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| NDUSTRI AL PROCESS FOR PRCDUCI NG AN AR(]VA‘FI{:—GARBG%IE
Techni cal Field The present invention rel

i ndustrial process for producing an 5 aro 'ﬁmmwmmu"’"w"l
carbonate. Mre particularly, the present
relates to an industrial process for the produt§§1lﬁ®n
e | f
R RS s FQREROTGING AR ARCAATI EareSRate
pol ycar bonate by taking an al kyl aryl carbonate as a
starti ng material, which is obtainable through a
terification reaction between a dial kyl
Techru %%sé‘ﬂgte and an aromati ¢ nonohydroxy conpound, and 10
by _converting this starting material into aromatic
caf i REasest byentiPnirelgtes tei 2l ndustial peness fasppdwging an
product in a continuous nulti-stage distillation
aromatisl carhohatewhiMdre partieulatly, she ipsegand drrantioBaelajestman mdustrial
15 An aronatic carbonates is inportant as a raw
processf@rthalproductiomeofia ige tnmund bf aarapomiatic caddorade sefu as a
which is the nost wi dely used engineering plastic,

raw métémslwf a tb@rh%térﬁwaﬂoﬁh@@tﬂﬁd@olyﬁ%r@oﬁtémakﬁ?ran alkyl aryl
produci ng an aronmatic carbonate, a procéss o

carbthﬁaCéé BGtAfing mRARFEE WHIEHP RYSHtaRAbROMPOUEH a Wdnkesterification
phosgene has been known from|ong ago, and has al so

reactlgﬁ%rét\%‘f%él!ﬁélﬁﬂt qﬂﬁoﬁat‘éaa’doeéﬂ Rfméﬁ FHo‘ﬁ%h Hrd @pcthd, and

years wever 'S process Ras 't he pro f usi ng

by coR@é%‘ﬁ%?@s s?#]‘ﬂ @?nﬁ’tgﬂéflhfg;aro?#étﬂf éé}%ﬁgtesr%%élbﬁgs B%?)EI

are 0 Separate out areé present
crvol GRS BB LB 5 L SRR i
raw. material for the production of the aromatic

a cat Yﬁt)}%BF%ﬁﬁ‘ te. Because such chlorinated inpurities
mar kedly inhibit the polynerization reaction in the 25
transesterification nmethod which is carried out in the

presence of an extrenely small amount of a basic
Backgrapaffst; for exanple, even if such chlorinated
inmpurities are 1 ~~~ present in an amount of only 1

pphi argralio carhonaies isdmpeaiant ¢s jgrievematerial fer the preduction of
aromatic polycarbonate which is the most widely used engineering plastic, 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 present in the aromatic
carbonate produced using this process, and hence the aromatic carbonate cannot be
used as the raw material for the production of the aromatic polycarbonate. Because
such chlorinated impurities markedly inhibit the polymerization reaction in the
transesterification method which is carried out in the presence of an extremely small

amount of a basic catalyst; for example, even if such chlorinated impurities are
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make the aromatic carbonate capable of being used as
the raw material of polycarbonate of the
transesterification nmethod, troublesone multi-stage
separation/purification processes such as enough
washing with a dilute aqueous 5 alkaline sol ution and

reseie 85 Cfyo bl 481 e don i bR .
makei'a"%ﬁo&“%n?é‘égv%&% b P
polyca PRSI bR BsRaIREAion Bistaen e ot nadlirboen,

the other hand, a process for producing aronmatic
separatiggHElcationtreagssesIsLay amenaueh Wasbindi with Adtilte aayeous
bet ween a di al kyl carbonate and an aromatic
alkalinmaelntion exgd hob wyatemn giliveatar sepacation. disijiatioarandssecon are thus
transesterification reactions are all equilibrium
requiredac Fughserm&ia) diee viedd efjihnel aromaticscazip@ndie ateede ssasrdueeloy
toward the original systemand the reaction rates are

hydroBkos@ddring ftisie sebarationgnaifieaton predussesf f Tholdfores thdre are
produci ng aromati c carbonates industrially in |arge

many@?@bl@h% indarglirPolitthes MRetiRbecorRIgically Bh ARaRaListribpy&le.
been made to i mprove on the above difficulties, but

oSk tﬁé ot Haraey rb@é f?)‘f' FH}HE{‘& cé?tfboﬂates hrough
gps eactl met ﬁ

catalyst to I ncre rate.

trans{s}?%?g%é?igf\ rQQth?ort% é}p@%ﬂ%oélgﬁﬁygéar%%hg 4 %Itl& aEQa{roHytlﬁ

ranses ati1 on action

' nsi,
monof§ffody ZeitBiF i Siiinasbreler %@%@ﬁ&a‘%s%%ﬁ@ﬁ%gomreawons
anese Pat ent cat i
are albqadBRES Teadiins o hiR Ui oS @Pr'tm 2Bk Blassf e sameliward
nese Pat ent i catign Lai
the g 33515 1BINF CSBRINR WUES BEIor. B ReHCPaRgRIve been
lication No. 2528412, British Patent No. 1499530,
many glifficulties wpa;c@qcnwromq;m?ongtg&m@gén@& iBarge amounts using
Application Laid-Open No. 51-75044 (corresponding to
this mediad. P evaralFropasaladiaviedadromant to 2BexB@E0N thejake\s:
25 Patent No. 4045464)), tin conpounds such as an
difficuiiegabot most af these davarrdiaded toodgeriopmient oka detalyg de increase
Pat ent Docunents 2: Japanese Patent Application
the rebafich @ten Many metal compounds have been proposed as catalysts for this
type of transesterification reaction. For example, Lewis acids such as a transition
metal halide and Lewis acid-forming compounds (see Patent Documents 1:
Japanese Patent Application Laid-Open No. 51-105032, Japanese Patent Application
Laid-Open No. 56-123948, Japanese Patent Application Laid-Open No. 56-123949
(corresponding to West German Patent Application No. 2528412, British Patent No.
1499530, and U.S. Patent No. 4182726), Japanese Patent Application Laid-Open No.
51-75044 (corresponding to West German Patent Application No. 2552907, and U.S.
Patent No. 4045464)), tin compounds such as an organo-tin alkoxide and an

organo-tin oxides (see Patent Documents 2: Japanese Patent Application Laid-Open
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No. 54-48733 (corresponding to West Cerman Patent
Application No. 2736062), Japanese Patent Application
Lai d- Open No. 54-63023, Japanese Patent Application

Lai d- Open No. 60-169444 (corresponding to U S. Patent
No. 4554110), Japanese Pat ent Application Laid-Open

No. 54873350 e sportditd AR St Ratent APBlisation)o, ee062),

345, Ja ane P t ent [ n Lai

Japangssgiiant AgaRANEEd kAN Mp b EaD28n RS SRApDlication

60- 169444 (correspondl ng to U. S. Patent No. 4554110),
Laid-Qagr hes S0pHR M (CAﬁsrw@ra@merﬁo LhSdPetssm N 456611@ dapanese

(corresponding to U.S. Patent No. 4552704), Japanese
PatenpAppticatiqppl.aid4dperm Noa 68~ ‘(ﬁ@éﬂ&(@orr@gpmegm W3S pRatent No.

Pat ent Application 10 Lai d-Open No. 1-265063), salts
45527404, dpandasadRateht Applidationdiad-©OpemiNal 821277848 aldganese Patent

netals (see Patent Docunent 3: Japanese Patent

Applictiphilead-Gpen-Hbd1-Qe506B80Japanest &3 A) Appliation - Opds No.
(see Patent Docunents 4: Japanese Patent Application

60- 1sbakmi1mmdlr5atolu6§aiate%nana§§4% emépa‘?«ré%l FERAEhON

d-Open No. 1-93560), conplexes of netals such as
e L )
Japarfgsteqf%tgxgﬁﬁgléca‘??hﬁf d-. t%)ee‘aoﬁgt ﬁ%tz??ggg %@e P]aalgﬁtnﬁﬁpﬁlcatlon
Laic-QEGANG" Tt Fs 2 aReflierd a'kf‘ﬁlo“@é%ﬁné'%ﬁs@?ﬁé garth
metal SR ERleT Doygaaqfﬂﬁsﬁpﬁéééﬁ"enka éw?{rafé‘}%%@w NG:

60- 173016 20 (correspondi n% to U S Pat ent
57-1758835 839 compREBES (e Patgnt Dasumants g; Jan@%e Patgat
i ke (see Patent Docunent 8: Japanese Patent
ApplicaioniLaid-Qren Np a5 BIgRIRE. Jaqar@@sMpntAemqua@oaé@uchp@en No.
%see Pat ent Docunent 9: Japanese Patent Application
1-93564). cogpriexepof Hetaly 2862 ps capges dopranthriecdnien (see Patent
proposed. However, the problem of the di sadvantageous
Documgot bi J!Hpanesed?a’tent Applgationd aOden Ny, 5ev8Bd45 nijtarheacid
25 catalyst, and hence there are very many issues to
esterd@esdPatedt Documenty6 t JupanesetPaient Aysication haiy-OpentNo.

provi de a process for the industrial production aimng
58-186686 @S$esponding to U.S. Patent No. 4410464), Japanese Patent
Application Laid-Open No. 1-265062), mixtures of a Lewis acid and a protonic acid
(see Patent Document 7: Japanese Patent Application Laid-Open No. 60-173016
(corresponding to U.S. Patent No. 4609501)), compounds of Sc, Mo, Mn, Bi, Te or
the like (see Patent Document 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. However, the problem
of the disadvantageous equilibrium cannot be solved merely by developing the

catalyst, and hence there are very many issues to be solved including the reaction

system in order to provide a process for the industrial production aiming for mass
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3 production. Attenpts have al so been nade to devi se
a reaction systemso as to shift the equilibrium
toward the product systemas nuch as possible, and
thus inprove the yield of the aromatic carbonates.
For exanple, for the reaction between dinethyl 5
carbonat e and phenol, there have been proposed a
?fod i n whi ch by-produced nethanol is distilled off
by, azeotro toget her wiith gn azeotrope-form ng agent .
(B8RRI e 288 Bebhimate o JRuRE aropEhon sYHET Fo 2B TGNt the
..Laid-Open No. 54-48732 (corresponding to West Gernman
equilipriiyra fewagshihecriodet systemzsorych @ﬁcpqgs%Je,mdewUs Ngprove the
4252737)), and a nethod in which the nmethanol produced
yield efdherasomatipcathanates 1o examiee. foy thereastiondmtivedn gimethyl
a nol ecul ar sieve (see Patent Docunent 11: Japanese
carboRatecantd pbheholc titare hakaibdeOprapdied 88natB68 36 which by-produced
(corresponding to U.S. Patent No. 410464)). Mbreover,
methanoiig distllldthsff dlyszebaepy togatheedith anvdreoropesongingadyent (see
apparatus in which a distillation colum is provided

Paten® DJcOmett 18: 18581 &¥e Patré_nahgph&ationn_ra%t@g% RS, 5428732
by-product in the reaction Is separated off fromthe

(corre%?@ﬁ@li!ng% W X§UE Srmare PATCht & (gﬂi@&tio??‘mﬁ. 786664 rHrgial‘J.t§ $atent No.
starti I ar? r of T by

sz 8 5, 0 O e ERL0
ol RS TSI N R R
s ORI TR S

. 455411§), 20 exanpl es in Japanese Patent ) . )

Patenhdioy (aRAPER, LMQie ofaina KBS O eSS bpeb PIaRSSHdn Y Ich ising
U S. Patent No. 4552704), exanples in Japanese Patent

an appaiatue Bt whishLaafligtitgtion calemngs piovidad opder péapgeaetiongn alcohol
U S. Patent No. 4609501), exanples in Japanese Patent

produsg@laisdhe ibyrproduet igiee reactionlis sepacted effdrg dse reaction mixture,
Japanese Patent Application Laid-Open No. 61-291545,

and atttengdres tinre UaeactststRatngnmaligsial trcdtdvaporaflés [sasepabpied off by
No. 62-277345).

distillation (see Patent Documents 12: examples in Japanese Patent Application

produ

Laid-Open No. 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
No. 60-173016 (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 are basically batch system or switchover
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However, these reaction systens are basically batch
systemor switchover 4 system Because there is the
l[imtation in the inprovenent of the reaction rate
t hrough cat al yst devel opnent for such a
transesterification reaction, and the reaction rate
ill slow .a h s,.1t. has .been thou that a
svster@at ﬁ?‘@%? Uittedd Mk idiGit in BR PRy TR e Soehn ate
a continuous stirrin tank eactor (CSTR )
throu@%?‘@?ﬁ% Aexelgamant FPrdiuch;g Vg'f‘??%ﬁ%e% AR I P@éﬁlﬁ'b\ﬁ?’@etﬁedﬁa"t'on
top of a reactor has been proposed as a continuous
rate '%?@t@ﬁw and thuseit bag beeptbpightshate hateh systerndaerefgrable to a
rate being slow, and a gas-liquid interface in the
continueaistsystelpei nQf theslel a doasipdows stimieguankineaaér (GRTR) system in
liquid. Hence it is not possible to nmake the
whichcadistilaticomcdiugin. is pecovided ogltgp of a reactdir hibsdden groposed as a
attain the object of producing the aromatic carbonate

contirt@ubisystins | butithetecdrecorabenis sudias tiedtaadtion rate being slow, and
prol onged period of tinme by neans of the

a gasﬂﬁ%\(ﬁm‘i@d‘ﬁdéﬁﬂftﬁe 'F@éét@ﬁ'ﬁelnlgasﬂﬁalrr%)éedﬁﬁﬂ% VORIFRE bf 9 RSuid.
resol ved before econom cal industrial inplenmentation

Hencd & iBRBE bg%ﬁbleqp%é’{(,?ﬁ%néo VRYSHh P (N@n h@N&d#&Mﬁ‘)pR‘?gdlfﬁcult to

reactive stillation net ods I n suc

attalnttﬁgr&?)ﬁe%& f b dcﬁ@ Hgst{ﬁeraerg%itlg%ar ?r’f’aﬂ%rc'oﬁﬂn t#{ﬁs n¥1ﬂ1 %rge amounts

uous” mu St 1 on CO
stably gglé trBBROER e i BY Rdatl thinPsthvesulhesfenods,
and n3AT) SRS TP e e r@ﬁotvgta'é% o Sacgenisakipsusial gl rieatation

distillation method in which a dialkyl carbonate and
is posgiPler omat i ¢ hydr oxy conpound are continuously fed into

a _multi-stage distillation colum, and the reaction
i sThapresamt mnenwﬁhavamﬂonadsreaétl‘fehelsnﬂ)atm methads in which
which a catalyst is present, while continuously
such ajtramgeaigirifigation wacton lis c@rriepcﬁuitin exptingays ouili-siagieng
an al cohol produced as a by-product by distillation
distillativesh cadlomini simalishgowsdly Withassipagato ncloyrpistibation; antddiavertzeem the
produced al kyl aryl carbonate froma |ower portion of
first irf the worlldidissieee PaatestichRp eaudtint distillafienapsteen RBadissitl for such

Application Laid-Open No. 3-291257), a reactive
a trandbesterifitaid rPreatBbA R eRaMpICh radctdlekdibtillation method in which a
dialkyl carbonate and an aromatic hydroxy compound are continuously fed into a
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
continuously withdrawing a component containing a produced alkyl aryl carbonate
from a lower portion of the column (see Patent Document 13: Japénese 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,
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25 aryl carbonate is continuously fed into the
multi-stage distillation colum, and the reaction is
carried out continuously inside the colum in which a
catalyst is present, 5 while continuously w thdraw ng
by distillation a | ow boiling point conponent

while GRS winirund Bx&@%}ﬁ"éﬁﬁ% 'B{wﬂfoiﬁaeq?agﬁt ?%wasﬂsm

cont ai ni roduced ar bonat e om a Io
contaiiit A GHPIRH RHEOTRIP PR (G LA DA ATOROE it CORUUOUSTY
Japanese Patent Application 5 Laid-OQpen No. 4- 9358[) a
W'thdr@é\ﬁ%@ A paant canfadmnga predured diangcarhesaterfeqre | lewer
are carried out using two continuous nulti-stage
portiogicithe calunm(ses! Ratest Dagdmeshdd: daptinase| Patent Applicadions
produced continuously while efficiently recycling a
Laid-GQperh Ng. 4e2338)natreactiveddistillatioasnethod-ipmddcte theseaeactions are
Pat ent Docunent 15: Japanese Patent Application

carriebd @u usigtwoco rtingdLi8 3BIti-stagk distikatizin otuthingt ahd Akhod a diaryl
nmet hod in which a dialkyl 10 carbonate and an aronatic

carbohmy.@woé@émpm.r@foutsrya/vhné@fn@reemg)@@éydnngtasalmkfyeéaﬁbﬁhate
he multi-stage distillation colum, "and liquid

produUa@‘é% éjBY"'gtr&ﬂié?gQéb PRt Bottindrit 15‘MJ5PQﬁ@é’@PBfé?WA?8hcatlon

si de out provi ded at an internedi ate stage and

Laid- éﬁ%ﬁ%ﬁbﬁ%@%%ﬁg a#@? tflleSdiLt nl@%h tt?\%:jﬁq{f]@‘g didikyl

ced into a reac prO\t/) _
{0 Irea | On nga.
carbofigly e 8 ﬁ{?faaﬁeiﬂ%%afkcqrﬂpw{ B %&3?@ rg] FRfnUS sy Pt into
e S BAS58, BB 208 BRS80S BBy B coor

in both the reactor and the distillation colum fsee

withdraxgnelipmps gideertttiet Peovideth ahar dntpapedRispRoP @Y gra lowermost
Lai d- Open No. 4-224547, Japanese Patent Application

stage |ofithe dﬁéﬂatm cojupmp2ad is ntpsivsed interarRactopyidediaiside the
Lai d- Open No. 4-235951). 20 These reactive

distillatiost ¢alurni senasitst bies apevipeastiomyandis thee s¥raduceddiackria
are the first to enable aromatic carbonates to be

througlr adircekhtiogrinlehpmyided anal stefglei abiavetthe, stagelwheenthe outlet is
simlar reactive distillation systens based on the

providaao whetle sy Fextivads banredomdtrin bptrothesed ctdrangathtealist(iaden

Pat ent Docunents 17 to 32: Patent Docunent 17:
column (see 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
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.
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I nternational Publication No. 00/18720 (corresponding
to U S. Patent No. 5362901), 25 Patent Docunent 18:
Italian Patent No. 01255746, Patent Docunent 19:
Japanese Patent Application Laid-COpen No. 6-9506
(correspondi ng to European Patent No. 6 0560159, and

0560 giaqs éaﬁ}daU%; Fﬁqtggt( lﬁéﬁgf@a? %teelqg DDOC It ”%oz 9apé]r?é)saenl§atent

Appliatan IeaBsemiio: -4 e%?rpgst@ﬁ@tn@g'\glﬁ@%é%%gtenﬂ\?o. 0572870,

Japanese Pat ent EI ication Laid-Open No. 6-157424

and U.SoPatasy dYdi53§206 1 ElRaieeliloruments Ao .Japesesa Patemd\pplication
U S. 5 Patent No. 5334742), Japanese Patent

Laid-@peh iNoatG- 9517424 (Coespondingdo B840p6an PatentdNpditdi2931t and U.S.
Eur opean Patent No. 0582930, and U.S. Patent No.

