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CARBONATE Technical Field 5 The present invention relates to an industrial
_process for the production of a high-purity diaryl carbonate. Mre
‘particularly, the present invention relates to an industrial process for
the production of a high-purity diaryl carbonate, which is useful as a raw
mat eri al oNRUSTRIAEFRRDOCESSFORPRODIIGETIONYORHIGHPEIRITY DEARYY as a
starting material a reaction m xture containing an al kyl aryl carbonate

whi ch has 10 been obtained througinRBONKTEest erification reaction between a
di al kyl carbonate and an aromatic nonohydroxy conpound, and carrying out a
transesterification reaction wusing a reactive distillation colum having a
specified structure to obtain a diaryl carbonate, and then subjecting a

reacti I .e ,containing the diaryl carbonate thus obtained to
separ a??ﬁ'é%‘l?’%ﬂri fication using two continuous nulti-stage 15

distillation_.colums which have specified structures. ,Background Art A
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an aromatic monohydroxy compound, and carrying out a transesterification reaction
using a reactive distillation column having a specified structure to obtain a diaryl
carbonate, and then subjecting a reaction mixture containing the diaryl carbonate

thus obtained to separation and purification using two continuous multi-stage

156 distillation columns which have specified structures.

Background Art
A high-purity diphenyl carbonate is important as a raw material for the

production of an aromatic polycarbonate, which is the most widely used engineering
20 plastics, without using toxic phosgene. As a process for producing an aromatic

carbonate, a process of reacting an aromatic monohydroxy compound with

phosgene has been known from long ago, and has also been the subject of a variety

of studies in recent years. However, this process has the problem of using

phosgene, and in addition chlorinated impurities that are difficult to separate out are
25  present in the aromatic carbonate produced using this process, and hence this

aromatic carbonate cannot be used as a raw material for the production of the
1



" pol ymexg U‘P”l I’WIOI’I in the transesterification nethod which is carried

out int presence of an extrenely small ampunt of a basic catalyst; for
. exanpl e, even if such <chlorinated inpurities are present in an anount of
only 1 ppm the polynerization 5 hardly proceeds at all. To nmke the

aromati c carbonate capable of using as a raw nmaterial of a
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transesterification reactions are all equilibriumreactions. Since the
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reaction rates are slow, there have been many difficulties in producing
t he ar sapdrationfpunfication prodasses slidtyas enbaglysvashingwith asdiluie ahtieoust hod.
Two types of proposals have been made to i nprove on the above difficulties.

One 20aRElihe 8BRitibA! dicEisotiveatee \oill /apaten e gdration Adislillationtand s© baase thiee
reaction rate, and many netal conpounds have been proposed as the catal yst
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Lewis aclds such as transition nmetal halides and Lew s acid-formng
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On the other hand, a process for producing aromatic carbonates through

transesterification reactions between dialkyl carbonates and aromatic monohydroxy

15 compounds are also known. However, such transesterification reactions are all
equilibrium reactions.  Since the equilibriums are biased extremely toward the
original system and the reaction rates are slow, there have been many difficulties in
producing the aromatic carbonate industrially in large amounts using this method.
Two types of proposals have been made to improve on the above difficulties. One

20 of these relates to development of a catalyst to increase the reaction rate, and many
metal compounds have been proposed as the catalyst for the above type of the
transesterification reactions. For example, Lewis acids such as transition metal
halides and Lewis acid-forming compounds (see Patent Documents 1: Japanese
Patent Application Laid-Open No. 51-105032, Japanese Patent Application

25  Laid-Open No. 56-123948, Japanese Patent Application Laid-Open No. 56-123949

(corresponding to West German Patent Application No. 2528412, British Patent No.
2



-51 750 r ing to West CGerman Patent Application No. 2552907, and
Adodf R RS RS

5464)), tin conpounds such as organotin al koxi des and
organotln oxi des (see Patent Docunents 2: Japanese Patent Application
"Lai d-Open No. 5 54-48733 (corresponding to West Gernman Patent Application
No. 2736062) Japanese Patent Application Laid-Open No. 54-63023, Japanese

Pat ent O 3nkQ). S. [PRitent 6.4 1827280 Jihése (Ratenepplivdtiog Liagd-Open Wit ent
No. 45 4110:3 Japanese Patent Application Laid-Open No. 60-169445

(corr %g%aqgwggb@&#@g&wes%ermzﬁm AppRaaipadto FZ853907ARNdiLL St i on

Lai d- apanese Patent 10 Application Lai d-Open No.

1- 2650 | t I | fish netal s
(seo phatant Vo fuBdpf, hﬁéé&ﬁéu%%éﬁ#ﬁ&éﬁ%ﬁ%@} ?*3%""‘%21‘83‘." Waﬁ@‘.
57-176932), l|ead co ounds Pat ent t ent

Appl | cExidgs (ses Ratsn 769@%” %eaggf?g’gg‘%g?%hotnj 1 cat | E’ﬁ Lai d- Open
No. 1-93560), corrpl exes of rret al s such_a coni um 15
(sele PatedB733dcarrenpornding @W@ﬂ@meéhf’alia&@%@ﬁﬁttﬂ? 8 %‘Z@

57-183745), titanic acid esters (see Patent Docunents %a ?BB E Ei Pat ent
Appl i caapanesapdteabmpnmors&@@mNpcéﬂr&;?g?@ndan@ﬂ?%? tent SRPUCA

4410464), Japanese Patent Application Laid-Open No. 1-265062), m xt ures of

a Lew § arEOpeANo B EBI44 terbspondingtabia. Pateni e 45641 Bhalipanesat ent
Appl i cation Laid-Open No. 60-173016 20 (corresponding to U S. Patent No.

460950 Patent N;gmi%ﬂéﬁ Lafd-GpenWo. 802168445 foormsponting tolé. S Fatemtaient
Docunents 8: Japanese Patent Application Laid-OCpen No. 1-265064), ferric

acet at DEREOPah NY. 62PPT 7348, iJapanése Ba@uén No.
61- 1722‘55025?%4’?&?(%58% g\ hcéﬁﬁgosed Since the probl em of the
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proposa s attenpts have been made to
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car bonaﬁaeldycl)peén No. 57-176932), lead compounds (see Patent Documents 4. Japanese
Patent Application Laid-Open No. 57-176932, Japanese Patent Application
Laid-Open No. 1-93560), complexes of metals such as copper, iron and zirconium
15 (see Patent Document 5: Japanese Patent Application Laid-Open No. 57-183745),
titanic acid esters (see Patent Documents 6: Japanese Patent Application Laid-Open
No. 58-185536 (corresponding to U.S. Patent No. 4410464), Japanese Patent
Application Laid-Open No. 1-265062), mixtures of a Lewis acid and protonic acid
(see Patent Document 7: Japanese Patent Application Laid-Open No. 60-173016
20 (corresponding to U.S. Patent No. 4609501)), compounds of Sc, Mo, Mn, Bi, Te or
the like (see Patent Documents 8: Japanese Patent Application Laid-Open No.
1-265064), ferric acetate (see Patent Document 9: Japanese Patent Application
Laid-Open No. 61-172852), and so on have been proposed.
Since the problem of the disadvantageous equilibrium cannot be solved

25  merely by developing the catalyst, as the other type of the proposals, attempts have

been made to devise a reaction system so as to shift the equilibrium toward the
3




" For exgamh rKgplg@ reaction between di rret hyl carbonate and phenol, there
have beenFHrF{;I%Use a nethod in which nethanol produced as a by-product is

~distilled off by azeotropy together with an azeotrope-form ng agent (see
Pat ent Docunents 10: 5 Japanese Patent Application Laid-Open No. 54-48732
(corresponding to West Gernman Patent Application No. 736063, and U.S.

Pat ent piiducfaRAda As mushdsaodsiile aful imphivily tHearmeidtanearbpnadudeld. as a

by-product is renoved by being adsorbed onto a nol ecul ar sieve (see Patent

Docune £ AIRE |di ' | dradade
(correggﬁﬁ)ﬁm\%‘% ?Eﬁ%ﬁ?e%%%e%é@ﬁﬂ@%ﬂﬁ )EalLt%ﬁt I\ffkagg\?yr@ ?Og%rret hod has al so
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di st! Il ation see Patent. Documents 12: exangples in Ja nefev\f’q%;ent

Aprl | cAaRasIp e atoChRRPIGoRd-2i% OperoNg. S44BY 82 JerPSRPIANGIEWESY: ent No.
4182726), exanples in Japanese Patent ﬁogl i cation Lai d-%en No. 56-25138,

exanp! EernanRatantAppirationtNo. AZG063aand b. BaPatenydp. N252687 16904 3
(corresponding to U. S. Patent No. 4554110), exanples in Japanese Patent
Appl i catetiood iIrewHicBithe Methafiol drogdded as @ byeppadudit imremaved sy bedngent No.
4552704), exanples in Japanese Patent Application Laid-COpen 20 No.

60- 173048orbedrdrits Bandicealdr GidveIseBHABHt DocurAi€AR501 Japanase Pateritn Japanese
Pat ent Application Laid-Qpen No. 61-172852, exanples I n Japanese Patent

Appl i Cﬁppgﬁbtw l%oiﬂll%br'l\lﬂo. Qé:%b%éi(coﬁéﬁgakcﬁﬁg it LIS PRERHE NoA e 0464)).

Applica Lal d- Open No. 62-277345). wever, these reaction systens have
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bat ch Sl:‘)%,lf-sptrgcrinuci:tsin the reaction is separated off from the reaction mixture, and at the same
time an unreacted starting material that evaporates is separated off by distillation
(see Patent Documents 12: examples in Japanese Patent Application Laid-Open No.
15 56-123948 (corresponding to U.S. Patent No. 4182726), examples in Japanese
Patent Application Laid-Open No. 56-25138, examples in Japanese Patent
Application Laid-Open No. 60-169444 (corresponding to U.S. Patent No. 4554110),
examples in Japanese Patent Application Laid-Open No. 60-169445 (corresponding
to U.S. Patent No. 4552704), examples in Japanese Patent Application Laid-Open
20 No. 80-173016 (corresponding to U.S. Patent No. 4609501), examples in Japanese
Patent Application Laid-Open No. 61-172852, examples in Japanese Patent
Application Laid-Open No. 61-291545, examples in Japanese Patent Application
Laid-Open No. 62-277345).
However, these reaction systems have basically been batch system or

25  switchover system. Because there are limitations in the improvement of the

reaction rate through catalyst development for such transesterification reactions, and




.prEferR@éWﬂ?’—s@Ni nuous system O these, a continuous stirri

react or

ng tank

stemin which a distillation colum is provided on the

top of the reactor has been proposed as the continuous system but there
are problens such as the 5 reaction rate being slow, and a gas-liquid
interface in the reactor being small, based on the volune of the |iquid.

Hence the redclidh ral88 ard el &!@w/gaha thiit m%cﬁéefwlhba%hpthb't tHe batdheystEmig y, it

is difficult to attain the object of producing the aromatic carbonate

! . . onate
conti j ??Hﬁ}éé {ae,bgo @éﬁﬁgﬁ%’%}éﬁeﬁt ?%&%é@éaac&{tmu%ﬂg%qrr?@ﬂaﬁﬂ_rééctbkm3 y

neans ne

nd many issues remain to be

or eserCY R LRETPE IRSUBEREA ARG aR Bldmflye R Phfi o BB T8aLtc s ¢

such a transesterification reaction i rried out, in a continpuous
mul t i - Be|YRIORASEM; 39 'E\Pi f&ﬂ‘“@HPHﬂﬁY#Pﬂaﬁ"ﬂ-‘gﬁﬁﬁsﬁfﬁ RRP‘P'ﬁmsse%%f?‘a?? by

distillation, and have been the first in the world to djscl Osﬁ
r edet | Keacipprald bring slaw ansha gasdigeiduntaricedndhe 1eagior baiRgsmal

t hat, such a

ibasedt i on

reaction, for exanple, a reactive distillation nethod in which a dialkyl
car bonah¢handluare ef thediduid. hyldese it éonplopessibiedo ceake thedeerton eafia Hgb. t he

multi-stage distillation colum, and the reaction is carried out

cont i npeusiding!y i idadiffibalt te attainTthe mbjeut of produadireag Sheet arosnalicesasbonatehi | e

continuously wthdrawing a | ow boiling point conponent containi

ng an

al coholopibirfAinaargs SolhRAtablyTdr 8ipfdlbhbed ipefiodid tidfe BY Mdamsmfthy

w t hdraw ng a conponent containing a produced al kyl aryl carbonate froma

o 3Bbie AbrllorklinGRIcNETaA3 firyaseis FRfATRB e solRaRE® Pat ot

Applicatron Lai

a reactive distillation net

hod in
| - stage

whi ch | kyl .. . te i | E ly fed into th | t

di i@l I ggPS%WY%,%Er.%%B%e&?g@@?@é}égﬁ@%jr?’i eS O:.I'? gqnt ?nlrjncjusl y inside
W thdr aw ng APPESBRR Ay B HrveeRysnen e Rgiat MR Y whichonar o
produced as a by-product by distillation, and continuously withdrawing a 5
A0501 ©SPER akrap Hication seastignis sgrriehrYdoR selNaps PUtiESRI® e from a

| ower portion of the

distillation column simultaneously with separation by distillation, and have been the

first in the world to disclose that such a reactive distillation system is useful for such

15  a transesterification reaction, for example, a reactive distillation method in which a

dialkyl carbonate and an aromatic hydroxy compound are continuously fed into the

multi-stage distillation column, and the reaction is carried out continuously inside the

column in which a catalyst is present, while continuously withdrawing a low boiling

point component containing an alcohol produced as a by-product by distillation and

20  continuously withdrawing a component containing a produced alkyl aryl carbonate

from a lower portion of the column (see Patent Document 13: Japanese Patent

Application Laid-Open No. 3-291257), a reactive distillation method in which an alkyl

aryl carbonate is continuously fed into the multi-stage distillation column, and the

reaction is carried out continuously inside the column in which a catalyst is present,

95  while continuously withdrawing a low boiling point component containing a dialkyl

carbonate produced as a by-product by distillation, and continuously withdrawing a

5



" col ung%ég@puaq@emmocumnt 14: Japanese Patent Application Laid-Open No.

4-9358), a reactive distillation nethod in which these reactions are
_carried out using two continuous nulti-stage distillation colums, and
hence a diaryl carbonate is 5 produced continuously while efficiently
recycling a dial kyl carbonate produced as a by-product (see Patent
docunmeggmgénentaparsifigRppeducéd iaryhtarbonbie fleorfizlowse pordor?¢l0®8) , and a
reactive distillation nethod in which a dialkyl carbonate and an aromatic

hydr oxao|GRFRSEE P ARENt deuméif 13F; gaEQﬁééé‘F'laté?ﬁ Yphheatid Laiti®pemNG. - st age

distillation colum, and a liquid that flows down through the colum is
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| ower nost st’age O on co and 1s introduced into a
reactor provided outside the distill.atiagn I S | about
react i ,C%ma’q%stfﬂ‘é'ﬁ'%q%‘? B@HE@@%Q@HWI’ gnéﬁmeﬁgga ‘ﬁgﬁﬁac% ?Dnég{dlt%?set provi ded
at a stage abhove the sta re the outlet | rovi de wher e reaction
5 8 ar ProBCBY CONMOHSY Mhde SRS Tescinaa el Hagl?‘?'??gé@é?‘éfﬁ?@%sea 15

Pat ent Docunents 16: Japanese Patent Application Laid-Open No. 4-224547,
Japaneby-predusiises Pateni dosumeat d50)spanese Ratenbapplicalispdmid-Onen MRt
Application Laid-Open No. 4-235951). These reactive distillation nethods
pr opos4@14P38)) anar  sEadtive wistitiatiors metbod irewhidhr a dialky| eationate eodan c
carbonates to be produced continuously and efficiently, and 20 many

si m | agroneatid hydrosty bivipoaiht @t tiy fike ele bastrousiy fed introthe multiestagar es have
been proposed thereafter (see Patent Docunents 17 to 32: Patent Docunent

171 nH%’Eiﬂ‘éS?drP@é‘hrrPn‘,J B Gt Ui tHhiR N dSWR throtigh tes BERAMEE Withdiatn fament
No. 5362901), Patent Docunent 18: Italian Patent No. 01255746, Patent

Dofdmegtsic]egbuti@tp&a%d zﬁ%ﬁqg rﬁ%ﬁk%{%%&%‘%@%ﬁg grn t fa§e8bthe

(corresponding to opean Pat ent U. S. 7 Patent No.

o2 21 003t B E S AEns s RETRGSS it oy bl foteaRa iy iafBTs WA
22& ,UC gﬂugﬁa{% gg tasl\tlg 'bri?m%(sa%%%ﬂéacl?%tn? glt'1d ?s? ‘é%‘ﬁﬂh%d&%éd %3&? ﬂ%%&gﬁ%t ent

circulating inlet provided at a stage above the stage where the outlet is provided,

whereby reaction is carried out in both the reactor and the distillation column (see

15 Patent Documents 16: Japanese Patent Application Laid-Open No. 4-224547,
Japanese Patent Application Laid-Open No. 4-230242, Japanese Patent Application
Laid-Open No. 4-235951).

These reactive distillation methods proposed by the present inventors are the

first to enable aromatic carbonates to be produced continuously and efficiently, and

20 many similar reactive distillation systems based on the above disclosures have been
proposed thereafter (see Patent Documents 17 to 32: Patent Document 17:
International Publication No. 00/18720 (corresponding to U.S. Patent No. 5362901),
Patent Document 18: Italian Patent No. 01255746, Patent Document 19:; Japanese
Patent Application Laid-Open No. 6-9506 (corresponding to European Patent No.

25 0560159, and U.S. Patent No. 5282965), Patent Document 20: Japanese Patent

Application Laid-Open No. 6-41022 (corresponding to European Patent No. 0572870,
6



"Lai d- QRego\OIp 18 24 (correspondi ng to European Patent No. 0582931, and
uU. S at ent llo"‘ 4742), Japanese Patent Application Laid-Open No.
,6-184058 (corresponding to European Patent No. 0582930, and U.S. Patent
No. 5344954), 5 Patent Docunent 22: Japanese Patent Application Laid-Open
No. 7-304713, Patent Docunent 23: Japanese Patent Application Laid-Open
No. 9-4R@LES. PatepiiNo. B3sagen), Pdentdocuments 2t daparigss Paterit dypplieatibrCpen No.
9- 59225, Patent Docunent 25: Japanese Patent Application Laid-Open No.

9-11080%g- . BRPSTURN{cof@spaAdinR s EUrBbEA PARIILINGI0S820B4| dndes. No.
9- 1653%%‘,‘:i gg‘tg@;”to 10 Docunent 39 Jaganese I%at ent Application Laid-Open No.

Bl ke
P i ' | d- : = :
L e e AR B Y L Py

Eur opean Patent No. 0785184, apd U.S. 15 Patent . 97056
bocne RELETA (0GR 24 HBRNEIS BRI APBHCAIST GOF-@pon Ne ZoRPR L HAR ¢ o
U S. Patent No. 6093842), International Publication No. 01/042187

( cor r e Dosheng 280 apanasshRatentprpkication LAidiQraruNo.P-46616abgteat i on No.
2003-516376), Patent Docunents 31: Japanese Patent plication Laid-Qpen
No. 20@tufie?B24: JapamesscP fentAppligationcdaitddparaNo- 280 Paterd1- 64235,
Patent 20 Docunent 32: International Publication No. 02/40439

(cor r espeudist 250 JabanedeaP sint AbplicRPOISsid-OpéroNoPat HOBOBpPags26895, and
U.S. Patent No. 6600061)). Anpbng the reactive distillation systens, the

presenpRpRdrit 28t Japavdsd PhichtApphERRcEsd-Gerf NER BhBE3TTaPater#tbl es hi ghly
pure aromati c carbonates to be produced stably for a prol onged period of

i Wdc%?:ér?}erﬁ gﬁp%gaﬁggéu?étr?g{t eAiapgﬁéter}’ BAidRSHEN N> SLEBE 10 Paténtet hod i n

which a pol n containing a catalyst conponent is

reacted, wi th an-active s ; - dg off n /7 A0501
UP1s KRt 2B dor Rt AR TR TETAG oA B0 Tab deee
nter naI}altgrqtaAppPIilf:%ltibﬁ itallc?-Bpen No. 2000-191596, Japanese Patent Application

Laid-Open No. 2000-191597, Patent Documents 29: Japanese Patent Application
Laid-Open No. 9-194436 (corresponding to European Patent No. 0785184, and U.S.

15 Patent No. 5705673), Patent Documents 30: International Publication No. 00/18720
(corresponding to U.S. Patent No. 6093842), International Publication No. 01/042187
(corresponding to Published Japanese Translation of PCT Application No.
2003-516376), Patent Documents 31: Japanese Patent Application Laid-Open No.
2001-64234, Japanese Patent Application Laid-Open No. 2001-64235, Patent

20 Document 32: International Publication No. 02/40439 (carresponding to U.S. Patent
No. 6596894, U.S. Patent No. 6596895, and U.S. Patent No. 6600061)).

Among the reactive distillation systems, the present applicants have further
proposed, as a method that enables highly pure aromatic carbonates to be produced
stably for a prolonged period of time without a farge amount of a catalyst being

25  required, a method in which a high boiling point material containing a catalyst

component is reacted with an active substance and then separated off, and the
7



*No. 97 % pondi ng to European Patent No. 0855384, and U.S. Patent
No. 5% @)ﬁo-akm@a nmet hod carried out while keeping the weight ratio of

~a polyhydric aromatic hydroxy conpound in the reaction systemto a
catal yst metal at not nore 5 than 2.0 (see Patent Docunents 34: Japanese
Pat ent Application Laid-Open No. 11-92429 (corresponding to European

Pat ent ca¥alysf8dippéBentas tesydhed RaseePiateio DoctRiehfsl 83) IntétaatibealrRubdication
present inventors have al so proposed a nethod in which 70 to 99 % by

wei ght ngf PELICRRIRPtPE dbpRBAREENT No 20885 I8 Hndell iR Patentiess i s
used a§eég§@ggf@$%5 mater | élﬁ and di phenyl carbonate can be produced by 1o

eans g7 SAHA Huiba il SR Rethind Wd wAIGHAPENS oF ideppgRcoan be

used a aw nat eri a ol'yneri zat'ion to produce aromt’i €

pol ycar bonat es (see Patent . .Docunent. . t | L,on

Lai d- CREHags h -"%Y)?‘?‘?po(“‘%r'D@%%B%ﬁ:ﬁt“fs?azﬁ%teéﬁ?cg%%%gal at@%ﬁalagabt)@%g%m, and
U S. Patent No. 5747609)). However, in al f these prior. unents in
whitsh e BPdase Batanidposimentze Janapese Pafintanpucafit] FEofbed RET TV
distillation nmethod is proposed, there is no_ disclosure wh%tSOﬁver of a
speci f 1t-924@0dcarrespensiing to Gurensan Palgnhbles 101664 tanshV- S ale"t Naust ri al
scale (e.g. nore than 1 ton per hr), nor is there any description
suggesfReg2+hish Furhemrasre, e presenbinventors have algst propored @Betast inons
regarding heights (HL and H2: cm, dianeters (D, and D2: cm, the nunbers

of st agascH 1 t&0d % byNdeightotphdreol peedliced asa &y-produbkinrapolyatesizatibs ( QL
and : kg/hr) for two reactive distillation colums disclosed for

o PRSI etk ok gh oo By bepraammatin
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the raw material for polymerization to produce aromatic polycarbonates (see Patent
Documents 35: Japanese Patent Application Laid-Open No. 9-255772
(corresponding to European Patent No. 0892001, and U.S. Patent No. 5747609)).
However, in all of these prior art documents in which the production of the
15 aromatic carbonates using the reactive distillation method is proposed, there is no
disclosure whatsoever of a specific process or apparatus enabling mass production
on an industrial scale (e.g. more than 1 ton per hr), nor is there any description
suggesting such a process or apparatus. For example, the descriptions regarding
heights (H; and Hz: cm), diameters (D1 and D2: cmy), the numbers of stages (Ny and
20 N), and the feeding rates of the raw materials (Q; and Qz: kg/hr) for two reactive

distillation columns disclosed for producing mainly diphenyi carbonate (DPC) from

dimethy| carbonate and phencl are as summarized in the following table.
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col ums used when carrying out this reaction using the reactive

distillation systemare those disclosed by the present applicants in
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In other words, the biggest continuous multi-stage distillation columns used
when carrying out this reaction using the reactive distillation system are those
disclosed by the present applicants in Patent Documents 33 and 34. As can be

5 seen from Table 1, the maximum values of the various conditions for the continuous
multi-stage distillation columns disclosed for the above reaction are Hy = 1200 cm,
H> =600 cm, Dy = 20 cm, D2 = 25 cm, Ny = N2 = 50 (Patent Document 25), Qq =
kgfhr, and Q; = 31 kg/hr, and the total amount of diphenyl carbonate produced was
only approximately 6.7 kg/hr, which was not an amount produced on an industrial
10 scale.

As methods for separating the diphenyl carbonate from the reaction mixture
containing a diphenyl carbonate that has been produced through transesterification
reaction and the like between a dialkyl carbonate and a phénol as a starting material
as described above, and then purifying the diphenyl carbonate, crystallization

15 methods, distillation methods and the like have been proposed. With regard to the



*col um E’W‘ﬁ . (see exanpl e of Patent Docunent 10, exanple 2 of
PatentAb%@!:urren ); Il1) a method in which the reaction m xture containing

.the catalyst is subjected to flash evaporation, and thus separated into a
hi gh boiling point material containing 10 nost of the catalyst and a | ow
boiling point material, and then the |ow boiling point material is
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and then the 20 low boiling point material is subjected to continuous
sequentbhimnitap component (see myamplelof PateniDanumegit di0a examplgaf Satgnk hr ee
colums, i.e. a light fraction separating columm, a nethyl phenyl

car bon@ceusriari@)i ng col um, and a Bi phenyl carbonate separating colum,
wher eby di phenyl carbonate is obtained as a colum top conponent (see

Pat ent Documpity éthodaR whieh RS rdaition imildupd contaiing lthé batalijsb e sybjectedbonat e
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it ar € B b Bt A e P b B m and
L3, > BEBUR e R A8 B PR B el S s ORgRBne L1
™ il e e A RS
catalyst-containing diphenyl carbonate is obtained as a column bottom material, and
then this column bottom material is distilled in a purifying column, whereby the
dipheny! carbonate is obtained as a column top component (see Patent Document
15 37: example 1 in Japanese Patent Application Laid-open No. 4-100824, Patent
Document 38: Japanese Patent Application Laid-open No. 8-169704); and
Hl) a method in which the reaction mixture containing the catalyst is distilled
in a distillation column (or evaporator), and thus separated into a high boiling point
material containing most of the catalyst and a low boiling point material, and then the
20 low boiling point material is subjected to continuous sequential distillation using a
distillation apparatus comprising three columns, i.e. a light fraction separating column,
a methyl phenyl carbonate separating column, and a diphenyl carbonate separating
column, whereby diphenyl carbonate is obtained as a column top component (see
Patent Document 25).

