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A%%Ol PO3 KAN | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
AD501 ' CARBONATE Technical Field The present

invention relates to an industrial process for the -
production of an 5 aromatic carbonate. Mre
particularly, the present invention relates to an

i 2 ' ARBONATE
INESTRIAF R R B PROBUETINRE ROV LR

mat eri al of pol ycarbonate for transesterification

nmet hod by subjecting a dialkyl carbonate and an
aromati ¢ nonohydroxy conpound to transesterification

Technigaldielont i nuous nuiti-stage distillation colum in

which a catalyst is present. 10 Background Art An .
ar Shatireserribanion relatesioan dimusiéal Preespsiel di¢ RTodugfion of an
the production of an aromatic pol ycarbonate which is .
aromtfie camsinate. deMyprespedicaksrigniierpresenignpentian wlatgste entindustrial
usi ng toxi c phosgene. As a process for producing an
procesFBRINEpRAILBAGR bR |&rgbarnoastasithe eaomalig carbanateraseil as a
nmonohydr oxy conpound with phosgene has been known
raw rh&2fal 8P§?|98é}ab8ﬁafé foR%raRkEQehREtidT BTy B¢ bubjcting a dialky!
variety of "studies in recent years. However, this
[ LG | hffon in a
caro Q8 B A B P BRG RSl PR B R e B Rokon |
to separate out. resent .in,the Is onat e
contiperin Buil-seer eH0ofGLERe 1 Bl Bl i€ st
carbonate cannot 20 be used as the raw material for
the production of aromatic pol ycarbonate. Because,
such chlorinated inmpurities markedly inhibit the
BackgobymeArtzati on reaction in the transesterification
met hod which is carried out in the presence of an )
extAreapnyatizredibonateisimpoftaat aagirewoasatarigd for thgproduction of an
exanpl e, even if such chlorinated inpurities are _ _
aronitie cdrBoafteantints tfe mokywidepposed he epgineesingzzastin without
hardly proceed at all. To 25 nmake the aromatic
usin% ﬁ@gﬁb%&?@abﬁ@aqu@@ssnm pRodudiRyanBirenbtt cafoonate, a
ol ycarbohate for ‘transesterification nethod,

proc%%% ﬁ%@@g%%@%@gghﬁ%ﬂ bhupENnitH pRbSEEhe 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 which are difficult to separate out are present in the aromatic
carbanate produced using this process, and hence this aromatic carbonate cannot
be used as the raw material for the production of 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
present in an amount of only 1 ppm, the polymerization hardly proceed at all. To
make the aromatic carbonate capable of using as a raw material of polycarbonate for

transesterification method, troublesome multi-stage separation/purification processes
1
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nough washing with a dilute aqueous al kaline
A0501§?3f6lh|%%‘r11@and hot water, oil/water separation,

distillation and so on are required. Furthernore, the
yield of the aromatic carbonate decreases due to
hydrol ysis loss and distillation loss during this

such 3§ %ﬁba%h QRPN fits 3 dikfle BHAE6SS Bkalif@ebREionand thstrveater,
are many problens in 5 carrying out this nethod

on/wa‘l‘ﬁ%r‘r’]é;e?ﬁ%&@% X fhafin iagggégatéﬂ gle R&ffied. OFuHRRrALRE he yield of

dcess r uci ng an aromati c carbonate

t hrqugh  transesterificatjon ' t ; :

the aigritEyrerban B oo arer G i BraRE B8 el 8n loss during
_conpound is also known. ver, suych .

this sppaRbESIRITICAUEN PEIePSRt | DI CTOIPoNEN 203 MIATMATPRIE™S in

reactions. Since the equilibriuns are biased extrenely
carryingvaut dhisonethedsdogomicaliyyan amngustialscaleact i on rat es

are slow, there have been many difficulties in

pr Quuthienghéhiearsd, anpitdcess rripradueisgianiaromatis ¢afbppate through

| arge anounts using this nethod. Several proposals
transBSeERESRIN reddoh® beMiave didiky| abovenale fahidan aiossgtidout

nost of these have related to devel opnent of a

mon&%ﬁ%ﬁﬁéoﬁwﬁoﬂﬁ‘@ [LASE KhBEn! efwaRr! Alch trdfsusterifriaibn reactions
conpounds have been proposed as catalysts for this

are allﬁcé?}gjilfﬁfriuh{ gegé%gﬁ gri éint?:@ttfwé’ @aqtuiiﬁriﬁgs. SEBREK eRrdiABiyStoward

suc ransition me ide, and Lew s
acid-formn Qmpou t c ; ; :
the ofisich LS ph T PR o 7158 S R e bier gy sifcuites

) Japanese Patent Application Laid-Ogen No. 56-123948.

in Prosipanis e s alin CRBPTT BT G NG Re NpoUaE 4 s method
(corresponding to West German Patent Applicatiqn No.

Sevepgiagoposalphiavedieepd ane twprpﬂgdbg@,boaﬁ&mﬁ.ﬁ@ﬁeﬁwg?l&ﬁPOSf of
No. 4182726), 20 Japanese Patent Application Laj d-Open

thesd\bavs telzEaVit dealomsprirfimncatatystissincreasenths regelion rate.  Many
Application No. 2552907, and U.S. Patent No. o

metaf @4Abodhiis haveibeenqeroposeias wakalpsts dor thisyypetafrransesterification.
al koxi de and an organotin oxide (See Patent Docunents

For ekanistBag esqiLatianiuchiuy 4 Gahkieon bedtat Ghiide, nd Lelvid @icRBforming
(corresponding to West German Patent Application No.

com ﬁa%(SZgSeejPBf’éFﬁ%cgﬁe?rﬂét ahead irflefion piiticeti&N €RidNOpen No.

- 03023, at

apanese ent Ap 't cation Laid-COpen No.
5113803 s S SRR P Bt Ao sitaRbee

PatthP ggpfi(c%’ﬂon 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)), a tin
compound such as an organotin alkexide and an organotin oxide (See Patent
Documents 2: Japanese Patent Application Laid-Open No. 54-48733 (corresponding
to West German Patent Application No. 2736062), Japanese Patent Application
Laid-Open No. 54-63023, Japanese Patent Application Laid-Open No. 60-169444

(corresponding to U.S. Patent No. 4554110), Japanese Patent Application Laid-Open
2
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9445 (corresponding to U S. Patent No.
A0501Ng}§(%%]r@ Japanese Patent Application Laid-Open No.
62- 277345, Japanese Patent Application Laid-Qpen No.
1- 265063, Japanese Patent Application Lai d-Open No.
60- 169444 (corresponding to U.S. Patent No. 4554110),
No. 6? IR cBAesp @neﬁﬁ%td: CESi PatdraiND. @56D70W), JaPanESsl Patdnt
correspondi ng to S. Patent No. 4552704), Japanese

e AT 5 B A g i cpanopen o

-26%@ ﬁlﬁgg'ﬁﬁ% a %rﬁéqpﬂgét?c!rﬂéﬁa%ﬁé%ya' B@ A4 (%Fr@%ﬁondlng to

; Japanese ten pllca ion
T T

57-176932, 10 Japanese Patent Agé)ﬁ cat t{g Ib‘% Laid-O
(corrmor@r@tmbl)s Ratrpt Mredoes Gt Imberane PR 'é’P ald-Lpen
iron and zirconium (See Pat ent Documant 5: g
No. E2aPETi345, Amphinese Paterttdipplicaéen Naid-Gpen $tp7 4526 Q@% aﬁ@'&s and
acid esters (See Patent Docunents 6: Japanese Patent
alkoxisy btakal mdtals&rmikalve edith 1858136 (SeeriPatepbhRgcHmpent 3.
U S. Patent No. 4410464), Japanese Patent Application

Japah@td Paient A)!spncén&@@%ﬂmgeﬁ N& S7-x76932)0kad deenpeurals d(See

and protonic acid (See Patent docunent 7: Japanese

1]4 - 32
Pateﬁ?bﬁeegéggé d‘h Cﬁdaﬂﬁségﬁ%ﬁﬂt@/ﬁ%?%oﬁ@z%d /8 %?)rslo. Sa'/' 176932,

t
Japaas%ﬁ%wn@pﬁ‘%aggﬁts BRBN s 8po80F ca g g LR sueh
1- 265064, f t te.
as cOpRRIkELR a%sgtzgﬁ%k‘éb?%a%‘taaérﬁiﬁ%c@%ﬂ w%%tﬂg%%iam
d
o 33 120 Bt Do BRI 4B s
merely by devel oping the catal yst, and hence t here eU
6: Japengsedtatent Appliestion Liis- Q@Wéﬂpuﬁﬁ:ﬂ%ﬁ@(%@%%&@mgw S.
systemin order to provide a process for

Pateinh tllds Wi o464y, ddpahesePaterit ﬁ@pﬂmthmls@d@mm dre65062), a
Attenpts have al so been nmade to devise a reaction

mixtSHSERAN 8RiAgcit @ndi metdrieacidb (Spd Patent dovdroeat @ Jamanese
product system as nuch as possible, and thus inprove

et BopleBich Sl OBy RNETERL e nRgonden S oD tert No
4609501)), a compound 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 thé 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 production.

Attempts have also been made to devise a reaction system so as to bias the

equilibrium toward the product system as much as possible, and thus improve the

yield of the aromatic carbonates. For example, for the reaction between dimethyl
3
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t\e and phenol, there have been proposed a
A0501Cn§%‘12%§%|1\§ whi ch by- produced methanol is distilled off

by azeotropy together with an azeotrope-form ng agent

(See Patent Docunent 10: Japanese Patent Application

Lai d- Open No. 54-48732 (corresponding to West Gernan
carbdrate8hd ?ﬂ@hb!}ﬁér@ﬂwd\'@- bk os@f @ rheBodRatvetith Ny-préduced

4252737)), and a nethod in ich the methanol produced

meth%@c?lgggis‘ﬁ}fétﬁ’ bﬁcﬂéﬁ%zféo;roggggﬁgﬁ@r ithost BseRhsRRehinghgent

ar - si eve _ t Docunent 11: 'Japanese
e FASIOAE Pobtbss B gl appeg o 17

(com SRRV WEShEEHaR HRtBD RBIGPSRN VT UH0PS: Bhay) Fofatent Ne.
on the top of a reactor, an 10 al cohol produced as, the
425297 pr anrietmethoghe whigls themetanal prediiced 35 NerPsRIQgst 1s

reaction mxture, and at the sane tinme an unreacted
remostd bl bejngrabsoiteld dritata mokgsolattsiave s(Serpatat &pneny!:
distillation (See Patent Docunents 12: exanples in
Japadagapessnt Aptieatiorppid-Opbh dfo. I58- tBEREe(corespendingdad).S.
(corresponding to U S. Patent No. 4182726), exanples
Pateh@Né?@m).Pwéfﬁov’éﬁ% e o®Ras algh- KaEnphiposBa-i2 Siedh, using
15 exanpl e

i n Japanese Patent Application Laid-Qpen

an a%@iﬁ%}'}%éﬁ a(cl‘ﬁQtrilra‘ﬁ%H%‘ﬂjrﬂﬁ is bRWHER of & fbp &0a reactor, an

, exanples 1 n Japanese Patent Application

Lai d- Open . -16 - or /. I fHRNYeacti
alcof@_prg{&c?ﬂﬁﬁ , ee@%ﬁ%ﬁ)cg‘géhﬁj% a%gﬁggﬁw%}%ern%%p riuggt i on action
. Laid-Open No. 60-173016 (caqrre ndi ng i :
i, and BeR0SITS s AL PAOS SAEEE BRehR MR A i
Lai d-(#)en No. 61-172852, 20 exarml %S LN Ja'%a ese
sepapalearnft pistibatiornn (Pef FatyDe@mets 181 84aMPip|apgnese
in Japanese Patent Application Laid-Qpen No.
P ate62ARFIIGHBN) L ait&weareNo. Eﬁééz@%d@@nr@w% @i Ugh datent No.
basically batch system or sw tchover system Because,
41827108) esxanplee ih UapaaesoRatamt ApplicatipndvaidddperoNot RE-25138,
reaction rate through the catal yst devel opnment for

exarfped id Japanses Patdrit Applitatior eaidtdpen Nan80t 169428 (corresponding
reaction rate is still slow, it has been thought that

to qu)sﬁ@ﬁﬂgp.sﬁt( £100) SeRdrfHIBs A U8paiest Pa@m h@E@G@ion Laid-Open

stem ese, 'a continuous stirring tank reactor

No. égﬁg@Mg%%ﬁ&ﬂ%diﬁg iy Eloé pERA N’é’.\'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
system. Because, there is the limitation in the improvement of the reaction rate
through the catalyst development for such a transesterification reaction, and the
reaction rate is still slow, it has been thought that the batch system is preferable to a

continuous system. Of these, a continuous stirring tank reactor (CSTR) system in
4
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A0501 bghyagi stillation colum is provided on the top of
e reactor has been proposed as the continuous

system but there are problens such as the reaction
rate being slow, and a gas-liquid interface in the
reactor being small, based on the volune of the

whicH & @Ht;ﬁat@?ﬂ&lﬁnﬂrt is O[ﬁon@de RPSthilbs of therpdkartdiieas beer proposed
ratio Accordingly, it is 5 difficult to attain

as thd Egnﬂm&&t sl;)%fterﬂr ?Wﬁb@a@ﬁrﬂ&ﬂ@%héh @a1the "r‘@é@tlon rate being

conti nuous anounts stably for a prol onged

i od o
slow, (g2 e g 'Mfcgeﬁﬂﬁ% et B6ipd ST, BB 8 %fie yolume of
economi cal i ndustri enment at on S Si o
the liggidsHIRRCE Ve Rebpessiiipdo i Beutrachdn radh RaRS: AcEaidgy. itis
met hods in which 10 such a transesterificatio .
difficultecattain the obiect PEaraslucingrihg %BW@F'H&@[BOWPFP”EE‘%‘&'Y in large
distillation colum simultaneously with separation by
amoutits tablafdr enprofonyedapesidsbefitime &y mears of Hﬂetsﬁ@%ﬁrfﬁe'ﬂféo”ed
di scl ose that such a reactive distillation systemis

methtg€fand frenydssies entdgians estresolved defane eaenotmical industrial
exanple a reactlve distillation nmethod in which a

implethéhthibn ?@P@@é"ﬁb?_ and an aromatic hydroxy conpound are
continuously fed into the 15 nulti-stage distillation

icgsi ggareggﬁt iﬁ@?ﬁtbi‘é’ﬂ édé@%lbb@@ ré’é’c@tw@%‘é’dﬂféﬂ@hﬁﬁéﬁhods in which

a catal yst I'S present,

soon STt RUCARR P SR o
msmmx.pﬁ@p&m% %%%Lvn%@gﬁsa%w&mafgwgazﬁbeand rpyp been e

ar carbonate from a | ower Eortl of th

ol u
first ip & WaicEiRL G BeBRERAY Sigh asHua 6isbilainn Spgem is Useful for such
Application Laid-Open No. 3-291257), a reactive
a tradsestelificatioorremstiomdor exathpleh adraglive distilatian wethaskaohich a
is continuously fed into the nulti-stage distillation
dialkgPbtarbonatehend eaciomatic ihgdes rdoatbauntd arentdntinaassly fed into the
Inside the colum in which a catalyst is present,

multMﬁbPS digtMBtibA BBy, the rbadton isgabyedibat toritimLiooslyanside the
i'ing point conponent containing a dialkyl

colul‘ﬁﬁr ﬁgﬂﬁ&ﬁ aﬁfa‘?gggﬁg gﬁébsé’ntb\‘ﬁhﬁ)é eENEAURRY Wﬂﬂﬁ#dﬂ\ﬂﬁ@@ Igw boiling

rawi ng a onent containing a produced

B T
cont!ﬁ%ioﬂ_slcy)pv(\?i%c!\rgWinQS a%%?noplon%ﬁ gorPﬁA [}lnng a produced alkyl aryl carbonate
from a lower portion of the column (See Patent Document 13: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in which an alkyl
ary! carbonate is continuously fed into the multi-stage distillation column, the reaction
is carried out continuously inside the column in which a catalyst is present, while
continuously withdrawing by distillation a low boiling point component containing a
dialkyl carbonate produced as a by-product and continuously withdrawing a

component containing a produced diaryt carbonate from a lower portion of the

column (See Patent Document 14: Japanese Patent Application Laid-Open No.
o
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A05014JI96335§AN a reactive distillation nethod in which these
reactions are carried out using two continuous

mul ti-stage distillation colums, and hence a diaryl
carbonate is produced continuously while efficiently
recycling a dial kyl carbonate produced as a
-935@% PIOUGE JSRetiSRhRNboPAS WiRH thdse rdagtamesareRairéed out using
plication Laid-Qpen No. 5 4-211038), and a reactive

two cgﬁtﬂddds%Pﬂl-stEgé edinaflonVebieh @hﬁ'ﬂ@l‘ioe‘-‘eﬁ&@%ﬂ dafodritle is

oxXy conpound or the like are

prodl,{gg tL g %§§%¥§W%q8u?%ﬁ?ﬁgf {E}&cﬁ’wg tcﬁ‘QR hc%(r)%ér‘ﬁétleﬁirb&ﬂced as a

colum is wth a side tlet nr .
by-progueraes: %ﬁ%%‘td)a&éf“sﬂ{jfgﬁ%?%”&&&fprﬁg%w ée@a%*’%? gL No.
distillation colum, and is introdyced,. into r ctor
4211688y ansia seeaiiveci s iatianSue ALy M b cial G Lo S an
bring about reaction, and is then introduced back
aromatic bydioxg conipaundaari the likelase qentinuelsy fad iate thgy@ulibeipee
the stage where the outlet is provided, whereby
distilla8@s Eblomn, anckd lidged toatt flows dowh thiwighdhetooturands witedrawn from
distillation colum (See Patent Docunents 16:

a s:dé REESRDVRAIEM arfRRirhfeRfidtesthgé dntieea INerfodReadé of the
Japanese Patent Application Laid-Open No. 4-230242,

distllléﬂgggg%# a&f:ﬁ;lts iMPRILGRE bR a rééctbﬁ?ﬁbﬁli&ﬂo%rde the distillation

se reactive distillation methods

o SRR Bl B 950 DS B el

usly
efficien an sjm | ar .
cireulgprmiekbrated et Sk oy She e HRE iiartal s provided
have been proposed thereafter (See ent %&:um&*I See
whergby readion ipagifd ecnhRate tﬁ%feaﬁ(fso distytyon Columin (Se

Publ i cati on No. 00/18720 (corresp ond| g_“g to U. S. ﬂgn_}
PateNbDo5362AGL)6: Japanese Padeitrhnnlicaton Lag-Drrnbig. ¢tre2fip?
01255746, Patent Docunent 19: Japanese Patent

Japafppt ircathokpplziatehaid-QpenN Q56830242 rlapposee Materdt Application
Eur opean Patent No. 0560159, and U. S. Patent No.

