“wxe3eDPr DM . N6Tr 6=723 June 2003 r REMOVAL OF LEAD FROM ORGANI Z3 DingrQ03
CARBONATE REACTI ON M XTURES BACK \WM\N@LI NVENTI ON  The present
invention relates to a nethod for of the reaction m xtures
ari sing. f vooe/b2pr oducti on of di aryl .Gaedonates. | n parti CROTASIIRIES
present invention relates to renpoval of |ead species fromthe 5 process
streans arising framthe production of diaryl carbonates. D ar %_I
carbonates, and REMOVAL &4 bbAR EROM SARGANIGPIARYE. GARBMNA TRononer
precursors for the preparation of polycarbonates by nelt
transesterification. An advant aGENSTIONIMIXEURESe synt hesi s of ..di aryl
carbonates is the direct carbonylation of aromatic hydroxy conpounds by 10
carbon nonoxi de and an oxidant in the presence of a cat ammmmﬂ bgrange
of catal yst { i ion of diaryl c ﬁ r
exanpl e, U. @.A%Fgﬁﬂﬁﬁﬁdﬂ%‘?@‘gﬁ{%@?@% k di scl oses cat al ysigqderi ved
fromGoup VIIIB netals, i.e., netals selected fromthe group consisting
of ruthenium rhodi uMTheaddesdhtufy eRGHH Wlatdsr todi thetlasd] fdrSp (i Atdtivaf thie
conpl exes thereof. U S. Patent Nos. 5,231,210 to Joyce, et al., 5,284,964
and 5, 760, 2T@actionPreistirgn aising . froamdhs, pogdudion of kiliagy! Jarbonatesal .In

further disclose the use of co-catalysts, includin tal co-catal yst
Speci 68 SUCRIBICHBANE IHErHIBHEAREN FE It b Bt O P O st UBAE wi t h

pyri dings, bipydk dixB8hs ASIRYALHH ARSproltidiehi diefaryl BRI nes, al i phatic
20 pol yam nés such as ethy edi sm n%, crown ethers, aromatic or aliphatic
am ne ethers such as cryptsnds, and Schiff bases, in conmbination with
organi c co-catslysts $Maiylasarbenptes) dindesliphnshyd uaitrbomete yira paetidulan, odre
phosphoni um hal i des. ,1 23 June 2003 WD 00/ 37420 PCTI US99f 21605 U. S.
Patent No. Sahodle gpnamanpegsuriarstfpethe psepargientafepl¥earhpnates Syamehit

i Si | | ead d l.ubl e i | i.qui h ,
Thast one heriEeahefah ¢ A A uRRERG 2RuB0 R el Pudbiesuoh BaBna
phosphoni um:haldrdes, isailte ARbEORADOy P BF arSRALROMABIX] CARPONIS bhS

exanpl es of suitable | ead conpounds, the publication dis

such asioPbOraftlodGhonbhide anblan beidaint én thepreyancecof ®eatalyat.t s such as
Pb(NG3) ~, PbSCa and the |ike and other | ead conpounds generally represented
by the formula Pb(OR)2, wherein R js an alkyl or aryl group, for exanple
Pb( OCH3) 2, Pb( OCBH6) aA SPidgrange pircatalyafs 5y beused ing s peparation Olac d

The Tike; ampbcarRalet Kbk, U3 O Rk oy s e T e

seen from t bgtatay eiebivied§ foBYiGMup NATID wealseaet,i MiRtdls Welicesl &onsithg from
the production of diaryl carbonates can contain 15 conplex m xtures of
catal yst angrewp cenaisting eferutheniund rhediamnc pplladiuor, sosmignpyirjsivauend. The

cost of conn?rciall i npl ementing dir xi dative r | af i on depends
heavi | y'%on & %‘Hﬁb‘i“néf BRRIFXEn i eEr P o ERcha G VS é%&?%ﬁ@?*os _f:%frﬁdtaﬁd_ on
the ability ng%él,@%glefHdTS%g,Z'?QCtxcll’leesgﬂﬁﬂné/te{\lt.,eéjnché,@@@ﬁ?}%Oﬁfl'g%grftef"rai.' ng
mat eri al and the expensive catal yst conponents. Even 20 rec tion of |ess

