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‘PCLYNER?C CARBdNYLAThCN CATALYST SYSTEM The preseﬁt e
';;lnventlon is dlrected to a novel catalyst useful in the carbonyl ation of
B ' i : - carbonylarion of nethyl acetate to acetic
|nvent|on is also concerned with a nmethod of | ower
1 Anong currently-enpl oyed
one of the nost useful processes

' s t he m@éﬁhg é{' tion of nmet hanol with carbon
aught in U. S al on Cctober
the "ansanto process". Although the Paulik et al

_;es t IThé picbéhe ivestda R e used di ssol ved or
ot herW| se d spersed inthe |iquid HEE?JSX&EHSMQ‘Q%S%‘ & the garbanylariod ofer t

soli d,. _cumhmoctnalabguc idie &a;oa NS, Ijized in a horm eneous reaction
system ] ‘¢ch the rhodiu i’ n bp“}&h l aceaie to acetc anh %ndc or both. The

useful proccsscs commercially is the rhodium-catalyzed carbonylation of methano] with carbon

monoxxdc as taught in U.S. 3 769,329, issucd to Paulik et al on October 30, 1973, and known as
me"Monsanw process”

Paulik et al teach that the liquid reaction medium can include any solvent

: -_.;compauble with the catalyst system and that it may comprise, for example, the pure alcohol

: whxch-xs-_--bcmv reacted or mixwures thereof with the desired arboxyhc acid end product and/or
__j-;csn:xs of _-thcse two compounds The preferred solvent and hqmd reaction medium for the process

1s the dcsur.d carboxylic acid itself, i.c., acetic acid when methanol is being carbonylated to

, '-'pmducc a.ccuc acid.

The Paulik et al patent also discloscs that the addition of water enhances the
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catalyst is dissolved in the reaction solvent which typically is acetic
aci d.” The ‘honogeneous catal yst system al so i ncl udes a hal ogen-cont ai ni ng
catal yst pronoter as exenplified by nethyl iodide. The reaction is
conducted by continuously bubbling carbon nonoxide gas through the |iquid
reaction nedi um Paul ik etgal teach that the liquid
reaction nedium can include any sol vent conpati ble with the catal yst
systemand that it may conprise, for exanple, the pure alcohol which is
bei ng reacoed ldrtoniSxwiifeewaichisy o freagkiom mermy o This dies besnbebaspterized gis dhee Pldgh
product and/ or esters of these two conpounds. The prefered sol vent and
liquid reavmiedhcarbatiylatiof grocesre | Sinfupwarcly, ircovdrimgoasstia addd dmahlydydus or awhdly
itself, i.e., acetic acid when nethanol is being carbonylated to produce
acetic aci dnhydrous form from such arThppréesable quaptityaf. Wrser damol s substingal leamadinirt af
the addition of water enhances the reaction rate of the carbonylation of

t he al cohokndrgy trhdistitarionapifor additichalprooestinggiteps suchnasesolvent cxtraftivnras weld a9f

acetic acid using the Monsanto process technol ogy as disclosed in Paulik

et al util irgmires larger purification process cqmpmcntascomparcdwzmtha:usedinpmifyingcarboxyﬁc
acid conuaining significantly lower quantities of wancr Thus, while reactor output of acetic acid
is highly efficient at high reactor water eonccnnanons. production capacity is typically limited
by water removal capability from the acetic acid product.

An improvement over the high water Monsanno process for the carbonylation of
mdcoholwproduccamrboxyﬁc‘addhaﬁngone..mbonammmmmcalwholinme
presence of a rhodium catalyst has been developed by Hoechst Celanese and is disclosed in
commonly assigned U.S. Pateat Nos. 5,001,259, :ssuedeh 19, 1991, and 5,026,908, issved
June 25, 1991, and copending application U.S. Serial No. 615.8}6, filed November 20, 1990. As
disdosedmmacedcacidispmducedﬁomme:ﬁgmimahmmmcﬁon mediom
comprising methyl acetate, methyl halide, spemllymethyl iodide, and rhodium present in a
catalytically-effective concentration. The invention themnmdcspmnmﬂymthedxscovcrytha:

.camlyasmbﬂiwandmcpmducdviwofdwcarbﬁjhﬁonmmmbcmﬁnmincda

surprisingly high Ievels, even at low water conccnmons. i.e. below 14 wt.% and even at 10

wt.% and substantially less, mthc reaction mdmmdcspm the general industrial practice of

maintaining approximately 14 wt.% or 15 wt.% wamr)’mcHoechst Celanese process has beea
charai:wximd as the "low water" carbonylation pmccssand yields substandally higher rates of
production over the high water process since reactor pmducmnty is maintained relative to the
high water process and at the same time recovery of thc dry acid product is substantially casier

(i.c., less cnergy consumpdon, smaller equipment, lowcrrhodmm usage) in view of the low water



2.. over 14 to 15 wt%water in the reaction nedium This has been
__ ,characterl ‘zed as the "high water" carbonylarion process. Unfortunately,
veri ng acetic acid in anhydrous or nearly anhydrous formfrom such an
abl e quantity of water involves substantial expenditure of energy
il1lation and/ or additional processi®g steps such as sol vent
ction., as well as requires |arger purification process equi pnent as
1 ed with that used in purifying carboxylic acid containing
canlevgs.| olisse qurghs iary achieyedvieyt epaincaihing ,invihé Ireactien etcdiunp Lliquigt wink a
acid is highly efficient at high reactor water concentrations
i oncagadysically-ptfeative gmivuntiof yhodiumi. tae thastizyfinits cercenmation of wewnaisitlyl segmafs om
tic acid product An i mprovenent over the high
bnsadi mepyloodids, 4 specified coagepuatidnacfi iodide fions ameradnd ahave the iqlidedtoagns
boxylic acid having one carbon atomnore than the al cohol in the
ence owhizh ifyredsenmascmithylyiodidd esotheraorgaty iekdite £ The fndideiaiis Preséat 2B eEgple and
5cl.osed in comonly assigned U S. Patent Nos. 5,001, 259. issued March
91 S| whth GuD(8dide B&ig freferred. The concentrations of methyl acetate and jodide salts

are significant parameters in affecting the rate of carbonylation of methanol to produce acetic acid-
* especially at the low reactor water concentrations. By eixsing relatively high concentrations of the
methyl acetate and iodide salt, one obtains a surprising degree of catalyst stability and reactor
productivity even when the liquid reaction medium contains water in concentrations as low as
about 0.1 wt.%, so low that it can be broadly defined simply as “a finite concentration™ of water.
. Furthermore, the reaction mediom employed improves the stability of the thodium caralyst, ie.
resistance to caralyst precipitation, especially during the product-recovery steps of the pmcess
whadndisﬁnaﬁnnfmtbepmposeofmcweﬁngﬂmageﬁcaq@dpmdumwndsmme&om
the catalyst the carbon monoxide which in the environment maintained in the reaction vessel, is
a ligand with stablizing effect on the thodium. U.S. Paseats Nos. 5,001,259 and 5,026,908 and
" copending applit.:aﬁon U.S. Scrial No. 615,846 are hcxem incorporated by reference.
| ‘While the “low water" carbonylation pxocess described immediately above has been
:  successful at greatly increasing the production rate for acenc acid, such process still poses several
. problems. For one, as the water level in the reaction mixture is decreased, the instability and,
thus, precipitation of the rhodinm caalyst increases. Accondingly, the amount of lithium fodide
" stabilizer which must be added has 1 be increased. It has further been found the acetic acid
" product which is formed contains minute quantites of iéipxniﬁcs which can adversely affect the

quality of the acetic acid product as determined by pc:manganatc time. Post-weament of the

.,
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June 25, 1991, and copending application U S. Serial No 615,846, filed
Novenber 20, 1990. As disclosed therein, acetic acid is produced from

met hanol in a honbgeneous reaction nedium conprising nethyl acetae, nethyl
hal i de, especially nmethyl iodide, and rhodi umpresent in a

catal ytically-effective concentration. The4 nvention therein resides

primarily in the discovery that catalyst stability and the productivity of
t he carbonyl ati on reactor can be nmaintained at surprisingly high |evels,
even at | ow water concentrations, i.e below 14 wt% and even at 10 wt %
and subst arsceud hgid [pexiuct has bdve abdmod iromoveedic umpirities (but suchhmogssee madrely add

i ndustrial practice of nmintaining approximtely 14 wt.%or 15 wt % water).
The Hoechstadfitionsiess wtieqasceshand bagderneckimoductian. i zed as the "l ow water”
carbonyl ation process and yields substantiall y higher rates of

production over the Asgih AlRbetive ke ges Sommeatial h@ﬂagcwouarcadlysttsyvmﬁ:y cinployed,
mai ntai ned relative to the hi gh water process and at the sane tine

recovery of adehischaye d6ddimade® ¢! GiilideSa Hetbokeiebistihbdiuoctabyst in thé icadonyldddh of
energy consunption, smaller equipnent |ower rhodiumusage) in vi ew of the

| ow wat er  methanol to acetic acid. Advantages of such a catalyst system include the casy separation of the

rhodiumfmmthcteagtionptoductsasweﬂasthedc#ﬁpreveutpmcipinﬁonormﬁngoﬂhe

rhodium from the reaction system as results in the homogcneous catalyst system. Reducing loss

of the thodium catalyst by precipitation and/or scalmgand the like is very advantageous in view

of the high cost of replacing the rhodium. ItisnmhéieVe;lma:suchameinp:shavcbeenvay

successful, however, and it is not known whether there has been any commercial application

utilizing heterogencous caralyst systems in the rhod.mm-cata!yzed carbonylation of methanol to

Examples of suggested use of heu:togemous é'axalysts include European Patent

Application 277,824, published August 10, 1988, andasagned to Reilly Tar and Chemical Corp.,

which discloses the carbonylation of methanol to accuc acid utilizing rhodium supported on a

heterogeneous polymer support which comprises pélx;(?*m 2-vinyl pyridine) copolymers. In

particular, Reilex® copolymers, manufactured by theassxgnee of the application, are preferred

and compnsc pyridine rings attached directly at thc1r2- or 4-positions to the polymer backbone
which in tumn is cross-linked with a small amount of divinylbenzene. For reaction, presumably

the copolymer or N-oxide of the copolymer is quatémized with an alkyl balide such as methyl

iodide and loaded by reaction with a rhodium s-an.'
activity was described as being found in Eumpcan P Apphcanon 271,824 over reported and
calculated values for the homogencous Monsanm pmecss However, actmal side by side

comparisons of the homogencous catalyst with thc hcu:rogcncous catalyst described in the



3 | evel s. These results are achieved by maintaining in the reaction
medium along with a catalytically-effective amount of rhodium at |east a
finite concentration of water, nmethyl acetate and nethyl iodide, a
specified concentration of iodide ions over and above the iodide content
which is present as nmethyl iodide or othes organic iodide. The iodide ion
Is present as a sinple salt, with lithiumiodide being preferred. The
concent r alg ofita balli! dflicAA6R ke sid Comfditie aviysBi hd Halh
paraneters i a'[?1Pect| the rar eso%car%hﬂ ? oncof ﬁrr%'t ha%‘f‘ to p%cn Uce
acetic acig REGVAL 4 thiGer MWs Sltoggsﬁ m:ﬁg‘r:;érg si ng
relatively ﬁlﬁﬁ concent?g%glhons of t%‘ﬁ@ met acet ate and i odi e sa uotone

obtains a ﬁ# lgg_ degree of catal yst stabl lity and reactor productivity
even when-the u reaction medi um contai ns water in concentrations as

tomi e concent °§) Fn %é*@i;é*“ fl“%‘mt% “a%’;; Sieollf Ll BF P r@%ﬁ'ﬂﬁ‘ﬁ"%ég
mproves tqagwst il éf@?“oﬁj e rhodi '6‘% qtf @SIS anc? cat al yst
pr eci pi t at {? P Jﬁ%ﬂff M%@e

}[M;ﬁ:'jgl 'Podlris ! ! g%ig sg)r t he J)urgo_g ofl recov erl [}gm_he acegdlphgglllc,iho%h%icuct

groups was used to support rhodium for both hqmd and gas phase reaction. Similarly, Webber,

Gates and Drenth, Journal of Molecular Catslysis, 3 (1977/78) 1-9, also discloses a bifunctional

polymer far thodium catalysis of the methanol carbonylation reaction. The polymer was a lightly
cross-linked polystyrene containing attached rhodium pomplem and also containing attached
groups analogous to penatachlorothiophenol which lamr groups served both 1o coordinate the
rhodhmmthepolymaandm-mdugoo:ddaﬁveadﬂiﬁénwimrhodi\mmampmﬂogmsw
that involving rhodium and the soluble promoter in the solution reaction. It was thought that the
bound promoter would coordinate the rhodium so stmngly that problems of separation, corrosion
and loss of the expensive rhodium could be allevxa!ed. However, it was found that there was
thodium loss and the lack of stability of the bifunctional polymeric casalyst
Thepossibﬂityofsupporﬁngarhodidg;compoundongnionicmsin_suchas
Dowex 1-XB, Bio-Rex 9, ora possible'ce_polymer of siyre_ne and 4-vinylpyridine alkylated with
methyl iodide has been described by Drago ct al, __g_x;g_g___, 20, 641-644 (1981). This article
included no cxpeumcntal results using thc suggested polyvmylpyndzm derivative catalyst. From
the examples that were given, the authors concludedthat their ionically-supported rhodiom
catalyst was approximately equal in camalytic acxivity_;_ :o the homogencous complex, and that
jeaching of the catalyst could be minimized by sunablcchowc of solvent and by selecting high

resin to rhodium ratos. In all tests reported, howcvcr,fﬁ_c}h_ly low temperamures of 120°C and low



t he catal yst the carbon nonoxi de which in the environment nmaintained in the
reaption vessel, is a ligand with stabilizing effect on the rhodi um
\hi e the ! ‘I ow wat er” carbonyl ati on process described i medi ately above has
gen’.'successful at greatly increasin%ithe production rate for acetic acid,
rocess still poses several protlems. For one, as the water |evel in
_action m xture i s decreased, the instability and, thus,

| btkdu o B0 bliterd BIL MlorEer ioils Vel 358 don g&teginge 6f surpliffed 1™ 11!

