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POLYMERIC CAR_BONYLATION CATALYST SYSTEM

The present invention is directed to a novel catalyst useful in the carbonylation of

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

ﬂle"Monsanw process”. Although the Paulik et al parent discloses that the thodium catalyst can

catalystxs dissoived in the reaction solvent which typically is acetic aci

Od!dc._ Thc reaction is conducted by continuously bubbling carbon monoxxde gas through the

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-;-hcmv reacted or mixwures thereof with the desired arboxyhc acid end product and/or
csn:m of _-thcse two compounds. The preferred solvent and hqmd reaction medium for the process
zs thc dcsur.d carboxylic acid itself, i.c., acetic acid whc-zn mcthanol is being carbonylated to
, :-'.pmducc a.ccuc acid. -.

The Paulik et al patent also discloses that the addition of water enhances the

ircacuon rate of the carbonylation of the alcohol to the carboxyhc acid. Accordingly, commercial

™ Dcsuxptmn paged .0 to paged ...

_E.monoxxdeasmgmmu.s 3:769,329, issued to Paulik et al on Octobér 30, 1973, and known as

formation of acetic acid using the Monsanto process technology as dxscloscd in. Pauhk et al uuhzc S
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over 14 10 15 wt% water in the reaction medium. This had been characterized as the “high
water” carbonylaton process. Unfortunately, mcovcnng acetic acid in anhydrous or nearly
anhydrous form from such an appreciable quantity of .water involves substantial expenditure of
energy in distillation and/or additional processing steps such as solvent extraction, as well as
requires larger purification process equipment as comparcd with that used in purifying carboxylic
acid conmaining sigrificantly lower quantities of waser, “Thus, while reactor ouput of aceric acid
is_ highly efficient at high reactor water conccnnanons, 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.q:bonmmmmmcalwholinme
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, wpemallymethyl iodide, and rhodium present in a
catalytically-effective concentration. The invention themn resides primarily in the discovery that
.camlyasmbﬂiwandmcpmducdviwofdwcarbﬁjhﬁonmmmbcmﬁnmincda
surprisingly high Ievels, even at low water conccnmons. i.e. below 14 wt.% and even at 10
wi.% and substandally less, mthe reaction mdmm(despm the general industrial practice of
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
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levels. These results are a&xicvcd by mainmining in the reaction medium, along with a
camalytcally-effective amount of rhodium, at least a finite 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 jodide. The iodide ion is present as a simple
salt, with lithium iodide being preferred. The concentrations of methyl acetate and iodide 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 medinm employed improves the stability of the thodium camalyst, i.c.
resistance to caralyst precipitation, especially during the product-recovery steps of the pmcess
wherein distiliation for the purpose of recovering the acetic acid product tends to remove from
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 mixuure is decreased, the instability and,
- thus, precipitation of the thodium catalyst increases. Acco:dmgly. the amount of lithium iodide
" stabilizer which must be added has o be increased. It has further been found the aceric acid
product which is formed contains minute qmﬁdcs 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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acetic acid product has been able to remove the xmpunncs but such processes merely add
_additional cost to the process and bottle-neck pmducﬁ§n. |
" As an alwrative to the commcxmalhomogcucous camalyst systems employed,
attempts have been made to utilize a heterogencous rhodmm catalyst in the carbonylation of
methanol o acetic acid. Advantages of such a camlyst system include the easy separation of the
rhodium from the reaction products as weuasthedcégiifébpreveutpmcipinﬁonormﬁngofthc
rhodium from the reaction system as results in the homogcneous catalyst system. Reducing loss
of the thodium catalyst by precipitation and/or scalmgand the fike is very advantageous in view
of the high cost of replacing the rhodium. ItisnmhéieVe;lma:suchameinp:shavcbeenvay
suwcssfuLhowwa,anditismthxownwhcm-ﬁ;g:hubwnanymmcrdﬂappﬁcaﬁon
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, and assngned 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 the assignee of the application, are preferred

and compnsc pyridine rings attached directly at thc1r2- or 4-positions to the polymer backbone
which in tum is cross-linked with 2 small amount of ‘divinylbenzene. For reaction, presumably

