PROCESS FOR PRODUCTI ON OF AROVATI C CARBONATE Technical Field The present
I nvention relates to a process for the continuous production of 5 aromatic
carbonates. Mre particularly, the present invention relates to a process
for continuously producing aromatic carbonates containing an

al i phatic-aromatic carbonate, a diaryl carbonate, or a m xture thereof
with a high yi el BROCESSHORFPRAODUCTIOMNMORAROMARKE EARBOMATE omat i ¢
hydr oxy compound together. 10 Background Art Aronmatic carbonates are
useful, for exanple, as raw materials for the production of aromatic
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carbonates through reaction between an al kyl carbonate and an aromatic

nonohy d C8%EeNaR diddylGasb praiec A raiytuse “F%ﬂepf)wlthg?‘ highotiglg Py isagtingen( e1) ,
(E2), (E3) and LE4) 1 ROC 11 OR + ArOH ROCOAr + ROH (E1) O O ArOCOAr +
ROH (Ez)alllp rbenatecand an aromatic hydroxy compound together.

10 Background Art
Aromatic carbonates are useful, for example, as raw materials for the

production of aromatic polycarbonates, which in recent years have become
increasingly used as engineering plastics, without using toxic phosgene. As
processes for the production of aromatic carbonates, a process of subjecting an alkyl

15 carbonate and an aromatic monohydroxy compound to transesterification, a process
of subjecting an alkyl aryl carbonate and an aromatic monohydroxy compound to
transesterification, and a process of subjecting two molecules of the same alkyl aryl
carbonate to transesterification, i.e. disproportionation, are known. Typical reactions
included under processes for the production of an aromatic carbonate or a mixture of

20 aromatic carbonates through reaction between an alkyl carbonate and an aromatic
monohydroxy compound are represented by following reaction formulae (E1), (E2),

(E3) and (E4):



II'1 OO OAr ROCOAr + ROCOR (E3) ROCIOR + ROC11 11 11 OO OO RCC 11 11
QAr + ROCOAr ArOCIQAr + ROCIOR (E4) OO0 OO (wherein R represents an al kyl
group, and Ar represents an aromatic group. Reaction fornulae (E3) and
(E4) are transesterification reactions between the sane nol ecul ar species,
W th react rrula (E4) also generally b erred to as a 5
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equi libriumrgactions. For the reactions of (EBjy) and (E4) in particular,
the equilibridmis biased markedly toward the ©riginal system and the
reaction rate IS slow and hence the aromatic carbonate yield is |low and
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these have rglated to devel opnent of a cataly to increase the reaction
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(wherein R represents an alkyl group, and Ar represents an aromatic group.
Reaction formulae (E3) and (E4) are transesterification reactions between the same
molecular species, with reaction formula (E4) also generally being referred to as a

5 disproportionation reaction.).

The above reactions of (E1) to (E4) are all equilibrium reactions. For the
reactions of (E1) and (E4) in particular, the equilibrium is biased markedly toward the
original system, and the reaction rate is slow, and hence the aromatic carbonate yield
is low, and thus there have been many difficulties in industrial production. Several

10 proposals have been made to improve on the above difficulties, but most of these
have related to development of a catalyst to increase the reaction rate. For example,
Lewis acids such as transition metal halides and Lewis acid-forming compounds (see,
for example, Patent Document 1: Japanese Patent Application Laid-Open No.
51-105032, Patent Document 2: Japanese Patent Application Laid-Open No.

15  56-123948, Patent Document 3: Japanese Patent Application Laid-Open No.
56-123949), tin compounds such as organo-tin alkoxides and organo-tin oxides (see,
for example, Patent Document 4. Japanese Patent Application Laid-Open No.
54-48733, Patent Document 5: Japanese Patent Application Laid-Open No. 54-63023,
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Pat ent Docunent 6: Japanese Patent Application Laid-Open No. 60-169444,

Pat ent Docunent 7: Japanese Patent Application Laid-Open No. 60-169445,
Pat ent Docunent 8: Japanese Patent Application Laid-Open No. 62-277645,
Pat ent Docunent 9: Japanese Patent Application Laid-Open No. 1-265063),
salts and 5 al koxides of alkali netals and al kaline earth netals (see, for
exanpl e PatentDocubentelapan@se RatentAppliRationtLaigginaraNpob0118944épBatens.
56-25138), lead conpounds (see, for exanple, Patent Docunment 11: Japanese

Pat ent Amdunséniti Dlaphatse GatentXpplicdtidy CARRDpendiq|8«¢89445,RRdtent such as
copper, iron and zirconium (see, for exanple, Patent Docunent 12: Japanese

Pat ent Agduntériti ®abahds&PatetRpplitatidn LERILGpEN NO.IEINDT7648, Pateher s (see,
for exanple, Patent Docunent 13: Japanese Patent Application Laid-Open No.

58- 1855 A | A - tpg '
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Pat eft é@%%%%%@%?g@gﬁé&%&a&%l‘%%b 2\5'8'? i@%‘?ﬁoﬁbgaﬁﬁ? ggﬁﬁ?aﬁf@{ 1- 265064) ,
ferric etate (see, for exanple, Patent Docunment 16 ese pPat ent

nopl | catidHmentbaRansse Eatan Appliation kaGEORRNING Sasaat ) Bl e

However, the main reason that the aromati c carbonate yj eldl'%s l%g/is not
the r eadOMpPUNEsdseei iog example.diatephPrerment 11 qlanansse frateat Agplisaliory

mar kedl'y toward the original system and hence inproving the reaction rate
t hr ough Laéd-Qpes NdeSZ13pR3R), comniexesef metals suchas cpppef, it andzirgpnium

I mproving the aromati c carbonate yield. Regarding the reaction represented

by abovéséerfouerample, Patenidssument €2; JapanesePatanitApplivation Laicd-QpesdNo.
al cohol is renoved fromthe reaction systemso as to shift the equilibrium

- towapd teTe183MB)ClitanitCAcidc3tsts (566, for erdinpld, IRaterpDoL@nent FBrJapameske,
batch reaction systens using a reactor provided with a distillation 25

SoplToaF AHIAHARE AR gy Raes0, GRS o eiganneem L0
protonic acid (see, for example, Patent Document 14: Japanese Patent Application
Laid-Open No. 60-173016), compounds of Sc, Mo, Mn, Bi, Te or the like (see, for
example, Patent Document 15: Japanese Patent Application Laid-Open No.

15  1-265064), ferric acetate (see, for example, Patent Document 16: Japanese Patent
Application Laid-Open No. 61-172852), and so on have been proposed. However,
the main reason that the aromatic carbonate yield is low is not the reaction rate being
slow but rather the equilibrium being biased markedly toward the original system, and
hence improving the reaction rate through catalyst development cannot be said to be

20 effective in improving the aromatic carbonate yield.

Regarding the reaction represented by above formula (E1), processes are
known in which the by-produced alcohol is removed from the reaction system so as
to shift the equilibrium toward the product system and thus promote the reaction.

For example, batch reaction systems using a reactor provided with a distiliation

25  column are known (see, for example, Patent Document 2: Japanese Patent

Application Laid-Open No. 56-123948, Patent Document 6: Japanese Patent
3



3 Application Laid-Open No. 60-169444, Patent Docunent 7: Japanese Patent
Application Laid-Qpen No. 60-169445, and Patent Docunent 14: Japanese
Patent Application Laid-Open No. 60-173016). However, to nmake the aronatic
carbonate vyield high, operation nmust be carried out for a very |long period
of time, and noreover 5 a large apparatus is required relative to the
armount pApplication daid-Bpedddo.réd 16844d.dPatent Bocunemt 7edapanesesdatend bat ch
reaction systemis not industrially practicable. As other processes in

whi ch t g gication daieOpehditB0-i189445mard PatehDdoamertctd: Japasgse Baterther e
have been proposed, for exanple, for the reaction between dinethyl

car bonat/'ga;ﬂi'&ﬂti@ﬂtﬁiH—Opénm@.%_ﬂ 780168N1 Hibwevel! ReiveRe thebhematic cartbrsite | | ed
of f by 10 azeotropy together with an azeotrope-form ng agent (see, for

exanpl e g;%i@éfﬁ%soﬁgﬁmmus%ﬁs cﬁﬁé@gg?fd?%t | bR8d 0P finlediahdPRBredVer

54-4873 Ing to Patent cunent 18: st CGerman Pat ent

Appl Lcat ] l.d- - No. . t : S AR . No.
4252757 Pt BhPacitinftoubBt Y9 ys 38 he ey PRouERRlorthe defad bt |
61- 291545 nd a process in ich.the 15 by-produced meth L,js r ved
by bei nqohsudl frapoBhy ST abrudLTeabton svatra i Ror Pstelly prafitagles A8
Docunent 21: Japanese Patent Application Lai disgoen No._  58-185536

( cor r espher prgcessesinewhichdba hyriroducedatgonplisdiemaoyed am4bgyeaction ocess
is al so known in which aromatic carbonates are lgroduc_ed using a

nul ti - steygterd there have deeoqirapeserh fasexampleofer teereastion beweaenadipiethyloduced
al cohol 20 fromthe reaction system In this process, a dial kyl carbonate
and an asavbmtate anddpenol ca ppocess invehicio byiprodussd miethianal i distiled off byt age
distillation colum, and reaction is carried out continuously in the

di stipl | aiZefropgtogétheMiithaarcardatropafirining\ag el @eenforiexatipié, Patent on a | ow
boi I i ng poi nt conponent containing a by-produced alcohol froman upper

o o SO ertad FASHAYaln S0 09, SLAE7S2 R Tefonin
to Patent Document 18: West German Patent Application Laid-Open No. 736063,
and Patent Document 19: U.S. Patent No. 4252737), Patent Document 20: Japanese
Patent Application Laid-Open No. 61-291545), and a process in which the

15 by-produced methanol is removed by being adsorbed onto a molecular sieve (see,
for example, Patent Document 21: Japanese Patent Application Laid-Open No.
58-185536 (corresponding to Patent Document 22: U.S. Patent No. 410464)).

A process is also known in which aromatic carbonates are produced using a
multi-stage distillation column so as to promote removai of the by-produced alcohol

20 from the reaction system. In this process, a dialkyl carbonate and an aromatic
hydroxy compound are continuously fed into a multi-stage distillation column, and
reaction is carried out continuously in the distillation column, while continuously
withdrawing by distillation a low boiling point component containing a by-produced
alcohol from an upper portion of the column, and continuously withdrawing a

25 component containing preduced aromatic carbonates from a lower portion of the

column (see, for example, Patent Document 23: Japanese Patent Application
4



colum (see, for exanple, Patent Docunent 23: Japanese Patent Application 4
Lai d- Open No. 4-224547). Regarding the disproportionation reaction
represented by above fornula (E4), processes are known in which the

by- produced di al kyl carbonate is renoved fromthe reaction systemso as to
shift the equilibriumtoward the product systemand thus 5 pronote the
react i orLaideCpen Me. 442245d€).a process in which an al kyl aryl carbonate is
continuously fed into a nulti-stage distillation colum, and reaction is
carried out irdingUBkEWispropbriotiation Ireattiamrepsesented ity atkoveoformuleo (Bs4)y

wi thdrawing by distillation a |ow boiling point conponent containing the

by- pr OdgﬁSf'eéQe_%' dnel krioRRrPPNAkieh fthe By astod ueRediaiaN thbbrefte Ifremolatiromethe
continuously w thdraw ng a conponent containing a 10 produced di aryl
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have been report egar di ng net hods. feeding in t -
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t et r aal koxi de havi ng al koxy groups corresponding to the al kyl qr s in a
di al kyl cestipgaash lmjgwd%"%tl%wlﬁmww Q%'t'PHBSS‘VHY'ﬁT%%W@%gﬁﬁE#l%?i on
wi th by-produced material due to an al kyl alcohol by-produced fromthe
cat al ystlowsbqiling/point dopeaent containingthe, bPQtWQdB%ﬁ;Eﬁ@arQQPatleé%r?ﬁb e

Pat ent Application Laid-Qpen No. 2000-72721), a nethod in which, 20

al t houghygpgeriporiigrovhthenediuming and cahtistouwsly withdcawing st eoraponepoeeiaisingrded
operation, a dialkyl carbonate, an aromatic hydroxy compound and a

cat gloy stprahacE® aidrausitbbivateSEbm igowen postist of thexdympr(eeeicled eabmple| i s
continuously withdrawn froma distillation colum attached to the reactor,

2o poner ey BREIRR 24 Aoyl adapdrons recse
The reactions represented by above formulae (E1) to (E4) are generally
promoted using a catalyst. The catalyst may be solid or liquid, and there have been
reports regarding methods of feeding in the catalyst. For example, known methods

15 include a method in which a titanium tetraalkoxide having alkoxy groups
corresponding to the alkyl groups in a dialkyl carbonate used as a raw material is fed
in, whereby contamination with by-produced material due to an alkyl alcohol
by-produced from the catalyst is prevented (see, for example, Patent Document 25:
Japanese Patent Application Laid-Open No. 2000-72721), a method in which,

20  although it is known that the catalyst may precipitate out upon prolonged operation, a
dialkyl carbonate, an aromatic hydroxy compound and a catalyst are continuously fed
into a reactor, a by-produced alcohol is continuously withdrawn from a distillation
column attached to the reactor, and aromatic carbonate containing an alkyl aryl
carbonate, a diaryl carbonate, or a mixture thereof is withdrawn from the reactor,

25  whereby clogging of the distillation column is prevented (see, for example, Patent

Document 26: Japanese Patent Application Laid-Open No. 6-157410), and a method
5



25 whereby clogging of the distillation colum is prevented (see, for
exanpl e, Patent Docunent 26: Japanese Patent Application Laid-Open No.

6- 157410), and a method 5 in which clogging is prevented by separating the
feeding position for a catalyst from the feeding position for a dialkyl
carbonate and an aromati c hydroxy conpound (see, for exanple, Patent
Docunentin hichlelpagiegds Raeearitedyinyl separating hei feedingrpogition fy@ocaalysblipm 5 The
catal yst used in such a reaction systemis generally present dissolved in

the reaghé fedingpoditiender atdislkylearhonateamatan ammatiahydmony eonepoutak(see,
hi gher boiling point than that of the aromatic carbonates, and hence to

obtai n goNbrinple, Pater96Eihent SATpARGSe PatdhiApiicaioh LaR-Openddo.t hr ough

the reaction, Tirst a low boiling point conponent is renmoved fromthe
reactio%ddo%-fho nd then the diaryl carbonate in the 10 high boiling point
conpone I's Separated fromthe catalyst, thus purifying the diary)

carbgnate. It s kno that.in thi r as a
i ghS. boi | 1 ng 155 SSbBTHRLI Sucia Fed R tedh BetelaTRteotl BEpieed
deactivated conponent renpved therefrom An exanple of the pro 5. for
separ at ith@ reagtianyiiauid gpder e reac 'ﬂ%CBF‘g'@Q%' ﬂ@?ﬁ?ﬁ%‘bﬂi W?%%qune(}%@?m%m 28
(Japanese Patent 15 Aﬁpl i cation Laid-Open No. 9-169704). ﬁreover, a ..

pr ocess paintthap ihategfina @romatio carkgnates, ansd heres to ebtaiy 2 high-puttygiroalisy a
catal yst having a | ow boiling point such as an alkylamne is al so known
(see, f ararbozatplfexm fae iquidroduesd through dpareantiopafishe lowdnilingpeivh

Lai d- Open No. 2003-238487). Although research has been carried out into

pr ocess epniponeit sl rsrhoed froaT thercactiomtihoidaand thém thegdiand aarbanatodn theen a
di al kyl carbonate and an aromati c hydroxy conpound as described above, in

T 5 B SR cdponasstpalos o Sieeabbbhys gl pectooee
conmpounds, hSnateed 1t i8 kRbwhthat ANRisEIRAMeShtaIgEPPE) be fecovered as a high
boiling point component, and may be recycled, or may have a deactivated
component removed therefrom. An example of the process for separating out the
catalyst is the process described in Patent Document 28 (Japanese Patent
15  Application Laid-Open No. 9-169704). Moreover, a process in which separating out
of the catalyst is carried out by using a catalyst having a low boiling point such as an
alkylamine is also known (see, for example, Patent Document 29: Japanese Patent
Application Laid-Open No. 2003-238487).
Although research has been carried out into processes for producing
20 aromatic carbonates through reaction between a dialkyl carbonate and an aromatic
hydroxy compound as described above, in most cases (not only the above examples),
the dialkyl carbonate or the hydroxy compound is used in excess. A process in
which one of these compounds is used in excess, and unreacted compound is
recovered and reused has very poor energy efficiency. Furthermore, in addition to

25 the equilibrium being unfavorable, in most of the publicly known production

processes described above, dimethyl carbonate is used as the dialkyl carbonate.
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recovered and reused has very poor energy efficiency. Furthernore, in
addition to 25 the equilibrium being unfavorable, in nost of the publicly
known production processes described above, dinmethyl carbonate is used as
t he di al kyl carbonate. 6 Dinethyl carbonate has a | ow boiling point of
approxi mately 90C, and noreover forns an azeotrope w th nethanol

by- pr odudigthyl cankonate dtasonlowrbeiling gointaf @ppacximately @F Chand imerep¥ent t han
di mret hyl carbonate, and hence when renoving the by-produced nethanol from
t he systferms dnrazebiropeavittometitanal byl moduestiretheatieactien5 Shewmzeotrepe fias

I ncrease the reaction ratio, it is thus necessary to feed in the dinethyl
car bonatge|olwr HoilMgtlat Sandimethiyl SBfbdnzré, SNREABS whentrehdwaftheon, and
hence the energy efficiency has been very poor. Processes in which

excessi gl yrounedd Sahaiol Forh 38 LakRth AIteR 2tbotide i#hR8 rERfied dithe

exanpl e, "a process is known i n which 'vapor pro in areactor 10 is

br ought. Ak i 0 1HARKASEYhE heliByt GHL Ak grbddebae) el g 25 Lo heat

t he reac T qui ove e enerqgy effrci‘ency (see, for

exanpl e, . Patent Docunent 30: Japanese, .Pat ent | icatiop Laid:Open .
2004 7SR GRERLALE Than ATiurh euer fimis D oasyrgeq sLthe@aRiiaRamd
carbonate, there is the problem described above that to renove nethanol
by- pr od i€8geithe energwafficiensy hashaaievery ROPEt em  di net hyl carbonate nust be
renoved fromthe systemat the sane tine. A process in which a dialkyl

car bonat e t hatPraeessesdn whichrexeessivaly uspd eniergy ist iesoveredand musedargced in
the reaction is used is also known (see, for exanple, Patent Docunent 31:
Japanes alfakrown Appbi exarnple, agprocEpeis wowrl i Whzh5Epor Ipnodudedsinga essdar,
there is a suitable difference in boiling point between the al cohol 20

by- pooduys Bebuight baek firtdGontatt avith thecredcidk liquidandiendlyeso asitb headthei t s easy
to separate off only the al cohol. However, because a batch reaction system

it ﬁeuzggir?gﬁtidprf% u?: t%!ﬁﬁ%éé ifptove tRaWriedgy Bficiricyqsée, fopaxampslipatepduced of
Document 30: Japanese Patent Application Laid-Open No. 2004-75577). However,
because dimethyl carbonate is used as the dialkyl carbonate, there is the problem
described above that to remove methanol by-produced in the reaction from the
15  system, dimethyl carbonate must be removed from the system at the same time.

A process in which a dialkyl carbonate that does not form an azeotrope with
the alcohol by-produced in the reaction is used is also known (see, for example,
Patent Document 31: Japanese Patent Application Laid-Open No. 10-152455). In
this process, there is a suitable difference in boiling point between the alcohol

20 by-produced in the reaction and the dialkyl carbonate, and hence it is easy to
separate off only the alcohol. However, because a batch reaction system is used, a
large apparatus is required relative to the amount produced of the desired product,
and hence the process is not industrially practicable. Moreover, a process in which
a multi-stage distillation column is used, and a dialkyl carbonate that does not form

25  an azeotrope with the alcohol by-produced in the reaction is used is also known (see,

for example, Patent Document 27: Japanese Patent Application Laid-Open No.
7



and hence the process is not industrially practicable. Mreover, a process
in which a nulti-stage distillation colum is used, and a di al kyl
carbonate that does not form 25 an azeotrope with the al cohol by-produced
in the reaction is used is also known (see, for exanple, Patent Docunent
27: Japanese Patent Application Laid-Open No. 7 2000-307400). In this

pr ocess 2000307400 onth thie pradesexardear sacondition of pecessyarapaatpolydioxy he
catalyst is fed into only the bottomof the colum, and hence the reaction

pr oceedsopipourid) thd eatanfst @ el intd\eniyahs sdttoAndf theusolampr ahd Géenoé tikeposi ti on
of a catalyst-derived conponent on structures in the distillation colum is

resol veqeagtidiPpR)c@Eds %Wstﬁetdiﬁtoheléﬁfﬂé%blﬁﬁﬁ? apd %ﬂ@é‘ b)bt;bﬁleh’_ﬂ Bf 8opdHid® !

the columm, the nulti-stage distillation colum thereabove is provided

only for ' J ' | Std | AL Hhh Vi Ng a
vapor pr°£§%4té”?€ﬂgmﬁi\€%ﬁah%r o%gﬁg&u%%ﬁé{n%}e,Cﬂ%ﬂ@%f’?@#\%ﬁ%-pro uced in
the reagtion tc. d a large exc f. t r | X}..conpound
such th§1°“ﬁ¥8r'3?%ﬁa¥“§ﬁ39ﬁé‘?%‘itl° d ?‘?8.83§PFVp'Ha’F§JE"’@&%@'@e%H‘%@o“}eeact ant
(i.e. aromatic hydroxy conpoun |lar ratio,ig 0,01 nust.be used to.shift
{ e equiMBTSta98 HIMAtPT OB MRELaRge B HPHBH I s oV ol Saeat] unm,
and thus the aromatic carbonate yield obtained is | ow based on both the

st ar t i n@yrisiélatign qn the campeunds baviag Boranas presryreithe dialkybearbonate. ar omat i ¢
hydr oxy conmpound). In the above publicly known processes, there are

pr obl emphenat, thé aloahol by-praduckdinkpe reactiom ate),and adarge@xreess ofithlr oxy
conpound is used in excess, and excess energy is used, and furthernore

t her e i saramatiohlyeroxynadmpdendisocrathiat thastzotiag etaterialpepaliphatic canboratg) / ar yl
carbonate, a diaryl carbonate, or a m xture thereof cannot be obtained

W thoa hbabayt gled arcafit HHRXY cONPoUrt) PRéIaP Fatld isi (0 RPRibRClsed tot dHift
present invention to provide a process for production of aromatic .
car bonatigs sQLliBrilrfowdr§ thle pPodtitt SPsteh N6nIGRE bBltofPET thekdItHh, ar@ TR C
the aromatic carbonate yield obtained is low based on both the starting material (the
aliphatic carbonate) and the reactant (the aromatic hydroxy compound).
In the above publicly known processes, there are problems that either the
15 dialkyl carbonate or the aromatic hydroxy compound is used in excess, and excess
energy is used, and furthermore there is a problem that the aromatic carbonate(s)

comprising an alkyl aryl carbonate, a diaryl carbonate, or a mixture thereof cannot be

obtained with a high yield.

