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POLYMERIC CARBONYLATION CATALYST SYSTEM 

The present invention is directed to a novel catalyse useful in the carbonylarl_on of 
mri#nol to acetic acid. carbonylation of methyl acetate to acetic anhydride or both. The 

· ·. ~~criti.~n is also concerned with a method of carbonylating lower alcohols. cstcrS or ethers to <:~~~~ acids. acid anhydridcs or both in the presence of a Ihodium-containing cai:alyst. .. :,,,.:·: 
:·,.· .. Among currently-employed processes for synthesizing acetic acid. one of the most 

:;--~scs commctcially is the rhodium-catalyzed carbonyla.tion of methanol with carbon . .. . 
·.· monoXidc as taught in U.S. 3,769.329, issued to Paulik et al on October 30, 1973, and known as ·.·. ,;:.: . : ~r~asanto process". Although the Paulik ct al patent discloses that the rhodium caralyst can 

· ·· ' .· bc·~dissolvcd or otherwise dispersed in the liquid medium or else supported on an inert solid, 

···.·~ .. 

-: ·. · ..... . 

. ~y, the catalyst is uriJizc:d in a homogeneous rcacdon sysum in which the rhodium ·-·calai9scis dissolved in the reaction solvent which typically-is acedc acid. The homogeneous •·••.catat~· •1ysccm also includes a halogcn-conlaining camlyst ,promoter as exemplified by methyl 
. .. ·.· :.·: 

:.. 

i~ The rcaaion is conducled by continuously bubbling carbon monoxide gas through the 

Paulik ct al teach that the liquid reaction medium can include any solvent 
:c:opii>~blc with the cmlyst system and that it may comprise, for example, the p~ -alcObol 

·. wbicltis being reacrcd or mixmrcs thereof with the dcsiICd carboxylic acid end product and/or · .. ·:·- . 

·cS~ ~f thcsc two compounds. The preferred solvent and liquid rcac~a.n.mcdium for the process 
::is-~· ·de~- carboxylic acid itself. i.e.. acetic acid wh~n ~thanol is being carbonylatcd to 
ptod.ucC: ~tic acid. 

The Paulik et al patent also discloses that th~ addition of water enhances the 
:~tioa{i:atc of the carbonylalion of the alcohol to the carboxylic acid. Accordingly. commercial 

. 

. -: ~ : 
, ...... 

formation of acetic acid using chc Monsanto process technology .as cfis<:loscd in .Paulik ct al utill,z.e . ~ ~ ; . 
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over 14 to 15 wt.% water in the reaction medium. This haS been characterized as the "high 

water" carbonylatlon process •. Unfonunately, rccovctj.ng acetic acid in anhydrous or nearly 

anhydrous form from such an· apprcci.ablc qua,ntity of.~ involves substantial expenditure of 

energy in distillation and/or additional processing ~s such as solvent extraction. as well as 

requires larger pmification process equipment as~ with that used in pmifying carboxylic 

acid containing significantly lower quanddcs of Wasri. Thus, while reactor output of acetic acid 

is highly efficient at high macror water conccnttatiol'1S9 production capacity is typically Hmired 

by war.er mmoval capability from dlc accdc acid pzOcluct. 

An impmvcmcnt over the high wmer ~ pmccss far the carbonylatioa of 

an alcohol to proc1uc:c a carboxylic ·acid having one .cazbon arom more than die alcohol in die 

presence of a rhodium cmlyst bas been developed. ;by Hoechst Celanese and is disclosed in 

commonly.assigned U.S. Parent Nos. SJ)Ol.259. issued Maleh 19. 1991, and S~908, issued 

lune 25, 1991, and c:Opcnding applicadoQ·U.S. Serial 1'i4 615.846. filed No\ICIIlber 20, 1990. As . . ·. .. .,. 

disclosed therein. acedc acid is produced from mctbainol in a homogeneous rcacdon medium 

comprising methyl acetate. methyl halide, cspccially · uicthyl iodide, and rhodium present in a 

caauydcally-cffccdvc concentration. The invention rh~ resides primarily in the discovery that 

catalyst siability and the prodacdvity of thc carbol'lyJation ~ can be maiprained at 

smprisingly high Jcvcls. even at low warcr conccn~~~ i.e. below 14 wt.% and even at 10 

wt.% and subsamtially less. in. the ieaction medium ;(~ie the general industrial practice of 

maintaining approximately 14 wt.% or 15 wt.$ wmcr). The Hoechst Celanese process has been 

charactx:rized as the "low watc:t'' carbonylatioo procc~ and yields substantially higher r.LtCS of 

production over the high wa.rer process since reactor i;mxfuctivity is maintained relative to the 
high war.er process and at the same time recovery of ~cdry acid product is substantially easier 

(i.e., less energy consumption, sµiallcr cquipment. lo\VCrr;hodium usage) in view of the low witcr 
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levels. These results arc achieved by maintaining in the reaction medium. along with a 

catalytically-effective amount of rhodium. at least a fiµitc concentration of water, methyl acetate 

and methyl iodide. a specified concentration of iodide ions over and above the iodide content 
.. · · .. : ... : 

· · .· .. ····• .. ·.·; which is present as methyl iodide or other organic ~de. The iodide ion is pn:sent as a simple 

:··.:·· 

:.: .. < 

... :: · .. 
. . 

. ·. . _: . ..... . ;~ 

.. ·. ,. ~ .. · ... ~ ... 

salt. with lithium iodide being preferred. The conccn~ons of methyl acetate and iodide salts 

arc significant paramctm in affecting the rare of carbonylation of methanol to produce acetic acid· 

especially at the low IC8CtOr water concentrations. By·using relatively high concentrations of the 

methyl acetate and iodide salt. o~ obtains a ~g degree of caralyst stability and JC8Ct01' 

productivity even when me liquid reaction medium contains water in conccnttalions as low as 

aboat 0.1 wt. 'It. so low that it can be broadly defined simply as "a finite .c:oncemradon" of wa:r. 