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

iodide and loaded by reaction with a rhodium salt. ‘A bewer than 6-fold increase in catalyst

activity was described as being found in European Patent Application 277,824 over reported and
calculated values for the homogencous Monsanmpmecss However, actual side by side

comparisons of the homogencous catalyst with mé':'ﬁéicmgcncous catalyst described in the
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European patent application have shown roughly comparable activity using the heterogeneous
catalyst reladive to the high water Monsanto process, bu;_ the 6-fold increase as suggested has not
‘been duplicated. |

Earlier antempts to form a heterogeneous catalyst for the rhodium-catalyzed
carbonylation of methanol to acetic acid include that of Jarrell and Gates, Joumnal of Catalysis,
40, 255-267, (1975) wherein a stymnc-dmnylbemnccopolymer containing dipheny! phosphine
groups was used to support rhodium for both liquid 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 swbility of the bifunctiosal polymeric caralyst

Thepossibﬂityofsupporﬁngarhodidg;compoundongnionicmsin_suchas
Dowex 1-XB, Bio-Rex 9, or a possible'cepolymer of styrene and 4-vinyipyridine alicylated with
methyl iodide has been described by Drago ezalg_:gg_gr_n_ex_:_a._, 20, 641-644 (1981). This article
incladed no experimental results using the saggested 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



pmssms of 80 psi were used. Mp'movcr, it was belicved that doubling the amount of supported
catalyst (and thus the rhodium present) resulied in a corrcsp‘_o_ndingdoubiing of the reaction rate,

and that an effective method of carrying 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, 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
resulnng.low space-time yields would be needed to have apyhopeofpmdudngacommucial
product. These mild Drago et al conditions are nonetheless required by most ion exchange resins
;..ivhich arc not stable, for example, at sustained elevawdmmemnues above 130°C and
‘approaching 170°C. Thus, at conditions of carbonylation of at least about 170°C, the catalyst
fiould be stable and not form substantial amounts of degradation products for af least about 6
:;-tnonthstobccommetciallyviable Thepanentconciudestﬁatlargeconcemﬁonsofcamlym
'f'relanvctohquxd.pmculadymaﬂowprooess,wﬂlzesuhmvuynpxdmonmteswnhthe
'_'pmcesspmfemhly being carried out at these lowenempmunesunderhssmoswe conditions
than processes using conventional homogeneous catalysts. Altho.ugh-polyvmylpyndmes as such,
ﬁif-aremennonedaxonepmntmtheDragoetalpamm.noexamplesmgwenofﬁmrpzepmnon
l-__i_.for use. The examples are instead limited to one example of apolysty:me bound pyridine and
to commercially available anionic exchange resins xdcnuﬁed-- as Amberlite 1RA-400 and Dowex

" 1-XB which have been used as catalysts for the hydmformylanon of olefins.
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There are stll additdonal examples of utlizing polymeric supports for thodium
catalysts used in the carbonylaton of methanol to acetic acid. Soviet Union Patent 1,108,088
utilizes a complex of rhodium with polyecthylene oxide and an alkyl halide promom 10
manufacture acetic acid by carbonylating methanol. Yuan et al, Chinese Journal of Polymer
Science, Vol 7, No. 3, 1989, page 219, carbonylated methanol to acetic acid by complexing
rhodinm with cthylene diacrylate-crosslinked copolymers of 2-vinylpyridine and methy! acrylate.
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 include a
polyvinyipyrrolidone, 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
whether there exists any commaercial reactors uulmngsuch technology. One reason for this is
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
commercially vxable carbonylation Mon conditions.

