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CONTI NUOUS PRODUCTI ON OF CARBONATE ESTERS FI ELD OF THE | NVEN?I s
application relates to a process for continuous production of carbonate
esters, pa™Q@WI8330 y aronmtic carbonate esters. Production OPCHYSABESE
carbonate esters can be acconplished by reaction of aromatic al cohols with
phosgene. However, the toxicity of s phosgene has |led many to prefer the
use of a catalytic transesterification reaction in which a dial kyl

carbonat e i E@%M@@WW@M:& PRQDYSHION PR GARBONTE ESTERSs Ui t abl e
catal yst to produce aryl al kyl carbonates and di aryl carbonates. This
reaction is generally slow, however, and has an unfavorable equilibrium

poi nt whic bstantial yields of product to chall enging.
Furt her, tﬁgﬁiﬁmﬁqﬁﬁ}mﬁg n al kyl al cohol co-product which can form
an azeotrope wth the dial kyl carbonate reactant. This nmeans that one

cannot sinply distilfhief HeHGR- t L t t‘ﬁ"ﬁiﬂ i REA 4.0 favor
of the desired aronaplug a@’&’?‘%ﬁﬂg’?e@‘& éejg%l?sgmg?gﬁf f(ofl car or‘f{astgfdrde{{a?(t:lkjgnt is

| ost in thef qarbomate eaters)ypatticilbrlgarematicearbonstd esient r ope nust be
separated to t5 allow recycling of the unused reactant. Two basic _
approaches have been_consi der separately or in conbination, to mnimze

d,
t hese problens with %MF?PP@?@FQMH@FPPP%‘&QSE%S 61 be sceamplishedh by

iproved cSpcigh fgF sidmfdt MEHAS: wiltE miidsben@PRERIGE4E shadi Sy A
4,554, 1510, plospere Mk, Eieadrr\‘hn@&? Préferited) @k eofl ACQEAPHABANRBR] fitalldn

reference.” Such catalysts may inprove the reaction rate, but they fail to
addr ess t heeatfion tmtwhink ai diadlsdocashonate jsr rraetesl witht ére avornavioraledlol in

equi |l ibri and azeot rope f.qrnation. 2 MA 2003 WO 00/18720 ~

POT] U0 + BB eseieeceh ot G ARIAIRG tnpradiies Ay eraanAtes BROIBA 1 he
carbonat e ] r ti 00 d - 48732
i 5o ones TREOME{ TRR'eRRidPIEIdebllG PETRENRyor Bhd AT fnrdordtlp,
reaction ngquilibgui® poatti Wi enskedratowdryt B€ sabiithtial Wdé-oﬂgr&ﬁl&nt No.

4,410,464, s incorporated herein by reference, disclosés absorbing the
al kyl # cothglllenging. dirthan) the repetior produces am alkyl algohok ¢o-predudtwhinkse
approaches is,that there are .addjti | ,steps involyed tgo recover .the
oy b oduct@niogth enateogent Sult dhe gy Raflinald Keackit. Pl telna
steps | eadoddcdhir@h SimPRediatiil B9 MRkLARbAR (6ARIFE tHEAIIIBFGnE HO R &R | Y
undesi rabl e V\%en openr‘gl?ﬁllg on ato cgrmerci al(g sfgaw@{l/e{rflgﬁ attenpts have
al so been theddesiredcarohiatie cdrisdndtestbepausadialkartarbonatel reantant kolostianpl e,
Eur opean Patent Pub. 0 461 274 discl oses

the process as well. Moreover, recovered azeotrope must be separated to

15  allow recycling of the unused reactant.

Two basic approaches have been considered, separately or in
combination, to minimize these problems with catalytic transesterification
processes for the production of aromatic carbonates. The first approach is the
development of improved catalysts, as reflected in US Patents Nos. 4,182,726,

20 4,554,110, 4,552,704,and 4,609,501 which are incorporated herein by reference.
Such catalysts may improve the reaction rate, but éhey' fail to address the
limitations imposed on the process by the unfavorable equilibrium and

azeotrope formation.
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a nethod for producing diaryl carbonates in one or nore continuous

mul ti stage distillation colums. The initial colum is suppli'@MARFHRO
reactant 15 streamcontaining all of the reactants and catal yst, and a

m xture of pr od‘%) %A,@%conti nuously w thdrawn fromthe bottom of the

col um. Additional t hyl carbonate can be added as a gas neBGT¥NYIBPHBt t om
of the colum. This nethod still does not avoid | oss of dialkyl carbonate
reactant with the top product of the initial colum due to the fornmation of
an azeotrope. 20 Further, JP 0%304713 di scl oses t hod for praoducing an

aromatic carbonic acid &5tEFORd PRrRBLAUEMRL W B‘ﬁﬁ?‘gﬁ eqyithsim @S rihsund
expressed by tHebdiHteibraniREQeaétfondtonHRas 'tﬁélbﬁﬁl'u@tsarf%mkdrﬁ?lgr ftiBA-agizb h @

preheater 2, pass the preheated conpound through a
conti nuously fdiedosessheadgisiondfianrgeatropd-forsingrgent eteptahe)t ta)theceacnam 4,

si mul t aneousl y_pr.eheat t

nmet hanol and 'tlﬁeyﬁ) ((,acf'lglg# é’f‘%‘éa ﬁmtﬂg Zl%aaﬁcg?\o[s% gﬁf’?é[}g’ ?f‘@baéed t he
resul tant sol iagérpapsteditEpéinyby ectéloana ! disélhies WbsorBirio@e aliiy QilcbhbN o t he

mul tistage distillation colum d{f carry out the reaction i'n the presence of

a transest eri fineleculan siexes| yEhe %ﬂ%étYomthaPQﬁhgﬁﬂWéif rpprgachea ds thandhereol ut i on

containing the ressed. by the
formul a (R10) &?&gy%%%gﬁoﬁy?q gg&fa@cgrﬁ%%gé%% [%tﬁe HoT) tl'rgé] Fehr ough a
conduit 8, corthenuolesilyr tsidve. 2Fhée ddditivaalcitemnizhd stolmghe@rbpidaitmggbhcﬁ
conduit 11) on the other ?‘E‘E‘e t ake out @ | ow: boi |i n onponent cont ai ni ng
the azeotropi C2RIRk GPRYS oy e eranTIEly nirdesicable "pﬁ SRSEALNG PR & he

sol vent f ofgm N@nihercBd 8Ql160Pi C M xture with the nmethanol in a gaseous state
fromthe colum top, cool and condense the | ow boiling conponent with a
condenser 13 and then continuously take out the condensed conponent through
a conduit 14 and a takeXGf‘oé‘ér‘P&GV‘lPtslbaV?alsolbze!\mq womsbine digtillatiom, JpP
07330687A di sg] f C I

