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F105076 A0501 UPO5_KAN | NDUSTRI AL PROCESS FOR
PRODUCTI ON OF AN AROVATI C CARBONATE Techni cal Field
Ve ntion relates to an industrial process
F105C}% A%@?EPQ |on of an 5 aromatic carbonate. Mre
particularly, the present invention relates to an

INDUSSRIAL ?‘ROBE@@?@R’ PRGLE}?CI?*@FMF ARIOMAITRE SARBONATE
anount o

an aromati c carbonate use as a raw
material of a transesterification nmethod pol ycarbonate
by taking an al kyl aryl carbonate as a starting
materi al, which is obtainable through a
TeCh'?'P%'ﬁgs's erification reaction between a dial kyl

carbonate and an, aromati ¢ nonohydr.o und, an 0
by TBErRFEpeMtipvarHion relaips ihgnrrtEsiial Tpf gg fg%f E'h%Pr%ﬂdchfon of an
carbonates containing a diaryl carbonate as a mai
aromplio gatonater eMere pagiceinttyi HeoRresal investieyeelates to an industrial
distillation colum in which a catalyst is present.
proceéBadhg treupebdaction 6f Adargecaraount ofarbarmmats ¢arbbnpleruseiul as a
as a raw material for the production of aromatic
raw maleyiabbe faineeviarifibatich methotpbdlyvartbehgpteulsye thking an alky! aryl
engi neering plastic, wthout wusing toxic phosgene. As

carb@hdlé @6es stakttg ﬁfawham WHicANs abelBible te@URhRAtransasterification
process of reacting an aromati ¢ nonohydr oxy corrpound

reactY&rf Bet@"é%ﬁg& ARIKA %aﬁﬁﬁ‘féte KREWMH AoRTBHaReN Ando@dund, and

al so been the subject of a variety of stu |es |n

by ccgrﬁfeﬁtts}ﬁ%g‘ﬁs %osg@nm %%%to 5"55‘%“%%?@&%%??%@@6 dﬁé aRkisA
ot ot M A PN iy

. ’S % , . and heqce the aromati ¢ carbonate cannot be
which &falyst s P8®Mnat eri al for the production of the

aromati c pol ycarbonate. Because such chlorinated

inmpurities markedly inhibit the polynerization

reaction in the 25 transesterification method which is
Backgapun@8rtout in the presence of an extrenely snal |

anount of a basic catalyst; for exanple, even if such

chlfor arahatic cabonitdsds impertanFa®s0a¢ masoial fpdise greduction of
aromatic polycarbonate which is the most widely used engineering plastic, without
using toxic phosgene. As a process for producing an aromatic carbonate, a
process of reacting an aromatic monohydroxy compound with phosgene has been
known from long ago, and has also been the subject of a variety of studies in recent |
years. However, this process has the problem of using phosgene, and in addition
chlorinated impurities that are difficult to separate out are present in the aromatic
carbonate produced using this process, and hence the aromatic carbonate cannot be
used as the raw material for the production of the aromatic polycarbonate. Because
such chlorinated impurities markedly inhibit the polymerization reaction in the

transesterification method which is carried out in the presence of an extremely small

amount of a basic catalyst; for example, even if such chlorinated impurities are
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present in an anount of only 1 ppm the polynerization
hardly proceeds at all. To nake the aronmatic

r t e of being used as the raw nmaterial of
F10508§4—‘$@%b@%§§% the transesterification nethod,
troubl esome nmulti-stage separation/ puri fication

preseg[ gf%g%ﬁ?oﬁ't'g oﬁﬁ/ ﬁﬁgﬁgﬂh«é"?@&ﬁhﬁglz%éﬁ ¥ g%@eé&%bﬁ%ﬂs To

I né SO ron ter

makeliﬁgta%ﬁ@’t?“iﬁﬁ%agft%@% 34BN S 38 o M e
o e L T

are problenms in carrying out this adgl
separ@@@ﬁwn&aamcgn BIPCERseH AU AP SNOLER washig WHE ihde aqueous
hand, a process for producing aromati c carbonates
alkalinasolujion arc hotavetes tailwaties separatiopadistitafiorbendee gnzare thus
di al kyl carbonate and an aromatic nonohydr oxy
requisap durtharsioad, she kisddiof tHdamreatic sarbbnate decreases due to
transesterification reactions are all equilibrium
hydrd @€ tdsensuring thResdpaeaesivplitificdtiontpracesdusas theeafore thbse are
toward the original systemand the reaction rates are

many%r%Wlerﬁ@ﬂw B@r’ﬁﬁﬁ?tohu‘?ﬂﬁs RftBod @@Bnommsiily Brf & fHaUstrRe stale.
pro uci ng aronaiic carbonates i ndustrl ally in large

RbPlard 4 @a‘o%eggtf d @Y\%ragbn%'he%?@érﬁat@élﬂ%ough

beenmaetomproeont e abo Ifficulties, but

transgg%;l qérrngesa?}{gﬁéé ggfﬁéﬁS% 4R I%%\étﬁ&r?&algedﬁtd'\ﬁ{ anmatl(i
moncﬁv”Ew SpanvaL o Redhfon o@i%fqaréad %%%i%rhfks?m reactions
aL@wuglba@hﬂ?efa‘?’a%‘lﬁﬂﬁéss%éﬁ%tu‘ E»éwa%%'rnlg%& fgapely toward

20 Japanese Patent )plication Laid

the oFginehspsem angHirewachan éﬂES@ﬁlﬁl%tar%hem%ﬁ tneep BAVRGESEN
56- 123948, Japanese Patent Application Laid-QOpen No.

manﬁammmsenn Kroducing @opiiiatig catbanstes Gsiustiallpan rge amounts using
Application No. 2528412, British Patent No. 1499530,

this raetthod. SSevatal mropissald haed Pepn riagma freseprbae emtthe above
Application Laid-Open No. 51-75044 (corresponding to

difficliet, st dfahess hApplrelarid enddVeloptheT 4 catalysthdSncrease
25 Patent No. 4045464)), tin conpounds such as an

the r@%t?gfrattd% 2 I@Ibh?*ﬁéi_@l SHHp8iind PhEFN Bebh prepdsiesad 688lysts for this
unents 2: Japanese Patent Application

type bRtrdnSPABrifi&tion reaction.  For example, Lewis acids such as a transition

metal halide and Lewis acid-forming compounds (see Patent Documents 1:

Japanese Patent Application Laid-Open No. 51-105032, Japanese Patent Application

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

(correspending to West German Patent Application No. 2528412, British Patent No.

1499530, and U.S. Patent No. 4182726), Japanese Patent Application Laid-Open No.

51-75044 (corresponding to West German Patent Application No. 2552907, and U.S.

Patent No. 4045464)), tin compounds such as an organo-tin alkoxide and an

organoc-tin oxides (see Patent Documents 2: Japanese Patent Application Laid-Open
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F105076 A0501 UPO5 KAN No. 54-48733 (corresponding to
West Gernman Patent Application No. 2736062), Japanese

Pat ent Application Laid-Cpen No. 54-63023, Japanese
F1050F>§L%9ﬁ01dqb%@ﬁ on Laid-Open No. 60-169444

(corresponding to U S. Patent No. 4554110), Japanese
o L] S
saparse S B RS M oEo e 2 agcator
e G R S G0 o Rle s PEBid R hogaga dopenese
Ap

Patent Application Laid-Open No. 60-169445
Patert &mplicatimmbaidgOpen Mos SOPHRMAS (qerrespepdnd)o U $apatraddNo.
Patent Application Laid-Open No. 62-277345, Japanese
4552Fad e dbpamesd BatanbApplcatisini-ag€ppamNo1 6265069P, Jappnese Patent
and al koxi des of alkali netals and al kaline earth
ApplieEicH BaitsesePiee Nt 263083 eapaiese] Ratemt s@phaatin Laid-Open No.
Application Laid-Open No. 57-176932), |ead conpounds
60-16RER) &F@@%@ﬁg%ms. Patcla N eIS64Pa0 L Dbparkes Patdriton
Lai d- Open . 57-176932, Japanese Patent Application
Applik&ish Qﬁﬁﬁoan Nol 6936845 COMRIsBYREingfto 62 PatetNo 4552704,
copper, i1ron and zi rconi um (seg Patent 15 Docunent 5:
sapall PRE REReh AR P O R R 822 FR R Yapadsd Darthpplication

ani ¢ acl S S 6: Japanese
., Pat ent | jon . Laid- :

Laic-Clsr g SR ok gots 8 ORElleoRe @R AR anlalkaline earth
Pat ent _ Appli cation,Lai d- Ope ., 1-265 )

metalt (g1 RAIFG! REPAMERLSa Mg 2o a0 AP e die KB,
Docunment 7: Japanese Patent lication Laid- .

571 50427 s CapT T8 ARG PRCUNEN IS hArReS Patent
4609501) ), conpounds of Sc, Md, M, Bi, Te or lhe

Applicakien sk Opendye. 3¢ (6232, fepangpa ratentnrlication Laid-Open No.
Application Laid-Open No. 1-265064), ferric acetate

1-9366@E cBaiptatesofauetat sGch aagappsk irpatantt Zimeniuro 48 atent
Lai d- Open No. 61-172852), and so on have been

DociheROS fhpdriewe reitent Asplizatibh ¢mid-Opentido. b 548344 Jatjitanis acid
equi | i brium cannot be solved nerely by devel oping the

s B DoPaET e i Sk ero
58-1?§§§§g§%@e$&fb‘ﬁ§g§td‘ 0's hsehNNUS A @6 AT absidsenPatent ng
Application Laid-Open No. 1-265062), mixtures of a Lewis acid and a protonic acid
(see Patent Document 7: Japanese Patent Application Laid-Open No. 60-173016
(corresponding to U.S. Patent No. 4609501)), compounds of Sc, Mo, Mn, Bi, Te or
the like (see Patent Document 8. Japanese Patent Application Laid-Open No.
1-265064), ferric acetate (see Patent Document 9: Japanese Patent Application
Laid-Open No. 61-172852), and so on have been proposed. However, the problem
of the disadvantageous equilibrium cannot be solved merely by developing the

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

system in order to provide a process for the industrial production aiming for mass

3
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3 F105076 AO0501 UPO5 KAN production. Attenpts have

al so been nade to devise a reaction systemso as to

[ t i]{ei briumtoward the product system as

FmSOM%“@%%‘ﬁ% , and thus inprove the vyield of the
aromati c carbonates. For exanple, for the reaction

> en di nethyl 5 carbonate and phenol, there have
produg@éﬁr{;’epr oposed a nethod in which by-produced nethanol

[ istjlled off b . . W .

Al bl fenssihincs L BYVEEIRelialshaief zg s to shift the
equilP @Y BEh 1o O VRSB B P S o g 7 a1y Tiagove the
yield ohiharsrmatincainRiasl FPORAEECrRE sy sRIE e gty

renmoved by being adsorbed onto a nol ecul ar sieve (see
carboPateeand pbennk there have Jegsaneropopad ermelies! invgiiciy Ry-produced
Lai d- Qpen No. 58-185536 (corresponding to U.S. Patent
methawol 14 dR4iBdd pff Bvbaamiepy tagettehadhaEsazectopsetonming agent (see
proposed in which, using an apparatus in which a

PaterfliddUnrhéiti 101 JephHese Patart gyptiegtianLaidpOpén Mo Eded @32
an al cohol produced as the by-product in the reaction

(corréshorBRF RN \RsPBerhBbRP4tBat AS@Ation N8 Xt3s0e3, 4hd a8. Riatent No.
the sa time unreacted starting material that

4252?%?)2,2%%%&?10?29?\F{ﬁ&‘?ﬁwéjwet@hol i sdiddaadd B kyaBRoduct is

_ Ocument exanpl es i n Japanese Patent
remop P oy SR AR B (5 2 Breg i SR g B ACROC B 1
sapaiis et BRpUReiorE A Oen S oo A g esaohdeg gl s
Pate gl LA ) QPRI SHTGHIOHARY AISA bR DURBSALR Hish, using
60- 169445 (corresponding to U S. Patent No Aéggcﬁgg%’alcohol
) :

an apparatisds Which aptistdiesiopgolpn HBIavidad om terpPha

60- 173016 (corresponding to U S. Patent No. 4609501),
prodecsxhps € byrplagariés the rRacEnD iRpeparetad off fiom thegsastifg mixture,

61- 172852, exanples in Japanese Patent Application
and Atathg-s@pentiNe. urfda2etisiating materias tHah eyaparxteeisrzapanated off by

Application 25 Laid-Open No. 62-277345). o
distillation (see Patent Documents 12: examples in Japanese Patent Application
Laid-Open No. 56-123948 (corresponding to U.S. Patent No. 4182726), examples in
Japanese Patent Application Laid-Open No. 56-25138, examples in Japanese Patent
Application Laid-Open No. 60-169444 (corresponding to U.S. Patent No. 4554110},
examples in Japanese Patent Application Laid-Open No. 60-169445 (corresponding
to U.S. Patent No. 4552704), examples in Japanese Patent Application Laid-Open
No. 60-173016 (corresponding to U.S. Patent No. 4609501), examples in Japanese
Patent Application Laid-Open No. 61-172852, examples in Japanese Patent
Application Laid-Open No. 61-291545, examples in Japanese Patent Application

Laid-Open No. 62-277345).