La[dfb%%ﬁ%éh 2Egg§ﬂ)t Docunent 20: Japanese Patent
Application Laid-Open No. 6-41022 (corresponding to

Eur Bl HishRatidrrhétHdls &%ﬁ)@@é‘d Yy $he Bassstit if@ntors are the

536290 Pat ent Docunents 21 apanese Pat ent

1
o CEAMEE S AR i AR R g o

many snmllar reactive distillation systems based on the above dlsclosures 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.
0560159, and U.S. Patent No. 5282965), Patent Document 20: Japanese Patent
Application Laid-Open No. 6-41022 (corresponding to European Patent No. 0572870,
and U.S. Patent No. 5362901), Patent Documents 21: Japanese Patent Application

Laid-Open No. 6-157424 (corresponding to European Patent No. 0582931, and U.S.
6
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Pat en . 5334742), Japanese Patent Application
oo R

No. 6-184058 (corresponding to European
Pat ent No. 0582930, and U.S. Patent No. 5344954)),
Pat ent Docunent 22: Japanese Patent Application
Lai d- Open No. 7-304713, Patent Docunent 23: Japanese

Pater@@%ﬁggi,c%ghﬂaséﬁia% o li%%tiﬁ)@Lé@ﬁ@ﬁen%.@iBéﬁDSB

panese plication Laid-Qpen No.
9- 59225, Pat ent unen . P 954
(cormRERNALE oo DRPan Bt e GRRREHaNEAE SRR, S344054)
26: Japanese Pat ent |icati.on.Lajd-Open .
Paterg.Dgs maent %H@ﬁ?neﬁégfﬁéﬁﬁ‘%?atj%Lﬂ'é’é@p%t'kg"nf -304713, Patent
Application Laid-Open No. 9-173819, Patent c nt.s
Docug@nt 23p dapareseab aient Agplication leidt@pen %eﬁ%%’ Patent
9-176094, Japanese 10 Patent Application Lai d-Gpen No.
Docup@-249 I58sneskapPateet Apphcation LpgtQren Non 9-2%29. Gadent
No. 2000-191597, Patent Docunent 29: Japanese Patent

Docufintiosatapane s Petemp apphoatich L8idA3 el dor PetiNB0d Patery
Eur opean Patent No. 0785184, and U. S. Patent No.

) S0P kR WPRNEaRIH LAtOpeaN®S65357, Patent
Docﬁﬁﬁ?ﬁt‘jﬁgﬁﬁ%\b. 80/ 1%%0 (correspgndi ng to U. S.

P ) RPaj. end 0 o-{21e
oo 7 AR P AR B R B N 5 earmee

Pat ent [icati i o 4 ; t
Dooueiites 5835e1d, PR AP BIGRT bR 0P RS FrogR, Babgnese
PateROAPBEBRE0S AN Wat ZHONB ] SEe0bBBLIS PAIBHg PPIEaton

~reactive distillation systens, the present ign%%l iﬁanf’gation

Laid men Nor 2P~ 190507 dgaieal Dosmeriethdepatine Ratsp) Ep!

highly pure aromatic carbonates to be produced_ st a%lg/
Laid{@peraNor 6+0786 (serrespbrding toEuipremsubaient Mogo78rbamand U-S.

of a catalyst being required, a method in which

a
Patchit tlod. BI0E6TE), Paiterit Daduenérat 30 dnteanationgl Rubbeatiopshlo. 00/18720
conmponent is reacted with an active substance and then

(con%%gaﬁaihg%qi_& Pafsht Nt 60038abY, Rateanpoaentniss3 - eapahesde
(See Patent Docunents 31: Japanese Patent 25

LAl RN Al 6 st
Patd PP L 8 e R RO S s R e et o

Laid%@{:érim?/\gq, o1 Y0, KRR M HNENS Y. i RiBhafPublication No.
02/40439 (corresponding to U.S. Patent No. 6596894, U.S. Patent No. 6596895, U.S.
Patent No. 6600061)).

Among reactive distiliation 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 a high boiling point material containing a catalyst
component is reacted with an active substance and then separated off, and the
catalyst component is recycled (See Patent Documents 31: Japanese Patent
Application Laid-Open No. 2001-64234, Japanese Patent Application Laid-Open No.

2001-64235), and a method carried out while keeping a weight ratio of a polyhydric
7
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1,G, hydroxy conmpound in the reaction systemto a
AO501§@?§? nmetal at not nore than 2.0 (See Patent
Docunments 32: International Publication No. 02140439
(corresponding to U S. Patent No. 6596894, U.S. Patent
No. 6596895, and U. S. Patent No. 6600061)).

s P e g5 ool (B corgt spae skt more

than 70 %%?%%ﬁgﬁg%&fﬁ%%{‘%ﬁféﬁ@@M%@b‘?“ carBonare
(comagengn IS FEiRmP. CaRioHa LS BACTb N casoRes: fid oS

raw material for polynerization of aromatic
PatentdVy.B6086R4))es Furtbeamom thnPressa invantas have proposed a msthod
I nternational Publication No. 97/11049 (correspondi ng
in which 70tdE8® 6p egweighieoftphénol peBBEged asaabytpredusidnent No.
5872275)). However, in all of these prior art

polyri@e IRl ot S sl Ledt dtea ptarting materialf abtelipleryireaibonate can be
carbonates using the reactive distillation nethod is

prodiRPHP Ribank M8 ISadiVe ditilRtion wisthvbat $hevdiphehylaarbonate can
specific process or apparatus enabling mass production

be u{’%e%tﬂé\%%ﬁ{ait@r!ial?GP}Ig]ﬁgﬁ‘u‘aeriQatién bPBrdPeatid 198k tarbdRbtdss (See

any descriptio uggesting 15 such a process or

appar at us. . Far. exar : i gbi 7 b M Hird
pote PR o5 by A bl ansel e g

stages (n)  of t reacti istil]atdi lum and a
EuropgaaiPaentaie Qﬁéé%ﬁ%, And Eﬁf%té\‘ct- 589287 ﬁﬁ) di scl osed

for producin mai nly net hyl phenyl carb te

f r dteveevas: ImAll efdhesm Rfier aﬂdi%Hm?@?(S &%Elcgﬂﬁﬁﬁfé’g‘ép‘g?‘%”n"f the

the following Table 1. 20 Table 1 8 A0501 UPO3_KAN H :
aronmaticRarbamatéiNBER tOF reactivegdistiiatanengthodtia@re po FactiveerTs no

60 5 10 0.5 19 200 520 120 350 2.8 - 0.221 5005
disclbSur@. wha&8oever of a specific process or apparatus enabling mass production
on an industrial scale (e.g. 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 a number of stages (n) of the reactive distillation
column and a feeding rate of the raw materials {Q: kg/hr) disclosed for producing
mainly methyl phenyl carbonate (MPC) from dimethyl carbonate and phenol are

summarized in the following Table 1.

Table 1
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Aoanﬁgﬁ .4 24 3005 40 1.5 26 300 5 40 1.5 28 400
40 29 340 5 40 2.3 32 1200 20 40 86 33 1200
20 40 86 34 600 - 20 66 35 See Patent Docunent 35:
Japanese Patent Application Laid-Open No. 9-255772
(correspondi ng to European Patent No. 0892001, and
U S. Patent No. 5747609) 5 In other words, the biggest

dontinuous jult1-stage[{quriBER&EON CO S USpATEMEN
qar riji: &g out ti{?écﬂbamﬁiigrmqgm  h& rkgfg} VIDOCUMENT

TSt TOo SystEnmrarge tn argclo §D t he
d aea!ﬁlodannl 1 nan St ,\%:@mﬂ.. 4 %f oY L4 19
—CTrit - atc Tl DOCUOTICITt S Jou Al D,
cdan hzooqhov Tahle 1. 20 e nhyxi I of2 he
viar i 0380 condi t| 02.6 for [the —tontihuou-Bul tilstadd

| stlm(atl ol col dms di scl o5@d fof thé.8bovel read3 on
200 ¢m D F 20 cm n F S0 4(faten docuprent

Qo Lk

86 Har—tamd—iire—t ot =t FOUTTC] Of 26
arlhonat'es pr oduced /nrnf -n:l nH v aF

carbonat é_conf®ned) | was ALy
ajppr o400at elly 101Rg/ hr | whi 48 was|not 5% amolint 29
produgad on Jan ingustrijal sggle. 15 Dizggl osufe of32
ey L Y ) oD gTT Ot e reseg@ IVERTT o3 T0

v de—a—sHeet+H p+ogess—that ANrovvy at—pron T

(F:) rbo1 GL i he I EIJPFW] Wi higw ingafl\_lg y 96314

hj gh 6080501 UPO3—KAN pr odu@®i vity st a®fy fol a 35
prol onged period of time on an industrial scale of no
|l ess than 1 ton per hour using a continuous

See PHldnt Dijcagferilizst UhpatéenPa@int mppflicatioral gidaDpgh No. 9-255772
carbonate and an aromati c nmonohydroxy conpound

corr@%ﬁr@ﬂlﬁ%WEﬁlgﬁégd PSteRIRENDBO260 1, HhRUSD PAteAnNot BR47609)

aromat car

In other words, the biggest continuous multi-stage distillation columns used
when carrying out this reaction using the reactive distillation system are those
disclosed by the present applicants in Patent Documents 33 and 34.  As can be
shown from Table 1, the maximum values of the various conditions for the
continuous muliti-stage distillation columns disclosed for the above reaction are H =
1200 cm, D = 20 cm, n = 50 (Patent document 23), and Q = 86 kg/hr, and the total
amount of aromatic carbonates produced (methy! phenyl carbonate and diphenyl
carbonate combined) was only approximately 10 kg/hr, which was not an amount

produced on an industrial scale.

Disclosure of Invention
It is an object of the present invention to provide a specific process that

enables an aromatic carbonate to be produced with high selectivity and high
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Aomn§ﬂ§5 & he present inventors disclose a process of
produci ng aromatic carbonates using the continuous
mul ti-stage distillation colunm, various proposals
regardi ng the process for the production of the
aromati c carbonates by neans of the reactive

produ@tiﬁh} Jstl%BIy‘ for aFrbldpdeh PesioBRINinERER antipdasteal s¢dlest no less

been on a~ small scale and a short operating

than 1& tdF ératt?guraﬁ%% OUEhuod it st a@e*@gﬁléﬁ%ﬁr@:dﬂﬂnﬁ@rom a dialkyl

SC osur es soever on a specific process or

aratus enabl.in
carboBl 870 AR OB THaTD FaeCH RO oy SpgEiet Emounts of
what soever of a rting material containing
an a'%l?é@@ﬁrtpeé‘ﬁ?iﬂﬁ{'%‘:%%%ﬁt | cohol and an aronat i c
carbonate for use in an industrial productjon,
habinosdbe presentdeyestorsHipelos@agacart ahRadCINg @fé?m%‘c
of the equilibrium |et alone the process and
carbompates asing the cotBnudus motiustage alistiiatdn coluom. viahioys dfpppsals
these circunstances, the present inventors carried

regar@hﬁg ielystoess afomgtk ﬁtodﬂjcson\oéltrnmgrcanatprecarlblonakﬂ&ia}ewans of the
enabling the aromatic carbonate to be produced with

reactﬂ'egflstﬁ%h%ﬁtrh&thbﬁ raie HeghmBaaeduEfowevky tEésdhiivé all been on a
prol onged period of tine on an i ndustrial scale of not

small &3Fe %HQ% %h&rpapé’r%'ilﬂgg\’l{e \aBPratory R8I, tandtthéraolﬁ@@éeﬁéen no

inventors have reac to the priesent invention.

., That i in the fj ;

disclqsiips ety Sact SEoREREGkalor pBPaRiEe Shanhly ﬁ%‘ﬁbﬁ’?mt“’”
an aromatic carbonate froma dialk

on anysivgiriad sRalfoh rS?VQrc&fﬁfSlWeéﬁeeéy "Q §|rst°,3°r?@‘?%%\“8r | gﬂe@gr ofa
whi ch conprises the steps of: ? EBhnuou é

starting sortegat eentaindia NerpssaneAMEHNPlAR a aromatic
mul ti-stage 25 distillation columm in whic

carbarmtalfgstse 51 am extestrial produatienr whish kare bmﬁ%ﬁdewq tRebe
colum to produce an al cohol and at |east 10 A0501

disady2PfadeiNsineemioobthecequalityamat et alane theiprgcess and apparatus for
continuously withdrawing a | ow boiling point reaction

the Iﬁﬂdgth'él%réﬁﬂ&tﬁjml ng vidwef feedusednitantes, the present inveetors
portion of the colum in a gaseous form and

carn%n@)g:ht ?‘g‘%@%gn%“m@rﬁ %gd@(}’%\)%gltn@ J‘eg;géblﬁ)@ﬁddaﬁs RPiaBlind GRS hidnatic
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. Asa
result, the present inventors have reached to the present invention.

That is, in the first aspect of the present invention, there is provided:
1. Aprocess for the production of an aromatic carbonate from a dialky! carbonate
and an aromatic monohydroxy compound as a starting material, which comprises the
steps of:

(i) continuously feeding the starting material into a continuous multi-stage

distillation column in which a catalyst is present;

(i) carrying out reaction in the column to produce an alcohol and at least
10
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romati c carbonate froma | ower portion of the
A05015J]]§{5%€K$|1\ﬁ aliquid form wherein (a) the starting
material (1) has a nolar ratio of the dialkyl
carbonate to the aromatic nonohydroxy conpound in a
range of fromO0.4 to 4, and (2) conprises 0.01 to 1 %
one a%gﬁd;gg,tbdp]faté h#gal cohol, and 0.01 to 5 % 10 by
wei ght of the aronatic carbonate, based on the total

n% c?'ftln% s@i\ﬁ Hdrﬁﬁnnd@q%'b%'lhng(ﬁﬁmi RRCEOA IhIRURE Tontaining

| Iatlon mMm conprises a structure

e L el B SRR PSR st
iR A5 50 B Al 38 o

gas outlet having an inside dianeter

one arepaiE caronale v alower %ﬂleﬂﬁéﬁﬁ%ﬁ"ﬁmﬁ‘cﬁw"ﬂwa feESPauW’Here‘”
near thereto, a liquid outlet having an inside
di &ﬂﬁherstarﬁngafm’teeial the bottomof the colum or in a
| ower portion of the columm near thereto, at |east
one i nl ef1)prasva dediar natio hd they pdtkyp cathicnate tmidheoarogatic
central portion of the colum bel ow the gas outlet,

monctdrdly dRasduRDm 4 frfde oPPor@yitd@dand the | ower
portion of the colum above the liquid outlet, wherein

(1) the | rtg%.ﬁ}j i gf bpMenal 6|%|rruhao(mt 5 %
1500 < L kéﬁ%ﬁ?ﬂe@ﬁ%@?ggﬁgl anmet e(r: D (cm) of ?

by wél' gﬁt 8%%%%%2 E%a'rt?@}étg etgega:%éld M@ﬁﬁ{@gﬁ%ﬁ(%}a n%ﬁlng
the inside diameter D (cn) of the colum 11 A0501
mate{iBhs KAN satisfies the fol | owi ng formula (3),

2: L/ D~ 40 (3) 4)thenu|% of staesn t
t héX thel Qﬁmlﬁyow%mmﬁ' -§tagp dist

sfi.es
ion qpltgn@ Mgl se Slcttre

having a pair of end plates above and below a cylindrical trunk portion having a
length 1. (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 dq (cm)
at the top of the column or in an upper portion of the column near thereto, a liquid
outlet having an inside diameter d2 (cm) at the bottom of the column or in a lower
portion of the column near thereto, at least one inlet provided in the upper portion
and/or a central 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) the length L (cm) satisfies following formula (1),
1500 = L = 8000 (1),
(2) the inside diameter D (cm) of the column satisfies the following formula
(2),
100 = D= 2000 (2),

(3) a ratio of the length L (cm) to the inside diameter D (cm) of the column
11



10

15

20

atio of the inside dianmeter D (cm of the
AO5013(J)II((%)WK%I\£ the inside dianmeter d, (cm of the gas

outl et satisfies the following formula (5), 5 < D/ di
< 30 (5), and (6) a ratio of the inside dianeter D
(cm of the colum to the inside dianmeter d2 (cm of
; I isfies the following fornula (6),
saug%%QEéﬂ?H%ﬁyﬁg%hﬁﬂa %X(G). 2. The met hod according to
item1, reipydi-sypl lation is carri out
sinultan%g%sﬁJQJfﬁ %Re step (ii). 3. $%é met hod
accordin oiteml or 2. -Wh [ one
ar it ety 5t AR SR TnE i) At e
amount of the aro tic carbonate 15 Py duced i s not
| ess thafQ1=t Bnpeklthour. In anot her sgect of the
process according to the present invention, there js._
or thliatedio of the inside diameter Dt (sa)iafde cpiuamn ki theBsidsrtiameter
of an aromatic carbonate in which at |east one
dy (cra¥ ohtilel gascouttersatisfiéstherfodaeing foomulian®dusl y by
continuously feeding a dialkyl 20 carbonate and an
aromat i csnen@hydr axy3sonpound as a st afs)j and mat eri al
into a continuous nulti-stage distillation colum in

V‘hgér)gb Patfbat%ﬁh}é%sibé JARERAD (PR dMthe Gofihn td EREINsRIe diameter
an I stil

ation sinultaneously in the colum,

o (e Bt ARG Puted SIREE e Roling RETMIAET, o Loper

portion qf _t coLugp in a gaseous fo and
conti nuo slgy ijﬁdfa ng a high boili ng@poi nt 25

reaction m xture caqntaini t.he, .east _one ar [

i DoHLAocuTNg POREH T pUPETN Sl lo e [ o Sgnufaneously
' liquid form the inprovenent in which 12 A0501 UPO3
in thexagp((d). the starting material fed continuously into

the continuous nulti-stage distillation colum (1) _
3. Tahs methmdaraccatding db itke di ar kK3 wher@iontiee at depple one aromatic

aromatic nonohydroxy conpound in a range of fromO.4
carbdaté, isakentinuously produced and an amount of the aromatic 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. A process for the industrial production of an aromatic carbonate in which at least
one aromatic carbonate is produced continuously by continuously feeding a dialkyl
carbonate and an aromatic monohydroxy compound as a starting material into a
continuous multi-stage distiliation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in the column, continuously withdrawing a low
boiling point reaction mixture containing a produced alcohol from an upper portion of
the column in a gaseous form, and continuously withdrawing a high boiling point

reaction mixture containing the at least one aromatic carbonate from a lower portion

of the column in a liquid form, the improvement in which
12
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rises 0.01 to 1 % by weight of the al cohol,
A05Oﬁﬂﬁ8%@? % by weight of the aronmatic carbonate,

based on the total wei ght of the starting material;
(b) the continuous nmulti-stage distillation colum
conprises a structure having a pair of end plates

