, e3enT(6Tnag" PROCESS FOR THE | SOLATI ON_.AND REMOVAL OF UNWANTED WATER FROM

uuuuu

A CHEM CAL REACTION FI ELD OF THE | N\VENTION This invention is related to an
| nproved novel process for the rwﬁ\m‘\\m\ desi rabl e wat eRSMaseh 20Gheni cal

reaction for produci ng products is deleterious to the process
and/ or products produced therefr n particular, the products are

carbonate esters, and nore particul aii'y di aryl carbonates, prepared by the

carbonyl ati on of al cohols, such as by the reaction of an organi c hydroxyl

conpound wi th car PROGESSHOR THE ISRLATIONANBEREMOEALOP UNWINTBEDSt
general ly containing a noble netal of grgﬁ) VI é&) of the Periodic Table
of El ements and a’co- cat al YAYATERERENcASHEBYICALREAVEKRMNON is a

continuous process and enploys a particul ar condensabl e water stri pping
agent. The process basically conprises a chem cal reaction for producing

products such enpl oying a particular stripping agent
to renove subgﬁhﬁgﬁ?ﬁmﬁlavﬁter (dehydration) fromthe residue a
chemi cal reaction and then recycling the bal ance of the residue back to the

reaction step. |n mhepRiveRtoA igdredited toantfiprbeed ﬁékfe(lﬁ&&ié@é%rtﬁ@@nﬂf@ﬁ@ﬂecj
di aryl carbonate is di phenyl carbonate. BACKGROUND THE | NVENTI ON One

met hod of prepadesigabla watpanfrerc ar bbhericab reaction fordprodercingr pombigrse whikhi ch

i nvol ves the oxidatiye reaction.of an aro i ¢ hydroxyl conpound with
carbon nonoxi Y& éi’ﬁ&éﬁ"ﬁsntotw BF%@%BEE%W Brcﬁig‘ﬂs rr‘?@t“&irf@él?ﬁr%‘i‘?@t Ihd
cocatal yst, i t S t el.l%[;gn up
VIIT {b) wt hﬁgéﬁ%g%i}'ukﬂgeﬁggg‘? tge baglhngcﬁﬁtﬁdéﬁ B% e?%érrg’e nobl e ne&’gftpcfﬁ%agﬁ. The

co-catal yst genayhiatiyoremy, pregarsh biyetheatdrbusylaBog i esehon, tstctolas ABD Fhé
salts in different oxidation states. In addition to these co-catal ysts, a

base, a quart &actiop of B BANIYTIEY digxyt comprEndeyith carbpg menetideass oxyigemni um

A e R eng A5 SRl R SRS DM S A

water froma of the Periodic Table of Elements and a co-catalyst. The process of this
invention is a continuous process and employs a particular condensable water
stripping agent. The process basically comprises a chemical reaction for
producing products such as carbonate esters, employing a particular stripping
agent to remove substantial amounts of water (dehydration) from the residue a
chemical reaction and then recycling the balance of the residue back to the
reaction step. In preparing a diaryl carbonate, for example, the preferred diaryl

carbonate is diphenyl carbonate.
BACKGROUND OF THE INVENTION

One method of preparing an organic carbonates is by a direct procedure,
which involves the oxidative reaction of an aromatic hydroxyl compound with
carbon monoxide and oxygen in the presence of a noble metal catalyst and co-
catalyst, is known. The noble metal catalysts are the elements of group VIII (b)
with palladium generally being the preferred noble metal used. The co-catalyst
generally employed can be various manganese salts or cobalt salts in different

oxidation states. In addition to these co-catalysts, a base, a quarternary
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reaction systemin preparing a diaryl carbonate by carbonyl ati ons of

al cohol s Il eads to higher rates, higher selectively of the desired carbonate
ester products and reduced degradation of catalytic speci es?S MahrR083es for
the renoval of water from organic carbonate synthesis from al cohols have
been disclosed in the prior art. Several such processes include adsorption
onto solid desiccants (U S. Patent 5,399,734 and EPO 0085347), distillation
(JP04257546 and JP04261142) and stripping within the reactor with unreacted
gaseous reaonawoniurorsaltragd a desiecans cmege used.s A(sol gntsmagailsol be envplagedr |

t hese prior t processes, have certain drawbacks. Adsorption onto solid
desiccantssklgﬁﬁsg%‘Et cog ldZieves is, by its very nature, a batch process
in which the sieves nust be periodically replaced or regenerated at high

temperat ures to Lol if HasWLAT ALEHRNEL (PARE!dermdWH1Sol SuEP I CR! 1Y

undesirable in i'ndustri'al "practices. use o 11 Tation, Wwh

potenti al | Yeg&@{¥r il SrepBARS i’ Akl @dSoriate biyecatb6RFRkNs Uf ALdldst i ng
the reaction mxture to tenperatures and pressures so t1hat the water nmay
vapori ze. Gesdsoteshigher pates) duighier iselectively rod dbe desirad:sarblonatsegtee pradigitsy

di scl osed, has di sadvantages oyer this invention for several reasons: 1)
strippi ng WnGHredyes déﬁ?g%ﬁ@ﬂpgcﬁﬁllmfége?% reactant gases resulting in

| ower reactor productivity, 2) stripping with inerts is further limted to
a 30%inert compRshhi [ j faryary LS. oferd -1 ppi ng
wWith up to 100% 1 nertqwgégsfgf H{kgreg%%‘%{riadtzg&%ggsel ?ggﬁélf ﬁgaﬁ?%c%)g‘éﬁégéé in the
present i nfedthi gleehdly teivel eenndisdlobdd in tthe privacinitonSeegak bubh Progedsas
overall productivity of the system because optinal stripping and opti nal
reaction téngudat adserption pmtesselicd sdesingantsi 6425- dRaterts 5899,7345 andr ERCR003

coi nci de, hi,n .n t i a t descr,i be use, of

condensabl p tY e P i i Y iture
D0gssraiiEhalidn (P B TPhRDLER i HipBng 358 B

for reconpr j : d i RP] S act | r ure

after vt orcranpfih BRRREOACRIRE: FealahRELI bR sced Bt dig {33 ensi ng

of water fi50198/74Q).5t Hovpevey, Jhssei priobearti pritessat ehave Scertdin adreebadkal ¢ to

the relatively | ow equi pment and operating cost of the liquid-liquid

separ at i on Axisaxptien oato splick desicsantsrsuch jag maleaian BevesSENMARY VEEY TRiTre,

| NVENTI ON Thi,s ,i,nvention.rel at s 49 an i mpr.o eﬁ proceés por t he gﬁntinuous

removal of Andtadh iRFOSesSo iR i WHSDs tBE odeYS AAPsty R BFERLISAIY o AeBAh et cal

product s whgs&ddiafelat HiER GahBeraturel 40 ipkd iRl forWakH fenfd AaPhcit amhjscul arly
where the water |as a bygprodﬁgt of thg react(i)on, causesvde gt (enrfous Seffects
in the effiisearmymieilly hadpirabisa inddstrial praoteest s of the reaction. The
process of this invention is broadly directed to the preparation of any

products froma _chem caljt reﬁcti on where un fsi rable water is a by product
bl

of the reacti on.Therusesek distillaony, yyhulepeteghally somfimuews, ds tumdesirableduey| ar | y
di aryl carbhongte L cuhar i p, C red by
the reacti gél) g*e E‘r‘?c%?gxm%ﬁ%%ﬁx% éhgo%r%lgﬂ%, s’fr})é‘rlﬁe afsa)r gg‘g%??m\fﬁ ﬁdp\?ar bon

nonoxi de arﬁe@gym that gﬂng@pﬁ@mp@ﬁz@ catalytic systemfoll owed by the
substantial renoval of water fromthe reaction and then recycling the

essentially water free materials back to the basic reaction. The presence
of significant dnasenusstoippirg withimthereadion wesalf dspreyioualy dissfosedalas on,

selectivity,.of the desired end products such as carhonate ester products
and deqr ad ATV SVEE R SR RBL S EpFopets] ) PP R MIBhneThe
anmount of el ' ANhIol ' j vk t about
5% by wei Shpone T e R AR OR By o bRY PG R UREMIGEY' o
wat er pr esegtiippihgt Withrifags iofuriiediliniitgd toa 30% ireet sdmipppitios Actheotitednd nore
particularly at l'east 95% by weight,

patent which is inferior to stripping with up to 100% inert gas in a separate

vessel as per the disclosure in the present invention, 3) stripping within the

reaction vessel limits the overall productivity of the system because optimal

stripping and optimal reaction temperatures and pressures conditions do not



3 25 March 2003 The present invention provides an inproved continuous
process for the preparation of an organic carbonate by the i d t'ﬁ

reaction of an organi c hydroxyl conmpound wi th carbon nonox?gyaéﬁh %gen in
the presence of a catal yst wherein undesirable water is present at |east as
a by-product which process conprises the continuous renoval of the
undesirable water fromthe residue , the inprovenent conprising the steps
of (1) contacting water contajning residue of reactants with an inert

