; JKe3e=~:, "N6* T~( - RECLANMATI ON,OF METAL CATALYSTS USED | N THE PRODUCTI ON
*OF DI ARYL CARBONATES BACKGROUN NTI' ON The present |giygjatdops
relates to nmethods for recl ai nﬂﬂmmm@mm al yst species. 5 In particular,
this invention relates to metho or 1solating and recycling palladium and
cobalt cat alwebgsMdeed in the pr oductf8¥" of di aryl carbonat esacrlRis3943350
carbonat es, and di phenyl carbonate in particular, are val uabl e nononer

precursors for the preparatio | onates by nelt
transesterification. An advan[\&@“ﬂ‘g‘mm&mm for the synthesis of diaryl 10
carbonates is the direct carbo at1on of aromatic hydroxy conpounds by
car bon nonoxi de and an oxi dant in 't‘?‘?é“presence of a catalyst. A w de range

of catalysts b d..i his preparation of diaryl carbonates. For
exanpl e, U.S. %M&\Zwﬁ‘r‘%& O TA N KSHVEEDIN: ROPUGTIENIORd
fromGoup VIIIB netals, i.e., alsrsel f the 9 5 group

consi sting of ruthenium rhodi u@%ﬁ%@ﬁ?ﬁ&@ ( iridiumand platinum
or conpl exes thereof. U S. Patent Nos. 5,231,210 to Joyce, et al.,

5, 284, 964 and BACKOROUNDOPTEHSINVERTION . and 5,399,734 to King, Jr., et
al. further disclose the use of co-catal ysts, including netal co-catalyst
speci es such zi,BFcobal t . pent adent at e conpl exes and conpl exes of cobalt with

2?_ pKri di nesl, pysseat H‘é@?ﬁ%’%%‘ﬁqlsd‘i’ $hodg fongedlaizsing metal catalyse species.
al i phati e pol j . a enedi afi ne,.. crown ethers, aromatic or
al i phat i g ani ﬁgrﬂgﬁ%}%&jgﬂ%h&é’g‘g@ﬁgﬁ s?‘; é‘?‘ﬁ}hgéﬁ}?g!' 131atng and resyblimgit i on

Wi th organic palladitial afd Sobaltcdat@sts Q5RY frl G | anmoni um or
phosphoni um hgl ides. In U S Pat.§ No. 5, 4%%53?#;0&%@%&:9@{*8?%%%
cat al yst systﬁm consi sts 25 of a palladium conpound, at |east one |ead

conpound, at Pyt

gyt mrbonates, dand  dipfenglincarbende \\n OPadtitdildy, PGENSARIBR350
cel eoted (T omiaiabatnacac AR Bl | des, 200 aual el fary, ehocpnon U
comrerci al |y .i npl enent i FM ect oxidative carbonylafion”is ﬁ\ avi l'y

dependent on EFESRHBINLX an pidant inctheiprgsenice bha catalystyst package and on
the ability to reclaimthe expensive catal yst conponents and unconverted

aromati c starAl RgdEBiaflka j p. adi u .repr.esents the prinary

mat eri al expense, It |?ba fsé" I %?t%%*’ E%) ‘g%f%fﬂ%l ﬁep’ifgéﬁaé‘q;\‘ aft Hglf}’l | ess
expensi ve materbenates.suBbr axangle! U.S. "BAGANENS, 4qf87!2%§dtobctt:ﬂ‘a1f<r8i&%9& cost
and environnent gl pgéﬁrij;s of view Accordingly, theré remains a need rn the

art for effi cGadysts darivad &om ferawpd YTHB metals,r i) amethisoseledted Neometial
catal ys an = C; S in th rbonyl.atjon of aromatic 15 hydroxy
corrpoun?g tod%@gg u@%&yﬁ’y %M’e&owa%ﬂmH@mmm ad
above- di scussgldtifagh, O Om WiHeksofaNd 50 kdr j ‘rel ate rt are
al l evi at ed b)s}ﬂt he net hod o@é?é#; pr esfeﬁ _S?E’%%tﬁgﬁéﬁ?%%ﬂr’%fcq]gq Z’?X‘FS’ ﬁgﬁgﬂ '