25 Another is a method in which the diphenyl carbonate is obtained as a column

bottom component from a distillation column; for example, there is:
10



*The otﬂ‘%oj SFA Wd I n which the di phenyl carbonate is obtained as a side
cut conponent froma distillation colum; for exanple, there are: V) a
.method in which the reaction mxture containing the catalyst is introduced
into a third reactive distillation colum, and further reaction and
distillation 10 are carried out, whereby the di phenyl carbonate is

obt ai ned as |§)% MetHod inGeHTBE e FeadtibAmixiiee icopedining tHe Thatalysttis distited umm
(see Patent Docunent 21); VI) a nmethod in which the reaction mxture

cont ai é‘aisii[véﬁgrﬁ{:@ldﬁﬁ% ah thay'Besstafel iflo bIAGH bBIAGRIGH ABteriand t hus

separated 1 nto I'1ing point material™ containing nost of the

cataly | Il | . t i 1ing
poi nt ﬁé{qt@ﬁ%ﬁmo&ﬂc:ﬁﬁe&ﬁ]@gﬁﬂérﬁ# gqgwg{dsllﬁq ?@B ?'gtr? co l'uﬁdgﬁ" tzj.l:ésltgﬁ lation is
carried ..out, wherehy the di phenyl carbonate is_obtai ' t
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and 35, Patent Docunment 39: |Internatjonal Pub icati0{1 Jgﬁ 92/ 18458
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puri fying coTbewtherrig atmethogdpavhick the dipbenyltajhonaie is aptaioedastside al
contai ning nost of the catalyst and a |ow boiling point material, and then
t he | ogut dempomgntfromita distiliatioal calumnnior edampde,ithere aresecond puri fyi ng
colum and distillation is carried out, whereby the di phenyl carbonate is

obt ai ned as g) airféthedlin WHIEP iRNteactiva ikiiee tonrivting the tatatgsté®l um (see
Pat ent Docunent 40: Japanese Patent 25 Application Laid-open No. 11-49727);
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subjected to flash evaporation, and thus separated into a high boiling point material
containing most of the catalyst and a low boiling point material, and then the low
15 boiling point material is introduced into a distillation column and distillation is carried
out, whereby the diphenyl carbonate is obtained as a side cut component from the
reactive distillation column (see Patent Documents 34 and 35, Patent Document 39:
International Publication No. 92/18458 (corresponding to U.S. Patent No. 5426207);
VI1) a method in which the reaction mixture containing the catalyst is distilled
20 in a first purifying column, and thus separated into a high boiling point material
containing most of the catalyst and a low boiling point material, and then the low
boiling point material is introduced into a second purifying column and distillation is
carried out, whereby the diphenyl carbonate is obtained as a side cut component
from the second purifying column (see Patent Document 40: Japanese Patent

25  Application Laid-open No. 11-49727), and

VII) a method in which diphenyl carbonate containing pheny| salicylate is
11



‘Howev eryns shown that various problens remain with such di phenyl
car bonéa}oeslogelgg?%tqi%%ﬁ/ purification nethods using these distillations. Mre
specifically, the purity of the diphenyl carbonate obtained through the
above I) is low, and noreover this is a batch process and hence is not
suitable for mass production 10 on an industrial scale. Regarding the above

1), therdRidRadn®f a QakifatiorPesiR havirg the nambet ehtHedrbwshl saiyéstbeingi pheny!|

carbonat e whi ch was obtained through the nmethod disclosed in Patent

Docunegt, 38 tsqgst, %he%ié’tmtait%ﬁ% Hé'ﬂr@atqilt)éifa cotifRHotiot ?é?’Ppé?%%ton'fot M&ds nore
ppm an I a

than | ence 1s not suitable as a raw mater for the production

of a high- Ly discol | AL h Lt he bove 15
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bottom_of each of two of the djstillation colums, 1i. the, light. fraction
separ atf 9y t%ﬁﬁﬁﬁatmwivm &P%ﬁﬁeﬂmﬂwme%ﬁ%g@@éﬁ}@&?'{%@%@ A, and
IS then subjected to a high tenperature in the diphenyl_carbgpate

sepér atligidropen i ! %4378'21‘@%%13%%%5@“1@3”&? atepto. 9?534\%450)8 about a
decrease in the purity and a decrease in the yield. 20 Mreover, the nethod
of the above Howeven, ivhas beeheshdivpHtbal vateusbproplems semaln withsach diphearyk
colum bottomis unsuitable, because the purity is |ow and hence a desired

pol ycardzpbaiate Gapamstidngourifivdtior thethbds usimg thesd distilbtioriee dMoree V), the
reaction m xture containing the catalyst, the unreacted starting materi al

and t hesdoRigaily, it peRtybined dipifsiyi Barbpiate Bbeiindd traagls 659 above s 10v
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Docunment 5 34) or- 3.9 kg/hr (exanple 1 of Patent Document BS%éit\{\Aﬂagh I S not
on an iwmathwddigglosed in Patent Document 38 contains a titanium catalyst, al
amount of not more than 1 ppm, and hence is not suitable as a raw material for the
production of a high-purity discolored polycarbonate. With the method of the above
15 I, since the diphenyl carbonate is heated to a high temperature at the bottom of
each of two of the distillation columns, i.e. the light fraction separating column and
the methyl phenyl carbonate separating column, and is then subjected to a high
temperature in the diphenyl carbonate separating column, the diphenyl carbonate is
altered, bringing about a decrease in the purity and a decrease in the yield.
20 Moreover, the method of the above V) in which the diphenyl carbonate is
obtained from the column bottom is unsuitable, because the purity is low and hence
a desired polycarbonate cannot be produced.
With the method of the above V), the reaction mixture containing the catalyst,
the unreacted starting material and the impurities obtained from the bottom of the

25 second reactive distillation column is introduced into the third reactive distiliation

column from an upper portion thereof, and the diphenyl carbonate is withdrawn from
12




"scal e. the above VII) is a preferable process, but the anpount
of di%ﬁé@ypﬁﬁgprb%te produced is small at 2 kg/hr (exanple 8 of Patent
.Docunment 40), which is not on an industrial scale. Mdrreover, the nethod is
carried out with the colum top pressure in the first purifying colum at
a high vacuum of 200 Pa, and 10 hence industrial inplenentation would be

di ffi crelsidd of Bvsird reattivd distitatibnsdallinat | 8apor ol mist ofdiod datalystetipei red so
that the high vacuum coul d be nmintained. Mreover, with the nethod of the

above itnfouki ' iféd parenbibneathecyl ate is
reducegdltla*.t &ﬂc?m’“%%'gag%%]'?@”E'ge%rﬁﬁna?@l{kﬁ"eégmgg WP%?E?:? Ijocumenrt1 36), nothing
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to the chlorinated inpurities (which have adverse effect.o h
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pol ycar bonate even in an 20 extrenely small anmount of only a few tens of
ppb) . wealk. t The methoddf teeahove MIDis aprefgrablproeesss but the ameuBkOkepar at ed
out sufficiently, and hence it will not be possible to use the diﬁ&)henyl

car bondipheay! carbanateprediuatd insmall pbRykginexample Brif Patert Recumsar4®ed in
conparative exanple I (in which the alkali columm is not used) of the

puri fi gaidioR ritkidmosh (HdustEl ebataf t Moredssr, tige maitlied isi ¢drried loak with thet wat er
washing 25 with hot water is carried out, and then the di phenyl carbonate

i s deh e teirdd G| 1§ Qe cllh @i @ooPgcngm filled
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content of phenyl salicylate is reduced from 3000 ppm to 50 ppm (example 2 of
Patent Document 36), nothing is stated whatsoever for other impurities. For
15 example, even though the diphenyl carbonate is produced using the phosgene
method in this example, and hence this is definitely a purification method for diphenyl
carbonate containing chlorinated impurities, nothing is stated whatsoever with regard
to the chlorinated impurities (which have an adverse effect on the polymerization to
produce a polycarbonate and the properties of the polycarbonate even in an
20 extremely small amount of only a few tens of ppb). With this method, such
chlorinated impurities will not be separated out sufficiently, and hence it will not be
possible to use the diphenyl carbonate as a raw material for a polycarbonate. This
is as described in comparative example 1 (in which the alkali column is not used) of
the purification method (in which after washing twice with alkaline hot water, washing
95  with hot water is carried out, and then the diphenyl carbonate is dehydrated through

distillation and then passed through a column filled with a solid alkali, before being
13



“are gixggofgpq d of evaluating the purity of the diphenyl carbonate
obt ai ne hr ough e distillation, but evaluation of whether the diphenyl
.carbonate is suitable for polynerization cannot be carried out using this
test method. This is because even for diphenyl carbonate of |low purity
such that a pol ycarbonate of the required 10 degree of polynerization

cannot snhtsie@t;eaqg%aucédsgréssufé diktilfRRpt ih@Re inuitMstage gistitation columh) of nat ed
occurs sufficiently. reover, since with this evaluation nethod, a |arge
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pol ycarbonate at all. In ordinary pol ¥neri zation, sin
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suitable for evaluating the purity of diphenyl carbonate to be used for

pr oducaraygivenyasaa etbead of evalgatingithe purity f the dipbepyhearpogate ebfained s no
speci fic description whatsoever of purification of diphenyl carbonate that
has bethroagh the didtilistiory bubevaluatior of ehiethierdhe dipherat batbonglaisesuilable ypes
and contents of inpurities differ between di phenyl carbonate obtai ned

thr Ougi’brtdlﬁ*rﬁéﬂﬁﬂﬁﬂﬁcémid!% &itflediodb a5ing thizrtesimethoeht &ie s besause t he
transesteritication nethod, it cannot be said that di phenyl carbonate of

the 25 e%éﬁ?orpaibh%%yl‘@a%or%e gﬂo’ﬁtf Eﬁﬁtyt SUPHpht bpRIy@mBoateidf tkéFéquiretet hod.

It thus cannot sald at at “di phenyl car’bonate having the required
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diphenyl carbonate containing, for example, 1 ppm of chlorinated impurities, an
incorrect evaluation that the diphenyl carbonate is of high purity and is suitable as a
15 raw material for a polycarbonate would be obtained. As stated earlier, the diphenyl
carbonate containing 1 ppm of chlorinated impurities cannot be used as the raw
material for the polycarbonate at all. In ordinary polymerization, since such a large
amount of an alkaline catalyst is not used, this evaluation method is not suitable for
evaluating the purity of diphenyl carbonate to be used for producing polycarbonate.
20 Further, in Patent Document 36, there is no specific description whatsoever of
purification of diphenyl carbonate that has been obtained using the transesterification
method. Since the types and contents of impurities differ between diphenyl
carbonate obtained through the phosgene method and dipheny! carbonate obtained
using the transesterification method, it cannot be said that diphenyl carbonate of the

25 same purity will be obtained through the same purification method. it thus cannot

be said at all that diphenyl carbonate having the required purity for the raw material
14



- homgemﬁuﬁ W general ly contains various reaction by-pr'oduct's. I'n

particular, ift—a di phenyl carbonate containing the anmounts of high boiling
_point by-products having a higher boiling point than that of the diphenyl
carbonate, such as phenyl salicylate, xanthone, phenyl methoxybenzoate, 10
1 - phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene and the |i ke which have not
been gfapdGRAyciPHONAte viousld bl sbtainkd|terceighi the yeificationt ethadvohBaterital of the
transesterificati on nmethod pol ycarbonate, then these high boiling point
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thus preferable to reduce e amounts of such inpurities as nmuch as
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process for the production on an industri aI_?ca{y‘e of not Igss than 1 ton /
hr of dialkyl gadonete and@Rhannl as s HaringIMAEIA Pt RFESeRe® PAfl material of a
hi gh-qual ity and 20 hi gh-performance pol ycarbonate. Disclosure of

| nvent homogenesusnatalyst generallyeontains yatious reantionPy-prasiusts. ddn pastiradas i ¢
process which enables a high-purity diaryl carbonate that can be used as a
raw naiferdiphenyl cartidnate giontaikingttie anburitg bf pighf oilingpeinpbyypradidaat e to be
produced stably for a prolonged period of tinme on an industrial scale of
not | epgvinganhighePBoilingpoiftithan éfataf tHe difbedi carbankw\sathesiphgnyht erial a
reaction mxture contarning an al kyl aryl carbonate obtained through a

transegéﬁéylété?i‘éﬂtﬁﬂaé,e@%ﬂ hdlRbXRIMzBafl, al kyl carbonate and an aromatic
in

nmonohydr oXy conpound. e the present inventors disclosed a process for
producir | _sak l| [ hat d9Ebe
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transesterification method polycarbonate, then these high boiling point by-products

—

will cause coloration and deterioration in properties. |t is thus preferable to reduce
the amounts of such impurities as much as possible. However, such high boiling

15  point by-products are difficult to separate out, and with methods proposed hitherto, it
has not been possible to reduce the amounts of such high boiling point by-products
down to a sufficient level. In particular, there has been no proposal whatsoever of a
process for the production on an industrial scale of not less than 1 ton/hrofa
high-purity diphenyt carbonate required for the raw material of a high-quality and

20 high-performance polycarbonate.

Disclosure of Invention
It is an object of the present invention to provide a specific process which
enables a high-purity diaryl carbonate that can be used as a raw material of a
25  high-quality and high-performance polycarbonate to be produced stably for a

prolonged period of time on an industrial scale of not less than 1 ton / hr using as a
15



“car bongpysst bp N of the reactive distillation nethod have been nmade.
However, these™have all been on a snmall scale and a short operating tine
_laboratory level, and there have been no disclosures on a specific process
or apparatus enabling mass 10 production on an industrial scale fromsuch a
reaction mxture to a high-purity diaryl carbonate that can be used as the

raw mestartirg) material & reaction hiiktvireaoohtalird ap aliyd arg vacbgredty obtdinedt e. 1 n vi ew
of these circunstances, the present inventors carried out studies ained at
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which Is 1mportant as the raw material of the high-quality 15 and
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of tine on’an rial scale of not less than 1 ton / hr. As a result,

the present Jinventors have reached . to ' ' aat s, in
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I ndustrial process for the productiqn of, 6 a hjlgh-purity diaryl carbonate in
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starting material a reaction m xture containjng an al kyl aryl carbonate,
whi ch regardiagrpropessasdar the piagivction of egaciondnixiureacrplrinisg &P®RtBet ween a
di al kyl carbonate and an aromati ¢ nonohydroxy conpound, continuously

f eedi ngatbonatesaby meanseifdnée apadtivedistillation metbod diayeibdent nedec o However,
conprising a continuous nulti-stage distillation colum in which a 25

honogefireshaal 8l beén bA Psmakstalecd ¥ ishortaperating timnedabenatdnydavelpand
reaction and distillation simltaneously in the colum, continuously

Wi t hdr gydrBhae! bBEnR HiseibsPRodbn aldpetfiRProbess dBappiatirnshalsingmubsr e
containing a produced dial kyl carbonate from an upper portion of the
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inventors carried out studies aimed at discovering a specific process enabling a
high-purity diaryl carbonate which is important as the raw material of the high-quality
15  and high-performance polycarbonate to be produced stably for a prolonged period of
time on an industrial scale of not less than 1 ton/ hr. As a result, the present
inventors have reached to the present invention.
That is, in the first aspect of the present invention, there is provided:
1. In an industrial process for the production of a high-purity diaryl carbonate in
20  which the high-purity diaryl carbonate is produced by taking as a starting material a
reaction. mixture containing an alky! aryl carbonate, which has been obtained through
a transesterification reaction between a dialkyl carbonate and an aromatic
monohydroxy compound, continuously feeding the starting material into a reactive
distillation column comprising a continuous multi-stage distillation column in which a

25 homogeneous catalyst is present, carrying out a transesterification reaction and

distillation simultaneously in the column, continuously withdrawing a low boiling point
16



"col uMmpaBghi QB EPNRAgent AB containing the catalyst, and then continuously
I ntroducrng the—Tolum top conponent AT into a diaryl carbonate purifying
_colum B having a side cut outlet, and continuously carrying out
separation by distillation into a 10 colum top conponent BT, a side cut
conponent Bs and a col unm bottom conponent BB, the inprovenent which

conpri eaftiohdhixkite ContRfing \pdideiced Ididlkyitaesonats frommaniupger poction oftieus
mul ti-stage distillation colum having a length L (cnm), an inside dianeter

D (cm comhd H&gﬁgéoﬁﬁ fdim, gna%ﬁﬁﬁu%slgmﬂﬁa\ﬂinb@ﬁ@h%iﬁh; péint Psactiohl et
havi ng an 1 nsid raneter d, (c at 15 the top of the colum or in an
upper ROLt 1O L. C g CHi iiRg an
ot de ke Paflaiting ailatyBeRais ol 60t pdtiph 3Pl ohirein JeA0 BY, o
of the_colum near to .the bottam .at, |l east one. i ' [ he upper
portiof‘Prﬁ'hd’PGF'nHO‘ﬁ?'Hmtéo‘ﬁ’&"}g %?ighg}? Hgl?lggp@,qﬂ rﬁé%ﬁ ?ﬁéagéag?%ﬁtm%ﬁ', and at
| east one inlet provided in the |ower portign of the colu above. t he

| i g@i dbelingacintmatesiahsepampting colump A\, age Fopsindalsly carmyINg ‘%ﬁe&ﬁf %5’"
formulae (1) to (6); 1500 L S 8000 (1) 100D2000 (2) 2L/D40 (3)  10n<_80
(4) 25 bysitétdiatien Irto(olutn top/adprpaent &yr;contginingsbe &Imhmﬂneéﬁ aR$Ad hi gh
boiling point material separating colum A conprises a continuous

mul ti - gbhgen Bottbin cahpomertdgoontaiairigthexcdtelyst, mndAh¢r epntiawousigi de di anet er
DA (cm, and an internal with a nunber of stages nA thereinside, wherein
LA, DAjntAsdlLici tf@é%ﬁ?l\sﬁ)tbb%ohﬁﬂdr@mnghﬁt@rawiaﬂﬁ darporiate [Rrifyifg 86Munan BAS 3000

(7) 100 5 DA5 100
having a side cut outlet, and continuously carrying out separation by distillation into a
10  column top component Br, a side cut component Bs and a column bottom
component Bg, the improvement which comprises:
(a) said reactive distillation column comprises a continuous muiti-stage
distillation column having a length L (cm), an inside diameter D (cm), an internal with
a number of stages n thereinside, a gas outlet having an inside diameter d (cm) at
15 the top of the column or in an upper portion of the column near to the top, a liquid
6utlet having an inside diameter d, (cm) at the bottom of the column or in a lower
portion of the column near to the bottom, at least one inlet provided in the upper
portion andfor a middle portion of the column below the gas outlet, and at least one

inlet provided in the lower portion of the column above the liquid outlet, wherein L, D,

20 n, dy, and d; satisfy the following formulae (1) to (6);

1500 < L < 8000 (1)
100 < D < 2000 (2)
2 < L/D = 40 (3)
10 = n = 80 (4)
25 2 =Didy £15 (5)
5= D/d, £30 (6);
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20 < nﬁ%czsdl‘pﬂﬁ(l?) ) said diaryl carbonate purifying colum B conprises a

contin S I'tt-stage distillation colum having a length LB (cn), an

inside dianmeter DB (cm, 10 an internal thereinside, an inlet Bl at an

I nternedi ate protion of the colum, and a side cut outlet B2 between the

inlet 131 and the colum bottom in which a nunber of stages of the

| nternal abO}(S? e Hiqﬂn %inﬁglpdiﬁt_ Material BepReating corimeATovipises ant er nal s

between the inlet 131 and The side cut outlet B2 is n2, a nunber of stages

of the . B RIS Y ith LN3crdNgh idi@é alarmetaber  of
arthRE B Sqe LR ocitinn ViR g ngih LiToma

stages is n n3, and nB

1005 DacRe b, 2yt 3 ferch ity Bporsr bEstahay ny Hidhsives funerpiffon T3hknd,

(15); and (d) not_ | ess than Jr t&r} / g_ of the high-purity diaryl carbonate
i s obt ammeelistyHin folowing tprawiag,&)dP {8 cut conponent Bs. 2. The process
according to item1, wherein a distillation_operation of said high 25

boi 15 ng poi nt8terbal=s8880 ati ng col urm A% carried out at a col um
bottom tenperature TA in a range of from 185 to 280C, and at a columm top
pressure PA itDASADR0E WPOB KAN a range of(8rom 1000 to 20000 Pa, and a
distillation operation of said diaryl carbonate purifying colum B is
carried out appascpjugnibottomtenperature (8 in a range of from 185 to
280C, and at a columm top pressure Ps in a range of from 1000 to 20000 Pa.

5 3. The procrssarféianficatbdriaté beRfying Eolkmn\B&iopipiises domtifudas and n for
said reactive “distillation colum 'satisfy the follow ng fornulae; 2000 < L
< 6000, n’?cﬁt?—sf%ge[ﬂ@tiilation column having a length Lg (cm), an inside diameter Dg (cm),
10  an internal thereinside, an inlet B1 at an intermediate protion of the column, and a
side cut outlet B2 between the inlet B1 and the column bottom, in which a number of
stages of the internal above the inlet B1 is ny, a number of stages of the internals
between the inlet B1 and the side cut outlet B2 is nz, a number of stages of the

internals below the side cut outlet B2 is n3, and a total number of stages is ng (= m +

15 nz +ns), wherein Lg, D, Ny, N2, na, and ng satisfy the following formuiae (10) to (15);

1000 £ Lg = 5000 (10)
100 < Ds = 1000 (11)
5<n £ 20 (12)
12 < np £ 40 (13)

20 3=n =15 (14)
20 < ng S 70 (15); and

(d) not iess than 1 ton / hr of the high-purity diaryl carbonate is obtained
continuously as the side cut component Bs.
2. The process according to item 1, wherein a distillation operation of said high
25  boiling point material separating column A is carried out at a column bottom

temperature Ta in a range of from 185 to 280°C, and at a column top pressure Pa in
18



+ 1000, hé%ia |C_)JF/13D 0, and 15 < n <_ 60, respectively, LA DA and nA for
sai d hi 1oill oint material separating colum A satisfy the follow ng
formul ae; 1000 <_ LA < 2500, 200 <_ DA < 600, and 30 < nA 10 70,

"respectively, LB, DB, n,, n2, n3, and nB for said diaryl carbonate

purifying colum B satisfy the follow ng fornulae; 1500 <_ LB < 3000, 150

< DB %?Q&?e & from_ 1500 $H20000 P8, ancB8 distillstioR dperaton cfrehi@Biaryl nB < 55,

respectively, TAis Iin a range of from 190 to 240C, PAis in a range of

from 29%"59%915‘33%”93%6@?8 Blgo%agﬁéggat éeagﬁmn bbABMUBhdRaRAE s inRd PB is

In a rangé o e process according to any one

of itens 1 tqQ 3 [ ejh.each sai ' ipStL | ' sai d
i g DiomoR e e ABC R G S0d 3t p3Rltohd85 hlskear R ih 2 AbGRIFEMI0RCR.
purifyi nggc():ol um Bis a distillation colum having a tray and/or a 20
packi n@ QP8 internal. 5. The process according to any one of itens 1 to
4, wherein said reactive distillation colum is a_ di séi | | ati.on _col um
havi ng3. aghetpsoceascasnardingtie iteat kiong, whereip L, kb der Dpard NdRr 8RIGRECES um,
and the tray in the | ower portion of the columm, and the internal of each
of sai distillafforbeoluimmgsatisfntherfatiewing fospplaeafg Sollusn 6R0PnA58ad D5=di ar v
carbonate purifying colum B is the packing. 6. The process according to

i tem 5400be3 eEnLY I Pasliaw 15 & st EuGUrespeutiveiyng 19 A0501 UP13 KAN
which is at | east one selected fromthe group consisting of Mell apak,

Cenpak, TECH}'@AF% mifeKlsaRffighdollHgZssinPrekéritd sepafaniogy cllmnacatiefy and a

A@itchgrid. he process accCording to item4 or 5, wherein said tray of

said r (L€ i Sl tqi coliyme i heve tm.a¥ Do HhdBREILEVA, partion
and a %ﬁwd"}é@ﬁ@bg@ﬁ%r?.@? 8. I%he_ gjg?’eggga&tg}“di_ng to item 7, wher ei n

saj S'?'ﬁYFestpreacﬁvé]ﬁs 100 to 1000 holes / nR in the sieve portion.

Lg, Dg, N1, N2, N3, and ng for said diaryl carbonate purifying column B satisfy
the following formulae;1500 < Lg < 3000,150 = Dg = 500,7 = ny = 15,12
< n 30,3 = ns = 10 and25 = ng = 55, respectively,
Ta is in a range of from 190 to 240°C, P, is in a range of from 2000 to 15000
15 Pa, Tgis in a range of from 190 to 240°C, and P is in a range of from 2000 to 15000
Pa.
4. The process according to any one of items 1 to 3, wherein each of said reactive
distillation column, said high boiling point material separating column A and said
diaryl carbonate purifying column B is a distillation column having a tray and/or a
20 packing as said internal.
5. The process according to any one of items 1 to 4, wherein said reactive
distillation column is a distillation column having, as the intemal, the packing in the
upper portion of the column, and the tray in the lower portion of the column, and the
internal of each of said high boiling point material separating column A and said

25 diaryl carbonate purifying column B is the packing.

6. The process according to item 5, wherein the packing is a structured packing
19



9. The ing toitem7 or 8, wherein the cross-sectional area
per holgp 0 Egg?ﬁﬁgygve tray is in arange of fromO0.5to 5 cn2. In the
second aspect of the present invention, there is provided: 10 10. A

hi gh-purity di phenyl carbonate which is a diary) carbonate produced by the
process according to any one of clains 1 to 9, said diphenyl carbonate

bei ng  whigHLS &t fedseBnesefadisd frott @ group cdnkizting of jMkllepakbGempakd having a

hal ogen content of not nore than 0.1 ppm and a content of by-products

havi ng HIGIPAIR i - PREKD dckitlg, & GaBHdIHRRMY bnad BftdgAdof not
nor e thgﬁbloo ;f;fﬁ? I%LLSE%HPR%E Srﬁlfglﬂ{bpuri t;’/(éd|G|t§)ﬁ‘(|:=ilirl:)yIcij ca?%%ngte accopdi ng to

item 1 ' i ' n L: E t A Lphenyl

car bonale, " G dieBiARG M e #oP 87 RbBreif saP a7 bf pFEACIRTETY | o
content .of, each of phenyl. salicyl ate, xanthon henyl 0 nzoat e,
ond 1 oSS 2sing ey haiotia SEe R fon BRGR dowl LY partae

by- products havi ng the higher boilin Qi nt. than that of, the diphenyl

car Bonabe, T8 ProgesscICcqopdiBgtn HRM \ﬁgﬂﬂ%"lﬁ'?“%%"%h M}‘Séﬂi Odﬁﬁh@ésl
carbonatg according to item 11, wherein the content of the by-products
havi ng én theydievelportiomg poi nt than that of the di phenyl carbonate is not
nore than 50 ppm 13. The high-purity di phenyl carbonate according to item

12, whe8ei Thelpeotedsogmoordinf to detreritor i8s wihereindhe créssasectioplal areedpemioleont ent
of the by-products having the higher boiling point than that of the

di phenybf s4d ks eay & iR rafgecoftifumn 019tpsmm?20 A0501 UP13 KAN In the third
aspect of the present invention, there is provided: 14. An apparatus for

producing a hirivalitidohy SHpREYF harHesahtanWihiidh, GRsrRIis pRSvided eact i ve
distillation colum conprising a continuous nmulti-stage distillation

col o 3?-. WA rﬁ@?.gs#ﬁw@gﬂeﬁ@%%rséﬁabmcﬁ % a@.ﬁ@pearbaﬁafé ;seaaa&éaﬁx L

dis on C receiving a reaction ure containing a

o SRR cPBing LA5bY BT TR 1ol PN PEaRh Bl Bl ovan =
unsubstituted or substituted with a lower hydrocarbon, and having a halogen content
of not more than 0.1 ppm, and a content of by-products having a higher boiling point
than that of said diphenyl carbonate of not more than 100 ppm.