essent i al | yoipider 33 teashingsdahe cied paant floapehdesaribe wsecefv@ condensabla t he
strippi ng agent. cont ag&r sh}elp an essenti al ly dehydrated |iqui has

conpri sed IRIEE, e re 5 e HHUIE  aherv C@%tsegﬂgr@{trieﬁgfﬂﬁ%"%&enfqrvvat er
ri ch phase, i | DR{N / e ﬁﬁ% phgse. (4)
condensi ng ' ﬁ@%{esﬁ%i%“gggﬁﬁ?%ﬁ? ?ﬁrgﬂﬁggs oug(IS p{?gggmg |c%b?8r s two

i mmi sci bl e vphtes @emotals ahidp$) aBsaabiRt of iadeorbiag cora peefaralsié Q:bndén‘dmgrﬁs& (5)
separating the stri pﬁl ng agent rich phase and water rich phase, (b)

recycling twaes fronppghe gtripping gasaire thrcited patent fpoinat ast egenpmic tanthe( 7)
recycling at, l.east. a maj.ority of the essential dehydrated |liquid residue
of react antrglaﬂﬁgll}( loy ¢ PH}EBgéEQ;ORﬁFPéPhS fost tbﬁéﬂu‘éﬁﬂ%iisﬁﬁargﬂgﬁtd( 1)
does not | s : ons in the water renoval phase or in the
dehydr at ed%ﬁ%&ﬁ?@gr&gc@%éﬁﬁgﬁgnfo the reaction step, (2) is condensabl e
at a tenperature above the freezing tenperature of the conponents with the
stri ppi ng SIGMMMARYIDF THEBSYENTION, i nmiscible with water in the liquid
phase, and (4) is essentially a vapor at the operating tenperature and

pressures in the_ stripping step. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
i nvention rel at d¥is% dueention: relaEasta BB SRREOYRD dIESeTSofOTy B AFAMRIR IS duct s

b Lon. . o T oo ; . . |
2by produdenghal il et i 65 cOptRaR. BRtwes e S HeRbaltony St et "o
organi ¢ canhesdais vwerbifetHeopteavhddof iptificnt RrRowils QRWAlG! Qlartiulhfly

i ndependently an unsubstituted or substituted CG6 - C 12 aryl radical,
pr ef er abl y velrere tisaiyater is aibpgrodustudishe reacidnGalBes deleterinlisoaffectsnid ther e
particul arly. phenyl. The reactign is arrigghout by reacting an gro,matic
hydroxyl cé ofrthe pEogess ARAACRPERRUCLS 0bthq Eackiopo 45he REGESHORtMES t he

meani ng giYgﬁ % ' . opx.j.d ' e,of a
catal yst suc n?s%?‘a%n% Qlﬁ‘g%%c%?% e;glgt $¥%?na§&}ég(%ghgdbg®%sﬁo e fretal
group VI chémicaf rdaborPortiepeuedésiblbie wabéd @by produéwolCieakyaiorandfor a
quarternary salt may al so be enployed in the reaction for producing the
organi ¢ capeoiatar intenest aracarbonate estetu parttewlanly diaryh canbgnaies, arl toweat e,

f bly diph | carb t h i naf t C t and oth .
D o SRR, SBLRRRC SN Db Sk Ry 1 LI BoP S Prsanis
removal of hh&ﬂ@c?@ll 'E:SH%SuH@,t KlchPy Jﬂ{éﬂbf?%ﬂgcﬁrb%rﬁ\bﬁ&ikﬁ"e ad b:BYleRdnagent or
on of “stri . f

confirmati pi ng agent A portion of the reaction‘residue is then

recycl ed baeésehce bha dagalitic sgstetr followwet bysthef subistarciad veinovial ef seateral | y
nost of the water. This invention is directed to an inproved contjnuous
process f ofrom the reaction and then recycling the essentially water free materials back to

the basic reaction. The presence of significant amounts of water in the system
effects rates of reaction, selectivity of the desired end products such as
carbonate ester products and degradation of the catalytic species employed in
the reaction. The amount of water removed in the practice of this invention is
at least about 75% by weight and preferably at least 90% by weight of the
weight of the water present in the reaction medium prior to the stripping action

and more particularly at least 95% by weight.



continuously renoving water froma chem cal reaction wherein the presence
f water in a significant anount has del eterious effect on % hegi cal
reaction process and/or the end products produced t her ef r orf Teh @Peh| y the
continuous process produces aromati c carbonate esters particularly Bi phenyl
carbonate by reacting an organi c hydroxyl compound with carbon nonoxi de and
oxygen i n theThe ps&eaEinOéntibnqRoeidys Ak imydyedcdinuouweplrdeysstfmethieenoval  of

wat er wherein the jnprovement, conprises the continuoys renoyal of ter by
enpl oyi ngrePagatien @u*ﬁ?rgeamﬁ%%m“eﬂ &"“E"t"_l"!’ Befctign ahemereamsdysizortly

m xture @$ma&.ﬁﬁ§ﬁﬂkw0hxfg&ﬁm&rﬁfdeﬁq?¢m&m pr&af P alcatalyst Kherdpienol

catal yst and other ingredients, recycling a portion of the essentially
dehydr at sudesizable wateris;present ddeast aya byproduat shichapiocess camppisesrtbepyi ng

anot her palddyils Pémi‘i\%'i’of ﬁ.g%h?ﬂrarﬂlﬁ&%? floth MedeLidd&, "tRE gxg.rwmgnpar bonat e
ester, recovering and condensing the stripping agent an ecycling the

st ri ppi ngompeising ltleciteisof i Heconticting siatdérppntagniog egsidutlod reactards i ¢ hydr oxyl
conmpounds that may be used.in the process of e i t he carbopnate esters
of Lhis i nvention ar &*HEABIetLsssepsfalY gateaus sodshtsbic deteuipgasie lcn | o -,
M - Or preco¢ér@E®iromCthe stripping®igent cortidtGtepincsssdntially dehydratediigid phase

et hyl phenol, o -, m- or p._- propylphenol, o -, m- or p 5. . 25 March 2003
met hoxy pR¥MBrisedof the grsidueiof reActnds anda saseoussiripping geHRtsr tich ghase, (3

di met hyl pARehg tie sjtriBﬁiﬂETaF&{t/v?ﬂg' ch gRRAR fiake, (3)doRO sing e St ging -

hydr oqui none and bi sphenol’ A. ‘Aromatic organi ¢ nono hydroxy conpounds are

parti cul agény/waterf el gaseqystithaphiwhish formyfgvo inuniseible phagdses steippingagent case of

substitu i d . it re

genr al 1 1ok PR FRAPBich I Kbork AP BUAip g s MR I O
to C 4 amaceryrichf phase,i(6)eecydling thexdrippingragenthasdbeckatatsalippog step(Dyauid her ei n
may be t nobl.e al cat.alysts, suitabl r .the reactio rocess and i s
corrposed( fre%ﬁCh'P%ggl%aséﬁé"W@f 0‘3‘1""&?58’[5 al@lqeﬁ,ydrﬁ?%q‘ @‘i“%{glrfls'p'éﬁocffgrafcu?ﬁ'éThe

pal | adi ubaétbfoathe Frotssivitierain the RtEdtiipping agertq1) doeg heniend & uidesirable it can
be enpl oyed as a palladiumc ound., cordi.ngly,. [.I adi um bl ack or

el ement areaﬁapv%'aitﬁwa&m&w&*ﬁ'@ﬁswﬂeﬁﬁe chydgeled lighid s Fegar dggab%ﬂ 5 gi um
conpoundseachibf StepS2hRIcoA@nsaMe at 2 t@RperaQirb AN eah FrecAl EATpeRRGIrE BNHeEXES

i nvol ving such conpounds such as carbon nonoxi de, am nes, phosphines, or

ol ef i ns. ComBonanés with ghe SSEppigiagente hiscssrasially inmiscibleivithwater) indhe Jiquids
organic S ; e < phal S.

Pal | adi u%ﬁ%ﬁ 3"“; Z'Eé gsge&itlgﬁ%ggﬁliﬁtgﬁ? g‘/\ﬁéﬁ?te“%e%rn{e%rg%ﬁ%%{ed al sodrgsai?llqgg used in
conbi nat stwippimg $tep-he pal | adi um cat al yst, tetraal kyl anmoni um hal i de or

t et raal kyl phosphoni um hal i de, such as the chlorides and brom des,

parti cul BETAILEP DESGRIETION @¥FI TIHE INYVENTIQNe al kyl anmoni um hal i des are
pri mary and secondary al kyl groups containi ng about 1-8 carbon atons.

