2 9 SEP 2004 1 CATALYTIC COWGCSI TI ON FOR CARBONYLATI ON | NCLUDI NG
| Rl DI UM AND PYRI DI NE POLYMERS Techni cal Field The present invention rel ates
generally to the manufacture of acetic acid and nore particularly 2(9 SEP 2004

catal ytic conposition for use in a methanol carbonylation process i
a honogeneous iridiumcatal yst systemand a vinyl-pyridine pol ynmer.
Background Art Polymers are known to be useful in catalytic systens used
for carbonylating nmethanol to nmake acetic acid. CGenerally, polynmers are
suggested in the art as supports for catalysts. There is disclosed in
United States Pate NQ+ 15 3.8 S € '
carbonyl ation cata ALY '-“ = of met hanol to

make acetic acid, AINCIUDMNENRIBIUM ANIPYRIINEPO yMpRly Mer Suppor t
cont ai ni ng pendant pyrrolidoné groups Ich support a I-'um speci es. See
also United States Patent No. 5,281,359 to Scates et al. United States

Pat ent % 5?54E 755 to Yoneda et al. discloses a process for the

product ic acid from nethanol wherein the liquid systemis

contacted w ' ce.. ic.acid at a
t enper at ur e ?Fbo%ne %Zlg&%étgt%g %ﬁnﬁ%ﬁgﬁgﬁﬁé%@%ﬁ%@%i?@&§ %15 MFth a
parti al patias&iy @ adatalpidampaitivn focuefin 7 metﬁ@mk@frb@dﬂaﬂ@ﬂgh&e@ﬂn@hﬂiﬁg 29 (a)
t he water concentration of the solution. in the range of 0.5 - 10% by wei ght
and ( b)hamegeasaus dridiney Gagalyst gegemande vinydfoyndtheobimestn at 0. 15 or nore. The
supported catalyst is prepared as described in Exanple 1, colums 9-10,
wherein a cross-1linked polyvinylpyridine/divinyl benzene copolyner resin
I s | MreB&kdroufd At hanol with various catal ysts conponents and the various-
conponents are heated to a relatively high tenperature. The catal yst
obt ai ned i s Taly@ers ar kpoavn tocecuselivl insestalyticotysiems|uset] fog cabohylatingniethanol to
met hanol .and acetic-acid. after the solutjgn i,s contacted .wth carpbon
nonoxi d'@alfenacg?cﬁaécrl&'tge it %éy ’5’85{’?855 3r€isagge§ﬁgﬁﬂ%81e§{taqses§pmsefﬁf C‘T{Q?’St& FEIB3
to M nadficlésed 8l UnfieBSiated Patedt NBOSIH OB AL YES or SUP ROy HRMC QAR nYihGY
pyridine resin useful for making acetic acid. The rhodiumis supported on a
cr oss- | daplestisysteny sefyiriprithe e arbosy latiom ef methandido wiaky hequigracili, acetic aahydritksora
cross-lti,oﬁ}g. d@gr ee ofl 30- 60% atgore vol,une ofl.&). 1-0.4 rﬂé.gha'nd an aver age
pore di% g agaéﬁa_yxfwogfﬁgn 1ing Ig}eg.gant pyrrolidone groups which support a

rhodium species. See also United States Patent No. 5,281,359 to Scates et al.

¢l udi ng

United States Patent No. 5,334,755 to Yoneda et al. discloses a process for the
production of acetic acid from methanol wherein the hiquid system is contacted with a supported
rhodium catalyst to produce acetic acid at a temperature from 140° - 250°C and a pressure of 15
- 60 kg/cm’G with a partial pressure of carbon monoxide of 7 - 30 kg/cm? while maintaining (a)
the water concentration of the solution in the range of 0.5 - 10% by weight and (b) the
carbonylation degree Cn defined therein at 0.15 or more. The supported catalyst is prepared as
described in Example 1, columns 9-10, wherein a cross-linked polyvinylpyridine/diviny! benzene
copolymer resin is ixmncrsed"in methanol with various catalysts components and the various
components are heated to a relatively high temperature. The catalyst obtained is mi.xcd into a
reactant sohution including methyl iodide, methanol and acetic acid after the solution is contacted
with carbon monoxide in order to make acetic acid.

United States Patent No. 5,364,963 to Minami et al. describes a rthodium catalyst
supported on a vinyl pyridine resin useful for making acetic acid. The rhodium is supported on a
cross-linked vinyl pyridine resin wherein the vinyl pyridine resin has a cross-link degree of 30-
60%, a pore volume of 0.1-0.4 ml/g and an average pore diameter of 20-100nm. The catalyst
may be prepared by contacting the pyridine ring containing resin with an aqueous solution

containing rhodium ion and then contacting the resulting thodium ion carrying resin with carbon



may be prepared by contacting the pyridine ring containing resin with an
aqueous solution containing rhodiumion and then contacting the resulting
rhodiumion carryizlg resin with carbon 29 SEP 2004 2 nonoxi de and? &5EP 2004
al kyl iodide in an organic solvent to convert the rhodiumion to a rhodium
conpl ex bound to the resin. Acetic acid is produced by reacting carbon
nonoxi de with nethanol at a tenperature of 140-250C and a partial pressure
of carbon nonoxide of 7- 30kg/cm 2 in the presence of an al kyl iodide. See
al so European Patent Publication No. 0587, 331, Japanese Kokai No.

5- 306254, Japanese Kokai No. 5-306253, as well as Japanese Kokai No. 6-
285364. mdnbxidd a8t an alkyPatiatetin o organiG®| el tot apnient Steohodiumaion tdiashbddiass an

i nproved Monsanto- type process for, acetic acid preparation and a

het er ogEMBRIEX gﬁ'ﬁﬂ%‘t"t‘é‘gr‘?ﬁl— ohSRLIC "“FB{IS RERIYRTA DX IRFRE darronsmRBOXItR & ithet hod

conpris i 1 ' dern essure.of about
GoBo. pERHLAG 4 aRenELARLGH 1405 1 RS LRI B S R ERhOR SR 21 o, o

and a cagia/shtin thopREdte bY aRalkiyNididib|See BRb PilkspehnPatest PuIRANSA NG 0567 base,
N- oxi de or quaterni zed ridine groups suggorting a rhodi um speci es |'oaded

t o | esstapangse KpkaklNght-3Bed e Mpapesedeaes Mg, 2300313 kY welbfas d4panpsd Kokai No. 6-
conpone !%536| ridiumhas al so been utilized as the primary catal ytic netal
conpone it honbgeneous systens for the catal ytic carbonyl ation of

nmet hanol to ggRid Stafs iPQten(k:i NoESnepesntd’ Bfa%'?t%]n e P Gadek QR uﬁﬂmx‘cﬁ%&&'ﬁnmg 0