§né’s rhﬁéz %ténéMlau%hhﬁabuély I e Ebheudiavinnbi-gtage
engt an inside dianmeter D (cm and

. |nternal W|th a nunmber of stages n
d‘St'ngﬁg{rg‘gHgﬁde and conprises a gas outlet having an

i nan uppmasar et arec B v Salinde SRSt
liquid outlet having an]gnsn 2 di amater d2 (cn) at
moanwg“@@'t‘f%ﬁﬁ’%‘#”q e EITRAT oM h4 404 portion of the

colum near thereto, at |east one |nI et provi ded in o
the uppef2)mamprisesiG0ana/lc’k by weiaht 8f thsopicplgl, gRdQRI to 5 %
colum bel ow the gas outlet, and at |east one inlet
by weighbitkee dromatie dadvematpobasashomthe tetalowtighhobibearting
l[iquid outlet, wherein (1) the length L (cm satisfies
matefigl: | owi ng for mul a (1), 1500 < L 8000 (1), (2) the
insi de diameter D (cn) of the colum satisfies the

fol H))Ofﬁ'erlﬁb IH[JBUJS ﬁwul@@té(q@ distifion dafumARehdrdes 4 Sfrueture

ratl of I engt to the inside dianeter D
havnfg%')pagfoftekﬁ% ﬁ%eﬁgbpﬁ%rﬁ%@ﬁ/ 3 E@ rf}dj%gtr’r\h@? péﬁ%@aﬂﬁng a
ona AL AR, B o Bupo ke e rumper o
e g b SR BRI o

formula (5), 5 <D/ dl1 30 (5), and (6) a ratio of
at the tep abthel cotemarorin @EryPRET POREORof thercalgmpmear Yagale. " fauic

di amet er
outlet having an inside diameter d» (cm) at the bottom of the column or in a lower

portion of the column near thereto, at least one inlet provided in the upper portion
and/or a central portion of the column below thé gas outlet, and at least one inlet
provided in the lower portion of the column above the liquid outlet, wherein
(1) the length L (cm) satisfies following formula (1),
1500 = L = 8000 (N,
(2) the inside diameter D (cm) of the column satisfies the following formula
(2),
100 = D= 2000 (2),
(3) a ratio of the length L {cm) to the inside diameter D (cm) of the column
satisfies the following formula (3),
2 = L/ID = 40 (3),
(4) the number of stages n satisfies the following formula (4),

20 £ n £ 120 (4),
13
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of the liquid outlet satisfies the follow ng
A°50]f5%9§§ﬂ(ﬂ%6 3 <D/ d2 <20 (6). 5 The nethod

accordi ng to item 4, wherein an anount of the aromatic
carbonate produced is not |less than 1 ton per hour.
6. The nethod according to any one of itens 1 to 5,

V\hg;)eé Pt tEE %élﬁé‘ﬁiéﬁé@? DAl thecblighn €AY ingRfRE diameter
to 15 % by wel ght of an al kyI aryl ether, based on

PP Ay
o 2ng 8 sy s LS8 S TR, L O

nmet hod accor di ng any one of
items 1 to inL, D

/. D, n,
D (3 2 Gt sizhe o SATetRRID (ore) %fgieedﬁogim” i3 ihe fidite diameter
colum satisfy the followng fornmulae; 2000 L 6000,
d» {crh50f the limuid oudeDsatBfies tipe foll.wmg;ﬁ)rrrg(ba@n 100, 8 < D/
dl < 25, and 5 < D/ d2 < 18, respectively. 9. The
met hod ac’c@d])mggtﬁ aBy one of itens 1(&)o 8, wherein
L, bb L/ D n, D/ di, 20 and D/ d2 for the
5. WMeWécéﬂ#th totirge 4divbierdih ain amoonl ofrtthe sadmatiy caHeonate
followi ng fornmnulae; 2500 L ! 5000, 200 s~ D : 800, 5

PFOdl](fGeéJZ's/nd?ée sss than Porpdr @Qyr, 10 < D/ dl < 25, and 7 < D

respectively. 10. The nethod according to

6. ’ﬂ"%’{n%%?oogcé L@ tl%l She WF ér‘?ﬁs”l e Vgi?egt Irﬁ%%bb‘iartmg material

age ion CO um is a ation

funhérﬁ«'e@p”aa?squ;%w% R o ARG 99 o168, 28550 e o
rein the continuous nulti-stage 14 A0501 UPO3 KAN
we|gat @"t‘ihlelsé"t’ﬁ'é‘ﬁ neaieligh is a plate-type distillation

colum having a tray as the internal. 12. The net
7. Boeordhod aceordingrioi@noena of itammerteiat.tMeereingh #ad 512 Ltisty the
sieve tray having a sieve portion and a down coner
follopimgtfoonulal(3): The nmet hod according to item 12, wherein
the sieve tray has 100 to 1000

1 £ dpfdy £ 5 (7).
8. The method according to any one of items 1 to 7, whereinL, D, L/ D, n, D/ ds,

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

formulae; 2000 = L = 6000, 150 = D = 1000, 3 = L/D = 30, 30

A
>

A

100, 8 =< D/dy £ 25 and 5 = D/d> = 18, respectively.

9. The method according to any one of items 1 to 8, whereinL, D, L/ D, n, D/ d,
and D / d, for the continuous muiti-stage distillation column satisfy the following
formulae: 2500 = L < 5000, 200 = D =800, 5 < L/D = 15 40 =
< 90,10 £ D/dy £ 25 and 7 £ D/dy = 15, respectively.

10. The method according to any one of items 1 to 9, wherein the continuous
multi-stage distillation column is a distillation column having a tray and/or a packing
as the internal.

11.  The method according to items 10, wherein the continuous multi-stage
14
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P W2 in the sieve portion. 14. The nethod
A0501g%c§ér%|é{19 toitem12 or 13, wherein the

cross-sectional area per hole of the sieve tray is in
a range of from0.5 to 5 cn2. In the second aspect of
the present invention, there is provided: 15. An

distill#SHBSILArCITPeIRR-&/ pediBlilistiondchuriahee Ry & tralyent thefinteotal.
nore than 0.1 ppm~ 10 produced by the process

12. %%%?’fh%g eic%g?&]p%ﬂ%?@ﬂeﬁ*f 10 bEHF, @hér%liqrjrﬂwe frAy tdg s_tégﬁeerdtﬁay having a

aspec sent 1 nvention, there 1S provi :
.16, A ti | ti- distillati I f
sl SO P SeeBghiess & ot i on colum for
1o, S PO ARS8, UBNIHR, 0B} oo
an

pr:??\_/i ded above and bel ow the trunk portion;

holes/mf &7 thel sigve RORIOTunber of stages n inside the trunk
portion; a gas outlet which has an inside dianeter di

14. (Tdrg metndi advicctingdd itgnpi 2wr d8dwhereinhiee errpspseationat area per
the top of the colum or in an upper portion of the

hole 6PiHeBlevieaay i/ 4 hegd of froml0.§uo & out| et which has an
i nside dianmeter d2 (cn), and which being provided on

t hgn et sBbRHcPagied: b tOptce@BNO nveRBoG themisqsrovided:

| ower portion of the colum near thereto; at |east

15. %}??tcg‘bgﬁc Q%rﬁ\ﬁhgf%dcélﬂgﬁig\gglé?ﬁggn&?%h%t 3PHLOmofe than 0.1 ppm,

cen portion of t : bel ow the gas
oroc§Hid B Pl ERBUT Y Bhel RSP Base | ovn

O U T s i St
16. A continuous multi-stage distillation column for carrying out reaction and
distillation, comprising:

a cylindrical trunk portion having a length L {(cm) and an inside diameter D
(cm);

a pair of end plates provided above and below the trunk portion;

an internal with a number of stages n inside the trunk portion;

a gas outlet which has an inside diameter dy (cm), and which being provided
on the end plate at the top of the column or in an upper portion of the column near
thereto;

a liquid outlet which has an inside diameter dz (cm), and which being
provided on the end plate at the bottom of the column or in a lower portion of the
column near thereto;

at least one inlet provided in the upper portion and/or a central portion of the

column below the gas outlet; and

at least one inlet provided in the lower portion of the column above the liquid
15
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t inside dianmeter D (cn) of the colum

AOSOl&é@#@E the followng fornmula (2), 100 < D < 2000

(2), (3) aratio of the length L (cn) to the inside

di aneter D (cm of the colunmm satisfies the follow ng

formula (3), 10 2 <L/ D< 40 (3), (4) the nunber of
outletSt @ages n satisfies the following formula (4), 20 n <_

120 (4), (5) a ratio of the inside dianmeter D (cm of
wheré'he colum to the inside dianmeter dl1 (cm of the gas

dlt1 et satisfies the foll owi ng formula (5), 15 5 < D/

(e 1B vl st B PR BRI er 6o (e of

the liquid outlet satisfies the follo g fornmula (6),

3 < D/ #20Q 20L(& BOY9. The col um a\é\@ rding to item
16, wherein d, and d2 satisfy the follown 20 .

f of2tha ifstjie dierreteépD (Em)ofdhe zplump satigfiesipp daiowing formula
according to item 16 or 17, wherein L, D, L/ D, n, D

(2), / d1, and D/ d2 for the continuous nulti-stage

distillation colum satisfy the follow ng fornul ae;

2000 L 406080D 1:502600D _ < 1000, 3 s(, L / D <_ 30,

30 : n<_ 100, 8 25 D/ dl1 < 25, and 5-< D/ d2 < 18,

re | e(cepl &4 dihgetep Dafayn)asfeheicolumn
it%&%@%ﬁt?g?&m%tgﬂeﬁcﬁﬂﬁgqﬁ?%ﬁ/ D, n, DD?(@ 1)6 A0501

Satis'%%gﬁﬁ%gb‘g%‘rﬁ @gﬂann(/%dz for the continuous nulti-stage

atisfy the follow ng fornul ae;

2500 L <,, 50Q0, 200:, D <_ 800, 5 _ L /. f <_ 15, 40 <_
n <_90?£%’BF&HO<25, and 7 < D a2 < 15,

R ¥ e i A BRSSP e ©f
20 = n £ 120 (4),
(5) a ratio of the inside diameter D (cm) of the column to the inside diameter
di (cm) of the gas outlet satisfies the following formula (5),
5=D/dy £ 30 (5), and
(6) a ratio of the inside diameter D (cm) of the column to the inside diameter
d, (cm) of the liquid outlet satisfies the following formula (6),
3=D/d =20 (6).
17. The column according to item 16, wherein di and d; satisfy the following
formula (7):
1 = do/dy £5 (7).
18. The column according to item 16 or 17, wherein L, B, L/ D, n, D/ dy, and D /d»
for the continuous multi-stage distillation column satisfy the following formulae; 2000
< L £ 6000, 150 = D < 1000, 3 =< L/D = 30, 30 = n = 100, 8 =
D/dy = 25 and 5 = D/dy £ 18, respectively.

19. The column according to any one of items 16 to 18, whereinL, D,L/D,n, D/
16 '
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i-stage distillation colum is a distillation
A05015g ving a tray and/or a packing as the
internal. 21. The columnm according to item 20, wherein
the continuous nulti-stage distillation colum is a
plate-type distillation colum having a tray as the
ldhe TR sRssLadlmstid-Peditimm siisfy tha¥ollowing
i, ard'H9'di3br hhéz%orngr;\ﬁloﬁg LT seegePidimetio 8

S a sleve tray having a 10 sieve
or td d c POAL 0 3.c Eh | ut 0 <
formUigt A tlo 1 S22, Cuherern T 0% sve 1oy Fas tod = "
to 100 hol es in the,sie ortipn. 24, . col um
= 9Qccty dﬂgnE”t% é%’zf%{] 53= @ﬁ{e&eién f%eregpectmﬂ/.

cross-sectional area per hole of the_ si ve.tia is.in

20. Fhezpjemoracceeting 1 apy Oee&i@ew#%‘?/gﬁt %{5@%’% f@?%‘&tt@mus
of the Invention Regarding the production of aromatic .

multi ctade distibatioresauminis ehdisdliationraiemp eving a ftray|and/or a packing
carbonate and the aromati ¢ nonohydroxy conpound

as theomept4ll ng an al cohol and the aromatic carbonate as a
starting material, which has been considered to be 20

21. diHAEy anineaeevSing 96 itthe2@oRein Bk edntifueus mauititstage distillation
carbonates, it has been discovered that by

Colurhﬁ% e\ Ltgg%'ijﬁéﬁilltgﬂtgr? EBIEJH%PH&HHQ Air ks thé Fternal.

aracteri e nolar ratio of a dialkyl

rbonate to an. ar,onmt | h 4 ' ;
22. P RRBRAS BRI 20 25, WGP 09Ra0108 480 bay navig
. range, the contents of the alcohol and the aromatic
S'EVQ:B?‘%'@H‘:&@ AW LOMERYIPRed range and a specified

continuous 25 nulti-stage djstillation colum | )
23. tHee splomit ReCEINGSRAIEET éanWBBreP %%EEHEEWY%E? 8o ¥ 600
i ndustrial scale of not Iess than 1 ton per hour,
holepnefiartagisieveqrortiess than 2 tons per 17 A0501 UPO3 KAN
hour, nore preferably not |ess than 3 tons per hour,
24. Wi hé chiughn aetardingviotitero22mot23, edereinthe cgsg-sectional area per
preferably not |ess than 97% nore preferably not |ess

holeldi@ne 8R%: tedyaBliy a rhAge ®f oAt Ofgleds per'i od of tine of

not | ess than 2000 hours, preferably not |ess than
3000 hours, nore preferably not |ess than 5000 hours.

Advantageous Effects of the Invention

Regarding the production of aromatic carbonates, even if there is used the
dialkyl carbonate and the aromatic monohydroxy compound containing an alcohol
and the aromatic carbonate as a starting material, which has been considered to be
disadvantageous for the production of the aromatic carbonates, it has been
discovered that by implementing the present invention which is characterized in that
the molar ratio of a dialky! carbonate to an aromatic monchydroxy compound which
are used as a stating material is in a specified range, the contents of the alcohol and
the aromatic carbonate are in a specified range and a specified continuous
multi-stage distillation column is used, the aromatic carbonate can be produced on

an industrial scale of not less than 1 ton per hour, preferably not less than 2 tons per
17
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cription of Drawing FIG 1 is a schematic
A050]\%ﬁg@é§%‘ﬁe continuous nulti-stage distillation colum
for carrying out the present invention, the

distillation colum having an internal provided
inside a trunk portion thereof. 10 Description of

hour, g%rg rﬁ@té?a@f‘j’?ﬁt sy thah '3 GRS pfélr”hloﬁtr vﬁth highildelle Etivity & not fess

infet 15 5: end plate 6: internal 7:
than %‘% O,R.F] Lab|fgﬂé|{%ﬁ5 éﬁ?ﬁ% Vﬁor%réfer%&t%%égés%tth:ahggwnstably

mete nk paQrtion f
for a gidogand e Ay gt o ﬁﬁasaetﬁé%gé?@mo@ PG a than
Best Mpde for Carr out the Invention 25 In
3000§1@@"$ dnPrepiRierablyengirese m*ﬂ?l&fﬁ i s described in
detail. The dial kyl carbonate used in the present
invention is a conmpound 18 A0501 UPO3 KAN represented
by the general fornmula (8); R OCOOR (8) wherein Rl
Brief Dy¥capton of Prawinkyl group having 1 to 10 carbon atons,
an alicyclic group having 3 to 10 carbon atons, or an
ar gy} (05 QUReMAYE NBvBof helébraiaubas nalltsagesd Bibatinesolumn
of Rl include an al kyl group such as nethyl, ethyl,

for cAFIRYlout tRPERIsEh indbhifdn, the distillation column having an internal
provided inside a trunk portion thereof.

Description of Reference Numerals:

-

: gas outlet

2: liquid outlet

3. inlet

4: inlet

5. end plate

6. internal

7: trunk portion

10: continuous multi-stage distillation column
L: length of trunk portion (cm)

D: inside diameter of trunk portion (cm)
dq: inside diameter of gas outlet (cm)

do: inside diameter of liquid outlet (cm)

Best Mode for Carrying out the Invention
In the following, the present invention is described in detail.

The dialkyl carbonate used in the present invention is a compound
18
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20

AD50ﬁU ]§A§oners) butenyl (isoners), pentyl (isoners),

ex I soners), heptyl (isoners), octyl (isoners),
nonyI (i somers), decyl (isomers) and cycl ohexyl met hyl ;
an alicyclic group such as cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl and cycl oheptyl; and an

repreaéﬁdel@fdymeo?@we&d%rmalab@}zyl phenet hyl (isomers),
phenyl propyl (i somners) 0 phenyl butyl (isoners) and
nmet hyl be th§oﬁpners) The above- nentd ned al kyl
group, alicyclic group and aral kyl grofg may be

whergllnag{ é&?%%%nt@g%r%@% :EQWE WaSHL R & caﬁibq%t%%sa apn%chc group

oxy r oup, cyano gréu

navingon £ THRERaT aietimst 0 S B " RdPo B T §eﬁ@é°ms-

such R1 |ncI ude di met hyl carbonate 15 d .
Exampies ohR dnclade eo@y! @é@%ﬁﬂ%% imei gl &gyl ot?rapm'somefs) allyl,
carbonate, dibutenyl carbonate (isoners), dibuty
butyldmobara), dutérmd fisoglers)iipsety yisowersohaxy ([Sosesfs), sl)eptyl (isomers),
di hexyl carbonate (isoners), diheptyl carbonate
octyl (iseamees)s hongll (@ﬁmér@,ﬂ@whﬁSme(é)mMy&)oheﬂdyhm&M; an alicyclic

carbonate (isoners), didecyl carbonate (isoners),

grouﬁ's%ﬁ |a§Ft9E‘.Fo‘ﬂropyﬂ AE RIS, c?d:l@p!@ht?h @W]bh@)%yl@maﬁﬁsloheptyl and

|cycI ohepty car bonat e, di benzyl carbonate,

an ar‘é’lky1 nat oH ch:Qé B%H?sglepigér?élﬁglr %)oméjrbf %@M\&b@?%téomers

I sonmers nyl butyl') car bona

phen&|b§fﬁﬁﬂ§§>bﬁgi}é§$ﬁé Q?IE)QH% I)éls%ﬁ{se%g atfhé LS Fdntioned alky!
arouged 5SRiR BTURBHL PE RV BPOah s R e B plper substituents

(isomers) and di (cyanoet hyl ) carbonate (i soners)

such@s 2 e kd HPHP CAIDTAIEDY Finkie: ar%aaPa%wP Q5 édW%‘?]ge” atom,
the present invention are dialkyl carbonates in which

and Rayiais@anoriakyan gnsapratedi bapdibereidr e t han four carbon
19 A0501 UPO3 KAN atons and not cont a| ni ng a hal ogen
at diramplpardf idalky daybaratée habing soch R'sindiudetdigriethyl carbonate,
carbonate. Moreover, of preferabl e dialkyl carbonates,

d:etk@&&éﬁb@ﬁb@f |dipriepef @rabh@teqmeray edidliyh clssborzte btibateey|
produced in a state substantially not containing a

carbalﬁﬁ Q(%m&ts 'Hlbut?f cﬁrb%ﬂﬁiee&sdm@r%) pdl?@#@ﬁgarfbbﬂﬁteaﬁsomers)

yl'ene caf'bonate substantially'not 5 containing a

dihe lc%ﬁ?&ﬁé?@oﬂ{ﬁ%)ggh@p‘fﬁ@rbwét (RBHRE] Widt§i carbonate

ontai ning ‘a

(isomers), dinonyl carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexy! carbonate, dicycloheptyl carbonate, dibenzyl carbonate,
diphenethyl carbonate (isomers), di(phenylpropyl) carbonate (isomers),
di{(phenylbutyl) carbonate (isomers), di(chlorobenzyl) carbonate (isomers),
di(methoxybenzyl) carbonate (isomers), di{methoxymethyl) carbonate,
di{methoxyethyl) carbonate (isomers), di(chloroethyl) carbonate (isomers) and
di{cyanoethyl) carbonate (isomers).

