSHMIDNPTOGRESS 284 Spdteficallg\télaoped
in the 1970's. "A particularly preferred nethod is taught in United States
Pat ent methodofisequeneringentrained ostvolgtile graup VH snetad catalystsdn a|cathongletien process
an al cohol such as nethanol is reacted with carbon nonoxide in a liquid
react i SWPHBHE UM cont ai ni ng a rhodium catalyst stabilized with an i odide
salt, especially lithiumiodide along with al kyl iodide such as nethyl

i odi de and al kyl acetate such as nethyl acetate in specified proportions.
Wth a Bickpgounddutentrati on of water in the reaction medium the product

is the carbo i c.,acid instead f e e, . i . T . i on
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unexpectedly high catalyst stability. That is, the catalyst is resistant

t o cat adaghomyletion of meshy! geetaigto prke peetic aglydriss- eeApriiedHemrgencaus katrlvt
choi ce t carbonyl at i ] | % utilizing a honbgeneous iridium
cat al ys%?rﬁrgﬁ%or?%%@ﬁcg&ﬁ%&%r@gnﬁ%c 'bgg'd, for exanple, in United States

Pat ent -(Nepch BdiB83)(295lie, WeibHEE Fe@éraldk epudlip 6DGeStany@000)) Chapet D RartR. 02
acetic acid conprising carbonylating wth carbon nonoxide nethanol and/or
a r eactanddolevingapp-I@4t13dr eof , in the substantial absence of a netal
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homogeneous reaction medium wherein rhodium is utilized as a catalyst. This method is
‘generally referred to in the art as the Monsanto process and was developed in the 1970°s. A
particularly preferred method is taught in United States Patent No. 5,144,068 to Smith et al. In
this so called "low water" process an alcohol such as methanol is reacted with carbon monoxide
in a liquid reaction medium containing a rhodium catatyst stabilized with an iodide salt,
especially lithium iodide along with alicyl iodide such as methyl iodide and alkyl acetate such as
methyl acetate in specified proportions. With a finite concentration of water in the reaction
medium, the product is the carboxylic acid instead of, for example, the anhydride. The reaction
system of the ‘068 patenf not only provides an acid product of unusually low water content at
wnexpectedly 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 methano!l 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



2 liquid reaction conposition conprising an iridium carbonylation catalyst,
nmet hyl 1odide co- catalyst, water, acetic acid, and nethyl acetate Wlﬁ] 705
there is maintained in the liquid reaction conposition: (a) water at a
concentration of |ess than 5% by weight; (b) nmethyl iodide in a
concentration of greater than 12% by wei ght and (c) in the carbonylation
reactor a total pressure of less than 50 bar. See also United States
Patent No. 5,877,348 to Ditzel et al. and United States Patent No.

5, 877, 34ium reection dOmipositioatcoriprisibgendndinmecskbafylation datalyitumeibal wdide ed-
honobgeneous systemin particular [s the tendency ., of .the catal yst.fo form
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prevent a_ significant increase in the volatilify_ the iridiu at al yst
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conposi ki | r S8&RNE Jeaction zone should not be reduced

t oo Iow?kaq%y%\élt%%ﬁcgw{?‘soﬁﬁ%?na{g&leﬁ at {]ge}ggt 20% by vol ume of the dissol ved
and/ or ent r aidredirgabak ofttheiraiinm catalyasd héhbgdreoappisenh af padtibylanisehotenddicly|
in the art, there is always incentive for inprovenment t existlﬁm
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systens to avoid stability/volatility/and precipitation problens. For
exanple, there is disclosed in United States Patent No. 5,466,874 to

Scates et al. a pehYraferpblydaphryayl asigwficant dcweass in thesadahly of the ipdum he
car bonyl at i oratatyshaidianagtionalgromdian thecamp@ing 0k carbomp poemoxisent fadenendlapddnt
pyrrolidone goappsitiohivathdewapitin the sdrond reavtispemieshouldamt bk sedudad toedo®t, at es
Pat ent No. 5, 9 rthainR6PAt68ase 0% by Wuie bf tha Hiddolved dndlonbLBaindpiLes NoO.
5,334,755 togygpgda et a2. and United States Patent No. 5,364,963 to M nam.
et al. So also, United States Patent No. 5,155,261 to Marston et al.

di scl oses an inproved Monsanto té}p&gﬁ)rocess for acetic acid preparation

and a het er odErWBlLES anpHisiRte@ by eag if e artgtherripphessipcantac fine.  The
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pendant free base, N-oxide, or_quatem zed pyridine &roups supporting a

r hodi umS¥PEBi&sonsHadY @dssseds Oneragthod propesegiand yugrkad pn extensively was to

introduce a supported catalyst into carbonylation systems to avoid stability/volatility/and

precipitation problems. For example, there is disclosed in United States Patent No. 5,466,874 to
Scates et al. a polymeric carbonylation catalyst system useful for the carbonylation of methanol
including a polymer support containing pendant pyrrolidone groups which support a rthodium
species. See also United States Patent No. 5,281,359 to Scates er al. as well as United States
Patent No. 5,334,755 to Yoneda et al. and United States Patent No. 5,364,963 to Mz‘namiA eral
So also, United States Patent No. 5,155,261 to Marston et al. discloses an improved
Monsanto type process for acetic acid preparation and a heterogeneous supported catalyst for
accomplishing the same. The method comprises reacting methanol with carbon monoxide under
a pressure of about 65 to 80 bar in a temperature of 170 - 200°C in the presence of methyl iodide
and the catalyst comprising an insoluble polymer having pendant free base, N-oxide, or
quaternized pyridine groups supporting a thodium species loaded to less than 10 weight percent

(expressed as metal) of the polymer component.