: hi'umiodi de” stabilizer which nust be added t
it & S s e sl et S DA UGk of B BRI o
_t ][‘e ¢ ﬁcewm%‘lﬁ%ﬂil%ém&ﬁo&%ﬁhgbﬁﬁﬂc RbcRR R 1 3 Rhficatd e cgr%%ﬁ i o gat ont

of catalyst particularly in a liquid-flow system design.

In a later-issued U.S. Patent No. 4,328,125, Dragoetalsmnlarlyusedonlymﬂd

., temperatures at about 120-130'Candprcssmesrangmgﬁ-omlessman60psxml60psxmone

Tanges from about 170-200°C. As a resulr, the reaction rates are so low as compared to the
homogeneous process that large seactors with increased material costs, long residence times, and
-resulring low space-time yields would be needed to have any bope of producing a commercial
product. These mild Drago et al conditions are nonetheless required by most ion exchange resins
.which are not stable, for example, at sustsined elevawdmmemnues above 130°C and
‘approaching 170°C. Thus, at conditions of carbonylation of at least about 170°C, the catalyst
hould be sible and not form substantial amounts of degradation products for at least about 6
:;-tnonthstobccommetciallyviable Thepanentconcludestﬁatlargeconcemﬁonsofcamlym
'f'relanvctohquxd.pmculadymaﬂowprooess,wﬂlzesuhmvuynpxdmonmteswnhthe
'_'pmcesspmfemhly being carried out at these lowenempmunesunderhssmoswe conditions
than processes using conventional homogeneous caralysts. @}fi}qugh-polyvmylpyndxnes, as such,

* are mentioned at one point in theDragoetalpamm.noexaéplesmgivenofﬁwirpmpmﬁon

or use. The examples are instead limited to one example of 2 polystyrene bound pyridine and
to commercially available anionic exchange resins xdcnuﬁedas Amberlite 1RA-400 and Dowex

" 1-XB which have been used as catalysts for the hydmformylanon of olefins.
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acetic acid product has been able to renove the inpurities but such
processes nerely add additional cost to the process and bottl e-neck
producti on. - As an alternative to the comercial honbgeneous
catal yst systens enpl oyed, attenpts have_been nade to utilize a

het er ogeneous rhodi um catal yst in the carBonyIation of nethanol to acetic
aci d. Advantages of such a catalyst systeminclude the easy separation of

the rhodium from thed %%h%a%ﬁdt&a&p%omhﬁﬁgs?éelg@?ﬂgﬁip Ude BloQieE!

precipitation or scaling of the rhodiumfromthe ystem as

resul ts iE§/&i§§s*&9@ﬁ%€9%onﬁé§ig?%kMa§¥ﬁ&%d-.- C & ich Pk 1118 HRPCT UM

cat al yst recipitation a scaling and the e l1s very aévan%geous
cuch att epre? B AvARSROR uRhube Rdt pdfetio BREL U & st Rtk WebfiCly, 7!
catal yst  Spefini REGR sACRRI AN pBBRRCP R o Gl Wil o TBRRRE
Catal yst o S8 0001 M 3n 905, PHAY 21 R pfbon TR aiion Bfact 154 B Sflee
e car borf PP ST Roe Rartss o gt R iios B ARt 3poisb. or

a

Rhodium has also been complexed with other polymeric supports for the hydroformylation of an
olefin w an aldehyde or alcohol. An example of such is U.S. 4,066,705 wherein thodium is
complexed with a polybenzimidazole fiber support. |

U.S. 4,667,053 discloses the carbonylation of olefins 10 esters udilizing 2
heterogencous palladium/copper catalyst on a polymer support which can inclyde a
polyvinyipyrrolidore, polyvinylpyridine and polyvinylpyridine copolymers with styrene.

Although various heterogencous camlyst systems have been proposed for the
thodium-caralyzed carbonylation of methanol 1 acetic amd, at the present time it is not known
vﬂwdwxﬂmn:mdmsanyommnmmﬁﬂ:nummsuﬁﬁﬁngs@&tuﬂmnkmy.(hwtummlﬂrﬂﬁsk
that the heterogencous camalyst systems have been fou_n;_i- 10 be relatively unstable. Prior ant
polymeric camlyst syswems suffer from chemical, thermal, and physical stability probloss at
anmnuthﬂyvkmEcmquﬂmkmxéuﬁoncomﬁmmm.

kmmmwdﬂmﬂhmkadsan:hxmmtnpﬁwﬂchmmzmdcmﬂw&:uﬁﬁqruﬁ
increased production of acetic acid in the reactor and, thodmm levels of up to 1,000 ppm have
&xndkdouﬂinaﬁnmxmﬂmmdcmnmnﬂyaaﬂgm@pﬂég?UﬁiSﬂOLlﬂ?mMIL&SJRGSO&
Ikmmwa;ﬁwzmcofﬂmﬂhnnkwdsofSOOpmu:muldxw?ﬁ#w:mxtwaxmndonacmmnwniﬂ
scale. There are several practical reasons for limiting thcthodlum levels in the reactor. For one,

the increased amount of rhodium results in precipitation pmblcms regardless of the reactor water



het er ogeneous pol yner support which conprises poly(4-and 2-vinyl pyridine)
copolyners. In particular, Reilex[err] copolyners, nmanufactured by the
assignee of the application, are preferred and conprise pyridine rings
attached directly at their 2- or 4-positions to the polymer backbone which
inturnis cross-linked with a small dfount of di vi nyl benzene. For

reaction, presunably the copolyner or N-oxide of the copolyner is

LT A A b R Tl A
i Vi | | | E P [ [
597 B atexdS e SR 2 aufive e %@Qaﬂ%m“ i af{na%%ﬁegmf th%ﬁm@mc s ant o
Ho . . .
Eé?éfiiﬁw#eﬁﬁm B o Syt i s m&”“@%wﬂ%qx e B oniol

Eur opean pat ent l.i catj on have shomn roughly. ¢ able activity usin
t he Eet Q}og.%gwgoe ion. In the high water pmems,g'mcr)elan&”;g um levels also lea¥l to J

precipitation problems and even if such problems can be alleviated, the increased reactor output
cannot be accommodated downstream where the water miust be removed from the acetic acid
puﬂmn.Thehuuoguwmnsmwun&mmnﬂﬁnEmmymné;qnépﬂkm&n27l&%kdkmnnd
above, only contemplated using rhodium levels below 500ppm based on the reaction system.
"t is known 1o carbonylate methyl aceass to maks acetic anhydride using rhodium catalyst levels
mﬁsmm&ﬂwahmml&ﬁOppm.}kwwwenunmﬂmhzdnhnﬁpgmumn:hmﬁmncaﬂyanxm&es
greater than 10% of a stabilizer which is émmnny a phosphine-type monodentate . ligand.
(Nnmnmhnﬂwlmaimnwehwnmudimnmnsofmmsmmﬁnzhmnnssthéaxtofmzpnxun
whhmupuxu;amﬁngnnmuﬁnsaswmﬂashrmmﬁﬁngcég&.
Auxmﬁnﬂy.mlkqmnmuoﬁunofmnpmﬁﬁuhwumkmisn:mmﬁdeapnxas
ﬁn’ﬂu:ﬂuxﬂmnimnnynxicmtmmﬂmkx:ofnmmumoluxidgﬁ:add.caﬂxmwkukm of methyl
ammau:u:aank:anhwhﬁk:orcqmmdmukn:h:vﬂﬁdxﬂzﬁﬁﬁnmuﬁdqrofﬁu:anﬂym:auxbe
gnudwinmnnmdvddmutﬁwxmuiﬁxsmbmmnhlkmdsc&éiﬁﬁﬁhgsﬂmzmninwm&mcwehn
productivity can still be maintained. |

W
hhasnawlxznﬁnmdﬂnuﬂwc:ﬂxmyhmonofaknhdk esters and ethers to acids,

anhydrides or both can be favorably achieved utilizing a poiymcnc catalyst support which tightly

binds the rhodium cam.lyst. The :polymeric support ma; be liquid, solid, homogenecous or

huangmﬂmsu&htumanu)ﬁkzmmﬁmlmuﬁmn TXQPannmsmmmnsmecqubof
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catal yst relative to the high water Monsanto process, but the 6-fold

I ncrease as suggested has not been duplicated Earlier
attenpts to forma heterogeneous catalyst for the rhodi umcatal yzed
carbonyl ati on of methanol to acetic acid include that of Jarell and Gates,
Journal of Catalysis 40, 255-267, (1978%) wherein a styrene-diV|nbeenzene

. copol yner containlng di phenyl phosphine groups was used to support rhodi um

for both d
Dgrencﬁ S d AaRbAs Rl lﬁﬁﬁfbhtﬁpgmmot)gyml E&b%amon%afn&ﬂﬁ&

rna of Mol ecul ar Catal ysis 3 (19777 9. also discloses a
bi functi %a%ind ureqhwmﬁ faPlinde B H whiBr e2baHykibS chidohaniRhdiai R hodiR shniydkat | on

reaction. The polynmer was alightly  cross-linked polystyrene containing.

attached LRGMI WBYERER Sedasedin |Wa'MW&QMW{tW%OQOUS

to pentach orotﬁlophenol mhlch latter groups served both fo I nate the

r hodi um t; éggg&gq& %@Qﬁﬁ&ﬁh qﬁmﬂ&ﬁ he&BOGHIM i N a

step anaﬂ%bous t hat |nvoIV|ng rhodlunland the sol ubl e pr%nnte?h#n t he

fﬁleu£ | Of hEA T QR dalalydPs 4 QONEP dstiBed RyvilyHLAGR &%Wwﬁgw di nat
i u

o strongly that probl ens of  separation, corrosion | oss of
the expenghyifm’ship ShHd L@k e ortds! aEtt mada@pgver, it was found that there
was rhodiumloss and the lack of stability of the bifunctional polyneric
cat al yst By urilizing 18 pRRHb chthilt of theSHHERR ihvelfiorfuraQsk 16W &aEpound

on an ionic resin such as
couditions as set forth in previous Patweat U.S. 5,001,259, the commercial process would realize

mmadwmngcofhnvemngyemmmmpmmysnmmucunmﬁggcmﬁmnmuamikwwrbywnﬂmu
yields (Le., organic iodides, carbonyls and unsawraed organics). The polymeric carlyst of this
immmhnﬁnﬂyhdhsmeﬂmﬁmnondwsmmunamiﬂm&lﬁmﬂm&mnknxsuegmwmmd
nsdﬁnéhﬂmwﬂxﬂmnnmup.Au&msumnkmahnmmmﬁﬁsﬁwpdbnndcampuunnﬁnMy
hold the rhodium, higher rhodium loadings can be effected thus vasdy improving the reactor
output. .
vRMcﬂwpnmxmdcmdyuuﬁﬁusapdyﬁgﬂmmmﬂ&mcmmmnnﬁmhmmmkm
in its broadest aspect is applicabls to the use of polym—éﬁégomd rhodium catalysts in the low
water carbonylation of methanol 1o acetic acid in which thezpol)-imcrsupponoon_miﬁsany_am
_wmumcmnmmsanunﬁmmdehxuonpmramicmzﬁxnlmxummcmnpbxumhthmnnamiu