~ catal yst sped2349640anch§i760,292 ctot Pressmat eeallp andi 5399734 W ! W,
reaction 20 mi xture rodg‘ced by ,oxi dative carbonylation of aronatic

hydr oxy corrpggtﬁ‘ﬁ&"?,’ C@‘Eﬁ% enyse of soratalysts.aincludingi metad coecatalyst speaiesct

streans with regi i i e ctive to,selectively precipitate at

| east ngflnﬂe netsgﬂcasgga@aﬁtag ﬁgga&%gt tenéc&ﬁ XY e « FRImplexes e%‘ é?g cwithgych

recla on spyridined,i bi difes)C eerpyeidinC 0§aiNy d 'E&iﬂ.iﬁ%@”t : cerns

in the 25 preparation o¢m'<i1|i aryl carbonates. 2 finef) 1 ‘ ! Qﬁpﬁaﬂﬁ

. polyamines such as ethylenediamine, crown ethers, aromatic or aliphatic

amine ethers such as cryptanes, and Schiff bases, in combination with organic
co-catalysts such as terpyridines and quaternary ammonium or phosphonium
halides. In U.S. Pat. No. 5,498,789 to Takagi et al,, the catalyst system consists

25 . of a palladium compound, at least one lead compound, at least one halide

1



18" June 2003 WO 00l 37416 DETAI LED DESCRI PTI ON OF THE | NVENTI ON

~PCTI US99| 23350 The present nethod makes possible efficient rei:i# ?‘gqr%tjogg of

met al catal yst and/or co-catal yst species (referred to hereina

collectively as "metal catalysts"), particularly palladiumand cobalt) from
crude m xturve@0¢¥46 ting 5 fromthe production of diaryl carkbonases233she
nmet hod conpri ses treating netal -containi ng agueous extract streans

cont ai ni ng ruthenium rhodium palladium osmum iridium platinum
iridium manganese, |ead, zinc, cobalt, copper, and m xtures thereof with a
precipitating agent effective to selectively precipitate the netals
separately or as a mxture fromthe treated extract. In a 10 preferred
enbodi nent, pa Iéﬁiw and cobalt are precipitated together or separately.
The crude red®tée T gHatesnany awanqum hialides andr guatetrexy arhwsphoriuny

di rect oxi daty 0 thon.of  aromatic hydr ox onpounds contains the
excess star t“i%\agﬁgg’%&n@t%dcﬁ‘fy&o%ge%gﬂﬂsﬁﬂﬂgeﬁr %p?)e‘/%‘guct di aryl carbonate,
15 and organi c and i norgani c by-products. The catalyst netals in this crude
reaction ni xtAs ean ehegseenr fofiethe AboviaOBk e reidly, 3k F@Sr@a n hﬁ%cglrgg]
platinum iridium manganese, |ead, zinc, copper, t, and mxtur

t hereof, may BBiNgfFRradthy, produstion eef rdiarylocarkenatesawanqoestain ohtblex

It . i d/ ,salt_.ni . Iy, i
oftect: vi t o aRbw S HRaIRE! Sng So-talySt Thefals, dacs presic dreductsl ancbbyw t h
high water sqirbhdtsty The @88P! & p&aﬁ&.e?,_ﬁgﬁaqﬁgpe%;‘{g{\gg '%ﬁﬁ&@;&%se)’

| ow hydroxyaryl and diaryl carbonate so Ity a

af finities wicatbonytation isl eavilybdepernident bat chabinatdrbt adi e GACi ds
are nost useful for | | adi umyext raction. 3 WO 00/ 374!11‘6360%5&%&%65618%
PCT/ US99I 23358tk BRGk@ge aands onn thedebilityt toareclaim theri exansive Eatalygani

