L A0501 URSZW UPRORESS FOR PRODUCTI ON OF AROVATI C CARBONATE Techni cal Field
The present invention 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 ePROGESSFEORBRADUBTIQNADF ARAMATIGIGARBONATRr ot i ¢
hydr oxy compound together. 10 Background Art Aronmatic carbonates are
useful, for exanple, as raw materials for the production of aromatic
pol ycarbonates, which in recent years have become increasingly used as
engi neeféépg‘#gl@;%lacs W t hout using toxic phosgene. As processes for the
production of aromatic carbonates, a process of subjecting an al kyl 15
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carbonat es through reacti on between an al kyl carbonate and an aronmatic
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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 compouhd 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):



‘ROC(H? m r + ROCOR (E3) OO0 0 0 ROCOAr + ROCOAr Ar OCQAr + ROCOR
(E4) & erein R represents an al kyl group, and Ar represents an
aromatic group. Reaction formulae (E3) and (E4) are transesterification
reacti ons between the same nol ecul ar species, with reaction fornmula (E4)

al so genergfd)ﬁﬁ)ﬁel ng referred to as a 5 di Lsﬁ I onation reaction.). The

above rea of ¢ElrOHp (EF—arealT eq m r aaROHNS. ForéEIw
reactions of I(El) and (E4) in particular, the quilibriumis biase

mar kedl y towdrd the original system and the Yeaction rate is slow, and
hence the aromatic carbonate yield is |low, and thus there have been many
di fficul t b?\ﬁ.l ndustrial production. Sev r@% é?\ proposal s have be E@ made
to |rrprove 0 e aBoReQdH ffi mo t hegeRQHwve rel at&d)
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Lewi s acids such as transition nmetal halides and Lewi s acid-form ng
corrpounds (see for exanple, Patent Docunent 1: Japanese Patent

Appl i ca i d- Ope 51- 105032, Patent nt 2: se Pat ent
plica O |d+q)e§ OArl RS0 123978, PaB d&cuﬂentdéﬁagpaneag3fatent
Appl I cati Lai d- Open 56-123949), tin conpounds such gs; organo-tin
al koxi des @nd or gano- tlﬁ oxi des (see, for exarple, Patent cunent 4:
Japanese Patent Application Laid-Open No. 54-48733, Patent Docunent 5:
Japanese Patent Application Laid-Open No. 54-63023, 2 A0501 UP32W Patent
DocunerROEOARpaneseRBICOMr Appli-cati-an Lalkr(lﬁ@h\rNQ,. 6(ROCDIRA, Pzﬁgxt
Docunent 7} Japanese Pajflent ApprTTarton Laid- dpen No. 60- 149445, P t
Docunent 80 Japanese Papent Application Laid- @en No 62 207645 Pat ent

Docunent alganese Pat ent |icati 82\ Lai d- 265063 salts and
(whereln represents an alkyl group, and Ar represe ts an aromatlc 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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5 al"koxAgg.l o ali nmetals and al kaline earth nmetals (see, for exanple,
Pat ent cunent 10: Japanese Patent Application Laid-Open No. 56-25138),
| ead compounds (see, for exanple, Patent Docunent 11: Japanese Patent
Application Laid-Open No. 57-176932), conplexes of netals such as copper,
iron and zirconium (see, for exanple, Patent Docunment 12: Japanese Patent

Appl i capatent DacOnfapes: NaparddseSiatbhBARplicationtlaid-OsH NocebaABR44acPatener
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canpl OB E T e B R el o L QPN P B B35 (PR e o,
60- 173 , ] - By . T [ | e,
Pat en Oféééﬂn%ﬁfz‘i%b%infg%éri%sn%;m;%%"xﬁm@#@nﬁ@-S‘?%?Z%%%ﬁ%atefrﬁr 1-265064).
erric gcetate, (see or anpl e,.. Pat ent cu t ’ anese Pat ent

| cAroimes: & BHianeRs A tABisafion el ChegNil-e5H0aY. 3ake30d.
%\R/lei/gr, the main reason that1 th?Zromatic car boﬁate yi elg iE |O\?V I S not

t he & ea@lkPdles of alkgliimgfalssandalkaline gerbrmetals &§6; faralRle #g bi ased

mar kedly toward the original system and hence inproving the reaction rate
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I nproving the aromati c carbonate yield. Regarding the reaction represented
by aboveorhpoundsa(seel Jor exaoude sRatemt Bockinem 11 nJaparaset Pateht/Applasitioad

al cohol is renoved fromthe reaction systemso as to shift the equilibrium
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batch reaction systens using a reactor provided with a distillation 25
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14 Japanese Abakelion BG5S KoM s dbeaBs TniRureS bt AR acid GG yer - to make
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 exam.ple, 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 y'ield is low is not the reactibn 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 reactioh 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 distillation

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

Application Laid-Open No. 56-123948, Patent Document 6. Japanese Patent
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“yield hAgg@1g@g§ﬁyion must be carried out for a very long period of tine,
and noreover a large apparatus is required relative to the anount
produced of the desired product; for such reasons, such a batch reaction
systemis not industrially practicable. As other processes in which the
by- produced al cohol is renoved fromthe reaction system there have been
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phenol, a process in which by-produced nmethanol is distilled off by 10
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adsorbed onto a nol ecul ar sieve (see, for exa e, Patent, Docynen 1
Japahesd 3598 APPALYHR i ERJUIRATRIAIVe e ﬁhw@mm@ép@%@ ‘fféB? F@§Bsﬁmé}lq%b
Pat ent Docunent 22: U.S. Patent No. 410464)). A process is also known in
whi ch afossech ceasonsosuch @ bateh eatiiooaystam ignat ingustrially pradicable: i 1A%t i on
colum so as to pronote renoval of the by-produced al cohol 20 fromthe
r eact i oothey stanesses in whichpthedssprodaced alldofiol saremoovsicframdheameactiomt i c
hydr oxy compound are continuously fed into a nulti-stage distillation

col um, syEem, fieaethave beencpropbsed, dot egample) foLthe)reastidribetvesdn dihmtihyin
colum, while continuously wthdrawing by distillation a | ow boiling point

conponegérbeRBicPand PReAolL ¥ HroSskCifdvhigh bgg?bdhémhm% distinéd off byf the
colum, and continuously w thdrawi ng a conponent contai ni ng produced

AP SR S BoUB oI it et Reg” B HTRE TR o
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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 removal 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 cont_inuously withdrawing a

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

column (see, for example, Patent Document 23: Japanese Patent Application
4
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‘prodésg&gséq dgywwn i n which the by-produced dial kyl carbonate is renoved
fromthe "reaction systemso as to shift the equilibriumtoward the product
system and thus 5 pronote the reaction. Exanples include a process in which
an al kyl aryl carbonate is continuously fed into a nulti-stage
distillation colum, and reaction is carried out continuously in the

di stil|adidamp&®NeTa-2248475. continuously wi thdrawi ng by distillation a |ow
boi | i ng poi nt conponent containing the by-produced dial kyl carbonate from

an upper por%é&é}dﬂ{&tﬁégd%@%ﬁioﬂﬂn%%ﬁw%gi’?ﬁfﬁjwQﬂ\ﬁ\fégfd?mgfﬁt*ﬁ?éd)?”t

containing a 1o pro carbonate ower “portion o

col um or e t.ent : . lgation
Cai o opeRREseS s SRRI funlcBAEB oy RoHIRR ooy SERRMERE K Ariled WEmER) ' 1
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catal yst. For exanple, known nethods 15 include a nethod in which a
titdni upromatedhe kessties. hdxemples lydeyd Pipeesedn whieh Al aligy! @sylasebenats |
groups in a dialkyl carbonate used as a raw material is fed in, whereby
cont ani isgointinuasiy féy inde adoulbiastage cistilatiodueocluor @nal fegction isotaried out
by-produced fromthe catal yst is prevented (see, for exanple, Patent
Docunentoritimuoudhpnties eistilation calppin, ediileasortiaudusy avitHdvawitigddy didfilbdtion a

met hod in which, 20 although it is known that the catalyst nay precipitate

out upoRwBSling pemt @Bﬁfp@hbﬁﬂcoﬁtairﬂﬁ@tﬂé’by—?@%ﬂlﬁé@kﬁalkﬂh@b@ﬁﬁﬁé feor)a OXYy
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conpound and a catal yst are continuously into a reactor, a by-produced

al cohol yhserGasHibR BPHY a!omhﬁqbg[;@%niiﬁeaﬂﬁy Witﬁh?é&iﬁbiaf)%TEmaéi@gﬁgét]et °

the reactor, and aromati c carbonate containing an~a aryl car
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the feeding p'ﬂ% }éaocrt]io];'lgrregre%ggtaécy g)} agé\?en}ormulae (E1) to (E_4) 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
b



“ thef egghigty gpsbiyyon for a dial kyl carbonate and an aromatic hydroxy
conpound (see, or exanple, Patent Docunent 27: Japanese Patent
Application Laid-Cpen No. 2000-307400). 5 The catal yst used in such a
reaction systemis generally present dissolved in the reaction liquid
under the reaction conditions, and noreover has a higher boiling point

t han t hatwhith tloggigoisareverntad iy sepasatirathe feadigt positidrefon accatalgst foomi ty

aromatic carbonate fromthe liquid produced through the reaction, first a

| ow boithk W@ecﬂlﬁ%@?siti@ﬂﬁapﬁ%lk'I%afr@éﬁ’é’té%rfd’%ﬁ?ﬁaﬂ@ﬁfdrbw chirfpeufd (386, then

the diaryl car ate in the 10 high boiling point conponent I's separated

"1 hi S0, SRpIE Paiqrll Dol kARt Patent ATHIERNGH Eaid OpbA NI 1e!

compon y be recycled, or may have a deactivated conponent
remve?ﬁqgésﬁ?‘;@ An exanpl e of the process for separating out the

catal yst is e process described in Patent Docunent 28 (Japapese Patent 15
Aol bat i on TABERBYA HEST 5L U7 SACton SO 15 GopPiaus dsosait isaived n
separating out of the catalyst is carried out by using a catal yst having a
| ow boithergagtiimliquid tndestheyeagtien canditiens.sand g@rwmmqsgel,gh%{m@xaanm e,
Pat ent Docunent 29: Japanese Patent Application Laid-Open No.

2003- 23istthanAhatefitbe arematic chrboatés; emddzendecto ahiaini abighppwity asemsatior
produci ng 20 aromati c carbonates through reaction between a dial kyl

car bonataebamatedrom tieertitjiid proddeekthroag therbaetiodefrst alimd balliogepointh nost
cases (not only the above exanples), the dialkyl carbonate or the hydroxy

CONPOUNsbnhSontiR Gs FemEVEEFom eTeBERsS liglid, 2Ad GierPthe dibnt BafRrReERIPIRAS 1S
used in excess, and unreacted conpound is recovered and reused has very
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A0501
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 processeé 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 processin
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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t D et h;ﬂoﬁr@pggwe has a | ow boiling point of approximtely 90C, and
noreover  forns an azeotrope w th nethanol by-produced in the reaction. The
azeotrope has a lower boiling point than di methyl carbonate, and hence
when renoving the by-produced nethanol fromthe system dinethyl carbonate
Is also renoved at the 5 sane tinme. To increase the reaction ratio, it is

thus nqHRREYR o8 has s IREboifhgPointlof @pﬁhﬁmb@w 808D, andHireswster al
times that consumed in the reaction, and ence the energy efficiency has

been V%aﬁ@aﬂfazeBE%\sAnﬁﬁﬁﬁrgbm%n Bp-é;ﬁéaﬁééd iethi rBSE8§bre Neri akdotFdsePNas ed and

reused are also rexanp a process is known in which vapor
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I s used as the dial kyl carbonate, there is the problem _descrjbed above
thab t FameHye. ndeHBREAasehe reaiaasatia, %ﬁt%méﬁﬁwrteﬁ?%‘ﬁ@ system

di net hyl carbonate nust be renoved fromthe systemat the sanme tine. A

pr oces dimetiwhicarbanate in &y lamourt seueral timas thebsonmimed imthayeagenrage with
t he al cohol by-produced in the reaction is used is also known (see, for

exanpl enenciaherneRye efficiency haslzgeameary pfear.ent Appl i cati on Lai d- Open No.
10-152455). In this process, there is a suitable difference in boiling

poi nt bet weerprbbgssdsCinhwhich @xByssivalgdused energyis reeovércanarihbused ateal kyl-
carbonate, and hence it is easy to separate off only the al cohol. However,

c | . . cohol . Howe
e itk b RN Al g A b O
“to the” amount " the desired hence 1
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t f 2 t W th t | cohol.. by- ' ' '
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Appl CalSc‘:t%‘mer?tl go:%%gngge Patent Application Laid-Open No. 2004-75577). However,

‘because dimethyl carbonate is used as the dialkyl carbonate, there is the probiem
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. 10-1524585). In
this process, there is a suitable difference in boiling point between the aicohol

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 aéeotrope with the alcoho!l by-produced in the reaction is used is also known (see,

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



* A0501 uPgeQy 307400)~ I n this process, under a condition of excess
aromati c ydroxy conpound, the catalyst is fed into only the bottom of the
colum, and hence the reaction proceeds only in the bottom of the-col um,
and thus a problem of deposition of a catal yst-derived conponent on
structures in the distillation colum is resolved; 5 however, because the

react i @DOD-BTRAIL). OM this Pradaesbandera ebnditien obbueass érbmatmhytdre)ej age
distillation colum thereabove is provided only for carrying out separation

by a1 Stdrhiburh 190 cbifl s ATRRHLARS O G 6 oo AGTAhe RORTAR! and hBﬁc@'tﬁé kyl

carbonate, phénol al cohol by-produced in the reaction, etc.), and a

mat or i Sf?ﬁﬁén PlogisBs SPHEREhEBSRA Brine B TREH Fra s 5@“‘2‘?@%’?@%@!}“‘0
conmpoun s 0.01 must, b
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car bonat e yield obtaiped is | ow bas bath the st t| n rial (the
al i phathew &ﬁ%ﬁtaﬁde?ﬂ@’}@'é’ﬁﬁﬁ %0(‘ YHB e SRHPMO Eo%ound) I'n
t he above publicly known processes, there are problens that either the 15

di al kyl mu&rsiagadestlaat@m golmsminereatiamer iéwowdﬁg&mlwfqr@uym Ut sepaeation and
excess energy is used, and furthernore there is a problemthat the
ar onat iy distilkaticnt @ the cmmpptnmds having aavapdr pregsure {thsodiatky| carbonatey|
carbonate, or a mxture thereof cannot be obtained with a high yield. 20

Di scl ogphehobfthé riesrol by-prodiicediin thbjreattior, etd1y ands tnyeiexcess bbthe 0 provi de
a process for production of aromatic carbonates with high yield in which

i n the gragfutieihyeRoxytafipuhd SLEBIAtGhe SRIrHNG ARePalqdachliiphatieicarsasdteNg an
al i phatic carbonate and an aromati ¢ nonohydroxy conpound together and

r enpVi Ngagpy QFE %‘?Hﬁl‘égc?%aml chn‘i ﬁcnemgl%r F&RFis! 201 wﬁtﬁé‘tlﬁéﬂol ! e no

dr awbacks as descri be ove t using an excess O atic

carbongjg Yl RAftowWardiA8 WS&.?&%;&@H?WBHW tA8 Bl 'Githe ddlumn, and thus

the aromatic carbonate yield obtained is low based on both the starting material (the
aliphatic carbonate) and the reactant (the aromaiic hydroxy compound).
in the above publicly known processes, there are problems that either the
15 dialkyl carbonate or thé 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
monohydroxy compound together and removing a by-produced alcohol from the
26 reaction system, there are no drawbacks as described above, without using an

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



" A0501 URSSHY uesiog excess energy. The present inventors have carried out
assi duous studies to attain the above object, and as a result have arrived
at the present invention after discovering that, in the case of carrying
out aromatic carbonate production by reacting an aliphatic 5 carbonate and
an aromati ¢ nonohydroxy conpound together and renoving a by-produced

al coholuding extdwss emergyi on system the above object can be attained by
reacting a specified aliphatic carbonate and a specified aromatic

nonohydr oxy T /preidadt iveatdrs havéeanid 6gt dgdidltisPstaaiestto iaftaRhetabovan
aromatic carbonate can be produced with a higher yield than in a publicly

known %tﬁé’@tt gﬁd RIDUMtha\B AHi0gY et tr@‘pﬂsgﬁ?ﬁenﬁbﬁrﬁﬁéﬁ dlﬁéb&%r@‘th%% GRss of

a raw eri and w t hout usi Nng e€excess ener r esent
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ot o1 FarOQRE ke EromAL TGy Srthv e RP LG KBNS R ng gener al
formula (2) as a reactant, and a netal -containing catalyst intq a stage

above P¥Bradusedralephal from tha rtenacgpagasmtthe akove Pbiast 6AR baattained by i ng

about reaction; and continuously withdrawing froma reaction systemin a
gaseousrepgting a sne@iﬁeucﬂliphagc satbanate apdecsneaifind alomatis manahydrmyy
by- produced in the reaction, and 20 continuously withdrawi ng froma | ower
por t i orcarhpoured twgjetimer. | mcaotdimgjtmltrfeopment ingentien, ian a@natitatarborateasent ed
by follow ng general formula (3) obtained fromthe starting material and
the reass praducBd with ¥ Bijher@iell than irPa publicly known aromatic carbonate
10  production process, without using an excess of 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 step of:
continuously feeding an aliphatic carbonate represented by following general formula
15 (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 boiling point component containing an alcohol by-produced in the reaction, and
20 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,