However, these reaction systems are basically batch system or switchover
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However, these reaction systens are basically batch
systemor switchover 4 F105076 A0501 UPO5 KAN system
c e e is the limtation in the inprovenent of
F1050§§$%50¢$%%We t hrough cat al yst devel opnent for
such a transesterification reaction, and the reaction

syste fatbgeig%ugé ihareSh Qs Iilﬂﬁgtlrié{gﬁthiteti SvetReRt IREFBhCHdifate

systemrTs pre o) contl nuous system

these, a continuous stirrin K_.r - .

througd) so B Hege GRMaRT 154 b Pt Bl eeliot AfiThe gaction
top of a reactor has been proposed as a ont.i nuous

rate i1t S B0 (oot H3a RSOl RENS e A YRS PTRDle to 3
‘rate being slow, and a gas-liquid interface in ﬁhe .

continusastsystarei ngf dirge, a tiadogs stRng/Bnkrgager (ke TR) system in
liquid. Hence it is not possible to nmake the

whichcadistifgiiancoiugi isArovidai gl tpp dfta feackirffasdgan piwposed as a
attain the object of producing the aromatic carbonate

contirk@isi sysears| yut theteagep@iviams sudif) astthé rgadtion rate being slow, and
prol onged period of tinme by neans of the

a gasAtfN@ irBHAE S EtherebbeA BeinperdanBinsddsen e Ve omienoftthe tigquid.
resol ved before econom cal industrial inplenmentation

Henck$t ie‘?ﬁiE}BE&bleT{bﬁran@?r?é‘EoNéf@i&)hQﬁiéh.h a)ﬂ&@c@#w@ng e difficult to

reactive disti ation nethods in which such

attainttﬁgrb%ﬁéétecff'pfrb ih@ﬂwé Sﬁ)ﬁét cér%oﬁéfe_r e&tlirRilishn farge amounts
conti1nuous "multi-stage Istillation colum
simul t aneous W th s rati | Si '
stabIp i pRITLYet4d 8 TR Bl theqls Bhf Spie b 8Bppd fethods,
such. a reactive distillatjon systemis useful.for -
and SRy sauBS T OMeIN toubs tredl e PR SpERoRahiitk i) BheBHihtation
) distillation method in which a dialkyl carbonate and
Is pogHPI®r omat i ¢ hydroxy conpound are continuously fed into
a mlti-stage distillation colum, and the reaction. )
i s Tograreeentonveriers havedeysiopad rerciivealistdiaiign apginpds in which
which a catalyst is present, while continuously
suchw tréasesienfocation seattan isrgrrigeput inca npnhhmmusaﬁnglﬁtﬁgﬁg
an al cohol produced as a by-product by distillation
distillafen colmitn s neowsiyhditiee paration iypdistdiationpandhaivedpean the
produced al kyl aryl carbonate froma |ower portion of

first ihNBe QAN dis@iesP i BUcheceaeive didtildiepanasemRatasful for such
Application Laid-Open No. 3-291257), a reactive

a trafs&tbhid @libAte BB dor Sxathbiela Afhclivk Wistiltation method in which a
dialkyl carbonate and an aromatic hydroxy compound are continuously fed into a
multi-stage distillation column, and the reaction is carried out continuously inside the
column in which a catalyst is present, while continuously withdrawing a low boiling
point component containing an alcohol produced as a by-product by distillation and
continuously withdrawing a component containing a produced alkyl aryl carbonate
from a lower portion of the column (see Patent Document 13: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in which an alkyl
aryl carbonate is continuously fed into the multi-stage distillation column, and the

reaction is carried out continuously inside the column in which a catalyst is present,
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25 aryl carbonate is continuously fed into the
multi-stage distillation colum, and the reaction is
carried out continuously inside the colum in which a
F1050¢81 APSRh UP_ ¥dbent, 5 F105076 A0501 UPO5 KAN whil e
continuously wi thdrawi ng by distillation a | ow boiling
. point  conpor . |- 0 ' : B t
while 3oy aRTE MG sy BT By Ao 1ol Bl PORR IR Ronent
a.conp nt contai ning a prodyced dj n
conta g AR BHeRe DR e A S b o Fppsisy
~ Document 14: Japanese Patent Appljcation 5 Laid- n
withdrgying eoamgponent,cotaining %PEQWCPEH'%W‘ ﬁ%ﬁbﬂaaér ﬁo%%)ﬁ%’“er
these reactions are carried out using two cog%{guous
portiomudfithe sohgen dsea Phalent Dasussniids Japaneirehatenh ARP4FgHon
carbonate is produced continuously while efficiently
L aid-Opendio.ny9a58), al repbtivadistitation methstlicedhigh these reactions are
by- product (see Patent Docunent 15: Japanese Patent ]
carricPlt wad o cbalitliddzemuNostage 211stNa8pn cahunrzs, readienas a diaryl
distillation method in which a dialkyl 10 carbonate
carbéHifle FpRIRIEBHIcONHNGHE @Y weaERAAENtY rddyeling Aelialkg carbonate
continuously fed into the nulti-stage distillation

prodtg%ldd% a @Jﬂrv%@y%{d@ébq:’ 418at DbEowent 9N iy saP4taat Application

awn froma side outlet provided at an

Laid-'gfp}seﬁrﬂﬁ d&-%"?oé%ﬁ%ﬁgfé‘%agﬁyg dké??ﬂ@ﬁ@?ﬁ{eéhéé ao@hrh 4 BRakyl

ation ¢ Introduced I nto a reactor
i ded tsi th distill ati :
carb it Ean e i Mo R 1§ ke te 8nfiudly fed into
15 th h. [ | ati i nl et i ded, at .
the iR Bsulaw e, g idaihatdons adimBydtdHihe solumn is
reaction is carried out in both the reactor

L and th
withdrpwnifronata Fide cedpbipfevidaskalran BRemisitiaitetied® piifor'd owermost
Japanese Patent Application Laid-Qpe . 4-22

N Open No 547,
stagd ap HreedistilattosntolApp| Baais biodaced oers 19SCtof-aYisigd outside the
Japanese Patent Application Laid-Open No. 4-235951).
distiiRfiofihesenmneacis webrihgs abbltaeaotiomerisbig$hen spmshigen badkdn
present inventors are the first to enable aronmatic

thro@g?’( henatiesing nibeprovitibcatta skl anmveshy stage where the outlet is
efficiently, and many simlar reactive distillation

R Bty et Sl et i
colufrt €BE PREHBBLUmMénts 16: Japanese Patent Application Laid-Open No.
4-224547, Japanese Patent Application Laid-Open No. 4-230242, Japanese Patent
Application Laid-Open No. 4-235951).

These reactive distillation methods proposed by the present inventors are the
first to enable aromatic carbonates to be produced continuousty and efficiently, and
many similar reactive distillation systems based on the above disclosures have been
proposed thereafter (see Patent Documents 17 to 32: Patent Document 17:
International Publication No. 00/18720 (corresponding to U.S. Patent No. 5362901),

Patent Document 18: ltalian Patent No. 01255746, Patent Document 19: Japanese

Patent Application Laid-Open No. 6-9506 (corresponding to European Patent No.

&
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I nternational Publication No. 00/18720 (corresponding
to U S. Patent No. 5362901), 25 Patent Docunent 18:
I[talian Patent No. 01255746, Patent Docunent 19:
F10507 AR Pt Application Lai d- Open No. 6- 9506
(corresponding to European Patent No. 6 F105076 A0501

0560@2 S@Qém\l %?a(?%ritp a%.zfé%é#astgg,nlfggeﬂpbo%meﬁ?géeﬁééanggs@ Rafent

Appl 1T cation Lal'd-Qpen
.No. 6-41022 (corre ding to Eur
Appliegippeiand OnprtiNg: B paProPouagBE Eirbt i Paldht No. 0572870,
Docunents 21: Japanese Patent lication Laid-Onen ...
and LK. Palers Neo 5362801 be A NGue Bl Sy daRanas S he g Application
0582931, and U.S. 5 Patent No. 5334742), J
Laid-Opeeio. Appb 742t (aonrasapadiogen Ewopéarié’@%m& NG BEE831, and U s.
(correspondi ng to European Patent No. 0582930, and
Paterit.N®. FARFAL) Npabadd Pagnt Appdication DeistRean Ne:6-184058

Japanese Patent Application Laid-Open No. 7-304713,

(corrd¥doriing fRoRURPREN FitedElaness2I3M, emd ASpFatenti No. 5344554),
Lai d- Open No. 9-40616, Patent Docunent 24: Japanese

Paterfab SEiméRd: ClphABsé Plater®PgiplidatiorP 1 520Ppen M. @804 3, Patent
Docunent 25: Japanese Patent Application Laid-Cpen No.

) ioFPL ai . BA@BY6, Patent
oon i Ao R TR i Pt S,

57 g . - )
Docu ey {2 4aP 3T S5 By ARRLLFEA G5 Gt ReZo 35, Patent
l.i.cation Laid- . 9- 176 ape
Doc Rt ZEay pEAnE S ol AR oAb Ee Rotaed R SoEfe s Efien,
Application 15 Lai d-(pen . 2000191597,
Docuniea 2pana3 B At APPUFarin bR OBST Non - Tar 3P lohatent
No. 9-194436 (correspondi ng to Europe Pa
Docm@mm,da@ﬁeéﬁ BatepAnaEaRe) L@@%@BE@@‘D- @aﬁ gﬂé@%ate”t
Docunent 30: International Publication No. 00/ 18750
Docureents & dapangsa Batens Avplicatinn heid-@pes i P-11{%, Japanese
Docunents 31: Japanese Patent Application Laid-Cpen

PatehNoApRRRitioh4284-Opkapido e2800P4 D¢ HB6 Afpianese iRateipApplication
Lai d- Open No. 2001-64235, Patent Docunent 32:

Laid oyt Nat ponal19R8bY | Ratent Dovamer 204 04B88ndseoP atesp Spplierfion
to U S. Patent No. 6596894, U.S. Patent No. 6596895,

Laid@hen NoS9-faf42et (cbleesf&R9A§ 1o European Patent No. 0785184, and U.S.
Patent No. 5705673), Patent Document 30: International Publication No. 00/18720
(corresponding to U.S. Patent No. 6093842), Patent Documents 31: Japanese
Patent Application Laid-Open No. 2001-64234, Japanese Patent Application
Laid-Open No. 2001-64235, Patent Document 32: International Publication No.
02/40439 (corresponding to U.S. Patent No. 6596894, U.S. Patent No. 6586895, and
U.S. Patent No. 6600061)).

Among reactive distillation systems, the present applicants have further
proposed, as a method that enables highly pure aromatic carbonates to be produced

stably for a prolonged period of time without a large amount of a catalyst being

required, a method in which high boiling point material containing a catalyst
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Among reactive distillation systens, the present
applicants have further proposed, as a nethod that

enabl es highly pure aromati c carbonates to be produced
F105026 ANSBIUPGSaKAR! prol onged period of time without a

| ar ge armunt of a catalyst being required, a method in

whi ch hig ilin ol nt terlal ont a
comp%ﬁrm%ﬁact? DA PN P ﬁ?&n%%?ééﬁgeqa"ﬁ and the

reacted with an active substance and é en se gge[ ¢
catalyst ¢omppaentie reexaled (sae RaiepbRortmests &y&%’f’dl Sdeten

Pat ent Docunents 31: Japanese Pat ent plication
Applidatiod-L@ie-Opdn NeoPA0 6564224, Jrpeaess &atanieherkgtiPndaid-tipen No.
Lai d- Open No. 2001- 64235) and a nethod carried out
2001-68288), kee netrodeagied mmmed{emmm@ayfv@mhﬁ ratie of a polyhydric
aromati ¢ hydroxy conpound in the reaction systemto a
aromé&ﬂi Ry reky BBfrRloudt ifGie FaNGiontsyaten? t@a (cataly Ranetal at not more
Docunent” 32: I nternational Publication No. 02/40439

N0 DH 40888 ent
than %9%%3%3%@ m‘g%%rﬁ%ﬁ{s@' 'E%{rgﬁoﬁpuggoooal) Y.

(corrdSBbhARI TGS, HifleR65 SEaddAUC UL S! Paliht RiPBEBEBIY, dnd U.S.

% by wei ght of phenol

A i s

enyl
in whgSt 13 58 b BV W RGO AT ar%%&@@s SbucshBrieaad b

used as the raw material for zat |
polyrerrerrioNPTBPSRBrUseRASa St HRY Pﬂ%\%fé%‘t aﬁadﬁ%‘?ﬂy' garbonate can be
International Publication No. 97/11049 écorres d| ngn
prodyced ey megesef the eeactive. d!ﬂé'@sgemefaﬂfé UThIS GRheR ate can
5872275)). 15 However, in all of these prior art
be usbatasrthe aw madriial ot pelymeoldah@n ohasmatig pelycadonates (see
carbonates using the reactive distillation nmethod is
Patei DpOFREnt 3Ranterhatiowal RiistichtisuNe. @Rkt 848\ eorrespending to
speci fic process or apparatus enabling mass production

EurofBadPatéituss roggs3saakad (ESIPatwit NeeS870Rd6))1 ton per
our), nor is there any description suggesting such a

PT QERRSy e URlefits IM@hReSBBIpPbH Ot of
regard?%nég? maéz]gé\‘qutglbﬂépnﬁpért@%%’ a d? anet er (Dmcn) and

arom(ag? uc%uﬁﬂ%ﬁ &egfufsﬁwéaﬂ%;fergg%vé)&fsﬁIﬁ‘eﬁlgrn?g%ﬂiﬁgtqgrpﬁ'gﬁéééd. ahérens no
disc!légurer\kfhgtlscsng\llé)rs efda specmc process or apparatus enabling mass production
on an industrial scale (e.g. not less than 1 ton per hour), nor is there any description
suggesting such a process or apparatus. For example, the descriptions regarding a
height (H: cm), a diameter (D: cm), and the number of stages (n) of the reactive
distillation column and a feeding rate of the raw material (Q: kg/hr) disclosed for

producing dipheny! carbonate (DPC) from methyl phenyl carbonate (MPC) are as

summarized in the following table.



produci ng di phenyl carbonate (DPC) from net hyl phenyl
carbonate (MPC) are as summarized in the follow ng
table. 25 8 F105076 A0501 UPO5 KAN Table 1 H: cmD:

F1050¢p A0 1QPASTAAN : n Q kg/ hr PATENT DOCUMENT 400 7.5 -
4.2 14 600 25 20 23.3 15 305 5-10 15+STRUCTURED
PACKING 0.6 21 400 8 50 <0.6 23 200 4 - 0.8 24 - 5

Tableds 0.7 28 600 25 20 31 33 600 25 20 31 34 600 - 20
22.3 35 See Patent Docunent 34: Japanese Pat ent

/\r\r\||r\f\+inr Lat d Owvan Mo a4.1...O9A
¥

O O O CTTTNU. LI~ JLe

U
H: e ( pBanmPct ent N%Oﬁ§f[6§§8" and LpSkg 3Ht eéﬁ*ﬁ&'ﬂDb&UMENT
ad2219 5 5 [See Pat ent docunent 35 Japanese Pateny4

B —tatt=Opem No— 92557712 éac rTEspondi NGsT0
608,r gpe®8 Pdt ent No. 0892001 and U <3batbnt No.
30574760230 N BHFRUETURED P KINGgest 06ont | nuous 21

FT=Stagg dirstifiat ppn col unns Jus whEnN carry
4 3” thi reJaCli on—usi EQ the “D°"*"v’;e@9...6gl H-at+ U”bgg
260/stlem 4re |t hose 10 discl osed by f heOf esknt 24
appljicagts i n Patent Qgcuments 15, 38.7and|34. As ean
be—seen—fromFabte o t+Hre—rrecx o v i_lueb of —the 3
6% ilou?Sconldi tions forP% he continfiou®! multi-stagd

600 Stli | |t i on col uims @oscl osed fof tigd abpve react3r40n
g [F—600[cnT D = cm n = 5P [ ent Docume
6@6-‘4\ and Q= 31 'mlhr,éaan-d—t—he—a-nceu-nfpgé-f—& phery 35
car bonat e produced has not exceeded approximately 6.7

kg/ hr. which
See Pgt/en{ Doculm%nt |3§1 nganense Patent Application Laid-Open No. 11-92429

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

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

In other words, the biggest continuous multi-stage distillation columns used
when carrying out this reaction using the reactive distillation system are those
10  disclosed by the present applicants in Patent Documents 15, 33 and 34.  As can be
seen from Table 1, the maximum values of the various conditions for the continuous
multi-stage distillation columns disclosed for the above reaction are H=600cm, D=
25 cm, n = 50 (Patent Document 23), and Q = 31 kg/hr, and the amount of diphenyl
carbonate produced has not exceeded approximately 6.7 kg/hr, which is not an

15 amount produced on an industrial scale.