20 Disclosure of Invention
It is an object of the present invention to provide a process for production of
aromatic carbonates with high yield in which in the case of carrying out aromatic
carbonate production by reacting an aliphatic carbonate and an aromatic
monchydroxy compound together and removing a by-produced alcohol from the
25 reaction system, there are no drawbacks as described above, without using an

excess of the aliphatic carbonate or aromatic monohydroxy compound, and without
8



carbonate production by reacting an aliphatic carbonate and an aromatic
nonohydr oxy conpound together and renoving a by-produced al cohol fromthe
25 reaction system there are no drawbacks as descri bed above, w thout
using an excess of the aliphatic carbonate or aronmati c nonohydroxy
conpound, and without 8 using excess energy. The present inventors have
carri ed using excestuenergyt udies to attain the above object, and as a result
have arrived at the present invention after discovering that, in the case

of carrying outheapregeht inventdro have carmstieli assidyousstatiezdoattaih tHehabdwe 5
carbonate and an aromati ¢ nonohydroxy conpound together and renoving a

by- pr odusfectab RQag!a fdstiHAVR ArfiREd af thedprdstmt irvRftiah aner GQJCSGériﬁgﬁ’]ghég,?n

attained by reacting a specified aliphatic carbonate and a specifi

aromat i r o C ; | ; :

vont | ano Case¥f EaKYing AR URta W Sle RESTEIITIN RS SLERIRNC. 4 ¢ han

I n a_publj r .c_car t t] 0 W thout using

an ofcedeBrra i wEeRATaH miRer RIS OB e M R e Bt < e
resent inventio rqovides: [1] a.process for the produyctiqn of .an,aromatic

Do bonatt-PEgHGRA Aaahal e iesieastion Sysiary. i abeye Roistigndie aie pRaByC

carbonate represented by follow ng general 15 fornmula (1) as a starting
mat er i alreagiingaspacified ainbalie carbp Bd ospagiied apneatioyonehydieMg gener al

formula (2) as a reactant, and a netal -containing catalyst into a stage

above a dompamdtiogetterr sAcooiding & thgeprgissnt inveniiem arvatomaticocarbonatelzamg

about reaction; and continuously withdrawing froma reaction systemin a
gaseous Heoprodacedwith24 hiaghdr iyiedd tlearnin & pubbelg khoeordramaticgatiborateohol

by- produced in the reaction, and continuously w thdrawing froma | ower
por tipon Mbdbétoreeiodass | witioutiuginglah @xBes8lof a raw material, and without using
excess energy.
That is, the present invention provides:
[1] a process for the production of an aromatic carbonate, comprising the steps of:
continuously feeding an aliphatic carbonate represented by following general
15 formula (1) as a starting material, an aromatic monohydroxy compound represented
by following general formula (2) as a reactant, and a metal-containing catalyst into a
stage above a bottom of a first multi-stage distillation column so as to bring about
reaction; and
continuously withdrawing from a reaction system in a gaseous form a low
20 boiling point component containing an alcohol by-produced in the reaction, and
continuously withdrawing from a lower portion of the column in a liquid form an
aromatic carbonate represented by following general formula (3) obtained from the

starting material and the reactant,

O O

R1/ T \R1

O
25 M,



aromatic carbonate represented by foll owi ng general formula (3) obtained
fromthe starting material and the reactant, Rt11~-OYO-RL O 25 (1), 9
Ar'OH (2), wherein R in general fornulae (1) and (2) represents an

al i phatic group having 4 to 6 carbon atons, and Ar' represents an aromatic
group having 5 to 30 carbon atoms, ,OOR2[ Ar2 5 0 (3), wherein R2
and Ar2 in general formulae (3) are thaAr%@f as RlL and Ar' in the starting
material and the reactant, respectively, wherein said netal-containing
catalyst is dissolved in a liquid phase@n said 10 reaction, or is present
inaliquid formduring said reaction, and said netal -containing catalyst

conpri SQﬁhé’rﬁir‘PR@l"i’r{"généﬂali ?d}ﬁ%Lﬁaé‘g‘}r’T)]' fl’iﬁ &) refrsslentd8n EIipﬁétTé ?Eddibkl‘?élﬁ’ng’; Aepei n,

[2] the process according to It wherein said aromati c car bohate may

& "hr 2" P faBeB HomBipRANE o EREAS U ARaic Gl BN P15 R cdBottding )

sane as R1 and Ar' in the starting
_0 O_
R2 \ﬂ/ Ar?
O

(3),

wherein R? and Ar? in general formulae (3) are the same as R' and Ar’ in the starting

O

material and the reactant, respectively,
wherein said metal-containing catalyst is dissolved in a liquid phase in said
10  reaction, or is present in a liquid form during said reaction, and said metal-containing
catalyst comprises an organic titanate having at ieast one Ti-O-Ti linkage therein,
[2] the process according to item [1], wherein said aromatic carbonate may

comprise a diaryt carbonate represented by following general formula (4):

0 0
A" \ﬂ/ SAr
0

15 4,
wherein R? and Ar? in general formulae (4) are the same as R’ and Ar' in the starting
material and the reactant, respectively,
[3] the process according to item [1), wherein R' in the aliphatic carbonate
represented by general formula (1) is a saturated aliphatic group having 4 to 6

20 carbon atoms,
[4] the process according to any one of items [1] to [3], wherein R' in the aliphatic
carbonate represented by general formula (1) is a saturated aliphatic group having 5
or 6 carbon atoms,

10



material and the reactant, respectively, [3] the process according to item
[1], wherein R in the aliphatic carbonate represented by general formula
(1) is a saturated aliphatic group having 4 to 6 20 carbon atons, [4] the
process according to any one of itenms [1 ] to [3], wherein RL in the

al i phati arbonate represented b eperal for a (1) is.qa.saturated.
al i Bhat :[é] gHEuBracess r?{rcgrdg'm 1@ any, ogﬁgwg,ﬁi@pm{é] “@W?ée'l r%c&g"eg@@m%cng
to any eaeberiatetrepresehied by géheraifoanalan(1Rls an alky gadbuphati ¢  car bonat e

represe d,b ner.al for mul 1) n_al. , C .
accordi E@et W%r??}g%?‘?g 81'.‘8?@@ t% 1%”3{ %n 5?fjl 't\%ﬁesr g]‘f\@rﬁ%ﬁ g‘lr'rc‘)%r%ﬁ (@HQW%%%&?& oxy
corrpoundnmmy&h'd oxyt eunppugémeplae:cseﬁtadﬂrw geneial fompa e‘.%bccwhgﬁﬁis, PBell(lCﬂ] t Be
process according to any one of itens [1] t 6 erein the colu ottom
t enpér afl(k ethenP92P8S @ceerding:ta 3y ese Shiietns lﬁh{oaﬂﬁﬂ,a\fvyﬁ%rem the EolHTLeEPBE0C
[8] the process according to any one_of itens [1# toéq?%, wherein a nol ar
rati o oftemiperatuein said disdillatien splunin isginrfandeasf frem 1 290°¢.nul ti - stage
distillation colum is in a range of from0.1 to 5, 10 [9] the process
accor di 1ig] t thesprpcess actordirgro &y one of #emsviiibtaef7), wherein agnolanratio ef thge
distillation colum has not |less than two theoretical distillation stages

t her ei nreaggnt ttethecstadingshaietiafetbint® shid muktisstage idistilatioe astuninvs iofa t he
stages. [10] the process according to item[1], further conprising the

steps ofangObf fraHPOSI s 4 eeding into a second nulti-stage distillation
colum the“reaction 15 liquid wthdrawmm fromthe | ower portion of the

(173, "o | %Rt St afPLASR BTN ESEREcAT I Aottt m 1
L R ol B e e OB RG BAP A kb n B LA
catalyst is made to be present in at least two of the stages.
[10] the process according to item [1], further comprising the steps of:
continuously feeding into a second multi-stage distillation column the reaction
15 liquid withdrawn from the lower portion of the first multi-stage distiltation column in the
process according to claim 1 either as is or after removing the starting material and/or
reactant therefrom, so as to carry out a disproportionation reaction;
continuously withdrawing in a gaseous form by distillation a low boiling point
component containing an aliphatic carbonate by-produced in the reaction; and
20 continuously withdrawing from a lower portion of the second multi-stage
distillation column in a liquid form a diaryl carbonate represented by general formula
(4),
{11] the process according to claim [10], wherein the steps according to claim 13

are added to recycle the aliphatic carbonate for use as the starting material in item

25 [1].

Advantageous Effect of Invention
According to the present invention, a specified aliphatic carbonate and a

1



conponent containing an aliphatic carbonate by-produced in the reaction;
and 20 continuously withdrawing froma |ower portion of the second
multi-stage distillation colum in a liquid forma diaryl carbonate
represented by general formula (4), [11] the process according to claim
[ 10], wherein the steps according to claim 13 are added to recycle the
al i phat ispeciicgioaratreaticanonskydraxy kengioundi arg reattediteyether usiny a Beadtile.
Advant ageous Effect of Invention According to the present invention, a

speci fi afistilatipRahéthotian bre prssehiee of a ddtaBRE Gidrely anairehizticraxrbostevan
conpound are reacted together using a reactive distillation nmethod in the

pr esenceyed r@@ggwgﬁuﬂygﬁgﬁ@k Q@Bwigmati c carbonate can be produced

continuously with a hig rief Description of Drawvings FIG 1 is a
process flow diagram for aromatic carbonate production according to the
present invention; FIG 2 is a process flow diagramfor diaryl carbonate
product i .9r cordi.n the present invention; and 10 FIG 3 is a process
fl owgdi a%f?%ﬁ??ﬁ?f'papa&tffbr@%%at e purification according to the present

i nvention. 1, é:_'l'(?,___‘C transfer ljne 4, 7, f11, 16, 19, 23, 25, 28, 31, 35, 37,
40, 43, 47, a&!Gcdiydirrocess How diggragpior grametic sarbonate pieducsion aggording

mul ti-stage distillation colum 8, 15, 32, 44: condenser 9, 21, 33, 45:
gas- | i qupdhe epesent dvertioash drum

FIG. 2 is a process flow diagram for diaryl carbonate production according to
the present invention; and
10 FIG. 3 is a process flow diagram for diaryl carbonate purification according to
the present invention.
1, 13: transfer line
4,7,11,16, 19, 23, 25, 28, 31, 35, 37, 40, 43, 47, 49: conduit
2, 14, 26, 38: preheater
15 3,15, 27, 39: multi-stage distillation column
8, 15, 32, 44: condenser
9, 21, 33, 45: gas-liquid separator (flash drum)
5, 17, 29, 41: reboiler
6, 12, 18, 24, 30, 36, 42, 48, 50: storage tank

20

25

12



5, 17, 29, 41: reboiler 6, 12, 18, 24, 30, 36, 42, 48, 50: storage tank 20
25 12 10, 22, 34, 46: pressure-controlling valve Best Mde for Carrying
Qut the Invention Following is a detailed description of the present
invention. 5 An aliphatic carbonate used in the present invention is one
represented by follow ng general fornula (1): R |I_~OY O-R1 O (1),

wher ei n R, 22n 34eA8ér pieskorastorteollirig valwpr esent s an al i phatic group having 4
to 6 carbon 10 atons. Exanples of Rl include a butyl group (isoners), a
pentyl group (isoners), and a hexyl group (isoners). Exanples of aliphatic
carbonates represented by above general fornula (1) include dibutyl

car bonat@egﬂm&r}@f&)Caﬁy,ﬁ%r@mlthgqﬁMﬂﬂ;ﬂe (i sonmers), and di hexyl 15 carbonate
(isomers). O these allphatic carbonates, ones preferably used in the

resent invent a saturated
Bl i phat . \érouppﬁlg“mp‘gﬁaéu B HCO'G’%%F'PQ‘?';fl | predBheimuBiuo 3 o K|

a st group or

1 phac o car tn A0, %?ﬁ#ﬁ%eﬁf in R%rg%"ﬁ@\?%%"ﬁ@ Befepleidply’
al i phatic, group havi S car bon atons. Such a dialkyl 20 carbonate may
be prodJeg‘g”ngg?d‘eéﬂl;}%BpH@’e@ one produced using a process previously

proposed by the present inventors (MD 03055840 WO 04014840) can be
Y
(1),
wherein R' in general formulae (1) represents an aliphatic group having 4 to 6 carbon
10  atoms.
Examples of R' include a butyl group (isomers), a pentyl group (isomers),
and a hexyl group (isomers).
Examples of aliphatic carbonates represented by above general formula (1)
include dibutyl carbonate (isomers), dipentyl carbonate (isomers), and dihexyl
16 carbonate (isomers). Of these aliphatic carbonates, ones preferably used in the
present invention are aliphatic carbonates in which R' is a saturated aliphatic group,
specifically a straight chain or branched alky! group or other aliphatic group, having 4
to 6 carbon atoms. More preferable are aliphatic carbonates in which R'is an alky!
group or other saturated aliphatic group having 5 or 6 carbon atoms. Such a diaikyl
20 carbonate may be produced using any process; one produced using a process
previously proposed by the present inventors (WO 03055840, WO 04014840) can be
preferably used.
An aromatic monohydroxy compound used in the present invention is one
represented by following general formula (2):

13



preferably used. An aromati c nonohydroxy conpound used in the present

I nvention is one represented by follow ng general fornula (2): 13 Art CH
(2). wherein, Ar' represents an aromatic group having 5 to 30 carbon atons.
Exanpl es of such aromatic groups include a phenyl group and various 5

al kyl phenyl groups, for exanple phenyl, tolyl (isoners), xylyl (isoners),
tri met hyl phenyl (isoners), tetrametAyl@kknyl (isoners), ethyl phenyl

(i somers), propyl phenyl (isoners), butylphenyl (isonmers), diethylphenyl

(i somers), nethylethyl phenyl (isone(3), pentyiphenyl (isoners),

hexyl phenyl (isoners) and cycl ohexyl phenyl (isoners); various al koxyphenyl

gr oups wféaeiauSAn‘eﬁép@éyémgahlaré&a&msQ@wphhv.r\gtswsofaam@n &iowewrer s) and

but oxyphenyl (lsoners) vari ous hal'ogenated phenyl groups such as

chior 3?2&” hy1 EXRRIDES b soh SRRAN Mok TATRAE 1 PR BT R Vol R s
7578y | ANRHRIRT dho O@ﬁ AMHER ?‘%ﬁpf‘ﬁﬁ'@%b P#p&%@ﬁ@%@%ﬂ‘;?ﬁ 0"
represgﬁf'gﬁ{nyfif%m Hﬁgﬁﬁgﬁ)o tﬁgﬁ’l’!’%% 03}%;@%%%%@% J&?ene 'gglroesent ed

by follow ng fornula (7), and the aromatic ri gl may. be substltuted wth
subst i t REPRYPRER (I&Qme@%buwlmny@(@%@fs)b SWFV HhRBYJﬁ 20 ester
groups, hydroxy groups, nitro groups, hal ogen atons, or ano groups: R4 R6
R4 R3 Reethglethylphenyl (|somers) pentylphenyl (isomers), hexylphenyl (|somers) and

cyclohexylphenyl (isomers); various alkoxyphenyl groups such as methoxyphenyl
10 (isomers), ethoxyphenyl (isomers) and butoxyphenyi (isomers); various halogenated

phenyl groups such as fluorophenyl (isomers), chlorophenyl (isomers), bromophenyl
(isomers), chloro(methyl)phenyl (isomers) and dichlorophenyl (isomers); and various
substituted phenyl groups represented by following general formula (5):

/ |

AT T
AN

15 (5)
wherein A represents a single bond, a bivalent group such as -O-, -S-, -CO- or —-SO;-,
an alkylene group or substituted alkylene group represented by following formula (6),
or a cycloalkylene group represented by following formula (7), and the aromatic rings
may be substituted with substituents such as lower alkyl groups, lower alkoxy groups,

20 ester groups, hydroxy groups, nitro groups, halogen atoms, or cyano groups:

R4 R R4

R® R® RS

(6),
14



(6), 14 wherein R3, R4, R5 and R6 are each independently a hydrogen atom a
| oner al kyl group, a cycloal kyl group, an aryl group or an aral kyl group,
which in sone cases may be substituted with hal ogen atons or an al koxy
group: X'~(( /CHA 5 (7), wherein k is an integer from3 to 11, and the
hydr ogen atons nmay be substltuted with |ower alkyl groups, aryl groups,

hal ogen weherein BP, RheR3 ane: R° rue each irdepgridentiyfa ycrogen atoray ariwet:algvbups

i nclude a naphthyl group and various substituted naphthyl groups, for

exanpl e greppt & yiclobkghgrotlp, aneirpygroaphdray aralkyl gramutdgh indsometogseapht hyl
(i somers), chloronaphthyl (isomers), nethoxynaphthyl (isomers) and

cyanonanhégble dua%ﬂtmééwuth&mog@ﬁ bfttss OPhhamablyygreupst i t ut ed het eroaromatic
groups such as pyridyl (isoners), coumaryl (isoners), quinolyl (isoners),

met hyl pyri dyl (isonmers), chloropyri oners), nethylcoumaryl (isoners)
and met hyl qui nol 'yl (isoners)~Pregferable e I es of the aromatic
nonohydr oxy 15 conpounds i ncl udg€ phenol and or the like, with the

nost preferable being phenol. the pres |nvent|on a by- produced

al i phatic al cohol is wi t hdr awn |n a ous forn1 and t he pr oduced
aromatic carbonates are withdrawn froma |lower portion of the colum in a
liqusd form In the present inventiqgd), it is thus preferable 20 for the
boi l'ing point of the by-produced aliphatic alcohol to be lower than the

boi | i ng whwreli k &f af aftBgef fréMes & &1 tambtheayrirbgén atérph abayrbe aubstiated withe
reactant aromatic rmnohydroxy conmpound, and the aromatic carbonates as a

;fgﬁ;'t ?go%ﬁgﬁﬂg 'Ebs 8%%%@@115\&5@%’& foFRH Ratikan i s one in which the

Further examples of the above aromatic groups include a naphthyl group and
various substituted naphthyl groups, for example naphthy! (isomers), methylnaphthyl

10 (isomers), dimethylnaphthyl (isomers), chloronaphthyl (isomers), methoxynaphthyl
(isomers) and cyanonaphthyl (isomers); and various optionally substituted
heteroaromatic groups such as pyridyl (isomers), coumaryl (isomers), quinolyl
(isomers), methylpyridy! (isomers), chloropyridyl (isomers), methylcoumaryl (isomers)
and methylquinolyl (isomers). Preferable examples of the aromatic monohydroxy

15 compounds include phenol and cresol or the like, with the most preferable being
phenol.

In the present invention, a by-produced aliphatic alcohol is withdrawn in a
gaseous form, and the produced aromatic carbonates are withdrawn from a lower
portion of the column in a liquid form. In the present invention, it is thus preferable

20 for the boiling point of the by-produced aliphatic alcohol to be lower than the boiling
point of each of the starting material aliphatic carbonate, the reactant aromatic
monohydroxy compound, and the aromatic carbonates as a reaction product. An
example of such a combination is one in which the aromatic monohydroxy compound

is phenol, and R in the aliphatic carbonate is a saturated aliphatic group having 4 to

15



I's phenol, and RL in the aliphatic carbonate is a saturated aliphatic group
having 4 to 15 6 carbon atons. |If the boiling point of the by-produced

al cohol is low, then the tenperature difference between the top and the
bottom of the distillation colum will becone |arge, and hence the
reaction rate may vary greatly between the stages in the distillation

col umm; 6tearbbh atomshe lfdhe twiling painbofihedsy-priodincad abtohul ghiew, ther the a yet 5
nore preferable conbination is one in which the aromati c nonohydr oxy

conpoungemperAttiR)@ifferatitd hitweentthe tep apbabé dottanbonteadistillationajoiirah edll
aliphatic group having 5 or 6 carbon atons. Since the production process

accor di pgchfe Iafbé)ra‘?ﬂer'i‘éndé‘ﬂ‘l%%b%ﬁ fatd rﬁéf@ﬁﬁﬁgre‘aﬂ %M@e@[l@@fa'g@s in

carbonates are produced continuously, small anounts’ of reaction
product ARt

di sti Ilglg(?gﬁ’t“@ 'éd E& o ét?gb{a\?\ﬁtﬂ?\g%’ﬁ%ﬁgﬁ @ﬁn% car ona*étﬁéu eld agr%tlc
nonohydr ox . | es of . SUe act i

o cohol & efﬁﬁg?aéfépm%aﬁg"gﬁ Qi W mtﬁ aquﬁ*%?aﬁﬁﬁﬁifd&%sﬁ%@@im i
car bonat et her t. hrough decar box e and Fr

o anGORBAL 290 5. BrIGe GHPIALC SAUTANENE S8 eRONHIeaLa PTiatiaREoyR hEFRRS OF Brrat i
nonohydr oxy corrpound can be used in an anobunt such that a nolar ratio

t her eof calPahatdMfuint of the aliphatic carbonate as the starting materi al
is in arange of fromO0.01 to 1000. The reactions between the aronmatic
monohydr oxy c&imeaithe pnoductien progesatacconding do theeprasenp inveotiom ishalpyocess
equilibrium reactions, and hence it is advantageous for the anpbunt of the

aromat i ¢n whithhabneatic Gdrbonaesund preddcdd chetimicyisly, botalli dmblnts ofreaction s
i ncreased then the reactor nust be |larger, and noreover a |arge

di sip! | probdrtser mmm&.r mgybe fdfintPtheSsttitRlieasimtictagd disitamsmedlammecones
necessary. The nolar ratio of the reactant to the starting naterial is

|1 o S0 Vg IREE: g S haras AGRORISEAD corfrae? © 0 S

Appl | CatE'x%pnpies of such reaction products include the same alcohols as the by-produced
alcohol, aliphatic-aromatic carbonates, diaryl carbonates, ethers produced through
decarboxylation, and Fries rearrangement products of the aromatic carbonates.