15 11. The high-purity diphenyl carbonate according to item 10, wherein said diphenyl
carbonate is unsubstituted diphenyl carbonate, and the halogen content is not more
than 10 ppb, and the content of each of phenyl salicylate, xanthone, phenyl
methoxybenzoate, and 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene, which are
the by-products having the higher boiling point than that of the diphenyl carbonate, is

20 not more than 30 ppm.

12. The high-purity diphenyl carbonate according to item 11, wherein the content of
the by-products having the higher boiling point than that of the diphenyl carbonate is
not more than 50 ppm.

13.  The high-purity diphenyl carbonate according to item 12, wherein the halogen

26  content is not more than 1 ppb, and the content of the by-products having the higher

boiling point than that of the diphenyl carbonate is not more than 10 ppm.
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car bongA@gs@NdPas gANEti ¢ nonohydr oxy conpound, wherein a
transesterification reaction and distillation sinultaneously is carried

out in the colum, a low boiling point reaction mxture containing a
produced di al kyl carbonate is withdrawn froman 10 upper portion of the
colum in a gaseous form and a high boiling point reaction mxture

cont ai ni ng a ldithe yhira aseni af ¢he presienh dvawtion rthereisl proeidegdor ti on of the
colum in aliquid form a high boiling point naterial separating colum A
connectefl Wih apparaius fcfrfwbduangIaSﬁiEhlptknpaiaaﬂldaamo@é_td wiieR ceimpgisesj d hi gh
boiling point reaction m xture, 15 wherein separation and distillation is

carried out iDtadiveistlTatibARdiARRLHRbri %%fﬁ%rﬁimoﬁa mnm-ﬂgggﬂistﬁlsﬁﬁéﬁpate

and a col um bottom conponent AB contal ni n catal yst; a diary

car bon r.f ol | ' i 2 S . and
o on EuBih WA A RortEBe it gl Y Besff e feftelp aithiofiolhe
A and 20 receiving. the.colum top conponent AT fromthe side cut out]et,
aherei TeCe i rRcan ot Fonseling AG A ArdFashotete g o Sdfodihegral
conponent BT, a side cut conponent Bs and a colum bottom conponent BB;
wher ei nWIgN B3 daesaebtanedyttyouoh 2 iteansestaitisationpacion detyern A, Sialky!
multi-stage distillation colum having a length L (cn), an inside dianeter
D (cn) ,cathonatecandl arwiarematis reomehyiskexy conpayed, whereineanksansesterifigadioput | et
having an inside dianeter di (cn) at the top of the colum or in an upper
por t i onreattivh eareb Histilativrasinmultareousbpis aairiegliodt ir2 the\@slimiyPasloikkAboiing| et
havi ng an inside dianmeter d2 (cm at the bottomof the colum or in a | ower

por ti onpsiht té&ti_@ﬁlmmumewméiﬁi_?s predlicst didlkyl eafjoreie id withtirawm frodedni n
t he upper portion and/or a mddle portion of the colum bel ow the gas

outiet , y@set BértibRasH tHRNBoluhiH & aogﬁyéD&lf‘sgfdrﬁw,té]ﬁd l0WRh B&Hlihd Poiff rédidiono! um

above the liquid outlet, wherein n, dl, and"d2 satisfy the

fol I ow gy Bttafidgta didhyl Srbondt8 Wittir8@R%drtk lower portion of the column

in a liquid form;
a high boiling point material separating column A connected with said
reactive distillation column and receiving said high boiling point reaction mixture,
15  wherein separation and distillation is carried out into a column top component At
containing the diaryl carbonate and a column bottom component Ag containing the
catalyst; and
a diaryl carbonate purifying column B which is provided with a side cut outlet,
and which is connected with said high boiling point material separating column A and
20 receiving the column top component Ar from the side cut outlet, wherein separation
and distillation is carried out into a column top component Br, a side cut component
Bs and a column bottom component Bg; wherein
(a) said reactive distillation column comprises a continuous muiti-stage
distillation column having a length L (cm), an inside diameter D (cm), an internal with

25 a number of stages n thereinside, a gas outlet having an inside diameter d; (cm) at

the top of the column or in an upper portion of the column near to the top, a liquid
21




100 <_ 2 <_ L/ D<_40 (3) 10n80 (4) 10 2 <D/ dl1 < 15
(5) 5@@&%@%“{‘@ (b) said high boiling point material separating
colum A conprises a continuous nulti-stage distillation colum having a

| ength LA (cnm), an inside diameter DA (cm, and an internal with a nunber
of stages nA thereinside, wherein LA, DA, and 15 nA satisfy the follow ng
for mul aguiel halifig @ insRRATMetRQ) (Crh) at D BERoMMIANE Bblurnd® orin adower 100 (9) ;

(c) said diaryl "carbonate purifying columm B conprises a continuous 20

mul ti - S{ag6n df {r‘-ﬁé é&l&hh%a?%%‘ 8@@8@2& %a%?ﬂﬁ% 'ilhléﬁprmraed iAtheppae di anet er

D]I?((r:]n), an i e(rjnal t_gre|n5| I Inl'et 131 at” an internmediate pLotion
t . . t

col urm RAETRB AN "’W’ﬁfdféﬁé 8&4%%?%@‘%&@8%%%%ﬁHP%ﬂr %%Fl“z%?ﬁ%{‘ e i e
131 i \ _ . . 1

the i dBlekBOGIRY i tegover AoioR of i PIusen Spaye I ad o UBE WIRTBI Soel ow

the side cut outlet B2 is n3, and a total nunber of stages is nB (= n, +
n2 6 n3),divaed gesatigy thsfollowing formydae fhtor{B)isati sfy the fol | owi ng fornul ae
(10) to (15); 22 A0501 UP13 KAN 1000 LB S 5000 (10) 100 DB < 1000 (11) 5
nl < 20 (12) 1508240 £18)0% 3n3 15 (14) 2bH) nB 70 (15).

100 = D < 2000 (2)
2 £ LID = 40 (3)
10 = n = 80 (4)
10 2=DJ/d £15 (5)
5<D/d = 30 (6);

(b) said high boiling point material separating column A comprises a
continuous multi-stage distillation column having a length La (cm), an inside diameter
Da (cm), and an internal with a number of stages na thereinside, wherein La, Da, and

15 na satisfy the following formulae (7) to (9),

800 < Lp = 3000 (7)
100 < Da = 1000 (8)
20 £ na £ 100 (9);

(c) said diaryl carbonate purifying column B comprises a continuous
20 multi-stage distillation column having a length Lg (cm), an inside diameter Dg (cm),
an internal thereinside, an inlet B1 at an intermediate protion of the column, and a
side cut outlet B2 between the inlet B1 and the column bottom, in which a number of
stages of the internal above the inlet B1 is ny, a number of stages of the internals
between the iniet B1 and the side cut outlet B2 is n,, a number of stages of the
25 internals below the side cut outlet B2 is ns, and a total number of stages is ng (= +

nz + n3), wherein Lg, Dg, 1, N2, Na, and np satisfy the following formulae (10) to (13);
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" 15. Thﬁoﬁé’Pg’P&\%‘Jer ding to item 14, wherein a distillation operation of
said hig oiI'™g point material separating colum Ais carried out at a
_colum bottom tenperature TA in a range of from 185 to 280C, and at a
columm top pressure PAin 10 a range of from 1000 to 20000 Pa, and a
distillation operation of said diaryl carbonate purifying colum B is
carried out HIoR ZdlJmR HOOd om tenperaturg1dB in a range of from 185 to
280C, and at a colum top pressure PB in a range of from 1000 to 20000 Pa.
16. The appaj@y us pgcardqopg to item 14 or (3 wherein L, D, L/ D and n
for said 15 reactive distillation colum satisfy the follow ng fornul ae;
2000 L S 6009,<1R0 <<9qD <_ 1000, 3 < L / (q)%55 30, and 15 5 n 60,
respectively, TA DA “and nA for said hi gh boiling point materi al
separating cplu A satisfy the follow n rmul ae; 1000 < LA < 2500, 200
5 DA < 600, géwdggﬁzdénébm, respectively,qéé?LB, DB, n,, n2, n3, and nB for
said diaryl carbonate purifying colum B sgtisfy the follow ng formnulae;
1500 5 LB < 338003 %56g<_ DB < 500, 7 < n,ﬁg& 15, 12 < n2 <_ 30, 3 n3 <_
10, and 25 <- nB : 55, respectively, TAis _in a range of from 190 to 240C
PAis in a rddge b6 £rdfh 2000 to 15000 PAISIB is in a range of from 190 to
240C, and PBis in a range of from 2000 to 15000 25 Pa. 17. The_ apparatus
accor dilfg Theappacatasaccotdimg td ilemnal 4] syhexkity 2 idistilation operadion szsgld\B!SﬂFl UP13
KAN reactive distillation colum, said high boiling point materi al

separ apbiliigCpbMETmAtetHl sepiratinl asolimnanb natasrigdir odty ehga cmdlumm Bottema
distillation colum having a tray and/or a packing as said internal. 18.

The apﬂffftﬁér!é?ur@"ﬁffrﬂé Rang® oRENPNES5 & 2BDEDBaAd at @ dolumnitepgiressuredPy ract i ve
5 distillation colum is a distillation colum having, as the internal, the

Bg(ri(?: g% t%g{%;gafcfgﬁrﬁﬁﬁpeg:@ gt:)g@b Phe &l WistfBatoh Nspdrafitini 6F BRI [drgr
carbonate purifying column B is carried out at a column bottom temperature Tg in a
range bf from 185 to 280°C, and at a column top pressure Pg in a range of from 1000
to 20000 Pa.
16. The apparatus according to item 14 or 15, wherein L, D, L/ D, and n for said
15 reactive distillation column satisfy the following formuiae; 2000 = L = 6000, 150
< D =<1000,3 < L/D = 30,and15 = n = 60, respectively,
La, Da, and na for said high boiling point material separating column A satisfy
the following formulae; 1000 = La < 2500,200 < Da < 600,and30 = ny =
70, respectively,
20 Lg, Dg, N1, N2, N3, and ng for said diaryl carbonate purifying column B satisfy
the following formulae; 1500 < Lg < 3000,150 =< Dg = 500,7 = m = 15,12
S n =30,3 £n3 =10, and25 = ng = 55, respectively,
Ta is in a range of from 190 to 240°C, P4 is in a range of from 2000 to 15000
Pa, Tz is in a range of from 190 to 240°C, and Pg is in a range of from 2000 to 15000

25 Pa.

17. The apparatus according to any one of items 14 to 16, wherein each of said
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fntern aid high boiling point material separating colum A
and saiaéog{?j‘ll g’?ﬁ?‘% onate purifying colum B is the packing. 19. The
apparatus according to item 18, wherein the packing is a structured 10
packi ng which is at |east one selected fromthe group consisting of

Mel | apak, Genpak, TECHNO PAK, FLEXI -PAK, a Sul zer packing, a Goodroll

packi noregaiive Aistifhtidre balUirth, safl highdoilirppsintmatsrizn sepating adiernm Waed 18,
wherein said tray of said reactive distillation colum is a sieve tray

havi ng @aiai‘ﬁé{rﬂ g@nﬁbh% m@gﬁ%@ﬁ;%ﬁ%@ BRtlAtRSh col@sﬁmaiaviﬂ'%é tPRPARAIOHS

according to 20, sald sieve tray has 100 to 1000 holes / m2

in the ngﬁﬁigpgstéﬁainté%al.-rhe apparatus according to item 20 or 21, wherein
the crosSsS-'sectional area per hole of said sieve tray is in a range of from

0.5 to C 20 Advant ageous Effect of .the lnv ' . .

i scovel®d ThaaPBaraippEHaRING G Fheons ot bdfs BN E Fherki g nBHtive |

di aryl carbonate that can be used as raw materi gl of hi gh- qual,jty and
hi g peﬁlﬁﬁﬂmﬁb@'wr‘yé%%ﬁﬂ@@”&&'ﬂ@@%ﬂ%@éd"%H%awa-ﬁgﬁeqa%?m% I0d0Pe of

not less than 1 ton / hr, preferably not less than 2 ton / hr, nore

pr ef er abpgermpertipe of thenaolugn, @ndabe trayrin tee owsr pastion ohtha eplya. 58ditba of
tinme of not |ess than 2000 hours, preferably not |ess than 3000 hours,
nor e pr igtemnabbfeact of said higraboiing @ohnd unaterial sapazatirgicoluom Aandosid UP13 KAN
m xture containing an al kyl aryl carbonate that has been obtained through a

transesagrj,ﬁdgp@@.ﬁggg@@qhg@mdam Bﬁglﬂq@.pdbﬁh yl carbonate and an aromatic
nonohydr oxy conpound. Brief Description of Drawings FIG 1 is a schematic

(e el TR RraLe st g Syl A st 06 o

a copt ! BHSIHﬁg WHIEH Pstétrlgaét one selected from the group consisting of Mellapak,
Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroll packing, and a
Glitchgrid.
20. The apparatus according to item 17 or 18, wherein said tray of said reactive
distillation column is a sieve tray having a sieve portion and a down comer portion.

15 21. The apparatus according to item 20, wherein said sieve tray has 100 to 1000

holes / m? in the sieve portion.

22. The apparatus according to item 20 or 21, wherein the cross-sectional area per

hole of said sieve tray is in a range of from 0.5 to 5 cm?

20 Advantageous Effect of the Invention
it has been discovered that by implementing the present invention, a
high-purity diaryl carbonate that can be used as a raw material of a high-quélity and
high-performance polycarbonate can be produced on an industrial scale of not less
than 1 ton / hr, preferably not less than 2 ton / hr, more preferably not less than 3 ton
25  / hr, stably for a prolonged period of time of not less than 2000 hours, preferably not

less than 3000 hours, more preferably not less than 5000 hours, from a reaction
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‘puri fyA@gbppJ@qr? for carrying out the present invention in which a high
boi I i ng pol nt mat eri al separating colum A and a diaryl carbonate

_purifying colum B are connected together. As one exanple, each of these

continuous nmulti-stage distillation colums has installed therein an

i nternal conprising a structured packing having a predeterm ned nunber of

st agesmjxturedesntaiminghn aflyl bivilehfbapistd eiat hasadebrdobtaineelthréughead pl ate; 6:
internal; L: length of trunk 15 portion (cm; D: inside dianmeter of trunk

porti srifilatiohte) Béﬁ@égiaeal Tarltiiat€ bni @M arofidatid nsi de di anet er
of Iigﬁ?'ggéc?itﬁrl'&au?b%ééaﬁrpand 131: !cnllgjgt; B2: outlet; 11: outlet for a
col um 0 0 f high boiling point material colum A; 13 and
23: coﬁﬁﬁkyg?ﬁ&gar@qug?; 14, 24, 18, 28, and 38: heat exchanger; 15 and
25; reflux liquid inlet; 16: outlet for a columm top conponent of high

boiling point material 20 colum A; 17 and 27; columm bottomliquid outlet;
26: outlet for a colum top conponent of diaryl carbonate purifying col um
B; B1: Boet Peschigtionofclrawiig®ot t om conponent of diaryl carbonate purifying
colum B; 33: outlet for a side cut conponent of diaryl carbonate

puri fying coFl@m iB.a sehedaatic weweoffan examplg shpwing atﬂ?@%ﬁ@é‘!ﬁ“"@‘r‘\oﬂ n the
follow ng, the present invention is described in detail. 25 A0501 U P 13
KAN A dolinkyforcartyimpoat the eesenttimeentioesend i nvention is a conpound
represented by the general fornmula (16); R OCOOR (16) wherein R

represents ap|@lXila gEisthatiaviendotlar @xéﬁfmﬁmﬁngta)mtimuslée@ﬁcatirtg Ir oup
5 having 3 to 10 carbon atons, or an aral kyl group having 6 to 10 carbon

at ons. Pgiiﬂzﬁaq ?é??ﬁat%ftd; I%'Wg@ Gt tf\b k¥ sdHt e ritishlin adnisl Bhigh belling!poirtr opy |

(i somer: _ S butenyl (isoners), pentyl (isomers),
B PSR e ORI o e B o B plasrer ) e
cyel Oblé%x}'méct%&(itlzggt%gtr.yl As 8%8'«39(91%1@&'3, é@c‘i"n Sf%ﬁEQQ%Bﬁ%doMulti-stage
distillation columns has installed therein an internal comprising a structured packing
having a predetermined number of stages.
1: gas outlet; 2: liquid outlet; 3 and 4: inlet; 5: end plate; 6: internal; L: length of trunk
15 portion {cm); D: inside diameter of trunk portion (cm); di: inside diameter of gas
| outlet (cm); d»: inside diameter of liquid outlet (cm); A1 and B1: inlet, B2: outlet; 11:
outlet for a column bottom component of high boiling point material column A; 13 and
23: column top gas outlet; 14, 24, 18, 28, and 38: heat exchanger; 15 and 25; reflux
liquid inlet; 16: outlet for a column top component of high boiling peint material
20 column A; 17 and 27, column bottom liquid outlet; 26: outlet for a column top
component of diaryl carbonate purifying column B; 31: outlet for a column bottom
component of diaryl carbonate purifying column B; 33: outlet for a side cut

component of diaryl carbonate purifying column B.

25 Best Mode for Carrying out the Invention

In the following, the present invention is described in detail.
25



10 an oL ﬁq ppuch as benzyl, phenethyl (isoners), phenyl propyl
(|soners pheny! utyI (i soners) and net hyl benzyl (isoners). The

above- ment i oned al kyl groups, alicyclic group and aral kyl group nay be
substituted with other substituents such as |a ower al kyl group, a | ower
al koxy group, a cyano group or a halogen atom and may al so contain an

unsat urat ed aRIkyeaiohatd Bs&Yd #Heasresbntingetidn sod bompoenditepresgntad-h Rl
i ncl ude di met hyl carbonate, diethyl carbonate, dipropyl carbonate

(i somerg) ihehHdridl foff e, dibutenyl carbonate (isoners), dibutyl

car bona’%%)e oms[r sso (‘i‘ Q‘%P carbonate (isoners), dihexyl carbonate
(isomers), d| hept yl { e (isoners), di octyl j’bonat e (isomers),

di nonyl carbonate (i soners), didecyl carbonate (| somers), dicycl opentyl 20

Car bonavBere/ Ry KeAEeRls SAAKIh At (r‘f'%c ';139%0#}3 BRIHR ) AR TE e o

(i soners),. di(phenyl butyl) carbonate (i so | (chl orobenzyl) carbonate
(i sdmerB3Ving &i torkt SARPPEHOS) O:am B@ihﬂegr?ﬁ‘ gr@)g %Sﬁ@fq’ﬂk?ﬁ%‘?%yl )
carbonate, di(net hox et hyl) carbonate (isoners) (chl oroethyl) carbonate

(i somer Examptes offR ding aliyl grouarab@hai%m@tm@r@hxl) PFQFW' l(lﬁéﬁ‘@r%i)l ali¥y |

carbonates, ones preferably used in the present invention 26 A0501 UP13
KAN ar ebdﬁyh{ikmhe[sa,r bateaykbisomensh pantidl(isanens),aheegyl (igomeps)hhepiyl) (inomens)r e
than four carbon atons and not containing a hal ogen atom A particularly

pr ef er abkg) @simbrs) thamyl llisbmes sy, BieBAt(RomMérs pane cyclohegylafetyibhr atltydiicy |

carbonates, parti cul arl y preferabl e ones are dialkyl carbonates produced

o SR A dhbteSR BB epeni %ﬂﬁ“‘ﬁ‘gfh‘é%ﬁ???ﬁ}@h’éf’?‘ﬂﬁm ogen

ﬁﬂﬁoiyd?*ax%i’é‘% 8 ﬁasﬁ%e%' Mﬂ#ﬁﬁﬁ%‘s | [siele) PhapBroif (S0mERe,

ronohy APOSY '6%%{3%8%55‘%{"%@{&59%?' R L T

direct| >glroups, alicyclic group and aralkyl group may be substituted with other substituents

such as la ower alkyl group, a lower alkoxy group, a cyano group or a halogen atom,
and may also contain an unsaturated bond therein.

15 - Examples of dialkyl carbonates having such R include dimethyl carbonate,
diethyl carbonate, dipropy! carbonate (isomers), diallyl carbonate, dibutenyl
carbonate (isomers), dibutyl carbonate (isomers), dipenty! carbonate (isomers),
dihexyl carbonate (isomers),. diheptyl carbonate (isomers), dioctyl carbonate
(isomers), dinonyl carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl

20 carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl carbonate,
diphenethyl carbonate (isomers), di{phenylpropyl) carbonate (isomers),
di(phenylbutyl) carbonate (isomers), di(chlorobenzyl} carbonate (isomers),
di(methoxybenzyl) carbonate (isomers), di(lmethoxymethyl) carbonate,

di(methoxyethyl) carbonate (isomers), di(chloroethy!) carbonate (isomers) and

25 di(cyanoethyl) carbonate (isomers).

Of these dialkyl carbonates, ones preferably used in the present invention
26




10 bon%ismoUF,E'E ghetic group; Ar' OH (17) wherein 'Ar' represents an
aromati'c group having 5 to 30 carbon atons. Exanples of aromatic

nmonohydr oxy conpounds havi ng such Ar' include phenol; various al kyl phenol s
such as cresol (isoners), xylenol (isoners), trinmethylphenol (isoners), 15
t etramet hyl phenol (isoners), ethylphenol (isoners), propylphenol (isoners),

but yI phgadialkiis@ifBoaates ih ¥hivH Rhanah allkys grtipshaving hby merd sharhfowplcarbon

(i somers), nethyl propyl phenol (isomers), dipropyl phenol (isoners),

met hyl %{%wg%}ﬁ;ﬁ&n%cfﬂtéﬁ Shal téfbm.‘e')9g?ﬁibﬁ%?ﬁrp?bfleéaﬁléydr@igrwme(ﬁﬁOWEF s)

and cy e oners), varil ous koxypheno such as

met hoxyphenol, (i rS ' . | s
Such accasiangeL: STERREn B Prafeisfls SN Seoripl e PRt SRl itrarIe DRES
substitute apht hol s; and_ het er oaronat i nohydr oxy .co ugh as
hydr oxﬁ?rcﬂﬁlgﬁb@rggﬁﬁjﬁﬁﬁ"?dﬂ ME&E%PE#’"HB?&)%&%WX 'HWE@@%%@U%&OI i ne
(isoners). O these aromati ¢ nonghydr oxy corrpounds,,@ines preI erably used
in the Pfampliaonesriedresd fpe an allyiane crreanatessubstantiadlyinat ceaayNEESA s i n
which Ar' is an aromatic group having 6 to 10 carbon atons. Phenol is
part i cuhalogen gndfaer alobleol substantially not containingiadrak®gen.nonohydr oxy 27 A0501
UP13 KAN conpounds, ones substantially not containing a halogen are

preferably ustd aromatie mamobydrdxy corepdurahusddin tinel presenttinventiort isea di al ky!|
carbonate to the aromati c nonohydroxy conpound used for obtaining a

react i ofofpaltind fepsreabatedl HitthaToRdwir fafililaqarhompke typd dftheiztotaticst ar ti ng
material in the present invention mist be in a range of fromO0.5 to 3.

UL 51 e SaRQSorh G TYER ol Ripth T Ryasly ot aiecs) a1 ve (o

e require unt aty nat e ai for becones hi gh,
thefih PR 1 e Bt 88T "crch r easons. the above ol ar ratio s more
preferably in a ranﬂgcﬂﬁ fromO0.5 to (17)

wherein Ar' represents an aromatic group having 5 to 30 carbon atoms. Examples
of aromatic monohydroxy compounds having such Ar' include phenol; various
alkylphenols such as cresol (isomers), xylenol (isomers), trimethylphenol (isomers),

15 tetramethylphenol (isomers), ethylphenol (isomers), propylphenol (isomers),
butylpheno! (isomers), diethylphenotl (isomers), methylethylphenol (isomers),
methylpropylphenol (isomers), dipropylphenol (isomers), methylbutylphenol
(isomers), pentylphenol (isomers), hexylphenol (isomers) and cyclohexylphenol
(isomers); various alkoxyphenols such as methoxyphenol (isomers) and

20  ethoxyphenol (isomers); arylalkylphenols such as phenylpropylphenol (isomers);
naphthol (isomers) and various substituted naphthols; and heteroaromatic
monohydroxy compounds such as hydroxypyridine (isomers), hydroxycoumarin
(isomers) and hydroxyguinoline (isomers). Of these aromatic monohydroxy
compounds, ones preferably used in the present invention are unsubstituted and

25  substituted phenols in which Ar' is an aromatic group having 6 to 10 carbon atoms.