Paterfi b1 T38Y17 42 Ralapahe £ PatenttA phlicatiap haids@pea tim6-184058
Application Laid-Open No. 7-304713, Patent Docunent

(corredpondmigb e iropah e MatétiN6.0388 2930 ahd 1088 Pabént Nb. BBA1654),
Patent Docunent 24: Japanese Pat ent Appl i cation

PatertD¢tuamst 250 Ja?a@@?@ﬁate‘?ﬁh%hcétﬂ)rmﬁé[@ﬂén Ry 7730065 Patent
Pat ent Application Laid-Open No. 9-110805, Patent

I n
DocugRitZ3Lse @%%ﬁ?ﬁgﬁoﬁaﬁi‘fﬁ'%#‘?ﬁo A NG"g uBo et
a egt c s

DocuB 25 heEie eé’ﬁ%éﬁ?.aélﬁ A58 eyt B0 5gg 28 PARH

9-1 9 Japa tio [
Docusishh 295 TapatesasaneL ABpAnN i e Ng g 0?@5&%%@5

No. 00- 191597, Patent Docu 9: Jap
Documeshit %8 S‘T’Qﬁ{‘es@ap %‘ebb’gﬂp'l‘&?“ogrleﬁélé@"( @er%%%gﬁg- \%

Eur opean Patent No. 0785184, and U. S. Pate
Documm%?g apgnaserftateptAnelitation: La'qir@%wpo%ﬂﬁ%w Patent

Publ i catl on No. 00/ 18720@@5 corresponding to
Docupgnin 28 \ppasess datpnt Applicationd aidretres 14 9- Jaéa%séapanese

Pat ent Application Laid-Open No. 2001-64234, Japanese
Paterpdinplicatiprpl-sid®pen Nzo 208005896, Meparzere1 Paieps B pplzationt

Docunent 32: International Publication No. 02/40439
Laid-QOpeniNes 2000 1 397, BaentRae@mheiNa29: 6apadede Pdicht Apgilieation

No. 6596895, and U.S. Patent No. 6600061)).
Laid-Open No. 9-194436 (corresponding to European Patent No. 0785184, and U.S.
Patent No. 5705673), Patent Document 30: International Publication No. 00/18720
(corresponding to U.S. Patent No. 6093842), Patent Documents 31: Japanese
Patent Application Laid-Open No. 2001-64234, Japanese Patent Application
Laid-Open No. 2001-64235, Patent Document 32: International Publication No.
02/40439 (corresponding to U.S. Patent No. 6596894, U.S. Patent No. 6596895, and
U.S. Patent No. 6600061)).

Among 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 large amount of a catalyst being

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

-1
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Among reactive distillation systens, the present
applicants have further proposed, as a nethod that
enabl es highly pure aromati c carbonates to be produced
25 stably for a prolonged period of tinme wthout a

| arge anount of a catalyst being required, a method in

Cata'yégﬁ%@ﬁeﬂ?nﬁ S Teeygjed E%#pe(aéat@nggo@Hme@&aiefﬁp@r@fe Sont

Japanese Pat ent i cation Laid-Open No. 2001-64234,
AppIcRIpA ek Cnraip. 2051-Po2et offnaneas GlamNAPRlication Laid-Open No.
2001- 64235), and a nethod carried out while keeping a
2001-642gh) andta medﬂocacmlegdrwdrwmle&ma weightaatie pf a polyhydric
conpound in the reaction systemto a catal yst netal at
aromatixt hydroxy comaould in {reeredetior siysteot tore chtadyst metal at not more
International Publication No. 02/40439 (corresponding
than 2.0 ($&SPakaitddcuNeent@3 Gik8fnatidndl PEBlicionNdo. BHI6LD,
and U.S. Patent No. 6600061)). Furthernore, the

(corre@b@ﬁ@lﬁg; th Y. 8N Patent INY. S50680258% P AEhIRE. 6596898, GndA0.S.
to 99 % by wei ght of phenol produced as a by- product

Patent N@G@B@O@@#)%”EF ﬁél‘rﬁ epﬂ'f-kgﬁl%%eh?m%ﬁ réhade D& édga method

mat eri al eny onate can be produce

in Wh'gﬁ heng ca&() eo\é hghgteb'{?éggéggsﬁﬁey ?govgu-r%g rg?l al
polvmsﬁ%aﬁf?* 'ﬁéﬁ% L3850 85 Bl aRlabiBid RMbER BSnate can be
o B 58T SRR TR e RESBSE, TSt voni co

al | of these prior art docunents in \NhIC t he
be uspd ggbe raw rpaterigl GrpohEneRRERAT SsomStia golwsarhenaies (ree
distillation method is _proposed, there is no
PatengDacumant s wiesisiioanl Bublicaigda.i%/ HHas%elssrrepponding to
apparatus enabli ng mass production on an industri al
Europseal Ratest iyo. a&sSTp%@rldHa\ﬁ Patent IferS&HAZP)). nor is
there any description suggesting such a process or
appawavers in &bof thesapirer arthdoalesents in iwbith thegaoductgpreof
20 height (HH cm, a dianmeter (D. cm, and the nunber
aromatic cdrbgeatesSnisingg tHeheacthae tistitatiah siethddaisi propesadd) ther@nid no
a feeding rate of the raw material (Q kg/hr)
disclogdugrcivhardelr of a specific process or apparatus enabling mass production

on an industrial scale (e.g. not less than 1 ton per hour), nor is there any description
suggesting such a process or apparatus. For example, the descriptions regarding a
height (H: cm), a diameter (D: cm), and the number of stages (n) of the reactive
distillation column and a feeding rate of the raw material (Q: kg/hr) disclosed for
producing diphenyl carbonate (DPC) from methyl phenyl carbonate (MPC) are as

summarized in the following table.
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produci ng di phenyl carbonate (DPC) from net hyl phenyl
carbonate (MPC) are as summarized in the follow ng
table. 25 8 Table 1 H: cmD: cm NO OF STAGE: n Q
kg/ hr PATENT DOCUMENT 400 7.5 - 4.2 14 600 25 20
23.3 15 305 5-10 15+STRUCTURED PACKI NG 0.6 21 400 8
Table5lo <0.6 23 200 4 - 0.8 24 - 525 0.7 28 600 25 20 31
33 600 25 20 31 34 600 - 20 22.3 35 See Patent
Docunent 34: Japanese Patent Application Laid-Cpen No.

A0 L +

4.4 <l  d Do t PID
L1- JLFLI LYulr1T o UHUIHEﬂLU uropgailnr rat Tl

H:¢m geRgcmard U &O.Kk SAAGRS N 626720kd Hirde RADENT ROCUMENT
qotocynents 3. Japanese .Pat ent Appl|i cajgpon [Lai d- Opeqy No.

] UT Ofear . Batgmt—No:
6@0' nnzg Lo par 2t o 57446083 0 ot her wolHe

3a5he | bi @ st| 16a6T RUCTUWRER PACKINGge d0.6till ation 21

4(Yd£| msg usgd wnen caggyl ng out tihi g4 gact| 92 usi 5y
he-eactre—eh-steater—syster +0
200 s¢l os®d Hy the present applicarts 98 Patent 24

Docynergs 15, 33 and 8gl. As can e @gen [from Tabpg 1,
E(TEX O[T valr Ues of Lt Te vartouy COoRpui tTons for—t1mwe
600 i 128 o | ol i st 288 distillat onskal |||rmc di scthead
6G0r [t h@babqve reactioB0are H= 600 c8t D 25 cn34n =

Bo'ii)m Pat ent [Docunment 2¢¢, and Q = Elégf Er, and 1hgg

= o afdi ool earhaonat A~y A 1 o Aot
cTTourrc Ol U PTIeTTy T T DUTIat ©— pT ogogoc o TS 1ot

exceeded approximately 6.7 kg/hr, which is not an
See Patent Document 34: Japanese Patent Application Laid-Open No. 11-92429

(corresponding to European Patent No. 1016648, and U.S. Patent No. 6262210
See Patent document 35: Japanese Patent Application Laid-Open No. 9-255772

(corresponding to European Patent No. 0892001, and U.S. Patent No. 5747609)

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 15, 33 and 34. As can be
seen from Table 1, the maximum values of the various conditions for the continuous
multi-stage distillation columns disclosed for the above reaction are H =600 cm, D =
25 cm, n = 50 (Patent Document 23), and Q = 31 kg/hr, and the amount of diphenyl
carbonate produced has not exceeded approximately 6.7 kg/hr, which is not an

amount produced on an industrial scale.

Disclosure of the Invention
It is an object of the present invention to provide, for the case of continuously

producing aromatic carbonates containing a diaryl carbonate as a main product by
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15 amount produced on an industrial scale. Disclosure
of the Invention It is an object of the present
invention to provide, for the case of continuously
produci ng aronati c carbonates containing a diaryl
carbonate as a main product by 9 taking an aIkyI aryl
. carhb te ,as.a.s i.ch.is, obt bl e
taking 5 BGHA5 B3rhnalE bt el rtriah MhER i i thtoligh a
di al. car bonat e and an aro ti,c nono :
tfansec“é‘?uﬁhfl!%ﬁ'an rEacR Betsan %9&)&)’ rarkanate é@g %’P%PEI% i on
colum in which a catalyst is present, and
MONORYHIONY FSIIKNCe HEINGER EPRIINHOMSMHI-stage distilation golumwn i which
continuous nulti-stage distillation colum, a specific
a catglysi i presembtarsheditisioully feedingl the startiog anatetial into the
produced with high selectivity and high productivity
contirsioablmulficstage distilhtiorgealupey, iacsperifict proeessthat enables the diaryl
i ndustrial scale of not Iess than 1 ton per hour.
carboBatecte Behpraduesd WitH highrdetstivity andasigel ppoductiop stabdy for a
produci ng aromati c carbonates using a continuous

prolor@éd perfd AL B dh FHduREHF LHIBTLf NERld<ihaRMORPSRErhouk0
regarding processes for the production of aromatic

CagpeBRE HraleMBRRNAE dBsdisssd b oé’és%tbe B%d&ﬁ’hd@ﬁdﬁ%m

have been made. However, these ave al een on a

carboﬁﬂ? L@lﬁ@%%oﬂﬂﬂ%&h@Hulﬁ’-egg%f:(#lgﬂlattlb \;\#@rﬁ Mrus Oﬂr%}ésgals

have been no osures soever

regard8 Bioodhalepr i SoaPERo Bl dvERR HBPe R R BREHE 8"

roact A B B85y B8 e S T4 e s been on
for use in an industrial production, which have been '

small selei andt ehprt ePeratinodier lahosaiesn e veh aneriigrahave hgen no

equilibrium |et alone the process and apparatus for
d'sclO{sw@s woRiSPeY R OhA SBEEHICIHOCesH OR aRRRratUS ¢reabding mass production
circunstances, the present inventors carried out
on andnduitaal staled Merefivesdherd haveabegr opfdisclpswes yghatsoever of a
enabling a diaryl carbonate to be produced with high
startirgomatdrid coniainingmecassary @noaluinds iof atdjalkylatdrpomate far use in an
prol onged period of tinme on an industrial scale of
industniat pteeketiohanhithth@avepsrerhenrrsidekeddo besdibadvartaggouesianeérms of
i nventors have
the equilibrium, let alone the process and apparatus for the industrial production. In
view of these circumstances, the present inventors carried out studies aimed at
discovering a specific process enabling a diaryl carbonate to be produced with high
selectivity and high productivity stably for a prolonged period of time on an industrial
scale of not less than 1 ton per hour. 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. A process for the production of an aromatic carbonate containing a diaryl
carbonate as a main product from a starting material comprising an alkyl aryl

carbonate, which is obtainable through a transesterification reaction between a

10
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reached to the present invention. That is, in the
first aspect of the present invention, there is
provided: 1. A process for the production of an
aromati c carbonate containing a diaryl 25 carbonate
as a main product froma starting material conprising
a carbo ate s _obtai nabl e. t hrough
aialkyf, Cafighete A AncdonGR: BiodtPuife; saBhBLAE g Ry rises the
gr bonat e and an aromati ¢ nonohydr oxy conpound, which
Ebnpri ses the steps of: (i) continuously feeding said
starting material into a continuous nulti-sta
d| @ i soniinusstolegring saidistaming raateanawtmascwtgwﬂs mglti-stage
(ii) carrying out the reaction in the colum to
distillgfioncedema invalilty b cetalysiriapeesentid t he di aryl carbonat e;
(iii1) continuously withdrawing a | ow boiling point
r e@digt icarryimgxoutr thecmaatciioniinghe sailumprtoderoddce ree didillall logrbonate
carbonate from an upper portion of the colum in a
and trgadiapy €aftormatend conti nuously wi t hdrawi ng a hi gh
boi ling point reaction m xture 10 containing the

di ﬁar)yl cordinbe sl svifHdPaWmd 2RV bBMh ipdhtabattivh ﬁ@itwmcd)mammg
iquid form  ~ wherein (a) said starting nmateri al

said p‘f‘&ﬂt‘f&dl t‘f’lefcﬁglkglrtfé?béﬁét‘é RSt dBHidh o F’ff%g@olﬁmn ina

distillation um cont al ns to 38 % by wel ght
oosoB S A ARAPSIS R Lol R B

contaifi i 5 farorus B! e TR GEpEe st Pibings g fgm.

h structure having a pair of end plates above and bel ow
WRereN cylindrical trunk portion having a length L (cm
and an inside di aneter and havi ng an i nternal

VVI @ éamjﬁt@étfn%mat%rtaégmcm'Str?ﬁgr'@ﬁ%%ev%on %WHH %tage
gas outl et having an insi ide dianeter. di (cm

distillgtigd GadpmpfcontRIng 81 tams 6’rb¥ welght ohgaid giatkyi féﬁfb@nawd Sto

colum near to the top, liquid _
61 % by weight of said aromatic monohydroxy compound, based on the total weight
of the starting material;

(b) said continuous multi-stage distillation column comprises a structure

having a pair of end plates above and below a cylindrical trunk portion having a
length L (cm) and an inside diameter D (cm), and having an internal with a number of
stages n thereinside, and comprises a gas outlet having an inside diameter d4 (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
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
inlet provided in the lower portion of the column above the liquid outlet, wherein

(1) said length L (cm) satisfies the following formula (1),

1500 S L £ 8000 (1),

11
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outl et having an inside dianeter d2 (cm at the bottom
of the colum or in a |lower portion of the colum
near to the bottom at |least one inlet provided in the
upper portion and/or a mddle portion of the colum
bel ow the gas outlet, and at |east one inlet provided

in . Ll 0 ) QU

oo &89 (Ele PRt b SuREkR e e fAUBLAS formute
5 the followng fornula (1), 1500 <L < 8000 (1), 11
(2), (2) said inside dianeter D (cm of the colum

satisfies t<he fgl lowng formula (2), 1005- D < 2000

(2), (3)1803aD & #0U%id 1ength L (cm{Zo said inside

di aneter D (0;3J of the colum 5 satisfies the

f of3) @wiatig of saieuleagttsl. (cm) to said imside gigarpagher [ @m)sefitie column

nunber of stages n satisfies the follow ng fornul a
satisfies)the fdwing farm80a(3),, (5) a ratio of said inside

di aneter D (cm of the columm to said inside 10

di ameter2ds (¢ f40he gas outl et sat@pfies the

following formula (5), 2 <D/ dl < 15 (5), and (6) a

r a4l @alf nedber bhstages @i sutties the (Wi fdriiled)um to
sald inside dianmeter d2 (cnm) of the liquid outlet
satisfieggtdenfollggni ng formula (6), Jq5 D/ d2 < 30
(6), 15 2. The process according to item 1, wherein

e 3 R b Lt i

am H3F ) B O oS oSPERAT: S ST P,

conti huousl'y”pr oduced
and an nount, of sajd diaryl carbonate, produced is
not Iessgtﬁaﬁ)/l&t &n Ber hour . ), A

(6) a ratio of said inside diameter D (cm) of the column to said inside

diameter d; (cm) of the liquid outlet satisfies the following formula (6),
55 D/d; = 30 (6),

2. The process according to item 1, wherein distillation is carried out
simultaneously in said step (ii),
3. The process according to claim 1 or 2, wherein said aromatic carbonate
containing the diaryl carbonate as the main product is continuously produced and an
amount of said diaryl carbonate produced is not less than 1 ton per hour.