R1”




' A0501 U@@%@W (2), wherein R1L in general fornmulae (1) and (2)
represents an aliphatic group having 4 to 6 carbon atons, and Arl
represents an aromatic group having 5 to 30 carbon atons, R2"~" 0 Y O'-,Ar2
50 (3), wherein R2 and Ar2 in general formulae (3) are the sanme as Rl
and Arl in the starting material and the reactant, respectively, [2] the
process according to item[1l], wherei Hd aronmatic carbonate may 10
conprise a diary) carbonate represented by foll owi ng general formula (4):
Ar2'0 YOAr2 0 (4) wherein R2 and Are Fﬁ general formulae (4) are the sane
as R1 and Arl in the starting material "and the reactant, respectively, 15

car bonQt LR A GRAEE Rfrylae | BBriciapdfeeiite i Gintht ol VS £10

0L onp 1R e B A OB R RS S0P AR,

general fornula (1) is a saturated aliphatic group having 5 20 or 6 carbon

atons, [5] the process accordin @Q{@ie%ems [1] to [4], wherein
y

te
Rl in the aliphatic carbonate &@prese ed b eral formula (1) is an
al kyl group, 10 A0501 UP32W

5 O
| (3),
wherein R? and Ar? in general formulae (3) are the sahe as R' and Ar' in the starting
material and the reactant, respectively,
[2] the process according to item [1], wherein said aromatic carbonate may

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

o._ _O
Az \[( Y
0,

(4)
wherein R? and Ar? in general formulae (4) are the same as R' and Ar' in the starting
material and the reactant, respectively,

15 [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
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

20 or 6 carbon atoms,

[5] the process according to any one of items [1] to [4], wherein R’ in the aliphatic

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

10



" [ 6] 't heagepcapsoggcording to any one of itens [1] to [5], wherein the
aromati ¢ nonohydroxy conpound represented by general fornmula (2) conprises
phenol, [7] the process according to any one of itens [1] to [6], wherein
the colum bottom tenperature in said distillation colum is in a range of
from 150 to 250C, 5 [8] the process according to any one of itens [1] to

[ 7], wie] ettie proveks actaidify & ahyBne offeRITH ] to[5] ehedeat tHenarommitey i al f ed

into said nmulti-stage distillation colum is ina range of fromO0.1 to 5,

[ 9] th%Bﬁ&%ﬁx@E&ﬂg@hH? rlbgre}@‘:t @)égénéﬁa?@mu&%i Q)S%Jrﬁr}misé@“ﬁ’i&ﬁd] sai d

net al -contai'ning’ catalyst 1's disso ina'l hase In sald reaction
or is S - ; cess
accor ahh S protsp rPotdi | a 06k U HbRR IIFI el PicyeRling bl Bid

di ssolved in a |iqui. I n said. reaction, i re inaliquid
For m aupMAsrabrs s diiten pffvais B tril pdromasiBB ey the pr ocess
according to item[10], wherein the organic_titanate conprises an 15

or gé&ni dS?i thepiacess AckrErding teaty opref tems (1 tq (7hsereimamaelar ratiogf thee
process according to any one of items [1] to [11], wherein the first

mul ti - eagenticthe stacing-matgriatrfechinto said mullisstaga dlistiletiom eolusn isdn a
distillation stages therein, and the catalyst is nade to be present in at

| east traogefof fiven Btlaipes, [ 13] the process according to item[1], further
conprising the steps of: continuously 20 feeding into a second multi-stage

di still[g|i ee pricess dcBerdifges Ay ohb @fitema [t N @) whéreiinsside | ower portion
of the first nulti-stage distillation colum in the process according to

cl ai m Imgidi Rehtaiting Taldlyst(is issoR@RMhIidUIE phhdé in 88idTBhEtdrH ordd Bfé¥ent
reactant therefromi so as to carry out a disproportionation reaction;

co_rhtoi nqﬂgﬂi%idfé@ﬁg%?%g r%gaig‘q\seous formby distillation a | ow boiling

poi'nt componen . 5 an ‘al i phatic carbonate by-produced in the
! 20 SRR R R T W O 8 AR B et o
dissolved in a liquid phase in said reaction, or is present in a liquid form during said
reaction comprises an organic titanate,
[11] the process according to item [10], wherein the organic titanate comprises an
15  organic titanate having at least one Ti-O-Ti linkage therein,
[12] the process according to any one of items [1] to [11], 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,
[13] the process according to item [1], further comprising the steps of. continucusly
20 feeding into a second multi-stage distillation column the reaction liquid withdrawn
from the lower portion of the first multi-stage distillation 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 distiliation a low boiling point component containing
25  an aliphatic carbonate by-produced in the reaction; and continuously withdrawing

from a lower portion of the second muiti-stage distillation column in a liquid form a
11 '



* A0501 W54 uphaty! carbonate represented by general fornula (4), [14] the
process according to item|[1l] or [13], wherein the steps according to claim
13 are added to recycle the aliphatic carbonate for use as the starting
material in item [1]. 5 Advantageous Effect of Invention According to the
present invention, a specified aliphatic carbonate and a specified

ar omat idianyp sathioAaex erres@msted byajendraiaeimdla(@yet her using a reactive
distillation nmethod in the presence of a catal yst, whereby an aronmatic

car bongua) ci AichSs BERUARACERAITHUASY whdrBirang by bebdidingel i

Description of Draw ngs Fl 1 is a process flow diagramfor aromatic
bt ocese s PR Itacp e e aithatiCe bRl et (BR'stcHing fnatelinl A sk

pr esent invention; and FIG 3 is a process flow diagram for diaryl carbonate
purifiéé'ion according to the present invention. 1, 13: transfer line 20
4, 7, 11, 16, 19, 23, 25, 28, 31, 35, 37, 40, 43, 47, 49: conduit 2, 14,
26, 938: preheater 3, 15, 27, 39: nulti-stage distillation colum 8, 15,
32, 44: condenser 9, 21, 33, 45: gas-liquid separator (flash drum 25 5,
17, 29 Advantagenys Bifeq ofdovention 24, 30, 36, 42, 48, 50: storage tank 12
According to the present invention, a specified aliphatic carbonate and a
specified aromatic monohydroxy compound are reacted together using a reactive
distillation method in the presence of a catalyst, whereby an aromatic carbonate can

10 be produced continuously with a high yield.

Brief Description of Drawings
FIG. 1 is a process flow diagram for aromatic carbonate production according
to the present invention;
15 FIG. 2 is a process flow diagram for diaryl carbonate production according to
the present invention; and
FIG. 3 is a process flow diagram for diaryl carbonate purification according to
the present invention.
1, 13: transfer line
20 4,7,11,16, 19, 23, 25, 28, 31, 35, 37, 40, 43, 47, 49: conduit
2, 14, 26, 38: preheater
3, 15, 27, 39: multi-stage distillation column
8, 15, 32, 44: condenser
9, 21, 33, 45: gas-liquid separator (flash drum)
25 5,17, 29, 41: reboiler

6, 12, 18, 24, 30, 36, 42, 48, 50: storage tank
12



* A0501 %@/ 2, 34, 46: pressure-controlling valve Best Mde for
Carrying tU!}%Qv‘fnvent ion Followng is a detail ed description of the
present invention. 5 An aliphatic carbonate used in the present invention
is one represented by follow ng general formula (1): RLOY ORL O (1).
wherein R1 in general fornulae (1) represents an aliphatic group having 4

to 6 cahor 3104@tp‘r§§sur5xgjm}@|ﬁ1g)ﬁa|% I ncl ude a butyl group (isoners), a
pent yl group (| sonmers), and a hexyl group (isoners). Exanples of aliphatic

carbonat es represented by above general formula (1) include dibutyl
carbonate (isoners), dipentyl carbonate (isoners), and di hexyl 15 car bonate

(i somerég “\g é*b?%?ar@hﬁﬁ@h'tﬁewg?ﬁ gtes, ones preferably used in the

present |nven Ion ar atrc car onat es in which R is a saturated

al i phatic gr eci f,i y, a strai chai n_.ar branched al kyl group or
other ali pha(t?y"@bﬁ'ﬂ;ﬁ'ﬁ a Hﬁfﬁa}ﬁa dgscrggtlcgl %Pt&‘ﬁcﬂ{eﬁ?rﬂ)t WAe preferable are
aliphatic carbonates in which i.s an al ky ﬁ or other saturated

ali phatic gr &Fbamt'ﬁéaﬁb@?atﬁ L@&FHBH‘%P@R?MSU’ t'a i§ angyerresepiedBhat e nay
be produced using any process; one produced using a process previously

pr oposdaliewingtgensradermulerid¥nt or s (WO 03055840, WO 04014840) can be
preferably used. An aromatic nonohydroxy conpound used in the present

invention is one represented b ollo general formula (2): 13 A0501
uP32W R! R1

o)
(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), dipen_tyl carbonate (isomers), and dihexy!

15 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 alkyl
group or other saturated aliphatic group having 5 or 6 carbon atoms. Such a dialkyl

20 carbonate may be produced using any process; one produced using a process
previously proposed by the present inventors (WQ 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




" Ar1I0H L .1Upggm§in, Arl represents an aromatic group having 5 to 30

car bon at ons. anpl es of such aromatic groups include a phenyl group and
various 5 al kyl phenyl groups, for exanple phenyl, tolyl (isoners), xylyl
(isomers), trimethyl phenyl (isoners), tetranmethyl phenyl (isoners),
et hyl phenyl (isonmers), propyl phenyl (isoners), butyl phenyl (isoners),
di et hyl phenyl (isonmers), nethyletpyi@peny!l (isomers), pentylpheny
(i somers), hexyl phenyl (isoners) and cycl ohexyl phenyl (isomers); various
al koxyphenyl groups such as nethony@Fnyl 10 (isoners), ethoxyphenyl
(i soners) and but oxyphenyl (isoners);”various hal ogenated phenyl groups

such a h ' ' r phenyl
(i sorrer%é%é,rg@t?@r g%féﬂyﬁ%ﬁ%%atﬁﬁgﬁ@?'g)%nﬁn%{%légﬁéﬁ%np%@ny " (isoners); and
various substituted phenyl groups repr.esented b ol | owi n eneral fornula
(5" %an 16 ( Bxaripies of aoat pefp gt scueR iGREge & aiiy) St ST ¥R oup such
as -0-, -S, -CO or -S2-, an alkylene group or substituted al kyl ene
gr ofip radigrielReny arouRs. fen examplg phe Wi:lt‘aWt ggomersy, Xy \(ISOMERY | ene group
represented by following fornmula (7), and the aromatic rings nmay be
subst i ttimethylphenyd gisomiers) teteametiiylphenyblisomarsiyethylobepyl (isameis).al koxy
groups, 20 ester groups, hydroxy groups, nitro groups, hal ogen atons, or
cyano groppiphef (ISontets), Raitylphényl (iSpmetd), Aidbgipbsd\isomerski n R3, R4, RS
and R6 are each independently a hydrogen atom a lower alkyl group, a
cycl oalsgihyistayipheryl (Rioviers), Pebtydbhariy| disaheys), BERyPheMyli(Famdrspang cases
cyciohexylphenyl (isomers); various alkoxyphenyl groups such as methoxyphenyl
10 (isomers), ethoxyphenyl (isomers) and butoxyphenyl (isomers); various halogenated
phenyl groups such as fluoropheny! (isomers), chlorophenyl (isomers), bromophenyl
(isomers), chloro{methyl)phenyi (isomers) and dichlorophenyl (isomers); and various

substituted phenyl groups represented by following general formula (5):

~ |
A—l— T
x

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 formuia (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:

R* R® R*

R? R® R®

(6).
14




)

nmay 'beﬁ?gtﬂt p? ¢ W th halogen atons or an al koxy group: 5 (7), wherein k
is an integer from3 to 11, and the hydrogen atons may be substituted with

| ower al kyl groups, aryl groups, halogen atons or the |like. Further
exanpl es of the above aromatic groups include a naphthyl group and various
substituted napht hyl groups, for exanple naphthyl (isoners), nethyl naphthyl
10 (i sogmérain RAi RERYAMARA Y kath SeIBiemientP bdiyitegén Bidm (4 wvarTdikyl

nmet hoxynapht hyI (isomers) and cyanonapht hyl = (i sorrers) and vari ous

8§|L'n§r”3¢'5?f’§ CTPORMYEouy o At TR of o SRy BIER: § H sﬁ%‘i‘}ﬁs §é’*‘l*mlrs)
(1 somontay B8 subBRAIEL W fHodh BRATRY ap el ERR,Nyar oy 16 compounds

i ncl ude phenol and cresol or the lik with the nost preferable being
phenol . In the present inveqtions a by-preduced aliphatic al cohol is
withdrawn in a gaseous form epd the prod Fﬂﬁﬁronatic carbonates are

wi t hdrawn from a | ower porfTB of the col aliquid form In the
present invention, it is thus pre O for the boiling point of the
by- produced aliphatic alcohol to be |lower than the boiling point of each
of tshe starting material aliphatic q?rbonate the reactant aromatic
nonohydr oxy conpound, and the arona q c carbonates as a reaction product. An

exanpl | F2) | '

can SePre I A RBBRERRARTd 71388 4R HRkGled o I b6 TBELIS At
allphatlc having 4 to 15A501 P32W ﬁ rbon atons. If the boiling
poi nt JP Pﬂ@%ﬁgmﬁuagéggﬁ%mgﬁqg?nl WnstcHEt eﬁﬁ terrperature di fference
bet ween the t and t he bot% m of the distillation (i)ﬁe Al becolgi
large, and hdiEe R¥amples er%hfyenwmﬁémfeveﬁmu anae thnhef%wa@ in
the distillation colum; to obtain the aromatic carbonates with a yet

hi gher varigug, subsiisted naphthyl groups, for example naphthyl! (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), methylpyridyl (isomers), chioropyridyl (isomers), methylcoumary! (isomers)
and methylquinolyl (isomers). Preferable examples of the aromatic monohydroxy

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

15



*5 nore conmbi nation is one in which the aronmati c nonohydroxy
corrpouﬁ@jélasﬁogﬁgg\él, and RL in the aliphatic carbonate is a saturated
al i phatic group having 5 or 6 carbon atons. Since the production process
according to the present invention is a process in which aromatic
carbonates are produced continuously, small anobunts of reaction 10

pr oducte cabohtoiske Ak Bufidgesoint b0t 1sy-SRiuicBd AligohBl is lows tidgethe _
distillation colum together wth the aliphatic carbonate and the aronmatic

onohy %Rﬁér%@@ BH@enﬁgﬁmegﬁthtoﬁ téﬁ'& the Mottor ot ishIfRtioRCotiifin Wi Sane

al cohol's e by-pro coho al 1 phatic-aronmatic carbonates, diaryl

car bon S thr ' ' :

oar o 5t cark] BENRE e Bl T08) B 0BEhT Beninen M BR0es 1 o
nmonohydroxy .conpound can be. us i n an.anmoynt such that ,a nolar rati

rher corngatstfieiis arkuris torbialnihe sfoBans FRtraLst Sh et HoRugeI ver s o

Is in arange of fromO0,01 to 100Q. The reactions between the aromatic
mon&hy dPEsE/ PEseRABImacHRinating is PN aWhich-epypmaticapenghydieny rampeynd is

equi librium reactions, and hence it is advantageous for the amount of the
ar onat i phanshandiRoxytheoaliphatio warbanatd is 8 saturateghaliphaticigroup haviagduet 6i s

I ncreased then the reactor nust be |arger, and noreover a |large

di sti |l lcdrbom atarhsirm or the |i ke for subsequent product separation becones
necessary. The nmolar ratio of the reactant to the starting nmaterial is

thus pref er aldipce m@Prcﬁﬂ@;ﬁoﬁfprém &bcbrdifgto the pregent irtentibs is 8 prodeds to 5,
yet nore preferably fromO0.5 to 2. As described in Japanese Patent

Appl i cahiviicld ardmbfic Eaibnites 2@0oatédd ContirLidutdy, SrRiit aibults st 62 &bn

aromati c carbonates, when the starting material’, the reactant and the

CU Y SroBlEl b ke piyTbE e 96 churk e AEi20E0d BN B o1 20

di st’i | I"at1on col um, nay arise

CO T oobfeY b e AP el B A8 I PR on e
distill geilrgglersrecgfhs%ghlﬂgégt?onaproducts 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 carbbnates.