expensi ve nghgthér slisdosasteease ofncd-eadiyises, findladingimetat! corvatal pstnapecidis
advant ages. Accor dimr;;%l ?/ there remains 'a need for efficient, convenient
met hods for stgle aemobalt glentastentateo eomplexesaamidorromplexgsePigepalbtwithi n t he

carbonyl ation of. hydfoxy.aromati c coppounds.. SUMVARY OF. THE | NVENTI 25 .
The above- APYERUEEY BIRITAET. dFIRHRES arfiiiBokTEY cREREingnes:  anphane
20  polyamines such as ethylenediamine, crown ethers, aromatic or aliphatic
amine ethers such as cryptands, and Schiff bases, in combination with organic
co-catalysts such as terpyridines and quaternary ammonium or phosphonium

halides.



the related art are alleviated by the present methods for the re?av\,%lne%o3
| ead species fromthe organic process streans of diaryl carbonat
-synthesis. One enbodi ment conprises extracting an organic reaction m xture
ari si ng. f moono@3742€3 June 2003 WO 001 37420 PCT/ US99/ 21605 t IrETssdaeeoson of
di aryl carbonates with an. acidic, aqueous solution conprising an anion
selected fromthe group consisting of nitrate, halide, or acetate. A second

enbodi nent conpri ses (& Phegit Nd.SDECTINE Uk aphfiodthérsdidtlokeatite pardial |y
insoluble in an organic reaction mxture arising fromthe 5 production of

di aryl car burtalyessydert cupprisingnat least pne dead|cempsund: sphydledn far bauiche
organic reaction mxture. . T recovered | ead-containing solid t hen be
cal ci ned t PASvrbiast eae (haﬂgﬂ %G&WCLEWBMW&%W% a%ﬂ%&t%ﬂ%‘@yﬂ%}‘ ctive
in the pro I f.di : S. AEMIAL | g0 t hi

r educespbogﬂﬁe%gﬁcr)gi gﬂggéﬁ(ﬁer}\lgﬁ gﬁ‘ﬂg&r,e?m ar{cdgﬁéc):gr ns lﬁ% t‘ﬁ(e lgésetp?rngt :Pg)hpg? t o

di aryl zar h@mpesnd DERY leRBIpRSCRt Pa'lhimléﬂechbmgﬁlaﬂm@N thiee ppbHs&itn
invention makes possible efficient renoval of |ead species from organic

pr ?clests_ st r@aglgsttclbéﬂtﬁ!dt oxides soeh @hé’qs?h,dbh:@m BhCefangj ﬁreyhk@;];azmosémlésleaﬁ/

catal yti c carbonyl.atio ro C r.oxy..conpounds. e,~ rocess may
be descri be?@lﬁeﬁ'i‘}halalsypl&@&@?)éa?’gﬁg a?ﬂ%r@ﬁn}lge Mﬁqgﬂr 3 u‘foéng?fl’%g%g from
t he productjon j § ' : jchis
at 1 bast Iy SR ERLINR RRndlla THORY IS ROE S ENIIRE A1

separ at i ng grefp, faradxdbipte PEOCEDIH BL(OCIHQMdrheheregaRiic aneagl gesupyifai ur e.

I n one enbodi nent, the nethod corgri ses contacting the reaction 20 m xture

with at aquexamepleolagid osalisntad e hsudn sy RpQEO)SH)zadtb(@4HO)aHs),
relative taq,t reaction m.xture. This first enbodi nen conprises
treating aﬁj%?&@)gﬁé)éc??‘gn?}ﬁﬁ T]f%}reaﬂjo%atdﬁecoﬁi@%cf?moﬁ i SPgh as

car bonat es ﬂﬁﬁ\'ﬁh&ygﬁh\%rl@éd.or slightly acidic, aqueous solution of an anion
selected fromthe’group consisting of acetate, nitrate, or a halide anions,
25 thereby extracting lead fromthe reaction mxture into the aqueous
solution. In a secondAerimwbensesnh,frérethewibosd trefpeviess, theeorugietrahctign t he

| ead species froman organic reaction mxture fromthe production of diaryl

car bonat es TH{XtUEes agging dremf theprodugipy, obrdigrylagarhonatas cant Famtaygy| uti on

of oxaldc ac%irrqplte())c rhilBures of catalyst and co-catalyst metals, and organic products and

by-products. The cost of commercially implementing direct oxidative
carbonylation depends heavily on a combination of the efficiency of the
catalyst system and on the ability to reclaim and recycle unconverted hydroxy
aromatic start'ing material and the expensive catalyst components. Even
20  reclamation of less expensive metals such as lead can lead to financial and
environmental advantages. Accordingly, there remains a need for efficient,
convenient methods for the removal of lead from the reaction mixtures

generated in the carbonylation of hydroxy aromatic compounds.
SUMMARY OF THE INVENTION