Phenol is particularly preferable. Moreover, of these aromatic monohydroxy
27




"10 5, i rably from1l to 3. A catalyst used in the present
invent%gﬁofg@ﬁoﬁgeneous catal yst which contains a netal such as Pb, Cu,

. Zn, Fe, Co, Ni, Al, Ti, V, Sn and the like, and which dissolves in the
reaction system A catalyst in which such a netallic conponent is bonded
to organic groups can thus be preferably used. The catal yst conponent 15

may of caApbaRdd DR shRMRARRNY POt mbﬁtaimﬁ%amm@n aeferdbly esshin the t he
CcO

reaction system such as aliphatic al ol s, aromati c nonohydroxy
corrpouig,cégen@h.{%hﬁ@ﬁyl carbonates, diaryl carbonates or dial kyl carbonates,
or may have been subjected to heating treatnment with the starting materi al

or products | he ., olrB ' esent

i nvention i S.P'Bé gr;oé%rglatt@ Ogr;tggt(ai%wﬁgg%%ggéﬂ%?t%nﬁ%bﬁﬁh%ota e reaction
i quid under the reaction.conditions..Exanples. of pr I sts in
hi's seMBeopnd et TorentemiigRy sauiih iRk gorainte 3 S5) By Pl

(MO Ti (OPh)3, (MO 2Ti (OPh)2, (MO 3Ti (OPh) and Ti (OPh)4; .onCl 4,
Sn(oPhihat iy KematsEbiy %ﬁqﬂ@ﬁeﬁé‘wgét'%%@ﬁ?‘ge é"?lé rggé@gﬁﬁ'@{n éneﬂtos uch
catal ysts that have been treated with phenol, the reaction Jiclui d and the
like. 25 Qutside thisaenge, thewamountrof unreacted mategal remainipaselativgile the use a
starting material and catalyst not containing a halogen. In this case, the
di aryl requitshameunt oftthearkyl 28y! AZiodnate HimEAforioesomes highnwdiieh is metl ogen at
all, and hence it is inportant as a raw nmaterial when industrially

pr oducigfitightPahy Areevar Musly efBRfSIsTEqairéd enrspiver tHe alkyl ayl cabbodte. The
reason is that even if a halogenis present in the raw material for the

pol ymﬁ%ﬁ&ﬁ?eéé&r%\/% &% X fir raf88 s HeR8 préfratsy amalrangd oPfrém 050 thi s

hal oge oes I nhibit ynerization reaction, and cause a

g:até@(r): %,E g%*@@r%ﬁr%f%ga%ﬁgﬁﬁgg of the polycarbonate produced, and cause

ycar bonate. The process for the production of the

e R T
aromat ic%nga[i)r?g ergétca))l(gughoa %%n%un% l%%, %I‘(l)y I\Hrﬁc%s% S%uatncP 1?1% like, and which
dissolves in the reaction system. A catalyst in which such a metallic component is
bonded to organic groups can thus be preferably used. The catalyst component
15 may of course have been reacted with an organic compound present in the reaction
system such as aliphatic alcohols, aromatic monohydroxy compounds, alkyl aryl
carbonates, diaryl carbonates or dialkyl carbonates, or may have been subjected to
heating treatment with the starting material or products prior to the reaction. The
catalyst used in the present invention is preferably one that has a high solubility in
20  the reaction liquid under the reaction conditions. Examples of preferable catalysts
in this sense include PbO, Pb(OH), and Pb(OPh)z; TiCls, Ti{OMe)s, (MeO)Ti(OPh)s,
(MeO),Ti(OPh)2, (Me0)sTi(OPh) and Ti(OPh)s4; SnCls, Sn(OPh)4, BuzSnO and
Bu,Sn(OPh)z; FeCl;, Fe(OH)s and Fe(OPh)s; and such catalysts that have been
treated with phenol, the reaction liquid and the like.
25 in the present invention, it is particularly preferable to use a starting material

and catalyst not containing a halogen. In this case, the diaryi carbonate produced
28




"10 pargiphedd gy Riagf erable for industrial inplenentation is a process in
whi ch a continaous multi-stage distillation colum is used as a reactive

cdistillation colum as previously proposed by the present inventors. A
particularly preferable such process is one in which the
transesterification reaction between the dial kyl carbonate and the

ar omat §sed RAEBHEIRY hSBHEAGIGII] and Bentell i®importarites Pras ematerial whed 5
honbgeneous catal yst, and a reaction m xture containing an al cohol is

cont! Minalistilly proditidy & gdilé;ﬂl]fﬁrlﬁ&?até%? AbakdBf & WahiEBstepfichor Rrthedct i on

m xture conta ng t aryl cCarbonate is continuously w thdrawn from

the b i I r -' | : tion mxture
cont aﬁ;ill'%g% %10@ 'gﬁli}%%%grﬁﬁa Hééé%%‘n%t@’agﬁ'te{hm%P%\}r‘{qﬁ%tfglgﬁfgﬂ?‘g cont i nuously
fed into a reactive distillati colum. 20 _conpri Si '

il t | - BONGSTEAGRR 1 SYSHAN GO 25 THNcIor S D THiae heBE terf 5 BN,  osent
a transesterification reaction and distillatiop. are carrtied out .

i rul t PRI e RAEMEBFANAN reactisn, HoR FRYRP BAISterioTalien b e piobsrties
containing a produced dial kyl carbonate is continuously w thdrawn from an
upper pbthei polyesrbonate prodused i andcapsscdiseolpeation efithe RohicgrbeAte ng poi nt
reaction mxture containing a 25 diaryl carbonate is continuously w thdrawn

from a | ower Theproasssdor thecprodluotion ofithe reaction chiklorencontaining dte alkarkr t he
transesterification reaction are a reaction in which 29 A0501 U P 13 KAN

the al KB vaiciidbe 6btdifed Brsigh artrdnseatdrifisation reactionsetgedn\he kidlkg ar yl oxy
group of° the aromatic nonohydroxy conpound present in the system and an

al cohokairpnafd bAY 74 §%m§ﬁ@nﬁ‘>nbﬁ?ﬂfcixgrboil'ﬁbd@lﬁdcrha§/% 4y prodess, vt driee al ky!

aryl carbonate are converted infto e diaryl carbonat'e and the dial kyl

g?g(gfgggﬁ;&.ﬁyrg{;ﬁgf&aéletfbﬁm;ﬁl i E&?ﬁérﬁatiéﬁ%c%'?gcglﬁtggqﬁ%wgen, i e a

I on n reacti on. nt reactive ['ation colum in the

t in ' it is.mminl dj ' | OB o4 | f_dh
B oyt aPy s B tem i eltnt SOURwEl e A  BREHT dst R ofinfias "2 vy
aryl carbgnate used as the startin mat er | %lart%crblatzri}epr%rfeersé%natsuiacwentiOn may .

be of RIeMowtly proposed binthedegsgntingentors.

process is one in which the transesterification reaction between the dialkyl carbonate
and the aromatic monohydroxy compound is carried out in the presence of a

15 homogeneous catalyst, and a reaction mixture containing an alcohol is continuously
withdrawn from the top of the column, while the reaction mixture containing the alkyl
aryl carbonate is continuously withdrawn from the bottom of the coiumn.

In the present invention, the reaction mixture containing the alkyl aryl

carbonate obtained in this way is continuously fed into a reactive distillation column

20 comprising a continuous multi-stage distillation column in which a homogeneous
catalyst is present, a transesterification reaction and distillation are carried out
simultaneously in the column, a low boiling point reaction mixture containing a
produced dialtkyl carbonate is continuously withdrawn from an upper portion of the
column in a gaseous form, and a high boiling point reaction mixture containing a

25 diaryi carbonate is continuously withdrawn from a lower portion of the column in a

liquid form. Included under the transesterification reaction are a reaction in which
29




10 conpeyeis upe kgl e may contain the dial kyl carbonate and/or the
aromati ¢  nonohydr oxy conpound used for obtaining the al kyl aryl carbonate,
or may contain conpounds or reaction by-products produced in this process
and/ or anot her process, for exanple an al cohol, an al kyl aryl ether,

and/ or the diaryl carbonate. A nethod in which the reaction m xture

obt ai nelﬁetd!lﬁ@;tw%tohb%ftthéwaqn chitowiate Is &xxheinged wWith tneearyldxytdreupliofl kyl

carbonate and the aromati ¢ nonohydroxy conpound is taken as is as the

starti %e@tbﬁf'i%!mbﬁoﬁ oWE%rﬂPbuhG drftlin YAd SPHEMLUEK AR aRsbHBRIsr | @l or

the catalys ei ng separate herefromis also preferable. Note that, in

t he Cas&ir@bgié@ Lé?'ltdr% actiolRh SRS &td ﬂ'{/béé’tﬁ.llé@ gf) fife Qk@sﬁ'gfeﬁérﬁlﬂﬁ% &%, as the

di al kyl ™C ohdte and aromati c nono r oxy npoun or obtaining the
al kyl aryl carhopate t.hat is taken 20. the starti rjal in the
present® W?é%ﬁqeﬂ’ ﬁ@eé'?ﬂ’i@%p&aﬁe 8?&&*&?8'%‘9&88@"@t§%ﬁ§ﬁ&m ic
nonohydr oxy conpound newly introduced jnto the reaction system it is also
pr effer alspRSasieiif@tiondpRGION: erebaiveen e .2 Smwrﬁeﬂ%m F‘%%F&f‘of':'onbbmﬁj
recovered fromthis process and / or another process. FIG 1 is a schematic
vi ew of regctive distillation sokumn in theqgesentsnventian, dris cainrihe ispreperienation
enbodi nent according to the present invention. The continuous nulti-stage

di sti | | pgectionaditivenaligtam darbgpnate that opcersent i nventi on conpri ses a
structure having a 30 A0501 U P 13 KAN pair of end plates 5 above and bel ow

a cylindri cal Thé w8ctRel ib@irecdmainihg thel kg tdnyllcarbomitearsddaas fhesstaring
dianeter D (cm) and having an internal 6 wth a nunber of stages n

t her ei Ngjf&ialdnthd EF%%E%{E Lﬁ&m?hm Be SR Rightbliity, dr 'hay icBEtAN ottiEsyi de di amet er

d, (cm at theto e colum "or in an upper portion of the col umm near

to @(51 € E?ﬁpﬁgné%%“ Axampid h'n%&/l c%)vr\}e?é;’m itl?)% rdfél'flgﬂ '?:%#'Bjcﬁ]e% %ﬁlﬁF&rthQ Zar&rﬁtﬁ?}ic ?L et he

bottom O ['ufmm”™or "1 h a e col um near

D o7 T ger . | |
of ¢ he. EROROGRnCRTRGGhuSer for b el a0, cRRh e B el bt ' "
{hat | RRMPBNARS o raRCIgBHSY PRSUECoRFascef i iR BieeassandAy SaNeORteRRe: <

to the portion . .
or example an alcohol, an alkyl aryl ether, and/or the diaryl carbonate. A method in

which the reaction mixture obtained through the transesterification reaction between
15  the dialkyl carbonate and the aromatic monohydroxy compound is taken as is as the
starting material in the present invention without unreacted material or the catalyst
being separated therefrom is also preferable. Note that, in the case of industrial
implementation as in the present invention, as the dialkyl carbonate and aromatic
monohydroxy compound used for obtaining the alkyl aryl carbonate that is taken as
20 the starting material in the present invention, besides fresh dialkyl carbonate and
aromatic monohydroxy compound newly introduced into the reaction system, it is
also preferable to use dialkyl carbonate and aromatic monohydroxy compound
recovered from this process and / or another process.
FIG. 1 is a schematic view of the continuous multi-stage distillation column in

25 one embodiment according to the present invention. The continuous multi-stage

distillation column according to the present invention comprises a structure having a
30




*10 ext ' Fd@/vrwdly fromthe top of the colum to the |ocation
masurgggﬁggjout =0.25 L, and the term"in a |lower portion of the colum

_nhear to the bottont refers to the portion extending upwardly fromthe
bottom of the columm to the | ocation neasuring about 0.25L. Note that L is
defined above. The reactive distillation colum used in the present

| nvent pgin offBAdl phstes Sabole SREBEIbvesl colindritialitrank Pbetion 7 having a Emoth Le
distillation colum mnmust be made to satisfy various conditions so as to be

abl e t GnePadd afihsife didthétér B &)l ardtl having Wn ifterRal & athizPRumBer bistagese tine

in the present process of the present invention so as to be able to

ot eyl s B3 6340, 00 ol B e h

carbonate”in afou €ss ton

hi gh-purjty diaryl carbonate stably faor 2 Lol ' of nLine. In
ot her " Abinetiopdtie oS8RIt B i a7 kBPatporfior s i BRELHFS. B ety p jUe®
conditions fromthe perspective of the distillati fupction, byt rather
Chebe. OUrick hRwng B Bk lemelonax e ans bottem &fie colirts B2 ARRwE he
reaction proceed stably and with high selectivity. Sﬁeci fically, the

r eact i pertginsefithe goiumn oeputmthelkattars, atdeasiensmingls3 imtheupPea@OrtiATsti | | ati on
colum, in which L, D, n, di, and d2 satisfy the 25 follow ng fornulae (1)
to (6)and&d@ middle portRODEF thé colBnn hetme thePgas ket beand atDeasbomdiniehd 2 L /
DS 40 (3) 10n:80 (4) 2 < D/dl1 5. 15 (5) 5 5< Dd2<_ 30 (6). It has been

di scov@i #é [ber poyticrsoiBietdoturae 2bone ahs liquididutiet 2ge idtmuld betricted theail um
that sinultaneously satisfies the formulae (1), (2), (3), (4), (5 and (6),

the hiygltedRi fih BE BRI hoHRAF 1B dBIUThH MR af 80t biph gefehetdlings pdrtioar bonat e
can be produced fromthe reaction m xture containing the alkyl aryl
canhonalenthitd aBvAlar@l $dn e pedhe column to the location measuring about
0.25 L, and the term “in a lower porﬁon of the column near to the bottom” refers to
the portion extending upwardly from the bottom of the column to the location
measuring about 0.25L. Note that L is defined above.
The reactive distillation column used in the present invention must have a
15  specified structure. That is, the reactive distillation column must be made to satisfy
various conditions so as to be able to carry out not only distillation but also reaction
at the same time in the present process of the present invention so as to be able to
produce the high boiling point reaction mixture containing the diaryl carbonate in an
amount able to give not less than 1 ton / hr of a high-purity diaryl carbonate stably for
20 a prolonged period of time. In other words, the reactive distillation column satisfies
not only conditions from the perspective of the distillation function, but rather these
conditions are combined with conditions required so as make the reaction proceed
stably and with high selectivity. Specifically, the reactive distillation column must be
a continuous multi-stage distillation column, in which L, D, n, dy, and d; satisfy the

25 following formulae (1) to (6):

1500 = L = 8000 (1)
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*10 hig | \(J stably for a prolonged period of tinme, for exanple not
| ess tﬁgﬁb?ggggiﬁgﬂys, preferably not | ess than 3000 hours, nore preferably

_not less than 5000 hours in an anmount enabling a high-purity diaryl
carbonate to be produced on an industrial scale between 1 ton / hr and 50
ton | hr. The reason why it has beconme possible to produce the diaryl
carbonate onigp £ngust raggo scale with such2gxcel lent 15 effects by

i npl ementing the process of the present invention is not clear, but this is
supposed to he<dyq fj ocaggonbi ned effect br(g?lght about when the conditions
of formulae (I) to (6) are conbined. Prefefrable ranges for the respective

factors are 1§e%c iQe;égbel ow. If L (cm is4hess t han 1500, then the
reaction rati eCréases and it is not 20 possible to attain the desired
production a . reoyer, to keep down the eguipnent cost while
securing theglr%ghhggﬁa{go enabl i ng the desi reo&;roduction anount to be
attained, L nust be nade to be not nore than 800Q. A nore preferable range
for5L (cm) i§ 2080/421=<38000, with 2500 <_ L < @300 being vyet nore
preferable. 25 If D (cn) is less than 100, then it is not possible to
attain the dédasdsberpdiedavaredrhahinunsing tbe sontimyousomkliisptagewhistiliatioaqui pnent
cost while attaining the 32 A0501 UP13 KAN desired production amount, D

must beotumie tHat simultaiectsiesatisiies206 formulas | €), (), €3)e(4)h(8) arch(, the D (cm)
is 150 < D5 1000, with 200 <_ D < 800 being yet nore preferable. If L/ D

s les fhig'zﬁ‘ﬁailiﬁg Poirl r8ARIN mpdtreShnthiRfiy Hoalihs eationate bah begreduced

di fficul In particular, if L/ Dis greater than 40, then the pressure

di ffer?fb?ﬁghég)gédaa‘ﬁsn naifzﬁ,ré%n@a?ﬁ#n ! é%%w E§ Rl WibatgRBRIdcaiIgaAat . and

hence prol : stabl'e operation becores "di ¥|cut. Moreover, it is
"5 i bR er s SRR o e B SlaBpIS OB A oL
decr easz%oiorhctmk}gl gree¥eer%faiyvri1c§t¥ésspihré?1rfDOO hours, more preferably not less than 5000
hours in an amount enabling a high-purity diaryl carbonate to be produced on an
industrial scale between 1 ton / hr and 50 ton / hr.  The reason why it has become
possible to produce the diaryl carbonate on an industrial scale with such excellent
15  effects by implementing the process of the present invention is not clear, but this is
supposed to be due to a combined effect brought about when the conditions of
formulae (1) to (6) are combined. Preferable ranges for the respective factors are
described below.
If L {cm) is less than 1500, then the reaction ratio decreases and it is not
20 possible to attain the desired production amount. Moreover, to keep down the
equipment cost while securing the reaction ratio enabling the desired production
amount to be attained, L must be made to be not more than 8000. A more
preferable range for L (cm) is 2000 < L < 6000, with 2500 = L = 5000 being
yet more preferable.
25 If D (cm) is less than 100, then it is not possible to attain the desired

production amount. Moreover, to keep down the equipment cost while attaining the
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10prefﬁ? WorL/Dis-3<_LlD<_30,with5<L/D515
being vy m)re erable. If nis less than 10, then the reaction ratio
decreases and it is not possible to attain the desired production anount.
Mor eover, to keep down the equi pnment cost while securing the reaction
rati o enabling the desired production anount to be 15 attained, n nust be

nmade t addiiredQirodDERor BduRt-D st bermade to bé rfmtlnsorgrtaanenooham m8fe then
the pressure difference between the top and bottom of the col um becones

t00 gr egfaferaBfh H&%g@EfoPDO('c&Q%%Qt ablpe QPGS ivith Deg orep di féoocuéhP yet

Moreover, 1t 1s € necessary to Increase t he tenperature in the [ower

portio , and hence side reactions becone liable to occur,
JBle hTeGRIEC: i v

t her eb a decrease in 20 the selectivity. A nore preferable
range for n i n th 20 < able. If
D/ d, is | es@-& hl’? Igssﬂm%pﬁgr%%fﬁrm‘?éggg FZ’?%%’BS’%%&?"&‘{@ gover
since Ia e anmpunts of gasequs co onents are r adll relcfgsed to the
out i dedifficult; hin gadicalar f hd D isaea qsaaaraﬂpow %HrPf @eNce i p/ d,

is greater than 15, then 25 the gaseous conponent vvlthdravval anount becorres
rel ati vleelwaemmhel‘t@pwdebqttomef thet calumndyraome soiech@resteandingmgecprolongad a
decrease in the reaction ratio is brought 33 A0501 U P 13 KAN about. A
nor e pr sthbleabperation pecboesifficdlt. | Moedves, Did neliessary iy inniragsedhe D | di s
10 being yet nore preferable. If D/ d2 is less than 5, then the equi pnent

cost begpmsralirahin thé Ievraiortion BEtHd enluinWaihl terioe|siderasttions beceme
rel atively high, and hence stable operation 5 becones difficult. If D/ d2

'S greahéélett@%ﬂcﬁp %rESP bhHg r@rétthaat érBéQé'WtHé"ﬁéléd:tWﬂyd AhbRS and pi ping

become excessive 0sl on econes | 1able to Ooccur, thereby

oo 18 BGRB8l 5 ERS. 2L SBfy  0]B) S o8 Sopg g ©
Furt her gl)rfgIl blt has been found in the present invention that it is further
If nis less than 10, then the reaction ratio decreases and it is not possible to
attain the desired production amount. Moreover, to keep down the equipment cost
while securing thé reaction raﬁo enabling the desired production amount to be
15 attained, n must be made to be not more than 80. Furthermore, if n is greater than
80, then the pressure difference between the top and bottom of the column becomes
too great, and hence prolonged stable operation becomes difficult. Moreover, itis
be necessary to increase the temperature in the lower portion of the column, and
hence side reactions become liable to occur, thereby bringing about a decrease in
20 the selectivity. Amore preferablerangefornis15 < n = 60,with20 = n = 50
being yet more preferable.
If D/ d, is less than 2, then the equipment cost becomes high. Moreover,
since large amounts of gaseous components are readily released to the outside of
the system, the stable operation becomes difficult. f D / dy is greater than 15, then

25 the gaseous component withdrawal amount becomes relatively low. Moreover, the

stable operation becomes difficult, and a decrease in the reaction ratio is brought
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*10 preg} s6P P {PkAN and d2 to satisfy the fornmula (18): 1 < d2/ dl <6
(18). e term *prolonged stable operation” used in the present invention
_nmeans that operation has been carried out continuously in a steady state
for not |ess than 1000 hours, preferably not |ess than 3000 hours, nore
preferably not |ess than 5000 15 hours w thout clogging of piping, erosion

and sogieut. atmare pesferdbie carijedion D od, isieS5 =i & yd, cartneitre3has hédn
produced whil e mai ntaining high selectivity. The term"selectivity" for the

di aryl écairdagé‘ﬁg?eit dr@®réfRpgieve distillation process in the present

I nvention is ed on the al kyl aryl carbonate reacted. In the present

i nventi on, a|f*£j'r g%r&g%%{ﬂa‘ﬁ 5 %ngh trﬁgﬁh@ggr{t 3 Badsfied hmerl‘ﬁbf'éb\)@?

attai ned, 20 not 'l 'ess nore prefera not |ess than
99% The continuous nulti-stage distillati cQl ctive

i ot 1 1 112 i vitteeaT amoud titooies felatp iy fh ?9%@?%?53%@% 03’%@?‘% [I1ation
colum_ having a tray _and/or a packing.as the internal, The term"internal"
Gachl | hORHmORBEHL i Boia b ere e inar 33 than tae M At treteh 1R fRdCor L
where gas and liquid are actually brought 25 into contact with one another.
As t heoutlelyand pipingbegime excesaively fastpand gyosian besomestiialle o0& INve tray, a
counterflow tray, a Superfrac tray, a Maxfrac tray or the like are 34

A0501 tiRr8bKBNngingf abaliicerrosmntdféhe apparajus. r AeperegereferaklergngedenDds a
Raschig ring, a Lessing ring, a Pall ring, a Berl saddle, an Intal ox

saddl ed, & Pi XoD paLkd es, witHVe MEh @V dpag kdbeing ydtimerBgirefarable. st ruct ur ed
packi ng such as Ml | apak, Genpak, TECHNO PAK, Fl exipac, a Sul zer packing,

a Coodrol | pﬁalft'paﬁn&re,ﬁr@érséémduﬁdaﬁ@hép%sﬁrmm@nﬁonTm img fuithet age
distillation colum having both a tray portion and a portion packed with

th?opag’t%fgﬁabqg% 1?%“4)%{53@&5% eefotrrl?nﬁia{} .term"nunber of stages (n) of

an’interna use pres | fvent 1 on‘nmeans that the total nunber of
trays in the case ﬂf é&%rgy,<a d the theoreti cal nber of stages in the
case of the packing™ é fdrngly, in the case o? he multi-stage colum

havi h the ti , , .
aving bot Ll'h% tteFrﬁxprolonged stable operation” used in the present invention means

that operation has been carried out continuously in a steady state for not less than
1000 hours, preferably not less than 3000 hours, more preferably not less than 5000

15  hours without clogging of piping, erosion and so on, and a prescribed amount of the
diaryl carbonate has been produced while maintaining high selectivity.

The term “selectivity” for the diaryl carbonate in the reactive distillation
process in the present invention is based on the alkyl aryl carbonate reacted. Inthe
present invention, a high selectivity of not less than 95% can generally be attained,

20 preferably not less than 97%, more preferably not less than 99%.

The continuous multi-stage distiliation column used as the reactive distillation
column in the present invention is preferably a distillation column having a tray
and/or a packing as the internal. The term “internal” used in the present invention
means the parts in the distillation column where gas and liquid are actually brought

25  into contact with one another. As the tray, for example, a bubble-cap tray, a sieve

tray, a valve tray, a counterflow tray, a Superfrac tray, a Maxfrac tray or the like are
34



"10 por i ortion packed with the packing, n neans the sum of the
t ot al hﬁ%ﬁ%Sﬂg%'D§$§ys and the theoretical nunber of stages of the packing.
.The reaction between the al kyl aryl carbonate and the aromati c nonohydroxy
conmpound present in the systemin the present invention has an extrenely

| ow equilibriumconstant, and noreover the reaction rate is slow 15

Fur t heprarefablé. heAditis® pasiand, ifealizp HacRitgkistthels 4 Rasshiginga/lessimdonat e
that is the min reaction is also an equilibriumreaction, and has a | ow

equil i Rﬁgfg?ﬁag@ggg@dgeﬁgggd@, ShzlBACAdde 4 Bbin ddckiiRg DRRMtcrover ed

that a stillTation colum ving both the packing and the

L2y, BapkB o LeBk o RO T BhGRY ST cB IRIUR oL ot 20e
G R TSV s MR M e et L

t he upper portion of the distillation columm, gn?\g tra ortign installed
i n 6he PrefReablpor Themwi-stage disttatiqnaeslumndeaving both\g @y \Rartion andide present
invention, the packing is preferably a structured packing, it further

bei ng ppoetian patked withdhe packing canise beiuspdof Note that g &rm “nufebeiofuct ur ed
25 packing is preferably of at |east one type selected from Mel | apak,
Genpak stagdsGhi)\of BAknteFhaik uped in theSpriesent ipaehtiorymeanstbalr thieltol@hokmbgr and a
ditchgrid. 35 A0501 UP13 KAN Furthernore, it has been discovered that, as

the tr gy tig)stinkiedasdiof §Erayeasd thethedratiddl hainben of stages intkecdsaof the t he
present invention, a sieve tray having a sieve portion and a down coner

por 1 ObdcRirRAr ARk, AARE cale!df 1 it Slifyel Qlidh M@ botrrhearay

per f or rance “and equi p t cost. as al so been discovered that the 5

sieye tr I A ' | lon. A nore
pr erzﬁﬂ?gorﬁaﬁgg'ﬁggf) Hﬁr&ﬁ%&‘?’g ‘}i@bﬁ%g%@@#ﬁf faﬁsé/a hg,tﬁ€§'lfl mnﬁl@egreg erably 150

to 800 hol es/n2. Mor.epve i t. has been di . 1 he cross-sectional
ar ea pé}urﬂlaqzreof%ystwﬁ&e&b@o@%ﬁpgn@pgp&%@%%F‘ ﬁgeaw%ﬂé of from0.5 to 5

cn2. A nore preferahle cross-sectional area Per c?&le S Q[.7 to 4 cnk, yet

nor e pr ef er abiRe wagtied bgtwegn the alkyl aryl carbonate and the aromatic

monohydroxy compound present in the system in the present invention has an
extremely low equilibrium constant, and moreover the reaction rate is slow.