Funhermorc, the reaction medium employed improves .the stability of the rhodium catalyst, Le. 

resistanc:c m catalyst pn:cipialdon. especially during the product-rccovcry steps of the process 

whcJein disiillath>n for tbe purpose of recovering the ~tic ~ product tends to remove from 

the cmlyst the carbon monoxide which in the cnviromJ]CQt mafntahicd in the tcaction vessci is 

a ligand with stabilizing effect on the rhodium. U.S. ~tents Nos. S.001.259 and 5,026,908 and 

copcnding application U.S. Serial No. 615,846 arc IM:R:in incorporarcd by ~fcicncc. 

While the "low war.er" carbonylatlon process ~bed immediately above bas been 

successful at greatly incn:asi.ng the production rate for ac;enc acid. such process still poses several 

problems. For one, as the wa1CI' level in the reaction IJlixture is dcc=ascd, the instability and. 

thus. precipitation of the rhodium catalyst incrcases. A~gly, the amount of lithium iodide 

stabilizer which must be added has to be increased. It bas further been found the acetic acid 

product which is formed contains minute quantities of ~purities which cari adversely affect the 

quality of the acetic acid product as determined by pctnla.nganatc time. Post-treannenc of the 

.-·-·-····-·······-··-
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acetic acid product has been able to remove the iIIIPuritics but such processes merely add 

.. additional cost to the process and bottle-neck productio,n . 
.. 

As an alr.cnwive to the commercial }io~gencous cmlyst systems employed. 

attempts have been made to utilize a hcr.crogencous 'i:h<_>dium catalyst in the carbonylation of 

methanol to acetic acid. Advantages of such a catalysJ;~ystcm include the easy scpamion of the 

rhodium ftom the reaction products as well as the ~ lO prevent piccipitadon or scaling of the 

rhodium ftom the reaction system as results in the ~gcncous catalyst system. Reducing loss 

of me rhodium cmlyst by prccipiwion and/or scaling Ind the lib is very ad.vamapous in view 

of the high cost of replacing the rhodium. It is not ~ that such ~ts have been very 

successful. however, and it is not known whether ·t¥J:c has been any c:on11ne1cial applicadon 

u~g ~peous catalyst systems in the rhodiWJ:t-cmlY=d carbonylation of m::dlanol io 

accdc acid. 

&amplcs of suggested use of hctcrogcricous · eawym include European Pau:nt 

Application 277 ,824, published August 10. 1988. and ~~-gnc<l to Reilly Tar and Oicmical Corp., 

which discloses the carbonylation of methanol to ~- acid urllizing rhodium supported on a 

heterogeneous polymer support which CODlpriscs J>(>i~(4-and 2-Vinyl pyrldinc) copol~ In 
. . . 
panicular, Rcilcx@ copolymers. manufacmred by di~, assign.c:c of the application. me i=fcm:d 

and comprise pyridine rings aaachcd directly at thcil". 2..' or 4-positioas to the polymer backbone 

which in tum is cross-linked ·with a small Ull()unt of di\inylbcnzcnc. For reaction. presumably 

the copolymer or N-oxidc of the copolymer is q~ .with an alkyl halide such as methyl 
; . . . . . 

iodide and loaded by reaction with a rhodium salt. /:A.; . better than 6-fold increase in c:aWyst 

activity was described as being found in European P~~t Application 277 .824 over n:poncd and 
• '•·"">_.:;·'. ..•. 

calculated values for the homogeneous Monsanto·_pr0ccss. However, aaual side by side 
. : ~ ·. . 

comparisons of the homogeneous catalyst with the #6tcrogeneous catalyst described in the 
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European patent application have shown roughly comparable activity using the heterogeneous 

catalyst relatlvc to the high water Monsanto process. but: the 6-fold increase as suggested has not 

been duplicated. 

Earlier attempts to form a hctcrogcn~us caialyst for the rhodium-cml)'7.Cd 

caibonylaiioa of methanol to acetic acid include that o,f_ Imcll and Gar.cs. Journal of Catalysis, 
.. 

~ 255-267, (1975) wherein a styrcne-divinylbcmenc,~ymer containing diphenyl phosphine 

groups was used to suppon rhodium for both liquid and gas phase reaction. Similarly. Webber, 

Gares and Drenth, Jomnal of Molecular Catalysjs. l (tmns) 1-9. also discloses a bifunctioaal 

polymer far rhodium catalysis of the methanol carbonyhmon rcacUon. The polymer was a lightly 

cross-linked polystyrene containing attached rhodium complexes and also containing auached 

groups analogous to pcntachlorolhiophenol which 1artcr groups sem:d both to coordinare the 

rhodium to- the polymer and to ·undergo oxid•rivc ~don wim diodium in a step analogous to 

that involving rhodium and the soluble promoter in the solution n:acrion. It was thought that lhc 

bound promoter would coordinarc the rhodium so SUDD~ that problems of separation, corrosion 

and loss of the expensive rhodium could be allcviaa:d. However, it was found that there was 

rhodium loss and the lack of stability of the bifunctionai polymeric catalyst 

The possibility of supponing a rbod~ compound on ~ ionic resin -~ as 

Dowcx 1-XB, Bio-Rex 9, or a possible copolymer of s~ and 4-vinylpyridinc alkylated with 

methyl iodide has been described by Prago ct_~. Inorg~·Chem..12, 641-644 (1981). This article 

included no cxpCrimcntal results using the suggested JK?l~ylpyridlllc dcrivadvc catalyst. From 

the examples that were given. the authors coacludcd. that their ioDically-supponcd rhodium 

catalyst was approximately equal in catalytic activity: JO the homogeneous complex, and tha! 

~cbing of the catalyst could be minimized by suitab~- choice of solvent and by selecting high 

rcsin to rhodium ratios. In all r.ests reported. howcvcr~.:oh~y low temperatures of 120"C and low 
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., pressures of 80 psi were used. Moreover. it was believed~ doubling the amount of supponcd 

·. ··•··· ;catalyst (and thus the rhodium present) n:sultcd in a corresponding.doubling of the :reaction rate. 