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

are dialkyl carbonates in which R' is an alkyl group having not more than four carbon
19
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A05o1%19(5‘§ K?rkaromati ¢ nonohydroxy conpound used in the
present 1 nvention is a conpound represented by the

foll owi ng general formula (9). The type of the
aromat i ¢ nonohydroxy conpound is not limted, as |ong
as the hydroxyl group is 10 directly bonded to the

atomPLAARbE EoMaftiRg aMalodh 6@ WirpaHEUNY prfsrebinbse @ndimethyl
aromatic group having 5 to 30 carbon atons. Exanpl es

Lid D i | ' EfefEbl
carbotpls  MBISHRE, o ERPRIE K CRIRANEES, DLy ¥hireféiie ones
[,sonmers), xylenol (is ) ' :
are O R et PR el Ayon st 4 TRl ESREng 5 filogen
(i somers), propyl phen i soners), butyl phenal, ..
atom,(fog gxaMPIE. Qme@tmg?%ﬁ%%fﬁsw@% %f%')% C%F@Pﬁ?ﬁ%e?‘ﬁiﬁt%fﬁ@#'&”m
(i soners), nethyl propyl phenol iisoners , .
contadhing @dyal pdemetor iedrast alpohakesuRpantaly fiek fantaining a halogen
(i somers), pentyl phenol (isoners), hexyl pheno
atom(i somers) and cycl ohexyl phenol (isoners); various
al koxyphenol s such as net hoxyphenol (isoners) and 20
et hevarpheitie! mohsioprosy comppliat kisedlie tid presgohirvention is a
phenyl propyl phenol (isoners); naphthol (isoners) and
comp\b%hbqggrééé?ﬁéd byt ronemidigbaerarfsimtied €2)0armstype of the

nonohydr oxy conpounds such as hydroxypyri di ne

arom%%%@{/oéﬁpa%%@ﬁ%@% H |Il’l€(l)t€§:{) RN18hg @8dhe hydroxyl group is

I SOmers) . hese aromati C
. ohydr oxy_ conpound nes preferably used in the 25
d'recg?gggﬁ?d?%Jé%?ﬁrg)%é{écr@mggmmti ¢ nonohydr oxy conpounds

in which Af' is an aromatic group havifnng 6 to 10
carbon at®¥r@H Phenol is particularly pké&ferabl e.

Moreqver, of 20 A0501 UPO3 KAN t hese arogati% E |
whersindhyepEseEntoan SRMatic BFus BANRE 1Pi3 F3/oRB@toms.  Examples
containing a halogen atomare preferably used in the .
of thpeesreatic monemydmxy cimepesidsrhadang sueh Af hieickdgl ptignol; various
carbonate to the aromati c nmonohydroxy conpound used

alkylgﬁeﬂichlg sethEs) ogsohiissmalts)j xylehd (moeses), tiimedndploenahiispmers),

einarange 5 of from0.4 to 4. Qutside this range,
tetrahRenAPRERDI (Rbmiis £ athBphstd(ison@rspipespypisenol (isomers),
butylphenol (isomers), diethylphenol (isomers), methylethylphenol (isomers),
methylpropylphenol (isomers), dipropylphenol (isomers), methylbutyiphenol
(isomers), pentylphenol (isomers), hexylphenol {isomers) and cyclohexylphencl
(isomers); various alkoxyphenols such as methoxyphenol (isomers) and
ethoxyphenol (isomers); arylalkylphenols such as phenylpropylphenol (isomers),
naphthol (isomers) and various substituted naphthols; and heteroaromatic
monehydroxy compounds such as hydroxypyridine (isomers), hydroxycoumarin
(isomers) and hydroxyquinoline (isomers).

Of these aromatic monohydroxy compounds, ones preferably used in the

present invention are aromatic monchydroxy compounds in which Ar' is an aromatic

group having 6 to 10 carbon atoms. Phenol is particularly preferabie. Moreover, of
20
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r | niRg, based on a prescribed anmount of the
A0501a§%w2\gcar bonate produced, wll becone high, which

is not efficient for the production of the aronmatic
carbonate. Mreover, nmuch energy will be required to
recover this unreacted starting material. For such

these! 8RR mér'?cﬂwﬁ# tlnaundgtmg subsRireigiy ebe cahiayning aa
range of fromO 0 3, yet nore preferably 0.8 to

halog%nﬁator‘ﬁoér(e &Eﬁ{rﬁl}ﬂgm%d% Ond Brdset idvantiBA. present

nventi on, ss than 1 ton per hour of the

o Ae an i O Ry e 3% A ontifareny
comp%ggeL,;}eaﬁcsot%%gq%ﬁga/rﬁgtenﬁ} @F‘E,e}g%gqtgré\?grﬂwmr%us@? jnarange

preferably 7P ton/ hr, based on the anmount of gt
of fropr @rfetoi4  cQuisisieatis PR IMmAYOLAT BEURESEIRARa g Beterials
preferably, this anount can be made to be Iess t han
remaiffing, draised. orTh eresaribegl aroaumicefhe asematia saenanaie peoduced, will
monohydr oxy conpound as the starting material used in
becoHéehiEh e®Bith ik Mot bfficiamt fiarsthequotiactivrspidbefarethaticsantenate.
of t al cohol and the aromatic carbonate which are

MoreB@éPtn'uSHh BREEY il beFehaRed ierdiovee tHis 2ird=ted santing material.
equilibriumréaction, it has been thought in the past

For stuPﬂtrEH?s Eh[% Eﬁovéhﬂﬂéﬂ Mo@gﬁrb%re@é‘ﬁl i 'aﬂﬁnﬁ@%f from 0.5 to

e aromati c car nate whic are t
t t f
o veL SRS LMD S dplyans gosue [ Cer o
f
06 SR T w&tﬁie%eaﬁ%@%rommw

invention, even if the starti n% mat er i al ? cont ai ng
carbonae is eraduges\capingauslys 1 A MNEOBI2NRNtP 4ie eoBebs
by wei ght of the aromatic carbonate, based on th
monoydbxyedipoUDt fed mtgtca)ntmln@u%f@'rthalabﬂb’ﬁ@tﬁoé@t%éEe”era”y
UPO3 KAN surprisingly the alcohol and the aromatic
13P qai/ho pasferdiay ¢ORaoalihy, ranse prefénabhc P don/hhdasgduie amount of
of the aromatic carbonate. A nore preferable al cohol

the é‘r@ma%tcalr@or%téimt@nlhﬁ) 13 % produeight Monk toneferably,ahis. &mewnt can
by wei ght being yet nore preferable. Mreover, a nore

be R IPLESTATTPGngA onat e content 1 0. 1 to 4 % by

pr eﬁ% ggllkg/l carbonate and the aromatic monohydroxy compound as the
starting material used in the present invention must contain specified amounts of the
alcohol and the aromatic carbonate which are reaction products.  Since the present
reaction is an equilibrium reaction, it has been thought in the past that use of the
starting material containing the alcohol and the aromatic carbonate which are the
reaction products would be disadvantageous in terms of chemical equilibrium.
However, it was discovered that in the case of using the continuous multi-stage
distillation column according to the present invention, even if the starting material

contains 0.01 to 1 % by weight of the alcohol and 0.01 to 5 % by weight of the

aromatic carbonate, based on'the total weight of the starting material, then
21



10

15

20

25

A0501T[Pp0§_%q¢i on between the aromatic carbonate and the
al cohol which is the reverse reaction to the present

reaction has a very high equilibriumconstant, and the
reaction rate is high. Wth a batch reaction systemin
which the gas-liquid interfacial area is small, it
surprigiiyly thesalbshslasid theldreaiagicazebormatt heve refrdlytanysinduenceon the
material 10 containing the al cohol and the aronmatic

prodUtBbR Y #ie& 8}’8?1‘15% eh®ohBie. T %ﬁ{dr@;bré’ﬂeﬁéblétaﬂicohw gbfitepeis 0.05 to

very di sadvantageous in ternms of chem cal equilibrium
of . ' : . h
0.5 % B PRV IR0 150 SR SR BN PGyt o oreover,
[ ] - I ti distillati. t :
R e S L o TLETS

short, and hence it is c]Jear that use of the starting
3 % mweighhbetgntatimenePrefRiake: al cohol and the aromatic
car bonate which are the reaction products wuld be
di Theveactimebetwaen therarematicomepreaie agguheiabsghalwhich is the
produci ng the aromatic carbonate, since there would
reverBe rbattidretodbe peasentireattien baseerry highoeguilisriurngonstant, and the
al cohol and the aromatic carbonate in the reaction
reactidrititdlis HGWEV Blith Albatersratiction\egseth irwhichfthetgas-liquid interfacial
continuous nulti-stage distillation 20 col umm
area A SRALHA! iPBafh thid6e BESHENHIERYSHY thabubs ob§Rdstarting material
surprisingly this di sadvantageous effect hardly
o ' | . oo
conifidife Bodhigh gad A Bfeief RARRE, hAlcH Aefpa Tetbiorfploducts
rbonate as the startin ial_jnotr i :
woulifve XEpers A aroHE b IR, e Dlal CAS A for fofucing the
al cohol which is present at a high cgncentration at .
aromeHie coCBRIAE O WBIHBE rOYRIBE RO TERETL QBT M/epeer, with a
thus rapidly 25 converted into the dialky| car bonatF -
smalkacaleeastivsndisiiliatiobrivienothe resiaspgadime of the regction fiquid is
supposed that this is because in the continuous o
generallyt shart,zarel liérsdd it isatleanthed beenof HEp staptbu matersalicantaining the
according to the present invention, the residence tine
alcohd idf thieGiremiatiy dasmghdtewHith are treaciziction pooduake wolukt be
in the upper portion of the colum. Moreover, it is
disad¥Regeslis hhaims %F”Ehéﬂ‘nidm%bumbrihmanﬁ@ﬂﬂiing thd A@matic

startTng material fed into the distillation colum is

cre 6, sk b BB AT B gt oo
and e SR A BEn SR the $LadtldMBid . ough prol onged

However, it was discovered that if the continuous multi-stage distillation
column according to the present invention is used, surprisingly this disadvantageous
effect hardly occurs at all.  The precise reason for this is unclear, but it is supposed
that this is because the aromatic carbonate as the starting material introduced into
the upper portion of the column reacts with the alcohol which is present at a high
concentration at the stage in the upper portion of the column, and is thus rapidly

converted into the dialkyl carbonate and the aromatic monohydroxy compound. Itis

also supposed that this is because in the continuous multi-stage distillation column
22
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Aosolcﬁﬁ{)é RUQys stabl e operation using the industrial-scale
contimuous nulti-stage distillation colum according

to the present invention. Wen inplenmenting the

present reaction industrially, besides fresh dialkyl

carbonate and aromati ¢ nonohydroxy conpound new y
accor'dmdf' %H%eﬁ?eééﬁt%\t/é}ﬁldneﬁé fe¥idenk 18 iesufficiently long for this

preferabl’e to be able to use as the starting materi al

react%ﬁu%tﬁk lac‘éqmﬁé HE@ |Bh36ftttl?@cglhﬁﬂrky| MEEdveRat & supposed

I'C nmono conpound that has been
recover ed

h Tk
et S R Eﬁf%ﬁ B s et
e

i nvention may contain conpounds or
efficienthypr ding eectihas keampiseovergddpiiie fﬁ?&‘l'”‘@?‘ﬂ@#%‘rprg'onged
hi gh boiling point by-product, which are produced in
contihbbss Sablesseration usirgietisdustriskesaie cpptinueusEeii-stage
found that a starting material containing 0.5 to 15 %

distilla¥omebitn atcairg] othegrgbemtineentiorbased on the total
wei ght of the starting material is preferable when

' W%ﬁ@ﬁ‘%bré%ém%g {REQFESEntiraNendn PidusthaNpr sesided fesibidalkyl
range for the alKyl aryl ether content in the 20

e, 2 d he¥Bact
caro bl BPAT A Al o IAgSLPA oo e et
i nventio r
e b K G880 PR A connn
as the starting nater a mxture I
mairgg oA SR bOR RS KA ar&mmf)eOﬁ\a%rors}e?ﬁhf%und g nas been
aromati ¢ 25 nonohydr oxy conpound :'ntef referablte kes this
recovéiies! igttaistAragesferRe/PEANGIHCE BFRGESS heaRe pent igygption make

nmet hyl phenyl carbonate and di Phenyl car bonat e, whi ch
possitle, Whishrie ot éxorliant dreBeateipiBiaateRidbadr gsentjnvention.

anmounts as descri bed above. Further, it is preferable
f orTHidetastigy trizterial nm tes pnadsehblrwenttam mantedhie, canpewnds or
is a reaction by-product, in an anount as descri bed

reacﬂ@ﬁ‘b@ prEHO&t‘éede@x@mpﬂ@ €ard iyt AryD et @ iashighbyil ogrtcinihn
i ng point by-product such as the

o T e oot oo
foundr\\f[ugp as amna n?é}eﬁélké/clntﬁhmg 0.5 to 15 % by weight of an alkyl aryl ether,
based on the total weight of the starting material is preferable when implementing the
present invention. A more preferable range for the alky! aryl ether content in the
starting material is 2 to 12 % by weight, with 4 to 10 % by weight being yet more
preferable.

In the present invention, in the case, for example, of producing methyl phenyl
carbonate and diphenyl carbonate using as the starting material a mixture of
dimethyl carbonate as the dialkyl carbonate and phenol as the aromatic

monohydroxy compound, it is preferable for this starting material to contain methanol,

and methyl pheny! carbonate and dipheny! carbonate, which are the reaction
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Aosocepgonaig, or a diaryl carbonate, and a m xture
t hereof, which are obtained through the

transesterification reaction between the dialkyl

carbonate and the aromati c nonohydroxy conpound.

I ncl uded under this transesterification reaction are a
productfiGh iafribtins whideBchithed abovat hFatthérhit ispkdenabie foniise starting

the dial kyl carbonate is/are 10 exchanged with the

mateﬁélytb%t%g ;é'f'\PsdPé, WHEh A 2B BRRRYIXM oameuntagand

an alco Is elimnated, and a reaction in which two

desoiEaoR, My MnBr e nedRa R ar Ry g e B boiling
. .carbonate through transesterifi ' j .

point B B0Etvauich &3 T SenaifHicd bt 8t {Bfehfridrhdfate or the lie.

present invention, although t al kyl .aryl car.bonat

PR A e Ry A AR Y R R TR

diaryl carbonate by making the alkyl aryl carbonate
carbdnate hera disigrapsbenateanre sirevduredaeiesh vaigbiars ebigipgd through

the aromatic nonohydroxy conpound, or by making the
the trahkgsteafigdticcarciactian efwedrhtne dintikyt garbanate and the aromatic

di sproportionation. Since this diaryl carbonate does

mondHdrégnt@npoandal Pgrileatidertthisatdnseisterifisatiom oedcion ae a
the raw nmaterial when industrially producing

reactR MHOARIBARMeCrDOtR &f RABRKoR) grblehd 6RseRdIRYI darbatateris/are
process. As a catal yst used I'n the present invention,

excnped WG o B RR B OO 8 o AR RHoRF LS FbBnd and an
compounds>: | ead oxi des .su ;
alcofed TSt Tl PR ERUR Wil s ilin Rl of e Ry
carbgiiin PrRbPIRES MEIRHDIO RGBS AP RLPRB e QT
pl unbat es such as Na2Pb(O3, 24 A0501 UP03 KAN
carbapatetPiogh irrpsesterpatiopospelion loasgeatweeir PBAA and
CaPb(3; |ead carbonates and basic salts thereof such
disprapoRn®zEonnd Ir2fPieq@esebi iavprtion, ediosghitke atkybayhspdonate is
aci ds, and carbonates and basic salts thereof, such as

mairRp6OEEB Ris dah(HaCEsRrbd intudthebdi @G0CER) R aRb By Brikdng the alkyl
or ganol ead conmpounds such as Bu4Pb, Ph4Pb, 5 Bu3Pbd,

aryl g%}%ﬁgggeefggﬁgg bnéeigohh fBRe steBlicHtiipeartorh@Ritbe @nbreatic
monohydroxy compound, or by making the alkyl aryl carbonate further undergo a
disproportionation.  Since this diaryl carbonate does not contain a halogen atom at
all, it is important as the raw material when industrially producing polycarbonate by
means of the transesterification process.