15  Furthermore, the disproportionation reaction of the alkyl aryl carbonate that is the
main reaction is also an equilibrium reaction, and has a low equilibrium constant, and
a slow reaction rate. It has been discovered that a multi-stage distillation column
having both the packing and the trays as the internals is preferable as the continuous
multi-stage distillation column used in the reactive distillation for carrying out these

20 reactions in the present invention. It is preferable for this distillation column to have
a portion packed with the packing installed in the upper portion of the distillation
column, and a tray portion installed in the lower portion of the distillation column.
Moreover, in the present invention, the packing is preferably a structured packing, it
further being preferable to use one or a plurality of sets thereof. The structured

25  packing is preferably of at least one type selected from Mellapak, Gempak,

TECHNO-PAK, Flexipac, a Sulzer packing, a Goodroll packing, and a Glitchgrid.
3b




10 Furtm P1 aRAppen di scovered that it is partlcul arly preferable if

t he sieve tray 100 to 1000 holes/n2 in the sieve portion and the
cross-sectional area per hole is in a range of fromO0.5 to 5 cnR.
Furthernore, it has been discovered that it is particularly preferable if
the structured packing is of at |east one type selected from Mell apak,

Genpak, TECHWQrife¥mols akhagbee®distoveislihat g the tfanoinstdilediatie regctiveé and a
G@itchgrid, and each sieve tray has 100 to 1000 hol'es/n2 in the sieve

porti O%SMII%PGH% rhif %%éon%?r&%td)ﬂ@t prak8at Rgentis, & diBvé fra§ HadiHiPa @levier om 0. 5

to 5 c een by addi ng t he above conditions to the

reacti gogorﬁ%.ﬁéhh'aaaqnﬁn c&ﬁl&%m&#?s npalab@smgboahﬁ tRhESENhel rR¥iRINsAp can be

attaln easl en - ‘carr reactirve disti | atl on process

in the present venti on, 20 di rbon uously
by contteIMBREIAPrUBANRS SHalamENhEst g@&ﬁ?ﬁ%ﬁ%’em aryl
carbonate into the continuous nulti-stage dlstll atio col.um in Wmcha
homdgenBYR trawPaefpsad ly bag 004q; 10Q0holes 'BJFe ﬁ@a’@tﬁ%ﬂoﬁndp‘ P& i11ation
simul taneously in the columm, continuously wi thdrawing a | ow boiling point
react i oprefiérabler rurober of holag I%l@@b@l@@@(ﬂlotﬁséﬂﬂyﬁ\fyyetdﬁ?mf&f@ ablyd120 EB8Y from
an upper 25 portion of the colum in a gaseous form and continuously

wi t hdr alag/nat. hiMidreowit, iirtuas peémtiscewereddhatihet aroes-sastiongaltaiea peangle
carbonate as a main product therein froma 36 A0501 UP13 KAN | ower portion

of the gothensievdtray ld prefetably ima tandehsf frore DeBito Brenent ifomore ipeefiepabiled of
maki ng the catal yst be present in the reactive distillation colum may be

any et BRds-sellibndieaH e hofe 3.2y Alor? vt RFBGRERPAISY ©20 2 ggm? hat

dissolveés In the starting material or the reaction I|qU|d it is

Prel T 2RLindo t'eRd éé}?%ﬁ%\?érlé ikt 8 ddtficdbiy prfHNE N dVBrhy AEL 2

pos above € por |on 0 ation co this

[ o 109 5a00% Ry uhis £ KR widh el RbhRRs 'e%fha'%e?l“?!ee%%' >

he. st aprANGE RBIEM B (ONbFBoy oF OGS, s %ﬁ{@%’ﬁ‘%@? B R o [‘! g

mater a:aar(’ii(zzﬂlta?llynplrggerégl% n(”j1 {hife sl'.tmac{tzgedcga{c%?n%afseoftaq ?éas\i\%?\eutige sepected from
Mellapak, Gempak, TECHNO-PAK, Flexipac, Sulzer packings, a Goodroll packing,

15 and a Glitchgrid, and each sieve tray has 100 to 1000 holes/m? in the sieve portion,
and the cross-sectional area per hole is in a range of from 0.5 to 5cm? It has been
shown that by adding the above conditions to the reactive distillation column, the
object of the present invention can be attained more easily.

When carrying out the reactive distillation process in the present invention, a

20 diaryl carbonate is produced continuously by continuously feeding the starting
material containing the alkyl aryl carbonate into the continuous multi-stage distillation
column in which a homogeneous catalyst is present, carrying out reaction and
distillation simultaneously in the column, continuously withdrawing a low boiling point
reaction mixture containing a produced dialkyt carbonate and alcohol from an upper

25  portion of the column in a gaseous form, and continuously withdrawing a high boiling

point reaction mixture having the diaryl carbonate as a main product therein from a
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10 the la@n this starting material may al so be preferably taken as
IS as #ﬁ%ﬂﬂPBFg?yg?&{n the present reactive distillation process; in this
case, fresh catalyst can also be added according to need. The anmount of
the catal yst used in the present invention varies depending on the type of
the catal yst, the types and proportions of the starting materi al

conpoungger pBHidrEsths WolaAR hiliQoR foRah mth&Frésm_cmventidﬁ, thenmethatdwfe and
the reaction pressure. The anount of the catalyst is generally in a range

of fro 9 it P& r}w'h efHod, nor e
prefer ar‘)g%ﬁgq%%%tt%%lt {%%) %@/égﬂ\%g?ightp ?Qggétgff@%m%éhhe t otl‘Elatrlﬁam\/\]r/‘g:iil %/Eta )éo t he

starti terial I | ] | at Lol Q1 | sly

w ¢ nar 2 TacatisBite SRt B RrigbsRRl R cal gt hBL b T fROMERIR DY
contain an al kyl aryl .ether. and aronmat.ic 0 nohydr oxy, c resent
't he WREEROY i E3Asn TR0 I 15 Pyt e T cria St B QYR RREE g
poi nt reaction mxture is preferably reused by r 'Ctyﬁql'i n tlo thﬁ_hgﬁeactor I n
whi ¢h t eRlumndrees B¢$I¥l©ﬁébphiﬂtl’ﬂ%ﬁt&@‘%@r?%‘%@%%%ﬁ‘ﬁﬁ l “é?r'%ﬂ unggy pghE¥R  and
the aromati c nonohydroxy conpound is carried out. Mreover, in the present
i nvent i case, dhe catabyst ligeidudieseved irethierstartingrmaterial poreansiendiquishmay be
condensi ng the 25 gaseous conponent withdrawn fromthe top of the reactive

di sti | | mtricdnced intonhe aoiimn teethet witmtivegstaditey ofateral socmay deeintrodueed t he
upper portion of the distillation 37 A0501 UP13 KAN colum is carried out.

I n thi sirg@%ss chlfn RoMUX difkémt ihiét tthe stanbr) witdrizdm Blobéove, 4 Gatalyst
preferably 0.08 to 5, nore preferably 0.1 to 2. In the present invention,

when copbh@uuifinb %f‘éljtiﬁg \%&griéﬁ&:frftéiﬂﬁugmbe{lkﬁ'aryl%a?ba:hétbﬁaaﬁhas Wskslinar y!

carbonate 1 nto the react distillatidn colum, "this starting 5 material
2 B o s b it B Bty i s o
e WEPEGh AR, St OEHBRI B! DRAME phsh PR ot
por {1 onaiSedhe o aoerIng HymgHH- | D IOUAGO! Biketatplet Hesd i the BrBSHt
invention varies depending on the type of the catalyst, the types and proportions of
the starting material compounds, and reaction conditions such as the reaction
15 temperature and the reaction pressure. The amount of the catalyst is generally in a
“range of from 0.0001 to 30 % by weight, preferably 0.005 to 10 % by weight, more
preferably 0.001 to 1 % by weight, based on the total weight of the starting material.
The low boiling point reaction mixture continuously withdrawn from the upper
portion of the reactive distillation column may contain an alkyl aryl ether and aromatic
20  monohydroxy compound present in the system, unreacted alkyl aryl carbonate, and
soon. This low boiling point reaction mixture is preferably reused by recycling to
the reactor in which the transesterification reaction between the dialkyl carbonate
and the aromatic monochydroxy compound is carried out. Moreover, in the present
invention, a process is preferable in which a reflux operation of condensing the

25  gaseous component withdrawn from the top of the reactive distillation column, and

then returning some of this component into the upper portion of the distillation
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10 theAng,l LW""IIQKAQ a preferable enbodi ment according to the present
I nvention, preferable for at | east one position where an inlet is

installed to be between the packing portion and the tray portion.
Moreover, in the case that the packing conprises a plurality of sets of
the structured packings, a nmethod in which an inlet is installed in a

space BEILMRETR ddtfedBUE Oh thidecasle! tid tufest rafe kd ings rarensfefan S to 18, The
reaction t| nme for the transesterification reaction carried out in the

presengce{ |§ hQfRs r‘é?ér%gtyt@ﬁ yate to the average residence tinme of

the re < |qU| in } reac |st|IIat|on colum. The react:?n tinme
col L?nihaﬁ89?ﬁﬁ%ﬁ%@%ﬂﬁpv@ét&%ﬁhﬁéoﬁggﬁ:?@feb?wé'*ﬁfa?%ﬁ%*ﬁ%t?@?. A fed
condi  PoREG e alky! avh gerbeRely B e eactve chalafivg chiimy. tﬁ‘inﬁéﬁﬁb' f Pom
0.01 to 10 hours, preferably 0.05 to 5 hours, nDre refera

houds. mﬁi@flabé@ﬁﬁf@fﬁblwﬁ%wﬁ@ thedistifiation @Fé'HE\ﬁUFrﬁg‘% fora ﬁpa)é’y @rgsefr?éms
starting material conpounds used, and the type and anount of the catalyst.
The r efarni from 26et(s)mpevidedireons og@rwueaillt}yOf poatlmmtg\ethgfunnampﬂw eothesoc.

It is preferable to increase the reaction tenperature so as to increase the

react i eniddid portibawttes coluinn BEoRHE gdsRiklekAithehapperaurtiom of teperature is
too high, then side reactions becone liable to occur, for exanple

pr oduc i ilafibn BB AUAbRecER TnaRe ChbE Bf LMY ATBEIGTN Cslafmchaving thée
di aryl carbonate and an al kyl aryl ether, and ester conpounds thereof

! ncrea qﬁgﬁrﬁgn uitH%\%gagé ﬂi@ﬂ tI'Fé?%Sf Qhé&ﬂ@ﬁé?ﬁorﬂdﬂﬁnrtﬁé%w&n porgiRer at ur e

|s pre era@l I'n a rom1 80C,” nore preferably 150 to

o oo Sty A A e R AR GELL £
e comeatiden. ol Lt SO et ol ésd@ggazfeaabz@es%&@%%h i and =0
P essurp%ck%rg nggﬁ I%\lnldetﬂe ICt)rra(;l}s[;sour{loen Tpﬂ%r r\?e?'rsll#\rtﬁeactasg rt]ﬁ‘att tﬂg poafck}ng

comprises a plurality of sets of the structured packings, a method in which an inlet is
installed in a space between the sets of the structured packings is preferable.

15 The reaction time for the transesterification reaction carried out in the present

invention is considered to equate to the average residence time of the reaction liquid
in the reactive distillation column. The reaction time varies depending on the form
of the internal in the reactive distillation column and the number of stages, the
amount of the starting material fed into the column, the type and amount of the

20 catalyst, the reaction conditions and so on. The reaction time is generally in a

range of from 0.01 to 10 hours, preferably 0.05 to 5 hours, more preferably 0.1 to 3
hours.

The reaction temperature varies depending on the type of the starting
material compounds used, and the type and amount of the catalyst. The reaction

25 temperature is generally in a range of from 100 to 350°C. It is preferable to

increase the reaction temperature so as to increase the reaction rate. However, if
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*10 colgkq(gbi E’ﬁﬁ?'n ly in a range of fromO.1 to 2x107 Pa, preferably 103
to 10 ) (o ferably 5x103 to 105 Pa. In the present invention, the
_high boiling point reaction mxture containing the diaryl carbonate
continuously withdrawn fromthe | ower portion of the reactive distillation
columm generally contains the catal yst, the dial kyl carbonate, the aromatic

15 ”D%B,vr%eequ] Rtaliste is o Righy thetr silie ¢aadtimRisacome halsiduotoscandorso on in
to the I ar

addi tion yl carbonate. As the by-products, there are relatively

| oW boLiligielitbBhetidh o PRI S Hdh 88 FBs Fbkitbndébnhituctsitrint of

boi | i nF poin y-produ rres rearrangenent products of the

al kyl aryl carbonate or t di l._C ' f 3 r eof ,
degenchatylsarsriacne 2y ARA AN Sor. S BIRL FafPundetabl KEReass L0011 g
poi nt material of unknown structure. For exanple, i.n the case of. oduci ng
di phenyhichds ppegeiEakle; nﬁoﬂﬁmﬁf?ﬁﬁo%g?%fﬁﬁ?@” PEFRIHER |sa%re§ T PB’l 'H? materi al
conmpounds, reaction by-products are anisole, nethyl salic%l te, p?gByl

sald cytange of fram186rte, 280R6n Morawrefexst1984p260°C, yet more preferably

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene and so on, and typically a
smal | t34a¢uriMorsoviendhbirgaction priesgursovarieshgepansing oo tbe typse structure
t hought to be produced through further reaction of these reaction

by- pr osieting hfatéhal Cobspumideassed &R bt phiBorKaftHenstaHingomatarial, thevent i on,
the high boiling point reaction mxture containing the diaryl carbonate

cont I NHOMSiolh t&fnh@?étér@yaﬁﬂ QBdre THRIacHBh réskpé nidiebe emgtdfieredticedi | | ati on

colum is continuous I ntroduced into a high boiling point materi al

separ aghztr%u%ﬂ%a@pr 0 §§,%Fargaa¢1$édvpr% Baret ethd Predsareal Mliop @ tis®nponent

AT 5 ¢ ni'n carpbonate and a colum bottom conponent AB

I ni h | ) d '
ggﬂé ?hgbﬁ’g@@'qe%?'f%tﬁ@‘é@é Wﬂaqqe g}ﬁﬁ%aci@ﬁo?%bgongt @Peﬁéﬁ%iﬁlﬁg{%o 6uﬁréf B havi ng
id t | et j I ted by distillati i nt
a side cu oué%gwg xqggr?ggbgpuous y separated by distillation into a

col umMyE e fle cut conponent Bs and a col umm bottom

conmponent BB. Not less than 1 ton / hr of a high-purity diaryl . .
i In the present invention, the high boiling pointgeagtijon meture chntalnlng the

diaryl carbonate continuously withdrawn from the lower portion of the reactive
distillation column generally contains the catalyst, the dialkyl carbonate, the aromatic
15 monohydroxy compound, the alkyl aryl carbonate, by-products and so on in addition
to the diaryl carbonate. As the by-products, there are relatively low boiling point
by-products such as an alkyl aryl ether, and high boiling peint by-products such as
Fries rearrangement products of the alkyl aryl carbonate or the diaryl carbonate and
derivatives thereof, degeneration products of the diaryl carbonate, and other high
20  boiling point material of unknown structure. For example, in the case of producing
diphenyl carbonate using dimethyl carbonate and phenol as starting material
compounds, reaction by-products are anisole, methyl salicylate, phenyl salicylate,
xanthone, phenyl methoxybenzoate,
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene and so on, and typically a small
95  amount of the high boiling point by-products of unknown structure thought to be

produced through further reaction of these reaction by-products is also contained.
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10 car WPUWSOW ned continuously as the side cut conponent Bs. For
this purpose, ttre high boiling point nmaterial separating columm A and the
diaryl carbonate purifying colum B nmust each be nmade to be a continuous
mul ti-stage distillation colum having a specified structure, and nust be
used in conbination with one another. Figure 2 illustrates a schematic view

of an exanpl an3he préerl i@tionUpleshigh beltipgrpiintve@attion mikture goatardnaths f or
carrying out the present invention in which a high boiling point materi al

separ atdiaq Ea}wﬁétéca%&&g@gxh?@wmﬁwtﬂeméi ﬁbﬁﬁn@!tﬁgﬁe&ﬁiv@r e

connect ed “‘t oget her. As one np each of the high boiling point materi al
separ at j. - lAf I f ¥ : conpri ses
conti pudadiaiBlafndt EahtlsR} HroaBERTRALS Uh oilreibant Materal - CE0
conprising, but 20 is not limted to, a siructure ack] '

pr edet e??ﬁ%ﬁ@@“% E‘%rlb'g'fn R arg 58@%’?“0%3}{ %eqq@{ecﬁﬁ&o 35&“’&“@ l&?gﬂ%ﬁéhgﬁﬁT i se the
foll ow ng structures, respectively, in arder to carrébﬁut tpe .Br?duci ng

pr odessCRbing the disnd farganate andiariwnndptionn copPReshis CREETINI N Hat er i al
separating colum A used in the present invention nust be a continuous

nul ti - scatglystiiand theatthe golusnitap eermpeagent Awisgqontinpously inteegucedintadi de
dianeter DA (cnm), and an internal with a nunber of stages nA thereinside,
wher ei ndiefyl cBfooreatd pudfyiag tellynrt Benavold awidegciitorutier,cand @ontinsiotsly. 40 A0501
U P 13 KAN 800 LA < 3000 (7) 100 DA 5 1000 (8) 20 <_ nA 100 (9).

Mor eoveggpdrafediby Histillaidroites audiurhe iso EempbhentiBgha bidel cutgopgiomentBseri al 5
separating colum A are preferably a colum bottomtenperature TAin a

range oé%%gé(ymrﬁﬁfbdt@n?ﬁ% ogaﬁt B%.gogams&%mqaﬁuwoPé_Hig;@uﬁwﬂa@rwf from

1000 to Pa. Furt her e, t laryl carbonate purifying colum B

Enés 0 b :ﬁgﬁbﬁg\?@e@mﬁa‘%gkgoﬁgnﬁéﬁﬁ a41tR& s dePldt ¥dnred e BlaVIPY this!gingddk, LB
the high boiling point material separating column A and the diaryl carbonate purifying
column B must each be made to be a continuous multi-stage distillation column
having a specified structure, and must be used in combination with one another.

Figure 2 illustrates a schematic view of an example showing a continuous
15  separating / purifying apparatus for carrying out the present invention in which a high
boiling point material separating column A and a diaryl carbonate purifying column B
are connected together. As one example, each of the high boiling point material
separating column A and the diaryl carbonate purifying column B comprises
continuous multi-stage distillation columns having therein an internal comprising, but
20 is not limited to, a structured packing having a predetermined number of stages.
Note that the columns A and B comprise the following structures, respectively, in
order to carry out the producing process according to the present invention.
The high boeiling point material separating column A used in the present

invention must be a continuous multi-stage distillation column having a length La

25 (cm), an inside diameter Da (cm), and an internal with a number of stages na

thereinside, wherein La, Da, and na satisfy the following formulae (7) to (9.
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10 an } inside, an inlet 131 at an internediate portion of the
col um‘éﬁéa%@‘lsér-d@%ut outl et B2 between the inlet 131 and the colum
_bottom in which a nunber of stages of the internals above the inlet Bl is
n2, a nunber of stages of the internal between the inlet 131 and the side
cut outlet B2 is n2, a nunber of stages n3 of the internals below the side
cut outlet B¥pos<nB, &ndoegtotal nunber of(7ytages is nB (= ni + 15 n2 +
n3), wherein LB, DB, nl, n2, n3, and nB satisfy the follow ng fornulae (10)
to (15): 10945 LB Sgoq?gém 100: DB~1000 g8§1) 5 < nl1l 5 20 (12) 12-<_n240
(13) 20 3 < n3 15 PM)— < nB 70 (15). Moreover, the distillation

condi tions f%? Lh d'kaapé carbonate purifyigng colunm B are preferably a
colum botto tﬁnﬁérﬁ‘t TB in a range of*from 185 to 280C, and a col umm

top pressure, PB in a_ran f from.100Q t Q0 . been

di scovered t e?)‘ﬁ?rug\erﬁigﬁﬁg'oﬁicﬁﬁ‘dﬁﬁnﬁﬁﬂbﬁfﬁ?'ﬁg%ﬁﬁ%&ﬁﬂ ﬁq? garlati ng col um
A and the diaryl carbonate Puri fying columm B, si nul tane,)usl 41 501 UP13
KAN safeRarating calump A aedyetesablia ¢HHEN ROt terpRpratyre M"y%/ rA9%8hat e can
be produced on an industrial scale between 1 ton | hr and 50 ton /[ hr

st abl yfrbar 185 o 880G eangacolumntop pragsurg Ba ik adapae offiom 4840 {¢,609800
hours, preferably not |ess than 3000 hours, nore preferably not |ess than
5000 hears, fromthe high boiling point reaction m xture 5 containing the
di aryl carbonate. The reason why it has becone possible to produce a

hi gh-purity ¢iaRBimen, Beealfylarbonate@isifyinglcokman 8 mushbs acdontinaelis ent
effects by inplenenting the process of the present invention is not clear,

B S S s R e O,
Fongul 38 iternbitnbrainsiak Sarf HIRY B8 4t aR'iftbRh&dafe portion of the column, and a

side cut outlet B2 between the inlet B1 and the column bottom, in which a number of

stages of the internals above the inlet B1 is ny, a number of stages of the internal

between the inlet B1 and the side cut outlet B2 is n,, a number of stages n; of the

internals below the side cut outlet B2 is ns, and a total number of stages is ng (= Ny +

15 Nz + na), wherein Lg, Dg, My, N2, Nz, and ng satisfy the following formulae (10) to (15):

1000 < Lg = 5000 (10)
100 < Dg = 1000 (11)
5 < = 20 (12)
12 < < 40 (13)
20 3= =15 (14)
20 < ng £ 70 (15).

Moreover, the distillation conditions for the diaryl carbonate purifying column
B are preferably a column bottom temperature Tg in a range of from 185 to 280°C,
and a column top pressure Pg in a range of from 1000 to 20000 Pa.
25 It has been discovered that by using the high boiling point material

separating column A and the diaryl carbonate purifying column B simultaneously
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10 ranggss e pective factors are described below If LA (cn) is
| ess t han cggg,mlgi‘%gﬁa hei ght of the internal which can be installed in

the high boiling point material separating colum A becones limted, the
separation efficiency decreases, and it is thus undesirable for LA (cnm.
Moreover, to keep down the equi pnent cost while attaining the desired

separ at3izfirhg af of fifase édhdlt%rfﬁ#&thi%&gmﬁqedihﬁyl larisurateean dehamdtioed onA nor e
preferable Tange for LA (cnm) is 1000 < LAS 2500, with 1200 <_ LAS 2000

bei ng yg&{ Ed@fs?rié??s@él%rﬁéfkﬁen I4f tgﬂ”f HridRd 56 tdrehisr $tBBIY 18P 8 proldRbet tperiddrsft
he de

possible to attain t sire production anmount. Moreover, to keep down

éEZéﬁgﬁ'ﬁ? fé’% e%%ﬁ‘tpﬂr%é’ﬁé* %ﬁ%ﬁﬁ%%@@&g% g5y gt RidThad B0B0HErs, D% ST
DA Wi D 4 in . I, . ] is
Coos ¢ R Breteraty frCess oot hofrs: Soafin hiop Bl LT Fdtln badd:

desired high purity cannot be attained. Mryreqgver, to keep d t he
equiSpnesentaking thadine! satbanateg The repsanway gé}?&r%ﬁqo(%e 85??'8%& OdHGE st
be made to be not nore 25 than 100. Furthernore, if nAis greater than 100,
then t ha higrepsutyediatyl tatbenate ob@niedustrinkbsaalp withsushrexsellent effacts Byum
becones too great, and hence prolonged 42 A0501 UP13 KAN stable operation
of the impbmeotingtige processiuities pedsent fraestiongs oot dear, Aub8ysissupprged cul t .
Moreover, it becomes necessary to increase the tenperature in the | ower

por t i ontePbe Whe t6 @ ¢bibinad éffeenbetwdetrtheadistiliation coediives!drabare effectoccur
which is wundesirable. A nore preferable range for nAis 30 SnA S 70, with

35 S “Abl%u®(t) SBolEWAEN Y cHRAiIRoRS Bf RirARie (7)fto TA6) ard &sifbinkan PBsferatsience

t he col umm p pressure nmust be reduced, equipnent for maintaining a high

VU™ Piles e oo TRIAOU ko RS crBBNpRRRY! [ ncreases I size
hi gh boi ling poi Nt bys RQINSE 308" SinkE ANSGH: SHHhE Wtehdld wHish chhd on-

installed in the high boiling point material separating column A becomes limited, the

separation efficiency decreases, and it is thus undesirable for La (cm). Moreover, to
keep down the equipment cost while attaining the desired separation efficiency, La
15 must be made to be not more than 3000. A more preferable range for L.a (cm) is
1000 = Lp = 2500, with 1200 =< La = 2000 being yet mare preferable.
If Da (cm) is less than 100, then it is not possible to attain the desired
-production amount. Moreover, to keep down the equipment cost while attaining the
desired production amount, Da must be made to be not more than 1000. A more
20 preferable range for Da (cm)is 200 = Da < 600, with 250 = Da = 450 being yet
more preferable.

If na is less than 20, then the separation efficiency decreases, and hence the
desired high purity cannot be attained. Moreover, to keep down the equipment cost
while attaining the desired separation efficiency, na must be made to be not more

25 than 100. Furthermore, if na is greater than 100, then the pressure difference

between the top and bottom of the column becomes too great, and hence prolonged
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10 A nysgr8pesaraR range for TAis from 190 to 240C, with from 195 to
230C being yet Tore preferable. It is undesirable for PA to be |ess than
1000 Pa, since then |arge equipnment enabling a high vacuumto be

mai nt ai ned nust be used. Mdyreover, it is undesirable for PAto be greater
t han 20000 Pa, since then the distillation tenperature nust be 15 increased

and hergtsblgf iorpof thie High poilitiagicint matesias ssparating celipne Adretones ange  f or
PAis from 2000 to 15000 Pa, with from 3000 to 13000 Pa being yet nore

pref er affrigue | f MePe&Fel'r? it bBchRBs nteb,aas%lﬁqe inGTE8SE e fephdriat@t if iee iower nal

which can be 1installed in the diary) carbonate purifying colum B becones

R LR oo 0 TR e b v

undesi ra own the equi prent cost while

attaining, the desiyed s L FCie . o,besnot
mor o+ Haesyan=" A A 5Pee B BB AR kg B0 5ty 1 B £arRE"S000
with 1700 S LB < 2500 qui ng yet nore preferable. If DB (cn) is |ess than
1005 t HREhPRING Yot MAreRASIErBPIE. t o attain the desired 25 production amount.
Moreover, to keep down the equipnment cost while attaining the desired
production artblints |eﬂh@3ﬂ3§%.nﬂﬂ@e the gRlumetopdiressurginudidee redussde 43
A0501 UP13 KAN preferable range for DB (cm is 150 < DB < 500, with 200 5
DB < 408quipinegt jeetmaintairingrahighatsicaum mustbe sisedsand moareeeer hgen t he
separation efficiency for the colum as a whole decreases, and hence the

desi r ededuipment irorsasedinaiizéie Motetvieedt isNrdesirable foo Tk ta begreaten thare
equi pnment cost while attaining the desired separation efficiency, nB nust

be madezg@deeRaLsé®EN iRy pbivk bYgiredics aré prdtlicedodririgthet distilafion. t hen
the pressure difference between the top -and bottom of the colum becones

£ 001q 9" EforeIBHRTAREBIENEE S FOAMSD RRIOT, Wirpfolsligaat-crashgnat e

yi ng col'um bec eover, It becones necessary to

T ease he-d SRR © 1

It is undesirable for P, to be less than 1000 Pa, since then large equipment
enabling a high vacuum to be maintained must be used. Moreover, it is undesira.ble
for Pa to be greater than 20000 Pa, since then the distillation temperature must be

15 increased and hence production of by-products increases. A more preferable range
for P, is from 2000 to 15000 Pa, with from 3000 to 13000 Pa being yet more
preferable.

If Ls (cm) is less than 1000, since a height of the internal which can be
installed in the diaryl carbonate purifying column B becomes limited, the separation

20 efficiency decreases, and it is thus undesirable for Lg (cm). Moreover, to keep down
the equipment cost while attaining the desired separation efficiency, Lg must be
made to be not more than 5000. A more preferable range for Lg (cm) is 1500 = Lg
< 3000, with 17700 = Ls = 2500 being yet more preferable.