15 The reactant aromatic monohydroxy compound can be used in an amount
such that a molar ratio thereof to an amount of the aliphatic carbonate as the starting
material is in a range of from 0.01 to 1000. The reactions between the aromatic
monchydroxy compound and the aliphatic carbonate are predominantly equilibrium
reactions, and hence it is advantageous for the amount of the aromatic monohydroxy

20 compound used to be high, but if this amount is increased then the reactor must be
larger, and moreover a large distillation column or the like for subsequent product
separation becomes necessary. The molar ratio of the reactant to the starting
material is thus preferably in a range of from 0.1 to 5, more preferably from 0.5 to 5,
yet more preferably from 0.5to 2. As described in Japanese Patent Application

25 Laid-Open No. 2000-307400, in the event of producing aromatic carbonates, when

the starting material, the reactant and the catalyst are fed into a middle stage of the
16



25 Lai d- Open No. 2000-307400, in the event of producing aromatic
carbonates, when the starting nmaterial, the reactant and the catal yst are
fed into a mddle stage of the 16 nulti-stage distillation colum, deposit
may arise in the nmulti-stage distillation colum, resulting in clogging.
The reactions in the present invention are eqU|I|br|un1 reactions as

descri bevulibstage distilatiemcolumn atepdsitenady srise imtheomultestage distiliagion column,

mul ti-stage distillation colum that enabl es the by-produced al cohol to be
wi t hdr awesGitihgdmcldygingeacThe reaatisherin e present nvegties aire eduilishiuf  t he
equilibriumis suitable. To carry out the process, the catalyst is thus

made to r@écﬁér@ﬁ@ﬁe@@ﬂibéﬁ‘bwo@é dritehéidd Q%aétfvetmgtilmﬁbhlmémmslhgibl I'1ation
colum, but rather in a plurality of stages, i.e. not less than two of the

st ages. nﬂLHﬁQSg&‘E{@tIHBHBH% [hih thatered )<l t’ﬂé'qj @l‘éﬂdﬂ'&eﬂ%éﬁﬁbl t@BetvUimd?%ﬂﬁr

hand, ed into a stage a the bottom of the

| t t t t
st Aﬁéi%%l%}hi‘ S¥le it Ft RREPeETRAT it e T i SnaBle” T8 207,
f d t.udi th t h di
cur pr 1 51 G0t teseess de RaERaR s MUSERA to B MeRaI et i hetom
nonohydr o ound and a catal yst according t ﬁﬁ! present mﬁtﬁntion are
used, wi@f Hﬁﬁ rTB %ﬂﬁ:ﬁﬁ“ﬂ@ﬁ‘qrhﬁ@ﬂm bu gathgt ina Bg{r of strgeps 1-§nBekIEES f ed i n

of the starti ng material aliphatic carbonate and the reactant aromatic
nonohydrtban teornfdoe stagese af the condinuoas mull-siege disdlllatiomeolpBytt ant and t he
catalyst are all fed into a stage above the bottom of the nulti-stage
distillation dOh tineotherlhangi, ifdhe tatakgstisifad inte agtagk above the bottarolafithe due
to the catalyst, and formation of deposit on structures in the multi-stage

di stigl | ahuRPstage distillatien ¢olmntAEA IR posit e arise’ h hetmuktissthge distillation | at i on
can be carried out, and hence the aromatic carbonate yield can be

I ncr eaS%mﬂaha eé n‘)n?yfn élon%@ﬁrq C?Tsl bbb bovE, C AR AR ofasSRRQIUS! stdies,
aromatic rmno ou and a specified catalyst are fed into a

stage abgye, %Qg%t &Q@%’i‘ﬁfﬁ Rive BR BV el thap Leinstisihdil, irthdRase ki hn Sfighatic! oW

boi I i ng pain
carbonate, an aromatic monohydroxy compound and a catalyst according to the

present invention are used, within the specified range of the ratio between the

15 amounts fed in of the starting material aliphatic carbonate and the reactant aromatic
monohydroxy compound, even if the starting material, the reactant and the catalyst
are all fed into a stage above the bottom of the multi-stage distillation column,
clogging of the multi-stage distillation column due to the catalyst, and formation of
deposit on structures in the muiti-stage distillation column are very unprone to occur,

20 and reactive distillation can be carried out, and hence the aromatic carbonate yield
can be increased. That is, if a specified aliphatic carbonate, a specified aromatic
monohydroxy compound, and a specified catalyst are fed into a stage above the
bottom of the multi-stage distillation column, and a low boiling point component
containing the alcohol by-produced in the reaction is continuously withdrawn from the

25  reaction system in a gaseous form, while the aromatic carbonate obtained from the

starting material and the reactant is continuously withdrawn from the lower portion of
17



cont ai ning the al cohol by-produced in the reaction is continuously

w thdrawn fromthe 25 reaction systemin a gaseous form while the aromatic
carbonate obtained fromthe starting naterial and the reactant is
continuously withdrawmn fromthe | ower portion of 17 the colum in a |liquid
form then clogging of the nulti-stage distillation colum is very unprone
t 0 occurtheaotumpireaViquid foem; dwart cloggimgsefithe anultirstagandiséllation celumuls very
advant ageously wi thout azeotropy of the aliphatic carbonate and the

by- pr odugfstong s ebelr, apd tndreneer theereatctiverdistillativrooambe camredbeupr oduced with
a high yield. The 5 condition for this is that the nolar ratio of the

r eact antadv@ntdtfectisfy WitheutBdedtioply dfte alipRatid EarbBrhie and duebyipsddudert | on

colum is in & rande of 0.1 toog.y The raw material fed into the reactor may

cont a1 JE0bICha BGbe B binad eatbghatd b BeiHbAkLSs MAEPRGR yieaboTRbe, and

t he diaryl calbona ause the resent reaction is reversible, it
I's undesirahle r..the.c L, eNS : | gh,
cincd ¢ reananen (of i AF e 35 AR, o8 ordbe SRR 4 HE ARG chehenp et I

of the reactions represented by the follow action formulae (El to

E4) , théﬁ?éﬁ'é 'T%‘?ﬂ% 'sg'ﬁ?'&fbﬁo 43 'araofﬁé'élﬁ@r@af g% ates are produced in the
present invention is/are predom nantly (El) and/or (Eé?l, al t Foug{ﬁl it is

al so a pref erts @versieiiaidad inte the redetpr Mgy ePrdaBPTEAUEE SUENAS B8t (E3)
and (E4) to produce 15 an industrially useful diaryl carbonate: ROIOR +
Ar OH RO alcahol +theGMiphatip-aromatic Radmmate anddhe Aliangtparbonater bybhecaypse the Rocor

+ ROCOAr ROCOAr + ROCOR (E3) O OO0 O _
present reaction is reversible, it is undesirable for the concentrations of these

10  products to be too high, since then the raw material reaction ratio will drop.
As described above, of the reactions represented by the following reaction
formulae (E1 to E4), the reaction(s) through which aromatic carbonates are produced
in the present invention is/are predominantly (E1) and/or (E2), although it is also a
preferable embodiment to further add a step of carrying out (E3) and (E4) to produce

15  an industrially useful diaryl carbonate:

ROCOR | A0H = > ROCI:IOA' +ROH E1)
0
RO(i)lOAr + AFOH = > ArOﬁOAr + ROH (E2)
o)
_ OR
ROﬁOR . ROCOAr — . Roclzlo;\r , ROC E3)
o)
ROCOAr , ROCOAr — . ArOﬁOAr + ROCOR  p

0
(wherein R represents an alkyl group, and Ar represents an aromatic group.

Reaction formulae {(E3) and (E4) are transesterification reactions between the same

18



ROCQAr + ROOI OAr ArOCQAr + ROCOR (E4) O OO0 O (wherein R represents an

al kyl group, and Ar represents an aronmatic group. Reaction formnulae (E3)
and (E4) are transesterification reactions between the sanme 18 nol ecul ar
species, with reaction fornmula (E4) also generally being referred to as a
di sproportionation reaction.). Wen carrying out the reactions of the above
r eact i ormbleculdrapetigls, withEdactiars formudd E4y alse genacallyrkiing referreddomsea ent

i nvention, one type of each of the 5 aliphatic carbonate and the

al i phat i dispropotiorationrreastidre).my be used, or a mixture of a plurality of
types may be used. Mreover, one type of the aromatic nonohydroxy conpound

may be used, anhanBatiyiiPoll the rehetichd dithefaboveaeatiion imuleeE1 to E4)
Furt hernore, as shown by the above surm sed reaction fornul ae, the

ther: _ surmsed reaction formiae, the
by 1 ocai g InGBRIEBER BerRIoi ) (i pRebAFIRERRE oW pE orRch ortie ¢

eaom nant al'iphatic car

d d . > ' i1 .
oy o halE e 2 NE 2 BRAREATMATY R Binass R b LSeq. Stfmbure,
hr Guon aipleaity o ies ey beciatha NIGE0RPS Snedybe O FB Aoy ite r ecov
th h ' d ’ d
foiorgcycliggéd anl:l Is preferably used for preparing an_ aliphat fcregévere

car bonatongRydrexy sRERQUNGINBY e usess Pr Banobirs; of iPlygality ohpesBay
al though a process previously pr ogosed by the present inventors (WO
03055840ysatiD (RS Ore casmshewp byftbe atboye ssismisecbieastien formuaethe vi ewpoi nt
of the effective utilization of the conpounds, the aliphatic carbonate
pr oducedprodustigh of Ammatictarbohalesriathe pesderd imgentieads icarriezDotidrynigeding iB3)
and/or (E4), with (E4) being particularly inportant, is preferably
10 predominantly the aliphatic carbonate, the aromatic monohydroxy compound and the
catalyst. Solvent, impurities, and by-produced components may be present in the
reaction, so long as there is no especially adverse effect on the reaction.
The alcohol by-produced through the reaction(s) represented by (E1) and/or
(E2) may be recovered for recycling, and is preferably used for preparing an aliphatic
15 carbonate. The aliphatic carbonate may be obtained using any process, although a
process previously proposed by the present inventors (WO 03055840, WO
04014840) can be preferably used.
Moreover, from the viewpoint of the effective utilization of the compounds, the
aliphatic carbonate produced through the reaction(s) represented by reaction
20 formulae (E3) and/or (E4), with (E4) being particularly important, is preferably
recovered for recycling, and cycled back and thus reused in the reaction(s)
represented by reaction formulae (E1) and/or (E3), with (E1) being particularly
important. That is, in the case of carrying out the reactions of the above reaction
formulae (E1 to E4) using a first multi-stage distillation column and a second

25  mulii-stage distillation column according to the process of the present invention, it is

preferable to carry out predominantly the transesterification reactions represented by
19




recovered for recycling, and cycled back and thus reused in the reaction(s)
represented by reaction fornulae (ElI) and/or (E3), with (El) being
particularly inportant. That is, in the case of carrying out the reactions
of the above reaction fornmulae (El to E4) using a first nmulti-stage
distillation colum and a second 25 nulti-stage distillation colum

accor di rfigrmolaeH& 1paoddER) af thehfirspmedtestagendistiltation, columi sang thefrefesiol thet o
carry out predomnantly the transesterification reactions represented by

19 f or mikaetidrEliquid wdntaidingi the Eiémbtit Tharibrdtés ithdeawin o tret lower portiom, and
then feed the reaction liquid containing the aromatic carbonates w thdrawn

fromt h%f'tﬁ%blm iritethe Qécéﬁlfnﬁmli-ﬁfﬁyfé ANEMtRA SHHPRGiRar kS brafer

distillation colum either as 1s or ter renoving the starting materi al

and/ or 1 gﬁﬁ)ﬂﬁ LA t&m aﬁﬁf&%«;ﬁ%&%gpﬂﬁﬁ’% QPE}) Frytscg.ﬂ aPsfe?ommanélc\fce

di spr opor I on rea on represen

t he S di ar Fbre d n whi ch
the Sby P diRRiBRSeRRligs if%afﬁmfsﬁa%seeﬁtt%d by RIS e afelicBlob T on o
the distill | u a gaseous_ fqrm t hrqugh di still ati and is
hen puriSradliam! ERebatay HEer e Proferale (o AU8e slebdf Miehlem er 1 al 1 or
formula (ElI'). 10 The annunt of the catalyst used in the present invention
varies ddppiegusgd @liphatiecarpenats IStwéhttram fyem the dppef n@rttqr\o@f toe digfillation
reactor, the types and proportions of the aliphatic carbonate and the
aromat i ccdhynnmxga gasgous fdrm dmdugbatistillation oantd is the pusified ibrecassary heforen
tenperature and the reaction pressure. The anobunt of the catalyst used is
gener al Iheing reusetingestattiig oat&ridld6dfonmuiD(E4)by wei ght as a proportion 15 of
the total weight of the aliphatic carbonate and the aromatic nonohydroxy
conggund fed iThe MABKNTEL thie- Ry St lﬁgéwmqaéairé%r& m&tmmue%saéﬁérﬁuy@bﬁ

proposed for increasing the reactlon rate. A publicly known
transest A8 of a
o Sescs B 8 HRTAaheL ok 990 1% ofhBebel Vo556 Bha bRASIHATof

aliphatic carbonate and the aromatic hydroxy compound, and reaction conditions
such as the reaction temperature and the reaction pressure. The amount of the
catalyst used is generally in a range of from 0.0001 to 50 % by weight as a proportion

15  of the total weight of the aliphatic carbonate and the aromatic monohydroxy
compound fed in.

Many metal-containing catalysts are known as catalysts proposed for
increasing the reaction rate. A publicly known transesterification catalyst can be
used in the present invention. For a process of producing an aliphatic-aromatic

20  carbonate or a mixture containing an aliphatic-aromatic carbonate and a diaryl
carbonate by reacting an aliphatic carbonate and a aromatic monohydroxy
compound together, examples of catalysts that have been proposed include Lewis
acids such as transition metal halides and Lewis acid-forming compounds (see, for
example, Japanese Patent Application Laid-Open No. 51-105032, Japanese Patent

25  Application Laid-Open No. 56-123948, Japanese Patent Application Laid-Open No.

56-123949 (corresponding to West German Patent Application Laid-Open No.
20



20 carbonate or a mi xture containing an aliphatic-aromatic carbonate and a
diaryl carbonate by reacting an aliphatic carbonate and a aromatic
nonohydroxy conpound together, exanples of catalysts that have been
proposed include Lewis acids such as transition netal halides and Lew s
aci d-form ng conpounds (see, for exanple, Japanese Patent Application

Lai d- Qpe52i84.12 S Brifiétp Patent N 995 3ba ind tU. 35 PapsritiNg t4 182 726) ) tidpempdunds
56- 123948, Japanese Patent Application Laid-QOpen No. 56-123949

(corres %Ql&ﬁid%gorﬁgnMﬁi allgxides aﬁatcﬁghné\nw oxidds Qe firtkxapepleNdapatieseb28412,
British Patent . 1499530, and U.S. Patent No. 4182726)), tin conpounds

h s . i :
Japanesd R B S O B e et et
German Pat ent... ' L.QR ' n i :

Appl i cat'i &ﬁ'%g?@eageﬁ’%hb%%?@%ﬁ%&&éé%g@ﬁ@@ Kggﬁ%‘:da?ﬁp?rﬂ‘t ﬁgi d- Open
App! Poat oS0, dAERBRORE A1eid. ARRIRALON Lag DBeg N A TPR44A oRBRRTRMd R °
Patent Abf PRI 1423108 angnese SE4GRLARPIGalioa LA OPEnlR: S-4 O8R! kal i
metals and al kaline earth netals (see, for exanple, Japanese 10 Patent
Appl i cat(tomespontingtnUNS. Patent Neo 32527 Déhadapangsr Ratent Awplication baidngpen
Japanese Patent Application Laid-Open No. 57-176932), conplexes of netals

such aNa.@$H_a77345,alapandse iRatemt Applicatien Laat-Opearidd.c1-26ap63k salt®andnt
Application Laid-Open No. 57-183745), titanic acid esters (see, for

exanpl e,a|kedides6FalRali eiitalsAid alkaline Bakhimetare@edofor Tkatile fapanese
(corresponding to U S. Patent No. 4410464)), 15 m xtures of a Lewis acid

and ;@ pr ' ' 3 IfbEakard
1 B Aol o ot RSoom e s s (485 gl nge

d . Bi. : i
oot ont  agAnest patht Afbicalion [RiPOPENMNG, 872176852), bBmARERFnct 080657 |

exanpl e, Japanese . . N
P! € asé pper, ifon and zirconium (see, for example, Japanese Patent Application

Laid-Open No. 57-183745), titanic acid esters (see, for example, Japanese Patent
Application Laid-Open No. 58-185536 (corresponding to U.S. Patent No. 4410464)),

15 mixtures of a Lewis acid and a protonic acid (see, for example, Japanese Patent
Application Laid-Open No. 60-173016 (corresponding to U.S. Patent No. 4609501)),
compounds of Sc, Mo, Mn, Bi, Te or the like (see, for example, Japanese Patent
Application Laid-Open No. 1-265064), and ferric acetate (see, for example, Japanese
Patent Application Laid-Open No. 61-172852).

20 A catalyst that catalyzes the disproportionation reaction may be used
together with such a transesterification catalyst. Many such catalysts have been
proposed. Examples of disproportionation reaction catalyst include Lewis acids and
Lewis acid-forming transition metal compounds (see, for example, Japanese Patent
Application Laid-Open No. 51-75044 (corresponding to West German Patent

25  Application Laid-Open No. 2552907, and U.S. Patent No. 4045464)), polymeric tin

compounds (see, for example, Japanese Patent Application Laid-Open No.
21



Pat ent Application Laid-Open No. 61-172852). 20 A catalyst that catal yzes

t he di sproportionation reaction nay be used together with such a
transesterification catalyst. Many such catal ysts have been proposed.
Exanpl es of di sproportionation reaction catalyst include Lewis acids and
Lews acid-formng transition nmetal conpounds (see, for exanple, Japanese
Pat ent 6@p6944 {ammrespioddiDgeto WS, Patemoiva45a411035s somfioupds Fepeasentast byin
Pat ent 25 Application Laid-Open No. 2552907, and U. S. Patent No. 4045464)),
pol yrer ithe igenerdl domouladd-X(s€30OH, wheeeinrvplmseléatmirfma Sratnd(Ti Agmd Rdat i on

Lai d- Open No. 21 60-169444 (correspondi ng to U S. Patent No. 4554110)),

conpoundse|éed fop hifhovdlent h@dm@h P p8AseeRoklexahipte, Ydprineise Patest
selected fromSn and Ti, and' R is ect ed from nonoval ent hydrocar bon
gr oups L NBP£552¥04
80- 1654 '88#%&%@??5%3 '}'%"’%5‘2.89%%? oI 600} A NPT R s2Re)

Lew s acj . |

Appl ?caﬁ%}ﬁﬁg-oﬁ s8R 84 A3 %§{dr<§|§%8%a%a<aﬂfp‘féu%§%nE§%2‘ﬁemo.
4609501 ca st exanpl e Pat eqt | i on
Lai d- opdnlisafon LSREBRFR e (ST 30 16 3T hcin @aﬁ%ﬁm nf@gﬁ%ﬁﬂi
exanpl e, Japanese Patent Application Laid-Open No. 2650

conpoundead §@@Iy%(se@(ém@mglspda%@%PmmpAw%la@!ﬂ p R Open No.
1- 265063), and conmpounds of Sc, Md, M1, Bi, Te or the like (see, for
exanpl e, 93@@@vewrmanand z\pqamw'atqompmd&(@penfqm@xampi%mﬁese &atant

catal yst can al so be used as a disproportionation reaction catalyst in the

second ApplicativadeidiOpenlNat 1-265062),tin dampoursisused, fddixaimple| Japanese
descri bed above; because catalyst is contained in the reaction liquid

contigi nipgtehhBpAlicatinhilGid-Oped NONRI2650606), HHdesmpoonds bEStover MmmBii Ten of
the first nmulti-stage distillation colum, a preferable nethod is to feed

s e SrAFTRY (Gof F0PORTER, Pk it PHI PRI EaitoBEh 1A 0506k
Such a catalyst can also be used as a disproportionation reaction catalyst in the
second multi-stage distillation column that is used additionally as described above;
because catalyst is contained in the reaction liquid containing the aromatic

156 carbonates withdrawn from the lower portion of the first multi-stage distillation column,
a preferable method is to feed both the aromatic carbonates and the catalyst in the
reaction liquid into the second multi-stage distillation column and carry out the
disproportionation. !{n the present invention, the starting material and the reactant
are subjected to reactive distillation using a multi-stage distillation column. If

20 clogging of the distillation column or deposition of a catalyst-derived component on
structures in the distillation column occurs, then continuous stable production may be
impaired. Thus, of the above metal-containing catalysts, one that dissolves in a
liquid phase in the reaction or is present in a liquid form during the reaction is
preferable. Moreover, in terms of the reaction rate and the aromatic

26  carbonate-obtaining reaction selectivity, the metal-containing catalyst is preferably an

organic titanate. Examples of such organic titanates include titanium compounds
22



di sproportionation. In the present invention, the starting material and the
reactant are subjected to reactive distillation using a nulti-stage
distillation colum. If 20 clogging of the distillation columm or
deposition of a catal yst-derived conponent on structures in the
distillation colum occurs, then continuous stable production may be

i npai r edeprEseatedby THOXahawteereirt Xlis awataiated gliptatad group, havirg 4 hab airbaol ves
ina liquid phase in the reaction or is present in a liquid formduring

the reagkdds dran MVEGRILPD IR t¥iBRY 86mpblnd eldekcrf reb?@se’rﬂé@byqn((l‘ﬁﬁe(@lﬂd
the aromatic 25 cafbonate-obtaining reaction selectivity, th

met al - CQIHAEIN X% S¥aRlkidd ?mﬁt ,gfi'bﬂ IhaviHy 4 95 Sgﬂ?ﬂrﬁoﬁ hf&ﬁ@b?an@?ﬂf%bﬁé, of

such organic titanates Inc um cdnpounds 22 represent ed

11 (00 4 anff 986 Lol BicheB@ b AErk fle 80N Ly BB ddHbrd fotef

at ons or an ary gro , tan u corrpou represente

Ti (O sasa rat hatl rou avin 4t06carbon
LS A%”Th@?@w formiipeied GRr G i %mﬁa?iﬁ%gpﬁans HofkoyBe i ol by
foIIovmn general fornmulae (8). 5 and (9) X's in fornul a and (9)
may eac® pédeonsledt tor e angther. r’rd%"BEﬁRé’terrﬂ}/a dghct ﬁ%ﬁ%@@nwﬁﬂeowfgpﬁ@mu!a
Moreover, an adduct between a conpound of fornula %9) and XCH,

wher ei n (8 o&(9) angt XPhk aheseinph is a satirates aliphatig gdromhav'@ar thG cats or an
aryl group, can also be preferably used: IXIXIX OX OX XOf Ti-0O

- Ti - O-Tiat@Ks dv an aryl HOPi can alsh beOgredrably Gsed: OX OX XOQ \OX 10 (8) (9)

(|)X CI)X Cl)X
XOTTi—OH—Ti—O—Ti—0X
ox ox Ot

| i OX o) o)
xo(—Tlu o)a—le OX T

i
XO/ \OX
10
(8) (9)

(wherein X represents a saturated aliphatic group having 4 to 6 carbon atoms or an

aryl group. a represents an integer from 1 to 5. b represents an integer from 1 to 4,

and c represents an integer from 0 to 4, withb + ¢ = 4.).
15 Examples of such organic titanates include titanium tetrabutoxide (isomers),

titanium tetrapentyloxide (isomers), titanium tetrahexyloxide (isomers), phenyl
titanate (Ti (OPh)4) (optionally in the form of a phenol adduct), and titanium
tetra(methylphenoxide) (optionally in the form of a cresol adduct), and as examples
of compounds represented by formula (8) or (9}, compounds having the following

20 structural formulae, for example, butoxytitanate dimer, phenoxytitanate oligomers
such as phenoxytitanate dimer, phenoxytitanate trimer, and phenoxytitanate tetramer
(isomers), phenoxy-salicyl-titanate oligomers such as phenoxy-salicyl-titanate dimer