In another aspect of the process according to the present invention, there is
provided:
4. In a process for the production of an aromatic carbonate containing a diaryl
carbonate as a main product in which the aromatic carbonate containing the diaryl
carbonate as the main product is produced continuously by continuously feeding an
alkyl aryl carbonate as a starting material, which is obtainable through a

transesterification reaction between a dialkyl carbonate and an aromatic

12
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20 In anot her aspect of the process according to the
present invention, there is provided: 4. In a process
for the production of an aromatic carbonate containing
a diaryl carbonate as a main product in which the
aromati c carbonate containing the diaryl carbonate as

monoh§id} R ingp i, CARMSEEE IR SPdK Hidti¥asiiigalume ig which a
catad} & rgabal e ‘Fr&gtaq' @ﬁ“@'@i@@é@%ﬁ acdis 1P gkttaheously in the

carbonate and _an aromatic 12 nonohydroxy conpound

colummscgntineenly Mithdeawing 1 lowt bejingipaint r%&tlpar!ne@rerﬁﬁmtmmng a
which a catalyst is present, carrying out the

produced ¢tiallsyl candonate feing @l upger POrme mel theraedursnyn argasieeus form,
col umm, continuously wthdrawing a | ow boiling point

and coetimdumly withdraveng antigh tioilingepoiptr redotien miktard gbntaining the
carbonate from an upper portion of the colum in a

diarylgasleanste ffonna 1bwangoriontdfrtbe dslummirt 8 dgaidi fogmathiel igiprovement
boi ling point reaction m xture containing the diaryl
in Whi@ﬁrbonate froma |lower portion of the colum in a
liquid form the i nprovenent in which (a) sal d

Ui 364 SRI-Bhd AlatdfiGhhits |§‘1Pe‘31 ihtY Said 2bAtiS HState
oyl i SRt

-state st at I on colum contains

distiué{m%rg%lu% SHtdnd! 5%‘2{& %Y Y Th%eof%% Fald é%b@éat@ %¥d 5 to

sal d aroma r ox

61 % P bR gﬁ%%{émgﬁ%aioh@@{’f‘% et &%@9%&%@3@%‘ yeight

£ th rycture |ng a pair of end plates above and bel ow
of t east@a\ngrm@}e(glg t runk porti on havi ng a length L (cm

and an inside di aneter and havi ng an i nternal

VVI tn Sa %@Wﬂt&usyyugt%@@% d.*ﬁt'ﬂ'ﬁ%%pnlslnahcoraﬁases a structure

rlses a ?as outl et having an .inside dianeter d,

havmg@h@alr at eng el %?JaBPVQ ABd bslawA ‘%Yl“nﬁjrr'\cedr‘ir%”ﬂfpf@m%hﬁ}/'ﬂﬁ a

of the colum near to the tog) a liquid outlet having
lengthyh (cmgiand am ingidiecdiamgtgrdcral, angdehadng emivternad avidod owmber of

or in a lower portion of the colum near to the
stagebat therginsitie] aad tompeiseslaggasgoutiat dasingran msidgogieameter 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
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
inlet provided in the lower portion of the column above the liquid outlet, wherein

(1) said length L (cm) satisfies the following formula (1),
1500 = L = 8000 (1),

(2) said inside diameter D (cm) of the column satisfies the following formula

100 D £ 2000 (2),

(3) a ratio of said length L (cm) to said inside diameter D (cm) of the column

13
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portion and/or a mddle portion of the colum bel ow
the gas outlet, and at | east one 20 inlet provided in
the | ower portion of the colum above the liquid
outlet, wherein (1) said length L (cn) satisfies the
followng formula (1), 1500 < L < 8000 (1), (2) said
gl NSl d I anet er m of the colum satisfies the
Sat'Sf‘F8ﬁ“%\?&'ﬁ’§""P%&‘?{%ﬂT“§aQ ), 25 100: D < 2000 (2), (3) a
ratio of _said length L (cm to said ingide dianeter D
(cm of %I?g gél%% 493 satisfies the 8}l ow ng formul a
(2&4] 2 <L/ D<40 (3), (4) said number of stages n
s o) spiderumher phstraer Agatishiesthe fodpwingliormula (4)g0 ( 4)
5 (5) aratio of said inside dianeter D (cnm of the
colum tH said £n80de dianeter dl (cr#).of the gas
outlet satisfies the followwing fornmula (5), 2 <D/ dil
< (B9 a(rajio ohsdid(i6yide diatieterd) (sra) df thescalemdi tarsaicemside
(cm) of the colum to said inside dianeter d2 (cm of
diametéed] {omii of thelgastoslet satisfies thbdolfonlihgYomaulb@s)ul a (6),
10 5 < Dd2 <30 (6), 5. The process according to item
4, whereprx ap /appgntymf the diaryl carbpngige produced
is not less than 1 ton per hour, 6. The process
aC@9 50N df SaRiMsRBSihetdrdd f heZoolWARIE] AP B
sf@?tai ng rmtgri ais fulrtﬁer cgﬁpiions 0.05 to 155%lf|’2S fﬂje
: i gh f A r . : wei ght
diamf 8o orhg Bl dinef Aitneg e g8 dling J6nh o).
accordi ng £4o~any gne,of itens 1 to 6, erein di and
d2 satis y‘tﬁzalzfﬁl 135 ng formula (7) (é\f

5. The process according to item 4, wherein an amount of the diaryl carbonate
produced is not less than 1 ton per hour,

6. The process according to any one of claims 1 to 5, wherein said starting material
further contains 0.5 to 15 % by weight of alkyl aryl ether, based on the total weight of
said starting material,

7. The process according to any one of items 1 to 6, wherein d4 and d; satisfy the
following formula (7)

1

liA
lIA

di/d; £ 6 (7),
8. The process according to any one of items 1 to 7, whereinL, D, L/ D, n, D/ dy,

and D/ d; for said continuous muilti-stage distillation column satisfy the following

lIA

formulae; 2000 £ L £ 6000, 150 Ds 1000, 3= L/Ds 30,155 n

S 60, 25 = D/d,

A

12, and 7 £ D/d, £ 25, respectively,
9. The process according to any one of items 1 to 8, wherein L, D,L/D, n, D/dy,

and D / d; for the continuous multi-stage distillation column satisfy the following

HA

formulae; 2500 £ L £ 5000, 200 Ds 800, 5= L/Ds 15, 20 n

A

£ 50, 3= D/dy£ 10, and 9 £ D/d, £ 20, respectively,

14
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1 <dl1/d2 <6 (7), 8. The process according to any one
of items 1 to 7, wherein L, DL L/ D, n, D/ dl1, 20
and D/ d2 for said continuous nulti-stage
distillation colum satisfy the follow ng formnulae;
2000 < L < 6000, 150 < D < 1000, 3 <L/ D< 30, 15 <
<60, 2.5<D/ dl <12 a < Dd2 < 25, .
10. ?Bgaé%ﬁ%?eﬁﬁor@ngfﬂ@nyroéils@ ﬂf%érwhﬁge"eéagﬁmwyoaﬁ
items, 1 1o 8, ein L n, D/ dil, and D/
mU'tl-a@QP&'S@'f@éoeﬁh SWISTE qh%ﬂ"@tw@@a@mhgv'nmaaw%ﬁm andrfray as
satisfy the followng 25 formul ae; 2500 < L < 5000,
the infeypak D < 800, 5 <L/ D< 15 20<n <50, 3<D/
d, <10, and 9 < D/ d2 20, respectively, 14 10. The
11. Iihe)omsacan@pming to ﬁeanw,oﬁ/hénearnsaid coptiouowsh emudti-atagiei d
continuous nulti-stage distillation colum is a
distillaticst cdlUmini isra distillationtelumg havirag leisitbe dmtdrraal { theypagking in the
the internal, 11. The process according to item 10,
uppeMbErtieh bf §& Bol0ATH, iahdabe trayl ihithe \avasr Sortlos bf tHeagdlamn,
colum is a distillation colum having, as the

12. Tﬁé‘brr&?éss écﬁ%rcﬂ}ﬁ?'fb"tgni mobhm WRBRYIN egrdt;_l)étrk.rfqoﬁm% internal is
col umm, and raylnt e ovver portlono he

aStru\NﬁJ acitifg. The process according to item 10 or 11,
er(g?)n sa?d packing of the internal is a structured

13. m@ ?r&@ess]z;c o}ﬂﬁg% ﬁ%ﬁﬁ?o %?%)r\%gl%iﬁ gafldtt%}} é?tg\%gntleﬂ'%?/l is a

ntern

siove 13 ﬁ&éﬁ%@%@%?n%& oBmeBtesriion ther ei ' sai a
f th
14. BBF GecheReposaEAPAGS " AT ATCWASE 39 RAGK oy intemal s

having a sieve portion and a down coner portion, 15.

one Orﬁprﬁr%é@%trae@a@djpﬁgﬂw gnckpRiddrays 132 sigyriray Mayiige sieve
structured packing is at 15 | east one selected from

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

15. @emascaccordlng to item 12 or 14, wherein said structured packing 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,

16. The process according to item 13 or 14, wherein said sieve tray has 100 to
1000 holes/m? in the sieve portion,

17. The process according to any one of items 13, 14 or 16, wherein the
cross-sectional area per hole of said sieve tray is in a range of from 0.5 to 5 cm?,
18. The process according to item 14, wherein said structured packing 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, aid sieve tray has
100 to 1000 holes/m? in the sieve portion, and the cross-sectional area per hole of
said sieve tray is in a range of from 0.5 to 5 cm?.

In the second aspect of the present invention, there is provided:

15
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16. The process according to item 13 or 14, wherein
said sieve tray has 100 to 1000 holes/n2 in the sieve
portion, 17. The process according to any one of itemns
13, 14 or 16, wherein the 20 cross-sectional area per
hol e of said sieve tray is in a range of fromO0.5 to 5
nR 18. The process .accor
0. Afeyorodfi eptoaid SERPHENEA HoltBehdonte ot ot Hitfadhah gih pom.
roup consisting of Mell ak, TECHNO PAK,
ProduBPERY ARSI IBALR FRY 018 LIS 1O JBcki ng and
Aitchgrid, aid sieve tray has 100 to 1000 hol es/ n2
in the sieve portion, and the cross-sectional area per
hol e of 25 said sieve tray is in a range of fromO0.5
Advantageoumffects of ilee baveptidnaspect of the present
invention, there is provided: 15 19. An aromatic
cdt hasheen disgmvesschthah abad @jrenteciiet preseitf inventiom taking an
than 0.1 ppm produced by the process according to

alkyl srglycarbenste ddreaiminy 4 spddfic Athvarit af aalislkid debdsatefad detarting
Invention 5 It has been discovered that according to

materfdlth WhRhesHid ialkye Bkl @Brbdritité Rﬂo@tﬁma@ilé(ﬁbmﬂé yaleAchstHate and

contai ning a specific anount of di al kyl carbonate as
I
o g BHSTIER PR e RS AU et comprun,
diaryl @Qr@n%?%é@ %35]’8%9%96% a%olﬁgeytlrﬁg 9@%%2)2 gf %g%ttfggn 1 ton per
d I
hour. Eeﬁ‘?gff%‘?m@ﬂe 0 ML TS St ﬁgo??ﬁa% bratig ot B3 g B lons
h h
per hihrg ﬂ@@e@e% ie@”@\f #ﬁ?ts'ﬁé arhd P ogf Mggg@ﬁ?”ﬁﬁ §7%,
| ess preferably not |ess than 99%

more §fQiBT%b|¥ B?t '&Sﬁmﬁrbﬁ%é’d skaly B doprolqngedopeninst of ‘éﬁ@ ‘of not less
t han 2000 hours preferably not | ess than 3000 hours,

than Za00chqsres Riedaipplyrent lees harh3t00 Bows. mote prefaratiy apyless than
car bonat e obtai ned by subjecting the aromatic

5000 bawtsondtnediamg casnate chtpined byistbjgctivativg asareatiecarbonates
mai n conponent thereof obtained through the present

containing:thei diaryl oabepate s amhpir ¢dmpanémirtheteod otained through the
distillation or the like is of high

present invention to separation/purification through distillation or the like is of high

purity, and is useful as a raw material of a transesterification method polycarbonate

or polyester carbonate or the like, or as a raw material of a non-phosgene method

isocyanate or urethane or the like. Moreover, according to the present invention,

because a starting material and a catalyst not containing a halogen atom are

generally used, the diaryl carbonate obtained has a halogen content of not more than

0.1 ppm, preferably not more than 10 ppb, more preferably not more than 1 ppb.

Brief Description of the Drawing
FIG. 1 is a schematic view of the continuous multi-stage distillation column

for carrying out the present invention, the distillation column having an internal
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purity, and is useful as a raw material of a
transesterificati on nethod pol ycarbonate or pol yester
carbonate or the like, or as a raw material of a

non- phosgene nethod isocyanate or urethane or the

i ke. Moreover, according to the present invention,

rtln terial and a catal yst not
prOV'O%éjn'Bg%% E’“ﬁk @&ewggﬁrf%m are generally used, the
bonat obt ai ned has a hal ogen content of not
Descr%péyqf'{g%re @Hmergﬁefer abl y not rmre than 10 ppb,
nore pref erabl not nore than )

1 gapeaiatpt Rodiagid OHEeDY ot w@etzs4pumet 1 5seadsrelﬁtamt6& internal
view of the continuous nmulti-stage distillation colum
(packingd, c8r2:yintgrnalit(trapk pfesébnki pediani od0: t eontinuous multi-stage

distillation colum having an internal 16 provided
distillatiosi deluann,r unklepgth iobrirarie pedion (&e¥crDpinsitde afiameter of trunk

Ref erence Nunerals: 1. gas outlet, 2: liquid outlet,
portio:(ch)| etly: Hsidendieimeter ofgasmutlet (c),1: dJ: Mhsideadiameter of liquid

(packing), 6-2: internal (tray), 7: trunk portion, 10:
outletgerl i nuous mul ti-stage 5 distillation colum, L:

'ength of trunk portion (cm, D inside dianeter of

trunk portion (cm, di: Inside dianeter of gas outl et

(cm, d2: Inside dianmeter of liquid outlet (cn) Best

Best %ﬁ? fépéaﬁbﬁydlﬂghgmve%ﬂg Invention 10 In the

resent i1 nvention is described in

b3h5;9'§qﬂh§T%%rP FEERAP RS et ??@Bﬂahﬁaaﬂ?. 2 of
Qﬁg%&ﬁent ge\r&t(slgg?or@ a. cong %;Ld re reafog“aﬁeggﬁlsa
s R e S S L
aral kyI group having 6 to 10 carbon atons. Exanples
formulx (8" i ncl ude al kyl groups such as nethyl, ethyl,

ropyl |orrers al lyl,
ppy(§ Bf At y ®)

wherein R represents an alkyl group having 1 to 10 carbon atoms, an alicyclic group
having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.
Examples of R include alkyl groups such as methyl, ethyl, propyl (isomers), allyl,
butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (isomers),
octyl (isomers), nonyl (isomers), decyl (isomers) and cyclohexylmethyl; alicyclic
groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl; and
aralkyl groups such as benzyl, phenethyl (isomers), phenylpropyl (isomers),
phenylbutyl (isomers) and methylbenzyl (isomers). The above-mentioned alkyl
groups, alicyclic groups and aralkyl groups may be substituted with other
substituents such as a lower alkyl group, a lower alkoxy group, a cyano group or a
halogen atom, and may also contain an unsaturated bond.