· · · ·.· · .and that an effective method of carrying out the n:action may be to maintain large conccntral:ions 

·· · · , of catalyst particularly in a liquid-flow sys=n design • 

. ·.···· 

·. · ..... , . In a larcr-issucd U.S. Parent No. 4,.328,125, .Drago ct al similarly used only mild 

··. , tcmpCmUreS at about 120-130-C and pressures ranging from less than 60 psi ro 160 psi in one 

·.example to carbonylatc methanol with a rhodium hea:ro~us caralysr. These condidons. and 

·· • · · parDcularly the low rempc:ramres. are wholly impractical far any commc.n:ial use in acetic acid 
·.·:_': :. .. . . . 
.. · .·.· 

.· ..•.. ·. '. .· production. and are specifically far outside the Monsamo pro,c:ess condilioas of 1rmpemmC which 
_ . .-,··:.··. . 

·. ;. ranges from about 170-2<XrC. As a iesulr. the zeacdon rau:s are so low as compared to die 

. . . / bomogcneous precess that large macton with increased mari:rial com. long residence times.. mm 
,. > ,.l'C$Uking..low $p3CC-Ume yields would be needed to have any hope of producing a c:ommcteial 

........ •J>Mduct. These mild Drago et al condidons are llODCtheless ~by most ion exchange resins 

:·· • ..,,bich are not scablc. for example. at susrained elcvat.ed· ~mpcnanes above 130"C and 
: . _:,·: .. ·. . · ..• 

· approaclling 170-C. ~ at conditions of c:atbonylation of at least about 170'C, the .catalyst 
.. :: ~ 

·· ··. \:~hould be stable and not form substandal amounts of degm,dation pmdDcts for at least about 6 

•. ,· :n:lative to liquid, pmicularly in a~ process, will result ~.·"Veey rapid :rcacd.on rates with me 

·process pteferably being carried out at these lower ~ under less cormsiVc conditions 

> __ . T j.han processes using convcmional -~ catalysu. "1diqugh polyvinylpyridines, as such. 
··.·'· 

.• ·.· .. •·. _: ::··· -~ mentioned at one point in the Drago ct al par.em. no ~lcs ate given of their preparadon 

. •or use. The examples an: instead limited to one example ~ a polystyrene bound pyridine and 

to commercially available anionic exchange ICSins identified ·as Amberlitc lRA-400 and Dowcx 

.· .... ,. 1-XB which have been used as catalysts for the hydroformybuion of olcfins . 
. --·----- . ---·· .. ··-· . ·----- -- -- -- -- -~ ---- -- - - - . 
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There are still additional examples of utilizing polymeric supports for rhodium 

catalysts used in the carbonylarion of methanol to acetic acid. Soviet Union Patent 1,108,088 

utilizes a complex of rhodium with polyethylene oxicle and an alkyl halide promoter to 

manufacmre acetic acid by carbonylati.ng methanol. Yuan et ~ Chinese Journal of Polymer 

Science. Vol 7. No. 3. 1989, page 219, carbonylatcd methanol to acetic acid by complexing 

rhodium with ethylene diacrylate-aosslinkcd copolymers or 2-vinylpyridinc and methyl acrylate. 

Rhodium has also been complexed. with other polymeric suppons for d1o hydroformyhuion of an 

olefin to an aldehyde or alcohol. An example of such-is U.S. 4~705 wherein rhodium is 

complexed with a polybenrimidazole fiber support. 

U.S. 4,667.0S3 discloses _lhc carbonylalion of olcfins to CS1C'IS milizing a 

heterogeneous palladium/copper catalyst on a polymer suppon which can incbJdc a 

polyvinylpyrmlido~ polyvinylpyridine and polyvinylp)'lidine copolymcn with Styl'CllC. 

Although ~ he=ogeneous camlyst :systemS have been proposed for the 

rhodium-cmlyzcd caibonylation of mcdianol to acetic aci4, at the present time it is not known 

whether there exists any commercial reacwrs utilizing. S\1Ch technology. One ieason for this is 

that the bcicrogcncous catalyst sysu:ms have been foun<i tO be relatively unsmblc. Prior an 

polymeric catalyst systems suffer from chemical. chc:nmU; and physical stability problclns at 

commcrcially viable carbonylalion reaction condidons. 

Increased dlodium levels are known to :~ increased catalytic activity and 

increased production of acetic acid in the rcacr.or and. ~um levels of up to 1.000 ppm have 

been disclosed in afon:mcntioncdcommonly assigned p$:nuU.S. S.001,259 and U.S. 5,026.908. . . ... : . -~ 

·.' 

However. the use of rhodium Jcvcls of 500 ppm and abo~: have not been used on a commercial 

scale. There arc several practical reasons for limiting ~ rhodium levels in the reactor. For one. 

the increased amount of rhodium resales in pn:cipitation pn)b~ms regardless of the rcacror warcr 
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concemralion although at the low water concentrations, the j>i'ccipiwion problem with rhodium 

levels of 500 ppm and above arc substantially more pronounc;d. Under the low warcr condit:ioas, 

a substantial amount of i~ salt srabilb:cr, typically 1~ ·and above is required to control 

rhodium precipitation. In the high water process, inc:f#scd rhodium levels also Jcad to 

precipitation problems and even if such problems can be allcyiated, the inacased ieaaar owput 

cannot be accmnrn9datcd downsttcam wlu= rhc water ~· be srmoved &om the acetic acid 

product. The heterogeneous system disclosed in European~ Applicllion 277 ,824, discussed 

above, only conu:mplmed using modium levels below SoO ppm based on the reaction system. 

It is known to carboaylarc mcrhyl accmre to make acedc ~ using rhodium catalyst levels 

submmria»y above 1,000 ppm. However, to saibiliYA: die.~ lhodium catalyst ieqaires 

p:arer man 10% of a S1abilizer wJUch is typically a p~ monodmmre. ligand. 

Obviously, the need to use increased imoants of the stabilizer increases rhc cost of the poccss 

with respect to mning marerials as well as in pU:rifying ~· . 

Acconlingly, an ~object of the piesep.t invention is to provide a process 

for rhc rhodium-catalyzed carbonyladon of methanol to·~ acid, carbonylation of mcdiyl 

acewc to acetic anhydride or coproducdon in which in 'the .n:acdvity of lhc catalyst can be 

grcady improved without me need for subsmuial levels of .Siabjiinrig sahs and in which <M:iall. 

productivity can still be maintained. 