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
monohydroxy 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 0.5t0 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 middie stage of the
16



* mul ti -SA@ gp%b | ation colum that enables the by-produced al cohol to be
W t hdr awn romthe reaction systemso as to progressively shift the
equilibriumis suitable. To carry out the process, the catalyst is thus
made to be present not only at the bottom of the nmulti-stage distillation
colum, but rather in a plurality of stages, i.e. not less than two of the

st ages,m@ti-éthge drtillatior? B6luiH, [depobr Gfaydagse i el rﬁnlticgbgaaisﬁﬂatiém Eolohiter
hand, if the catalyst is fed into a st'age above the boftomof the 10

lti- Q ST | 0 e Al L ek e mul ti-stage
o't 11 TSRASng e ourladRont BEEERISh TR MR U LRt
sur pr; SPAGHONS i Bpfiibed AoVt Eher R F atiive il ERUERT RSN

hydr ox: d.and a catalyst according to the resent ipvention are

ioeq. VInGk? s1S6RGrllush Palimimings EppoRaahe By ronuees elpoRbiore wHBAWR fod | n
of the starting nmaterial aliphatic carbonate and the reactant aromatic
- monéhy dFARYhe 6eFBIPREYSERM$0i as tonrrogressively shifl theiequilibrivg iscuditellf: ald t he
catalyst are all fed into a stage above the bottom of the nulti-stage
di sti | learnooutdbe precess; thrygatalysbis thus made to be pgesarit sot bhiytatdhe bottorm  due
to the catalyst, and formation of deposit on structures in the nmulti-stage

di sti | |aftthe multHstenge distllatiorycalomnobat tatherciou plupdlitpofistagest iieaaliless | [ at i on
can be carried out, and hence the aromatic carbonate yield can be

| ncr eagpdn MBI the stades2ofPRtddrtintdoas mliilstayecasimminesolamapeci fi ed
aromati ¢ nonohydroxy conpound, and a specified catalyst are fed into a

stage above t0yg ihdaire? Mal, o Eblalyst N fdFintl 8 stdderab Vb §8lsitibm Bher | ow
i gk e

boi i ng poi nt conponent containin e al cohol uce t he reaction

i oMY BT ARGl R 4 PRSI BpBRMRg o 1
et Ao RNt IR oA TS . BE ko ok B8 Bhond 420"
G oti1 iR sehinvantets v iggoverad that. sirprsingly, 1 the case that an aliphatc '
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 distiliation column,
clogging of the muiti-stage distillation column due to the catalyst, and formation of
deposit on structures in the multi-stage distill‘ation column are very unprone to occur,
20 and reactive distillation can be carried out, and hence the aromatic carbonate yiéld
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 aicohol 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



! advdntgg@syp paviyhout azeotropy of the aliphatic carbonate and the
by- produced T"al cohol, and hence the aromatic carbonate can be produced with
a high yield. The 5 condition for this is that the nolar ratio of the
reactant to the starting material fed into the nulti-stage distillation
colum is in arange of 0.1 to 5. The raw material fed into the reactor may

cont ai ntharceiliAi n élll@]t]!cﬁﬁ:nﬁ‘lhﬂ'lerﬁélég?ﬂb Joftthe nilliiaiaid Gistlaitht doluPAioQent e and

t he di aryI car bonat e, but becaus present reaction is reversible, it

S undagigrafib o bert BRaFRBE0SE B @aRAS clliRifrl upbedipiey 6@ B oo 1l oh

since t e raw hmterial reaction rat scri bed above,
of the i I to
ey, 1 héeﬁf’a@%é | on[f@ftﬁ%@r%z&%t@ér g %hé*? P eabERie R B MEREE 1 (e
pr esent nt i re predom n ntI —and/ o Cé%g( al t hp
B 5o°a alpidicrnd Renge B alhniatis cApaneie.fanbe BEOUdes ik ied ) ouTh% =)
and (E4) to_ produce, 15 an industr. aI |y useful diaryl carbonate:
Ar OF Rexanalition fepthis ks that theomatansalip of the reaciantdodbe staging materig fed "ptecoq +
ROCOAr ROCOAr + ROCOR (E3) OO0 0 0 ROCOAr + ROCOAr ArOCOAr + ROCOR (E4) O
0 0 0 thenweultistage disgliatiameduan islikpiraggewh 0. ttaiSAr represents an aromatic
group. Reaction fornulae (E3) and (E4) are transesterification reactions
bet ween t he: Skheerawl Matérbdl fetlitda \the nedctoumay coptaingsoduets suckastthen f or nul a
(E4) also generally being referred to as a disproportionation reaction.).
alcohol, the aliphatic-aromatic carbonate and the diaryl carbonate, but because the
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

16  an industrially useful diaryl carbonate:

ROﬁOR + AOH = - RO(|J|OAr + ROH E1)
o)
RO(|3|OA1' + AIOH = - ArOﬁOAr + ROH (E2)
o) O
R R - ROCOAr R R
O(‘Z|IO + ROGOAr — i + OﬁO (E3)
O @)
R »  ArOCOAr
OCOAr RO(i.‘iOAf > ” + ROICI)OR (E4)
o) )

(wherein R represents an alkyl grbup, and Ar represents an aromatic group.
Reaction formulae (E3) and (E4) are transesterification reactions between the same

18




'Vhen*chggépg"@H&Nthe reactions of the above reaction fornulae (El to E4)
using the process according to the present invention, one type of each of
the 5 aliphatic carbonate and the aliphatic-aromatic carbonate nay be used,
or a mxture of a plurality of types nay be used. Moreover, one type of
the aromatic nonohydroxy conpound may be used, or a mxture of a plurality

of typemorgyldrespedrad withttehBgsRIrul R FES) EISH gbiefdl§ LUy AefeHBaIt6 @8 4 eaction
formul ae, the production of aronmatic carbonates in the present invention

IS carrg : 4 | 10 predom nantly the aliphatic carbonate, the
.du@ﬁ%dﬁgm@égfoﬁ%b%ﬁuﬂ d

aromatic Xy conpo and the catalyst. Solvent, inpurities, and

b Bepect al 1o R REHy TR 8 (BEERE of el dhve RBSLI P Rmiid R0PERaLG™ © '

t hrough t.he reaction(s) represented by (El) . and/or E2) y.he recovered
For °r Soyting HiE Pliinese achpiching BT Hesat bretidh aneiypa ot eerpilie. 75
carbonate. The aliphatic carbonate nmay be obtai ned using any process,

alt %ugﬂ*%at'ﬁmtﬁ e tbﬁﬁhyhﬁﬁ"iﬂ&féﬁt'%?ﬂm@a}ﬁ @y he PSRk G BiXty®
03055840, WO 04014840) can be preferably used. Mreover, fromthe viewpoint
of the effa praity ofitypesznay be used hdoresyer vine, type of the areimaticc car bonat e
produced through the reaction(s) represented by reaction 20 formnul ae (E3)
and/ or HBAphydvoki coRpounei mgy perdsedy baalyixturp@f tagpltiralitys optypés nadyl lye
recovered for recycling, and cycled back and thus reused in the reaction(s)
represenéertl Burttiorenad showh 89 th&laboes LehisedBIbactidn forfidlde, tBé Ng

particularly inportant. That is, in the case of carrying out the reactions

of the gbaveiéeashidatid &érﬁﬁhéﬁg(irgrgh%ﬁ[fé_@nt iehtof Si% gz?ﬁfedmuttdg-@ in

distillation colum and a secon ti-stage di l'ati on ¢ol umm

accly di)ﬁ\%dbﬂmi lﬂhgcﬁfi@)ﬁ?ﬁé c%ﬂf‘on%"t& ﬁggfa{ér‘ﬁ%ﬁHH&Hﬁhggh fcorﬂé&‘&r‘?& Qﬂ{j zhdé gy

carry out predom’nant ranses rcatron re NS represen
19 A0501 32W. fornul ae (El) a E2), in,the first multi-stage,.
di stil l%qthJ@ﬁg c o$?]ﬁﬂ”T gﬂ;&urﬁqﬁeesz,] apag%y(-rgr uced componenEs maytbe presgnt 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, aithough 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 rea'ction(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  multi-stage distillation column according to the process of the present invention, it is

preferable to carry out predominantly the transesterification reactions represented by
19



react i ogoshAWiPB9nt ai ning the aronatic carbonates withdrawn fromthe | ower
portion of the colum into the second multi-stage distillation colum
either as is or after renoving the starting material and/or reactant
therefrom and carry out predominantly 5 the disproportionation reaction
represented by fornula (E4), so as to produce the wuseful diaryl carbonate.

Here, iformalger (19l (Ez? in Bihirst AUt siagevdisiatioheoluiin Padlterfeabithdat i

carbonate is wthdra romthe upper portion of the distillation colum

in a gagetsn i;au.ald&mamgttﬂé%bhﬂaﬁ&'caﬂmrmés Wﬂpam R {Heqewgﬁ ;?Bﬁf‘d?ﬁsary’

before Dbei ng reused arting material for tornula (E he anount

f-th he t

of the SangbRmiERE the sboFn @ HiaFSladd WElae: %ﬂﬁ*‘ﬁ%ﬂ“@@ﬁ%ﬁ%a%?@%ori.§nsy3fe

cond {1 SAEVG I 5e rf‘ste%@iea{fa' %Ewﬁfqar&"”%t@afm%ef?”eﬁ%"“”"qtaﬁa%wh@%& ¥ the
I | | f f 0. 0001 50 %

by et e iETapBispalon SFEGBTPASRONGR b FIEAERY. Scres 18 PIAEPdN2ar bonat o

and the aromatic monohydroxy conpound fed in. Many netal -containing

cat al ysisefaldiapth sarponste at Heses itds prefprrie te gdd 4 siepeawm@thee reaction
rate. A publicly known transesterification catalyst can be used in the
pr esent by-prashicedraliphatic aathornads is withgnasefcomdghemppir pheticnosfahe wistillati@o
carbonate or a mxture containing an aliphatic-aromatic carbonate and a

di aryl calamhdnat gassousdenthittv@ugh distillzkion] and v thengiweifieddf mecessany, before
nonohydr oxy conpound together, exanples of catal ysts that have been

pr opos efsbihg FostRy é@gta'inn@ﬁiaiénatfshfoaﬁ\utdmltlon metal halides and Lew s
aci d-form ng conpounds (see, for exanple, Japanese Patent Application

520 Shan, "SRR SRR bR R AL B iR on
(corr espandb0gs i sl sEsdR InE b HRTLLERT RB thild 2 BPogtiond of 201

UP32W
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 monchydroxy
compound fed in.

Many metal-containing catalysts are known as catalysts proposed for
increasing the reaction rate. A publicly known tfansesteriﬁcation 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




" 2528412p0661 UFdp\Wat ent No. 1499530, and U.S. Patent No. 4182726)), tin
corrpounﬁ such as organo-tin al koxi des and organo-tin oxides (see, for
exanpl e, Japanese Patent Application Laid-Cpen No. 54-48733 (correspondi ng
to West German Patent Application Laid-Open No. 2736062), Japanese Patent
Application Laid-Open No. 5 54-63023, Japanese Patent Application Laid-Open

No. 60-2528ulD BritishEentiNeJ1498530, andRASe Matdit. Nd SPYBRYDE)), darengsrindat ent
Application Laid-Open No. 60-169445 (corresponding to U S. Patent No.

455270 R . 7 anese
Pat ent ZlgAl(ipcri).lr]%E:)gt I on f@?g{&.a@@@d&@?@gg@?u@ﬁes @n%ﬁg@éoglé%aese]%? al kal i

net al s f t
Appl i cafﬁlg%rqﬁhéﬁéé%}) ﬁ%%@ ?%’685 § 3I3 @gngéan%ﬁ 9?see or egfaeﬁl e,
Japanes cat s of, netals
suen  sapelien AEded, %ﬁ%‘%ﬁp TRAEsetaeh @d@ﬂ%ﬁ%ﬁéﬁ%%&&’em
AN Tt %see“me a0 R Bt
(corresponding to U. S Patent No 4410464)), 15 mxtures of a Lew s acid
and a pacﬁ d?ﬁtenhblpd4§§€e1 0)i dapanesed? aientApplinationpgid-RipeniNpl PR-A6P4AS

Lai d- Open No. 60-173016 (corresponding to U S. Patent No. 4609501)),
conpoungerrespsodinytie WE, PRientNo. ct552704) i Japahese Patent Applicatien Lam:b@peee
Pat ent Application Laid-Open No. 1-265064), and ferric acetate (see, for
exanpl eNo.J8R-2T7345, RaparigseArgtehtapplivationi LhidiOperNdo. €-265088% Zalts 2hdA

catal yst that catal yzes the di sproportionation reaction nmay be used

t oget heg|kwkidBs D alkafi rhéRRSESd lkalihe 3bAmerid|see! for\amBecagareaby st s have
been proposed. Exanples of dispr oport ionation reaction catalyst include

ool o 2L ARRICHRH CaBOel o P 1 769P2). o et SREBF PP ponai ng
o Vﬁéié%ﬁﬂ%% 5%%5%93@%"’8ﬁ'mi%?%98%§ 07.3285598 oolibINS ot AR sl ot

Appli cat ' Onp;')‘t?r' lrorg%nd zl}lrocomum (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 Lewié, acid and a protonic acid (see, for example, Japanese Patent
Application Laid-Open No. 60-173016 (comresponding 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




" A0O5071 88y BxAR9444 (corresponding to U.S. Patent No. 4554110)),
conmpounds represented by the general formula R-X(=O OH wherein Xis
selected fromSn and Ti, and Ris selected from nonoval ent hydrocarbon
groups (see, for exanple, Japanese Patent Application Laid-Open No.
60- 169445 (corresponding to U S. Patent No. 4552704)), 5 mxtures of a

Lew s ag0d 68844 dchri@dpondingfd U.8 Pgtent Rb. 235471(9), cbripierie rBpicirinted by
Application Lalél Cpenmﬁo 60- 173016 (correspondoﬁ)ng to U S. Pgtent No.

46095014, ?\I%dé?éﬂfoﬁﬁhﬁd g(ﬁ(tél t)gﬁ-l?um %}% éﬁxqggé%cte@ﬁéﬂeﬁ?aﬁé ?%naARﬂé' cation

Lai d- Open 1- 93560 zi rconi um conpounds (see, for

o SRIeERANTSH Mot LR RbA DR dle foramie CfatiineselPalent |
éxiﬁﬁf’ﬁiﬁewﬁm@@”& NG ﬁﬁ‘%&?‘%ﬁc“”ﬂfy%w 0. é%t EE'P( 3882708}

catal yst .can al so be used as di sproportionation reaction catalé in the
secchd MifresQfkewissagd |aafﬂ.%nr°é GG (588 IY rsaplaaipranssaIfat
descri bed above; because cat al is contained in the reactlon | i Uld

cont ai nARplieatiendsaighnen No. 6@118%ﬁéﬁésowspmmtﬁ Hown RRatent Uﬂeﬂb‘@%(ﬂ)&m of

the first nmulti-stage distillation colum, a preferable nethod is to feed
bot h t hieadraatelysts (see,b‘onaxamplmdapaaesai’atgmmﬁpﬁcaﬁm LaideopemMNd.i quid into
the second nmulti-stage distillation colum and carry out the

di spr opo:935604attitamiurd and Reciarecdmpoued (see, fdrféacampﬂét.lamméd?ataht and the
reactant are subjected to reactive distillation using a nulti-stage

di stil | Appreatiepl Ll@m-odén K8, ¢lem062Y thf cdhfodhds (de'eafdr@icaﬁiﬁlé”ﬂ‘aﬁnese
deposition of a catalyst-derived conponent on structures in the

di St || pgfeggp@sl.&@wrgeauré porh REP 1628Hde o4 6 ABLENTE BHSE! MANMIRIBICRS |

npal r ed abo net al ysts,
R @%8§T@Pg%§®péfa%@s@§ S8 o) e A
ot al - COUEARHETEY SL] 90 HesU SRS A ORI ORGSR EaHonLipIPRst BBl es of
such or ggc;n% rtnlu}tla Qt%tgeeaScl:a-l.txrlllcsaltlgrﬁI %oltulr;lr? {Haq(rg ﬁggg addlctllonally as described above;
because catalyst is contained in the reaction liquid containing the aromatic
15  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. In the present invention, the starting material and the reactant
are subjected to reactive distillation using a multi-stage distillation column. If
20 clogging of thé 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

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

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



*22 AOSOA QB:I;% Jwpresented by Ti (OX)4, wherein X is a saturated aliphatic
group having %o 6 carbon atoms or an aryl group, and titanium conpound
adducts represented by Ti (OX)4XOH, wherein X is a saturated aliphatic
group having 4 to 6 carbon atons or an aryl group, and also organic
titanate oligomers represented by follow ng general fornulae (8) 5 and (9).