(expressed as netal) of the polyner conponent. 2 2 F E B 2005 3 WPO

Publ i cati on WD 98/57918 di scl oses a process for the production of acetic
acid utilizing a vinyl pyridine supported Group VIIl netal catalyskZiFbBai0h
typi cal enbodi ment, about 9 percent by weight of vinyl pyridine is charged
to the carbonylation reactor. See Exanpje 1, p. 10. Various supports have
al so been specifically suggested for supporting iridiumcatalyst. There is

di scl osed i | ted. Stat Pat oNO. 5,892 110 to,.Ranpyasad et at.
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the presence of an”al kyl halide and a heterogeneous bifunctional. catalyst
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groups sonme of which phosphine groups are ionically bonded to anionic G oup
VI al conpl exes, the remai nder of the phosphi ne groups bei ng bonded
to iodide. T\hﬁ-ioz.é 18,7 %aYe alkEBLE ShebitRbIY %@ﬁé& fottsuppbraas Id@imRa0gpases
no accel erator (promnoter) is necessary to achieve the  catalytic reaction
and t h&herod dichosed = Uaited Jtatee Pateat Nd. 5,882 thte Bavprayed edxn/. 4 pilocesatibon. - The

catal yst can be recycled for, consecutjve,runs without |0ss..in tivity. In
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receive a streamo e reaction mxture and separate it into a product
st r eamiaclddea pelgyet, suckacs polymer st pendant phosphirer @ovpstdnd pGunieSEl metal

i mproved by contacti.ng.the rqoduct, stre i t.h LC resi i-ng
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particu aHy preferred are pyridine ring-containing resins and pyrrolidone

ri ng- cont ai riftregpresest myention utilizes polymer substrates with nifrogen containing repeat units to

sequester, entrained or volatile catalyst species. In this way, entrained rhodium will not "plate

out" in the carbonylation apparatus and volatile iridium complexes can be recovered.

SUMMARY OF INVENTION
There is provided in a first aspect of the present invention a carbonylation process for
carbonylating a reactant including a reactor containing a reaction mixture which includes a
Group VIII metallic catalyst component and an alkyl halide, which reactor is coupled to a flasher
configured to continuously receive a stream of the reaction mixture and separate it into a product
stream and a recycle reaction mixture stream wherein the process is improved by contacting the
product stream with a polymeric resin having nitrogen containing heterocyclic repeat units
. operative to sequester the Group VIII metal catalyst components present in the product stream.
Particularly preferred are pyridine ring-containing resins and pyrrolidone ring-containing resins.
Typically vinyl pyridine and vinyl pyrrolidone resins are used and these resins are crosslinked a

degree of crosslinking of at least about 20% so they are insoluble in the reaction medium. Most



Typically vinyl pyridine and vinyl pyrrolidone resins are used and these
resins are crosslinked a degree of crosslining of at |east about 20% so
they are insoluble in the reaction nmedium Mst 22FEB2005 4 prefer thEEm@S
carbonyl at abl e reactants are nmethanol or nethyl acetate and the al

halide present in the reaction mxture is nmethyl iodide. The Goup VIII
cat al yst conponent is typically selectel fromthe group consi sting of
iridium rhodium cobalt, rutheniumor mxtures thereof. _The jinvention is

parti cupeafeablyshe oarbonylewhleacadtants arethethanod ormethyt arsiate and the gy halige

invention is .likew se particularly . useful.for re I ng..tra nt S, Of
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ppm based on the Goup VIII netal content. More ‘typically, the invention

| s advafThegeentiby ispatioylady osefal iprooduestion witcindivay catglyaedFwsigsyi | | net al
content of anywhere from.about 5.. to t 5 based on the~cont
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coupled to a product "purification systemwiérein: (a) the reactor contains
a react pamn pei bitliore(pipbE ipith atgpun 169 ppm, bisEd ol Guapa¥ibmetbagegndorand an
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which i5§ suppfﬂl ed to%tvﬁ]e purificati 8 system ggd’i ncl udes an entrained or

vol ati | eneloup VII1 netal catal yst component; (c) there is further

provi ded, downstream of the f|asher, means for sequestering the ou VI
metal cat al y<P 2BYAFOHPRE A tBHINVRRIGR BgRsdE POVIdEdA Yﬁ’%‘ioﬁ %(‘“Bo%ﬁ%agfoé
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t he poly strate i's rn granular or bead formand i s nost preferably
crossli iked, thpotegriongbntains nokadionanixnes intludingd Group WEb mebdl eatalyst ¢ranponent
reaction npedi un} Tiﬁ)i call¥, the beads of resin are in -a fixed bed between
the flagRean afy! bHMSRIPIOIC SOMPRNE] st em such that the fixed bed of
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atypic apparatus the asher 1s COI’lfrl gured to adiabatically vaporize the
st r eam @éparste dicintcomliguidirecyelqstreaidwtiichas Tetursed wethe teagtandud @ veher pragst

roduct stream.as. further djscussed. herein. .. . .
P ~ stream W, gh is supplied to t{:xe purS lcation system and includes an entrained or volatile Group

VI metal catalyst component;

{(c) there is further provided, downstream of the flasher, means for sequestering the Group
VIII metal catalyst component from the product stream comprising 2 polymeric substrate having
nitrogen containing heterocyclic repeat units.

Typically, the polymer substrate is in granular or bead form and is most preferably
crosslinked, polyvinyl pyrrolidone resin which is insoluble in the reaction medium. Typically,
the beads of resin are in‘a fixed bed between the flasher and the purification system such that the
fixed bed of particulate resin contacts the product stream when it is in vapor form.