As a catalyst used in the present invention, for example, a metal-containing
compound selected from the following compounds can be used;
<lead compounds>;

lead oxides such as PbO, PbO; and Pbs0y4; lead sulfides such as PbS and
Pb,S; lead hydroxides such as Pb(OH), and Pb,0(OH)z; plumbites such as

Na,Pb0O,, K;PbO,, NaHPbO» and KHPbO,; plumbates such as NazPbOs,
24



ﬁVE Wgroup, and Ph represents a phenyl group);
A050 ox%A ad conpounds and aryl oxyl ead conpounds such

as Pb(OCH3)2, (CH30O Pb(OPh) and Pb(CPh)2; lead alloys
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; | ead
m neral s such as gal ena and zinc bl ende; and hydrates

Na,HIPbOY Ck, 5 IQPTEHQ)HI) S K,2BOsCORERIOS antlIQaPtEdgllead carbonates
conpounds>: ts conpl exes of copper famly

: 8 bf
and H(%Ec%%ﬁ séfh%%ejﬁ?g%gs’ P%?Be%rndo@%(t;%a 655(2%12 q}(é&é o, organlc

acids) %ch:@rtgﬁ%§ gﬁb iRl %{t@%%@f%@@%)CHQz, Pb(OCOCH3)4
and é%‘bfﬁﬁ?ﬁ%&) 3190233%&?@?555 S8 APt B BB Bdike. £1kp

N n
5 Buf@@ﬂ:ﬁ?@?@@r@bﬁ%@orﬁ‘ﬁ@g@a%)Hyst@&a ol FRREBRE FiierE BU mpresents
cadm um conpl exes such as Cd(acac)2; <iron famly
a butykgriupc anp Aimigpresanterpl phasy| groupy oaikmﬁeaq/ cmp@u@% FOR
as Fe(CloH8) (COs, Fe(COs, Fe(C4Ho6) (CO 3,
arylofplead siomgormels Zuch REt R Hs )goCH-EL)E0( @F hiiand- RIIGHRD,; lead

and ferrocene; 25 <zirconium conpl exes>: zirconium

anoy§ QUBh @%G%H-RI4C PbaSa ZP b B PR SAhazP b S desh eriinerdls #0G04s
UPO3 KAN <Lewi s aci d type conpounds>: Lewi s acids and

I geds such as
galery 8 @%ﬁ%{ﬁxﬂwh B LR o R snxa

10 <Copgjlﬁlpﬁz%)rﬁhy H%ééé o Nt~ hal ogen atom an acet oxy

group or an aryl oxy group); and 5
~of Z?trs]oatnl om&%ggsnofc'copper family metals such as CuCl, CuClz, CuBr,

CuBr,, Cul, Cul,, Cu(OAc),, Cu(acac),, copper oleate, BuCu, (CH30).Cu, AgNOs,
AgBr, silver picrate, AgCsHsCl04, [AuC=C-C(CHa)s], and [Cu(C7Hs)Cl]s (wherein
acac represents an acetylacetone chelate ligand),
15  <alkali metal complexes>:
alkali metal complexes such as Li(acac) and LiN(CsHo)z;
<zinc complexes>:
zinc complexes such as Zn{acac)z;
<cadmium complexes>:
20 cadmium complexes such as Cd(acac)y;
<iron family metal compounds>:
complexes of iron family metals such as Fe(C1oHs)(CO)s, Fe(CO)s,
Fe(C4Hg)(CO)s, Co(mesitylene)s, (PEtPh,), CoCsFs(CO)7, Ni-n-CsHsNO and
ferrocene;
25  <zirconium complexes>:

zirconium complexes such as Zr(acac)s and zirconocene,
25
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A050 197 8@NRtAND conpounds such as (CH3) 3SnOCOCH3,
(C2H5) 3SnOCCOC6H5,  Bu3SnOCOCH3, Ph3SnOCOCH3,
Bu2Sn( OOCCH3) 2, Bu2Sn(000C1i H23) 2, Ph3SnOCOCHS3,
(C2H5) 3SnCPh, Bu2Sn( OCH3) 2, Bu2Sn( OC2H5) 2,
Bu2Sn(OPh) 2, Ph2Sn(OCH3) 2, (C2H5)3SnCH, Ph3SnCH,
<LewBUZSH Qpd E8MpdLASHO, Bu2Snd 2 and 10 BuSnQ(OH). Each

of these catalysts may be a solid catalyst fixed

| nplL %bﬁSé?&s BHY iewié 8818 fofthig ARl edh WBMpdlind®sudreas AlXs,

a soluble catalyst that dissolves in the reaction

TiXs, THe! S/(@)ﬁa\%hZRRZ t eaer‘gfi%ﬁ%(%%h&%'ﬁp FSsdFY l:j\‘rﬁflogen atom,

cout been“rea an organi ¢ compo
esent in the reaction system such as al i phatic

an ackig Ut A ARV AT BUR L AN KEHY ) 88pound, t he

al kyl aryl carbonate, the diaryl carbonate or the
<orgafioiNGAMRHBTat e, or may have been subjected to

heating treatnment with the starting material or the

pr otpancsinmanepounsist suehrasa HosSnP 6 Gids, d fsldsloPnOCOCeHs,

carrying out the present invention with a sol uble
Bu3SnaC@BE, RhiSHOCOICH0 BueSnidC O ) g &bSoO &€ ahipa)t,he

catalyst is preferably one having a high 20 solubility
Ph3ShO0HE HE 8@Hs RS N0 P BLLSAGE C Hle Bue8atd OrH 9o rBliiSrgaPh)2,

Exanpl es of preferable catalysts in this sense

' b ; (GHE AsnOTIEURBLA, and
e S N e R A e e
BuSr‘B(g@P)A'; SnC 4i  Sn(OPh)4, Bu2SnO and Bu2Sn( OPh) 2;

e , Fe(OH)3 and Fe(OPh)3; or such catalysts which

ha een treate i th phenal, . the . reacti R
* neaenis et BrEn K e s Sous bR b i r-stage
. .caontinuous nulti-stage di stillatt'bop .co, unm gho for . ¢
distillagien Gl A A% PEResiHble; G AT disralvesdp g tRachpn system.
colum having an 26 A0501 UPO3 KAN internal 6 )
pr &chef thess getalyst campopentsi Ay f cRrsedraveripgen reacted with an
continuous multi-stage distillation colum 10
orgamicoompaunct presaet iprtbe eaactionveystérorsucbras @13 eliphatic alcohol, the
structure having a pair of end plates 5 above and
aromizéit eorsolgdroxdedmpbund,uhls ol Endearbdreate nigheadibeyh garbanate or
(cm and an inside dianmeter D (cm and having an

the diélréﬁrdé%orﬁaté{i bhmay HaTe el sLjAHEq t& heatifig trekRfediewith the
and further conprises a gas outlet 1 having an inside

startﬂb%qgt'éﬁ%l grlth(ec]m)ducts prior to the reaction.

In the case of carrying out the present invention with a soluble catalyst which
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)z; TiCl,,
Ti(OMe)s, (MeO)Ti(OPh)s, (MeQ),Ti(OPh),, (MeO)sTi(OPh) and Ti{OPh)s, SnCl,,
Sn(OPh)a, BuaSnO and Bu,Sn(OPh),; FeCls, Fe(OH)s and Fe(OPh)s; or such
catalysts which have been treated with phenol, the reaction liquid or the like.

Fig. 1 shows a schematic view of the continuous multi-stage distillation

column 10 for carrying out the present invention, the distillation column having an
26
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Aos02pbHgAep of the colum or in an upper portion of the
coFur‘r‘n near to the top, a liquid outlet 2 having an

i nside dianmeter d2 (cm at the bottom of the colum or
in alowr portion of the colum near to the bottom
at least one inlet 3 in the upper portion and/or a

interr&®Btgralidearhiias aafuriisortishumhebsdfowTheecogtipuous hediti-stage
nd at |l east one inlet 4 10 in the |lower portion of

a at |

. . A o i i . - - H &ﬁ_ﬁ h .

st g B RS Fhen, BB e st having
Jul tiss ecdist L]l ati : r.dj ;

2 paif i Bl BBl BP0 R BECRAMH BOEAT hifing 2 lenotn
not limted .to th of . Fi 1. Moreogver, .th

(om) BRRATITBNE diamelrd 4G8) BdhaNing b I oL R Ghe number of stages
according to the present invention nust be de to

n thessinsigey AN iR coprRIISESGhaas BURe! t 5aKBTa B dgmeter di (cm)
carry out not only distillation but also reaction at o

at the top sftime ddlurenso imentuppee patian efdhemobidng eeasto thesiep, a liquid
than 1 ton of an aronmatic carbonate per hour stably

outlef Phagiry oh ovsideldiapesteod, (i} atrtbe bHttam obthet ¢rdumn or in a lower
continuous nulti-stage distillation colum according

portidrPof tHeechRhaitaritdienbbRsmMBEkaisnohe aMby3 dothd tpmerportion
fromthe perspective of the distillation function,

and/ céhlﬁﬁ ddof %ﬁmé‘gﬂuﬁms’émqné qa%q&u'tre@d, 5Ad &8 d=t one inlet 4
nmake t 2

e reaction proceed stably and w th high
. selectivjty. r cifl . 4 ow Fig. 1
Bl A pr MR B B2 OHBShALEpce Fio
I di th i LN :
snovf A EnE R A (b oo 5 Sl DB L gh P accoraing t
8000 (1), 25 (2) the inside dianmeter D (.cm. of, the .
the pEeSRIHINYRI$IONS 4Djatandesians ok thentemghis @t@%t%@o‘?‘?éﬁ Fig. 1.
27 A0501 UPO3 KAN (3) the ratio of the length L (crg,
t o Morecivasitde cantineaus mpltstapesistiliation plumn 1magcording to the
satisfy formula (3), 2 L1 D<_40 (3), (4) the
presaninbeentidn stagbs nmadaist satefy séyodoconditiorisi3o asso be able to
20<n<120 (4),
carry out not only distillation but also reaction at the same time so as to be able to
produce not less than 1 ton of an aromatic carbonate per hour stably for a prolonged
period of time. That is, the continuous multi-stage distillation column according to
the present invention meets not only conditions from the perspective of the distillation
function, but also the combined conditions required so as to make the reaction
proceed stably and with high selectivity.
More specifically, the followings are required for the continuous multi-stage
distillation column according to the present invention:
(1) the tength 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),
27
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A0501BPod hesrgatio of the inside dianeter D (cm) of the
colum to the inside dianmeter dl1 (cm of the gas
outlet must satisfy formula (5), 5 <D/ dl < 30 (5),
and (6) the ratio of the inside diameter D (cm of the
colum to the inside 10 dianmeter d2 (cm of the
| i (B)itHe @4fid 6f tHelehg®al (¢ ytof erbside d@metér © @nh) ofthe column
20 (6). It should be noted that the term"in an upper

must BSfidd qgrrﬁ:@;at(@,e colum near to the top"” refers to the
portion extending downwardly fromthe top of the

colum tg th ogayjyon neasuring abouty0.25 L, and
the ter mg" izn?'a] oWe%bporti on of the c:oU(It l)J'rm near 15 to

the bottom refers to the, portiQqn i ng upwardly
fr g‘ﬁ ‘ﬁﬁé‘%ﬁfdﬂqsﬁg%m Mt ﬁﬁ‘hS#yth”ﬁﬁlée(?gcat i on
measur i ng about%. 25L. Note that L is ﬂ fi ned above.
It has béEn<dinsGovb¥®d t hat by using ¥ conti nuous
mul ti-stage distillation colum that sinultaneousl
satdstheaatie of the insidelgiametgr, D (em) of the cqlemndrdhe dyside
the aromatic carbonate can be produced fromthe
diamdiealdk \{tmy af hengasoathet mbst satisftarmuEd(Spnohydr oxy
conmpound on an industrial scale of not less than 1 ton
per hour sw<t ID /@i g sel ectivity and hi¢f), andductivity
stably for a prolonged period of tine, for exanple,

”Ogsi SatiB R tHOPRid0dEmets Bf B heedluh®S® thBanside
3000 hours, nore preferably not | ess than 5000 hours.

: 1 ' d th
diam 5 PRI O It MR RES R R ) P U cuen

excel l ent, effects by, 25 inplenmenting t process
accor di né’ to ﬁﬁggpf gént invention is t clear, but

this is suppoaﬁd to be due to a conbi ﬁed Eg ect "
br dtigtRuid BeUIotaR dhathe teah dNEbHRPSPATHN obiieggn near to
UPO3 KAN fornulae (1) to (6) are conbined. Preferable
the tepigéersitorthe perticsspdending doyaivrglyarem theder phite column to the
below. If L (cnm) is less than 1500, then the reaction
locaticat ineadengabest QA4 Li, tanidthaderm pioss ldwes postien phthe ¢plemn near
desi red producti on anount. Moreover, to keep down the
to thé bestoih Tefdrs e pdiitibe estending gpivaedly é@ot thenbotibrinmf the column

enabl i ng the desired production
to the location measuring about 0.25L. Note that L is defined above.

It has been discovered that by using the continuous multi-stage distillation
column that simultaneously satisfies formulae (1), (2), (3), (4), (5) and (6), the
aromatic carbonate can be produced from the dialkyl carbonate and the aromatic
monohydroxy compound 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 carbonate on the 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
28
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AOS0TPENK AN be attained, L nust be nade to be not nore
t han 8000. A nore preferable range for L (cm) is 2000
< L <6000, with 2500 < L < 5000 being yet nore
preferable. If D (cnm) is less than 100, then it is not
possible to attain the desired 10 producti on anmount.
formu¥es epmer(e) hree &ebirdewn Rrbierabjeiranges fardbe respeative factors are
attaining the desired production amount, D nust be

descri@ieptiewPe not nore than 2000. A nore preferable
e ange for D (cm is 150 < D < 1000, with 200 < D < 800

bejing ¥, r | foabtién Pt HaRd 9ot
or e S GePl 1) B fine sakion PilgdEasenafda oo

voss L S o BRSO ¥ Bonn DU MEF Sl A0
LEE A N 0 T AN

Moreover, it is necessary to increase the tenperature
amou to ke atizirgd, domUEbhe a1adaie o NEhMOTa HiPHEARE. Shgwre
reactions beconme |liable to occur, thereby brin in8 _
prefesdiniatrangel énrlease) 52000 Ssdl eet6AAG, witha2bRY e=2b = 5000 being
preferable range for L/ Dis 3 <L I D< 30, with 5 1L
yet mor® prefbpaiei ng yet nore preferable. If n is less than
20, then the reaction ratio decreases and it is not

POSShH LR VIesdtihah AObNeRasis R ppssibistc atfaiAnae besired
Mor eover, to keep down the equi pnment cost while

prod%&fé}f Laguhfre MSM?QB&%%E%WM& duLiphendesithaslie attaining the

roduction anmount td attal ned, n nust be made to

.be not re_than . t i j 8" A more
desiigf 80 3R hafN RE ML SR Perich aibrbIpdi 20667

top and baqtt of .the colum._ 2 50 3-KAN_b
prefargBlegRags 1oHdeR It Aspr ol bhged AR D Silrat ore £00 Being yet

beconmes difficult. Mreover, it is be necessary to
morg prsfergble.t he tenperature in the lower portion of the

colum, and hence side reactions becone liable to

ocdfik / It isdegbthan 2 mggreptabhan 40, ther siekte oparatige becomes

selectivity. A nore preferable range for nis 30 <n
difficl0, Imbaiicular40L ¢ Dhis<yréatdrehay 49 ethemdhe ppessure aliference
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
preferablerangefor L/Dis3 = L/D = 30,with5 = L/D = 15 being yet more

preferable.

If n is less than 20, then the reaction ratio decreases and it is not possible to
attain the desired production amount. Moreover, to keep down the equipment cost
while securing the reaction ratio enabling the desired production amount to be
attained, n must be made to be not more than 120. Furthermore, if n is greater than

120, then the pressure difference between the top and bottom of the column
29
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A0501 P& kA is Iess than 5, then the equi pment cost
becones hi gh. Mreover, since |arge anounts of

gaseous conponents are readily released to the outside
of the system the stable operation becones
difficult. If D/ d, is greater than 30, then the

becopas eow grestnpad eehcaiptdidnaed stade operatieadernnmes diffioud] y
| ow. Moreover, the 10 stabl e operation becones

I\/Ioregilérf It%‘ bk ne%@%é?x%%&éé@e tHe tdhepdratdtiinthe Riwer pastion of the
rougt about nore preferable range for D/ d, is

colunth %:‘B r‘?ce §Pé5ga cfr% B&bomdliablE to o%@upﬁhé}%bxﬁ'm@ﬁ{geabout a

pretfera I's less than 3, then

o G SR B3 BB T o 0,541, o0 v

table eratign 15 b sdlfflcult If D/ d2 is

40 <S ?88 mq_:rﬁeeq{ef lProw rate through the Iiqui d
outI et and pi pi ng_becone excessively fast, and er om
beldiés is leissdharSothemthe aaqvsmest east P&Pﬁ@eéﬂua'ﬂ oreover,
corrosion of the apparatus. A nore preferable range

sincef largeDamouds dfsgdseoup cominentaravaadily relepsed @rzths getside of
bei ng yet nore preferable. Furthernore, it has been

the sistent the stdige ppecgioh bevoemdd diffidultat i /ids i greaher thap@0, then
preferable for d, and d2 to satisfy the fornula (7) 1

the gas€adls Qmmﬁoﬁeﬁg\krthaﬁé@/aﬂ effbunebekemesderitiablydow. Moreover, the
operation® used in the present invention neans that

o I ht
s BREERIANATH S EIGH ohe% eBagy) Hetiontaf o s

abofl )t A an'@%goérggé}ﬁ&%or%ngﬁﬁﬁm ok §88|§§g§{) @P'p% 581, h89® < D/d;

ours out pI ng, erosion
nd.so on, and scri bed amount of the aromatic
Gm&?mﬂ%p'ﬁ%ﬁgﬁoduced whi | e mai ntai ni ng hi gh
sel ecti VI_tY 30 A0501 UPO3 KAN A characteristic
f edt bretzas assdnan &s 1N ine/asitiPBRNT Sotthacomes igly Hpreover,
aromatic carbonate can be produced stably for a _
the liguiol witlydrawsd anmmbecomn@sm&ﬁwﬁhydngh,ear&her\m stablgmaperation
with a high productivity of not Iess than 1 ton per
beconms diffiputf edfabl/ v, imgrdatarsthah &9, hen thesflge ratedbrquaiothe liquid
preferably not |ess than 3 tons per hour. Moreover,
outle®aREMpiSinghRicafieskdtisk el eRistranddérdsitn ips@seey liable to oceur,

invention is that in the case that L, DO L/ D, n, D

thereby bringing about corrosion of the apparatus. A more preferable range for D/
d>is5 = D/dy < 18, with7 = D/d, = 15 being yet more preferable.

Furthermore, it has been found in the present invention that it is further
preferable for d; and d to satisfy the formula (7)

1 = do/dy = 5 (7).