The X' srdgrebérited ByeTi( @X?\‘}g%e{‘&h X'RYa Saksafed dliphb6E BFdup RAVINGW 8@ BarbBRY  be

bonded to one anot her reover, an adduct be ween a conpound of formula

(8) or GRmaBHaKdHy qﬂnfragp,%ﬁd faruh SASAHPARIS RifrbSefleBfy FifkAANBH ©

carbon “atons or group, can also e pre e y use I"OX

(8) (o) Vel s %‘Fgﬁé& ApPatiedtaid pafing* % koo ot %ﬁﬁ%

car bon at or_an. a repres |nte er fr

represeﬁf@ PRl aﬁ@tﬁﬁ'pﬁ?@r&r At By Feliing Bhereh FrEnas B o 1o
% npl es of such organic titanates include titanium

t et r%bu?BQ .(a)e ¥ r|§)f°'"mlﬂh’='ﬁz£ﬁ) and (Jrmap each bexdifierent sHILMOreovariBay um

t etrahexyl oxi de (isoners), phenyl titanate (Ti(OPh)4) (optionally in the

f or m of be heindedito m&mo;heramwlmrieoueﬁ @m addeict bétwaeanya shmpoxindef fémpslaonal |y

in the formof a cresol adduct), and as exanples of conpounds represented

by for mB)eor((9) and XOH, whergio dnidsa saturatgd tliphétid Qmupﬂw\mg dtto @cearbeh
formul ae, for exanple, butoxytitanate diner, phenoxytitanate oligoners

atoms or an aryl group, can also be preferably used:

ox  ox xo-(—Tl—o){—T;«—-—o)—Tamox

xo—ﬁ:i—o)—Tli-—ox X \ /
a | / \O
10
(8) (9)
(wherein X represents a saturated aliphatic group having 4 to 6 carbon atoms or an
aryl group. arepresents an integer from 1to0 5. b represents an integer from 1 to 4,
and c represents an integer from O to 4, withb + c =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, phenokytitanate oligomers
such as phenoxytitanate dimer, phendxytitanate trimer, and phenoxytitanate tetramer
(isomers), phenoxy-salicyl-titanate oligomers such as phenoxy-salicyl-titanate dimer

23
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such’ as pplaeRQYsphenat e di ner, phenoxytitanate triner, and phenoxytitanate
tetramer (isoners), phenoxy- sal icyl-titanate ol i goners such as
phenoxy-salicyl-titanate diner 23 A0501 UP32W and
phenoxy-salicyl-titanate trinmer, titanate diners from phenol and bi sphenol
A, and titanate trimers from phenol and bisphenol A In terns of the

sol ubi | ahyd, pheporgsatioyl-titamiteitfimer thameate Aimersdfrdm phians apabisphermiiac ande

preferable. 0 Bu Bu o BumTlI ,Bu OBu OBu Bu OBu Bu O p\ O Buo- I I-0O -
-0 | \itdBe Binéis fidih pgetno?at%tblsgﬂe%% BHQeantof(t}%@b@bM%-@orﬁbcﬁlhgs Ot
MeO f CH2}-0-(Ti-O CH2~Owe o\ % 0Bu 300 T Buo OBu Owe
Ph OPh | OPh OPh OPh OPh
?(I(Dh %coﬁaﬁﬁﬁ&gﬁﬁ&%ﬁ%@n 'pe rﬂ_ble@!é_%g&; %ﬁ?&éﬁ’ Ilgl Oii-0ii-0Ph
Bu
/
O\ o /
N OBu OBu OBu
BU\O /T|\ /TI\O _-Bu |
0O BUO_TI“"O‘<'Ti"“O>"TI"‘—OBU
Vi ),
Bu u OBu OBu OBu
5
OMe
BuO_ OBu -(?Hz)s
\_/ 0
BuQ_ / \ OBu MeofCHzfoJrT:—o}H:Hza—OMe
Ti T
S
BuO }O\ 0 / 0
i H
/TI\ ( (i: 2)3
BuO OBu OMe
¢ x(PhOH)
OPh OPh OPh OPh

Pho—1|'i—o—1|'i-—-—0Ph PhO—Ti—O—Ti—OPh
OPh  OPh OPh  OPh
OPh  OPh  OPh OPh  OPh  OPh

|
Pho—Tli—o(—i o} Ti—OPh Pho~——-TIi—o Ti—O—Ti—OPh
10 OPh OPh 2 OPh OPh OPh OPh
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10 Ph Q@gﬁﬁzugg h OPh OPh 24 A0501 UP32W OPh OPh OPh | x PhOH Phu

-O i “{ OPh 0 OPh OPh OPh OPh PhO-Ti-OPh PhO--Ti-O Ti-O Ti-CPh
570 Toph chocPh' 2 oph PrO, oPh x(PhOH) 1/ ' f OO0 0 \ PhO Cph
Ti Ti f /Ti TOOO¢t PhO OO- OPh o jTi~ / PhOCPh / \ 0-0\ 0 0O OTi |
‘Ti OT O p Q0 O&H 3C By, 25 A0501 UP32W OPr OPr

PhO—Ti—O—Ti—O—Ti—OPh * x(PhOH)
OPh 'e) (I)ph OPh OPh OPh
PhO—'Il'i*-—-OPh PhO——Ti—O(—Ti—O)—Ti—OPh

C|)Ph (|)Ph CI)Ph 2C|)Ph
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(O CrRY W@%s%wo Pro-ECH2} O eri-Of CH2~OPr

Pro - ( -Q-(-CH2---0Pr 242222 00 CH2} 2 CH2} 2 OPr OPr
The nost preferabl e exanples include organic titanates having at | east one
Ti-OTi linkage therein. Since organic titanates have a relatively high
vapor 5 pressure, cog:r)gm' nation with the catal yst cogponent may occur when
purifying a produce Fomatic carbonate by distill #Bn. To reduce the
vapor pressure of thel catalyst conponent, it is preferable to use an
organi c titanate hayi Uz& | east one Ti-OTi Iink{a thggrei n. Exanpl es of
such conpounds that can used are conpounds repregent®d by above
formulae (8) and (9).Y10 A catal yst as above may of €ourse al so be used as
a catal yst for the dlspr portionation reaction that|my be addjtionally
car ri et CH R -fseHiomDHnd Ky sORyePdOst OH gt OofrTFiot Qs o8, t he
catal yst conmponeBt tml of ‘dourse 2 have been rea@ed Jith ‘@ orgahic
conpound present in the reaction systemsuch as an @liphatic al cohol, the
aromati ¢ nonohydroxy tonpound, the al kyl aryl carbgnhte, 15 the diaryl
carbonate or the di él HE}) arbonate, or may have bleCL"u))jZect ed to heating
treatment with the r p& erials or products prior té he reaction, in

whi ch case low boilimng point material may have been stilled 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

hydrocar bon, THe mast E@f@%t@éﬁﬂnpre@nﬁétuaer@fgﬁmc@itéamesmavihg atsesbtamea
reaction solvent wwth an objective of facilitating the reaction operation,
bri ngi ng.d 1% iRk tHRPein® SHER 6idatit ManalR 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 titanaté 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 componeﬁt may of course
have been reacted with an organic compound present in the reaction system such as
an aliphatic alcoh'ol, 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, thére 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



! A0501 UG5t tpaoid ke. Moreover, as a substance that is inert with respect
to the reaction, and inert gas such as nitrogen, heliumor argon may be
made to be present in the reaction system and with an objective of
speeding up the distilling off of |ow boiling point by-products, such an
inert gas, or a low nelting point organic conpound that is inert 5 with

- r espectthédiké heMoréserogs angubskfdenthaPBUASE wilh Rspeeitotthe resufin, Rottihem of
the continuous multi-stage distillation colum In a gaseous form The

aronat i oK ' ' ; ;
: gfascs'ﬁcﬁ’\oé@ﬁ%ggh Hefed dr'ér%dri}g g'gf L dﬁ'[)ageptg% l%@eﬁ¥ f the reaction

al i phatTc-aromatic Carbonates re I'lTow ng fornula (3) and/or a

di ary/ o) : end. . | d : 2. Ar2 10
von s SSEIcHE fith s GRhRY ohipedtibg b oA o Bl BERIC" '35 ang
(4) are_the sape as, R_.and Art in the ﬁ&artin mat eri al and tEe reactant,

r espectGXBIQAHCIS=SUAR ADJNBH 93S; Bha (oW M %PPﬁP&Q%ﬁ&Pg’?(’PQHr{ LRy t he
above general 15 formul a (3%3 I ncl.ude butdy_l henyl| carbonate (i soners),
penBy| WHEFRAPeshimineLeaction Jpay Pe)intraducs 'ﬁFFng e lpwREPEMONRfHBRs) and
butyl tolyl carbonate (isoners). Exanples of diaryl carbonates represented
by t he casdineoys rudtdstaas digtilkation)columolin @egasesmsform.car bonat e, ditol yl
carbonate (isoners), dixylyl carbonate (isoners), dinaphthyl carbonate

(i soners), diThet apimetengdrponatelsqadecdd wotimerprpsenti ibpentjon saieenyl ) 20
carbonate (isoners), di(butylphenyl) carbonate (isoners),

di (tri raigmgtipzeomblic eardunatésrdprasened oy fdildwipigforyniae@y ahd/rrbdiani

(i soners), di(chlorophenyl) carbonate (isoners), and di (nitrophenyl)

car bonadfpbhaereprdsentdd %?fmmﬁg?grmhqéWI y shifting the equilibrium
toward the product syste t he

0 0 0 0
rR2” T ~ar A’ Y A
o 0

(3 4)

(wherein R? and Ar? in general formulae (3) and (4) are the same as R' and Ar’ in the

10

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), hexyl 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{propylphenyl)
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 multi-stage distillation column,
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! reaétorA?xgmdUpg e present invention is preferably a multi-stage
distillation colum, 27 A0501 UP32W w th a continuous process using a
mul ti-stage distillation colum being particularly preferable. The
multi-stage distillation colum is a distillation colum having a
plurality of, i.e., not less than two, theoretical distillation stages

t her ei nyitirBGEoMEYIUOES Fﬁdaessm@ihg)aqenl!imzaa@éi@timsmwmwnglbattidulaﬂy' on. The
mul ti-stage distillation colum 5 may be of any generally used type, for

exanpl eyafdraBle. C@H&%yﬂﬁ%&ﬁe%éﬁlﬁtiéh‘%lm E@B@tiﬁaﬁ&?c&lﬁmaﬁw@ée trays,

val ve trays or counte trays, or a packed colum pa h any of

variou Ki S L Oadal ' , ' Ber |
sadal oo OFAALPET eSS tRATRNL piacpPeal YRR, oS e, i o be

Sul zer ackings qr Ml ak. Furthermr a tray-packi ng.m.xed colum
navi ng B0 R de et Frgbie csintiyios Sbilafion” stig uRGaise aElisibe RuiMBe
preferably used. Wen carryi ng“peOUt t he continuous process usi n% t he

mul & - ShaYLedfAny genarally ¥erd ibe, forexampleidiay ralkEI YsingiRYSIRChEsct ant
are continuously fed into the continuous nulti-stage distillation colum,
and r edaibhiercap teays ieve diayshealve diaysias couotarflow traygupda pagked epluan
gas-liquid phase in the presence of the netal-containing catalyst in the
di sti | |adked vith any ofmarious packings ghctbas Rasghigoings, Lessingoingsi Rallriags,
contai ning the produced aromatic carbonate or mi xture of aromatic

car bonages shddieenintAloe eatyled! Didmyackingy MdMahdepackings tHeibPak, Shizer
distillation colum in a liquid form and a | ow boiling point reaction

M X1 Ur ep i &F INBIIENEIRT FLHIRGMERE 84 trdl-davkiFR Thix@distinin Mavity By 4 fragn t he

upper portion of the distillation colum in~a gaseous form through

O S B gt oA wiPob i b S BONToB: IpdPEaiger

i nvention, he reac ( -stage
B R e e W B T R
he O Shhla P bon oL ULey T3 00l rBa et e SOMITI et 08 CO! U
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 multi-stage
distillation 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
28



' 25 11 qupgshelpamy the better, in the sense that the residence time of the
reaction ltquid in the distillation colum, i.e. the reaction tine, can be
made | onger. However, if the 28 A0501 UP32W anount of liquid held up is
too high, then due to the long residence tine, production of by-products
will be pronoted, and flooding will be prone to occur. The anount of

l'i quid amlodntiof liguid heldlug is idoattighnthesl dugtolthedond rédiderntectima] piotiuetibn on,
whi l e possibly varying depending on the distillation conditions and the

type of of b,ﬁp%cﬁrdté wal wpr&ﬁbwanané ﬂbadmgumuw&fowe'm_oﬁéﬁp 158 afrio@inY 8f Une

rati o of the amount of liquid held up t6 the superficial volume of the

lti-st i st il i oN. i S i . : 0 . |
The. pr ol HIELb i e ARfIoNEn kel iH3RE Brétert iBrtofl \anjid poBsibly gf
into i ncreased,

the aljphatic¢ alcphol ing.distilled. t he yapor..phase..i

and honk s dereridlanonte Mstlinton coRduart Bntie YERCGHBR Hisiifieh WL awn
vapor can be increased ver, if the reflux ratio is.,increased too mnmuch,
! herh ¢ B s GenBtAy ichhaLRe Gumairalto ok s ameuakabiania hal htq the

undesi rabl e. Moreover, concentration of the aliphatic alcohol can be

carri edsererfigiel kelume eidhanaytirstage distillaien column isrin @diangs,of fiean OHSe it is
not essential to carry out refluxing. The reflux ratio is thus generally in
a 15 rafg®.of fromO to 20, preferably fromO to 10. In other words, when

carrying out the transesterification mainly represented by reaction

formul a (E1),Intthe pres@fitahvention; fenasflex ratie isineradsed, thamimedsflacy of thempound
and the catalyst are fed into the nmulti-stage distillation colum after

havi ng afysieticral&&ibl bee] Bitilled intd HB $aReH fH3aN8 Fhdrbassd, atithérite fheoduct
aromati c carbonates 20 are continuously withdrawn fromthe bottom of the

di sfd |1 BbhQntEROHE? thé afiohatiHaiEoh@ il the WithbiFawin Ya¥6rP8d ba%hdihdiq conponent
&Q}] dégﬁu%oﬂo I's % W Hg r

contai ni ng the by-producet ( conti nuous rawn omt he
Sprer, BB b0k ki BRI, BT MR R o
will become excessive, which is undesirable. Moreover, concentration of the
aliphatic alcohol can be carried out after withdrawal from the distillation column, and
hence it is not essential to carry out refluxing. The reflux ratio is thus generally in a
15 range of from Q 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 distiliation column in a gaséous
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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"distll Ig?gggl_ﬁsg fromany position, so long as this is a stage above the
bottomo the distillation colum. Moreover, when carrying out the
optionally additionally <carried out disproportionation nmainly represented
by formula (E4), the 29 A0501 UP32W aliphatic-aromatic carbonate and the
catalyst are fed into the nulti-stage distillation colum, and the product

diaryl gkigteficadrenficcaibonate Erd/thel dahalysvare(fea tbBe PRIt StagePdistiMstion
distillation colum in a liquid form Wwhile a | ow boiling point conmponent

cont al Ted@min SnethBIoPoMi Yidty| EaKBbhéte’RIPRALSULIY With I FOM thebétisthavn

fromthe 5 upper portion istillation collnmm I'n a gaseous form

U BB ot SRR S8 b SSRRERE 00

types o S mat er e'reactant, but the

tenperature. at the bottomof the. nulti-stage distil]ation colum s

gonbr ar PyaiRS IEe Rt Gedaie s Sannats, Rbsartinbioyslyrvitass fm a8
Moreover, the reaction pressure varies depending on the types 10 of the raw
mat et i aPPBerﬁ’RiUHG@f thadistifation erlemndn %mfgf@ threyabsigHlatigRd may be
any of a reduced pressure, normal pressure, or an applied pressure, but is
gener al | y i n Bhe sgrgliopftempenatore vades dopandingon thertypssiabthe staminghe case
that the aromatic nonohydroxy conpound is phenol, and RL in the aliphatic
car bonamatdréad, the reactamt, aricbting, catalyss bot tecleatperature ahthiey botidmayféhat i on

under the condition fromnormal 15 pressure to an applied pressure,

gener al mylti-Btagel distratioh doliih O&8Réraly /% 8¢¥aRge ORFBIPSD FBSOSC, tefdfEBly t O
2.0x107 Pa, and so that the | ow boiling point conponent containing the

by- pr odgesch 58 €D aNVBFRadvRRthb fedbidHib@NBuldvar in@bAlthé Afpes
pressure is preferably in a range of from 110 KPa to 400 KPa, nore

o ol o Sherai, BBtar o EoliERuntS 588, FiEhtBh ombiahtS g pHiang ey
Ca oo Al Y e LB B e o B HSRL S ) 00 ©°
cart edygnerally i & range 5P om 0.3t0%.0x FEMSS Por sxample, i he casethat the ' 2"9°
aromatic monohydroxy compound is phenol, and R’ in the aliphatic carbonate has 4
carbon atoms, it is preferable to camry out operation under the condition from normal
16  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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" of f'_ronhég& %%W 100 Pa, and so that the tenperature at the top of the
distill ol'u

atron m does not becone too |low so that the | ow boiling point
conponent containing 25 the by-produced al cohol can be readily wi thdrawn in
a gaseous form the pressure is preferably in a range of from 100 KPa to 1
KPa, nore preferably from 100 KPa to 10 30 A0501 UP32W KPa. The

addi t i opphl ¥ TRardddifbridiy ceinied BREdishRIRHicHatPAehERSh Y KecafietiRd out

simlarly, with the disproportionation reaction generally preferably being

carriedg; Fﬁrjﬁ&r{ st

f eat uresggﬁita{lﬁép %ﬂa@%ﬁ%& ven ic}frynl %gtéﬂgﬁagﬁ%@? %S?Q%gﬁw&@ﬁﬁéjﬁgt ion is
carried ' usly feeding an aliphatic carbonate as a starting
mat er i a?r?&é{ngé?@%ﬁ%gyﬁ%%cﬁrg%}‘"%onpound as a reactant, and a

met al -containjn catalyst into_the nulti-stage distillation colu SO as
to bring aboufh CREEReRsHC Teatire 06 His AResedt PVaniew ek aramelic SABSREre por t i on
of the colum in a li gui d formaromatic carbonates obtained fromthe

st art i neragyctien ig caadiav by ceptinneuslyfeeding gntaliphatic carbomale an @ Harting out
of the reaction systemin a gaseous forma |ow boiling point conponent
cont ai ninaterial, 2 ecdmwatibmonobgidoey dompdund as atreactant; anda metalecontaiomg may
be added a step of continuously feeding into a second nmulti-stage

di sti | | adtatyst into thevmulthstageadistillztiohi cplurmin wot dxdicatwing albonttrbactienyemdoor ti on
of the first nulti-stage distillation colum either as is or after

r emdvi NgotiMictsR Witk aWit@ froAl a fswérbortieASF & cdlbniriar£hid@afodfarothage out a
di sproportionation reaction, continuously w thdrawi ng out of the reaction

system E&b%nQ%;sf‘élﬁéﬁintBﬂrfP&mhé' Eﬁé&iﬁ%ﬁ‘?&it@ﬁﬂ%ﬂ@t‘ﬂe%hh@aﬂg.mié‘éo&m% nt

contai ning an atirc carbonate by-produced in the disproportionation

i Dundling B 4 et Y bR o E Bl Rely e oo
e R BoBb A S RERR ool b B ShaPbsedch, STl bed Thereh P >°
Aliphatt e Be acded & sidp Bf Sontinuously feading into & second Mmult-tage 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 material and/or reactant
15 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 diaryll 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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‘reactiop Ip d containing the diaryl carbonate withdrawn fromthe
| ower p%???ﬂ@%%mt he second distillation colum is generally introduced
into a distillation columm so as 25 to purify the diaryl carbonate by
distillation. The diaryl carbonate is wi thdrawn from an upper portion of
this colum in a gaseous form and high boiling point material 31 A0501