Examples of dialkyl carbonates having such R' include dimethyl carbonate,
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butyl (isonmers), butenyl (isoners), pentyl (isoners),
hexyl (isoners), heptyl (isoners), octyl (isoners),
nonyl (isomers), decyl (isoners) and cycl ohexyl nethyl;
alicyclic 20 groups such as cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl and cycl oheptyl; and aral kyl

. r C ) | L.Ci .
dieth ] Gty HIp Ry PERS ot EREL N bl SERiate Giouteny
met hyl benzyl (i soners). . The aboves.nentioned al kyl
carbolfals RS afes bR batate USePaRi ARl BABrAlS pamers),
. substituted with other supstituents such as a | ower
dihexy) garporatg {fFomershikherty kG oraigdpomers) shrrtyr Giiporatea
_ 25 hal ogen atom and may al so contain an unsatur at ed
(isompesiddinerylAreenae (isomeas). didetybaatbesatalisergers)caicyalopentyl
i ncl ude di nethyl carbonate, 17 diethyl carbonate,
carbogiats, digyiclarexpberibendtes diaycloneptiil aatbonate rdiberatyk carbonate,
di butenyl carbonate (isoners), dibutyl carbonate

diphebethyirearbpnath (isorhgis)cdi(gimmgtpropyls oaronpte (ishiers)|
carbonate (isoners), diheptyl carbonate (isoners),

di(phehyiisiityl) cagsdrenaiisomers)p RESbrobdnzon Yhartsarde isbmers),
(isomers), didecyl carbonate (isoners), dicyclopentyl

di(methd@bBAARS @ar_b@hauac{igmﬁéw), GiahBeRRyMetitIFysbeRsR! V!

carbonat’e, di benzyl carbonate, diphenethyl carbonate
di(metiQBR1yH) carBbARB BB }; '
(e Dl P TR SR X R O Bk AP B ners)
: I ' di (et hoxybenzyl) carbonate
dKCy%ﬁﬁ?@ﬁ@ﬁ%ﬁPgh?gﬂ@%ﬁ%%?kethyI) car bonat e,
di t hoxyet hyl). carbonate (iso S i (chl oroethyl) ..
PP BIaE el R Bh S PITEED e e BE b ention
(j,spmers). O. these_dial kyl carbonates, ones
are diglkGF GRTkBhateadBa TN Fnds P UeA 8o\ Bayina ot Giredpan fgur carbon
carbonates |n which RL is an al kyl group havjng not
atoms,8nd NPLSPNARIRG 8 AAREEN alPHhs ﬁartr%'?ar b’o‘?rﬁéeffﬁpﬁgo%? is dimethyl
hal ogen atom A particularly preferable one is
carboppiget HYJPreoysr. 19 REeferalle dizdind carkanaies fartglarly peaferable ones
carbonates, particularly preferable ones 15 are
are diglkyl egnbopatasqirateeedinva state substantalit rotsersdaining aheipgen
not containing a halogen atom for exanple, ones
atom,dooexaregld, ooas nodiidey feore araalkygeat eashirsatasubatangialiypnot
containing a halogen atom and an alcohol substantially not containing a halogen
atom.

An aromatic monohydroxy compound used in the present invention is a
compound represented by undermentioned general formula (9). The type of the
aromatic monohydroxy compound is not limited, so long as the hydroxyl group is
directly bonded to the aromatic group;

Ar'OH (9)
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),
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cont ai ni ng a hal ogen atom and an al cohol substantially
not containing a halogen atom An aromatic
nonohydr oxy conpound used in the present invention is
a 20 conpound represented by undernenti oned genera
formula (9). The type of the aromatic nonohydroxy

. I ) I

erarfARVRHBAal (s S Blend Ul e PP BRI .

oo REl B B AT EoRolT o SR aneith Broetsdy

e 5 hene] G et LS5 aes PRt eno

i (i somers trimet hyl phenol (isoners), 18

(isomegs)y mv@eﬁﬁb&mm@ﬁ%da@%qher@d isPmRENAN ¢¥sdphaxyiphenol
propyl phenol (isoners), butyl phenol (isoners),

(isomeisgr Yariguserlsoxypheoots sych asmeiihexywpephkiigimeiss andr s) |
nmet hyl propyl phenol (i soners), dipropyl pheno

ethoxyplsend (ispmers); ayylbikyphehelsaduch(asphemdpropyiphienbptiemeérs);
(i soners), hexyl phenol (isoners) and cycl ohexyl phenol

naphthol {iscmers3 hhdwairioas subbtittetp hapiaths|ss aabl heteroaromatic
nmet hoxyphenol (isoners) and ethoxyphenol (isomners);

monoBY Yokl iR SsURHGS ﬁvdr@kwldmnyérﬁeﬁg)phydrbﬁgc,;a;{@ﬁn

napht hol (isoners) and various substituted naph

i t ' roxy conpounds such as
(|som%§/52 AMRILIRJPE% difne (W%%ﬂ

roxypyridine (i1soners),  hydroxycoumarin (isomers)

o N RSN SETES Spapifs SR e
sl F5ERkah e HHLT AP LPaRAATE SRR RS AP Waromate
arour i8R 0 30 U 3E B, BRERAER A B RLE,  avoreover, of
iese G o A o SRR o i

ratio of the dialkyl carbonate to the aromatic
halogap 26 paeferaply used in the present invention.

The molar ratio of the dialkyl carbonate to the aromatic monohydroxy
compound used for obtaining the alkyl aryl carbonate that is the starting material of
the present invention must be in a range of from 0.4 to 4. Outside this range, an
amount of unreacted material remaining, based on a prescribed amount of the alkyl
aryl carbonate produced becomes high, which is not efficient for the production of the
aromatic carbonate. Moreover, much energy is required to recover the alkyl aryl
carbonate. For such reasons, the above molar ratio is preferably in a range of from
0.5 to 3.0, more preferably 0.8 to 2.5, yet more preferably from 1.0 to 2.0.

In the present invention, not less than 1 ton per hour of the diaryl carbonate
is produced continuously. The minimum amount of the alkyl aryl carbonate fed in
continuously for the above production is generally 5P ton/hr, preferably 3P ton/hr,

more preferably 2P ton/hr, based on the amount of the diaryi carbonate (P ton/hr) to
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conmpound used for obtaining the al kyl aryl carbonate
that is the starting material of the present
i nvention nmust be in a range of from0.4 to 4. CQutside
this range, an anount of unreacted materia
remai ni ng, based on a prescribed anmount of the al kyl
a u
be prifed: 2 NERTE(BH 6 2BREATEn PRaade 1 B iesi Poh 1 6P
carbonate. Moreover, nuch energy is required to

ton/hrrecover t he al kyl aryl car bonat e. For such reasons,

io i r ef er abl n a range of from
o Eé 3R ﬁ%ﬁb@nsiee%ﬁecis?}hw% o el df D pesent fvention
preferably from1l.0 t In the present invention,
must ﬁ@ﬁtalrb%q'fr%amoyat@ eféhemQJkyl@arbmatauaa\dyme@a@as@ﬁat e
i s produced continuously. The m ni num anount of the
monohydpixy sompasmdbotatie preasenhinvebticnthermainseactiar thateccurs is
above production is generally 5P ton/hr, preferably 3P
a reactom/ ihrwhiaio tveo pnaéeulab lof tHitPalkghndryt carbasett are ddrevestediinto the
of the diaryl carbonate (P ton/hr) to 19 be produced.
diaryl Martsoriate hatahé vialkylicarsonaie throaghketransisstétfid2tiohessction
than 1.8P ton/hr. The al kyl aryl carbonate used as

theretbdt®eshar.éi M6is Fsvé;ﬁfrn@ﬂuatidh fRtion eSSMcel tAlsaBbERSh ishatst
contain specified anounts of the dial kyl carbonate and

equilibMEnFELBRH, Gt Fa B, ?Wmct?l thatl Ridd's s&\’rﬁﬁ&%atenal

i nvention, the nain reaction at occurs s

contairn?r?gj;fHe @alkgl 62NN |§'fﬁ’é ?ﬁc;o%fct %ﬁlcﬂ)g}ﬂ* a%%btageoas in

oha re converte lary car ona
ransest erificat

t r.b hr ou h
termsyc] S e RaRar, 'i%wever hgdiegageetish {i8tgn e case of
reaction. Since this r 0 san
using ﬁ%%ewwoqsthE'sstaa%ﬁ' lgtigR ol Reossdtio torhe Fikseny
tarting naterial 10 containing the dialkyl carbonate
'nven\mﬂ ayendt mestﬁfﬁ@ade? SfBLFeNtBINSch £ad8 dn P gwaBt ofhe dialkyl
terms of chem cal equilibrium However, it has been
carbopatecad p e 6 hatby wekghéot:ﬁ@ear@fnat@smﬁgol@moz% ROMPQYDY.
multi-stage distillation colum according to the
surpriginglyethe dialkyleearbonateqanshthiefaromatistrapnohysirexy epingbund in the
contains 5 to 38 % by weight of the dialkyl carbonate
startirgnatateriab ha te ftandly wely ghfluerfcet drether pnodticiomohithieydiagk garbonate.
compound,
A more preferable dialkyl carbonate content is 10 to 35 % by weight, with 15 to 32 %
by weight being yet more preferable. Moreover, a more preferable aromatic
monohydroxy compound content is 10 to 58 % by weight, with 15 to 55 % by weight
being yet more preferable.

The reaction between the diaryl carbonate and the dialkyl carbonate which is
the reverse reaction to the present reaction has a high equilibrium constant, and the
reaction rate is also high. With a batch reaction system in which the gas-liquid
interfacial area is small, it can thus be easily understood that using a starting material
containing the dialkyl carbonate which is the product would be very disadvantageous

in terms of chemical equilibrium for producing the diaryl carbonate for which the
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15 surprisingly the dial kyl carbonate and the aromatic
nmonohydr oxy conmpound in the starting material have
hardly any influence on the production of the diaryl
carbonate. A nore preferable dial kyl carbonate
content is 10 to 35 % by weight, with 15 to 32 % by

B M it
systeg %édb%w“%ﬁaar e FectiBn 1 Buis G @?&%@ﬁ% a3 Bicadtis

rbonat e and the di car bonat e [
clear {haj psi 3 sacting mater 'gr@nﬁ'@@@ﬁhe F@A@\(/ih ﬁb%e é(VfH‘FQ;}? a product
equi libriumconstant, and the reaction rate is also
wouldm@ﬁ!saW@'htase@% Uhteff@édiflC@ﬁ@?@t%"lhﬁlumlf%wf@%@cmg the diaryl
gas-liquid interfacial area is small, it can thus be
carbopatsi, Isincerthereswould bélittleiddonepse 'n;ltthetdongenmtmri thleregfdn the
contai ning the dial kyl carbonate which is the product
reactiopligdidbe very di sadvantageous in terns of chem cal
equi l i brium for producing the diaryl carbonate for

WhHeWe V&re itHasI seaT giecoraet ithat if BrRAEINinGBas Multi-stage distillation
Moreover, with a small-scale reactive distillation

colurrﬁﬁ’ééc%%mbh@ tlﬁ@?l’&%‘h@ﬁﬁénﬂ@n% ukde sf&éﬁélhgl this@isfHvahtageous
general ly shor and hence it is clear at using a

eﬁect\?\ﬁ%lk'q&gu@éﬁéll alTrFéJKSI‘\%S,s? 2% sh A Forthid |§3{Jncfeael'rboﬂl@(/§rtheless

a product be di sadvantageous in
I f
this officIRRREH g SNCrEl b Me R %8%qu?%fé%&éﬁﬁiéﬁbﬁsqh{%ugh
concent.ration ereof in the .reacti gn | iquid.
é}“”“"FSﬁé%br'%é’é’ﬁraoﬂoé‘c%%ﬁ? e PLstA-selE contiprausus
. ation colum accordl to the
mu'ﬂ-ﬁ@@@&lﬁ“'@ﬂe@ ﬁpf’%ﬂn accarding tohegireserignyeRtin
dI'_S q\@nt a effect hardly occurs at all. The
?taﬁ'”ﬂm‘étqr@' [hPediEseNdD%FRtias B8y conpin
thls ef fect has been di scovered for the first tinme by
compeyrdgpeEaetion Ryarogrsts: MirxgmPle ol Ak édylainen am;blgh boiling
st abl e operation using the industrial-scale continuous
point byrproduatagehigh sire Ipreduced indhismioeessoanti/aganethenprocess. It
present invention. Furthernore, the starting nmaterial
has been fovedothed e stanirgnmiateriatepntomingiOnd to 15 % by weight of the alkyl

prolo

aryl ether is preferable when implementing the present invention. A more preferable
range for the alkyl aryl ether content in the starting material is 2 to 12 % by weight,
with 4 to 10 % by weight being yet more preferable.

Accordingly, in the present invention, in the case, for example, of producing
diphenyl carbonate using as the starting material methyl phenyl carbonate which is
obtainable through a transesterification reaction between dimethyl carbonate and
phenol, it is preferable for the starting material to contain dimethyl carbonate and
phenol, in amounts as described above, and it is further preferable for the starting
material to contain anisole, which is a reaction by-product, in an amount as

described above. Moreover, the starting material may also contain a high boiling
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conmpounds or reaction by-products, for exanple an

al kyl aryl ether and high boiling 15 point

by- products, which are produced in this process and/or
anot her process. It has been found that the starting
mat eri al containing 0.5 to 15 % by wei ght of the alkyl

I I e
p0|nt -3\%?@5'%%{10 spe{ gugféf%wﬂrdrtgﬁgog ér{]ﬂgggh%kn%?e §f§1e like.
S @(r:o%%ﬁ(? %a@gptapefoo@gwe% g“%&ﬁé?'ﬁﬁ”"%’i’%‘%@@ arom%c
ef erabl e, 20 Accordingly, in the pr esent i nvention
CarbOFﬁthSrf@rE%@@g apthedwampsamPaner theress e dgrykeryenate obtained
carbonate using as the starting material nethyl phenyl
throu%aﬁmggtamp@mpn Ecactph &f tpkyt aivbeghoaate.  Included under this
transesterification reaction between dinethyl
transesiefifmadive reactiorparenmreadtioniis whiat treadlkexy grouphef the alkyl aryl
starting material to contain dinethyl carbonate and
carbopatnislexchanged withshaargesy grdupdofahe\aegomattid mdéndrsydroxy
further preferable for the starting 25 material to

comp6and Brebemtirs Bletreashib s Bystentsd 88 efmindite RINCEIEGHol, Afid an
amount as described above. Moreover, the starting

reactlﬂﬁ‘irﬁ?Whﬂih Y malec SO Rk Myl Ring RaRSAdteGre %én@él"téﬁ into the
by- product such as a product of denaturation of

diary! ‘i‘apcgtﬁbfé ahanhe ?élﬁy "artSJ}ﬁaté By hEht?ar?é'e%@ﬁﬂc%tlon reaction

car bonat es pro UCG e pres I nvention are

i C G, as n
there t\g"gghf Ej%ﬁary %rgér}g)tgﬂlg g obt allnntgg &?%%}3@%% h's
esterification react t he al
mainty {35 @lﬁafoeoor{' Hndaahidip! fh oty Garbiuariet asarsn
eaction are a.reaction in which the al up of
More‘i‘i’?é 'QltWIpr%?"iﬂt "&‘éﬁ’lS'BHaV‘@ ?tértlés‘adﬁa‘ﬁﬁ@aa tcﬁ}let'%% ”QWPBB@)P'”Q a
p of the aromatic nonohydroxy conpound present in
halog?n@tqr@@én"mns%%ﬁﬁ sd”é@'stc(?sél the w&sﬂec% agpPgherarbgngtes
a reaction in which two nol ecul es of the al kyl aryl
contaigiidhbeadiarvhfartonaieps de Main comgongnbinpreaflagsmatsoatain a
the dial kyl carbonate through a transesterification
haloger at all.candL ben¢eeit ébispwrtant as.tbe rawdnaieriepwhen dndustaaly
reaction. In the present invention, it is mainly the
produdingpa pplycarbonate by nezacst ofentrafsdadterifidatiph raethod. That is, the
carbonate that occurs. Moreover, in the present
diaryl icaxsorate obtdimed by @Ubje@ﬂn@ﬂieearcﬁthat&ﬂ@brbahéie)ssdonféihlng the diaryl

containing a

carbonate as the main component thereof obtained according to the present
invention to separation/purification through distillation or the like is of high purity and
does not contain a halogen at all, and hence it is very useful as a raw material for the
production of an aromatic polycarbonate through a transesterification method with an
aromatic dihydroxy compound.