25 : The above-discussed and other drawbacks and deficiencies of
the related art are alleviated by the present methods for the removal of lead
species from the organic process streams of diaryl carbonate synthesis. One

embodiment comprises extracting an organic reaction mixture arising from

2



reaction mxture. The precipitated solid is then separated, and o 8ynE2083
23 June 2003 WD 001 37420 PCT/ U S99121605 cal ci ned to provide a cal ci ned

| ead conpound, which is catalyticallv active in the production of diaryl
car bonat esYOB§37d2x al .yti ¢ carbonyl ari on of aromati c hydr oxy PEFRSEHRALES | n
accordance wth the first enbodinent, the lead in a crude or 5 pre-treated
or ganic reaction mxture arising fromthe production of diaryl carbonates
by catal ytihecprbanstici | 6h dibrydr exdbhateBy avitixya oagiditn dsquicouse ety

sol vent extraction using a neutral or slightly acidic aqueous extractant.
The pH of t¢mmprisiaguan aoiom sedarteds froreths gyp teosisting of nitraty dalides er abl y
from1l to 4, and st preferabhly from10 1 .to 3. The ,solution,further
conpri ses a"fceltare}‘é's{‘&o %ﬁ?QP‘Qrﬁr’&W@E{e@éf‘é’a‘Pﬂ%ﬁf‘?rﬁ@n&% d ORPUR YN et at e,
nitrate, or,hali ' red i; iLde.; Lide.
Combi nat i onast %%‘ gfﬁ%ﬁ cl)&ggc?ioﬁgﬁéﬁlﬁ oaﬁ\so%d;ﬂ lgﬁg%&g@ S@ggﬂeTﬁégggaﬁégmsﬁ?esul t
in renpgal pfodietiba ol@arydrarionates) atd yeparatingIBeoihsolubledlebd @bripiridad per
extraction, that is, per ~ 5 contact of the organic reaction mXxture with a
si ngl e vol ulemothecxngania eactiommisboad Thepwgprered lspdideatppingselidanaiod

caral yii o ckEBd TfreR ity f alReh kel ipRua T e e bRl s
sol i d oxal i g+Reiid thalked il 5hdi%rmé._@8&ﬁe{te§.eﬁnﬂﬁﬁémhoarof%his%tﬁtwo&ci di c

solution of oxalic acid or 20 an oxalic acid sa Treatnent with a

concent r at exkdsiobsibotin econginéd andeghviammental lconserinastre thalipgsparationnobf t he
oxalic acid or oxalic acid salt. Treatnment of the reaction mxture with
oxal at 0r esdipfd q@FbPRates-pi t ati on of |ead species fromthe reaction mixture.
The precipitated | ead species is typically recovered by filtration, and may

be di sposedDgiré?LE{)%ég@RHZﬁqI\rj%%Etlw]g&?\@f\]the lead. Irr a

particul arl y advant ageots feature, calcin on of the precipitated |ead
species under air results in production of a calcined - | ead conpound that

is catalytically actiTee pheseheitenbonymakeédposiibRr éffitiene rbyrdvakyf t@rgpounds
to produce diaryl carbonates. Any lead remaining in the 4 23 June 2003 WO
001 37420  species from organic process streams resulting from the production of diaryl
carbonates by catalytic carbonylation of aromatic hydroxy compounds. The
15 process may be described generally as treating an organic reaction mixture
arising from the production of diaryl carbonates so as to form a lead
compound which is at least partially ins‘oluble in the organic reaction mixture;
and separating the insoluble lead compound from the organic reaction
mixture. In one embodiment, the method comprises contacting the reaction
20  mixture with an aqueous solution into which lead migrates at least partially,
relative to the crude reaction mixture. ; This first embodiment
comprises treating an organic reaction mixture from the production of diaryl
carbonates with a neutral or slightly acidic, aqueous solution of an anion
selected from the group consisting of acetate, nitrate, or a halide anions,
25 thereby extracting lead from the reaction mixture into the aqueous solution.
In a second embodiment, the method comprises precipitating the lead species
from an organic reaction mixture from the production of diaryl carbonates by

the addition of oxalic acid, or an acidic or neutral solution of oxalic acid to the

reaction mixture. The precipitated solid is then separated, and may be
5



PCT/ US99/ 21605 treated organi c phase may be extracted as describ @lg‘g\é@m
with a neutral or slightly acidic, aqueous solution of an anion