849 248 there 1s disclosed a process for the production of "acetic acid by
car bonytyat prgessi fohaaetic o prepayati eheandst Hramogenansl fuppoaed eaalyisyfor desdnvtishicg
thereof in a- rbonyl.ati on. reactor gtgntai ning a liquid reaction

conposi T §#Fne PUBCHGY £AMBPriseR RIS H8aRAl a6 harrbaanangxade undsrigpressyes ofe
co- cat K Wal ratinghnab r ' L, yl ate
S’ at 1XEL65-80 Bab Lk RORERTHE 178000 CHFIE ro e ot Bl CiodidEEids caBAFK D

t hat at corgrisiity drhasatable polpmer Hakinggr pnbarnfree dak MNbatie onquateizdrsuRinat er
concentration occurs and there is eng}hgyed in the liquid reaction

conposi PP YPPYFISE Fbedinmsweeies inzded wrirssiibam] kweighhpergent (pxpresred s meakal) i ne

earth r@tﬁépglgg'e%ém%%%f‘@' conpl exes capabl e of generating I-, salts

|
capabl e o ner at' and m xtures of two or nore. It is noted on page
4 of the EPArida48hasiibé bedn wilizell Afthepriogrp eaaptie inetdl GBrvonkhd hineMopBAsud

Fat i o RS Togh FoMHi cattonyon of Bt o aRetcse d. Angauppen BT To
1.5 1. Application Publication No. 0 849 248 there is disclosed a process for the production of acetic
acid by carbonylating wi_th carbon monoxide methanol and/or a reactive derivative thereof in a
carbonylation reactor containing a liquid reaction composition including an iridium
carbonylation catalyst, methyl iodide co-catalyst, a finite concentration of water, acetic acid,
methyl acetate and at least one promoter wherein the water concentration is at or below that at
which the maximum in the graph of carbonylation rate versus water concentration occurs and
there is employed in the liquid reaction composition a co-promoter selected from the alkali metal
iodides, alkaline earth metal iodides, metal complexes capable of generating I-, salts capable of
generating I- and mixtures of two or more. It is noted on page 4 of the EPA ‘248 publication
that a co-promoter such as lithium should preferably be employed in the range of 0.5 to 1.5:1.
That is, the molar ratio of the co-promoter to the iridium is in the range from 0.5:1 to 1.5:1.
Polymers have also been reported as useful in these systems.
WIPO Publication WO 98/57918 discloses a process for the production of acetic acid
utilizing a vinylpyndine supported Group VIII metal catalyst. In a typical embodiment, about 9
percent by weight of vinylpyndine is charged to a carbonylation reactor. See¢ example 1, p. 10.
Various supports have been specifically suggested for supporting iridium catalyst. There

is disclosed in United States Patent No. 5,892,110 to Ramprasad et al. a process for producing



Pol ymers have al so been reported as useful in these systens. W PO

Publicati on WD 98/57918 di scl oses a process for the production of acetic
acid wutilizing a vinylpyridine supported Goup VIII netal catal Vg SEP MR
typi cal enbodi ment, about 9 percent by weight of vinylpyridine i's charged
to a carbonylation reactor. See exanple 1, p. 10. Various supports have
been specifically suggested for supporting iridiumcatalyst. There 1is
disclosed in United States Patent No. 5,892,110 to Ranprasad et al. a
process for producing 29 SEP 2004 3 acetic anthydride by the reaction of
met hyl acetate; carbon nonoxi de and hydrogen at el evat erdhé .the RI esenge ~f
an al kﬁ‘Yl" hal i de Caﬁg\dt}% beterogenans schbkucmbiomenoxdsmperatiiegs “ahd
pressfre¥ ¢ YAt yst ‘that contains an insol &lgl e O|}%%E5Q€ffl’%xg BunspLant
quat ef %ﬁg%@%@%@g@ﬁ;@ﬂﬁ&prm’m clgk ARy dR) ﬁaegﬁi "groups are ionically
bonded” %" ani oni ¢ Goup VIII netal cog;gé ex%an}\gpqq miZe@ProBsieRe @fcupheme
phosptag@gasgfmupmthia'saglrhﬁ@h@é?jp‘?jbimlebmv : PG 7710 pat;nt r}gporég t han
in contrast to earlier processas, | 8faCesu PildmtadroommeitéceSsary

t o acloff exnécht plOSPRIEIZRYRS Uy ?&&%alﬁgr?og%éﬁ?%g pr oductpg ar eeas; | seg)t%raggrgd
fromthe .cgt alaleét%g 9%( fhdd §8hhORkind bendeataiodsie. chbe e i RBgEreEPrrY
consedEPRRET UHS R tHout Toss in acti vi ty. . In general the cafalysiscinclude
a pol et tté'é%eﬁﬁroaessed;,yamcwliﬁnﬁwr}ﬁéfﬁa@ﬁ%ﬂ ﬁfh’ﬁfgﬁf‘ﬁaﬁe groups and a” Group
VITI metal such as rhodiumor iri dgég §§g GRIMBy Filrbddie STrbedyst Tivebe i s
di sc| asadicnrendtROproPygisiaEatasYy ST Y8T 33890 a” suppor t ed cg’t al.yslt 6‘%2;@?%89
iridiumand, at | east_.on ; | .c58irecliedederahe helagisBupce ’ of
r ut herfEt¥RIed %ﬁlcﬁﬁﬁgﬁﬂxfﬁ “Sﬁ‘gg{g’gh%%% I adirgm é%gt I\ﬂi{n a{é? I heni um.depgsi ted
on a S%Eg%talﬂ%trg&i@hh pditant prapaihe drawppof € BrY al T%f & Carbon,

activated carbon, and Silicone oxide sources. See pace 6; lines 16-1 S. It
shoul dirfaprhoted ctlhzn 2. h@es\EH890 - publ i cati on does not di scl ose pol yner
supports, United Ia]t es, Pab #Ph P\Riclioch2w 0 8983520 Seyposted giatal Y S

pol yrer  supp8Fiedd SEEPaFS St " Threpar ed dlg% phot o-i rradi ati on.of hén%\fa\éal ent
transi{jon nehal &eBHeaxesmdanetl belasedsoR(BOFE P qsEeey O IS R (0o
in the presence of solid polyners. contai icpigngﬁ%ﬂ%:tggaﬁq SSpBHIE Mhazsizpol e

-, M MnohYidenudi, negster, palladipPRHFLEI%G 6T al - of ef i ns.dt o al deh d%;ﬁg%
anbi ent tenperatures_is ecifl Yl seh@s edd sllicoshowidd SBETCADt ¢d ;
the USPrefosedsiioRt PEpOFt ggt‘%%%dnt?%léﬂ catal ysts

lines 16-18. 11 should be noted that the WO 590 publcation does not disclose polymer

sUpports.