SUMMARY OF nrE INVENTION 

It has now been found that the carbonylarlmi Of alcohols, cm=rs and ethers to acids, 
":.: ·; .: 

anhydridcs or both can be favorably achieved utilizing a po~ catalyst support wbicb tightly 
-:-'.· .. ·. ·.· 

··.·· 

binds the rhodium catalyst. 111.e ·polymeric suppott may . ~ liquid, so~ homogeneous or 
. .. ... . 

heterogeneous with respect to the n:action mcdinm Th~ JXllymeric suppons arc capable of 
:·.,. :>·' 

.. : . :-:-.-=-= -:.--;::.:-::::-_·.::-;..--::---:::::..:.:-.=:~;::..:.·-;:-:.:.-:-=.~=-~::- ;:,;::-..:-::-:::;:·....:..:.:.-::-:-=.:::-:. 
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providing stabilized. rhodium levels in amounts grear.cr than ~QO ppm in the reaction medium and 

so bind the rhodium that under low water carbonylati.on cori~tions the amount of iodide stabilizer 

can be substantially reduced. if not. eliminated. A IJm;dcUlar useful catalyst comprises an 

insoluble polymer having pendent pyrrolidonc groups whiCh.suppon the rhodium species. The 

most pxefcrrcd catalyst is a slightly crossliDkcd polyvinyl}>ym>lidone which is loaded with a 

rhodium salt either in the reactar or as a preformed material. 

By utilizing the polymeric cmlyst of the prcsCm invcmion under the low water 

conditions as set forth in previous Patent U.S. 5,00.1,259, the commercial praccss would realize 

the advantage of low energy consumption. smaJJcr opcraDng: equipment and lower by-product 

yields (iA. organic iodides. carbonyls and unsamu:d orpn.ics). The polymeric camlyst of tis 

invention firmly holds the rhodium on the support and, mus.· less rhodium losses axe generated 

n:sulting in- less rhodium usage. Al the same lime. inasrm1ch :as the polymeric support can fizmly 

hold the rhodbun, higbcr rhodium loadings can be cff~_dms vasd.y impmving the tCICIOl' 

omput. 

While the picfc:rred c:aWyst utili%cs a pol~ylpyrmlidonc support, thc invention 

in irs broadest aspect iS applicable to the use of polymcr-sUptJOltCd Ihodium caailysrs in the low 

water carbonyJarl.on of methanol to acetic acid in w~ the.polymer suppon conmhis any aiom 

which conrains an ~ electron pair and can form an ionic complex with zhodium and is 

thermally and chemically stable at. commczcially viable '?&Tl)pnylmion conditions. Thus, any 

.polymer support which coma.ins a uiuogcn, phosphorus ~~~'.sulfur a.tom in irs backbone, and, 

man: picfcrably, pendent to the backbone and exhibits ~UJirc thc:mJal and chemical stability 

at commcrcially viable carbonyWion conditions can ~ u~d)n the low water carbonyJarl.on and 

would be believed to offer all the advantages described abQ.\it;:~ 
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DESCRIPTION OF TI-IE PREFERRED EMBODIMENTS 

The present invci;ition is primarily concerned with an improved polymeric catalyst . . . 

for use in the carbonyladon of methanol or methyl accitatc to form acetic acid. ·and as well 

operating under anhydrous conditions to form acetic anhydride or ro coproducc acetic acid and 

accdc anhydride. The caralyst of this invention compriScs a polymer support which contains 

multiple sites each of which sites can bind in any manner an alkYl iodide and lhodhun spccics. 

The polymer support can be liquid or solid. and be either soluble or insoluble in the reaction 

medium. Thus, lhc pol~~ can be homogeneous with the liquid ieacdon medium or 

comprise a hetcrogcaeous spcch:s cidlcr as a liquid such as a dispencd liquid or as a solid. 'Ibc 

polymer support must be chcinically and thermally able under rhc typical opc:radng CODdilions 

of carbonyladon. in pardcaJar. at sustained~ of lSO'C and ahems and. preferably, at 

17S-2259C: For comniercial_ ~ility, the pol)'mcr should bo stable at the above elewa:cl 

tcmpcrllmeS for at least 6 months .and. most pmfcrably, for at-~ 1 JCU'. the polymer support 

should be capable of cffeclively binding snfficicnt rhodi~ to provide greater 1han SOO ppm 

rhodium in the lC8Ction mcdituµ ...Var -sufficiclltly bind the rhodium to allow rcducdon in the 

iodide salt stabilizer under thelow water conditions to below 10 wc.;CJJ while pmvid.Uig a tboclium 

content of 300-500 ppm. 

A prcfcm:d polymer support is an insoluble polymer having pendent pyrrolidane 

groups which support the rhodium ~s. The most pref~ camlyst is a polyvinylpyrrolidonc 

which has been crosslinfcM and ·-rJioclium loaded as dcsc:ribcd above. Cross-linking can be 

achieved using a caustic caralyst as disclosed in U.S. ~ No. 2338.017 or by using a cmss­

linking _agcnt such as disclosed in--~ ~059.484. These rcfercnces are herein incorporated 

by reference. This preferred catalyst is prepared by reacting the polymer support with an alkyl 

halide and a medium compowid.. Both reactions are readily accomplished. by standard proccdurcs 

_______ ,, ______ _ - -~-- ... --

· .. ·. 
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·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 rc:sin bead fonn ·to what otherwise 

constitutes as the homogeneous medium for the methanol carbonyJation rcactlon. Such 

carbonylarion reaction medium includes methanol and/or methyl acetate. acetic acid and a small 

8lll011Dt of water in a prcssum vessel along with a rhodium compound and an iodide promoter. 

The picferred promoter for the manufacmrc os acetic add and derivatives is methyl iodide. 

Rhodium triiodidc and rhodium accmc arc the rhodium compounds of choice. although other 

suitable compounds arc known and available. 