ﬂwanyanddemwﬂysuﬂzaxcmmmnmmnyvubbtmﬂmmmumnomMMmm& Thus, any

;wbmmrmmnntwhmhammmmaJmngmmenmmnmc;¥tmﬁnammanusbu*huw.uﬂ,
more preferably, pendent 1o the backbone and cxhibits adéqiiate thermal and chemical stabiliry

a:uxmnmnhnythccubmwhdoncomﬁmmm<mnbcu§§i'ﬂwlmwvmmxcubmwhﬁ@nami

womdtmtnummd:ocﬂkraﬂthcm&mnugpsdc&xﬂndaﬁQF;
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Dowex 1-XB, Bio-Rex 9, or a possible copolynmer of styrene and

4-vi hyl pyridine al kylated with nmet hyl 1 odi de has been descri bed by Drago
et al, Inorg. Chem 20 641-644 (1981). This article i ncl uded no
experinmental results using the suggested pol yvinyl pyridine derivative
catalyst. From the exanples that wereig@iven, the authors concluded that
their ionically-supported rhodium catalyst was approximately equal in
catalytic activity to the honbgeneous conpl ex, and t hat | eachi ng of the
catal yst coul d be ni RRESCRIBTION OF; ’l-!:"ei’-‘d'a’euz-h IAMEMTS and by sel ecting
hi gh resin to rhodiumratios. In all tests reported however, only | ow

" tenperatures of 126@99@@‘&“@“06%@900“0““&“&ﬂmmpmvedlmlm"-ml)'st

6 pressures of 80 psi were used. Moreover, it was believed that doubling
t he anmpunforgise dusosaranyiagen af ypswhanod on opoiyd 2gqte fon fEm Aestls s And) as welll| t ed
in a correspondl‘wgedoubl ing of the reaction rate, and that an effective

‘met hod of opesRtingjuaderanhydrons corditiqns i fommacesic anhydeids At Wicapmodycg acatisacidnd at i ons
acetic anhydride. The catalyst of this invention comprises a polymer support which contains

multiple sites each of which sites can bind in any manner an alkyl iodide and thodium species.
The polymer support can be liquid or solid, and be either soluble or insoluble in the reaction
medium, Thus, the polymeric support can be homogeneous with the liquid reaction medium or
compﬁseahcmgemussp&iﬂs_ciﬂmasaﬁqtﬁdmhu.ldimdﬁqnidmaéum The
polymmpmmmbechenﬁcaﬁyandﬁmmanymblqmdumeqpicﬂopuaﬁngeomﬁﬁom
of carbonylation, in particular, at sustained temperatures of 150°C and above and, preferably, at
175-225°C. For commercial viability, the polymer should be stable at the above clevated
temperatares for at least 6 months and, most preferably, for at Jeast 1 year. The polymer support
should be capable of effectively binding sufficient rhodinm to provide groamer than 500 ppm
modxummﬂzemacnmmedmmandlorsufﬁmnﬂymdmerhodmmmalhwmducnonmdw
iodide salt stabilizer under the low water conditions to below 10 wt.% while providing a rhodium
conteiit of 300-500 ppm.

A preferred polymer support is an insoluble polymer having pendent pyrrolidone
groups which support the rhodmm speqzs. The most p:efmed catalyst is a polyvinylpyrrolidone
whxchhasbeencrosshnhedandﬂmdmmloadedasdﬁmibedabovc Cross-linking can be
achicved using a caustic caralyst as disclosed in U.S. l?an_cx_tt,;No. 2,938,017 or by using a cross-
linking agent such as disclosed in chmzm 2,059.484. These references are herein incorporated
by reference. This preferred catalyst is prepared by reacting the polymer support with an alkyl.

halide and a rhodium compound. Both reactions are readily accomplished by standard procedures

\\\\\\\\\\\\\\\\\i\‘iﬁﬁf’



of catalyst particularly in a liquid-flow system design. In
a later-issued U S. Patent No. 4,328,125, Drago et al simlarly used only
mld - tenperatures at about 120-130[err]C and pressures ranging fromless
than 4/ 4 kPa to 1103 kPa than 60 psi to 160 psi)in one exanple to
car bonyl at e nethanol with a rhodi um hetygr ogeneous cat al yst These
conditions, and particularly the |ow tenperatures, are wholly inpracti cal
for any conmercial use in acetic acid production, and are specifically far
out si. de tltusifyisenhcompares Sorcanidications Bir ckRAHE el preferish it Simplyadaggs from
about 170-200[err]C. As a result, the reaction rates are so | ow as conpared
to the hmowgeasiabelnspiublegedynidnancl as ye povedee too rssinbdall fort tee adedotherivge | al
costs, long residence tinmes, and resulting | ow space-tine yields would be
- needed t codssitmes aasy theopamagknqono curdivay for thenmethariob [carbpuydation treactitve s eSueh| d
Drago et al conditions are nonetheless required by nost ion exchange resins
whi ch ar earbodylasipa ldactionf mediven inchides mathanslisidior methykdcennt mdid sfpamidalsafals above
130[err] C and approaching 170[err]C. Thus, at conditions of carbonyl ation

of - at |emmmmmgmmva@ﬂmmwammmdmwmﬁm&form
substanti al anmounts of degradation products for at |east about 6 nonths to

be comerihgintfyrred plotater Trethe ataputactamwns| acstizsadidiaid divabres &NGRRYT BEdONS Of
catalysts relative to liquid, particularly in a flow process, will result
in very rﬁpdﬂmem&mdmmmm wieathe rhodium compounds of choice, atthough other
suitable compounds are known and available.
Inaddmonmthcpolyvmylpynohdonepolymersasdumbedabove other
polymcrsmbeusedmsuppontherhodmmmeﬂlcamlyaandﬁndpmculummmc
hcmgencouscarbonyhmnofmeﬁmd&aeenc%mﬁcmhydndcwmpmdmmofﬁm
materials under high thodium loadings, i.c., >500 ppm and/or the low water conditions developed
by Hoechst Celanese. Thu&mcpolyﬁnylpyﬁdimwpdquasduaibedhEmmemm
l-277._824 and commercially available under the tradcname;qfkeillcx@ﬁ'om Riley Tar and
Chemical Corporation of Indianapolis, Indiana, may be uscful. Still further, polymeric systems
which contzin any phosphorus, sulfur or nitrogen group which can be complexed with an alkyl
halide such as methyl iodidcandtherhodiumsaltmbeusefnlpolymcﬁc'suppbmfor the
" heterogencous catalyst and find use in the desired carbonylation, in particular, under the low
| water carbonylation conditions. These groups are preferably contzined in pendant chains w0 the
: backboncofthcpolym&butmaybcpmofdmhackboneit_self. h&ismgu&mysﬁmbh
polymer which can be complexed with an alkyl halide and rhodium, and that is soluble
(homogeneous) or insoluble in the reaction mixture (hcncméncous), whether the insolubility
results from molecular weight, crosslinking by chemical, thermal or radiatdon means or some

other technique or procedure is useful. Furthermore, such polymers must exhibit stability at the

et Has Been Rep‘laced '
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process preferably being carried out at these | ower tenperatures under

corrosive conditions than processes using conventional honbgeneous
Al t hough pol yvi nyl pyri di nes, as such, are nentioned at one point

cat aysts.
in the Dr

ago et al patent, no exanples are given of their preparation

| ess

or

use. The exanples are instead |imted tad2one exanple of a polystyrene bound
and to commercially available anionic exchange resins identified
ite 1RA-400 and Dowex 1-XB which have-been used as catal ysts for
t he hydr ofefavapd atthperangés @ edhichsthe commercial carbonylation reaction is Tjndcally atg a5t i | |
addi ti onal exanples of utilizing polyneric supports for rhodium catalysts
used i n t hizsaihedpesidwly. dmothér impotdeanizhrateds tawha mwlyxirid supPon canain imi effidcdvat ent

pyridi ne
as Anber |

1,108, 088
al kyl hal

net hanol . Yuan et al, Chinese Journal of Polymer Science Vol 7, No. 3,

utilizes a conplex of rhodiumwi th polyethyl ene oxide -and an

| Kimouptr ofnbé denizable greupusuffiient ¢o suppbit and condpley withrthorhptiiami mepal at

1989, pagenc2dsSary badibp teyéls teptovide & beneficialcattytit acrivity Exdmpplesafpthexpobgmeric

- supports include those that contain pendent diaryl or dialkylphosphines, alkyl or aryl sulfides and
sulfoxides off of a thermally stable vinyl backbone.

As described above, the polymer supports useful in this invention may be
heterogencous but, such catalysts may also be soluble or homogeneous in the carbonylation
reaction medium. Thus, polymeric supports which are in the liquid state may be used as catalyst
supparts in the carbonylation reactions of this invention. Such liquid polymers typically are not
highly cross-linked or have a lower molecular weight. Although the homogeneous polymeric
catalysts will not have the advantage of the hetsrogencous supports insofar as separation of
rhodium catalyst from the reaction medium by physical means may noc be readily achieved, the
polymeric support in view of the multiplicity of binding sites contisied therein will be able ©
bind sufficient rhodium to vastly increase rhodium fevels in the reacton medium over the
homogeneous systems used to-date. Thus, it is expected that rhodium levels greater than 500
ppm are readily achicvable wilizing polymer suppons. Like the hetcrogencous systems, the

homogeneous polymeric supports must be 2ble to withstand the continuous operating conditions

~ of the carbonylation reaction including sustained temperatures of above 150°C. Other than the

* limitation that such polymers be stable at c!M temperatures for sufficient periods of time,

there is no other limitation t:t_:garding the polymeric suppmt_-othcr than that such polymers should
be able to bind or complex with or otherwise capture the alkyl iodide promoter and the catalytic
rhodium species. It is contemplated that these homogeneous polymeric catalysts can be useful

cither in the high water or low water carbonylation reactions. Like the heterogencous system,



rhodiumw th ethyl ene di acryl ate-crosslinked copol yners of 2-vinyl pyridine
and net hyl acrylate. Rhodium has al so been conpl exed with other polyneric
supports for the hydrofornylation of an olefin to an al dhyde or alcohol.
An exanple of such is U S. 4,066,705 wherein rhodiumis conplexed with a
pol ybenzi m dazol e fi ber support 13 U S. 4,667,053 discloses
the carbonylation of olefins to esters utilizing a heterogeneous

O A B b e
syst errsyh§°é3m5e"eﬁh 6?85%‘3” af“%{h "&Eﬁgﬁl um ‘Cit & a?r%% Chf onyﬁ 5?4 g‘?‘i‘ of
ther o exi S84 “w%glc' e roredSo BE PRSI ity Wi Bl e T eason
e ;Sunstzzfﬁ“%@?%%resfuﬁa%ﬁC’rﬂm.C R B

Syst ens

vi al o catEbAPERberbRRoRBY B S o e U A o TREERR
I I . d
or ouct | ofesoP o ieal i rRhARIEY AR &, Khfefg) bk o s, Pl N0 "]

To 1,000
ppm have . . .
3,769,329. Preferably, the catalysts of the preseat invention are used in the low water

carbonylation of methanol as developed by Hoechst Oclanesc The use of the low water
technology with the polymeric catalyst has several advantages which have been enumerated
above. Again, these advantages include the fact that the low amount of water greatly reduces the
amount of equipment, encrgy andtespecﬁvccostsinvolvedinscpuaﬁogmcpmduct&ommc
reaction water. Additionally, inasmuch as the polymeric support binds the rhodium to the
polymﬁ'manix,ﬁxcrhodiumdownotprecipitamax_zd'_sdalgonﬂwmcwrasinthcpﬁor
homogeneous system. In this regard, mnmimmsmﬁhiz&wmmmmmmmw
water oms to avoid the precipitation of the thodium can be substantially reduced, or totally
climinated. In view of the stability of the polymer for binding the rhodium catalyst, rhodium
loadings can be increased asid thus improve catalytic aéﬁvityQinmemmr. Stll further, on using
a heterogencous polymer cam;iyst. recycling and regeneration of the catalyst is readily
accomplished using known scparation procedures such as';,_by simply filtering the solid catalyst
from the liquid reactants or decantarion of a liquid caxalystfmm the reaction medium.

The low warer carbonylation using a polymcr-suppomd thodium caealyst of this
invention requires a liquid reaction medium which may mcludc any compatible solvent such as
purc alcohols, or mixtures of the alcohol feedstock andlor the desired carboxylic acid and/or

esters of these two compounds. The preferred solvent ené__l__iquid reaction medium for the low



been di sclosed in aforenenti oned commonly assigned patents U.S. 5,001, 259
and U.S." 5,026, 908. However, the use of rhodiumlevels of 500 ppm and
above have not been used on a commerci al scal e. There are several
practical reasons for limting the rhodiumlevels in the reactor. For one,

the increased amobunt of rhodiumresults4 n precipitation problens
regardl ess of the reactor water

Srobfgnmcﬁ%ﬁ%ﬁ&a?‘h%%%s Pl 5B Ll S5 MR ol e sBobfoff o e "

nor e

pronounceg Fy KEQ:%UJ: EQJ‘QJI P RSices aacaubstantlal anount of iodide
zer,

sal t sta yplI c and a ove |s reqw red to control rhodium

pr eci pi tat on. Int qﬁﬁg al so | ead
to precipitation Ig?‘ﬁ% errsdgg%g eve uc pro Wégggn'!lge}%éw&ed t he

| ncr eased £ GAG RiWPH wt%, typically from between 0.1  less than 14 wt.%, preferably below

12 wt.%, most preferably between 1 and 6 wt.% based on the liquid reaction medinm. Water
levels below 1 wt.% are useful, in panticular for the production of anhydride or coproduction of
acid and anhydride.