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

producing aromatic carbonates containing a diaryl carbonate as a main product by
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15 amount produced on an industrial scale. Disclosure
of the Invention It is an object of the present

Lnvention é{f rovide, for the case of continuously
F10504% otftrA g i c carbonates containing a diaryl

carbonate as a main product by 9 F105076 A0501 UPO5

. ' I r r ] i |
taking ) @b p? bl o B Lor B AR 1 of i bitaliaRe through &

transesterification reaction between i_al .
ranseSERalO8 Bt GhPEPREL S 1B IR A R SRt 51 ng

a continuous nultj-stage distillation col @ﬂE‘?I n_which hich
MOoNnoRY Xy SPEIPQUIy LsWgA CortinbqusHDHIGHagR (ISt latiem ol in whic

starting material into the 5 continuous nulti-stage
a catalysiti$ presantnand Fominuoyshifeepmacthgrdeias rﬂﬁ&f'ale'ﬁ‘%?ré%

the diaryl carbonate to be produced w th high i
contirmmlusanili-stpgeistiiatin poloduy ta spegficprseys that epables the diaryl

prol onged period of time on an industrial scale of not
carbonegstd baprdducenl wigh highuseleSivityearichisigh esaunttivitpn stailip fer a

di scl osed a process for producing aromatic carbonates
proloN§édBedod OR tirRUSH n Tdudtriaitafe of sétilesathamn tl pembour.

vari ous proposals 10 regardi ng processes for the

Pr it i r@gerﬁ}{iﬁ{?@ﬁtb% §i3FIBRBAESroR¥s SRR BFoMiciAg aromatic

reactive disti atl on nethod have been made. However,

carb%n%gc—?sgygﬁé% ?tgnljgirf@glg rﬂttrJ‘lti?stag?éTB|sltil|§t‘T@r¥ Eoldhth, $8AbLs Broposals

ratory fTevel, and there have been
0o discl osures, what soever L r
rege P RS Eh B G Lo auelelR Sy BE FRrief =
scale. |In view of these circunstances he pre t
e S B S b A BB nepy on o
a specific process enabling a di a{ﬁgl car bonat e to be
smalsesiriead sherteRarghng EmedebporatyryruchPgH thersdiave Ragryno
stably for a prolonged period of tinme on an_ .
disclosutes whaisoesesion apewiic pesessiRPParaiHs gapbleg masggrgduction
result, the present inventors have reached to the .
on apirebstrial iscaent iloriew bhthess circomstandeis; e presest inyentgia carried
present invention, there is provided: 20 1. A process
out stietiet Aen@d eddistboeriref a apeeifiopabdtes scamdidingtaediaoyi carmdmaje to be
a diaryl carbonate as a nain product froma starting
prodBdE Wit higte BBfeaVifaid hRjrkprod@Emity stably for a prolonged period of
time on an industrial scale of not less than 1 ton per hour.  As a result, the present
inventors have reached to the present invention.
That is, in the first aspect of the present invention, there is provided:
1. A process for the production of an aromatic carbonate containing a diaryl
carbonate as a main product from a starting material comprising an alkyl aryl
carbonate, which is obtainable through a ftransesterification reaction between a

dialkyl carbonate and an aromatic monohydroxy compound, which comprises the

steps of:

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

distillation column in which a catalyst is present;

10
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carbonate, which is obtainable through a
transesterification reaction between a dial kyl
carbonate and an aromati ¢ nonohydr oxy conpound, which

F1050¢8mMP903d4P@ ANt eps of : 25 (i) continuously feeding

said starting material into a continuous nulti-stage

di |IIat|oncourm|nV\/n| S r
F16bo P M g0a s Taeol hy e PR bR e & By chbonate
|n the colum to produce a dial kyl carbonate and the
and thy diapyl cashBHBt e; (iii) continuously withdr avv| ng a | ow
boi | i ng point reaction m xture containing

pr fidu cerntirteudiyayitydragiid 3 e Soifingrant r@&ﬁﬂ?n aaa‘tw & Fontaining
of the colum in a 5 gaseous form and conti nuously.
said prbtihcditiiengjalkyhegrivobaid frog poupRer RRIGEN O the gelymsl in a
containing the diaryl carbonate froma |ower portion
gase@ls fdn® aral comtinuousiyl withdrewing mhigwbeiliagmpodirgaction mixture
continuous multi-stage distillation colunmm conprises a

contaflifhy %élﬂi%ryh@érl&%at@ fRh f 16lvee pdrtnadfaRe abinen émd lineldform,
a cylindrical trunk portion having a length L (cm

wheréﬁﬂ a‘?@cbﬁ% sd?aﬁeéts e RidthRlion 2ARNtRYOMPrisds br¥teichak having
er o

st ag s 10 n thereinside, and

a pauc&’l:%ﬁd ?l%?%saalg&e QH{i g Lovpg | NEdAhI 'trnu%kﬁ)rﬁd)ﬁﬁﬁtnﬁb #ibngth L

e co umm or upper portion

(em) Ghiaheng eﬂf’m steérD@%“ﬁ St fhind ghy et &numl heges
n thetgipeid, B CheR @5%%26%%%%@&‘31%&?\%5%%”?1% '@”E%%Pﬁ (cm) at the

0?ortlon and/or a mddle ortlon of (i ng | et
top of e gRlymern iB@n GPRETROT @A ST %@'vwme% B &P .%'qti% outle
the |l ower portion of the colum above the liquid
havinguan nsidevdi@mstar ¢4 jershaidheditom ef thengolymn atinésloweg portion of
followng formula (1), 1500 < L < 8000 (1), (2) said
the cohshrleedr amtiiedvotdng,cat)least arresintss pupvidedin §7d weparteortion andfor
following formula (2), 20 100 < D < 2000 (2),
a middle portion of the column below the gas outlet, and at least one inlet provided in
the lower portion of the column above the liquid outlet, wherein
(1) said length L {(cm) satisfies the following formula (1),
1500 = L = 8000 (1,
(2) said inside diameter D (cm) of the column satisfies the following formula
(2),
100= D = 2000 (2),
(3) a ratio of said length L (cm) to said inside diameter D (cm) of the column
satisfies the following formula (3),
2 =L1L/D = 40 (3),

(4) said number of stages n satisfies the following formula (4),

10

A

n = 80 (4),

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

11
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(3) aratio of said length L (cn) to said inside
di ameter D (cn) of the colum satisfies the follow ng

formul a Sa;t @N< L/ D< 40 (3), (4) said nunber of
F105046 ARV VRER ¥ es the following formula (4), 25 10 n

80 (4), (5) aratio of said inside dianeter D (cm of
1 col e Y IALY 05 KAN
diamipEE R O 1h8 i ifeF ReRTies e PARMAG 1ORRIE ST
following fo la (5 2 D1 dl < 15 5) nd (6) a
ratio ofgs%i E)nrﬁsiéde/?%li aneter D (cm o(ﬁ't%ne@col um to
said inside diameter d2 ‘%{CQS OS %%e Iigui d out.(ljet .
saB) srriadie afisaid wsidsfiagiater icd) esine solgma torsqid fpside
30 (6), 2. The process according to item1, wherein
diametpedi (¢ra) oidheiliguichpriieicaisties Hiaipl owsigsMyla Plsai d
step (ii), 3. The process according to claim1 or 2,
wher ei n Saisd taf dpefi 80 car bonate cont aiGhi ng the di aryl
carbonate as the main product is continuously produced
2. antk aprock8sareustding &ai dedi at,ywreelondistligtioodusedarged  out
not less than 1 ton per hour. In another aspect of the

simulirRRSH A digpy(iif,0 the present invention, there is
providéd: 4. In a process for the production of an

3. PROMBLEEsS AURRRGHE. EPHARNINGBrazdivietbin Galdairgimtiascarbonate
mai N product 1n ich the aromatic carbonate

contByhe i 0538 e AT BRLRLT 280 produced and an
f [ | Kyl I bonat '

a3 AT o 25 by SRINE Py g o nour
B GREET ARP=GH L RLICESS RERIRS S E BrpoThdveripg. there i
a continuous nulti-stage distillation columm in which

provigedcat al yst is present, carrying out the reaction and

the distillation sinmultaneously in the . .
4. In a process for the production of an aromatic carbonate containing a diaryl

carbonate as a main product in which the aromatic carbonate containing the diaryl
carbonate as the main product is produced continuously by continuously feeding an
alkyl aryl carbonate as a starting material, which is obtainable through a
transesterification reaction between a dialkyl carbonate and an aromatic
monohydroxy compound, into a continuous multi-stage distillation column in which a
catalyst is present, carrying out the reaction and the distillation simuitaneously in the
column, continuously withdrawing a low boiling point reaction mixture containing a
produced dialky! carbonate from an upper portion of the column in a gaseous form,
and continuously withdrawing a high boiling point reaction mixture containing the
diaryl carbonate from a lower portion of the column in a liquid form, the improvement
in which

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

12
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20 columm, continuously wthdraw ng a | ow boiling
poi nt reaction mxture containing a produced dial kyl

onate from an upper portion of the colum in a
F1050§%s‘€819§ 3KANand conti nuously withdrawi ng a high
boi ling point reaction m xture containing the diaryl

ca bonat froma '

(o) a1 HETHEr Doy AR e P b u hfimBer of stages
conti nuous multi-stage distillation colu npri,se

n therstsifis, @S GRIOPHRFS @ggg.quﬂe‘rh%waganaflé@e&ﬁ%%?eg (G@ &fitne
a cylindrical trunk portion having a length L

top ofthe SoRENACS01auRPReKRANtCRHT tRAFOKANN REAY meatﬁ’ﬁt gfliggyd outlet
(cm, and having an internal wth a nunber of stages

having anhamelerd;aaMeterahc{cn’r)mbrth& bettamgzfdhe wolusan Ban ﬁng‘&*Pf portion of
inside dianeter d, (cnm) at the top of the colum or

the cdlOmameaHne fth@@bttbm,l abfedshene omlatpraveded indhe hgppeo porteon and/or
liquid outlet having an inside dianeter d2 (cm at

a mldHR,fp&‘%’ithﬂ‘tﬁé chiiénre BEloNther gado@idtoned apast one dfleBprovided in
the colum near to the bottom at |east one inlet

I dl e portion
the IoWe?}ﬂhe coP eIIE‘rHHedon% ths RURNGURSt, wherdid p

w the gas outlet, and at |east one
t I
2bbl) sat?%ﬁeﬂq%ums&s %ng g A AT et
(cn) satlgéée§ he |0VVI ng formula ( ): 1500 < L <
8000 (1) Fz; |nsi de di aneter D’{cm) of the

CO| urr&?az ?T%SI(I% Id?ﬁpei{gre Qf(g.lfn)ém tiagpgﬁﬁ? sEn?f;%%thfe(Jsglgovwgg?ormula

|nS| de dianmeter D (cn) of the colum satisfies the
(2), following fornula (3), 15 2 L / D <- 40 (3), (4) said
nunber of stages n satisfies the follow ng fornmula
(4), 10100%= D8s LAPY (5) a ratio of &Hid inside
di aneter D (cm of the columm to said inside
(3) a ratio of said length L (cm) to said inside diameter D (cm) of the column

satisfies the following formula (3),
2 =L/D =40 (3),
(4) said number of stages n satisfies the following formula (4),
10 = n = 80 (4),
(5) a ratio of said inside diameter D (cm) of the column to said inside
diameter d; (cm) of the gas outlet satisfies the following formula (5),
2 =D/dy = 15 (5), and
(6) a ratio of said inside diameter D (cm) of the column to said inside
diameter d; (cm) of the liquid outlet satisfies the following formula (6),
5 < D/d; £ 30 (6),
5. The process according to item 4, wherein an amount of the diaryl carbonate
produced is not less than 1 ton per hour,

6. The process according to any one of items 1 to 5, wherein d; and d» satisfy the

13
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di aneter di (cn) of the gas outlet satisfies the

following formula (5), 20 2 <D/ d, <15 (5), and (6)

a ratio of said inside diameter D (cn) of the colum
F105076_AGHM WPRH_H#&N di aneter d2 (cn) of the liquid outlet

satisfies the followwng formula (6), 5 <D/ d2 < 30

(6), 5. The process according to item4, wherein an
followsiehieR@Ud (Dhe di aryl carbonate 25 produced is not

| ess than 1 ton per hour, 6. The process according to
any one bf=ideh#z =t® 5, wherein d, ard)d2 satisfy the
13 F105076 A0501 UPO5 KAN follow ng fornul aéh?) 1<
7. Tté prodgssa&ording td anyrmepeidtans 1decomhaiginle Rly/ Bng, D/ d,
of items 1 to 6, wherein L, Db L/ D, n, DI di, and
and O 4, fi? sbad costindiouenhiltivsiage ulistitlation egjani satisfy the mhHowing
columm satisfy the followng 5 fornulae; 2000 L <_

formUpf9000h & 1 X <eod®00 53 <_pL< 100, 3@ =15 AD = 315 = n
2.5 <D/ dl < 12, and 7 < D)d2 < 25, respectively, 8.

h rac aceoi4li ngnd& 0 7any af oigt ettiv@ly 7,
S DPaP 79’D, g?f? s Nt

o UM SRS G el etn o

e 55, S Sl e 0 B s

€ss according to an
of items to 8 ergej aid contin ' [thn <
formuyag el S—%i bi%t 58&8@0%&11% ? aé oék!iq'il ﬁi Ei‘ﬂﬁuﬁ h?o =N
a packing and a tray as tljée intergaé 10. The process
< 5@ccdr i hy do F ttn Endwn&r & P 48k =céfe FSREELSY.
nmul ti-stage 15 distillation colum is a distillation
9. Tw prasehaacoerdingsta ary phitemadl to 8 mdqsgiksaig CoptipHeHs
upper portion of the colum, and the tray in the |ower
multipage distidétidrheoloninuistg distilatifinecpuondiaying acagking and a tray as
item9 or 10, wherein said packing of the internal is
the iernal,

10. The process according to item 9, wherein said continuous multi-stage
distillation column is a distillation column having, as the internal, the packing in the
upper portion of the column, and the tray in the lower portion of the column,

11. The process according to item 9 or 10, wherein said packing of the internal is a
structured packing,

12. The process according to item 9 or 10, wherein said tray of the internal is a
sieve tray having a sieve portion and a down comer portion,

13. The process according to item 9 or 10, wherein said packing of the internal is
one or more of the structured packing, and said trays is a sieve tray having a sieve
portion and a down comer portion,

14. The process according to item 11 or 13, wherein said structured packing is at
least one selected from the group consisting of Mellapak, Gempak, TECHNO-PAK,

