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I nvention Technical Field of the Invention The present i-nvention relates to
a nethod of isolating and recovering an @romatic carbonate. Mre 10
specifically, it relates to a nethod in which a specific solvent is added
to a solution containing an aronati CDES@RDPRROR and an aromati c hydroxy
conmpound, the mixture 1is subjected to crystallization to selectively
crystallize the aromatic carbonate and a high-purity 15 aromatic carbonate

i's isolated and rgeeuepedr’ t8AL.ADE oNYAND! RECOVERYCANT 'iﬁ:‘l@f(%ﬁ%!ﬁt%i nvention

relates to a nethod of reacting an aromatic hydroxy conpoun car bon
nonoxi de and nol ecul ar oBR{ETICTHLONe QF cAROMATDE QARBOMATEI yst to produce
an aronatgc carbonate, in which each of the aromatic carbonate and the
catalyst I's advantageously isolated froma reaction m xture sol ution

obt ai ned fromdtEInUdsuridgion N ttRE MverPiBhi C pol ycarbonate is
wi dely used as an engineering plastic excellent in-heat resistance and

t r anspar ency . Te&hng Gadi Hoee ¥dbroprirricimgerbtonbove aromatic pol ycar bonat e

there are generag_lr%BX A ﬂﬁ]%ﬁiﬁﬁ%%ﬁ%ié&lgpégnggiéa%é ogeggod i n which an

aromati c 30 di hy npoun sgéne are reacted and a nelt ester
exchange net Hebliatiny andrerenating dihyalranyticoopobedatad aMows omati c
carbonati areéPoL%geri eq in a nolten state. However, the former has a
probl em H-tﬁ ecifically, it relates to a method in which a specific

: solvent is added to a solution containing an aromatic
carbonate and an aromatic hydroxy compound, the mixture
is subjected to crystallizatiomnr to selectively
crystallize the aromatic carbonate and a high-purity

15 aromatic carbonate is isoclated and recovered from the
mixture.

Further, the present invention relates to a method
of reacting an aromatic hydroxy compound with carbon
monoxide and molecular oxygen in the presence of a

20 catalyst to produce an aromatic carbonate, in which each
of the aromatic carbonate and the.catalyst is
advantageously isolated from a reaction mixture solution
obtained from the reaction.

Prior Art .

25 An aromatic polycarbonate is widely used as an’
engineeiing plastic excellent in heat resistance and
transparency. As a method for producing the above
aromatic polycarbonate, there are generally known an
interfacial polymerization method in which an aromatic

30 dihydroxy compound and phosgene are reacted and a melt
ester exchange method in which an aromatic dihydroxy
compound and an aromatic carbonate are polymerized in a

molten state. However, the former has a problem in- the

use of a large amount of a halogen-containing solvent



use of a large anount of a hal ogen-containing solvent 7 Cctober 2004 2
that involves an environmental problem such as nethyl end @aPBI#W04r the
like. In this regard, the latter has overcone the above problem However
the problemof a decrease in polynerization activity or 5 coloring of an
aromati c pol ycarbonate is caused depending upon the purity of an aromatic
carbonate usedat Phidigesahf kheiebanenRanngrepden N M s ways with
regard to the nmethod of isolating and recovering a high- purity aromatic
carbonat e froethyleaet cbhomideuos rbesdfikei.odn Elvishaegagsi.a et hod for
produci ng an t] r e,.t.here are known a punber _of t hods
I ncl udi ng al%é?%%dhgﬁ %ﬁ?%%gg% §P8 Pgeh?5P§;$"%onpgﬂﬁger thEacted with
car bon nonoxpflebasnl 68l acdeareaxygdn pdliherizapione e iefity eat al yst.
CGenerally, a carbonylation requires a_conplicated catalyst system the
catal yst s “ekpEhBivef gRdargrefdr, PRI¥SRAPPRRteed® FaWFeth an aromatic
carbonate c PHELEY : ti e so t hat
st udi es areaggﬁﬁgagggeﬁPHBZ6ﬁ%akpga§%ag§sh%i?ﬁgﬁgggg%%F%%Pﬁgﬁ%go af%bn and
recovery of Stndaesnarectbarkdozxiee baingt hadeedyc Mangocufs tWays eettdl yst
system JP-A-6-172270 aches.a .nmet.hqQd in, which crystal . adduct, of
i phonyl ~car BRRAFA 4Pt FOERBREPOOF AGPIPEIDS PRA §oGPVETinG 3 froma
cat al yst ‘CO“%@fﬂt?QafSﬁ\ﬁﬁ:E._@nc%tQIb'éhiafE@ BY-oflUaPeesic®l off Ysbdhidezat i on and it
is isolated fromthe reaction solution. In this nmethod, for obtaining the
cryst al 8ddugelatiangh yields and isolating it, the concentration of the
di phenyl 30 carb ont.ai ned i h e ' . i i imted to a
narrow range of §IBHES 8270 encotergr PpaArARY Yl Ybduhesd”
carbonate, there are known a number of methods including

a method in which an aromatic hydroxy compound is
reacted with carbon monoxide and molecular oxygen in the

15 presence of a catalyst. Genefally, a carbonylation
requires a complicated.catalyst system, the catalyst is
expensive, and further, a catalyst remaining in an
.aromatic carbonate causes the purity of the aromatic
carbonate to decrease, so that studies are being made in

20 wvarious ways with regard to the isolation and recovery
of an aromatic carbonate and the recycling of the
catalyst system. ‘

JP-A-6-172270 teaches a method in which a crystal

adduct of diphenyl carbonate with phenol in a molar

25 ratio of 1:1 is fqrmed from-a catalyst-containing
reaction solution by suspénsion crystallization and it
is isolated from the reaction solution. In this method,
for obtaining the crystal adduct at high yields and
isolating it, the concentration of the diphenyl

30 carbonate contained in the reaction solution is limited
to a narrow range of from 50 to 70 % by weight. Further,
the above crystal adduct obtained by filtration contains
a catalyst-containing residue, and this remaining

catalyst component may cause an adverse effect such as



t he above crystal adduct obtained by filtration contains a

catal yst-contai ning residue, and this remaining catal yst coRg8Rent00ay
cause an adverse effect such as 7 Cctober 2004 3 the deconposition of the
di phenyl carbonate in the subsequent purification (distillation, etc.) of
the crystal adduct. Further, it is proposed to wash the crystal adduct

with a M xt Urensalébéfodit oS8! eho Aatie 1 %RPEBRLLRCLA grhe crystal

adduct is heated under reduced pressure for separating a phenol. The above
washi ng not oFfitsequens pizthicatbonofdhetilpationf ehe.)co¥sthe adduct,

but al so incr e ter cont.ent in_ the crysta dduct, Durin
distillation ‘?ﬁ’;ﬁeé?ish%%%‘f%d Yot - £ bt ﬁe%?ﬁ%%%‘é B9 Veshathgn of the
di phenyl car hanattal hyaihatty sisth akepiptecs soTutbenYbel 8 of whher dihphenyl

car bonat e_may_ be pgssi bly decreased. Wth regard to_a reaction solution
whose di pRenyll TRIRARE Peinfenthe scxratabradduet shsohegtedi ghderit is 15

required to t rat.l o distil | et far
concentrati nﬁ%%c%a%%%%ﬁﬁ%&%ﬁ oélne%%%ﬁ% Af}?l’é% cr)rleht Qll‘%e c'%r’?Y%d out by
t he above- deswrslbiady meithashly \Weensd ded bdoybniopes abf ORoss parti 68 euk,
hovever, the deact] V%‘\On of the catalyst under_a thermal |oad takes 20
pl ace in addifi6h 3o FHE S0 HLFe TRATRS sthaswat ekt aeatapt| ini ng
suspensi on' craped aliy Al Qadudter Huring WA 1GSUPSehd N & P fr1Ps $5680.
In this nmethod, a reaction m xture solution contalining an aronafic

car bonat £9i s ol fQE i oMFRP ST yoff als9dation. oP5the diphemyl a seed

material is ﬂ% o] LN i crystallizatio The, resul t ant
crystal pro uaic?'}tIH con EIa'i %0 ﬁoln%ﬁzgg%%r%%ganca ea%‘%d{'lé% %:f%ﬂgt? 1:ﬁ?droxy

conpound. Theliphestyll qamducitd ndys Beatmes iy adecoéadyd! - cont ai ni ng

not her | i quor ,anqq_t t}len washed with a == -
ith regard to a reaction solution whose diphenyl

carbonate content is smaller than 50 % by weight, it is
15 required to carry out the oberation of distillation,

etc., for concentrating the reaction solution when the

treatment is carried out by the above-described method.

When the above operation is carried out, however, the

deactivation of the catalyst under a thermal load takes
20 place in dddition to the above-described defects.

As a method utilizing suspension crystallization,
there is a method disclosed in JP-A-10-45680. In this
method, a reaction mixture solution containing an
aromatic carbonate is cooled, and when crystallization.

25 is started, a seed material is provided to perform
suspension crystallization. The resultant crystal
product contains an aromatic carbonate and an %romatic_
hydroxy compound. The crystal product is isolated from a
catalyst-containing mother liquor and then washed with a

30 mixture of an aromatic carbonate with an aromatic
hydroxy compound or with an aromatic hydroxy compound
alone, and the wash solution and the catalyst-containing
mother liquor are recYcled to, and used in, 4 reaction

to come thereafter. However, the crystal product



30 m xture of an aromatic carbonate with an aromatic hydroxy co und- or
with an aromatic hydroxy conpound alone, and the wash solXuPfieher 4the
catal yst-containing nother liquor are recycled to, and used in, a reaction
to come thereafter. However, the crystal product 7 Cctober 2004 4 obtai ned
by the above nethod contains a considerable anobunt of an aromatic hydroxy

conpound. Fobbeblidied M ahdigdiRy middthéd %@ﬁt&lﬁéraoaaﬁglaéb%%or e, the
subsequent purification (distillation, etc.) for 5 isolating the aromatic

carbonat e i s aMeSHT & @n [ETomRt i dwirerw cPempmend rethwd ohtwimifgcaency

of isolatio Srrf}cp r bonat.e fr.o heaction xture solution is
| ow, so that ﬂt’%rh %?%:3' t qugrf yé)lr’ga blonne ‘%n’aa’f %\?Jésﬁd 3t the cost for a
recovery 10 appacauent puridieiaiaibny (Iﬁsg@lfanficher eBcYpstoanount  of ‘

energy for the isolation is required. U S. Patent 5,981, 788 proposes the
fol | owi ng® wi £f°1ALdA% e AromaldiatGaPente e%%v-'e‘P%/V%)'Fa‘al‘éat al yst

conmponent from azheagld el SaLbpn f a
phenol. That is, 1t Is g{bg(ﬁ oseéﬁreﬁp& 48 (ﬁé/ a p;ﬁagéum%%%ﬁp%ﬁeﬁ?, at
| east 90 % ofiseledtiant ofccamcmmxtawtd carbaeste Gﬂr&mai reagiennary

ammoni um sal t can be Iate by, ) extract| onent with a
hydr ochl ori ¢c™adi & &n& é‘ gtﬁ c}rq(wd ‘%H‘FBnq‘é 1iEZstsonce,

(2) renovingipbehgkbhy e_\bazp%ai Itat emfb (&s@@éﬁ%'f@c@v&f@t ernary
anmponium salt with water at | east once, froma reacti on mXture

cont ai niHYy pRERGEAtYSpHENYIRavRisHiE, 15&-‘%4 | FyoFhesal @ vasicamounsalt and
i Sadvant ageS” TRE=H, E0r FHOIRRatih P OMEEE TS Mevi tabl y
i ncreased with Ue@ar ®attent $eSdlat7aom mppsosdstlad df €lbswing MetEecond
regard to the isolation and recovery of a catalyst
component from a reaction mixture obtained by the
15 carbopylation of a phenol. That is, it is disclosed that
48 % of a palladium component, at least 90 % of a cobalt
component and at least 60 % of a quaternary ammonium
salt can be isolatedﬂby (1) extracting a metal component
with a hydrochloric acid and sodium chloride aqueous
20 solution at least once, (2) removing phenoi by
-Aevaporation, and (3) extracting a quaternary ammonium
salt with water at least once, from a reaction mixture
containing phenol, diphenyl carbonate, a palladium sélt,
a cobalt salf and a quaternary ammonium salt. However,
25 the above method has three disadvantages. The first
disadvantage is that a cost is inevitably increased with
regard to a separation apparatus and energy. The second
one is that diphenyl carbonate is frequently exposed to
heat, an acid and water during a process, so that the
30 recovery is ldw due to hydrolysis, and the like. The
third one is that a catalyst component, particularly, a
quaternary ammonium salt that is easily pyrolyzable is
deteriorated dufing heat treatment in a process. As

described above, any conventional method makes it



one is that diphenyl carbonate is frequently exposed to heat, an acid and
water during a process, so that the 30 recovery is | ow due PeloRgd#Mysis,
and the like. The third one is that a catal yst conponent, particularly, a
guaternary anmmonium salt that is easily pyrolyzable is deteriorated during
heat treatnment in a process. As described above, any conventional nethod
makes it 7 Oposisabl20@4 Ssqiess kre diomsiol @t cafibonsbeBshe sachenaayetand a
catal yst conponent, but none of the conventional nethods can be said to

be econoni caFPPRE¢RTt-afEtuLons: S drie 1Pheerbioral pyethedsngant Pen 5 1t

is a first obpeqt +of vehedYmRwatal Y Yl At dfeohs OVi de a method of
i solating and recovering an aromati'c carbonate froma solution containing

an aromati c Byabdens dompeursdived the theontrventiobonate by utilizing
crystalligzation, .in.which.ingclusion of aromatic 10 hydroxy conpound in
a cryst algproductlti S%Sa\?oir%d'&f%ar?gqer?et Oé%%%tpzé?s?wé ﬁ?%%’é%%excﬁ?bonat ein
the crystal progiat a fmetMd\WEd. idd1ldiSiny SBEPNEeOBFELingl ah NEromMSESAL

invention to provide a nethod of isolating and recovering a high- 15
purity aromafPEPERAKSNETE™ momod Widan i taiaing 2ol aremat bot by dedxpy

carbonyl ati op.g a | Y, Qﬁﬂﬂfﬂﬂgt o a
crystallizati 8n£)ﬁg?ﬁo§?ﬁalt53frét r??ré,q{aﬁ%&cl s a [ rdegtgfce)légig?z{'%% pr esent

i nvention tocpyetirddigatilogystin aihichadusrihagiomisofretihedaradfatbcwhi ch not
only an onpti.c carbonate is .recovered fromthe above reaction_m xture

sol uti ort bt FAEG=Ey COFRPHRN 1 1% FrY Al P WGk et cAY2F9ed 284 ERBver ed
from the aboggnteatt ben theX bi¥omatald idadbdiial Ned e SAFOLAY! gb&AcAt high

yi el ds without decreasing its 25 activity and can be recycl ed.
is improved.