Tetra- nbut yl a_ﬁ&oni um brom de is particularly preferred. There al so can be
used in combi h3% ARYERHARM reldes i) RAANGRHEHT AMPIPVER ProFrss dek PERAKMBammONi um

hali,de abrdRARbPISNRANF R AR Gl ObPR NS Lecl on of

sai d quihone Or -a m xture o ereof. enzogui none an oqui none are
preferr eﬁastlﬂbﬁgﬁbﬁu_eﬂ of CREPEALtdS. SPreferably] tRe @etcliongs &hdpephsdah,

ant hr aqui none, " 9, 10di hydr oxy, ant hracene, "and phenant hr enequi none al so can
be used. onganicrarbemate offibe followintgfonmiaon f an aromati ¢ organi ¢ carbonat es,
such as di phenyl carbonate, is desired, manganese or cobalt cocatal ysts

al so can,be,6 Cg§50¢{ar 2003 used. For exanple, cobalt or manganese
corrpoundg sOch “drval’ent or trival ent conpounds, for exanple, salts such
as halides and carboxyl ates and conpl exes with am nes, di ketones and carbon
monoxi dewakaniIRad hAPEnaEARE b finsuBaRAltEd (dr! duiBlRHClsS- 812 byl arly
preferred. It has been found that optinmum selectivity i.e., optimzing the
f or mat i oradidal, gprefertbly aarhondistitiead orisobstizited -2 atyirmeidabandime@eonat i ¢

salicylate is achieved using the cobalt (Il) catalyst.. .
particularly phenyl. The reaction is carried out by Treacting an aromatic

hydroxyl compound of the formula

R -0H



An effective amount of the palladiumcatalyst is, for exanple, an anount
sufficient to provide about 1 gram atom of palladium per 800-10, 000 and
preferably 5,000-10, 000 nol es of aromatic organi c hydroxy 3%W03The

ot her conponents of the palladiumcatalyst are) for exanple, per gramatom
of palladium about 0.1-5.0, preferably about 0.5-1.5 gram atons of
manganese or cobalt and about 5 to |50 and preferably about 20-50 nol es of
t he tetraal kyl ammoni um hal i de and about 10-60 and preferably about 25-40
mol es of quiterein Rritdsother edainigGtiver ablovée witheebon MR afdbRyger int hat
may be enpl oyed is | ead oxide/ hexanet hyl guani di ni um brom de (Pb07 HEG Br) .
The quat er te presence of laatatalyst Bhass noble matal hatalyshfrort a gomipbangdoésent

by or gani c PO Ea6tel SEBY (Bt e diprhiobe I L ARIEPRLY i DIFRIER O 6t o
radi cal & aANeLohS ety St fRCHED L by B R0 o Fbcud iriRotulihg ) 071 ©

are sui t ablyge Eﬁgam&etairboﬁm. PTIes esaetiof arebidiue confprides an Oy oni um
salts which beaf G6 to G 10 aryl, CG1 to C 12 aralkyl and/or CG1 to C 20

al kyl radi patferablyodiphenyl carbovates(herrinaftéraDP} veaterand otlerdngredientabl y
used in the process accordi to the inventiaqn, particul fy preferably

n I
t et rabut yl gbﬁdmﬂfﬁlvﬁmtd%.thgpr%sq\%fr BYysatign govak ofypdesirable

oot on s Y eiploifl 3 paceul bt Sge P CfRHELA of Hrbrife

parti cul ar byemtsef ar pbltiord of ahbfebtioretdidue wtﬂeherd@gdé@f’oﬁd@%%é“bﬁﬁkt o the
invention, rf desired, either organi C or inorganic bases or mxtures

t her eof nmyeassioprpriosesschfteEramsivebolofssentinllyamost dfdhewatdri ch may be
mentioned, without restricting the-process according to the invention, are
al kali metal hydroxi.des ﬁnd al ﬁ%lsi Hetal car bonat Sd H’Ei‘kali nmet al f
carboxyl at es or 160heRVERIPR B AHEHRALLY AN JFPIPYEH | CORBRUPUS ATOCESE 0L opat i ¢
hydr oxyl c f ; I ; L | : B’Qee[gr‘@

Qovi ousl y, et e hy rlgtrgs o%ﬁgﬂﬂg+lﬁrér%‘t%fhp éﬁﬁeg?éésn@%@é?so eg%{scgyi n the
process acoatel iy d eigrificirmtvambunn has\deleteriplie effectsonfa ehdiptidalbteactibh ch may

be nentioned is sodi.um phenolate trihydrate. However, the_anount of water
added nust Ppreeser anglyonethee £8dr dFodycts yproducgdy therafromper Praferablysdhe at  nost

5 nol | of . Hi ' l.ead, if lia,
Soorer oh HEEE RPESE prE RS, B SRBERRL SRRk e BT 2 1°
bases whi cRarfBanakebiyerahiiedn dﬂgﬁhi@bﬁydr%&gr t6rthpBEnd RAUPEABBASMERGRaEI Ng to
the invention, are tertiary am nes which bear as organic radicals C6-Cl0

aryl, C6Clandradyigeh imntheopreSan@26f alcatalytic systemefoliowedyhyi thenenwambsf or
hydr ogenat ed pyr}‘gi ne Rases, for exanple trjethylamne, tripr.opylam ne,
tri butyl antM&er WALERIRf ﬁhmﬁé?v%ﬁ%ﬁﬂommqﬁﬁ‘%ﬁ?%uod’ﬁ6%‘?‘9%)‘@#2@% e,

di met hyl ph . am_n - chi 13iQ- n n vy di

ot hyl ot pEPIOYLE " pasticial S AReALIIET GRRGTXIRIRE MrenE) g o
pr ef er abl y naRnirklofldn e@teﬁﬁalsfutehydra@éu arciRG¢ EarByrliteeyter, PHERBY Bkalyst
particularly preferably an al kal1l netal salt of the aromatic hydroxyl

conmpound wand lother ialgzedientshreayclinga pedtiom of the essepdiaily dehy datert reactivrese

alkali netal, salt an be lj{thiumsalts, sodiumsalts, potassiumsalts,
r ubi di um sgpf@fﬁrg"i‘:"j‘eﬁf?u&\eshﬁlg.reﬁ?ti‘m GHHHERAVARG  anOther uﬂ?ﬁ?@ng} éﬁ% and

pot assi um a y rid I r ium
phonol ai o, FAciOgE i BlE B hekR Jo) clBel (B LLEMAE et SoBAHNE R0 X1
as a pure esrdaisiil ithe SBlipPingOigBneandsrezy g thel Stripping gt baalbeslithent of
the invention, the base is -

water stripping step.

The aromatic hydroxyl compounds that may be used in the process of
preparing the carbonate esters of this invention are mono-, or poly-hydroxy
compounds such as phenol, 0 -, m - or p - cresol, o -, m - or p - chlorophenol, 0 -,

m - or p - ethylphenol, o -, m - or p - propylphenol, 0 -, m - or p -
5



added to the reaction mxture as a solution which contains 0.1 to 80% by
wei ght, preferably 0.5 to 65% by weight, particularly preferably 1 to 50%
by wei ght of the base. The solvents which nmay optionally b 53@@%“%@9% are
bot h al cohols or phenols, such as the phenol to be reacted, and inert

sol vents. Exanpl es of solvents which may be nmentioned are

di met hyl acet am de, Nnet hyl pyrrolidi none, dioxane, t-butanol, cunyl al cohol,
i soanyl al cohol, tetranethylurea, diethylene glycol, hal ogenated

hydr ocar bortaefroxgphehbDr abesz dirpetdiylphiesiol, 0r0benzedinetiydphbhel, s 3, The -
solvents may be Used alone or in any conbination with €ach other. A base,

i f used, idiawdkylphenah adnoumaphtbelpenden? of naplthel oixyhémplet resordnolr ati o
of palladiymto base is ef eral y chosen in such a that, per nol of
pal | adi um LLM}EOHBW arpff biep s.!mH 0 /JopBtis RISARS MR, ﬁﬁr%w%wm 0.9
to 130 equiyal . : LLe t riQthon i
directed toarfﬁ:31 ﬁg%é“a@ﬂ n ger’g%{@%enﬁ%‘ﬁé tﬁg n?c%g\‘)g?tgﬁ%?r CB\nglh rcpa ?/IO.f
conpound,  SypBtiRfends In RhE AR ShydrBRABMPERIND il substiflients AvEpEnGAllY S
directed to the unique continuous renpval of undesirable water in a process
for preparilngr psubstituents/ard atecprietexhblydrami@Gi tot(ed alkylt Gel po €3é¢atloxy, wat er
i S undesi rgﬁlﬁe,hav' gg?eg ffegt on the process and/or products produced

fromthe r gy RUB®s of renoving water have been discl osed
above. The inproved continuous process of the present invention wherein the

i npr ovenent corrpf]i - A ' by
reacting an arona (?Sg&ﬁlﬁ?gwggeﬁ%ﬁ%éqvﬁ&h cgfﬁﬁoﬁ%@éﬁﬁgﬁgﬁﬁ in
the presenger the fedctionl pedcess(dhd fseasthpasedhsr atclaadtione MetdUst Gebustval, (1) to
a stripping colum, (3) contactlng the reaction residue of step ™1 in the