If Dg (cm) is less than 100, then it is not possible to attain the desired

25 production amount. Moreover, to keep down the equipment cost while attaining the

desired production amount, Ds must be made to be not more than 1000. A more
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10 the 4 of the columm, and hence side reactions becone |iable
to occﬁp?ﬂ$&ﬂ?gaj?§mundesirable. A nore preferable range for nBis 25 < nB
<55 wth 30 nB <_ 50 being yet nore preferable. Furthernore, it has been
ascertained that to obtain the desired high-purity di phenyl carbonate
stably for a prolonged period of tine, nl, n2, and n3 nust be in the

r angespfeferable rahgefor Dh2(cm) 9250 40 Dgad 5D0] With3260_ <1 5Dg r £s 60theird yet Mor e
preferable ranges are 7 < n, < 15, 12 < n2 < 30,and3 < n3 < 10. It is
undesi pfpb préfefadiB t0 be I ess than 185C, since then the colum top

pressure nust be reduced, and hence equi pnment for maintaining a high vacuum

must be ”Sed'f n%’?gI@gﬂgﬁﬁéﬁ@ef;@ﬁeﬁ%ﬁoﬁ@é@y%ﬂfﬁesé&@mn'\ék’éwr@le It is

20 undesirabl e™for nce then high boiling

poi nt -products, . are produced, during.t [, St LQn. [ ef erabl e
Fange BoproRgor-aind bAhSs fie HsSiss bish iy PRofbd stdhodn Mbrdes B ©) 12
preferable. It is undesirable fqor PB.t.o he less than 1000 Pa,. since then
Carge Egep s theamupmrgt sostivhie iatte cESial seBrran teBk) feed
Moreover, it is undesirable 25 for PB to be greater than 20000 Pa, since
then t nustibetmadate ba naimeredhand Onu Swurihermnate, éhleis arataidhen 7Py Blicti on of
by-products increases. A nore preferable range 44 A0501 UP13 KAN for PB is
f r om 2668 pressuf® difeRencabetweendie 300 @nddotiaon of the talumg becomes too
preferable. For the high boiling point material separating colum A and the

di aryl gre#tr g dehicePprolbyigsd stabie Bpeftiondf thediary! Ekbendtelpurifyimgvédilnnn t he
above ranges, 5 each of the colums nmay have the sane inside dianeter from

t he upgepeRfthés BFiEHNET MAbrdcel EbdONREs REESSRARY tORIcPEEse e tbiperatiiredin
dianeter may differ in different portions. For exanple, for each of the

f
Coths "SR i gLl ShitRrcel 4 qcrhs b e betu(he
i nsi de AL AR Sl | R WRIre APk Hle Fandd ForiRl HBE < np = 55, with 30 =
ne = 50 being yet more preferable. Furthermore, it has been ascertained that to
obtain the desired high-purity diphenyl carbonate stably for a prolonged period of
time, ny, Ny, and n must be intheranges5 = ny = 20,12 = nz = 40,'and 3 =
15 n3 = 15, respectively. More preferablerangesare7 = n = 15,12 = mz =
30,and3 = n3 = 10.
It is undesirabie for T to be less than 185°C, since then the column top
pressure must be reduced, and hence equipment for maintaining a high vacuum
must be used, and moreover the equipment increases in size. Moreover, itis
20 undesirable for Tg to be greater than 280°C, since then high boiling point by-products
are produced during the distillation. A more preferable range for Tg is from 190 to
240°C, with from 195 to 230°C being yet more preferable. |
It is undesirable for Pg to be less than 1000 Pa, since then large equipment
enabling a high vacuum to be maintained must be used. Moreover, it is undesirable

25 for Pg to be greater than 20000 Pa, since then the distillation temperature must be

increased and hence production of by-products increases. A more preferable range
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10 Eachzg¥oqthp1Bi gaNpoi |ing point nmaterial separating colum A and the
diaryl carbonat® purifying colum B used in the present invention is a
distillation colum having a tray and/or a packing as the internal. The
term"internal"” used in the present invention nmeans the parts in the
distillation colum where gas and liquid are actually brought into contact
wi t h orfer PR frem 2000tom8000 Paawith dicsh B00&td dB000IRanbeihd yebwiorg both a tray
portion and a portion packed with the packing can al so be used. Note that
the tergysfaigpiger of stages (n) of an internal” used in the present

I nvention neans that the total nunber of trays in the case of a tray, and

the theoreti % i LRt hE i cordingly,
in the case ?rttﬁg ?clnﬁé% Egg@ﬁ?&?ﬂ%ﬁgﬁ” ngg %PW&gﬁte?gy b%r?fi on and the
portion_packed w th the packing, t : unber of
trays nfi“?'ﬂ%et% 'ag iCEH'Fm'?\ nﬁgrjorgq %g%@&%%ﬁ@%@ﬁ %§°‘}‘ﬂaﬂ%‘%’ been
ascert ai ned at in the present invention, the high boiling point material
et agaR RdNa RIS BT e e insi et ta A muRe iR T o o
furthernore a structured packing is preferable as the packi gi%‘f Mor eover, it
has 25 theeapfde $helawespartien theweokioathe Ir@meo@ﬁm@éerpr@ﬁv@ﬁergn Qfpt B
preferably has the packing as the internal, particularly preferably one
set or porfibos.al Foyexsmplet forefachinf the soplimaausumBititagedistdiation cehsanpacki ng.
In the present invention, the colum bottomliquid continuously wthdrawn

f rom t hhehnsitiediarheterof tismapparcpsitiohiof ties tolamromaybe smalierf thaabbyldrger i nt o

the high boiling point material separating colum A as is. This high

boi | i ngthBAl tHe jhR¥et digmeterBithe! IGvEQpdrtion ©f e/ cotubdidr awn from t he bottom of
the reactive distillation colum generally contains 0.05 to 2 % by wei ght

of e di al ky, ; o % =y i ' hydr oxy
corrlptd(;und, 0.0 a%&@ﬁ%ﬁ%@m&é;h&ﬁt%t @%’%"1%?‘9&35@ dgt e’??\% ![r'% %WO}/O by

car bonagarobBSe gl e Roa) Fr wechreBa e Mer BBl il BuME L

having a tray and/or a packing as the internal. The term “internal” used in the

present invention means the parts in the distillation column where gas and liquid are
actually brought into contact with one another. The multi-stage distillation column

15 having both a tray portion and a portion packed with the packing can also be used.
Note that the term “number of stages (n) of an internal” used in the present invention
means that the total number of trays in the case of a tray, and the theoretical number
of stages in the case of the packing. Accordingly, in the case of the multi-stage
column having both the tray portion and the portion packed with the packing, n

20 means the sum of the total number of trays and the theoretical number of stages of
the packing.

It has been ascertained that in the present invention, the high boiling point
material separating column A preferably has the packing as the internal, and
furthermore a structured packing is preferable as the packing. Moreover, it has

25 been discovered that the diaryl carbonate purifying column B preferably has the

packing as the internal, particularly preferably one set or a plurality of sets of the
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10 0. OQb50R 9pYabaANei ght of the catal yst. The conposition of the high
boiling point r®action mxture varies depending on the reactive

distillation conditions, the type and anount of the catal yst and so on,

but so long as the reactive distillation is carried out wunder constant
conditions, a high boiling point reaction m xture of approxi mately

const artruetured patckipg. can be produced, and hence the conposition of the high
15 boiling point reaction mxture fed into the high boiling point nmaterial

separating GQtHepreleMRihvBAtGRRhE dollhA DotBATRAAE contiaueusly withdraae present
I nvention, so long as the conposition of the high boiling point reaction

T XL U @ 0% i £ hisg § . _ : .
Fl ot ugtard 8 blichn SFn@Redctvel dpARioh TRFN ' pichofcbiy RO fle hal,

approxinatel v .t he sanme separati o fd Gl eNCYr: TRI S o Si: . 20

chr acitEirg peint Berdi s2BRRRY St & Rcrgich boimE ek cbaliicrt o o,
when conti nuously feeding the high,bojljn i nt _react.i Jxture into the
hi gR bANWIYTE oRtiAwO va\ﬂ%gra‘g@E@?@fh%bowﬂ&ﬁﬁh?\re%%efﬁ'ﬁﬂ%t'seif@’ "poi nt
reaction mxture may be fed in as a liquid frominlet(s) provjded in one or
a pl ur ganeyally corsainsi b8 te | %pywaicht phtheddialkghcarpopate, 864 BY col um A,
or it is also 25 preferable to feed the high boiling point reaction mxture
i nt o t heeight aihthearamaticrrednohysiroxy compovnpd.86ita@ Yaruweightiof @malkyi ng
provided at a | ower portion of the 46 A0501 UP13 KAN reboil er. The anount

of the drypétheni10 wHUP% by weigtitiofane alkyl ary chesbriate, 50 teB80 %4 by weight ofg poi nt
mat eri al separating columm A varies according to the anount of the

hi gh- pupktdiaf 8&Honsed, [BoNed § o% ByhkeiBhPEHISiIgH boilltRy SEINCBYproducts) arfd t he
diaryl carbonate in the high boiling point reaction mxture, the

t it ons: t4 - - . hi gh
sepgy atd B ‘ig%‘i% Bﬁ%ﬁfh%b;‘( %H&ere%ét‘éggf a_TH&cémEBEMHH A tR@ AigHb&iing pBMLhI 9

boiT'i ng poi nt rea d in the present invention generally

oot 20 Yoo 852 e 5o BBh Vi RN RIRIAR Gnchibh 96 Spd an gDt 21
o R oty Sr b, b RERR S (8RB hin BT el B "
bot 11 ngur?c(i)érnéong?atnetrcioglditions,_a high boiling point reaction mixture of approximately
constant composition can be produced, and hence the composition of the high
15  boiling point reaction mixture fed into the high boiling point material separating
column A may be approximately constant. However, in the present invention, so
long as the composition of the high boiling point reaction mixture is within the above
range, then even if this composition fluctuates somewhat, the separation can still be
carried out with approximately the same separation efficiency. This is one of the
20  characteristic features of the present invention.
In the present invention, when continuously feeding the high boiling point
reaction mixture into the high boiling point material separating column A, the high
boiling point reaction mixture may be fed in as a liquid from inlet(s) provided in one or
a plurality of positions below a middle portion of the separating column A, or it is also

26 preferable to feed the high boiling point reaction mixture into the column via a

reboiler of the separating column A from piping provided at a lower portion of the
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10 sepq@mquqglm Ais not less than approximately 1.3 to 2 ton /- hr but
not nmore than 100 ton / hr. This anmount is generally not |ess than
approximately 2 ton /hr, preferably not |ess than approximtely 6 ton /
hr, nore preferably not |ess than approximately 10 ton / hr. The upper
limt of this ambunt varies according to the size of the apparatus, the

r equi r gebgilerduTheamaeurtwfithahibrsboilng pbint reactipemabdlieyfegdoto the higim / hr.
The high boiling point reaction m xture fed continuously into the high

boi | nq;oum(gi Qéinffﬁia?éﬂiaﬁ's_eﬁaﬁh%rn@tdmﬁﬂ %ﬁés“aé@r@ﬁgabahéténﬁdum ofttee| umm t op
conponent (FAT) conprising nost of the diaryl carbonate and nost of

L S e T I R e

such a star aryl ether and the al kyl

aryl carhonat apd a col um. bottom c : L | :

cat al y o g pigh eliag BoRR Ao bditer HEARRpioh Banafiftis R Sshaftng

di aryl carbonate and a I, nt of. the diaryl, carbonate. T | um
bot Bom CumBdnad S48 Ry R bRl ina.sanbiachind miriF LERE e preff
carbonate. Such organic material in the columm bottom corrponentqﬁl ays a
usef ul ingertiamgenerally epnigins 20 tas 80 % hyweighbeidbeaiarvhrarbonate. #dHelS ng a
liquid state. It is generally preferable for all or some of the colum
bot t om teashiaindratween)! toa e arels@ tbrolhr efithe (highypuoty dieryl capps@ie,UP 13 KAN
reactor in which the transesterification reaction between the dial kyl

car bonagithcugth dépendent batthe dimryicdarbonate comterttyti amooat of the higin bailitgor t he
reactive distillation columm as a transesterification reaction catal yst

conponegdint thctiBR nikRFE TontiRYGEY Hirodueel mqoqnémi%ﬁ poiligPointanaterialisi ng
unsubstituted 5 phenol or a | ower hydrocarbon-substituted phenol as the

ti >
o o | oG Ui ASOTBIARE b Sobshaply SCTREm RS s S dn

carbonate such as

e A  EAROR . Gy EESBE A BBAR n At 210 1

hi gher 8roeift|aria%?y Rc?ti igtss Ehha%naégr%ain?afte}yhgtAnOWwarr, more preferably not less than
approximately 10 ton / hr. The upper limit of this amount varies ac¢ording to the
size of the apparatus, the required production amount and so on, but is generally 200
ton/ hr.

The high boiling point reaction mixture fed continuously into the high boiling
point material separating column A is separated into a column top component (Ar)
comprising most of the diaryl carbonate and most of compounds having a lower
boiling point than that of the diaryl carbonate such as unreacted starting material, an

~ alkyl aryl ether and the alky! aryl carbonate, and a column bottom component (Ag)
containing the catalyst, by-products having a higher boiling point than that of the
diaryl carbonate and a small amount of the diaryl carbonate. The column bottom
component {Ag) may contain a small amount of the alkyl aryl carbonate. Such
organic material in the column bottom component plays a useful role in dissolving the

catalyst component and thus maintaining a liquid state. It is generally preferable for

all or some of the column bottom component (Ag) to be reused by recycling to the
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"10 hydppset b suasfyi t uted di phenyl carbonate such as | ower

hydr ocar bon-substituted derivatives of the above conpounds are al npost
.conpl etely renoved as the columm bottom conponent (AB) in the high boiling
point material separating columm A It is a characteristic feature of the
present invention that it is easy to nmake the content of the catal yst
conponesdctanih wiieh e fraodestesfitatidnTgaation btwedrotte diglkybearbonate apdé t hat  of
the diaryl carbonate in the columm top conponent (AT) be generally not

nor e t farfifatiPMonBh§dRxg Foyhptind e caridhouiléfd/ppthe actve distidatidn y not
nore than 50 ppm It is another characteristic feature of the present

| nvent EBReiaL 2 HasdlssiiEabAJeadRrociit toppeagionent (AT) hardly contain
i'gh boi d nos

aﬂy such | : |n§_ poi nt by-products, m of the diaryl car bo][latﬁ in
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separating colum A can be w thdrawn fromthe toﬁ’ﬁg fhe colum. .MNbreover,

L
i n t he cHMPRLRE, theeatalysh comPPRBRANG Byradvats fiavinga highes SolingPoBls o ¢ he
‘reaction mxture fed into the separating colum A ti’r@:{ cally 90 to 97 % by
B

wei ght tiadin thas of idiphanyt canbonatsusich aeghenyli salieyate, xapthang, RheAk awn from t he
top of the 48 A0O501 UP13 KAN columm as the columm top conponent (AT), with
10 to 3Inéthbyyberizgiate badnigphearmoxycarbamnyl-2-pharioty eavivoky-ginenyenecan om of t he

colum as the colum bottom conponent (AB). The conposition of the colum

top comyopreaticisAMavihg adhgesraddithg PoifbtHam thatobiheveivght of the dial kyl
carbonate, 1 to 21 % by wei ght o%g?he aromati ¢ 5 nonohydr oxy conpound, O0.05

1018 Yo RP4rd&iresh-st s@t%t?dolﬂ%)beoﬁglyéarﬁ)ﬁ&%su%ﬁ dlodver HyBvocarsogBlbstitutdie al kyl

aryl carbonate, an by weight of the diafy) carbonate, based on

100 % er?@%ﬁ%@c prhet%\féoéw?lﬁrﬁd& QMM@EO%eggﬁhfdgeg%sr QLegtEbluﬁl?ni l'ing

poi nt by=pr s I's gener nmore than m |y not nore
than 1 Oot%pmnlzorrﬁ%B%eR{ 8’{5 R hiréﬂtbo'ﬁ‘l:’rmrgepéiﬂ?%a?griﬁ%'&)arating column A.

It is a characteristic feature of the present invention that it is easy to make
the content of the catalyst component and the by-products having a higher boiling
15  point than that of the diaryl carbonate in the column top component (A7) be generally
not more than 200 ppm, preferably not more than 100 ppm, more preferably not
more than 50 ppm. It is another characteristic feature of the present invention that
despite making the column top component (Ar} hardly contain any such high boiling
point by-products, most of the diaryl carbonate in the reaction mixture introduced can
20 be withdrawn from the top of the column. In the present invention, not less than
95%, preferably not less than 96%, more preferably not less than 98%, of the diaryl
carbonate in the reaction mixture continuously fed into the high boiling point material
separating column A can be withdrawn frem the top of the column.
Moreover, in the present invention, although dependent on the composition

25  of the reaction mixture fed into the separating column A, typically 90 to 87 % by

weight of the liquid continuously fed in is continuously withdrawn from the top of the
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‘10 I n phsopngEentkanvention, the reflux ratio for the high boiling point
material separating colum Ais in arange of fromO0.01 to 10, preferably
from0.08 to 5, nore. preferably fromO0.1 to 3. As stated above, the anount
of the colum top conmponent (AT) continuously wthdrawn fromthe top of
the high boiling point material separating colum A is 15 generally

appr ox ol gs #e tolubfdtopf cdrhpomerd¢Arh with ¥ to 8 % by weight bélagsepar at i ng
colum A. This colum top conponent (AT) is continuously fed as is into the

di aryl coRfirsUN WitReFawry fros teel BoflonPof tintdlbmn &8 the ddldmprissticted at an
I ntermedi ate portion of the purifying colum B, and is continuously

separa | ee r&w hf I Blly a Side
cut co‘r’?’%g" gﬁtbﬂ% E&s%)', gﬁg a col utfr%n fot'?‘? o%l%rgﬁé?)%gmp 6?8 ).%IAP?hg‘ Iy

compon vy : i L | t t i ' bonat e
cont ai D5 192 B9 gt S8 Yl aBbtary % 20 R el ot fifarmdF, 02
fed into the purifying col B cont | nupusl it hdr tohe. t op of
t hed pumanngrent campaas (B S2ihy PRphLBRES Al SR LI AL Ry 2o ine
of liquid is continuously w thdraw fromthe bo_é%on%%fcéjhe f%%ri fr?/i ng

col urm Weight afithe alkyk apfsarhonsteand 52 10 B % Dyvpeignkot the Jaevi cRERPIAet he
colum top conponent (BT), this anmount generally being 1 to 9% preferably
3 to 8hasetl arntOIMaby Weightsf e solusen tap compongso 1 Theiepritam ofthighi ar v
carbonate in the columm top conponent (BT) is separated out and thus

r ecov eailingpanbbrerodlicts is derierally nol more trsad20® ppse peefatably nbhexatel um t op
conponent (BT). Alternatively, a nethod in which this diaryl carbonate is

separ attegn 100fppas, b pfferaBhestrastetapB®Eppmi rom this other distillation
colum, and is then 5 recovered by being returned into the high boiling

poi gt mat eri gh e pAsRht ng:legﬁbtlme/ieﬂas@%tw foﬁ'lﬂ?eﬁighrbfdilir?‘]?béi%ﬁiaieﬁalri fying

colum B is also prefera he col um bottom conpone (BB) contains the

col um _ (t om component "(B8) '
concuntPRREL AP in s Tatiih 0201 1 90, Sioraly AT 00Yo B pioke' <

featureprggerg&?,fpgrg%gmo g.nvention is that the anpunt

As stated above, the amount of the column top component (Ar) continuously

withdrawn from the top of the high boiling point material separating column A is

15 generally approximately 90 to 97% of the reaction mixture fed into the separating
column A. This column top component (Ar) is continuously fed as is into the diaryl
carbonate purifying column B from the inlet B1 provided at an intermediate portion of
the purifying column B, and is continuously separated into three components, i.e. a
column top component (Bt), a side cut component (Bs), and a column bottom

20 component (Bg). All of components having a lower boiling point than that of the
diaryl carbonate contained in the column top component (Ar) from the separating
column A fed into the purifying column B are continucusly withdrawn from the top of
the purifying column B as the column top component (Br), and a small amount of
liquid is continuously withdrawn from the bottom of the purifying column B. A small

25 amount of the diaryl carbonate is contained in the column top component (Br), this

amount generally being 1 to 9%, preferably 3 to 8%, of the diaryl carbonate fed in.
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*10 of ﬁb bonate in the colum bottom conponent (BB) w thdrawn
fromt bottom the purifying colum B can be kept very low. This
camount is generally 0.05 to 0.5%of the diaryl carbonate fed in. The

hi gh-purity diaryl carbonate is continuously withdrawn fromthe side cut
outlet B2 at a flowrate of generally not less than 1 ton / hr, preferably

not | eFhetdiayl Sarbbhatedin the wblumtep pompenai (B s séparatedhaut ahd thas/ hr, and
not nore than 50 ton / hr. This anount generally corresponds to

appr OXl’é@:R/%hé/d Waﬁ&h@ﬁ&%ﬁﬁattd?ﬁcdluahmseﬁafbbgépér%tmgQﬁe icBiupnii bsp puri fyi ng

colum B. The purity of the diaryl carbonate obtained as the side cut

coePor el {n\?% bt eTgStJti\ﬁ a@%&l&a&ﬁiﬁﬂ&'nﬁ’%‘i& Pigie l'dér@@ﬁatb%%bé}%l‘ec% 9%

prefera nore preferab not | ess than 99.999%
The conten of . hi Qilin 0|nt C n

presen® qﬁ;%ﬁtmwﬁgogg%ﬁoripﬁp?n F‘W'qﬁ% cgh%reﬁlgw%&n t%r!épcél'lnt PQE%BH%‘E
transesterification reaction en bonate and en l, or a
| over FSeRVEEeg Bﬁﬁeﬂﬂ)@tvmﬁt%&@vﬁ?ﬂgh g’Pﬂ'”ﬁcﬁ"y eﬂﬂﬁ E%raﬁ'ﬁ rgiAer ably
not nore than 10 l?@a nmore preferably not nore than 1 ppm for phenyl 25
sal i cyleadéordhe giarglgarbapaieqadifpiog- Cﬂ}ﬂgﬂlﬂﬁtﬁﬁﬁoﬂéﬁfﬁ(@@ve t hereof, not nore
than 30 ppm preferably not nore than 10 ppm nore preferably not more

than 1 ppm f The csluminBotioth Eorhporant (Bap chotans thet diged eathanataansha,
preferably not nore than 10 ppm nore preferably not nore than | ppmfor

phenyl simdihamplenaiaage beiling pomesy-pfodiicteesimemntabdds to appredinatelyatfewe
t hereof, and not nore than 30 ppm preferably not nore than 10 ppm nore

prefer ?@ré’er‘i}m Er%rtdﬁ%%&eﬁﬁm foakurd of the present invention is that the amount
- pheno arbony 2- phenoxycar boxy- phenyl ene or a | ower

hy%ocer é‘gﬂ*{vﬂs&érﬁbﬂﬁg in 45 by ﬁﬁoﬁ&ﬁr&% odﬁ?ﬁgﬂﬁﬂh&ﬂéﬁvﬁ%lﬂ'théomem of

thése hi gh by-products 1's not nor 100 ppm preferably

For m " IHEY *r"‘é’)‘ﬁtﬁ}eyﬁ’w‘&r@%‘i%ﬁﬁé%ﬁg'k@ggé D TR e P o e

h h h X} I
that t eoglfébtglkoftﬁegla%la ona?tel% ate 's not |ess

The high-purity diaryl carbonate is continuously withdrawn from the side cut
outlet B2 at a flow rate of generally not less than 1 ton / hr, preferably not less than 3
15 ton/ hr, more preferably not less than 5 ton / hr, and not more than 50 ton /hr. This
amount generally corresponds to approximately 90 to 86% of the diaryl carbonate
fed into the purifying column B.
The purity of the diaryl carbonate obtained as the side cut component (Bs) in
the present invention is generally not less than 99.9%, preferably not less than
20 99.99%, more preferably not less than 99.999%. The contents of high boiling point
impurities when carrying out the present invention using an alkyl aryl carbonate
obtained through a transesterification reaction between a dialkyl carbonate and
phenol or a lower hydrocarbon-substituted phenol are not more than 30 ppm,
preferably not more than 10 ppm, more preferably not more than 1 ppm for phenyl
25  salicylate or a lower hydrocarbon-substituted derivative thereof, not more than 30

ppm, preferably not more than 10 ppm, more preferably not more than 1 ppm for
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"10 thaA0991Quanyi0Mq di aryl carbonate contains not nore than 100 ppm of

hi gh boiling point by-products. Mreover, in the present invention, a
.Starting material and catal yst not containing a hal ogen are generally
used, and hence the hal ogen content of the diaryl carbonate obtained is
not nore than 0.1 ppm preferably not nore than 10 ppb, nore 15 preferably
not noxanthbae, nofppbre thart 3@ ppme peaferably ant mone thare 10 gpimyxmocst preférablyt he

di aryl carbonate purifying colum Bis in a range of fromO0.01 to 10,

pr ef er abl mote tmarD1 ppnefdi, phepyEmettidgbahkyatefdramoves to 5. The materi al
constituting the reactive distillation colum, the high boiling 20 point

mat er i ﬁi/dl%@?écﬂff-éﬂgstﬁﬁﬂe@mbrﬁat&@?néffbéf )dnd‘?ﬂftbﬁ&%ttﬁaﬁlﬁd ppnprefetapip B, and
ot her I1iquid- contactlng parts In the present invention is generally a

nmet al | [ teel. In terns of the
qual i tbsto i%m%{ ary car bo@%@ggﬁéﬁﬁce%re tz'ttaglsqn g@? gt eel is preferable.
the present, iny |
dotsi | "fﬁéneiwoﬁe%%%a&%fg%%rﬁémP@h@@spéo?%e'Wsr naiasnadagPetilalt ° ne
present, i.nvention is not limted to th ||OWI The purity of
Phe” o HRHYRVE eTAfa: BIoraRySH HEs (bR comtent o thess, ATBRITEPAINt roas ur d by
nmeans of a gas chr onmat ographi net hod, and the hal ogen content was 5
neasur 8Y-AF9duetsis net mere than tOR ore eaefepkly Mot Mnde tiam BPIRPM.: MR act i ve
distillation colum> A continuous nulti-stage distillation colum as shown
i n FI Gpreffetably ngt more than 30 @pnc m NaiethabthectermL high-purdty Zianyl cardopate”/ d, =
3.85, and D/ d2 = 11.1 was used. In this exanple, as the internal, two
sets olisbitlin theapresent mlventiom eiezpis thabibespurity @f the diaryl carbonate is not less
10 than 99.9 and the diaryl carbonate contains not more than 100 ppm of high boiling
point by-products.
Moreover, in the present invention, a starting material and catalyst not
containing a halegen are generally used, and hence the halogen content of the diaryl
carbonate obtained is not more than 0.1 ppm, preferably not more than 10 ppb, more
15  preferably not more than 1 ppb.
In the present invention, the reflux ratio for the diaryl carbonate purifying
column B is in a range of from 0.01 to 10, preferably from 0.1 to 8, more preferably
from 0.5 {0 5.
The material constituting the reactive distillation column, the high boiling
20 point material separating column A, the diaryl carbonate purifying column B, and
other liquid-contacting parts in the present invention is generally a metallic material

such as carbon steel or stainless steel. In terms of the quality of the diaryl

carbonate produced, stainless steel is preferable.