It is a second object of the present invention to
provide a method of isolating and recovering a high-

15 purity aromatic carbonate from a reaction mixture
solution ob?ained by carbonylation of an aromatic
hydroxy compound, according to a crystallization method.

Further, it is a third object of the present
invention to provide an industrially advantageous method

20 in which not eonly an aromatic carbonate is recovered
from the above reaction mixture solution obtained by
carbonylation, but also a used catalyst is recovered
from the above reaction mixture. solution obtained by. .
carbonylation at high yields without decreasing its

25 activity and can be recycled.

It is further another object of the present
invention to provide an advantageous method of removing
water formed by a reaction from the above reaction
mixture solution obtained by carbonylation.. According to

30 the method of removing water from the reaction mixture
solution, provided by the present invention, water can
be removed under moderate conditions and by simple means,
so that the hydrolysis of an aromatic carbonate can be

inhibited and that a decrease in the activity of a



It is further -another object of the present invention to provide an
advant ageous met hod of renoving water formed by a reacti dnO¢tebend0Ré above
reaction mxture solution obtained by carbonylation. According to 30 the
met hod of renoving water fromthe reactign m xture solution, provided by
the present invention, water can be renoved under noderate conditions and

by sinple negQ?ﬁ%¥§§ %%itb%h%émﬁy :%égﬁégkﬁﬁpnatic carbonate can be

i nhi bited an ecrease i1 n the dctivi a 7 Cctober 2004 6
cat al yst canMbansemar kalllvy phev@rtordemdveans to Sol ve the Probl enms First,

t he present inventors have nmade studies for mnethods for isolating a
hi gh-purity ar onBtF€tealtBgnBFEseRthdnyeninss have diade sshydien £@Rt ai ni ng

an aromatic pByH6E%Y £6RNRIYAR ARG @_ﬁﬂ%ﬁdﬁﬁﬁgﬁ%ﬁﬁ Ye&rbona

crystallization nethod. The crystalliza n net'h e exp a.%%a bel ow
with respectagsoaacrysg§alhefsoi ghepluldarbaratimaintindean lromdeiced to as
"DPC' hereingfter) is selected as a diaryl_ .carbonate and. phenol is

sel ected as gﬁgﬁ? FPE‘PF?&‘&POW%C@%&}??&?&% ongke HEnt i nvention
shal | not ber{ysthhiedzhiteoal methiegt.present inventors started studies with
conparing 15 DPC and phenol in solubility while enploying solubility

par anet er s i nt r odB€eGr¥EEMmlddeatdiome etdrodhiicl lathg Rplorined ceebowK. L.

roy (3. Paln: [ACRRAbect!£o/ Q) calshd {flerd W AR S AR 8! HADL O

constant G determn by vapor pressure ne regar 0 20
sever al 1&t onsefiadrationrioc agr CDPE” dectdinaftesd dd dlectedmlare o#f solubility

arameter (6).can_be estimated fro | ecul ar, structural - fornmul a on the
Easis of tﬁe i§5¥}0ﬁFﬁ§og &tpaﬁ_ﬁﬁedgi(is selected as an aromatic

. hydroxy compound. However, the present invention shall
not be limited thereto.
The present inventors started studies with comparing
15 DPC and phenol in solubility while employing solubility
parameters introduced from the concept of mole
attraction force of K. L. Hoy {(J. Paint Technol., 42,76)
(1970). Hoy defines;a mole attraction constant G
- determined by vapor pressure measurement with regard to
20 several atoms and atomic groups, and it is said that a
value of solubility parameter (d) can be éstimated from
molecular structural formula on the basis of the
following equation, -
6 = dZG/M
25 wherein 8 is a solubility parameter, d is a densitf, G is
a mole attraction constant and M is a molecular weight.
For further details of calculation of the value of the
solubility parameter (6), the original literature can be
referred to.
30 When solubility parameters of DPC and phenol are

calculated on the basis of the above equation, the

solubility parameter 04 (suffixes dpc stands for DPC) of
DPC comes to be 10.25, and the solubility parameter Jp,
(suffixes ph stands for phenol) of phenol comes to be



& = dd@ M 25 wherein & is a solubility paraneter, d is a density, Gis a
mol e attraction constant and Mis a nol ecul ar weight. For ®ekeif0det ail s
of cal cul ation of the value of the solgbility parameter (&), the original
literature can be referred to. 30 Wien 'solubility paraneters of DPC and

phenol are gcakcul . ' ; quation, the salubility
par anet er &%bzb(sdﬁ%ﬁ%ggﬂgkieg?gﬁ%g ?%rEﬁgcégg%gt%Pg%edm&?%ﬁ?%xéﬁﬂ.25, and
the sol ubi | 20yCparanesed. &Thesé sudlnxgsdpiferafiten’ @adphetdlar ofy phenol

cones to be_7_October 2004 7 9.73._ Concerning values of the density (d),
val ues at. 220€ SFe?hCeflothelR §arhetdefic WIiGmmanns gt ¥yese. 52 or

are close L ewsachpbhishtsakENoEEANG AipalRns d9LUMMNENS angpasi |y

conpatible to each other. This 5 reSult én ating
DPC frof a reswltrendorseson diffhend tiywd.nc dspdradnirgy IPC cfwystah| i zat i on

operation according. t .crystallization nmethod. .Th resent inventors
hgve theref@&%ﬁ%ﬁﬁ??ﬂgggloﬁ%?%s%bﬂﬁ@stVBrqﬁ&&@ﬁﬁqﬁf by a

crystal | i zagipst 881098t ioRSoBef88Hbh, acbofA neand PWid dhaf1 i .
specific amount of a third-conponent solvent having a’specific solubility

paramet er iBeERe@d to the above solution, the third-conponent sol vent

produces an ef (gl thatohbe, 15 a0Lubi hLtY RRLABLSI, 00 Gy phenol s

apparently - decreas er surprisingly, Tt has be that the
anmount 16f. péemdiescebndidoiatbngadBar bgdaoerPREal Mkt drs e W ent i onal
problem is_ renar kabi,\t/ decreased. The gresent I nvention has been arrived

at on the H%id BB5Y .thieta]i’)fﬁeb??ﬂdf'ﬂ& d Fhat when & SREGHEXD a first
aspect of tiﬁbﬁﬁ@S@ﬂta|HNEE&L88mpBHSﬁ€ 581lvent having a specific

solubility parameter is added to the above solution, the
third-~component solvent produces an effect that the

15 solubility parameter &, of phenol is apparently
decreased. Further surprisingly, it has been found that
the amount of phenol océluded.in or adsorbed on DEC,
ﬁhich is a conventional pfobiem, is remarkably decreased.
The present invention has been arrived at on the basis

20 of the above findings.

That is, according to a first aspect of the present invention, there is

provided a method of precipitating and recovering an
aromatic carbonate from a.solution. (A), of an aromatic
carbonate of the following formula (I),

25 R-0-CO-0-R (1)
wherein R is an aromatic hydrocarbon group having 6 to
15 carbon atoms, the aromatic hydrocarbon group having a
substituent or having no substituent,
and an aromatic hydroxy compound of the following

30 formula {(I1),

| R-OH (11)

wherein R is as defined in the formula (I},
which comprises adding a solvent (B) having arsolubility

.parameter (&;} in the range of from 7.0 to 10.0 to the



provi ded a nmet-hod of precipitating and recovering an aromati c carbonate
from a .solution.. (A)., of an aromatic carbonate of the& ©dbbenidlng
formula (1), 25 ROCOOR (1) wherein Ris an aromati c hydrocarbon group
having 6 to 15 carbon atons, the aromatic hydrocarbon group having a
substituent or having no substituent, &hd an aromatic hydroxy conmpound of
the followwng 30 forrmula (I11), R—O—| (I'l') wherein Ris as defined in the
formul a ' (19cwtiieh ébhmeils‘;@;t;i*a%lw myegipdtaemg tBe hewiatgcacsobedmid ty

paramet er 1‘Q1‘§)sa19 ngu H98a) 0 aI{J e 9 éc?vejrq”gt Fe td&mbt Qnt ober 2004 8

solution (A) selectively preC| pitating he aro Ic car onate in said
sol ution (Aarbgpdtehend réeasedn aid ﬁ@lamﬁraﬁ c iscaddeshdtoe thad wherein said

sol vent (B)sdisiraddedaf qr; @ﬁchsgﬁh Lgﬂo%t(@gtw tmqahtﬁ@ A n éati o that the
followng equations (I11) d (IV) are satisfied, 1 5sah = (5sW/ (Ws+Wah)

+ 6ahViah/ (SBARARRS ((119) aBéaéW) 55ghsZtosfEq1 V) wherein synbols have the

follow ng neanings, 3. SobuRi! ih¥wRar anggﬁrh/o Waqlh\fent (@B)kybah: Solubility
parameter of aronmatic Fly dr oxy €0 ound bsa ol u iIlity paranmeter of

sol ution (A) 5dac: Sdlebi |3y ZpAréneter of aromatic carbdWate WS: Anount

(wei ght) ofwiealey 8Nty \hBve AMRUN 10WRE St Lfings oMat i ¢ hydroxy conpound
in solution (A). According to a second aspect o t he present invention,

there i s provi detP APhet ho PFGReFPEdREI$d VARt afBmati ¢ carbonate of the
fol l ow ng fafMlgbiblility parameter of aromatic hydroxy compound

Ssan: Solubility parameter of solution (A)

Bgac: Solubility parameter of aromatic carbonate

Wsr Amount (weight) of solvent (B)

Wan:  Amount (weight) of aromatic hydroxy compound in solution

(A).

According to a second aspect of the present invention,
there i1s provided a method for producing an aromatic
carbonate of the following formula (I},

R-C-CO-0-R ‘ {I)
wherein R is an aromatic hydrocarbon group having 6 to 15
carbon atoms, the aromatic hydrocarbon group having a
substituent or having no substituent, by reacting an aromatic
hydroxy compound cf the following formula (II),

R-OH (IT)
wherein R is as defined in the formula (I), with carbon
monoxide and molecular oxygen in the presence of a catalyst,

the method further comprising adding a solvent (B)
having a solubility parameter (&;) in the range of from 7.0 to
10.0 to a reaction mixture solution ({(A') obtained by said
reaction, selectively precipitating the aromatic carbonate in
said reaction mixture sclution (A') and then, recovering the

aromatic carbonate from said reaction mixture solution (A').



ROCOOR(l) wherein Ris an aromatic hydrocarbon group having 6 to 15
carbon atons, the aromatic hydrocarbon group having a subsOcioheni00ar
havi ng no substituent, by reacting an aromatic hydroxy conpound of the
following formula (I1), ROH (Il) wherein Ris as defined in the fornula
(I'), with carbon nonoxide and nol ecul 8 oxygen in the presence of a
catal yst, the nethod further conprising adding a solvent (B) having. a
solubility paranet&irdif)y to 4 heikangep&dt foroRhe. PrésentlOnPed®ich,r eacti on

m xture solution.(A ) obtajned b id reactjon, selectively precipitating
the ar orrati{éln%raert} nBt&V1 ¢d ?apat¥%§ FoRTRFXE Ut% 28oP BTV A ) and t hen,

recovering tdvorartemafi the dohonat gy ffcamasai dry,eacti on m xture sol ution
(A"). 7 Cctober lgpcg)ﬂt 8%_ﬁ\ccordi ng tobg third aspect of the present

invention, ther® 15 provided a methbd for producing an aromatic carbonate

of the follewmgnf & mulan (ArpomakiOGErOcRrHd) gepehavig $ al asomati c
hydr ocar boncglrbooqpa@g%ég ng. ;6 tago%%tié:%r QN 2L.ous, vrtor&e ar omat iac hydr ocar bon
group having a  substituent or havi nd’ no subst i Tusht ygreacti ng an
aromati ¢ hyaraoxyueobhpourndvihgt he fuldtawnagt f dynreacting ,arRa@bingtiog
wherein R i ef.i i h o] la.(]) j on nonoxi de and
nol ecul ar oﬁ%cg%ﬁgi ﬁbl{aﬁguﬂpc{r1ggeﬁgé % g%ézglbaf?/ﬁ%lg 3% fret hod conpri si ng
evaporati ng wat ek-@Hh a reaction mxt (ke solution (A) obtained by said

reaction, PRl 15 fouathon By dleasbLg $3id SQLULIQpoko obtain a
solution (A"), and isolating and recovering an afomafi ¢ carbonate from
t he sol uti oreoXideapdd idiesivhan exirasantin( Bhe nAsegca o5al wkitkilygt par anet er

bs in the rand&ehofir 0Mpriihg dPafbrat inddfedd ArnSal deSa! W ABxE4Yd . and an
aromatic carbonate in
solution (A') obtained by said reaction, under heat

insulation by flashing said solution, to obtain a solution
{A"), and isolating and recovering an aromatic carbonate from
the solution (A"} and wherein a solvent (B) having a
solubility parameter 8, in the range of from 7.0 to 10.0 is
added to said soclution (A"), and an aromatic carbonate in
said solution (A") is selectively precipitated and then
separated and recovered.