The term “prolonged stable operation” used in the present invention means
that operation has been carried out continuously in a steady state for not less than
1000 hours, preferably not less than 3000 hours, more preferably not less than 5000

hours without clogging of piping, erosion and so on, and a prescribed amount of the

aromatic carbonate has been produced while maintaining high selectivity.
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Aos0lUeds r@d D/ d2 for the continuous nulti-stage
distillation colum satisfy the followi ng fornulae;
2000 < L < 6000, 150 < D < 1000, 3 <L/ D< 30, 30 <
n 100, 8 <D/ d, <25, and 5 < D/ d2 < 18,
respectively, not less than 2 tons per hour,
pr af etvanddtyrisiid fdatwe dfttlaa pPedertt dmeentien ib that at teast one aromatic
preferably not | ess 10 than 3 tons per hour of the

carbdH=RE8Bhh SeGHOBARE] Stabiydp@ profshireitherfod sfenawVie, high selectivity
anot her characteristic feature of the present

and \ylwg%%ﬁgr@/&lgg} ?f ﬁbttlﬁ& a1 H}?Beﬂ—ho@ pFeférab'R/ nBt 1eBs than 2

or the continuo ti-stage
tons g%ra%c'nirl ﬁlto'br%@égfgli%gn Q%Efeg‘?,ft%%rg%etgng %lel' ﬁ}g%pg @fé&%%ther
< dl 25,
charagienats 1PEL4S 4 BTSSR THENTRB L3 %aﬁe%?fﬁ opy- i%!é D, n, D

than 3.5 tons per hour, nore preferably not | ess faq

! dv, and Br/sdager thﬁamnttﬁwouﬁémdtlcﬁ%%@? gistliatiherlemeaseti the 10! owing
produced. "Selectivity for the aromatic carbonate”

formuwiged20@0 tHel pEe66AD, | MHNE Bh S sTMEBedB oh LAD &bt 30 =
nonohydr oxy conpound reacted. In the present

< 100vedt£om / @ =hizfh) saicecbi H ty/df Aol 8 respettiaaly, B¥dess than 2
can generally be attained, preferably not | ess 20 than

tons %%omo Pf»’efﬁféﬁlf hable¥s Medn Q@ﬁnrisrm HRYe mdtepederiabhunsisiess
mul ti-stage distillation colum according to the

than %ﬁ%ﬁ@ for hbﬂyﬁpﬂ{e%}oh%tlerc%fr%ﬁﬁbkaﬁ KH Bfddulad OPuﬁﬂbHﬁBre

atra or a packi ng as the internal

anotr@nﬁJr gpbaé%ﬁte‘f'%pfheat e& th?lptn%? rﬁrlr‘?\?‘ fon I8 YEAth Ae Esﬁé‘ﬁwatL D, L/

i St ion co nnvvhere gas
D. n ggw d '%&Btlrcgﬁuah'ﬁ/ br.ou I'Q g%%q?%ltg%gg?}one%@n%bhearusfy the

i eve tray, ava ve t C nterfl w _tra
f°||°\EUnﬁéme‘d@et ?a00 = et r5§90 3§HOFt Srbpd ¥ <"Lip = 15,
preferable. As the packing 31 A0501 UPO3 KAN
40 =rnegullr pAcK @édséﬁés anRadchE Pridags ASL@spestvely, not
ring, a Pall ring, a Berl saddle, a Intalox saddle, a

less BiarpB tecpemigourapidfdtabbnnqdeks trgaroB 5Hehs ppakpupmore preferably
regul ar packings such as Ml | apak, Genpak,

not 16&OHNR Pidhs fdrhdur BAkhe arcpbiietatbanktengan be produlzen. |

packing or a Gitchgrid are preferable. The

”U""'S'e1é6t|§9€ f&” Rk idrbAktiOBaABAHIE Gsdthini the pgpeédhtanierdion is

portion and a portion packed wth packing can al so be
baséﬁs&q the aromatic monohydroxy compound reacted. In the present invention, a

high selectivity of not less than 95% can generally be attained, preferably not less
than 97%, more preferably not less than 99%.

The continuous multi-stage distillation column according to the present
invention is preferably a distillation column having a tray andfor 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 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,
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A0501T0B0d AR " nunber of stages (n) of an internal” used in
the present invention neans that the total nunber of
trays in the case of a tray, and the theoretical
nunber of stages in the case of a packing. Al though
the reaction between the dial kyl carbonate and the
irreguiOsEIKi iy sluomoao i REsekig tegpoLessing ringea fatigerg, a Berl saddle, a
i nvention has an extrenely |ow equilibrium constant
IntaloR R daie d BR6hIRRKIMAL & NﬂéM%h@WpabkinPaﬁ HslERak] sroegere packings
that a plate-type “distillation colum having a tray

such &8 l\{lé‘l?adaﬂt 8k alki_, g F;Eg-ﬁeﬂgiglﬂ)kﬁr ‘:MERT-P%“P{ absqzap phdieng, a

continuous “nmu stillation colum used inthe
eactive distillation. Fur j by been
Goodsil skl aiae AT Bieri el b, e ds-3Bersfliagon column
~and a 15 down coner portion is particul.arly preferabl
havingdbathe awporianaie Partiam s ecWiis REHITA0 hardiee he Used
performace thereof and the equipnment cost. It has been
al Jbedere ovenber of slages (R) &f avieternal Ysesriethgpjesen invention
100 to 1000 holes/nR2 in the sieve portion. A nore
mearpr teike treblotal mumitesr afftrdysiedhé sageof adrayoend dhe Hiearetigadnumber
nore preferably 150 to 800 hol esln2. Moreover, it was
ofstaﬁhe%Qﬁ\ﬂ@é edsé bAb patRingr oss- sectional area per hol e of
the 20 sieve tray is preferably in a range of from

0. %iuﬂh%uéh GHE reAtBRISEIRESR ehé Bkt CaRsoriRs bhd it sasmatic
per holé is 0.7 to 4 cn2, yet nore preferably 0.9 to 3

d i i rSgrenhist ilibrium
mondipoxHbPELABIFind preRef; FRAGH RESUR Sleial 144 gufilr
000 eslnP.in e sl.ev ntj :

consippenidas ediar oL JaF FoRS beel tisctVerkiat g it type

0.5 to 5 cnR. It has been.shown.that. by addi t.he
distillghigo £obEns BAUNGIBREY 83 thRTEaH i'%B%rﬁl'gu%ﬂ]P’tﬁr?ge?Q%% as the

distillation colum, the object of the present .
continpoes Mutirstage dsti@tion; saldmpviseddadhe {@aﬁglie/&g%d'f“?ﬁos

KAN When carrying out the present invention, at |east
Furthetencae dirbss beeadisnoaeeed that apieys tay bayingoasiavaqestion and a

by continuously feeding a m xture of the dial kyl . )
dowit aben pbetioreis dhariiraulary prifermbhmas tyal tray yn tasmsoefitiedslationship

the starting material into the continuous nulti-stage
betwdkhtddroinaes tseHesMBind thavbGibnfert aloat. y it hias bpeassd discovered

carrying out 5 reaction and distillation
that ?%é\f/@ﬂ%ﬁéﬁéréﬁly%‘é‘% 1R tMDOEIRE MO hy siévidsbrashNgA more
preferable number of holes is 120 to 900 holes/m?, yet more preferably 150 to 800
holes/m?. Moreover, it was discovered that the cross-sectional area per hole of the
sieve tray is preferably in a range of from 0.5to0 5 cm? A more preferable
cross-sectional area per holeis 0.7 to 4 cm?, yet more preferably 0.9 to 3 cm?.
Furthermore, it has been discovered that it is particularly preferable if the sieve tray
has 100 to 1000 holes/m? in the sieve portion, and the cross-sectional area per hole
isinarange of from0.5to 5 cm?. It has been shown that by adding the above

conditions to the continuous multi-stage distillation column, the object of the present

invention can be attained more easily.
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A050D0Pbs mgwypoi Nt reaction m xture containing a produced
al cohol fromthe upper portion of the colum in a
gaseous form and continuously w thdrawi ng a high
boiling point reaction mxture containing the at
| east one aromatic carbonate fromthe | ower portion
of Wien carrying aubttee piegentiniention, @tdeadt drirearomatic carbonate can
characteristic features of the 10 present invention is

be prbBaéed BEntiiUsy 8y BBARHUCRSICreBHRIGNS miikeré bt iodialkdyhearbonate
I kyl aryl carbonate, the diaryl carbonate and/or the

al ky
and tﬁ%@&mgﬁbﬂmcﬁ{c{@grwegm@&d §80id Sfrtidt RIAEHA into the

reover, In I nvention, when conti nuousl Yy

.feedi ng,t he m I f - di : ;
continfii FRu-ReRd itelo R conbif MR FRLA BChrosRRF 4eing out
15 is the starting material fed . into the continuous. .
reactifn #1d SEHIRIN SMUEREPGHY T e rollriRy goBfiayysy, WiRdrawing a fow
~material may be fed thereinto in a liquid forw and/or
boiling rriskwastipd Mixire sPNiaNeg edrogrerd akehphiremdhg upper portion of
plurality of positions in the upper portion or the )
the colemin &l a gpseousforot. andeonthuams!patitwrawmggabigsubeibng paint
the upper portion of the distillation colum. It is
reactirempuef esmthining thef stddastimesarmmatiogecarabeatedirom the lower
containing a | arge 20 proportion of the aromatic
portiéf® BRREEMIMNGA RN fdrfh. & Dhélof thd eridratieritit featurdetf the
provided in the upper portion of the distillation

pres%rgl iHBhtCis tRaf tﬁ@%gér{ﬂﬁg%d?gfihg%nt%%%é &\ cHINtAE IR afyl

rge proportion o carbonate in a gaseous

cro 58 S B RS b pgicar e

ortion of the distillation colum. 25 In the present
prOdS‘ﬁt\?enti on, the method of making the catal yst be
present in the continuous multi-stage di ?t' [lation .
colNpreoNay ibEhenpresest yantignwhen caalnuaUs!y 'n%%e mixture of
A0501 UPO3 KAN the catalyst is a solid that is _
the dialkyllasisbenate artsethecaematin monphydropheerappand jpgarried out, which
exanple, a nethod in which the catalyst is fixed
is thé Birtieg hiatertall fadintbythe tontirumrsinealti-stagadgistilietioa lcobdanmrthis
a plate inside the continuous nulti-stage distillation

starti‘h%' HER N N Bgfed theksthlogd 4 iguid oo andair epgadeng. folm from
the case of 'a catalyst that dissolves in the 5

] 81528 088 R A p ARl inih o e corrl
portion of the column betow the gas outlet in the upper portion of the distillation
column. Iltis also preferable to feed the starting material containing a large
proportion of the aromatic monohydroxy compound in a liquid form from the inlet
provided in the upper portion of the distillation column and to feed the starting
material containing a large proportion of the dialkyl carbonate in a gaseous form from
the inlet provided in the lower portion of the column above the liquid outlet in the
lower portion of the distillation column.

In the present invention, the method of making the catalyst be present in the

continuous multi-stage distillation column may be any method, but in the case that
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A050100863 Klaati on col um fromthe position above the mddle
portion of the distillation colum. In this case, the
catalyst liquid dissolved in the starting naterial or
reaction liquid may be introduced into the colum
together with the starting material, or may be

the catalysoidus edlid thzd ig |Imeokl;dbleJm’thérrem:ta:>rdilcﬁLildrﬂam’e is fertexampie, a
the starting material. The 10 anmount of the catal yst

methdt$ #whithi the d@tﬁ?@tné fik8d iHid® thevedlues tsiefemsiargplenbeing
type thereof he types and proportions of the

instal%%at?]r'i Egﬂapﬁgﬁgﬁb%e ﬁeﬁiﬂ%ﬁiﬁsmuﬁlnﬁabé%ﬁ%tlllﬁﬂon eBnfhr bPB&INg

reacti on tenperature and the reaction

mstal%d‘:’ éﬁtﬁg?%qneﬁf §§§\ldll1%0 Oﬁﬂ?‘o a%gg'}ffboéatéi}ghﬁ’%ﬁ g*rs)éﬂevrégﬁ ItRe
sy Wl e Bl [ S Tl

starting material. The reactjon tine for 2‘3 et
distillatiem selsimr fremdaeirasition zbae Hermiddie H@rﬂﬁﬁ Ihg distillation
invention is considered to equate to the average . .
colummresi ethisecasenthe tatalyst Heuidtdigsolyedin the startipgenaterial or reaction
continuous multi-stage distillation colum. The
liquid reag tiedntrbdueed At #w cadependgetheswitthtinet stpdingfmatesial, or may
internal inside the distillation colum and the nunber

be in@bdde$ i@ ase cdllmmom®MM giffershtiinieofrohethecdtanimgahatdnal.  The
starting material conmpounds, the type and anmount of

amo@g%f ‘?IZ?F% %bé‘ﬂlst utsBS it ﬁ%cbﬁe‘%@n?m@hﬁéﬁ’Oérlegagpér‘i’dlﬁ on the type

nera reaction tine Is I1n a range of rom

thereg)F ]tpé?%%%) Qrg&éf‘c% (?rﬁs%fatlﬁleysf.%rtlﬁptrﬂat%rlgp%rﬁﬁgﬂﬁﬁ§ and reaction

hour s eact1on tenperature
o5 B obtel i B U5 224l sl o oo

the catal yst. Gener aI t he c atur.e

the appuRt 5 A celelySt Brn BTNGs S 3 007 0P FM%Q% preferably
i ncrease 34 A0501 UPO3 KAN the reaction tenperatur

0.005 to 48 % byiweigbh seorerpsefasallyi®GR0t & 8.% by whighh dsseran the tota
tenperature is too high, then side reactions becone

weighi afbthe dtartiogooateriabr exanpl e producti on of

by- products such as an al kyl aryl ether increases,

WhiTHe fehictibd efid fbltise trahesstehificaticraspiied tohéwr’d!@cptresent
tenperature is preferably in a range of from 130 to 5

lnverﬁﬁf?ﬁe dRERIPES IS EaRALE t1dIRe BQePRfGeskRIncaINge BF Bfeeraaietivn liquid
to 250C. Moreover,

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 amounts fed into the column of the starting material compounds, the type
and amount of the catalyst, the reaction conditions, and so on. Generally, the
reaction time is in a range of from 0.1 to 10 hours, preferably 0.3 to 5 hours, more
preferably 0.5 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. Generally the

reaction temperature is in a range of from 100 to 350°C. It is preferable to increase
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A0501 DRos g8elji on pressure varies depending on the type of
the starting material conpounds used and the
conposition of the starting material, the reaction
tenperature and so on. The reaction pressure nmay be
any of a reduced pressure, normal pressure, or an

the rédtiohadmpesstsits so agaoaickbhye theraaetionirate. prietheweactien
ina 10 range of fromO0.1 to 2x107 Pa, preferably 105

tempEPaténcé?lstéo HiBH, §héYh SicR reBkNomxB&&rh & liabkliBddar, fdhexample

terial constituting the continuous rrultl-stage

prod étﬁaw b%} bXER #{E‘P\ ég‘%@ t gMI B@ﬁ%ﬂ“ﬂir ihEPe88Es ORnich is undeswable

or rre genera materi al such as carbo

t | t eel
For ﬂ_f"ﬁéea?%h? SediERaie S el B T f*‘?'*e"ﬁo to
2807 mpse Y eBEAbIY 1 s A0SEar ¢t WPt Pl MY Fq g5k Moreover,

fol |l owi ng Exanpl es, but the present invention is not
the reactorepressunehrissglapamiding mm@)ty@g ofghesriag majenal
hal ogen content was neasured by neans of ion

compuraivalsegr amh thenedrhpasitior: Ob tha stadting matarial Shageaction
Distillation Columm> A continuous multi-stage

temperaturé batiiserore Ol THEreRr:tish Prassure Mdy bé ahg\df mgreldused pressure,
3300 cm D=500cm LI D=6.6, n=80, D/ d, = 17,

norrr%n?ar&slur@'%r-a% WESidéS S ssird. h@eﬁ@bllpmwl@aﬁﬁ@m@i@%mﬁds ina

erence Exanple. In these Exanples, as the internal,

rang® f #3% Walstor@gﬁqua ??Sfééﬁl\gel M o"PUl Rbrk feferably 2><. 1 é) to

Cross-sectional aré | e being épprom mat el y

5 1@%@ and the nunber of hol es bei ng approxi mately
x 35 A0501 UPO3 KAN Exanple 1: <Reactive
D|st|IIat|o>Astﬂrt|n mat eri al nta ni

.
andihe FEXOAl CoRFBUNED 4% ORI GHTLICE ?Q%db%tq%Hﬁﬂ&ER#m” in the

di net hyl carbonate = 1.9 was introduced continuous

present iaveniien s foanedisoanerally agnetalicematersh SPB‘ﬂPﬁrcﬁrP@ﬁPtee‘ or
an upper inlet of the distillation colum. The _

stainless steel. In terms of the quality of the aromatic carbonate produced, stainless

steel is preferable.