In addition to the polyvinylpyzmlidonc polym:rs as dcscribcd. above, ocher 

polymers can be used to support the rhodium metal caralyst and find panicular use in lhc 

hcrcmgcacous carbonylation of methanol to accdc acid. acedc anhydride or coproclucd.on of du:sc 

marcrlals uiidcr high rhodium loadings. i.e.. >500 ppm and/or dlc low water conditions developed 

by Hoechst Celanese. Thus. the polyvinylpyiidinc copolymezs as dcscribcd in European Parent 
' 

• · 277 ,824 and commcn:ially available under the ttadcnamc of Relllex®· from Riley Tar and 

Ch~ical Colparation of Jndjanapolis, Indiana, may be useful. Sdll further, polymeric syslrmS 

which contain any phosphorus, ~ or nitrogen group which can be complexed with an alkyl 

halide such as methyl iodide and the rl1odium salt can be useful polymeric suppons for d.lc 

· hcr.cmgcncous catalyst and find use in the desiJcd carbonylmion. in panicular, under the low 

water carbonyladon conditions. These groups are preferably contained in pendant chains to the 

backbone of the polymer but may be pan of the backbone itself. In this rcgmi. any suitable 
. 

polymer which can be complexed with an alkyl halide • rhodium, and that is soluble 

(homogeneous) or insoluble in the icaction mixture (hetcrOgcncous), whether the insolubility 

results from molecular ~eight, crosslinking by chemical, thermal or radiation means or some 

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

------------·--··-~ ·----·-····--· 

,:;-:·· .. 
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elcva.Ied tempcratmcs in which the commercial carbonylation reaction is typically run as 

described previously. Another important fcann:c is tltat the polymeric support contain an cffcctive 

amount of rhe ionizablc group sufficient to suppon and complex with the rhcidium metal at 

necessary loading levels to .pl't)Vidc a beneficial catalydc ~vity. Examples of other polymeric 

· suppons include those that contain pendent diaryl or diaUcylphosphines. alkyl or aryl sulfides and 

sulfoxidcs off of a thermally stable vinyl backbone. 

As dcscri~ above, the polymer suppons useful in this invention may be 

hcrezogcncous but. such catalysu may also be soluble or homogeneous in the carbonylation 

teaaion medium. Thus. polymeric suppom wbich arc in 1he liquid sme may be used as catalyst 

suppons in the cari>onyladQQ reactions of this inwntion. Such liquid polymers typically arc not 

highly cross-linked or have a lower mole.cn•ar weiglu. Although the homogco.cous polymeric 

caalysu Will not have tho advamagc of lhe . hc=ogeneous suppons insofar as sepuad.on of 

modium c:malyst from me~ medium by physical~ may noc be n:adily acbioved. die 

polymeric support in view of the multiplicity of binding sites cont3hicd thezcin will be able to 

bind sufficient rhodium to vastly inczease rhodium lcvcts in the reaction medium over the 

homogeneous S}'S1mlS used ·ro date. Thus. it is expccrcd· that rhodium levels grcarer than SOO 

ppm are n:adily achievable milizblg polymer suppons. ·Like the heterogeneous sysum;as. 1hc 

homogeneous polymeric $Uppoi1S must be able to witbsmul the continuous operating conditions 

of the carbonylarlon tcaetion including susuincd tcmperalUrCS of above 1SO'C. Other 1han the 

· limitation rhat such polymers be stable at clCvatcd ~ for sufficient periods of time • 
. 

there is no other limitation n:gatding the polymeric support other than rhat such polymers should 

be able to bind or complex with or ~thcrwisc capture the alkyl iodide promoter and the catalytic 

rhodium ·species. It is contemplated rhat these homogeneous pqlymeric catalystS can be useful 

either in the high water or low water carbonylation reactions. Like the heterogeneous system. 
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it is contemplated that the homogeneous polymeric suppons provide greater man 500 ppm 

rhodium in the reaction medium and/or under the low water carbonylarion allow for TI:duccd 

iodide salt stabilizer which needs to be incorporated for stabilizing the rhodium species. 

The polymcr-supponcd. rhodium carbonylation catalyst of this invention can be 

used in the carbonylarion of methanol under the standard high water carbonylation condidons as 

has been commca:ially practiced consistent with the teachings of Paulik ct al. U.S. Parent fl.lo. 

3,769.329. Ptcfcrably, the catalysts of the pn:scnt invention arc used in the low war.er 

carbonyladon of methanol as developed by Hoechst Celanese. The use of the low water 

technology with the polymeric catalyst bas scvcra1 advantages which have been cnumcmcd 

above. Again. these advantages include the fact that the k>w amount of warcr gre¢y 1'Cduccs the 

amount of equipment. energy and respecdve costs involved in separating the product fmm the 

rcacdon witter. Addidoaally, inasmuch as thc polymcdc support binds die rhodium. to die 

polymer mmix, the rltodium docs not prccipiwc and ·scale on the u:actor as in the pdor 
. ' , . . 

homogeneous system. In this mgard, the lithium iodide sta$izCr which bas been used in the low 

wau process to avoid the precipitation of the rhodium can be substandally tcdnccd. or totally 

eliminated. In view of the stability of the polymer for binding the Ihodium catalyst, rhodium 

loadings can be increased arid th~ improve catalytic activity:in the IC3Ct01". Still funher, on using. 

a heterogeneous polymer camlyst, recycling and rcpc:rad.on of the catalyn is readily 

accomplished using known separation prccedurcs such as'. by simply filtering the solid catalyst 

from the liquid reactants or decantadon of a liquid caralystfrom the l'CaCtion medium. 

Th.c low war.er carbonylarion using a polymcr-supporrcd rhodium catalyst of rhis 
•,:. 

invcnr:ion rcquiles a liquid n::action medium which may inc;:ludc any compar:iblc solvent such as 

pure alcohols. or mixnm:s of the alcohol f cedstock and/or the desired carbo1::ylic acid and/or 

esters of these two compounds. The preferred. solvent ~4.liquid reaction medium for the low 
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water carbonyla.tion process comprises the carboxylic acid product. Thus, in the carbonylati.on 

of methanol to acetic acid. the preferred solvent is acetic· acid. 