Further, another embodiment may relate to a method
comprising evaporating water under heat insulation in the
above reaction mixture solution (A') by flashing the above

" solution (A'), to obtain a solution (A") and isolating and
recovering the aromatic carbonate from the solution (A"), and
there is also provided a method comprising adding a solvent
(B} having a solubility parameter &; in the range of from 7.0
to 10.0 to the above solution (A"), thereby selectively
precipitating an aromatic carbonate and then isolating and

recovering the aromatic carbonate,



said solution-(A") is selectively precipitated and then separated and
recovered. Further, another enbodiment may relate to a netfHedober@9p#i si ng
evaporating water under heat insulation in the above reaction m xture
solution (A") by flashing the above solation (A'), to obtain a solution
(A") and isolating and recovering the aromatic carbonate fromthe solution
(A"), and. then@ha;mﬂthp¢r®ﬁiﬂhd pragehodiroeptisn ngidtldbagfarshkyent (B)
havi ng a solub|/£ anet e Ln the . ra e of from7.0 to 10.0 to the
above sol ut i"GT 3041 % %??%%$&na€ ®Eipitating an aromatic

carbonate and then.isolafin ecoverin ggg} =Y

Oct ober 2004 9 f% f%% g¢%@ﬁem: s%%%*ﬁﬁﬁﬁﬂﬁfo% <S:i%)(cz&;durt%IS °
specificalIyi@%ﬁﬁaﬁnéhﬂﬁeﬂémhéﬂﬂﬁﬁa(EWrII anot her enbodlnent may be the
aromat i cghydt.oxy ¢ a gonpound_of t oye for la (I1).
5 1n the abgééﬁ%br (v%K%§§%€§§ {g%)af%na. i T Y8R %% HP o8P ﬂﬂlch has
a substituemfroap e diaday es@yE i Swdst | dtelde &nto Whh&de 6 to 15
carbon atons, preferably 6 to 12 carbon atons. The aromati c hydrocarbon

group is pr@@ﬁéﬂityl%lﬂﬂ df %ﬁpmwﬁ tclolﬁ)ef?ftlﬂb@llaﬂ?m%ref erably phenyl .
Wien the ar gpalreG-agi%d (ﬁ? f“??(JQWM9S @%?J ﬂéggg exanpl es of the
| kyl group ha Sarb

substi tuent |nclude an a ving .l to -atons, an al koxy
group havin@YﬁID@a¢hunﬂnnDup(nﬁspzaféuabxxwph&mmaamﬂ mapmtbpxyl group. The

number pf the bst.i t uent 1to era ly 1 or 2. Specific
exanpleégofpﬁﬁ %ﬁi$ﬁé% Hﬁﬁﬁ?ﬁgpi Hﬂﬁﬂﬂéi &e Agiomatdthst i t ut ed
phenol s suchydsoeheson godEIR) Qid’é’@@iﬁ%mtﬁrﬂW'%ﬁ@ies”@fh%&pheno'

et hoxyphenol, chl orophenol, ~ bronophenol and salicylic acid, isonmers
thereof : 20SHRghiAMENts dnGlude @b rAddh grou dRaknaret e nbpbatiotn

atoms, an alkoxy group having 1 to 4 carbon atoms, a
halogen atom and a carboxyl group. The number of the

15 substituent(s) is 1 to 4, preferably 1 or 2. Specific
examples_of the aromatic hydroxy compound include phenol,
substitpted phenols such as cresol, xylenol, ethylphenol,
propylphenol, methoxyphenol, ethoxyphenol, chlorophenol,
bromophenol and salicylic acid, isomers therecf:

20 naphthol, substituted naphthols such as methylnaphthol
and chloronaphthol, and isomers thereof. Of these,

phenol is particularly preferred.

Yet another embodiment may be the arcmatic carbonate refers to a
compound of the above general formula (I).

25 In the above formula (I), R is a hydrocarbon group that
is the same as the aromatic hydrocarbon group defined in
the explanation of the aromatic hydroxy compound of the
above general formula (II). Those groups that are shown

' to be preferred as R therein are similarly preferred. R

30 1is most preferably a phenyl group. Specifically, the
aromatic carbonate is diphenyl carbonate or dinaphthyl
carbonate, particularly preferably diphenyl carbonate.

Further embodiment may be the arcmatic carbonate contained in the

aromatic hydroxy compound may be



and chl oronaphthol, and isoners thereof. O these, phenol is particularly
preferred. Yet another enbodi nent nmay be the aromatic car boReiken20drs to a-
conmpound of the above general formula (l1). 25 In the above fornmula (1), R
is a hydrocarbon group that - is the sagg as the aromatic hydrocarbon
group defined in the explanation of the aromati c hydroxy conpound of the

above gener alpfeusipi #atdd) .addope O OLRS14HG4 AKh& $88YP-rba PR Rheferred as
R therein are simlarly preferred. R 30 is nost preferably a phenyl group.

Speci fi cal | y, £ ofrpiiid carpdiat e I8 didiersgsearborteenmt OB hapht hyl

carbonate, p ] | erably .di phenyl car bponat Fur t hey  enbodi ment
may be the a?%&r#alt%ﬁ%caérbo%%la o "g?Jh]ngtY rp?ﬂ%meg?:ﬁng%)c %@r‘{ﬂ&ﬂ ddhpound
may be 7 Cct dier @84 dblyrism pitated, and it is isolated and recovered in
the formof a softid crystal. In éhis case, a solvent (B) having a

speci fic 2ol ubi | ity e SRYEHHSR) oL dhe 6o kic spavRoRaf At LBNthE | n
the sol ution drdmadfid My & BERIESmPAIRPN alife | Hod 8&n t £2F PIRT L&oﬂ¥gf19)fy

conmpound, the concentration (content) of the aromatic carbonae 1Is’in the
range of fromd the ga-ondiiaetaphongs efriabl the nrahge rafigtroh $rom 7 to 70

% by wei ght, rt bqul ar.l referably in the . range of 10 _from 10 to 50 % by
wei ght. The sgc%av%en ("%)l%'oip'bepraed%er ML, HhoveARer of oftopal Fe a -

conpound havi7ig %a 8o lwdiidht,y gh’ifﬁ[miﬁr](ﬁqiréfbritbﬁ}rrﬁﬂgﬁméfréﬁ?@‘ é£0 to
10.0. The_ addition of the solvent (B) can apparently decrease The nelting

poi nt of1@5 &FeMriGvdtq SOy ik W nd, and the crystallization-
tenperature rangef JdI& A ONE) %&a‘{ﬁ?% iﬂ)t‘?ﬁ? BEESENL 1 ¥ EPL1 on can

be broadened. The nelting point of e sol vent per sSeis pre?erably
| ower than tHa). is a compound having a solubility parameter (8.} in

the range of from 7.0 to 10.0. The addition of the
solvent (B) can apparently decrease the melting point of

15 the aromatic hydroxy coﬁpound, and the crystallization -
temperature range of the aromatic carbonate in the
present invention can be broadened. The melting point of
the solvent {B) per se is preferably lower than the -
melting point of the aromatic hydroxy compound. The

20 melting point of the solvent (B) is generally 41°C or
lower, more preferably 15°C or lower, which is
advantageous.

By adding the solvent'(B)‘to.the abové,solution {(A),

the eutectic point of the aromatic carbonate and the

25 aromatic hydroxy compound shifts to a low-temperature
side, and the concentration of the aromatic carbonate
shifts toward a lower concentration side of the aromatic
carbonate content, so that the aromatic carbonate ‘
precipitates from the above solution (A) and can be

30 isolated.

The solvent (B} for use in the method of the present

invention is preferably at least one selected from the
group consisting of aliphatic and alicyclic hydroéarbons

having 5 to 8 carbon atoms, an aromatic hydrocarbon



mel ting point .of the aromatic hydroxy conpound. The 20 nelting point of the
solvent (B) is generally 41C or |ower, nore preferably 15C Qstoben@®04 whi ch
i s advantageous. By adding the solvent (B) to the above solution (A), the
eutectic point of the aromatic carbonate;and the 25 aromatic hydroxy
conmpound shifts to a lowtenperature side, and the concentration of the

aromatic -car beRatly ehid te domedd federa oL & abh@na Bl dgc 08t he

aromatic carbonate content, so that the aromatic carbonate” precipitates

fromthe abovdhestuthanine)3 diel arprikoBRiwes at@bipHakicorivént (B) for use
In the netho f ¢ t.o . ti ls preferably at 1east_one selected
fromthe gr%l}glcé{)ér}giés)t]ﬁ?eﬁgoq‘o 5 é#’ﬁ%%‘a??% éa%aé)a?ﬁ %?i%t%%r%% rB8ns having
5 to 8 carbomlatphiat i lddiel iftaith oC afdon daftbéwhberom®04 11 having 6 to
8 carbon atons, aliphatic and alicyclic ethers having 3 to 6 carbon atons,

al i phatic®and aSRSEHFICAUNndPhARME ST katBbridt oms and an
aliphatic al hghndaddibily ﬁéﬁ%@%@t%cﬁéépﬁ&{;'ﬁ%'%rogﬁe above
y “at tte

solvent (B) is advantageous east one selected from oup
consi sting ofcompdisdHmand dytlemxane] engduahe; hyylems haliethyl

t etrahydrofuran, 1,2-di nethoxyethane,, nethyl-t- butyl ether, acetone,
met hyl Yot hyl %&Eﬁe%%ﬁ%?‘fﬁ%ut’yﬁ@%@°%? ney JBRbRYlatnyl
al cohol and p I @lerd| R one\CGRIHYI0 dithPl Ut eSndy hdenpi esent

i nventors, it as been found that a high-purity aromatic carbonate in the
forma sb?i dicebuwial dstoney Marhige ddagadpnhestthihe akcalvol easdl vent (B) is
added to the; l&fﬁ%ﬁﬁl Ui QR dN in such an anmount ratio that the foll ow ng
equations (I I§) ' i

According to studies by the present inventors, it

has been fdund that a high-purity aromatic carbbnate in
the form a solid can be isolated and recovered when the
15 above solvent (B} is added to the above solution (A) in
such an amount ratio that the following egquations (III)
and (IV) are satisfied.
Osan = OWe/ (Wet Wapn) +0anWan/ (Wst Wan) (III)
Sqac - Osan = 0.6 (IV)
20 In the equations (III) and (IV), symbols have the
following meanings.
O5: Solubility parameter of solvent (B)
Oan : Solubility parameter of aromatic hydroxy compound

Osan: Solubility parameter of solution (A)

25 Oaac: Solubility parameter of aromatic carbonate
Ws: Amount (weight) of solvent (B)
Won: Amount (weight)} of aromatic hydroxy compound in

solution (A)
When.the solvent (B) ié added to the solution (A},
30 it is preferred to practice the addition with stirring,
for the operation of crystallization of the aromatic
carbonate and for decreasing the occlusion of impurities
into a crystal. Since, however, the addition.of the

solvent (B) to the solution (A) improves the homogeneity



and (1V) are satisfied. asah = 6 . W/ (Ws+ Wah) +VahWh/ (Ws+ W) (I11)

bdac - Ssah Z 0.6 (I1V) 20 In the equations (I111) and (1V) 7 Qsolesl280thave t he
foll owi ng neanings. bs: Solubility paraneter of solvent (B) Sah: Solubility
paranmeter of aromatic hydroxy conpound i8sah: Solubility paraneter of
solution (A) 25 udac: Solubility paranmeter of aromatic carbonate Ws:

Anmount  (wei.gint thef sedlutdrin,(Bhe i rAwgndpénet bh ) not paooRELTaRYGT OXY
conmpound in solutlonéémz When the solvent (B) is added to the solution
(A): 30 it FEYEesr Fhs RATERPE B LRy i bR aHeRdsinrdi Bgatefor the

operation Ofn@hs kel Is@tdﬂrbrpf(tﬁhel@rmw&a €87 bppghesapg, for decreasing

the occlusion of inpurities o a crystal. Since, however, the addition
of the soIventA@BPrﬁdn@hdquﬂﬁndxﬁs(by thmwmwesemhelnmamgeneLtyt? Cct ober
2004 12 ﬁ %h soI h t|rr| o tjion nf gmﬁglcularl .

r equi red aRdt é:fego (1%5 e‘oé“‘%\ A ? 2t RBaELLut i on
(A) is all Owad'bbﬁa%balf(i'oﬁi itte s‘hmpﬁmrng(zxp 5% Ush-€81i PVt APEoRT £5€Phe

i nventors, it 5 has been found that the nethod of isolating the aromatic

car bonat e fﬁéﬁﬁ?h@r§§B@¢|Gﬂﬂ%@tﬂﬂprﬁ%ﬂn?ﬁtQﬂVQﬂ¢¢9ﬁ@¢ﬁiYahbnblpdetent
| nvent | on CaRebq8UANCAIRN Y ARBIA AL [ arndiifed SPLALT O Ol Allo A OMat | C
%9 t%8sis of an’

carbonate from a reaction ure so it i Gh obtarhed
10 aronatlmlxauhenab&u&&oheo@qﬂinéﬁﬁhﬂxﬁhmvsiﬁthésﬁ@06ﬂeanenbodlnent may
relate o a nethod for. producing an aronatic_carbonate of the above

f or nul ?I)359m9§&8tp Ratotst iRe IR BIPeL pbid of the above genera

formila ( H ) Wt hSt(::LI?'lr Qr?orgher embodiment may relate to a method for producing an

aromatic carbonate )
of the above formula (I} by reacfing an aromatic hydroxy
compound of the above general formula {(II) with carbon
15 monoxide and molecular oxygen in the presence of a
catalyst, the method may comprise of adding the solvent (B}
having a solubility parametef 6s in the range of from 7.0
to 10.0 to a reaétion‘mixture solution (A°) obtained by
the above reaction, selectively precipitating the
20 aromatic carbonate contained in said reaction mixture
solution (A’) and then recovering the .aromatic carbonate.
While the above reaction mixture solution (A7)
contains the catalyst.and water formed by the reaction
in addition to the aromatic carbonate and the aroﬁatic
25  hydroxy compound, the aromatic carbonate can be isolated
and rgcove:ed in the form of a solid by adding the
solvent (B) to the above reaction mixture solution (A").
Further, the solution containing the catalyst, obtained
after the'separation of the aromatic carbonate from the
30 reaction mixture solution (A’) can be rechled to a
reaction. ‘
The catalyst for use in the synthesis of the
aromatic carbonate is desirabiy a catalyst system

containing (a) a platinum group metal or a platinum



15 nonoxi de . and nol ecul ar oxygen in the presence of a catalyst, the method
may conprise of adding the solvent (B) having a solubility Qelpberet0ft Ss in
the range of from7.0 to 10.0 to a reaction m xture solution (A ) obtained
by the above reaction, selectively precipitating the 20 aronatic carbonate
contained in said reaction mxture- solution (A') and then recovering the
-aromati c cagboupt AetalhicbRpbiadgbqwy eaidox dferiturghdofsfidN (A)
contains-the catal yst and water formed by-the reaction in addition to the
aromati c car SBRACENARY ERECRIERAFRLT 2T @y GUSLPTOGNL PSRN BB ML | C
carbonate ca I sol ated and recovered in the formof a solid by adding

t he sol vent B? to the above reaction nixture solution (A'). Further, the
sol uti on cont ai nErgmphescafalkhst (adbipdiardchumafigread e tsdpaimt tion of t he

aromatic carb nate f t he 30,reacti Qn m xtyre solutlon (A) can be
recycledXo & °V8a8?%8g§s?h§Y§§FQI§§F ?é - of the

aromati c carpgeRkbAibs, deRbhabhY Bskabal ¥ala mfd%%rponb@ r&h@%e( a) a platinum
group netal or a platlnun17 Cct ober 2004 13 group netal conpound, (b) a

redox agent Badladjum iquaﬂﬁtmaﬂ}aaﬁwbDmaﬁﬁgabﬁ~orTaeqaaa¢enaﬁytmhosphonlum
salt. Exanpl platinum arqup net al bove catalyst
. %%ogélﬁmgtgﬁ£m %%uﬁumeg & eﬁlmﬁt%%uék

systeminclu um ¥ and
iridium O abeseitypahhadnuﬁgaalaaabuauk;amty siicef &g %uﬂlﬁlﬁﬁ ate of the
above platlnun1§rou metal is_a netal state having activity, an inorganic

aci d sal® suehthatpaPraBpidrddum chdrgide pam fadanichiasHitiesakin Brguni c
acid salt suglh p éilHéﬁbﬁ%HE&ﬁ‘E@t A6C copl QP LBEnS UEh A A1 UM

acetyl acetonate, an oxid dr oxi de Or
: -"acetylacetonate an oxide, a hydroxide or a form of a

complex compound containing, for example, carbon -
monoxide, an olefin, an amine, a phosphine or a halogen.