aci ds such a | ar | nd hydrabrom c acid. .Salts effective in
metal ext I’aCt%PO glhgfé u%ie% %ﬁhg?rgecﬂﬁgﬁaﬁﬁsgm n%ﬁtﬁlégli- éhile pabadiumkal i ne
earth stdts aépresdritslahie PRIMARF htteSal bxpedls i ,-H‘%m' ium and
magnesi um sal tps of 5 chloriné andebrorﬁ\e,e'pg?tgidgﬁq arlty sogilég]rﬁo%ﬁjpgﬁ%e and
sodi um br oni deagecefpthent lessm expensive materigls, saclnas dobaltd nedlghfiedthyr %D be
used. The CoRgantr titgn of aci,d or, acid/ salt mxture effective to extract
the netal om the cost and environmental points of view. Accordingly, there

remains a need in the art for efﬁcieht, convenient methods for the reclamation

- of the metal catalysts and co-catalysts used in the carbonylation of aromatic
| 15 hydroxy compounds to produce diaryl carbonates.

SUMMARY OF THE INVENTION

The above—disc;ussed and other drawbacks and deficiencies of the related art
are alleviated by the method of the present invention for reclaiming metal
catalyst species from aqueous extract streams arising from thé crude reaction
20 mixtures produced by oxidative | carbonylation of aromatic hydroxy
compounds, comprising treating metal-cdntaining aqueous extract streams
with a precipitating agent effective to selectively precipitate at least one metal
separately or as a mixture from the treated extract. Such reclamation.
~ substantially reduces both economic and enviroﬁmental concerns in the

25 preparation of diaryl carbonates, o



catal ysts fromthe crude reaction mxture is readily enpirically determ ned

by one of ordinary skill in the art. In general, an effectivelg:mfé%bgation

is in the 10 range from about | pércent by weight to about 18 percent by
wei ght, and preferably in the range from about 3 percent by weight to about
10 percent Wwei-ght . Reclamation of netals fromthe extract_is_achi eved by
thepaddi ti OﬁVong%r ecipitating agent which forns an effecti EEWS”’”-"S"

wat er -i nsolubl e conpound 15 with the catalyst netals. Effective -
precipitating agents have at |east partial water solubility in the absence
of the catalyst netals, and produce at |east partially water-insol uble.
conpounds in conbination with the netals. Effective precipitation with
certain agents may require adjustnment of the pH of the aqueous extract
stream Det er DETHILED DESCRIETT mﬁﬁt NVE s 20 require adjustnent
of the pH of the extract strear%?iam y as%@?pﬁned by one of ordinary
skill .in the art. Suitable precipitating agents effective in precipitation
of at |east ohBe psesentgnethogsmakespaskiblaetficent eddmation ¥ MAR) Rklivsd! ©
not limted tg,  acetyl acetone and alkali netal salts of acetyl acet onat es
such as sodi u?ﬁ‘%@‘gt §¥'§8@?¥)"2a¥@°§-‘:§ rigt dereinafters abllectivelyl asntimetakal i

rererrod o 2tayos) Paitfang bARALIT AEcAbEy (rom Gude s arndiing on o
preci pi t 8t i ngfragethe productionqof disrybxhrtiriata f qhel ¥RHERL Egﬁ‘ﬁ’?gewegﬁgs 9

precipitation of netal catalysts nmay be enpirically determ
ordi nary ski | Mefal-coRtaining aqueapsnextiact sireasms eontainingoruthehiumh, eiodit, he

aqueous extr | 45011 [ a rom about. 0.1 percent by weight to about
30 5 percent a%%/ualv\e' L| g:'h?g,lﬂg#ﬂ’ %&ﬁ'f’ g '8@%‘“}% FTFB“FEHB@SW%AMMHE, golsalt,

percent by . agppe Ataridomaiard VR =Y - etapt ncentrat.ed, aqueous
sol ution of the prheci pitati :gégfggﬁhggtpggﬁgﬁgggggea %@,%8 tp splective

preci pi t at i orprefipitatesthetmetalsseparaidiyont 208 onixneRfesi BB rea ég:Peﬁ{' ¥OIrs -
net al s gpe pr ech%tdat ec{xj .om t heaﬁlqél'eous extract .serially, by aoFé:l ng ?he
Qnt i preferred’ em c{unent, palladium and cobalt are precipitated together or

precipit |

separately.