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 ion chromatography method.
<Continuous Multi-Stage Distillation Column>

A continuous multi-stage distillation column as shown in FIG. 1 having L =
3300 cm, D=500cm,L/D=6.6n=80 D/d;=17,and D/d, =9 was used in the
following Examples and Reference Example. In these Examples, as the internal,
use was made of the sieve tray having the cross-sectional area per hole being

approximately 1.5 cm? and the number of holes being approximately 250/m?>.
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A050190 864 kagy material 1 contained 0.3 % by wei ght of
nmet hyl al cohol, 0.9 % by weight of nethyl phenyl
carbonate, 0.4 % by wei ght of Bi phenyl carbonate, and
7.3 % by weight of anisole. On the other hand, a
starting material 2 containing dinmethyl carbonate and
Examphemnol in a weight ratio of dinmethyl carbonate /
phenol = 3.6 was 10 introduced continuously in a

<ReaBfEpusiNkesm at a flow rate of 50 ton/hr froma | ower
inlet of the distillation colum. The starting

ol }é«%?] rﬂhgine‘i@@fagﬁ ESH‘fag?]tgg gp@ V‘ﬁrﬁc?ﬁﬁné}ﬁyl &@bbyhte in a weight

phenyl carbonate,

. 0 ! _arm T :
ratio f{hedicl i %th&ﬁ?%‘ﬁoaﬁﬁ © Tt iv%gigtao%e%ﬁﬁmﬁw'ﬁ%r"qu'd
distillation i met h r enaol =
form &l aHowrate 8059 SAVHEafy s gPAE: Biatel 1'e & ?ﬂﬂ%ﬁ‘@g@n The
into the distillation colunn contained 0.25 % .
startivg mgheriaf1 eentaiiedd.8Shdly, weighbobmeihyhalcerel, &9 n%lbbfywe'ght of
phenyl carbonate, 0.2 % by vve:dght of Bi phenyl
methylaptemyhcarbonate) 054 % bty tweiglet aftdi pmng@amﬂr@temﬂ 7.3 % by
starting materials substantially did not contain
weightalfegestse ( 00hsthdothérehalel, ecstaningl rnaierial @rconkeningrdimethy!
chromat ography, i.e. 1 ppb or less). Pb(OPh)2 as a
carbcﬁ%tté‘b)ﬁat AeRS| i edtid by LERBONARS ot E 3 Bavas
col um 20 such that a concentration thereof in the

mtroc&ﬁ%@tdo‘m ngbg \gcqﬂs%oﬁg AR EaPé'fI‘gQ{)%té! o19h toﬁﬁPWrom a lower

tive on was carrie ut conti nuousl Yy

inlet %ﬁﬂg{]déétﬂ §ﬁ%%LL%’i’I 5@% ?artlrgﬁgpag%@él%rﬁgﬁtg eﬁﬁ% @%tw(ﬁveight of
oSBT, B 0 o T AR 25 P oo

liquid continuously wi thdrawn fromthe bottom :

anisale | uFfe TPlaprARI REe Saning Batard'gy Httmé*PCﬁ%t”F\t(j’ltREﬁ{%%@P“O”
carbonate and 0.8 % by weight of di phenyl carbonate.

coluri waastitneting cebanathd FARDRRE 1635, rethe PgiRHAring materials
carbonate 36 A0501 UP0O3 KAN produced per hour was 9.1

introdres, inknthet distilEatiountolarhn dioptangd 02 Yol veight ed meeibly! alcohol,
per hour was 0.4 tons. The total selectivity for the

1.0 Bl RydighhemvbtreR phenatrisdrshte d0 RMany werihb ofidiphenpbsartionate,

on"t he phenol reacted, was 99% Note that in the

and @Qe%gﬂf é@ﬁ?ﬂ? hARolcA! t'lh%ﬁrtﬁ%t m¥ter il Biybstanti QWH%ot contain
p\ﬁe yl

and carbonate were contained in the

hato@%esgtﬁuﬁ%g%ee E{e@cﬁon%hﬂﬁ%r 'tr'ie RALHREmRR2SRY itd'atppb or less).

naerwen

Pb(OPh), as a catalyst was introduced from the upper portion of the column
such that a concentration thereof in the reaction liquid would be approximately 100
ppm. Reactive distillation was carried out continuously under the conditions of a
temperature at the bottom of the column being 225°C and a pressure at the top of
the column being 7x10° Pa. It was possible to attain stable steady state operation
after 24 hours. The liquid continuously withdrawn from the bottom of the column
contained 18.2 % by weight of methyl phenyl carbonate and 0.8 % by weight of

diphenyl carbonate. It was found that the amount of methyl phenyl carbonate
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A0501MERG¢E kv in the distillation colum to ultimately give
t he above conposition under the above conditions, a
content of aromatic carbonate in the withdrawn |iquid
corresponds to the anmpunt produced. (For exanple, the
starting material 1 was introduced fromthe upper

produgettgep mooif wiazed. ¢ abngyrandotine arheurttasfaiiphernt icarbasfaterpraduced per
10 al cohol would be high in the upper stage of the

hour %8 W@ torNd THIGE isel St for the PRStBSOplidrat caridnste and
phenyl carbonate and di phenyl carbonate were converted

dipheh@ﬂ%é#b%néféﬁ BadbaBhinb @@h@p@cﬁe@%m@m NotBrehtanaes
conti n op t1on

uous era s carried out under these
condi ti.ons.,, Th n r
presefb tiventignoa ey ol b bR 5 &G Hngl ghertl cebbpate were
6000 hours after attaining.stable stead t r
contagieg e S I IOTBHE 86, TreECoabes <LERoSHTaD eqt fyiderwent
respectively for the nmethyl phenyl carbonate, and 0.4
reactiopri the distillaters colomn teodtimately aisnibhie abryepcafhipgtiion under the
respectively for the diphenyl carbonate. The total
abovs ebadtionst & esnfent of heomatichgdrbphateyin tbamithwawn digyid
di phenyl carbonate were 99% 99% 99% 99% and 99%

corre6ESNEEStd el amoanidoriveinced t hiF copametplethaadaniegynateabl & was
20 Moreover, the aromatic carbonates produced

introdUiRs fAHhitAs luyppet BoRih ¢FaRE 2blunial gens cobdemtpdtionr of methyl
| ess). These results are the same as those obtai ned

‘H’tir‘?' LiagthbCheWiurRar £h@ Hefbld itRiande
mcm%%“ﬁﬁ@%%?e',‘dﬁﬁ%ﬁﬁﬁ?ﬁrﬁa the net hyl al cohol, nethy
henyl_.carbo [ r ' '
cooeBREE Ly ORIy PP o ST AR D1 ccerc
. production of the aromatic rbonate. Reference
rapld&@g%ﬁ@nqtgyb%ar BEBIE %ﬁ@h%ﬁﬁm s Reference Exanple
was carried out prior to Exanple 1. Reactjv -
di StrplangenseriiagoYs PPEEop AT BT @H&}ﬁweaﬁbeeﬁe Ggngitions.
same conditions as in Exanple 1 using the sane
The smountsuwsiucad pier Soagat 906 hpursa208R hasrsirPOkheyys, 5000 hours,
Exanpl e 1, except that use was nmade of fresh starting
and B0& hbatssaftartattzimbgistabig stastdyydtatsl weieod. 1 teps 91 tans, 9.7 tons,
phenyl carbonate, diphenyl carbonate and anisole. It
9.1 t9ASaMPe Sl e, teypattivdlp ferttablreethyl phenyl carbonate, and 0.4 tons, 0.4
tons, 0.4 tons, 0.4 tons, and 0.4 tons, respectively for the diphenyl carbonate. The
total selectivities for the methyl phenyl carbonate and diphenyl carbonate 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).
These results are the same as those obtained for Reference Example 1
which was carried out prior to Example 1, showing that the methyl alcohol, methyl
phenyl carbonate, diphenyl carbonate and anisole in the starting materials had no

influence on the production of the aromatic carbonate.

Reference Example 1:
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A05015URGfK Ay at e operation after 24 hours. The liquid
continuously withdrawn fromthe bottom of the col umm
contai ned 18.2 % by wei ght of nmethyl phenyl carbonate
and 0.8 % by weight of diphenyl carbonate. It was
found that the anmount of nethyl phenyl carbonate )
pr PHigdRefepaticchBxamp@swas tatratsoutamr thExamplat! . ofReactive
di phenyl 10 carbonate produced per hour was 0.4 tons.

d|stn|§t|‘tﬁ1 \5@5 arsed 86t d;dﬁt*rMoﬁ@lg UritRer ti8d B3ine qUreliidnscay ipoBedmaple 1

di phenyl carbonate ased on the phenol reacted,

usmg\’m@ s%?r/é %?ﬁ?rﬂmu% rﬁ@lﬁreﬁégn?ﬂléﬁﬂénﬁ SQuAHH 84 ReExample 1, except

h e sane state ter 50 hours, 100 hours, and
200

vt &8l S eSS e A g mov
prenifiofede P60 ke Lo \é{%’ﬁpﬁé'&é% -

di met hyl carbonate in a weig rat| o of phen
steadyi stetengperatien 6fat 4 Bowrs vJa@e IWF' &G’GE@HO%EEYIW"E‘SB%}%'P jrom the
inaliquid format a flowrate of 40 ton/hr fromthe
bottomppiethei aullehn abntairedi i 812 Y4 by weight off mathytmherybcarbonate and
starting material 1 contained 0.3 % by wei ght of

0.8 bl digial sfatipthenyl cartivraye welt gias fofind fieatte phzmtiof methyl
carbonate, and 5.6 % by weight of anisole. On the

phengf EstboRakteroducsd pef hogr Wab @1 &dns? apdrthaiamolgnt dif kigiheylyl
Carbonate and phenol in a weight ratio of di methyl

carb&rﬁét@%?@&@céd P rwa§091 BRS. ' ‘Théqgtlé%éileéﬁ\ﬂw oM €4S hthy

gaseous form at ow rate of ton/hr from

pheng[1 %e?rkag\’\g{eﬁﬁ]{#rg{pggﬁgll &b?bgé%l{emb%g%tﬂ gﬂ tﬁg/pﬁgﬁo! r %%edd was 99%.
M O e

ratio for the starting 38 A0501 UPO3 KAN naterials
hours,nhdde 88Ut o the distillation colum was di net hyl

carbonate / phenol = 1.87. The overall starting

Exarmalee?i als introduced into the distillation colum
contained 0.2 % by weight of nethyl alcohol, 0.59 %
by Readgive distilletibhwaspteerigt coaubdeate, foﬁ@rdlngazwlcnfecms using the
wei ght of anisole. The starting materials

samé BBt UnLt-shage RIpstilleBon @blunin halivgramp(e@dt si de the

detection limt for the ion chromatography, i.e. 1 ppb

or A 88%ting material 1 containing phenol and dimethyl carbonate in a weight
ratio of phenol / dimethyl carbonate = 1.1 was introduced continuously in & liquid
form at a flow rate of 40 ton/hr from the upper inlet of the distillation column.  The
starting material 1 contained 0.3 % by weight of methyl alcohol, 1.0 % by weight of
methyl phenyl carbonate, and 5.6 % by weight of anisole. On the other hand, a
starting material 2 containing dimethyl carbonate and phenol in a weight ratio of
dimethyl carbonate / phenot = 3.9 was introduced continuously in a gaseous form at
a flow rate of 43 ton/hr from the lower inlet of the distillation column. The starting

material 2 contained 0.1 % by weight of methyl alcohol, 0.2 % by weight of methyl

phenyl carbonate, and 4.4 % by weight of anisole. The molar ratio for the starting
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A050POFOR ZNas the catal yst was introduced fromthe upper
portion of the colum such that a concentration
thereof in the reaction |liquid would be approxinately
250 ppm Reactive distillation was carried out
continuously under conditions of a tenperature at the
matebiatstiotrodficadimte theaudistibetiongc 2856 veasl dengthgbsarbena® /Aphenol =
the top of the columm being 9x105 Pa. It was possible

1. 87t OTHé bbfallsstaling hisefid)s ingbalieed pitd dhe distiddticRt c@dmn contained
hours. The liquid continuously wthdrawn fromthe

0.2 °P%§ztv9§1hhﬂr§efnﬁﬁﬁggr9igﬁﬁal Q%Y 6 Bﬁ@l/e?}s}\ﬂof%émymhegm c8fbonate, and

onat e and 1°0 9

I ter,. |t
5.0 gb?v?%]éﬁhh@‘ﬂéﬂ?g&gar EB%a déi per 'ié]ﬂlaﬂg\gﬁﬂ'é gif:ontaln
t ons nt ..of en carbonat e r.odyce
halog@ foufiite e e&fck‘%&m'ﬁfﬁ&ﬁz AR AT epﬁo ftess).
nmet hyl thenyl car bonat e and di phenyl carbonate, fS'Ed

on RIHEFHzAbthe ealatwst wagdstroduged tﬁ@lesu B HRPEE HRITHUS

operation was carried out under these conditions. The
columnsushshatra donesntrsdiontbereadin Boraseties liquigdogoweires,

and 2000 hours after attaining stable steady state
approgimat8ly2500pem. 8 Reactive distifidtidh ¥as @asried espawitinuelgly under

for 20 the nethyl phenyl carbonate, and 0.4 tons, 0.4

conditits, ofal@nibetalPB St tieboR6MI ofehy cbiumdh beird W@/bnd a pressure
carbonate. The total selecti VI tes for the nethyl

at tthﬂ )Sh Qr‘ﬂﬁttﬁel 8. 16 Fg_en d&ﬁb@@ﬂ@l‘éﬁo"ﬁfa% 98He steady

res Ct Ive ence the oper ation

state\é@g%{gﬁéﬁ( aﬁé@ {121}]3%4 ALY &ﬁ%l&%%ﬂﬁﬁ@@ay %l@ﬁ A ensﬁ?qm bottom

ced su not

of thB 2R Pl c§i B2 E"’%ﬁ@?f oF Byl Frengt b?f“hﬁe & 7.0 % by

501 P03 KAN sane coptinuous, multi
weighf of APNGRYIGRTeoN Al AV GRaPRLINE SROULORtyY! Pheny/
material 1 containing phenol and dimethyl carbonate in
carbgnajée ypducedippohetr waeBod tansdapd the Mo 6h sinbenyh carbonate
was i ntroduced continuously in aliquid format a
prodiicedvpeaheunivag®.4 tovshr Theototal lselagbipdy forthetmethyt pleenyl
distillation colum. The 5 starting material 1
carbepateddritbdipfedylodiongtegbased omethdpheabloeboted, e 98%y

wei ght of

Prolonged continuous operation was carried out under these conditions.
The amounts produced per hour at 500 hours, 1000 hours, and 2000 hours after
attaining stable steady state were 8.3 tons, 8.3 tons, and 8.3 tons, respectively for
the methyl phenyl carbonate, and 0.4 tons, 0.4 tons, and 0.4 tons, respectively for
the diphenyl carbonate. The total selectivites for the methyl phenyl carbonate and
diphenyl carbonate were 98%, 98%, and 98%, respectively, and hence the operation
was very stable. Moreover, the aromatic carbonates produced substantially did not
contain halogens (1 ppb or less).

Example 3:

Reactive distillation was carried out under the following conditions using the
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Aos01BPGY lk Apenyl carbonate, 0.4 % by wei ght of di phenyl
carbonate, and 7.3 % by weight of anisole. On the

ot her hand, a starting material 2 containing dinethyl
carbonate and phenol in a weight ratio of dinethyl
carbonate | phenol = 3.5 was introduced continuously

samel dbrﬁnﬁ@ﬁ@%hfs@é%‘é aistikatidnovsltimheasoh Barhole/ hr from t he
| ower 10 inlet the distillation colum. The

StAar t&8Bbnafe in a weight
e s TRREfiR} oBnEfitha hefcPard tretn gt °
. t 0 |2 qui

ato BEURENT 8L ?%rhoﬁ%*g’ey el LG i od AR o RinubuBl T i
distillatio di net h 0 P =
form § § Howee B08e SMHERart g R g '?5?@‘*‘% §e G, The

the distillation col umm cont ain %, h}ght of ht of
startingmatenal teepeined0.g % %W%Pg hﬁi ff“ﬁ By weight o

carbonate, 0.195 % by wei ght of di phen | carbonate,
methalrmﬁemylaa%oun,atmé) 413 bytweighief @iphamd C@fmriatﬁgand 7.3 % by

materials substantially did not contain hal ogens
weiglftaftagiistde t hOrdbeedhendnand, i@ staftig materiab@ containing dimethyl

chromat ography, i.e. 1 ppb or less). Pb(OPh)2 as the
carb&r?été'a)‘@t HeR®| i hadgteedtd oe air&eyepeona L plenaE 3 bevas

0 col urm such that a concentratl on thereof in the

mtm{?eact d:c??ﬂlnglb%l‘yqn WHL PR foRth BE @igWREAE Yof BBGoRMTrom the lower

Ive distillatl on vvas carried out continuously
inlet ?ﬂ&%rdl t?l%'ﬁgbtdoﬂﬂﬁa ﬁ%?ﬁé{éﬁalaﬁ CBH%M b@"%ot‘;y weight of
elng 20 a pressure

u n 0] | t t
mettha'spEo Cdendyy el 3 efev' %mev?fx?{:éﬁa%%f?%oaurioé% e‘f‘faiéf‘we'ght of
quid conti nuousl vvlthdravvn fromthe bottom foo .
anisqlpa. £6¢ ARIAEGHPRLP & Ty 7 BRO LRIty S sheigion
carbonate and 0.5 % by ght of di phenyl carbonate.
column wassdimsiny qateenatad F&\@@th o#4.mel g PVeiRdSiarting massials
UPO3 KAN car bonate produced per hour was 12.8 tons,
introduckd inéo tepdistillatfondighlranydontained Bt % by wdighicfpesthy! alcohol,
hour was 0.4 tons. The total selectivity for the

1.1 weiyhydignhenylkethyt phbapladzebamsted DHIaME bycaetyhmaf dipheagked
on the phenol reacted, was 99% Prol onged conti nuous

carb@ﬁ@tbath'B YR, BﬁlWélg’rﬂ ddniseneer ThE eaRting AshtbiiaRsubstantially did
he anmounts produced per hour at 500 hours, 1000

not é?:?ﬂglﬁ hatSibred R0 e @tkEfion limit for the ion chromatography, i.e. 1

ppb or less).