15 Further, the platinum group metal may be in a state
where any one of the above platinum metal compounds is
shpported on an appropriate substrate such as activated
carbon, silica gel, a metal oxide such as élumina,
titanium oxide or zirconium oxide, a metal complex oxide

20 such as perovskite or silicon carbide. The platinum
‘group metal may be in a stdte where the above support
and most part thereof are separated and removed. Above
all, palladium acetylacetonate is preferred.

" As the above (a) platinum group metal or the

25 compound thereof, palladium metal or a compound thereof
is the most preferred. When palladium or a palladium
compound is used, properly, the amount thereof, as
palladium atom, per mole of the aromatic hydroxy
compound is in the range of from 1 to 1 x 10~° mol,

30 preferably from 1 x 1072 to 1 x 10" mol.

The {(b) redox agent for use in the above catalyst
system includes compounds of elements coming under
Groups IIIA, IVA, VA, VIA, IB, IIB, VIB, VIIB, iron
group (VIII) and rare earth metal group (IIIB) of the



conpl ex conpound contai ning, for exanple, carbon nonoxide, an olefin, an
am ne, a phosphine or a halogen. 15 Further, the pl ati numQgtobgy 2884al nmay
be in a state where any one of the above platinum netal conpounds is
supported on an appropriate substrate su as activated carbon, silica
gel, a netal oxide such as alumna, titani'umoxide or zirconiumoxide, a

metal - conpl epdrddiic AWSLEN SomPRMGEKIJE Glosl lheOMm £3LH dg. Jheqplgti num
group nmetal may be in a state whére the above support —and nost part
t hereof are ¥&aFdroared=iftizahwiales\board &bt epahpidi ubhagetyhapeat onate is

preferred.. Qv a ati.n roup netal or the_25 conpound
t hereof, palla |&unq'1%rre a E‘focgrm)a O%)rﬁ)gbéhug}'(?%er%%fox%éet hR FBeropidter fed. When
pal | adi um or caralnzad Uan ARMIE ¢SrbSepats 0per hYaikbeoAE0HAL L hgpeof

as palladium atom j:per nmol e of the aromatic hydroxy conpound Is in the.
range of Proh™ e £orm @ aysiompkepradkl opf yan rowalake10r2 to 1 x 10-4

nol . The (b) agent i 0 AT stem.incl udes
conmpounds of Srgth'g'%nlts c'omgﬁgtgﬁgér%hégguc%% }{% E&‘tel - % fﬂ% B,2118B,
VIB, VIIB, ircomplgrolavivd, asarad Tigyand@Aarcdrivmt ahogooide (| 4hBy18EikNe -7
Oct ober 2004 _14 eriodic tglbl e.. .Conmpounds _of these netals can be used in
vari ous oxi df%e &F 2 phosphing, Of these aetade coppapnds ttaving m of

a halide, anregoe capamidriay de @mﬁaﬁtmr@fqnaﬁ@&%gépi&oﬁ?w?w' ate or a
di ketone salt, or 5 in the formof a conplex salt of an oxalatée or
salicyl at®. FOPPR&T o1t [feyagen derths arbial t9ech casn binthamanpbexchaving, as

met ol compourdd Ravenourd,oF ded tne PEERARET S8 e imERte ot cobal ¢
10 copper or manganesear idobaittyl caippens deanidif A Ole £@1 &pdn '
particularly preferred. While the émount of the (b)
redox agent for use is not critical, the amount thereof
15 per mole of the (a) platinum group metal or platinum
group metal compound is preferably in the range of from
1 x 10! to 1 x 10° mol, particularly preferably in the
range of from 1 x 10°* to x 102 mol.
Further, the (c¢) guaternary ammonium salt or
20 quaternary phosphonium salt in the above catalyst system

can be selected from those of the following formula (V)

or (VI}. .
RiR:R3RWNX (V)
RiR,R3R;PX (V1)
25 In these formulae, each of R; to Ry is C; - C4 alkyl

or Cg - C;; aryl and may be the same as every other one
or different from any other. X is an anion and is
preferably selected from a hydroxyl group, an alkoxy
group, a pheénoxy group or halogen such as chloride,

30 Dbromide or iodide.

Of fhese; tetra—n—bﬁtylammonium salt and

tetraphenylphosphonium salt are particularly preferred.
The amount of the guaternary ammonium salt or the .

quaternary phosphonium salt for use in the reaction per



and a conpound of |lead are preferred, and conmpounds of nanganese, cobalt,
copper, ceriumand |lead are particularly preferred. Wil & ©@tieberidfnt of
the (b) redox agent for use is not critical, the anmount thereof 15 per
nmol e of the (a) platinumgroup netal or pkatinum group nmetal conpound is
preferably in the range of from 1 x 10-1 to 1 x 103 nol, particularly

preferably imotike o ah@e pAfatfiriii Grovld wetdd Y% rl Q2 dBipodad tifdredpe (C)
quat ernary ammoni um sal t or 20 quaternary phosphonium'salt in the above
cat al yst sysPemticsdagpd yselpadtlafiifummn o ldiadivm fasimpemndd, fig mul a (V)

or (M). RL GV ;. R R%@ﬁ@é ) t,hese mul.ae, each of Rl
to R4 is Cl%gggégé?# B tge - G (Ogéryroéﬁcﬁ'nriayﬁbzl't@g §%?r£‘ as every
ot her one opaditficenentyf presanamiyhan thd raiyaRiOFEN 1 cPrejer abl y

sel ected froma hydroxyl group, an al koxy group, a phenoxy group or
hal ogen sich™@d-chl oride, 30 bronide or iodide. Of these,

tetra n-butyl aMmagl whesPrecift ARIANNANY OSBNANUE Wdedlee

particularly preferred. ™ The anount of the quaternary a niu

guat er nary pkomphunduss aleadted xsidh radienw ewstaxdniepemd’ rddteanera?004 15
nol e of the platinumgroup netal or oynd t hereaf particularly,

pal | adi um orBé‘YSSH Al FRec BRSSRES iog Q‘B}@é X5 faitr?c')'tyi‘?é: Y fromo. 1
to 1,000 nol whepablyl aukakiy1picRiaiotte. idy tHie e §-ddudt ¥anl g 100 5 nol .
In the present invention, the aromatic hydroxy conpound is reacted with _
car bon nthoxPB&E2&Rgdnp| BEuRafatatygénthatt pEhpbéssnaersfcthenabove catal yst

system promoting effect, (d) a heteropolyacid may be used.

The (d) hereropolyacid is a polyacid formed by
dehydrative condensation of two or more oxygen acids
(oxYacids) and is formed of a negatively charged oxide

15 molécule cluster (polyanion) and a proton.

As a heteropolyacid, those having various
compositions-structures are known, and any one of them
can be used. Of these, a heteropolyacid having a
structure calied Keggin structure and having an anion

20 portion of which the structural formula is represented
by-the following general formula {(VII),

ZM; 2040 | (VIiI)
is preferred. In the above formula, X stands for P or Si
element or-other element such as As, Ge, B or the like,

25 and M is Mo or W but is partly replaced with an atom
such as V, Mn, Co, Cu, Fe, Zn or the like, Phose having
@ proton in place of the above anion are called
.polyacids, and those formed by replacing the proton with
a cation are also effective in the present invention:

30 The above cation may be a metal ion of an alkali metal
such as Li, Na, K, Rb, Cs or the like, and in addition
thereto, it may be a metal ion of an alkaline earth
metal such as Ca, Mg or the like, metal ion such as Cu,

Zn, Al or the like, or a transition metal ion of Fe, Co,



whereby a diaryl carbonate. as an end product can be 10 obtained. As a
catal yst that exhibits a reaction- pronoting effect, (d) & Qebeerdi®dhyaci d
may be used. The (d) hereropolyacid is a polyacid formed by dehydrative
condensation of two or nore oxygen acids, _(oxyacids) and is forned of a
negatively charged oxide 15 nolecule cldster (polyanion) and a proton. As

a heteropol yag{ d.mt hase, e VR{1L QU r ct es_are known,
and any one of them cah be usedﬂdg’) thesermp%aéztlerop%y%él havi ’S
structure cal$akt Kefjgt cate LAtk medahalomgofinCani ba, 26r pehéi aakel whi ch
t he structur rnula. s re esentﬁb?Hg t he_ foll ow ng general formul a -

(M1), " 1204?#‘{‘0? ‘”pr‘%?% Ve il ke £ 5 2oTwb e afBsakor P or
Si el enent ergﬁrhﬁf @iwm Sétsdh a8s Afn  dfnoBL@h éé}ftl | kg, oéén%d Mis M

or Whut is partly replaced Wi th an atom such as V, Fe, Zn or
the |ike. SThGYEHENhFEakt pran orrganit a@w-‘thmembt an@nnt.‘aeeld:kbl.ed

pol yacids, and t t roto wth a _cation are also
effective in the%?s%%%‘ggn #%‘%‘%‘%1 A]a anlt(?%?ll?mﬁtﬁ'éc UhEral ion
of an al kal i peti@lculscprstdiredas a rF&l;ef@p@Iyé&tmlh;g@lngng k8ggddi tion
thereto, it may be a netal ion of an alkaline earth netal such as Ca, My
or the like, ShRuAtyhs, af o ieh ddhe amplomDoFticR 35 Keepeesentednbytion

metal ion of difs LovidF AIICAIA Worblag MyT ) O the like. O i
et

may be in the formof a ‘salt of a rare eart Ton of Ce, La, or the
like. F4Pther, i%(Meoh(Hdn(W)ihe for nfWFIB) salt soluble in an organic

sol vent, suc nium sal t or ic 5. .a niumsalt, an organic
phosphoni um s le%%,e %{n?é 1% rp r(ﬁl (#b eq’n%e't e‘?‘%‘f}br%gcrfdsmh%@r@ 1S KRggi n

structure;y numerical value of 0 to 12 and has the relationship of n

+m + p = 12, or salts thereof.
Specific examples thereof include phosphorus

15 tungstomolybdic acids (such as PMo;W;0040, PMo,WsO40,
PMOgWsO040., PMogW4 040 and PMo1oWoO4p) ., phdsphorus
vanadomolybdic acids (such as PMo,;;Vi0s0, PM01aV2040.
PMOyV3040, PMo4V50s and PMo,Vi404), phosphorus
vanadotungstic acids (such as PWeVi0i9, PW1,V.04, and

20 PW11V1040), silimolybdotungstic acids (such as SiMo;3We040,
SiM06W5049 and SiMogW;040), silivanadotungstic acids (such
as SiWiViO4e, SiWieV2040, S;W9V3O4o. SiWsV4040, SiWeVs04 and
S-iWQV,;Om), an& silimolybdotungstic acids (such.as
SiM011V1040, SiM0;3oV2040, SiMoogV3045, SiMogV,049, SiMogVeOse and

25 S5iMogV4040) . These heteropolyacids may be used alone or

- in the form of a mixture containing at least fwo of them.
Further, they may be used in the form of salts of
various cations or mixtures thereof as described above.
For carrying out the above reaction, any one of a

30 closed method and a gas flow method may be employed.
When the pressure of carbon monoxide and molecular
oxygen is taken as a totai preséure, the pressure inside
the reactor is 0.1 to 1 MPa, preferably 0.5 to 0.9 MPa.

The ratio of the oxygen partial pressure to the total



particular preferred is a heteropol yacid having a Keggin structure of :
whi ch the anion portion is represented by the follow ng st©cober204f or mul a
(M), 10 X(M)n(Wm(V)p040 (VII1), wherein X1Is a P or Si elenent, each
of n, mand p is a nunerical value of O 12 and has the relationship of
n + m+ p =12, or salts thereof. SpecifJTC exanpl es thereof include

PoSphor s 1% diist ook vk conch d51 (7Us g BVBGVEAOK0 . BIOAVBOND

PMb6WSO40, PNMD8WIO4Z0 and PMb1 ortis ~vanad8nol'yddi ¢ aci ds
(such as PMiouiuds | tHRVOIDVROAGE | ox Pl \VeREDos iBhb4\VBE¥than( FABRVA0040)
phosphorus vanadotu és]%ic acidi és(%ch as PWV3040, PWOV2D40 and 20
PWL1V1040) , “st9Y er‘Té)g 115 IR LO%RY dsthe ughs a1 e VBate028 carbemn6Ws040

and S1M8WI04§dnoxEdé i@ aaoLdINGISt £ 5e 51 Giat SUCHyaRSxol Wk g§k is i
Si WLOV2040 , S3- V\9V304% S VBVA040. - SIWBVe040 and V\%\Am%% fa%r?dln
si | i nol ybdot (s thangei e frer D a3 8 \Md10 \BMdnuBe MDAOT2Euae SEMRREI 040,

Si MBVAO40, S 5 SiMo8MAOAO) . These heterqpol yaci ds may be
used al one of In tEe éo@g?%?'?alsm%( u%‘éec% ?%?n?ﬁggﬁ?ml §a§5 Féooofl t hem
Further, theys/meiymbtes Us @teiferiaba yf, 0RO 1Al al. o@rindIScL£abdQNS Or

m xtures thereof as_described above. _For carrying out the above reaction,
any one of amoRPXAALEF fbtThdany 2 ainytey nardobbatiyoBethapl oyed. Wien

the pressur e oy LARAN SR e W hITLE Y] G5 XNBERLLS faken as a total

pressure, the pressure inside the reactor MPa, preferably 0.5
to 0.9 MPA. The Whitlie Wie ttempeaaiprreaf¢x atheralsswes eréactheont akahot
Cct ober 2004 1. IS

out si de the raé&é%@s'ié;gﬁsﬁ%%%ﬁngt%‘?és%d%%o%%oggﬁalsﬁlﬁ% Rodoi s
enpl oyed, thazgas,fhrd giefrdarporerdweye decpefodobe of "the aromatic
hydr oxy compound i s in
. In the reaction, further, an organic solvent inert
to the reaction may be used. The organic solvent is

15 preferably an aliphatic ether compound having a molecule
containing one to several ether bonds. Such organic
solvents having a boiling point of 30 to 170°C in
particular are prefefred. As a solvent, particularly
preferred is tetrahydrofuran, methyl-t-butyl ether or

20 1,2-dimethoxyethane.