conpri sing reactl ng ca?%onat 1@ dMr hé%o@t?ﬁq%e(?%ér te)?e)'?l{ls?og?s an

est er exchange cradthbt;lsto,r ph&il&ll‘fg ailiryrbrcambqnmtés of gnkeoroimore éantin@bud op of

the reactor stil coI nd di jret hyl ar.bon t ester exchange catal yst and
the rest of pﬁg‘d{tﬂsmﬁ “8{“8@?’?%%1 E‘gi‘ﬁ‘ﬂﬁss‘éﬂ? ﬁb?"iagtaﬁ%ed as
ext ract i ngissolswefin ¢da.tdlhmg§aql E)ﬁﬁ\%lrﬂﬂctﬂht%tdnwcﬁia £ an@R0nixBereldF PESARE

m xture, including the di phenyl carbonate forned by ester exchange is

di schar ged outis sontiReowsly t Withdravn tﬁ’é’myﬂﬁr britam qfrelﬂ\ﬁamb#mm of¥dditienalop.
There renmai ns g N I C omati c
carbonates on a co rC|raaﬁQsC§§%g%afr$ I'n gf%u ol?l élé Rﬁgtcﬁrlﬁﬁi
producti on of 'Iausamaethcni st bimamswdsildclmsebf d&llqm:kz)bouéte Ireamautvh&\ &{earti ng
materials w thout f %)I on, of a azeqtrop %mprodu t. |s an obj ect of
the present HW/%RW “b*r‘Bbqaél EH‘Eh ‘aeFﬂa fgyma ’@ T9PE= | NVENTI ON
The present invention provides a nethod for production of diaryl carbonate
esters by jpeacti ongginet debbamawsb@wst@memddmpafdemg hi¢ ardmatic cawam/ 18720
' 12 MARCH 2003, PCTNS99Y/ 13882 al cohol o forma %l%%’ carq{nﬁ
al kyl al cohol .2cidrPSigrd% ey Rrebeat @ Aromatic | W’B’ﬁ‘t PYpPoUp eysgd aiip 12 eam; are
i ntroduced i NRIQHNIRENs arsabititutsble sramialio/groap)with lal pattieater 2,qlassithe iprehishted pr esence
of a transest eeipduodthiossh afeadaliop St contiieustylffed thecempanadhintosmmultistage are a first
react ant st r edifliainspiuan peimuitanelslpieppat @ solypataming ag azekmpifdniteaithant st ream
conpri si ng an Rahgnd arddimgtiybesonalewih apqheatees. F‘@S!E‘P%W"%“t‘?eéaﬁﬂ%nprl sing an
ent rai ni ng agefivent Wé“"@qmibﬁﬁ‘ﬂj“'a@@rﬁfeqdypgé I"\éﬂ:‘f‘%’ﬂ"‘?‘%“’@ﬁﬂ'&‘ﬁ‘ﬂﬂ npounds
that do not f&P‘H‘f‘%liéé’er 'E%W‘P‘h‘"l"ﬁé’“ﬁ? (ﬁ}ﬂ e%‘f‘ﬁyl al cohol
‘&idtaf?@}a"‘i‘ﬁé”ﬂl? %ﬂq&ﬂe' carbonate or

and that boil byl F
the al kyl - aIc ' eln ntlon theflrst react ant
streamis int r"be % 'ﬁ h ? o H"gl g %c} a%' stream and
t he second? reacgk, 'Pacé'? LsQju " '? x(('é?eo(lhe mﬁo&o KPVYwaP third

reactant stre nentcomammg theaz
q{g solvent forming the azeotroplc m:xture with the methanol in a gaseous slate from the

column top, cool and condense the low-hoailing component with a condenser 13 and then
continuously take out the condensed component through a conduit 14 and a takeout
conduit 15.




A product stream containing diaryl carbonate esters is recovered fromthe
bottom of the columm. BRI EF DESCRI PTION OF THE' DRAW NG i s Fi'gMARCHZ3003
schematic illustration of an apparatus suitable for perform ng the nethod
of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention provides a nethod for production of diaryl carbonate esters by
reaction of a dial kyl carbonate and an aronatic alcohol to forma diaryl
carbonate and an al kyl al cohol w thout the 20 production of azeotropic

m xtures. The overall process involves a two-step reaction as follows:

di al kyl car bopat gqditich OVpt | 67350687R! dls’cibséé}"aa' k¥thoaiarfep N alaRufachiniky!
al cohol é ')262 aryl al kyl carbonate -~ dial kyl carbonate + diaryl carbonate
i

(2). 3 nzmmrﬁwsfea%@gdlm@we@%nqtsggz phgngldn thegregencry |
car bonat g di'tsé%@er%icﬁarﬁeaéa‘télﬁﬂ wmrewailorlarpatrm ﬁﬁ%&l‘?&iféafatftdtﬁoﬂtﬁéfféycld?n may in

theory be anM| al k carbonate, it will be appreaated that in practlce it

will be $ eand W%”@H"&Fﬁ(fﬁt“‘éﬁ‘m&?éa ysh agd dhgurest ol phenolgrgup, such

as, for RYaBbiom Y RS EBllimA 4 ! isliseB R Yxtractiyr SoRAt @ thé ekadlingy and
econom cal I% avai l able. Further) the resulti ng al kyl al cohol  (nmethanol) has

a | ow boiistlRtionAndthe seagtiog anixtyre,inglyding (R dighenyirsrkonate faFred by estel be
separ at eghchhRge kRitlschbiRE JuP BRAB BBESMENdIRE by-pridutOietihiél ot X téh.st i | | ation
wi th m ni mum expenditure of energy. The aromatic al cohol used as a starting
material in the nethod to of the invention is selected to provide the
desired product. Exanples of aromatic al cohols useful in the invention

i nclude but are n limted to thqgse disclosed in EP 0_461 274 . nanely

t hose represent ed B SFMGLE ‘75«“698 @ﬁ@f‘eﬁ cRn g\guqaémegg%(glfgr BroduchaR i ¢ group

havi ng AsvhA SRt di ncl ude

but ar eéggfbrﬁ trhE?éd to % ﬁcﬁ 15 vrg?dll%éas!éa f g r?strEgﬁé}gé cresol,

xyl enol fort ramldtgdmbémbmahetdaabehhwsphhlthl efﬁeiehuy nhﬂm}s thesehghenol |

but yl phenol , di et hyl phenol , nethyl et hyl phenol, neth Iprop | phenol,

di pr opymﬁéﬂéﬁs witheu fq;'manqsh@hen azpelrope byraweducth gk ys m@é ofithe’
var | ous alkox such as nethoxyphenol and

| oh I h
g?ﬁogygﬁg?%f‘?nfva%% OZBmsV%%??‘ eno{h‘?éinol s represented by the fornula: o-