In accordance with the low water carbonylation process most useful in the present
invention, the desired reaction rates are obtained even at low water concentrations by including
mmcmﬁmmdimmesmwmcmspondswmegééohdbdngcubwyhmdmdﬂwadd
product of the carbonylation reaction. Opnonaﬂy.anaddmonalxodldezonwlnchxsoverand
abovemeiodidewbichispresentas-am:alystpmmou-shﬁhasnie:hyliod{deorothcrorganic
iodide can be inciuded. mu.mthewbouylauonofmuhanoltomcaud.theesmxsmeﬁxyl
accmmd&ead&mnﬂ:odﬁepmmommanmdxdesﬂ;m&hdunmmd:debangpmfcmi
Ithllbegcnerallyrecognmdmatuxstheeoncennauoq;ofmd:demnmthecmlystsysm
maisimpmntmdnmﬂwudonassodamdmﬁdxm:'iodidc.andﬁmaagivmmm
concenn'axionofiodidcthemmofmcmﬁmkmtu-ﬁgﬁﬁcmtuMeﬁmdme@'
concentration. Any metal iodide salt, or any iodide sait-of any organic cation, can be used
provided that the salt is sufficiently solubxeinmemacﬁoﬁ;wmmpmvide the desired level
of the iodide. Thexodxdesaltcanbcaqnammmysaltofanorgamccanonormemdxdesaltof
an inorganic cation. mecrablynxsanmdxdcsaltofamemberofthcgmupco:msnngofﬂte
metals of Group Ia and Group IIa of the periodic table -as set forth in the "Handbook of
Chemistry and Physics" published by CRC Press, Clcvcl.and. 9hio. 1975-76 (56th edition). In

particular, alkali metal iodides are useful, with lithium iodide being preferred.




~cannot be accommpdat ed downstream where the water nust be renoved fromthe
acetic acid product The heterogeneous system di scl osed in European Patent
Application 277,824, discussed above, only contenplated using rhodi um

| evel s bel ow 500 ppm based on the reaction system It is known to

carbonyl ate nethyl acetate to make acetijg anhydride using rhodi um catal yst

| evel s substantially above 1,000 ppm However, to stabilize the honbgenous
rhodi um catal yst requires greater than 10% of a stabilizer which is
typically a phosphi ne-type nonodentate |igand. Cbviously, the need to use
i ncreased anount s Whila the addiadrial icdisic ibmisrasasestid henpoed: inthetoter jopmowaas Wit h
respect to starting materials as well as in purifying costs.

Accor di ndbsppgearous gpalystisysiethis comfonesi anay be clininatedria gret fiolymeris catdyspsysaeind e

catal yst conposition useful in a process for the rhodiumcatalyzed

car bony| af kherpreséut isvehtiore | Havesver; samecaddisional iodideiompanbé wmafubfo fomlicn plomoscet e t 0
acetic anhydride or coproduction in which in the reactivity of the catalyst
can be gheriopylatigrreactidn.Wihusolevels dfdodidresiitf such Ul obhtoileds tiae 1@ e Fahay
stabilizing salts and in which overall productivity can still be

mai nt ai new useful for such purpose. Alternatively, the catalyst ofSbivlidvRIMicBFmAFHE adSdFhE Ipfibt

It has now been found that the carbonylation of alcohols, esters and

et her s t dowovatks homogencous reaction system to provide addmnnal thodium caxaiyst stabilizing sites.

Intlnscasciupto20wt.%L110rothcrlodzdesaltmaybeneededmstabﬂmandpromotcme
dissolved rhodium content as like any other low water homogeneous system as described in U.S.
5,001,259,

The carbonylation reaction may be camied out by intimately consacting the feed
alcohol, ester or cther which is in the liquid phase, with gaseous carbon monoxide bubbled
through a liquid reaction medium containing the rhodium catalyst dispersed within, halogen-
containing promoter, alkyl ester, and any additional soluble iodide salt Promoter, at conditions
of temperature and pressure suitable o form the carbonylation product. Thus, when the feed is
methanol, the halogen-containing promoting coniponent will comprise methyl iodide {(complexed
with the polymer support) and the alkyl ester will comprise methyl acetate. The methyl acetate
is prescat in amounts of from 0.5-30, preferably 1-5 we.%, and the methyl fodide is preseat in
amounts of from 5-20, and preferably 10-16 wt.%. The rhodinm catalyst is present in amounts
of from 200-5000 ppm rhodium. In the prior low wawr homogencous system, thodium levels

" were preferably at 400-600 ppm although in practice, rhodium levels were kept below 500 ppo
Using the polymeric catalyst, thodium levels above 500 ppm, above 900 ppm and even from 1000

~ 10 5000 ppm may be provided since rhodium precipitation is not a significant problem as it is
with prior stabilized homogencous systems. The high levels of rhodium significantly improve
space-time yields.

This Sheet Has Been Rep! laced
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anhydrides or both can be favorably achieved utilizing a polyneric catalyst
support- which tightly bi nds the rhodium catal yst. The pol yneri c support
may be |iquid, solid, honbgeneous or het er ogeneous with respect to the
‘reaction nmedium The polyneric supports are capabl e of

9 providing stabilized rhodiumlevel st$n anobunts greater than 500 ppmin
the reacti:on.medi um and so bind the rhodi umthat under |ow water

car bonyl atii-on conﬂj tiqns I.he anmount gqr i odi de stabl |izer can be
substanti al Iy red é@‘ﬁﬁ’?afm?fb?%ﬁ‘ﬁ‘ﬁ &gfoonylation yall be.appropimapely 38250°€es an

oS o AL R T R R TN T A

- pol yvi nyl ;rrolldone which i s | oade 0 alt either in the
" reactor 8 - é‘?wm”e giyv\gm“wwp &“‘%ss O Aupesphieridg t he
pol ymeric cat al yerhof ]t resent _invention, under, the |ow water

ca ystofthlsmvcnuonlsnotonlyuscf when used as the sole
m&l}st-forthccarbonylaxion but may be mixed with the prior art homogeneous catalyst systems.
'Ihus,xfthepolymcnccatalystxsasohdorodtcrwxsepmscntasahemogeneousphascmmc
reacnon medium such catalyst may be used in combination with the prior art homogeneous
caxaly;g-mfmtherenhancerhodn_zmicvelsandmacmrprodncan. Itmaybeuscﬁ:linsuch
admiﬁ@d.syswmmﬂulowwamwbonyhﬁonwndiﬁomwaddamauamumofbdidcm
suchashthmmxod:dc to stabilize the homogeneous caralyst. Addiﬁonany.d:epolyﬁcﬁc catalyst
wluchxs used may be both a mixture of heterogencous polymeric catalyst and homogeneous
poly@ip‘.emlm In such an instance, the rhodium would be tightly bound 1o the polymeric
catalyst either in the insoluble or soluble form such that linle if any additional iodide salt
 stabilizer would be needed. |
For the purposes of illustrating the invention, reference will now be made to the

examples below which are directed to specific instances of preparation and use of the polymeric
catalyst of this invention. The examples are illustrative only and are not to be construed as

Limiting the invention to the specific cmbodiments shown therein. |

EXAMPLE 1
In this example, 2 polyvinylpyrmolidone cataiyst was prepared. Thus, 30.08 grams
- of a cross-linked polyvinylpyrrolidone, IOOOgrams of methanol, 188.4 grams of acetic acid, 75.4
grams of methyl iodide, 20.0 grams of water, and 0.7011 gram {Rh(acetate),}), equivalent to 46.3%

- thodium or 0.3246 gram of rhodinom mmlwcm added to a Hastelloy C autoclave stirred and

Been Rep laced
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conditions as set forth in previous Patent U S. 5,001, 259, the conmmerci al
process would realize the advantage of |ow energy consunption, smaller
operating equi pnent and | ower by-product vyields (ie., organic iodides,
carbonyl s “and unsaturated organics). The polyneric catalyst of this

i nventionfirnly holds the rhodi umonithe support and, thus, I|ess rhodium
| osses are generated resulting in less rhodiumusage. At the same tinme,

i nasnuch as.the pol ymeric support can firmy hold the rhodium higher
'rhodlun1load|ngs can be effected thus vastly inproving the reactor output.

Wil e  tHagedteferC g 2 houds dleSlolyicr kizigs was fidéryd froml diykquid fedaats. TieUppPOrt,
the invention in its broadest aspect is applicable to the use of

polynerfﬂﬁﬂp@ﬂkﬁﬂ&fﬁﬂﬂﬂﬂﬁ&gﬂﬂdﬂwummﬂndﬂmﬂhﬁ.hmmemamehmﬁq;homyhﬂhn&n of
met hanol to -acetic acid in which the polyner contains any atom which

- cont-ai nSwﬁl’dchbﬁﬁﬁ&I byl netab epraieand Found an e ¢.062% of i arighoof the polpidrex Wit h
rhodiumand is thermally and chemcally stable at commercially viable
carbonyl ati-on conditions. Thus, any polyner support which contains a
ni trogen, phosphorus or a sulfur atomin its backbone, and, nore
preferably, pendent to the backgExaMBDE2exhibits adequate thernmal and
chem cal stability at commercially viable carbonylation conditions can be
used in the | ow Wekdbnylfiichanyd Biided fovaRder conditivns wdrddcondudted incy 68k fiver Of f er

all the advantages describeb above.
- Hmmﬂhy(!amndaw:n:cmnwnexumdmxnms!anaxm:ummmﬂhaikhswmun.alﬂ
ﬂﬂﬁ@mdswnunamddwlmhmzﬁGMyeumdhmuikhcmﬂmndamﬂhﬁjnlkmnmc1.lhaﬂ
m_éi-mmhmmmmmmmmmgmww1soo
rpm and the reactor temperatrs was 190°C. A eritcal parameter discovered in these amoclave
expcﬁ#gsismaamhﬁvdymghagimsﬁrﬁngspwdismquhedmpmmﬁemﬁm
_ becoming CO mass transfer Hmined ot the higher STYs. This phenomenon is specific t
. hbanmxysuﬂcanunknmsamiuxunemnmonu:wmndungmdcumnzumﬂnuwums
Thcnnnﬂxamurommmuswmm‘mnymdumaﬁcamndmmandomnwmuwennu
 were mads to determine the relative kinetic activity of each catalyst system. In each case, 2 total
cf200§nmscfsdmﬁonvmsuancmmﬁamgof38gmnsofnxﬂudhxﬁ&;54gmnsofnnﬂwl
‘acetate; 4 grams of water, specifiid Rh concentrations (as Rhbl), specified Rh-
“ pobvuwkwndmkmncxmunmmmmm,am1202.gmnu<f141ﬁm:dw‘umqmmnwermxwmmm
containéd Lil. The balance of the solution was acetic acid to obtain a total of 200 grams. In
o ‘cach case, the camlyst STY was determined by the CO uptake.
| The autoclave was scaled, pressurized t 400 psig with CO and prossure checked
- for 15 minutes, after which the autoclave was slowiy vented of CO to 150 psig and then heated
-:-_':.r-wwo-c Once the desired temperatire was reached, the autoclave was furdher pressurized 1 400
psig and the strrer was started (1500 rpm). The rawe of reacton was determined by momtormg

as Been R laced
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10 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The present invention is primarily concerned with an inproved pol yneri.c
catalyst for use in the carbonyl ation of nmethanol or nethyl acetate to
formacetic acid and as well operating under anhydrous conditions to form
aceti ¢ anhydride or to coproduce aceticl&id and acetic anhydride. The
‘catalyst of this invention conprises a polymer support which contains
pendant pyrrol i done q%oups whi ch_can_bi nd an_ al kyl .i odi de and rhodi um

speci es. SOBHBRY Ve i eFem i r3riplas e lger tsargonesing 200eEm 66| ubl e
or insol ubI I n the reaction _medium Thus, the polyneric support can be

' homgeneou?‘?&?’i‘ﬁ"l“ﬁ%“ 11 Hen tpupd dhat FW%&?W c foheme Ssigct e9alige peibus
speC|es either, as a liquid such as dlspersed | i UId or as.a solid. The

: containing silicon oil was necessary to remove the heat of ion and maintaia an iso

190°C reaction temperature so that accurate kinetic measurements could be made.