The crude reaction mixture obtained when diaryl carbonates are made by
direct oxidative carbonylation of aromatic hydroxy cbmpounds contains the.
excess starting aromatic hydroxy compounds, the product diaryl carbonate,
15 and organic and inorganic by-products. The catalyst metals in this crude
reaction mixture, e.g., ruthenium, rhodium, palladium, dsmium, iridium,
platinum, iridium, manganesé, lead, zinc, copper, cobalt, and mixtures
thereof, may be removed by solvent extraction using an. aqueous acid,

aqueous salt, or aqueous acid/salt mixture,

20  Generally, species effective to extract the catalyst metﬂs include strong
electrolytes with high water solubility (to enable phase separation with the
organic phase), low hydroxyaryl and diaryl carbonate solubility, and strong
complexing affinities with the metals to be extracted, particularly palladiﬁrh.
Acids are most useful for palladium extraction. |



10 'stages. Thus, where the netal -precipitant salts have differing

'solubilities, the addition of a first portion of the precipitgffudeepubts

predomi nantly in the precipitation of the | ess soluble netal precipitant
salt. Addition of a second portion of the precipitating agent results in’ .
t he precipiwetdoamief the nore sol ubl e netal -precipitant sal tporai@esfispn. A
filtration or other solid-liquid 15 separation process suffices to separate
the first precipitate fromthe filtrate before the next precipitation is ~
perfornmed. As shown in Exanple 1 below, treatnent of. an aqueous m xture of
pal | adi um and cobalt with a limted quantity of sodi um acetyl acetonat e,

foll owed by isolation of the precipitate, results in essentially conplete
separation of tegeSﬁ | I adi um and cobalt, with 20 the precipitated solid

cont ai ni ng viF¥ ‘? aelds dncluge, batt| arei nat dimited rtoniinmigaaitoueids Ofucoka! t .

1R B A el A S e
o7 oci pitat 1 on of - cobal £ 1 orrrec o1 et i el of Brides e

feature of t hPrefernashdialtsnare sduﬁumerpM§Mr@¢igm,pM%§%éiJ£byag, ofn the
f the precipitating agent, even en 1 n excess of

sensethgt th additi%{]o t . )
that neelled tFUOHRE Bk bremineg, parteularlyssodigmm ichlatiztes and tsodiumVBrdida7 4 16

18 June 2003 e 0 co-precj pitation of all compounds unl ess
a signifi cant‘?élaqfagtrage e%gggésﬁgggé‘ﬁg ag?‘%&“d {)a;ﬁtm?%ﬁiﬁhédllﬁeﬁl ternatively,
two different precipitants are used to obtain selective, serial

preci pi t at i orlheScariventratioh cfegid dri £24d / altdfSktuad ee%%r Iy 0L tals
may require sulroqi)g%g_nt uni que, treat man{ -in order Leff‘o r@n%gl?a%%t%%gtﬁggbl e

as a catal yst®® oy theemide mactmmmwaismadﬂpampmcawwmqgj ment ,
conbi ned precji | f .l gast .t netals is_ achieved by omtting the
filtration stgg%s&%ag{eﬁrsﬂu} ﬁg ?rﬁdﬁggﬁﬁ%ﬂal'ﬁé‘tﬁfecgﬁﬁﬁm&ﬁohdsmt&e
addi ti ot of frangd éfomR f5ouRi 1 ABfcen hAed. pree pitatipon w,th sodj um
acetyl acet onat egresul.t sin rgramc\%}%g%%ttgﬁo%%q fB?Setbta Y J¥eight about
98.69' 0 of cdweferalily dmthe rangecivom atwutGi mercédPty WehS o aBbiR ]ngééreé(ﬂtgﬂ'
exanpl es ate r.ov#ded by way of exanple only, and shoul d not read-to