~-~ wherein A represents a bond, a dival ent group, such as -O, -S-, -CO

and -SQUMmRympmggwmwbsti tuted al kyl ene group of the fornula:
RA RG-C yr ~C, RSRSR7/ c. 4 12 MARCH 2003 wo oo0iis~20 -

PCT/ US99113882 wherein each of R 4, IBS, R6 and R~ individually represents
a hydrogen atom dhel pyesept doppntony pradtesla grethgd fan productipromd or an

ar al kyl oup, . .
y d?arytj ‘Carbonate esters by reaction of a dialkyl carbonate and an aromatic

2a



' which may be substituted with a hal ogen atomor an al koxy gr oy ﬁ%\

cycl oal kyl ene group of the fornmula: /~ Z~k s wherein k is an 17 %(a'é‘?o%f
~from3 to 11, and the hydrogen atons pay be substituted with a ,al kyl
group, an aMA%48%0p, a hal ogen atomor the like, and the arPEEUSIS/LI88ID
may be substituted with a substituent, such as a al kyl group, a al koxy
group, an ester group, a hydroxyl group, a vitro group, a halogen and a
cyano group; naphthol and various substituted naphthols; and heteroaromatic
hydroxy corgleshialsto fotreha aiary) daskomate iagidren alikytlaleoholimhy hoerdasice with

hydr oxyqui noline. Al so usable are aromatic di hydroxy conpounds havi ng two
hydr oxyl grtbepsinwnéionas Hyeeoqreactard, pleedngi n%ﬂe infreduead into an

Subet Cut GRSt reag B Sl tﬁlﬁg SRR AR SPIPaMIER SRR e d DY
;ggpgﬁgdzr Lc%g{lﬁgteﬁﬁgt}t?yeet%e et B tn}se%}ea ﬁéf"}@ %ﬂt[ﬁ{uenfcﬁrrgﬁﬁnﬂg% above,

al kyl gsoupdiakky. l“caﬁBdf@té’ @l sRdOnd FeaStah LSiraHR Bmprising hA 6Malc alcdhtIN0
group and a haI ogen atom 2o The dial kyl carbonate and the aromatic al cohol

are introdwret sueﬂarchr@cyamgt{mm compsispng 2n entrainingagentt (Therentrainingan
extractive/reactiv |l ation colum i rese ce of a
tr ansest er i 3GeRLHS e?,tsaagl" st amekiey chnpo‘iﬂélﬁ\/&ﬁ%-q{ QRp GBA0LEORRS With
PCT/ US99/ 1

. §ﬁ§ %151&25&?%565 b 6 &xﬁﬂgﬂd{ %ﬁa tﬁé’t{’&?u' tip{-ﬂg‘fl@} AnipéAtuld e

reacti ons descri ove ar

transesterlthanaitheﬂtrfe?dalwmrbmﬂtumtliwalkyracoml limted to those
disclosed in EP 0 461 274, nanely | ead conpounds particularly | ead oxides
such as PbO, PbOz and Pba04 Ie ul fides, ch as PbS and PbzS; | ead
hydr oxilles, such as 33192(%604}"21" E'P»u st reactantastregmpisoy |

ol EB?J??PP%W%%B&% %%Bb@awﬁ%&@as%§53ﬁc§?ea“@§$’§%mgn§ﬁ§ebgeadsp e

thereof, syghcaft fACHAR 1@&%8&9&8&51&9 @Moﬂunﬁﬁ@&o&%&%ﬁa r@é&ﬁ:ﬂ' é&ébfihds and

arbonat es and basic 10 salts thereof, such as Pb( OCOCH3) 4 and
Pb( OCOCHa) zAPpﬁodtﬂt-IMeam gantlinig di buanbsnamjesltensgs Bndcwere&lfvﬂh theu3Pbd
Ph3PbBr, ~Pb (or Phbl'bz), Bu3PbC]—I and Pl ~PbO wherein Bu represents a

bottom of the column.’
BRIEF DESCRIPTION OF THE DRAWING

1s Fig. 1 is a schematic illustration of an apparatus suitable for

performing the method of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for production of
diaryl carbonate esters by reaction of a dialkyl carbonate and an aromatic
alcohol to form a diaryl carbonate and an alkyl alcohol without the

20  production of azeotropic mixtures. The overall process involves a two-step

reaction as follows:
dialkyl carbonate + aromatic alcohol — arylalkyl carbonate + alkyl alcohol (1)

2.arylalkyl carbonate — dialkyl carbonate + diaryl carbonate (2).



butyl group and Ph represents .a phenyl group; al koxyl ead com% %@ d
aryl oxyl ead conpounds , such as Pb(OCH3)z, (CHsO Pb(OPh) and ? t%§’dz3 IS

| ead al |l oys, such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; |ead m nerals,
such as gaMmed/B8m® zi ncbl ende; and hydrates of these | ead c&EFOHIY3882
conpounds of copper famly netals (copper, silver and gold), particularly,
salts or conpl exes of copper famly netals, such as CuCl, Cudz), CuBr,
CuBr2, Cul, Culz, Cu(QAc)z, Cu(acac)z, copper oleate, BuzCu, (CHs)O) z)Cu,
20 AgNO3), Agar, sil Whilpithe aialkyhgbobatedused\@sailstardingnmalédis, in the
(AuCC—C(CHs)Stl!" and (CQu(C-Hs)d )4 wherein OAc represents an acetyl group
and acac r &wethedmfstheinyention spay émdheary) ke any; %aihyl carkenatenit wiill be

above. o1 nepboi et b8 Rmed@ sl ok Rted RPR 8 RERS) 8 SRal i

Cd(acac) z, 52 n BN il | §; ' ifteh ol
Fe(CO s, Fg ( %%)rg?% g,ﬁo‘%(dr‘f{ecgi ?{}ffglr-]ee}e gi(i?éfé'z I%ﬁ?lgmycljoa%fég%‘%(%??@ ! fl