23



(wherein X represents a saturated aliphatic group having 4 to 6 carbon
atons or an aryl group. a represents an integer from1l to 5. b represents
an integer froml to 4, and c represents an integer fromO to 4, with b +
c = 4.). 15 Exanples of such organic titanates include titanium
tetrabut oxide (isoners), titaniumtetrapentyloxide (isonmers), titanium

t et r ahexaridophettoxy-salivgl-titanafehtzinyér, titsinate dineers Trort Pens) anad pispheabl &, and t he
formof a phenol adduct), and titanium tetra(nmethyl phenoxide) (optionally

in the fipanatefiribets @9 pREABIGNG bispHensl Ao X dnibras of thesaipbility somgpouesdent ed
by formula (8) or (9), conpounds having the follow ng 20 structural

for mul aeoonmh.r@%m Eio Y1 Storhsé baPaidiedliidre pRiERML i tanate ol i goners
such as phenoxytitanate dimer, phenoxytitanate trimer, and phenoxytitanate
tetramer (isonegy, plmﬁloxy-sal icyl-titanate oligonmers such as
phenoxy-sali cyl /tl tanate\dimer 23 and phenoxy-salicyl-titanate trinmer,
titanate dimergfrom phen and bi sphenol A, and titanate trinmers from

phenol and bisp noloA terms of the soI i I|ty orrpoun cont ai ni ng
from2 tRy6 Ti a r-rlrml ecu&g are pr ef BI e. Ti,-~0,,
Bu OBu Bu @E% 0\@ BuO Ti - ~ Bu CBu OBu 2
GBu 5 Ove B &3 00 Bu(BuO-\—TBBHOfTI— )7TI—'OBU
MeO* CH2) - 0- (- -: Ti -
Bu Bu Bu 2 OBu
5
OMe
CH
BuO_ OBu ( 1 2)
N_ 0O
BuO / \ OBu MeofCsz—so{—Ti—o);(—Cszé—OMe
'\
BuO \ O~ 0/ OBu 1
g (CHa) 5
BuO OBu OMe
¢ x(PhOH)
OPh OPh OPh OPh
PhO—Ti—O—Ti—OPh PhO—Ti—O—Ti—OPh
OPh OPh OPh OPh
OPh  OPh  OPh ClJPh OPh  OPh
| | | | |
PhO—'Il'i—O Ti—O)-Ti—OPh PhO 'il'i O—Ti—O—Ti—O0OPh
10 OPh  OPh 2 OPh OPh  OPh  OPh
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343 BuOT- OBu OO 1 Ti~O(CH) 3 BuO OBu OMe x(PhOH) ©OPh OPh OPh O
Ph Phu Ti-O Ti-OPh Phu Ti-O Ti-OPh OPh OPh OPh OPh OPh OPh OPh OPh OPh CPh
PhO-Ti-O ~Ti-O Ti -OPh Phu-11 i-0-ii-Oii-OPh 10 OPh OPh 2 OPh OPh OPh CPh
24 OPh iPh iPh Phu Ti-O Ti-O Ti-OPh x(PhOH) OPh 0 OPh i Ph OPh i Ph

PhO Ti - OPh Phu -OTi
oPfhno O

i r']l'i -@bﬁh OPh OPh 2 OPh PhO /OPh x(PhCH)
G Ti ~0O o~T1 Tllu 1/03h| bu\l\ Il Ti %~CPh O PO/ O . -0 Ti
Pho/ A\ Ol 60— Ti— 0—Ti—O—Ti—OPh * x(PhOH)
(l)Ph c|) OPh C|>Ph OPh ?F’h
PhO—'I:'i—OPh PhO—1|'i-—O<<-Ti—O)—Ti——OPh
OPh OPh  OPh 2 OPh
Q PhO_ | OPh | PhOH)
O O/TI\
O--.T!i \Ti-’o PhO\T./ XI_./OPh
| |
/ \ ~
g \0/ \ D PhO/\O / OPh

!
PhO OPh
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o/TmI Ti O0O0OTi_/ Ol i I I~\/ 5HCCH 25 OPr OPr Hz )2 (i H2)2
OO0 PrO-CH2 20f -Ti-O-fCH2 2 OPr Pro-ECH2 ~O-Ti-OCH2 2 OPr 412 OO
CH2) 2 ~ CH2)2 OPr OPr The nost preferable exanples include organic
titanates having at least one Ti-OTi |inkage therein. Since organic
titanates have a rel atdypgl y hi gh vapor 5 pressure, co mnation with the
cat al yst conponent may| occur when purifying a produc? aromati c carbonate
by distillation. To ¢ ce the vapor pressure of th t.al yst conponent,
it is preferable to(n dporgani c titanate having tC I?'&t one Ti-OTi

| i nkage t herein. es of such conpounds that can e uSed are conpounds
represent ed by above fprmul ae (8) and (9). 10 A catal yst as above may of

E:n(;;rgg }l,dzf_é)éhé , s_E @&dﬁt the | sp ort iionat )sz reﬁt | or(r;nt hat
t he

tade
col um. Mbreover, atal'yst co onent may of ursi havé bee reacted
with an organic corrpo@d present in the reaction syst@m such as
al i phatic al cohol, ttu ))mat i ¢ nmonohydr oxy conpoun({ W? al kyl aryI
car bonat e, C

O OPr

The most preferable examples include organic titanates having at least one
Ti-O-Ti linkage therein. Since organic titanates have a relatively high vapor
5 pressure, contamination with the catalyst component may occur when purifying a
produced aromatic carbonate by distillation. To reduce the vapor pressure of the
catalyst component, it is preferable to use an organic titanate having at least one
Ti-O-Ti linkage therein. Examples of such compounds that can be used are
compounds represented by above formulae (8) and (9).

10 A catalyst as above may of course also be used as a catalyst for the
disproportionation reaction that may be additionally carried out in the second
multi-stage distillation column. Moreover, the catalyst component may of course
have been reacted with an organic compound present in the reaction system such as
an aliphatic alcohol, the aromatic monohydroxy compound, the alkyl aryl carbonate,

15 the diaryl carbonate or the dialkyl carbonate, or may have been subjected to heating
treatment with the raw materials or products prior to the reaction, in which case low
boiling point material may have been distilled off.

In the present invention, there is no need to use a reaction solvent, but a
suitable inert solvent such as ether, aliphatic hydrocarbon, aromatic hydrocarbon, or

20 halogenated aromatic hydrocarbon may be used as a reaction solvent with an

objective of facilitating the reaction operation, bringing the reaction to completion or
26



15 the diaryl carbonate or the dial kyl carbonate, or may have been
subjected to heating treatnent with the raw materials or products prior to
the reaction, in which case low boiling point material nay have been
distilled off. In the present invention, there is no need to use a reaction
solvent, but a suitable inert solvent such as ether, aliphatic )

hydr ocathelike.ar Muetoverhgs acubstamce that isdoeti stithyrespectodherreactiomyanddegftbon
may be used as a reaction solvent with an objective of facilitating the

react i oya@RRIchtaRitrogeh NI hargematdydre tradecioitiepresenbin thegeaktion i ke.
Moreover, as a substance that is Inert with respect to the reaction, and

I nert %?§te?ﬁ,°£hcﬁ§:itﬁiérf 88tivd 81 $pEBding apdRe diaingeoffBiibW boilieg poirtent i n

the reaction system and wth an objective of speeding up the distilling

ff of | i L L.nt: . . . :
ot o Pg‘éﬁ@@hl:{sngu&?éﬂtlﬂ%ﬁbﬁgIaﬂﬁeﬁ\ﬁgntaﬂfﬁ piht d?@:tﬁﬁlc%ﬁwpd?fnthwa iABAt i ng

i
point o corpoun respect to the reaction, may be

I ntroduced into om the | ower rt. ' | & ge

di st Pl | a\”{'ﬁbF?SESP {ﬂ.lthpr[egc éﬂﬁggﬁdbﬁ&%@t @?%@BF {yegg%i a ‘e&'y ?)fth uced in
the present invention are, gﬂ i Phat i c-ar.omatic carfbonat es represented by
fol | owi f@NtiBHaUs Myttsstagegishllation; column g 4 9a3eaUS PP esent ed by fol | owi ng
formula (4): ~OO0,00- R2ZY Are Are Y Ar2 10 OQ (3 céél% (wherein R2
and Are in gerdesaromatiacarbopatesiadyesd iy thenresentiBvelidae g Art in the
starting material and the reactant, respective!y.t). Exanpl es of

al i phat ialiphaticaromatia.cartroazdes representeddy following fepvula B @adier a diarflor nul a
(3) include butyl phenyl carbonate (isoners), pentyl phenyl carbonate

(i soner Qarb&ueatel rephszevited by Bslivating forsmutard)., and butyl tolyl carbonate

(i somers).
O O
RZ/OTO\AF A \H/ SAr
O

10 O
3 (4)
(wherein RZ and Ar? in general formulae (3) and (4) are the same as R' and Ar' in the
starting material and the reactant, respectively.).
Examples of aliphatic-aromatic carbonates represented by the above general
15 formula (3) include butyl phenyl carbonate (isomers), pentyl phenyl carbonate
(isomers), hexy! phenyl carbonate (isomers), and butyl tolyl carbonate (isomers).
Examples of diaryl carbonates represented by the above general formula (4)
include diphenyl carbonate, ditolyl carbonate (isomers), dixylyl carbonate (isomers),
dinaphthyl carbonate (isomers), di(ethylphenyl) carbonate (isomers), di(propy!lphenyl)
20  carbonate (isomers), di(butylphenyl) carbonate (isomers), di(trimethylphenyl)
carbonate (isomers), di{methoxyphenyl) carbonate (isomers), di(chlorophenyl)
carbonate (isomers), and di(nitrophenyl) carbonate (isomers).
In terms of efficiently shifting the equilibrium toward the product system, the
reactor used in the present invention is preferably a mutti-stage distillation column,
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Exanpl es of diaryl carbonates represented by the above general fornula (4)
I ncl ude di phenyl carbonate, ditolyl carbonate (isoners), dixylyl carbonate
(i somers), dinaphthyl carbonate (isomers), di(ethylphenyl) carbonate

(i somers), di(propyl phenyl) 20 carbonate (isomers), di(butyl phenyl)
carbonate (isoners), di(trimethyl phenyl) carbonate (isoners),

di ( met hasigtpaeontihucus protess usirgpaendi-stati€ distibatoprhesiyimn being ipantigudarty
(isomers), and di (nitrophenyl) carbonate (isoners). In terns of efficiently
shi fti ngpréferaisigui Mhermum-stage diktillatom collingt issy sistifatiér eolunerahavingwsed in
the present invention is preferably a multi-stage distillation colum, 27

Wi th a GHelfjer BelnRE Fe%% tHah Mo AthErética’ Hﬁsﬁﬁaﬁi?rf Sidgeaithéreire, drigmaleng

particularly  preferable. The nulti-stage distillation colum is a

distill aatdgfgh&?:gt%waa{f%\ﬁiaﬂ%sacon?ihpﬁajs idﬁéfiliﬁg%rai -rrgl;n/e Q‘E.ﬂfi-g'téfg%di%ﬂﬁéﬁ&n"‘&ﬂumn

t heoretic 'on stages ereiln, n uch one that
enables continuyous distillatiopn The | t1,-St Il stl]Lati C 5 may
e of oL R AT A sereai frd s, 1 Efohie ¥ ALoOUBM hRbafly TS uch
as bubble-cap trays, sieve trays, ,valve trays_ or counterflow trays, or a
packed %&\%ﬁ?‘iga@g EdSIRYE K"agﬁy"%i’e vy F&Eé’OHQKq{ﬂﬂ‘%raé’ﬁc R QQQQEIE@ I‘?Pﬁ'"?rl' ngs,
Lessing rings, Pall rings, Berl saddles, Intal ox saddles, D xon packings,
MeMahon Regked with ameof varigus magkings sydras Reschig nings. Aesringringsy Eddings. a
tray-packi ng m xed col um having both a tray 10 portion and a portion
packed \Berhsaddies ngtaloasatdiepr Bixengiackingse Mchaleon packipgsdHelbtiakt Hulzer
conti nuous process using the nulti-stage distillation colum, the starting

mat er i alpagkihgshor Mellapgaknt Furthetimiote, rautragipackied mixed ddemadravingiboth a tray
multi-stage distillation colum, and reaction is carried out between the

two 1pN Bdriiéh BAd RhesHioRpadked ¥dth ﬁéﬁﬂiriﬂqso&mse iplefefgblpueadncwisdn tagying

netal -containing catalyst in the distillation 15 colum, while a high

boi |1 ng kKK chAfIdUYprBEss! LEINGAAE #hittitdadd dish I%Eﬂgﬁ{rﬂ Sfartigg bonat e

or mxture rEO% aronmatli c car%onatés I'S COﬂtIé‘IUOUS[y W t rawn fromthe | ower
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distillation column, and reaction is carried out between the two in a liquid phase or a
gas-liquid phase in the presence of the metal-containing catalyst in the distillation

15  column, while a high boiling point reaction mixture containing the produced aromatic
carbonate or mixture of aromatic carbonates is continuously withdrawn from the
lower portion of the distillation column in a liquid form, and a low boiling point reaction
mixture containing by-produced material is continuously withdrawn from the upper
portion of the distillation column in a gaseous form through distillation, thus producing

20 the aromatic carbonates.

In the present invention, because the reaction takes place in the muiti-stage
distiliation column in which the catalyst is present, the amount of reaction products
produced generally depends on the amount of hold-up in the distillation column.

That is, for a given column height and column diameter, the greater the amount of

25 liquid held up, the better, in the sense that the residence time of the reaction liquid in

the distillation column, i.e. the reaction time, can be made longer. However, if the
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m xture contai ning by-produced material is continuously wi thdrawn fromthe
upper portion of the distillation colum in a gaseous formthrough
distillation, thus producing 20 the aromatic carbonates. In the present

i nvention, because the reaction takes place in the nmulti-stage
distillation colum in which the catalyst is present, the anmount of

react i ommowdwf liguiddreld wped toe highalthen depdathe tnmgtﬂeelc@mamme;fprndu@nmp in
the distillation columm. That is, for a given colum height and col umm

di anet elof birroduetstvill btefrﬁommeuﬂtaﬁd fldadihg quill Be lpebde tpoctire Hdetamountoft he
sense that the residence tine of the reaction liquid in the distillation

col um, |iquR hélBQJpﬁﬁQﬁé Idmnlhtuai?comﬁh bsedwiithd pregent inkentorerwhiid podeibly28
anount of I|qU|d up is too high, then due to the Iong re5|dence tlne

pr oduct %eﬁéﬁn&pﬁ%% ?H' ﬁtﬁﬁup e dan ﬂ%l&‘aé%@"tﬁ@dl@tﬂlétn&?c@lhﬁﬂﬁ to

occur. stiflation colum used in the
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from 0.005 to 0. 75. In the present invention, if areflux ratio is

i ncreas®d/5-t hen the effect of the ali phati c al cohol bei ng distilled into

t he vapor phase is increased, and hence the 10 concentration of the

ali phatic al ciimthe presentinvention,dfva refiworatiods imerensed theadhe afeetefithei f t he
reflux ratio is increased too nuch, then the required thermal energy wll
becone aliphati¢ leohnhbeingidistiled éusﬁortabl\mpok/bhasais incoeasedhandthemcedhet he

al i phatic al cohol can be carried out after withdrawal fromthe distillation

col ypm, ceRdenti@tisitof thel aliphatic afstbol irtihet Witisdrawn por icahlbixinegeasBae ref | ux
ratio is thus generally in a 15 range of fromO to 20, preferably fromO to

rlgpr esem&ggévéwr fhe reHikTafig i McRShsd tobthuéh, ANER THE Féduirdf thefmBRERé My
will become excessive, which is undesirable. Moreover, concentration of the
aliphatic alcohol can be carried out after withdrawal from the distillation coiumn, and
hence it is not essential to carry out refluxing. The reflux ratio is thus generally in a
15 range of from O to 20, preferably from 0 to 10.

In other words, when carrying out the transesterification mainly represented
by reaction formula (E1), the aliphatic carbonate, the aromatic monohydroxy
compound and the catalyst are fed into the multi-stage distillation column after having
been mixed together or from separate positions, and the product aromatic carbonates

20  are continuously withdrawn from the bottom of the distillation column in a liquid form,
while a low boiling point component containing the by-produced aicohol is
continuously withdrawn from the upper portion of the distillation column in a gaseous
form through distillation. In this case, the catalyst may be fed into the multi-stage
distillation column from any position, so long as this is a stage above the bottom of

25 the distillation column. Moreover, when carrying out the optionally additionally

carried out disproportionation mainly represented by formula (E4), the
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by reaction formula (El'), the aliphatic carbonate, the aromatic nonohydroxy
conpound and the catalyst are fed into the nmulti-stage distillation colum
after having been m xed together or from separate positions, and the
product aromatic carbonates 20 are continuously withdrawn fromthe bottom
of the distillation colum in a liquid form while a I ow boiling point
conponerdlipbatic-aromatic chebdnate aaditbe datdlystizoe fed intodhe imulthstage distitiaticann
fromthe upper portion of the distillation colum in a gaseous form

t hr ough abilgrhih| &ad thee prdduct disgylaasbonateds cahtihysuslyaythdeavie fromnthe botbom
mul ti-stage distillation colum fromany position, so long as this is a

stage ahg\tRe GRRIIBASA e&uﬂin #Pa W:gﬁld%ﬁ’h' Whié ia0Bwasdiliig ?OMEZQ @pohenthen

carrying out the optionally ad itionally carried out disproportionation

mainly r @ﬁﬁ@ttﬁg t@xprfo%%ﬁ%nguﬁﬁc chitenate %'6091? bﬁsﬁrﬁﬂﬂréﬁrnq‘?drﬁ%éte and

t he cata I nto | -Sstage di st atlo colum, and the

G st atfdp%ﬁfegﬁcﬁWﬁﬁtcﬁsg%a@ﬁ%q%ﬁﬁﬁ b%@g%iﬁ@rfwgo. | %;ﬁﬁgﬁgﬁ%i%ﬁﬁleh?e
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through distillation. The reaction tenperature varies dependi ng o

types ofmatesiakthe reagiantnandithgicatalyst, putthedempesature pé thesbeltgmiof t %t the

tenperature at the bottomof the nulti-stage distillation colum is
gener al Imulticstage aisdifation tolums® gensdslhyCn araige abirgm 30 346G iprefegalgy
Mor eover, the reaction pressure varies depending on the types 10 of the raw

mat er i aIfrcﬁmmmln(ESOS@ed,Mdbmweeam r@arctiopngresstne wriesdiexenaing andhertypesbe
any of a reduced pressure, normal pressure, or an applied pressure, but is

gengpal |of thd rawmaefiaPéormpsihds bséd, theG¥abiloPmperat@sand o onpanditaase
that the aromatic nonohydroxy corrpound I's phenol, and RL in the aliphatic

car bonatt?ea 14 réauwﬂ]?éﬁggﬁea ldoI{gi 2F pRisRLRE Al 4 éaplfémsﬁésgufe eRefAt i on

under the c |t|on essure to an applied pressure,

gener al lg}'ene?aﬂl ind'Bih g% of(frr&WdW 158! 0>Pf09§§é” %or example, in the case that the

aromatic monohydroxy compound is phenol, and R in the aliphatic carbonate has 4
carbon atoms, it is preferable to carry out operation under the condition from normal
15 pressure to an applied pressure, generally in a range of from normal pressure
(approximately 101 KPa) to 2.0x10 Pa, and so that the low boiling point component
containing the by-produced alcohol can be readily withdrawn in a gaseous form, the
pressure is preferably in a range of from 110 KPa to 400 KPa, more preferably 160 to
300 KPa. On the other hand, in the case that the aromatic monohydroxy compound
20 is phenol, and R’ in the aliphatic carbonate has 5 or 6 carbon atoms so that the
by-produced alcohol can be removed from the reaction system efficiently, operation is
preferably carried out under the condition of reduced pressure, generally in a range
of from 100 KPa to 100 Pa, and so that the temperature at the top of the distillation
column does not become too low so that the low boiling point component containing
25 the by-produced alcohol can be readily withdrawn in a gaseous form, the pressure is

preferably in a range of from 100 KPa to 1 KPa, more preferably from 100 KPa to 10
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(approximately 101 KPa) to 2.0x107 Pa, and so that the | ow boiling point
conponent containing the by-produced al cohol can be readily withdrawn in a
gaseous form the pressure is preferably in a range of from 110 KPa to 400
KPa, nore preferably 160 to 300 KPa. On the other hand, in the case that
the aromati c nonohydroxy conmpound 20 is phenol, and Rl in the aliphatic

car bonaKPahasTHe addifionallybcarriet! @w dispropartiohaton sagtioadnay beadarnédbutan be
renoved fromthe reaction systemefficiently, operation is preferably

carri edsphilarynddth thEispropbitionation résstivhesenarahs preferaphnbeinglcariied aut ange
of from 100 KPa to 100 Pa, and so that the tenperature at the top of the

di still ahH8ha cofHifidA d?%alf!l&q{) pRasame too low so that the | ow boiling point

conmponent containing 25t y- produced al cohol can be readily withdrawn in
kPa. more pr oty HTS/BHERE et e Erat qdioh IR BmateREONNER?, (0 T
i s opBrBHIa o R B R Mot Rlef 5Pl 4 el it tbafrielas SsihitdEe, o
nvent | BTRtPdak AREAGHE ﬁ%@?yﬁa@a&%‘%%ﬁgéﬁéé?@i? FIaTt, B5 A ERIAGBN Ry NG
continuously feeding an aliphatic carbonate as a starti n? material, an

ar omat | catalirsdiytartbs yntatramdistiiation eclomingo as ie bangabgy feAtigNNARGY
catalyst into the nmulti-stage distillation columm so as to bring about

r eact i oopntimubusdyowithdrasving yrom aHdweanpadioirafithe dobwan ipadiguishfoom ameenatisl umm
inaliquid formaromatic carbonates obtained fromthe starting materi al

and t he catmiated obtaiiddefredrtherstartinl yna@rial Ahd tesvrexgtant! while ichatineausly on
systemin a gaseous forma | ow boiling point conponent containing an

al cahol wWthdrAVAFE GRA of the RfactiBAGlsidn uF‘e{rgtd%ébUQ F&rm hNewdoiliypdiat added a
step of continuously feeding info a second multi-stage distillation colum

R A B R S AR
starti nﬂ'na%e? Ehged % 8 of cgﬁﬁﬁ%usly feeding into a second multi-stage distillation
column the reaction liquid withdrawn from the lower portion of the first multi-stage
distillation column either as is or after removing the starting matertal and/or reactant
16 therefrom, carrying out a disproportionation reaction, continuously withdrawing out of
the reaction system in a gaseous form by distillation a low boiling point component
containing an aliphatic carbonate by-produced in the disproportionation reaction, and
continuously withdrawing from a lower portion of the second multi-stage distillation
column in a liquid form aromatic carbonates including a diaryl carbonate. Itis
20 preferable to carry out this step so as to increase the yield of the diaryl carbonate,
and also recycle the aliphatic carbonate by-produced in the disproportionation
reaction.
The liquid containing the diaryl carbonate withdrawn from the lower portion of
the second distillation column is generally introduced into a distillation column so as

25 to purify the diaryl carbonate by distillation. The diaryl carbonate is withdrawn from

an upper portion of this column in a gaseous form, and high boiling point material
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15 therefrom carrying out a disproportionation reaction, continuously

W t hdrawi ng out of the reaction systemin a gaseous formby distillation a
| ow boiling point conponent containing an aliphatic carbonate by-produced

in the disproportionation reaction, and continuously withdrawing froma

| ower portion of the second nmulti-stage distillation colum in a |liquid

f or m ar moatainingdnbpreauesdimatedidl, fgiea rdamangemanb pradusts of thesardmalicef er abl e

to carry out this step so as to increase the yield of the diaryl carbonate,

and al searigsryates, 4 batalyst gbaiponepdahdzeten kywithdrdueefdomra ldwer portion of the
di sproportionation reaction. The liquid containing the diaryl carbonate

wi t hdr awfrhA™ ThR rhigwonmgrﬁdiﬁnnlaierié| h@a;ﬁ&f@%ﬁ deivnl dstisi BRoAR!doMe | S

generally introduced™into a distillation’colum so as 25 to purify the

di aryl St [ : [; | | from an
upper pﬁ‘?g%%&ﬁﬁi@’@ww rrlﬁgi r%ﬂgl 'g@%’e%d@é %’%g%‘?édéﬁﬁ&k%%eﬂb%‘% %%ﬁg%tl nt
mategial 31 contajning by-nr e r Les_rear ucts
ot fe SPTRATERT. clThirkalb S 8RS R TRET ok Sl ek iTa e R P GREEB A B
froma |l ower portiaon of the_ co]lum. Thjs hj boilin int material may
e bl o3 Bl 38 mareayA freSBlveP oAt Bh BRI < he r on ndor
bei ng recycled and reused as a catalyst 5 conponent. In the case of reuse,
renoval of solAGSORdinGte the predustion precassf thapresentdayentiod, adpeciisd
moreover freshly prepared catalyst may be mxed in. According to the

pr oduct ialiphptio cathenate ishesgst as arstartingamatesial, andsthiscstarting materishaan c
carbonate is used as a starting material, and this starting material, an

ar omat i caromadib ydsnohydioxypoomgoand asreemEctant, andea metabicahtaining aiatalyst are
catal yst are 10 continuously fed into a stage above the bottomof a

nul t1b- stcaptindbed iy fediritd A f84é BBosE thébokte@mbifl ) ehuMtpetiiger distllation, collifin so
aromati c carbonates corresponding to the starting material and the

R S T G e R R
material and the reactant are continuously withdrawn from a lower portion of the
column in a liquid form, while continuously withdrawing out of the reaction system in
a gaseous form a low boiling point component containing an alcohol by-produced in
15 the reaction, whereby an aromatic carbonate can be produced with an increased
yield by a reactive distillation method stably and continuously under advantageous

conditions and with no clogging of the multi-stage distillation column or deposition of

a catalyst-derived component. This is industrially very useful.