The results of these experiments are shown in Table 1.

TABLE |
STY Solubie Rh

(mole/1-hr) (ppm)
472 ppm Rh (RhL) (unstabilized) 33
309 ppm Rh (polymer coardinated)* 82 2
472 ppm Rh (polymer coordinated)* 920 4
412 ppm Rh (RhL), 10.1% LiI 123
917 ppm Rh (polymer coordinated)* 134 ° 28

* Rhodium loaded polyvinylpyrrolidone catalyst for 309 ppm Rh = 2.9 wt%
polymer catalyst, 472 ppm Rh = 4.4 wt% polymer caulyst, 917 ppm
Rh = 8.5 wt% polymer catalyst of solution

After the run, the polymer coordinated catalyst was separated by filtration from the
solutionandthcmidualsolubl;ekhwasmcammdmﬂm&whighdegmeofassodzdon
between the polymer and the active Rh specic. This high level of association between the
polymer and the Rh complex allows the use of higher Rh concentrations without suffering Rh

precipitation or scaling problems common to the prior art processes.

Has.Been Rey‘laced
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pol ymer support nust be chemcally and thernmally stable under the typical
operating conditions .of carbonylation, in particular, at sustained
tenperatures of 150[err]C and above and, preferably, at 175-225[err]C

For commercial viability, the polynmer should be stable at the above

el evated tenperatures for at |least 6 dInths and, nost preferably, for at

| east 1 year. The pol yner support should be capable of effectively binding
sufficient rhodiumto provide greateganNgtans 500 ppm rhodiumin the zeaction
medi um and/ or sufficiently bind the rhodiumto allow reduction in the

| odi de salt’ stabi | {rfeuibiiatont %diumug&setorﬁam B3R erQQEPWal&?%% whi | e

provi ding a rhodi um content of 300-500 ppm erred

pol yIMer SypReekankpte, Hhil Wit krob-Bnkd® bt Tzﬁﬁ IBRBshe BRI %ﬂ%@mﬁgroups

whi ch support the rhodi um speci es. nost pref erred%ycata yst

pol yvi nyl yhielie SO Rd a&!&hﬁ&dm&)%ﬁwr@ﬁ%hwg%%g&gdﬁ&w% %gﬁqfs

descri bed above. oss-l1nking can be achiev caust | yst as -

di Sc1 05 et ufhobin w3 Hhiahd Wi 446 3 3fonlidic {niliod: b agent
such as disclosed in Garman 2, 059. 484. These %&g erences aregﬁmr’gl@r?ggg

i ncor por afgge PRk R&Fp 3%@&*&% glgfactlng
the pol yner szl}?goért W ?ﬁ&z%sgpk haI I de and a rhodi um corrpoundﬁ
r eact i ONSjodike add@AdiThy mB&EE Wal h&&é@% R150%¢ SRLACT pRisQinE thidh B stirrer was started

andthcmacﬁonpmssmwassetat«wo.psig. The reaction temperatmure was adjusted to 190°C
+1'C. The initial CO uptake was measured and the STY rats of Ac,0 production was calculated
10 be ~1.07 mole/1 hr. In another run, previously used catalyst was charged with the HAc, MeAc
and Mel and the reaction STY was calculated to be 1.09 mole/1 hr. In both runs, the amount of
thodium was fixed at approximately 475 ppm based on the solution weight. The reaction solution
mmdmmmmmmmdmammmmmmm apparent
ﬂuﬂhnnhmdﬁng. ‘.
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and using known conponents for such reactions. For exanple, it is preferred

to sinply add an anount of the insoluble polyner suc
~for the methanol carbonylation reactior20 Such carbgn Uﬁm
' - 1.
L-

resin bead formto what otherwi se constitutes as the:l
medi um i ncl udes net hanol and/or methyl acetate, acetfc+aCd
amount of water in a pressure vessel along with a rhodi um corrpouna ahd_an

i odi de pr oty ey gf:erred pronoter for the manufacture of acetic
acid and T gl fgthyl i odide. Rhodiumtriiodide and rhodi um

acetate are the rhodi y e Rfcaftlintn, Aldh 5?%' g
conmpounds are knomofiand avgy:}g’gl ! & ﬂgﬁa%ﬁ%gﬁﬁ%!% e
pol yvi nyl p %H)%F qﬁdgﬁy, hed above, other " polyners can be
used to su%po?_itﬁng ﬁ um netal catalyst and find particular use in the

2. The caralyst of claim 1 wherein said polymer is a solid.

3. The camlyst of claims I or 2 wherein said polymer is derived from
vinylpyrrolidone.

4. The cawlyst of claim 2 wherein said polymer is cross-linked
polyvinylpyrrolidone.

5. The catalyst of claims 1 or 2 wherein said polymer comprises pyrmolidons
groups which support said rhodium species.

6. The canalyst of claim 5 wherein said pyrrolidone groups contain an atkyl jodide
and 2 rhodium species complexed with said pymolidans group.

7. A catalyst for use in carbonylation, comprising a polymer having pendant diaryl
or dialkyl phosphine groups, alkyl or aryl suifide groups or alkyl or aryl sulfoxide groups off of
a vinyl backbone, said pendant groups supporting a rhodium species, said polymer being stable
atmmpe:mofaxleas:)lSO‘C. o

8. The camalyst of claim 7 wherein said polymer is a salid.

9. The caralyst of claims 7 or 8 wherein said pendant group is complexed with
analkyliodidcﬁdarhodiumspecia. . |

10, Thendystofclaims?orSwhudns_aidpendantmpisadiuylmdiﬂkyl
phosphine. ‘

11. The catalyst of claims 7 or 8 wherein said pendant group is an aikyl or aryl
sulfide.
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het er ogeneous carbonyl ation of nmethanol to acetic acid, jacetic: -anhydride o
coproduction of these materials under high rhodium]l oadl- Hmnmmunmﬂ“mm
and/ or the | ow water conditions devel oped by Hoechst - Cgl

pol yvi nyl pyri dine copol ymers as describzt in European Patght:¢ 277, #24%any -

comerci ally avail abl e under the tradenane of Reilex fromRiley Tar and
Chem cal Corporation of Indianapolis, |Indiana, may be useful. Sti |1

further, polyneric yst ens. . whi.c ont aj,n . any osphorus, sulf
ni trogen group whi cz S@ﬁcﬁ%]yﬁtoorfrﬁpé“fego\rmh hmﬁﬁ”g’p %‘nh%?ﬁpde 44 l?afs"%t hyl

| odi de and , he rhodi um salt can be useful polyneric supports for the

WLLL

heterogfan ous" gat al yst and find use in the desired carbonylation in

Dt erably’ contaf ndd- 1 SpERdh fr SEERRARN, 6w GORLE of ?f%{%??op W but
Whi oh can BERSIE SRR i ¢ Sppgideadris i SERE s Bl bR s e ™"
(et or ogeRABUETS St ket & ”S°a%'rﬁce*’$n%*ﬂe R el i & Aoy
Fechni que BB AR Rt usefﬁ?h@vﬁgfﬂ%é% Bl a8 Sl o 00 Bt Sabs v
stability p%yugcp%onmng pendant pyrmrolidone groups, saldpynohdoncgmnps supporting a rhodium

14. The process of claim 13 wherein said polymer is a solid.

15. The process of claims 13 or 14 wherein said polymer is derived from
vinylpyrrolidone. '

16. The process of claim 14 wherein said polymer is polyvinylpyrrolidone cross-
hnhdthhdmnylbcnzene.

17. Thepmeessofcla:msl3or14whmnsaxdpolymercompnsespymhdone
groups which support said rhodinm species.

18. The process of claim 17 wherein said pyrrolidone groups contain an alkyl
iodide and a rhodium species complexed with said pymolidone group.

19. The process ﬁ/chm 13 wherein said alcohol is methanol, said ester is methyl
acetate and said products comprise acefic acid, acetic anhydride or coproduction of acetic acid
and acetic anhydride. | '

20. The process of claim 13 wherein said iodide promoter comprises an alkyl
21. The process of claim 20 wherein said alkyl iodide promoter is methyl jodide.

___ﬁf’__________-————-—'——’_".
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12 el evated tenperatures in which the commercial car bonyl ation reaction
is typically run as described previously. Another inpos
that the polyneric support contain an effective amount. .
group sufficient to support and conplex with the rhod|H“

——O

- necessary loading levels to provide a bereficial catal _ o S
Exanpl es of other polyneric supports include those that™ contaln pendent :
di.aryl or dial kyl phosphi nes, al kyl or aryl sulfides and sulfoxides off of
a thermally stable vinyl backbone. As descri bed above, the

pol ymer support useRml The priticss ofMoieint 1D WhaRih BRI reb@iof TRGRADEHML 2 FfHCH
catal ysts nmay al so be sol ubl e or honbgeneous in the carbonylation -reaction

medi um  ThaSoyn®bfywEed W B URPthah 34 WRKCINDAD @ 1&s9 tiah @0 kvt Glds GqEtAdne midBY tifint/S € d
as catalyst supports in the carbonylation reactions of this invention.
Such |i qui tbdjdielof aw icslide)spit dififctostt tase said todidei ppdrhotercr 0ss- | i nked or have a | ower
nol ecul ar wei ght. Al though the honbgeneous polyneric catalysts will. not

have t he advant age @8. Memmmgmmﬂhmhppﬂmmmmﬁmxmepar ation
of -

24. mpromofcmzzwhmmsaxd-monmedlmconmns%ofsaid
iodide sait. |

25. mpmofciﬁmlswhuimsﬁd.mﬁmwmmmmﬁm
500 ppm of rhodium. |

26. The process of claim 25 wherein said reaction medivm contains greater than
900 ppm rhodium. _

A mmofcm%wmmid-mcﬁmﬁmwmpﬁmIOOOm

28 In a process for the carbonylation of an alcohol, ether or ester to products
comprising a carboxylic acid, the anhydride thereof or coptoduction of said carboxylic acid and
anhydride thereof under carbonylation conditions in'ama@:;immdimeommisingoww&s
than 14 we% water, a fhodium catalyst and an iodide promoter, the improvement which
mmpnscsnsngusmdzhodxmcaﬁyaapolymconmmgagmupwhchsuppmsaﬂmdﬁe
pmmowandrhodwm.

29. The process of claim 28 wherein smdxeacuon medium further comprises 0
tolcsthanIOm%uqmvﬂmtmhrhMmmdxdcofmmdxdcsaltomcrthmsmdpm

30. The process of claim 28 whctmnthcamotmtofwamrpmscntmsmdmacuon
medium does not exceed 12 wt.%.

31. The process of claim 28 whercin said polymer is stable at temperanures of at
least 150°C. -

This-Sheet Has Béen Reﬂlaced
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rhodi um catal yst fromthe reaction nedium by physical means may not be
readily achi eved, the polyneric support in view of the nultlpI|C|ty of
binding sites contained therein will be able to bind sufficirent—rhodi-um-
vastly increase. rhodiumlevels in the reaction nedlum

honogeneous systens used to date. Thus2 It is expected ﬂmwmﬂﬁmﬂg ,ﬂ‘al 'S
greater than 500 ppmare readily achlevable utilizing

i ke the heterogeneous systens, the honpgeneous pol yheric¢ ‘supports nustbe
able to withstand the continuous operating condltlons of the carbonyl ation

t | udi th
the 1 imitation ¢ R3 ot BiR58of SERCECUNERT SRk pRPRLT, § HONE Wisbpencdi Bl "0,
ff d th
pol yror G4 aBSHR Baftimd iad bpShichd 8 5P éiés%‘?%h%be A5, b na

or conplex wth orsq otﬁgg\gélcgg SFAREH RS Wibkin aéa.*ﬁélojg@?}sdiso% onoter and the

catal ytic rhodi'um sp I'S cont e i ese honpbgeneous

pol yneric catal ystg BE :Lg lé&a”:lg mwﬁvs hén%ng@t kil wat er

car bonyl ati on react I ons e th eter ogeneous system IOPY'V
beterogeneous caralyst composed of said liquid or said solid polymer and a homogeneous

'vw

rhodium catalyst.

35. In a process for the carbonylation of an alcohol, ether or ester to products
wmﬁﬁngambon&mmemhyﬁ&dmfmmp@mmofsﬁdmﬁcaddm
anhydride thereof under carbonyiation conditions in a maé.ﬁon' medivm comprising a rhodium
catalyst and an iodide promoter, the improvement which comprises using as said thodium caralyst
a polymer containing a group which supponts said iodide promoter and rhodium, said polymer
beingstgbleasaidcarbonyh&onwndiﬁomhdudingacmpmmofamlsmmd
macﬁonmdiun‘lcomptisinggreatcrthanSOOppm&saidrhbdinm.