Ni - (p) - CsHeaibomate fsereadilpranid edonomically avaitdbde.c Furshed) the rém.(la‘n?(a)lby]and
zirconocene; Lewis acids and Lewi s acid-formng transition netal conpounds,

such as Al Rigohyl fmethangh) hasadpw briling/psint relativesiqiothex-aligibalsphols so

aroup: - or oS AL Bnaearated G685 el eRnpBhais hihefafdlior pudhre by | Y

PCT/ 1 JS99/ : : ek SnOCOC~, Bu3SnOCOCH3,

Ph~SnOCOCJ—l§?§%%z #?}Gdé%%“ﬂs)z, Bugiggsgn;[(aOCOCn;HMszgs‘) Bl ~SnOCHs. ( CzH) asnoPh,

BuzSn(OCHs) z, BuzSn(0OCzH5) z, BuzSn(OPh)z, PhzSn{OCH3)z, (CsHs)sSnCH,

Ph~SnOH, BuzSnO, (C8Hbe)aremafic Blectholiusediad aBstaridigithatesial inrthemhethodi des,
H i1ica alumna titania sili itania, . oi i : ,

oxi de. jal Pf dt SRvanoReis salesteh o APue e esifsd FIRRNAE arkramplEedHt o

bt ai hed b _ p . “de b

o'l y1 at1 onbisERgl; UcBRols (BeRINRARE iAferfon kiR1Rde bAFARPRAE IBIARI U0 0P O

one of thedisissednin EP 0t4639084, heiteliethodd eeprsehiedd by rmaasArOs,
provi ded as a separate (fourth) reactant stream or be provided in an

i nobi | | zewliegeim Airt tepuesents anl anematis group dtaying 5 40 thori lateress at i on

of system f.or Ki di ar r bonat es, t.h j ncl udes .extractivel/reactive
i st at | ERement sreclie AP umsar jare 0ol e nokaiiegomirachio have
any paf&'c%ﬁggf’ﬁfnénik??n?hehﬂsf’t %‘i‘x‘&h'gé r@dsot! I YsheHd; 'tﬁxﬂ&ﬂg{iﬁ{enoi,' ke any

distillation ernal's shoul e used that pronote go

m Xi ng/ contetedmbiblylwiesnolasthydphédrialu ptbpmdphencip b’!.ftﬁlphhﬁbl,t diethglpHenel,col um.
Some catal ysts may be particularly conpatible with certain special designs

whi ch pr oniReshylediylphenal. sol mathydprapylphengh: actdipgopyipheaghnpl aetbyk may

find that i f | yst i Qves.give. better
per f or mancgﬁ\ifaf"@h&hogédI5 %ﬁ%\%l }ﬁ%@%‘ﬁg‘ﬁ’fHgngg&%‘%%§88ﬁ’q‘ae¥‘%l'hé’ég‘° I'scussed
by J.L. Desmo'i?ghéh&!s,_ Paichl edear matbxyphEhal ahad of KedkyphehBB e vakipusonpany
intheir artic Consi der Reactive D'stillation, Chem ¢al Engineering
Progre2s, stbsttufedophenuls repzesented by ¢lee frmudas are fed into the
extractive/reactive distillation colum A Stream 1 2s contains the al kyl

carbonate reactant. Stream 2 copa ns t he mati ¢ al cohol reactant, and_
preferably al so the catal yst. ' Ra=3A n entraining agent. 7.

wherein A represents a bond, a divalent group, such as -O-, -S-, -CO- and
-S02-, an alkylene group, a substituted alkylene group of the formula:

W ré Rr6

| P

o= Qr =—Cw==C=—,

le |
ks o5 r7



12 MARCH 2003 WD 00118720 ' PGT/ US99/ 13882 The entrai ni ng age &:ﬁz&s
conpound that does not form azeotropes with the dialkyl car bona?e or the
al kyl al cohol and that boils at a higher tenperature than either the

di al kyl Ca{\‘?P(LBﬂEﬁOOV the al kyl al cohol. Depending on the prgpgttéecsef the
aromati c al cohol enpl oyed, the entraining s agent may be identical to the
aromati c al cohol. For exanple, phenol may be used as both the aromatic

al cohol and the entraining agent for the efficient production of diphenyl

car bonat e. = oT R tRR] 8A0Ea j ogmatic
al cohol ang%%agﬁtcpadl&n%é%égjé%%&&?{éés se\}ﬁﬁ%%héﬁpg’%&élggt&bh reis a
reduction in thglkydtgrotystd erlediky B, s asil ngeup by a alg/INgigE,al i S
bei ng used. Second, gg?o?gss%tg cog'?gtb:arﬁe redﬁl}‘cggggs?nceat he?géxs noﬂneed for

a separ at ewhich enay bessyhbatitutedawith 2 dwmlegen htoreorran alkoxyageoup), Idr at he

aromati c al cohol enpl oyed tepnds to form azeotropes or has an unsuitable

boi | i ng pofY&loalky ecﬁ‘ﬁ’é‘PQféB%?‘Pfﬂ‘%la‘such as ani sol e can be used as the
entraining agent. Anisole and simlar naterials may al so be used is in
conbination with aromatic al<eQlotS°t o nmake up the entraining agent. Streans
1, 2 and 3 are fed continuougk i n} Pt ractivel/reactive distillation
colum Ain Fig. 1. Mass ratios stream 1l and 2 can be varied to maxim ze
production of the desired product. As this is in |arge part dependent of
colum conditions, the preferred nmass ratios are appropriately 2o
determned enpirically for a given reaction and colum, In general,

howevers t whekginsk datdrointegen pedram 3 o dir the iydrogen ptomms\may bel: 1 and

varied o SroiniteEl BB | O RN SR AR A1 bR, £ halidell Mo 8hing’ O P
change t hejikenpRr Mlelirdridkk ng&%db@ﬁﬁité&wtrﬁa subRitRAE sichi 43 £f

stream 1l to 2s stream 3 may tween 1:20 and 20:1, preferably from

1:5 to 1:10. Thadkybgroup,A i s malkexyigreupaan estesgroupsa hydroxylpgrenpy s
suitable for the prodggfion of , aromatic carbopates. Wil e these conditions

wi || depenBitEhSIaHp # Balogenaidh? SXRRQ BTHP: Mepatha) @i d yarious substitutgds) oyed 8