UP32W  esiibibind B-pRuduRicRtnarslialbt s fdarrdnigbfient pROARAS SRR alpmstiect s of the

aromati ¢ carbonates, a catal yst conmponent” and so on is wthdrawn froma

| over_ POibEAGeY, ol iy SELHondlafyd Wln Bl kPl SRAGSGIORYY e ! oW

down as 1S, or only's own down, e Temal nder bei ng
recycl ed_ ,a r eysed. a.cat t .5.conpo [ n,.the. cas f.re ,
Femoval CRRG | v Beredihint Tatgrddreg he igws dowites fofr Bow/<eie

nor eover freshly prepared catal yst be m xed. in. According to the

b oduct Mg b5 DEWELAGHR Wi e na SeinD sRCYIed BBHrPSRR S8R GRI P
carbonate is used as a starting material, and this startiri}g material, an
ar orfat | €OTBAGSYdr dX {he 6ag aheuse, eerpeval il selid matedalandpurifinatian maybe
catal yst are 10 continuously fed into a stage above the bottom of a

mul ti - scargeddiui and atoreoverdrashly prepassd tatalyst mayabe mixecdact i on, and
aromati c carbonates corresponding to the starting material and the

reactant are Acgurdimgaoghg prodietiorvprotessiobtheqesentdnventiorofa sgeeifiexbl umm i n
aliquid form while continuously w thdrawi ng out of the reaction systemin

a gaseoaﬁpﬁe@ibraam%b@'ubé@_@s@étahm‘gomfém,tar&pﬂﬁ@é@mgbmat@daapmI
by-produced in 15 the reaction, whereby an aronatic carbonate can be

pr oducegrophdtix ﬁBan&r‘réﬁggggnrﬁHu%dﬁ)& ré‘aétgﬁt%h&ea ﬁﬂeﬁéi%cinﬁéih@@cﬁ%tg&da@ ably

and continuously under ageous con_lflons an n ging of the
Ty ) T e BR800 P2 530 R S o, o
| nventi as tc%rl'ikg g%ogte rse%rcjtigﬁ,daljl apg)rﬁgticdgér%ioka@/s t\:/\clyar}/es(gonding to the starting
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
16  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 acidityfalkalinity of the liquids was analyzed using litmus paper. The organic
component concentrations in the liquids were meaéured using a gas chromatograph.
25

1) Gas chromatography analysis method for carbonates
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' Exanpl e Iin;%uiqn the present invention is not limted to the foll ow ng
Exanpl eégsml'he acidity/alkalinity of the liquids was anal yzed using |itnus

paper. The organic conponent concentrations in the |iquids were neasured
using a gas chromatograph. 25 1) Gas chromat ography anal ysis nethod for
carbonates 32 A0501 UP32W Apparatus: GC-201 0 system nmade by Shi madzu

Cor por appgaratdist)GELEPY s\istéh RadeBy!SHimadea OYrpokibAt i on 0.4 g of the
reaction solution was wei ghed out, and approxinmately 0.5 m of

di net hyl f ' cat gni-tr i mately 0.05 f
phemyl 5 oA B A e R Bt (P "an Tt er na st and

di phenyl r tol uene d as an internal standard,
t hus pr ' t Ssol utjon. for S sis. (2)
Gas: chr Ones Sb e RpcIRRoGSR vk RBicR SECpitRBPRAMABREN L8PS 7 o)
Li quid phase: _100% di net hyl pa) ysi | oxa 1Q Length: 3 | nSi di aneter:
6. 35 NI e Y ACE TS Mad attact, o ARRIPEMARIVO 05 g3 SPhaMi O i )
200C, (held for 5 mn, then raised at 10C mn), 300C 15 Injection
t enper agieE or fjuene pasdurtber a@@m@aamrletena@i@@an@ﬁemwemmme FID (3)
Quantitative analysis nmethod Analysis was carried out for standard sanples
of st ansemplessAotiemtargaschromategrapby @analysiscur ves were prepared, and then
quantitative analysis of the analysis
(2) Gas chromatography analysis conditions
Column: DB-1 (J&W Scientific)
Liquid phase: 100% dimethylpolysilioxane
10 Length: 30 m
Inside diameter: 0.25 mm
Film thickness: 1 um
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 quantitati\)e analysis of the analysis

sample solution was carried out based thereon.

2) Aromatic carbonate yield calculation method
Calculated as mol% produced of alky! 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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"sampl e apkyiiyprgs carried out based thereon. 2) Aromatic carbonate yield
cal cul at1on nethod Cal cul ated as nol % produced of al kyl aryl carbonate and
di aryl carbonate 25 obtai ned based on the nunber of nols of the raw
mat eri al (dial kyl carbonate) fed into reactor. Al concentrations are
shown by wei ght. 33 A0501 UP32W 3) Chlorine quantitative anal ysis nethod
Quantitative analysis of chlorine in the liquids was carried out using ion
chromat ography. 5 (1) Pretreatnment by oxygen conbustion Apparatus: TOX-100

made by 3MchidtilediarttVeCaialf$Hs AitRg4on  Conbustion tenperature: 800C 0.1 g
of the sanple to be analyzed was taken, and oxygen conmbustion was carried

¢ : th ' oy Citati . .
chr omat ogr aprg SALY LA SABRSe! At BRI WeE AR RI G I8 o1 ot
El ectrical cqnducthi vity detector Columm: AG 4A + AS-4A Renoving |iquid:

12.5 mmbiPMASeEPny.

15 Eluate: 10 mmol /L Na2B40O7 The residue obtained from
the pretreatngnt. was prepared into an agueous solution, and then
quarttitati ve%%@ﬁ?@ﬁ@?ﬁ'ﬁiﬂ’ ‘?’FY@QE‘I‘FFQS?%%@'WM the anal ysis sanple was
carried out based on a calibration curve that has been prepared using a

st andar Apparadus:nkOX1a6 made bytMisyRiski Chemical Corporation

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: Eilectrical conductivity detector
Column: AG4A + AS-4A
Removing liquid: 12.5 mmol/l. H2SO4
15  Eluate: 10 mmol/L NazB4O7
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.
Example 1:
25  [Production of aromatic carbonates by transesterification reaction]

Production of aromatic carbonates by transesterification reaction was carried
34



" The “pr eg@irh1 Upag?wi on will now be described by way of Exanples. Unless
ot herwi se stated, pressures indicate absolute pressures, not gauge
pressures. Exanple 1: 25 [Production of aromatic carbonates by
transesterification reaction] Production of aromatic carbonates by
transesterification reaction was carried 34 A0501 UP32W out using an

appar at ot Wing Ba\dpparaths Gs showt i e 11 | AumikeeiaiRiuid comigirtng ai(21etyibutyl)l )

carbonate, phenol, and titaniumtetraphenoxi de as a catal yst (adjusted such

that didBoRby bREhYI bn@%ﬁé)?ﬂﬁﬁlttﬁtrépﬁeﬁ&ﬂae‘é%ié:?@étafy%i 'géag‘héteaﬁs&eﬁ thatqui d was

70 / 30 (nolar "ratio 0.96), and Tl concentration“wa pproxi mately 600

ppm K ' i O : ' I [ Hr
FFom & FI4SHyERR CaRiate Brand e BH! FayeihiRea RBRIAFEETDT 30 (fciaf

cont i nugus ti-stage distillation colum kch has _ap (nside djaneter
bei g FARER) 2nd 6 $PormitmtaWaS Rraroxain AR Hhet Fad Re Eaniosh T ages
of sieve trays in a |lower portion of fhe colu nd Di.xon ckjngs (6 mMm

di arfet e® Jiauid fQH“L%@@Pf%’F‘PB—‘dW&? G hidr BWLﬁrﬂ?”gﬁaﬁP%éc‘ﬂ?&P’\%EQa@é%r'Péhaout :
The heat 1o required for the reaction and distillation was fed in by

ci r cul anidele istags of a gontiuaus\uiti-gage distillation pelupt dwhiemhas @R iasidenduit 4
and a reboiler 5. The tenperature of the liquid at the bottom of the

cont i nudiametesrt beingtZigehds andld lengtimbeing uhm, andadichwastpacked witip20xi mat el y
200 C, the pressure at the top of the columm approximately 27 KPa, and the

reflux stages ofpipveriaystinlzaiower Postiah ot thelcatlimih fantrDisoh ipackiogs @6 nithe 15
continuous nulti-stage distillation colum 3 was passed through a conduit

7, CONg@RfREn iy af UppRH PRRRIN & thatdIwAA! ANl FRLdiN WA 847ea Glit. aWRE Pealat el y
16 g/ H froma conduit 11. The liquid fromthe bottom of the colum was

Conkl R4l o aoh R Rty SRy by i QPOBlRRER LA oL
cond bl 7 BT o et A B7BRBler s "PIRBBRGEIS o'
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
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 liquid from the bottom of the column was continuoUs!y
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 dogging, deposit or the like was found.
26  The di(2-ethylbutyl) carbonate conversion ratio was approximately 39.7%, and the

phenol conversion ratio was approximately 41%.
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' st orageapgpk paRgt ai ned approxi mately 49.5 % by wei ght of di(2-ethylbutyl)
carbonate, approximtely 27 % by wei ght of 2-ethyl butyl phenyl carbonate,
and approxinmately 2 % 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. 25 The di (2-ethyl butyl) carbonate conversion
rati o was approximately 39.7% and the phenol conversion ratio was
approximately 41 % 35 A0501 UP32W [ Production of diaryl carbonate by

di SPpr OP@ITbiGER GYLiaRAEbAItnatS BY' B @bnslicti Kadiijponat e by

di sproportionation reaction was out using an apparatus as shown in
FIG 2. Liqui ' . t q . Ss
was fed cont iﬁrl?\g&épgﬁ Iﬁﬁﬂg@{d%ﬁﬁt}éﬁqtgrb%%?&g%%ﬁ&rﬁtr% erfeédicggng% ﬁl'rléH Ql(r}om a
transfer_.line 13 via a preheate into . . ddl e stage of, a conti nNUous
1 - SUsipR 3 Al A A IS 2yl e fr R T Soleds Wik B>
inches and a |ength bei ng 2 n} and whi ch was Packed W th 1(? abgie]s of

si eve tV’&y%t?OV&RP%@%&WM d gastineusheth dljauidiferny &t apRroxdmatgly, Ay st
contained in the liquid was used as is). 10 The heat required for the

react i offomraitrangfer linatliSodia ’reheater 1 4ontaca middigistage pf gwontinucushe | ower
portion of the colum through a conduit 16 and a reboiler 17. The

t enper anuitestabetdigtillatiqnicdiunn 1 Bevhioh hasavf inside diametertring ihchesand e
distillation colum 15 was made to be approxi mately 230 C, the pressure at

t he toplepgth b&ing@omy BRdayiite wasaaikedvith<iPa staged dftsteveefrays; anal re@ction
approximately 2. Gas distilled off 15 fromthe top of the continuous
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condensed by a condenser 20, and continuously withdrawmm froma conduit 23.
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18 cont %in'ru]peeO}a&ﬁg ro?)t(IiwenﬁctlL%!:lyat 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 multi-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 intq a storage tank 18. A composition of the liquid withdrawn
from the conduit 23 contained 2-ethyl-1-butanol, phenol and di(2-ethylbutyl)
20 carbonate. 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}
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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" 45 % by ' 2- et hyl butyl phenyl carbonate, and approximately 55 % by
wei ght Agﬁbgﬁphag\\lyl carbonate. [Purification of diaryl carbonate] 25
Purification of the diaryl carbonate was carried out using an apparatus as
shown in FIG 3. Liquid fromthe storage tank 18 was fed continuously at 36
A0501. UP32W approximately 100 g / H froma conduit 25 via a preheater 26

into a apprdkinateageoOb / Hr fdMid Sariiat 28ivid a praiitél 28 intb almiridle Stagarof2 7
whi ch hgﬁs,ﬂgjr)l( i nside dlbameter bei ng 2 incheg and a |l ength being Zalgm and
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appr oxi mateI%{ 1.5 KPa,  and the reflux ratiq approxinmately 1. Gas distilled
of f & r ofeRHE '?BEY(H"Stt”ﬁEOBB‘f?cSi feddn &y rrewiating-liguigye thedewer aertion Addrem 27
was passed through a conduit 31, condensed gy a condenser 32, and

cont i nuéRismp threugh awentuib 2Bancha debeile 29 nilbiedenmperaiyee phthe Igpid arthe
liquid fromthe bottomof the colum was continuously w thdrawn through the
condui t batornmrdf the centimames maitkstage distillatipo £blunm 28 fwdshmaldedaibé wi t hdr awn
fromthe conduit 35 contained di(2-ethyl butyl) carbonate, 2-ethyl butyl

phenyl gpprloximatelya2i0 16, thentresslirecatrthenap ef tHd eplumhn§ dpprokittatékor 83eP4,ank 36
was then fed continuously at approximtely 200 g / H froma conduit 37

via a pakdewd Rk ati EppfoiinBiel¢ 15t T @tilled 6 oD BY!thée tohii%ous

distillation colum 39 I ch has an 1 nside dianeter being 2 inches and a
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The liquid from the bottom of the column was continuously withdrawn through the
conduit 28 into a storage tank 30. A coh'iposition of the liquid withdrawn from the
conduit 35 contained di(2-ethylbutyl} carbonate, 2-ethylbuty! 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 middle 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 quuid in the lower portion of the
column through a conduit 40 and a reboiler 41. The temperatufe of the liquid at the
bottom of the continuous multi-stage distiliation 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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col uim Absevgipwonduit 40 and a reboiler 41. The tenperature of the
liquid at the bottom of the continuous nmulti-stage distillation columm 39
was nade to be approximately 210 C, the pressure at the top of the col umm
approximately 3 KPa, and the reflux ratio approximately 2. Gas distilled
off fromthe top of the continuous 25 nulti-stage distillation colum 39
was pasSemhetdfrthediquil fromdir interhediatedsirtienl obsheacolamndeas eontirfuoLsing
continuously withdrawmn froma conduit 47 into a storage tank 48. 37 A0501
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continuously wthdrawn through a conduit 49 into a storage tan
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approximately 17 % hy wei ght_,of di phenyl carbonate. A conposition of the
liqdl d SR B ARPrORIEAte S R MeTany %&?‘E}S‘BHB&P Py eraeRate, 89dvwei ght of
di phenyl carbonate. The di phenyl carbonate w thdrawn fromthe conduit 49
was a wAPRrexurately 140 by waightafdiphenyt cathanate oficamprsiionnf thedigoided
therein. 10 Exanple 2: (Preparation of catalyst) 3400 g (10 nol) of

t et r a- nwith@resyn fromrthe moaduit #808as appraxirhatedyn 600 e by weight ofrdiphenyleact i on
flask equi pped with a stirrer, a thernoneter, a heating / cooling 15

appar at carbandtea réfd diphenyldanisenateavithdrawnffomutise varduiv4d edst 2 whiteWalite
being mxing well. While keeping the tenperature of the liquid at 0C, a

m xed | airdofh @mstatuire( Aandehloriple Was A6t détdcideOfetsif n- but anol was
gradual |y added over 1 hour. After the addition had been conpleted, the

temperature was raised to 80C, and heating and stirring were carried out
for 5 hours. The tenperature of the liquid was reduced

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
16 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 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
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
38




“20 t0 ragRDi eJEENAt ure (approximately 20C), and then the flask was
connected to a rotary evaporator equi pped with a vacuumcontroller and a
vacuum punp, and an oil bath for heating. Wile keeping the tenperature of
the liquid at 80C,- a low boiling point conponent was distilled off under a
reduced pressure of approximtely 25 KPa. Once distillate had al nost

conpl et ptodusedpirechressing was thtartbd tohsorhpessEune withasitrdgen! Rilithe v
i ncreased to 230C, and the pressure was further reduced to 1 Pa, and then
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such that the tenperature of the liquid becanme 80C. Wil e keeping the

t enper amairecofmpbhent thereaf. at 80C, 4700 g (50 nol) of phenol that had been
dehydrated through distillation in advance was gradual ly added. After the

addi tion hadr h@ﬂésl@mkﬁ&lh%éiﬁ%qhipwd%mé shifrer afltHePmbfitter, WMating /

distilling of a low boiling 15 point component. Once distillate had al nost
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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 temperatu're (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 phenyt titanate dimer [(PhO)s-Ti-O-Ti-(OPh)32PhOH] as a