- fromthe group consisting of acetate, nitrate, or a halide, thereby

extract i ngolosatzbr omt he treated organi c phase into the aqgueouwssseiansi on. 5
W t hout being bound by theory, it is hypothesized that during extraction
acetate, nitrate, and halide anions selectively conplex with | ead present
in the reachi@Rediixbubs@gle abdleinedNesdasepounrl, Sohichirk camiricalifactioadni n
aqueous extractant and /or decreases the solubility of lead ih the organic
reaction mitheurreductionsoff diarkik carhomakgsp byhestiahetic carhonypasron oéaroeaticwi t h
1lo aqueous .oxal ate sol utipns, | ead-oxal ate conpl exes are forned, which are
i nsol ubl e IWYREY FRERABYSi xt ure. Ot her anions may therefore be effective
in either extraction or precipitation, as |long as such anions are effective
to extract or precipi 10 : up to
50% nore preferably Ih?)éc?gl-g%}%)e ‘gﬁgqﬁg{wﬂ%@?fgﬁ‘g‘gﬁyﬂdgg%&gﬁgggf%%&ei ght
of the §eadpreareatud raghhinraictiphesipiurtarizing Heefre tiebpyodsetidh anidimsido not
extract or precipitate other netal anions or other undesired. species into
t he aqueoustagsanaes byr ca@lytic prekarpilatier ofapromaticokhy duexis ePpouUpEsdsa

R T e s R N S R e e

enpi rical | yo,@Ql@inf Mele pHIhAMHe a&%wsdsauﬁbaqsowe@%m FFoiow t hey ligad

conpound is fornmed, the nature of "the anion, the con ration of the.
ani on, the pH of/, hiregmiefdrably, frand the litke. |n 4gamermlost prefefdbbyg fiore
concentration of the anion_in an aqueous extraction or precipitation

solutidh is in dHe rangé fiimsutiopdurtbar comprsesat deast ppe 201gmeselested by

wei ght, an referably in the range from 1l rcent, by, weight t 10

per cent by TG BR0dR GPasPEREagl sttt ase: Bh hediis, PRt onprereded
between 7 neiiged bhro¥hWRinABrbRide. RES&BMatins\6f Hﬁtfo%%cﬁﬂ !aHIBré%éB?t e and
between 5 percent by weight to , 7 percent by weight of Qacetic acid.” A

.preferred adsebasuprcci Phéset anions B3ultuire réfifisral MOUPOLB7420 S3O%It andd
conpri ses between 0.1 percent py wei ght and bg wei ght oxalic acid or
oxal at e aniRFRterablynep teact i oR0r Ry weighpoftlsedead pes extrpetienrthatis, pgpl e

ot hor 31 karcerfist 8 e G RiCRACL A R AR I p T S Lo

counter-ions preferably do not interfere with the extraction of |ead, . cause

the extraction of undgsééctd emboEIneAt bNHR preGeARHRAS k@r&‘\?ﬁseﬂreﬁﬁﬁ%@m ves
present a disposal problem The |ead-containing aqueous extract solutions

obt ai ned maacouddanye piiettmeatied fdarganice reackiom ntmixdyrebefrdivs pwe dcatdlytior

further treated to . in order to isolate the |lead, e.qg., by se]ectjve,
preci pi t at iGRPomyiRten s?é&r # carbonateswithsoligsoxafic fb‘g@@irp"‘i sl Salinsided i n

accor dance J,t : ' . ol eI g t her
treated in S\gpdgrr wt?@‘ ?E@@é&g\r@g@q}%@@ 0&%5&9&% c??nc?égg%?@fgme%albc?Jecé{i g?t ate
to yiebdl agabditdddishit. ArehttRentoRtthCo tPiendr 0bd RORAITS B pleferdéd) fvied by
subjecting the precipitate to at 5 heating programeffective to regenerate
| ead cat al ydlowsAaster diissglytion hbthe gradiciasid at exakic hddtsalt-t o a tenperature in
t he range between 400 C and - 600 C