12 MA 2 -1 MO 87 ' 99/@;&@ an um.canf i gurati on,
georre'lfg(\{;| aﬁ%&?ﬁog’ na%ws rué Slr'oe, e#gera uréél of g?élgﬁquﬁ% {ngsxgngc %d
pressures hydidxgpytidife,Rydrixycitinakingenel aytyoxyquitivlineblAdso Wpdble hbese

conditions, three distinct zones can be identified 5 within colum A In
Zone |, asamsweatic idihpdgoxy compeundse having |twa ihydrogdugsouphesagly asacti ons
(1) and (2 ake.place to produce aromatic,carbonag.es., The products of the
reaction a&‘}é&'?oé’t’:‘b'@%?%d as eﬁof‘aﬁ?]pl s_trecé‘ttﬁ_cé‘o’r om n‘i’g‘?’d_{m €GF t he

col um . 'air%msxgénthﬁa@em Cdih &&f&dzﬁﬁé&h&i‘o&ﬁﬁ{éﬁ%ﬁhﬁé}itﬂ%ﬁe& fhe
formation of "an azeotropic mxturé. In Zone IIl, distillation occurs to
produces st abewa withham bllcdrgraupsandarahitic ditiydvbey c¢mpoeands Irgpedsentedd5% by
wei ght) and ot her |ight gases such as COz, nearly free of alkyl carbonate

(i.e., | esBY the TP)GIB'y wei ght). This stream may be condensed for recycling,
for exanple in the production of alkyl carbonates for use as the starting

material in the nmethod of the_ivention
IIA —@-—on

wherein A is as defined above, and the aromatic ring may be substituted with
a substituent, such as a alkyl group, a : alkoxy group, an ester

group, a nitro group, a cyano group and a halogen atom.

20 The dialkyl carbonate and the aromatic alcohol are introduced
separately as part of separate reactant streams into an extractive/reactive

distillation column in the presence of a transesterification catalyst. Many

5



1s An additional stream5.may optionally be included to wthgdr

by-products fromthe center of the colum which may negati veﬁf’l’ﬂgﬂ*&‘? t he
reaction. In a preferred enbodi nent, substantially pure dinmethyl carbonate
is fed as Svoaens7do i nto the bottom of the colum. Stream 2 2pctasss9/siss2 of
50-99 wei ght % phenol wi th the bal ance being catal yst, optionally conbi ned
with a recycled streamrecovered fromdownstreamin the process, for

exanpl e containing e.g., anisole, dinethyl carbonate, nethanol, benzoates

and heavy npiretetification eainalysiss capablesbindatdlykingduhe AdRAGhs ddedchided
entraining agent. In this caSe, product Stream6 wll typically contain 5

to 20 wei ghabo® ate Krawn. Examples of suitable fransesierificatien katapystsinclude
carbonate, 2 to 15% upreacted di net hyl car bonat Oto % phenol
entrai ni ng BYeate r"\é‘éc[}gﬁfe A9 9S8 Sy r"éagpi §n46}'-§£40d{}6{f§.?y dead) yst

bot tom of  regesiihdsh PRsRERLY, P, bOIBUOR, AP SO PbhONPhck 88T PBRII JRhg"
Product sst reaau&, Gaehbas FRES hed PbhesesaRl HydlreRidds Wtichhss TPROHRNaRAd

purify the product streamin one or nore additi onal col ums represented by
Unit B in AMRO(OHnhiplumbites,ssiichass WaePb&hac K2PbOdj NaHPED: andcKIHPbOnhi ch

opor at | g RHEEHEnSUch0S NasERGYS gaac RisaH. | Kaths\RelHbOths. vkathPo003
PCT/ US99/ 1388 . g ' ' t b
reaction 01?é %f%géé Féf/l Ir@%:lgﬁgad rll%{de Q%rﬁgﬂgﬁlésg#b%? 91‘% %é& cgﬁgl{eg?’ o%%tcgr%8f5€€|€)ér z I
carbonat e g aPLEOKFL(@FDRMehd ANBTHf Sigithid Beids! aRd @rbénaes drd basteci ng

three reactant streans into an extractive/reactive distillation colum in

t he predencaltsf thereofansuaht asi IRKCOGHz) aPHEICOMHs)ei and hBb(@CEQCHsact ant

t f ] tant st i si i al kyl b .

econd  cadIMERY o ATEEBERT s RO BRI orSRFL 45 c BHND, FRPE, { ARFBG oac ant
) an! pr . o v b et od
Fr om among A5pon0 FaPer TrPes, BAFOLEahd IAFLE) N e B e PR ot e
or the al kydutfl grop ard P Repiredepitd aaphan?l gf@rc}a;tamaﬁymd enipiindd aR@r the

di al kyl carbonate or the is al kyl alcoho wherein said first reactant

Stream s iawyisylesdcramponnds, sish ah PBADEHI (CEBEYRb(BA, 1ad PHORRIn | and
sai d selgonqearg aaﬁ%)}?sr:tsfcthr a8 i-ﬁla, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; lead minerals,
suchas galena and zincblende; and hydrates of these lead compounds;
compounds of copper family metals (copper, silver and gold), particularly,
salts or complexes of copper family metals, such as CuCl, CuClz), CuBr,
CuBr;, Cul, Culz, Cu(OAc)2, Cu(acac), copper oleate, BuzCu, (CH3)O)2)Cu,
20 AgNOs), AgBr, silver picrate, AgCeHeClO4, Ag(bullvalene)sNOs,
(AuC°C-C(CH3)3)n and (Cu(C7Hs)Cl)4 “wherein OQAc represents an acetyl group
and acac represents an acetylacetone chelate ligand; alkali metal complexes,
such as Li(acac) and LiN(C4Hs)2) wherein acac is as defined above; zinc
complexes, such as Zn(acac)z; " cadmium complexes, such as Cd(acac)z,
25 compounds of iron family metals such as Fe(CioHs)(CO)s, Fe(CO)s,
Fe(C3Hg)(CO)s, Co(mesitylene)2(PEt2Ph)2, CoCsF5(CO)2, Ni-(p)-CsHsNO and
ferrocene; zirconium complexes, such as Zr(acac)s and zirconocene; Lewis
acids and Lewis acid-forming transition metal compounds, such as AlXs, TiXs,
TiX4, VOX3, VX5, ZnX,, FeXs and SnXy wherein X represents a halogen, an

30 acetoxy group, an alkoxy group or an arvloxy group; organotin compounds,

é



I ntroduced into the columm bel.ow the third reactant stream gp‘g ép%(m
recovering a product stream containing diaryl carbonate 20 d R romthe
extractive/reactive distillation colum. 2. The nmethod of claim1, wherein
t he cat al ygfo doagizpt roduced into the colum as part of the saeoTnusoy/esssr ant
stream 3. The nethod according to claim2, wherein the entraining agent
and the aromatic al cohol are the sane conpound. 12 MARCH 2003 WD

001 18" 720 ' PCT/ US99/ 13882 4. The net hod according to claim3, wherein the

ent r ai ni ngswdhent aand (Qis)sBrdEQCHS! colCiHs)sSnQGOMHs, 5. BiSnOGOOH:;,
according to claiml. wherein the dialkyl car benate s di nmethyl carbonate. s