limt the scdPE8BF the invention. EXAMPLE 1 A mixture of 0.703 g (3.96
mmol ) PdCl12 0.797 g (6.18 mmol) of CoCl2 and 15 |.217 g (20.8 nmmol) of NaCl

ol ut i on vas heatar o R Bimi el GerihR, achyelsd By el andisoonofiai no o

t ot al r&fipitati ¢ owhithnf ' 3 0.3472
(3 o7 e e b s St R, e
of

sol utio satadyst metals o Effective pyenipitating agents have at least partial
water solubility in the absence of the catalyst metals, and produce at least

partially water-insoluble compounds in combination with the metals,
Effective precipitation with certain agents may require adjustment of the pH
- of the aqueous extract stream. Determination of which précipi_tating agents

20 Tequire adjustmeh_t of the pH of the extract stream is easily ascertained by one
- of ordinary skill in the art. ‘

Suitable precipitating agents effective in precipitatibn of at least one metal
catalyst from the aqueous extract include, but are not liﬁiited to, acetylacetone
and alkali metal salts of acetylacetonates such as sodium acetylacetonate
25 | monohydrate; and oxalic acid and alkali metal salts of oxalates such as
sodium oxalate. Salts are generally preferred. . | |

4



20 (Na(acac)) having 0.780 g (5.567 mmle) of Na(acac) dissolved in 4.5 g
‘of water was added in stages to the foregoi ng aqueous PdC12/ CoLha{eNaoh
solution. After the addition of the Na(acac). sol ution was conplete, a

yel | owi sh-brown precipitate devel oped after 30 m nutes of mxing. The

sol uti on wawded/irareed to separate the precipitate froma pi nderiudobsase. A 6
18 June 2003 WO 001 37416 PCT/ US99/ 23350 quantity of water was used to wash
the remaining solid out of the reaction vial, filtered, and conbined with
the first filtrate. The filtrate was anal yzed for the presence of netals by
I nductively coupl ed plasma spectroscopy (I CP). Analysis indicated the
presence of less than 10 5 ppm (parts per mllion) (below the detection
limt) of pald!rgdi um and 2480 ppm of cobalt. The dried solid was al so

anal yzed by e @oncerdration efpretipiating\agentsil the 8 o g Was
subsequent |y subjected to ICPnggegtrosg(/:vg%y. The sp cﬁugggc%%?i%#gf%@t géd] t he

presence of 31esglt in precipitagion ofamresal; catalysts enay tecenpirtuatlgndetefmipel | Bdi um

as palladium (1. acetyl acet.onate 10 i s 34. 9% by i ght), and 0. 385% by

wei ght cobal't‘.gﬁérﬁggg‘%&é%sﬁhdﬁncé? sdBgengr ,;arb t%teec%pah‘am@m@fﬂethe
al I adi um an cﬁg&ﬁit \ i L B - [ I nin I rfual al |
gf t he pall agail um ar!;de,xztixwﬁé ir%i %@e%g%?i o(%l?ﬁgg%t;?’.k ,p%zrinegﬁh?e&ﬂq%lt \rf%tagout éé’

cont ai ni fig vipergeit by avéight, andepratérabty &ndlearaﬁfg@iﬂi@in aou0.1 Bf &aédmﬂi um
15 EXAMPLE 2 A{grthe LQ%Q g (13.%74'rr,rrol e) of Na(acac) di ssoll)ve i M about
5 g of water WEBNJa&bout 14, percent by weight. cAaeancentratedeaquecus polutiorhef

of vater WESHdAboLb 1 HCKEIgh Edesy pacmgolutiathet
T anal ysi o ol eapiatind depftmalBe b diet3Be dsoUTor Biaproripianan,