In a typical apparatus the flasher is configured to adiabatically vaporize the stream of
reaction mixture provided to it 5o as to produce the vapor product stream as further discussed
herein. |

In still yet another aspect of the present invention there is provided a method of making
acetic acid by way of the carbonylation of methanol including:

(a) reacting methanol with carbon monoxide in a reactor provided with a homogeneous

reaction medium comprising a catalytic metal component selected from the group consisting of



In still yet another aspect of the present invention there is provided a
met hod of making acetic acid by way of the carbonylation of nethanol

i ncluding: (a) reacting nethanol w th carbon nonoxide in a reactor 2&553&@@
wi th a honbgeneous reaction nmediumconprising a catalytic netal conponent
selected fromthe group consisting of 22 FEB2005 5 sol ubl e forns of
iridium rhodium and m xtures thereof, optionally including a co-pronoter
sel ect eghiffiOBridl o YiAUR, ARRLS! dAUnRturkhBRDE WBtioRALY HBlugin ARl FBmotden! UM
zinc, cadmum indium nercury and m xtures thereof, an urther 1 ncluding
met hyl seteetedtfegm thet dgrolip couisitiagad duthew ey osofioin, sugppeten) rhgnimns tineacadafivin) e
reaction mxture to f.l asher adapt 0 separate the stream of . the

react | o ARy 08 mikF arePgéﬁ Hﬂ@ﬁﬁiﬂ&]@e@sﬁ%tmwléaﬁde euq
recyclipge.the recycle streamto the reactor; (d) contacting the product
streamwth a resin selected fromthe group consisting of vinylpyridine
resins @hd viupplyinpya stedaintlofthe rexstion mixdrentoxtfinshar ddapied 0 sepatite the StrBatheifng
operative toQ sequester the catalytic netal conponents present in the

pr oduct the r5eheR @H&f?fe(lésqabﬂmfiﬂwﬁé stisam pd 4 peedust S BRI EF DESCRI PTI ON OF

DRAW quihe 9@%‘?@%@%&%@5@%&%@& go?t ail belowwth reference to the

singl e gure emati c diragtramillustrating a carbonyl ation
appar at{d$ whiontacting tHeeprodwd sirsam evitheciesiaRelotted frobhthePr@gLtnsistingof | on.
DESCRI PTI ON OF TAE PREFERRED EMBODI MENTS The present invention 1s directed
gener al Yigylppiding gsHy| 2adiviny-pysioidens gesian anhpixdyresihsmep!, We resinpeiag operativy st
conponent ' | L] It .1 s believed that
t he ca?%lsé%%e%%ﬁn%gﬁteiﬁf@ ﬂr%a%lﬁcé&ﬁ%érﬁ%n%% y%%néﬁiﬁgﬁrghnn%%@g% %’o nyl conpl ex

el ect r og) at i maifling thapioduttaueha. cationic sites of the polyner substrate
which is generated by the reaction of the alkyl 1iodides on the substrate,
to quaternize nitrogen containing heterocyclic repeat units on a polyner

substrate. Thus, in accorggiﬁg ﬂ%é&ﬁ?ﬁlbﬂvﬁﬁtﬂﬁﬂy’fﬁéai ned or volatile
I zed on

catal yst species are i nmmobi e resin and may be recovered by
- di gesti ng t HEhepiabstnidn it describyd tnddnaibbélow with refepghoettb die sShgle fibive widish§s a The
present |nvention nay be apprecjat g}l_‘ in connection with, for exanple, the

car bonyiBFR#i SRRy IHYHmLNg, & carbnylatiop apprIRtug XhicRdBaY,Pe HseddR sernasBap Xite i n
a ho”“??g&?&ﬁiﬁ@n%ﬂt I c reaction system conprising a reaction sol vent
a

(typic acetic acid),
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed generally to carbonylation systems which employ Group
VI metal catalyst components. Without desiring to be bound by any theory, it is believed that
the catalyst component in the form of an anionic metal carbonyl complex electrostatically binds
to the cationic sites of the polymer substrate which is generated by the reaction of the alkyl
iodides on the substrate, to quaternize nitrogen containing heterocyclic repeat units on a polymer
substrate. Thus, in accordance with the invention entrained or volatile catalyst species are
immobilized on the resin and may be recovered by digesting the polymer i.e. by combustion or
any other suitable means. The present invention may be appreciated in connection with, for
example, the carbonylation of methanol , its reactive derivatives with carbon monoxide in a
homogeneous catalytic reaction system comprising a reaction solvent (typically acetic acid),
methanol and/or its reactive derivatives, a soluble iridium catalyst, at least a finite concentration
of water, as well as an insoluble pyridine or pyrrolidone ring containing polymer and optionally
including an osmum or ruthenium promoter. The carbonylation of methanol utilizing iridium

catalyst is well known and is generally described in the following United States Patents:



met hanol and/or its reactive derivatives, a soluble iridiumcatal yst, at

| east a finite concentration of water, as well as an insoluble pyridine or
pyrrolidone ring containing polymer and optionally including an d&hfﬁ&ﬂ@g
rut heni um pronoter. The carbonyl ation of nmethanol utilizing iridium
catalyst is well known and is generally described in the follow ng United
States Patents: 2 2 F E B x005 6 5,942, 460; 5,932, 764; 5,883, 295;

5,877,348;: 5,877, 347 d 5,696, 284, the di | ich
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derivatives wiiRageireitive derivands asmetaatldntiade kethyh aceutectimstiyf ethiearpt esent
i nvention. Preferably, nethanol and/or nethyl acetate are used as
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suitably in the range of about 1 to 70% by weight, preferably about 2 to
50% by wad btrtce present as; medfthylaobtptedh thet ligiid teagton pypesitiit bY 1pagtion vl agriic

formed in_situ in the |liquyid reactj.on.c osifion, for anpl
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separately from other conponents of the 1liquid reaction conposition. \Water
may be pegienzblyedofat de 36%ehy worghbbnent s of reaction conposition w thdrawn
fromthe reacgtor and be.recycled .in.controll ed amoun i | t he
requi red conc W?W&’r‘?m%fm%’fneﬁ’%ilﬂ el%éqq#&euaic O?%cg’g?ﬁ’scl: ?né%arfﬁggﬁn |(‘_)ﬁ§.’%€l