256 Examples

Hereinbelow, the present invention will be described in more detail with
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"11) wehBshPtipq3 9dalyn the upper portion, the sieve tray having the
cross-sectional Tarea per hole being approximately 1.3 cn2 and the nunber
_of hol es being approximately 250/ n2 was used as the internal. 15 <Hi gh
boiling point material separating colum A> A continuous mnulti-stage
distillation colum as shown in FIG 2 having LA = 1700 cm and DA = 340
cm angsfepsticedoMhé FelakingiBxaniples; A the pteddnt thvaméivaiisi natlimiied to theer nal was
used as the separating colum A <Diaryl carbonate purifying colum B> 20 A
conti nf&méﬁ%gtxg &ge distillation colum as shown in FIG 2 having LB =
2200 cm an = 280 cm and having three sets of Ml lapak with n1 = 12, n2

= 18, and ngu3 kSt Bl GEnLA cBlbrie l A5 tHY &ritehts W impeRfledverge
Y01 e FphenT gRto &

purifying colu eact | ation> A reaction xture contai ni ng
18 % by wei ght _of neth henyl carbonate t ' by
subj ec q?&uge thﬂﬁ@sc&n? Bﬁﬁf:ﬁb‘)"ﬂ%ﬁg{?@?y @3&@%5@ tﬁ%&%@o?gﬁ@hpg’g\ﬁei ght
rati o of dinethyl carbopate / hg&gl = }].3 ttg a transesterification _
realt | Bipasypet\gymeans af §Q ONAQArZPNY MPYPHi ng naterial. This starting
material contained 26 % by wei ght of dinethyl carbonate, 6 % by wei ght of
ani sol e, 48 % by wei ght of phenol, and 1 % by weight of diphenyl

carbonate, and further contained approximately 100 ppmof Pb(OPh)2 as a-
cat al y&ixanmijle 1starting materi al substantially did not contain hal ogens 5
(outside the detection limt for the ion chromatography, i.e. 1 ppb or

| ess) . <ReactivédistilatioRicolunt> was i ntroduced into the reactive distillation
colum of FIG 1 at a flowrate of 66 ton / hr froma starting nateri al

i nl et instal lechipiisag milhstadébistRatorrosiufitas sieyen inf BIG. 1 Radegilve
distillation was carried out continuously under conditions of a

tenger %%ecrﬁtDQ"g%Q?%‘?g‘xq% f.?gﬁ%b‘@ 1= 83106y o7y 0= ﬁﬁ?ﬁ%&%ﬂsgb. t he

top of the colum and a reflux ratio of  0.3. It

POSSLolf i Bhii8, &6 ¥ el Wo L' & MBRAGHK (btalhliiber bt BAgeS belfis
11) were installed in the upper portion, the sieve tray having the cross-sectional area
per hole being approximately 1.3 cm? and the number of holes being approximately
250/m? was used as the internal.

15  <High boiling point material separating column A>
A continuous multi-stage distillation column as shown in FIG. 2 having La =
1700 cm and Da = 340 cm, and having Mellapak with na = 30 installed therein as the
internal was used as the separating column A,
<Diaryl carbonate purifying column B>
20 A continuous multi-stage distillation column as shown in FIG. 2 having Ls =
2200 cm and Dg = 280 cm, and having three sets of Mellapak with ny = 12, n2 = 18,
and ns = 5 installed therein as the internal was used as the purifying column B.
<Reactive distillation>
A reaction mixture containing 18 % by weight of methyl phenyl carbonate that

25  had been obtained by subjecting a mixture containing dimethy! carbonate and phenol

in a weight ratio of dimethyl carbonate / phenol = 1.3 to a transesterification reaction
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‘the hi gipseaijphg RANNt reaction m xture, which was continuously w thdrawn
at 13.1 ton / hr fromthe bottomof the colum, was 0.1 % by wei ght of
dinethyl carbonate, 0.1 % by weight of anisole, 6.3 % by weight of phenol,
32.2 % by wei ght of methyl phenyl 15 carbonate, 58.6 % by wei ght of

di phenyl carbonate, and 2.7 % by wei ght of high boiling point by-products
i ncl udivwes et aebaltarting nidtepial. at Thia starting iMstedali comtaibed 26 “%rbyawptghdolis
conprising the high boiling point material separating colum A and the

diaryl &rﬁéﬂ%éhﬁadﬁé’té,fw%ﬁ{]%ighﬂbf Bnivols 3w, hyrwhlidht of phiehel, 2Bdrescby on

m xture obtained through the reactive distillation described above was

cont | ”‘M@li?’c_)ﬁ %’ﬁ,@%"&?ﬁoﬁ%&%ﬂd fupther cBhtdiﬁEd)?%xﬁﬁﬂ%!ﬂ b@?pﬁpbﬂfm A from

the inlet ottomtenperature was nade to be 206C and

t he col re I gl )t |

col um #Abﬁbrﬁ'ﬁgﬁﬁl a?af%%]&sﬁ/aglp ﬁ%ﬁ‘@?‘ﬁ@%ﬁ%@gﬁ@?@ﬁﬁ%‘g @d:/\nﬁhth&g]t@@?% L@érdé? I o of
0.6 t npopent 7). 25 ti i t hd t 12.5 t
/b GO ASH A ol B B BTG eR D Bn bR S8hs cont i nous! y
withdrawn at 0.6 ton / hr via a conduit 11. The 53 A,OS_ﬁl_UPlB KAN col um
top conponentThesstartingsmatsstal wasieirgduead nta theyreastiya dstilatiomeolymn ¢l ng
colum B fromthe inlet 131. The col umm bottom terrperatuhg@&;B) was made to

be 2138CGandatsnfiow caterof Gectonphefem @ stainavmatenial nletdnsta twgen the he
purifying colum B, distillation was carried out continuously with a

ref | ux Mellapakoand tHe sieve taysn Rebotive distittation waSCarmedsotoctritmuouslyy
wthdrawn at 5.3 ton / hr via a conduit 26, a columm bottom conponent (BB)

was - confridutehbiitionsdl & eberatube @B tHedBottorhiof thé calunirobgimgt 2 BkC, @nd a si de
cut conponent (Bs) was continuously withdrawn at 7.17 ton / hr via a

co gl%uilgoéésurahﬁ thQ fi@ga% fHeoéb?uRIFw &Qﬁ? %QFTBQPglnéﬁd 3t refldx Post of @1 ent whe system

becone conpletely stable were as lows: AT: 0.1 % by wei ght of

di met hyl, &51825 3tin Satie @By Elatd bpafatdh siir 24 Bofts” Fhe composition of

the high boiling point reaction mixture,.which was continuously withdrawn at 13.1 ton
/ hr from the bottom of the column, was 0.1 % by weight of dimethyl carbonate, 0.1 %
by weight of anisole, 6.3 % by weight of phenol, 32.2 % by weight of methyl phenyl
15 carbonate, 58.6 % by weight of diphenyl carbonate, and 2.7 % by weight of high
boiling point by-products including the catalyst.
<Separation / purification>
Using an apparatus comprising the high boiling point material separating
column A and the diaryl carbonate purifying column B as shown in FIG. 2, the
20 reaction mixture obtained through the reactive distillation described above was
continuously introduced at 13.1 ton / hr into the separating column A from the inlet A1.
The column bottom temperature (Ta) was made to be 206°C and the column top
pressure (Pa) was made to be 3800 Pa in the separating column A, distillation was
carried out continuously with a reflux ratio of 0.6, a column top component (Ar) was
25  continuously withdrawn at 12.5 ton / hr via a conduit 16, and a cclumn bottom

component (Ag) was continuously withdrawn at 0.6 ton / hr via a conduit 11.  The
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"wei ght aAgEoR KAN- 8 % by weight of nethyl phenyl carbonate, 59.4 % by
wei ght of | phenyl carbonate; AB: 41.0 % by wei ght of diphenyl carbonate,
59.0 % by weight of high boiling point 15 material including a catalyst
conponent and by-products having a higher boiling point than that of

di phenyl carbonate such as phenyl salicylate, xanthone, phenyl

met hOxtbmmﬁipﬁc@ﬁdoherw(ﬁ?PWﬂSanusﬂyphmducyedeaéusxmtoﬂhermdn&nng BT: 0.25
% by weight of dinmethyl carbonate, 0.25 % by weight of anisole, 15.6 % by

wei ght c8funi 8Rdm tﬁ@ 1rﬁeP/B|W VR Walurh beRbRYenipErailre (T owas tadedtopés by
wei ght of 20 di phenyl car bonate; BB: 95.0 % by wei ght of di phenyl

car Dongiygec il il ifihabs phledihaphidd Radabibe soms el aline FaffaRgt ent of

each of phéenyl” salicy ate xant phenyl  met hoxybenzoate i n" t he side
cut co ne t nor.e th ol

T hen GBS Bofiatliation S5 Aed obt AT REN a8 sAdR Y o L5, 2 columpp

hal ogen content was not m)r t han found t purity
of 524 topeompapent Bmwarcaipengy eilisanaat 3407 ﬁﬁav'ﬁr%ﬁ?ﬁ@{%éa% ot was
not |ess than 99.999% Moreover, the amount of this hlng% ‘2/ di phenyl
car bon&odumn betterucamporrent{Bepwas camtinueusly yritshawa @t O '8& on was
carried out under these conditions. 5 The anmpunt of di henyl carbonat e

pr oduc ednanil Xhanda sidg cwt cempobent(its) asycontindnuslyewtharewn agol htan 5, 2000
hours, 4000 hours, 5000 hours, and 6000 hours. Exanple 2: <Reactive

di stil Itviarohdu 33, xture containing 21 % by wei ght of nethyl phenyl
carbonate that had been obtained by subjecting a m xture containing

di met hyl car hgpatdmpostione BPihg orpovétits Bt 2adidues efterineesysiémdeardonat e |
phenol = 1.9 to a transesterification reaction was
10 become completely stable were as follows:
Ar: 0.1 % by weight of dimethyl carbonate, 0.1 % by weight of anisole, 6.6 % by
weight of phenol, 33.8 % by weight of methyl phenyl carbonate, 59.4 % by weight of
diphenyl carbonate;
Ag: 41.0 % by weight of diphenyl carbonate, 59.0 % by weight of high boiling point
15  material including a catalyst component and by-products havihg a higher boiling
point than that of diphenyl carbonate such as pheny! salicylate, xanthone, phenyl
methoxybenzoate and 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene;
Br: 0.25 % by weight of dimethyl carbonate, 0.25 % by weight of anisole, 15.6 % by
weight of phenol, 79.6 % by weight of methyl phenyl carbonate, 4.3 % by weight of
20 dipheny! carbonate;
Bs: 95.0 % by weight of diphenyl carbonate, 5.0 % by weight of high boiling point
material.
The content of each of phenyl salicylate, xanthone and phenyl
methoxybenzoate in the side cut component was not more than 1 ppm, and the

25 content of 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene was 4 ppm. Moreover,

the halogen content was not more than 1 ppb. It was thus found that the purity of
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‘used appaojtiapiznagaNaterial. This starting material contained 32 % by

wei ght of | metthyl carbonate, 5 % by weight of anisole, 41 % by wei ght of
_phenol, and 1 % by 15 wei ght of diphenyl carbonate, and further contained
approximately 250 ppmof Pb(OPh)2 as a catalyst. The starting materi al
substantially did not contain hal ogens (outside the detection |imt for

t he i othedipbenylogarbphate dbtgined fromb tios sidesc)t washeotdeas tharg9w@06Ls.al  was
introduced into the reactive distillation colum of FIG 1 at a flowrate

of 80 WMutebvér tHe SMotintbAiHid RIGhtMirY dithdnl 8arbomateprotiticke e, 17ten /20
Mel | apak and the sieve trays. Reactive distillation was carried out

conti nggusl y under conditions of a tenperature at the bottom of the colum
bei ng 5C, a pressure at the top of the columm being 2x104 Pa, and a

fl ti f 05, It. L 1 gi - t
o o et pRofu skt B3 A Fd Sehba L AR b RR g o
{ heS borMEATSPURYE JBNGAH Cormeale ProdspaLa e B mre Ao BlRat o, (0.1 56
by wei ght of anisole, 2.5 % by weight of phenol, 33.2 % by weight of nethyl
pheny| Unsbeangebaitersto kianrs; 2096rauEs, 4R00:RDyTsy 5080 Bitirs, Ard G geurs.

carbonate, and 1.6 % by wei ght of high boiling point by-products including
the catal yst. <Separation / purification> Using an apparatus conprising the
hi gh boiling point material separating 5 colum A and the diaryl carbonate
purifyith@mgsie@m B as in Exanple 1, the reaction mxture obtained through
the reactive distillation described above was continuously introduced at
11. 3 t yRrdadfiveiddtatibg>separating colum A fromthe inlet Al. The colum
bottom tenperature (TA) was nade to be 205C and the colum top pressure

(PRy was ”Hd?bﬁw&tﬁ‘r% é’&ﬂginr’ %\?t%] Bg "?‘ﬁ@ﬁ‘fj grt;hashw B{;?H% 'C%rbc‘ia’ﬂ'lééithéﬁﬁé@” was

carried out cont 1 nuous ratro columm top

oo Ser kol S R b Htile Mmoo Pty
ton / I‘\weiéf.'lta rattigeofcdcl)r?wgmytl c:a}rJBSGnLIE'ee / Bﬁclarllj&n = H%D to a transesterification reaction was
used as a starting material. This starting material contained 32 % by weight of
dimethyl carbonate, 5 % by weight of anisole, 41 % by weight of phenol, and 1 % by
15  weight of diphenyl carbonate, and further contained approximately 250 ppm of
Pb(OPh). as a catalyst. The starting material substantially did not contain halogens
(outside the detection limit for the ion chromatography, i.e. 1 ppb or less).
The starting material was introduced into the reactive distillation column of
FIG. 1 at a flow rate of 80 ton / hr from a starting material inlet installed between the
20 Mellapak and the sieve trays. Reactive distillation was carried out continuously
under conditions of a temperature at the bottom of the column being 205°C, a
pressure at the top of the column being 2x10* Pa, and a reflux ratio of 0.5. Itwas
possible to attain stable steady state operation after 24 hours. The composition of
the high boiling point reaction mixture, which was continuously withdrawn at 11.3 ton

25 [ hr from the bottom of the column, was 0.1 % by weight of dimethyl carbonate, 0.1 %

by weight of anisole, 2.5 % by weight of phenol, 33.2 % by weight of methyl phenyil
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"conpon@nt0q AJP13wagANoNt i nuously introduced as is into the purifying colum
B from the inlet Bl. The colum bottomtenperature (TB) was nade to be
.210C and the 15 colum top pressure (PB) was nmade to be 4500 Pa in the
purifying colum B, distillation was carried out continuously with a
reflux ratio of 2.0, a colum top conponent (BT) was continuously

Wi t hdr earbomatel.62.5 6k by weight of diplenyd cadbonats, and 1&cVaihwisight sbhigiponent
(BB) was continuously withdrawn at 0.03 ton / hr via the conduit 31, and a

si de cbbilingmuimtebyi-piddtictsiasiucing iheleatalygt. wi t hdrawn at 6.27 ton /20 hr via
the conduit 33. The conpositions of the conponents at 24 hours after the

SySteﬁk@@@aré}ﬁﬁpmmbﬁiel y stable were as follows: AT: 0.1 % by wei ght
of dinmethyl carbonate, 0.1 % by weight of anisole, 2.6 %by weight of

ggezf'pheﬁ;h A o N ST i ol o,

b

cfét 25! %ﬁmﬁ%@#b%%awﬂga%%g%m@ﬁwﬁ*&s% ﬁ?aﬁ’*’?%ﬁﬁ Bt ﬂ?)%.f’%%@'bﬁan t hat
et hoy el 2DEER riroéaﬁ f‘-ﬁ%ﬁ"?@néﬁéﬁ%&wﬁﬂt BRe AEoUEY. 0.3 o
by wei ght of dineth car bonat e, 2 % by weight of anj soI e, 6.1 %by 5

wei ght Tffodiisedat 117 tcm %MWQ/\KIWPQSB“%F%W%@@W theainifst-e, TS 6 % by

wei ght of di phenyl carbonate; BB: 96.0 % by wei ght of di phenyl carbonate,
4.0 % loplumen @bttoa’ftemFlﬁtatwel(TﬂgN@@made e 203G amddhe calusin taff passShref

phenyl salicylate, xanthone and phenyl 10 nmet hoxybenzoate in the side cut
conpongRh) was made oibe 4000 PalintheseparktingecolomntA; distilation was carried out

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene was 3 ppm Moreover, the
ha'lgge%oﬁﬂﬁﬁéunély%ﬁ\ AASfBTEER0 0RO, T 6610mA fopddsmpdhent (A Was eBhtimbELNIr i Ty
withdrawn at 11.0 ton / hr via the conduit 16, and a column bottom component (Ag)
was continuously withdrawn at 0.3 ton / hr via the conduit 11. The column top
component (At) was continuously introduced as is into the purifying column B from
the inlet B1. The column bottom temperature (Tg) was made to be 210°C and the
15  column top pressure (Pg) was made to be 4500 Pa in the purifying column B,
distillation was carried out continuously with a reflux ratio of 2.0, a column top
component (Bt) was continuously withdrawn at 4.7 ton / hr via the conduit 26, a
column bottom component (Bg) was continuously withdrawn at 0.03 ton / hr via the
conduit 31, and a side cut component (Bs) was continuously withdrawn at 6.27 ton /
20  hr via the conduit 33.
The compositions of the components at 24 hours after the system had
become completely stable were as follows:
Ar: 0.1 % by weight of dimethy! carbonate, 0.1% by weight of anisole, 2.6 % by
weight of phenol, 34.1 % by weight of methy! phenyl carbonate, 63.1 % by weight of

25  diphenyl carbonate;

Ag: 40.2 % by weight of diphenyl carbonate, 59.8 % by weight of high boiling point
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‘the di plpgsoylures honqt e obt ai ned fromthe side cut was not |ess than
99.999% Moreover, the anount of this high-purity di phenyl carbonate
.produced was 6.27 ton / 15 hr. Prol onged continuous operation was carried
out under these conditions. The anount of diphenyl carbonate produced and
the purity were substantially unchanged after 500 hours, 1000 hours, and
2000 henaterialficitdenga eatzlyst cBegponentand byiprbductshavingrahighes heilingi ni ng 16
% by wei ght of nmethyl phenyl carbonate that had been obtai ned by

subj ecipoiifl tharthet of gipHemyRtaibbaatt swithas phenyl ealityate) kapteore, phengl  wei ght
rati o of dinethyl carbonate 1 phenol = 1.4 to a transesterification

E33‘?LLE’E‘?}“%%V%L%%%?’E?AFQ%@%‘P%‘?W"%?}“%?ﬁé?%r’é’%’ﬁ’i/?"r}?h&%ingﬁi o L sol e,
49 % ' - 0 w [
deheE)ﬁT\"\@?gg{%‘g{”gg@% dmr !aga@gﬁ%gels’@é%g/‘gg%rv}cﬁéﬁa e 9%:8’\6\63%%?

P 5 T . . . . . :
nal Boe O ARIE ineS deucteiant o ey Bpedl iR, i S aphRaltef e [
ppb or | ess). The starting material was introduced into the continuous

mul t i - SHRRRNY cabonaleiation colum at a flow rate of 94 ton / hr froma
starting material inlet installed between the Ml | apak and the sieve
trays. Bee86t0 Vebyiwsightiofdipheryhsabonata d.0 & by weighhefdighpoilifgerciBbondi t i ons
of a tenperature at the bottom of the colum being 215C, a pressure at the
t op of materiabl umm bei ng 2.5x104 Pa, and a reflux ratio . of 0.4. It was
possible to attain stable steady state operation after 24 hours. The 10

conposi tion Ofhel dsnt&htodt dxohl dfihapyi sdlicyeAas ! ianthohe Bndghentyl ch was

continuously wthdrawn at 17.2 ton / hr fromthe bottom of the colum, was

0. 3% Weffﬁ'?( l@énﬂfaltem 1R Sk ctfe8MPBhent Wad nt H?bré@ﬁ@ﬁ‘t‘l fmaghdties, 6.6 %

by wei ght ot " phenol, 30.2 % by welght of nmethyl phenyl carbonate, 60.1 %

by el qfiniiit S 1RHEENxy CaRMHRDShet ity carboxy-phenylene was 3 ppm.  Moreover,
the halogen content was not more than 1 ppb. It was thus found that the purity of
the diphenyl carbonate obtained from thé side cut was not less than 99.899%.
Moreover, the amount of this high-purity diphenyl carbonate produced was 6.27 ton /
15  hr.
Prolonged continuous operation was carried out under these conditions.
The amount of diphenyl carbonate produced and the purity were substantially

unchanged after 500 hours, 1000 hours, and 2000 hours.

20 Example 3:
<Reactive distillation>
A mixture containing 16 % by weight of methyl phenyl carbonate that had
been obtained by subjecting a mixture containing dimethyl carbonate and phenol in a
weight ratio of dimethy| carbonate / phenol = 1.4 to a fransesterification reaction was

25  used as a starting material. This starting material contained 27 % by weight of

dimethyl carbonate, 7 % by weight of anisole, 49 % by weight of phenol, and 0.5 %
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akafyl gh boi ling point by-products including the catalyst.
15 <Separation /—purification> Using an apparatus conprising the high
‘boiling point material separating colum A and the diaryl carbonate
purifying colum B as in Exanple 1, the reaction m xture obtained through
the reactive distillation described above was continuously introduced at

17. 2 t o) weilht (bfﬂﬂiphél?ﬁ SRPeiAt] atd feihemeoAtdimedappximately 200 ppireo20 col umm
bottom tenperature (TA) was nmade to be 207C and the colum top pressure

(PA) "‘%(Sut > &9 a%té%g?y%\;meit ;ﬂag‘?@ rﬁﬁféﬁaﬁ&ﬁ@ﬁaﬁﬁ’él%d"hot ¢ohtdih haldgenswas

carried continuo eflux ratio of 1, a columm top

\ | ' 4 ' h dui
To. " angodiey e Eiae i 88 etod oAb Aty Lol BB ST ke awm at 0.6
ton/ h ' duit 11 The.25 col t
cont i nuous y 1PRsiaaednatia a8 it 3 ATREBERIIEYadT e i i o
Bl. Th | bot t t t TB de to b a8 . 01 13 KAN
2208 aSHAHOR SPVIRI Bbp TEVCERRI0E o ) | hEoREAS TINBawEte R /Tetelid

purifying colum B, distillation was carried out continuously with a

r ef | ux heiween the Mellapal anddhe sievedrayso miteastive distilaligs wasgarriad et y
wthdrawn at 7.1 ton / hr via the conduit 26, a colum bottom conponent
(BB) wamntinobusiy emsky conditlidnsioha démpeGiutecat the/bditonv phtheheolgmndging31, and
a side cut conponent (Bs) was continuously withdrawn at 9.25 ton / hr via

the corphgeC, 3PpredbiaretattRsdp bofie cdlunhDelNgRBINIT’ Pataniiia hefluxsratibiafi0.4he
system had becone conpletely stable were as follows: AT: 0.2 % by wei ght

of di iR-stals ' raflbA efer 28.Hbute byTHE® wei ght  of
phenor?{gl%gfﬁ(’%w&%ls%ﬂﬁ %?bf%e@t(%%éﬁ %E{éan?‘?e car bona{e, 61.1 % by wei ght of

0L e Yo R L ine/¥ion Bifha"Bd MBLAGH it e ROREK WX SRRRIOESOL 2 % by

[ I'mg=pornt = material inclu catal yst conponent and
by- pr Od#i?ﬁéra@v%vétnigff tcbﬁ QHF fror%othle'br&tom of the column, was 0.2 % by weight of

2.8 % osigpig

dimethyl carbonate, 0.1 % by weight of anisale, 6.6 % by weight of phenol, 30.2 %
by weight of methyl phenyl carbonate, 60.1 % by weight of diphenyl carbonate, and
2.8 % by weight of high boiling point by-products including the catalyst.

15  <Separation / purification>

Using an apparatus comprising the high boiling point material separating

column A and the diaryl carbonate purifying column B as in Example 1, the reaction
mixture obtained through the reactive distillation described above was continuously
introduced at 17.2 ton / hr into the separating column A from the inletA1. The

20 column bottom temperature (Ta) was made to be 207°C and the column top pressure
(Pa) was made to be 4100 Pa in the separating column A, distillation was carried out
continuously with a refiux ratio of 0.61, a column top component (Ar) was
continuously withdrawn at 16.4 ton / hr via the conduit 16, and é column bottom
component (Ag) was continuously withdrawn at 0.8 ton / hr via the conduit 11.  The

25  column top component (Ar) was continuously introduced as is into the purifying

column B from the inlet B1. The column bottom temperature (Tg) was made to be
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*poi nt Apsn1 U3 ®aNi phenyl carbonate such as phenyl salicylate, xanthone,

phenyl 15 net hdxybenzoate and

.1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene; BT: 0.5 % by wei ght of
~dinmethyl carbonate, 0.2 % by weight of anisole, 16.0 % by weight of

phenol, 73.2 % by wei ght of nethyl phenyl carbonate, 10.1 % by wei ght of

di phengP0otwabdithe €oludih téplpeskuley (R iveas matie do bes3B00 Baiidtheaperifybd % by
wei ght of high boiling point 20 nmaterial. The content of each of phenyl

sal i cykgiufhn BapisaRaforiies RBRTEH outBIrtiPplEAne: 8 reflud fiosdfdied8ua conponent
was not nore than 1 ppm and the content Of

1- pheneesmﬁm W%é@.ﬁ%@qgﬁ%& f&%ﬁ?@%gﬂy b@p&d@ﬁ af 7PPEn MiviaYes ,  the

hal ogen co e than was thus found that the purity

of 25 the.di phenyl, c e ' f S . I t han
99. 999%’”"%2@0@&9!“"?@g%%ﬁﬂ?%@wﬁﬂ?ng}ﬁt‘:gﬁplﬁ‘t@f%\?gﬁtg\r?@?i"@%? P

pr oduc was, 9.25 t / 9 AQ501, UP13 KA . Prol gnged conti nuous

ope? at ?gﬁvkﬁé@ewgg%ﬁpg@nﬂ i CHHE%@PE’BHE\ Qé]% yeas CGFEQ%QHB@n\Y&%‘#}%W:ﬁp%e nyl
carbonat e produced and the guri ty were substantially wunchanged after 500
hour s, SifptPridurda thegondigb3Bours. 5 Industrial Applicability The present

I nvention can be suitably used as a specific process that enables a

hi gh- purity dhercdmpositionsaefdhe tamponentsati24 houes afterdiefystam f|adof a

hi gh-qual ity and hi gh-performance pol ycarbonate to be produced stably for a

10 probeoge@ genpletelpistatierwvepe agokowsist ri al scale of not less than 1 ton /
hr using as a starting naterial a reaction m xture containing an al kyl

G2 ST e b SRoonite ol gt ot oo et veen <

10  weight of phenol, 31.7 % by weight of methyl phenyl carbonate, 61.1 % by weight of
diphenyl carbonate;
Ag: 39.8 % by weight of diphenyl carbonate, 61.2 % by weight of high boiling point
material including a catalyst component and by-products having a higher boiling
point than that of diphenyl carbonate such as phenyl salicylate, xanthone, phenyl

15  methoxybenzoate and 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene;
Br: 0.5 % by weight of dimethyl carbonate, 0.2 % by weight of anisole, 16.0 % by
weight of phenol, 73.2 % by weight of methyl phenyl carbonate, 10.1 % by weight of
diphenyl carbonate;
Bs: 94.0 % by weight of diphenyl carbonate, 6.0 % by weight of high boiling point

20 material. |

The content of each of phenyl salicylate, xanthone and phenyl

methoxybenzoate in the side cut component was not more than 1 ppm, and the
content of 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene was 4 ppm. Moreover,
the halogen content was not more than 1 ppb. It was thus found that the purity of

25 the diphenyl carbonate obtained from the side cut was not less than 89.999%.