(theoretical amount of the cobalt 20 content as cobalt (111) oo

acet yl acet ondne a patficldtly. adwahtagesud! ethbediimdrit! A idtdings eqn%gﬁ REEsSence
of 84.1 ppmof cohalt, and |ess than 10 parts ppm of pal ['adium (bel ow t he
detection | i rPteyipitated; frome $he raquenus extractsseviailyn by addding thplpetepitant in

P et DG | bt AL e b e Ll o e G o bl the
’ addition of a ﬁr_st portion of the precipitant results pfedominantly in the
' precipitation of the less soluble meial precipitant salt. Addition of a second
portion of the precipitating agent results in the precipitation of the more
soluble metal-precipitant salt, and so on. A filtration or other solid-liquid
15 separation process suffices to separate the first precipitate from the filtrafe

‘before the next pi'ecipitation is performed. As shown in Example 1 below,
treatment of an aqueous mixture of palladium and cobalt with a limited
quantity of sodium acetylacetohate, followed by isolation of the precipitate,
5 results"in essentially complete separation of the palladium and cobalt, with
20 the precipitated solid containing virtually all of the palladium and a minimal
amount of cobalt, and the filtrate containing virtually all of the cobalt and a
minimal amount of pa..lladium.' Addition of a further quahiity of sodium
acetylacetonate to the filtrate results in substantially complete precipitation of

cobalt from the filtrate.

25 In a particularly preferred feature of this embodiment, the serial separation
‘process is robust, in the sense that the addition of the precipitating agent,

even when in excess of that needed to precipitate only the first metal, does not
5



WO 00/ 37416 18 June 2003 , PCTNS99/ 23350 A mixture of 0.766 ¢ (4 32 mol)
‘of PdCh, 0.722 g (5.56 mmol) of CoCh, and 0.733 g (12.53 mml I@@S{ vvere
di ssolved in 14.5 g (833.33 mml) ‘of water. An aqueous sol uti on gfe 5Z
(26.93 nmmol ; theoretical quantity needed to precipitate all of the Pd(II~ ;
and Co(ll1)WeXese4t6 in the solution is 3.576 g, and 5 theor epcrresyogsesot ity
needed to precipitate all of the Pd(l11) and Co(ll) present in the solution
is 2.768 g) of sodium acetyl acet onate nonohydrate dissolved in 21.7 g of ~
wat er was added in stages to the foregoing aqueous . PdC 2/ Cod z/ NaCl
solution. A precipitate devel oped,. which was filtered, dried, and weighed.
The total wei ght of the solid was 3.074 g. The theoretical 10 anount of
precipitate is 3159 el Pd(II (acac); 1.4299 g of Co(ll)(acac); 1.9811 g
of (Co)(I~(ad to corpreipiiatignof §ommwtsmnlessamgmﬁm;cmgé ex@RE@bE by

| CP spect ros | n 10 pal | adi um and 150. ppm
cobalt. Wt hqﬁecispr @WQ?‘%&W é&fﬂw%p@cyplm @reause:dltdBO
oSt é?ﬁdeﬁﬁﬁ’?‘%?éﬂ?%@?ﬁ%*‘%ﬂﬁbﬁa ?P?ﬁ i akbeBin i desleblE Shems, o
0
t he, cobalt leneerbmere matalalraaﬂ xfg u%retgligbséq]é rit ; ve treatthbfPLd 6848 t1°8 iJune
od of claim fur er conprising Séparating

2003 P us99 350 7. Th
the at [J%east? ?ﬂfg”@q‘%ﬁ'e‘bﬁa&ﬁiﬁﬁa@ Shmﬁlesyn&rnsmmrylauan‘bmam to the

addition of the second portion of precipitating agent. 8. The nethod of

rom the or oy ok bt ERREME BROEACS jof alarean boe meials s

iridium pl aachievad bylohnitrm nehegfiltestéon Is tZ sBFaratd Rb
m xtures thereof. ~ The net hod of cl af%% ereln m ?ﬁpeasfnegﬂe