United Siate'; Patent No. 4,127,506 10 Groy ef al. discloses polymer supported catalyst

' 13t W VE tiop mea) complexes such as Cox(COls,
prepared by phoic-irradiahon of low val fant trensition me P

}U] CO‘ or Ru CO ntihep €nc olid polymers con 217N amine joenas such 2s
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polyvipylpyridine. Hydroformylation of all olefins to aldehy

Jv disclosed. It should be noted that the US 506 pate

v of rezciions including hydrogenzhion,

ifical nt reports that the catalysts
specifica

described therein are useful ina wide vane

e : f) mm 3 o the metals vseful
iSOI'.I’]“I'IJZZE'[':IO'Il hvciroformylation. ca:bony]anon, e1c. (SEE column _'J). Among
* 3 - " f=

) jckel, 1 1 jiurp, pailedium
in polymer matenals there are reciied cobalt, nickel, iron, platinum, rhodiurn, p2

' i 973ch ymm 4, lines 15 to 20.
maneanese, chromiwm, Hlamum, ruthenium, tantajurn and jridiumn. See columm 4.

' ' ; ine licand ordinating with the Jow valent
~ The polymer typically contains aimne ligands capable of coordu g

1 3 t 1 S
iransition meials, preferably terhary amines such zs pyridyl and the like. Among the polymer

specifically named are polyvinylpyridine, polyethylene imine, and po]yvinylbenznmzdazo]ﬁ.

There is disclosed in European Paient Application Publicaton No. 0 752 406 2 process

1 ) ] 1 ‘4 ubliceticn 3
for the progduciion of acetic acid by carbonylanon. According 1o this EPA 406 p
* he Jiquid in the pre irdium carbonylation
carbonylation is castied out in the 1iquid phase 13 the prasence of an indium ca Y

Lo £Lppd ) y o 1
i The be: it ect 07 ihe Premeier 15
caizlvst. 2 methy) jodide co-catalyst ane 2 promoter. The beneficial eil .



described therein are useful in, a wde variety of reactions including

hydr ogenation, isonerization, hydroforrrlylation ; carbonylation ,_ etc.
(See colum 3). Anong the nmetals useful in polynmer materials t her e 95EP 2004
recited cobalt, nickel; iron; platinum rhodiur,; adi um manganese;
chromum titaniurr, ruthenium tantalumand iridium See colum 4, |ines

15 to 20. The polyner typically contains am ne |igands capabl e of
coordinating with the | ow val ent transi%i on- netals; preferably tertiary
am nes such as pyridyl and the |like. Anohg the polyners specifically nanmed
are polyvinyl pyridine, polyethyleneimne, and polyvinylbenzim dazol e.

Ther e i $nliprceddy«entinuqushygpaiatriipag it liadreastan mmgisionawtgrosienNdan 6.5%6 by 406
a process. for th I ction of acetic aci rbonyl ati on.. Accotdi ng
ol t bt o st et 1B PRl Wit meBy FiorinEadn B3k Bty See Bl ofiRED s

i qui d phasEnEPA MOCUBRERRR, Placa) lintd 88 Bileq HrAGONdWink Qhat ;

met hyl P{gdi de CO-Cg[:}fil yst ahﬁeg. 2 nprom)l er, Theuﬁgﬁéﬁﬁ%igjla&%r cg%nﬁﬁgtfm}’he
pr cnTt eromis ca3n@rkaAt 200K ad cemdamcmdtalyy phasphinesi otisitrggerad otitaihiniggnipsents eui d

reaction conposition no greater than 6.5% b%/ wei ght water, | to 35% by
wei ght rHeaRgs WhiIChmayeduatdnize (rosibothold Redieghto himpnm igdhejeeaction compofdieniin n
EPA 406, pUB) LGAE 200 s P86 lon {h'e'?-?ascti%§ bﬁtgeﬁeerﬁlﬁnaaﬂd. followng that, in the

i ridiumsystem ionic contam nants such®as corrosion nmetals, phosphines or
ni trogen contiaithe fogegodigretietices) the hingamds poliintdd eApYoyad 3 i High inosdel th
shoul d be kept to a mnimumin the reaction conposition in order to avoid

adver se ag¢hasthacaiplystieetple dehasdreen jounsh hirheonigrpio thateaphingpeldoipngr art,
hnchor  eraovf Sralale8lorBRy AT rplneE falebuadiblsSe § (PP R i

t eachi ngstaBfzed bpstdthi or art, relatively small amounts of a pyridine pol ymer

I s advant ageous in a honobgeneous, iridium catalyzed system Sunmary of
I nvention It has been unexpectedly, and indeed surprisingly, found that the

additiog of reloghiw\é%!-é smal | amounts of a pyridine polyner to a

honogen rdfar al yst system enhances the carbonylation rate in the
manuf act ure Qf haGREh GndGetediFehitf indBdd/sutpidihgl ATBIY thaOfhe RABARRADI RSty as
0.01% or even |ower and up to about 2 wei ght percent or perhaps nore

dependi smabamayats of pqivaidingmedymento afwnefgeneus widivmvetdysisgeamanbanaes tieum
P ML AN R 85t S R O BARTR £160°
as 0.01% or even lower and up to about 2 weight percent or perhaps more depending on the
system appear to be effective. The homogeﬁeous indium system is well known and may include
various promoters and co-promoters as further described herein. In typical comrhercial
carbonylation processes, methanol and carbon monoxide are utilized as feedstocks.

The present invention thus provides in one aspect for enhanced, iridium-catalyzed
carbonylation of methanol and/or its reactive derivatives by way of providing a catalytic
composition including: (a) from about 100-6000 ppm iridium; (b) from about 1-70% methyl
acetate; (c) from about 1-50% methyl iodide; (d) from about 0.1 -15% water and (e) and
insoluble pyridine ring contatning polymer; wherein the weight ratio of the insoluble pyridine
ring containing polymer to indium is less than about 10.