Treatment of the reaction mixture with oxalate results in
precipitation of lead species from the reaction mixture. The precipitated lead
species is typically recovered by filtration, and may be disposed of or further

25  treated to recover the lead. Irra particularly advantageous feature, calcination
of the precipitated lead species under air results in production of a calcined
lead compound that is catalytically active in the carbonylation of aromatic

hydroxy compounds to produce diaryl carbonates. Any lead remaining in the

4



20 EXAMPLE 1 7.3 g of a crude reaction mxture arising fromthes jyne 2003
carbonyl ati on of phenol and having a | ead concéntration of 1563 ppm was
contacted with 7.6 g of 3% HCl, m xed for 3 mnutes, and allowed to settle
for 10 m WOe&374The | ead content of the organi c phase aft erP@XW§9aE1606n was
18 ppm 25 representing a renoval efficiency of approximately 98.9% The
crude reaction mxture arose froma carbonyl ation using 60.5676 g (643.6
mol ) of phereated nrgdrec phasency bé eftroctegt of dedhbedtapoxe evihat @1@ralQr032
mmol ), 212 rTP of PbO 6 23 June 2003 00/ 37420 ~ PCTNS99/ 21605 (0.950
mmol ), and 3HgBUY BAgc hagrausy SeRINdiol éf BRIAR cf’éleﬁ‘ﬁ{ ?eo 9 §'8HP2. 5
hours at 100 _C.. E L A s lLe of ryyd t] ] xt i a
cat al yst syscf) gsﬁx]s ﬁp%eg?tﬁ’gn%%e’nﬁp(ao%%g%’ %ﬁ?foéf(?%gmlé(}%%f%sﬁ%e
acet yl acet opgaged § aﬁ@p“@.@@ﬁfh@*ﬁ@%@fsﬂﬁa&\_(l ) oxide and 3.2 g (10.359

mol ) of _ , hexaethyl guani di ni um brom de in 60.4226 g phenol reacted for 2
hours at 100 C, and containing about 391 ppmlead, was extracted with 8.7
wei ght $odi um ni t r at e Wahaut beinignbewndi iyt theomat iéliy hapothesizeditbabgunings of

o o bous sty Seaplerlens. atd Balidd, SRR Bl RREY PPl i f8al
organi ¢ pha@geé@ﬁ ir e RRINY ﬁﬁé%&l‘%&h%@f@a&%%&&&ﬁ? of B agRRESeNt s

a renoval effrciency o 3 15 1123.5 g of crude reaction

m xture contkaubbig exiB0tapp mMnef/ dredetradsdsheheesolubilityhef leal in ahe (@ganic
determ ned by atom c absorption spectroscopy) was treated with an aqueous
sol ution compadtiinnguiztuges I infudhermerebiypothesiapd) that afpapatreptmertewithxt ur e
was m xed for ten m'nkjtes :imd th(caln @IIO\(\etd to sfand aftqear m Xi ng t 85 C
for 2 hiBurs 29HRAN (PRIUF PR IGIEOF VEKLTRISE e PRECY YRR rHEe was
anal yzed fotnldfiasleh b AahaicH 30k Rirb ODMHRE GIARCHRY thefist: BOONEG; A ihead
content of 12.S ppm This represents a renoval efffciency of 99.6%for the
| ead. COVPARARENVEXEANBHh Ford ppecipitagonf ab hiengr aslgutkeaations ave xdffecavé rrom t he

same source as in 25 Exanple 3 was filtered and the filtrate analyzed by
at oni ¢ absoeptrrehospeasipitae dead inan @maewaiheduphat t he3@7l prefexablprpdPned

2625 ppm of | eadS(;%, m%%e ‘I]#er}gra%(?)g %p\%) 0013-%%), and most preferably up to

15 90% by weight of the lead per extraction or precipitation. Preferably, such
anions do not extract or precipitate other metal anions or other undesired.
species into the aqueous extract or solid precipitate, and do not themselves

pose a waste disposal problem.