The alkyl aryl carbonate used as the starting material of the present invention
is necessary to contain the specific amounts of the dialkyl carbonate and the

aromatic monohydroxy compound described above. Moreover, it may contain

compounds or reaction by-products produced in this process and/or another process,
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hal ogen atom at all can be used. In this case, the
produced aronati c carbonates containing the diaryl
carbonate as the main conponent thereof does not
contain a 15 halogen at all, and hence it is inportant
as the raw material when industrially producing a

for oxpRinkt b SHRCT, &Y «REST Ploef, MEPRERFY AibGhaly gymetod in

. Subj i n he .aromati.c car nat es contain
whichghg) k)b BleraR i o oRatY b esTBRp Cod bpdspetErifcation
obt ai ned according to the resent i nvention to
reactlg@%l?(gtrg dﬁﬁaﬂfﬁf‘lfﬁ Stﬁt%'ﬁ’”gﬁf‘%t@@ﬁ i teeinresentdpvestionpuithout
l'ike is of high purity and 20 does not contain a
unreagtgdoeterial oalthle C&tﬁb’shgﬁtf@ saparateddhgrafiesn ig alse paciesaple.
material for the production of an aromatic
Moreperyindhb @mase ef industrigl impteraerstatior aisfin the prasembtrivedtion, as the
with an aromatic di hydroxy conmpound. The al kyl aryl
dialkyt aathonateand atbraatit horehgdtoxycompeundlsed fdrlobtainegeht alkyl
invention 1is necessary to contain the specific

aryl carponatstet is e sthal afediadh 6ntiecpr@Bent iRQeAford R¥RIdsFresh
nonohydr oxy conpound descri bed above. Nbr eover, it may

dlalky!: @Qltb%'n%te SRIBRYHEEC Ao g‘ﬁ?@Fd)@rboncﬂjrﬂﬂHé\Mf? |ﬁﬁ88’t‘k§%§ﬂln‘td‘the

hi's process and/or another process, or exanpl e

reactleﬂ ggfe?rl?q is &b ?L&é#ab@é W \/\ng(%: E%ﬂlml}@g%%t?a% Yr¥inatic

car bonat’e

monofx?&r%?&%%%ﬁ&%c&%@i%rﬂ tﬂéyprSS&OgH&/or? therg 0GESS.

ansésteritication Teaction'mxture is

startin e n the present ventlo
ﬁaa&a@%ﬂ”ﬁ%\e%ﬁq& i the oot ton, %&@@@%p%rfﬁ@'dcontammg
t her ef er abl e. reover, in

compgging ﬁ@[f‘e?f‘?‘i EEP ti}ﬁﬁgﬁ\%'pgtqompw Srtane HF%‘%eniH'S Cata'YSt may
i nvention, as the djalk car bonat e and aronat

be th%ﬁ’éﬁy@ﬁrwaé Hﬁ*o‘ﬂﬁﬁﬂ”% ﬁt%'ﬂgdbeaﬂhw ﬁ@"PﬁEPQﬂ%Fhat is the
aryl carbonate that is the starting material of the

starting @@é&nah nPesferably, the spipdst thaldias kren used teihsaraction

and aromati c nmonohydr oxy conpound new y introduced
betwdeant thetdielkylrecaabonate angstheraromaticananchyasoxyt eerabbend ¢an be

use di al kyl carbonate and aromatic 10 nonohydr oxy
used asipwithdutr eing sepdrdtedout.hi s process and/ or anot her

process. As a catalyst used in the present invention,
<Lead compwanpse, a netal - contai ni ng

Lead oxides such as PbO, PbO, and Pb304; lead sulfides such as PbS and

Pb,S; lead hydroxides such as Pb(OH), and Pb,O,(OH),; plumbites such as
NazPbO,, K,PbO,, NaHPbO, and KHPbO,; plumbates such as Na,PbOs3,
NazH;PbO4, KoPbOs3, Ko[Pb(OH)s], KsPbO4, CasPbO4 and CaPbOs3; lead carbonates
and basic salts thereof such as PbCO3; and 2PbCO3-Pb(OH),; lead salts of organic
acids, and carbonates and basic salts thereof, such as Pb(OCOCH;),, Pb(OCOCHS3)4
and Pb(OCOCH;),-Pb0O-3H,0, organolead compounds such as BusPb, PhsPb,
BusPbCl, PhsPbBr, Ph3Pb (or PhgPb,), BusPbOH and Ph;PbO (wherein Bu

represents a butyl group, and Ph represents a phenyl group); alkoxylead compounds
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conpound sel ected fromthe foll owi ng conpounds can be
used. This catalyst may be the sane as the catal yst
used for obtaining the alkyl aryl carbonate that is
the starting material. Preferably, the catal yst that
has been used in the reaction 15 between the dial kyl

and af{1oR198 EotRBLhiS sTEARR P ACTA R E" BRIPBETRRYRa PRIORR).
eac 1838 SLh e daE Gy -G8 BB 35 Spus PR TgiIRe b such as

such as Pb(OH)2 and Pb202(OH)2: pl unbites, such as 20
galengRs#pC blensisoand RyAFes ok sHCIKIGESEOMpPUML es such as

Na2PbO3, Na2H2PbO4, K2PbO3, K2[ Pb(OH) 6], K4PbO4,
<Copparfnoly metal caphosindsead carbonates and basic salts

t hereof such as PbCO3 and 2PbCO3' Pb(OH)2; |ead salts

of Saltpani compdexis, ofarnppeafaroitvtresalarstich asi GuShIGuCI,, CuBr,

t hereof, such as Pb(OCOCH3)2, Pb(OCOCH3)4 and

CuBrRIGuUDACCHB L2 GRO),3 B2 caw) g vopberdleatenBupdis (SHeO)£u, AGNO;,
Bu4Pb, Ph4Pb, 25 Bu3Pbd , Ph3PbBr, Ph3Pb (or Ph6Pb2),

AgBr, Bl 8bsidrara dA é’rﬁ’mm@i@@@mPﬁpmﬁé@@(@7H8m]4?/(wh§rein

group, and Ph represents a phenyl group); al koxyl ea

v dag@rpounds such as
aCa D ey 2. Tead all oys

Pb- Ca, Pb-Ba, Pb-Sn and Pb-Sb; | ead
<Alkaﬁ19ﬁ%‘trag§%rﬁELe’§%szs gal ena and zinc bl ende; and hydrates

of < r ' |

I e e A KR (9 S,
<7i net al s su>ch as CuCl, CQuCl2, CuBr, CuBr2, Cul, Cult,

INCEOMINEXSS™ cu(acac) 2, copper ol eate, Bu2Cu, (CH3O) 2Cu,

Ag , AgBr, silver _picrate, AgC6H6CI (4,

[ AHBCSER %?%C}hﬁ%iz‘f)‘@f( 48)Cl]4 (wherein acac

represents an acetyl acetone chelate ligand); <Al kali
<Cadmiym corpplgkexes> 10 Al kali netal conpl exes such as

Li &acac) and Li N(C4H9) 2;

admium complexes such as Cd(acac),;

<lron family metal compounds>

Complexes of iron family metals such as Fe(C1oHg)(CO)s, Fe(CO)s,
Fe(C4Hg)(CO)s, Co(mesitylene),, (PEt,Ph),, CoCsF5(CO)7, Ni-n-CsHsNO and
ferrocene;
<Zirconium complexes>

Zirconium complexes such as Zr(acac)4 and zirconocene;
<Lewis acid type compounds>

Lewis acids and Lewis acid-forming transition metal compounds such as AlXj,
TiXs, TiXy, VOX3, VXs, ZnX,, FeX; and SnX4 (Wherein X represents a halogen atom,
an acetoxy group, an alkoxy group or an aryloxy group); and
<Organo-tin compounds>

Organo-tin compounds such as (CH3)3SnOCOCHS3, (C2H5)3SNOCOCsHSs,
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<Zi nc conpl exes> Zi nc conpl exes such as Zn(acac) 2;
<Cadm um conpl exes> Cadm um conpl exes such as
Cd(acac)?2; 15 <lron famly nmetal conpounds> Conpl exes
of iron famly nmetals such as Fe(C oH8)(CO5, Fe(COS5,
Fe(C4H6) (CO) 3, Co(nmesityl ene)2, (PEt2Ph)2,

By T O B AT O L) BRSO Yy
. Lo ¥ N )
PhsSEICHE. (AR S P eiae BURE R hep Gror B
d X I X3,. Ti WY 5, ,
PheSEEIE Vel Tl S R H BT b e BQe Hus i and
an_acetoxy group, an al koxy group or an aryl oxy
BuSn@i@fh) : and 25 <Organo-tin conpounds> Organo-tin
conpounds such as (CH3)3SnOCOCH3, (C2H5) 3SnOCOC6HS,
24E s shtbesersaitalpsis snaxberssolucatalysiddadingide the multi-stage
Bu2Sn(000C11H23) 2, Ph3SnOCH3, (C2H5) 3SnCPh,
distillBis?Sro OOA3 P2 MaBuRSa (SOLRHS atal i 2sat(diF¥ol2es in the reaction system.

Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnOH, Bu2Sno,

( B&IN pP e dAtalFst@otnpartentBntnHfddurs® haae ibeeh reheted with an
catal ysts may be a solid catalyst fixed inside the

organwtémpsnﬁ@ﬁresﬁrﬁm tHeaﬁéa@noﬁ@kgt@m s@¢h B8¥nRiphatiebldehel, the
catal yst that dissolves in the reaction system Each

arom&c RS RYEBKF I bRIpAIPBRERLS ARV carboRatd, $5e BRYA daPSdhate or
reacted wth” an organi c conpound present in the

the diéﬁgpéérﬁﬁnéﬁéﬁ‘ bﬁﬁlﬁs}‘ﬁ&é‘ﬁe@ﬁ‘ s@i&j{eE{%t%e ﬂogt?%;ﬁ%g%qtmtetﬁ? with the

matl ¢ nbno OoXy comnpoun

startir?gah%?é}ﬂ}l or p%‘cﬂlc(ﬂé 3%} to” rebrgggﬁgnpr

In the case of carrying out the present invention with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a high
solubility in the reaction liquid under the reaction conditions. Examples of
preferable catalysts in this sense include PbO, Pb(OH), and Pb(OPh),; TiCl,,
Ti(OMe)a, (MeO)Ti(OPh)sz, (MeO),Ti(OPh),, (MeO)3;Ti(OPh) and Ti(OPh),; SnCl,,
Sn(OPh)s, BuSnO and Bu,Sn(OPh),; FeCls, Fe(OH); and Fe(OPh)s; and such
catalysts that have been treated with phenol, the reaction liquid or the like.

Fig. 1 shows a schematic view of the continuous multi-stage distillation
column for carrying out the present invention. The continuous multi-stage
distillation column 10 used in the present invention comprises a structure having a
pair of end plates 5 above and below a cylindrical trunk portion 7having a length L
(cm) and an inside diameter D (cm), and having an internal 6 (6-1: packing; 6-2: tray)
with a number of stages n thereinside, and has a gas outlet 1 having an inside
diameter d4 (cm) at the top of the column or in an upper portion of the column near to

the top, a liquid outlet 2 having an inside diameter d; (cm) at the bottom of the
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10 the dial kyl carbonate, or may have been subjected
to heating treatnment with the starting material or
products prior to the reaction. In the case of
carrying out the present invention with a soluble
catal yst that dissolves in the reaction systen1 t he

courfbERA bt (B P G0 R 9 By, SORHR bt
e M 352'6%&!@?@@&30”? B e gyane oo

(Me 0 2T MeO) 3Ti ( QPh)
Out'etﬂa?&hl 5@5 ﬁ%ﬂ!% n f@d@&ﬁ@ﬁﬁ@ﬂ@fﬂ@ﬂ@@lﬂmabove the
Cl3, Fe(OH)3 and Fe((Ph)B and such catal ysts that
liquid I%Net betetthabsinge fig.H ghwppne embadiment oftheicontinueus
the like. Fig. 1 shows a schenmatic view of the
multi-gtageidistdiaiomeptumn aagerdifigsta thegiresent inventisinuan dreangement of
carrying out the present invention. The conti nuous
the intarhali is o timitedits thatl aftFign. col utm 10 used in the
present invention conprises a structure having a pair
of Merebver,ahe sontinbeve il steleanstilativhicofline 30 ddceiking to the
portion 7having a length L (cm and an inside

preseflt RVBAhESN MustBb. mé‘(ﬂ‘é’té@éﬂhé‘ﬁ vBRoiSESRABONS sb Bs ko be able to
packing; 6-2: tray) wth a nunber of stages n

carry %U@ﬁ&'cﬂﬁ Q%tldémjn E??al@og t%‘ﬁtét%e tJSﬁxPrﬂannﬂ@ Qad {bsbéjgble to

dlame eto e colunmm or 1n

prod UHQ 9’\%@ e%%rthéﬂq tgh &Qﬁe 8%1 I"%rﬂgﬁ%t ftop? rsrga%& fo?ﬁ:\ ebr%\‘gn%ed

i hsid

oG T30, 5y AT ARG oo
o moBf e SR PR Sl
s B et S G B o Sk B S Bh s

one enbodi nent of the continuous 5 multi-stage
SO as fmakg ihedeapstior BFQ%ﬁ*dzfé%@V@nﬁgN'ﬁbhlgﬁeg%ﬁ?@é@m
i nvention, an arrangenment of the internal is not
| i Mprecspeifiealia: theffolpwing. arrtseaeived fortthe coptinuausonsilti-stage
mul ti-stage distillation colum 10 according to the
distillgfioasziemnracentdiog torthst ptesentiteentiorsat i sfy vari ous
conditions so as to be able to
(1) the length L (cm) must satisfy formula (1),

1500 £ L £ 8000 (1),
(2) the inside diameter D (cm) of the column must satisfy formula (2),
100 £ D £ 2000 (2),
(3) the ratio of the length L (cm) to the inside diameter D (cm) of the column

must satisfy formula (3),

1A

2 L/D S 40 (3),

(4) the number of stages n must satisfy formula (4),

lIA

102 n< 80 (4),

(5) the ratio of the inside diameter D (cm) of the column to the inside
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carry out not only distillation but also reaction at
the sane tine so as to be able to 10 produce not |ess
than 1 ton of the diaryl carbonate per hour stably for
a prolonged period of tine. That is, the continuous
mul ti-stage distillation colum 10 according to the

diamethEd &‘";p%‘fﬁtﬁgid SR e SEUAP ratl Glnct i on. but

rather t e<9e dktl s are conbined with conditions
requi redc s 1mstk q‘:tnhe reaction pro?‘é)&d’r@t ably and
15 Me specifically, th

o) 4 ?fgt'oa@ %Eéé%ﬂégwm%ner%éwtthﬁ@ewnm e igside

d| stl I | ati on colum according to the present
diametardntanaref the jiquideoutiah gaust Lsagéfmformgla (6atisfy fornula
(1), 1500 <L <8000 (1), (2) the inside dianmeter D
(cm) of %he Poldin® At satisfy fornul(@).(2), 20 100 <
D < 2000 (2), (3) the ratio of the length L (cn) to
t hié shosldde cotedehat thB téonyincdn uppercmdrtion of thestolaain séar to the
formula (3), 2 <L/ D< 40 (3), (4) the nunber of

top” réfeagRsthe poHEtn extdrsiing dOWAWBAIIY fom thtbtopbfthe célﬁﬁh to the
(4), (5) the ratio of the inside dianeter D (cm

Iocatlérﬁ‘%é%@uﬁg‘? dbeut D25 INAritethedBnfli ﬁ‘ﬂ@ﬁcﬁﬁer‘jﬁorﬂ&ﬁ%f ﬂ'fe é&l@mn near

gas out| must satisfy formula (5),

to the(t@tton?ﬂ‘éfﬁ(r@to Wﬂéap{) fo'noeﬂéndilhﬁ éfp(l%rglg fFHéQ'FI‘Zé %)tta‘p((%\f%e column

he co i nsi de anmet

o el high f“P%E@ﬁ%@!]FQJS%tZ@%é?LéNtﬁ P g4 B e .02,

D) el R B RS OB U s koo
coIumcnotlhapgimucftaneously satisfies formulae (1), (2), (3), (4), (5) and (6), when
producing aromatic carbonates containing the diaryl carbonate as the main
component thereof from an alkyl aryl carbonate, the diaryl carbonate can be
produced on an industrial scale of not less than 1 ton per hour with high selectivity
and high productivity stably for a prolonged period of time, for example not less than
2000 hours, preferably not less than 3000 hours, more preferably not less than 5000
hours. The reason why it has become possible to produce the aromatic carbonates
on an industrial scale with such excellent effects by implementing the process
according to the present invention is not clear, but this is supposed to be due to a
combined effect brought about when the conditions of the formulae (1) to (6) are
combined. Preferable ranges for the respective factors are described below.

If L (cm) is less than 1500, then the conversion decreases and it is not
possible to attain the desired production amount. Moreover, to keep down the

equipment cost while securing the conversion enabling the desired production

amount to be attained, L must be made to be not more than 8000. A more

o
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| ocati on neasuring about 0.25 L, and the term"in a

| ower portion of the colum near to the bottont
refers to the portion extending upwardly fromthe
bottom of the colum 10 to the | ocation neasuring
about 0.25L. Note that L is defined above. It has been

prefergbfi faTc kR0 i Lo EPRnBE R0z, 1R 88500 being

1), (2), (3), (4), (5) and (6), when
yet mBF%BWé?rﬁ&iear omati c carbonates containing the diaryl
car bonate as the main conponent thereof from an al kyl
aryP @mbéﬁ%ﬁthaﬂh@%mﬁmt ¢ apbReRpikie dapttg the desired
produced on an industrial scale of not less than 1 ton
produg,t:_l@n REwUNi t Noreeersisl kean dowy thasguipment sostiwbile attaiping the
stably for a prolonged period of tine, for exanple not
desiréceproduition ap@amMt,Houmgst her mbdedblbe madtmoresthiat 2H0030@0more
hours, nore preferably not |ess than 5000 hours. The
preferabis amgatfpr Ot (chilss HE00Fe P& s 0O@, with R00dSICO £he800 being yet
aromati c carbonates on an industrial scale with such
more @xsretdmpat effects by inplementing the process 20
according to the present invention is not clear, but
Uhif § /I3 iSIdBRASA2 1R JPeatdPhdrP4@ théﬁ@béﬂﬁ‘a#)@fét%t becomes
br ought about when the conditions of the tormul ae
yrp. Mol [ f e
aifiot AT bRl Biar e LT TR ore Sl o R v F?étf‘e*b‘?ﬁrsfeme
t
betwe!e%stﬁe tgﬁ%gés%n on’i? e ?ogy%%r%eéozrg§$}o§ o&%?g cﬁ?@t ﬁ@r%e [3rolonged
Mor egver

t
Stab'W?@hg’éPSP?W&SH%@CH%nv@‘?’é‘?‘b‘f?r 3thedepsiHlobE s 1he
tempdig g 413 Ve 00" 2 o e . B fienEBisiie GO pogome
2000 < L < 6000, with 2500 < L < 5000 bei ng
liable %PC% theselay bringing ahout p qegryasesin tbeselemiiity.00A maren
it is not possible to attaln the desired production

preferabisurangensr bédis 3t ké&b Sdodh witheSeguilg@rid  d6deing yet more

while attaining the 5 desired production anmount, D
prefengiig. be nade to be not nore than 2000. A nore

preferable range for D (cm is 150 < D < 1000, with

2010 n4<s [2ss tBAN 1ifethen thet conversion decreases and it is not possible to
attain the desired production amount. Moreover, to keep down the equipment cost
while securing the conversion enabling the desired production amount to be 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, it is
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 the

selectivity. A more preferable range fornis15 = n £ 60,with20 £ n £ 50

being yet more preferable.