strippi ng queferablyi pallagiurmedhe divmainatevial aseful p$ ppratglysgaan bain is
tiall t 9. 25 Mach, 20Q3 "' t t d pr.
ool oyed | FIERENE Fommindt ey bR RRIOYRS a5 AP BAIIR SDEPG Tt AT Rnd 2
trd I / P (14 i t
gaseous S ré"‘,@%ﬂflg“gﬁ%& d@%&?ﬁﬂﬁ??ﬁlié&u}r{)ﬂ@g&m on %ﬁ%&@&éﬁ%e Q&d( 8

dehydr at ed se an e stripping agent/water rich phas

condensi ng wélé aggﬁlwﬁuﬁt corppomngdsa ganl /ascatides,i mitrapdspegrbuxglstes) dxides
i mm sci ble Iiqui hases are formed one of which conprises a stripping
agent ri ch andacamplaxes Havelving suchbrompands syghas qarkan prenrexidesymingsar at i ng

h i ppi h f d i 5.and | i h rippi
agent phasd PRI HaehrT B REFferep Popadiat mpprinth dre pRAR RN
the dehydr abd Jfi SHgadiPRags muamgpca?rwégkﬁeg Wil TCR 118 srsa?gaﬁ@a%&)

separating a mnor “part of the dehydrat I qui d phase of p 3T

further redtalladiumf (Mhaceta@aisi partiauladhlyaprefernékr eThere hedso rant be tusedpimg

agent (1) does not lead to undel i rabl e reactions llﬁbg the water renoval phase
or in the FomMRinaien Wityithei paljadiymy catabysty tetrpalipdapwneniugn balide o) s

condensabl f eezl pa t d

component s SfteR FVEHB R HREL 3t B e s P, BordsiBrly ¢
wat er in thielbraniidehadRyl %edﬁé OF thé ak$?s &iirhéiloh RaNdROAredpribiftyQRl at i ng
tenperature and pressures’ inh the stripping step. Preferably, the”inproved
cont i nuous secardey alkylhigroups eruntainirigs aboueci-8d carbqor egtamsng dfetra-n-
essentially dehydrated or substantially water poor aromatic hydroxyl
conpound cdiBEMmeRiym; kremide ipardicplaslycrteterssth  Thers alpe cg{let&suiﬁdy )

produci ng .gani i i y
product 09 ABRALAANLE L ERIRAON PR SRE AR ALRIRLLELINGE LY
contacting jeixe oh8lihOfe 4K hebRated did! R)‘?n{ea)bft%@tré‘ditﬁldﬁﬂﬂ\ yRdRd q%ﬁ'ﬁoﬁé oer
ingredients with a condensabl e water strippi‘'ng agent that is essentially

gaseous at a hextuzemdrtherecdf. dibgnzegsinanecau bydrbquinariecass preferreg. sirep, (3)
recovering fromthe stripping step.a liquid phase ich is essentjally a
dehydr at ed adcligon.orpresHds Sitt 2 lyaqepgge &H‘Qs%at%ﬂli‘i\g@rﬁf}@f%‘él@ﬁf‘ﬁa?ﬂ&)' a

stripping i 4), S rat| ases of (3)
above, (5) acggfqg{eo\r%g,it’ gétﬁrﬁgg%eﬁgﬁgpﬁéa&%@ﬁ? %V\}a%te‘gglrsﬁgﬁn iﬁﬁg'lss EBWher ein two
phases are forned, a stripping agent phase and a water phase, (6) recycling
the stripping Ininstances where the formation of an aromatic organic carbonates, such

as diphenyl carbonate, is desired, manganese or cobalt cocatalysts also can be

6



10 25 March 2003 agent back to the stripping step, (7) recycling a ngjor
portion of the essentially dehydrated reaction residue bacE hf ﬁﬁ&" i on
'step (1), and (8) recovering a mnor portion of the essent 3 aV’ mydr at ed
reaction residue for further recovery of the organic hydroxyl conpound. In
the stripping step of the preferred inproved process of this invention, a
| i qui d phase and a vapor phase exit the water stripping step after

contacti ng r t] Sj it r iR The. | i qui
Genyr at e YR8 TOF S W Hahoiedt [GRAJHAISHN LRl g
corrpou_nd prt@f&lé@|c&$nﬁ3d@ﬁ*@1§yﬂor@&_ﬁﬁ%@}tsﬁlt§ @5’@) as ¢atidey $ind §&’%xyﬁftérarﬁ‘:ﬂd
other ingredients, a major portion of which is recycled to the basic

reaction stapnpleses witthalrinese diketbfes and5cavhon hmd0Ride have dbéaro fourie
process for recover DPC. The gaseous vapor phase is conprised of

f
vapori zed stffachpen Obggrﬁu) aggtats isparticiladly piefasrecs 4t has heeniagad dhat

St i ppi ng SUEiORT sBIRIELS BPRRARE I Il 87 BN, Mo i cn
phase is r erhsmaﬁﬁng%é P&t nfdtionIF A26ma i€ Balicpad idoaaﬁ@vé&lﬁsﬁlgqﬂef‘c@ﬁsmm trace
anounts of other conponents, particularly’the water rich phase. It nmay be

desirabl e teatalgstover these trace amounts of ingredients such as phenol and
ot her water sol uble conmponents fromor entrained in the water rich phase.

Subsequent processi of the wat ri.ch,.phase may be nade t hose

pr ocegses klEl)OWI’l .?.“e %@%ﬂm‘?wtﬂﬁ?@?ﬁaﬁdﬁgmﬁépéﬁéﬁ' é’ﬁ@xﬁ'é’ﬂgéra“t%m&ﬁt er
suitable f i I h e er.l i trl npi t. i ch
phase may ggélfﬁ'lél?r@\?g(g pﬁ?%%o%r%c@%@é%b o%{ H%sutggggirlﬁe‘%plbg@"} g(gagratndor

al | oved to preedrabllyss B0RTGII0N modeOUE drdtvatic PHfEc Hlyideaxy Wonip&@d urTHnt

stripping agent nake-up. The stripping agent” phasé recovered fromthe

stri ppi ng satber enmypenends hbthe padladiurcatalyst aiep fomexargples pad geamtdtemetfo
before recyclj bagk taq t stripping s ith or without prevaporization
of the Str R BGumEtIH Sy RERFErBBl L Joet ' Eraealbritiol HANaBRe P hoat
exchanger Qiopgfit bABalbducl'd 48 4180 2ah@"BrerdrBbB! A" 2020 GhbldsNoPT g ! O
achi eve the highest stripping performance 1n"the stripping step. Drying may
be achi evedelryaliylmriveaiien hsligaand abotht0-60 aned pireferaiglyrdbanteds-40 pldksi cal
dryi ng agent such as nol ecul ar sieves or by contact wth a chem cal drying

agent, suclpfaingeneand/essedustiopypraduetithergof.on. The above water renoval
process or dehydration process of this invention has the advantage over the

prior art of (1),bejng co to,t he reaction sysfem as..a cgrhonate
ester reaction as cghfoop Clgﬁallfsgat g}?{th V\lll'.r‘sﬁd_ra{)1 ng é‘ﬁ‘é’@%ﬁ%har%i ng%?gacti on
m xture frQRiasthek@mehfy1E@atdindimBShEde (PHO AEGEY). | ow may be

advant ageously varied t'o achieve opti mal extent of drying, (2) being an

i ndependent system fromthe reaction system the process conditions of each
may be i ndi vi dudiieyquaternaiyzsadis thadmag betsopigyed ire the qontekt 9f the presentVar ch

2003 condensabl e strippi.ng agent en.in the condensed farm the systemis
Chon abl o BV SMPTHARAE, SHCPAUIPLE S G6 SBIOMMILS RARSU OB SUMBHER and
operating . Tha. i PR : i 1en be
copar at od (; SEsnig ARG, RRIdchiARPRUAR b ndecHort ROt B R Bler R
condensi ng tatCa0raegls @ahbd €-tDasdkpl agd ferDertat@20 alkyl radicalsQidtorgaic t o
about 90F dependi ng on t he condensi ng medi um enpl oyed such as brine, glycol
or cool i ng radicals anehathadidej kesraflupsoborgtenar bexafliorophpsehateats anivpcarase of

| ower cost. . , : , . ,
suitable for use in the process according to the invention. Ammonium salts

which bear C-6 to C-10 aryl, C-1 to C-12 aralkyl and/or C-1 to C-20 alkyl

radicals as organic radicals and a halide as anion are preferably used in the
process  according to the invention, particularly  preferably

tetrabutylammonium bromide.