In the production of carboxylic acids in the low water process, water concentrations 

anticipated are below 14 wt.%, typically from between 0.1 to less than 14 wt.%, preferably below 

12 wt.%. most preferably between 1 and 6 wt.% based 011 .. the liquid reaction medium WaJJ:r 

levels below 1 wt.% are useful. in panicular for the prodttcti.on of anhyddde or coproduction of 

acid and anhydrldc. 

In accordance with the low wa= catbonylation process most useful in thc prcscm 

invention. the dcsimi icacdon ta1eS me obraincd even at mr WllCf com:enuadoas by including 
. .. . 

in the rcacdon medium an ester which cmrcsponds ro rhc ~ being c:arbonylatecl and the acid 

product of the cubonylalion rcacdon. Optionally. an ad4i.1ional iodide ion which is over and 
. .. 

above the iodide which is present as ·a caralyst pmmoter· ~ as mcmyl iodide or other organjc 

iodide can be includc:d. 111.us, in ·the carbonyladon of mctha~l to accdc acid. d1e esu:r is mcdlyl 

BC'CU!te and.the additional iodide .promo= is an iodide salt'.,}with lith.ium iodide being ptefca:cd. 

It will be gcncmlly m:oglUz.cd that it is the coaccnaatioa, ·of iodide ion in the cmlyst sys=n 

that is impomnt and not the ca1ion associated with the ·iodide. and tha1 at a given molar 

conccnaadon of iodide the ll8!Dle of the cation is not as Significant as the effect of the iodide 

concentration. Any mcl81 iodide salt, or any iodide· salt of any organic cadon. can be used 

provided that the salt is sufficiently soluble in the rcactio~:medium to provide the desired level 

of the iodide. The iodide salt can be a quau:mary 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 

metals of Group Ia and Group Ila of the periodic table: ~ set forth in the "Handbook of 

Chcmisuy and Physics" published by CRC Press. Ocvel#t. Ohio, 1975-76 (56th edition). In 
.. _;· ·. 

panicular, alkali metal iodides arc useful. with lithium i~ being pn:fcrrcd. 

.. . 
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While the additional iodide ion is an essential componcnc in rhe prior low water 

homogeneous catalyst system. this component may be eliminated in the polymeric catalyst system 

of the pxcsent invention. However. some additional iodide ion 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. Alternatively, the catalyst of this invention may .be added to a prior 

low water homogeneous ieaction system to provide additional rhodium catalyst stabilizing sites. 

In this case, up to 20 wt.% Lil or other iodide salt may be needed to stabili7.c and promote the 

dissolved rhodium conrcnt as like any other low water homogeneous sysr.cm as described in U.S. 

5,001.259. 

The carbonyladon reaction may be cmied out by inthmuely conmaing the feed 

alcohol. C5,!Ct' or ether which is in tho liquid phase. with gasc0Us carbon monoxide bubbJcd 

rhmugh a liquid reaction medium containing rhc rhodium catalyst dispcrsc:d wilhin. balogea­

comaining promoter, alkyl ester, and any addidonal solub~ iOclide salt promoter, at coodhions 

of tcmpetatme and pressure suitable U> form me carbonylatioll product. Thus. when the feed is 

methanol. the halogen-containing promoting conipOncnt will comprise methyl iodide (complexed 

with the polymer support) and the alkyl ester will comprise methyl accauc. The methyl acer.arc 

is present in amoums of from O.S-30, im:fcrably 1-S wr.CJJ, and the methyl iodide is prc$CBt in 

amounts of from S-20, and preferably 10-16 wt.%. The rhodium catalyst is present in amounts 

of from 200-5()()() ppm rhodium. In the pnor l()W water homogeneous system. medium lcvcls 

were preferably at 400-600 ppm although in prac:rlcc. rhodiµm levels wcm kept below 500 ppm. 

Using the polymeric catalyst, rhodium levels above SOO pp~ above 900 ppm and even from 1000 

to 5000 ppm may be provided since rhQdium precipitation is not a significant problem as it is 

with prior stabilized homogeneous systems. The high levels of rhodium significantly improve 

space-time yields. 
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Typical rcaciion temperatures for carbonylation wili be approximately 150-250-C. 

with'.tl.ie temperature range of about 175-220"C being the preferred range. The carbon monoxide 

.p~l.Pn=ssmc in the tcaCtOr can vary widely but is typically about 2-50 atmospheres. 

The polymeric caralyst of this invention is not only useful when used as the sole 

catal~:for the carbonyladon but may be mixed with the prior an homogeneous catalyst systems . . .-:' . . 

Thus; If, the polymeric catalyst is a solid or otherwise present as a hctcrogeneous phase in the 

~ .. medium such catalyst may be used in combination with the prior an homogeneous 

caialy~_-to funher enhance ~ levels and reactor productivity. It may be useful in such 

admi= .system under low water carbonyladon condilions to add a small amoum of iodide salt 

such·~: lithium iodide to stabilize die homogeneous c:mlyst. Addidonally. the polymeric c:mlyst 

whiclJ. .is used may be both a mixaJrc of hetcrogcncous polymeric c:mlyst and homogcacous 

pol~ ·catalyst. In such an insamcc, the thodium would be tightly bound to the polymcrlc 

catalyst :either in the insoluble or soluble form such dw liulc n any adctirional iodide salt . . . 
~ 

For the purposes of illusm%ing the invention. rcfcrcncc will now be made to the 

examples below which are directed to ~instances of prcpamion and use of the polymeric 

catalyst of this invention. The cx8.mplcs -~ illusuadvc only and arc not to be consa:uc:d .as 

limiting tb.o invention to chc specific embodiments shown therein. 