Pr ef er alliyiftHRn ©oRKENbdReiPReBhndIatRftart Bnd Beeticiatid Hoeac Waer manbosi tion
is in the range of about 0.1 to 15%by weight, nore preferably about | to
15% by meragtueed trothie cprhsiytatioh yeastss tegether avithoon Ssparaislygie ofhericpiogpagts of the
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conposition for the carbonyl ation reaction in any suitable formwhich
di ssol vdse iequirérbconaguiratioreaf-witeninghahiawidreantiop copposbery e Frefrablsy thea sol ubl e

i Exanpl es..of suitable itidi i ni i d
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H, [Ir(CT214] , [IT(CH3)I3(CR]-H, 1r4(COj21 1rCl3.3H 0 .

| rBr3.3H0, A imidimo)capalystrin dhedrmuidearbonylationpreaction CREREFHCHILEY COPRIRE 48 3,
Hridi umir%gi%%a%gﬁtam' ing compound which is soluble in the liquid reaction composition. The iridinm

catalyst may be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to a soluble
form. Examples of suitable iridium-containing compounds which may be added 10 the liquid
reaction composition include: IrCly, Irl,, IrBr,, [Ir(CO),1L, [Ix(CO),Cll,, [Ir(CO),Br],, [Ix(CO),L,T
H*, [I(CO),Br,TH, [Ir(CO),LIH", Ir(CH,)I,(CO, H?, Ir,(CO),,, IrCl;.3H,0, IrBr;. 3H,0,
Ir,(CO),,, iridium metal, Ir,0;, Ir(acac)(CO),, Ir(acac),, iridiumn acetate,
. 1,0(0AC),(H,0),][OAc), and hexachloroiridic acid [H,IrCl;). More preferably, chloride-free
complexes of iridium such as acetates, oxalates and acetoacetates are employed.

Preferably, the iridium catalyst concentration in the liguid reaction composition 1s in the
range of about 100 to 6000 ppm by weight of iridium.

Promoters and co-promoters may be used as part of the catalytic system of the present

invention as described in European Patent Publication EP 0 849 248, the disclosure of which is
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dibromotricarbonylruthenium (IT) dimer, and other organoruthenium complexes such as
tetrachlorobis (4-cymene)diruthenium (II), tetrachlorobis(benzene)diruthenium(Il),
dichloro(cycloocta-1,5 diene) rutheniurn (I} polymer and tris(acetylacetonate)ruthenium (III).

Examples of suitable osmium-containing compounds which may be used as sources or
promoter include osmium (III) chloride hydrate and anhydrous, osmium metal, osmium
tetraoxide, triosmiumdodecacarbonyl, [Os(CO),L], [0s(CO),L,),, [0s(CO),L]H', pentachloro-pi-
nitrodiosmium and mixed osmium halocarbonyls such as tricarbonyldichloroosmium (II) dimer
and other organoosmium complexes.

Examples of suitable tungsten-containing compounds which may be used as sources of
promoter include W(CO),, WCl,, WCl,, WBr,, WI,, or C;H , W(CO), and any tungsten chloro-,
bromo- or iodo-carbonyl compound.

Examples of suitable rhenium-containing compounds which may be used as sources of
promoter include Re,(CO),,, Re(CO),Cl, Re(CO);Br, Re(CO)l, ReClixH,;0, [Re(CO), I},
Re(CO),I,IH" and ReCl;-yH,0.
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presence ey result in the formation of hydrogenation products. The parti al
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range Oﬁyéi%cﬁrgoz?csq OriRafresence of hydrogen in the carbon monoxide and generated in situ by the
water gas shift reaction is preferably kept low, for example, less than 1 Bar partial pressure, as its
presence may result in the formation of hydrogenation products. The partial pressure of carbon
monoxide in the reaction is suitably in the range of about 1 to 70 bar, preferably about 1 to 35
bar, and most preferably about 1 to 15 bar.

The pressure of the carbonylation reaction is suitably in the range of 10 to 200 Bar,
preferably about 10 to 100 Bar, most preferably about 15 to 50 Bar. The temperature of the
carbonylation reaction is suitably in the range of about 100 to 300°C, preferably in the range
about 150 to 220°C.

Acetic acid is typically used as the solvent for the reaction.

~ The terminology "pyridine ring-containing polymer", "pyridine polymer" and the like
used herein is intended to refer to a polymer containing substituted or non-substituted pyridine
rings or substituted or non-substituted, pyridine-containing polycondensed rings such as
guinoline rings. The substituents include those inert to the methanol carbonylation such as an
alkyl group and alkoxy group. Typical examples of the insoluble, pyridine ring-containing
polymers include those obtained by reaction of vinylpyridine with a divinyl monomer or by

reaction of vinylpyridine with a divinyl monomer-containing vinyl monomer, such as
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| ND. Itlﬂdﬁmﬂ § @bbe t hat the above nitrogen heterocyclic ring-contai n| ng
pol ynmer “shoufd be crosslinked by at |east 10%_ preferably at |l east about
15% or 20% aiftds d¢sitablegbatithe Z&B%e nifrogen heterocyclic ring-containing polymer shouid be

crosslinked by at least 10%, preferably at least about 15% or 20% and up to about 75%. A

degree of crosslinking below 10% is disadvantageous because the mechanical strength of the
polymer may degrade during use. As the degree of crosslinking increases, the availability of the
polymer surface may be unduly restricted. A maximum 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 terms of % by weight, of the divinyl monomer, for example.

A pyridine or pyrrolidone insoluble polymer may be in the free base or N-oxide form or
quaternized form as noted above. The insoluble, pyridine or pyrrolidone ring-containing
polymer is preferably in 2 bead or granular form, more preferably in a spherical form, having a
particle diameter of about 0.01 — 2 mm, preferably about 0.1-1 mm, more preferably about 0.25 -
0.7 mm. Commercially available pyridine-containing polymers such as Reillex-425 (product of
Reilly Tar and Chemical Corporation) and KEX-316, KeX-501 and KEX-212 (products of Koet
Chemical Co., Ltd.) may be suitably used for the purpose of the present invention. As noted

above pyrrolidones are also available from Reilly Tar and a degree of crosslinking of at least



degree of crosslinking below 10%is di sadvant ageous because the mechani cal
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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 (methy!
1odide, methyl] acetate, water) are separated from the reactor catalyst solution and forwarded with
dissolved gases to the distillation or purification section in adiabatic single stage reaction. The
catalyst solution 1s recycled to the reactor via conduit 32. Under the process conditions of the
flash, the catalyst is susceptible to deactivation at the low carbon monoxide partial pressures in
the flash vessel, and may be entrained to purification system 19.