~1



The stripping agent enployed in the process of this invention is such that
(1) it does not lead to undesirable reactions in the mater:%ﬁanv€l @ stem
or in the reaction system when recycled back. to the reacti e e , (2)
it is essentially immscible with water in the liquid phase, and (3) it is
essentially a vapor at the tenperature and pressures nmaintained in the
stripping process. The process of this invention is a continuous process
and as such achieves a nmaterial bal ance at steady state equilibrium Qutput
must equal i npuThe am@unt béisuth qujhtereae salinpVadof 309 Byhevesgtet} BaBeld Y | PPI NY
step) must equal that which is concurrently fed into the reaction step

ot her t hanthehweigbt pé thel reactign npikbure. f This ameustt isi preferably 65 ta H5% iy

enbodi nent, The process conprises. reagting an organi c hydroxyl conmpound

wi th car boWeihtdiaraes 5’38 13033 éﬁﬁ’i h[?ﬁ‘@w%@%e of catal yst system
contacting the mxture of the reactants fromthe reaction with a particul ar
stripping agenty.t@.r gﬁ&ﬁ : I : L5 1 C I SIL.0Q:

vapor ous phase Igngiel ?@3%% p as£ei}n%\/n(ﬁ|§ %@H‘gﬁ?&ﬁ% ﬁgggéllgéd’c%%%ri @Jgggl 81?0 rDPC,
Some wat er irgarié Badesiorghextueey thereeCiralyi igerplied! Birthpll o¥finédaslic! i qui d
phase to the reaction step and the bal ance of said liquid phase i's renoved
t o r ecover basecwhidmmaey bermentioned r withbout restretingiheqrocessacearsting tasthehas e
wherein a stripping agent ri ase, and er rjich 17 2 rch 2003
phase if f BB, Rl 5%%9:]3‘)?4}8’%4% ﬁsﬁa #Sgﬁ&&{?f ?qféﬁnﬁﬁékfﬁ? otalhe

wat er i Chcﬂﬂ@éﬁategcge&etr};%t | 1ts2bf ARE BE S ?Héta.{ Raftd &V {PidS

phase. In a pr erre ment, the process 1S a contlnuous water r enoval

process coﬁﬁdﬂ@ﬂﬁ@xﬁﬂi@nﬁdﬁ@&k@ﬁoﬁhﬁlé (InrenglkalitrétaDphAbRolatdse OWowshar gi ng a
reactor with reactants cogi_)ri sed of an aromatic organic hydroxy coripound, a
catal yst i theahydmatesnof salkalicmetal phepalaies) gantalso dwe sl mn itbe processe

2 onpar ot TREHBNE ABOHE MOEREB ancar. SPSRPT HITha SRGCel SRR ABBLES] 1o
about 150 Hahiiohed) Lsc%ﬂiﬁir‘]xggiggéﬁi%e&g?{gfﬁiﬁte?f HdWeve?20hd A MHCHF GaRkal ns

unwanted water wth a co stripplng agent in a stripping

col um andaddedamustreferablycbé htdasufed ssudhtaway it pli efoldRge,ad esost be
catal yst and which i.s above the freezing tenperature of the residue of the

react ant s Bplssaf ypteparegsided. HHighasarvaten congengriations leade iriter alial to poorgpor
phase and a |iquid phase. . ( renovi.ng the two phases fromthe. siripping
col um V\hi%‘?{w\‘?%b%} rgﬁﬁs@%ocﬁ%ﬁp%%&go t?i b :bﬂﬂatgﬁzfsﬁfmﬁgr eFE)rpﬁ?cheE’%Fﬁ may
contai n ot RVt bd EnEATRUE NvihRE Bé@t‘rf‘clﬁng' ! Br RS Ak iR G0 thal | Y
dehydrat ed and cofprises a carbonate ester, phenol and a m nor® anount of
wat er, (5)inventyai,iang tertiany amipes twivich dfeat las cdgdnidratiizdld CHT10 qriph €6-back to
the carbonate ester reaction 5%3 ,. (6) renoving, the other portion of the
gﬂe@‘y

dehydr at ed“1? aiatleyl prader ol -2 represennpyFiging Bassscdrn hydrogemedt e

ester therefr ( C i h trippin ent /water rich phase
wher ein tyﬁy r ‘ﬁgéeggg?’e@%r%%gﬁgt} gﬁﬁﬁﬁ'g?%bneag mngﬁg‘é‘é"‘_&\rA@@‘\Mi‘@i“%hase
whi ch strigppicRfarifiRNt phase béniﬂﬁ'ﬂm@ﬁ{gﬂ_&ﬂ\%@e,to the sifibd lb@ﬁzoﬂ%ﬁ&{@)-
Preferably, tHe stripping agent ‘has a Boiling point of about Oc to [ess

t han about dibhylphemdthykinhine) edsdintethylédsinarphenplpropane,i cpyrding, Ness t han
the operatin enperature for any given pressure _enployed [n the stripping
means or s'tr\@g’))’&%ﬁﬂ“ii@esé'lzé’c@éth‘V‘%‘iﬁeﬁBdP‘H%{dul“T- nﬁ‘gga%%‘?s@i isprefegatdyi| oro 1,

2o F L B R AT L ke B Yt >
an alkali metal salt of the aromatic hydroxyl compound which is also to be
converted to the organic carbonate. These alkali metal salts can be lithium salts,
sodium salts, potassium salts, rubidium salts or caesium salts. Lithium
phenolate, sodium phenolate and potassium phenolate are preferably used,

particularly preferably sodium phenolate.



florotrichl oromethane i so pentane n-pentane dichlorethylene 1, 2 -

di bronot et raf | uor oet han cycl o pentane hexane -4 iso hexane hexane - 3
hexane - 5 n - hexane, or m xtures thereof The preferred st#? Mﬁfﬁ'i‘g"ogéent is
n- pentane. |In another enbodi nent of this invention for the renoval of water
consi sts of a unique conbination of a stripping colum, a liquid-liquid
separation st afyeasednay derddsednty thel reantiomimixtarees al pywreogmmpoeand iA | i qui d
14 25 Mar.ch. 2003 stream conpr.i sed of reactants, inerts materials,
hormgeneo‘iﬁ‘ccg’i'ﬁ‘l Pssa éﬂé]]t'r g‘éét@ﬁﬁeb?m@ﬂ%‘eﬂhé doe inyenbigas theabase igat er

f ( . =S . ho T Loui ;
br ougnt | sl 62 Secrh®mitthed dsta SONTH (ot Eherdds 0 a0 byt er -
e . ! Atl t
"t he oty TG prRlcraBly 054D 5% BF usiehL PRlodty PERRIS AL ShATBE" At Ure
vapor ous weight bAtte baseprThe suvertts whithgnageptionaly & wed Ieirbaire Hoth pped

conponents enter a condensery, ogsrat ed in such a manner that, at a mninmum
t he vapor%@@‘%@érﬁ@ﬁ@%oﬁ%&i@e e Pheapkto e reactedpand imgensolyentscondensed

into two 4Jm Ssci ble Liguj S strinping agen ase and, ter
phase. Thééxramg? %éosﬁk‘éqﬁél g‘éﬁgﬁéﬁ%y ;%se f%‘?{gg)é'(f%aﬁge tcﬁ%‘%&yi?ﬁ?g?rﬁﬁf%gght phase
is recyclpethfyirflidihdhdP didkad) Whutarlde n Njg} t ri pping
agent, whi ch% contgi n sone %ter,taﬁgly %?gl eréalglgl;abglsgéﬂgg %??%él’to its
appl i cat itemamethylwtenj ppdiathylere bglyedsi riplogenated phiigdmabribng nge.ggent such
as nol ecul ar gieves or, . cont gct with a chem cal drying agent such as

anhydr i d€&lggpbenzene pralgcﬁqro pnzanesAng SHRSA Y hR selMentemay besed plasieer r ed
enbodi meng. .J i St ion colum for drying the stripping
agent . I%é’ll‘gno}%@Bﬁgh%%ﬁéggg&z‘%‘ggef ore returning the stripping agent to
the stripping step. In a preferred enbodi nent, the process conprises the
continuous i sl bdsepif ugéd fieaaded irdin antiuGitiihHEFHARObF R stofchiwh&gyf rom t he
process can be described by referring to FIG" 1 a flow drawing of” a

pr ef er r edhermbel ofrpatiadiim fi Baseris preferably whosen inhsuchi mwaptthain pes ndolr ect ed t o
t he conti puoys,.remyv.a undesi r ahl er froma chem cal reactlion
process, ° RSH?)‘PM rle{? ﬁ?eﬁf Sﬁa'b[yeg‘éﬁioﬁbf Balftffé‘l?f?%b’é"r S’Eai%gﬁogfmam@ar bonat e
ester, peghiRafbtyofiRbaiisegar bonate. In FIG 1, reactants phenol, oxygen,
car bon nonoxi de and catal yst are fed to reactor vessel A wherein the
reaction of the additives is carried out at a tenperature of about 30c to
about 200c, pMaiibker e yabakeudesdption iabdirectedOto dhel mactiorpipeesessefonf about 1

to about 150 bar referahl y.about 5 to gbout 100 bar. Stream 1 cqnsisting
of a mi xPEPEIHE g’éé%’r?ﬂ"%ﬂcl }/QIP%WPE'&P 0 as and poeferaply C{SR}E@N& ch 2003