Typically, the weight ratio of the 1nsoluble ring containing polymer to iridium is less than
about 5, with less than about 3 being preferred in some embodiments, whereas the weight ratio

-of the polymer to midium 1s typically at feast about 0.1 and preferably at least about 0.5.

Methyl 1odide ts typically present in the reactor between from about 1 to about 50 weight

percent, with from about 2 to about 35 weight percent being more typical. Indium 1s preferably

present from about 1000 ppm to abouti 4,000 ppm.



carbonyl ati on processes, nethanol and carbon nonoxide are utilized as

f eedst ocks. The present invention thus provides in one aspect for enhanced,
iridiumcatalyzed carbonylation of nethanol and/or its reactive 729SEP 2004
derivatives by way of providing a catalytic conposition including: (a)
from about 100-6000 ppmiridium (b) from about 1-70% nethyl acetate; (c)
fromabout 1-50% nethyl iodide; (d) fromabout 0.1 -15% water and (e) and
i nsol ubl e pyridine ring containing polymer; wherein the weight ratio of the
i nsol uble pyridine ring containing polyyer to iridiumis |ess than about
10. Typically, the weight ratio of the insoluble ring containing polynmer to
iridiumis less than about 5 wth less: - e Aot efigr fred i n
some enbodi m¥YRLE! 5‘\%@‘&\‘??%"\/@% é%c{lgrzﬁl%ﬂ%&naa?%glp%??ner t(()} i rlggtlt umis
typical ly at |east - froxiakll anddtorh eleat 1 ababiout( 05veighitfepgent

I odi de ?%"“t‘bp}i t@asqoyégf\gééﬁ%aﬁr%}gﬁgﬁgeg%tor bet ween from about | to about 50
wei ght bBﬁGP LoreqM th from about 2 to about 35 wei ght percent being nore
typical . Iridiumis preferably present from about. 11 000 B%@Jﬁn@lﬂﬁm
4,000 ppm 28/SEP 26tk Bawhe presestion g B FHEEMOS I RE™Y 8¢t on m xture in
at least a finite amoynt with fro : Bhoe i g hiei A7 pesaht
bei ng t piicedly feam 2PPY ta&ga'et%?’Slgﬁb%a%?%n‘gﬁf%ﬁ‘t?ﬁ%é%t bei ng %?gferred.
Met hyl acet ate \ :nd Photd8ptat.al ytic conposition in any suitable
amount ; meﬁ?’gflﬁ%} ﬁn?%oﬁgggﬁ%n?&t 0 1ggout 50 wei ght, per g&e?yt, withf ro‘ég about
3 to about 3% waidphi promioeemizy aiet bytmplozehifsoidssitade @ BIPTHEER BT e

typical. A suitable pronoter nay al so he_e if.45Q.dgsi red. Typical
pr onot epsmivme Co@Eoy WGW@%W%‘H@S %@ggyﬁ%ﬁ%&#poﬂnds as further

described herein. | d i FodeehSiesf thkMebdur 26 peicent, of ths siditmnin dtrout 20
percent of t 'épferﬂcﬁ?du?ﬁ%?(%g%i@ ‘catalytic mxture i s anchored on the
POl yITer .,k Ghiktie (yarzhott ol the palyrerowhensin Boapbowt b0 har LR BT 1 Rss of

the iridiumbeing anchored is. typicall referre h Itr A AL WikSre
M xt ur e perentari Inss efibtiridagn FeiRGACCRP1EH wagQ 8Fca%rfe;/ﬁ' Iulgglé lft han é{ébiout1 400

ppmis anchored to,fhe [ ore kRh18S SesQ @ o84 (0Nstine Atadhompd ke tnt or " 9%
as usedcﬂ’é‘F‘Bﬁsﬁ%ngéqua F{pgp%/ed?{%tprserce%tesof the reactor nixture and ppm

refers belyRedrt s per mllion -by weight of the reactor m xture.

15e indi "%’ i i t of the
Unless otherwise indicated, percent or “%" as used herein refers to weight percen

reactor mixture and ppm refers to parts per million by weight of the reactor mixture.

'Brief Description of Drawing
The invention is described in detail below with reference to the single figure which

includes a plot of space-time-yield ("STY") measured as moles CO/l shr versus weight percent

polyvinylpyridine charged to the reactor as well as a plot (utilizing the same abscissa and an
alternate ordinate) of % inidium anchored to the polymer versus weight percent

polyvinylpyridine charged to the reactor.

Description of the Preferred Embodiuments

The present invention 1s directed generally to the carbonylation of methanol and its

reactive derivatives with carbon monoxide in a hornogeneous catalytic reaction system

comprising a reaction solvent (typically acetic acid), methanol and/or its reactive derivatives, a
=]

soluble iridium catalyst, at least a fimite concentranon of water, as well as an insoluble pyndine

rine containing polymer ang optionally including an osmium or ruthemum promoter. The
= -

carbonylation of methanol utilizing iridium catalyst is well known and 1s generally described in

the following United States Patents: 5,942,460, 5,932,764, 5.883.295: 5,877,348;; 5,877,347

and 5.696.284 the disclosures of which are hereby incorporated by reference into this



Brief Description of Drawing The invention is described in detail bel ow
with reference to the single figure which includes a plot of
space-tine-yield ("STY") neasured as nmoles CO'1 hr versus wei ght p%lgcséﬁtmm
pol yvi nyl pyridine charged to the reactor as well as a plot (utilizing the
sane abscissa and an alternate ordinate) of %iridiumanchored to the

pol ymer versus wei ght percent polyvinylpyridine charged to the reactor.
Description of the Preferred Enbodi nents,.The present invention is directed
generally to the carbonylation of net hangl and its reactive derivatives

wi th carbon nonoxi.de i.n a. honbgeneou cata] yti c reaction system
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pol ymer khelvopti onal ly including an osmi um or rutheniumpronoter. The

carbonyl ation of nethanol utilizing iridiumcatalyst is well known and is
general | y des¥iabledesqiivednavatives ofunathatypliindlddSmathas aadtendisetty) 8thiar 460
5,932,764;,. 5, 295; .5, 877, 348;: 5,877,347, .and 5,696,2 84 the
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relatively small anounts of pyridine polyner surprising ennances tha
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reactive g?’ri vatives of ﬁhanol .include nmethyl acetate, dinmethyl ether and
met hyl PBRPEYE PRETHL3Se MEUHT 254t h e Lighift reachian; cpangsitiop dvi reessionhsitteafetiony