FLEXI-PAK, a Sulzer packing, a Goodroll packing and a Glitchgrid,

14
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structured packing, 12. The process according to item
9 or 10, wherein said tray of the internal is a 20

sieve tray having a sieve portion and a down coner
F1050p@rAQ394, URBS_Kfthe process according to item 9 or 10,

wherein said packlng of the internal is one or nore

f the structu cki d said tr [
15, Fhaprinerepoaang 8 oot PorSanicir oy Ssreraydiedi e
14, The process according to item 11 or 13, wherein
1000 baleg/at inibemiRe padlitng is at 25 Ieast one sel ect ed

fromthe group consisting of Mellap
16. THECEND3AKACCORIIEYIto BAK ONg @uiemﬁ%a&pﬁ@i? wh%ﬂrﬂam
packing and a ditchgrid, 14 F105076 A0501 UPO5 KAN
crossdszctidha greaqes Hobe obsali rsga\tedray isnnERrangeld framn &k et cm’,
said sieve tray has 100 to 1000 holesln2 in the sieve

17. WRElrécsssldccoftifgno dieas $3 agkersit sgidtsirutyredrpaocking isetseast
12, 13 or 15, wherein the cross-sectional area per

one sﬁféc?e@froﬁaﬂh% @rbﬁkﬂ%oh%%Yng%f MelRpBRNGenaki TEOHNG-RAKS
. The process according to item 13, wherein

e AT P42 Pl SRS o

F -P .
100 t&H.EﬁbﬁboA%%éma ﬁg}l\% ?i[g\ygﬁﬂﬂuélﬂhag@ tﬁ%gcg&té’éo Eﬁ%ﬁq %F%agp%ré Role of
[ - ti I
said 3By oy s B8 BRee b8P tg%eﬂﬁé"fznéi"o'f fromo0.5 to
5 c¢cn2. 10 In the se?ond aspect of thelagresent

i nietha secondhrsredt §F BieoRregent iInygntion, %‘&tﬁfe"'dec’
carbonat e conprising a hal oghﬁri content of not ﬁ*@n01 opm

18.  maramatiqparbonpiectRIRES By & Ow%e@@@néef:a?fomﬂ@e
any one of items 1 to 17. In the third aspect of the
prodycessienthe prosess esconding © ary prewf dears 1 1A conti nuous
mul ti-stage distillation columm for carrying out
r ede thheothimhaspetd ofitts piesant ionentomphers isgrovded.
cylindrical trunk portion having a length L (cnm and
19. McomFiudRisthamedtage Bistillation 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 middle portion of the

15



(cm; a pair of end plates provided above and bel ow
the trunk portion; an internal with a nunber of

stalges n inside the trunk portion; 20 a gas outl et
F10507Ri APPHP@n Wi de di ameter d1 (cnm) and which being

provided on the end plate at the top of the colum or
|on f the colum near thereto; a
CO'“WW%‘%PH’%EEQE’&O as an inside di arreter d2 (cm and
whi ch bei ng. provi ded on the end pl at t.he baotto A
of at Rascan iniEigarovides if i IovssrRarbR Bf tihenlUfe e fiauid
near thereto; at |least one inlet provided in the upper
outletppher®in and/or a niddle portion of the 15 F105076
A0501 UPO5 KAN colum below the gas outlet; and at
| eabtsaih erigth &t{cm) satisfies the fokewingdermylerfl.on of t he
columm above the liquid outlet, wherein (1) said
5 | ength L1600) =sat 518089 t he fol I owi ng flormula (1), 5
1500 < L 8000 (1), (2) said inside dianeter D (cm of

t hgz(}cs%al Tﬂél&é‘ﬁla‘iﬁétéﬁ Dt () fop the@ vbingnri satisfles thé Zpliovling frmula
a ratlo of said length L (cm to said
2) i nsi de d| arreter D (cnm) of the colum 10 satisfies the
" followng formula (3), 2 L/ D< 40 (3), (4) said

nunber of, ~sta s<n isfies the foll owyng formul a
(4) 19% 8@?6 (5) aratio of ?{gld i nsi de

4 5 ot Ayl T PGB8 o v o
10 satlsagsl {hoeV\%oﬂgwfn%rfrcr)l#rlnﬁlé (53))
2 =2 L/D = 40 (3),
(4) said number of stages n satisfies the following formula (4),
10 < n = 80 (4),
(5) a ratio of said inside diameter D (cm) of the column to said inside
15 diameter d; {cm) of the gas outlet satisfies the following formula (5),
2 =D/dy =15 (5), and
(6) a ratio of said inside diameter D (cm) of the column to said inside
diameter d, (cm) of the liquid outlet satisfies the following formula (6),
5=DJ/d, = 30 (6),
20 20. The continuous multi-stage distillation column according to item 19, wherein d,
and d, satisfy the following formula (7)
1 =2 dhidy £ 6 (7).
21. The continuous multi-stage distillation column according to item 19 or 20,
whereinL, D, L/ D, n, D/dy, and D / d; for said continuous multi-stage distillation

95  column satisfy the following formulae; 2000 = L = 6000, 150 = D = 1000,

< L/D £ 30,15 = n =60, 25=D/dy £12, and 7 = D/dz = 25,
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2 <D/ di <15 (5), and (6) a ratio of said inside
dianmeter D (cn) of the colum to said inside dianeter
d2 (cra) of tb(g iquid outlet satisfies the foll ow ng
F10507&ARR0Y YS-KENe D/ d2 < 30 (6), 20 20. The
continuous nulti-stage distillation colum according
tt0|tem19 wherein d1 and d2 satisfy the follow ng
respe?bq%l a(7) 1 <dl/ d2 < 6 (7). 21. The conti nuous

22. 'E,tpe Q.@ﬁt?r%%ﬂgr ﬁl itag%dllq(ir\?f: ﬁmrr%? %g%ghﬁt%n@o@ﬁ 8[@%3)? i(g?ms 19

aid continuous mnulti-stage,di n 25 col
to 21, ggereiny LRl { b roRis; @aaﬁ% oo réE@@OQ UG Bos
D <1000, 3 L/ Dc<
distilat@n eoldmn satlgfmeéo&@mnge‘opmg@gyﬁggggl L@@ﬂQﬁN 288)
respectively, 22. The continuous nulti-stage
800, dbsti LI/ i 8n160! BEm=accer dithg 3 & aRy doné 6% i @6 90= D/dh
to 21, wherein L, Db L/ D, n, D/ d,, and D/ d2 for
< 20 h@smmeryuous rrul ti-stage distillation colum
satlsfy the followi ng formulae; 2500 < L < 5000, 200 <
23, ﬁ’né c%@iﬂnuéus ﬁldﬁl Q{a@eﬂsﬂl@tloa(to‘mrﬁn %cbOrdikrto Bny ode of items 19
0, and 9 <-D/ d2 20, respectively, 23. The

to 22 C\QH&HW Q4R &chboﬁ& ?fﬂﬁtl-@'tédé Bl'SﬁNétQ:{h SALMATS acdistiltitiog column
0 any one tens 2, wherein said continuous

havmrgrg% éécﬁﬁﬁ%ﬂdﬂéﬁ Eg%é ﬂﬂeﬁ'@ um is a distillation

pack ng and a tray as the internal,

24. Th t .
24. ig@o%twagv%%'%ﬁogufid%% i bl gt 803 nerei
said EaMinpoR a0 Hioas ctRbe i s S U BER el Havino. as he
nter e PRQIRRAG RNe SPBAR DI SHBS SO T AL TRIEY TLPBGver

distillation colum according to item 23 or 24,
portion of the column,

<
)

fiA

25, The continuous multi-stage distillation column according to item 23 or 24,
wherein said packing of the internal is a structured packing,

26. The continuous multi-stage distiliation column according to item 23 or 24,
wherein said tray of the internal is a sieve tray having a sieve portion and a down
comer portion,

27. The continuous multi-stage distillation column according to item 23 or 24,
wherein said packing of the internal is one or more of the structured packing, and
said trays is a sieve tray having a sieve portion and a down comer portion.

28. The continuous muiti-stage distillation column according to item 25 or 27,
wherein said structured packing is at least one selected from the group consisting of
Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroll
packing and a Glitchgrid,

29. The continuous multi-stage distillation column according to item 26 or 27,
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15 wherein said packing of the internal is a
structured packing, 26. The continuous nulti-stage
distillation colum according to item 23 or 24,

F1050fpeA@E0] WRPH XMy of the internal is a sieve tray

having a sieve portion and a down coner portion, 27.

The continuous nulti:s 1.Stid .l aflQn. o

wherelg SgIEERIRYE 1y e OPsion O St in e B ng
of the internal is one or nore of the strugctured .

30, BhekPAKURNRIM USEFRoig Y a1en £oLITER 2CEoRY G R Ay Oge of tems 26,
sieve portion and a down coner portion. 28. The. .

27 or @8nwhereindhensrass-secigeatiarea perdiqle & said fevalrayitinmg range of
to item25 or 27, wherein said structured packing is

from @b tbeasm?one sel ected from the group consisting of
Mel | apak, Genpak, TECHNO PAK, FLEXI-PAK, a Sul zer )

31. maekiongnuausodi-etdge2disiimtionrgplemd aac@ding hyitend, 2'29vherein
The continuous nulti-stage distillation colum

said ARG Eadkg fsaiI@8st Uneldblectdd frohd B Grod@beindiiiy ¢iAMellapak,
wherein said sieve tray has 100 to 1000 holes/n2 in

Gem%éllgtﬁ(ﬁgﬂ_cﬁﬁmd e X3 PAK NE SERRE iDAERIAG, 8\Bdddrell paeking and a

tion coélum according to any one of itens 26,

Glﬂcl‘iglﬂcgraécfg\%@?r?argakl ‘ﬁt&ﬁ@é@gﬁ%%*ﬁnb heaélé\ge ?gﬁgﬁgﬁgﬁ@e

S 1h arange o rom 0.

31. . Th ti Ltj-st [ 81 ' I
croserabneh§ Eop S SR STl PP Sy A LA O 6 e o
Is at |east one selected fromthe group consisting of

Mel | apak, Genpak, TECHNO PAK, FLEXI -PAK, a Sul zer
packi ng, a Goodrol| packing and a ditchgrid, aid
Advagiagrousriijedia §f fEolnvBNiI@D0 hol es/n2 in the sieve

portion, and the cross-sectional area per hole of

sailtthas been disspvered thahageorgingde the Areeem inyeniiongakingan

Advant ageous Effects of the Invention It has been
alkyl dirglaavieoreatetdsad sterting diatgrialowhtod iprobdainablierfiamna dialkyl

taking an al kyl aryl carbonate as a starting
carpomdterdral an whorabtic moplohgdimad ®nipamd adiiahykghrbonate can be
produced 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 a 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. A
diaryl carbonate obtained by subjecting the aromatic carbonates containing the diaryl
carbonate as a main component obtained through the present invention to
separation/purification through distillation or the like is of high purity, and is useful as
a raw material of a transesterification method polycarbonate or polyester carbonate
or the like, or as a raw material of a non-phosgene method isocyanate or urethane or

the like. Moreover, according to the present invention, because a starting material

and catalyst not containing a halogen are generally used, the diaryl carbonate
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carbonate and an aromati ¢ nonohydr oxy conpound, a
di aryl carbonate can be 15 produced on an industri al

scale of not less than 1 ton per hour, preferably not
F10507 8 A0SO ¥ hs per hour, nore preferably not |ess

than 3 tons per hour, with a high selectivity of not
.less than,95% prefe t r
obtaing?3ies AgrPaRat oo EaComn dGune§ XL PORT sréieallg gt moge than
eriod of ti of not |ess than 2000 hours,
10ppgrgpé$g5¢f§rq{g§npggpr§ﬁg§p§ “hours, nore preferably
not | ess than 5000 hours. A 20 diaryl carbonate
obt ai ned by subjecting the aromati c carbonates
containing the diaryl carbonate as a main conmponent
Brief Deseariptanh efitheddfawim@ present invention to
separation/purification through distillation or the
| | KES.i1sisaf sthigghatiuivietwyof thedontnusies oultastage disiillation column
material of a transesterification nmethod pol ycarbonate

for caPfyirRPbyEBearesaitiavattton, e tisellhtideecolamnasaving aw internal
mat eri al of a non-phosgene nethod i socyanate or

provideE iraftea Lk hdriiéh tHdf8of Mor eover, according to the
present 1 nvention, because a starting material and

At Rifh et a hal ogen are generally used,
Descﬁﬁ‘i%ﬁ%ﬁ@%ﬁ%onat%b% F105076 A0501 UP05 KAN

. __obtajned hag enaC nt ,.of. .ot or Ogly.

K gaﬁp%huh% efzgﬁz Lﬁ?/hoﬁlé%g’norse%ﬂégn 4 1'8‘%pb?%®ebﬁgf er6a ] ylnternal
not. nmo t han b. Brj ef scription,of . i .
(Packing Gé'§: i teé”%]]cﬁ tid: vit@ﬁ%ﬁbpoﬂﬁo 'coﬁ?‘i négﬁtg%o%}@ wilit-stage

.multi-stage distillatjon colum for carryin ut the
d'St'“BF%%é?‘R'Um%veH ilengtht ‘Wle UKt RITHER | @W)coﬁ]n‘\ﬁswgva%“eiﬁr of trunk
‘internal provided inside a trunk portion thereof. -
portiane é&/), ptdioAnwfle Riametarcel semepietsicm), ghsnsige diameter of liquid
liquid outlet, 3: inlet, 4. inlet, 5 end plate, 6-1:
outlet ey nal 10 (packing), 6-2: internal (tray), 7: trunk
portion, 10: continuous multi-stage distillation
columm, L: length of trunk portion (cn), D: inside
di aneter of trunk portion (cn), dl: Inside dianeter
Best Modiafor @drhehg otfhe Beniittsi de di ameter of |iquid

outlet (cm

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

A dialkyl carbonate used for obtaining an alkyl aryl carbonate that is a
starting material of the present invention is a compound represented by general
formula (8).