Increased rhodium levels are known to pmvxdc increased catalytic activity and
increased production of acetic acid in the reactor and, thodmm levels of up to 1,000 ppm have
been disclosed in aforementoned commonly assigned pa:cms U.S. 5,001,259 and U.S. 5,026,908.
However, the use of thodium levels of 500 ppm and above ll?avc not been used on a commercial
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



concentration although at the low water concentrations, the precipitation problem with rhodium
levels of 500 ppm and above are'su_bstann'ally more pronounced. Under the low water conditions,
a substantial amount of iodide sait stabilizer, typically IO%and above is required to control
rhodium orecipitaﬁon. In the high water process, increased rhodium levels also lead to
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
product. The heterogeneous system disclosed in European Pawnt Application 277,824, discussed
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
substantially above 1,000 ppm. However, to stabilize the homogeneous rhodium catalyst requires
greater than 10% ofasmbiﬁzerwhichist.ypieeuyaphosphine-typemonodenm'ligand.
Obviously, the need to use increased amounts ofﬂ:estabil_i,ze_rinaeasesd:eeostofthepm
with respect 0 starting materials as well asmpmfymgoosts .

Accordingly, anmmobjectofmep:e@invenﬁenismpmvideapms
for the rhodium-catalyzed carbonylation of methanol toacenc acid, carbonylation of methyl

acetate to acetic anhydride or coproduction in which in the reactivity of the catalyst can be

greatly improved without the need for substantial levels of stabilizing salts and in which overall

productivity can still be maintained.

W
It has nowbeenfoundthauheearbonyhnonofaloohols esters and ethers to acids,

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

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

heterogeneous with respect to the reaction medium. The polymeric supports are capable of
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9
providing stabilized rhodium levels in amounts grcamrthanSOO ppm in the reaction medium and
so bind the rhodium that under low water carbonylation cox@t_ions the amount of iodide stabilizer
can be substantally mduccd. if not chmmaxzd. A pamcular useful catalyst' comprises an
insoluble polymer having pendent pyrrolidone groups whii:f;-suppon the rhodium species. The
cmost prefecred casalyst is a slightly crosslinked polyvinylpysrolidone which is loaded with 2
rhodi_nmsaltcirhcrinthemactororasapmformedmami?i.

By usilizing the polymeric catalyst of the present invention under the low water
conditions as set forth in previous Pareat U.S. 5,001,259, the commercisl process would realize
the advantggc of low encrgy consumption, smaller opctanng -equipment and lower by-product
yields (ic., organic jodides, carbonyls and unsamrased organics). The polymeric caralyst of this
invention firmly holds the rhodium on the support and, thus, less rhodium losses are generated
mulnngmless rthodium usage. Atthesamcnmc.mamchasmcpolymencsuppoucanﬁmny
hold the rhodium, higher rhodium loadings can be effected thus vasdy improving the reactor
output. .

While the preferred catalyst utilizes a polyv‘_i____n__yl_pyxrolidone support, the inveation
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 the.:pol)-imcrsupponoon_miﬁs any atom

_thchconmnsanunsharedelecu'onpalrandcanformanmmccompleanhrhodmmandls

thermally and chemicaily stable at commercially viable carbonylanon conditions. Thus, any

polymer support which contains a nitrogen, phosphorus or :sulfur atom in its backbone, and,

more preferably, pendent to the backbone and exhibits adequatc thermal and chemical stability

at commercially viable carbonyladon conditions can be uscd in the low water carbonylation and

would be belicved to offer all the advantages described a;_ _
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DESCRIP’_ITION OF THE PREFERREI? EMBODIMENTS

The present inveation is primarily concerned with an improved polymeric catalyst
for use in the carbonyladon of methanol or methyl acetate to form acetic acid and as well
operating under anhydrous conditions to form acetic anhydride or to coproduce acetic acid and
acetic anhydride. The catalyst of this invention comprises a polymer support which contsins
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
comprise a heterogeneous specxcse:ﬂxcras aliquidmhas;tdimdlhnidoraéuo!id. 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 sbove clevated
temperatures for at least 6 months and, most preferably, for-a_{em 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 rhodiom
conteiit of 300-500 ppm.
' A preferred polymer support is an insoluble polymer having pendent pyrrolidane
groups which support the rhodmm speqzs. The most p:efmed catalyst is a polyvinylpyrrolidone
whxchhasbeencmsshnhedandﬂmdmmloadedasdﬁmibedabove 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 ageat such as disclosed in chman 2,059.484. These references are herein incorporated
by reference. This preferred caj:ﬂ;ész is prepared by reacting the polymer support with an alkyl

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

\\\\\\\\\\\\\\\\\i\‘iﬁﬁ\ii“’
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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 resin bead form to what otherwise
constitutes as the homogencous medium for the methanol carbonylation reacdon. Such

carbonylation reaction medium includes methanol and/or methyl acetate, acetic acid and a small

amount of water in a pressure vessel along with a thodium compound and an iodide promoter.