If D/ d4 is less than 2, then the equipment cost becomes high. Moreover,
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nore preferable. If L/ Dis less than 2 or greater
than 40, then stable operation becones difficult. In
particular, if L/ Dis greater than 40, then the
pressure difference 10 between the top and bottom of
the col um becones too great, and hence prol onged

e BB AL 4 Lé@p%gwg%sé.szefme At

d h d
systefi, ab Senge stakie op@ﬁoﬁmﬁﬁ Flibodf 52%32%’55 & ign 15,
the selectivity npre preferable range fo
then tbega@epuwgr@@nem wHhdrawa] amqsm%ﬁaoa@srf& Seivlameand bence

preferable. If n is |less than 10, then the conver si on
stablefepgratior begamestdiiiisulbAnd moseayes a decrgasairthereonversion is

desired production anount. Mreover, to keep down the
brougbtjabputentA mose prefeidbde sage fondp £ tieiscdBvVEr § bdy Enah? jiwith 3 =

the desired production anount to be attained, n nust

D/d:bg midseihg yeemooe prefeeatilban 80. Furthernore, if nis
greater than 80, then 20 the pressure difference

belf peed, shess tranaB dhéetheayibnidie cosl begbrhies aigds téreover,
great, and hence prol onged st abl e operati on becones

the Iicﬁlld (it dwal MPh&@Yecohied elatNREERIGAT ¥nd Behbs %W@ob@%tlon
enperature in the lower portion of the colum,

becorE@Q GRficH. 98¢ DQQ%% ngSatQPﬁf?ﬁB:Bd iR ?n% oRTaty t'hr&gtﬂ{ fﬁ%yllqwd

ngl ng about crease I n the ectivi

outlet%%fééﬁgl t?en(%)?rg )@S&Wgﬁi@?aaquqhe %O%og\c}d{;bg&meghgble to
occur e s 45 ERU b 67 B80S " iiharviea onoe
for D hilntse? % abl/honeres iR bt oRd DSt ACRIRS Vot Mo piterable.
t th th th
o E AT ol DR OBIOHE Thad 12 0% BIPerb vedtian itdn duther
stabl e operation becones difficult, and noreover a
prefergble 05 sk and daHe sabsldeEMBIA (73 5 brought about. A nore

preferabl e rangefor D/ d, is 2.5 <D/ d, <12, with
3 15 di/d; £ 6 (7).

The term “prolonged stable operation” used in the present invention means
that operation can be carried out continuously in a steady state based for not less
than 1000 hours, preferably not less than 3000 hours, more preferably not less than
5000 hours without clogging of piping, erosion and so on, and a prescribed amount
of the diaryl carbonate can be produced while maintaining high selectivity.

A characteristic feature of the present invention is that the diaryl carbonate
can be produced stably for a prolonged period of time with high selectivity and with a
high productivity of not less than 1 ton per hour, preferably not less than 2 tons per
hour, more preferably not less than 3 tons per hour. Moreover, another
characteristic feature of the present invention is that in the case thatL, D,L/D, n, D

/ d4, and D / d; for the continuous multi-stage distillation column satisfy the following
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D/ d, < 10 being yet nore preferable. If D/ d2 is

| ess than 5, then the equi pnent cost becones high.
Moreover, the liquid withdrawal anmount becones

rel atively high, and hence stabl e operation becones
difficult If D/ d2is greater than 30, then the flow

formuff ALy i roouly fadhcr se5hcBoh f@gfﬁi%f’?@fowé
EBSE”&E - 652%9“,29 ab?ﬁrm °%, b, FhsbSively noless

< 25, wit 5 < 20 beln yet nore

than gr%rseq%rm%ﬂ mf@mrﬁe Yrﬁﬂt esg Ehal’r‘a%%%'é?r PEBOGH. FIRAE Preferafly not
present invention it is further preferable for d, and

less tfa@n Bdoesapeshyur of the|diaryygarbopate earubepr@l@ced@ (Furthetmere,
term "prol onged stable operation” used in the present

anothengkarnactaristie deature hithegpresani iomertion ise¢hatinrthedasatthat L, D, L/
continuously in a steady state based for not |ess

D, n, Dhah, 4600 ® hdyufos the ceftmudalsymalitsthgs distiiatio06RINMDsatisfy the
nore preferably not |less than 5000 hours w t hout

followfP@@miuthe225p0PE NG, sergrgmn udsspan, gaod 8 < L/D £ 15,
prescri bed amount 20 of the diaryl carbonate can be

20 s Phogdused whigl epiy, g aipi NgpRi o sSepedd,i ¥i 1y, rE)e_ctrvely not
characteristic feature of the present i nventio

less thAAs tf) d RO, PF(%E%H\%& Ie%@rt’rﬁéiﬁ RAGRY h%hia%é{reﬁg%ferably

a prolon ed per selectrvrt

not Ieﬁé M}ﬁ’na4 t&&sgrserpﬁ&ﬂ%‘ftt o é’ry rB8 ecsa% %Qsﬂ)qjqugégn per

ably not ess ons nor e

PSRl g &Féﬁ%’& %@@0@8%%3?5&9 e PFF’eseBE/b ggv&rr?on Is based on

ventio |s t hat case that L, D,

the a"qu Pyl catfonste Tgactes Ih e Bisent Byertienia h@bégeéect'v'ty of not

dlstl%/latlon col um satlsfythefollovvlng .
less ”F%?% oaean gpperally Peatiirs, Prstrablpnet ikssohan 2%, mors <

n <60, 225<D/ d <12, and 7 < D/ d2 <

preferggly '?@sl%%fhé\ﬂeﬂ’%//o not less than 2 tons per hour,

preferably not |ess than 2.5 tons per hour, nore

pr Efe cantinuanst multiestsge ldiatillgtiom nelupur at¢asudingftotthe present

di aryl carbonate can be produced. Furthernore,
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 part in the
distillation column where gas and liquid are actually brought 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 preferable. As the
packing, a random packing such as a Raschig ring, a Lessing ring, a Pall ring, a Berl
saddle, an Intalox saddle, a Dixon packing, a McMahon packing or Heli-Pak, or a
structured packing such as Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer
packing, a Goodroll packing and a Glitchgrid are preferable. The multi-stage
column having both a tray portion and a portion packed with packing can also be

used. Note that the term “number of stages (n) of an internal” used in the present
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5 another characteristic feature of the present
invention is that in the case that L, DO L/ D, n, D
/| d,, and D/ d2 for the continuous multi-stage
distillation colum satisfy the follow ng formnul ae:
2500 L 5000, 200 D 800, 5 <L/ D< 15 20 < n < 50,

< 20 ely t
mvenf’ %%ma{z%ﬂthéfl {2 ity T it ensﬁ ayend o
our nor e re er ab 10 | ess an 4
theorslza i o s stindhe Fad 90 t 6 DRglhs o THSHETBES. gn Yok e of the
"Selectivity for the diaryl carbonate" used in the
multi- §}a@§é;qlumﬁ\}'@wng)gotihsthg égaélchfHon eRd the prtiogy packed with the
carbonate reacted. In the present invention, a high
packigg, rorganstthe sumet the tetad nunmer%%adarangéh@rtmcwhb@ number of
attai ned, preferably not |ess than 97% nore
stageproé thes abtly'ng.ot | ess than 99% 15 The conti nuous
mul ti-stage distillation colum according to the
pr €senéactionvsativieen the afkybasi sbthonateland ithé atdrpatic ol umm
having a tray and/or a packing as the internal. The

monoh 8Fxyl JOnRSAHd’ présent llnrthé h@a@f&ﬁwemm«f% b%kéﬁ‘?ﬁ'ﬂ/%ntlon has
e part in the distillation col'um where gas and

an exiﬂeﬁ‘r&lyjlo% Sqé‘iﬁBH@flnldbn%fé?Hgé‘ﬁd hﬁr?o@é%%%?%%ﬁ‘!ﬂwra?é‘% slow.

anot he tray, for exanple cap tray,

Furth rrﬁbr%v?né Hﬂproﬁrﬁ%ﬁ ﬁrreg}f or‘?o?f%ecé%Fﬂtaq?lf{a(?%ﬁét@%haﬁs the

uperfrac t ray,

main gé%?@ﬂga ﬁe&@ﬁ?ré@r?c%ag&qm% %‘W I&f?%ﬁgm%gﬁ (I;qns§ant, and
the reSRER FafodPetear = BaeT rhas bé‘waeéﬁav%%%ébeﬁﬁhﬁdn% g

dlstlll?}m@cﬁemnahq%pg]hnﬁg;ggok%K%fg{T;X@; Q§K mf? rggr!g\ééls preferable

preferable. The nulti-stage 25 col upnn havi ng
as thq P@@Alrﬂmsl fBH't'afﬁaQ% d&l&'@hl%cﬂam&@ﬁ% mhthsaeﬁﬁctwg @Iah"atlon for
also be wused. Note that the term "nunber of stages _
carryipgyoupthese iegciemainthgguasent inyentiones dhis ma® preferabledier this
nmeans that the total nunber of trays in the case of a
distillaticaycolamh toHeaveta portieni reaked wvithetheqgfackirepprevidedtindhe upper
case of a packing. Therefore, in the case of the
portiomdftthe slistitjetiarotolomr avidreytray pbrtidmeprovimledpnrthé toweamebrtion of
the portion packed with the
the distillation column. Moreover, in the present invention, the packing is preferably
the structured packing, it further being preferable to use one or more thereof. The
structured packing is preferably of at least one type selected from the group
consisting of Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a
Goodroll packing and a Glitchgrid.

Furthermore, it has been discovered that for the continuous multi-stage
distillation column according to the present invention, a sieve tray having a sieve
portion and a down comer portion is particularly preferable as the tray of the internal
in terms of the relationship between performance and equipment cost. It has also

been discovered that the sieve tray preferably has 100 to 1000 holes/m? in the sieve
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packi ng, n neans the sum of the total nunber of trays
and the theoretical nunber of 5 stages of the

packi ng. The reaction between the al kyl aryl carbonate
and the aromati c nonohydroxy conpound present in the
reacti on system in the present invention has an

pOFtIOﬁXt ) on P ae?&‘a%?éjhﬁjﬁwBH BEHSI%E% ?Eb 'to @pﬁ HB%S?%V yettrJRSre

reac

proferghBpLAERLBORTBISER £ oHote Paaﬁﬁfeaﬁ*ws?’%dothgﬁ the
crossc%ﬁé@ fare g NoJeLoT g e e iraw PRI ALlH I anggef fiam 0.5 to 5

has been di scovered that the nulti-stage distiJlation

2. cHIneRe ralarablegsess-saetional iarery Panboleris U ¢ toy4 &8 pet more

internal is Qreferabl e as the continuous nulti-stage
prefergibiyt @.01tat3 on”.c of urtihermare, it has heenadiscavesed theatiit is andren

for ~carrying out these reactions in the present
preferablecifithesieve trayshasot @0 fir ¢0@0 hbles/rhdin thei sievicSportion, and the

distillation colum to have a portion packed with the

cross{sactiong areayededld i8 ih Berangpf frop®0t5 @6 em?t h€urthermore, it has
distillation colum, and a tray portion provided in

been HizeolereaIthapl 9 @t Abre priaerdbfe if khebtr@atufed] paBking is of at least
Moreover, in the present invention, the packing is

one sere%fe-a“ﬁ&whetdvsué%fa@&w@ef RRAKHAM., G?hp%ﬁr'f@@f-ﬂ\r@'m(

preferable to use one or nDre ther'eo structuréd

FLEXP??\'N %%ulﬁerp ﬂ@ﬁ@bi éo% %R@ %Bﬁg a‘?ﬁftﬂg sieve tray

m' t'he roup Sonsrst

K S l zer,
nas 1%@%?9?85 fiesneh %?v% oHi5FY reP e gr@%ﬁ-sm@naﬂ@wa per hole
scov r.ed or »,th t| nuous | ti-stage
s in afaBgeg éﬁona)hhﬁsa ‘%ﬁw ac N Shae it dyearding the above
i nvent i si eve a a si ortion nd a

condifgRa o bRsPgBreTS Mt fﬁ%%%ﬂ%&wf rap chgitiecto! dh present

tray of the internal 25 in ternms of the relationship
inveniion mhe;?étavraﬁ%m%%eaﬁw equi pment cost. It has al so

been discovered that the sieve tray preferably has 100

t oVheoCaningpwithppresentdnesdions theydieryl arbonate can be

preferable nunber of holes is 120 to 900 hol es/ nR2, yet
produped eontinedustaby gontiuausBieding they startingomatarial pomaim'ag the

been di scovered that the
alkyl aryl carbonate into the continuous multi-stage distillation column in which the
catalyst is present, carrying out the reaction and the distillation simultaneously in the
column, continuously withdrawing a low boiling point reaction mixture containing the
produced dialkyl carbonate and alcohol from the upper portion of the column in a
gaseous form, and continuously withdrawing a high boiling point reaction mixture
containing aromatic carbonates containing the diaryl carbonate as the main product
from the lower portion of the column in a liquid form. The low boiling point reaction
mixture may contain an alkyl aryl ether and the aromatic monohydroxy compound

present in the system, unreacted alkyl aryl carbonate and so on. Moreover, the high

boiling point reaction mixture may contain the aromatic monohydroxy compound,
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cross-sectional area per hole of the sieve tray is
preferably in a range of from0.5to 5 cn2. A nore
preferabl e cross-sectional area per hole is 0.7 to 4
cn2, yet nore 5 preferably 0.9 to 3 cnR. Furthernore,
it has been discovered that it is nore preferable if

unreatggeﬁ ?I'léﬁlvaq'xfn%eﬂ%ﬁﬁn% 3Wsb ‘&nloﬂosﬂﬁ%lloe B& rﬁ%ted]tl‘f]al? ssl’n%\‘lﬁoned

Cross-section

a.range of fro
aboves 13 708 fioBso b g ! ﬁﬂ%og”? P Staihg Brdlecia w3 Roptain the
ctue kln is of at |east  one selected from
dialky] rrtgnals aedalioncf it sfe iaqtapaRoduSipie aromstiaanpARYdroxy
10 FLEXI - PAK, a Sul zer packin a Goodrol | packing and
compaumi,uth@wgarybcar&ﬁaatq@%au%aw atherrhigh bodinggainpegaction
holes/n2 in the sieve portion, and the cross-sectional
by-pregusis ped shgire  Takinginto cem@éer@‘tioﬁrtbme@uﬁvm@wtsamst|required
has been shown that by addi ng the above conditions to
for sephmtiooraridpurificatiohtin otheaxgerocksseis| Whehactuallyumplernbeting the
object of the present invention can be attained nore

presefipivetiorl mddketaligait Isypregerable foehdsRStTY materedl td @dntain small
the diaryl carbonate can be produced continuously by

amoufRbfl SUBWINIpd @RfY. ng the starting material containing
the al kyl aryI carbonate into the continuous

MubreAeRIR tﬁ’é ?rééérﬂﬁﬁ@htlﬁﬁeé ddsshivitlic dﬁ Qereflﬁﬁbﬁe&ﬁiton of

i s present ying out eactlon an
condé?‘l ﬁiq 2% ﬁ%’&u@égﬁrllcé%%ggﬁ éo\@vn ttf)r%?n tr%oiog"&f the reactive

the 20 ed di al nat e

t urne_cont |n|n Kk 0
O S R TR L .
and continuousl wng a hig .
of thegfiSiiafign ﬁsmn Fse%%r('ﬁar?%'&?'[ﬁfé'a\%%nﬂaﬁhisrésﬁr Bireieox ratio s
car bonat e nin |_ carbonaje as t [
ina rq;s}%aﬂﬁ ik 0% R baferbRl 0B o FrarRe elsren 4 hiad: I the
quid form The | ow boi|ing point reaction mxture
preseﬁ’angeamra.Wh%rhcemtuwmelwﬁeeémet.heaﬁﬁ@rtmaéﬂaﬁeaﬁhwraammg the
monohydr oxy conpound 25 present in the system
alkyl a earbpeateainta/thesggntingigrp ontistagridistliasion calvmoy this starting
the high boiling point reaction m xture may contain
materigiés prederablycfedontohiperdistilationmolurdn 82 lignidfacmezhdibkg lgaseous
aryl carbonate and so on. It should be noted that, as
form fremntinlet(ejiprovided in one or more of the positions in the upper portion or the
middle portion of the column below the gas outlet in the upper portion of the
distillation column. Moreover, when using the distillation column having the packing
portion in the upper portion thereof and the tray portion in the lower portion thereof,
which is a preferable embodiment of the present invention, it is preferable for at least
one position of the inlet to be provided between the packing portion and the tray
portion. Furthermore, in the case that the packing comprises two or more of the
structured packings, it is preferable for the inlet to be provided in a space between

the plural structured packings.