R'OCOOR! (8)

wherein R represents an alkyl group having 1 to 10 carbon atoms, an alicychc group
having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.
Examples of R' include alkyl groups such as methyl, ethyl, propyl (isomers), allyl,
butyl (isomers), butenyl (isomers), pentyl (isomers}, hexyl (isomers), heptyl (isomers),

octyl (isomers), nonyl (isomers), decyl (isomers) and cyclohexylmethyl; alicyclic

groups such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexy! and cycloheptyl; and
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15 Best Mode for Carrying out the Invention In the
foI I ovvi ng, the present invention is described in
. A d| al kyl carbonate used for obtaining an
F10503F‘k/§7@505r%} nate that is a starting material of
the present invention is a conpound represented by

ek f A Par et o S oy e PRER s,
prengPubrgpi S Py g e on”fﬁ e atrﬁéﬁ Pl By

of Rl |nclude al kyl groups such as neth
groupsy gjisHclicicsenrs and aaqalgmroummy he §'é*a%tft§t)9d ‘%'d? élﬂﬁ
(isonmers), pentyl (isomers), hexyl (isoners), hepty
substitusotseush, a5 lawenalkyligoupra jowardkexy( 9f§éﬁe?§)/a”9 ékE?/\PP ora
(i sonmers) and cycl ohexyl nethyl; alicyclic groups such
haloges atyal, @pdapgy alsoycoribintar unsaml‘abp@lboyﬂ, cycl ohexyl
and cycl oheptyl; and 19 F105076 A0501 UPO5 KAN

ar gliplas @ﬂ@&@ucﬁrb@aa@rﬁa«hng phem &' fiydludé slomethy) carbonate,
phenyl propyl (isoners), phenylbutyl (isonmers) and

d@thﬂ%&fﬂbﬂ&r@ﬁ@zmpr&ﬂ)ﬁ RARFSNate fiBBRPEY Qrélf?%ér@ﬁﬂéteabibdtenyl

groups, alicyclic groups and aralk groups nmay be

carbcﬁT%ét(ILsBHFe? W‘ﬁ%l%?@én%ﬂéiQ%Hér#'&ﬁﬁerﬁ&l%r@@mﬁe'(%Wers),

grou ower al y group, a cyano group or a
n t
aihexy) {33k Bh o AP B %?‘92?6 of], HRER) afcifhee

I ncl ude di net rbonat e
(|son2ﬁr§]q éia*lﬁny& 5??&%‘54%?%%‘8@ gl)decgll %rﬁgn&% {J‘(Fsg)gff‘érsé dicyclopentyl

utenyl carbonate car.bonat e
carbqnalBUPKyIonaRIaRLg AL oo aoty Cemrbplste. YRRER farbonate.
carbonate (isoners), diheptyl carbonate (isoner SL
diphenatbyltareeratermomers), di@brBY TOPY FRIRGNARAITURELS

(i somers), didecyl carbonate (isoners), dicycl opentyl
di{pheaylboityd} earb@ne;&: iSOTBRRE), @mm@r@@eezylbjrsasmn@tﬁebswers

carbonat e, di benzyl carbonate, diphenethyl carbonate
diimétheanesrsy)) aﬁrbphaeximmb,)di@mmonwmetr&l)s:c;arbosi)lte,

di (phenyl butyl) carbonate (isoners), di(chlorobenzyl)
di(mERORPEAYD daris@mEe $lsomers), 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
atoms and not containing a halogen atom. A particularly preferable one is dimethyl
carbonate. Moreover, of preferable dialkyl carbonates, particularly preferable ones
are dialky! carbonates produced in a state substantially not containing a halogen
atom, for example, ones produced from an alkylene carbonate substantially not
containing a halogen atom and an alcoho! substantially not containing a halogen
atom.

An aromatic monohydroxy compound used in the present invention is a

compound represented by undermentioned general formula (9).  The type of the
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di (nmet hoxybenzyl) carbonate (isoners),
di(nethoxynethyl) carbonate, 15 di (nethoxyethyl)
bonate (isoners), di(chloroethyl) carbonate
F105¥3$6%%¥%§ Nii (cyanoet hyl) carbonat e (i soners). Of
t hese di al kyl carbonates ones preferably used in the

esent . invention
arom%*gc SR BbarR s SRl Mg B0 RS Tyt Pyt i
ons, and not contai ni ng a hal ogen atom A

dwectiyatpq;nm e FPERSEABPEP.one i s di methyl 20 carbonate.
Moreover, of preferable dialkyl carbonates,
parti cuI&fIQ,HpreferabI e ones are di al(@)l car bonat es
produced in a state substantially not containing a

wheréinlAo ezpreaents) arf aronestingioup haveng prodlaedben ataram  Examples
al kyl ene carbonate substantially not containing a

of ardTﬁéﬁxgmnahgdncﬁlyctoaﬁpcmrrdsmEiV|r$gjbe¢iaﬂt i iatlugentenol; various
contai ning a halogen atom 25 An aromatic nonohydr oxy

alkylpHMRISGCHIS8 drdddl (iBEmRFSS RABNDNVSIhERN, trifnethyphapalyismers),
represented by undernentioned general formula (9). The

tetraﬂwéﬁ‘fgtpﬁ(ﬁrﬂ‘ﬁso%@rﬁlg{f}@ﬁﬁ\eﬁ%@%ﬁ@% KRSyl (iSomers),

oxy conpound’i's not mted, so |ong as the

thi)Bhén@TRdfers),
b”“"@?%ﬂ%?@ékr"gégﬁ ?jé%tﬁylmﬂéb@c(né%r]&g?epr e;/gent ssan aronat | c)
rou aving 5 to
metngF SRS m@ﬁgﬁwfsi Pﬁ@hﬁ% B S ety Phepel,
. hepnol ri oys. hen such as c
(sonfgyEh gty RerR iy %ﬁf ﬁ'{?ﬁﬁﬂ%‘r{aonﬁrgi af gyt‘sloﬁggﬁbﬁénol
t et ramet hyl phenol (i sorrers et h hen [ sorrers
(lsonmrébwaﬁﬁewlkqxw@e%@'g)suc RSP M heng é@?’?ﬁ}%‘
di et hyl phenol (|soners% nmet hyl et hyl phenol (|sone s), _
ethoxm;d"ﬁ,xylpbf isppEp eanylalky Boerels suCh as bRy iery phencl (isomers);
(i somers), nethyl butyl phenol 10 (|soners%@
napl*;ﬁwit(ysbp‘rmabamﬂ vaooes sybsthetegl maphtiodls|( arbhetesparemptic
cycl ohexyl phenol (isomers); various al koxyphenol s .
monSieitoRs c@ﬁabbonsdplsannIas(Hyﬁmwp&}idmwismmxymwmcoumann
(isomers); arylal kyl phenols such as phenyl propyl phenol
(isomérsP BRH Hlydroxyquinoline (isomers).

Of these aromatic monohydroxy compounds, ones preferably used in the
present invention are aromatic monohydroxy compounds in which Ar' is an aromatic
group having 6 to 10 carbon atoms. Phenol is particularly preferable. Moreover, of
these aromatic monohydroxy compounds, ones substantially not containing a
halogen are preferably used in the present invention.

The molar ratio of the dialkyl carbonate to the aromatic monohydroxy
compound used for obtaining the alkyl aryl carbonate that is the starting material of
the present invention must be in a range of from 0.4 to 4. Outside this range, an
amount of unreacted material remaining, based on a prescribed amount of the alkyl
aryl carbonate produced becomes high, which is not efficient for the production of the

aromatic carbonate. Moreover, much energy is required to recover the alkyl aryl
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napht hol (i sonmers) and various substituted naphthols;
and heteroaromati ¢ nonohydroxy conpounds such as

hydr oxypyri di ne (i soners), hydroxycoumarin 15
F1050(6.9Q9Q@r§§/ néARN dr oxyqui nol i ne (isoners). OF these

aronati ¢ nonohydroxy conpounds, ones preferably used
in the present inv nt| t. Y f from
carboRgio ISR FATEH Bgv%ﬁoﬁé 'éf’f%f?émapyﬂﬁf*ngg“ f
to 10 carbon atons. artlc bl e.
0.5 oNDP 6008 PrefpranyBeHtcrs et Bor MOMQ i
ones substantially not contalnln% ﬁﬁp arz bonate
pr lef theaisesentdeention pet |assdaan 1t Oé’ﬁ( Hro Farbo
ratio of the dialkyl carbonate to the aromati
is proooed gdninyousto midenainigen Aarousteaths Al wl %@ﬂbwate fedin
aryl carbonate that is the starting material of the

contirlickBs@Nfor itihey abbie pradistiobds generaligrigbtosihrf peafembly 86 tan/hr,
Qutside this range, an anount of unreacted nateri al

more g?é@ré‘lbIQQP Ragadbasedonties afidued oathediandfcatienate Ki7lton/hr) to
aryl ~car bonat e produced becones high,” which is not

be prSB %&ﬂ enfiof& I\Bréf&%bw %g%ﬁht@antﬁéfmadéqa&iel less than 1.8P

onat e. reover h energy is required to
ton/nk €COVer t he al kyl aryl 21 F105076 A0501 UPOS KAN
Earbonate For such reasons, the above nolar ratio is

jj e:aj{gl tl@ aggg p%d deyth tﬂe?a %Qen’% iWer{fhéare aromatic

nore preferably from1.0 to
.0. In the resent |nvent|on ot
carqufes SPTIAEnaRRr A BRATE ?5’ Byl B brtahiel thitgh 2
conti nuously. The m ni num anou of t he arvyl
transeatasiRaten FRARIoR of 4N Gl ﬁ%&ér et tﬁ‘?&%ﬁ‘\}ﬂ‘ﬂ this
production is generally 5P ton/hr, preferabl | arvl
transesteriiicatiom reagioafare ghreacipn i M t f@a@b‘awoaf%ﬁe"féﬁ%lﬂhy ary
of the diaryl carbonate (P ton/hrf) to be produced.
carbbhute ipeetmfagﬁq/with hihe aatoungrasprofibe meematis MrNqhyslsoxy
than 1.8P ton/hr. The aromatic carbonates produced in
com;bél%@p@fs%ﬁt iri theaahitton aystear soras it elibihatadporiaokel, and a
contal ning as a nain conponent a diaryl carbonate
reacF?Qrtl G %?EhttWoOMStbc@Iesi GRtAs Rk fairfliczsiborate rapa converied into the

he al kyl aryl carbonate. Included under this
d1ary| carbonate and the dialkyl carbonate through a transesterification reaction
therebetween, i.e. a disproportionation reaction.  In the present invention, it is
mainly the disproportionation reaction of the alky! aryl carbonate that occurs.
Moreover, in the present invention, a starting material and catalyst not containing a
halogen atom at all can be used.  In this case, the produced aromatic carbonates
containing the diaryl carbonate as the main component thereof does not contain a
halogen at all, and hence it is important as the raw material when industrially
producing a polycarbonate by means of a transesterification method. Thatis, the
diary! carbonate obtained by subjecting the aromatic carbonates containing the diaryl

carbonate as the main component obtained according to the present invention to

separationfpurification through distillation or the like is of high purity and does not
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transesterification reaction are a reaction in which
t he al koxy group of the al kyl aryl carbonate is
exchanged with the aryl oxy group of the aromatic

F1050/@d1pPand30p_Kédhpound present in the reaction system

so as to elimnate an al cohol, and a 15 reaction in
whi ch two nol ecul es

of .the al kyl r f
contacriairaed Al dlosenbengr g veBasuniede il TREAF R ife
carbonate through a transesterification, react.ion .
productien eben weematic PelycarkAnaie HHSPSE e edatipBnetngd with an
the present invention, it is minly the
aromaticsgihpgroxy icompraunn. r eact i on of the al kyl aryl
carbonate that occurs. Mrreover, in the present _ _

i Myed bikghand catbarate gsed pethalstaitiog oataligisaf thepresent invention
containing a 20 hal ogen atomat all can be used. In _
may BbBhigRirity, b8 nigpesieath athemebimpoaadsdoaeesmple may contain the

containing the diary) carbonate as the main conponent

dialkyi ReAMatd 983/ Ue SRShalinRdNhgHRIgtaripalnd ussdlfdrentaining the
it 1s 1nportant as the raw naterial when industrially

alky! g{y?ggrcﬂorr‘w%t@ &%%}f e&nﬁﬂ?&@‘g@ﬁuﬁgﬁﬁﬁ réctidn by-products produced in

ansesteri'fication net That is, the "diaryl

i EGEBR A oP B BB o BEISIRE s e

ate as

and/qra A g%?t?@?attggg ?rg%‘yﬁggﬂféc i % SRS E?@@%‘Fé}éromaﬁc
monqqf{yl%trclnlglzgcﬁr;nggg% tr}aggg!gtleﬁ I ssq@%,qalg:balﬁ Qﬁ%t”&é #aﬁ%ggg%%gtﬁe starting

all, and hence it is very useful as a raw nmnterial for.
matetibkin the piesentdnvestioawith@fanreagsryeatersht et‘%ﬁt%Ma‘hb%lng
transesterification method with an aromatic di hydroxy
sepacatey dergfrofinis alb&preferghle caMeoaenas, indhg caseraiéndustrial
starting material of the present invention 5 may be _
implerhetiagbn pigrintte pessemymentita) as tiendialkyb apdonats angaromatic
exanpl e may contain the dialkyl carbonate and/or the

mon@hRIFBLY EofpaRidisewfor epleining thes atkyf aryl obtominatentpat frethe
al’kyl ‘aryl carbonate, or nmay contain conmpounds or

start@ﬁgrtﬁ%ﬂg?i%l BY s FELEASINRERELH: dsides fFéEsdipNgt esboantt and

process, for exanple an al cohol, an alkyl aryl
aror B o o8 e e e s onpound
alsohrrgfnre?ﬁ%% 'ufs'e%ﬁlletnkﬁncarrg&%tb%d'%%wtﬁ: thenbiEBxfeofBUNd
recovered from this process and/or another process.

As a catalyst used in the present invention, for example, a metal-containing
compound selected from the following compounds can be used. This catalyst may
be the same as the catalyst used for obtaining the alkyl aryl carbonate that is the
starting material. Preferably, the catalyst that has been used in the reaction
petween the dialkyl carbonate and the aromatic monohydroxy compound can be
used as is without being separated out.