first preci pF‘?‘HPEH“%tbeOYGaﬂm ;adldlfémwfefurthepqirbenﬂnﬁaﬁt atsﬁchh@oﬁbu-]eaast
one second p 10 ca st species is cobalt. 10. The nethod
of claimB®, éfl&i ﬁei#a&ll%bq'glﬁ‘g%g{ ivlcs}/m%? Eesultsiinremovad et deastPR9%edfect ed
fromtH@ gr opll4aditm &id Kb Cl ts o

acet yl acetongt es and sal ts‘ﬂg‘s%glﬁg at eséﬂgﬁla‘%‘i‘k%é{%@& B? 215 %3)\/\,her ein
treatnment with a first portion of 15 sodi um acetyl-acetonate results in

precipitatio afolbavmgcnm;dasase providet\by Qﬁyoﬁﬁbﬁamfl@ohﬂ A Shod {:lt the

treated ext r a,.se ortiqQn of sodium acetyl acet onate results in
precipitati o ’86‘35? ]lng§81e§cgpe 8@&%@%@%& e. 10

.A9A, y. Aye. AU, . A R AA ?. Af,. A9, . AL . Au<N Uxk
- Ep{vql gb] X]Mw]ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] cal] ca] ca] ¢
a]J ca] ca] ca]ca] ca] ca] ca] ca]ca]ca] cRa] cRa! - zEJVcr*yL/| 8" nj wr mhc] X] caU] ca] ca] ¢
a] ca] ca] ca] ca] ca] ca] ca ca ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]
ca] ca] ca] ca] QAamixture of 3.96 mmol) PdClz, 0.797 (6 18 mmol) of CoCl,, and

] | ca] cal ngzﬁy e gé%ﬁ"e"b](@eﬁ oare 4 éﬁﬂlmfwera]lé.%? 9::%%?%?%?%2? 343
Voa] cal cal cal o) Ca Calc APaal s e A7 Ity a4 Fe el Witz 804 SEpal &) ool ca

] ca] ca! 8899 yield®Solutipn having a total mass of 304 d
1 V<<==34' 4+4, 48 G4 { 7I\/888 xsni d Z] ] ca] cal ]axcla]c(? ca| cga]oc 0?2 g7]2ca] cajc

a] ca] ca] ca] c‘a‘]"&‘] 13674 aimal) of o}, cand-a.5301 & (9.062 mmol) of

NaCl. An aqueous solution of sodium acetylacetonate monohydrate
20 (Na(acac)) having 0.780 g (5.567 mmole) of Na(acac) dissolved in 4.5 g of
water was added in stages to the foregoing aqueous PdClz/ CoClz/ NaCl
solution. After the addition of the Na(acac) solution was complete, a
yellowish-brown precipitate developed after 30 minutes of mixing. The

solution was filtlered to separate the precipitate from a pink filtrate. A
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, quaptity ¢ watey;wag pse BYNGish-th@emaining solid out of the reaction
vial, filtered, and combined with the first filtrate.

The filtrate was analyzed for the presence of metals by inductively coupled
plasma spectroscopy (ICP). Analyéis indicated the presence of less than 10
ppm (parts pef million) (below the detection limit) of palladium and 2480
ppm of cobalt. The dried solid was also analyzed by dissolving thé solid in a
warm solution of HCl/NaCl, which was subsequently subjected to ICP

spectroscopy. The spectroscopy indicated the presence of 31.61% by weight

palladium (theoretical content of palladium as palladium (II) acetylacetonate |
is 34.9% by weight), and 0.385% by weight cobalt. These data indicate
essentially complete separation of the palladium and cobalt, with the
precipitated solid containing virtually all of the palladium and a minimal
amount of cobalt, and the filtrate containing virtually all of the cobalt and a
minimal amount of palladium. |

EXAMPLE 2

A further 1.944 g (13.874 mmole) of Na(acac) dissolved in about 5 g of water
was added to the filtrate of Example 1, resulting in the precipitation of a pink
solid. The solid was filtered, dried, and analyzed. The analysis indicated the
presence of 15.69% by weight of cobalt (theoretical amount of the cobalt
content as cobalt (HI) acetylacetonate is 16.53%). Analysis of the filtrate
indicated the presence of 84.1 ppm of cobalt, and less than 10 parts ppm of
palladmm (below the detection hrmt) These results indicate substantially
complete precipitation of cobalt from the filtrate obtained from the palladium
precipitation step.