The concentration of anion effective to form a lead compound
20  which is extractable or which precipitates lead is empirically determined, and
will depend on factors such as how the lead compound is formed, the nature
of the anion, the concentration of the anion, the pH of the solution, and the
like. In general, an effective concentration of the anion in an aqueous
extraction or precipitation solution is in the range from 0.1 percent by

25  weight to 20 percent by weight, and preferably in the range from
1 percent by weight to © 10 percent by weight. A preferred aqueous
extraction solution comprises between 7 percent by weight and 9
percent by weight of sodium acetate and between 5 percent by weight

to. 7 percent by weight of acetic acid. A preferred aqueous precipitation
5



PCT/ US99I 21605 (conpared to the initial |ead concentration of 3180 ppm.
The filter cake collected weighed 3.917 g.(There was no oxalic ac%3dP”8 2003

- wat er added, for comparison). This was intended only as a conparison to the
previ ous weeses7agki ch started with 1123.5 g. 5 EXAVPLE 5 37crhys®dfiédie
filtered solid obtained in Exanple 3 was subjected to a heating program
wherein the sanple was heated under air. The tenperature was increased from

room t enpesatuioh ddnpPGehetdieed rateoolfF&Qer Pevdipiuied and bhenchpl d at
600 C for 15 mnutes (total tinme of heating of° 10 about 45 m nutes). The

| oss i n webghweight bhalisariplozr oxvaknt@ 8&fonandhé aehctionchixtiutenat wei ght | oss
after about 20 m nutes (about 450 C). The solid recovered was used as a

| ead co-catalyst in catal ytic carbonyl ati gn of phenol  (61.2543 phenol ,
5.5 mg of palladi um g&‘é@%}&‘a&%‘t‘%ﬁ&@é‘? %3{?‘2 vErMERHOReH  AipPRE 3 from
t he heat t j b a g aet.hy ium
br oni de) . [ﬁﬁggr aét%ocjgﬁug‘l’Zﬁéée}ég%f%%g?ls’dlagﬁ%?\%I%gntlztgr oe(r%l% ’egl;\%]1 tlf%gnﬁgurs,
clearly sheuitablet drurtat-ingt prefé@ably tbyncfintdiferé edeh chaeRiracign 0/lbsd, By
conparison, w thout any |ead species present, |ess than |% of Bi phenyl

car bonat e fausshthe nextracthonvrif Fusdegirailer spagiss eb¥py theraqueonisotayess aan
organi c di Hhen%/I carbonate reacti,on mxture were performed at 80 C, using a

sodi um ace el¥es PEEsERT 4 ALR0sRUE oL Mt i on (7. 22% sodi um acetate, 5.26%

acetic acid by weight). Results are shown in Table 1 below 8 23 June

2003 WO 001 37420 Tabhgel |EAUEMARERE69queous extract solutions obtained in .
Extracti onOrgani cAqueousl nitial Fi nal'Lead 1 nNo. sol ution, solution,lead inlead

i naqueousggadoydance o1 thathecfimst erdsidintenp prgypbe dispdedd) bBAG RirtH&aOtredteédb 10
~77535547038. 91035515318045. 861537850 The data in Table 1 show that the
esti mdfed Heptaes todsplaty Bieckpadie BeRy selashive REcGpiflion phasepmreipitdasact is
around 559% Ieaﬁi ng tB a rem)%atl of , |.n_excess Ofrﬁg'xO%thgfﬁ” extractions.
5 EXAVPLE 95 15Hheadls PREFRISTSS 2 OBIAmGH s b ascondlancss syt Hpe ¢ ¥caB
successl Veeﬁ%ﬁ%@h?%?pihé\ bé 'd@'sﬁ:ds@é(i}f} P fRRdrur&atdll iBQbrder Y8irBEL e Same
sodi um acetate/acetic dcid soluti'on as 1n Exanple 6. Again, the estinmated
renoval ef fhecleadcyRpeoveargnofalehd fasmaa quracdpist towyiehd taheatalygicallly active

ef fectiveness fromthree contacts exceeding 90% Table 2 o
Ext r act i ont8gafRRREHBEURY RTequipey iapcluigred miosuhigaiingothes preipiate kad i nl ead

| NaqUEEUS OQOLIANT 5. 01 RN LErEHI 46 AllerRPAIBRIRA LA 104 2RRAGRRTT TR 710187

precipitate is heated to a temperature in the range between 400 °C and
600 °C.