be used Sk i N afa the ' .1on._ Preferably,
met hanolaajgn%/ or rargﬁﬁdt'agiel?g?%%gﬁgﬁﬁls@éh %Eﬁlgé%gﬁgif “I%IEM%N'?%%? g EL‘E‘)‘?ta'z‘éhe
met hanolis suiblyrin teaehpe of atent ¥ at 70% byhesigiaf puidriblh abeamvier30es by dveigNgost

hence present, as, th acetate in the liquid reaction conposition by
react i oﬂ?"‘%ﬁ“h”fi’@?ﬁnfto%%%&ymct or solvent. The concentration in the
l'iquid react npQ.CQREPEs k.l of:.a: . i itably in the range of
about 1 to 70% by \j\!gi gE‘%’Jf“%gr"g{“é‘%a%mﬁk‘gﬁgﬁiﬁi‘g%‘%&f‘ lgn\?@féﬁ“?plﬁn the
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liquid reaction composition. Water may be separated from other components of reaction
composition withdrawn from the reactor and may be recycled in controlled amounts to maintain
the required concentration of water in the liquid reaction composition. Preferably, the
concentration of water in the liquid reaction composition is in the range of about 0.1 to 15% by
weight, more preferably about 1 to 15% by weight, most preferably about 1 to 10% by weight.

The iridium catalyst in the liquid carbonylation reactionr cOmposition may comprise any
ndium-containing compound which is soluble in the liquid reaction composition. The iridium
catalyst may be added to the liquid reaction composition for the carbonylation reaction in any
suitable form which dissolves in the liquid reaction composition or is convertible to 2 soluble

rform- Examples of suitable iridium-containing compoundé which may be added to the liquid
reaction composition include: IrCl,, Irly, IrBr,, (I{CO),I}, [Ir(CO),Cl],, [Ir(CO),Br],, [Ir(CO),L,}
H, [Ir(CO),Br,TH', (I(CO),LTH", [Ir(CH)L(CO,'HY, Ir,(CO),,, IrCl,3H,0, IrBr;3H,0,
Ir,(CO),,, indium metal, Ir,0;, Ir(acac)(CO),, Ir(acac),, (acac) refers to acetyl acetinato, iridium
acetate, [Ir;0{OAc)((H,0),][0Ac], and hexachloroiridic acid [H,IrCL]. More preferably,
chloride-free complexes of iridium such as acetates, oxalates and acetoacetates are employed.

The iridium catalyst concentration in the liquid reaction composition is in the range of
about 100 to 6000 ppm by weight of iridium, preferably from about 1000 to about 4000 ppni.

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



I ntroduced to the carbonylation reactor together with or separately from
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concentration of water in the liquid reaction conposition. Preferably, the
concentration of water in the liquid reaction conposition is in the range
of about 0.1 to 15% by weight, nore preferably about | to 15% by wei ght,
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l'iquid reaction conposition is in the range of about 100 to 6 ppm by
wei ght c#bopt ﬁOcﬂldﬁhlgEﬂ enaegstiprablycborb A3 Babdl:k oA swicible mOO®grmoncentration is

Pr onot er el rs may be used as part of the catalytic system of
t he pres%ﬁ@ogtgéglg%g%éﬁl'7 invention as described in European Patent
Application %'prﬁﬁbte@ﬁlabk&omgri%&yzs‘lﬁab&%@oxﬂbt&ﬁh@é&ll’:@taiﬂfnc%‘m)n%uha WIREERY

i ncorporated by reference. Suitable pronoters are sel ected from rutheni um
osmi um selbipsindhe Liguid Aeaghon e¢mpositidd M hgrpromAtr ;ay bgatifsdimthaiqudmeantipn and

are nore referably selected fromrutheniu osm. unj. theniumis, the
most or SPEPPEHOR AR EFOSSIEnIrRERY I ARC P RIPes SR il B et

ef f ect | eachidR ¥binpbfitib®ot I8 @ohveritic &f sditisle $ett DEtdmipled JF shiftsble hitiHimt €act i on
conposition and/or any |iquid process streans recycled to the carbonyl ation

react or chpiginingeorapainile whishdnayelsoved ps seuaers. of Premgsebimolude nitbersuint @) y
ot 1 cichRrse st g BRBH4 Byrb SR By e Py oAl ebum Gy Boride. o
pr ef er aly he@bRthethl) r@Berditmbxides, ruttnfith HAYEREQ IRERIOYAFIEC RE@ID . S
[Ru(CO),L,], [Ru(CO),L1,, tetrafaceto)chlororuthenium(ILIIT), ruthenium (I1I) acetate, ruthenium
(IIT) propionate, ruthenium (III) butyrate, ruthenivm pentacarbonyl, trirutheniumdodecacarbonyl
and mixed ruthenium halocarbonyls such as dichlorotricarbonylruthenium (iI) dimer,
dibromotricarbonylruthenium (II) dimer, and other organoruthenium complexes such as
tetrachiorobis (4-cymene)diruthenium (II), tetrachlorobis(benzene}diruthenium(II),
dichloro(cycloocta-1,5 diene) ruthenium (II) polymer and tris{acetylacetonate)ruthenium (III).
Examples of suitable osmiufn-containing compounds which may be used as sources or
promoter include osmium (III) chloride hydrate and anhydrous, osmium metal, osmium
tetraoxide, triosmiumdodecacarbonyl, [0s(CO),L], [Os(CO),1,],, [Os(CO),1,JH', pentachloro-p-
nitrodiosmium and mixéd osmium halocarbonyls such as tricarbonyldichloroosﬁaium (I) dimer
and other organoosmium complexes.
Examples of suitable tungsten-containing compounds which may be used as sources of
promoter inciude W(CQO),, WCl,, WCl,, WBr,, WIP or CH,,W(CO); and any tungsten chloro-,
bromo- or iodo-carbonyl compound.

Examples of suitable rhentum-containing compounds which may be used as sources of



about 100 to 15,000 ppm The pronoter may conprise any suitable pronoter
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range of about 1 to 50% by weight, preferably about 2 to 30% by weight.