The aromatic hydroxy compound is reacted with carbon
monoxide and molecular oxygen in the presence of the
above catalyst, to produce an aromatic carbonate, and -
the thus-obtained reaction mixture solution (A'}'

25 containing, as main components, the aromatic carbonate
and aromatic hydroxy compound is introduced to a proper
crystallizer. The concentration of the aromatic
carbonate in the obtained reaction mixture solution (A")
is 5 to 95 % by weight, preferably 7 fo 70 % by weight.

30 The crystallizer for use in the present invention
includes a stirrer crystallizer described in JP-A-10-
45680 and a bundled-tube crystallizer described in JP-A-
10-59904, although the crystallizef shall not be limited

thereto.



5 the range of- fromO0.3 to 2.0 L/mnute, and that of the nolecular oxygen
is in the range of from0.01 to 0.1 L/mnute. Preferably,” ®tebéd2N4r at e-
of the carbon nonoxide is 0.75 to 1.2 L/mnute, and that of the nolecular
oxygen is 0.03 to 0.075 L/ minute. 10 Wi g? the tenperature for the above
reaction is not <critical, it is preferabl’y in the range of from60C to

120C, nore pref er@blihe T UBSAAC 1 H0Gn ; | é@fvéﬁ@c b?nha(rﬁhéh%r’ an

organic solvent inert to the reaction may be use The“organi € sol vent is
15 pref er abl podmbdlliighyatgaratdterr dgmpountehaaneg aarden 2. 0 cent 6 Nd ng one

to several ether .- ,Such organic solvents hayvin boi |l i ng point of
30 to 170C i%‘g aa*ra%"‘l‘iﬁa%rt G ST SRS %‘6?%?1?3 Ear‘i i SBF%R%G
preferred isbyetthahubioddirnactiitly|aia iy a£6h8E18 c8Pbonate in the

1, 2- - di met hoxyet hane. The aronatic hydroxy conmpound is reacted with carbon

monoxi de And TRECEEOPamiEEFen SH WHODrEsehcks oseleetivgbye catal yst, to
produce an a;egg&&ﬁt%e@%tﬁemef&? 1 URODESHICHe  §AL190 M KLY €

solution (A containing, as nain conmponents e aronalic Car_%nate

and aronat i ¢ thjsr operedipayndedssi tatiiydutes teaat PoOPRIxtarySkaiuikioh. The

concentr‘atio? of t arqnati c. carbonate in the obtained reaction -m xture
fa% teg 38

sol ution (A AR Ghof Jhg Fabysny (B) 78sos89iei ght. 30

The crystal | kzem hOftedpRriaturle i Q3R rddye ¥ OFrbRCEHUES RoSEirrer
crystallizer described in JP-A-10- 45680 and a bundl ed-tube crystallizer
descri bekP i nPFPLeRably. $990#, 4" tthough & Heempamatiitée zén thel tange be

having a sof GBPT 70 e and: & Brertr iy O I ¢ off artipdy g (O
the solution temperature and also with the activity of
the added solvent (B), the crystallization of the
aromatic éarbonate is promoted, and a high-purity

15 aromatic carbonate can be obtained. '
The solvent (B) to.be added to the reaction mixture
~ solution (A’') is the same as the already described
solvent, and it is preferably added in such an amount
ratio that the already described equations (III} and
20 (IV) are satisfied.
The aromatic carbonate that has precipitated as a
crystal can be separated by centrifugal separation or
.filtering. The solution remaining after the separation
contains the c¢atalyst, and the catalyst can be recovered
25 by removing the solvent. For removing the solvent,
diétillation-is carried out under moderate conditions,
which is desirable in that the decrease of the catalyst
activ;ty is prevented. The recovered catalyst is
recycled to the reactor and used for the synthesis of an
30 aromatic carbonate.
In carrying out the method of isolating and
recovering the aromatic carbonate f£rom the above
reaction mixture solution (A') in the form of a solid by

crystallization, the present inventors has continued to



I's added to the reaction mxture solution (A') obtained by the above
reaction, and the aromatic carbonate in the 5 reaction m#%Dopbersilodti on
(A") is selectively precipitated and recovered in the formof a solid. In
this operation, desirably, the reaction Higxture solution . (A ) after the
addition of the solvent (B) is cooled froma tenperature in the range- of

from8.0 to #ake LRuakeleray a Ghb tod 08k é@f@cf:f@@f{rafé'{ﬁgﬁiﬂgt ?&tggnge of
from30 to -30 C, preferably 30 to 0 C. By cooling wth the Solution
t enperat ure SRBtELSSAIDh thee nRaGtiey mixtere sofetien| (2H).(BJhet he

crystallizati,op h Q@ | el onot e and a, high-purity
15 aromati c gar g%%g%‘e%gar?abe ob([caal?%ée%. i%}ea%%f'%éﬁ? f%‘}rdb?%a 8 Eadga to the
reaction nmi xhydeolyakidt,i and At) dsudde SeareyBsld hef atneagyosflgssei bed :
sol vent,d,)and it.is preferahly added in such an anount' ratio that the

e

al ready descFRPRAPEEGaLPEAITEY DY HF Trrttisakien skeiderreasahandr omati ¢
carbonat e thatsBagapsesi RblAtRA S Andtdct gf%o C&&Péaéspai&ﬂigﬁgﬁbeef,r

centrifugal separation or filteri'ng. The solution remaln
t he- separ at | shencatitempd st R ec stale/ st mambtdarabenl §soém chlve beeaeedygr ed 25

by renovi ng Lvent. .Eor re ing the solvent, distillation-is carried
out under m’hggg %ecgﬁéiflng'gﬁs,by%ec%‘f%r%jﬁqa 5t s thblaktePRase of
the catal ysta gheirmalylbadpheyerebd Uit 8 Lty sl aly$tasSa recycled to

the reactor and used for the synthesis of an 30 aromatic carbonate. In
carryi nd%ut TeRBlEet kB8 6rtadyish iantialidy et Argrerpede aromatic carbonate

from the above #BACHERBHEX LU il 1R d Aneddedle L850 Ofy 2 SpLLT by
crystallization, the present Inventors has COI’ﬁI nue to% o%ér 904 19
method of evaporating water under heat insulation by
flashing a reaction mixture solution.is remarkably
effective for removing water contained in the reaction
15 mixture solution (A').

According to the present invention, there is
accordingly provided a method for producing én aromatic
carbonate, which comprises evaporating water in the
reaction mixture solution (A') obtained by the above

20 reaction, under heat insulation by flashing said .
solution, to obtain a solutiomn (A"), and isclating and
recovering an aromatic carbonate f£rom the solution (A").

The above reaction mixture:solution (A’') immediately

after the reaction generally has a temperature of from

25 60 to 120°C, preferably from 80 to 120°C, and the
reaction mixture solution {A‘) under such a high
temperature is flashed to evaporate water under heat
insulation, whereby water is mainly removed. The
reaction mixture solution (A') is supplied to a

30 container for evaporation under heat insulation, and
flashed. The temperature and pressure conditions of the
above container are set so that water is mainly
evaporated from the reaction mixture solution (A’) under

heat insulation. Specifically, the temperature inside



make studies for a nethod of effectively renoving water contained in the
reaction mxture solution (A"). The presence of water caus@stobére?20domati c
carbonate to be hydrolyzed, and it causes the yield of the aromatic 5
carbonat e obtained by crystallization to ﬁecrease and al so causes the
purity thereof to decrease. Further, whé attenpts are nmade to renove

water from thed afit LiheM ¥ Wik SOFHS | t erat .on of usual
distillation, a ther male'l oastlgs I?:aujé;edﬂgnﬂ%{%ep%% gl {’/gt ’,L“rgrrrlldaa % 10
result; the d&0RICstpradiardahly ifrawcd eas e’ The Mreeyprdsdumenti©rs have

therefore foug__do tehgli thgﬁ nmet hgld of evqa;tﬁeoé ating water under heat insul ation
by flashi ngPd PEEE dn MR LB DT aRbAr R ab| MPaePFedPVOE. f or

renovi ng wat Qard@riAiaias iprdadEReti®ntnd Srdigd UL fﬂ{)l‘dt b?ﬂoéA'té' '
According to the present invention, there is accordingly provided a method
for produti n@-&7 &Fdratlitc iamsdnatecesdithly ongribeed evapcomplagedgt er in
the reactio ) Xt U i (A t.ai hed by:-the above 20 reaction,
under heat i ?]:Seuogziel (%%t%% #Oéls |1r§§asa:'ﬁg.&%o Ffﬁ"%/% ?nt'ﬁlﬁB't"é?nS%ngFaPi on
(A"), and isdRdt)i by @wvaporeadoer iuiglean My LiTenfuLaf DO At ot I @Ak Ee SO! Uti ON
(A"). The above reaction mxture solution (A ) inmediately after the

reaction gen&V&M yIh¥teL dfp&aadn 9f i BPworebaiboer besserably
from 80 to 1306rcaab1tne neds! WAl die'dl Al WA (&) ehDdesnsleh ach! oh

tenperature Is flashed to evaporat'e water under i nsul at’i on r eby
wat er i sltmai Wafere firadd habhbeemne momitern ned tiur ecleo| xd i ¢l pixsuselppl i ed to
a 30 cont ai ner. . _evaRporation . .under at insulation, and _flashed. The
t enper at ur e gr?%{lgrrlgglsgrae)cgﬁaﬁatlingng‘no&q}%§° cdteFfets #2 set so that
water is nai Bpgcielagiraiesiiftyonn hepéLaei b0 FbXbll @a3didd Yud Adrdpder

e

heat insul ation. 1Srpeci fically, the tenperature insid
o By removing water from the above reaction mixture

solution (A") by evaporation under heat insulation, the
15 solhtion'(A") containing substantially no Watér is
obtained. The above solution (A”) contains the aromatic
carbonate hgving a concentration of 5 to 95 % by weight,
preferably 7 to 70 % by weight, more preferably 10 to
50 % by weight, which is desirable for the recovery to
20 be described later. '
For isolating and reco#ering the aromatic carbonate
from the above solution (A7), éccording to the present
- invention already explained, the solvent (B) having a
solubility parameter §; in the range of from 7.0 to 10.0
25 is added to the solution (A") to selectively precipitate
the aromatic carbonate in the solution (A”), and then
the aromatic carbonate can be separated and recovered.
Further, the solvent (B) having a solubility
parameter §; in the range of from 7.0 to 10.0 is added to
30 the above solution (A") to selectively precipitate the
aromatic carbonate in the solution {(A"), and then the
aromatic carbonate is separated and recovered. On the
other hand, a solution (C) that remains and contains the

catalyst can be recycled to -a reaction.



7 Qctober 2004 20 the container is properly in the range of fromO to
100C, preferably fromO to 80C. The pressure is properly 7108BeerdG00iowner ,
preferably 0.1 MPa or lower, particularly preferably in the range of from
0.005 to .5 0.07 MPa. It is not necessar'gloly required to conpletely renove
wat er contained in the reaction m xture lution (A) by evaporation under

heat insulation.g , : | er A n aoount. of ._10 %
wei ght or | ess, ng?{et%egr a y§5p35/§ %58%%5}\2?50? fI qu% basoemcfintolnc t%ae%%%?i?g%f of
10 wat er thatdesdgabdgn ddrt aiolaction t(7" ¥ eaftéoONtle xhddEticon! ofi 0Re( A )

remains in the_sol L{tg%r} there is no special difficulty in operations to be

carried out ISR¥E r ifo ARG ETO Bk SIRETBBYES r BAcERnTARIE UPE
sol ution (A iy @ARS alo-en Wefmt#fmhaéé% ifec, 1posgl ution (A") -

cont ai ning substantially no water is obtained. The above’ sof uti on (A")
cont ai ns ? he teppeaatarec dmpdiet aangs af £xunciht tat +30° ©Of BrebedsbYyby

wei ght, pref blLy, 7 ta, %. by weight, e.preferahly 10 t 50 % by
wei ght, whi cﬁ%:’ogl esitroa(tg)l éqf o%’yt ﬁgor[lgggvg@rh[ 3:%92(‘5;06'%‘ r(iAb'g)d | at er. For
i sol ating andempegwdiirg ande aAlsVTBiith aid et Brify OFF tHige aD@YEg SOl ution

(A"), according to the present invention already explained, the sol vent
(B) - havi ng a5°g-ﬂleé?l33i By Faeafesitadd izptinn rehgehefarematco to 10. 0 25

i s added to W@yl g &%‘A)}'S el 1vel3 Gl Pl € omatic
carbonate in the satttt?ti%n . oft%gsrfd a?fﬁ&er? q%%%%f%%%ﬁc%’f%@%%é can be
separ at el angarbopadecdan Ber fbdainede sol vent (B) having a solubility

araneter Ss in e range of from 7.0 to 10,0 is added to 30 the above
gol ution (A") to&g‘gl'é;é’% V& (%r)ercﬂopibteataéiqlq’?e o e UL MonkR e) | £

the-sol uti onthA" shamandst heR BNe-cadO RGP VR Rl €, SERRIHE efsand’
recovered. On the

preferably added in such an amount ratio that the

already described equations (III} and (IV) are satisfied.

15 The aromatic carbonate that has precipitated as a
cfystal can be separated by centrifugal separation or
filtering. The solution remaining after the separation
contains the catalyst, and the catalyst can be recovered
by removing the sclvent. For removing the solvent,

20 distillation is carried out under moderate conditions,
which is desirable in that the decrease of the catalyst
activity is prevented. The recovered catalyst is
recycled to the reactor and used for the synthesis of an
aromatic carbonate.

25
Examples

The present inyention will be explained with
reference to Examples hereinafter, while the present
invention shall not be limited thereto.