20 Examples
Next, the present invention will be described in more detail by way of
Examples, although the present invention is not limited to the following Examples.
The acidity/alkalinity of the liquids was analyzed using litmus paper. The organic
component concentrations in the liquids were measured using a gas chromatograph.
25

1) Gas chromatography analysis method for carbonates
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a gaseous forma | ow boiling point conponent containing an al cohol
by-produced in 15 the reaction, whereby an aronatic carbonate can be
produced with an increased yield by a reactive distillation method stably
and continuously under advantageous conditions and with no clogging of the
mul ti-stage distillation colum or deposition of a catalyst-derived
conpone@ppafitus. GC-2000systert madeesy Shineddidu Cafpdratiopl es Next, the present
invention will be described in nore detail by way of Exanples, although

the present 'V(W)elniérﬁf'aﬂlén apénélyéists%%ﬁlesbhmohol | owi ng Exanples. The
acidity/alkalinity of the Iiquids was anal yzed using litnus paper. The

organi ¢ g Qﬁ?ﬂé%a&@ﬁg&gﬁf waa%vé.gh%éfg%u{ rwn?atgga@wrﬁﬂow ng a gas

chrorratogr chr omat ogr aphy ana yS|s nmet h for carbonates 32

Appar at Ay u i on of
anal ysi ?%S%Ffé%gﬁ‘ﬁ%ﬁ%&gqgmg W%Iaa?%%ctggh éo?ﬁﬁ;?ﬁrngi out,
and appr.gxi mat e t hyl for mam de or | s added.
Appr ®xi ﬁﬁ?%ﬂ%fte%@ed”%? 'ﬁﬁ}%@ﬁ{dwﬁ%sy %&d&é‘ﬁgﬁ @rééﬁb added as
an internal standard, thus prepari the sarrpl e solution for gas
chr omat é@ﬂ'ﬁﬁ%?o&ﬂaﬂﬁgi gas Ct‘%‘“@&ﬁ"%ﬁ'%%‘ﬁ I¥®}J$-aphy anal ysis conditions
Colum: DB-1 (J&W Scientific) Liquid phase: 100% di net hyl pol ysi | oxane 10
Lengt h: 30 m KAsGas chiremstagraplyy asalygis gundifiansi ckness: 1 pm Col um
tenperature: 50C, (raised at 10C mn), 200C, (held for 5 mn, then raised
Column: DB-1 (J&W Scientific)

Liquid phase: 100% dimethylpolysiloxane
10 Length: 30 m
Inside diameter: 0.25 mm
Film thickness: 1 pm
Column temperature: 50°C, (raised at 10°C/min), 200°C, {held for 5 min, then raised
at 10°C/min), 300°C
15 Injection temperature: 300°C
Detector temperature: 300°C
Detection method: FID
(3) Quantitative analysis method
Analysis was carried out for standard samples of standard substances and
20 calibration curves were prepared, and then quantitative analysis of the analysis

sample solution was carried out based thereon.

2) Aromatic carbonate yield calculation method
Calculated as mol% produced of alkyl aryl carbonate and diaryl carbonate
25 obtained based on the number of mols of the raw material (dialkyl carbonate) fed into

reactor. All concentrations are shown by weight.
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at 10C/ mn), 300C 15 Injection tenperature: 300C Detector tenperature:
300C Detection nethod: FID (3) Quantitative anal ysis nmethod Anal ysis was
carried out for standard sanples of standard substances and 20 calibration
curves were prepared, and then quantitative analysis of the analysis

sanpl e solution was carried out based thereon. 2) Aromatic carbonate yield
cal cul ati on net hod Cal cul ated as nol % produced of al kyl aryl carbonate and
diaryl carbonate 25 obtained based on the nunber of mols of the raw

mat er i a|3)((ﬂ1|@d|ﬂfyhugm’tbﬂ0@hﬂh1ytmneﬂidu reactor. All concentrations are
shown by weight. 33 3) Chlorine quantitative analysis method Quantitative

anal ysi s of clay .yt Nenaﬁah |§'0‘F|th$?m\é’5|ﬁ tﬁélilﬁU|8§v%§cé’r$|bHQJUt%|ng jon
chromat ography. 5 Pret eat nent by oxygen comnbustion Apparatus: TOX-1 00

made by em cal Cor por atlon Conmbustion tenperature: 800C 0.1 g
of the séyré g{qgggglﬁnal yzed was taken, and oxygen conbustion was carried

chr ofta LS&LBW)‘S@@E@@? AT Brodn BB UOAR (7L Ve ey s by o
El ectri cal Condugti i by 0ol ot Plisu bR MioniGai Gomorics Removing 1 qui d:
Combustion temperature: 800°C
0.1 g of the sample to be analyzed was taken, and oxygen combustion was
carried out using the above apparatus.
10 (2) Quantitative analysis by ion chromatography method
Apparatus: DX-300 made by Dionex
Detection method: Electrical conductivity detector
Column: AG-4A + AS-4A
Removing liquid: 12.5 mmol/L H2SO4
15 Eluate: 10 mmol/L Na;B4O;
The residue obtained from the pretreatment was prepared into an aqueous
solution, and then quantitative measurement of the chlorine in the analysis sample
was carried out based on a calibration curve that has been prepared using a
standard chlorine sample.
20
Examples
The present invention will now be described by way of Examples. Unless
otherwise stated, pressures indicate absolute pressures, not gauge pressures.
Reference Example 1:
25 [Production of aromatic carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was carried
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15 Eluate: 10 mml /L Na2B40O7 The residue obtained fromthe pretreatnent was
prepared into an aqueous solution, and then quantitative neasurenent of
the chlorine in the analysis sanple was carried out based on a calibration
curve that has been prepared using a standard chlorine sanple. 20 Exanpl es
The present invention will now be described by way of Exanples. Unless

ot her wi seit sbimigesh appaatus as shodndatFdGaibs oAuhiedrigaiklicadaining dig2«eyeyloutyl)
pressures. Reference Exanple 1: 25 [Production of aromatic carbonates by

t r ansesicafhdristal piRshdleasd tiimiurinteuasherroxidd asaasaalyst Grljiiedsash tyat
transesterification reaction was carried 34 out using an apparatus as

shown i bl ] Wall' ki te,
. phenol , raé@d&w%g;[?{buﬁrr%rpgﬁ ??p%%x?ﬁ‘%wgﬂgﬁm Ig%fh%gj%ﬁgzg l?&?ﬂﬁit

di (2- et hyl bHtady) d ' hAA | ' | QUK Q!
30 (ol APUO B afE TEEORhstat BRI, abftkthaleR 800 pRrl Wt iad (OMRENTH | e
fed continuously in 5 a liquid r t, approxi 0

tr anSt o I Forfy pLagp Rrimn@ldhe 1 1567 Hr SR foonTBt Bnel gt phrenghrer 2HliEa

mul ti-stage distillation colum 3 which has.an insid di,apet er .bei,ng 2
nches aWAdle $aag ok aaipuaus M siagn dist RLOTHERINE SAYEDERs 8 Jside of
sieve trays in a_|lower portion of the colum and D xon packings (6 mm

di amet edjamatespeingpdinghas anshadengthdeairg dm, angwhichawes packed Withr2Q ed out .
The heat 10 required for the reaction and distillation was fed in by

ci r cul atstaged oftgieve trays irea llower pontiontdf dime cblunire and IRixon packings (& myonduit 4
and a reboiler 5. The tenperature of the liquid at the bottom of the

cont i nueliEmetdr} in s agpedpsitiohldithe coluehnirandresetionads darried @ubppfbaheat el y

200 C, the pressure at the top of the columm approximtely 27

10 required for the reaction and distillation was fed in by circulating liquid in the lower
portion of the column through a conduit 4 and a reboiler 5. The temperature of the
liguid at the bottom of the continuous multi-stage distillation column 3 was made to
be approximately 200 °C, the pressure at the top of the column approximately 27
KPa, and the reflux ratic approximately 5. Gas distilled off from the top of the

15  continuous multi-stage distillation column 3 was passed through a conduit 7,
condensed by a condenser 8, and continuously withdrawn at approximately 16 g / Hr
from a conduit 11. The liguid from the bottom of the column was continuously
withdrawn through the conduit 4 into a storage tank 6 at approximately 95 g/Hr. A
composition of the liquid withdrawn from the conduit 11 was 2-ethyl-1-butanol and

20  phenol as main components thereof. A composition of the liquid withdrawn into the
storage tank 6 contained approximately 49.5 % by weight of di(2-ethylbutyl)
carbonate, approximately 27 % by weight of 2-ethylbutyl phenyl carbonate, and
approximately 2 % by weight of diphenyl carbonate. After operation, the inside of
the distillation column was examined, but no clogging, deposit or the like was found.

25  The di(2-ethylbutyl) carbonate conversion ratio was approximately 39.7%, and the

phenol conversion ratio was approximately 41%.
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KPa, and the reflux ratio approximately 5. Gas distilled off fromthe top
of the 15 continuous nulti-stage distillation colum 3 was passed through a
conduit 7, condensed by a condenser 8, and continuously w thdrawn at
approximately 16 g/ H froma conduit 11. The liquid fromthe bottom of
the col um was continuously w thdrawn through the conduit 4 into a storage
tank 6 at approximately 95 g / H. A conposition of the liquid w thdrawn
fromthe conduit 11 was 2-ethyl-1-butanol and 20 phenol as main conponents

t her eof -[bedlmﬁbﬁ&ifﬁiia:r?l cdrbbhatd bydispropdrtionation fedoiorlhe storage tank 6
cont ai ned approxi mately 49.5 % by wei ght of di(2-ethyl butyl) carbonate,

appr oxi mat el y Fédfefoh Sedisifl cafbotrftd By dispropoRibeaYibn ¢éastmaivas canted out

appr oxi rrately 2 %by wei ght” of di phenyl carbonate. After operation, the
75 2 e 8 palh i A U S
E?Z‘/d i’f Eﬁfﬂg?*'gﬁ%%g#%%? %@95@31%3%5’@' [ 3574 88 pbPishdtriEy FORGTI™ ¥
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st orage tank in 5 the above process was fed conti nuouslﬁ;gl naliq

f orm at 'ﬁ'rb'ﬁrﬁi&ﬁl%ﬂtsé'“?t'qmgdgmn whigh has anriagideliametes beind, 2 dnenes ﬁter
14 into a mddl e stage of a continuous nulti-stage distillation colum 15
whi ch haength beisg dendandsthich wes pacRed mithet0 stages ofisigvg tayseiang r2agtionind

whi ch was packed with 10 stages of sieve trays, and reaction was carried
out (as wasedriedsiut (hda caalgsty the catalyst sentaimed imethkiliguidiwaasisedes iap i s) .
10 The heat required for the reaction and distillation was fed in by
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temperature of the liquid at the bottom of the continuous multi-stage distillation
column 15 was made to be approximately 230 °C, the pressure at the top of the
column approximately 27 KPa, and the reflux ratio approximately 2. Gas distilled off

15 from the top of the continuous muilti-stage distillation column 15 was passed through
a conduit 19, condensed by a condenser 20, and continuously withdrawn from a
conduit 23. The liquid from the bottom of the column was continuously withdrawn
through the conduit 16 into a storage tank 18. A composition of the liquid withdrawn
from the conduit 23 contained 2-ethyi-1-butanol, phenol and di(2-ethylbutyl)

20 carbonate. The liquid withdrawn into the storage tank 18 contained approximately

45 % by weight of 2-ethylbuty! phenyl carbonate, and approximately 55 % by weight

of dipheny! carbonate.

[Purification of diaryl carbonate]
25 Purification of the diaryl carbonate was carried out using an apparatus as

shown in FIG. 3. Liquid from the storage tank 18 was fed continuously at
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colum approximately 27 KPa, and the reflux ratio approximtely 2. Gas
distilled off 15 fromthe top of the continuous nmulti-stage distillation
colum 15 was passed through a conduit 19, condensed by a condenser 20,
and continuously withdrawn froma conduit 23. The liquid fromthe bottom
of the colum was continuously withdrawn through the conduit 16 into a

st or age apprexib@atelx tiihy é $irtfrayn actonduit 25 viai alp e hdatiers26hinté eaniddiestagedfi t 23
cont ai ned 2-ethyl - 1- butanol, phenol and di (2-ethyl butyl) 20 carbonate. The
liquid vatontirugusi mui-sthge slistillation celknd 27 adhitiahae Greippidexdiamieténbeid§ 2% by
wei ght of 2-ethyl butyl phenyl carbonate, and approximately 55 % by wei ght
of di phapyhesandanahgth bhdthg 2f Cahd Yhich wisHatke 8 HifPDHR pa%iir%i q?f ARt on
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fed in by circulating liquid in the |ower portion_of the columm through a

condui t Badtogm af the egrfinueus naultistage distilation calugin 2Zhavas mads tabet he  bot t om
of the continuous nmulti-stage distillation colum 27 was nade to be

appr oxi rappsoyinEtelyC 10 e the gsessure st thenton ofthefcaliranappuoximately ik iltae! y
1.5 KPa, and the reflux ratio approximately 1. Gas distilled off fromthe
top of tame therrefloxcatio Appriratett fgeGaisdistilleatafbfroglihertop 2T th@soptirages
through a conduit 31, condensed by a condenser 32, and conti nuously
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The liguid from the bottom of the column was continuously withdrawn through the
conduit 28 into a storage tank 30. A composition of the liquid withdrawn from the
conduit 35 contained di{2-ethylbutyl) carbonate, 2-ethylbutyl phenyl carbonate and
15 diphenyl carbonate. Liquid from the storage tank 36 was then fed continuously at
approximately 200 g / Hr from a conduit 37 via a preheater 38 into a middie stage of
a continuous multi-stage distillation column 39 which has an inside diameter being 2
inches and a length being 4 m, and which was packed with Dixon packings (6 mm
diameter), and separation by distillation was carried out. The heat required for the
20  separation by distillation was fed in by circulating liquid in the lower portion of the
column through a conduit 40 and a reboiler 41. The temperature of the liquid at the
bottom of the continuous multi-stage distillation column 39 was made to be
approximately 210 °C, the pressure at the top of the column approximately 3 KPa,
and the reflux ratio approximately 2. Gas distilled off from the top of the continuous

25  multi-stage distillation column 39 was passed through a conduit 43, condensed by a

condenser 44, and continuously withdrawn from a conduit 47 into a storage tank 48.
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conduit 35 contained di (2-ethyl butyl) carbonate, 2-ethyl butyl phenyl
carbonate and 15 di phenyl carbonate. Liquid fromthe storage tank 36 was
then fed continuously at approximately 200 g / H froma conduit 37 via a
preheater 38 into a mddle stage of a continuous nmulti-stage distillation
colum 39 which has an inside dianmeter being 2 inches and a |l ength being 4
m and Soinod ofithe lippdid Ednwan intBrmediapa pkitiogsof(tee raelurdn avast continuagnaly
separation by distillation was carried out. The heat required for the 20
separ at withdeawd itlroughat terduied9 fmd al stolagectank B0at iThe liquidifrdn the bettermvefr
portion of the colum through a conduit 40 and a reboiler 41. The
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distillation colum 39 was nade be approximately 210 C, the pressure at
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storage tank 50. The liquid fromthe bottomof the col um1 vvas COE'[I nuousl y

wi t hdr aWithdrawa §iem the el 49 wasi sprsoximatelya {0 Yeby weight of imately 1
g/ H. A conposition of the liquid withdrawn fromthe condwt 47

cont ai nedregnatexi Tiae diphedyl oarbpnats withd@wrefrorhipemanduit#was ac\uhlb@ﬁahtb

and approximately 17 % by wei ght of di phenyl carbonate. A conposition of

t he |i qat tbomitéingeeatard, ramah ¢Hierimowasirot d@tewied tigreoxi matel y 100 % by wei ght
of di phenyl carbonate. The di phenyl carbonate w thdrawn fromthe conduit
49 y@s a white solid at roomtenperature, and chlorine was not detected
therein. 10 Exanple 1: (Preparation of catalyst)

Example 1:
(Preparation of catalyst)
3400 g (10 mol) of tetra-n-butoxytitanium and 1700 g of n-butanol were put
into a reaction flask equipped with a stirrer, a thermometer, a heating / cooling
15 apparatus and a reflux condenser, and the liquid was cooled to 0°C while being
mixing well. While keeping the temperature of the liquid at 0°C, a mixed liguid of 90
g (5 mol) of water and 2000 g of n-butanol was gradually added over 1 hour. After
the addition had been completed, the temperature was raised to 80°C, and heating
and stirring were carried out for 5 hours. The temperature of the liquid was reduced
20 to room temperature (approximately 20°C), and then the flask was connected to a
rotary evaporator equipped with a vacuum controller and a vacuum pump, and an oil
‘bath for heating. While keeping the temperature of the liquid at 80°C, a low boiling
point component was distilled off under a reduced pressure of approximately 25 KPa.
Once distillate had almost completely stopped being produced, the temperature was
25 gradually increased to 230°C, and the pressure was further reduced to 1 Pa, and
then once it had been verified that distillate had almost completely stopped being
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3400 g (10 nol) of tetra-n-butoxytitaniumand 1700 g of n-butanol were put
into a reaction flask equipped with a stirrer, a thernoneter, a heating /
cooling 15 apparatus and a reflux condenser, and the liquid was cooled to
OC while being mxing well. Wile keeping the tenperature of the liquid at
0C, a mxed liquid of 90 g (5 nol) of water and 2000 g of n-butanol was
gr adual pyodused they pressuhmwas réfureed to hermadbipreissurehatih intergero @pidghed, t he
tenperature was raised to 80C, and heating and stirring were carried out

for 5 hemperatie dfehpdiqaidwas oéturied to mond tevaperatdie @ppPOximatelg@0°C),
tenperature (approximately 20C), and then the flask was connected to a

rotary W@%ﬁé@é ﬁﬂmrﬁa@w wwgaoﬂéasanerpénaw.@éd@n was\/GHStHInEdRHe, and
an oi l for heatin ekeeplngthetenpera ure of the liquid at
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obtained (the results of elemental analysis were C. 52.3% H 9.9% O:

20. 4% amainTompbnemdharedf.5 hence deducting oxygen originating from BuO
groups, the nunber of bridging oxygens was 1 per 2 Ti atons, i.e. there
was one Ti - O Thelflagkagss onté againsequipped withrestirrdre althgumometes, a heatingr/e
having butyl titanate diner [(BuQ3-Ti-OTi-(0Bu)3] as a main conponent

t hejgof cob’hﬁ%ébgéﬂatu%ne%%ﬂa%bndeﬁsérpaﬁ@l the liGuid vedd hested with Berimgnet er, a
heating / cool ing apparatus and a reflux condenser, and the |iquid was
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temperature of the liquid at 80°C, 4700 g (50 mol) of phenol that had been
dehydrated through distillation in advance was gradually added. After the addition
had been completed, the liquid was heated to 180°C, thus distilling of a low boiling

15  point component. Once distillate had almost completely stopped being produced,
the temperature of the liquid was gradually increased to 230°C, and the evaporating
component was distilled off. A vacuum controller and a vacuum pump were
connected to the flask, the pressure was gradually reduced to 1 Pa, and the
evaporating component was distilled off. Thereafter, the flask was taken out from

20  the oil bath, and cooled to room temperature (approximately 20°C), and the pressure
in the flask was returned to normal pressure with nitrogen. Approximately 4300 g of
a tango solid was obtained. The results of elemental analysis were C: 64.5%, H:
4.5%, O: 16.7%, and Ti: 14.3%, and hence it is surmised that the solid was a mixture

having a phenol adduct of phenyl titanate dimer [(PhO);-Ti-O-Ti-(OPh)3-2PhOH] as a

25 main component thereof. This tango solid was taken as catalyst A.
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tenperature of the liquid at 80C, 4700 g (50 nol) of phenol that had been
dehydrated through distillation in advance was gradual ly added. After the
addition had been conpleted, the liquid was heated to 180C, thus
distilling of a low boiling 15 point conponent. Once distillate had al nost
conpl etely stopped being produced, the tenperature of the liquid was

gr adual [Fraductienofdrematicoarbomades by tranapstesificatipn sagbonknt was distill ed
of f. A vacuumcontroller and a vacuum punp were connected to the fl ask,

the pressure Wasdgctimthuel arpmatidusebonhated byatrarsedtdrification apactidn wgs camezhent
was distilled off. Thereafter, the flask was taken out from 20 the oil

bat h, anrgt 68RigatHeldpparatis RERIWH I BIG A0PTNIXER] Rivid 28Rlainidgd the pressure
in the flask was returned to normal pressure with nitrogen. Approxi mately
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transesterification reaction was carried out using the apparatus as shown
in FIG Inaliguid fesem atiaﬂnraxmﬁwuim%fFuif(ozné%;naaﬁt%y|llpec1avledhﬁpé¢h%eh%| ,
and above catal yst A (adjusted such that 5 di(2-ethyl butylg car bonate /
phenol Mp@qmidcﬁe istagenofiheezdritingaiie multi-stape distiligtian eolu whigh 983 anand Ti
concentration was approxi mately 2000 ppm was fed continuously in a liquid

form at irgkhe didmeatee bein?D irnchestdnd a tength deingpd ¢1h cand whichlwas patked pitbheat er
2 into a mddle stage of the continuous nulti-stage distillation colum 3

whi g ha9 staged bBFsidoe eriaggﬁﬁ arloer pertdn othecohifinandeDigbh paekimgs46mmand
whi ch was packed with 10 20 stages of sieve trays in a |lower portion of the
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required for the reaction and distillation was fed in by circulating liquid in the lower
portion of the column through the conduit 4 and the reboiler 5. The temperature of
the liquid at the bottom of the continuous multi-stage distillation column 3 was made

15 to be approximately 180 °C, the pressure at the top of the column approximately 13
KPa, and the reflux ratio approximately 4. Gas distilled off from the top of the
continuous multi-stage distillation column 3 was passed through the conduit 7,
condensed by the condenser 8, and continuously withdrawn at approximately 30 g /
Hr from a conduit 11. The liquid from the bottom of the column was continuously

20 withdrawn through the conduit 4 into the storage tank 6 at approximately 90 g /Hr. A
composition of the liquid withdrawn from the conduit 11 was 2-ethyl-1-butanol and
phenol as main components thereof. A composition of the liquid withdrawn into the
storage tank 6 contained approximately 57 % by weight of di(2-ethylbutyl) carbonate,
approximately 31 % by weight of 2-ethylbutyl phenyl carbonate, and approximately

25 3 % by weight of diphenyl carbonate. After operation, the inside of the distillation

column was examined, but no clogging, deposit or the like was found. The
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required for the reaction and distillation was fed in by circulating |iquid
in the lower portion of the colum through the conduit 4 and the reboiler
5. The tenperature of the liquid at the bottom of the continuous

mul ti-stage distillation colum 3 was made 15 to be approximately 180 C,
the pressure at the top of the colum approximately 13 KPa, and the refl ux
rati o apsiZesthydugyl)carboagate chnmarsibedatie wasrapprokinately 33%t aed the phénalous

mul ti-stage distillation colum 3 was passed through the conduit 7,

condens ednbgrsidrerationgas apprdkimately ddfg.i nuousl y wi t hdrawn at approxi mately
30 g/ H froma conduit 11. The liquid fromthe bottom of the colum was
continuously 20 wi thdrawn through the conduit 4 into the storage tank 6 at
approximately 90 g /H. A conposition of the liquid withdrawn fromthe

condui t P : I 4 kfigrgonponent s thereof. A
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of diaryl carbonates by disproportionation reaction] 5 Production of diaryl
car bonaff@nb@ teanserdins %/ 3 vieaa preheateri4 iMowamiddie stage ofia conlénuayst he
apparatus as shown in FIG 2. Liquid withdrawn fromthe storage tank 6 in
t he aboweultsteagss distidatidnecbloomt 15 which yas andndide diaméter eatg 2 jimohesi arat a1 vy
100 g/ H froma transfer line 13 via a preheater 14 into a m ddl e stage

of ap comgngth deingRInk, arsd waiRzhdivas phtikéd anthcid staged of slaveltrayes afd readticte
di aneter being 2 inches and a 10 length being 2 m and which was packed
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The heat required for the reaction and distillation was fed in by circulating liquid in the
lower portion of the column through the conduit 16 and the reboiler 17. The
temperature of the liquid at the bottom of the continuous multi-stage distillation
column 15 was made to be approximately 230 °C, the pressure at the top of the
column approximately 27 KPa, and the reflux ratio approximately 2. Gas distilled off
from the top of the continuous muiti-stage distillation cclumn 15 was passed through
the conduit 19, condensed by the condenser 20, and continuously withdrawn from
the conduit 23. The liquid from the bottom of the column was continuously
withdrawn through the conduit 16 into the storage tank 18. A composition of the
liquid withdrawn from the conduit 23 contained 2-ethyl-1-butanol, phenol and
di(2-ethylbutyl) carbonate. A composition of the liquid withdrawn into the storage

tank 18 contained approximately 45 % by weight of 2-ethylbutyl phenyl carbonate,

and approximately 55 % by weight of diphenyl carbonate.