vat er, caialusk t -glsﬁx%xﬁgg ger&xp&tg@r}gxgrpﬁeuﬁﬁa@%nﬁﬁawmeg{o%i g an

d
other inert materitals is to a vapor qui d di sengagenent vessel B
oper at eduatlesirabiduwaest ipr 2 psodess for paipatiaigepgrilets by phésenicalbreactigni d phase
whi ch gaseous phase is renoved fromvessel B through stream 2. The |iquid
phase cokthersinithe presence of dvater isr wndesitable hawing pn effgaisendbe paoesssal s i s
punped b 4 fromvessel t hpough stre 3 ichis fed to.vessel C a
gas- | i quinaggWP b"éi"ﬁgs Pé%ci‘éqe‘jogowo{ cac ﬂBsm?i%’praggF AR08 y
ther ew t i 8driR@Bbeeh Sisdlozed hssyd 0 vessel C which vessel is maintained at
pressures and tenperatures for stripping water fromfeed stream 3. The
sel ected stripping agent is as disclosed previously herein. In vessel C
gas- | i qui d ERVaRfrbvddolBiifoub pEotBRBf BRIAENERt iV dnitio R Wheras tHelimphévelefiti d
conponents of stream 3. Stream 6 consists essentially of gaseous products
conpri si fsinpligdsPieGtaiedf @) dpMpladingexn Sdrigagicv eabohate bhr Rugihgtaheam 6.
Gaseous stream 6 is condensed and separated into a liquid water rich phase
and a | iapenttist hydpdxyy eqrapoundc wigh acacboth wonasideaandnoyggaselin ptheL i qui d

i ppi i h 7 i . d [, Cwhile liquid
vater | DiogiA0L & tpBAEY o BRE e Mg hER Bl s o i sHibeiRs, « dam o,
essenti gl ggraeﬂ{ctg%tgﬁ%gxg%gcéaﬂ e&Rud of SR iR Qe %fcriﬁﬁiﬂg?coﬁhﬁﬁenw

carbonate, phe , |l ow amounts of er and other ~inert

i ngr edi ewith anniherpyorderisable switer sefiping agénbtintris esdeatiallg gagsopsragnt s t he
maj or portion of such volatiles is renoved through stream 6, and may

i ncl ude sone stripping agent. Stream 9 is separated into stream 10 and
stream 11 with a majority of the contents of stream 9 being recycl ed back
to reactor vessel A through stream 1@ Stream 11 essentially conprises
crude di phenol carbonate and is |ow or essentially free of water due to the
stripping of water in vessel Cfromthe residue of the reactants fed to
vessel C through stream 3. As stated previously, the anount of water
removed is at |east 75% by wei ght of the water, preferably at |east 90% by
wei ght and, nore particularly, at |east 95% by weight of water is renoved.



25 March 2003 In addition, the preferred enbodi nent nmay optionally enpl oy
means for further drying the condensed stripping agent rich @33ﬁ tQ a "
| ower wat er content before recycling to vessel C. The dryirr';tj‘;D #Q03

achi eved by enpl oyi ng dryi ng means such as a nol ecul ar sieve or a chemn cal.
dryi ng agent such as anhydrides or by distillation. The water rich phase
stream 8 npy al so contain sone quantities of phenol_ and other water soluble
conponent $he temperadues agds PressHEE EMpIP¥ed iR Jhagtupping celunyy pdhegeinm

processin f.the te i_ch_stream . be enpl s _known.in the art
o r ecoverielygtated BT phafd BB T Siebinl PReft SarfSpE8 ety o,

di sposal . ¢yt k ! i } ﬁjiﬁn Y I REL Ng
agent, the(i)sstepliﬁiag?%&{/ﬁse (aeg(gse %@%ﬁ?@wéﬂg@ rgﬁ at gagfegﬁew?%bﬂrgg‘sure
(about 20 phasey )5y emuddrisimg itheagdseghe stripping ragege/ whtenatchr phasenghereiroved
with | ess strippi gg’ agent. About 90% by wei ght of water was renpved nanely
from 2, 00&wpimmiscible liquid phases ere ferneed ompiof whichiremprésas a siripping
reduction _in costs. \é\h vari.ations of this in\&/&\gtliilon .suggeested to

il i1l b
those ski PBEY Fich phaseaqd the otfier compRses aWates ifoehae (S separating

under st 00 ‘T{éﬂﬁ‘é% NI E CORE LB flakler et o.
1 25 I\/gr 3@%@%‘@&%%&?@1. ArneQ_ #E%S@dﬁ?gﬁﬁ%gﬁprocess for
the prepabatk Lrthekudppiogaasp o(7y aedyeling @ tajot pertioti dbthie\drhydeattd tiquiaf an

or gani ¢ hydroxyl conpound with carbon nonoxi de and oxygen in the presence

of a cat apfakewhgfeg 3 paeR Fablisn SERT, dndl @) 88SAthtAL d RARGL gécbtaofbmepf oduct

whi ch process conpfises the continuous renoval of the undesiTtable water

fromthe Je‘ﬁ?hﬂﬂ@d li%ﬁiih‘jﬂnigm;(]ﬁﬂ}’e?;?fyr FRRBY depd iy 5h&e%#g§§c edrbopteS RRLASE | NY

wat er contafning res ctants with an’ inert entially gaseous
condensalthe ingrt stpipping aggenil) dé@)not kad ve nidegirablemeadtiongtin Hpovafigr neraenal
contact s . € nt Jj r Liquid . i

oot due diine BECRE Gty dalot 1ARM R BLRlA aBk SR IRRSGR, (H3E oflach b
r enovi ng dthdaemperappreudong dietfi-svaingrtempah et duscopijaments(with tdenstdpgingg t he

stripping agen./water,. ri ch gaseous, phase. which forns t i, sci hl hases,
o ot PP b gt bt Sspia iR W DEE i e iR, it LB snially £no

st ri ppi Nnorapgent theiopbrapigiempadieaad piéssiired MR AR stififping e&pc! | ng t he
stripping agent phase back to stripping step (1), and (7) recycling at

| east a mj ori of .the, essentially dehydrated |iqguid residue of reactants
back to the pr%%é%’é!’i)«ﬁ}éf’éﬁ’wf%% F%% uas/“fsrri)rﬁ)ﬁﬁ‘?goa dpv%ril}orﬂgggeﬁtg lead to
undesi r abjse inpORA ds3 ﬁﬁﬁl?’\@eﬁ dFAER\GH sihRRidly WatdrSodielpstiaied
l'iquid igﬂor%i?gli:%goback (teo t He regcti on stsep, (2) iys con endgaéb}?be at a

t enper at uhydrakpleormpeuhdesanpgsitienpehiah improtved ipeocsspamprites thietstepishe
stripping agent, (3) is essentiably immnscible wwth water in the liquid
phase, arf®f ()produding an Hugarie RYEEXYAt CQIRBOURE r BY i liactingnpBraromaicand

pressures_ in the stripping.st ..The .aroce | ai m rein
strippi n}yadg}gryﬁ? ?@%‘?‘?’3‘3‘%&?‘ o?%b?éc?cpﬁ)ﬁget%nfﬁé%% iubé}i‘en ?%s Ié_e. B_PSS. The
process Ghatdiyatl (2)lcyiRicahs MeteaeioResdidan ff stepe(1fiebydiasedvateidhd resi due
of reactants’is renoved fromthe process and the organic carbonate is
r ecover edthgr imgredierds iveith af coriderdalbly dvatee dtiippinglagers itbiateis mssendiatlyng t he
organi c carbonate.,  is . L
gaseous at the temperature and pressure employed in the stripping step, (3)
recovering from the stripping step a liquid phase which is essentially a
dehydrated reaction residue and a gaseous phase which is essentially a
stripping agent/water rich phase, (4) separating the two phases of (3) above, (5)
condensing the stripping agent/water rich phase wherein two phases are

formed, a stripping agent phase and a water phase, (6) recycling the stripping

10



25 March 2003 4. The process of claim1l wherein the organic carbonate is a
carbonate ester. 5. The process of claim 3 wherein the carbgonate ester is
di aryl carbonate. 6. The process of claim5 wherein the di a%£ aEh298Rat e
ester is diphenyl carbonate. 7. The inproved process of claim1l wherein
"the inprovenent conprises the steps of (1) preparing an organic carbonate
by reacting an aromati c hydroxy conpound wi th carbon nonoxi de and oxygen in
the presence of a catalyst, (2) feeding the reaction product of step (1) to
a strippi H8% trﬁS’ﬁh ' Eﬁqgi ; j {hilen t he
stripping gfg?m W ttlﬁlégn i e%?t‘{épc}goz)eﬁfgbl e %’?@P@?F%?ﬁg‘%ﬁﬁ@kt IS
essent i al dehyghatedu seationh eedidup dvagk uoeremctionr step Uiy, ath(8)yredoveririghe
stripping colum wherein a dehydrated |iquid phase and a gaseous stripping
agent / watBINQFhpostier obrihed essemfiallgpdebydraded neagaer diesidug forgtirtheshase and

the stripping a [water. hic ase, (5).,condensing the gaseous stripping

agent/Wat%f:o%ré’ﬂﬁ%‘égégwgmdﬁo ﬂn‘:"f’?ﬁé‘ﬂ@‘m e liquid phases are forned one

of which conprises a stripping agent rich phase and the other conprises a

water rich phagghe(sbippaiastpidfdhé b?ef@iréuﬁﬁtplﬁvéa?ﬁbceﬁbaﬁt%sfiﬁﬁlgﬁﬁbr\,n step 5
o

and recycling the stripping agent phase back to t stri%ng step, (7)
recycl i np liquied phagecand arvagfort pleasdexitcthatveatter istrippingStep AferMantdctirg03 phase