The preferred promoter for the manufacture os acetic acid and derivatives is mothyl iodide.

Rhodium triiodide and rhodium acewate are the 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&ﬂucpolyvinylpyﬁdhweopolquasduaibedinﬁmopmm

-277,824 and commercially available under the tradcnameofReillcx@ﬁ'om Riley Tar and

Chemical Corporation of Indianapolis, Indiaua, may be useful. Still further, polymeric systems
which contzin any phosphorus, sulfur or nitrogen group which can be complexed with an alkyl
halide such asmcthyliodidcandtherhodiumsakcanbeusefulpolymcﬁcsuppbmforﬁm

" heterogencous catalyst and find use in the desired carbonylation, in particular, under the low

water carbonylation conditions. These groups are preferably contained in pendant chains w the

~ backbone of the polymer but may be part of the backbone itsclf. In this regard, any suitable

polymer which can be complexed withanalkylhalidc'axix_drhodium,anddmissolublc
(homogeneous) or insoluble in the reaction mixture (heterogencous), 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
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elevaied temperatures in which the commercial carbonylz.nion reaction is typically run as
described previously. Another important fcaun_'c is that the polymeric support contain an effective
amount of the ionizable group sufficient to support and comblex with the rhodium tﬁeml at
necessary loading levels to provide a beneficial catalytic activity. Examples of other polymeric

- 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 caalyst from the reaction medivm by physical means may not 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
ppin are readily adnevable uilizing polymer supponts. Like the heterogencous systems, the
homogeneous polymeric supports must be 2ble to withstand the continuous operating conditions

" of the carbonylation reaction including susmined mmperamms of above 150°C. Other than the
* limitasion that such polymers be sable t elovased tmperatares for sufficieat periods of ime,
there s no other limitation regarding the polymeric support other 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,
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it is contcmplated that thc homogencous polymeric suppons provide greater than 500 ppm
_rhodium in the reaction medium and/or under the low '_-s_v_atcr carbonylation allow for reduced
iodide salt stabilizer which needs to be incorporated for stabilizing the rhodium species.

The polymer-supported rhodium carbonylaﬁon catalyst of this invendon can be
used in the carbonylation of methanol under the standard high water carbonylation conditions as
has been commercially practiced consistent with the teachings of Paulik et al, USS. Patent No.
3,769.329. Preferably, the catalysts of the present 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 andtespecﬁvccostsinvolvedinscpuaﬁggmcpmduct&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 MS to avoid the precipitation of the thodium can be substantially reduced, or totally
climinated. In view of the stbility of the polymer for binding the rhodium catalyst, rhodivm
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 andldr the desired carboxylic acid and/or

esters of these two compounds. The preferred solvent ﬁné__l__iquid reaction medium for the low
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watcr carbonylation process compriscs the carboxylic acid product. Thus, in the carbonylation
of mcMol 1o acetic acid, the preferred solvent 1s accdc'a@

Igﬁg;prﬁducdonofcarboxyﬁcaci&imhebwwmpmm&wamwncmuaﬁons
anticipated are below 14 wi.%, typically from between 0.1 to less ﬁm 14 wt.%, preferably below
12 wt.%, most preferably between 1 and 6 wt.% based o_g@c 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
maisimpmntmdnmﬂwudonassodamdmﬁdxﬁwiodidaandﬁmuamm
concentration of fodide the namre of the cation is not as significant as the effect of the fodide
concentration. Any metal iodide salt, or any iodide sait-of any organic cation, can be used
provided that the salt s sufficently soluble in the reaction medium 1o provide the desired level
of the jodide, Theiedidesaltcanbcaqnamnmysaltof%b:ganiccaﬁonormciodidesalwf
an inorganic cation. Preferably it is an iodide saltofaniéiiberofthc group consisting of the
metals of Group Ia and Group IIa of the periodic tableas 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.
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While the additonal iodide ion is an essential component in the prior low water
homogencous catalyst system, this component may be eliminated in the polymeric catalyst system
of the present invendon. 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 w.% may
be useful for such purpose. Altematively, the catalyst of this invention may be added o a prior
low water homogeneous reaction system to provide additional rhodium catalyst stabilizing sites.
In this case, up 10 20 wt.% Lil or other iodide 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 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