3¢ Example 1

A cylindrical vertical glass container (empty volume
50.0 cc) was used as a crystallizer, and the container

had no stirrer. Into the container were introduced 10.0

g of a DPC powder (8gac = 10.25) and 10.0 g (8. = 9.73)



ot her hand, a -solution (C) that remains and Contains the catalyst can be
recycled to-a reaction. 7 Cctober 2004 21 |In the above prie@¢tpberat00én of

the aromatic carbonate, desirably, the sol ution (A") after the addition of
the solvent ('B) is cooled froma tenpergture in the range of from@80 to
40C, preferably from60 to 40C, to a 5t erature in the range of from 30

to -30C, pref I 0 i he sol ution (A.
t emperat ure a&h%aagl eﬁé{?&%ﬁdégct S\‘/Illefﬁi’ gﬁ&% he ae(/jgd“bdeé SHIs venr['m?fﬁe th
crystal lizatiam wfl thetlarandtheatadbapate 56.070potedmedtdthebiegher -purity

aromatic 10 car‘ge onate_can be obtained, The sol vent £ B) to be added to the
sol ution (A")ROWLEIS oTRe kesultant ,FoLubionchadi 8eBPEoroarentaadion s

preferably adgedd n e hy@lgREDUNInddtt | St dlifind oot 1 €A deﬁcébbgd
onat ?ﬁat has

equations (I11) and (I are satisfied. 15 THe aromatic car
preci pi t abed m:mahgﬂJ;KsEWanahﬁgae Jepdr, ammmylgcqxﬁﬂnﬁ-ugalogs'&p)arﬁs on or

filtering. The t|o lnin r the rati cont t he
cat al yst, 2"“ d@ e gof'é}ég%r e%n ?eﬁ%@?hbo{‘hg 55 ent. For
renovi ng t he n'mlﬁ/&ms @ﬁa&ihéll:{ﬂ 8bbD8A | Bréml 45 e0° QUEoUpgepe aodef@t ghis

conditions, which is desirable in'that the decrease of the catalyst
activity is m%ntwowg ctovihedakbevel gguattonr EEVE) edddap £h2.22ACt Or

and used for ghe %\%ﬁ‘}é Yo g{llo Ll‘ga aLbpnak €. 425 les The
pr esent |nvent|on WI| al ne er ence 10 Exarpl'es hereinafter,
whi | e t h&0pr esemletidorenf omryskrhdtllhm&tbmll | an ¢evstier ahd. a3PDeExaapl e 1
were withdrawn from an outlet in the lower portion of
the container, and the crystal was separated through a
ﬁembrane filter. The crystal obfained had a weight of
7.70 g. DPC contained in fhe obtained crystal was
15 guantitatively determined by gas.chromatography, and as
a result, the obtained crystal had a DPC concentration
of 98.3 3% by weight. The recovery of DPC ﬁas therefore
75.7 % by weight.
Example 2
20 A:cylindrical vertical glass container (empty volume
50.0 cc) was used as a crystallizer like Example 1, and
the container had an anchor agitator. Into the container
were introduced 10.0 g of a DPC powder (8. = 10.25) and
10.0 g (dan = 9.73) of a phenol powder. Then, the
25 container was immersed in an oil bath and heated up to
'50.0°C, to melt these powders. The resultant solution
had a DPC concentration of 50 % by weight. Under
standing conditions, 4.00-g of acetone (& = 7.59,
melting point: -94.7°C) was added to the solution, and
30 while the solution of the melt was stirred at 10 rpm,
the solution was gradually cooled from 45.0°C to 20.0°C.
In this case, according to the above equation (III), dsan
= 9.12, and the above equation (IV) was satigfied. Upon

completion of crystallizatioh, a crystal and a residue



A cylindrical vertical glass container (enpty volune 50.0 cc) was used as
a crystallizer, and the container had no stirrer. Into tHeOctobgralORdr were
i ntroduced 1-0.0 g of a DPC powder ( bdac = 10.25) and 10.0 g ( bah =
9.73) 7 OCctober 2004 22 of a phenol powggr. Then, the container was
imersed in an oil bath and heated up to 50.0C, to nelt these pomders.
The resul t aniyes@ WAk @:@&&pmg@tm%@h&%w@ Under
standi ng conditions, 4.00 of 5 tetrahydrofuran ( 1, me tlng poi nt :
-109C) was é;@@ed:qr@atmrab@r@ ddlautdrys talhdvashesepruaterh tiirdnhwh nel t was
gradual ly co romAs..0C to 0 0C. lLn.thi e ccordl he above
equation (11 e%%ggne ﬁ;fer "and thr3839& b&gﬁﬁﬁ 3*%% 1 ed. Upon
10 conpl eti ow.afl gy.ysbrtl ceathoReda il ¥hkabbaad nad %&ly@:t%l w& Wi t hdr awn -
from an outlet in the |ower portion of the container, and the crystal was

separ at ed® t hAYAGHF i atiediva W%@ﬁdmgﬁ%ﬁﬁo‘%ﬁﬁ%ﬁ#@hﬁa@%ﬁmmt of

7.70 g. DPC ¢o | qgugry {3 qugn%

det erm ned b;"t;l gtae%mﬁ:?ontglt o%?’é%%,@dq stas'la resu tl}&i he "obt al ne crystal
had a DPC copieﬁﬁrat%omy'mbryht3 ¥The wecgheryToE DECOwasY thie RGeS
therefore %)b %§% Exanple 2 20 A cylindrical vertical glass
cont ai ner EBrQ 5b| % cc) was used. as a crystallizer |ike Exanple
1, and the eeRghlens had an anchor agltator Into the contai ner were

I nt roduced 10. 0 of a DPC powder (bdac = 10.25) and 10.0 g (San = 9.73)
of a phetbdl powdgr cytiadriged yexddmadi wdrasmeanmsdmsd haviag aan bat h and

h d 0] T It | ut had
pPC. concent 1 SPPOR o eBEs, SRl WiGeRed M AR TSR Theo g o

acetone (bs Ex&mpde 1, and the container had an anchor agitator.

Into the container were introduced 6.0 g of a DPC powder
(8qac = 10.25) and 14.0 g (8.n = 9.73) of a phenol powder.
15 Then; the container was immersed in an oil bath and
| heated up to 50.0°C, td melt these powders. The
resultant solution had a DPC concentration of 30 % by
weight. While the solution was stirred at 10 rpm,
acetone (8; = 7.59, melting point: -94.7°C) was added to
20 the solution, and the solution was gradually coecled from
45.0°C to 20.0°C. The amount of tetrahydrofuran added
was 4.00 g (According toe the above equation (III), .., =
9.26, and the range defined by the above equation {IV)
was satisfied.) Upon completion of crystallization, a
25 CIystal and a residue were withdrawn from an outlet in
the lower portion of the container, and the crystal was
separated through a membrane filter. The crystal
obtained héd a weight of 4.20 g. DPC contained in the
obtained crystal was quantitatively determined by gas
30 chromatography, and as a result, the obtained crystal
had a DPC concentration of 96.1 % by weight. The
recovery of DPC was therefore 67.3 % by weight.
Example 4 | _ '

An autoclave made of stainless steel having an empty



melting point:- --94.7C) was added to the solution, and 30 while the
solution of the nelt was stirred at 10 rpm the sol uti on Aastoberaaf@dl | y
cooled from45.0Cto 20.0C. 1In this case, according to the above equati on
(I11), bean = 9.12, and the above equatign (1V) was satisfied. Upon
conpletion of crystallization, a crystal and a residue 7 Cctober 2004 23

were Wit hdr awpofdmen &8 966 | Bt &Qst@ﬁafﬁﬁ\grwjgeﬁt b0Ro8l g_bRe oG qritazq rle&{)t aand

the crystal was separated through a rane filter. The rysta i ned
had a wei ght afetplageondRe. contagnefl pherhd, obt a0Aed ofydeald waide,

quantitativel erm ed b as chro 0 and a result, the
obt ai ned crys ‘%/ :Igbeé] %%‘g%%ﬁt?g?ga% g%?a’lg@ét% %gﬁt oFhe recovery
of DPC was thﬁiﬁﬂﬁ@tyﬁ&mﬂofﬁ@ﬁ veoghde . Exmlﬁerﬁpéﬁaﬂaﬁaliﬂgiaéathgert i cal
gl ass contai ner having an enpty volune of 50.0 nL was used as a

crystal | | Per F9NeinsEifre malnkained abnBdi ALF. hatdapnaptmosphgneatior

Into the contﬂ{@eé%?éf?é]pt rﬁgelﬁ%‘%l %gugeafggngggugg\/)ﬁ@y W§L¥ ao = 10. 25)

and 14.0 g (S =9 er. 15, en, t contai ner was
i mer sed in amtxrcbgémtdm@nclahﬂaﬂe:domoxiﬁeSO mﬁthérnetmetﬂslﬂégsﬁﬁé\ders The

resul tant sol Utlo(il alé a DPC concentration of 30 % by WEIB Wil e the
sol ution was H§i4edthe ‘i‘bn?%?ﬁ‘era%%?oﬁ%cfgﬁsedﬂBQtonﬁl 7EAgMBa; mith 94 70)

was added to ZOridie MOAGkidd, AMbd heaUdH inhdebae %@&L@:L%%eﬁo?éfé from
45.0C to 20.0C. The ampunt of tetrahydrofuran added was -4 g (According

to the abhBve eprutxenily | flo@gsh at-a 931216011alndnoﬁedeaﬁgevfdgﬁitne_éfby_ t he
Sooue SHuntof 40 WmdRse S e ) DRIGCOPRLSLKRPeCbeChITRR | Luat o @
portion of tle/eionitd neto Sdrt he :céazet:admwasrhe reaction was
continued for 3 hours, and as a result, DPC was
generated at 17.9 % based on phenol. 20.0 Grams (DPC
15 content: 3.97 g) of the thus-obtained reaction mixture
was collected, and introduced into a cylindrical
vertical glass container (empty volume 50.0 cc) having
no stirrer. Further 10 0 g of tetrahydrofuran (65 =
7.91, melting point: -109°C) was added, and the mixture
20 was gradually cooled from 45.0°C to 20.0°C. In this case,
8aac = Osan = 1.22. Upon completion of crystallization, a
crystal and a residue were withdrawn from an outlet in
the lower portion of the container, and the crystal was
separated through a membrane filter. The crystal
25 ~'obtained had a weight of 3.22 g. DPC contained in the
obtained crystal was quantitatively determined by gas
chromatography, and as a result, the obtained crystal
had a DPC concentration of 98.0 % by weight. The
recovery of DPC was therefore 79.4 % by weight. Further,
30 concerning the amount of tetrabutylammonium bromide
contained in the reéidue, silver nitrate was added tor
precipitate silver bromide, and the precipitate was
weighed to determine the amount thereof. The recovery

thereof was calculated. As a result, the recovery of the



separated through a nmenbrane filter. The crystal obtained had a wei ght of
4.20 g. DPC contained in the -obtained crystal was quanti t7a@ctekeén2004
determ ned by gas 30 chronat ography, and as a result, the obtained crystal
had a DPC concentration of 96.1 % by weight. The recovery of DPC was
therefore 67.3 % by weight. Exanple 4 Aff~autocl ave nmade of stainless steel

havi ng an e QSE 4. %o P10 was charged, with 0.200
g of pall adirrﬂ-'trfe]yt%i%:bei 'I}I ace oél(r%'g#"e,zo %élg?a%hgeﬁbg,%goﬁeﬁggi'l cej}:%ld oxi de,

0.350 g of nangarteism aseitydiaciaigndie-canthbyH0, gobtaihedrapohyl ammoni um
brom de. The tenperature inside the 5 contajner was mai ntained at 80.0C,
and an at nos gtron 1of ddif STt LI ZABEeR + (WRE EBREELadi vEPY SRPWh

nitrogen and O YpdRPRXideHIRHIYSducdde pPressure inside the cont ai ner -
was increased up to 0.780 MPa with carbon nonoxi de. Then, carbon nonoxi de

and oxygeh wdzampecdncurrently flowed at a carbon nonoxi de flow rate. of
2.50 L/ mnute and, at _an o en flowrate of 0,125 _L{mnute, to start a
reacti on. The re%@ﬂ"gﬁ'%é orﬁerﬂ"ﬁf’eibeé FEERLy -?taﬁg‘eaﬁogv?ﬁgth,geBPC was
generated at yht $pieased ALY -g 206 Ged¥idfB 40BShdD EeNteny ip 8. 97 g) of

t he thus-obtained reaction m xture Wwas collected, and introduced I1nto a

cylindrical MmedidinggPodindss ~®htBHiGler FaRINeTolaf e FEAn Heikere no
tirrer. F 10,0 ~ 7 ti int:
"1000 e adeartikl’ ;Y 4 B AELLUA difore [sBuriBh (RGREL"

20. 0C. 1 1ot hiss DPES ontSadc of S5.87 4 laid?. hddpong conpPet peni oy of
crystallizatiagn st al a)nd a resjdue re wthdrawn froman outlet in

, cr
the | ower pO!’]'tgl'(?n%OPYt ﬁ'@i(%’rﬁ A% CUMPTIRE THIR atRGaEeasEp3Rat ed t hr ough
a nenbrane fidi#urel RO 14MVrelobtained in Example 4 and used. A

crystal obtained had a welight of 2.89 g, and DPC had a
concentration of 99.0 % by weight. The recoverf of DPC

15 was therefore 72.0 % by weight. Further, the recovery of

- tetrabutylammonium bromide was 99.5 % by Wéight.

Moreover, a solution containing the catalyst, obtained
upon completion of the crystallization, was recycled, to
show that DPC was stably produced. .