36. The process of claim 35 whueinsaidmacﬁ;mmdinmcompﬁscsgrumthan
900 ppm rhodinm. _

37. The process of claim 36 wherein said reaction medium comprises from about
1000 to SO00 ppm rhodium. |

38. ThepmeessofclaimSSwhuninsaidpoiﬁncrismbleat;cmpmmsofax
least 150°C.  ;

39. The process of claim 35 whersin said polymcr:s a liquid homogeneous with
said reaction medium, 2 liquid heterogencous with respect w;32id reaction medium or a solid

40. The process of claim 35 wherein said polyiner s a solid.

Thls Sheet Has Been R
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13 it is contenplated that :the honogeneous pol yneric supports provide
greater than 500 ppm rhodiumin.the reaction nedi um and/or under the |ow
wat er carbonyl ation allow for reduced iodide salt stabilizer which needs
to be incorporated for stabilizing the rhodi um speci es. The
pol ymer - supported rhodi um carbonyl atignp catalyst of this invention can be
used in the carbonyl ation of nethanol under the standard hi gh water
carbonyl ation conditions as has baaargaeyercially practiced consistent
with the teachings of Paulik et al;7US—Patent No. 3,769,329. Preferably,
the catal ysts of the present invention are used in the | ow water
carbonyl ati on of nmepbevMERBS CERBONDEAT HEREATSIS TCEY; e. The use of the
| ow water technology with the polyneric catal yst has several advantages
whi ch have been enunerated above. Again, these advantages include the fact
that the | ow amount of water greatly _reduces the anount of equipnent,
energy and respect fFarbepdation; catalyst B¢yl fog b sathenyiasion 10k methgarl de agstiprithe
reaction water. Additionally, inasnuch as the polyneric support binds the
" r hodi um tagetichanhydrisieyarehotiheqopprises @ pelyes FRRRPFIROBIINIRE Pt ipyirelidope grodpscal e
on the reactor as in the prior_honpbgeneous system In this regard, the
|'i t hi um ivhithisupRashial Fhefiughisperistas @géh nsupperts| ggpable of withstanding

carbonylation temperatures of at least 150°C are disclosed for the carbonylation reaction in which

rhodium levels in the reaction medium of greater than 500 ppm are contemplated.




substantially reduced, or totally elimnated. Ijn

+ water process to avoid the precipitation of the *rgd?ufh’éa'
the pol ymer for binding the rhodi um cat al yst, rho

Ly
| tr‘-\ -y\

ag
further, on using a heterogeneous polymer catalys «ﬁecycrh dand

regenerat ion of the catalyst is readily lacconpli shed using kriown ™ -’-”

separation procedures such as by sinply filteri ng rx{he Sol I GL,

fromthe liquid reactants or_ decantation_of ; _,(%z-}u ?o:é\ﬁ{ ------
reaction medi um POLYMERIC CAR on using a

pol ymer - supported rhodi um catalyst of this ‘invention requires a liquid
reacti on medium whi ch may include any conpatible solvent such as pure
al cohol s, or ni xt urke posentiirventiornois diregred@sinovel canlysorsciuhia the eArpanyiation of
car boxylic acid and/or esters of these two conpounds. The preferred
sol vent ametianojuiodacesaatidocarbanyiasion fofrmaethyd dcemare to acetic anhydride or both,

14 water carbonyl ation process conprises the car box e—aci d product.
Thus, in ftvends i Qlsglcatdeated with a method of carbeny

Among currently-employed processes for synthesizing acetic acid, one of the most
useful processes commercially is the rhodium-catalyzed carbonylation of methanol with carbon
monoxide as taughr in U.S. 3,769,329, issued to Paulik et al on October 30, 1973, and known as
the "Monsanto process”. Although the Paulik et al patent discloses that the rhodium catalyst can
be used dissolved or otherwise dispersed in the liquidmzdi_;xmorelse supported on an inert solid,
commercially, the catalyst is utilized in a homogeneous reaction system in which the rhodiom
catalyst is- dissolved in the reaction splvcnt which typxcally is acetic acid. The homogcneoqs
catalyst system also includes a halogen-containing catalyst promoter as exemplified by methyl
iodide. The reaction is conducted by continuously bubbling carbon monoxide gas through the .
liquid reacdon medium.

Paulik et al teach that the liquid reaction medium can include any solvent
compatible with the catlyst system and that it may comprise, for example, the pure alcobol
which is being reacted or mixtures thereof with the desm-.d carboxylic acid end product and/or
esters of these two compounds. The preferred solvent and hqmd reaction medium for the process
is the desired carboxylic acid itself, i.e., acetic acid when methanol is being carbonylated to
produce acetic acid. _

The Paulik et al patent also discloses that the addition of waier enhances the
reaction rate of the carbonylation of the alcohol to the car§6xylic acid. Accordingly, commercial

formation of aceric acid using the Monsanto process wchnoipgy as disclosed in Paulik et al utilize
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of nethanol to acetic acid, the preferred solvent is acetic acid.

" In the production of carboxylic acids in the | ow water process, water -
concentrations anticipated:;are below 14 wt% typically frombetween 0.1 to
| ess than 14 w.% preferably below 12 w% nost preferably between 1 and
6 wt % based on the liquid reaction medium Water levels below 1l w%are
useful, in particular for the production of anhydrlde or coproduction of
aci d and anhydri de. I n adcordance with the | ow water
carbonyl ation process nost useful in the present invention, the desired
reaction rates are obtained-even at | ow water concentrations by i ncl udi ng
in the rdeves. orfhased ragwlisa pre cachigved\iby chaioinings inothe sresatioh hedidrs Ollohg MainNg
carbonyl ated and the acid product of the carbonyl ation reaction.

Opt i onal | camalysicalijekeffactivnanhountofi iediimnatiédschfinie: coneentraiod of MaRY.anddi abaslh de
which is present as a catal yst pronoter such as nethyl iodide or other
organi ¢ anddhetiyl dediddye specifieddemicenfiation of iodids dorsasvaoddl a‘bbvs)ﬂ:c%dxaﬂ:&ﬁ&?' to
acetic acid, the ester is nethyl acetate and:the additional 1odid

pronot er wlnclafsprcsdmdsmﬂiyhodiﬂctdﬂoﬂicf&fgwﬂt amed%bmlmefp%?&ﬁxdu Hz? th
Ion 1n e

be generally recognized that it is the concentration

cat al yst saltowRRTihinilodide Heifp Qrdesiéd. ATHE cibentriifon Bt bty PR Aol Lkt e
i odide, and that at a given nol ar
are significant parameters in affecting the rate of wbonyla_nqn of methanol to produce acetic acid
especially at the low reactor water concentrations. By usin‘g__ _;c:_laﬁvely high concentrations of the
methyl acetate and iodide sait, one obtains a sm'pnsmg degnec of catalyst stability and reactor
productivity even when the liquid reaction medium contams water in concentrations as low as
about 0.1 wt.%, so low that it can be broadly defined sxmplyas "a finite concentration” of water.
Furthermore, the reaction medium employed improves thcstab:hty of the rhodium catalyst, i.c.
resistance to catalyst precipitation, especially during theproduct-rccovery steps of the process
wherein disiliation for the purpose of recovering the acesic acid product tends to remove from
the catalyst the carbon monoxide which in the envuonment thaintained in the reaction vessel, is
a ligand with stabilizing effect on the rhodium. . '

‘While the "low water" wbonylanon proccss dcscnbed immediately above has been

succcssﬁﬂatgmaﬂymcxusmgthepmducuonmmforaccncacxisuchpmccss stll poses several

problems. For one, as the water level in the reaction L"xsdccreased.thcmstabﬂnyand.

thus, precipitation of the rhodium catalyst increases. Aceouimgly, the amount of lithium iodide

stabilizer which must bc added has to be increased. It has;i'flmhcr been found the aceric acid

ities which can adversely affect the

quality of the acetic acid product as determined by pcrmanganate time. Post-treatment of the
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concentration of iodide the nature of the cation is not as significant as
the effect of the iodide concentration. Any netal iodide 'salt, or any

i odide salt of any organic.cation, can be used —provided that the salt is
sufficiently soluble in the reaction nmediumto provide the desired | evel
of the iodide. The iodide salt can be a quaternary salt of an organic
cation or the iodide salt of an inorganic cation. Preferably it is an
iodide salt of a of the group consisting of the netals of Goup la and
Goup Ila of the periodic table as set forth in the "Handbook of Chem stry
and Physi gatsspusbbf 801pd weye SRC Morsscr, iCvay bdlievel thar@oilling iR Aot df36sgored
edition). In particular, alkali nmetal iodides are useful. wth lithium

i odi de bei ¢ugalpst @in@thiGhe thodium present) resulted in a corresponding doubling of the reaction rate,

15 While the additional iodide 1on is an essenti al
conponent id¥ thit@nREk@ive R¥MoWRE Sdrying out the reaction may be to maintain large concentrations
of catalyst particularly in a liquid-flow system design.
In a later-issued U.S. Patent No. 4,328,125, Drago et al similarly used only mild
' 4/4 kPa to 1103 kPs
temperatures at about 120-130°C and pressures ranging from less tha.nlg__ﬁo psi to 160 psi)in one
example to carbonylate methanol with a rhodium heterogeneous catalyst. These conditions, and
particularly the low temperatures, are wholly mpxacncal for any commercial use in acetic acid
production, and are specifically far outside the Monsanto process conditions of temperature which
ranges from about 170-200°C. As a result, the reaction rates are so low as compared to the
homogeneous process that large reactors with mcrcasedmamal costs, long residence times, and
resulting. low space-time yields would be needed to have any hope of producing a commercial
product. These mild Drago et al conditions are noncth_eié__ss required by most ion exchange resins
which are not stable, for example, at sustained eclevated' wmperamres above 130°C and
approaching 170°C. Thus, at conditions of mrbonylati(m_ of at least about 170°C, the cartalyst
should be stable and not form substantial amounts of dég:‘-adaxion products for at lcast about 6
months to be commercially viable. The patent concludcsthar large concentrations of catalysts
relative to liquid, particularly in 2 flow process, will tcsultm very rapid reaction rates with the

prcfmblybdngcarﬂedomamesebwawmpérmnmunderhssmsiwwndiﬁons

than pmosscs using conventional homogeneous catalysts Although polyvinylpyridines, as such,
mmcnnonedatoncpmntmtheDragoetalpamm.noexampluaregzvenofﬂmrpmparanon

Or use. Thccxamplesmmsteadhmmdtoomexmp. ;:ofapolys:yrene bound pyridine and

to commercially available anionic exchange resins mcnnﬁed as Amberlite 1RA-400 and Dowex
1-XB which have been used as cam.lysts for the hydrofoxmylanon of olefins.
REPLAGEMENT suEFT

20 AUG 999 | .




honbgeneous catal yst system this-conponent nmay be elimnated in the

pol yneric catalyst system of the present invention. However, sone
additional iodide ion may be useful to further promote the carbonyl ation
reaction. Thus, levels of iodide salt, such as Lil, of O to |less than 10
wt.% may be useful for such purpose. Alternatively, the catalyst of this

i nvention may be added to a prior |ow water honpbgeneous reaction systemto
provi de additional rhodium catalyst stabi®izing sites. In this case, up to
20 wWL% Lil or other iodide salt may be needed to stabilize and pronote the
di ssol ved rhodi um content as like any other. | ow water honbpgeneous system as
descri bed FRPcEpIREOD SP"GRB'@ stie low water concentrationsy e PREGHBHAR Fa'?%?lﬁﬁ Yyihybedivn nay
be carried out by intimately contacting the feed alcohol, ester or ether
which is ikvelef angiehave arg ubstagiially 198 Prenyatrdbiadst thedo waksr eenditions.ough
a liquid reaction nediumcontaining the rhodi um catal yst di spersed wthin,
hal ogen-  écnbsantizhamenms 9bdedide saltkspbilizes, aypicaliy d0%ngndazheve isoregqeiredotoidonhtol

i odide salt pronoter, at conditions of tenperature and pressure suitable
to form t hehodiunb pmcipitaiiom dnodiadiigh Wates prodessa indreaséd chbdiven ewelshalsm ikeadt foe

hal ogen-cont ai ni ng pronoti ng conponent will conprise nethyl iodide

( conpl exed pregipitatidniyroblety am even i such problenis cimebeadlleyiied, sheincmhdel reaottp bip@

nmet hyl acetate. The nethyl acetate is present in anounts of from 0.5-30,
pref er abl y cdnnot B¢ aS6onmitdated GoWwnéntyn wittes the water MBS B tendoved from the acetic acid

product. The heterogencous system disclosed in European Patent Application 277,824, discussed
above, only contemplated using rhodium levels below 500 ppm based on the reaction system.
It is known to carbonylate methyl acetate to make acetic anhydndc using rhodium catalyst levels
substantially above 1,000 ppm. However, to stabilize the homogeneous rhodium cartalyst requires
greater than 10% of a stabilizer which is typically a phosphine-type monodentate - ligand.
Obviously, the need o use increased amounts of the stabilizer increases the cost of the process
withrespectmmrﬁngmateﬁalsaswenasinpmiﬁring.éosts.

catalyst composition useful in
Accordingly, an important object of the present invention is to provide/a process

for the rhodium-catalyzed carbonylation of methanol to acetic acid, carbonylation of methyl
acetate 10 acetic anhydride or coproduction in whxchxnthe reactivity of the cam!yst can be
greatly improved without the need for substantial levcls.éfsnbiﬁz’;xigsaluandinwhichovcmﬂ
productivity can stll bc maintained.