[Purification of diaryl carbonate]
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The heat required for the reaction and distillation was fed in by
circulating liquid in the Ilower portion of the colum through the conduit
16 and the reboiler 17. The tenperature of the liquid at the bottom of the
continuous multi-stage distillation 15 colum 15 was nade to be
approximately 230 C, the pressure at the top of the colum approximtely
27 KPa, and t IRarifiehtion of thd diapy garbornaté elas Garri€d outlusingl thecapplaraturasm t he
top of the continuous nmulti-stage distillation colum 15 was passed through

t he conduownlifl,Ficoaden ot e storstRBRk Bwasfed eontinusleishy W t hdrawn
from the conduit 23. The liquid fromthe bottom of the colum was
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Purification of the diaryl carbonate was carried out usjng the apparatus as
Shown | MPIEMSter; i Separalioh By G RRGE WAk RSO, | She DG (AIBER BT o
approxinmately 100 g / H fromthe conduit 25 via the E)reheater 26 into a

m ddl e $hegepargtiopihy distiltationomnas fad inj byseirgidating liquid an thenlowsrpentiony ofifiec h
has an inside dianmeter 5 being 2 inches and a length being 2 m and which
was paclceturn ttroDgk dine pandiih@s an@ thermebobers2%r ) Thetempenaturetdfdhe tiguid at

distillation was carried out. The heat required for the separation by

di still ahe bottvasoffthd dontihdogs muli-atageodibiilttion doluhe7 wagmads to be of the
colum through the conduit 28 and the reboiler 29. The tenperature of the

l'iqypd %fp{)réﬂ‘ﬁaliél?tzqm”@, _tﬁé‘?r@é%@i’é RYHEStIPbiithe Toftien dpprddimatdlpn S RPgM 27
ely 210 C f the

was nade to be 10" approxi ma the pressure at the top of t
col um  aRRAXIERLE ttiolapbriiitately 1. Gas distilled off from the top of the continuous

multi-stage distillation column 27 was passed through the conduit 31, condensed by
the condenser 32, and continuously withdrawn from the conduit 35 into the storage
tank 36. The liquid from the bottom of the column was continuously withdrawn

15  through the conduit 28 into the storage tank 30. A composition of the liquid
withdrawn from the conduit 35 contained di(2-ethylbutyl) carbonate, 2-ethylbutyl
phenyl carbonate and diphenyl carbonate. Liquid from the storage tank 36 was then
fed continuously at approximately 200 g / Hr from the conduit 37 via the preheater 38
into a middle stage of the continuous multi-stage distillation column 39 which has an

20 inside diameter being 2 inches and a length being 4 m, and which was packed with
Dixon packings (6 mm diameter), and separation by distillation was carried out. The
heat required for the separation by distillation was fed in by circulating liquid in the
lower portion of the column through the conduit 40 and the reboiler 41. The
temperature of the liquid at the bottom of the continuous muiti-stage distillation

25  column 39 was made to be approximately 210 °C, the pressure at the top of the

column approximately 3 KPa, and the reflux ratio approximately 2. Gas distilled off
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and the reflux ratio approximately 1. Gas distilled off fromthe top of the
continuous nulti-stage distillation colum 27 was passed through the
conduit 31, condensed by the condenser 32, and continuously w thdrawn from
the conduit 35 into the storage tank 36. The liquid fromthe bottom of the
colum was continuously w thdrawn 15 through the conduit 28 into the

st or age franitha top of thengoodinuibus nudltitstage distilationtolhohmad® wiasqrassikd tomughi t 35
cont ai ned di (2-ethyl butyl) carbonate, 2-ethylbutyl phenyl carbonate and
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continuously at approximately 200 g / H fromthe conduit 37 via the
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approximately 1 A conposition of the liquid wthdrawn fromthe
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Reference Example 2:
15 [Production of aromatic carbonates by transesterification reaction]

Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing
di(2-ethylbutyl) carbonate, phenol, and titanium tetraphenoxide as a catalyst
(adjusted such that di(2-ethylbutyl) carbonate / phenol weight ratio in mixed liquid

20 was 65/ 35 (molar ratio 0.75), and Ti concentration was approximately 600 ppm) was
fed continuously in a liquid form at approximately 53 g / Hr from the transfer line 1 via
the preheater 2 into a middle stage of the continuous multi-stage distillation column 3
which has an inside diameter being 2 inches and a length being 4 m, and which was
packed with 20 stages of sieve trays in a lower portion of the column and Dixon

25 packings (6 mm diameter) in an upper portion of the column, and reaction was
carried out. The heat required for the reaction and distillation was fed in by
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10 100 % by wei ght of di phenyl carbonate. The di phenyl carbonate w thdrawn
fromthe conduit 49 was a white solid at roomtenperature, and chlorine
was not detected therein. Reference Exanple 2: 15 [Production of aromatic
carbonates by transesterification reaction] Production of aromatic
carbonates by transesterification reaction was carried out using the
appar at wircakatiagdiguid im theGwér partionafdheé icglundn thmouigh thegondui 2-agtchipiebut yl )
carbonate, phenol, and titaniumtetraphenoxide as a catal yst (adjusted

such t hasbeildra, etThe Rhpératwrardfaneliguid 4ithe dottom ofthe’ @ritinuols mxltdtageiui d
20 was 65 / 35 (nolar ratio 0.75), and Ti concentrati on was approxi mately
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and the reboiler 5. The terrperature of the liquid at the bottom of the
cont i nudithdiawpiat appgeximaitely 9 g AHr fiene b‘pemn@%b nHidke ligeidifeora dae Seitaet el v
200 C, the pressure at the top of the colum approximtely 27 KPa, and the
refl ux mdthe calprrowaseontipususiEadthslrawve thidugh tbé fconduindtinto ﬂmtofagehtank
continuous nulti-stage distillation columm 3 was passed through conduit 7,

condensd&datypprorintataens gy Hr,  Arsbmpaosition ofitHeyliquid WWithtizavan dtona tipe conmdait el y
9 g/ H fromthe conduit 11. The liquid fromthe bottom of the colum was

confhnuaYHag Wettﬂisﬂrﬁwtatnbl aHg'PhERBI &9 RfHin boﬂmorﬁbﬁtst her&dfor Axtorhpoitiod oft

approximately 44 g / Hr. A conposition of the liquid withdrawn fromthe

condui t the iquid withdrawn into the storage tank 6 contained approximately 42 % by weight
of di(2-ethylbutyl) carbonate, approximately 27 % by weight of 2-ethylbutyl phenyl
carbonate, and approximately 2 % by weight of diphenyl carbonate. After operation,
the inside of the distillation column was examined, but no clogging, deposit or the like

15 was found. The di(2-ethylbutyl) carbonate conversion ratic was approximately 41%,

and the phenol conversion ratio was approximately 44%.

Reference Example 3:
[Production of aromatic carbonates by transesterification reaction]

20 Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing
di(2-ethylbutyl) carbonate, phenol, the liquid collected in the storage tank 42 in
Example 1 as a catalyst (which was a reddish brown Ti-containing solid), and 200
ppm of 2-ethylbutyl phenyl carbonate (adjusted such that di(2-ethylbutyl) carbonate /

25 phenol weight ratio in mixed liquid was 71 / 29 (molar ratio 1), and Ti concentration
was approximately 1000 ppm) was fed continuously in a liquid form at approximately
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10 11 had 2-ethyl-I-butanol and phenol as main conponents thereof. A
conposition of the liquid withdrawn into the storage tank 6 contai ned
approximately 42 % by weight of di(2-ethylbutyl) carbonate, approximtely
27 % by wei ght of 2-ethyl butyl phenyl carbonate, and approxi mately 2 % by
wei ght of di phenyl carbonate. After operation, the inside of the

di sti || at00ay/ Elolfromn theesarsfentine d, vid the prehedatg? indo adeijutie stage ofiteel | ke 15
was found. The di (2-ethyl butyl) carbonate conversion rati o was

appr oxi ré@hﬁhuo@sl%uiti-amgetdl@tilmtignqiolmn\@wdhmé@éﬁ oS d RiPRetex bamige2 y  44%
Ref erence Exanple 3: [Production of aromatic carbonates by

transestgids s é%hqtﬁ%ﬁiﬁégﬁ]m,@nf%%\hbg aekeammq]sta@%tm%@%r%

transesterification Teacti'on was carrie ut using the apparatus as shown
in FIG . ) Gy i.0i [ : enol ,
the 11l 2 'Quft Ethoh’ dhihe coREhE A TSixofl pagkmos (6 i dipmféd 8 3h tppl U0t
(whi ¢ch was,.a rgddi sh brown, Ti-containing.splid),.—.and 200 of

"t by aryan phR oty BRd readin fe? sarigatt nTrees anpRD ity
carbonate / 25 phenol weight ratio in m xed _Ii%i d s 71 / _29&(Sgol ar ratio
1), and reactigsriechdisiliation wWagded ipby cirreieling ligy naaéﬁomarsp@@en B¢ nuousl y
inaliquid form at approxi_matelcg 44 1003 /| _H fromthe transfer line 1
vi a t he cplushe threugh the conduititdandethetrefeiler 5.t hEhe temperaivigsofthetdiquist alye
distillation colum 3 which has an inside dianeter being 2 inches and a

| engt h lifee bgttdnmof thecontinobusverulfpstdgeddistiidtiodtcalumpes wat made o beays in a
| ower portion of the colum and D xon packings (6 mmdianeter) in an upper

5 porti eppebxitnatelg SMOMT, e Présans ad the\ip ofaheicoturntappfdimatsly S0ekPar ed
for the reaction and distillation was fed in by circulating liquid in the

| ovg§ P! tﬁ@fr@{lt# be!i_o %r’éﬁi‘nétﬁwgthTaBQiiﬁ]EHBHLBﬂfrémﬂﬂé tbp of iRdebntifucus The

tenperature o e liquidat t ottomof the continuous nulti-stage

d st 'O:O%‘('qu,nﬂﬁ]t&e&c gﬁg@dgg@m W2 s%?%ﬁggﬁiﬂd%‘élébn%m FcohlEn8esBy e At

condenser 8, and continuously withdrawn at approximately 14 g / Hr from the conduit
11. The liquid from the bottom of the column was continuously withdrawn through
the conduit 4 into the storage tank 6 at approximately 86 g / Hr. A composition of

15 the liquid withdrawn from the conduit 11 had 2-ethyl-1-butanot and phenol as main
components thereof. A composition of the liquid withdrawn into the storage tank 6
contained approximately 47 % by weight of di(2-ethylbutyi) carbonate, approximately
32 % by weight of 2-ethylbutyl phenyl carbonate, and approximately 1 % by weight of
diphenyl carbonate. After operation, the inside of the distillation column was

20 examined, but no clogging, deposit or the like was found. The di(2-ethylbutyl)

carbonate conversion ratio was approximately 42%, and the phenol conversion ratio

was approximately 42%.

Reference Example 4:
25  [Production of aromatic carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was carried
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10 and the reflux ratio approximately 5. Gas distilled off fromthe top of
the continuous nulti-stage distillation colum 3 was passed through the
conduit 7, condensed by the condenser 8, and continuously w thdrawn at
approximately 14 g / H fromthe conduit 11. The liquid fromthe bottom of
the col um was continuously w thdrawn through the conduit 4 into the

st or age cuhnking the apparatus rest showiBt BIG. 1Hr .A mixexdhligqsid tdontaioingl5 the |i quid
wi t hdrawn fromthe conduit 11 had 2-ethyl-1-butanol and phenol as nain

conponenfii@- éth?lb@?l) cdrbonaty) phienol) ald titasium tstfabheinoRidiccaga icatalydthe st or age
tank 6 contalned approximately 47 % by wei ght of di(2-ethyl butyl)

car bonaygdjuaiy SUH Maiy2- e?ﬂyl%ﬁm OMbBRAted pharRl Weidhtirdtio B Ried fiqiigonat e,

and approxXimately 1 % by wei ght of di phenyl carbonate. After operation,

BZSO'SI‘?'V%QFS T LB T Aniot eRosRatch R Ao TRt SRORARINRE, o,
appr B 0 EBGUATNERR 4 idd: Eﬁ%ﬁ%&a@@ﬂﬁ%@ly?&%ﬁﬁ*@ﬂn i é{%@ﬂ%?ﬁ@e 1 via
car bonates b tranéesterlfc# ation reaction Prodﬁctlon

car bonat®e Pigheatend dtpa miqdlg stage ofa cop Fpiagg di aBBFCB rn@St he
apparatus as shown in FIG 1. A mxed liquid containing di(2-et hyI butyl)

car bonaticthhag@n inside diamgtenhRing 2riaphesand aéeagthabefag 4 Wis and Which, was
such that di(2-ethylbutyl) carbonate / phenol weight ratio in mxed liquid
was 55 /packed mithe?0 stagies df sive teays Mia twvargrartian iobthenssiusppank Dikarel y 600
ppm was 5 fed continuously in aliquid format approximately 78 g / Hr
f rom t heackimgsf(6min diambter) in ahhpper pbetidresf theiovluma, and dbactidnagas of a
continuous nulti-stage distillation colum 3 which has an inside dianeter

bei ng 2 daffdtesuBndrie héatdebulPed e thefeadtish ¥hd eistinaton Raklded ibyh 20 st ages
of sieve trays in a |lower portion of the colum and D xon packings (6 nm
di anet eflrciAtiAg IGBREN tR8"IGWEFpSitioh!tt the cBffnn BilBuGR 35¢ EBRJYESE and the
reboiler 5. The temperature of the liquid at the bottom of the continuous multi-stage
distillation column 3 was made to be approximately 200 °C, the pressure at the top of
the column approximately 27 KPa, and the reflux ratio approximately 5. Gas
15 distilled off from the top of the continuous multi-stage distillation column 3 was
passed through the conduit 7, condensed by the condenser 8, and continuously
withdrawn at approximately 9 g / Hr from the conduit 11. The liguid from the bottom
of the column was continuously withdrawn through the conduit 4 into the storage tank
6 at approximately 69 g / Hr. A compaosition of the liquid withdrawn from the conduit
20 11 contained 2-ethyl-1-butanol and phenol. A composition of the liquid withdrawn
into the storage tank 6 contained approximately 37 % by weight of di(2-ethylbutyl)
carbonate, approximately 22 % by weight of 2-ethylbuty! phenyl carbonate, and
approximately 1 % by weight of diphenyl carbonate. After operation, the inside of
the distillation column was examined, but no clogging, deposit or the like was found.

25  The di(2-ethylbutyl) carbonate conversion ratio was approximately 38%, and the

phenol conversion ratic was approximately 40%.
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10 carried out. The heat required for the reaction and distillation was fed
in by circulating liquid in the | ower portion of the colum through the
conduit 4 and the reboiler 5. The tenperature of the liquid at the bottom
of the continuous nmulti-stage distillation colum 3 was nade to be
approximately 200 C, the pressure at the top of the columm approxi mately
27 KPa, and the reflux ratio approximately 5. Gas 15 distilled off fromthe
top of the continuous nmulti-stage distillation colum 3 was passed through
t he condRéferehcecPxatfprest by the condenser 8, and continuously withdrawn at
approximately 9 g / H fromthe conduit 11. The liquid fromthe bottom of

the col yprogitioh Y tdromans uri¥rdies BWra}rﬁﬁQﬂé@i‘ﬁc&ﬁ% fédegigh] 4 into the

storage tank 6 at approximtely 697 g r. A conpositionh of the liquid

wi t hdrawn fro | : Ibgdﬁ = L Qut rﬁﬂrg o, A
conposition 0?3 r?ﬁgcmﬁtﬁd% vn\ﬁl %&\%ﬁqﬂéﬁﬁt [ egéss?éé()ﬂgfgcé’teigh al{gé&iio con?g;lgn(’a

appr oxi I %.b i.ght ,of di(2-ethylbutyl). carbonate, approximately
25 o8 by Tk igihe the SRl oI GIC L bt i OB i el y 1 56 by
wei ght of. .di phenyl carbonate. After operation, the inside of the

i sPi 11 APy CRenat, ahesal. SastARLE BHAPROMBRAS £ SBINSte | i ke was
found. 25 The di (2-ethyl bUtélé carbonate conversion ratio was approxi mately
38% andadivstedysghothat dilgatRylbutyl)garbonate /ahenek weighdrgtia mmi idrence
Exanpl e 5: [Production of aromatic carbonates by transesterification

r eact i onfasPBdddaét(mataromatiard) nand di condentration iigs approxavately 60¢ ppmyrwasact i on
was carried 5 out using the apparatus as shown in FIG 1. A mxed liquid

cont ai nifed cotifubLashhinl Uiy yid)forars @ppreximalten 86, g/Bindroim trentransfeelin@phdaoxi de
as a catalyst (adjusted such that di(2-ethyl butyl) carbonate / phenol

vei gbt tRé berentdt X aftold Middle svfe 8the cbhtiniBLgmuifktayedistifdtbnéolumn 3
concentration was approxi mately 600 ppn) was fed continuously in aliquid
form at afies Axs HRtiRSMefadetr dding2tiRehdd 2R K8Endtheidy ¥ iR, and which was
packed with 20 stages of sieve trays in a lower portion of the column and Dixon
packings (6 mm diameter) in an upper portion of the column, and reaction was
carried out. The heat required for the reaction and distillation was fed in by
15 circulating liquid in the lower portion of the column through the conduit 4 and the
reboiler 5. The temperature of the liquid at the bottom of the continuous multi-stage
distillation column 3 was made to be approximately 200 °C, the pressure at the top of
the column approximately 27 KPa, and the reflux ratio approximately 5. Gas
distilled off from the top of the continuous muiti-stage distillation column 3 was
20 passed through the conduit 7, condensed by the condenser 8, and continuously
withdrawn at approximately 10 g / Hr from the conduit 11. The liquid from the
bottom of the column was continuously withdrawn through the conduit 4 into the
storage tank 6 at approximately 76 g/ Hr. A composition of the liquid withdrawn
from the conduit 11 had 2-ethyl-1-butanol and phenol as main components thereof.
25 A composition of the liquid withdrawn into the storage tank 6 contained approximately

62 % by weight of di(2-ethylbutyl) carbonate, approximately 29 % by weight of
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10 the preheater 2 into a mddle stage of the continuous nulti-stage
distillation colum 3 which has an inside dianeter being 2 inches and a

| ength being 4 m and which was packed with 20 stages of sieve trays in a
| ower portion of the colum and Di xon packings (6 mmdianeter) in an upper
portion of the colum, and reaction was carried out. The heat required for
t he r ea@-ethylbautyl phiesyl carbonate, wid dpptokimately1t % by swdighti of giphendld in t he

| ower portion of the colum through the conduit 4 and the reboiler 5. The

t enper atcarisoredte! hafter apedhtioh, tHecinbiddet ofithefdidtilation kblumie wasnekaminet abet
distillation colum 3 was made to be approxi mately 200 C, the pressure at

the top R clogditgCabpddit SPPedikeRas foundl! it difgu@thyisutyd idamonatki 0

approximately 5. Gas distilled off fromthe top of the continuous

il - Steagee i HlcAlinBpBbiHRtcly Y8%, A1 ESShd B AU RUBGRAYI 7,

condensed by t ens conti nuousl'y w rawn at approxi mately
10 g,/ gnduit 11. The liquid fromthe bottom of the colum
was onﬁpﬁﬁé’ﬁa%&%#f@‘r awn through the conduit 4 into the storage tank 6
at approximately 76 g / Hr. A conposition of the liquid withdrawn fromthe
conduit 11 had 2-ethyl-1-butanol and phenol as main conponents thereof. 25
A conposition of _the liquid withdrawn into the storage tank 6 contai ned
appr oxi reaferapcedoxample Gwei ght of di (2-ethyl butyl) carbonate, approxi nately
29 % by weight of 47 2-ethyl butyl phenyl carbonate, and approximately 1 %
by wei glfPrasiuctiopiod ayomatie cathonates g\vtr@nseﬁt@riﬁcam reagdionhsi de of the
distillation colum was exam ned, but no clogging, deposit or the |ike was

found. The di Freetdtidrbof aromatizrdarbanates byrivanssstarification readticapyas canmied| y
34% and the phenol conversion ratio was 5 approxi mately 34% Reference