Sfehgé?& e Fagtion pindue Grich (68 séip&?x‘é&%ﬁi?f%&%@?ﬁﬁ%@ér e
Cindost r afeBCREAbs ST REER 2 ThpPR 80aR8RE, hdlofR eBrbBhd ARHALY oo

liquid isdibRengl @Fbbaste IOPCH)Ratadpst! iditfle WAEr ahd)othér iﬁgﬁgi‘é}&@stﬂ Ruafr 2

t enperature above the freezing tenperature of the conp nts with the

st ri ppi ngpagient of ichsiseseeyriddaltd ythenbdsic irbaction stepwand rthe rbaldreel isqui d
phase, and (4) is essentially a vapor at the operating tenperature and
pressures in the stripping step. 8. The inproved process of claim7 wherein
the stripping agent is n pentane. 9. The process of claim7 wherein the
reaction for preparing the
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organi ¢ hydroxyl conpound is at a tenperature of about 30c to about 200c
and a pressure of about 1 bar to about 150 bar, and the wat y%t rl{hp ing
step is at a pressure of about 0.1 to about 20 bar and a teﬁ% 5 3of

| ess than about 100c. 10. The process of claim7 wherein at |east about 75%
by weight of water is renoved in the water stripping step. 11. The process
of claim9 wherein at |least = 95% by weight of water is renoved. 12. The

process of bR GHEIE Ry QP T VGRUED TLEITE M JoRRls b a0
SLLLBP! 19 SOy T RpRE GBI SAEObiT) SR B 0 R Ang

essentially ydr at ed qui d ph e organic

carbonat e. vipordhe prodaetss The clapomplesbds abaderikdd Wakreirn twb eplaisga afeC
carbonate is Bi phenyl 20 .Ae. A(?. Aa. A, . AYu. AY. AN. A3; o
. A{. Ah_. A( Sormed AR stripping Agemrricinphasgranaza arater rich phase. The stripping

agent rich phase is returned to the stripping step. Each phase may also contain
trace amounts of other components, particularly the water rich phase. It may
be desirable to recover these trace amounts of ingredients such as phenol and
other water soluble components from or entrained in the water rich phase.
Subsequent processing of the water rich phase may be made by those processes
known in the art to recover the material and render the water suitable for
disposal. Such other materials in the stripping agent rich phase may be
removed by known processes to those skilled in the art or allowed to
accumulate and/or removed by a purge stream with concurrent stripping

agent make-up.

The stripping agent phase recovered from the stripping step may also
have additional stripping agent added thereto before recycling back to the
stripping step with or without prevaporization of the stripping agent which can
be achieved, if desired, through a heat exchanger or optionally dried to a lower
total water content in order to achieve the highest stripping performance in the
stripping step. Drying may be achieved by such means as passing the stripping
agent over a physical drying agent such as molecular sieves or by contact with a

chemical drying agent, such as anhydrides, or by distillation.

The above water removal process or dehydration process of this
invention has the advantage over the prior art of (1) being coupled to the
reaction system such as a carbonate ester reaction as a loop in that both
withdrawing and discharging reaction mixture from and to the reaction system,
which loop flow may be advantageously varied to achieve optimal extent of
drying, (2) being an independent system from the reaction system, the process

conditions of each may be individuallv optimized, and (3) being an essentially
i1
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10% h& () - rea¥crbdid f&r@en)s&go%ﬂi&el(a}ure of from about -25°F to about 90°F
depending on the condensing medium employed such as brine, glycol or
cooling water and the like. Cooling water may be preferable because of lower

cost.

The stripping agent employed in the process of this invention is such
that (1) it does not lead to undesirable reactions in the water removal system or
in the reaction system when recycled back to the reaction process, (2) it is
essentially immiscible with water in the liquid phase, and (3) it is essentially a

vapor at the temperature and pressures maintained in the stripping process.

The process of this invention is a continuous pi‘ocess and as such
achieves a material balance at steady state equilibrium. Output must equal
input, i.e. that liquid phase removed from the system (stripping step) must
equal that which is concurrently fed into the reaction step other than the
recycled liquid phase from the stripping step. In one embodiment, The process
comprises reacting an organic hydroxyl compound with carbon monoxide and
oxygen in the presence of catalyst system, contacting the mixture of the
reactants from the reaction with a particular stripping agent to remove water,
recovering two phases comprising a vaporous phase and liquid phase, which
liquid phase is comprised of DPC, some water and other ingredients, recycling
a major portion of said liquid phase to the reaction step and the balance of said
liquid phase is removed to recover DPC, condensing the stripping agent/water

rich vaporous phase wherein a stripping agent rich phase and a water rich
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phase if formed and separating the stripping agent rich phase from the water

rich phase. Other materials may also be present in the vaporous phase.

In a preferred embodiment, the process is a continuous water removal
process comprising the steps of (1) forming a carbonate ester by charging a
reactor with reactants comprised of an aromatic organic hydroxy compound, a
catalyst in an amount sufficient to catalyze the carbonylation of the hydroxy
compound, oxygen and carbon monoxide, (2) reacting the reactants at a
temperature of about 40°C to about 175°C and of a pressure of about 1 to about
150 bar, (3) contacting the residue of the reaction which contains unwanted
water with a condensable water stripping agent in a stripping column and at a
temperature that is less than that which degrades the catalyst and which is
above the freezing temperature of the residue of the reactants of step (2) above
and wherein two phases are formed, a vapor phase and a liquid phase, (4)
removing the two phases from the stripping column which vapor phase
comprises a stripping agent/water phase and may contain other volatile
components and which liquid pﬁase is essentially dehydrated and comprises a
carbonate ester, phenol and a minor amount of water, (5) recycling a major
portion of the dehydrated liquid phase back to the carbonate ester reaction step,
(6) removing the other portion of the dehydrated liquid phase to a recovery
system for recovering carbonate ester therefrom, and (7) condensing the
stripping agent/water rich phase wherein two phases are formed, a stripping
agent phase and a water phase which stripping agent phase is then returned to

the stripping column.

Preferably, the stripping agent has a boiling point of about 0° to less
than about 100°, preferably less than 70°c and, more particularly, less than the
operating temperature for any given pressure employed in the stripping means

or step, and is selected from, but not limited to:

1, 2 - dichloro 1, 2, 2, 2 tetra fluro

13
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n - butane
1, 1 dichloro 1, 2, 2, 2 tetra fluro
dichlorofluoromethane
neo pentane
florotrichloromethane
iso pentane
n-pentane
dichlorethylene
1, 2 - dibromotetrafluoroethan
cyclo pentane
hexane -4
iso hexane
hexane - 3
hexane -5
n - hexane, or
mixtures thereof
The preferred stripping agent is n-pentane.

In another embodiment of this invention for the removal of water
consists of a unique combination of a stripping column, a liquid-liquid

separation stage and a stripping solvent with special properties. A liquid

14



10M<s10%n& ()-1: 10%n& ()- | 810%n& ()- 10%& ()- | L10%& ()- ,
“Tovure' ()1 109 () Y* 10%TE () 107999399: P bC. 11 100 LR PO0%
109%&' ()- ' 109%& ()- "109%&' ()- 10m 10m 10nf @ s10%m& ()-: : <<AAAAAJYNC !'f 10%
10 10 10y<s109&' ()-3f 109%&' ()-MF 10%& ()-F 109%& ()- M@oY& () -
AATB6CCDEa?YNC !'f 1° 109%5& ()-nsY 109%& ()- 1096& ()- ° 109%B& ()-!
10965& () - str%:g\)r(;/{5 §‘cl>rg1)p_r1EsEcFiFg reaECYall\lr%s, inerts materials, homogeneous catalysts and
reaction products including undesirable water from a reaction vessel are fed to
a column in which the liquid stream is brought into contact with an essentially
gaseous stripping agent. Water, and other materials of high volatility under the
pressure and temperature in the stripping column, are removed overhead in a
vapor state, The vaporous materials comprising stripping agent, water and
other stripped components enter a condenser, operated in such a manner that,
at a minimum, the vaporous materials comprised of water and stripping agent
are condensed into two immiscible liquid phases a stripping agent phase and a
water phase. The water containing phase is removed and the stripping agent
phase is recycled to the stripping column. The condensed and isolated
stripping agent, which may contain some water, may preferably be dried prior
to its application as a stripping gas by passing over a physical drying agent
such as molecular sieves or contact with a chemical drying agent such as
anhydrides or distillation or other commonly known means. The preferred
embodiment is the use of a distillation column for drying the stripping agent. It
also may be prevaporized before returning the stripping agent to the stripping

step.