Ithasnowbeenfounddxatﬂzcwbonylaﬁgx;ifalcohol&csmandedmstoacids,
anhydrides or both can be favorably achieved utilizing a polymmc catalyst support which tightly
binds the rhodium caralyst. The polymeric support may be liquid, solid, homogeneous or
heterogeneous with respect to the reaction medium. ’I‘hc polymeric supports are capable of
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anounts of from 5-20, and preferably 10-16. wt % The rhodium catal yst. is
present in amounts of from 200-5000 ppm rhodium. In the prior |ow water
honogeneous system rhodiumlevels were preferably at-400-600 ppm alt hough
in practice, rhodiumlevels were kept bel ow 500 ppm Using the polyneric
catal yst, rhodium evel s above 500 ppm above 900 ppm and even from 1000 to
5000 ppm may be provided since

16 rhodium precipitation is not a significant problemas it is

wi th pri oproyiditg wabilsed Hodibgdeeiuin amiis gater Hae 500 g inakeesiordin medfum koI UM

significantly inprove space-tine yields.
so bind the rhodium that under low water carbonyla_non conditions the amount of iodide stabilizer

can be substantally reduced, if not chtmnan:d. .-A—n;:;ﬂe&ar—uscﬁﬂ catalyst comprises an
insoluble polymer having pendent pyrrolidone groups which support the rhodium specics.n }fg
mest preferred caralyst is a slighty crosslinked polyvinylpyrrolidone which is loaded with a
rhodium salt either in the reactor or as aprcformedmamial‘.

By uiilizing the polymeric catalyst of the present invention under the low water
conditions as set forth in previous Pateat U.S. 5,001,259, the commercial process would realize
the advantage of low cncrgj consumption, smaller operating equipment and lower by-product
yields (i.e., organic iodides, carbonyls and unsaturated organics). The polymeric catalyst of this
invention firmly holds the rhodium on the support and, thus, less rthodium losses are generated
resulting in less rhodium usage. At the same time, inasmuch as the polymeric ﬁuppon can firmly
hold the rhodium, higher rhodium loadings can be effected thus vastly improving the reactor
output.

s oqe
RUIG the nrmroereas] ro oKi B allanoaliTalals SHDDO

in its broadest aspect is applicable to the use of polymer-supported rhodium catalysis-in the low
water carbonylation of methanol to accﬁc acid in which the polymer sypp6rt contains any atom
which contains an unshamdclectmnpmrandcanforman ofiic complex with rthodium and is
thcrmally and chemically stable at commercially-viable. carbonylauon conditions. Thus, any
polymer support which contins a piatgen, phosphorus _qx_:;a‘ sulfur atom in its backbone, and,
more preferably, peadens.o-the backbone and exhibits adequauc thermal and chemical stability
at commerciglly viable carbonyladon conditdons canbe usedm the low water carbonylation and

e P M = ~ o~ - . .
wostrs e ta-to-etrrerali—-th AGVAREAELS-GESCHDEd-aDoOVe:
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Typi cal reaction tenperatures for carbonylation.will be approxi mately
50-250[err]C, with the tenperature range of about 175-220[ err] C being
the preferred range. The carbon nonoxide 10 partdal pressure in the
reactor can vary widely but is typically about 2.03-50.66 Bar (2-50

at nospheres). The polyneric catalyst of this invention is not
only useful when used as the sole cdfalyst for the carbonylation but 15
may be mixed with the prior art honpgeneous catalyst systens. Thus, if
t he polyneric catal yst |s a SO|Id or othermnse pr esent as a

het er ogeneous phase DESCRE QF TREEREFEF RME may be used in

conbi nation wth the pr| or art hom)geneous catalyst to further
enhance rhodi um Theweisent inyerionris primanily couremed with ae improyed polytmarinycatalyswis ef ul
in such adm xed system under | ow wat er carbonyl ation conditions to add
a smal | &rowsatin alie carbonyladoni of surthaneliothmethyl acekita o foomiaderict acid tandbiakivadt t he
honogeneous catalyst. Additionally, the polyneric catalyst which is
used opaxytinigeuniert dnhpdrogsxiondidoms tolfotne acetie antoydsdpal tBproduce alcatd/sid aad 25
honogeneous polyneric catalyst. In .such an instance, the

r hodi um mﬁbdnbﬁkmghmkutﬁ?ttrtﬂ this ibveation cybprises a oyl Sippert tWiRéh conind N t he
i nsol ubl e 0 | 0L 10 Brogdich that  Tittle if any

muleple-siies-€ach-of which sites-Can bind-in-any-manser an alkyl iodide and rhodium species.
The polymer supportcanbe liquid or solid, and be either soluble or insoluble in the reaction
medium. Thus, the polymeric support can be homogeneous with the liquid reaction medium or
comprise a heterogeneous species either as a liquid such as a dispersed liquid or as a solid. The
polymer support must be chemically and thermally stable under the typical operating conditions
of carbonylation, in particular, at sustained temperatures of 150°C and above and, preferably, at
175-225°C. For commercial viability, the polymer should be stable at the above elevated
tcmpaanntsforatlaswmomhsand.mbstpmferahly,fo;uhastlyear. The polymer support
should be capable of effectively binding sufficient rhodium t provide greater than 500 Ppm
rhodium in the reaction medium and/or sufficiently bind the rhodium to allow reduction in the
iodide salt stabilizer under the low water conditions to below 10 wt.% while providing a rhodium
contenit of 300-500 ppm.

A preferred polymer support is an insoluble polymer having pendent pyrrolidone
groups which support the thodium species. Thcmostprefcnedcaxalysus a polyvinylpyrrolidone
whichhasbeenaossﬁn&dandrhodinmloadqdasdesaibedabovc. Cross-linking can be
achieved using a caustic catalyst as disclosed in U.S. Patent No. 2,938,017 or by using a cross-
linking agent such as disclosed in German 2,059.484. These references are herein incorporated
by reference. This preferred catalyst is prepared by reacting the polymer support with an alkyl.

halide and a rhodium compound. Both reactions are readily accomplished by standard procedures
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additional iodide salt stabilizer woul d be needed. 30 For the

purposes of illustrating the invention, reference . Wll now be made to
t he exanpl es bel ow which are directed to specific instances of
preparation and use of the polyneric catalyst of this invention. The
exanples are illustrative only

16a and are not to be construed asliiniting the invention to the
speci fic enbodi nrents shown therein. 5 '

EXAMPLE 1

and using known components for such reactions. For example, it is preferred to simply add an
amount of the insoluble polymer such as in powder or resin bead form to what otherwise
consttutes as the homogencous medium for the methanol carbonylation reaction. Such
carbonylation reaction medium includes methanol and/or methy! acetate, acetic acid and a small
amount of water in a pressure vessel along with a rhodium compound and an iodide promoter.
The pmfcfmd promoter for the manufacture %acctic acid and dcrivaﬁvcs is methyl iodide.
Rhodium triiodide and rhodium acetate are the thodium compounds of choice, although other
suitable compounds are known and availabie.

In addition to the polyvinylpyrrolidone polymers as described above, other
polymers can be used to support the rhodium metal catalyst and find partcular use in the
heterogeneous carbonylation of methanol to acetic acid, acetic anhydride or coproduction of these
materials under high rhodium loadings, i.c., >500 ppm and/or the low water conditions developed
by Hoechst Celanese. Thus, the polyvinylpyridine copolymers as described in European Patent
-277,824 and commercially available under the tradename pf Reillex®- from .Rilcy Tar and
Chemical Corporation of Indianapolis, Indiana, may be useful. Still further, polymeric systems
which contain any phosphorus, sulfur or nitrogen group which can be complexed with an alkyl
halide such as methyl iodide and the rhodium salt can be useful polymeric suppons for the
heterogeneous caalyst and find use in the desired carbonylation, in particular, under the low
water carbonylation conditions. These groups are prcfcrably contained in pendant chains to the
backbone of the polymer but may be part of the backbonc itself. In this regard, any suitable
polymer which can be complexed with an alkyl hahdcand thodium, and that is soluble
(homogeneous) or insoluble in the reaction mixmure (hc:t?t;):gcneous), whether the insolubility
results from molecular weight, crosslinking by chcn_:ical'; thermal or radiation means or some

other technique or procedure is useful. Furthermore, such polymcrs must exhibirt stability at the
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In this exanple, a polyvinylpyrrolidone catal yst was pr epar ed.
Thus, 30. 08 gr anms of a :cross-linked 10 pol yvinyl pyrrolidone, -
100.0 grans of nethanol, 188.4 grans of acetic acid, 75.4 grans of
met hyl iodide, 20.0 grans of water and 0.7011 gram [Rh(acetate)[err]
equi val ent to 46. 3% r hodi um or 0. 3246 gram of rhodium nmetal were
added to a Hastelloy C autocl ave stifged and
17 heated to 190[err]C for 2 hours. The polyner catalyst was filtered
fromthe liquid reactants. The filtrate contained 0.001845 gram of
unabsor bed rhodium The rhodium | oading on the polyner was determ ned by
metal uptake and foWhile e dididbnilGadidoiontibian eskgial cathpdnbat i ey low water
homogeneous catalyst system, this component may be eliminated in the polymeric catalyst system
of the present invention. However, some additional iodidc'.i_on may be useful to further promote
the carbonylation reaction. Thus, levels of iodide salt, such as Lil, of 0 to less than 10 wt.% may
be useful for such purpose. Altemnatively, the catalyst of thls inventdon may be added o a pnor
low water homogeneous reaction system to provide additional rhodium catalyst stabilizing sites. '
In this case, up to 20 wt.% Lil or other jodide salt may be needed to stabilize and promote the
dissolved rhodium content as like any other low water homogeneous system as described in U.S.
5,001,259.

The carbonylation reaction may be carried ‘out by intimately contactng the feed
alcohol, ester or ether which is in the liquid phase, with gaseous carbon monoxide bubbled
through a liquid reaction medium containing the rhodium cartalyst dispersed within, halogen-
conta.ining promoter, alkyl ester, and any additional soluble iodide salt pmmotcr..at conditions
of temperature and pressure suitable to form the carbonylation product. Thus, when the feed is
methanol, the halogen-containing promoting component wﬂl comprise methyl iodide {complexed
with the polymer support) and the alkyl ester will comprise methyl acetate. The methyl acetate
is present in amounts of from 0.5-30, preferably 1-5 wt.% and the methyl jodide is present in
amounts of from 5-20, and preferably 10-16 wt.%. The rhodmm catalyst is present in amounts
of from 200-5000 ppm rhodium. In the prior low water: homogencous system, rhodium levels
were preferably at 400-600 ppm although in practice, rhodmm levels were kept below 500 ppm.
Using the polymeric catalyst, rhodium levels above 500 ppm. above 900 ppm and even from 1000

to 5000 ppm may be provided since rhedium-preci
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EXAMPLE 2 Car bonyl ati on runs under | ow water conditions were
conducted in a one liter Hastalloy C autoclave to conpare reaction rates
bet ween an unstabilized Rh system a Lil stabilized systemand the

pol ynmerically coordinated Rh catal yst described in Exanplle 1. In all ~ runs
in this exanple the initial reactor water concentration was 2% the
agitator speed was 1500 rpmand the reactor tenperature was 190[err]C. A
critical parameter discovered in these adtocl ave experinments is that a
relatively high agitator stirring speed is required to prevent the reactor
from beconmng. CO nmass transfer Iimted at the higher STYs.,_ This phenonenon
i s specifict l't“g Aiym |, BrecdPytatitn A8t Eﬂta\/%sséﬁﬁlfé‘c?ﬂﬁ poAbbemt gsnetly 1s
desi gned cogs Chal oFf €3€AI Bized homogeneous sysbembNitirgk hegRt PEvEPHt 8ALS
wer e wei ghed |nto t he autocl ave and conparative runs were nmade to
detern1ﬁg Feodbimy i ificentdyattrrevsy acerdimeatyaryde - system In each
case, a total of 200 grans of solution was used consisting of 38 grans of
met hyl iodide, 54 grans of nethyl acetate, 4 granms of water, specified Rn
concentrations (EePREl eFfﬁPFtl@peGefHPwamres p(fIO}\/lqrﬁmlcmnyrlgltllQOneﬂlhll be
concentrati %FE% L o] e e

cont ai ned Li T @gce 0 ?ﬁ)’(za S*(‘JVFE%II or#e\h/vats:&gggﬁgﬁ%%l 55%!@&‘*1#3 about
total of 2ER5§?29ﬁ§ lbeing the preferred range. The carbon monox1de

10 partial pressure in the reactor can vary widely but is

typically about 2.03-50.66 Bar (2-50 atmospheres).