Exanpl e ot ubifigatie Gppanatab a7 shitkin ih EIG o efxd liquia edatdisingfdigapémyl)
reaction] Production of aromatic carbonates by transesterification reaction
was car IdafShnate, phenol, and titanium tetraphenoxide as a catalyst (adjusted such that
di(n-pentyl) carbonate / phenol weight ratio in mixed liquid was 68 / 32 {molar ratio 1),
and Ti concentration was approximately 600 ppm) was fed continuously in a liquid
form at approximately 92 g / Hr from the transfer line 1 via the preheater 2 into a
15 middle stage of the continuous multi-stage distillation column 3 which has an inside
diameter being 2 inches and a length being 2 m, and which was packed with 10
stages of sieve trays in a lower portion of the column and Dixon packings (6 mm
diameter) in an upper portion of the column, and reaction was carried out. The heat
required for the reaction and distillation was fed in by circulating liquid in the lower
20 portion of the column through the conduit 4 and the reboiler 5. The temperature of
the liquid at the bottom of the continuous muiti-stage distillation column 3 was made
to be approximately 230 °C, the pressure at the top of the column approximately 60
KPa, and the reflux ratio approximately 5. Gas distilled off from the top of the
continuous multi-stage distillation column 3 was passed through the conduit 7,
25 condensed by the condenser 8, and continuously withdrawn at approximately 12 g /

Hr from the conduit 11. The liguid from the bottom of the column was continuously
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10 out using the apparatus as shown in FIG 1. A mxed |iquid containing

di (n-pentyl) carbonate, phenol, and titaniumtetraphenoxi de as a catal yst

(adj usted such that di(n-pentyl) carbonate / phenol weight ratio in m xed

liquid was 68 / 32 (nolar ratio 1), and Ti concentrati on was approxi mately
600 ppm was fed continuously in aliquid format approximtely 92 g / Hr

f r om t hawithdrashehradugiethe conrauitieinpo tHeestoeageltankt® abagproximatiety 89 ggeHiof t he

continuous multi-stage distillation colum 3 which has an inside dianeter

bei ng 2 A oemmposiiol of the ngtia wiendrawa framand cohdait 1aadnepkathnyl bhd phenst ages
of sieve trays in a |ower portion of the colum and D xon packings (6 mm

di anet ergs mRirPEoMBBRENRINEIRR. OA doffodMidHBE thaNuiarthiRiiVito BRd SioPdg@ut -
The heat required for the reaction and distillation was fed I n by

ci rcul aty | 4kl ] ; Q ' I gh the

condui tttaﬂlg(r?dd %%H?g%gb@'hgwgfﬁé @%@?@tﬁagédg{j%eﬁ wé}l%}a)&%f&jat t he bottom
of the ¢ L huo $icstage di.stillation colum 3 was, made .t e

ppr i ARRLPHERl 32 46 £ R B B ientfi ] ot hnte T AP pI BB A%y 60
KPa, and the refluyx ratjio roximately 5. Gas distill off fromthe top
of 't he RyoeiohEat dionanvl CubBBuSs Ser cheraions dndiinvids aEepisulasORisalligh T e
conduit 7, 25 condensed by the condenser 8, and continuously w thdrawn at
appr oxi wasexyamineg, pbut pp dagaing. Kepssitdiithe like wasdforndui dhe petYBot t om of
t he col um was continuously 48 w thdrawn through the conduit 4 into the

st or age cagdnate aonsprsiox ratet way appraximatdly 42% ansothiet phemod tonverslancnaitic

w thdrawn fromthe conduit 11 had n-pentanol and phenol as nain conponents
t her eof .wals appoaihatetyd2¥.the |iquid withdrawn into the storage tank 6
cont ai ned approxi mately 45 % by wei ght of di (n-pentyl) carbonate, 5

apprgxi mately 33 % by wei ght of n-pentyl phenyl carbonate, and
approximately 1 % by wei ght of di phenyl carbonate. After operation, the

i nsi de i 544 t4.0n colum was exam ned, but no cl oggi ng, deposit
or the ﬁ??(%ﬁ}acg l?%%ﬁ\nhl% -q‘he di (n-pentyl) carbonate conversion ratio was

appr oxi HBL & ¥tidh Br aPBifatil SaRibHARes 6Y FaREELERRAREA P reaction]

Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing di{n-butyl)

15 carbonate, phenol, and titanium tetraphenoxide as a catalyst (adjusted such that
di(n-butyl) carbonate / phenol weight ratio in mixed liquid was 65 / 35 (molar ratio 1),
and Ti concentration was approximately 600 ppm) was fed continuously in a liquid
form at approximately 110 g / Hr from the transfer line 1 via the preheater 2 into a
middle stage of the continuous multi-stage distillation column 3 which has an inside

20 diameter being 2 inches and a length being 4 m, and which was packed with 20
stages of sieve trays in a lower portion of the column and Dixon packings (6 mm
diameter) in an upper portion of the column, and reaction was carried out. The heat
required for the reaction and distillation was fed in by circulating liquid in the lower
portion of the column through the conduit 4 and the reboiler 5. The temperature of

25 the liquid at the bottom of the continuous multi-stage distillation column 3 was made
to be approximately 200 °C, the pressure at the top of the column approximately 110
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was approxi mately 42% 10 Reference Exanple 7: [Production of aromatic
carbonates by transesterification reaction] Production of aronmatic
carbonates by transesterification reaction was carried out using the
apparatus as shown in FIG 1. A mxed liquid containing di(n-butyl) 15
carbonate, phenol, and titaniumtetraphenoxi de as a catal yst (adjusted such
t hat diKPa, ard/the reflukoatid appraximatally dei Gas distilled offfroixthe topapfitde was 65 /
35 (molar ratio 1), and Ti concentration was approxi mately 600 ppm was

fed contgomgiausliy mutti-8tddeddistllationr dBl@dnnaPwas paseed throldh the cohtuft 7om t he
transfer line 1 via the preheater 2 into a mddle stage of the continuous

el S Lt i ! e ! gt
ruf 1 Stc?:%gﬁfé& b ﬁﬁ%'glﬂﬂgéljéérﬂﬁ‘ gﬁn rﬁ?ﬁuﬁﬁ§l¥avggﬂcqz§gﬂ%t§ﬁaﬂg%ﬂﬁﬂt§l 1 ]?9

i nches and eng I ch wa st ages

51 eve LiPorhing coMUSh 1807 rh@Ticpl 13, 8 MR B8 1 KA IRREL R8RuAouly

dianeter) 1N an dpper pofti € col'um, and reactli on was carried out.
The beat ..required for, . the reaction and distillation was.fed,in, by,

ci'r cb aHsFAV e R omdR A i Sarage tank s SRS RIS B Hiondui «
4 and the reboiJer 5. The tenperature of 25 the lLiquid at th:]e ttom.of the
cont i nudkSOmRPEion oh e Hauidiwitharaw fQM de candluit 1 n éﬁ@\»%&ﬁ%t ely
200 C, the pressure at the top of the colum approximately 110 49 KPa, and
t he ref laaxbonate @ndaprendl matreaip commnrends thereptd Arempositiontaf the o t he
continuous multi-stage distillation colum 3 was passed through the conduit
7, conddtielzawh\intolibe stordgetank 8, contained mpproximnsitely W2t Yedryaweicint of
approximately 17 g/ H fromthe conduit 11. The liquid fromthe bottom of

t he col Win-atgl) canbontte UapproRinvateyd2 29 by Weigtsthofthigyiqshehiyl tarbonate) dride
storage tank 6 at approximately 93 g/ H. A conposition of the liquid

Wi t hgr a\@pp?éﬂma&agpo@@wsgtwéiéhm iPhévi 28R andle ( NAREF ¥peratioa! HRAGRIeAsTd
phenol as main cofrponents théreof. A conposition of the liquid
the distillation column was examined, but no clogging, deposit or the like was found.
The di(n-butyl) carbonate conversion ratio was approximately 29%, and the phenol

conversion ratio was approximately 31%.

15 Example 2:
(Preparation of catalyst)

3400 g (10 mol) of tetra-n-butoxytitanium and 1700 g of n-butanol were put
into a reaction flask equipped with a stirrer, a thermometer, a heating / cooling
apparatus and a reflux condenser, and the liquid was cooled to 0°C while being

20 mixing well. While keeping the temperature of the liquid at 0°C, a mixed liquid of 90
g (5 mol) of water and 2000 g of n-butanol was gradually added over 1 hour. After
the addition had been completed, the temperature was raised to 80°C, and heating
and stirring were carried out for 5 hours. The temperature of the liquid was reduced
to room temperature (approximately 20°C), and then the flask was connected to a

25 rotary evaporaior equipped with a vacuum controller and a vacuum pump, and an oil
bath for heating. While keeping the temperature of the liquid at 80°C, a low boiling
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wi thdrawn into the storage tank 6 contai ned approximately 52 % by wei ght of
di (n-butyl) carbonate, approximately 22 % by wei ght of butyl phenyl
carbonate, and 10 approxinmately 0.5 % by wei ght of di phenyl carbonate.
After operation, the inside of the distillation colum was exam ned, but
no cl oggi ng, deposit or the |like was found. The di(n-butyl) carbonate
conver sipwinfradmponert vegdistilledhoffiundad #redoced peegsues of appraxirmataihps KRa. o
was approximately 31 % 15 Exanple 2: (Preparation of catalyst) 3400 g (10

nol ) of Qmde distildtetivynicsticompitelylstopped beiny prodaced, the températureiwaisa
reaction flask equipped with a stirrer, a thernoneter, a heating / cooling

appar at t)l;‘-‘ra&ﬂéﬁtﬂn&ﬁéfds'éﬂ tﬁ%‘}i‘)@@sﬁhd tﬁ@‘éréé's%ré Wald! frtnas ré‘dv?;‘eﬂ%t‘PPQCaH@' | e

bei ng 20" m xi ng wel l'e keepl ng tenperature of the liquid at 0C, a

i IR s AR 1
for 8 ndipduss e shgisid s i ea“&% BB o Biper at ure

(apprOX| mately 20C hen the flask was connected to a 25 o
evapor attBMPERIED ﬁfhﬁaltw'é%dﬁweeﬁ?mméﬁnmaafar% ﬂ?"ﬁﬂﬁ%ﬁ éﬁ@\san oi |

bath for heatlng Wil e keeping the tenperature of the liquid at 80C, a | ow
boi | i ng WsgegpPf @PeEmimately 2\7/58 aipka pRlecyeliow vigaey liquid war-ebtafiass@ie e of
approximately 25 KPa. Once distillate had al nost conpl etely stopped being
pr oduc edesultseof eepEntalamalysis wege £4 621 3%, HnOr¥as € 204% 301 Tard . 4‘%‘9 and
pressure was further reduced to 1 Pa, and then once it had been verified

t hat di Henckaleziuttidg aixygen otigmatiag dftom Butd gpeslipgss thie nbmibeo dfi bedginghe
pressure was returned to norrmal pressure with nitrogen, and the

t enpgr algkyBeRs wadet pefRiTy aY@ﬁs ried. YpeROwh® oh8ING-IIRKRI! e ltigBDfANedat el y
20C), whéreupon approximately 2750 g of a pale yellow viscous |iquid was
obt ai neqn4{ {8 liquid was a mixture having butyl titanate dimer [(BuO)s-Ti-O-Ti-(OBu)s] as a

main component thereof. This liquid was taken as catalyst B.

[Proeduction of aromatic carbonates by transesterification reaction]

15 Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing di{n-butyl)
carbonate, phenol, and above catalyst B (adjusted such that di(n-butyl} carbonate /
phenol weight ratio in mixed liquid was 65 / 35 (molar ratio 1), and Ti concentration
was approximately 600 ppm) was fed continuously in a liquid form at approximately

20 83 g/Hr from the transfer line 1 via the preheater 2 into a middle stage of the
continuous multi-stage distillation column 3 which has an inside diameter being 2
inches and a length being 2 m, which was packed with 10 stages of sieve trays in a
lower portion of the column and Dixon packings (6 mm diameter) in an upper portion
of the column, and reaction was carried out. The heat required for the reaction and

25 distillation was fed in by circulating liquid in the lower portion of the column through

the conduit 4 and the reboiler 5. The temperature of the liquid at the bottom of the
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results of elenental analysis were C. 52.3% H 9.9% 0: 20.4% and Ti:
17.4% and hence deducting oxygen originating from BuO groups, the nunber
of bridging 10 oxygens was 1 per 2 Ti atons, i.e. there was one Ti-OTi

| inkage). It is surmsed that the liquid was a m xture havi ng butyl
titanate dinmer [(BuO3-Ti-OTi-(0Bu)3] as a nain conponent thereof. This
| i qui d vamtiha&es nadti-stage distillation] ¢dloninc? ivas naéda to batpprodmateln 22 6,
transesterification reaction] 15 Production of aromatic carbonates by

t r ansestiRé ipréssiire & the B bOtheVEdturdadppPeximaitély UD0NPA hand firefluxsatis shown
in FIG 1. A mxed liquid containing di(n-butyl) carbonate, phenol, and

above Caé;ﬁr@@%ga@ "Sh& aisklied oftmdhe ot the)cSimiae0d nfulti-staenol  vei ght

ratio in urd was (molar ratio 1), concentration
: I : Lo o

vas. SEPIGRHIBRLE U0 AP piBsed BoBGMSLBNINY 7. Boicrioptie) SR Gonger |
e 50 B0y bS RO el L b B S0 ¥, T
Dy con. pABKICERT berHAtSIR AL SOITLNaB SRR A WPCEIE HEOKBN ShR COBAt
reaction was carried out. The heat required for the reaction and 25

di stil | o ing;theastorage tankdy ataprrioxinaately 77 guitdr. i M eerappsilien ohdhe ligwdof t he
columm through the conduit 4 and the reboiler 5. The tenperature of the

| i qui d awithdrawhdtarothecondeit 1% hadonbutanml andypheinot as gaidicempdnentsthesedfum
3 was nmade to be approximately 220 C, the pressure at the top of the

col um ppompbsRibalof the g liBawitrirdwhhiato thiel staraget tank Gaguntainedeppryxiatélys
distilled off fromthe top of the continuous nulti-stage distillation

col ygn_ Haaispasaf of BELLLiyh barseb] dppToxRRRERRP% by wiegnicsTiyiser © 8,

and continuously W thdrawn at approximately 5 g/ Hr fr he conduit 11.

e U B e it L
A Corrposoipteirgtri]oncffthé ri‘r'\asiclié ar lhocla distillation column was examined, but no clogging, deposit
or the like was found. The di(n-butyl) carbonate conversion ratio was approximately
21%, and the phenol conversion ratio was approximately 22%.
15
Reference Example 8:
[Production of aromatic carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing
20  di(2-ethylbutyl) carbonate, phenol, and titanium tetraphenoxide as a catalyst
(adjusted such that di(2-ethylbutyl} carbonate / phenol weight ratio in mixed liquid
was 54.5 7 45.5 (molar ratio 0.49), and Ti concentration was approximately 600 ppm)
was fed continuously in a liquid form at approximately 77 g / Hr from the transfer line
1 via the preheater 2 into a middie stage of the continuous multi-stage distillation
256  column 3 which has an inside diameter being 2 inches and a length being 4 m, and

which was packed with 20 stages of sieve trays in a lower portion of the column and
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w thdrawn fromthe conduit 11 had n-butanol and phenol as nmain conponents
thereof. A conposition of the liquid withdrawn into the storage tank 6
cont ai ned approxi mately 10 54 % by wei ght of di (n-butyl) carbonate,
approximately 15 % by wei ght of butyl phenyl carbonate, and approxi mately
1 % by wei ght of diphenyl carbonate. After operation, the inside of the

di stil | &ikoempackings (Basmaliamicteryin anuupper podipyi ofghe cdeponn tandreadtieniwase was
found. The di (n-butyl) carbonate conversion ratio was approximately 21 %

and t he caRfsPbuE OITURY RédTelaire@ favtheaRatton and elistillafidh wis fBdfiebgnce Exanpl e
8: [Production of aromatic carbonates by transesterification reaction]

Pr oduct iggtgy %ftingrliaﬁﬁi ih%é%@@l“?éﬁl%n%f thé RBRMH ﬂﬁ%ﬁbg Qﬁ% eBnd&itatdrenthea

s
carried out uSing the apparatus as shown in Fl m xed liquid

cont ai ni . I (R ) t.a, | Lani .
Ferr apndaesii S s Tteiagtilure)or ik RUR A e ERRln offhE coiPlbtiTmy-stage
carbonatg /. pheno| wei,ght ratjo in mxed. |iqui Sub4 [ .45

ot B o diyialR GBI aies, A g e AP ol 200 G iRy atieBa &
continuogusly in a liquid form a ximgtely. 77 [ . Hr. fromihe transfer
line 110¢ golumen gperaximately 2y R, il e hx 5%‘%9 SpProxmateh S ire

mul ti-stage distillation 25 columm 3 which has an jnside dianeter being 2

i nches &Mﬁ%ﬂl@dmﬁg@m theiteg of the centinuaysi rouitiviiage disttiation ealupm 3vwafes of
sieve trays in a lower portion of the colum and 52 D xon packings (6 nm
di anet eipassed #rougpdhe gondiibid, obndénsecdbyithe candénsea8t and cantinueusly i ed out .
The heat required for the reaction and distillation was fed in by

ci r cul atwitr@rawa Gt épproditmatelp ey / pie flionotheooridwgt thl unime tiduid faim the bottonui t 4
and the reboiler 5. The tenperature of the liquid at the bottom of the

coNngjh NUHhaBblumrPiva8 LontiAliS sy WHHdPAWR HhrolighInveendal @ ih e ferigedtaRrt el y
200 C, the pressure at the top of the columm approximtely 27 KPa, and the

refl ux gl SRR Y H:  Edmposition of the iiquid withdrawn from the conduit

11 had 2-ethyl-1-butano! and phenol as main components thereof. A composition of
the liquid withdrawn into the storage tank 6 contained approximately 38 % by weight
of di(2-ethylbutyl) carbonate, approximately 21 % by weight of 2-ethylbutyl phenyl

15 carbonate, and approximately 1 % by weight of diphenyl carbonate. After operation,
the inside of the distillation column was examined, whereupon it was found that there
was a thin solid deposit on the sieve trays. The di(2-ethylbutyl) carbonate
conversion ratio was approximately 37%, and the phenol conversion ratio was
approximately 41%.

20
Reference Example 9:
[Production of aromatic carbonates by transesterification reaction)

The process of Example 1 was carried out up to and including the

disproportionation, and then liquid withdrawn from the conduit 21 and collected in the

25 storage tank 24 was subjected to separation by distillation, and di(2-ethylbutyl)
carbonate was recovered.
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distilled off fromthe top of the continuous nulti-stage distillation
colum 3 was passed through the conduit 7, condensed by the condenser 8,
and continuously wthdrawn at approxinmately 9 g / H fromthe conduit 11.
The liquid fromthe bottom 10 of the columm was continuously w thdrawn
through the conduit 4 into the storage tank 6 at approximately 69 g / Hr.
A conposi ti on Rrbdublion oGarnomatic datbenatesryntramsestenifibation réacticrdwas carried

2- et hyl - 1- but anol and phenol as main conponents thereof. A conposition of

the i quid usirigeheaappdrafug dsshewe IrhBRG.IRNKA Migadliquidesbnedlningxi matel y 38 %
by weight of di(2-ethylbutyl) carbonate, approximately 21 % by wei ght of

2-et hyl yjt Cartggrwm ) caponatdRIBvEred s d@@@ﬂ% gBbG Yohbnd, ihd'afitim

di phenyl nate. After operation, the inside of the distillati on col um

was exa oSi t
1S X2 fEtne USSP A o B b0 e ol | hidacs!

appr oxi nat.e [ e e. phen ersio | 41 %
20" Rt enrigh @l rﬁa"é'xgd"" iR 7P o RLrRaRG Rl @%&%@ﬂﬁl&&%ﬁ%ﬁﬁﬁaﬂgﬁ s 41 7%
transesterlflcatlo react roces e 1 was carri up
o and [ARBIOHIMAEIA00 RS, WS 7S CORURVOrRY e TARGHOm Gl AbRP BN T
the conduit 21 and collected in the 25 storage tank 24 was subjected to
separ at i/dif filgmdhe transtarilioe, 1 wiadhainrebeatry Rdotoja middlgrsiage obtheaeOMBwISOUS ed.
53 Production of aromatic carbonates by transesterification reaction was
car ri ed moltitstage digtitlatorapplanat 8 svhich basan insideldiameterbeaing @dnchepiand a

cont ai ni ng di (2-ethyl butyl) carbonate recovered as descri bed above,
phenol , htbgimgpiun) ahg Whighene padRed with 20 stagestof (siesljelisayinsal idwdrhat

di (2-et hyI utyl) carbonate / phenol 5 weight ratio in mxed liquid was 70 /
30 (ool FHortich bPtHe: &Slmnasiil DixcrOPKKMdA6 9 Wdneter) in an upper portion of the
column, and reaction was carried out. The heat required for the reaction and
distillation was fed in by circulating liquid in the lower portion of the column through
the conduit 4 and the reboiler 5. The temperature of the liquid at the bottom of the
continuous multi-stage distillation column 3 was made to be approximately 200 °C,

15 the pressure at the top of the column approximately 27 KPa, and the reflux ratio
approximately 5. Gas distilled off from the top of the continuous multi-stage
distillation column 3 was passed through the conduit 7, condensed by the condenser
8, and continuously withdrawn at approximately 16 g / Hr from the conduit 11. The
liquid from the bottom of the column was continuously withdrawn through the conduit

20 4 into the storage tank 6 at approximately 95 g/ Hr. A composition of the liquid
withdrawn from the conduit 11 had 2-ethyl-1-butanol and phenol as main components
thereof. A composition of the liquid withdrawn into the storage tank 6 contained
approximately 49.5 % by weight of di(2-ethylbutyl) carbonate, approximately 27 % by
weight of 2-ethylbutyl phenyl carbonate, and approximately 2 % by weight of diphenyl

25 carbonate. After operation, the inside of the distillation column was examined, but

no clogging, deposit or the like was found. The di(2-ethyibutyl) carbonate
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approximately 600 ppm) was fed continuously in a liquid form at
approximately 112 g / Hr fromthe transfer line 1 via the preheater 2 into
a mddle stage of the continuous nulti-stage distillation colum 3 which
has an inside dianmeter being 2 inches and a Ilength being 4 m and which
was packed with 20 stages of sieve trays in a |ower 10 portion of the

col um aodvé&isiamraimckas gpp(dkimmately 36et% and thepheppaonyerdiom nataf wake

colum, and reaction was carried out. The heat required for the reaction
and di sipprdafnatetywasefed in by circulating liquid in the Iower portion of
the columm through the conduit 4 and the reboiler 5. The tenperature of
the liquid at the bottomof the continuous nulti-stage distillation colum
3 was made to be approximately 200 C, 15 the pressure at the top of the

col um j KPa, and the reflux ratio approximately 5. Gas
Sope R Rartple 1

distill op of the continuous nulti-stage distillation
colu S [ h,t condui S he condenser 8,
and ggni?ﬁ%@{?@% ﬁ%?ﬁ%ag{&%‘?ﬁ @&wﬁh?é?tﬁﬁﬁ% %%F%Pt)m the conduit 11.
The liquid froamthe bottom of the col umm s..continuoysly w thdrawn

{hr ough '+ FEORRHaR & 8MA RebotRles By LB eRRTTcatan repityvis cams sty
Hr. A conposition of the liquid wthdrawn fromthe conduit 11 had

2- et hyl - 1- bigingnibe aprarawsras shawmd) RIG chpdhBtixed liqyd cestainingcbimybuliyti on of
the liquid withdrawn into the storage tank 6 contained approximately 49.5
% by wei glearminade (phastdhyandititanjuro detvaphenoxiderps axdatalyst (adpisted syuch testght  of
2-et hyl butyl phenyl carbonate, and approximately 2 % by wei ght of di phenyl

25 car bondi(r-but¥l} earbapatet plognoltweighivatiddn ohixéd digdidsvas B8vie2(nealaurationas
exam ned, but no clogging, deposit or the |ike was found. The

4 ToeL oo eneiorssangns oty rpo g g e sk 4 1
5 [ Prodygbidfdnt atdfpiBkintatey ARNGF AT fid¥n IHPRSRSERlihd 1GAA MR pFetizté O Into
a middle stage of the continuous multi-stage distillation column 3 which has an inside
diameter being 2 inches and a length being 2 m, and which was packed with 10
stages of sieve trays in a lower portion of the column and Dixon packings (6 mm
15  diameter) in an upper portion of the column, and reaction was carried out. The heat
required for the reaction and distillation was fed in by circulating liquid in the lower
portion of the column through the conduit 4 and the reboiler 5. The temperature of
the liquid at the bottom of the continuous multi-stage distillation column 3 was made
to be approximately 220 °C, the pressure at the top of the column approximately 300
20 KPa, and the reflux ratio approximately 5. Gas distilled off from the top of the
continuous multi-stage distillation column 3 was passed through the conduit 7,
condensed by the condenser 8, and continuously withdrawn at approximately 1 g / Hr
from the conduit 11. The liquid from the bottom of the column was continuously
withdrawn through the conduit 4 into the storage tank 6 at approximately 108 g / Hr.
25 A composition of the liquid withdrawn from the conduit 11 had n-butanol and phenol

as main components thereof. A composition of the liquid withdrawn into the storage
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Production of aromatic carbonates by transesterification reaction was
carried out wusing the apparatus as shown in FIG 1. A mxed liquid
containing di (n-butyl) carbonate, phenol, and titaniumtetraphenoxi de as a
catal yst (adjusted such that di(n-butyl) carbonate / phenol weight ratio
in mxed liquid was 38 / 62 (nolar ratio 10 0.33), and Ti concentration was
appr oxi tanked gohtzisd pppioxiraatelyed0 &6 hyiweightofydiimbaty!) ¢arbodateor m at
approximately 110 g / H fromthe transfer line 1 via the preheater 2 into

a m ddl epptegrdatdly 5% Bontight ofibutl phendtaageohte! ahd abproximatelyd. B%by ch
has an inside diameter being 2 inches and a |length being 2 m and which was

packed Wdightldt dlﬂﬁé’%%aﬂforﬁt@VeAﬁéﬁdﬁeﬁaﬂoﬁ ﬂh%ViﬁéldBfotth@ﬂléﬂlaﬁé‘ﬁcélgh#Hm and
Di xon packings (6 mm di anet er) |n an upper portion of the colum, and

reacti og,q maqﬁhapé@har&bpomfm)ae% Gt Obs VR 831 ddpbatich

distillation was rcula portlon of the

oo S TR @M&vﬁcﬁﬂﬂphﬁ%u : &?M?%%% PR b ald'S

was nad e roxi mtely 220 C, .t ure at the top of the colum
appr oxi ﬁ%ﬁ@ﬁ? d&pfgefmrat%%{aﬁﬁmr%'mieﬁé??% approxi mately 5. Gas
distilled off fromthe top of the <continuous multi-stage distillation
colum 3 was passed through the conduit 7, condensed by the condenser 8,
and continuously wi thdrawn at approximately 1 g / H fromthe conduit 11.
The | i qGiamparative kxabyle dm of the col utm was continuously withdrawn
through the conduit 4 into the storage tank 6 at approxinmately 109 g / Hr.