Hllll IIIIII IIIII I




16

Typical reaction temperatures for carbonylation wili be approximately 150-250°C,
wnhthc temperature range of about 175-220°C being the preferred range. The carbon monoxide
pamal pressure in the reactor can vary widely but is typically about 2-50 atmospheres.

" “The polymeric camlyst of this invention is not only useful when used as the sale
mmlystfor the carbonylarion but may be mixed with the prior art homogencous caralyst systems.
'Ihus,xfthepolymcuccamlystxs asohdorodxcrwxsepmscntasahcmgeneous phase in the
reacnon medium such catalyst may be used in combination with the prior art homogeneous
caxalysttofmtherenhancerhodmmicvelsandmacmrprodncnvuy Itmaybeuscﬁ:linsuch
admiﬁ@d.syswmmﬂulowwamwbonyhﬁonwndiﬁomwaddamauamumofbdidcm
suchas lithium jodide to stabilize the homogencous caralyst. Additionally, the polym&ic 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
cmalyst of this invention. The examples arc illustrative only and are not to be construed as
limiting Qc_hs invention to the specific embodiments 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
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hcawd o 190°C for 2 hours. The polymer catalyst was filiered from the liquid reactants. The
ﬁlm'comamed 0.001845 gram of unabsorbed rhodium. The rhodium loading on the polymer

wasdcmtmmcdbymetalnptakcandfoundmbc1062%ofthcwcxghzofthcpolymzr

EXAMPLE 2
Carbonylation runs under low water conditions were conducted in a one liter
Has@éyCanmclavcmcompammacﬁonmsbemnmunsmbﬂ'dehsymam
smhﬁmdsysmandthcpolymenaﬂymdxmﬁkhcamlystdesmbedmmh 1. Inall
'_ m_ﬁi-ﬂﬁsmhmmmmmmmmmgmww1soo
rpm and the reactor temperatrs was 190°C. A eritcal parameter discovered in these amoclave
expcﬁ#gsismaamhﬁvdymghagimsﬁrﬁngspwdismquhedmpmmﬁemﬁm
o beconiéngmmssmsﬁerﬁmimdamehighaSTYs. This phenomenon is specific to
. labmmryswcamdamandunoteommontowendeszgnedcommemalmcm
Thcmualmacmrconwnsmwezghedmmtheaumclavcandcompmvenms
wcmmadpwdemnﬁneﬁxerelaﬁvekineﬁcazdvityofmhcmiystsysm In each case, 2 total
of ZOOgrams of solution was used coasisting of 38 grams of medlyliodide,ﬁgtamofnxd:yl
'-aoetatz,4gmmsofwam.speuﬁedRhconcenuanons(asRm,).spemﬁedRh-
:'_':_polyvmylpymhdonc concentrations, and 202 grams of Lil for the comparative run which
contzined LiL. The balance of the solution was acefic acid 1o obtain a total of 200 grams. In
| ‘each case, the catalyst 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-"-w 190°C. Onecmcdcsxmdmmpmmmwasmacmmamcimmsﬁnﬂmpmssmmdmwo
psig and the strrer was started (1500 rpm). The rawe of reacton was determined by momtormg
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the amount of CO consumed vs. time. For this particular onc liter reaction using 200 gm of
mtalyst solution, it was found that a reactor temperature control scheme using a cooling coil
contammg 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.