The purification of the acetic acid typically requires distillation in a three column
process. The vapor product from the flasher overhead is first passed through a fixed bed 30 of
pyrrolidone, pyridine or other nitrogen containing resin so as to remove the entrained or the
volatile Group VIII meta] catalyst species present before being fed to a light ends column.

Methyl iodide, methyl acetate, and a portion of the water condense overhead in the light end

columns to form two phases (organic and aqueous). Both overhead phases return to the reaction



not ed above, major inefficiencies of the process are the concurrent

manuf acture of carbon di oxide and hydrogen by way of the water gag Bhed %005
reaction. Fromthe reactor a streamof the reaction mxture is continuously
fed via conduit 1Sto flasher 16. Through the flasher the product acetic
acid and the majority of the Iight endql(nethyl | odi de, nethyl acetate,
wat er) are separated fromthe reactor catal yst solution and forwarded with

di ssol ved. gases to, t.he distill.atjion or purifi gatli ' ' ' tic
o mob o Eeae Reck Bt Fh e difo 8 oRfes i it OeRBRILPPork BBOLEAR! | ©
via congiiiiaian sectidde B thik 9eRSHesANE i@ 8siahaltipht eddsasdscritbedeadal yst is
susceptible to deactivation at the | ow carbon nonoxi de parti al Bressures in

t he fl astycledss dhe pranessmdipelaquenys pegtiseadid sidpdra ¢ fomdhe tight eoce gceds
purification of the et..c acid typically. requires distillation in a.three
Pol urm Cprbeadeo e 120 Whteh Rudiinct 1B TR Hor entoigh spared 2Rl riePp b
passed QMER), ' i b CHis rs dHnfehROEN
cont ai rﬁl% resi %5@#2&@%@}%@%&3@ ﬁ%ﬁgh’t %@%c@?& ?%g@%sfgﬁg?ﬁ%gdua ou%ﬁ\gll E

met al  dainRthis tolaponkish feeds dnivyiealio calutnei2dg ThedrbduchadstightidanaSoxiet asmn.
Met hyl i odi de, rretg%l ﬁacet ate, and a portion of
P

th dense, head
in t he vepepraidedgw Hiereavy ends splamugs SHR¥Ee W@%ﬁﬁéﬁw&? eg%%g%%ote ﬁ

over he ses 4 0.t ' losgegtion via recycle
l'ine 3?;0#‘2% pd'igérg%%gpléglgeagﬁf%gﬁﬁﬁﬁlﬁéﬁg%ﬁg&gg%u% vent through the
di stillati oheestsicphionBef providell asottienfixedibed $6 wisicl isamgroyades iconkad! the ght
ends are scrubbed and recycled to_the process. Theggggcfous acetic acid

si de driedidefespgcialy alke ipdighs: contrat ebthamrodust d9ne H@R P be ey bR 22. water

and sone_aceti.c ' 0t .ecycle to the reaction
systemwypﬁ%?%ﬁg&ﬁ’%%% dgégﬁéﬁcgi\ﬁn%?ﬁegﬁgia?ngfg%agggtic acid is a residue
st r eam( 3505t JfiFill&e et A widreds, 4 patsulagp piefanssmethbd ofireddbvidgiedpiedndvelves

acetic acid is afforded as a vacﬁor si de draw off qf the heavy ends.col umm
as shovhe uss qfiamegre-TeECHEgRI VB IR AREedc BTqNE 35 10p FB&@B%%N&H W?‘f"&eﬁﬂ%pi oni ¢
acid aneg. . t colum. There is optionally provided
anot herﬁ?ll{ege tggg %p@\,h"l @ﬁ‘f?’gébg{rap}wg@g'd to control the iodide, especially
al kyl i odi dgt heotdeadenphstrdted fhaodugl pyrfatdony pairafwiilibieitboduimeatalpst a
vinyl pyridine fixed bed as _is discl osedtﬁi n Eur n Patent Publication O

£l

op :
685 44Fomponents, faF exampley in. Unjicd States - i%"tﬁﬁa&%?ﬁ‘ﬁ BFEELF e HRATFSd of
r enovi Lodi: ' I . : ' o §4 ed,
e ong afiftie L MBIt Bl BRELR: Citghlindes HockiBls I ORRROTS.
4, 615, Sifkes Patkhi Nons, 155,26 MeswrdembnThe R7ddntil 261 pdtent$ angyinqogpérdeddierasi ns

wi || bind rhodi um cat al yst . . .
by reference. In order toya.scertain whether iridium and ruthenium catalysts would bind to these

resins and whether or not these resins might be useful as a means for sequestering volatile or

entrained Group VIII metal catalyst components, the following experiments were performed.

General Procedure

A series of runs were carried out in a 300 cc Hostalloy B batch autoclave (Autoclave
Engineering). Each run lasted about 30 minutes and was conducted at a reactor temperature of
about 195°C and a carbon monoxide pressure of about 400 psig. The procedure for all runs in
Table I is described below.