In the present invention, the method of making the catalyst be present in the
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above, in addition to the al kyl aryl carbonate, the
starting material may contain the dialkyl carbonate
and al cohol that are reaction products, the aromatic
nonohydroxy conpound, the diaryl carbonate, the alkyl
aryl ether, high boiling point reaction 5 by-products

°°”t'"%@3\55'ﬁ%@r%t?iéﬁ5‘%@?*%%%.‘@%@%%%@%% SRR o inat
the ool SLAMH SHIFLRER b PrbEt i Beryacth Fdr bRt lepfor axgmple. o
methas] BrWbiGABE RABI SIS DS Mo e T Bdh O SXABHte oReing

process in which a reflux operation of 10 condensing
msta"@ﬁl@rga@aiasn%@ﬁﬁm]@@mtlwqusdnu%sta@@m&tlﬂéthrbgolumrt prebeing
reactive distillation colum, and then returning sone
installefl in ithe faronplthernadkingo  tlhéheippee opacatalyst théat diksolves in the
distillation colum is carried out is preferable. In
startingwnaterid @ thdpeaatibhuiquidqtitiis preferabie 4o featytheadatalyshinto the
0.05 to 10, preferably 0.08 to 5, nore preferably 0.1

distilldtnZcolimntfrem dPpEsitov above tHd middivponticipot theunstilation column.
feeding the starting material containing the 15 al kyl

In thisféade, @Is?é barfst lifOdUisSRVEPTH HRUQERiIngUhblerial éﬂﬁeactlon liquid may
distillation colum, this starting materi al

be mtfHoeJc_%gqmthhE% Jf'% %éé}ﬁeF’{Nﬁh'tH? %idrﬁ ?ﬁ%té' "fay be

form and/ or a gaseous orm

mtrodBEQ%{ qus qhé Qf)ﬁfﬂﬁn 955{'? rdﬁ‘fecffantI Mf‘et Fﬁﬁﬁ Lﬁeogt%rt rﬁ;nrtn%ﬁ?r ﬁ;he

ion or € portion o
t in th ortion of the distillatio
amou (i catph et miRB P e TV G et o e type
t he packi ortjo n the uppe ortio
ered 058 Aitrapp iy siie slering MacTaMErHssitsond reaction
thereof, which is a preferabl e enbodi ment of the
Cond'b?'a,fséh‘ﬁ ppimEgastionitempsrales apd Hieraastionpressase.  hhe amount
position of the inlet to be provided between the
of the@&'va@smr@w indrange affegm OgiiQt ion30 Paiby Meighir ereferably
the case that the packing conprises two or nore of the
0.05 tet %t by wieighdcmiore prefetably 0fi0sftor oIy weight, hased ot thedotal
be provided in a space between 25 the plural
weighd of thet staethgoaakerieds. | n the present invention, the
nmet hod of making the catal yst be present in the 33
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 continuous multi-stage distillation column. The reaction time varies
depending on the type of the internal inside the distillation column and the number of
stages, the amount fed into the column of the starting material, the type and amount
of the 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
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continuous nulti-stage distillation colum may be any
met hod, but in the case that the catalyst is a solid
that is insoluble in the reaction liquid, there is,

for exanple, a nethod in which the catalyst is fixed
i nside the colum by, for exanple, being installed on

omo B sHAEA 5RO PR TP o bt

he ca e of a hat ISSO ves
increq¥cthelaptidh {eRiad@ifatou BbSietib he oactihate s i 1 reaction
referable to feed the catalyst into the distillation
tempergfyfis f%w\gg e tide reamions hacems krhie i ereyrofer sxampde
distillation colum. 1n this case, the catal
productigi ofi bitinseducts surh astfries reprraRgement preducts ogt@sc,d'awh
liquid may be introduced into the column together
carbonatehandhanstiksyl aryl gtivert and &istermormpounis therdof inareasss] which is
into the colum froma different inlet fromthe
undesitabig.i Ngomthisereagbn, fhieereaatisrutempérature is ptefesatily inse dange of
the present invention varies depending on the type

from 13®{E280°C, Holeypeferaby 1B0RAZE0°0)FePmdré SreferdBiy ngo to 240°C.

mat eri al conpounds and reaction "conditions such as

Mored\#, theaehtath F%ﬁ%ﬁf@%‘r" i&s d8sendify bﬁQﬁé *t)ﬂib Of BeHa®ing material
The' anount the catal yst i s general in a range of

o A b G bk B8 A
tempd@t&@tan@’%‘é on.- ?nl'h %a&ﬁ{)ﬁh%es}@%wﬁafge 5H$ o?B%&u@er pressure,

1 al eaction
rormHEEATS DR AEHLATpEBEh bl 0ebiel b e ot

rage residence time of he react| on {iquid t he
generglipin AGBIES ALTOTM &1 dBxA0L PR, PERIFGIPC AP Lis] U7, more
reactio i g varies 20 dependlng on the type of the
prefeqaﬁg/eémdh oy’ d@-t he distillation colum and the nunber
of st es, the anmount fed into the colunn of the
ewtcmsatutmgﬁae CcopnuaHs Akitiostage slistilpion column used
_ cat aI yst, the reaction conditions, and so on. The
in thernsasentdnventian is gegerallya metallic material geichiasteashon steel oo
10 hours, preferably 0.05 to 5 hours, nore preferably
stainl@sslisteel. 3 Inheums of the quedity ebitiei bharyt eanbenataipmduaed estainless
depending on the type of the starting materi al

steel s@refarable. used, and the type and anount of the
catal yst. The reaction

Hereinbelow, the present invention will be described in more detail with
reference to the following Examples, but the present invention is not limited to the
following Examples.

Examples

A halogen content was measured by means of an ion chromatography

method.
Example 1:
<Continuous multi-stage distillation column>

A continuous multi-stage distillation column as shown in FIG. 1 having L =
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34 tenperature is generally in a range of from 100 to
350C. It is preferable to increase the reaction
tenperature so as to increase the reaction rate. If
the reaction tenperature is too high, then side
reactions becone liable to occur, for exanple

' f t
3100 EFnO L5 : thb PRoyCL %o%%@g%;ﬂ@% rlﬁ‘?‘P%yl F?\{é%used

ucts o e diaryl 5 carbonat an a
In this %%P a%? tﬁéﬁérnt%ﬁ:@g%gg 8¥ %ﬁlﬁgglﬁggge{l ?tgéoer?)g%%gw ?ﬁb rof
Stageaﬁé? Bk istalleg 1 o bBBS pottion, RRT TS ik By Oﬁ%\@nq e
Moreover, the reaction pressure vari

Cfosst?@ﬁté%@'r?de% Ref hele YRPRIPXifMatelyt hd i Pk é\“i"?shef of holes of
conpounds used and the conposition of the starting
approximatelya?90/mavasersed ththedowerperignure, and so on. The
reacti on pressure nmay be any of a reduced pressure,
<Reagtivenditilatienzur e, or an applied pressure. The pressure
at the top of the colum is generally in a range of
f rAmigtute tontaiiiog 1B byrwéighabf metldd phenfiOtarBPanatetthat had
preferably 5x103 to 105 Pa. The material constituting

been bbby Bubjesting! htrhixaira g nedising! disieton cafonate 4AgHhenol in a
15 in the present invention is generally a netallic

weightPatRY bdinfeiis) c%?b&?&”t@@?)héhélei 108 to §ttr%'n§é§t%ﬁf|§étﬁﬁi reacflon was
terms of the quality o di aryl carbonate produced,

used 85 &l th8RY matersl. I ThiPseifhGRReri QHS& 9% % HFweight of
? % detalt

present Irnvention w escri I n nore

e DS 1%, b A B8 EXTBR Wi
et FERBH R saﬁé@zmm«% Shys s e
Pb(OPh znatsI ry%gtu ful +he s% r(weg (rjr%a (ta}lelall atbls tlaﬁy %rgqnot contain halogens
(outside the detection limit for the ion chromatography, i.e. 1 ppb or less).

The starting material was introduced into the continuous multi-stage
distillation column at a flow rate of 66 ton/hr from a starting material inlet installed
between the Mellapak and the sieve tray. Reactive distillation was carried out
continuously under conditions of a temperature at the bottom of the column being
210°C, a pressure at the top of the column being 3x10* Pa, and a reflux ratio being
0.3. It was possible to attain stable steady state operation after 24 hours. The
liquid continuously withdrawn from the bottom of the column contained 38.4 % by
weight of methyl pheny! carbonate and 55.6 % by weight of diphenyl carbonate. It
was found that the amount of diphenyl carbonate produced from the methyl phenyl
carbonate per hour was 5.13 tons. The selectivity for the diphenyl carbonate based

on the methyl phenyl carbonate reacted was 99%.

Prolonged continuous operation was carried out under these conditions.
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A continuous nulti-stage distillation colum as shown
in FIG 1 having L = 35 3100 cm D=500cm L/ D=
6.2, n=30, D/ d, = 3.85 and D/ d2 = 11.1 was used.

In this exanple, as the internal, tw sets of Ml | apak
(total theoretical nunber of stages 11) were

The ahrg\ﬁlirﬁ‘é bf}ﬁlg'h@n?ﬂ?arwﬁ% pﬂ'BBfJbéH‘ Be@ﬂgurtﬂel?oﬁ ﬁtyt?rst 28%0 hours,

Ing t 0Ss-sectiona

4000 ﬁBer OXhBBHOILYs %@/%@0 ﬁglqrsaa r}ﬁé F%%l@ §te%fdly5%%te

r OX mat el’y was use
(excl % e %fe)hd' %ré%ﬁ&%nﬁaﬁ%@t ﬁjg {tﬂgﬁw%hﬁa{égﬁbé/ﬁere é/ 13 tons,
513 @8R AR o475 P s v

carbaonate / phe oatransesterlflcatlon
99%, 98%@90@ Yels. qod @@e/d r%@e&twla,r@ndwaem 16 eperatipn yvas very

starting material contained 26 % by wei ght of

stabledi rideriepvet dnd arematic eamomtaeepr@lducecﬂ sabstaotially dig rotiwpntain
wei ght of phenol, and % by wei ght of diphenyl

halogens bbppb e lessi. furt her cont ai ned approxi mately 100 ppm
of Pb(OPh)2 as a catalyst. The starting materi al

Examplghdt antial ly did not contain hal ogens (outside the
detection limt for the ion chromatography, i.e. 1 ppb

OrRég&tR: didfilalibn wdsedrred JRiAHeAthedAoiHg Qshtigshd (Kifg the
the continuous nulti-stage distillation colum at a

samefcbﬁﬂhué\!@nﬂjfltl %gb%?éthfatﬁﬁ%hﬁnﬁ%@ﬁﬁ'@%nﬂﬁé qrial inlet

installed between the I'apak and e sl eve tray.

<Rea<§f clikiieat %hgtl | ati on was carried out continuously
er conditions of a tenperature at the bottom of the

ok AR RN, BrERED Ghphifagnat v
. i t .
e Sl oY PER e oA G LA 8 ot
wor S SCUR Bl bl e SR B s
ght of di phenyl_ car bonat e. was found that the

used a%aﬁartnag fﬂ@tsﬁéhyl hig slssting maé?rcb%hf@@éﬁm%ﬁ?t%@www of

carbonate per hour was 5.13 tons. The
d'met@dw@étwnmeyS Py twaighl ofniselecat Bohumeighisddhenol, and 1 % by

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 continuous multi-stage
distillation column at a flow rate of 80 ton/hr from a starting material inlet installed
between the Mellapak and the sieve tray. 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 being
0.5. It was possible to attain stable steady state operation after 24 hours. The

liquid continuously withdrawn from the bottom of the column contained 36.2 % by
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25 on the nethyl phenyl carbonate reacted was 99%
Prol onged conti nuous operation was carried out under
these conditions. 36 The amounts of di phenyl
carbonat e produced per hour at 500 hours, 2000 hours,
4000 hours, 5000 hours, and 6000 hours after attaining
- t ( j he. di I
weior b e PRIV, Bbfae S Al P BEB R SBORE. 1
S5.13.tons, 5.14 1 ons,
was f?tggcﬁg@? B grotih o fRpesi %aeﬁ?wt?. 9%&?@3%@% mggy) pheny/
9% 99% and 99% respectively, hence t
Cafboeatﬁr RN Rprpas 986ytonst ahhe Seldstiviey he ﬁ@mha%fbenate based
car bonat es produced substantially did not contain
on theyaediyd whepyl garbonate reasted wasffe 2: Reactive
distillation was carried out under the foll ow ng
c drirdilengsdscardinugus loperdtprswae caoiad autowrgdenihese sordjtions.
distillation colum as in Exanple 1. <Reactive
The adiainit$ badipbenylAarbanategproduted pengodrlatdsddyhawrisgh00®hours,
nmet hyl phenyl carbonate that had been obtai ned by

1500 Robisc D00 thoars)iatduZF0 oL dﬂdﬂ_@ﬂ@irﬂﬁ? Bidble€ stdza@patsteand
phenol in a weight ratio of dinmethyl carbonate /

excmhﬁyme ﬁpﬂe@ylt&r@oﬁété%ﬂﬁélﬁéd frl gRtdtaninganstdrian wae 8.46 tons,
used asastartlng rraterla Thi s startlng mat'eri al

8.07 tBﬁQt%b??€n§28 88 lﬁYn 9'? 8?ftorﬁj§ ?&LV&% aﬁﬁ‘meeseléctl@}%\é were

ani sol e, y MEIg and 1

99%, gg?{ al ﬁ@?ga%p?gé%@%{ny%sf%%g&gpm op@ﬂ%{)[t@ﬁ%ggn qras very
stableg o AFarERvn 1ot af et hPBet ol b=t A St Ehgtain
h hy, i.e. 1 b | . 20 Th
halogglg% fPﬁgga&iﬁ%s-?; yvvals ient rogﬂcegri n?gsz he cont ienuous
i-stage distillation colum at a flow rate of 80
Examgrﬁq;g

‘hr froma starting material inlet installed

bet ween the Ml | apak and the sieve tray. Reactive
di Beactiverdistilaiias was sarsigdaut undehtheniodawing eengitions using the

conditions of a tenperature at the bottom of the
same gontinyo wemugdfi-stage distillation column as in Example 1, except that the

cross-sectional area per hole of the sieve tray was made to be approximately 1.8
cm?.
<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 dimethyl carbonate / phenol = 1.4 to a transesterification reaction was
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 %
by weight of dipheny! carbonate, and further contained approximately 200 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).
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205C, a pressure at the top of the colum being 2x104
Pa, and a reflux ratio being 25 0.5. It was possible
to attain stable steady state operation after 24
hours. The [liquid continuously withdrawn fromthe
bottom of the col um contained 36.2 %by 37 weight of

RO e Rt e
sso e T LA AT P e

t he di carbonate based_ on the nethyl
betweesy the ?'@ BRSO Yy SRPP%'\&]@J'@H”%WW%%@'Gd out
operation was carried out under these conditions. The
contingienigyt wndsir congitions|of @depmeaiaiaire ab theckettqya of Hicolgmrebeing
hours, 1000 hours, 1500 hours, 2000 hours and 2500
215°Chca1p|$saﬂteeat taettapmf tige s@lamrebsmgéd@xm R ar(dearcéfuda nagjo being
t he di phenyl carbonate contained in the starting
0.4. rawvas pabsjiblectoeatti® Stabde steady. dhatetapesatidh ffet hbhous. 0 he
tons, and 8.07 tons respectively, and the

liquid &ahmausly Wt dreie froth $%otlfof 8890108 canain@8%5.5 % by
respectively, and hence the operation was very

weigh$ bftRiethy Ier@l?V&irbohB% FHPBBIS G, WWQWB?E ngé?gonate. It

subst antl ally did not contain hal ogens

was fo&RFihat & O%PO a‘iﬂghylvc%rgbﬁét'e r@&b@éﬁﬁ\’? t?\@rrrgéfﬁg | pheny!

out un ert OW|ng condi t1ors using
carbof 0K B 112 AGC  Fhaelactif By Sfb e dfoggpte baseo
h I f.th b [ I
onthef’ N SHEABE oty Rel WA PG A i Xt ur e cont Zi hi ng
Sl s S e L i e
car bonat e and phenol  in a wei ght rati o of
The amcﬁﬂt?@} l@gp%lrfargomatﬁmgﬁgpced peyhey gt 500 hours, 1000 hours,

transesterification reaction was used as a starting

1500 hatl@r AP0 hpwrs, anda?23Gthownstalter attaining siabigisteadyestate

i ght of
(excluding the diphenyl carbonate contained in the starting material) were 7.28 tons,

7.28 tons, 7.29 tons, 7.29 tons, and 7.28 tons respectively, and the selectivities were
99%, 99%, 99%, 99%, and 99% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did not contain

halogens (1 ppb or less).