<lead compounds>

Lead oxides such as PbQO, PbO; and Pb30y4; lead sulfides such as PbS and
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material in the present invention w thout unreacted
material or the catalyst being separated therefromis
al so preferable. Mreover, in the case of industrial
F10507aphesEnt 383 dvhMis in the present invention, as the
di al kyl carbonate and aromatic nonohydroxy conpound
used for obtaining the_al kyl ary rbonate .that |s
Pb2S;tIgad ydepddes dchas BB(QF)oEnd ﬁ’@zéﬁ@éﬁt Pﬁw@a{ﬁ% Hiph as
besi des fresh dial kyl carbonate and aromatic
Na:P hQn dfaRirx Watthpow ad kWP hOr; R vedatasisiHt 8 NeePbOs,
reaction system it is also preferable to use dialkyl
Na,Hgfin © g &t O Bt i s Jc KaBnOhydadiyOc ang éiaitpOx; é@aﬂ,@a%@nates
fromthis process and/or another process. As a _
and RidéaIst thusad sushtdsePlpC €s entl 2RO PEHO Hpleak aalts ef organic
nmetal -containing 20 conpound selected fromthe
acids] 8hH QUBEhASFBAY HSIcCoritsltBetisif tsuchhas Poa0aIOGH 3)aERb (QBOCH3)4
the same as the catal yst used for obtaining the alkyl

and 'ﬁé@%‘??ﬁg%ﬁﬁg%ﬁ d’réaﬁ&lsad %bﬁfgsddhg!s%ﬁrésafkufb, PhyPD,

e cat'al yst that h been used in th
' b t ial i
BusP B P DB s RS b S G o £ AR P BL ieein B
Wi_t hou I ng separat ed 25 <
reprefehitea U AP, BE P bies Serts bR ud P Ak et ppounds
as PbS and 23 F105076 05 -.J.ead )
and 4y P PRI B 4. Bl foa I EXORID Gl ERIOP )2
such as Na2PbQ2, K2Pb(Q2, NaHPb(? and KHPb(OZ; .
lead plleymsudsas FoNasPEaiteBa, RR$D pped b-RPplsgs minerals such as
K2[ Pb(OH) 6], K4PbO4, Ca2PbO4 and CaPb(O3; | ead
galenmabd mitceyendedarshby dratesd efssudhdeadicommaungs; PbCco3 and
2PbCO3' Pb(COH) 2; | ead salts of organic 5 acids, and
<Comsarifamily esetahcdorbpsimedsal t s t hereof, such as
Pb( OCOCH3) 2, Pb(OCOCH3)4 and Pb( OCOCH3) 2PbO 3H20,

or IR fraflcanpraesds coppér amiBuhltals Bbdirhs CUELI3RDICH;, CuBr,
Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbOH and Ph3PbO

CuBl(zwb@!,ectmltz,&gu(m@)ge@a(ﬁo‘écgj bepyér deat Buald, RbH;0),Cu, AGNOs,
represents a phenyl group); al koxylead conmpounds and
AgBlg%g\l/%ﬁ%ﬁ%%ﬁ%ﬁ&qﬂ%@?éi [BUeRas (PRGN RICUEHROMR (WRBYein
acac represents an acetylacetone chelate ligand);
<Alkali metal complexes>

Alkali metal complexes such as Li(acac) and LiN(C4Hs)z;
<Zinc complexes>

Zinc complexes such as Zn(acac)z,
<Cadmium complexes>

Cadmium complexes such as Cd(acac)s;
<Iron family metal compounds>

Complexes of iron family metals such as Fe(C1oHg)(CO)s, Fe(CO)s,
Fe(C4Hs)(CO)s, Co(mesitylene)s, (PEtPh),, CoCsFs(CO)7, Ni-n-CsHsNO and

ferrocene;
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10 |l ead al l oys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and
Pb- Sb; |lead m nerals such as galena and zi nc bl ender

and hydrates of such | ead conmpounds; <Copper famly
F1050761 APSUodpfddY Sal ts and conpl exes of copper famly
metal s such as Cud, Cud 2, CuBr, CuBr2, Cut, Cult,

. Cu(OACJZICuéacac)Z, copper ol eate, Bu2Cu, (CH3O) 2Cu,
<ZIrcRYNBECOMRIEXREBr | si | ver picrate, AgOSHECI O4,

[ AUC=C-C(CH3) 3] " and [ Cu(.C/H3 4 (wherein acac
re%F@%’@H'ﬂ‘sCOJﬁP']QE%% 9%’5@?8&@6?@?‘&3 %ﬂ%g'r CYBES <Al kal i
met al conpl exes> Al kali netal conplexes such as

<Lewis gciddype a@@PRUNIEAHI) 2; <Zi nc conpl exes> 20 Zinc
conpl exes such as Zn(acac)?2; <Cadm um conpl exes>
Catlewisnacidsphetewis acid-iasmaiy Wangion metaleampaipRds,such as AlX;,
nmet al conmpounds> Conpl exes of iron famly netals such

TiXa, TN NR:( ZAXS, F e &6 SnXs 26hEeiCAHBP(SBrBs a halogen atom,
Co(nesityl ene)2, (PEt2Ph)2, CoC5F5(CO) 7, Ni-it-C5H5NO

an aciiky GRIUPOBRRKoxGProlp o ép AR deblis), KAN  <Zi rconi um

conpl exes> Zirconi um conpl exes such as Zr(acac)4 and

hESPNQSERSuNdsSLew s aci d type conmpounds> Lewi s acids
<0rgéhgq@ew s&g%ri] ds-form' ng transition netal conpounds such

?S béﬁ%—tigfcroeﬁé@emdg sifch % H3)YSRO CELR;, (C3H3).8RO CDEEHS,

sents a hal ogen atom an acetoxy
o AR PR S S O 08T,
Phash e AR o P B RS 3R ISP BRSO C2Hs)2, BuzSN(OPhY,,
Ph,Sn(OCHs)z, (C2Hs)sSn0OH, PhsSnOH, BuzSn0, (CeHi7)2Sn0O, BuzSnClz and
BuSnO(OH).

Each of these catalysts may be a solid catalyst fixed inside the multi-stage
distillation column, or may be a soluble catalyst that dissolves in the reaction system.

Each of these catalyst components may of course have been reacted with an
organic compound present in the reaction system such as an aliphatic alcohol, the
aromatic monohydroxy compound, the alkyl aryl carbonate, the diaryl carbonate or
the dialkyl carbonate, or may have been subjected to heating treatment with the
starting material or products prior to the reaction.

In the case of carrying out the present invention with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a high
solubility in the reaction liquid under the reaction conditions. Examples of
preferable catalysts in this sense include PbO, Pb(OH) and Pb{OPh)z; TiCls,
Ti(OMe)s, (MeO)Ti(OPh)s, (MeO),Ti(OPh),, (MeO)sTi(OPh) and Ti(OPh)a; SnCly,
Sn(OPh)4, BuzSnO and Bu,Sn(OPh)z; FeCls, Fe(OH); and Fe(OPh)s; and such

catalysts that have been treated with phenol, the reaction liquid or the like.
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Bu3SnOOOCH3, Ph3SnOCOCH3, Bu2Sn( OOOCH3) 2,

Bu2Sn( 000C1i H23) 2, 10 Ph3SnOCH3, (C2H5)3SnCPh,

Bu2Sn( OCH3) 2, Bu2Sn( OC2H5) 2, Bu2Sn( OPh) 2,
F1050ﬁ5ﬁ2@?f(fm¢%§52,w‘t2r|5)35n04, Ph3SnCH, Bu2SnO,

(C8H)28nO Bu2SnCl 2 and BuSnQ(OH). Each of these

531%\/@ 3/ aageme tgyieg\hoﬁ%\le&ry%&mapuﬁgvl fg%'ta%eesé Eﬁléﬁtlon

catal yst that dissolves in the act i ste
colunpien cafrmse@é thaPapgRt IRMTRYIGRe nt[r Ee ”?'BPO% Lﬂ]% SF%Q?e
been reacted with an organic conpound present in q1 .
distillatiaceolomns i@ vsesl suthe rresant iaveptiei FeMRIIEshsIS rttq%r & having a
aromati ¢ nonohydroxy conpound, the al kyl
pair of antiqhates 5 athevedand Pelovaa oyhadricad trunk rm@rtmra%kgvmg alength L
carbonate, or may have been subjected to heating

(cm) dn@ahnesite wWidmetdr® (ehpEnditaving enirtermal Gpifetiyeacking; 6-2: tray)
prior to the reaction. 20 In the case of carrying out

with & Hﬁm%éﬁéﬁﬁiagle@;\fﬁﬂﬂﬁréﬁﬁswet An@ haslagheoagétal faving et inside
di ssolves in the reactl on system the catalyst is

diam@eF e (AR %t ?ﬁl qU| HQ cBIUADBr irSah UBbf bortioh dfftiee column near to

Feaction er the reaction conditions.

the tﬁ%ﬁ%@& ngjet %b?@;}?ﬂa aﬁ%ﬁ%ﬁ%ﬁ% dQ%C 5 tﬁ@ B%ﬁom %f the
colungrliww?)o y i n@rﬂgmfg)t Ay @ymge@%ﬁ%ﬁfn&ﬂg% é@ez%%e inlet 3
ST s Yt e o

the like. 25 F105076 A0501 UPO5 KAN Fi g V\fS
outlet @nshattpastonainigt 4 B vidsast DB IRVERAQTES Et"%&%e column above the

distillation columm for carrying out the present
liquid owtiatt i biete et sbuan Figudwhioms ane enbgdimemtsifitng gonEpuous
colum 10 used in the present invention conprises a
multisstage tistidatiav colgmn apzordingftodhe ppesard sneeniisoy an an@ngement of
bel ow a cylindrical trunk portion 7having a length L 5
the iftefal adoaimites telthadiohfed.¢r D (cm), and having an
internal 6 (6-1. packing; 6-2: tray) wth a nunber of
st aggeoVel Y MRS nalld-dtage distingticrutdlainnlihaecogiranto the

inside dianeter dl1 (cn) at the top of the colum or

presbit iAleMRREMURPBE IRAuO o SRRAF OLNETS B8R itidSs so as to be able to
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 the diaryl carbonate per hour stably for a prolonged
period of time.  That is, the continuous multi-stage distillation column 10 according
to the present invention satisfies not only conditions from the perspective of the
distillation function, but rather these conditions are combined with conditions required
so as make the reaction proceed stably and with high selectivity.

More specifically, the following are required for the continuous multi-stage
distillation column according to the present invention:

(1) the length L (cm) must satisfy formula (1),

1500 = L =< 8000 (1),
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the top, a liquid outlet 2 having an inside dianeter
d2 (cm at the bottomof the columm or in a |ower

portion of the colum near to the bottom at |east one
F10507H1A6X503 URDSK&W ded i n t he upper portion and/or a

m ddl e portion of the col um belom1the gas outlet,
and at |east one inlet 4 OVI in the | r jon
o2 fhe e e siomssRraD B of IR o Pt SasTL RS (2
since Fig. 1 shows one enbodi nent of the continuous

mul ti - st¥k Hi Bt & 12800n col um accord?hg to the

present invention, an arrangemsnt of the internal is
ndB) tlrnema’t@dofttbetlmthdf cri)do the Issids digsreter Priem) of the column
continuous multi-stage distillation colum 10

must S&tady g4 ¢3), he present invention nust be nade to
satisfy various conditions so as to be able to carry

out not ponky|diptLl hati on but al so red@iion at the
same time so as to be able to produce not less than 1

L?(gll)‘?lflehg%lﬁr%ﬂé RRPRNAE §aﬁ§?f&%ﬁla%hﬁb|y for a

onge peri o of tine. Tha t he conti nuous

rrulti-st e<dbSH| gtion colum 10 accgsding 20 to the
present inventidn satisfies not only conditions from

he..perspective of. th t d
- aare FRES ol B Hreb il o (o] bERel AR e side
re uired t he rea ed stably and
diamipt i HTGhoDIECERT Grie) M EUSHUOT TRy, ¢ he
followi ng are required for the cont i nuq%gs%rﬁjlti - St age
di still a®i & Rb6FAurm Aecording to the prids
invention: 25 (1) the length (c nmust satisfy. .
f of@ithe retiy of nrmoms@eLdnamgwdD (am) o n* te algmoie t!&%s'@ade
UPO5 KAN (2) the inside dianmeter D (cm of the colum
diametes id, $a) of thef loquit oati¢Rinpst s@Gixfamal2¢®o (2), (3) the
ratio of the length L (cm) to the inside dianeter D
(cm of thel l/dan= BOst satisfy formu(&®.(3), 52 L /
D< 40 (3), (4) the nunber of stages n nust satisfy
f oiiaHRid B noted that the term “in an upper portion of the column near to the
top” refers to the portion extending downwardly from the top of the column to the
location measuring about 0.25 L, and the term “in a lower portion of the column near
to the bottom” refers to the portion extending upwardly from the bottom of the column
to the location measuring about 0.25L. Note that L is defined above.
it has been discovered that by using the continuous multi-stage distillation
column that simultaneously satisfies formulae (1), (2), (3), (4), (5) and (6), when
producing aromatic carbonates containing the diaryl carbonate as the main
component thereof from an alkyl aryl carbonate, the diaryl carbonate can be
produced on an industrial scale of not less than 1 ton per hour with high selectivity
and high productivity stably for a prolonged period of time, for example not less than

2000 hours, preferably not less than 3000 hours, more preferably not less than 5000

hours. The reason why it has become possible to produce the aromatic carbonates
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10<n<80 (4), (5) the ratio of the inside dianmeter D
(cm of the colum to the inside dianmeter d, (cm of
the gas outlet nust satisfy formula (5), 10 2 < D/ dil
F1050%6 140503 JPGNEANS) the ratio of the inside dianeter D
(cm of the colum to the inside dianeter d2 (cm of
t he Ii_qluid outl et must satisfy formula ((?_?., % < D/d2 <
on andodysyial scalewsbisuchexestient qifests Pyanplemanting 1BE ApERTS
portion of the colum near to the 15 top" refers to
accortiing tpdné possent irereditiog islorhalead|but thisis suerasss terbg due to a
colum to the |I|ocation neasuring about 0.25 L, and
combined éfRyotrbrougha dbawewhparthe conditionhef due fommuiasat!) te ¢6) are
the bottom refers to the portion extendi ng upwardly
combfre@m tF'?@fé?lefeQﬁhgés férehe obspactivedatives Arcatsaibed below.
nmeasuring about 0.25L. Note that L is defined above.

't i 03158 esdi 1RSR VIEDOtHMAheBorBIdieh HBEreesas iandatis not
mul ti-st'age distillation 20 colum that

possi?%%%{%ﬂf@ﬁ?hé\f\ﬂé% btﬁdggﬁonﬁ anfBtfe M@reo&e?'z)t»o KeBp dévih the

ucing aromati c carbonates
vl 255 Fuh 5 e CORABBRE RIS BT prmaRch
amougto PEGGiTe LImPshPR Bl PR o S ALt A fyee
prefe?a?tﬁ@?;gg?ﬁ cg')(ig&%%ﬁ)lé\s“ t Oftgglg_l y@%’d@wgm%sfeéi g808fbeing

preferably not |ess than 3000 hours, nore preferably
yet muoe prefesablaan 5000 hours. The reason why it has

becone possible to produce the aromatic carbonates 27
F10ED [6mpaSRss RS 18@Nhen itis riatgessibleato attain ehedepired
such excellent effects by inplenenting the process

prod @EReT sibant, 0 Mbeoveetekkepricat inereduspment cogavhilepattaining the
this is supposed to be due to a conbined effect

desirBHqeBLctRRPahouRe D gt Bendhdd anbe et iiuee tioamiDae. (&)more
to (6) are conbined. Preferable ranges for the

o SRR T R 150, 0 SRR 101 e s
morei Ere'?é)rtabb.

if L/ D is less than 2 or greater than 40, then stable operation becomes
difficutt.  In particular, if L / D is greater than 40, then the pressure difference
between the top and bottom of the column becomes too great, and hence profonged
stable operation becomes difficult. Moreover, it is necessary to increase the
temperature in the lower portion of the column, and hence side reactions become
liable to occur, thereby bringing about a decrease in the selectivity. A more
preferable rangeforL/Dis3 = L/D = 30,with5 = L/D = 15 being yet more
preferable.