25  main component thereof. This tango sclid was taken as catalyst A.
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" evapor gt4 ent was distilled off. Thereafter, the flask was taken
out frginqggl @Egag\?l bath, and cooled to roomterrperature (approxi mately
20C), and the pressure in the flask was returned to normal pressure with
ni trogen. Approximately 4300 g of a tango solid was obtained. The results
of elenental analysis were C. 64.5% H 4.5% O0: 16.7% and Ti: 14.3% and

hence '[Précmuahraf%@embnabamaﬁﬁ Tﬁt%%e@teﬁfééti&rﬁea'&%hpg a phenol adduct
of phenyl titanate diner [(PhO3-TI-OTi- 2PhOH| as a 25 main
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Pr oduct f t b t t
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m xed liquid was 70 / 30 (nolar ratio 0.96), and Ti concentration was
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approximately 120 g / H fromthe transfer line | via the preheater 2 into
a m ddlratiot0:9f), ahd{Theoncentratiopusasrappioximatgdy 2086 pprmtwamfedotantimugushyi ch
has an inside dianeter being 2 inches and a | ength being 4 m and which

was padkediguid forfrdalépmroripestelyf 120 gV ¢irtfram shé transfepVine 1pdatthe pretiedtde?
colum and D xon packings (6 mm dianeter) in an upper portion of the

col um,infnsl nigdietdtage wmé:@csﬁtir@@uewﬁult;Eﬂ@g@amluatrcﬁﬂeblaﬁm 3 QhidHeas gact i on
and distillation was fed in by circulating liquid in the | ower portion of

the colijg etJ‘érﬂ Qﬁ%éstaﬁd Q“@n%tﬁ%eﬁ Q'Hweénémﬂh%é@pﬁﬁﬁéd%ﬁ of

the liquid at t bott t he continhuous I't’i -'stage di st atron col um
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and continuously w thdrawn at ai)pr oxi mat el y g
required for the reaction and distillation was fed in by curculatlng liquid in the lower

portion of the column through the conduit 4 and the reboiler 5. The temperature of
the quuid 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 S0 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-ethyibutyl 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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fH fro 11. The liquid fromthe bottom of the colum was

conti nl%us(?pog§2vvythdram t hrough the conduit 4 into the storage tank 6 at
appr oxi rratel y 90 g /H. A conposition of the liquid withdrawn fromthe
conduit 11 was 2-ethyl-1 -butanol and phenol as main conponents thereof. A
conposition of the liquid withdrawmn into the storage tank 6 contai ned

appr oxidyet-etryIsut |%§bbdﬁ@téiaém¢érsi@>h(ran6ww rbk&naér@%t 8nd tePpRensinat el y
31 % by wei g;ﬁk?t 0 YZ et hyl butyl phenyl car b%l%te appr oxi matgl y 25 3 %

by wei %an‘éfs:%?%\?d‘% P&Rﬁ\bﬁblﬁﬁﬁ%r operation, the inside of the

distillation exam ne but no cl oggi ng, deposit or the |ike was
found. The 40 A0501 UP32W di (2-ethyl butyl) carbonate conversion ratio was
approximately 39% and the phenol conversion ratio was approximately 41 %

[ Produ |on f di.a carbonates hy di spropgrtionatiaon reaction] 5

Pr oduct 'Oﬁ'l ,cﬁ,gw&g@rpgﬁg&ée@yg%p FU¥HEEC ?1’(‘)]r eaction was carried
out usmg the apparatus as shown in FIG 2. Liquid withdrawn fromthe

st oBage t ank RyodHctiamef @@M@ammgbym@rpaaﬂmlpnm@w was garriegd Pt form
at approximately 100 g / H froma transfer line 13 via a preheater 14

i nt o a usioglthe apparatust as sbowniim dGis2. muliguicswithdravinsfromitbe istorage tammb i

whi ch has an inside dianeter being 2 inches and a 10 length being 2 m and
whi ch whe ghaveqropesshwid fed agetinubushy ievaeliquidysrm abdppexirnately 10Rg /ddr ri ed
out (as a catalyst, the catalyst contained in the liquid was used as is).
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circulating liquid in the lower portion of the colum through the conduit

16 and hifi-§1888 dikiafidn SES“ Srmﬁéﬁhﬂé%n%snﬁaednémgwr%egﬁg Eh‘i‘cﬂe!%érﬂﬁb‘)f the

contl nuous mufti-stage lat1on 15 col um
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from 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

15 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 multi-stage distillation column 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

20 withdrawn through the conduit 16 into the storage tank 18. A composition of the
liquid withdrawn from the bonduit 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-ethyibutyl phenyl carbonate,
and approximately 55 % by weight of diphenyl carbonate.

25

[Purification of diaryl carbonate]
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“the 'cor]?g'm gpaotpe liquid fromthe bottomof the colum was continuously
20 wi t hdrawn through the conduit 16 into the storage tank 18. A conposition
of the liquid withdrawmn fromthe conduit 23 contained 2-ethyl-1-butanol,
phenol and di(2-ethylbutyl) carbonate. A conposition of the liquid
wi thdrawn into the storage tank 18 contained approxi mately 45 % by wei ght

of 2-et hyl butpdrifieagoy bf &/ 8ianaicarborig mﬁémhsin@&h&’@p?amhg lak of
di phenyl carbonate. 25 [Purification of diaryl carbonate] 41 A0501 UP32W

Puri fi caouindf1d fae ‘i'ﬁ%lii?lfro?@f a8k é"?aﬁk%ﬁh@?ed’&bnﬁﬁidl&lﬁ@@ apparatus as

shown in FIG 3. Liquil romthe stofage tank 18 was fed continuously at

appr oxi ; iH E L Vi . ' a
o i o BErGataloly fh0 g LB Sorilit 5 vistihe rBnp ey BETAEES Fiad e
has an inside dianmeter 5 bein i.nches and-a l.ength being 2. nd whi ch
has pacliaie Fofin G HusizaidSh glstigtORBirin 27 ich Tag ACpAReidignelly
distillation was carried out. The heat required fo the separation %

di oFi | 1RIDG A ifRaes aod Arlengihdieing Pari e W Was packed WikdPXBB RackRgaHS: ne
colum through the conduit 28 and the reboiler 29. The tenperature of the
|i qui d am diameter): andseparatiendyrdistilation was carmieds. difbeineahreaquiresioimm 27
was made to be 10 approximately 210 C, the pressure at the top of the

col um thpmeparatunddy distifiatiiPawas fedlint ne ciraflating liguid dn theplower partidry ofitheGas
distilled off fromthe top of the continuous nulti-stage distillation
col um gblumashiagsettetddhaul 28t dred then@bolle329. Cingl eeraperatyre dfithe diquidieatser

32, and continuously withdrawn fromthe conduit 35 into the storage tank

36. Thanhkitborh bf e ddiftinBBlis AMIRistadeedietliatiah JRSmAZY WBY Phede/tobé hdr awn 15
through the conduit 28 into the storage tank 30. A conposition of the

48, D 08 el AT b s o ont o
storagef s rAulPsid 8Proximately 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-ethylbuty!
phenyl carbonate and diphenyl carbonate. Liquid from the storage tank 36 was then
fed pontinuousiy at approximately 200 g / Hr from the conduit 37 via the preheater 38
into a middle stage of the continucus 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 multi-stage distiliation
25 column 38 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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* fed "congaayouphyyat approximately 200 g / H fromthe conduit 37 via the
preheater 38 into a mddle stage of the continuous nulti-stage

- distillation colum 39 which has an 20 inside dianeter being 2 inches and a
| ength being 4 m and which was packed with Di xon packings (6 mm
di aneter), and separation by distillation was carried out. The heat

requi r eebrhahe tdeobeeacaitinRoud muliistade distimatioresollipel 39why passed trolugb
liquid in the |ower portion of the colum through the conduit 40 and the
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conduit 49 into the 5 storage tank 50. The liquid fromthe bottom of the
col umm Withdrawntthraughsthe CQMCEIHd‘«OaWO ther Yacage tapk 42t iappraymately + aé Hst or age
tank 42 at approximately 1 g/ H. A conposition of the liquid w thdrawn

f r om t W compdsition4i the ligaidnweithdipndromidine condgis 47.contained appraixirhatehny| but yl
phenyl carbonate, and approximately 17 % by wei ght of di phenyl carbonate.
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wei ght of di phenyl carbonate. The di phenyl carbonate withdrawn fromthe

condui tof4fiphérsyl aattiniate S oThé liglid VAEBra®RIITRIMA thé Bonduit 49 WY ap1ronmsatent
detected therein. Exanple 3: 15 [Production of aromatic carbonates by

tragsesiqy of by @Jeh%ﬂ df %%ﬂ%ar%‘bﬂgt&t i'@ﬁ&b B@D?ﬁglﬁrbﬁnﬁgrﬁméﬁﬁ fRMm the

transesterificati was carri sing t appar at us as shown

in FIG conduft ¢{§ %SQ al‘\mi‘t'é. goﬁcﬁ) of r%iorﬂjl {anerature, and chlorine was not detected

therein.

Example 3:
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 apprdximately 600 ppm) was
fed continuously in a I.iquid 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

26  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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todi(2- et,!(t)g(ﬁug phpygar bonat e, phenol, and titaniumtetraphenoxide as a

-catal yst Justed such that di(2-ethyl butyl) carbonate / phenol wei ght
ratio in mxed liquid 20 was 65 / 35 (nolar ratio 0.75), and Ti
concentration was approxi mately 600 ppnm) was fed continuously in a liquid
format approximately 53 g / H fromthe transfer line 1 via the preheater
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approximately 5. Gas 5 distilled off fromthe top of the continuous

nul ti - Rasgeddnriohl candsit 7 soodansedly the aerdenseh Boagd copHouPYslY, condensed
by the condenser 8, and continuously wthdrawn at approximately 9 g / Hr

f rom t heithdradni at a]:iproﬁimatélyca@ @ Hir rfreomn theecdrnduib il .of Then bquid|frorn theabottom
continuously w thdrawn through the conduit 4 into the storage tank 6 at

appr oxigfahe lcgiutdn was ddntindoasiywithdrawn tiafoughethb iconddit Wi infudthevstofagertabk e
conduit 10 11 had 2-ethyl -1-butanol and phenol as main conponents thereof.

A compas bt AproRimatesy 44 gYiHt. WA dsthpasitibm b tHd Wquid WithaPaA fenPtHeosdriduned
-~ approxi mately 42 % by wei ght of di(2-ethylbutyl) carbonate, approximtely
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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 ratio was approximately 41%,

and the phenol conversion ratio was approximately 44%.

Example 4:
[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 s'uch 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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' Exaripl eagBo Hpagygti on 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 m xed
liquid containing di(2-ethylbutyl) carbonate, phenol, the Iiquid collected
in the storage tank 42 in Exanple 1 as a catalyst (which was a reddish

br own TO0cE hHrifiron ¢hes trahsier linad 8 the prsheater?2 #itd vl middid stalgerofithear bonat e
(adj usted such that di(2-ethylbutyl) carbonate / 25 phenol weight ratio in

m xed |dcihdou fufltl-stageSdisiiRitidh dollimA 3lwhichthsTan FaRfeLaiahfdtbOPeintyas
approxi mately 1000 ppm) was fed continuously in a liquid form at
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reaction and distillation was fed in by circulating liquid in the |ower

por t i orfeaetierand glistiflation wasdgd in by cireri@ting liquiship the owereertien of therne
tenperature of the liquid at the bottom of the continuous nulti-stage

di sti | |cetiron thrsiuginthe oanduitecand thebrebodeps.oxThetemperatared)f thadigpidedisur e at

the top of the columm approximately 50 KPa, 10 and the reflux ratio

appr oxithethelttpnbof thescattinubls erliltistade distiltdtiont cgjumh 3 Was eoade twibe's
multi-stage distillation colum 3 was passed through the conduit 7,

condensgsprbyinidisly ZIOde AL r&s@a@tmtdpﬂmnéldomﬁamgpmmw BOrKRa et el y
14 g / Hr fromt%’e condui t P 11. The liquid fromthe bottom ofﬁthe col um
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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-butanol 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-ethylbutyl) 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 abproximately 42%, and the phenol conversion ratio

was approximately 42%.

Example &:
25  [Production of aromatic carbonates by transesterification reaction]

Production of aromatic carbonates by transesterification reaction was carried
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f contfain F%%,q‘atel y 47 % by wei ght of di(2-ethyl butyl) carbonate,
approxiﬁg?e gf % by wei ght of 2-ethyl butyl phenyl carbonate, and
approximately 1 % by wei ght of di phenyl carbonate. After operation, the
inside of the distillation colum was 20 exam ned, but no cl oggi ng, deposit
or the like was found. The di (2-ethyl butyl) carbonate conversion ratio was

appr oxi diﬂttféi%g & appardiises BReRAlin FIBVET SA afixédlitGid cuntaiAipgr oxi natel y 42%
Exanpl e 5: 25 [Production of aromatic carbonates by transesterification

react] o> BRANH) SarRinaA A, S RERRRE ToibridRRRRSASBICEARI on reacton

was carrie out’ usi ng aratus as shown"in FIG 1. A

m xed | j_gul Myl b( - . ; Lt ani um
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carbonate /. _ph | weight.ratio,in mxed [iguid was 55./ nolar ratio
075 " s 557 BRolBE I ShAr L Biiee e o] WeScemiB Ry maLely S e
continuously in a liquid format approxinmately 78 (% / H fromthe transfer
i nd 1 fedLontipgousiyia atligrichrorm 3t %pnmmaéelyt%albk tore ¢ tranefes lingltviast age
distillation colum 3 which has an inside dianmeter being 2 inches and a

| engt h theiprghaater 2ante amiddlevgiage phalcontinuous nultsstagesdishllatipawelumags in a
| ower portion of the colum and D xon packings (6 nmdianeter) in an upper

por t i onwhichthes arinside diambtecbeingdhinebes ddcalengtdbeing.4 Mhantdeetich aeasi r ed
for the reaction and distillation was fed in by circulating liquid in the

| ower peadkedrwith 20 taged oiglevd fraygin & ewsopsitioh of tike goluith af@Bikdrer 5. The

tenperature of the liquid at the bottom of the continuous nmulti-stage

di sti || gadiig @ M dRri@er TR dbdrDots Brirgabinn? 8id Feadtivh wagssur e at

the top of he col um approximately 27 KPa, and the reflux ratio

COPPX CBER,  FHERSS Retlisd v ook BT Eh s RIEh iiteB L ous
condensgg Rtirnd i@ I L Bve? poftith SARE HFHR rough the conduit 4 and the
reboiler 5. The temperature of the liquid at the bottom of the continuous multi-stage
distiliation 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 distiliation 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 liquid from the bottom
of the column was continuously withdrawn through the conduit 4 into the storage tank
6 at approximately 69 g/ Hr. A composition 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-ethylbutyi)
carbonate, approximately 22 % by weight of 2-ethylbutyi pﬁenyl 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 ratio was approximately 40%.
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*wit Hdr apps@t LEsvegxi mately 9 g / H fromthe conduit 11. The liquid from
the bottom of the columm was continuously w thdrawn through the conduit 4
into the storage tank 6 at approxinmately 69 g / Hr. A conposition of the
liquid withdrawn fromthe conduit 20 11 contained 2-ethyl-1 -butanol and
phenol . A conposition of the liquid wwthdrawn into the storage tank 6
cont ai ned approximately 37 % by wei ght of di(2-ethylbutyl) carbonate,
approximately 22 % by wei ght of 2-ethyl butyl phenyl carbonate, and
appr oxi pramble : % by wei ght of di phenyl carbonate. After operation, the
I nsi de of he distillation colum was exam ned, but no cl ogging, deposit
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transesterification reaction was.c led .5 out using the apparatus as
shovh i PHIRSNG e APpRra ‘T‘?ﬁm‘ﬂné’bﬁiéiﬁir@m'ﬁ‘? HadigiPNRIDG)  car bonat e,
phenol , and titaniumtetraphenoxide as a catalyst (adjusted such that

di ( 2- et Hi{2-gthybytyld garennate. pheneband tikeniym teteaphenoxide a2 catalystd was 83 /
17 (molar ratio 2), and Ti concentration was approxi mately 600 ppm was

f ed contadiusted syuch that di(2gethylibubd hearboapte optienal stejghitaratio in nixexhliquid
transfer line 1 via 10 the preheater 2 into a mddle stage of the

cont i nuwas 88UI17 (mdlageatit 3, ahddl iconcemtration Was wpprdximatelp 800 ppntevas amet er
being 2 inches and a length being 4 m and which was packed with 20 stages

of si eviedtdortinublsts ih QVRfLIPRIT AerokiffatER! 881G/H Tt franBRes kihedsyie6 nm
dianmeter) in an upper portion of the colum, and reaction was carried out.
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cont i nuous
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