The polymeric catalyst of this invention is not only

useful when used as the sole catalyst for the carbonylation but

15 may be mixed with the prior art homogeneous catalyst systems.
Thus, if the polymeric catalyst is a s$0lid or otherwise present

as a heterogeneous phase in the reaépion medium such catalyst

may be used in combination with the prior art homogeneous
catalyst to further enhance rhodium levels and reactor

20 productivity. It may be useful in such admixed system under
low water carbonylation conditions to add a small amount of
iodide salt such as lithium iodide to stabilize the homogeneous
catalyst. Additionally, the polymeri¢ catalyst which is used

may be both a mixture of heterogeneggs polymeric catalyst and

 such an instance, the

25 homogeneous polymerlc catalyst.
rhodium would be tightly bound to th'_polymerlc catalyst either
in the insoluble or soluble formiﬁ;uch that 1little if any

additional 1od1de salt stabilizer would be needed.

30 For the purposes of illustrating the invention, reference
will now be made to the examples bg;bw which are directed to

specific instances of preparation'jahd use of the polymeric

catalyst of this invention. The exaﬁpfes are illustrative only
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each case the catalyst STY was determ ned by the CO uptake.

The autocl ave was seal.ed, pressurized to 400 psig with CO and pressure
checked for 15 mnutes, after which the autoclave was slowy vented of
CO to 150 psig and then heated to 190[err]C. Once the desired tenperature

was reached, the autoclave was further pressurized to 400 psig and the
stirrer was started (1500 rpnm). The rate of reaction was determ ned by
noni t ori ng 16a | 18 of the
solution was acetic acid to obtain a total of 200 grans. In each case,
the catal yst _STY was determ ned by the CO uptake. 5 The

aut ocl ave W 8LG| EFL g Forstiuso e BHpitimp the payeptign ntecthed
pressure cHSEKesh & W iflete Shoph t e Ml h the autoclave was sl owy

vented of COto 11.35 Bar (150 psigQ) and then heated to 190[err]C
Once tie desired tenperature was 10 reached, the autoclave was further
pressurized to 28.6 Bar (400 ' EXAMPLE

In this example, a polyvinylpyrrolidone catalyst was
prepared. Thus, 30.08 grams of a cross-linked

10 polyvinylpyrrolidone, 100.0 grams ofiﬁethanol, 188.4 grams of
acetic acid, 75.4 grams of methyl iodide, 20.0 grams of water

and 0.7011 gram [Rh(acetate),], equivaient to 46.3% rhodium or
0.3246 gram of rhodium wmetal were -added to a Hastelloy C

autoclave stirred and
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psig) and the stirrer was started (1500 rnp). The rate of reaction

was determ ned by nonitoring the amount of CO consuned vs. tine. For
this particular one liter reaction using 200 gm of catal yst sol ution,

it was found that a reactor tenperature 15 control scheme using a cooling
coil containing silicon oil was necessary to renove the heat of
reaction and maintain an i sothermal 4190[err]C reaction tenperature so

t hat accurate kinetic measur enents coul d be made. 20 The
results of these experinents are shown in Table 1

TABLE 1 ' ' STY Sol ubl e Rh

(m)l e/1-hp) 4 ?o’%’%@h?ﬁmp 1472%&5‘5‘2 ﬁhl 3!2E g ur"hstﬁq%‘i i zed
?7Rﬁ| g|)om Rh égﬁolE%/ ner cd)&{lwat ed *unabsorbeg ﬁ‘F‘(”B@W . 4&2 ppm Rh

13. 4 * Rhodim | o d d pol‘zw nyl pyrrol | done cat aI yst
for 309 ppfes dc:cmnncdbymctaluptakzandfoundto e weight of the polymer.

EXAMPLE 2

Carbonylation runs under low water condmons were conducted in a2 one liter
Hastalloy C autoclave to compare reaction rates between an unstabilized Rh system, a Lil
stabilized system and the polymerically coordinated Rh ca___xalyst described in Exampie 1. Inall
runs in this exampie the initial reactor water concentration was 2%, the agitator speed was 1500
rpm and the reactor temperarure was 190°C. A critical parameter discovered in these autoclave
experiments is that a relatively high agitator stimring speed is required o prevent the reactor from
bccomingCOmasstz‘.a.nsferlimitt:datthchighcerTY;_sT This phenomenon is specific to
laboratory scale _an:oclave‘s and is not common to well designed commercial reactors.

The initial reactor contents were weighed into. the autoclave and comparative runs
we;emademdcmnﬁncthcmlaﬁveldmdcacﬁvityofcach_camlystsym In each case, a total
of 200 grams of solution was used consisting of 38 grams of methyl iodide, 54 grams of methyl
acem,4gramsofW,spedﬁedRhmccn§a;iom(asRh],),spedﬁcdRh—
polyvinylpyrrolidone concentrations, and 20.2 grams oth for the comparative Tun which

cachmsc,thccamlystSTYwasdcmncdbymeCOuptakc
The autoclave was sealed, pressurized to «! -_'s1g with CO and pressure checked
for 15 minutes, after which the antoclaveWas slowiy venned of CO to 150 psig and then heated

to 190°C. Once the desired ucmpetannewasmached.mean}dclavewasfmhcrprcssmiwdmm

HFTe as-started DO-rpm [he-rats-of reacton




19 Rh = 2. 9wt % pol yner catal yst, 472 ppm Rh = 4.4 wt % pol yner

catalyst, 917 ppm Rh = 8.5w% polyner catalyst of 5 sol utid on.
After the run, the polymer coordinated catalyst was separ at ed by
filtration fromthe solution and the residual soluble Rh was
nmeasured to illustrate the high degree of 10 association between the
pol ymer and the active Rh specie. This hi gh I evel of association

bet ween the pol yner and the Rh coanE% al l ows the use of higher Rh
concentrations w thout suffering Rh precipitation or scaling problens
comon to bfiethe splubioRlwaPradetiseacilibto obtain a total of 200 grams.
EXAMPLE 3 The het er ogeneous rhodi um catal yst formed in Exanple 1

or In each case, the catalyst STY was determined by the CO uptake.
5
The autoclave was sealed, pressurized to 28.6 Bar (400

psig) with CO and pressure checked for 15 minutes, after which

the autoclave was slowly vented of CO to 11.35 Bar (150 psig)

and then heated to 190°C. Once the desired temperature was

10 reached, the autoclave was further pressurized to 28.6 Bar (400
psig) and the stirrer was started (1500 rmp). The rate of
reaction was determined by monitoring the amount of CO consumed

vs. time. For this particular one liter reaction using 200 gm

of catalyst solution, it was found that a reactor temperature

15 control scheme using a cooling coil containing silicon oil was
necessary to remove the heat of reaction and maintain an
isothermal 190°C reaction'temperature so that accurate kinetic

measurements could be made.

20 The results of these experimenté are shown in Table 1.
TABLE 1
STY Soluble Rh
(mole/1-hr) (ppm)
25
472 ppm Rh (RhI;) (unstabilized) 3.3
309 ppm Rh (polymer coordinated) * 8.2 2
472 ppm Rh (polymer coordinated) * 9.0 4
472 ppm Rh (RhI;), 10.1% LiI 12.3
30 917 ppm Rh (polymer coordinated)* 13.4 28

* Rhodim loaded polyvinylpyrrdlidone catalyst for 309 ppm
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insitu via addition of, for exanple, Rhl3 with crossed-|inked

pol yvi nyl pyrrolidone and nethyl iodide (Mel), nethyl acetate (MeAc) and
acetic acid (HAc) was used to produce acetic 20 anhydride. A 300 n
Hastel | oy C autocl ave was charged with 4.46 g cross-1linked

pol yvi nyl pyrrolidone, 0.2237 g Rhl 3, 55.73 g HAc, 27.12 g MeAc and

19.60 g Mel.
i odi de added.

The reactor did not conisin1any wat er nor was |ithium
The m xture was heated ™ To <190[err] C under CO pressure,

t hen the stirrer mas 25 started and the reaction pressure mas set at 28.6

Bar
[err]

(400

Ac[err] O
previ ously used catalyst was charged with the HAc, MeAc 30 and Mel
and thé reacti oPCBHMs calcul ated to be 1.09 nole/1 hr. In both

run,

runs,

t he

action te erature was dj ust err]C
Dorrc PRh%ia St s Bat SRBSt At 1L i 85 hnd - Enet SRoTHE ot

pro.s:m;&lpﬁt wapical gpmat gl t o beg.swed. pdBmedrl rara.talylsn apet her

anount of rhodium was fixed at approxi mately 475 ppm

based on the sol ution wei ght. The

20

10

15

20

After the run, the polymer coordinated catalyst was
separated by filtration from the solution and the residual
soluble Rh was measured to illustrate the high degree of
association between the polymer and the active Rh specie. This
high 1level of association between the polymer and the Rh
complex allows the use of higher Rh concentrations without
suffering Rh precipitation or scaling problems common to the
prior art processes.

EXAMPLE 3

The heterogeneous rhodium catalyst formed in Example 1 or
insitu wvia addition of, for example, RhI; with crossed-linked
polyvinylpyrrolidone and methyl iodide (MeI), wmethyl acetate
(MeAc) and acetic acid (HAc) was used to produce acetic
anhydride. A 300 wml Hastelloy C autoclave was lcharged with
4.46 g cross-linked polyvinylpyrrolidone, 0.2237 g RhI3, 55.73
g HAc, 27.12 g MeAc and 19.60 g Mel. The reactor did not

contain any water nor was lithium iodide added. The mixture

~was heated to <190°C under CO pressure, then the stirrer was

25

30

started and the reaction pressure w:j's set at 28.6 Bar (400
psig) . The reaction temperature was adjusted to 190°C 4+ 1°C.
The initial CO uptake was measured and the STY rate of Ac0
production was calculated to be ~1.07. mole/1 hr. In another
run, previously used catalyst was ch\éﬁi‘ged with the HAc, MeAc
and Mel and the reéction STY was calét;t_lated to be 1.092 mole/1

hr. In both runs, the amount rhodium was fixed at

approximately 475 ppm based on the sol;‘u_-_._:_ion weight. The
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reaction sol ution anal yses of the reactor product |iquid showed <2 ppm
rhodi um which indicated no apparent rhodi um | eaching.

21 What is clainmed is: 5 1. A catalyst conposition for
use in carbonylation *conprising; a polyner having pendant pyrrolidone
groups and supporting a rhodium species and, a catalyst

pr onot er conprising an al kyl iodide._ 10 . 2. The cat al yst
conposition of claiml wherein said | ymer is a solid. 3.

The catal yst conposition of claiml wherein said 15 polyner is derived

fron1viny|g¥rrglldone
reaction solution analyses of the reactor product liquid showed

<2 ppm rhodium, which indicated no apparent rhodium leaching.
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4. The catal yst conposition of claim2 wherein said polymer is

cross-1inked potyvinylpyrrolidone. 20 5. The catalyst of claim1l
wherein said polyner is a l'i qui d. 6. The catalyst |
conposition of claim1 wherein said ° catalyst pronoter:is.methyl:iodi de;-;_-i__;
25 7. The catal yst conposition of claim1 furthmll"rmll m WHIII
an iodide salt different fromsaid catal yst pronoter
catal yst conposition of claim 7 where said 30 iodi. de*satt u S 1am: >
i odi de.

What is claimed is:

° 1. A catalyst composition for wuse in carbonylation
comprising; a polymer having pendant pyrrolidone groups and
supporting a rhodium species and, a catalyst promoter
comprising an alkyl iodide.

10 |

2. The catalyst composition of claim 1 wherein said
polymer is a solid.
3. The catalyst composition 'of’ claim 1 wherein said

15 polymer is derived from vinylpyrrolidone.

4. The catalyst composition of claim 2 wherein said
polymer is cross-linked polyvinylpyrrolidone.

20 5. The catalyst of claim 1 wherein said polymer is a
liquid. '

6. The catalyst composition of claim 1 wherein said
catalyst promoter is methyl iodide.
25 |
7. The catalyst composition of claim 1 further including
an iodide salt different from said cétélyst promoter.
8. The ca':ﬁélyst composition of claim 7 wherein said
30 iodide salt is lithium iodide.
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