20 Example 6

An‘autoclave made of stainless steel having an empty

volume of 100 mL was charged with 20.0 g of phenol, 30.0
g of 1,2-dimethoxyethane (8; = 7.48, melting point: -
58.0°C), 0.0200 g of palladium acetylacetonate, 0.0350 g

25 of manganese acetylacetonate, 0.0540 g of a '
heteropolyacid (tetra-n-butyl siiitungsto-ll-molybdate
ammonium salt) and 0.400 g of tetrabutylammonium bromide.
The temperature inside the container was maintained at
§0.0°C, and an atmosphere in the autoclave was

30 subétituted consecutively with nitrogen and carbon
monoxide. Further, the pressure inside the container was
increased up to 0.780 MPa with carbon monoxide. Then,
carbon monoxide and oxygeﬁ were concurrently’ fiowed at a

carbon monoxide flow rate of 1.00 L/minute and at an



5 'obtained had a weight of 3.22 g. DPC contained in the obtained crystal
was quantitatively deternined by gas chromatography, and7decteber@®Ufit, the
obtained crystal had a DPC concentration of 98.0 % by wei ght. The recovery
of DPC was therefore 79.4 % by weight. Eéther, 30 concerni ng the anount
of tetrabutyl ammoni um brom de contained®fn the residue, silver nitrate was

added to DT ESURERAERON U8l RELT Ao SN RIS, PLECLD! Labe s L el gfed T

det er m ne the there e recover .tnefeo
result, the Whmmaetyeoparheal Priealbare2004 2ariteln adutogiararaaim br o de

was 98.8 %b%/1 \[e/e g@ sol ution containing the catal yst, obtained upon
conpl eti on off°tfRE F‘§SP§V9|B?af"re5ﬁ MR &t a SonfhaRthFatPC e

stabl y produﬁsgcnénE%agpben"t&nﬁéan%% 4 mzrsepl%%f fﬁcw Jhat ﬁﬁ@

sol vent added was replaced wth 10.0 g of methy S = .
mel ti ng pPoi nWas- ggnscptefupthdd,. 5a8" (4 -B8ah)i daswed tour @hesmlu.t iam 20.0 g

of a reactio xtures utlon ing,,10 a f 3.97 g and
havi ng a DPCE:B%‘?I Fffls%f Qrﬁtﬁ%\%yght )hevvélglocli,)lp(gl é’g] he € r eact i on
m xture sol utboReabkasned4in §Xanphe $hasdonsadned réﬁ)é%&éh pikduRed had a

wei ght of 2.89_ g, and DPC had a concentration of 99.0 % by wei ght. The
recovery of be’ﬁSoﬂfa?aﬁhéPéF@Flé‘c?Q ipte, By Dd@isghitandmader 0ft he recovery

of tet rabut%{:gmg%gmsl%gg}[ i ne . on“‘k’ttﬁ?(“’mh of ]}W equer sol ution

cont ai ni ng the catal yst I'efi'on o e crystallization,
was recyd edeenatihnwtempErBEGrnaanﬂt plreys spred duerd ng? G@Hexanpl e 6 An

aut ocl ave made 0 LnI_ess ste hayi ng_an enpt vol ume of 100 nlL was
charged with aﬁrﬁdacg} thﬁﬁl?ego %0 % C and 0y100 MPa. Further, a

liquid from a bottom of the tank was introduced into
other flash tank made of stainless steel having an
internal volume of 100 mL. The operation temperature and
15 pressure duriang the introduétion was set at 80.0°C and
0.00980 MPa. As a result of the above operation, the
content of formed water in the obtained bottom liguid
came to be 0.0141 g, which was 3.42 % by weight based on
the amount of water that was to be theoretically formed.
20 Further, the bottom liquid had a DPC concentration of
_23.7 % by weight. To the above bottom liquid was added
15.0 g of 1,2-dimethoxyethane (8. = 7.48, melting point:
-58.0°C), the mixture was introduced into a cylindrical
vertical glass coatainer (empty volume 100 mL), and the
25 operation of crystallization thereof was carried out.
While the bottom liquid before addition of the solvent
had a temperature of 70.0°C, it was cooled to 25.0°C at
the time of introduced into the crystallizer due to
addition of the solvent and standing thereof at room
30 temperature. The bottom liquid in the crystallizer was
further cooled to 1.00°C. Upon completion of
crystallization, a crystal and a residue were withdrawn
from an outlet in the lower portion of the cdntainer,

and the crystal was separated through a membrane filter.



g of 1,2-di nethoxyethane ($s = 7.48, nelting point: 58.0(7:), 0. 0200 g of
pal | adi um acetyl acetonate, 0.0350 g 25 of manganese acet yl’deepriad084 0. 0540
g of a heteropolyacid (tetra-n-butyl silitungsto-11-nolybdate anmonium
salt) and 0.400 g of tetrabutyl anmoni um gzom de. The tenperature inside
the contai ner was nmai ntained at 80.0C d an atnosphere in the autocl ave

was 30 subst i, t%(}E,%cE e ivel 1t i d bon oxi de.
Further, the p%’ess re%ls'l'ns(z)i%gzlea\ﬂ?%r?\e(Sl \(fé%in gr‘{}e‘{ %s @é]n%%scgﬁ up to 0.780 MPa
with carbon wondaised Therthe @drtadmend i sthenanch O xygant iedeigengurrent |y

flowed at a _carbon noxide flowrate of 1.00 L/m nute and at an 7 Cctober
2004 26 oxy&-?%efrfrﬂ\ﬁ Y RS HFOFAGTRREY - (P 13F 12 FeBakki obe while

the partial PhHeaIWeds ¥y stAPARIMNVHAS AL PRI LN ale VW I Wor e |
mai ntai ned at a constant rate, the reaction was continued for 9 "hours, and
as a resdt, vBRghi ..a¥hgenecavedyavf2DPE wnE4 thergforasd@® .Gn phanol . I n
this case, t retical,l t he.ampunt, of .water to b f ot ned 0.412 g.
The t hus- obt g’%%gglttr‘egﬂg??é%ﬁrmi%gﬁ?]e: ogg ot fagna\%?ri %Pleo&'l%’(?é'(? ? €M %sh
tank made of wast guan®3%atligellyhanialg s afptwar e BeDfs 1060 - ad Ngad 0

operation ten‘ggrature and pressure during the introduction was set at
80. 0C and 0. £8Fopedogrgpher 1iguid rhermebroranaYi ofCB: end ttdek Jidee.

i ntroduced i Rig0 _eh if | taN 555168 vihg an
i nternal vol urreaogel Otmwhﬁggggﬁﬁﬁin%eﬂsf ur eéalﬁ%‘ilgt?pépessure during
t he i nt ridducphenolad recovary8@f0Q8and 3 My)O88iyHIPLasksl aon dshd ttefal he

above operation he, .content of forned water in the obtained bottomliquid
came to be O?B?Hilttgf’b\mlil@ﬁ cef geBcing B AOWHs &F RPenak amount of
wat er that wesnb@mea HReehe! realdthonoEish a2 dbdieros thigedht tam dhgui d

had a DPC concentrati on of
reaction mixture solution), 12.2 g of 1,2~

. @imethoxyethane, 0.0198 g of palladium acetylacetonate
15 (recovery of 98.9 % by weight based on the charged
amount), 0.0312 g of manganese acetylacetonate (recovery
of 89.1 % by weight based on the charged amount), 0.0457
g of heteropolyacid (tetra—n-butyl silitungsto-11-
molybdate ammonium salt) (recovery of 84.6 % by weight
20 Dbased on the charged amount), and 0.395 g of
tetrabutylammonium bromide (recovery of 98.8 % by weight
based on the charged amount).'Further, a solution
containing the catalyst, obtained upon completion of the
crystallization, was recycled, to show that DPC was
25 stably produced. |
Example 7 _

Example 6 was repeated except that the amount of
1,2-dimethoxyethane (d; = 7.48, melting point: -58.0°C)
to added after the operation of flash separation was

30 changed to 10.0 g. A crystal obtained had a weight of
4.24 g, and DPC had a concentration of 88.2 % by weighf.
The recovery of DPC was therefore 76.5 % by weight.
Further, a mother liquor contained 14.0 g of ‘phenol

(recovery of 89.2 % by weight based on the total amount



23.7 % by weight. To the above bottomliquid was added 15.0 g of

1, 2- di met hoxyet hane (Ss = 7.48, nmelting point; -58.0C), thectab&ta0d was
introduced into a cylindrical vertical glass container (enpty volunme 100
m.), and the 25 operation of crystallizat,,on thereof was carried out.
While the bottomliquid before addition £ the solvent had a tenperature
of 70.0C, it oA to,t I f. d 0.t he
crystallizer due j’tq.%ﬂaggfi ﬁéodqnioﬁ eanso v%l?ll%{rg%% %%%él%?nggf%gbgéf 8t room
30 tenper at urthe Headidiarofitdng i dmodrte ef yshendl zbi wias réactben cool ed

to 1.00C: Upgn _completion.of . crystallizatjon,_ a crystal and a residue were
wi t hdr awn f%%él:?%oﬁq]é{]c%%)t'h 'ﬁ)%\léf ‘b%ri.(‘i%'rfl’d?e? fhraneer0-04Ad the
crystal was sepd gad ddinet Htat RS Bt id | {BcovelF oL 6 Z(ﬂoé ~The
crystal obtained had a weight of 4.05 g. DPC .contai'ned in the obtained

cryslt?I \tA%S Hgdht Mased pn _Fé%%ﬂh&i&ﬁ%;ﬂlw?hr?mﬂw ag)htyf,z 0a/ncliz)l a; a
result, the oncentra 0 2 %
wei ght. The P%??%E’%%%%%%é%%%%%‘%ﬁ%%?%@%@%é g{?l?y I\)B?‘H%‘Ptl i quor

obt ai ned af t dastlie cabdhe idHdmyddEmoRSL QUANI0408 iy &by EEdYFSEh Ay AT i ous
ways, such ai as chromat ,ogr,ap,qay, | i qui d chromat ography, ICP, and the
like. As a f&SHRTrhetydt mdrk 4t oht rlstbdaste; yuign ingn prakib)
(recovery of (83chbvialy oteizghty Qas‘tﬁ;d v%i&flﬁe ﬁ%é’ﬁ or?%t?kpg qed by

deducting an anount Of phenol consuned in the reaction from an anount of
phenol i¥0t hemopaidt.i emdniOkt3ad3e & afutiedmabuliy amgnaxfivg braehids hoxyet hane,

0.0198 g of | ladi um acetyl acet onate .1 recovery of 98.9 % by wei ght
based on theQ%ﬁgr%grg(]fY anod ), %%quf]gqﬁbé bfﬁ;ﬁ?dg ettéf’cé’t% onat e
(recovery otm8@nt)% byureheh{ haseduthohheoshanasdgamhenichtaQy2457 g of

het er opol yacid (tetra--n-butyl silitungsto-11 :
obtained upon completion of the crystallization, was

recycled, to show that DPC was stably produced.



nol ybdat e anmonium salt) (recovery of 84.6 a by weight 20 based on the
charged anobunt), and 0.395 g of tetrabutyl ammoni um br om deOg¢tolzr@Pe4y of
98.8 % by wei ght based on the charged anobunt). Further, a solution
containing the catal yst, obtained upon. conpletion of the crystallization,
was recycled, to show that DPC was 25 ﬁgably produced. Exanple 7 Exanple 6
was repeated except that the anount of 1, 2-dinethoxyethane (Ss = 7. 48,
melting point: -58.0C) to added aft 8EAIH® operation of flash separation
was 30 changed to 10.0 g. A crystal obtained had a weight of 4.24 g, and
DPC had a concentration of 88.2 % by weight. The recovery of DPC was

t her ef or e 176. 5 20ap{hogi gfhterecini tdiekng angdoreeevdriggopn corimgitied 14. 0 g of

phenol (1 ecoveny,gha89- 2o BY s¥eh Gin h@ﬁedo%ﬁ hechot 8 BIRUALLd cht ober
2004 28 obtained by deducting an anount of . phenol consumed in the

reaction from &Reafdlitvigly prémBIa| flt-he reaction mixture solution), 7.76
g of 1,2-di met hoxyetghangp-§-9172 g of pall adi um acetyl acetonate (recovery
of 86.0 % by 5 weight based on the charged anmount), 0.0283 g of nmanganese
acet yl acet onat ¥REFEEBVRAP G 85°RR Dy Y P@ﬁlfborb§§éapo?ﬁ‘f% &hhP gkt

amount), 0.040%agbeh Hedney,0pakYasbshti(d YRR Hardist Yhosh IHdWAgShO- 11,
nol ybdate ammoni um salt) (recovery of 75.7 % by wei ght based on the

char ged 10 amp@HPFE:BiRF'0 3832y ind Y t5RE &t RO ARENT Braffd&ic(r ecovery of

95.8 % by wei gmlgzdbasﬁdc&z(potuha eharigetol1aBRURG ) fordmnkhersy @ sol ution
cont ai ni ng the catal obt ai ned upon corrpl etion of the cr ystal lization,
was recycled, to s \9\)/Ht hat DPC was stabll)} produced. 7 COctober 2004 29

wherein R is as defined in the formwla (I), which
comprises adding a solvent (B) having a solubility
parameter (&;) in the range of from 7.0 to 10.0 to the
solution (A) selectively precipitating the aromatic
carbonate in said solution (&), and then recocvering the
aromatic carbonate and wherein said solvent (B) is added
to the solution (A) in such an amount ratic that the
following equaticons (III) and (IV) are satisfied,

Bsah = OWs/ (WetWan) + OanWan/ (WetWap) (EI1)

Bgac = Osan = 0.6 _ (IV)
wherein symbols have the following meanings,
Byt Sclubility parameter of solvent (B)
Ban: Solubility parameter of aromatic hydroxy compound
Ogan: Solubility parameter of solution (A)
Odac: Solubility parameter of aromatic carbonate
Ws: Amount {weight) of solvent (B)
Wan: Amount (weight) of aromatic hydroxy compound in

solution (A}.

2. The method of precipitating and recovering an aromatic
carbonate as recited in claim 1, wherein said solution (A)
has an aromatic carbonate concentration in the range of

from 5 to 95 % by weight.



CLAIM5 1. A nmethod of precipitating and recovering an aromatic carbonate
froma solution (A), of an aromatic carbonate of the fol [7dvstalefZ290dul a
(1), ROCOOR(l) wherein Ris an aromatic hydrocarbon group having 6 to
15 carbon atons, the aromatic hydrocarbon group having a substituent or
havi ng no substituent, and an aromatic 3%hydroxy conpound of the follow ng
formula (I1), ROH (Il) wherein Ris as defined in the fornula (1), which
conpri ses addi ng a sol vent (B) having a sol ubili ty parameter (bs) in the

range of f£0n1719 %%t%gd of gEgO?§%1%%1 Pg§pgc§ 9}IV§|§%J%£% |p|tat|ng

the aromatic carbonate in én recoverlng t he
aromati c car bonfaarévoalﬁdevxh@rlmmtsell i solaignt , (‘B)enesmadded sq¢loittilee $8) uti on

(A) in such an léf;llt foll u nd (IV)
bre satisticd Connro BB DETORATEe DankrS: R an P eneshedn 2 o,
wher ei n synbol stimave ttﬁe’f‘@oﬁ lowiaggeani ngs, Sol ubility paraneter of
solvent (B) Solubility paraneter of aromatic hydroxy conmpound Solubility

paranmeter of solution (A) Solubility parameter of aromatic carbonate V§:
Amount  (wef ght ) Thst neshe@net (B chrkta sy nd( ReeQifr)ingf aararmaté chydr oxy

compound in  soldliRRreAls recitB8 MRINQALOh , PERCIR t@&aags&%nrtquyerl ng an
aromatic carbonate as recited in ciaim1,. wherein said solution (A) has

an aromatic carboridt d°8dhcdth PaLPERET rifxtoﬁ'etpan‘@@% copp bt B a #T95 % by
wei ght. 7 Cct obgrip#Q@4c38hd alicyclic hydrocarbons having 5 to 8 carbon

atoms, an aromatic hydrocarbon having 6 to 8 carbon atoms,
aliphatic and alicyclic ethers having 3 to 6 carbon atoms,
aliphatic and alicyclic ketones having 3 to 6 carbon atoms

and an aliphatic alcohol having 1 to 4 carbon atoms.