16  circulating liguid 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 ratic approximately 5. Gas
distilled off from the top of the continuous multi-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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* di Stl||R@? 3 was made to be approximately 200 C, the pressure at
the top o the coI umm approxi mately 27 KPa, and the reflux ratio
approximately 5. Gas distilled off fromthe top of the continuous
multi-stage distillation colum 3 was 20 passed through the conduit 7,
condensed by the condenser 8, and continuously w thdrawn at approxinmtely

10 g / Plettyloutyt perspieditonatd, ahapprosimately Po by eveigiet sfaiipiényihe col um

was conti nuousiy wi t hdr awn through the conduit 4 into the storage tank 6

at appreabeRae). ¥ ﬁﬁer%p(eréﬁon '?hé bf ﬂh%rblgﬁﬁllattlﬂﬁ dolithh Ya¥ ahiReA. bt om the

conduit 11 had 2- ethy -1 butan and as mal n conponents thereof. 25
A conpog P - cont ai ned
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29 % by_wei ght of .47 A0501 UP3 carbonate, and
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| ati on col um was exam ned, but no cl oggi ng, dep05| t

I nsi de of the dlfyoéfh
or the PPREXRAEYRHNE: The di (2- et hyl butyl) carbonate conversion ratio was

approximately 34% and the phenol conversion ratio was 5 approxi mately 34%
Exanmple 7: [Production of aromatic carbonates by transesterification
reaction] Production of aromatic carbonates by transesterification reaction
was carExamplelD out using the apparatus as shown in FIG 1. A mixed liquid
containing di (n-pentyl) carbonate, phenol, and titaniumtetraphenoxide as

a cat al Uasbdtaawnmmﬁmti@rcdrb@watedib?:rtrarfsetstérarcamsdvmlen] phenol wei ght
ratio in mxed liquid was 68 / 32 (nolar ratio 1) and Ti concentration

was appr oxi Negpiduchey opﬂfﬁmé\?écér%@nﬁ%tb)f‘tr’QHﬁéfeﬁrﬂ’bai‘loh'rﬁﬂbﬁbn @v@%f@aﬁ‘ied
apprOX| mately 92 g / H fromthe transfer [ine 1 via the preheater 2 into a

et e L R VR A e
vwas packatlohble" ph8nol, 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 2into 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 multi-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 liquid from the bottom of the column was continuously
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' stages gfi501 eneAsays in a lower portion of the colum and Di xon packings
(6 mMm dianeter) in an upper portion of the colum, 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 columm through the
conduit 4 and the reboiler 5. The tenperature of the liquid at the bottom

of the withdrabeothsough the corrdust 41irtd the storage tpikerat dppraxiniatesy 80 @ /iHr.
approximately 230 C, the pressure at the top of the col unm approxi mately 60

KPa, ang chifpdsftidniof thaligRicARmRdrs _ﬁnxthé-coﬁaéiltqwdg h-pentirlol BhA'PHERSI t op

of the ~continuous nulti-stage distillation colum S passed through the
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liquid withdrawn f he conduyit 11 d n-pentanol an henol ) in
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tank 6 contai ned approxi mately 45 % by wei ght of di(n- ent.yl_?ai_car bonate, 5
appr oxi Paweight of diphapyhearpenate.  Afierapgratigedpe lw%@ﬁ&eeqlsw jon column
approximately 1 % by wei ght of di phenyl carbonate. After operation, the

i nsi de was ekamihad,ibiLit ani choggiog,udepositar tbe dike meas, fobnd. ndheaign-pentylleposit or
the like was found. The di(n-pentyl) carbonate conversion ratio was

appr oxi carbehziteddShversion ratio was raplproximatslyid2% rand the pissholedneerision @ity 42%
10 Exanple 8: [Production of aromatic carbonates by transesterification
react i ophs BppetsGinbtdly gbvar omati ¢ carbonates by transesterification reaction
was carried out using the apparatus as shown in FIG 1. A mxed liquid
conjai ning di (n-butyl) 15 carbonate, phenol, and titaniumtetraphenoxide as
a catal yst (adjusted such that

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 di(n-butyl)

16 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 approkimately 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 liguid 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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*di(n-b ate / phenol weight ratio in mxed liquid was 65 / 35
(ol ar %%%q1og%3,§wand Ti concentration was approxi mately 600 ppn) was fed
continuously inaliquid format approximately 110 g / H fromthe
transfer line 1 via the preheater 2 into a niddle stage of the continuous
multi-stage distillation colum 3 which has an inside 20 di aneter being 2

i nches KPg, and teotefiuReang afproxirmakiydi ¢ Gasatistilkeksftifrom the2bp oftisges of
sieve trays in a |ower portion of the colum and D xon packings (6 nm

di anet i ieding: Oof [ carried out.
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t hrough the conduit 7, condensed by the condenser 8, and continuously

wi t hdr dheoapositiondsifithediauid withdrawn fremthe epndeit 3 hadi n-butenol l(r-bufyl)d £ r om
the bottom of the colum was continuously 5 wi thdrawn through the conduit 4
i nt o t hearbonategnd pindnd astmainpcasponerds yheyeof) /A Bpmpositicorgfdisé tigaid of t he
liquid withdrawn fromthe conduit 11 had n-butanol, di(n-butyl) carbonate

and phewithdrawnnintothecstpeigetank Ehesrtaihed Approxiositély &2 %fby weight afii d
w thdrawn into the storage tank 6 contai ned approximately 52 % by wei ght of

di (n- budigH-busA'pberite, approxirhaRheLY % By Wdightér kit pHeriyt ExfboRBR: ¥nd
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The di{n-butyl) carbonate conversion ratio was approximately 29%, and the phenol

conversion ratio was approximately 31%.

15 Example 9:
(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 cdndenser, 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

26  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
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* (Prépargideanyphog@t al yst) 3400 g (10 nol) of tetra-n-butoxytitanium and
1700 g of n- %utanol were put into a reaction flask equipped with a
stirrer, a thernoneter, a heating / cooling apparatus and a refl ux
condenser, and the liquid was cooled to OC while being 20 m xi ng wel | .
Whi | e keeping the tenperature of the liquid at 0C, a mxed liquid of 90 g
(5 ol )powht otth ﬁne’tﬂdva@&@hl@d)éﬁ anBbt 8reduckbpresadiesndt apprasiethteye2s KPaour .

Af ter the ad i on had been conpleted, the tenperature was raised to 80C,
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reduced to 1 Pa, and then once it had been verified that distillate had
al nost temwperaiues of thedjsnidiwasiratursed to mare dempaeatyre@ppreximgtely 205Ehed t o
normal pressure with nitrogen, and the tenperature of the liquid was

r et ur newhereupon appereatly 2& 50 appi 2 palesyalioy Ae@Ys liguie maspataimedr(the mat el y
2750 g of a pale yellow viscous liquid was obtained (the results of

el enentrabultdef sehfentglranalysid®@erdC: 192 3469k 9B%20: 2004%nand T 1¥4%%anand
hence deducti ng oxygen origi nating from BuO gr oups, the number of bri dgi ng

10 OXerf&h%eVE’eiiu%tlﬁﬁrox?ggh ngﬁng'frcﬁn BUTE HROURS thBurhbeof briddingage) . It is
surm sed that the liquid S a mxture having butyl titanate di ner
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reacti o

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

[Production of aromatic carbonates by transesterification reactioh]

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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' out ‘usigssdepPaRRRr at us as shown in FIG 1. A mixed |iquid containing

di (n-butyl) carbonate, phenol, and above catal yst B (adjusted such that

di (n-butyl) carbonate / phenol weight ratio in mxed liquid was 65 / 35

(molar ratio 1), and Ti concentration was approximately 600 ppm was fed
continuously in aliquid format approximately 20 83 g/Hr fromthe

t r ansf egortinneud mult-stdge gistigivhedoldmnd was nmadidtcebs bpproxirhatehe 22011CI nuous
mul ti-stage distillation colum 3 which has an inside dianeter being 2
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trays in a lower portion of the col urm and xon packings (6 nm di aret er)
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120 KPa, and the reflux ratio approximately 4. Gas distilled off fromthe
top of liawd tem thedwttomef the @Q'H@'@ was senlinugushawitbaiawn thrarah heseenduihr ough
the conduit 7, condensed by the condenser 5 8, and continuously w thdrawn
at appr%ht@ﬂh@b‘tpr&g@tanh-ﬁ af apmoo(heatemmtll'iﬂ. Atampositian of theolinquithe bot t om
of the colum was continuously w thdrawn through the conduit 4 into the

st or agewittzdriawd fedmdle cordoitt ¢ lhadi¥-bgtanoHand phenopas maio componbats thegreaf.
w thdrawn fromthe conduit 11 had n-butanol and phenol -as main conponents

t her eof A cofpesitiphdfithe Nqaid wiliiraWaUhd thet Siiagentahk Bdritginéd Appeskifatdy 6
cont ai ned approximately 10 54 % by wei ght of "di (n-butyl) carbonate,

apploOX] SROEDY WA BAATH cBldHid sp BERIIGRAPRNBY i braaRioxi mat el y

% by weig onat e ration, the inside of the

Lot 'ﬁéerﬂfﬁc% SN, BB P i A 5 1

~and the ;5) g?ﬁ’sﬁég '09919 8 {ll?atlon co ur?r%ov@(ailsng}(aerln?/ne%% éut 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%.

156
Example 1d:
[Production of aromatic carbonates by transesterification reaction]

Production of aromatic carbonates by transesterification reaction was cérried

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 1 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 middle stage of the continuous multi-stage distillation

25  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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15 Exa sofl0pablyoducti on of aromatic carbonates by transesterification
reaction] Production of aronatic carbonates by transesterification reaction .
was carried out using the apparatus as shown in FIG 1. A mxed liquid
containing 20 di (2-ethyl butyl) carbonate, phenol, and titanium
tetraphenoxide as a catalyst (adjusted such that di(2-ethylbutyl)

car bonadoh paeRings (Behmhdiamateér) in an tippe pbitiin of the@diLn,2arld dactiohwasar
ratio 0.49), and Ti concentration was approxi mately 600 ppr‘r) was fed

cont i NUQYFkY oufl aTlllé ABACroRirBYabr ﬁié%ﬁéﬁéﬁhﬁ&)ﬁlsmaﬂor‘n wds feA @by he transfer
line 1 via the preheater into a mddle stage of the continudus

multi-s IH??(}J ﬁl% be| ng 2
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sieve tr ortio f the and 2 AO 01 UP32 X0
packi ndé sBplen s, cTaply i LT S HH°”%HH‘% SR on

carr ut eat quired for . the r 1.0 and di sti atlon vvas
Fo 51 n GStiIRIOR ST Agvas AGE 1P ABPIAXBRIERZ00 oF. 1S PIRSSU® ahihehp Shon
the conduit 4 and the reboiler 5 The tenperature of the liquid at the
bot t om tBe coleme @ppreximatehn2i’tKPa angthe reflux raticappipxipaighhd3 @85 nade to be
approximately 200 C, the pressure at the top of the colum approxi mately
27 KPa,digtitea ¢féfroef thextopatfitie apptinuousemaltiystBge @istillation columpd3efds from t he
top of the continuous nulti-stage distillation colum 3 was passed through

t he conshssedihroughcthesemdit 7t kendenskhbe theBcordehser 8 andeoatisuowdly hdr awn at
approximately 9 g / H fromthe conduit 11. The liquid fromthe bottom 10

of the ithdrawn @ appPokimHieN T ¥ / Mrifsh mcérbwvmh t e fgUIdYtdm 4hé BbRofnhe
storage tank 6 at approximately 69 g / H. A conposition of the I|qU| d

Wi LT SRhEBIMA a%QfUiiMhhouéI} Jﬂﬁ'ﬂir%wﬁttﬁﬁdtﬁgﬁ thégﬁ\%ﬂt[lhgrlﬂtoo@l%@br

conponent s t her eo A conposition o rawn I nto e St OI’ age -

tank 6 £apLalASHin BRI 88 TaIE YA SSngb ol 9{3 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 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
Example 11:
{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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Y of df (2a@sdmy Updoylr) carbonate, approximately 21 % by wei ght of 2-ethyl butyl
phenyl 15 carbonate, and approximately | % by wei ght of diphenyl carbonate.
After operation, the inside of the distillation colum was exam ned,
whereupon it was found that there was a thin solid deposit on the sieve
trays. The di(2-ethyl butyl) carbonate conversion ratio was approxi mately
37% and t he Rrioeootior ohsmmativcarbbhatesasy trampgustedificatiohyeddtidh waé caréapl e
11: [Production of aronmatic carbonates by transesterification reaction] The

pr oces soifusitid Sppartifs SPEROWA IPFIGUR 1R kel ligGHdnisnige
di sproportionation, and then liquid withdrawn fromthe conduit 21 and

col | ot b bihyiblfy) Sl edvefd 2¢ dia ﬁéﬂ’hﬁ&&&%ﬁeﬂo?%tﬂég@l% by

distilla car onat e was 'recovere A0501 UP32wW

carri sdetaptiend ﬁ%%h%%%b%?%@sg%bﬁﬁgﬁ (EPESR S5 | Bfit°

cont ai ni ng, , di (2- eth e recove scrlbe bove,
pheriol walht Gt TEL RS A5 L g‘aar%aq Q8B o crccentrafion Weisar

di (2- ethyl but yl) carbonate / phenol 5 weight ratio in mxed liquid was 70 /
30 (rm|%pprpmaietyﬁjm pp@hwaﬁfee&ﬁeénu%slv dhaigyid f@ﬁprﬁﬁ%@@mt@nma;ﬂn was
fed continuously in aliquid format approximately 112 g / H fromthe

t r ansf erHI fram thewtransferding: tniectherpreheates 24nto amiddietsiage of theneordiowiolauous
multi-stage distillation colum 3 which has an inside diameter being 2

I nches moli-stageelhistillatibre icoyirdn Biwisiolk hakizrhinside diamietat baind 230clsssagads aof
sieve trays in a |lower 10 portion of the colum and D xon packings (6 mm

di anet eehgthnbéing UPme Bn@ WHitlp wasfpdcked va Mta%é@(bfrs%ﬂ rays o lowadrr | ed out .
The heat required for the reaction and distillation was fed in by

ci rigil abdrienlof e ol &5d DR pAKind LB Rim biREn&_E AT (Bpstbrtion of the

column, and reaction was carried out. The heat required for the reaction and
‘distiilation 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

~ liguid from the bottom of the column was continuously withdrawn through the conduit

20 4 into the storage tank 6 at approximately 95 g/ Hf. 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 phényl 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-ethylbutyl) carbonate
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*the *conﬂgS@L@p@NVt he 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, 15 the pressure at the top of the columm approximately
27 KPa, and the reflux ratio approximately 5. Gas distilled off fromthe
top of the continuous nulti-stage distillation colum 3 was passed through

t he congbriviersion ¢atislaasetbpryxitriately BUIENS and t&_ghédol@ﬁv@ewm%ﬁb wakhdrawn at
approximately 16 g / H fromthe conduit 11. The liquid fromthe bottom of

the col gpptovmtateRdq9guousl y wi thdrawn through the conduit 20 4 into the
storage tank 6 at” approximately 95 g / Hr. A conposition of the liquid

w thdrawn fromthe conduit 11 had 2-ethyl-I-butanol and phenol as nmain
conponents thereof. A conposition of the liquid withdrawn into the storage
tank 6 llg_ont aj nf% approximately 49.5 % by wei ght of di(2-ethyl butyl)

car bona )éa,mat?p ximately 27 % by weight of 2-ethyl butyl phenyl carbonate,
and approximately 2 % by wei ght of di phenyl 25 carbonate. After operation,
the nspﬂﬁd%t'mé %PE'R“FIQ?F?‘%??"@%LM f\ﬁ§§é‘é5@§ﬁ*'%fﬁa%'9f‘ no cl oggi ng,
deposit or the Iike was found. The di (2-ethyl butyl) carbonate 54 A0501
UP32W converRiogHctien pharqieatipeareenaiasdry transesigrifigaiionieagtiomwas €8mad si on
ratio was approxinmately 41 % Exanple 12: 5 [Production of aromatic

car bonatlgusing theaapraratus 43 shawoin FEact.i ohmiked igeidicomtainingrdifrelbutyl)
carbonates by transesterification reaction was carried out using the

appar at carbesateh pivenoln ahd GtariumAetraphendlideiad scoataBish (atusted subbtiyat)
carbonate, phenol, and titaniumtetraphenoxide as a catal yst (adjusted such

that diifmpbglyearbeaateqrptenol walgHiohtioR Bied RiUi@ was 38 K82l (hbfitirdtiyas 38./
62 (ol a$ ratyil)g 10 0.33), and Ti con(I:entratioﬁ:i \;vas appr oxi ﬁrately 10000 ppm

was, of e%.@??‘}éd&”ﬂ‘bﬂn&ehﬂaﬁon Wagtég::})réﬂﬁﬁtéﬁf 1?@%6%%8& ¥e&%$mtﬂ-lg]dod€"i frgm the

transfer ne 1 via the prehea nto € st age e cantl nuous

mul ti - SEARE sSthe bt SHEHokMiateR) 118'g 7 ISR thie i aRbrer 1L Y%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
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 continucusly 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 109 g / Hr.