The carbon monoxide reactant may be essentially pure or may contain inert impurities
such as carbon dioxide, methane, mitrogen, noble gases, water and C, to C, paraffinic
hydrocarbons. The presence of hydrogen in the carbon monoxide and generated in situ by the
water-gas-shift reaction is preferably kept low, for example, iess than about 1 Bar partial
pressure, as its presence may result in the formation of hydrogenation products. The partial
pressure of carbon monoxide in the reaction is suitably in the range of about 1 to 70 bar,
preferably about 1 to 35 bar, and most preferably about 1 to 15 bar.

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

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

The process of the present invention may be performed as a batch or continuous process,
preferably as a continuous process.

The acetic acid product may be removed from the reactor by withdrawing liquid reaction
composition and separating the acetic acid product by one or more flash and/or fractional

distillation stages from the other components of the liquid reaction composition such as iridium



pronoter include Hg(OAc)2, Hgl2, HgBr,, HgCl2, Hg2l2 and Hg,d 2 .

Exanpl es of zinc-containing conpounds which may be used as sources of
promoter include Zn(QAc)2 , Zn(OH)2 , Znl2 , ZnBr,, ZnCl , and zi @d SEP 2004
acetyl acetonate. Exanpl es of suitable galliumcontaining conpounds which
may be used as sources of pronoter include gallium acetyl acetonate,

gal lium acetate, GCl3, GBr3, Gla, G2CI4 and Ga(0OH) 3. Exanpl es of
sui t abl e i ndi um cont ai ni ng conpounds whigh nay be used as sources of
pronot er include indium acetylacetonate,” i ndium acetate, 1nC 3, 1nBr3,
Inl3, Inl and | 3. Preferably, the cqncentration of nethyl iodide in
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process, referably as a continuous process., The acetic acid product may
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conposi tdivinylsercdenaopolythetsnfatders, EyHe0der® andidaliyglbendeti, ke polymeast or

osm um Qrgn?fnhggt?ngfpygﬁ'i[n@yalnd id?v?rilysjlgénz\évgé gd c%gglylxjr?e%so Qfs 31%31?33:333@} r%gtth?l acrylate and
ethyl diacrylate. Particularly preferred polymers are described in United States Patent No.
5,334,755 to Yoneda et al., the disclosure 6f which 1s incorporated herein by reference.
Relatively high degrees of crosslinking in the polymer is most preferred.

it is important that the above pynidine ring-containing polymer should be cross-linked by
at least about 10%, preferably at least about 15% or 20% and up to about 75%. A degree of
cross-linking below 10% is disadvantageous because the mechanical strength of the polymer
may degrade during use. As the degree of cross-linking increases, the availability of the polymer
surface may be unduly restricted. A maximum degree of cross-linking of about 50 or 60 percent
is then preferred. The term "degree of cross-linking" used herein is intended to refer to the
content, in terms of % by weight, of the divinyl monomer, for example.

The pyridine ring of the insoluble polymer may be in the free base or N-oxide form or
quaternized form. The insoluble, pyridine ring-containing polymer is preferably in a bead form,
more preferably in a spherical form, having a particle diameter of about 0.01 - 2 mm, preferably
about 0.1-1 mm, more preferably about 0.25 - 0.7 mm. Commercially available pyridine-
containing polymers such as Reillex-425® (product of Reilly Tar and Chemical Corporation) and
KEX-316%, KeX-501% and KEX-212® (products of Koei Chemical Co., Ltd.) may be suitably

used for the purpose of the present invention. As noted above, the amount of polymer employed

1s generally no more than about 10 times (by weight) of the iridium catalyst in the homogeneous



whi ch may be recycled to the reactor to maintain their concentrations in
the liquid reaction conposition. The carboxylic acid and/or ester gggﬁh@
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ring-containing polynmer"”, "pyridine polymer"” and the |like wused herein: is
intended to refer to a polyner containing substituted or non-substituted
pyridine rings or substituted or non-substituted, pyridine-containing

pol ycondensed rings such as quinoline ri@gs. The substituents include those
inert to the methanol carbonyl ation sucﬂ as an al kyl group and al koxy
group. Typical exanples of the insoluble, pyridine ring-containing
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vi nyl benzene and di vi nyl benzene, copolynmers of vinyl nethyl pyridi ne and

di vi nyl benzene and copol yners of vinylpyridine, nethyl acrylate and ethyl
diacrylate . Particularly preferred polynmers are described in United States
Pat ent E%éﬁm§?334,755 to Yoneda et al., the disclosure of which is
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suitably wused for_the purpose of the present invention. As noted above,
t he anpiessuszeds JifepsisaApd ggpé:a:\ to 195 °C. Temperature of the reactor was maintained at

195°C, varying by less than 1° C. The temperature was maintained by using an electric heater
and adjusted further by cooling water. As the temperature increased, the reactor pressure was
raised to 400 psig by adding carbon monoxide from the reservoir. When the reactor solution
reached the target conditions, the stirrer was turned on at 800 rpm. Carbon monoxide from the
reservoir was introduced to the reactor on pressure demand to maintain 400 psig. This time was
recorded as time zero. The carbon monoxide uptake from the reservoir, reactor temperature and
reactor pressure were recorded every minute. When carbon monoxide uptake had stopped, the
run was completed and the reaction solution was allowed to cool to room temperature.

The rate of gas uptake was measured by plotting the carbon monoxide consumed as a
function of time. This rate of gas uptake was then used to calculate the carbounylation rate, as
pumber of moles of reactant consumed per liter of cold degassed reactor composition per hour
(mol/Vhr) as space time yield (STY), at a particular reactor composition. The rate was computed

as approximately 30 mol/l/hr STY and the results are shown in Table L



is generally no nore than about 10 tinmes (by weight) of the iridium

catal yst in the honbgeneous 29 SEP 2004 10 system The invention mﬁbl ﬂﬁM@M
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bat ch autocl ave (Autocl ave Engi neering). Each run |asted about 30 m nutes
and was conducted at a reactor tenperat yye of about 195 C and a carbon
nonoxi de pressure of about 400 psig. The procedure for all runs in Table I
s desc&ébedlig connection with conparative Exanple A. Conparative Exanple
A The r were wei ghed and charged to the reactor as follows. In the
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Following substantially the procedure of Comparative Example A, a run was carried out

with approximately 2000 ppm iridium and no polyvinylpyridine polymer. Results appear in
Table II.