5. The method of precipitating and recovering an aromatic
carbonate as recited in claim 1, wherein said solvent (B)
is at least one selected from the group consisting of
cyclohexane, toluene, xylene, diethyl ether,
tetrahydrofuran, 1,2-dimethoxyethane, methyl-t-butyl
ether, acetone, methyl ethyl ketone, methyl isobutyl
ketone, methyl alcohol, ethyl alcohol and isopropyl

alcohol.

6. The method of precipitating and recovering an aromatic
carbonate as recited in claim 1, wherein the aromatic
hydroxy compound is phenol and the aromatic carbonate is

diphenyl carbonate.



3. The nethod of precipitating and recovering an aromatic carbonate as
recited in claim1, wherein said solution (A) has an arorePéteberadbdnat e
concentration in the range of from?7 to 70 % by weight. 4. The nethod of
precipitating and recovering an aromatic carbonate as recited in claiml,
wherein said solvent (B) is at |east otle sel ected fromthe gr oup
consisting of aliphatic and alicyclic hydrocarbons having 5 to 8 carbon
atons, an aromatic hydrocarbon having 6 to 8 carbon atons, aliphatic and

al i cycl ic pthers hayno:3 Lo .63k Hor, LA caLlphatie andalicyclic

ket ones havi ng car atons” and an a tica aving 1 to 4
carbon atons. Sfolllwwipgt howngfa giéci pitating and recovering an aromatic
carbonate as recitediiglgig 1, whereingsaid solvent (B) is at |east one
selected fromthe group consisting of cyclohexane, toluene, xylene,

di et hyl et her, whestedahfididfan agomatc divdrrhaxhen aeap hetind & thul §l

ether, acet One1ca@ﬂo‘f&yEt&kegy'th‘ée%%ﬁat{@th%l&obéﬂmﬂ }I(Jrouﬁeﬂaﬁﬁ%g get hyl

aIcohoI et hyl al cohol i sopropyl al cohol he et hod “of
preci pi tati ng atiPstéésort ity raviay onmtIwstéarevhaty 4sa¢eiaé® in claim 1,

wherein the arQQE&ﬂd%lchMgéﬁBﬁ& conpound ds «pBepol 1 ANd tbgnﬁgqngqtylcarbonate
is diphenyl carbonate Cctober 2004 31 7. netho for uci ng an

aromati c carbonate df~Fhe foHown@EOHmla(l) R&)G}OJQU) wherein R

is an aromatic &B@ifel?.%aﬁb%\ & QR ihaY i M et GodpulLATHON, BLPWrbbRe aromatic
hydr ocar bon group havi ng substituent or having no substituent, by

reacting an aﬁ%ﬁﬁ?ﬂéehﬁﬂ?d%ﬁﬁeﬁﬁﬁédﬁﬂmﬁﬂ {RetBDINGRERGE fOF ful a (I11), R-OH

(||) catalyst, the method further comprising adding a sclvent
{B) having a sclubility parameter &; in the range of from
7.0 to 10.0 to a reaction mixture solution (A'} obtained
by said reaction, selectively precipitating the arcmatic
carbonate in said reaction mixture scolution (A') and then,

recovering the aromatic carbonate.

8. The method for producing an aromatic carbonate as recited
in claim 7, wherein a solution (C) containing a catalyst
obtained after the selective precipitation and recovery of
the aromatic carbonate in said reaction mixture solution

(A') 1s recycled to a reaction.

9. The method for producing an aromatic carbonate as recited
in claim 7, wherein said catalyst is a catalyst system
comprising (a) a platinum group metal or a platinum group
metal compcound, (b) a redox agent and (c} a quaternary

ammonium salt or a guaternary phosphconium salt.

10. The method for producing an aromatic carbonate as recited
in claim 9, wherein the (a} platinum group metal or the
platinum group metal compound is palladium or a palladium

compound.



wherein Ris as defined in the formula (1), with carbon nonoxide and

nol ecul ar oxygen in the presence of a catalyst, the nethddO¢tabertizfio4
conprising adding a solvent (B) having a solubility paranmeter 6. in the
range of from 7.0 to 10.0 to a reaction mxture solution (A) obtained by
said reaction, selectively precipitatiﬁﬁzthe aromatic carbonate in said
reaction mxture solution (A') and then, recovering the aromatic

car bonate.118. The method for pprddotiq@Eramarananat i@rbanbonate rasitedited in

claim7, wher eii@l %lﬁﬂnu_&),i %e(rcé\)incgl% ai i @:?ﬁlgxc e%ltyig af eaaisrilzegngf ter the

sel ective precipitation a recovery o aronati ¢ carbonate n said
reacti on m xt urselgsitati drem (the) greup exgpslietiine of meagehese, FobZhe, nmet hod

for producing Qﬁm@%QUaEéﬁrﬁﬁrQQQSt&néﬁxﬁﬁﬁkg§9 of ngkai m 7, wherein said

catalyst is a catalyst system conprising a platinumgroup netal or a
pl ati num group netal compound, (b) a redox agent and (c) a quaternary

ammoni um sal t  Ofh A dYaLe! AR Y% rBRAS PP ISRk L 1 ¢ Jc%rbl!;nstg%tmgcﬁei% (2)

producing an aromati ¢ carbonate as recited In claim9, wherein t
pl ati num gr oup HetCaRiBr 9t HEe L5t FRRIAHteUpa Rt MBS HPotRE: i1$ pal | adi um or

a pall adi um comeuRdxyVadkdmaber n2PQ4 32 11. The nethod for producing an
aromati c carbonate as recited in claim9,, wherein the (b) redox agent is

at | east one selected fromthe group consisting of manganese, cobalt,

copper, cerj.umrHeeadtasd £MReVAds: f dhesemad: cHi®onBtdod foeipe@duci ng
an aromatic carbonate as recited in claim9, wherein the quaternary

amoni um sal t i’® “LatPahl KASERABNFIen IRAGEdED 13 capid eAe®Wo ™6 pr oduci ng

an aromati c carhigiahe as frecica@8onimord:Aid® dnd WEY @oletREa ¥ @3GHEAN S
carried out und@; current. of the carbon nonoxi de and the npl ecul ar oxygen
while partial pressures of these gases are maintained at

constant rates.

14. The method for producing an aromatic carbonate as recited
in claim 7, wherein said reaction mixture solution (A’)
has an aromatic carbonate concentration in the range of

from 5 to 95 % by weight.

15. The method for producing an aromatic carbonate as recited
in claim 7, wherein said solvent (B) is at least one
selected from the group consisting of aliphatic and
alicyclic hydrocarbons having 5 to 8 carbon atoms, an
aromatic hydrocarbon having 6 to 8 carbon atoms,aliphatic
and alicyclic ethers having 3 to 6 carbon atoms, aliphatic
and alicyclic ketones having 3 to 6 carbon atoms and an

aliphatic alcohol having 1 to 4 carbon atoms.

16. The method for producing an aromatic carbonate as recited
in claim 7, wherein said solvent (B) is at least one
selected from the group consisting of cyclohexane,
toluene, xylene, diethyl ether, tetrahydrofuran, 1,2-
dimethoxvethane, methyl-t-butyl ether, acetone, methyl
ethyl ketone, methyl isobutyl ketone, methyl alcohol,
ethyl alcohol and isopropyl alcohol. '



while partial pressures of these gases are maintained at constant rates.
14. The nethod for producing an aromatic carbonate as recift@eobén200hai m 7,
wherein said reaction m xture solution (A') has an aromatic carbonate
concentration in the range of from5 to 95 % by weight. 15. The nethod for
produci ng an aromatic carbonate as reci®®d in claim7, wherein said
solvent (B) is at |least one selected fromthe group consisting of

al i phatic and alicyclic hydrocarbons having 5 to 8 carbon atons,

an
aromati ¢ hydrocar bon  havi 6. to 8.carbon atopns,aliphatic and aligyclic
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3 to 6 carbon atwmnsladmd 7anwheatdiphahe caalreahicl hhdwe:ng cbmpoudd ciar bon at ons.

16. The met hod r %c' an _aromati ¢ carhbopate as recited in claim?7,
wherein said s l‘\(;egennollfl ((% ;i J|£}269a ’%Imgg% %an%oons;i‘é:fee%? edHrom t ae]%gorngﬁﬁ‘
consi sting of cycl ohexane, toluene, xylene, diethyl ether,

t et rahydr ran - Jdipet -han =t l.. et her,, acetone,
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al cohol and i sopr®olpyiingl Eefwila AI0et ober 2004 33 17. The net hod for
producing an aromatig &aipengte as recited in claim7, wherein the
aromati c hydroxy conpound is phenol and the aromatic carbonate is diphenyl
carbonate. 18. wWensimod tforapreodmethg hirdrocemhen coxsarbbaai ey of tiohds
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group having 6 to 15 carbon atons, the aromatic carbon group having a
substituent or FHRAtGFUEBLSYbRFHBENES WWPstddeenrhg tah reafbhad ia® hydr oxy

conmpound of the,fgldiqw HgdféﬁjnéoﬁpébﬁayoﬂQt@H @&iiowing formula (II},
R-OH (I1)

wherein R is as defined in the formula (I), with carbon
monoxide and molecular oxygen in the presence of a
catalyst, the method comprising evaporating water in a
reaction mixture solution (A') obtained by said reaction,
under heat insulation by flashing said solution, to
cbtain a solution (A"}, and isolating and recovering an
aromatic carbonate from the solution (A") and wherein a
solvent (B) having a solubility parameter &; in the range
of from 7.0 to 10.0 is added to said solution (A"), and an
aromatic carbonate in said solution (A") is selectively

precipitated and then separated and recovered.

19. The method for producing an aromatic carbonate as recited
in claim 18, wherein a sclvent (B) having a solubility
parameter d; in the range of from 7.0 to 10.0 is added to
said solution (A"), an aromatic carbonate in said solution
{A") is selectively precipitated and then separated and
recovered, and a solution (C) containing the catalyst,

obtained separately, is recycled to a reaction.



wherein Ris as defined in the formula (1), with carbon nonoxide and

mol ecul ar oxygen in the presence of a catalyst, the nethodOclobgriiidng
evaporating water in a reaction mxture solution (A) obtained by said
reaction, wunder heat insulation by flashing said solution, to obtain a
solution (A"), and isolating and recove¥4 ng an aromatic carbonate fromthe
solution (A") and wherein a solvent (B) having a solubility paraneter bs
in the range of from7.0 to 10.0 is added to said solution (A"), and an

aromatic bonate in, said solution (A") is selectiyvel pr eci pi.t ated and
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solution (A"), an aromaii Cc Carbonat® 1n sai d-sol ut9 o fﬁﬂ I s selectively
preci pitated andP®’lfen separated and recovered, and a solution (C
containing the catalyst, obtained separately, ts recycled to a reaction. 7

Oct ober 2004 34 20. The method for producing an aronatic carbonate as
recited i4l-cldihm 18thofefai produdingat iagemat k¢ Wwarbookbei on Yeiyedi s

flashed under &} enpepaiyr 6, e0adht 59Ny Oéeafc&ggg%fﬁuéog&ﬂ%i%n e, met hod

for producing an aronatic carbonate as recjt Inclaim wherein said
reacti on mi xt urie ddpghpdnuidey) a psessashagndhtern phle¥Barer domeirti on of 1
MPa or |ower. 22. The nethod for producing an aromatic carbonate as recited
in claim18, wherein said catalyst is a catalyst system conprising (a) a
pl ati num gtéoup Thet GrtBpdaln arcAuR-BY b arpaphic corbenatie {d)rexitedox agent

and (c) a quatefNanyimaiFPNHERIal bafd & tQUFLernary Rhasphoniumpegal t. 23.
The met hod for producing an aromatic carbonate as recited in claim18,
wherein sai d sHFFFSALTA" §2has PaRtAphgtope metal or a platinum group

metal compound, (b} a redox agent and (c) a quaternary

ammonium salt or a quaternary phosphonium salt.

23. The method for producing an aromatic carbonate as recited
in claim 18, wherein said solution (A™) has an aromatic
carbonate concentration in the range of from 5 to 95 % by

weight.

24, The method for producing an arcmatic carbonate as recited
in claim 18, wherein said solvent (B) is at least one
selected from the group consisting of aliphatic and
alicyclic hydrocarbons having 5 to 8 carbon atoms, an
aromatic hydrocarbon having 6 to 8 carbon atoms, aliphatic
and alicyclic ethers having 3 to 6 carbon atoms, aliphatic
and alicyclic ketones having 3 to 6 carbon atoms and an

aliphatic alcohol having 1 to 4 carbon atoms.



carbonate concentration in the range of from5 to 95 % by weight. 24. The
met hod for producing an aromatic carbonate as recited in7dPcipbrr2804wherein
said solvent (B) is at |east one selected fromthe group consisting of
aliphatic and alicyclic hydrocarbons having 5 to 8 carbon atons, an
aromati ¢ hydrocarbon having 6 to 8 carb®n atons, aliphatic and alicyclic
ethers having 3 to 6 carbon atons, aliphatic and alicyclic ketones having
3 to 6 carbon atonms and an aliphatic alcohol having 1 to 4 carbon atons. 7
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aromatic carbonate in the formof a crystal and the aromatic carbonate is
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provi ded an advant ageous nethod In ich a high-purity

in claim 18, wherein the arcmatic hydroxy compound is

phenol and the aromatic carbonate is diphenyl carbonate.



aromatic carbonate in the formof a solid can be isolated froma reaction
m xture solution obtained by reacting an aromatic hydroxy @daipna®@4wi t h
car bon nonoxi de and nol ecul ar oxygen in the presence of a catalyst.
Further, a nmethod of recovering a catalyst and a nethod of recycling the
catal yst are provided. 36

ABSTRACT

. A method of isolating and recovering an aromatic
carbonate, im which a solvent having a solubility
5 parameter of 7 to 10 is added to a solution of the
aromatic carbonate in an aromatic hydroxy compound to
precipitate the aromatic carbonate in the form of a
crystal and the aromatic carbenate is isolated and
recovered.

10 According to the bresent inﬁeption, there is
provided an advantageous method infwhich a ﬁiéh—purity
aromatic carbonate in the form of a solid can be
isolated from a reaction mixture solution obtained by
reactihg an aromatic hydroxy compound with carbon

15 monoxide and molecular oxygen in the presence of a
catalyst. Further, a method of recovering a catalyst and

& method of recycling the catalyst are provided.