Moreover, the amount of this high-purity diphenyl carbonate produced was 9.25 ton /
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15 20 Qoixy UP13 KAN CLAIMS We claim 1. In an industrial process
for th@D§§3 ucﬁﬁbn of a high-purity diaryl carbonate in which the
_high-purity diaryl carbonate is produced by taking as a 5 starting nateri al
a reaction m xture containing an al kyl aryl carbonate, which has been
obtai ned through a transesterification reaction between a dial kyl carbonate
and apraromati c nonohydroxy conpound, continuously feeding the starting
material into a reactive distillation colum conprising a continuous

mul ti-stage pr@bhhbdtbRfhudisbpbration Waiscdaried 8UPARGSOMRsEToRdIRINS S
present, carrying out a transesterification 10 reaction and distillation

simult i : i it } ialfi | 1 ng poi nt
reacti gﬁ%%@(%%?ﬂe&c%@?%ﬁkﬁggbg ag‘?@mceg%ﬁ %I a%gf\gdoérqgtsgb% frag}rl]agg upper
portion of the cplu L.n a us _fo tinuously wi thdrawi ng a

hi gh bb'f’PFﬂﬁgecbaﬁﬁ'igﬁgheﬁsoﬁaﬁﬁglob‘(% %@n%@qtﬂhﬁ a diaryl carbonate froma

| omwer portion of the colum in a liquid form continuously introducing said
hi g boiling point reaction 15 mixture into a high boiling point material
separating colum A, and continuously carrying out separation by

di st i | IndusinaliAppdicabity unm t op conponent AT containing the diaryl
carbonate and a col umm bottom conponent AB containing the catal yst, and

t hen conti nudirel présent dduentian tdam bel auitably pusashasnenspegificnpwcgssi ey |
carbonate purifying colum B having a side cut outlet, and continuously
carryi ighablis achighaburiip d8rybycatibohate! thiat aran beoused @suanrawmatemabrofng BT,
a side cut conponent Bs and a colum bottom conponent BB, the inprovenent

whi ch GigmBUERS: ahd) high-SerfEmtdnces pllyddrbbmataOrb Cise UpToduRsr s&dly dor a

continuous nulfi-stage distillation colum having a length L (cm, an

I nghde fhRMELE pdRddCEN timédn' & Fiditrid) ddle of not less than 1 ton / br using as a
starting material a reaction mixture containing an alkyl aryl carbonate obtained
through a transesterification reaction between a dialkyl carbonate and an aromatic

monohydroxy compound.

15

20
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“a nunbpapsof UHPO¥AN thereinside, a gas outlet having an inside dianmeter di

(cm at 25 the fop of the colum or in an upper portion of the columm near

tothe top, aliquid outlet having an inside dianeter d2 (cm at the

bottom of the colum or in a lower 61 A0501 UP13 KAN portion of the colum
near to the bottom at |east one inlet provided in the upper portion
and/or a mddle portion of the col JAIM8 ow the gas outlet, and at | east
one inlet provided in the | ower portion of the colum above the |iquid
outletwanbaigin L, D, n, di, and d2 satisfy the followng fornulae (1) to
(6); 5 1500 L S 8000 (1) 100 D<_ 2000 (2) 2L/ D<_40 (3) 10n580 (4)

2D7dl-<_15 () ﬂ'pari%dg%pﬁlég)r&@éssfﬁplhesﬁi‘o@u%aﬁo?g'm?ﬂguﬂ? e terial

separating col um es a contlnuous mult | ati on col umm

galxpr“,%g%ﬁgf‘% @Igdg@ i wﬁﬁph_ﬂm?w@h%@%%fﬁ%sﬁﬁ 39“9@@5 &1y the
100° (o5 g °Fr£a‘§¢r2eﬁéé%#ﬁe&%%wé?eeﬁﬁamhé%%ﬁﬁaw Spffpnhhds 0 "4 S
continuous multi-stage distillation colunn having a | engt h LB (cm,

i nsi debapRMbtapediroLE a tratsastenlicatiph spactins; ketwsenc diikyl ﬁﬁ@or@ée_aafi an

i nternediate protion of the colum, and a side cut outlet B2 between the
inl et 2BEramatic meonaydexhoompeynd reatinuhusly feedisg toe starting sateriak into

i nternal above the inlet 131 is n,, a nunber of stages of the internals
bet weean rebetivendiistillkidh ealdmnhmmsprising atcomtinLiets Bilti-stayd distilhatidrecolofmnst ages

orne in which a homogeneous catalyst is present, carrying out a transesterification

10 reaction and distillation simultaneously in the column, continuously withdrawing a low
boiling point reaction mixture containing a produced dialkyl carbonate from an upper
portion of the column in a gaseous form, and continuously withdrawing a high boiling
point reaction mixture containing a diaryl carbonate from a lower portion of the
column in a liquid form, continuously introducing said high boiling point reaction

15  mixture into a high boiling point material separating column A, and continuously
carrying out separation by distillation into a column top component Ay containing the
diaryl carbonate and a column bottom component Ag containing the catalyst, and
then continuously introducing the column top component At into a diaryl carbonate
purifying column B having a side cut outlet, and continuously carrying out separation

20 by distillation into a column top component Br, a side cut component Bs and a
column bottom component Bg, the improvement which comprises:

(a) said reactive distitllation column comprises a continuous multi-stage

distillation column having a length L (cm), an inside diameter D (cm), an internal with
a number of stages n thereinside, a gas outlet having an inside diameter d; (cm) at

25 the top of the column or in an upper portion of the column near to the top, a liquid

outlet having an inside diameter d, (cm) at the bottom of the column or in a lower
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i nter nahgo PP t side cut outlet B2 is n3, and a total nunmber of stages

is nB(=n + 25 n2 + n3), wherein LB, DB, nl, n2, n3, and nB satisfy the

following formulae (10) to (15); 1000 S LB < 5000 (10) 62 A0501 UP13 KAN

100 s DB < 1000 (11) 5< nl< 20 (12) 125n2~S 40 (13) 3n3~S 15 (14) 5 20
nB < 70 (15); and (d) not less than 1 ton / hr of the high-purity diaryl
car bonpbrionsofahé @olifen neanto thedsistiom ast ledst aricdimletyrovidedamte u@ser 2. The
process according to claiml, wherein a distillation operation of said 10

hi gh ggbhidagarkybﬂé nBHRY pHios AP HEHINErFIBLIBWhA o Gitlet] &1 atieast ope col um
botto tenperature TA in a range of from 185 to 280C, and at a colum top

Pr eSS Uf ety &beaedgnglﬁ%@&fp&ﬁgﬁbi cAIamPOS e he ﬁjlu?cfsauf?ét?%bké}himfb,

operat i on ‘of sal carbonate puritying colu I's carried out at a
col umm _bqtto enperature, IB. in a n from185 to 280C, and at a

col um™ baageézs%ﬂbbqﬁ"awmfgémak%r@i#?i%o 15 to 20000 Pa. 3. The
process according to claiml or 2, wherein |, D, L/ D, and n for said
reattive di sﬂgb = gn%% satisfy the fgll)l ow ng formul ae; 2000 L 6000,
150 s D: 1000, 3 s L1 D< 30, and 15 < n < 60, respectively, 20 LA, DA,
and nA for saP8 & &h H0200%g point materialZ)separating colum A satisfy
the follow ng fornmul ae; 1000 < LA < 2500, 200 s DA < 600, and 30 < nA 5
70, respecti ey L AB, =DE0 n1, n2, n3, and (B for said diaryl carbonate
purifying colum B satisfy the follow ng formulae; 1500 <_ LB < 3000, 150 5
DB <_ 500, 718_shn <180 12 25 n2 < 30, 3(4H_n3 < 10, and 25 <_ nB < 55,
respectively,

2

A

D/dy = 15 (5)
10 5 =D/d; £ 30 (6);
(b) said high boiling point material separating column A comprises a
continuous multi-stage distillation column having a length La (cm), an inside diameter

Da (cm), and an internal with a number of stages na thereinside, wherein La, Da, and

na satisfy the following formulae (7) to (9);

15 800 = L, = 3000 (7)
100 < Da = 1000 (8)
20 < na £ 100 (9);

{c) said diaryl carbonate purifying column B comprises a continuous
multi-stage distillation column having a length Lg (cm), an inside diameter Dg (cm),
20 an internal thereinside, an inlet B1 at an intermediate protion of the column, and a
side cut outlet B2 between the inlet B1 and the column bottom, in which a number of
stages of the internal above the inlet B1 is ny, 2 number of stages of the internals
between the inlet B1 and the side cut outlet B2 is nz, a number of stages of the
internals below the side cut outlet B2 is n3, and a total number of stages is ng (= ny +
25 N2+ n3), wherein Lg, Dg, Ny, N2, N3, and ng satisfy the following formulae (10) to (15);

1000 = L = 5000 (10)
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"TA is ppset e leANfrom 190 to 240C, PAis in a range of from 2000 to
15000 63 A0501 UP13 KAN Pa, TBis in a range of from 190 to 240C, and PB
,is in a range of from 2000 to 15000 Pa. 4. The process according to any
one of clains | to 3, wherein each of said 5 reactive distillation colum,
said high boiling point material separating colum A and said diaryl
carbonate pulDbyEn@sce UBOOB is a distillafipn col um having a tray and/or
a packing as said internal. 5. The process according to any one of clains 1
to 4, whereip saind gegotive 10 distillati@®)colum is a distillation
colum having, as the internal, the packing in the wupper portion of the
colum, and y§be<t (@y<i ot he | ower portion ﬁfs)t he colum, and the internal
of each of said high boiling point material Separating colum A and said

di aryl car bogake "Ehug f.%i]ng colum B is the 196Cki ng. 15 6. The process
according to“cFai ! erein the packing gs a structured packing which is

at | east one.,selected fromthe group consistd.n f Mel | apak, Genpak,
TECHNO- PAK, ¢ E%e-nPA . fg Sul zer packi ng, aﬁé&)%?‘gl | packing, and a
ditchgrid. 20 7. The process according to claim4 or 5 wherein said tray

of said react@weot lgsssthan hiqrorhrcef thahighspurity; diseyl cRERPNRER ISePtaingdy e

portion and a down coner portion. 8. The process according to claim?7,
wher ei goptindousliyas the siderad coopanent BS00 holes / n2 in the sieve portion.
25 9. The process according to claim7 or 8, wherein the cross-sectional
area 64 A0501 UP13 KAN per hole of said sieve tray is in a range of from
0.5to 5 cn2. 10. A high-purity di phenyl carbonate which is a diaryl
carbonat e produdg process according to claim 1, wherein a distillation operation of said
10 high boiling point material separating column A is carried out at a column bottom
temperature Ta in a range of from 185 to 280°C, and at a column top pressure Pa in
a range of from 1000 to 20000 Pa, and a distillation operatioh of said diaryl
carbonate purifying column B is carried out at a column bottom temperature Tg in a
range of from 185 to 280°C, and at a column top pressure Pg in a range of from 1000

15  to 20000 Pa.

3. The process according to claim 1 or 2, wherein L, D, L./ D, and n for said
reactive distillation column satisfy the following formulae; 2000 = L = 6000, 150
=D =£1000,3 = L/D £ 30,and 15 = n = 60, respectively,
20 La, Da, and nx for said high boiling point material separating column A satisfy
the following formulae; 1000 £ Ls = 2500,200 = Da < 600,and30 = np =
70, respectively,
Ls, Dg, Ny, Nz, N3, and np for said diaryl carbonate purifying column B satisfy
the following formulae;1500 < Lg = 3000,150 < Dg = 500,7 = ny = 15,12
256 =n =303 =n; = 10,and25 £ ng = 55, respectively,

Ta is in a range of from 190 to 240°C, P4 is in a range of from 2000 to 15000
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"by theapsosess1Rqeqding to any one of clains 1 to 9, said diphenyl
carbonate being™5 unsubstituted or substituted with a | ower hydrocarbon,
_and having a hal ogen content of not nore than 0.1 ppm and a content of
by- products having a higher boiling point than that of said diphenyl
carbonate of not nore than 100 ppm 11. The high-purity di phenyl carbonate
accor dPagTk ¢ il arangeof frdrarte0ntos24at C, dddd?gisén | racgehd fisne 2060 4o 48080 t ut ed
di phenyl carbonate, and the hal ogen content is not nore than 10 ppb, and
the coplent of each of phenyl salicylate, xanthone, phenyl

met hoxybenzoat e, and 1-phenoxycarbonyl - 2- phenoxycar boxy- phenyl ene, which
are the by-products having the higher boiling point than that of the

di phenyl carbonate, is not nore than 30 ppm 15 12. The high-purity

di phenyl carhong{e accor.dj ' [ ej e ee[%h

by- product s ﬁaviﬁ?ﬁ p[rﬂ%eéﬁ %‘g‘%f&@@ﬁ}’?dﬁ? %‘gﬁ ?nfxt,@%h-ggn{]tt %gt w(l:;'% P@he I %estr?w
carbonate js pot nore than 5Q 20 13.. The hi.gh- puri di phenyl

car hon5e2rtyeistiiatign ICB}LEF%-i $aid %?g%@ﬁ@g Rofi@atﬁﬂgbﬁ??@% gﬂlg'n?r%xﬁgfj nor e
than 1 ppb, and the content of the by-products having the hi %her ?oi i ng
poi nt SAkshdiaRd cadionate parifingelupay Bis ardistiligtinn colspa haning a rayand/iars.  an
apparatus for producing a high-purity diaryl carbonate which 25 conprises;
a react packifigsa$ saiskintemnalol unmm conpri sing a conti nuous nulti-stage
distillation 65 A0501 UP13 KAN columm in which a honbgeneous catal yst is

present, said reactive distillation colum receiving a reaction mxture
contai ning an al kyl aryl carbonate as a starting material, which has been

obt ai ned t hr gughThe froaaseatsdrdirigcatarone st tiamis hab e amereiti sdid yéactive
carbonate and an aromatic nonohydroxy conpound, wherein a

gLfiBfﬁ%ftiﬁﬂléfiErﬁ %Biu%a‘él & @Vﬁ;@g?m 868N ﬁ%\}ibgﬁéé i iRtdPHbE 89S pHskiNg s trear ri ed

e col um, g poln action mxture contalning a

producqgodf Bbkion SARBYRUin, SndMHd A7 M tHe"1BWeP Bortion of the column, and the

internal of each of said high boiling point material separating column A and said

diaryl carbonate purifying column B is the packing.

15 6. The process according to claim 5, wherein the packing is a structured
packing which is at least one selected from the group consisting of Mellapak,
Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroli packing, and a

Glitchgrid.

20 7. The process according to claim 4 or 5, wherein said tray of said reactive

distillation column is a sieve tray having a sieve portion and a down comer portion.

8. The process according to claim 7, wherein said sieve tray has 100 to
1000 holes / m? in the sieve portion.
25

9. The process according to claim 7 or 8, wherein the cross-sectional area
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“upper pesbhQpPs KA colum in a gaseous form and a high boiling point
reaction mxture containing a diaryl carbonate is withdrawn froma | ower

_portion of the colum in a liquid form 10 a high boiling point nmateri al
separating colum A connected with said reactive distillation colum and
receiving said high boiling point reaction m xture, wherein separation and
di sti | pat hole éfsaidsicvedrayis in atrange obfromm0OSo Sonmponent AT cont ai ni ng t he
di aryl carbonate and a columm bottom conponent AB containing the catalyst;
and 15 a diaryl carbonate purifying colum B which is provided with a side
cut outlet, and which is connected with said high boiling point material

| _ h
separating cobun HioRiflrity GEALKYINGbETaEUNER i ARIA9EABEAL Jrobeay ! he

I n’'se aralon nIS carried out into a

comonbk he BB e dpofahd B it A LD o e BRI IBRER o

contlnuous | ti-stage t|IIa um, havi n

i ns? de YHFY deﬁr(%ﬁ)St't‘gﬁg er\maﬁoca({bgnr%c?haylngtagéglggﬁ&[Dfr%l eéﬁnm de,
a gas outlet having an insi de di aneter dl1 (cn) at _.the to the col um or
in an @Hpet mese tham0ds prmeand purantertT ttyoprtqqlelctsﬂ)av"ag ﬁ.hjgﬁ%r b%mg BPINhavi ng
an inside dianeter d2 (cm at the bottomof the colum or in a |lower 25
por t i otharn thah ef seiddipherycarbondte db oot mare dhan 486tppohe i nl et provided in

t he upper portion and/or a mddle portion of the colum bel ow the gas
outlet, and at | east one 66 A0501 UP13 KAN inlet provided in the |ower
portion of the columm above the liquid outlet, wherein L, D, n, di, and d2

satisfy the #ql | gpeng rﬁ?unw &BhéAY depbdrfate abeBRihg to 8RAA 10l whet8i said52000
(2) 521U DS40(3? 0n S 80 (4
10  diphenyl carbonate is unsubstituted diphenyl carbonate, and the halogen content is
not more than 10 ppb, and the content of each of phenyl salicylate, xanthone, phenyl
methoxybenzoate, and 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene, which are

the by-products having the higher boiling point than that of the diphenyl carbonate, is

not more than 30 ppm.

15
12. The high-purity dipheny! carbonate according to claim 11, wherein the
content of the by-products having the higher boiling point than that of the diphenyl
carbonate is not more than 50 ppm.
20 13. The high-purity diphenyi carbonate according to claim 12, wherein the

halogen content is not more than 1 ppb, and the content of the by-products having

the higher boiling point than that of the'diphenyl carbonate is not more than 10 ppm.

14, An apparatus for producing a high-purity diaryl carbonate which
25 comprises;

a reactive distillation column comprising a continuous multi-stage distillation
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2D/ di @N d2 S 30 (6); (b) said high boiling point materi al
separ atl n o conprises a 10 continuous nulti-stage distillation

_col um haV| ng a Iength LA (cm, an inside dianeter DA (cm, and an
internal with a nunber of stages nA thereinside, wherein LA, DA, and nA
satisfy the following fornulae (7) to (9); 800 LA 3000 (7) 100 DA 1000 (8)

15 20 gdium #Owhidn a emcRindods aaydlystas (ppesdrst, paidi reptings distillatiorBeolampt i ses
a continuous nulti-stage distill atl on colum having a length LB (cm, an

i nsi de Sl ARREY f%tl@ﬁ%lﬂ%@%ﬁlﬁlﬁ@%n bh’@f Sh/hehffonate ak 1 Sfa Aatéial,

|nterrred|ate protion of e colum,; and side cut outlet B2 etweenthe
I nl et %ﬁ,& I.N e %:%ﬁs
i nterna |'goril‘\(/aes p eﬁ%#gﬂegi’ﬂ'@ﬁg}h a trﬁﬂén% m&t geéeggoﬁ]?bt e | nterna
bet vveen the inlet, 1311 an cut outl et B2 tages
of e el ol %Rsanzaﬂ@ moaehxﬁwumw&d-l \s/hﬁéelﬂ %&%&@F%ﬁ% er ot
stages is nB ( , wherein r? nq@_‘tlsfy
t he fo|r¢%meganér%illb?élomﬁmt@ne@wly '§o?ﬂfﬂﬁd 0&& in fh@oe%lut%)a 9% RYS DR <
1000 (11) 5<.nl S20 (12) 67 A0501 UP13 KAN 12n2540 (13) 3< n3<_15 (14)
20 nB $oiY reasyion miitere Thetaiipdeapipsiugeddtiaikigcarbonata i Wilhdradey E0m 2n
distillation operation of said high boiling point material separating
col umm uppees peation ed thetcalima inoé Lgaseooist form, tamdpartigh reiling ipeind neastien of
from 185 to 280C, and at a columm top pressure PA in

mixture containing a diaryl carbonate is withdrawn from a lower portion of the column

in a liquid form;

10 a high boiling point material separating column A connected with said
reactive distillation column and receiving said high boiling point reaction mixture,
wherein separation and distillation is carried out into a column top component Ar
containing the diaryl carbonate and a column bottom component As containing the
catalyst; and

15 a diaryl carbonate purifying column B which is provided with a side cut outlet,
and which is connected with said high boiling point material separating column A and
receiving the column top component Ay from the side cut outlet, wherein separation
and distillation is carried out into a column top component Br, a side cut component
Bs and a column bottom component Bg, wherein

20 (a) said reactive distillation column comprises a continuous muiti-stage
distillation column having a length L (cm), an inside diameter D (cm), an internal with
a number of stages n thereinside, a gas outlet having an inside diameter d, (cm) at
the top of the column or in an upper portion of the column near to the top, a liquid
outlet having an inside diameter d (cm) at the bottom of the column or in a lower

26  portion of the column near to the bottom, at least one inlet provided in the upper

portion and/or a middle portion of the column below the gas outlet, and at least one
66



*a rangaopsb1fuem 4609 to 20000 Pa, and a distillation operation of said
diaryl carbonat® purifying colum B is carried out at a colum bottom
_tenperature TB in a 10 range of from 185 to 280C, and at a colum top
pressure PB in a range of from 1000 to 20000 Pa. 16. The apparat us
according to claim214 or 15, wherein L, DL L/ D, and n for said reactive
di sti | irpét proviiRidurthe fiwerfportioe of thd colunm disovathadiquadodtiet, whereid., €000,
150 < D < 1000, 3 SL/ D-<_30, and 15 n <_ 60, respectively, LA DA

and nApf | &, SatrR B 1ol18QikPiortuled @yikgleseparating columm A satisfy
t he folnf %aﬁgj gzor rrugltﬁée; 1000‘@ LAu<_ ggoo,k )300 < DA < 600, and 30 <_ nA

70, respecti <L ,_<D% , N2, n3, and for said diaryl carbonate
puri fying coﬁggﬁ B sEat—lsOWZO the foll ow Qg formul ae; 1500 <_ LB S 3000,

150 S DB S 58& é@g@ , 12 < n2 <_ , 3 <_n3 <_ 10, and 25 <_ nB
< 55, respe Pv 4 in a range of f¥om 190 to 240C, PAis in a range
of from 2000_tao 15000  Pa, TBis in a rangg,,of from190 to 240C, and PB is
in @ range of éirﬁ'goéo‘@o 15000 Pa. 25 1&.) The apparatus accordi ng to any
one of clains 14 to 16, wherein each 68 A0501 UPI 3 KAN of said reactive
distillati on'@oém’h,és%@d hi gh boiling poiff) material separating colum A
and said diaryl carbonate purifying columm Bis a distillation colum
having a trag =afdfdy & pécking as said inf®nal. 5 18. The apparatus
according to any one of clainms 14 to 17, wherein said reactive
distillationsa unmd,s<a3di stillation col uf@), having, as the internal, the
packing in the upper portion of the colum, and the tray in the | ower

portion of thg) §4HWh bofiRg Eoggdmabﬁéngéopa?ém@@blmn Adofhgtisgls &0i | i ng poi nt

material separating colum said diaryl carbonate purifying colum B
I's jphe RRkLBYs multi-stage distillation column having a length La (cm), an inside diameter

Da (cm), and an internal with a number of stages na thereinside, wherein La, Da, and

na satisfy the following formulae (7) to (9);

800 = La = 3000 (7)
100 = Da = 1000 (8)
156 20 = na = 100 (9);

(c) said diaryl carbonate purifying column B comprises a continuous
multi-stage distillation column having a length Lg (cm), an inside diameter Dg (cm),
an internal thereinside, an inlet B1 at an intermediate protion of the column, and a
side cut outlet B2 between the inlet B1 and the column bottom, in which a number of
20 stages of the internal above the inlet B1 is n4, @ number of stages of the internals
between the inlet B1 and the side cut outlet B2 is n, a number of stages of the
internals below the side cut outlet B2 is n3, and a total number of stages is ng (= n¢ +

nz + nz), wherein Lp, Dg, My, N2, N3, and ng satisfy the following formulae (10) to (15);

1000 < Lg < 5000 (10)
25 100 < Dg = 1000 (11)
5=nm = 20 (12)
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*10 19. ApBB1 s AR according to claim 18, wherein the packing is a
structured packimg which is at | east one selected fromthe group consisting
.,of  Mellapak, Genpak, TECHNO PAK, FLEXI-PAK, a Sul zer packing, a Goodrol
packing, and a Gitchgrid. 15 20. The apparatus according to claim17 or

18, wherein said tray of said reactive distillation colum is a sieve tray
having a siet2 gopbign4gnd a down conmer p@dd)ion. 20 21. The apparat us
according to claim 20, wherein said sieve tray has 100 to 1000 holes / n?
in the sieveapesty,08 132. The apparatus achQding to claim?20 or 21

wherein the cross-sectional area per hole of said sieve tray is in a range

of from0.5 bg & HR< 2 69 (15).

5 15. The apparatus according to claim 14, wherein a distillation operation of
said high boiling point material separating column A is carried out af a column bottom
temperature Ta in a range of from 185 to 280°C, and at a column top pressure Py in
a range of from 1000 to 20000 Pa, and a distillation operation of said diaryl
carbonate purifying column B is carried out at a column bottom temperature Tg in a

10 range of from 185 to 280°C, and at a column top pressure Pg in a range of from 1000

to 20000 Pa.

16. The apparatus according to claim 14 or 15, whereinL, D, L/D, and n
for said reactive distillation column satisfy the following formulae; 2000 = L =
15 6000,150 = D < 1000,3 = L/D = 30,and15 = n = 60, respectively,
La, Da, and na for said high boiling point material separating column A satisfy
the following formulae; 1000 < La = 2500,200 = D = 600,and30 = ny =
70, respectively,
Lg, Dg, N1, Nz, N3, and ng for said diaryl carbonate purifying column B satisfy
20 the following formulae;1500 =< Lg = 3000,150 = Dg = 500,7 = my = 15,12
= n = 30,3 £ nz =10 and25 = ng = 55, respectively,
Ta is in a range of from 190 to 240°C, P, is in a range of from 2000 to 15000
Pa, Tg is in a range of from 190 to 240°C, and Pg is in a range of from 2000 to 15000
Pa.
25

17. The apparatus according to any one of claims 14 to 16, wherein each
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of said reactive distillation column, said high boiling point material separating column
A and said diary! carbonate purifying column B is a distillation column having a tray

and/or a packing as said internal.

18. The apparatus according to any one of claims 14 to 17, wherein said
reactive distillation column is a distillation column having, as the internal, the packing
in the upper portion of the column, and the tray in the lower portion of the column,
and the internal of each of saiAd high boiling point material separating column A and

said diaryl carbonate purifying column B is the packing.

19. The apparatus according to claim 18, wherein the packing is a
structured packing which is at least one selected from the group consisting of
Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroll

packing, and a Glitchgrid.

20. The apparatus according to claim 17 or 18, wherein said tray of said
reactive distillation column is a sieve tray having a sieve portion and a down comer

portion,

21. The apparatus according to claim 20, wherein said sieve tray has 100

to 1000 holes / m? in the sieve portion.

22. The apparatus according to claim 20 or 21, wherein the cross-sectional

area per hole of said sieve tray is in a range of from 0.5to 5 cm?.
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