20 EXAMPLE1

7.3 g of a crude reaction mixture arising from the carbonylation

of phenol and having a lead concentration of 1563 ppm was contacted with

7.6 g of 3% HC], mixed for 3 minutes, and allowed to settle for 10 minutes.

The lead content of the organic phase after extraction was 18 ppm,

25  representing a removal efficiency of approximately 98.9%. The crude reaction
mixture arose from a carbonylation using 60.5676 g (643.6 mmol) of phenol in

the presence of 9.9 mg of Pd(acetylacetonate); (0.032 MOI), 212 mg of PbO

6



23 .f~~i":r Jrwi;' WO 00I37420 ~ - ~ PCT/ US99I 21605 Wil e pref erkregtne 2003
enbodi nent s. have been shown and described, various nodifications ang
substitutions nay be nade thereto without departing fromthe spirit and
scope of tw® dorseeetion. Accordingly, it is to be underst oodrdimaseorines
present invention has been described by way of 5 illustration and not
limtation. 10. 23 June 2003 CLAIMS: 1. A nethod of renoving |l ead from an

organi ¢ reaqbos0 minel)aadas.LedNg I keRabheylphaddatiuan bebmida@(1.36 arhenat es
conprising the steps of: ' formng a | ead-containing conpound which is at,
| east parti dbt 2.5ihesws abl@ Y@ an organic reaction mixture arising fromthe
production of diaryl carbonates by treating the organic reaction m xture

with a reag%{%ﬁ;gﬁed fromthe group consisting of solid oxalic acid) a
solid oxali t, an aqueous solution of oxalic acid, an aqueous

solution of an oxalic acid salt, and a conbination thereof; and separating

the | ead- cont ai ni ng CWBQH{H%fJfOJTkM?ﬁ RIA8Rh Gnheard h?i'?\tgnii)ﬁtaf’d;lgst %ste;gne

met hod of claim1l, wherein'the anbunt of oxalic acid or oxa aclid salt
is 0.1 % by comighing 04.2%rlgy (e13himmbl)t b paladiimnacatyiavetenatd, 5Pe mgt hod
of claiml1, wherein the reagent is solid oxalic acid. 4. The nethod of

claimi1, ful@R334 compel)si ﬂ@gﬂﬁa@at (IRy exides et aBeld, 8l ebf-38nt mirmlhg of

conmpound to,yiel catal ytical ly. .acti d.,conmpoun ecursor, to a
cotaryts car My Bu i omig8 i b0 322 BB B te oSS a0k e
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bet ween 400C and 800C. ~ 6. The hod of claimb5, wherein the“treating
i s under ai sodiim Rigrateesdiotionfin @naippraxiniatelyhe 2: 1cmdior b megs ef orgaricng | ead
fromthe organic reagction mxture after separati on of the | ead containing
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sel ected fr QWBlution). After extraction, the concentration of lead in the organic phase was
234 ppm as measured by atomic absorption. This represents a removal
efficiency of 40.2 %.

EXAMPLE 3

15 1123.5 g of a crude reaction mixture containing 3180 ppm of lead
at the end of the reaction (as determined by atomic absorption spectroscopy)
was treated with an aqueous solution comprising 2.896 g of oxalic acid in 10.1
g of water. The mixture was mixed for ten minutes and then allowed to stand
after mixing at 85 °C for 2 hours, then filtered to recover a cake (8.21 g). The

20 filtrate was analyzed for lead by atomic adsorption spéctroscopy, which
showed a lead content of 12.5 ppm. This represents a removal efficiency of
99.6% for the lead.

COMPARATIVE EXAMPLE 4

627.1 g of the crude reaction mixture from the same source as in
25  Example 3 was filtered and the filtrate analyzed by atomic absorption
spectroscopy, which showed that the filtrate contained 2625 ppm of lead
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step of . combigBstastpdayyitdrlg2aidcg.r eaction nmi xture arising fromthe production
of diaryl carbonates with a neutral or acidic aqueous sol ution conprising

an ani on W%m@? a water-soluble salt with | ead) wherein the anion is
selected fro group consisting of acetate anion) nitrate anion, halide

anion) and m xtures thereof, thereby extracting lead into the aqueous

solution. 10. The nephpen@bf efilierd suiliel GhtaiddLirPEx&pld18 vdburdEt&D! ut i on
isin the range fromO to T. 12 23 June 2003 11. The nethod of cl aim9)
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lead to yield a | ead-contai ning prec at e.
reached that weight loss after about 20 minutes (about 450 °C).