The reactants were weighed and charged to the reactor. In the reactor, the solution
consisted of water (3.8 g), glacial acetic acid (60.4 g), Iridium (TV) oxide hydrate (3000ppm, 0.6
g) (PPG Industries), methyl acetate (33.7 g) (Aldrich) (which equilibrates with methanol and
acetic acid), and methy! iodide (20.4 g} (Fisher). The reactor was purged several times with 50

psig of carbon monoxide. After ensuring the reactor was leak free, the reactor was pressurized to



conponents, for exanple, in United States Patent No. 5,466,874 to Scates et
al.; whereas, vinylpyridine resins will |ikew se bind rhodi um cat al yst
conponents as described in United States Patent No. 5,155,261 to MaFEB @65
et al. The 874 and 261 patents are incorporated herein by reference. In
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acetic acid), and nmethyl iodide (20.4 g) (Fisher). The reactor was purged
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bnd hedbEutedBosaed iy MR uP . TR Aot e SR Lomeets G PbRes.
varyi nGoiplete@2ad titARattionsolutidd wAHASHRE ¥ odlaS rdthh nleRBrelY USinNg an

electric heater and adjusted further by cooling water. As the tenperature

i ncreased, tHee rataef gas yptabsovasaensgagred by phatting theGartpei motmxideacktisnged as bon
nonoxi fromthe reservoir. Wien the reactor so] ufion reached.the target
Cond 1 SREICT §cBe T FEH Rl 23 PHIAE B BEn B0 SO 6 FoOREIERER TP ¢ he
r €Ser Vv ahimie of mdly Seaqshtlcondiieed RAGER bf EMdRIESIE RaBRFBAMdlRr BBt al n 400
psig. This tinme was recorded as tine zero. The carbon nonoxi'de uptake from
t he r edayoldihr) asrspace bmetyasip 6¥0Y urta particulenrsacior cpnpasitiore wer e r ecor ded
every m nute. Wen carbon nonoxi de uptake had stopped, the run was

conpl eted and the reaction solution was allowed to cool to room
tenperature. The rate of gas uptakepwasvipgasyred by plotting the carbon

nonoxi de consuned as a function of time. This rate of gas uptake was then
used to calculate the carbonylation rate, as nunber of noles of reactant

consu er l.iter of. cold degassed reactor liquid per hour (nol/l/hr) as
spacew%ﬁi%ﬁ%ﬁat a particular reactor conposition. EXAMPLES

The above procedure was followed without the addition of a nitrogen-heterocycle

containing polymer. Results appear in Table 1.

Example 1
The above procedure was followed wherein 1.3 g of 25% crosslinked poly(4-

vinylpyridine) ("PVP-I") (Aldrich, Reilly), about 1%, was added. The carbonylation rate was
measured approximately as 43 STY on the same basis as Comparative Example A. After
completion of the run, the polymer was digested and analyzed for iridium metal in order to
determine the amount of Iridium charged which had been anchored to the polymer. Results for

this Example also appear in Table I, along with the resuits of Examples 2-8.

Examples 2-8
Following the procedure of Example 1, a series of runs were carried out with different
amounts of poly(vinyl pyridine). Polyvinﬂpyridine was supplied by either Aldrich or Reilly

Industries (Indianapolis. Ind.) . Reactor compositions and results as to anchored iridium appear



Conpar ati ve Exanple A The above procedure was foll owed w thout the addition
of a nitrogen-heterocycle containing polynmer. Results appear in Table I.
Exanpl e | The above procedure was foll owed wherein 1.3 g of 25% c} @3$Bi70lbed
poly(4- vinylpyridine) ("PVP-1) (Aldrich, Reilly), about 1% was added. The
carbonyl ation rate was neasured approﬁ mately as 43 STY on the sanme basis
as Conparative Exanple A After conpletion of the run, the polyner was

di gest ed d.analyzed for iridiumnetal in order to deternm ne the anount
of Iri EHE%‘?E arged whi ch had been anchored to the polynmer. Results for

thi s Exanpl ey dasGeapfedestirssuliabl ©rrhs obdeqnestamigthe ba':ta]tyesarh bhtaﬁﬂedExlaﬂmhes

2-8. Exanples 2-8 Follow ng the procedure of Exanple 1, a series of ecf
ver e caatid eftresinto @reup Wi metad petalyaiis selaidvedy hv;gamw/ﬁhﬁ FRSed Tiredded dispos

Pol yvin dj ne wass \ drich or Reilly Industries

(I ndi ah‘iﬁgﬁdﬁéﬁuﬁam)ma égﬂ%%@lt}%%‘nﬁl ons and results as to anchored

I ridium appear 22 FEB2005 13 in Table I. As can be seen, best results in
terms of sequestering the catal yst are obtai ned when the ratio of resin to
Goup VIII metal catalyst is rel atlvél'%blthlgh as is the case in a fixed bed

di sposed in a prod St amin anc he | ntion. Table |
Ef f ect of Pol ymer, frrﬁﬁﬂ 359?%83‘33 #{0}0;‘ &?W%P -1 /--2Ir in

VP- |/ AO0. 0%B1pSt Tt uu/'ﬁT(W‘ 20. PoTa 1370 30.. 1078 4% 40. 4098 7 (% HUJ| 50%438%
60. 709868% 72. [522033dRVP-T V17 1 STY (mole/L-Hr)___| *Ir sn PVP-1 (%Ir)
A 0.0% 31 0%
1 1.00% 43 10%
2 0.05% 37 3%
3 0.10% 43 4%
4 0.40% 47 7%
5 0.50% 43 8%
6 0.70% 36 _ 8%
7 2.5% 20 33%
K 400% 11 ' 97%

! Amount of polyvinylpyridine (PVP-I) in wt% in the reactor. Experiments were done at 195°C; 400 psia. The
reactor materials included approximately 3.0% H,0; 27% MeOAc; 20% Mel and 3000 ppm Ir.
r in the polymer is listed in % of Ir. Samples were digested in acid and analyzed for metal. %lr = {(initial amouat

of Ir)-(Ir anchored in the polymer)}/(Initial amount of Ir).

Examples 9-14

Following generally the procedure set forth above, crosslinked polyvinyl pyrrolidone

resin was charged to an autoclave along with the various components listed in Table II below.