In a preferred embodiment, the process comprises the continuous
isolation or removal of a significant portion of water from the process can be
described by referring to FIG. 1 a flow drawing of a preferred embodiment of
this invention. While this invention is directed to the continuous removal of
undesirable water from a chemical reaction process, the preferred chemical
reaction is the preparation of a carbonate ester, preferably diphenyl carbonate.
In FIG. 1, reactants pk{enol, oxygen, carbon monoxide and catalyst are fed to
reactor vessel A wherein the reaction of the additives is carried out at a
temperature of about 30°c to about 200°c, preferably about 40°c to about 120°c
and at a pressure of about 1 to about 150 bar, preferably about 5 to about 100

bar. Stream 1 consisting of a mixture of essentially diphenyl carbonate, phenol,

15



' f 194G 109%& ()-9Y( 109%& ()-9& 1096& ()- 9S# 109B& ()-!1096& () -

Lz1096&' ()- GOMylzI{I|I11GbC !I'f & 10%& ()-s" 10%& ()- 105 105 105Fy;
10968 ()-0 109%%& ()-.Z10%& ()- GLONR! R' RERSR2RES~ @! ' f | @2° March 2003
10%g& ()-L"10%& ()- 10z 10z 10z@ 10%& ()-!L!

109%2z8&' () - @"10% & ()- ESUUUUUGUXY[ ~ = !'! f 109& ()- 109%& ()-"10%& () -

10g 10g: 10%& ()-! 10%gg& ()-Y[ble]f]lglhlv]~A rS1 ! 10%m& ()-Y
10%& ()-"10%r& () -

water, catalyst, dissolved carbon monoxide, oxygen, carbon dioxide and other
inert materials is fed to a vapor-liquid disengagement vessel B operated at a
reduced pressure to separate gaseous phase from liquid phase which gaseous
phase is removed from vessel B through stream 2. The liquid phase containing
the liquid materials less volatile gaseous materials is pumped by pump 4 from
vessel B through stream 3 which is fed to vessel C, a gas-liquid stripping vessel
or column. Substantially, simultaneously therewith stream 5 is also fed to
vessel C which vessel is maintained at pressures and temperatures for stripping
water from feed stream 3. The selected stripping agent is as disclosed
previously herein. In vessel C, gas-liquid contact is made between gaseous
stripping agent and liquid components of stream 3. Stream 6 consists
essentially of gaseous products comprising stripping agent and water existing
vessel C through stream 6. Gaseous stream 6 is condensed and separated into a
liquid water rich phase and a liquid stripping agent rich phase in condensation
vessel D. Liquid stripping agent rich phase stream 7 is returned to vessel C
while liquid water rich phase is removed from the system via stream 8. Liquid
stream 9, essentially a dehydrated liquid stream, is comprised of crude
dipheny! carbonate, phenol, catalyst, low amounts of water and other inert
i;lgredients and may contain some residue of other volatile components the
major portion of such volatiles is removed through stream 6, and may include
some stripping agent. Stream 9 is separated into stream 10 and stream 11 with
a majority of the contents of stream 9 being recycled back to reactor vessel A
through stream 10. Stream 11 essentially comprises crude diphenol carbonate
and is low or essentially free of water due to the stripping of water in vessel C
from the residue of the reactants fed to vessel C through stream 3. As stated
previously, the amount of water removed is at least 75% by weight of the water,
preferably at least 90% by weight and, more particularly, at least 95% by weight

of water is removed.
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In addition, the preferred embodiment may optionally employ means
for further drying the condensed stripping agent rich phase to a lower water
content before recycling to vessel C. The drying may be achieved by employing
drying means such as a molecular sieve or a chemical drying agent such as

anhydrides or by distillation.

The water rich phase stream 8 may also contain some quantities of
phenol and other water soluble components stripped or entrained from
stripping vessel C. Subsequent processing of the water rich stream 8 may be
employed as known in the art to recover any materials of value and to render

the water suitable for disposal.

It was determined that by employing pentane as the stripping agent, the
stripping vessel (vessel C) could be run at a lower pressure (about 20 psig)
resulting in a higher percentage of water being removed with less stripping
agent. About 90% by weight of water was removed namely from 2,000 ppm to

about 200 ppm of water. This further results in a reduction in costs.

While variations of this invention will be suggested to those skilled in
the art, in view of the above disclosures, it is understood that they fall within

the scope of the claims appended hereto.
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WHAT IS CLAIMED IS

1. An improved continuous process for the preparation of an organic
carbonate by the oxidative reaction of an organic hydroxyl compound with carbon
monoxide and oxygen in the presence of a catalyst wherein undesirable water is present
at least as a by-product which proéess comprises the continuous removal of the
undesirable water from the residue, the improvement comprising the steps of (1)
contacting water containing residue of reactants with an inert
essentially gaseous condensable stripping agent, (2) recovering from the stripping agent
contact step an essentially dehydrated liquid phase comprised of the residue of reactants
and a gaseous stripping agent/water rich phase, (3) removing the stripping agent/water
rich gaseous phase, (4) condensing the stripping agent/water rich gaseous phase which
forms two immiscible phases, a stripping agent rich phase and a water rich phase, (5)
separating the stripping agent rich phase and water rich phase, (6) recycling the
stripping agent phase back to stripping step (1), and (7) recycling at least a majority of
the essentially dehydrated liquid residue of reactants back to the process; wherein the
inert stripping agent (1) does not lead to undesirable reactions in the water removal
phase or in the dehydrated liquid is recycled back to the reaction step, (2) is condensable
at a temperature above the freezing temperature of the components with the stripping
agent, (3) is essentially immiscible with water in the liquid phase, and (4) is essentially a

vapor at the operating temperature and pressures in the stripping step.

2, The process claim 1 wherein the stripping agent is dried before

recycling to the stripping step.

3. The process of claim 1 wherein a minor portion of the
dehydrated liquid residue of reactants is removed from the process and the
organic carbonate is recovered by purification of the dehydrated liquid residue

containing the organic carbonate.
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4. The process of claim 1 wherein the organic carbonate is a
carbonate ester.

5. The process of claim 3 wherein the carbonate ester is diaryl
carbonate.

6. The process of claim S wherein the diaryl carbonate ester is
diphenyl carbonate.

7. The improved process of claim 1 wherein ‘the improvement

comprises the steps of (1) preparing an organic carbonate by reacting an
aromatic hydroxy compound with carbon monoxide and oxygen in the
presence of a catalyst, (2) feeding the reaction product of step (1) to a stripping
column, (3) contacting the reaction residue of step 1 in the stripping column
with an inert condensable water stripping agent that is essentially gaseous at
the temperature and pressure employed in the stripping column wherein a
dehydrated liquid phase and a gaseous stripping agent/water phase is formed,
(4) separating the dehydrated liquid phase and the stripping agent/water rich
phase, (5) condensing the gaseous stripping agent/water rich phase wherein
two immiscible liquid phases are formed one of which comprises a stripping
agent rich phase and the other comprises a water rich phase, (6) separating the
stripping agent phase formed in step 5 and recycling the stripping agent phase
back to the stripping step, (7) recycling a major portion of the dehydrated liquid
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dehydrated liquid phase of step 3 for further recovery of the organic carbonate; wherein

the inert stripping agent (1) does not lead to undesirable reactions in the water removal
phase or in the dehydrated liquid is recycled back to the reaction step, (2) is condensable
at a temperature above the freezing temperature of the components with the stripping
agent, (3) is essentially immiscible with water in the liquid phase, and (4) is essentially a

vapor at the operating temperature and pressures in the stripping step.

8. The improved process of claim 7 wherein the stripping agent is n-

pentane.

9. The process of claim 7 wherein the reaction for preparing the

organic hydroxyl compound is at a temperature of about 30° to about 200°c
and a pressure of about 1 bar to about 150 bar, and the water stripping step is at
a pressure of about 0.1 to about 20 bar and a temperature of less than about

100°c.

10. The process of claim 7 wherein at least about 75% by weight of

water is removed in the water stripping step.

11. The process of claim 9 wherein at least ' 95% by weight of water is

removed.

12.  The process of claim 7 wherein the condensed stripping agent is
further dried to a lower water content by distillation before recycling back to
the stripping step.

13. The process of claim 7 wherein the minor amount of the

essentially dehydrated liquid phase is distilled to recover the organic carbonate.

14. The process of claim 13 wherein the organic carbonate is diphenyl

carbonate.
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