6. I The met ﬁb@f@?@C&hm 5 Buap(Q@¢- G HY2.c at Bugan( q:ﬁﬂ%hucengﬂQQHhe

ol ol '
R R e T e e
ond'tho ar CaLRSROR, (PRSHORL BubSn0? (aLahSnOrBRESHCL SR BLSFODRE Bgen!
furt hers comorganiogotities, ssuh @b sgilioa,eahimind, hitaniap chilitatianég nzine csride, ed

frorn the extractive/reactjve distillation colum by processing in a second
col unm. 10Zirqafiumeokisie, gallbury gyide, zeplieand oridesidf @ raresasthy andl amn i s

Is a reactjyv I ShI L. i unm. . .had. _acegr di to claimi1,
wher ei n th@aggﬁja}fht%"bgﬁ rbgggfcfocs}%s&\]el ?‘g‘?%?nn?‘tég|sgﬁ%n°ﬁ°§‘%ﬁgﬂ‘{%?%§% a

t enper at ur gyigk b rsgmaltﬁﬂ(spotggpghaﬁgdg. pressure of from1 to 10 bars. 12.
The nethod of clfaim1l, wherein the catalyst is introduced into 20 the
colum as part of the second reactant stream. 13. The nethod according to
claim 12, wherei n t HEhecatalyishisprefepbly prdvided asrparkof onalafdhekeaatantt he

sanme conpound. 14, The nef{hod according to claim 13, wherein the entraining
agent &hd $tFRAME oﬁﬁweaeaﬁiaewarﬁxﬁfen}s&hﬁ%ﬁso bfwrovréqﬁﬁae/spmm {iughicH 2003

PCTI US99/ e : i ' , ' di al kyl
car bonat elﬁggépﬁégﬁﬁt%ﬁéﬁg%.agggf‘%gn@P ﬁ%%ﬁg*) }%‘l Vgl mﬁi@@(ﬁ%gﬁ‘é’i' n the
catalyst is introduced into the columm as part of the second reactant
stream . Fig. 1 shows a schematic illustration of system for making diaryl

carbonates that includes an extractive/reactive distillation column A. An
extractive/reactive column does not have to have any particular packing or
15 other internal structure. In general, like any distillation column, internals
should be used that promote good mixing/contact between gas and liquid -
going up and down through the column. Some catalysts may be particularly
compatible with certain special designs which promote gas-liquid-solid
catalyst contacting. For example, one may find that certain of the catalyst
20 systems mentioned above give better performance when used in a catalytic
packing system such as those discussed by ].L. DeGarmo, V.N. Parulekar and
V. Pinjala of Koch Engineering Company in their article Consider Reactive
Distillation, Chemical Engineering Progress, March 1992, pp. 42-51. Three
streams are fed into the extractive/reactive distillation column A. Stream 1
25  contains the alkyl carbonate reactant. Stream 2 contains the aromatic alcohol
reactant, and preferably also the catalyst. Stream 3 contains an entraining

agent.



s 17. The nethod according.to claim16, wherein the entraining agent and
the aromatic al cohol are the sane conpound. 18. The net hod acd@drBEHgoaso
claim17, wherein the entraining agent and the aromatic al cohol are phenol.
19. The nmeW@e/#g2brding to claim 11, further conprising thecistRbsis2
processi ng the product streamrecovered fromthe extractive/reactive
distillation colum by processing in a second colum. 20. The nethod
according to claim19, wherein the second colum is a reactive distillation
colum. 21. The met NqheAcr@iafling apeft alsTal tompoBna! thathAoB8Shof 3bkA OF the
~5 first reactant streamto the“second reactant streamis from10:1 to
1:10. 22. dzetrepdsodithctie diallyltcarbbaate 6tlthewttleyleilcotdl andegiat bails at s from

1:1~ to 1:5. 23. The nmethod according to claim 1, wherein the nmass ratio of
the first higheraemparabue thant hisher dbaddiakkyt tcarhonate eanthiesalkybicobol. t o
1:1D. 20 . The, met hod accor ingtygclaim,ﬁl, erein the nass ratio is
from 1.1 rljependingson Phe PRORaTHES € ¢ arofgatioalcehglemploy ieRtafINgR s 5
ratio Qf the, f. e t . Ly e ] vary
bot ween 1. gk HeRREERN AR RATAGRLE (deBokale SheRE Rk bs U2
The met hodugel as Gioth theearohaitiv Aeohvhandithe ténraiflifg dght doothd Bfficidritst
reactant streamto the third reactant streamw || vary between 1:5 to 1:10.

27. The neprasudieroefidiphenyé cathanate, Theabdlity tomutiliresthesamemeteridl@ss fir st
reactant streamto the third reactant streamwl| v between 1:20 and
201, 25, NG THA REVIALE ALY 41 Ahe R FINGABEDE (10l STURTR! PaRefor 1 he
first reagg; t hi Stk ] v, 1:5
and 1: 10, 0 p4RelE R Reklfioh "ty e Sagbelua oF afptrides bl BRlsRe

. i ntr oguceghatetial it beirgolised) Secqrad ! paiceisieg acstome redacédbincs th&@a® no30. The
met hod according to claim 23, wherein the entraining agent and the aromatic

al cohol arreachioraasapasateystemn tQ sepate and negovar therafitrajning ageat.m 30,
wherein the entraining agent 15 and the aromatic al cohol are phenol. 32.

di met byl car bonat o, 34 S eRiRS AR plo B Hits lo 5Rh R BEpiter ¢
i ntroducethddhR driziitable! Boilasg %@Eﬂit, Qhen RehEOmARAialLHARS afisoRAGN be0 34.
The net hod according to claim33, wherein the entraining agent and the

aromat i ¢ ahsashad ther entraining agento npoiscde agd sirfilar materials aayoalse hg used cl ai m

34, wherein the entraini agen nd the aromati ¢ al cohol are phenol. 1~
n i odrvyeembination witharo ahIc a_elcghols to make up the enfraining ageng

Streams 1, 2 and 3 are fed continuously into extractive/reactive
distillation column A in Fig. 1. Mass ratios of stream 1 and 2 can be varied to
maximize production of the desired product. As this is in large part
dependent of column conditions, the preferred mass ratios are appropriately

20 determined empirically for a given reaction and column. In general, however,
the mass ratio of stream 1 to stream 2 will vary between 10:1 and 1:10,
preferably from 1:1 to 1:5. The mass ratios of streams 1 and 3 can be
varied to change the purity of the overhead product (stream 4) and to change
the temperature and composition in stream'6. The mass ratio of stream 1 to

25  stream 3 may vary between 1:20 and 20:1, preferably from- 1:5 to 1:10.