EXAMPLE 1 

In this example. a polyvinylpym>lidonc catalyst was prepared. Thus. 30.08 grams 

· of a cross-;linkcd polyvinylpym>lidon~ 100.0 grams of methanol. 188.4 grams of acetic acid. 75.4 

grams of~thyl iodide. 20.0 grams ofwatci'~ 0.7011 gram {Rh(acetate)J2 equivalent to 46.3% 

rhodium or 0.3246 gram of rhodium mctal·:\VCfC added to a Hastelloy C autoclave stirred and 

- - - ----···---
··-·--------
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healed to 190"C for 2 hours. The polymer calalyst was filtered from the liquid n:actants. The 
..:r· ·, .. 

mu:a.fC·oo~tained· 0.001845 gram of unabsorbed rhodium. The rhodium loading .on the polymer 

waSdetermincd by metal uptake and found to be 1.06290 of the weight of the polymer. 

EXAMPLE2 

Carbonyluion runs under low waicr conditions were conduclcd in a one li1cr 

Hastalloy C autoclave ID compare reaction rares between an unscabilm:d Rh system, a UI 

stabilized sysmm and the polymerically comdinatccl Rh cmlya dcscribcd in Example 1. In all 

runs in·rbJs example the inida1 n:acur warcr c:onc:cn~ was 2CJJ, the agiauor speed was 1500 

rpm and the tcaca' u:mpcmmc was 190'C. A cridcal parameter discovcrcd in dicsc amoclave 

~ts is that a ldadvely high agiauor s1hring speed is required to pmvem the mlCID1' from . ·:· .... .-

~ni CO mass trmsfcr limircd at the higher STYs. This phcnomenm is specific to 

labmatoty scale amoclavcs and is not common to well dcsigllcd comme:tcial JCaCtOrS. 

The initial reactor contents were weighed into the autoclave and comparadve nms 

were ti:Jadc to determine 1hc rclalivc kincdc activity of each catalyst system. In each case. a ioad 

of 200 grams of solution was used consisting of 38 grams of methyl iodide, S4 grams of methyl 

a.ccmrc:. · 4 grams of wmcr, · specified Rh conccnttations (as Rhl,), specified Rh-

polyviliylpym>lidonc concemradons, and ~.2 grams of Lil for the comparative nm which 

.· containc'1 LU. The balance of the solulion was acetic acid to obtain a mtal of 200 grams. In 

.:each case, the camlyst STY was determined by the CO uptake. 

The autoclave· was scaled. pressurized to 400 psig with CO and pmssure c:heckcd 

·· for 15 miiiurcs. after which the auroclave was slowly vented of CO to 150 psig and then heated 

: to 190"C. Once the desired tcmpcramrc was reached.· the autoclavc was further pressuritcd to 400 

psig and the stirrer was sumcd (1500 rpm). The ran:: of reaction was determined by monicoring 

--···-····--· -·- .·-
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chc amount of CO consumed vs. time. For this particular one ·liter reaction using 200 gm of 

catalyst solution. it was found that a ICaCtOr t.empcratmc control scheme using a cooling coil 

containing silicon oil was necessary to remove the beat of reaction and maintain an isothermal 

1909C reaction tcmpcmUrC so that accurat.e kinetic measmcmcnts could be made. 

The n:sults of thcsc experiments are shown in Table 1. 

472 ppm Rh (Rhl_,)· (unsiabilin:d) 

309 ppm Rh (polymer c:oordimw:d)* 

472 ppm Rh (polymer coordUwcd)* 

472 ppm Rh ow.>. 10.1 CJ& Lil 

917 ppm Rh (polymer cocxdimuecl)* 

TABLE l 

STY 
(mole/1-br) 

3.3 

8.2 

9.0 

12.3 

13.4 ·. 
' 

Soluble Rh 
(ppm) 

2 

4 

28 

• Rhodium loaded polyvinylpym>lidonc; caralyst for 309 ppm Rb = 2.9 wt% 
polymer catalyst, 472 ppm Rh = 4.4 wtCJ& polymer catalyst, 917 ppm 
Rh = 8.S ~ polymer caralyst of s0lmion 

Aftr.r the nm. the PQlymcr coordinated ~yst was scparau:d by filuadon from the 

solution and the JCSidual soluble Rh was measured to illusttatc the high degree of assocWion 

bctwccn ·the polymer and the active Rh specie. This high level of assaciatioa between the 

polymer and the Rh complex allows the use of higher Rh conccnmuions without suffering Rh 

prccipiwion or scaling problems common to rhc prior an processes. 

---- -----·---·-···--·--·-
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EXAMPLE 3 

The heterogeneous rhodium catalyst formed in Example 1 or insitu via addition 

_. of, for example, RhI3 with aoss-linkcd polyvinylpyrrolidone and methyl iodide (Mel), methyl 

accwc (McAc) and acetic acid (HAc) was used to produce acetic anhydride. A 300 ml Hastclloy 

C autoclave was charged with 4.46 g cross-linked polyvinylpynolidonc, 0.2237 g RhI3, 55.73 g 

HA.c, 27.12 g McAc and 19.60 g Mel The =actor did not coma.in any water nor was lithium 

iodide added. The mixture was bcatcd to <190"C under CO pressure, rhen rhc stincr was started 

and the =action prcs5U1'C was set at 400 psig. The reaction t.empcraime was ad.justed to 19<rC 

± 1-C. The initial CO uptake was measured and the STY rare of AciO production was calcnlaled 

to bo -1.07 molc/1 hr. In an~rhcrrun. previously used caralysi was charged with the HAc, McAc 

and Mel and the =iaion STY was calcu1atcd to bo 1.09 moldl hr. In both runs. rhc amount of 

rhodium Was fixed. at apprmimatcly 475 ppm basccl on the solUdoa weight. The rcacdon solution 

-
analyses of the reactor product liquid showed <2 ppm lhodium, which indicated no apparent 

. 
rhodium leaching. 

------- _,_ __ _ 



;~~-~~-:--~ 

20 l1'JH~llJJ 1,u1,1 
WHAT IS CLAIMED IS: 

l. A catalyst for use in carbonylation. comprising a polymer having pendant 

pyn'O~~~ groups supporting a medium species. 

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

3. The catalyst of claims 1 or 2 wbcn:in said polymer is derived from 

vinylpyrrolidonc. 

4. The catalyst of claim 2 whcmin said polymer is cmss-linbd 

polyvinylpynolidone. 