Examples 9-17

Following the procedure of Comparative Example B, a series of runs were carried out
with about 2000 ppm indium catalytic mixture and various amounts of poly (4-vinylpyridine)

polymer ("PVP-I") (Aldrich or Reilly).” Results appear in Table IL



as approximately 30 nol/I/hr STY and the results are shown in Table I. 29
SEP 2004 1l Exanple 1 The procedure of Conparative Exanple A was fol] owed
except that about 1% (1.3 g) of 25%crosslinked po | y(4-vinylpyri Zcﬂgﬁwﬂm
("PVP-1") (Reilly), was added. The carbonylation rate was approxinmately 43
STY and cal cul ated on the sanme basis as described in Conparative Exanple
A. After conpletion of the run, the polyner was digested and anal yzed for
iridium netal in order to determ ne the anount of iridium charged which
had been anchored to the polyner. Results for this Exanpl e appear in Table
| . Exanples 2-8 Follow ng the procedure of Exanple 1, a series of runs were
carried out varying the anount of pollaple hyl pyridine). Polyvinylpyri dine
was supplied by either Aldrich or Reilly | ndustgées (I'ndi anapolis. Ind.).
React or conposi ti on&isfpfadymes PobpinylpyHdinasn3000 ppmdadivmye Exanpl e B
Fol | owi ng subshaptialdy t L { I ; Lun was
carried out V\Apt@? Ilzg%lpjr‘%xi %Fgﬁ?%%ﬁp?%cg?g?gf%ﬂ;ﬁﬁampo }il\;i(%’flﬁ)pyri di ne
pol ymer . aResul ts @puear in Tabhe I1_ Exanpl gg 9-17 Fol | owi g t he
procedure of Conparative Exanple B, a series of nuns were carried out wth
about 2000 ppm i i®*am catal yt#é mixture and 3P i ous anount 408 poly
(4-vi nylfyri di neé 8p| ymer ("PVI?—I") (Aldric o Reilly). Resylts appear in
Table 117 2 9 SE 05 D4 12 Tabl &'l Effect of Pl ymer, Pol yvi ny{°pyri di ne on
3000 ppmyIridiunpg 1oBVP-1 (W% $IY (nolefL-1-137 Increase ofaggTY (% 21r in
PVWP-1 (%r) A0.0%31 0%0% 1 1.00% 43 36% 10% 2 0.05% 3! 19% 3%

4

0.40% 47 51% 7%
5 0.50% 43 47% 8%
6 0.70% 36 44% 8%
7 2.5% 20 -37% - 33%
8 4.00% 11 -65% 97%

! Amount of polyvinylpyridine (PVP-1) in wit% in the reactor. Experiments were run at 195 °C; 400 psia.
The reactor materials included approximately 3.0% H,Q; 27% MeOAc; 20% Mel and 3000 ppm Ir.
? It in the polymer is listed in % of Ir. Samples were digested in acid and analyzed for metal. %lr =

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

Table 11
Effect of Polymer, Polyvinylpyridine on 2000 ppm Iridium Catalytic System

*PVP-I1 (wt%) STY (mole/l-Hr) %lncrease of STY

B 0.0% 23 0%
9 0.2% 35 48%
10 0.4% 31 31%
1 0.5% 25 6%
12 0.8% 17 3%
13 1.0% 22 -5%
14 1.3% 16 -33%
15 2.0% 14 41%
16 4.0% 7 -69%
17 7.0% 0 -100%

3 Amount of polyvinylpyridine (PVP-]) in wt% in the reactor. Experiments were run at 195°C; 400 psia.
The reactor materials included approximately 3.0% H,O; 27% MeOAc; 20% Mel and 2000 ppm Ir.



3 0.10%43 37% 4 0.40% 47 51% 4% 7% 5 0.50% 43 47% 8% 6 0.70% 36 44% 8%
7 2.5% 20 -37%33% 8 4.00% 11 -65% 97% ' Anount of pol yvinyl pyridine
(PVP-1) in W% in the reactor. Experiments were run at 195 C, 400 pdis&P 2004
The reactor materials included approximately 3.0% H O 27% MeQAc; 20% Mel
and 3000 ppmfr. 2 Ir in the polyner is listed in %of Ir. Sanples were
digested in acid and anal yzed for netal. %r ((initial anmount of
lr)-(lranchored in the polymer)}/(Initjal anount of Ir). Table Il Effect

of Pol ymer, Pol yvinyl pyridine on 2000 p [ridiumCatalytic System3P Y r
-1 (W% STY (nol e/ 1-Hr) % ncrease of STY B0O. 0%230% 90. 293548% 100. 493131%
110. 59%256% 1%be data frogv atda | somesesiu Baapinodly in Bugus b, gl ispplot a4”00are 639,

LT 00,0002, DU, OL BV NPV Qe E- ALl Dbl S ench
appr oxi fRbEbY snQ¥atHR Bw Lo Mefidas o203/ Met, 13NF 2BARA. BB ddnt orlso? thERa&ME 13
rate of the homogeneous iridium catalyst system 1s enhanced, all other things being equal. The
rate enhancement region corresponds to the anchoring of up to about 10 or perhaps 20 percent of
the iridium present on the polymer and is greatest at lower degrees of immobilization of the
iridium. Runs where from about 1 to about 10 percent of the iridium was anchored exhibited
enhanced rates.

The invention has been described in detail and illustrated in connection with several
embodiments. Meodifications to specific embodiments within the spirit and scope of the present
invention will be readily apparent to those of skill in the art. For example, a rhodium co-catalyst
could be used with the iridium. Such medifications are within the spirit and scope of the present

invention which is set forth in the appended claims.



The data fromTable | is presented graphically in Figure 1, which is a plot
of %increase in STY and % Ir anchored in the polynmer versus wei ght SEP 7004
percent polyvinylpyridine in the reactor. It can be seen that at | \/9
concentrations of polynmer, up to about 1.75 percent or so, the reaction
rate of the honobgeneous iridiumcatal yst systemis enhanced, all other

t hi ngs being equal. The rate enhancenent region corresponds to the
anchoring of up to about 10 or perhaps 20 percent of the iridium present
on the polyner and is greatest at |owef, degrees of imuobilization of the
iridium Runs where fromabout 1 to about 10 percent of the iridiumwas
anchored exhi bited enhanced rates. ne;g&‘/ﬁ]\!’ vention has been described in
detail and illustrated in connectio several enbodi nents.