Industrial Applicability

When continuously producing aromatic carbonates containing a diaryl
carbonate as a main product by taking an alkyl aryl carbonate as a starting material,
which is obtainable through a transesterification reaction between a dialkyl carbonate
and an aromatic monohydroxy compound, using a continuous multi-stage distillation

column in which a catalyst is present, and continuously feeding the starting material
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di met hyl carbonate, 7 % by wei ght of anisole, 49 % by
wei ght of phenol, and 0.5 % by wei ght of di phenyl
carbonate, and further contained approximately 200 ppm
of 25 Pb(OPh)2 as a catalyst. The starting materia
substantially did not contain hal ogens (outside the

. detection |im.t for .t i on_chr omat ogr aph i.e. 1 pp

into r5e g Rls saibrsiodt oisfiahdtiar < AR nvbifien s Riore as
t he conti nuous [ti-sta di stillation col um_ at .

a sPepfIgRroCss Rt nahigH M CerY FAIDQIAIR b by RradKeech i igh
installed between the Mellapak and the sieve tray. . )

selectidtycand,Bighi pred uetivity stakly sorca pralenges peried At timgansay industrial
under conditions of a tenperature at the bottom of the

scale obnhahiesbéhany 1302 peChowr.pressure at the top of the
columm being 2.5x104 Pa, and a reflux ratio being
0.4. It was possible to attain stable steady state
operation after 24 hours. The [|iquid continuously
wi t hdrawn fromthe bottom of the colum contained 35.5
% by wei ght of nmethyl phenyl carbonate and 59.5 % by
wei ght of di phenyl carbonate. It was found that the
anmount of di phenyl carbonate produced fromthe nethyl
phenyl 10 carbonate per hour was 7.28 tons. The
selectivity for the di phenyl carbonate based on the
nmet hyl phenyl carbonate reacted was 99% Prol onged
conti nuous operation was carried out under these
conditions. The anounts of diphenyl carbonate
produced per hour at 500 hours, 1000 hours, 1500
hours, 2000 hours, and 2500 hours after attaining
stabl e steady state 15 (excluding the diphenyl
carbonate contained in the starting material) were
7.28 tons, 7.28 tons, 7.29 tons, 7.29 tons, and 7.28
tons respectively, and the selectivities were 99%
99% 99% 99% and 99% respectively, and hence the
operation was very stable. Mreover, the aromatic
carbonat es produced substantially did not contain
hal ogens (1 ppb or less). 20 Industrial Applicability
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When continuously produci ng aromati c car bonat es

containing a diaryl carbonate as a main product by

taki ng an al kyl aryl carbonate as a starting material,

whi ch is obtainable through a transesterification

reacti on between a dial kyl carbonate 25 and an

aromat i ¢ nonohydr oxy congﬂgg usi ng a conti nuous

mul ti-stage distillation m in which a catal yst

IS present, and continuously feeding the starting
Weclgiierial 39 into the continuous multi-stage

distillation colum, the present invention is suitable

as!- A PpReESSifer reorrosisiction of anaspeatic garkanatg containing a diaryl

carbonate to be produced with high selectivity and
carboRaigh agr aduein \areguelt feny & startingr Badsrigd dcqeprigiagoan alkyl aryl

time on an industrial scale of not less than 1 ton
carbopate, hehich & <¢btaBhabieBthradgre|aaitransesteaifipatiore seattion thedween a

production of an aromatic carbonate containing a
dialkybicarbdnate amdoanat @aroasatic mainohpdkyctorhpoumd, whitht coviprises the

material conprising an al kyl aryl 5 carbonate, which
steps b obtai nabl e through a transesterification reaction

bet ween a di al kyl carbonate and an aromatic

MO NYEHMOSUSHRRHIMG s FAHIRETREIHRP itd % caithRRUS multi-stage

(i) continuously feeding said starting nmaterial into a
distilBR'CoMAH WHiH 2 Shidify i%Pﬁ%éénk;at' on colum in which a

catalyst is present, 1) carrying out the reaction

It h to _p : j r

ai U y B SInHCR BePHERAHR 4B i Robitbn O atBHER €. e eBiponae

boi.l in oint reaction mxture containing said
andtmﬁﬁaﬂﬂgaﬁFﬁﬁﬁ%ialkyl carbonate from an upper portion

of .the columm in, aseous form and_ conti nuousl .
wi {1h d rCR 'ﬁaoaslmvg%dﬁgwm% PouPating PRIt TEACHAN Mitre containing

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

(a) said starting material which is fed into said continuous multi-stage
distillation column contains 5 to 38 % by weight of said dialkyl carbonate and 5 to
61 % by weight of said aromatic monohydroxy compound, based on the total weight
the starting material;

(b) said continuous multi-stage distillation column comprises a structure
having a pair of end plates above and below a cylindrical trunk portion having a
length L (cm) and an inside diameter D (cm), and having an internal with a number of
stages n thereinside, and comprises 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
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15 containing the diaryl carbonate froma | ower
portion of the colum in a liquid form wherein (a)
said starting nmaterial which is fed into said
continuous multi-stage distillation colum contains 5
to 38 %by wei ght of said dialkyl carbonate and 5 to

portiofof 8 %@“%%f{atﬁ%%éﬁ{ﬁ BT e DR S I Gboer
porm@&?%?? et miten pEthe caling S puihe spdq "ébfaixde@eastone

ove ,and bel ow a ['indri caI trunk portion havi ng
inlet nrewg?ﬁ it %We&mnﬁ/ﬂ Phdiegoldmamhoye the lighd oulled Wherein
having an internal with a nunber of stages n
th@r)éahislﬁasth lfemi satisfiesdbe follpwing femmewlaidki ng an
i nside dianeter dl1 (cnm) 25 at the top of the colum or
in an upp®EG0 Forki®dN8BO0t he col utm near(1},0 the top, a
liquid outlet having an inside dianeter d2 (cm at
t h) said insidef diameterdD om) of thencalumpiveatisfidd throfdlloaingformula
the columm near to the bottom at |east one inlet
(2), provided in the upper portion and/or a mddle portion
of the colum bel ow the gas outlet, and at | east one
inlet proyysleg) kn 4dig) | ower portion of 2? he col um
above the liquid outlet, wherein (1) sai'd length L

i"@@éﬁti'&ﬁ‘sﬁ% CEGHRIGE IS A e P oo
isfi ihg §d wi 100! D <
Sat’“’%dﬁ%?’%? ;drgﬁ‘r'%?ﬁo of said length L (f:m))’to sai d

i nsi de di of the col um %g satisfies the
foIIovm 2 <L/ D< 40( ). (4) sai d
f t f t he_ f ol I
%glpgnur‘%ha?gé agé?nlssatlls gs theefollgwmgm? r%ula (r4r§u 2
10 = n = 80 (4),

(5) a ratio of said inside diameter D (cm) of the column to said inside
diameter dq (cm) of the gas outlet satisfies the following formula (5),
2= D/dy = 15 (5), and
(6) a ratio of said inside diameter D (cm) of the column to said inside
diameter d, (cm) of the liquid outlet satisfies the following formula (6),

55 D/d, & 30 (6).

2. The process according to claim 1, wherein distillation is carried out

simultaneously in said step (ii).

3. The process according to claim 1 or 2, wherein said aromatic carbonate
containing the diaryl carbonate as the main product is continuously produced and an

amount of said diaryl carbonate produced is not less than 1 ton per hour.
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(5) aratio of said inside dianeter D (cnm of the
colum to said inside 15 dianeter di (cn) of the gas
outl et satisfies the following formula (5), 2 <D/ dl
< 15 (5), and (6) a ratio of said inside dianmeter D
(cm of the colum to said inside diameter d2 (cm of
the liquid outlet satisfies the followng fornula (6),
5 <D/ d2 < 30 (6) 20 2. The process according to

Cllf“ mtn Oug'ég'ﬂs‘r réhh?t dnofgfl apcgﬁéﬁ{gargﬁh%es%ontaining a
oy AT S L PR P T
diary! ser@oafa&gg%zwln%déﬁwis“é'r@ﬁr dceondnmewsly By conkiawously

per hour. 42 4. In a process for the production of
feedlr@rﬁraakkwb@wbcel&on@tmaé acattiggrmaterial, whiel 8 obtainabiathsough a
as a main product in which the aromati c carbonate
transestgrifigatipn geaction betmepn a diaioh sabonsate had mni aropratiduct
i s produced continuously by continuously 5 feeding an
monohydrpky apyripotadb e becandinaoas andlfistageadistiliation cehirah in svhich a
obt ai nabl e through a transesterification reaction

catalybeisvpresent, damyikylout aind psitionand thie dstiIEBibh Gimultaneously in the
nmonohydr oxy conpound, into a continuous nulti-stage

colum@i, 8dmtid ®usB WRBWING B 18R iRy %Glﬂﬁ ﬁéa\bﬁbn'nﬁlxﬁfré%ﬂfammg a
carrying out the reaction and the distillation

produéé@HHll@ﬂ%QFb%ﬁété 'f'rogglgp L%g'ei"gﬁmoﬁ%}‘tthglé%ﬂﬁﬁﬁ( in a gaseous form,

raMAng a |l ow reaction m xt

and c&ﬁmu%'u@ Wltﬁdr%%rﬁ’gi %qﬁgﬁﬁofﬁhaldﬁ‘ﬂt rggétpoq{‘@ﬁg erngéntgﬁgwg the

Ion O unmm=rn gaseou

s A B oD B BB B, 7B

h rtion of the colurrnlnalqu|dform t he _
in w l&r‘ﬂ'provemant in which (a) said starting material which

ai d in I.ti-stage . )
| Sag e%a}dn étgrtlsngI maferla whll'lc IS fng into salcijl gontmuous multi-stage

distillation column contains 5 to 38 % by weight of said dialkyl carbonate and 5 to
61 % by weight of said aromatic monohydroxy compound, based on the total weight
the starting material;

(b) said continuous multi-stage distillation column comprises a structure
having a pair of end plates above and below a cylindrical trunk portion having a
length L (cm) and an inside diameter D (cm), and having an internal with a number of
stages n thereinside, and comprises 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
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

inlet provided in the lower portion of the column above the liquid outlet, wherein
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(2),

15 distillation columm contains 5 to 38 % by wei ght of
sai d dial kyl carbonate and 5 to 61 % by wei ght of
said aromati ¢ nonohydroxy conpound, based on the total
wei ght the starting material; (b) said continuous
mul ti-stage distillation colum conprises a structure

ORI i AP B oy
and an I?%(Z% OL@EEQQQD (cm, an a\éujp’g an interna

with a nu s n thereinsid and conpri ses

a s optl et havin i nside diameter, g1 (c at the

£ o) SRt asleotharnete Blemi Rt e Cer satishies tha Jabomkna emula
near to the top, a liquid outlet having an inside

di aneter d2 (cn) at the bottomof the colum or in a

| ower portion of the colum near to the bottom at

| east on®00:| & SprMA®ed i n the upper (25 portion

and/or a mddle portion of the colum bel ow the gas
oufd) et ratiared satd leegtt L ¢cre) ta sdidtingide diatheeter D tdne) dfdivecolumn
portion of the colum above the liquid outlet, wherein

satisfié8 thé follkavidg femgila (8), (cn) satisfies the fol | owing

formula (1), 1500 <L < 8000 (1), (2) said inside
dianeterpx (¢emp of ahe col um satisfigs)the follow ng
formula (2), 5 100: D < 2000 (2), (3) a ratio of said
| g i Ld ni 15l i fy the
ool saic Bty bosBRd n AfHEs MARbRIefLTa 86, (1°,
40 (3)10($4) nsgli % nunber of stages n 3 tisfies the
follow ng formuTa 94), 10 10 < n < 8(5 ?4), (5) a

o0 Rlip 3R i BSlEE AR o) bl Ghabiiorgid Mid”

diam%% é?&i@%f‘tﬂ% gfaglclu(t)l\é\eﬁt Qgtigﬁoers !a?olfo%hg %or?nul?a/(S)c,jl < 15

25 D/dy £ 15 (5), and

(6) a ratio of said inside diameter D (cm) of the column to said inside

diameter d; (cm) of the liquid outlet satisfies the following formula (6),

55 D/d, & 30 (6).

5. The process according to claim 4, wherein an amount of the diaryl

carbonate produced is not less than 1 ton per hour.

6. The process according to any one of claims 1 to 5, wherein said starting

material further contains 0.5 to 15 % by weight of alkyl aryl ether, based on the total

weight of said starting material.

7. The process according to any one of claims 1 to 6, wherein d; and d»

satisfy the following formula (7)
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(6) aratio of said inside dianeter D (cnm of the
colum to said inside 15 dianeter d2 (cn) of the
liquid outlet satisfies the following formula (6), 5<
D/d2< 30 (6). 5. The process according to claim4,
wherei n an anmount of the diary) carbonate produced is
not | ess,tha tQen per hour. 20 6. T process
accordin Togéégz c?negof clains 1 to SR%Nherei n said
starting material further contains 0.5 to 15 % by
wei ght of al kyl aryl ether, based on the total weight
of sajd starting material. 25 7. The process acc¢ordin
t &-an\NGRIOCESS ALapiEng ta 8N ongiod climsdl toapdvierein L, D, £/ D, n,
satisfy the followwng fornula (7) 44 1 <dl/ d2 <6
D/ dy and O8] dfes sgicheetinupsissrditirjage distilatinrecelums satisfy the
to 7, whereinL, Db L/ D, n, D/ dil, and D/ d2 for
followsrzg fbrowitee; 2000s=mll €i -8000ye 1HGEi IDafi dG006pl BnE® L/D £ 30,
satisfy the 5 follow ng fornmulae; 2000 < L < 6000, 150
15 S<nDE<6QO0R.53FE <D/ dy B <1B0,andl57<sn IdSE 25 Srespbtiveil
< 12, and 7 < D/d2 < 25, respectively. 9. The process
according to any one of claims 1 to 8, wherein L, D5 L
/ Db n, D/ di, and D/ d2 for the continuous
nugti TRE @G@cé@ssédcbhﬁh%%‘ afRQlon@TbfAiES ¥ td BewRErein L
foll owm ng formul ae; 2500 L < 5000, 200 < D < 800, 5

D/ d%ghﬂ @Zédglﬁ)r the,zgoﬁtirﬁe}fo@s@%!ﬁ;”s}ég@dﬁstméti& ;!:Ql’urrﬂ'pgat%f? g% /

, respectiv process accordi ng

followll ftufdd78hol<! @ & IR P d DoenlhBuowss (/b < 15,

I -stagé drsTil1ation colUmTis a distilFafi

20 7y B 98 BuB R B3l IR &1 Adhapectively

wherein said continuous nulti-stage distillation
colum is a distillation colum having, as the

interngl, the packing in the ) . . )
%(? e procesrs) according to any of claims 1 to 9, wherein said continuous

D,L/D,n,
<

multi-stage distillation column is a distillation column having a packing and a tray as

the internal.
11. The process according to claim 10, wherein said continuous multi-stage
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.

12. The process according to claim 10 or 11, wherein said packing of the

internal is a structured packing.

13. The process according to claim 10 or 11, wherein said tray of the

internal is a sieve tray having a sieve portion and a down comer portion.
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upper portion of the colum, and the tray in the |ower
portion of the colum. 20 12. The process according to
claim 10 or 11, wherein said packing of the interna
is a structured packing. 13. The process according to
claim10 or 11, wherein said tray of the 25 interna

i 14 S'l' I ?r&cre§¥ Eg@%étfﬂlggrﬂo §Iaﬁ'>{QOpc9r {1' gvrhquﬂ i&i?ﬂpkin%of the

CONEr por rocess aedorarng
el e SHELP R B B b Y85t v

sieve tra Vi n a sieye portlon and a down coner
a smvs&qrp%ané al%’W'T%Q ROEYRN-according to claim 12 or
14, wherein said structured packing is at |east one
sel ected from the group consisting of Ml apak,
CGenpak, TECHNO PAK, FLEXI-PAK, a Sul zer packing, a
Gotmr oThe peasieisagcandiing @ clairhd2i ar. 141 6vherhim gaid straistured
according to claim 13 or 14, wherein said sieve tray
packifgis atl@astGihe seléfed frorh dlsé gfoupcadrsistigeofeMpliapako Gerhpak,
The process according to any one of clains 13, 14 or

TECHNQ-PRICIRIEXILPAK, & 1stergeiking)al Gas@mlipeicking andh Gmcthignd
sieve tray is in a range of fromO0.5 to 5 cn2. 15 .

The process according to claim14, wherein said
structured packing is at | east one selected fromthe

2P BRI oTesS cBhrdiiy P haim (AL yerei AT leve fray has
100 toﬂpé(ﬁggf%ﬂnzmﬂe%lgyeepbﬁ@%t has 100 to 1000 hol es/ n2

i"eve portion, he cross-sectional area per
hole of said sieve tray is in arange of fromO0.5 to
5 cn2. 20 19. An aromatic carbonate conprising a

content of not re than W1 m. produc
7S he BB 8 st Iy SBRet sl M 4Bre . paeraty the

cross-sectional area per hole of said sieve tray is in a range of from 0.5 to 5 cm®.

18. The process according to claim 14, wherein said structured packing 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, aid sieve tray has
100 to 1000 holes/m? in the sieve portion, and the cross-sectional area per hole of

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

19. An aromatic carbonate comprising a halogen content of not more than

0.1 ppm, produced by the process according to any one of claims 1 to 18.
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