S. The catalyst of claims 1 or 2 whezein said polymer comprises pynolidaDc 

6. The catalyst of c:laim. S wbad.a. said pym>lidonc groups~ an alkyl iodide 
. 

and a rhodium species comp1cxed wUh said pynolidoac gimp. 

7. A catalyse for use m carbon~ comprising a polymer baWigpcndantdiaryl 

or diaJkyi phospbinc groups. alkyl or aryl sulfide groups or alkyl or myl suifoxidc groups off of 

a vinyl backbone. said pendant groups supponing a rhodium spc:cics. said polymer being stable 

at tcmpc:mm'CS of at Jcast,J1scrc. 
I 

8. The c3mlyst of claim 7 wbcicin said polymer is a solid. 

9. The eatalyst of claims 7 or 8 whmein said pendant group is complex¢ with 

an alkyl iodide and a rhodium species. 

10. The catalyst of claims 7 or 8 wbcrcin said pendant group is a diaryl or dialkyl 

phosphine. 

11. The catalyst of claims 7 or 8 wherein said pendant group is an alkyl_ or aryl 

sulfide. 

--- ----
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12. The catalyst of claims 7 or 8 wherein said pend.ant group is an alkyl or aryl 

sulfoxidc. 

13. In a process for the carbonylati.on of an alcohol. ether or ester to products 

comprising a carboxylic acid, the anhydride thereof or c:oproduction of said carboxylic acid 8Dd 

anhydride thereof under carbonylation conditions in a rcacrlon medium containing a rhodium 

catalyst and an iodide promot.c:r, the improvement which comprises using as said rhodium caralyst 

polymer containing pendant pym>lidonc groups. said pym>lidonc groups supporting a rhodium 

spcclcs. 

14. The process of claim 13 wlu=in said polymer is a solid. 

15. The process of claims 13 or 14 wbcrcin said polymer is derived from 

vinyl~lidonc. 

16. The pmccss of claim 14 whc=in said polymer is polyvinylpyrrolidone cross­

linked with divinylbcmcnc. 

17. The proc:Css of claims 13 or 14 whcrChi· said polymer comprises pynolidonc 

groups which support said ~odium species. 

18. The process of claim 17 wb.c:a:in said pyrrolidonc groups contain an alkyl 

iodUic and a rhodium species complexed with said pynolidonc gniup. 

19. The process of ·claim 13 whmcin said alcohol is methanol. said ester is methyl 
,.-..--/' 

acetate and said products comprise accjic acid. acetic anhydride or coproduction of acetic acid 

and acetic anhydride. 

20. The process of claim 13 wherein said iodWc promoter comprises an alkyl 

21. The process of claim 20 wherein said alkyl iodide promoter is methyl iodide. 

,_ 
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21. The process of claim 13 wherein said reaction medium contains a finite 

amount of water up to less than 14 wt.% and 0 to less than l 0 wt.% as equivalent molar lithium 

iodide of an iodide salt different than said iodide ~· 

23. The process of claim 22 wherein said·:f:odidc salt is lithium i~ 

24. The process of claim 22 wherein said· maction medium contains 0$ of said 

iodide salt. 

25. The process of claim 13 whcmin said reaction medium contains greater than 

SOO ppm of rhodium 

26. The process of clahn 2S whemin said ~on medium comains greaser than 

900 ppm Ihodium 

1:1. Tho pmccss of claim 26 wherein saiAi ·r=cdon nwlimn comprises 1000 to 

sooo ppm mcvUmn 
.•. 

28. In a process for the c:ubonylation of. an ak:ohol. ether or ester to products 

comprising a carboxylic acid. the anhydride thereof or coptoduction of said carboxylic acid and 

anhydride lhcrcof under carbonyladoa condidons in ·a rcaCtion medium comprising 0 up to Jess 

than 14 wt.% wmcr. a ihodium camlyst and an iodide pmmoccr. the improvement wlUch 

comprises using as saidihodium caiilysc a polymcrcon1aiJ1ing a~ which snppous said iodUJe 

promoa:r and rhocli1un 

29. The procc$s of claim 28 wherein said ·zcacdoa medium further comprises o 
. ·:. 

to less than 10 wt.% as equivalent molar lithium iodide oh~: iodide salt other than said promoter. 

30. The prOc:css of claim 28 wherein the aOX,µm of water present in said n:action 

medium docs not cxcccd 12 wt.%. 

31. The process of claim 28 whaein said'.PQiymcr is stable at tempcraturcs of at 

least 15CYC. 
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32. The process of claim 28 wherein said polymer is a liquid homogeneous with 

said reaction medium. a liquid heterogeneous with n:spcct to said ICa.Ction medium or a solid. 

33. The process of claim 32 whetcin said polymer is a solid. 

34. The process of claim 32 wherein said cmlyst comprises a mixture of a 

hercrogcncous catalyst composed of said liquid or said solid polymer and a homogcncous 

rhodium catalySL 

35. In a process for die carbonylation of an alcohol. ether or ester to products 

comprising a cuboxylix: acid. the anhydride dlclcof or c:opro;clucdon of said carboxylic acid and 

anhydride tbclcof under carbonyWion coudidons in a n:acdon medium comprising a rhodium 

cmlyst and an iodide promoter, the improvement which comprises using as said rhodium cmlyst 

a polymC,.: containing a group which suppons said iodide promoter and rhodium, said polymer 

being smble at said carbonyhuion conditions including a ~ of at least lSO'C. said 

rcacdon medium comprising greater than SOO ppm of said thbdium. 

36. The process of claim 35 whcn:in said reaction medium comprises gn:atcr" than 

900 ppm rhodium 

37. The process of claim 36 wherein said n:a.C:don medium comprises from about 

1000 to 5000 ppm rpodium. 

'.':·: 

38. The process of claim 3S whelcin said pol)'IDCr is stable at tcmperamrcS of at 

least lSO'C. 

39. The process of claim 35 w~ said p_olymcr is a liquid homogeneous with 

said tcaetion medium. a liquid heterogeneous with respect tO(iaid reaction medium or a solid. 

40. The: process of claim 35 whetcin said pot}imcr is a solid. 

~~~L.:._ .. _. 