" Anmount of polyvinylpyridine (PVP-1) in wt% in the reactor. Experinents
were done at 195 C; 400 psis. The reactor materials included approxinately
3.0% H O 27% MeOAc; 20% Mel and 3000 ppmlIr. 21r in the polynmer is |2I13§BGEU§
in %of Jr. Sanples were digested in acid and anal yzed for netal. %2
((initial amount of Er)-(Ir anchored in the polyner)}/(lnitial anmount of
Ir). Exanples 9-14 Follow ng generally tlfle procedure set forth above,
crosslinked polyvinyl pyrrolidone resin was charged to an autocl ave al ong
with the various conponents listed inTebbdH 11 bel ow. 22 FEB 2005 14 Tabl e
11 STY of car on.with Lr: | r/ cat.al yst and vi nyl
pyrrolidone. Wéﬁﬁﬁﬁﬁﬂ}m@@tﬁ Bror j[;rflic? éﬁ&ﬂﬁﬂ’@%&%ooo
10420000197000 11460000590000 120. 4600070002750100053 134600060005900550014
4420, 00, 2000- 2050 12000 *After the reaction, the polyner was filtered,

di gested 4 anal y fdr the hnpunt
Anchor ed [ﬁ%&q = : hg%w S AR ek JEE ol
has been cescgi bed |£11 detqb({m and g | l|ust rlg@@d i con@ectlor with @umarms
enbodi mentfs—bditcatTgns—toppecrfrcenbodrments—wthrmthe—sprrt—ad
scope of tlhe j@resent4 iqveaddion Wl ||| belgd&dndi lly applrent tlo those of skill
in the artfl. Faor ekxanple, rho |um clo-cat al yst] could be ysed with the

i ridium o _rhddi um chul ¢ %ﬂ thSRQ\Qv catalyst netal Suc

nmodi fi cat ifons,sar e{ Wt Ni S and, pe of t resgnt inwention
512 ot 1 Bh&y. E'?Qbél | 255¢ .- %

which is get .U.L.1nt.ﬁap - 2~t+—5-2005—15—CcAHNMS
13 4 6000 | 6000 5900 5500 14
14 4 2000 1 2000 2050 2000 3

* After the reaction, the polymer was filtered, digested and analyzed for the amount of Ir and/or
Ru in the polymer.. Anchored ppm refers to ppm initially present in the reactor.

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. For example, a thodium co-catalyst
could be used with the iridium or rhodium could be used as the only catalyst metal. Such
modifications are within the spirit and scope of the present invention which is set forth in the

appended claims.



What is clainmed is: 1. In a carbonylation process for carbonylating a
carbonyl atable reactant including a reactor containing a reacti Oi] g\)ﬁt hld’e
conprising a Goup VIIl netal catalyst conponent and an al kyl hal & EB 2005
pronot er conponent coupled to a flasher configured to continuously receive
a streamof said reaction m xture and ?fparate it into a product stream
and a recycle reaction mxture stream “t1he inprovenent which conprises
contacting said product streamw th a.__polyneric resin having nitrogen

cont ai ni ng heterocyclic repeat units %énﬂéi ve to sequester said G oup
VIIl metal catal yst conponent present in said product stream and
recovering the sequestered Goup VIII catal yst conponent fromthe

pol ymer i whaeRiclhiméd isThe i nprovenent according to Claim1l, wherein said
resin is selfected fromthe group consisting of pyridine ring-containing
resins and pyt.rol i danerbdnytion pteaessifogcartesilating 8carbtigylatalje cactaehnincladmgrdi ng
to daim?2, wherein said resiinis a vinyl pyridine resi 2[ 4. The

i mpr ov e MERTIOTACEEARING @ Teastion FlxNE compesiag 4 @apr ViEEet] patalyst cogpensiigad ayi ny|
pyri di ne i ' ki t 0% 5.
b e S L e S G

pyrrol i deremrofshid-refetion heixtufaMepRat idsRartbAgt ftteatl @idm racyceagtion sai d
resin is a vinyl pyrrolidone resin having a degree_of crosslinking of at
| east abBixture girgamy, theimaprongr eV erhes compeisesdiontcting i dpreduct stipam aith 2

sai d- al ky| hal i de,i s. methyl _i ide. The. | ' aim
2 wnar it e sl roen it Héterd DL FIRERYAIP Qe ARE Y Weierald

r hodi um Gealpavir 1 1rmd heainicame 1 95t Moxpuhest tfreseat . i19. salilde pk o O edtiiatam :
accordin o Caims8 erein_said ou LL net atalyst _c onent
oo s ihd Feoefigy HEEERR ARSI LONE, Viny, Ty S BniShent HIBRNERL | |
G oup Vigdlywetrde cetial.yst conponent conprises iridium 22 FEB 2005 16 11.

A carbonyl ation systemconprising: (a) a reactor conprising a reaction
m xture conprisi ngha ispavemyhd decoringlio Claim 1, wherein said resin is selected from the

group consisting of pyridine ring-containing resins and pyrrolidone ring-containing resins.

3. The improvement according to Claim 2, wherein said resin is a viny} pyridine
resin, '

4. The improvement according to Claim 3, wherein said resin is a crosslinked vinyl

pyridine resin having a degree of crosslinking of at least about 10%.

5. The improvement according to Claim 2, wherein said resin is a polyvinyl
pyrrolidone resin.
6. The improvement according to Claim 5, wherein said resin is a vinyl pyrrolidone

resin having a degree of crosslinking of at least about 10%.

7. The improvement according to Claim 1, wherein said-alkyl halide is methyl
iodide.

8. The improvement according to Claim 1, wherein said Group VI metal catalyst
component comprises iridium, rhodium, cobalt, ruthenium, or mixtures thereof.