If n is less than 10, then the conversion decreases and it is not possible to

attain the desired production amount. Moreover, to keep down the equipment cost

while securing the conversion enabling the desired production amount o be attained,
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possible to attain the desired producti on anmount.
Mor eover, to keep down the equi pnent cost while
securing the conversion enabling the desired

F 105086 odai WP0S_#ddunt to be attained, L nust be nade to

be not nore than 8000. A nore preferable range for L
is 2000 < L < 6000, w 00 < L, <.5000,b
nmus&@eyreadm pegd reeradhan &0 L e aﬁere‘baﬂ 80, then
then it is not possible to attain the desire
the presednectifferereaieivecvine tyernd battREH tB@\l\?ﬁ"Lf'ﬂ@ becomes too
equi pnent cost while attaining the desired production
great satihencéDpralsigdzbstantieoperation heromesdlifiicall. 2bpoeoyer, itis
nore preferable range for D (cm is 150 < D < 1000,

neceé@ldrwlﬁ 1@ PRreade thedBpeeatnge jrethe Ibvenpodiqor ef teeatslwnn,| and hence
Dis less than 2 or greater than 40, then stable

side r%@@ﬁé’ﬁé BEcHBE GaBR totbddur GHEfebylbrirRid Bbolitea detfease/in the
i's greater than 40, then the pressure difference

selecﬁ@b}"’eeﬂ'mtopg P&@rsﬁ:ﬂg r?ﬁ% d pIPPl fahes ol umpbgremes £ ap = 50
and ence ged stable operatl on becones
d| f.fic over i S necessary to increase the
belngz)oettrgﬂr%eérg{%?é%l n the Iovver portion of the colum, and
sji de reacti I abl I er
br g Ay SR deRFenss %%'rerﬂ%‘ﬁ Gt BeBGfits nigfho f¥eover
preferable range for L / DI
largejanppunts Hf B@ﬁﬁ@u%?mﬁ’ﬁf‘smsp?r&frs?ﬂ‘ﬂ)‘f %e'e??e%‘oﬁgéﬁe“sﬁég E’ékhe
10, then the conversion decreases and EE%'a than 15,
systepnsarichhencepstable eperalian breomesi Jigigulbr o b\% %[ﬁﬁtﬁ{t an
Mor eover, to keep down the equi pment cost
then ﬁm:gaserg.lst tmponsdngitmiaeahdinongt PReCHes |r?|@HV9|Y |°W and hence
production amount to be attai ned, 28 F105076 A0501
stabloReriti bedcoraes Uéf;mltjeandanbmqvet ardeceeadwain te.conversion is
Furthernmore, if n is greater than 80, then the

broughestsalite Airhbey sreserabhs meee foh® tapsans HoDtioth ¢f thevith3 =
colum beconmes too great, and hence prolonged stable

D / P! ARG EORBRe HidiEiai. . Moreover it is
necessary I ncrease the tenperature in the | ower

Pont hay,8 1dneR! TRen e8Pt cost becomes high.  Moreover,
the liquid withdrawal amount becomes relatively high, and hence stable operation
becomes difficult.  If D/ dy is greater than 30, then the flow rate through the liquid
outlet and piping becomes excessively fast, and hence erosion becomes liable to
occur, thereby bringing about corrosion of the apparatus. A more preferable range
forD/dris7 < D/dp = 25 with9 = D/d; = 20 being yet more preferable.

Furthermore, it has been found that in the present invention it is further
preferable for di and d, to satisfy formula (7):
1= di/d =6 (7).
The term “prolonged stable operation” used in the present invention means
that operation can be casried out continucusly in a steady state based for not less

than 1000 hours, preferably not less than 3000 hours, more preferably not iess than
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5 side reactions becone liable to occur, thereby
bri ngi ng about a decrease in the selectivity. A nore
preferable range for nis 15 < n <60, with 20 < n <
F105080 AMSONNgOeKANDre preferable. If D/ di is less than
2, then the equi pnment cost becones hi gh. Mbreover,
| arge anobunts of gaseous conponents are readily .
5000 heliaaxitUl 61aaBne Bt BIPIND, SO% AR a“%osos%t%‘rﬂe & Rresgiibgdamount
st abl e operation becones difficult. If D/ d‘?]/{Fi S,
of theghiargt earbohate a8) bemsadudasl whke BIRNEETHS AN SPtHEYanal
amount becones relatively | ow, and hence stable
opk chhianteisticdratureiof thepiasenhintenter i/ ket theidierd gagonate
in the conversion is brought about. A nore preferable
can bEPEGudE stBbly 1t aiFoRnGed derioddd trmd fithwiigin selectivity and with a
< 10 being yet nore preferable. 15 If D/ d2 is less
high 6rBBUct5vitlytJf%tQéb% {BEHIPIRBerdRtl, Hretaably Mmitdéss than 2 tons per
Moreover, the liquid w thdrawal anmount becones
t oy OPRloAd VR, arfBBONES
hour’E{ﬁgiﬂééﬁ%”?f%l?%aﬁ?}%ﬁgiiwoﬁﬁanMSO, then the flow
rate thr I_quj.g: - - DiHRI D
charaé;%{és&g:?%%i;ﬂ@gpg&ee’ ﬁHg%ghﬁlnngfléﬁE Radirpine C%&ek{ﬁ_gpgf%, It_.éD, n,

ence erosion becones lia

o, S5 BT PR S ERELASPoRBi PRgy e v

<D/ d2 25, with 9 < < 20 i ng, yet

formylaet 62000 22 Liey BRBPmoRS0 Fr Ohaa bATh TvmaL (a3 15 =
the present invention it is further prgferable for qq

n =&l @5to it fsfy 12r G (75 O/ d:gE 2oEseegliyely, notless

The term "prol onged stable operation” used in the

than Brteseper houe préferable antlessihamatd K5SRAT BN dRATe,Rreferably not
carried out continuously in a steady state based for

less theih 3 888 périraur B8 Hizuylsarpordtecabl e pduceds FHERermore,
3000 hours, nore preferably not |ess than 29 F105076

anothSahbrsBaE s A 00 faY e vérit hiowdntioindg ghatgn tfie page tigt L. D, L/
erosi on and so on, and a prescribed amount of the

0, FLAFADRFL S e ELEGTA S Ui s patt e
folloRiGFBMhula2Y 88bboR | S Rbot heodi aryd casbonases L/D = 15,

20 = n <50 3=D/di =10 and 9 = D/d = 20, respectively, not
less than 3 tons per hour, preferably not less than 3.5 tons per hour, more preferably
not less than 4 tons per hour of the diaryl carbonate can be produced.

“Selectivity for the diaryl carbonate” used in the present invention is based on
the alkyl aryl carbonate 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 95%.

The continuous multi-stage distillation column according to the present
invention is preferably a distillation column having a tray and/or a packing as the

internal.  The term “internal” used in the present invention means the part in the

distillation column where gas and liquid are actually brought into contact with one
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can be produced stably for a prolonged period of tine
with high selectivity and with a 5 high productivity

of not less than 1 ton per hour, preferably not |ess
F10507RaMOPOt BRISFAMN hour, nore preferably not |ess than 3
tons per hour. Mreover, another characteristic

featpyre of the present i nt i ' '
anotroc At i T Bidippida YUEGRE-<3R <, e b AP . =
continuous nulti-stage distillation caolum satjisfy._th
countpglaiPes SUBPHIACESY, SRz [EYeB0hE TKEGHS iR 4G, As the
3<L/ D<30, 1510 n <60, 2.5 <D/ d, <12 nd 7
packirg (2 rangom packisgpaehiases Rasebig g @ Lesing Qngoﬁ?aﬁémgi a Berl
hour, preferably not less than 2.5 tons per hour, nore
saddipy eféntatxysatstie, 4 Beon proking, toMeMahonheasking o Heli-Pak, or a
di aryl carbonate can be produced. Furthernore,
strucaned backinh auah taarMelapaki Genopak, TECHNGpPAKe FLEXI-PAK, a Sulzer
invention is that in the case that L, DO L/ D, n, D
packingda GadtitolPphckiRg i 4 BHtaboiti arequisforablel - Thegaulti-stage
distillation colum satisfy the 15 foll ow ng fornul ae:

Lwith B packing catPalso b
coiunﬁr@g\é@?'-%&%%%g%: pér@i%gfariaanﬁpgﬁgﬁh d)';ici?g v 20’@ g caPalso be

used’ SRS %{sh% te tnunk@%iﬁ@i?@b?ﬁ?%%rﬂﬁferhéﬂ”'Used in the present

pr ef er abl ess t S per hOUf, nor e
er1 560 V1 LGSR0 WLl M e
neoRCalafBEE BSes 0 AT, TMBRUEO e ot e

present invention, a high selectivi of .not ess .
multitgiage ggbyeaRayeadot (e BaY Bottian 5%-} B%Patﬂ%?k‘ﬁgtwﬂh the

| ess than 97% nore preferably not |less than 99% The
packingnti means thauswm-af thg gvtai RUMPEREET BAY T 8Nd thf glifah umber of

to the present invention is preferably a distillation
stageobifime pewkingg a tray and/ or a packing as the 25

internal. The term"internal" used in the present

i NVEHE fezittion desvédrethzaalkyl aryt tarbdnstd dmditheoaroomtiom

where gas and liquid are actually brought into contact

monM\Md“roQ%ﬂ@on‘%@uﬁ@%@g&t/?ﬁ@@éréMBn@Manm trex preent ineention has
tray, for exanple, a bubble-cap tray, a sieve tray, a

o oy oP R S Rered P e bt oy o
Furthermore, the disproportionation reaction of the alkyl aryl carbonate that is the
main reaction is also an equilibrium reaction, and has a low equilibrium constant, and
the reaction rate thereof is slow. It has been discovered that the multi-stage
distillation column having both the packing and the tray as the internal is preferable
as the continuous multi-stage distillation column used in the reactive distillation for
carrying out these reactions in the present invention. It is more preferable for this
distillation column to have a portion packed with the packing provided in the upper
portion of the distillation column, and a tray portion provided in the lower portion of

the distillation column. Moreover, in the present invention, the packing is preferably

the structured packing, it further being preferable to use one or more thereof. The
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packi ng, a random packi ng such as a Raschig ring, a
Lessing ring, a Pall ring, a Berl saddle, an Intal ox

addl e, a Di xon packing, a McMahon packi ng or
F1050¢@M\0$ékup%5—@'\5 structured packi ng such as Mel | apak,

Genpak, TECHNO PAK, FLEXI-PAK, a Sul zer packing, a

stroctit petng B elitafly orks e B e RRRR B

ortion a

orti
consifitia of MeMaeaimG st ToePNORAE B IPAR, 7 $EERs gRkRo. =
used in the present . invention neans that the total
Goodelhpegking aﬂﬁé'y@'tPHQ’f'%e case of a tray, and the 10
t heoretical nunber of stages in the case of a ng.
ThEushemegre it nalsdasasdiservarne thahfof theseyinueys lﬂW\ltl -stage
having both the tray portion and the portion packed
distillafigrhcolomn peskding, torhenpearsent frvestion o sidve tray Baving fogeve
of trays and the theoretical nunber of stages of the
portid?agid Bdowiheomenpbition ibgavirnarihereitraple as e tay bbtret ieternal
and the aromatic 15 nonohydroxy conpound present in
in terﬁﬁeofrtﬁé?él'aﬂﬁnﬁﬁ%m/ééh bBFoRhaseN hnt R¢GIPment duas  khas also
extremely low equilibriumconstant, and noreover the

been dﬁ?t%\)epé'd it $néd SieSb Wy prafrbBRHEY €50 (19000 holes/m in the sieve

sproportlonatlon reaction of the al kyl aryl

porticH bR @%Q%?atﬁl?lnyﬁ% @ rﬁyléﬁ@ Zc% ) ﬁ&:l%@/nﬁm yet more

uil | reac as a ow equl I brium

\ the oreact

Pref%%]yﬂz’ﬁﬁo(ﬁ%@ga%?@a ¢ Ry eBRe! Rifas S Egscb e that te
dlstlllatlon col avi n kln and t

crosy-pagiions! ArRa peft BRIRAT 11 8?@3/&&%9“85%‘3' 3¢ghoe Hugf gq 05105
, multi-stage dlstlllatlon col umm u§§§ éﬁ ‘%ea gt

cm?’. diATiare RreTeralile Crossarasfiong! 8iRa RA eﬂseg oghEM, ny‘i-tﬂ@ore
pr esent |nvent|on It is nore preferable for this

prefatablyi0.9 40 Bamtolfuhermoranithas B@emdmoysa@étﬂwwﬂﬂﬁ Mye
packing provided in the upper portjon of the

prefatalsle if thet siove tral tnas, 10t 0G0 yleptontindhe siews pritionnand the
the lower portion of 25 the distillation colum.

cros&/BEERNRY aréd pbhRoleris e atrahgy @ffroon).Sttoes palki Rgrthermore, it has
preferably the structured packing, it further being

oo B SR AL R TR e i e
one sER8edREMIHBGroG) BohE g BMMENSpEK, Whmpak, TECHNO-PAK,
FLEXI-PAK, a Sulzer packing, a Goodroll packing and a Glitchgrid, and the sieve tray
has 100 to 1000 holes/m? in the sieve portion, and the cross-sectional area per hole
isinarange of from0.5t0 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.

When carrying out the present invention, the diary! carbonate can be
produced continuously by continuously feeding the starting material containing the

alkyl aryl carbonate into the continuous multi-stage distillation column in which the

catalyst is present, carrying out the reaction and the distillation simultaneously in the
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consi sting of Ml lapak, Genpak, TECHNO PAK, FLEXI - PAK,
a Sul zer packing, a Goodroll packing and a

ditchgrid. Furthernore, it has been di scovered that
F105076rAQSed WRfiffidbus mul ti-stage 5 distillation colum

according to the present invention, a sieve tray
columa ppnguiesatg vparey e AloR by fhe BV, FefEbndihd i Brfaining the
produeqd i caRRTa e AN SO AN U ParsRaYERdl (ORGP LN 2

sieve tray preferably has 100 to 1000,ho|es{n2 i.n the
gaseaisehosm, pod cooknuaushyithgrawiap aiigh Ralng PYRT igcdgnnuxture
120 to 900 hol es/n2, yet nore 10 preferably 150 to 800
contalmihe sforBatidbarsovates tantaininderdiaivé cathanade apdee fein product
cross-sectional area per hole of the sieve tray is )
thereidr fedratad lawempartivangehetolumominta Bawid ferm.c nPhe Aownipoding point
preferable cross-sectional area per hole is 0.7 to 4

reactoffmixife MBY ContirthAr=wl Bnfl chdraard thelarofmatictreonainydroxy
It has been discovered that it is nore preferable if

i t: p . . :
complgaglﬁtdﬁir@é’@rg HQ@%{% g?ﬁtgﬂrp Qrr&akBA GNP bR (cafbdrinté Radscese

ion, cross-sectional area per hole is

Morebg%ﬁtrgfl@%ﬂ t%i!irgd ?ﬁg?r%&iﬁnﬁn&f@e &Y EBSEIPIH aldmdiRs

overe I's yet nore preferable if the
tructured packing i f d firPRuId b
monqiyaraerm B i rgtish AN A ARroedE G SERAR U be
FLEXI - PAK, .a Syl zer packjr 0 (o ] a :
notedsia chyAISi oAt Ppve S ting Ry BT R He Qarting
holes/n2 in the sieve portion, and th ross-secti onal
matesipbaaysront@indhe gigleyl icar %Pr}aé%éied&#cqfi%% .ajetf‘aag“oé}r@fc’d”ds’ the
It has been shown that by adding the above gon i%i ons. h
aromatictrhenaysroxnuoespaund, thetdigy! errdenpiethe AlkYbPIRING WY
obj ect of the present invention can be attained nore
boilirepsbiny reastien byapnogiunts and se ha. plaldsatintorransidesation e
diaryl carbonate can be produced continuously by
equisPBhi an@usbyreheretgr sdpmratian andguniicatiorain bt pigfesges, when
the 25 alkyl aryl carbonate into the continuous