The column A is maintained at pressures and temperatures
suitable for the production of aromatic carbonates. While these conditions

will depend on the precise combination of reactants and catalyst employed

8



* 12 MARCH 2003 PCTI US991 13882 ' 36. The nethod according to claim 23,
further conprising the step of processing the product stream!?MéR2$08 from
the extractive/reactive distillation columm by processing in a second

col um. 37.WOWA1829 hod according to claim36, wherein the sdR€INISEIBEsAN S
is areactive distillation colum. 38. The nmethod according to claim1,
wherein the entraining agent and the aromatic al cohol are the sane
conmpound. 39. The nmethod according to claim1, wherein further conprising
t'he step ofandedieehums c@hﬁguraﬁ@ﬁh ondétr P afi@ Gteen ) isbidictiires terRpatatdfes

A U A3. e. AAY . A A@. A, . A35F. A, . A. AA AY,. AA A F. Ah3R Af ?. Ah ‘e+ax6d6~j/
e{upj e’ [ V] ch]fremhctctoUR6R](c anid: presshirsRa0fcfraire 4]toal & barsapvithjgenprallyk beca] ca] ¢
aJca] ca] ca] calca] calcal caU ca]caUcalcal2 u

[ 7] o} 1 21 ~ytsBlt }i je [V]cU ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
aU] ca] cal] ca] calU] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca

UJp9058>COQ ! $$I % © i hs . &
(Z:a] EaU] ca]C(c:?U] ca] c;ﬂ%?ggﬂ% gg%e%a %@%@%ﬁ%}ﬂcg ]clg'?gg ggfm
& N "' (§((#ikiih)doltirhh! AMEAZortely, &b shown i Big. |, \eheilecdistithiohcdeasd, cal] cau
] ca] ca] ca] ca] ca] ca] ca] ca] c<a] ca caLca%aca] ca] ca] ca] ca] ca] cal])caU] ca] ca] ca] cau
]cal/ 3444f1wlmr mﬂe@ﬂ)_mdé)g@ @ placeito proeduce aromatic carbonates. The
chi i) o cvephinhat) B8] abaaly B ek hechs 3liladale ek dlaplag) oo o
=T>>> ??@R@@ IV i i
caj ca\z/] ca] ca cgﬂ:%gﬁgg] cal caj ca] ca{ gg ga*’c%%} %%H%a ctg?}ég?ggabﬁléla LS?}:&?]
HZK_ KKy K{ isikkefits fdrindtidviv g bbot epiebRRee Olry Zohe I \diilkdttar oahpelteal ca ca

] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] caUJ calca]ca]c
a] ca] ca0 J QRIRReaRreI mmém@&@w cohol (generally about 95% by

XdXXYt Y5Z22Z) [ } i.d Z .

Jcal ca) ca SERY el SEE RN RA MR ARG R R AR B R G o
D' " aaaaaa legs than 1% by weight). This stream may be condensed for recycling, for
bb' bbNccAdDdztoj e [1d ZU] c%] ])ca] cal ca] ca] cgU] cal] calU] ca] ca] ca¥ca]gca] ca) cal ca
] ca] ca] ca] ezdmplei ihe] praductidncel alkyceirbajated for|usa]asahe stefingQtdterjal

| :109&' ()- . S109%& )-3%@:’/& ()-1109%& ()-y#S10%&' ()-6d"?Y" 109%& () -

| @ 109%&' () ytheymg ofghepnygnaen. v 100K ()-!f"10%& ()-6~dB! 1, /" 10%& () - Y+
109%&' ()-)109%& ()- @' 910%&' ()- Y% 109%& ()- Y# 10%& ()- jaVK@ 10 10

Too (();@ 200 ?5/“.&' @‘s{‘g‘g&ﬁ%ﬁ‘gﬂ ,%?5?}3;45( @%@3@&9%@@%@%# }q@hﬁpAWK@ | f

[ "?VK@ , #10%rofucts from the center of the column which may negatively affect the

reaction.

In a  preferred embodiment, substantially pure
dimethylcarbonate is fed as Stream 1 into the bottom of the column. Stream 2

20  consists of 50-99 weight % phenol with the balance being catalyst, optionally
combined with a recycled stream recovered from downstream in the process,

for example containing e.g., anisole, dimethyl carbonate, methanol, benzoates

and heavy materials. Stream 3 is a substantially pure phenol as the entraining
agent. In this case, product Stream 6 will typically contain 5 to 20 weight %

25 diphenyl carbonate, 5 to 25 weight % methylphenyl carbonate, 2 to 15%
unreacted ciimethylcarbonate, 50 to 90% phenol entraining agent/reactant

and a balance of reaction by-products. Catalyst is also recovered in Stream 6

and through an optional side-draw near the bottom of the column.

9
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10 10; S1094VQPUMTYE: /| 10: 10: 610% & ()-"$ 10% & () -"10% & () PCI/USHAINH2 &
109% & ()-:110% & ()- zuSl/ !

" 10%JU&' ()-!" '10% & ()-y#F109@& () - #S10%& ()-!1GLO%z& () -: 109g& ()-M

10: ZUJdEL/ ! "10% & 1003& ()- $"10% &8 "109gC& ()- 10%& ()-S

10%g&' ()-"10%g& () - be"yo aay streaxxoélwg furtbey pasagssed) to continue the
2109g& ()-y0" 10%g 109 ' & 100/& )-Z02345C L = ! | +10%& ()-
100! ()- rfeafifm&a’@ R‘#éi’o ?150 100 dnoTe) additiongb spbgmas = | 1

gfi/“g‘%(&) (; %%@fé%}ﬁhg%%o%/&n Kig, 0}8/8/9%}8/98/ syitably, &, tragtys disgllaten of .