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

Afm&cmﬂpmlymmﬁnawdqﬂyamxmmdhyﬂmﬁmﬁomm
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.
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EXAMPLE 3

The heterogeneous rhodium catalyst formed in Example 1 or insitu via addition
" of, for example, Rhi, with cross-linked polyvinylpymolidone and methyl iodide (Mel), methyi
acetate (MeAc) and acetic acid (FLAc) was used to produce acetic anhydride. A 300 mi Hastelloy
C amoclave was charged with 4.46 g cross-linked polyvinylpymolidone, 0.2237 g Rhi,, 55.73 ¢
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 stitrer 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
analyses of the reactor product liquid showed <2 ppm thodium, which indicated no apparent
rhodium leacfxing. ‘.
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WHAT IS CLAIMED IS:

1. A catalyst for use in carbonylation. comprising a polymer having pendan:

pyrrolidone groups supparting 2 rhodium specics.-
| 2. The caralyst of claim 1 wherein said polymer is a solid.

3. ’I‘hccaxaiystofclaims_lorZ\vhudnsaidpolymcrisduivedfmm
vinylpyrrolidone.

4. The caalyst 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. ThecamlystofclgimSandnsaidpydeomg:oupsgnnuinmﬂkyliodide
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
analkyliodidc@arhodiumspecia. . |
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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12. The catalyst of claims 7 or 8 wherein said pendant group is an alkyl or aryl
sulfoxide. .

13. In a process for the carbonylation of an alcohol, ether or ester to products
comprising a carboxylic acid, the anhydride thereof or coproduction of said carboxylic acid and
anhydride thereof under carbonylation conditions in a reaction medium containing a rhodium
catalyst and an iodide promoter, the improvement which comprises using as said rhodium catalyst

polymer containing pendant pyrrolidone groups, said pyrrolidone groups 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.

___._,,_————-——‘—‘—_’_'_'__—_"
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22. The process of claim 13 wherein said reactdon medium coatins a finite
amount of water up 1o less than 14 wt.% and 0 to less than 10 wt.% as equivalent molar lithium
iodide of an iodide salt different than said iodide promoter.

23. The process of claim 22 whercin said iodide salt is lithinm iodide.

24. The process of claim 22 wherein said reaction mediom contains 0% of said
iodide salt. |

25. mpmofciﬁmlswhuimsﬁd.mﬁmwmmmmﬁm
500 ppm of rhodium.

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

27. mmofdmzswmmig-mcﬁmﬁmwmpm 1000 to

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
mmpﬁm.nﬁngusddzhodimcaﬁyaawlymcénmiﬁngamwﬁchsuppmumiodﬁe
promoter and rhodium.

29. The process of claim 28 wherein smdxeacuon medinm further comprises 0
tolcsthanIOWL%uequivﬂentmohrﬁthinmiodidcoﬁé&iodidcsakotbctthmsaidpm.

30. The process of claim 28 whc:mnthcamotmtofwamrpmscntmsmdmacuon
medium does not exceed 12 wt.%. -

31. The process of claim 28 whercin said polymer is stable at temperanures of at
least 150°C. -
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32. The process of claim 28 wherein said polymer 1s é liquid homogeneous with
said reaction medium, a liquid heterogeneous with mspccz-b said rcaction medium or a solid.

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

34. The process of claim 32 wherein said caralyst comprises 2 mixmre of a
beterogeneous caralyst composed of .said liquid or said solid polymer and a homogeneous
rhodium catalyst. '

35. In a process for the carbonylation of an alcohol, ether or ester to products
comprising 2 carboxylic acid, the anhydﬁdcdlcmforcop;qdncﬁonofsaidcarboxylicaddand
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‘lcompﬁsing greater than 500 ppm of said shodium.

36. The process of claim 35 whueinsaidmacﬁionmdinmcompﬁscs greater than
900 ppm rhodinm. _

37. The process of claim 36 wherein said reaction medium comprises from about
1000 to SO00 ppm rhodium. |
38. The process of claim 35 whmnsmdpolymcr:s stable atw of at
least 150°C. | )

39. The process of claim 35 whersin said polymcr is 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.
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