25 A co[Pegiuttiom obardrhatid capbiotatés indtransedterficdtion reastion}t 11 had n- but anol
and phenol as nmain conponents thereof. A conposition of the liquid

wi tipglr awn i nt prodiectivhsfaematie caftidndies e itrinzsedtcrifipaton F@idtion was tabied
wei ght of di(n-butyl) carbonate, apprOX| mately 5 %by wei ght of butyl

phenyl egf Q&ﬂgttﬁetaﬁggraﬂﬂé’ Wﬁhﬂ|  f l%lxeﬁqi i cOhtasHing ainloigy bonat e.

After operafti st d tion colum was” exam ned,

wher eup i dnaf€anl Prdfol fmfz-étrﬁefb%tw& BohBtd sRAS GRSt IR MiRéd liquid

70 / 30 (molar ratio 0.96)) was fed continuously in a liquid form at approximately 112
g / Hr from a transfer line 1 via the preheater 2 into a middle stage of the continuous

15  multi-stage distillation column 3 which has an inside diameter being 2 inches and a
length being 4 m, and which was packed with 20 stages of sieve trays in a lower
portion of the column and Dixon packings (6 mm diameter) in an upper portion of the
column, titanium tetraphenoxide as a catalyst was fed into the bottom of the column
such that the Ti concentration based on the total amount of materials fed in was

20 approximately 600 ppm, and reaction was carried out. The heat required for the
reaction and distillation was fed in by circulating liquid in the lower portion of the
column through the conduit 4 and the reboiler 5. The temperature of the liquid at
the bottom of the continuous muiti-stage distillation column 3 was made to be
approximately 200 °C, the pressure at the top of the column approximately 27 KPa,

25 and the reflux ratio approximately 5. Gas distilled off from the top of the continuous

multi-stage distillation column 3 was passed through the conduit 7, condensed by the
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5 sieve trays. The di(n-butyl) carbonate conversion rati o was approxi mately
14% and the phenol conversion ratio was approxi mtely 14% Conparative
Exanpl e 1: [Production of aromatic carbonates by transesterification
reaction] 10 Production of aromatic carbonates by transesterification
reaction was carried out using the apparatus as showmn in FIG 1. A m xed

| i qui d contehsem® ahd codtirtudusly withdramat at appropineately { di/ (H-fedrhythée contiit
carbonate / phenol weight ratio in mxed liquid 70/ 30 (nolar ratio

0.96)) was free | _| froppte b{otto?na:flthaubldrrfrowﬁsau‘onﬁﬁn@w}/mttrﬂlrawﬁlﬁrough/ Hr
froma transfer line 1 via the preheater 2 into a mddle stage of the

cont | nugws obfaiklihohedodiostahk Etétlt%pqaigmagel§ MO ¢ NHRASARBMPESitih of

di anet er bel ng nches an m and whi ch was packed W th

20 Sta0gfe ggu.aiﬁmrawffomh@ o8GR 11704 2-8h\Al1-biEn6PantiBneRg 23 ih

packi ngs n an upper port on

t et rgphenoxi de st _was. .fed t om.of

t hat S neoRPAGEE &Rt o SombaSHRR e Badf %ﬁlﬁsﬂwnd@wﬁh?eﬁiﬁg%@%ﬁ e
20 approxi mately 600 d reacti rried out e heat re red
for “+ he Sontiaeed SRpeinaraly BB aihonsiaabot die-eaiy) Calkonata ApR RGN ¢ he
| ower portion of the colum through the condU|t 4 and the reboiler 5. The

t enper atduteebyoveighd of Regthilibatyl phnaymarb@ﬁaf@f apd appseximalely . b by weighle

distillation colum 3 was made to be approxinmately 200 C, the pressure at
t he t op oddiphHenytcanvonateprhe di?-athylBatykrarbamaterabnviesior fatikwaat i o
approximately 5. Gas distilled off fromthe top of the continuous

mul ti - stappeoximetell 1786 amd el ptiendl conveimsediol Wwaoapprdxiaately 8%.t 7,
condensed by the 56 condenser 8, and conti nuously w t hdrawn at

apprgximately 1 g / H fromthe conduit 11. The liquid fromthe bottom of
the col umm was conti nuousl y wthdrawn through the conduit 4 into the
storageé&ﬁéal@h@ teI y 110 g / Hr. A conposition of the liquid
wi t hdr a omthe co 11 had 2-ethyl-1 -butanol and phenol as main

[Production of aromatic carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing dimethyi
15 carbonate, phenol, and titanium tetraphenoxide as a catalyst (adjusted such that
dimethyl carbonate / phenol weight ratio in mixed liquid was 73 / 27 (molar ratio 2.8),
and Ti concentration was approximately 1000 ppm) was fed continuously in a liquid
form at approximately 126 g / Hr from the transfer line 1 via the preheater 2 into a
middle stage of the continuous multi-stage distillation column 3 which has an inside
20 diameter being 2 inches and a length being 2 m, and which was packed with 10
stages of sieve trays in a lower portion of the column and Dixon packings (6 mm
diameter) in an upper portion of the column, and reaction was carried out. The heat
required for the reaction and distillation was fed in by circulating liquid in the lower
portion of the column through the conduit 4 and the reboiler 5. The temperature of
25  the liquid at the bottom of the continuous multi-stage distillation column 3 was made

to be approximately 203 °C, the pressure at the top of the column approximately 0.9
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5 conponents thereof. A conposition of the liquid withdrawn into the
storage tank 6 contai ned approximately 60 % by wei ght of di (2-ethyl butyl)
carbonate, approximately 4 % by wei ght of 2-ethyl butyl phenyl carbonate,
and approximately 0.1 % by wei ght of diphenyl carbonate. The

di (2-ethyl butyl) carbonate conversion ratio was approximtely 7% and the
phenol dWRaecax the refluixoatiaappppimatetpOed.y Gus distille@aiifeoratthedofolithe e 2:

[ Production of aromatic carbonates by transesterification reaction]

Product icontiptiodd ATAG-stageadismRiopscdYmhr 2as pagked tleughnhe eaptuier, was
carried out using the apparatus as shown in FIG 1. m xed liquid

cont ai nic@?gghg@& Bglthé%ﬁﬁﬁﬁé&%%ﬁe Fh'uouég%mdrﬁﬂh%f‘ép%trbﬁ%?)ﬁd@las a

cat al yst Jjusted suc at thyl carbonate / phenol weight "ratio in
m xed | i gui . ( ' ' aTel<ty! '

appr oxi nﬂ%ﬁ%&éﬁ%@ﬁﬁ ?wagﬂ F eeﬁtrgu!:dgﬁ?ﬁ'n@gﬁ%qn;? rﬁ%ﬁgﬁ% ?%BI d %%?;Rhgﬂt?uéﬁ’?sﬁy
appr oxi mat e 1 L H framthe transfer lin via th r f into
PP B cmir 2y Wictiohdht sonaiit Bt e Stoban ik & ol sfurbREnRes AR TH 01
has an inside 20 di ganeter being 2 inches and 1 engt ei 2 and whi ch
was pacleePmPPRtien o?mtmd arithdiraye frampae cAndui gﬁ@gﬁﬁmﬁﬁﬂ SgrbeEe col um
and Di xon packings (6 nm dianmeter) in an upper portion of the colum, and
react i ofnethigneband phenelas main permponesigitherpfs oA qamepesition pbihediauid
distillation was fed in by circulating liquid in the |ower portion of the

col um withalnawntimie therstiorage4ank 6 ddnéained @ppeoxiBatainS.4 Soby meigintcofahethyl t he
liquid at the bottom of the continuous nulti-stage distillation colum 3

was mi_dfpheh?I derbanate sndeipPryxinidilely.0. 1 196 byrvesight of diphéh daviportdtet hdfteol umm
approximately 0.9 57 MPa, and the reflux ratio approximtely O B. Gas

di sypl | epephtior, teeNnsite bPtheMistilRRionAINimPUPAs exdhireds WHERe GBS it fodnd

colum 3 was passed through the conduit 7, condensed by the condenser 8,

and . cony, AR Wal'd thH 8¥f BbpSHPER YL BIGE 1R, 9 The dimethyl carbonate

conversion ratio was approximately 2.3%, and the phenol conversion ratio was

approximately 6.6%.

15 Comparative Example 3:
[Production of aromatic carbonates by transesterification reaction]

Production of aromatic carbonates by transesterification reaction was carried
out using the apparatus as shown in FIG. 1. A mixed liquid containing dihepty!
carbonate, phenol, and titanium tetraphenoxide as a catalyst (adjusted such that

20 diheptyl carbonate / phenol weight ratio in mixed liquid was 73 / 27 (molar ratio 1},
and Ti concentration was approximately 600 ppm) was fed continuously in a liquid
form at approximately 101 g / Hr from the transfer line 1 via the preheater 2 into a
middle stage of the continuous muiti-stage distillation column 3 which has an inside
diameter being 2 inches and a length being 2 m, and which was packed with 10

25 stages of sieve trays in a lower portion of the column and Dixon packings (6 mm

diameter) in an upper portion of the column, and reaction was carried out. The heat
b8



Hr fromthe conduit 11. The liquid fromthe bottom of the colum was
continuously 5 withdrawn through the conduit 4 into the storage tank 6 at
approximately 84 g/ H. A conposition of the liquid withdrawn fromthe
conduit 11 had dinethyl carbonate, nethanol and phenol as main conponents
thereof. A conposition of the liquid wthdrawn into the storage tank 6
cont ai nereéqajped don thetrebpticén dnéodistillatiog wasdedie biyydirculgtiegyliquehindtbedower and
approximately 0.1 % by weight of diphenyl carbonate. After 10 operation,
the i nsiplatioh of fite olsirin thadughtheotentuing anetagiraisstier dherthepempedrature df ound
that there was a thin solid deposit on the sieve trays. The di nethyl

car bonatife ligRRy 8f thedbtioh thH@éorﬂFfWo@é'rﬁ”ﬁ&ieétd%% distfilafion! cél*&ﬁlrpﬁﬁﬂﬁ r_nade

conversion ratio was approximately 6.6% npar ati ve Exanpl e

[ Productoq, 8p@iiiBihya FREOMR FosBiird SRS BF id EalhRNapSRMMARlY 27

Pr oduction o aro car boh y transes |on reac

R T Aot AT RIS .
L P T ) S R e

approxi matel y 600 was fed continuously in aliquid form

appr oxi reansiepsed i)Vd £ qqndena%ﬁ 8.rand eomutuausly w@hqmwrhattmrsmméalyeﬁ g7 Hmt o
a mddle stage of the continuous nulti-stage distillation colum 3 which
has an ifremndbe canduittidr Dbediguitl fromHbe bottbna of thegediutne was 2ominuslyvhi ch
was packed with 10 25 stages of sieve trays in a |lower portion of the

col um awithdPawerthpaedt thescdrialuitd inth dnesirage tarkt apapproximaiehn96fy e
colum, and reaction was carried out. The heat 58 required for the

r eacypl OMéBH'np@isﬁb'n' ofthe ﬂqumﬁltﬁcﬁﬁwmr&% thkcondal 1 thdd I%btdnbrbﬁ&e_hé@dﬁs
portion of the colum through the conduit 4 and the reboiler 5

t enper at joe &m Sﬁé’ntg'tﬁ'ék‘e%f a&Achﬁmﬁb%itde‘&ﬂﬁethGﬁno%ﬂﬁaH&W?Pﬁuté*%ﬂé stoPdge
di sti IIatlon co
tank 6 contained approximately 7.1 % by weight of heptyl phenyl carbonate, and
approximately 0.1 % by weight of diphenyl carbonate. The diheptyl carbonate
conversion ratio was approximately 10%, and the phenol conversion ratio was

15  approximately 10%.

Industrial Applicability
According to the present invention, a specified aliphatic carbonate and a
specified aromatic monohydroxy compound are reacted together using a reactive
20 distillation method in the presence of a catalyst, whereby an aromatic carbonate can

be produced continuously with a high yield.

59



to be approximately 210 C, the pressure at the top of the colum
approximately 27 5 KPa, and the reflux ratio approximately 4. Gas distilled
off fromthe top of the continuous nulti-stage distillation colum 3 was
passed t hrough the conduit 7, condensed by the condenser 8, and
continuously wthdrawn at approximately 5 g/ H fromthe conduit 11. The
liquid fromthe bottom of the col umCh&dMSonti nuously w thdrawn through
the conduit 4 into the storage tank 6 at approximately 96 g / H. 10 A
conposi Wenlaih:the liquid withdrawmm fromthe conduit 11 had heptanol and
phenol as main conponents thereof. A conposition of the liquid w thdrawn

into the storage taoBes®Rirah8 ProdRRICOMEH sﬂo&ha?tlo]ca%aﬁatﬁebem r@.fnd;eptyl
phenyl carbonate, an approximately 0.1 % by wei ght of di phenyl carbonat e.

The di hgiit ¥lepedjfbonate conversion ratio was approxi mately 10% and the
phenol conve|p sion ratio was 15 approximately 10% Industrial Applicability

Spectiiod ta?ohﬁﬁﬁ"@fﬁ%ﬁpfﬁ?&%iéﬁ et 8 ERhelCaferfhiBh b ERoNERTYetar °

reactiv stillation nethod in the presence of a catal yst, where an
aronat i g"E’Hﬁ%giﬂa@%a ing materal; ARArepAticINBNRMYARKY ROTNGUY f?PEﬁﬁ?” @gy

CLAIMS W claim 1. A process for the production of an _aromatic carbonate,
conpri sPKdollawieg ge@gsalcfprmgladahas RUeastants ardiargetakcaniaining icatalystioloa e
represented by follow ng general fornula (1) as a starting material, an
ar omat i stagerayouer akptioonelcaficst nugti-stage digtiliationt coluown syyagémbring aboutrul a (2)
as a reactant, and a netal-containing catalyst into a stage above a bottom
of a fi redctiont ahdst age distillation colum so as to bring about
10 continuously withdrawing from a reaction system in a gaseous form a low
boiling point component containing an alcoho! by-produced in the reaction, and
continuously withdrawing from a lower portion of the column in a liquid form an
aromatic carbonate represented by following general formula (3) obtained from the
starting material and the reactant,

0O 0O

R1/ T \R1

15 O
(1),
Ar'OH
(2),
wherein R' in general formulae (1) and (2) represents an aliphatic group having 4 to

20 6 carbon atoms, and Ar' represents an aromatic group having 5 to 30 carbon atoms,

0 0
T AR
0

(3),
wherein R? and Ar? in general formulae (3) are the same as R’ and Ar' in the starting
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reaction; and 10 continuously withdrawing froma reaction systemin a
gaseous forma low boiling point conponent containing an al cohol

by- produced in the reaction, and continuously wi thdrawing froma | ower
portion of the colum in a liquid forman aronmatic carbonate represented
by follow ng general fornula (3) obtained fromthe starting material and
t he readnatetial avd theO¥@ackint, degspectively,, Ar10H (2), wherein Rl in general
formulae (1) and (2) represents an aliphatic group having 4 to 20 6 carbon
atons, and ArwhegpinessithinsetaRcovitaimivig cagiyaitis HissoNed In adiqeid phas®m sdidns,
,OOR2J "-1 Ar2 O (3), wherein R2 and Ar2 in general fornulae (3) are

the saneddtidR, oripriisent th é 'ﬂ&uﬁtféﬁﬁ'dwln@%dm?@édt%'n and sralﬂfnfe‘?é’icécﬂﬂélnmg
respectively, wherein said netal -containing catal yst is dissolved in

lr ggg't ?O%Ef‘a?)ﬁsé ées é @Hn@@tutaﬂ%té ﬁa\ﬂ{'igl%l; ']%aét @ 'h '@-"\"i ﬂnlt%érﬂ@r'élhng sai d

tarnin gani ¢ titanate
havi pg at Ieast one T| -O-TI Ilnkage therein. 5 2. The process according to
claim1l1, wherein said aronatic carbonate may conprise a diaryl carbonate

foll | f
represent ed b&. ° CH\{I n&oggs?se ggcord%rgrrt% ceialgn )I wherein said aromatic carbonate

may comprise a diaryl carbonate represented by foliowing general formula (4):

0O O
\’_r \Al'z
O

(4),

10 wherein Ar? in general formulae (4) is the same as Ar' in the reactant.

3. The process according to claim 1, wherein R' in the aliphatic
carbonate represented by general formula (1) is a saturated aliphatic group having 4

to 6 carbon atoms.

15
4. The process according to any one of claims 1 to 3, wherein R' in the
aliphatic carbonate represented by general formula (1) is a saturated aliphatic group
having 5 or 6 carbon atoms.
20 5. The process according to any one of claims 1 to 4, wherein R’ in the

aliphatic carbonate represented by general formula (1) is an alkyl group.

B. The process according to any one of claims 1 to 5, wherein the
aromatic monohydroxy compound represented by general formula (2) comprises
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OO Are Y Ar2 O (4), 10 wherein Ar2 in general formulae (4) is the sane
as Ar' in the reactant. 3. The process according to claiml1l, wherein RL in
the aliphatic carbonate represented by general formula (1) is a saturated
aliphatic group having 4 to 6 carbon atons. 15 4. The process according to
any one of clains 1 to 3, wherein RL in the aliphatic carbonate

repr esemphedoby general fornmula (1) is a saturated aliphatic group having 5
or 6 carbon atonms. 20 5. The process according to any one of clains 1 to 4,
wherein R1L in the aliphatic carbonate represented by general formula (1)
is an al kyl group. 6. The process according to any one of clains 1 to 5,

wherein the ¥ SmelithermoebuspesraRRrRYaR HCRMBRAANRE cBlunaeBengh for mul 2

(2) conprises 25 61 phen /. The™process accordl ng to claim4, wherein
t he col ol I in a range of
from 158&?1@%%%%& %&HﬁﬁéNé@gé@@ﬁ@jﬁdl n& cﬁ‘tffdr?]ﬂ 1?9&%%5 chai m 1to 7,
Wnergin a nolar ratio of the reactant to the startlng material fed into
said“nulti-stage distillation colum is in a range of from0.1 to 5. 10 9.
The process according to any one of clains ﬁ % n . the, first

mil ti-stage difstill ORB8 ARCHANGH5,BMEade PRGRITS TorbYRRTFicsg Molar

distillation stages ] ) o
ratio of the reactant to the starting material fed into said multi-stage distillation column

is in a range of from 0.1 to 5.

10 9. The process according to any one of claims 1 to 8, wherein the first
multi-stage distillation column has not less than two theoretical distillation stages

therein, and the catalyst is made to be present in at least two of the stages.

10. The process according to claim 1, further comprising the steps of:
15 continuously feeding into a second multi-stage distillation column the reaction
liquid withdrawn from the lower portion of the first muiti-stage distiliation column in the
process according to claim 1 either as is or after removing the starting material and/or

reactant therefrom, so as to carry out a disproportionation reaction;

20

25
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therein, and the catalyst is nmade to be present in at |east two of the
stages. 10. The process according to claim1, further conprising the steps
of : 15 continuously feeding into a second nmulti-stage distillation columm
the reaction liquid withdrawmn fromthe |ower portion of the first

mul ti-stage distillation colum in the process according to claim1 either
as i s or aftercontinoously withelrawingt inreggasaatrsi farmaryddistillationea tcanboilihg pefimtom
so as to carry out a disproportionation reaction; 20 25 62 continuously
wi t hdr awiongpdrierd coatseing droaliphziticdashondte tiygsrodubedvirbthid igagtion; and
conponent containing an aliphatic carbonate by-produced in the reaction;

and conti nUOUS:'.oY:théM{rWﬂﬁﬂ%ﬁlfﬂ@rﬁ&n@WerWrﬁérpﬂf e ddrandanamidstayLt | - st age
distillation colum in"a liquid™forma diaryl carbonate represented by

general fgfay ﬁcoﬁm(ué“ ade\*b?mpéﬂ Iﬁ:ﬁﬁ&ﬁét@'r@grés%ngél ng %ﬂe [Ei mnilf)lg 5

al i phatic carhonate a| ned throug ccor
recygl ecldor use as the starting material inclaiml. 10 15 20 25 63

11. The process according to claim 10, wherein the aliphatic carbonate
obtained through the steps according to ctaim 10 is fecycled for use as the starting

material in claim 1.

10
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