25 A composition of the liquid withdrawn from the conduit 11 had n-butanol and phenol

as main components thereof. A compaosition of the liquid withdrawn into the storage
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* di arfet eaphei ppRwwnches and a length being 2 m and which was packed with
10 stages of sieve trays in a |lower portion of the colum and D xon
packings (6 mm 15 dianmeter) in an upper portion of the colum, 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 columm through
t he con@dnkis coraaiciet appretimately 38 %hewbighpof diwbaityl) catboaate, qui d at t he
bottom of the continuous nulti-stage distillation colum 3 was made to be

appr oxi #drokimatel) 5% b velgitSTBiLRyl PhehbcarBBnale, GRE appraimatelp 0ox RaBY el v
300 20 KPa, and ?he ?e?ltﬁgraticﬂgigrogi mately 5. Gas di stillgd off Trom

the tORNQEE‘;hE BPdigﬁ?ﬁ&l;é&‘BHﬁa ul Wﬂgf%@@ﬁ*@rﬂﬁé IrRldePs¥ éﬁ@?ﬁﬂlaﬁomlmsed

t hrough t e con condense e ctondenser conti nuously

Wi t hdr X . 1] Lguid from
the. ot VanekrHTEe SfdRbibdnd s (dhasher et ek i St oot s ¥ naui ¢ 4
i ntqg the storage nk, 6 .at roxi mately. 109 [ H. 25 A co | tion of
the 3 1 GRIPU SRFRar KR AHRTHY I ESREAR CoRNersia A )tas AperTaXimaIRLh L. 888 mai n
conponents thereof. A conposition of the liquid withdrawn into the storage
55 A05Oedheral CORYArSIONIGHE Avarcapripxinatelat4dy 30 % by wei ght of
di (n-butyl) carbonate, approximately 5 % by wei ght of butyl phenyl

- carbonate, and approximately 0.1 % by weight of diphenyl carbonate. After
operation, the inside of the distillation colum was exam ned, whereupon

it was Compdrathet Exdmaple 1vas a thin solid deposit on the 5 sieve trays. The
di (n-butyl) carbonate conversion ratio was approximtely 14% and the

phenol  [Peod@ctINOsf drdkriatic\EaRbEiRES by TRiregtelfitatié® reudtioh] ve Exanple 1:
[ Production of aromatic carbonates by transesterification reaction] 10

Proguct i on ofpryideRdh of SAIMATAESBoRYtds" ﬁléﬁéﬁtgfiﬁé"lai‘ibkqaaé aStalied

carried out using the apparatus as sho xed l'iquid

cont ai n,dld IPUdeknusa BRODh n BRS PNoR Ml oot Sagjonat e /

carbonate and phenol (di{2-ethylbutyl) carbonate / phenol weight ratio in mixed 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

156  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 multi-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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70 /7 30a650 @pP3eyyi 0 0.96)) was fed continuously in a liquid form at
approximately 112 g/ Hr froma transfer line 1 via the preheater 2 into a
m ddl e stage of the continuous 15 nmulti-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 |lower portion of the columm
and D xeondemsker Bgand Gontimubusievithdrawn ahapymogimateiyt 1 g Hif frormehe cohduait,
titaniumtetraphenoxide as a catalyst was fed into the bottom of the colum

such thet tTige uigdree d Bbitem dfaRe doRiini MastsdntihusislyWitrerawhtisoughs fed
in was 20 approxi mately 600 ppm and reaction was carried out. The heat

. ¢ ) : can . ; P . o
[ qui d e FnGIGtintS B HBRag ok bl AR REBS ISR . A SRS P,
boi | _ ) i Ui .
mul 1 - o ShRERE BoH Belior iR 1 oty 108l AT PRenblSs 6B . The
t th t I ' ly.27 KPa, .25 and th fl
Fat o PeRTHie dies!. eomRasiorae op faH M dewrop LS HaBs e Gous
mul ti -staqe_ distillation colum 3 was passed through the conduit 7,

condensgMBinediRpProymately SO wetdht @t d &rethyloutyd) cashenalgoarPRPXiMatelt awn

at approximately | g/ H fromthe conduit 11. The liquid fromthe bottom
of the 48bnweight efohethyikitgl phanyl parbenate, l_nsiapproximately{dili% by weigbt t he
storage tank 6 at approximately 110 g / Hr. A conposition of the liquid
wi t hdr astdiphenylidaeboratedui Théa HiReathgibethi) tarbohatearoriveasidn patimadasas main 5
conponents thereof. A conposition of the liquid wthdrawn into the storage

tank 6 apsrokmhaten) Z9paadith@ pRbiiolctbriebylomeatithivas fapprddmatdly BBt yI )
carbonate, approximately 4 % by wei ght of 2-ethylbutyl phenyl carbonate,
andyppproxi mately 0.1 % by wei ght of di phenyl carbonate. The

di (2-ethyl butyl) carbonate conversion ratio was approximately 7% and the

phenol egﬁ]\bgpgtg@a%b%ﬂas approximately 6% 10 Conparative Exanple 2:

[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 dimethyl
156  carbonate, phenol, and titanium tetraphenoxide as a catélyst (adjusted such that
dimethyl carbonate / phenol weight ratio in mixed |iquid 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 distiliation 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
256 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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* [ Prdducabsm ofP3pwnati c carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was
carried out using the apparatus as shown in FIG 1. A mxed liquid
contai ning dinethyl 15 carbonate, phenol, and titaniumtetraphenoxi de as a
catal yst (adjusted such that dinethyl carbonate / phenol weight ratio in
m xed | Mifai, dnddke Téflux @itio(appraximadely®.8. 8as distiledi ofthomethertap iobthenas
approxi mately 1000 ppn) was fed continuously in a liquid form at

appr oxi e@rtiriupu 2hulgd-stadé distidaticreoltfin® hels pdssedtnidughithe cenaligat er 2 into
a mddle stage of the continuous nulti-stage distillation colum 3 which

has an éélﬁéﬂ%e&%ﬁﬂh@%n@&ﬁ 8%rtd b&%ﬁ%u@%ﬁh#r@%& %..fdtrﬁﬁn%tgwtﬁ‘egl"‘hi ch

was packed wth stages of sieve trays I'n a [ower p lon o col um

and D xQpoBRFt R 1T THARERIE For) thePBotREE MOROH A Rhs LBRAGbLLT: and

reaction was carried _ requirea f reactron an
cor dhm PHPGRMTPRaTR  Sondi £ 8 ind Bosedh b ek SBorcRiBaienl B 6 /A 25 | ne
liquid at the bottom of the continuous rrulti-s_tage di sti Il!mgtion colum 3

was made CopasdionpitoRiligricbvijhdrewrdromiae sopdui1d had dimethy sagponate. col um
approximately 0.9 57 A0501 UP32W MPa, and the reflux ratio approximately
0. 8. GaRethanal enddhenel as sain isempanests theseofc o carpositiom of thesliquid
distillation colum 3 was passed through the conduit 7, condensed by the
condenswith@rawamitite the: stocagesiapkd comtained appraxipraelyrid &b yoyageight of miettyl om
the conduit 11. The liquid fromthe bottomof the colum was continuously 5

wi t hdr agimeriyt cargindtd earebapipriokindatelyt 0. 1t%coysivaight of tiphlengl cdrbanateox iAferel y 84
g/ H. A conposition of the liquid withdrawmnm fromthe conduit 11 had

di ngf hybpératiba NieansidBRf 136 alstifafbrPES0RIN Was BREMiKSITRMEIBLSoA R Afound

conposi tion of the liquid wthdrawn into the Istorage tank 6 contai ned
appr ox! 18 Bfofe RN Aotk ofhEMIn PR | L RENA offhate |
the 1 nsigifeplioh 156 W' ddgtbkintbtss' 2:5%, MR RS BR8P eorfRrGigHgho Was"as found

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 diheptyl
carbonate, phenol, and titanium tetraphenoxide as a catalyst (adjusted such that

20 diheptyl carbonate / phenol weight ratio in mixed fiquid was 73 7 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 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

26  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
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* t hat’ t hapsoyapr3pwhin solid deposit on the sieve trays. The dinet hyl
carbonate conversion ratio was approximately 2.3% and the phenol
conversion ratio was approxinmately 6.6% 15 Conparative Exanple 3:

[ Production of aromatic carbonates by transesterification reaction]
Production of aromatic carbonates by transesterification reaction was
carr i edrequiredder thg relaetiop padalistilation sfaswediin biyld@culhating lguictith thedower

cont ai ni ng di heptyl carbonate, phenol, and titaniumtetraphenoxide as a

cat al ysportiefl dfithé& doRmirntrirbagh Bk dfbﬁ&ﬂié’ lan@iahé easdiRr/5. PhEHeOfenRirgtiire Rt i o i n

m xed lTquid was 73 / 27 (nolar ratio 1), and Ti concentration was

appr oxi fFat IRlurd pr?\e%ﬂo tHe EoiiiduRYA ﬁl'—éf é’ d?stliléf?éh gﬂluﬁﬁfﬁ‘vﬁs

approxi mately 101 romthe trans Vi a e preheater 2 into

has an ﬁ%‘?%é%ﬁ"an%ﬂiﬁ QerhiHbettl %*ﬁ%"f*%ﬁ °§H§% Fob PRy 3
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colum, and reaction was carrjed out. The heat 58 A0501 UP32W _required
for t heCoRINLIOUg Malicstags distiiaion ol 3 wasi passed dhrauahthe foneMt did i n the
| omwer portion of the colum through the conduit 4 and the reboiler 5. The
t enper ag¢endensed el godenser 8t anrd pontinyausly withdrewm atrapproximately-Sgd i
distillation colum 3 was made to be approxinmately 210 C, the pressure at
t he t opfroin theeonduiiril. aghediquihfremyth2bditadiraf thencbltuime was comtimuaduisty
approximately 4. Gas distilled off fromthe top of the continuous

mul ti - sivitheratirsthroligh trencormduit® irdo \Wae sirage tariké augppitoximstendos ig /Hr.
condensed by the condenser 8, and continuously w thdrawn at approximately 5

g /1d7 Alcopipdsittorreneigiliquidlwitid@wr ﬂamqhérdaﬁuhhemtrﬁd Réptahol A4 §ﬁémswas

continuously w thdrawn through the conduit Into the storage tank 6 at

appr oxi H%r?%rg%ﬁn@nt’s ntgﬁéreo?o Ac% i&ri mhgthhibewlth&‘é‘vﬂl_ ifitd {HY &Padd om the

condui t epta and
tank 6 contained approximately 7.1 % by weight of heptyl pheny! 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.
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" mai " coADBOEURRAWer eof . A conposition of the liquid withdrawn into the
storage tank 6 contained approximtely 7.1 % by wei ght of heptyl phenyl
carbonate, and approxinmately 0.1 % by wei ght of di phenyl carbonate. The
di heptyl carbonate conversion ratio was approxi mtely 10% and the phenol
conversion ratio was 15 approximately 10% Industrial Applicability
According to the present invention, GLAMEified aliphatic carbonate and a
speci fied aromati ¢ nonohydroxy conmpound are reacted together using a
reacti v@fe &lfingti stillation nmethod in the presence of a catalyst, whereby an
aromati c carbonate can be produced continuously with a high yield. 59
A0501 UP32W (LAl M oécddsabPthelproBuBlicls 85 8n bPemblie caftRietd, | iingtising
aromatic carbonate, conprising the steps of: 5 continuously feeding an
al i phatfh% sct?%QBPate represented by follow ng general formula (1) as a
starting naterral, an aromatic nonohydroxy conpound represented by

fol | ow | f la (2 . . d | - | nj

Lot Pyt o OB RO eRob el B e Pebrhaf RV bR o
columm so a L% bring about reaction; and 10 continuously w thdraw ng from
a react %WUE%/ a2 plaging Baderials 3n sremetinmanohydryy samrowshispresgnted

contai ni ng an al cohol by-produced in the reaction, and continuously

wi t hdr ala¥ %@iowmrgane@mmptba {2036 afreactant @ndrenmietalcantajoing gatalirstinto a

aromatic carbonate represented by foll ow ng general formula (3) obtained

f r om t hetagetainove regbotiare rof al firahmultkstage atistdlation Rolumms@as toRiing about
reaction; and

10 continuously withdrawing from a reaction system in a gaseous form a low

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 foliowing general formula (3) obtained from the

TO\ R

15 0
(1),

Ar'OH
(2),

wherein R' in general formulae (1) and (2) represents an aliphatic group having 4 to

starting material and the reactant,

R

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

O\[ro\mz

o)
(3,

R2”
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"15 0 (ADsofUEXPW(2), wherein R in general formulae (1) and (2)
represents an aliphatic group having 4 to 20 6 carbon atons, and Ar’'
represents an aromatic group having 5 to 30 carbon atons, R2"' 0 Y O-Arz
O (3), 60 A0501 UP32W wherein R2 and Ar2 in general formulae (3) are the
sane as Rl and Arl in the starting material and the reactant,

r espect whetsin RZ. arthar’in geessal dormaulde 113) ame tbeaiame as & care Ar'saithie stastineg i c
carbonate 5 may conprise a diaryl carbonate represented by foll ow ng

gener al mrigsriBl lahd(the readiart, rEspedtivelif 2 O (4), wherein R2 and Ar2 in
general formulae (4) are the sanme as RL and Arl in the starting nmaterial

and the reactant, respectively. 10 3. The process according to claim1,
wherein R in the aliphatic carbonate represented by general formula (1)

o7 ocese. aceording © 5 BRPEE Brofh e dpind. SrefRmrd sESpnc aondl o

C o NS b5 rebPdihGa b Yol JRhYFA Gl et © 0 oup

havi
o._ _O
A" \”/ AR
0

(4),
wherein R? and Ar” in general formulae (4) are the same as R' and Ar' in the starting

material and the reactant, respectively.

10
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.

5. The process according to any one of claims 1 to 4, wherein R' in the

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

6. The process according to any one of claims 1 to 5, wherein the
aromatic monohydroxy compound represented by general formula (2) comprises
phenol.
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*5. The ppsgesPI/gording to any one of clains 1 to 4, wherein R in the 20
al i phatic carbonate represented by general formula (1) is an al kyl group.
6. The process according to any one of claims 1 to 5, wherein the aromatic
nonohydr oxy conpound represented by general formula (2) conprises phenol.
61 A0501 UP32W 7. The process according to any one of clains 1 to 6,
wherein the colum bottomtenperature in said distillation colum is in a
range of from 150 to 250C. 5 8. The process according to any one of clains
1 to 7, whereyn a nphéprodedisidtcofdihy fo BARShRIYF dfimshetdt avkhérein tR erial fed
into said nmulti-stage distillation columh is in a range of fromO0.1 to 5.
10 9. TBALRASSESm i BEFtOR st YillgicH cHLHATR i o @nbe dthRnthBosg! d
nmetal -contalining catalyst Is dissolved 1n a liquid phaSe 1n said reaction
or isp Gt inaliquid formduring said reaction. 10. The process
according to claim9, wherein said netal-containing 15 catalyst that is
dissolved in a liquid phase in said reaction, or is present inaliquid
form during said reaction conprises an organic titanate. 11. The process
according to claim10, wherein the organic titanate conprises an organic
titanate havi®g at TRRsroeass agcowling t9 ARx age afiitaiesn! tod whereima Melgkess
according to any one of clains 1 to 11, wherein the first nulti-stage
di sti | | eglioof theIreagtantio thetstarking matgnial fed intaesaid Mytiistagesdistillatidroeolemages
therein, and the catalyst is nmade to be present in at |east two of the
st ages. isdb drangélof fronoOekto Sccording to claim 1, further conprising the
steps of:

10 9. The process according to any one of claims 1 to 8, wherein said

metal-containing catalyst is dissolved in a liquid phase in said reaction, or is present

in a liquid form during said reaction.

10. The process according to claim 8, wherein said metal-containing
15 catalyst that is dissolved in a liquid phase in said reaction, or is present in a liquid

form during said reaction comprises an organic titanate.

". The process accbrding to claim 10, wherein the organic titanate
comprises an organic titanate having at least one Ti-O-Ti linkage therein.
20
12. The process according to any one of claims 1 to 11, 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.

25 13. The process according to claim 1, further comprising the steps of:

continuously feeding into a second multi-stage distillation column the reaction
62



_ * contq nuaoshy Uresdang into a second nulti-stage distillation colum the
reaction 62 A0501 UP32W Iliquid withdrawn fromthe | ower portion of the
first nulti-stage distillation colum in the process according to claim1l
either as is or after renoving the starting material and/or reactant
therefrom so as to carry out a disproportionation reaction; continuously
wi t hdr aliguid withdsawa $reon thef lower ippriibrs of thedfirsbmutti-stage distitiation golumtn irbthe
conponent containing an aliphatic carbonate by-produced in the reaction;

and coptdcessustyrding ftdtiaim nGifhiep Bsas bp aRér RARGVIAG 198 stdhthg AEASERI and/or
multi-stage distillation colum in a liquid forma diaryl carbonate

r epr esepRthri ¥h&rend! B  df i idH REREdnaccording to claim
1 or 13, wherein the 'sStOfeépi accagﬁgdkﬁé‘%@?@ﬂ?ﬂ%{ are _gg’ded to recycle the
aliphatic car ooiph RuEH witifra@thd Mea §h8L4ULS BrmBY Gistifttidra fhitbBliihg pdfht

5 component containing an aliphatic carbonate by—prodm:ed in the reaction; and

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).
10 14. The process according to claim 1 or 13, wherein the steps according

to claim 13 are added to recycle the aliphatic carbonate for use as the starting

material in claim 1.
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