Pb(QPh), as the catalyst was introduced from the upper portion of the
column such that a concentration thereof in the reaction liquid would be
approximately 150 ppm. Reactive distillation was carried out continuously under
conditions of a temperature at the bottom of the column being 220°C and a pressure
at the top of the column being 8x10° Pa. It was possible to attain stable steady
state operation after 24 hours. The liquid continuously withdrawn from the bottom
of the column contained 15.8 % by weight of methyl phenyl carbonate and 0.5 % by

weight of diphenyl carbonate. It was found that the amount of methy! phenyl
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A0501a@p@§@¢m stabl e steady state were 12.8 tons, 12.8
tons,” and 12.8 tons, respectively for the nethyl

phenyl car bonat e, and 0. 4 tons, 0.4 tons, and 0.4

tons, respectively for the di phenyl car bonate. The

total selectivities for the nethyl phenyl carbonate
carboRiaie piditedertRilbaat £ 8es6s, 20 theBmoamtcbf ISheny! carbonate

respectively, and hence the operation 10 was very

prod subg&% thPr V F)Qe PO IRbI §e|€é‘t"\h®rrf6F i tﬁéﬂﬁ]}ﬂ%ﬁdnyl

tanti al not contain hal ogens (1 ppb

carbdn%?&l:ng'c{ﬂf/eg%ﬁ{ cé#boﬁ%?é 12384 A O8EE 5@99%

presen ron,” even | ere 'S use € starting
| .15 the dial k
o Bralbnbed Rt et it ity b LASPABsR EoRb s
and an aromatic carbonate, which &@E been g%ﬂqgﬂered &
The Eereowéts RIPSYeRMARERIRY AL FU6heWa, HPWR feHTsANgs ours aiter

aromati c carbonates, contents of the alcohol and the

attaining steble sieady stateevarei 148 tonsw 18ptars, @adrZnd éonsarespectively
specified continuous nmulti-stage distillation colum

for theanethy! pisenlyl toarporadecand B¢t tanen@d tongPand Phbteaseraspegtively for
i ndustrial scale of not less than 1 ton per hour,

the dipHRing! ébynafd. [BEstotdl RefeclivitiesFoptie methyl pheng carbonate and
preferably not |ess than 3 tons per hour, with high

b, | 5 %5 RICEVBRABhY hBAte kigs Bperati
diphetfl E%O\ﬁaﬁé{m“%fée P éﬁtﬁg?% fesca et 99% stably oo

was Y}@r& s?at'%o' B@;[He ?r ﬁ‘fatfc’ bBﬁ%t%gdjrhSéée& barst20841y did not

pre ess ours, nore

r abl not S8 than 5000 hours. 41 A0501 UP0O3 KAN
cont%ﬂilaf?@er\%m pzﬂﬂ[i €$S)- A process for the production of

an aromatic carbonate froma dial kyl carbonate and an

aromati ¢ nonohydroxy conpound as a starting material,

which 5 conprises the steps of: (i) continuously
Industegmpiicedildy st arting material into a continuous

mul ti-stage distillation colum in which a catalyst

i s Amoesaing;to (thé present yiventioot evemdtthere isrusdsktheostarimg material

to produce an al cohol and at | east
comprising the dialkyl carbonate and the aromatic mecnohydroxy compound
containing an alcohol and an aromatic carbonate, which has been considered to be
disadvantageous for the production of the aromatic carbonates, contents of the
alcohol and the aromatic carbonate being in a specified range, and a specified
continuous muilti-stage distillation column can be used to produce the aromatic
carbonate on an industrial scale 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, with high
selectivity of not less than 95%, preferably not less than 97%, more preferably not

less than 99%, stably for a prolonged period of time of not less than 2000 hours,

preferably not less than 3000 hours, more preferably not less than 5000 hours.
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A050190B0RKQMAL i ¢ carbonate; and 10 (iii) continuously
W thdrawi ng a | ow boiling point reaction m xture
contai ning said produced al cohol from an upper
portion of the colum in a gaseous form and
conti nuously withdrawi ng a high boiling point reaction

m xture containing said a@tLAl®sSt one aromatic
carbonate froma |l ower portion of the colum in a

Wecll'g uid form wherein (a) said starting material 15
(a’? has a nolar ratio of the dial kyl carbonate to the

ar gmat,i ' 45 di
o PEPEDS 18h M P olaERES of el A0S aRiorldtplna ik
al cohol, and 0.01 to 5 % by weigh f_t - (o :
carbciafi ch aft aiicomopREv s g ap ' € S BB referial. whicn
material; 20 (b) said continuous nmulti-stage
compgisesithe atarsrefcol um conprises a structure having a
pair of end plates above and below a cylindrical trunk.
pofi) i eentiavousy feedieggeld stariing materialinioaicgatipuane nupiti-stage
D (cm and having an internal with a nunber of stages
distillatitrn eoleins indehichradcatalyst issgresentyas out | et havi ng an

i nside dianmeter dl1 (cm at the top of the colum or

i N (ign g RRE rbagtiod it e eolupmitapeodudeeartatcorml and at least
liquid 25 outlet having an inside dianeter d2 (cn) at

one érgﬁwaﬁi‘&téa?%ﬁgtetﬁﬁd colum or in a lower portion of the
col um near thereto, at l|east one inlet provided in

ltogﬁii;‘pQSH%iRL?é]L}eélsg%ithé?a@gﬁ%Hoh’?&é’ﬂh?@';}loﬁﬂﬁ'éé’éticfh fRAbFebontaining

on o ol 'um ow the ¢ outlet, an
s R b e S PHEE kB B EDUARL 4 Epfocorm and
B TNNES M E G REHLINET SERETN o Sy
oo SOl e Lol Lot L ()i rPunori
said inside ;Jli aneter D (cm of the colum
(a) said starting material
(1) has a molar ratio of the dialkyl carbonate to the aromatic
monohydroxy compound in a range of from 0.4 to 4, and
(2) comprises 0.01 to 1 % by weight of the alcohol, and 0.01to 5 %
by weight of the aromatic carbonate, based on the total weight of said 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 thereto, a liquid

outlet having an inside diameter d. (cm) at the bottom of the column or in a lower

portion of the column near thereto, at least one inlet provided in the upper portion
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Aososebhsikies the following formula (3), 10 2 L/D <- 40
(3), (4) said nunber of stages n satisfies the
following formula (4), 20 < n < 120 (4), (5 aratio
of said inside dianeter D (cm of the colum to said
inside dianmeter dl (cm of the gas outlet satisfies
and/drecdrtdl ottt dthedoturthloeldb tife gadoltiet] and3 I€ast orendlet
(6) aratio of said inside diameter D (cn) of the

provid&d rH;ﬂHetlewéﬁkgrtid?@éﬂﬁ? DR EBbvE hd ﬁcﬁﬁideutlbgGNH\ér@ui d

outlet satisties the followng fornula (6), <- D/

\‘j'\ﬁgj & geﬁ?&ttﬁﬁll(é@@@ﬁsﬁﬁ%ﬂé@i@%ﬁ@%dﬁ%o claimi,

el n onrs carried ou | taneously in
said ste i) 3. process accordi to claim1 or
2, V\hereﬁﬁ&éa?dl‘aléﬁgjg)t one aronmati cag’ar bonate is
conti nuously produce n n,ampunt of, . the ar tic
5 os(siainaide PrsRiend (o mhs cobmmSrtee e daTowEg ormula
43 A0501 UPO3 KAN 4. In a process for the industrial
(2), production of an aromatic carbonate in which at | east
one aromatic carbonate is produced conti nuously by
cont i nuod8Dy = f@&d2Ag0a di al kyl carbonéde and an
aromat i ¢ nonohydroxy conpound as a starting naterial
| N(®) &reRNbi Sul8uendthiLt {cryttegaidlinsidd diatieter Ddbomnof tme column
which a catalyst is 5 present, carrying out reaction
satisREStH Rilblv|riyf fopufd (By! t aneously in the colum,
conti nuously withdraw ng a | ow boiling point reaction

m xture nt gi oy ng produced al cohol (4y om an upper
10 portion O ‘tﬂ'elwcdr uﬁ% in a gaseous for$n)’ and

contj nuqus wi .t hdr aw a. hi ] it

- dtt PO Rinthenty'edh A et e Ao bBIpHELE
aromatic caré)onaée % oma | ower porti on4of the col um
inaliqlﬁcbl d'r‘rﬂ=f1 10 i nprovenent i|(1)\r\hich(a) sai d
starting material fed continuously into said .
conb) auaie ofsdidiinsidggiameter D (cm) of the column to said inside

diameter d; (cm) of the gas outlet satisfies the following formula (5),
15 5 =D/dy = 30 (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),

3= D/d £ 20 (6).

20 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 at least one
aromatic carbonate is continuously produced and an amount of the aromatic

25 carbonate produced is not less than 1 ton per hour.
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A0501017B03 st i on colum (1) has a nolar ratio of the
di al kyl carbonate to the aromatic nonohydroxy
compound in a range of fromO0.4 to 4, and 15 (2)
conprises 0.01 to 1 % by wei ght of the al cohol, and
0.01 to 5 % by weight of the aromatic carbonate,
bagedirpa prbwedsofonthensidgbtriabprashict os tohani argmatigtcarbemate in
(b) said continuous nulti-stage distillation colum

whictCaBaEESSe ardrhatitc tarbenaltdigiprgdacarcontifucisty ip) adeiinuously
above and below a cylindrical trunk portion having a

feedlﬁg?;\e/l. FRcdrbbRak él'HHjaﬁ%rérﬂ§h<9rlg1ecﬁ‘lo@?EFc§Jy d3rhséincPas a starting

|n_g a_nlnterna V\/It_ a nu stages_n
ot 5L A g RSl B in Y0t

resdf S a5 B PR G B

the bottom of the columm or in a |ower portian of the
contiruuihn WitBErawing @ew, bitng eaiet reardiondnedurg CRRRG; # produced
t he upper portion 25 and/or a central portion of the
alcohpbfrarmameipper pagiogaef thecpkimn ind gasepeaimy @ad gandinuously
provided in the | ower portion of the colum above the
withdrawjnigca high! tedilingvheiné reaclién ABix0le deokikiAy 321 at kiagt one
length L (cm satisfies following fornula (1), 1500 <

arombtis c8A¥hatd frond 3)lower portioaicd ehelcalmeirein Mliquitifooh, thiee
colum satisfies the following formula (2), 5 100 <

imprdventQfiln Which (3) a ratio of said length L (cm to said
I nside dianeter D (cm of the colum satisfies the

f ol i : ~1 4 D<= , i i o

or R I3AT0TNEpldherE Gy HiBraid TSR iace
" .“29 <A 120 (4), (5) aratio of said inside dianeter
Ist B'f’r&ﬁ? Wit he col um to said inside

(1) has a molar ratio of the dialkyl carbonate to the aromatic
monohydroxy compound in a range of from 0.4 to 4, and

(2) comprises 0.01 to 1 % by weight of the alcohol, and 0.01 to 5 %
by weight of the aromatic carbonate, based on the total weight of said 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 thereto, a liquid
outlet having an inside diameter d; (cm) at the bottom of the column or in a lower
portion of the column near thereto, at least one inlet provided in the upper portion
and/or a central 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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Aosodiraoetigind, (cm) of the gas outlet satisfies the

following formula (5), 5 <D/ d, <30 (5), and (6) a
ratio of said inside dianmeter D (cm) of the colum to
said inside 15 dianeter d2 (cnm of the liquid outlet
satisfies the followng fornula (6), 3<D/d2<20 (6) 5.
Thet )aid eswtiatdomilisatisfies follavingdformbbr @)n an anount  of
the aromatic carbonate produced is not less than 1
ton per heopn.<2Q & gOoe process accordiing to any one
of claims 1 to 5 wherein said starting naterial
9‘%@({ i tB8 falldwihg formuta
ar y#)r%l er t%h t%&)?éﬁ%%%ﬁﬁg@?ﬁ%@sggl d hg f
2) starting materl aI 25 7. The process according to any
" one of clains 1 to 6, wherein d, and d2 satisfy the
foll ovm n or 45 A0501 UPO3 1 <d2/d, <5
(7). %9@ % éaégcordi ng to any ofe' of clains 1
to 7, vvher , and D/ 92 for
sai®d 269 ﬁfu%ﬁjg lerﬁﬂt*ﬂ |L@mag5@ SéIds'tnﬂqeaﬁ“P@)Wt%’oq) g of the column
satisfy the 5 follow ng formul ae; 2000 < L < 6000, 150
satiskes thefollo®tg fermaula (8)D < 30, 30 n 100, 8 D/ dl1 < 25,
and 5 _< D/ d2 < 18, respectively. 9. The process
accordi n@ 0 lahp shellof claims 1 to 8, (3herein L, D, L
/ Db n, D1dl, and D/ d2 for said continuous
Ml s&t dUpnsrdfistdgdld @ 8atsagthegaldveihy fommeulag4),
followi ng formul ae; 2500 < L < 5000, 200 < D < 800, 5
<L/ D<glhk 40 fopn < 90, 1 0 <D /(41 <25, and 7

< D/ d2 < 15, respectively. 10. The process accordi ng

??5 r?ﬂ?of’g lallr‘?!lr ﬁ%di‘arﬁ@te? D rtﬂ"tﬂe%@\uﬁnn ¢98L eI

age t1on colu I'I'at1 on

san P e ol senisTas 40 oo R

wher ei n s5a|£ Bcl;ratil %u%%s mul ti-stage (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 (8),

3=D/d; = 20 (6).

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

- 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 comprises 0.5 to 15 % by weight of an 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 dy and d

satisfy the following formula (7):
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A0501dirBO3 KA i on columm is a plate-type distillation
colum having a tray as the internal. 20 12. The
process according to claim10 or 11, wherein said tray
is a sieve tray having a sieve portion and a down
comer portion. 13. The process according to claim12,
wher ei n $aiddsi dvestbay has 100 to 1d@D holes/nR2 in
the sieve portion. 25 14. The process according to
claim 12 or 13, wherein the cross-sectional 46 A0501
UPO3 KAN area per hole of said sieve tray is in a
raggeTRE drb@d8slactot@ing t6 By ok of AlaiAsOTed 7 CwhaFdifmare L/ D, n,
conprising a hal ogen content of not nore than 0.1
p 5 qd ; S i

D/ df Bk ) 85 rbg%%hé_%%ﬁd}ﬁ.!o‘?%%éﬁﬁl 168 ‘Bﬂs‘i*u'llﬁﬁc%riﬁ _eolﬁgtgwegé‘t?sfﬁ?fthe

ont1 nuous nu St

o AT SRRSO 0 oD g =
co 309! LGS 20 o 85195 Lo Bl

trunk portion; an internal wth a nunber of stages n
inside the trunk portion; a gas outlet which has an

i nside diameter di (cn) and which being provided on

t h8. efitiegiratessacadndingdp arfy arreeofoddaiorn ¢o 8i whereingpét, L/ D, n,
portion of the colum near thereto; 15 a liquid

D / dpunded / WhFsrtsdi@soatinudus mealtdstagetdistilldBoit cojunamdatidfiy dhe
being provided on the end plate at the bottom of the

folloviiRY fenhe F500 |OVer<pgodoon2ed the cdgom MearL /D = 15,
thereto; at |east one inlet provided in the upper

40 PH tLogg ang/ or 7y GEntrod p?r‘i&i frnéofovag <Cokurgypheliawy,.

“the gas 'outlet; and 20 at least one infet provided in
the | ower portion of the columm above the |iquid

10. The process according to any one of claims 1 to 9, wherein said
continuous multi-stage distillation column is a distillation column having a tray and/or

a packing as the internal.

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

distillation column is a plate-type distillation column having a tray as the internal.

12. The process according to claim 10 or 11, wherein said fray is a sieve

tray having a sieve portion and a down comer portion.

13. The process according to claim 12, wherein said sieve tray has 100 to

1000 holes/m? in the sieve portion.

14. The process according to claim 12 or 13, wherein the cross-sectional
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AOS0DUPhetKAMherein (1) said length L (cn) satisfies
followng formula (1), 1500 < L < 8000 (1), 25 (2)
said inside dianmeter D (cn) of the colum satisfies
the following fornula (2), 47 A0501 UPO3 KAN 100 < Dx
2000 (2), (3) aratio of said length L (cm _to said

area pashdle ofi saksevelraycis)n afranpe of room®.5 todh cefi es the
following formula (3), 2 L/ D< 40 (3), 5 (4) said
nunber of stages n satisfies the follow ng fornula
(4), 20 n 120 (4), (5) aratio of said inside

di aget aih Rohfdlic ArbbhateCInPALihg atilichémebhtent 8f AdEhefe than
dl (cnm) of the gas outlet satisties the follow ng

< A ati 1 of
01 e Aoy gt Sea0dp Aoddof Blts
inside dianmeter d2 (cnm) of the liquid outlet
satisfies the followwng formula (6), 3 < Dd2 < 20

(6),,. 17. The colum according to claim16, wherein dl .
and a2 AsSRMEIPUS FRY “1%39%8158&5“@ FIHTRIN fér EFYINg %42 rggetion
/- dl <5 (7). 18. The colum according to claim 16 or
and digtillatipar PMPLSING; L / D, n, D/ d1, and DI d2 for
said continuous nulti-stage distillation colum
sata cflipdtibel thaik porting N2eirfoa ngle L (200@nd an ksgEodiameter D
150 < D< 1000, 3 <L/ D30, 30 <n < 100, 8<Dd,
{cm)<25, and 5<_ D/ d2 18, respectively. 19. The col um
according to any one of clainms 16 to 18, wherein L, D,
L /a pair of end plates provided above and below the trunk portion;

an internal with a number of stages n inside the trunk portion;

a gas outlet which has an inside diameter d; (cm) and which being provided
on the end plate at the top of the column or in an upper portion of the column near
thereto;

a liquid outlet which has an inside diameter d; (cm} and which being
provided on the end plate at the bottom of the column or in a lower portion of the
column near thereto;

at least one inlet provided in the upper portion and/or a central 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 following formula (1),

1500 = L = 8000 (1),

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

(2),
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A050PUPDE AN d1, and D/ d2 for said continuous
mul ti-stage distillation colum satisfy the 25
followi ng formul ae; 2500 < L < 5000, 200 < D <_ 800, 5
L/ D15, 40 <n <90, 10 <D/ dl1 <25, and 7 <D/
d2 < 15, respectively. 48 A0501 UPO3 KAN 20. The
col utm ad@Qr di My=t g0ady one of clains (B, to 19,
wherein said continuous multi-stage distillation

COL B ratfo 8f higléddtali (em)ee suminame dieintér RYcandt ee column
a packing as the internal. 5 21. The colum accordi ng

Sa“s‘i‘?ssﬁeﬁ"%%ﬁ MRS LE @)’sai d continuous nulti-stage

ati o colum' i's a plate-type distillation

col um hayin tray,As the internal. . The col um
accordi ng t’:oqtflgirﬁf@aor 21, wherein sai’d tray is a

sieye 10 tra aying a sjeve portion and a dg coner

po%) %"ﬁé r}zénbél/qél szi‘ﬂe%ﬁ Sﬁﬁ%@ﬁo‘%ﬁ&@%""@ﬁﬁ??ﬂ“ﬁl?,( erein

said sieve tray has 100 to 1000 holes/n2 in the sieve

portion. 205M Fht2@ol um according t &l ai m 22 or

23, wherein the cross-sectional area per hole of said

si é9paratiy of saidrinside diayecter Or (com) of. theta N 4@ saiggnside
diameter d; (cm) of the gas outlet satisfies the following formula (5),

5= D/dy = 30 (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),

3 = Didr = 20 (6).

17. The column according to claim 16, wherein d; and d satisfy the
following formula (7):

1 = dpfdy = 5 (7).

18. The column according to claim 16 or 17, whereinL, D, L/ D, n, D/ ds,
and D / d» for said continuous multi-stage distillation column satisfy the following
formulae; 2000 = L = 6000, 150 = D =< 1000, 3 = L/D = 30, 30 =n

=100, 8 = D/dy £25 and 5 = D/d;, = 18, respectively.

19. The column according to any one of claims 16 to 18, wherein L, D, L/
D, n, D /d;, and D/ d- for said continuous multi-stage distillation column satisfy the
following formulae; 2500 = L = 5000, 200 = D = 800, 5 = L/D = 15,

40

A
A

n 90, 10 = D/dy £ 25, and 7 = D/d; = 15, respectively.
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20. The column according to any one of claims 16 to 19, wherein said
continuous multi-stage distillation column is a distillation column having a tray and/or

a packing as the internal.

21. The column according to claim 20, wherein said continuous multi-stage

distillation column is a plate-type distillation column having a tray as the internal.

22. The column according to claim 20 or 21, wherein said tray is a sieve

tray having a sieve portion and a down comer portion.

23. The column according to claim 22, wherein said sieve tray has 100 to

1000 holes/m? in the sieve portion.

24, The column according to claim 22 or 23, wherein the cross-sectional

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