EXAMPLE 3
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A mixture of 0.766 g (4.32 mmol) of PdCl, 0.722 g (5.56 mmol) of CoCls, and
0.733 g (12.53 ou‘nol) of NaCl were dissolved in 14.5 g (833.33 mmol) of water.
An aqueous solution of 2.7522 g (26.93 mmol; theox'ehcal quanuty needed to
precipitate all of the Pd(II) and Co(IIl) present in the solution is 3.576 g, and
5 theoretical quantity needed to precip1tate all of the Pd(Il) and Co(II) present in
' . the solution is 2.768 g) of sodium acetylacetonate monohydrate dissolved in
217 g of water was added in stages to the foregoing aqueous .
PdClz/CoClz/NaCl solution. A precipitate developed, which was filtered,
dried, and welghed The total weight of the solid was 3.074 g. The theoretical
10 amount of precipitate is 1.3159 g of Pd(II)(acac), 14299 g of Co(II)(acac), "
19811 g of (Co)(m)(acac)

The filtrate was analyzed for the presence of metals by ICP spectroscopy, and

was shown to contain 10 ppm palladium and 150. ppm cobalt. With no

, precipitation, expected palladium levels would be 11 030, ppm, and expected

18 cobalt levels would be 10,891 ppm. It is thus estimated that greater than

99.9% of palladium and approximately’ 98.6% of the cobalt have ‘been
teclaimed from the filtrate.
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CLAIMS

1. A method for reclaiming metal catalyst species from a metal-containing

~ aqueous extract stream from diaryl carbonate production mixtures,

10

18

comprising

&eating a metal-containing aqueous extract stream of a mixture from the

production of diaryl carbonates with a first portion of a precipitating agent -

effective to precipitate at least one first metal catalyst species from the extract.

2. The method of claim 1, wherein the metals in the aqueous extract

stream are selected from the group consisting of ruthenium, rhodium,

palladium, osmium, iridium, platinum, iridium, manganese, lead, zinc, cobalt,
copper, and mixtures thereof.

3. The method of claim 1, wherein the precipitated metal catalyst species
is palladium, cobalt, or a mixture thereof.

4. The method of claim 1, wherein the precipitating agent is selected from

the group consisting of acetylacetone, oxalic acid, salts of acetylacetonates and

| salts of oxalat'gs.

,20

- with a second portion of the same or a different precipitaﬁiig agent effective

5. The method of claim 1, wherein treatment with sodium acetylacetonate
results in precipitation of palladium or cobalt salts of acetylacetonate, or
mixtures thereof. '

6. The method of claim 1, comprising further treating the treated extract

to precipitate at least one second metal from the treated extract.

109%& (18 June 2H03& () -
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8. The method of claim 6, wherein the metals in the aqueous extract
5 stream are selected from the group consisting of ruthenium, rhodium,
~ palladium, osmium, iridimh, platinum, iridium, manganese, lead, zinc, cobalt,
copper, and mixtures thereof.

9. The method of claim 8, wherein the at least one first precipitated metal

catalyst species is palladium, and the at least one second precipitated metal
10 catalyst species is cobalt.

10. The method of claim 6, wherein the first and second precipitating
agents are selected from the group consisting of acetylacetone, oxalic acid,
salts of acetylacetonates and salts of oxalates.

11.  The method of claim 6, wherein treatment with a first portion of
15 sodium acetylacetonate results in precipitation of palladium salts of
acetylacetonate, and treatment of the treated extract with a second portion of

sodium acetylacetonate results in precipitation of cobalt salts of
acetylacetonate.

10