Modi fications to specific enbodinments within the spirit and scope of the
present Winy&nCizopeddsl | be readily apparent to those o;‘ skill in the art.
For exanpl e, r hodi um GO =6tk b e sedcanbdolyleftreriogdsdi um  Such
modi ficati ons?ar'gc%/\nﬂ?ﬁ %&ﬁg&@%i&iﬁ% and scg e of .the pre g&} Jopventd on

whi ch i s ;s@iaifo8 bitndpandus ér dyp eprpmhe | CARRE 5 ‘@Eﬁpﬁ’dg‘i’a VS %@t is
Clainmed 1. A catal ytic syst. 0, ‘E@J‘]&';‘@ -ténuashdpdymevdy abbuwl C

ar bony| al8g#os ¥y Eﬁégg‘ Cc’l”??@%’ﬁ% %qg&?ic;l orrﬁvgglﬁosgﬁg, i ndi U%cowonﬁpt c2ra] T5i
Sysrext | wifehe iHERicatermn bl hilrisclhble pripmpide S T3THF AYTPEP e R EER dr
conposition an insoluble pyrinine ring-containing polyner in anmount

wherein The weight ratio of the insoluble polynmer toq the indium conponent
is |ess than 5, THtamprpeoneaentdzaoe Gl igHamerieia] W“ﬁ?blmaﬁmﬁi d

i nsol obi ¢ pyrijdine ring-,.containi Ql Y PGeibis padem.-d in anounts of up to
2.0 wei giie™ 3’””5.‘%%&%%?%5%9 t acco?%li r}lquq_to géai mz2. -1 ?excin said
i nsol ubl e pyr Bdi Tie itbgemeoatcaidratg Gk 3yt e R SFE 5] BRI e s of ;rorn
about 0.03 to. 2 weight pey fts 58t 2o8ANG106 26ANRABELEMRE sAd  The

i nprover ﬁP‘f"é’“ﬁ@c‘%’? | hg’;sﬁ%g’%%g#ﬁ] -§B Wocreiri said homogenous iri di um

cat al yst restystempostined udcz soluble iridium nethyl acetate, matbyl iodide
and wader. 5. ,Thg i.nproveneot -a6cap didie 1f ehaimbad bomagenashemdhyn Syt
bornogem t s iXi diain cat , .lyst syst .f#&tagg%, Jicludes a prvmot = or
CO turn eparm insdidss pedebls Moy MEEYHR6EE CORSIETi g o°  rutbe Tslua , osmium
tungsten, Nc=st i e impivBient CaGFE10 Clahlia wiyergmbaid baraperzoby P gt REFY et al

co-prorputer selected from the group consisting of

system further includes 2 promoles or
rathenlurs, osraium, Tungsien, thenium, 2ioe, cadmivm, indivm, gailinm, mercury, alkali metal
jodides, 2lkaline eanh roetal 10didrs, meza) complexes capeble of penerating T, selts cepable of
genersting I end ouxiures thereol

6. The catzlytic composition aceording to Claim 1, wherein The weight ratio of said-
insoluble pyridine ring coptaining pelymer to jfdivm componeni is Jess thep 3.

7. The caizlytic system 2ccording 1o Cleim 1, whersin the weight ratio of sald ipsoluble
pyrndine ring cosiaining polymer o iridiwrn s 21 Jeast 0.07.

8. The catzlyric compusition according 1o Claim 1, whereln the weight rztio of seid
insoluble pyridine ring contzining polymey to iridium is 21 east 0.03.
9. The catelytc systern according to Claim 1, wherein methy} jodide 3s present from 2 1o

35 weipbt percent.
10. The catalytic sysiom socomding to Claim], wherein indivm compooent .iI’ preseot el

from 1000-ppm tv 4000 ppm.
11. The catzlytic sysiem according to Claim), wherein water is present from ) 0 10

weight percent.



i odi des, al kaline earth nmetal iodides, nmetal conpl exes capabl e of
generating T, salts capable of ge.-re:atL-.g T n d mxtures there?f. ?'UM
Tho catalytic conposition according to Claim1l, wherein the weight ﬁé@'g
of said- insolubl ¢ p ndln] e ring containing polyncr to iridiumconponent
is less than 3. 7. The catalytic systemaccording To Claim1, wherein the
wei ght ratio of said insoluble p)-," idin ring conlainir.g polyner to
iridiumis at lent 0.0). S. The catal yti5c conposition according to Caimi,
wherein the weight ratio of said insoluble p)-ridsne ring containing

pol ymer to iri dl2uriihe satslitic sysiern 20003 g 10C]2Thb What|mpiybsce P ierrBedHme? ng t o
Caiml, whege].o | iodide is pr =sent from 2'to 35 weft percent.
10. Thc caf%§§+?@“ggé$%n1according to Cairol, -wherein ridiun conponent
is pre cot at I3 e keu@p®-sypere adcordi GOCIpio 2, Jherein methpl acettta isyresentdipsx em
accordi ng Q%égajn1t wherein water is prescotfroml| to 10 weig)rt per
cent. 2 9 PH6- 15 12. The catal ytic systemaccording to Caim1,

W xrein nethyl bic8hatsalyi sprtesanordiog orfl2in t, obSenwead cirlyisenopesitich3. The
catal ytic tem according t km 1,2, [ ej : - .S present
From 5 ¢ o RbRRRERRt it QucleR il M o DS Sl o b AESU Se? 1 0

wher ei n sai d caddalfit catalgiomptes sckading foutlaime, whaep tesstban 2%prfdirpridnms el ect ed
fromthe . ?Qﬁ 'l iyt 3 ol usl ; he catal ytic
system accgchﬂé#ﬁagn‘f 0 &F’%%ﬂn@i{cg{/\oﬁé’r ef?ﬁ%gg}sﬂ?%angg%% 0 glia e :;1[” di um
conponent pr esdft Thecatalyiaaysemh aceording @ Gleimol uiheesiplossituind 8%r0f thg 18HWRai ni ng
pol ymer. 1 (WK gﬁ@ﬁ}rﬁgﬁ Egh%}-,;i& e 15, wherein |ess than
15% of the9F¥§ |ﬁ%?&%¥%§gnfﬁps arnc orgﬁgto salésﬁﬁgoluble pyridine ring
cont ai ni ng pol ye¥be pryiTAstereaceariing o Eaintlérivheeddediting 10 pereanaphtha 6, wher ei n
ess than gidiuhheeits Atndio sdd iR BHESERRE dotiaiE Bobae:, L0 sai d insol uble

pyridine ring containing polyner.