9. The improvement according to Claim 8, wherein said Group VIII metal catalyst
component comprises rhodium.

10.  The improvement according to Claim 8, wherein said Group VIII metal catalyst

component comprises iridium.



catal yst conmponent; (b) a flasher adapted to continuously receive a stream
of the reaction mxture and separate it into a liquid recycle strgfﬂﬁa% a
vapor product stream conprising entrained Goup VIII netal cat al>2 )
conponent; (c) a polyneric substrate conprising a polyner having nitrogen
containing heterocyclic repeat units aq%pt ed to contact at |east a portion
of the vapor product streamto sequester at |least a portion of the
entrained Goup VIII netal catal yst conponent; and (d) a neans for

recoveringihe %?ﬁ%ﬁ&glraﬁ%gs%ff?cyﬁul ll‘iélgl%t al catalyst conponent fromthe
€. : d

pol yneric substra syste grding to Claim1l, wherein said
polymeric substrate conprises of resin selected fromthe group consisting
of crosslinked V#ngiregyen ainnprisings rsctionnix msstémpasinga GyduppyH! nletalone
resins. 13. The syedt@m;ga@@ma{eﬂg to Claim1l2, wherein said resinis a

ranul ar crosslij - vl - i . eS| . m.agcor di n
Lo Gaim 12, wh %??ﬁégﬁﬂg‘%ﬂ#’ USRI IP08) S or BF ;iﬁéﬁ RS ne
resin. 15. The syst¥hisRRfls Hing atléﬂuéﬂig‘?%f?,u : i hVRATPT Sreyn
sequest eri ng sai d COPPpLLERTaiaed Groumy Al ymatal cetalvst eamposent; sposed i n said
vapor product sf{e)eapohetemeesubsizitd cofipeisirgra puigmeshaving hitt o @t dodtuisyigt em and
compri ses a fixed ]ﬂﬂ_@l'o@?clﬁﬁrebézﬁ!&hﬁﬁ de;_ﬁafbc&@actlhﬁzia&yé'f&?a (GFhE Y r! O

et o345 sbueS o K ndron S AIefeq Cot ML 17

said stream of react]jon mXxture ) sal

The system accordimﬁﬁffia@yéﬁ TRMECIRhEPEi n sai d car bonyl at abl e react ant
conprises met hatfbl 2 means foraepastenag MWﬁtW@dtQOWM metal watehst n sai d

al kyl hal i de pronotoenpaenpfromethe pabnierlc subsirste. 19. The system according to
Claim 12, wherein said carbonyl atabl e reactant conprises nethyl acetate.

(238@IPge:yStnggzsfcﬁg’gzsggFl%%fg ; g‘ 5%@1%""? ?’r‘g eril'ci%%‘lzti p%lygclric ggllas!tr%?c c%gn%rltxgsgse orf
resin selected from the group consisting of crosslinked viny) pyridine resins and crosslinked
vinyl pyrrolidone resins.

13. The system according to Claim 12, wherein said resin is a granular crosslinked
polyvinyl pyrrolidone resin.

14.  The system according to Claim 12, wherein said resin is a granular crosslinked
vinyl pyridine resin. |

15. The system according to Claim 12, wherein said means for sequestering said
Group VIII metal catalyst component is disposed in said vapor product stream between said
flasher and said purification system and comprises a fixed bed of particulate resin.

16.  The system according to Claim 15, wherein said flasher is configured to
adiabatically vaporize said stream of reaction mixture to producc said vapor product stream.

17.  The system according to Claim 12, wherein said carbonylatable reactant
comprises methanol.

18.  The method according to Claim 17, wherein said alkyl halide promoter comprises
methyl iodide.

19.  The system according to Claim 12, wherein said carbonylatable reactant

comprises methyl acetate.

20.  The system according to Claim 19, wherein said alkyl halide promoter comprises

methyl iodide.



21. A nmethod of nmaking acetic acid by way of the carbonyl ati on of nethanol
conprising: (a) reacting nmethanol with carbon nonoxide in a reactor

provi ded with a honogeneous reaction nedium conprising a catal yti xf Fg1083
conponent selected fromthe group consisting of soluble forns of iridium
rhodi um and m xtures thereof, optionally~ ncluding a co-pronoter selected
fromthe group consisting of ruthenium osmum tungsten, rhenium zinc,

cadm um i ndium rc d_m xtur.es.thereof .and further includi ng methyl
acetate, nmet hyﬂ‘i o?rugdléé%%‘) Raking z}ce%%iméEﬁmaypﬂgicéa@ppg%qqufqggﬁ@o? eacti on
m xture tQpafd@sher adapted to separate said streamof said reaction

m xture intd a Ml quid recycle stream and a product stream (c) recycling

sai d recy@) e seatpprhehsal ditheatos hionole aPNicachi Revidad diRrabutigendoul a
resin selected fromthe group consisting of cr ossll i nked vinyl pyridine

resi ns argacion $xddivtk samprispl appialytt imtteh compaientsedattdrfion treesourhenneisting ¢fai d
resin being operative to sequester catalytic netal conponent present in

sai d prodsdiblsior@ent idinm, frejiurcadvsikiung theteo estimall emerhdiRt Ado-sofHRement
fromthe resin. (f) purifying said product stream 22. The nethod according
to d ai m2iectediraneihe gravpIcaBEpns e wbanizg payivsainmepeadhotiumszingaadmiwh sai d

inis. i ed out il i,d dygct . st. iS i f . . T
ot hod acPRPE Ay EFArIFAES derll vt fknpuinods St B arthidetior A
pyrrolidoggefesin. 24. The nmethod according to Claim?2], wherein said

catal ytic netal conponent conprises iridium 25 The nethod according to
d ai m 24, (bhhersepplysai astraraifseidceartoramixtaepo adlasher adaprrdits esparait ket stmeam of

said reaction mixture into a liquid recycle stream and a product stream;

(c) recycling said recycle stream to said reactor;

(d)  contacting said product with a resin selected from the group consisting of crosslinked
vinyl pyridine resins and crosslinked vinyl pyrrolidone resins and mixtures thereof, said resin

being operative to sequester catalytic metal component present in said product stream and;

(e) recovering the sequestered metal component from the resin.

() purifying said product stream,

22.  The methed according to Claim 21, wherein said step of contacting said product
stream with said resin is carried out while said product stream is in vapor form.

23.  The method according to Claim 21, wherein said resin is a crosslinked viny!
pyrrolidone resin.

24.  The method according to Claim 21, wherein said catalytic metal component
comprises iridiuni.

25.  The method according to Claim 24, wherein said catalytic metal component

comprises ruthenium.