S109%& () -, koUémbh)whichERIF Have lefbrln Q¥h figutati Wﬁ%@%ﬁm@haly%@c@ré) @
109 ()-3y 10%& ()- 153 10%& ()-"| T0%& (T-1 10%&°()- & (( (dBj
| 1@®" 10%& (@nd apet@lg ¢onditiond: ()- | z 10%& ()-1fz 10%& ()-
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Y FT10%& ()-3((#)k))))dB_@! !'*10%& ()-11(t10%& ()- @"109%& () -

1098 () -1 SHT 109& () |1 T 1098 ()- )\***! +mro+p+q+dE: / 10 10ﬂ©Méﬁ@ﬂ/@0e)-| 9g

109%: () L0 ()- 6" 10%& () -1 3@0%, () - | LOT 100 () - Q41 +++++w - XY7/

10! | 10%&‘@“’ ., 109& ()- #F109%& ()- YZlO%&'()-y#SlOO/BF'{‘/}JS99/13882

10-H--#. .}/ 1 }[ <7/ 10| 109 ()-!#"109%& ()-!("10% ()- 10%& ()- 10%& ()-!l
109& ()-/0P2344 444z[ PE: 10! 10 10 10&<s109%& ()-3:"10%& () -

13")10% ] & z|3%10° & (d-7!3")10% ] & () - 2444<44555dEPE. 10! 10|

10%g& () - M(fﬁlwv

109%g& () - MFG(10%g& () - SH@0%& () - 10%g& () - M66@67_77aBPE: 10! 10Y

LSS LSS S SR kg U e B

Y#! 10%9& (bf & dlﬂﬁ%&&bna%%n&&?@%ﬁhnc%léoh'l't'o'fb'nﬁYd\@a%?l' carbonate and

an alkyl alcohol, comprising the steps of

S (@) introducing three reactant streams into an
extractive/reactive distillation column in the presence of a transesterification

catalyst,
wherein the three reactant streams are
a first reactant s,tream comprising a dialkyl carbonate,
10 a second reactant stream comprising an aromatic alcohol, and
a third reactant stream comprising an entraining agent,

said entraining agent being selected from among compounds
that do not form azeotropes with the dialkyl carbonate or the alkyl alcohol
and that boil at a higher temperature than either the dialkyl carbonate or the
15 alkyl alcohol, and

wherein said first reactant stream is introduced into the column
below the second reactant stream, and said second reactant stream is

introduced into the column below the third reactant stream; and

(b) recovering a product stream containing diaryl carbonate

20 esters from the extractive/reactive distillation column.

2. The method of claim 1, wherein the catalyst is introduced into

the column as part of the second reactant stream.

3. The method according to claim 2, wherein the entraining agent

and the aromatic alcohol are the same compound.
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4. The method according to claim 3, wherein the entraining agent

and the aromatic alcohol are phenol.

5. The method according to claim 1, wherein the dialkyl carbonate

is dimethylcarbonate.

5 6. The method of claim 5, wherein the catalyst is introduced into

the column as part of the second reactant stream .

7. The method according to claim 6, wherein the entraining agent

and the aromatic alcohol are the same compound.

8. The method according to claim 7, wherein the entraining agent

10 and the aromatic alcohol are phenol.

9. The method according to claim 1, further comprising the step of
processing the product stream recovered from the extractive/reactive

distillation column by processing in a second column.

10.  The method according to claim 9, wherein the second column is

15 areactive distillation column.

11. The method according to claim 1, wherein the
extractive/reactive distillation column is maintained at a temperature of from

190 to 260°C and a pressure of from 1 to 10 bars.

12.  The method of claim 11, wherein the catalyst is introduced into

20  the column as part of the second reactant stream .

13.  The method according to claim 12, wherein the entraining agent

and the aromatic alcohol are the same compound.

14.  The method according to claim 13, wherein the entraining agent

and the aromatic alcohol are phenol.
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15. The method according to claim 11, wherein the dialkyl

carbonate is dimethylcarbonate.

16.  The method of claim 15, wherein the catalyst is introduced into

the column as part of the second reactant stream .

5 17.  The method according to claim 16, wherein the entraining agent

and the aromatic alcohol are the same compound.

18.  The method according to claim 17, wherein the entraining agent

and the aromatic alcohol are phenol.

19.  The method according to claim 11, further comprising the step
10 of processing the product stream recovered from the extractive/reactive

distillation column by processing in a second column.

20. The method according to claim 19, wherein the second column

is a reactive distillation colurnn:

21.  The method according to claim 11, wherein the mass ratio of the

15 first reactant stream to the second reactant stream is from 10:1 to 1:10.

22.  The method according to claim 21, wherein the mass ratio is

from 1:1 to 1:5.

23.  The method according to claim 1, wherein the mass ratio of the

first reactant stream to the second reactant stream is from 10:1 to 1:10.

20 24. The method according to claim 23, wherein the mass ratio is
from 1:1 to 1:5.

25. The method according to claim 11, wherein the mass ratio of the
first reactant stream to the third reactant stream will vary between 1:20 and
20:1.
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10@S10%@& () - 10%@& ()-!y10%.L& ()- 10' o0 10'0 10' 0S; 12 MARCH 2003
10% 0& ()-s10% o0& ()- LMW@JINgNaB~_ @ 10 10@ GlO%@& () - MLO%@&' () - °
10&3@; ()- m“l’éb)ﬁw’ - 1 109%@8 () - #109%@& () - gNNNI OODI\/PaB~_@’$E%/U§€P@3882

(' 109%@& ()-yf& 10%@& ()- !9! 10%@@’ ()- @O%EE ()-t!10%@& ()- O
10%@& () - MPPPQIQQQUIE~ @ 10 10@510%@& ()- F s310%@& ()- fO010%@&& () -
110%@ ()- f,10%a&& ()-* 10%@& ()- QY RORIRZRG@R\RRO@ 10 .
10@ ! 10% () - 3942694 & The- methodaggor mg@fm@nm@loﬂ%’% thgrmass ratio of

Y7109 () _tﬁg %Sr-sré Qagt}a['\? gt@e%r% to the third reactant stream will vary between 1:5 to
1:10.

27.  The method according the claim 1, wherein the mass ratio of the
5 first reactant stream to the third reactant stream will vary between 1:20 and

20:1.

28. The method according to claim 27, wherein the mass ratio of the
first reactant stream to the third reactant stream will vary between 1:5 and
1:10.

10 29.  The method of claim 23, wherein the catalyst is .introduced into

the column as part of the second reactant stream .

30. The method according to claim 23, wherein the entraining agent

and the aromatic alcohol are the same compound.

31. The method according to claim 30, wherein the entraining agent

15 and the aromatic alcohol are phenol.

32. The method according to claim 23, wherein the dialkyl

carbonate is dimethylcarbonate.

33.  The method of claim 32, wherein the catalyst is introduced into

the column as part of the second reactant stream .

20 34. The method according to claim 33, wherein the entraining agent

and the aromatic alcohol are the same compound.

35. The method acc'ording to claim 34, wherein the entraining agent

and the aromatic alcohol are phenol.
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39.  The method according to claim 1, wherein further comprising

the step of recovering alkyl alcohol as a second product stream.
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