The solid recovered was used as a lead co-catalyst in a catalytic
carbonylation of phenol (61.2543 g phenol, 55 mg of palladium
acetylacetonate, 103.2 mg of the solid recovered from the heat treatment

15 described above, and 2.1711 g tetraethylammonium bromide). The reaction
yielded 14.8% of diphenyl carbonate in 1.5 hours, clearly showing the catalytic
activity of the lead-containing solid. By comparison, without any lead species

present, less than 1% of diphenyl carbonate is obtained.
EXAMPLE 6

20 Four successive extractions of an organic diphenylcarbonate
reaction mixture were performed at 80 °C, using a sodium acetate/acetic acid
aqueous solution (7.22% sodium acetate, 5.26% acetic acid by weight). Results

are shown in Table 1 below.
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m xtures thereof, thereby extracting |lead into the aqueous solution. 13.
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efficiency per contact was around 55%, with the overall effectiveness from

10 three contacts exceeding 90%.

Table 2

Extraction Organic Aqueous Initial Final Lead in
No. solution, solution, leadin leadin  aqueous

g g organic, organic, extractant,

_ ppm ppm ppm

1 10 10 4269 1872 2750

11.7 10 1872 892 1090
3 9.5 10 891 371 440
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1. A method of removing lead from an organic reaction mixture arising
from the production of diaryl carbonates comprising the steps of:

" forming a lead-containing compound which is at least partially insofuble
in an organic reaction mixture arising from the production of diaryl carbonates
by treating the organic reaction mixture with a reagent selected from the
group consisting of solid oxalic acid, a solid oxalic acid salt, an aqueous
solution of oxali¢ acid, an agueous solution of an oxalic acid salt, and a
combination thereof; and

separating the lead-containing compound from the organic reaction-

mixture.

2. The method of claim 1, wherein the amount of oxalic acid or oxalic- acid

salt is 0.1% by weight to 2% by weight of the reaction mixture.

3. The method of claim 1, wherein the reagent is solid oxalic acid.

4. The method of claim 1, further comprising treating the separated, lead-
containing compound to yield a catalytically active lead compound or

precursor 10 a catalytically active lead compound.

5. The method of claim 4, wherein the treating is by heating the lead-
containing compound o a temperature between 400°C and 600°C.

6. The method of claim 5, wherein the freating is under air.

7.  The method of claim 1, further comprising extracting lead from the
organic reaction mixture after separation of the lead containing compound

with a neutral or acidic aqueous solution comprising an anion selected from
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the group consisting of acetate anion, nitrate anion, halide anion; and

mixtures thereof.

8. . The method of removing lead according to claim 1 comprising the
steps of

treating the organic reaction mixture with a reagent selected from the
group consisting of solid oxalic acid, a solid oxalic acid salt, an aqueous
solution of oxalic acid, an aqueous solution of an oxalic acid salt, and a
combination thereof, thereby forming an at least partially insoluble lead- -
containing compound,

separating the solid lead-containing compound from the organic
reaction mixture; and further comprising

calcining the separated, lead-containing compound to vyield a

catalytically active lead compound or precursor to a catalytically active ‘lead

compound.

9. A method of removing lead from an organic reaction mixture arising
from the production of diaryl carbonates comprising the step of:

contacting an organic reaction mixture arising from the production of
diaﬂl carbonates with a neutral or acidic aqueous solution démpﬁsing an
anion which forms a water-soluble salt with lead, wherein the anion is
selected from the group consisting of acetate anion, nitrate anion, _I;alide
anion, and mixtures thereof, thereby extracting lead into the aqueous

solution.

10. The method of claim 9, wherein the pH of the aqueous solution is in the
range from0 to 7.

12
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diaryl carbonates with a neutral or acidic aqueous solution selected from the

group consisting of acetate anion, nitrate anion, halide anion, and mixtures

thereof, thereby extracting lead into the agqueous solution.
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