actudM) tipi&faaengitisé bldsint Mvepbh Mdusirisiy iths prefecalafydhe starting
I'S present, carrying out the reaction and the

matdfjgtid bbalalrP Sl Bd e B Slish bmbBEndsi2. FL05076 A0501
Moreover, in the present invention, a process in which a reflux operation of
condensing the gaseous component withdrawn from the top of the reactive
distillation column, and then returning some of this compenent into the upper portion
of the distillation column is carried out is preferable. In this case, the reflux ratio is
in a range of from 0.05 to 10, preferably 0.08 to 5, more preferably 0.1 to 2. Inthe
present invention, when continuously feeding the starting material containing the
alkyl aryl carbonate into the continuous multi-stage distillation column, this starting
material is preferably fed into the distillation column in a liquid form and/or a gaseous
form from infet(s) provided in one or more of the positions in the upper portion or the

middle portion of the column below the gas outlet in the upper portion of the
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col um, continuously withdrawing a | ow boiling point

reaction m xture containing the produced dial kyl

carbonat e and al cohol fromthe upper portion of the
F1050£81 ApR0 1 WPQP_KgdSeous form and continuously

wi t hdrawi ng a high boiling point reaction mxture

. .. containing omati c carbonat es I Ni I ;
distillatigneplumg:- a@i?rﬁgv%| e&%sdla%ﬁw%(&%ﬂ@ﬁ@lﬂ n&glr‘@%ert]%é&? ﬁJ'\/\?ePaCkmg
_portion of the colum_in a liquid form The |low ..
portiopgn the grper pertiopdaetsch aNAithe did¥ RRRIOR Hh?‘&‘hﬁwﬁﬁ PRIty thereof,
aryl ether and the aromatic nonohydroxy . co u%
whichpis espiisferatle embsglimenhof ihe PaeIesd InHEaRYPNal i PISARIFbIfLcE at Ieast
and so on. Mreover, the high boiling point reaction
one poisitiomraf theynleblot e pravidedbeiwesindhe ingde@rkégn and the tray
conpound, unreacted al kyl aryl carbonate and so on. It
portichh O HLatHeembpe rinties chbathatdise panking medtsesdyvoi er more of the
addition to the alkyl aryl carbonate, the starting
structiPé & phakingBYit BYstefirAblefer theainkstlto Garpdroniaied iardsgEcediaiveen
that are reaction products, the aromatic nonohydroxy

) syl carbonate, the alkyl aryl ether,
e pEPIRN el

point reaction by-products and so on.

:Zmlﬂ%eéfé%gng PUShESH aht %‘etth of ?f?élﬂém c&BfsEB8present in the

o\rmsepar at’i on an | . | R ot her
ey e R e L

startin terial t ontain small .ano S
the CBMS i BSOIRUTEds o ioah b EeaRe AT g B ERamplo. 2
process in which a reflux operati ?n OL ondensiI ng t he
methgelde WECTE BiRpEAalet (i TDsch BRKCTPB FPLIRY P ObPXERIE. eing
reactive distillation colum, and then returni n% s%rre
instaliéd phiasplataipsitenthe) spndinupes oppésiaas disbiatog erlupRor being
distillation colum is carried out is preferable. In
instatidd & thesfermtdféhe eEkingr atn thei easd of axcatahgé that disssiyes in the
0.05 to 10, preferably 0.08 to 5, nore preferably 0.1
startihg rRaterial bhthe Raetemtiqiidy @ preferabreto feedtthewatalyst into the
feeding the starting material containing the alkyl

distilBtivh CGRIRARAINE al pYsftidhabe@ninentidte puttion-sittagedistillation column.
distillation colum, this starting material is

In th‘%&%s%r ?rigo%%fagﬁ(tj}i%\?ie did@idin thbaka@iRg $eAteRBI biMreaction liquid may

iquid a gaseous 25 formfrominlet(s)

oo LA RIS LS e e
introgagec? Hnttg %twe icglutmhnefrgﬁlp 5 Hif%%llwti idft ﬂforﬁ H’l% ﬁgrting material. The
amount of the catalyst used in the present invention varies depending on the type
thereof, the types and proportions of the starting material compounds, and reaction
conditions such as the reaction temperature and the reaction pressure. The amount
of the catalyst is generally in a range of from 0.0001 to 30 % by weight, preferably
0.05 to 10 % by weight, more preferably 0.001 to 1% by weight, based on the total
weight of the starting material.

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

invention is considered to equate to the average residence time of the reaction liquid
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F105076 A0501 UPO5 KAN distillation colum. Moreover,
when using the distillation colum having the packing

ortion in the upper portion thereof and the tray
F1050%6.t/l\¢594 VRO &N ower portion thereof, whichis a

preferabl e enbodi mrent of the present invention, it is

_ preferable for, at l.east. 0 Si t] . ' t.ot O
in thefionRare B Gatea SO opaRi il pabETsRcudTfrR e °
portion. Furthernore, in the case that th ackij
deperdinpndbs RpOGNaBIENgrnEs the chsbeive tOfaBkpHg % ppmber of
is preferable for the inlet to be provi deq {n g _space t
stageBethmemmountiedgnierthe ol ©f theysiaaing mptergl nthekype and amoun
present invention, the nmethod of naking the catal yst .
of thebeatplyst ¢ne réactioneconcitinrisnaodsorar. t i The eastian dime [ssggngfally in
columm may be any nethod, but in the case that 10 the
a ranFatoarmat it ta Ebhourst pedfeiably GBS tolf bours, musenseieralely 0.1 to 3
iquid, there is, for exanple, a nethod in which the
hourcatalyst is fixed inside the colum by, for exanple,
being installed on a plate inside the continuous
Mulrhl- it rbhbivefies AepBdRig dretrgtypnsitiad beting
thL,[Hfaor_ré%jnélg?1 ?@%ﬁtﬁ ng. In the cgse _o;;é gpcatsgl yst
i ! € The reaction
matebé@%@ﬁ%ﬁéﬂ%ﬁ%@%r{&ﬁg tgé@? Hj%%@itgfffteegﬁgarl]% cat al yst

erera
i he 15 distillat] frQ5pe8 PoSistd
emebfut B L PR S RS Do et
v B N 0 b LA BB e escion

i ntroduced into the colum together with the st rti%& le
tempgeatere i toodighdpepsidg FRACHA0S BECP NP DB ST OF FERITR
different inlet fromthe starting rraterial.s;l']ci?}e :
prodactinmef ky-protiicinsatly 8¢ Figs deamangrmppreR@RHCisRIdhe i digry!
vari es depending on the type 20 thereof, the types and. . .
carbpnatpartd amslkyf atyhetheraand agterspamicands dhgreohmsreagns, which is
reaction conditions such as the reaction tenperature
undexitdbldhe Farahisireason dbeweacticthienparahire ipreafermbbairad yange of
is generally in a range of from 0.0001 to 30 % by

fromWeI oot 280P1Ce nedrePrkfer QY51 SO0t o1EBBACh yetwriogd breferaldy 180 to 240°C.
preferably 0.001 to 1 % by wei ght, based on the total

Mor%/%}reg{‘the%a&ﬁ% Steklidgar®y 88péhding en The tymact thersthitimg material

e transesterification reaction carried out in

comHpd B RSO SBT RS LRI iR piprssuoh
temperature, and so on. The reaction pressure may be any of a reduced pressure,
normal pressure, or an applied pressure. The pressure at the top of the column is
generally in a range of from 0.1 to 2x107 Pa, preferably 10° to 10° Pa, more
preferably 5x10° to 10° Pa.

The material constituting the continuous multi-stage distillation column used
in the present invention is generally a metallic material such as carbon steel or
stainless steel. In terms of the quality of the diaryl carbonate produced, stainless

steel is preferable.

Hereinbelow, the present invention will be described in more detail with
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34 F105076 A0501 UPO5 KAN in the continuous
mul ti-stage distillation colum. The reaction tine

vari es depending on the type of the internal inside
F10507 ARGt VPPt Adh col uim and the number of stages, the

amount fed into the colum of the starting material,

t he type d.a nt of the catalyst, the re |
referagGRdp e FAIOVARE EXGMAICS A1 T AT v Sl 1o the
in 5 arange of fromO0.01 to 10 hours, preferably 0.05
following ExBOWeS. nore preferably 0.1 to 3 hours. The
reaction tenperature varies depending on the type of
Exampihes starting material conpounds used, and the type
and anount of the catalyst. The reaction tenperature
i sAgenegen tyntent was aneg@suwéd foyonean® of an 3sochromatpgraphy
preferable to 10 increase the reaction tenperature so
meth&é8. t 0 i ncrease the reaction rate. If the reaction
tenperature is too high, then side reactions becone
Examdi@lt e to occur, for exanple production of
y-products such as Fries rearrangenent products of

<00r&m§oe'gmh-st Begﬁét%@émuﬁﬂ>al kyl aryl ether, and
ester conpou st

ereof 1ncreases, which is
undesi rabl e, - Lhi r otk SWRB L =
AP il P s R el A0S0 1 BT Raidng
prefera 15 260C,_y re_ e 80
3100588 R B0 ! Do BavaD g cotarecan (g 117 was used.
depending on the type of the startin erial
In thig &@M@:@%%”%Hgfﬁﬁo é@%%@?ﬁ%?ﬁ‘b@otgﬁ@e& &l Rymber of
material, the reaction tenperature, and so 3§Q'Th%
stagese it weie ipsaliedrr thyrper stoafafad Hagsiews gy davinghe
normal pressure, or an applied pressyre. The pressure
crosssetiienal apeapet helegef|approximapely Jehemalang @ AUEDes ofeokys of
fromO0.1 to 2x107 Pa, preferably 103 to 106 Pa, nore
apprpxiefaeig 50/m% 128 wsedlidShBdowdhpomiener i al constituting
the continuous nulti-stage distillation colum used

<Reddtivieh@sirgioast invention is generally a netallic
mat eri al such as carbon steel or stainless steel. In

terAnigiird BEn@iahd i BfoyiREight af Met®aphenglt carbonaiecthdt had

stainless 25 steel is preferable.
been obtained by subjecting a mixture containing dimethyl carbonate and phenol in a
weight ratio of dimethy! carbonate / phenol = 1.3 to a transesterification reaction was
used as a starting material. This starting material contained 26 % by weight of
dimethyl carbonate, 6 % by weight of anisole, 48 % by weight of phenol, and 1 % by
weight of diphenyl carbonate, and further contained approximately 100 ppm of
Pb(OPh), as a catalyst. The starting material substantially did not contain halogens
(outside the detection limit for the ion chromatography, i.e. 1 ppb or less).

The starting material was introduced into the continuous multi-stage

distillation column at a flow rate of 66 ton/hr from a starting material inlet installed

between the Mellapak and the sieve tray. Reactive distillation was carried out

continuously under conditions of a temperature at the bottom of the column being
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Her ei nbel ow, the present invention will be described
in more detail with 35 F105076 A0501 UPO5 KAN

reference to the foll ow ng Exanpl es, but the present
F10507pnARROTIdHIPIS KAt |inited to the followi ng Exanples.

Exanpl es A hal ogen content was neasured by neans of
an i on chromat qgra 5 netho e_1: : ;
210°CpieraigLe Betop Lt eSuTE Priad " Ear ahia refux ratic being
continuous nulti-sta distjllation cplu a h i
0.3. f\eRs PoRableny altain stlp SIGAVEIBGPRATRILY Al 24 gy ' The
D/dl = 3.85, and D/d2=11.1 was used. 10 In this % b
liquidepatiplieyshawitheeawn frephie betign sk ke splup PaAPaIne 374 % PY
t heoreti cal nunber of stages 11) were installed in the
weighip efethpirgheny) cambnateasd 6 Vr by weightraj dipreenyl carbonate. It
cross-sectional area per hole of approximately 1.3 cnR

was f8i6d thaturb emaint s dasherly| canmonate prodeiced 250n Hee meshy! phenyl
used in the |lower portion. <Reactive distillation> 15

carbdha (gbﬂhsu:c%& & 18 ftths1 8 THebselvetivithtfoofhendiphghy| raebyiate based
carbonate that had been obtained by subjecting a

on th%r{%tﬁ&?pwgb | sl ramiby wasasdpmnat e and phenol in a

rati‘'o of di nethyl carbonate / phenol = 1.3 to a

L POSBIbEL L0 0f B S o3 AGery g doions.

oo 80 R D 08y R 8, 00 o
s000dasohn Brlre: abo soRiodio parepAfianily S8bidRbay el

R Ll Sebetanl el £, 0 SO et 0 tons

chromat ography, i.e. 1 ppb or less). The starti ngi; L
5.13 tensra. W tawss 5.1 tansueed 5. he tonsvesesaivahuaingl the sefectivities were

multi-stage distillation colum at a flow rate of 66

99%! 8AYh09Ps, B8%, sndPBYnpespectvelalandhenca thetepgrabon was very
stable. Moreover, the aromatic carbonates produced substantially did not contain
halogens (1 ppb or less).
Example 2:

Reactive distillation was carried out under the following conditions using the
same continuous multi-stage distilation column as in Example 1.
<Reactive distillation>

A mixture containing 21 % by weight of methy! phenyl carbonate that had
been obtained by subjecting a mixture containing dimethyl carbonate and phenol in a
weight ratio of dimethyl carbonate / phenol = 1.9to a transesterification reaction was
used as a starting material. This starting material contained 32 % by weight of
dimethyl carbonate, 5 % by weight of anisole, 41 % by weight of pheno!, and 1 % by

weight of diphenyl carbonate, and further contained approximately 250 ppm of

Pb(OPh) as a catalyst. The starting material substantially did not contain halogens
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25 between the Mell apak and the sieve tray. Reactive
distillation was carried out continuously under

conditions of a tenperature at the bottom of the
F1050ZRIARBR 184707y KABE F105076 A0501 UPO5 KAN 210C, a

pressure at the top of the columm being 3x104 Pa, and

. ef lux rati.o.hei . 0. 3. j bl in
(outside iy eeleebayuc'at Bist drrbint AtEeRPIF o & e

liquid continuously w thdrawn. fromthe.bottom of

oM mbleEgr AR psinty couith e GPiradai M fiesipRe
~_carbonate and 55.6 %F%)vvei ght of di phenyl car%gnate. led
distillationscaliarsnfad infiow rate afifO tepbinftosa %F?EW&%‘P‘%&%‘ papgtalle

produced fromthe nethyl phenyl carbonate per hour
betwesasths. Méllapaksandrine sievebayvi Reattive distliafigsrwag carried out

carbonate based on the nethyl phenyl carbonate

contiril@ashethdadeibonBrallategattretune iah tlribolbpraraiithe solumn being
carried out under these conditions. The ambunts of

205°¢li ngﬁﬂs‘éhrééf henabefpneduresh beinglmul*da, 0@ dceflux ratio being
2000 hours, 10 4000 hours, 5000 hours, and 6000 hours

| laftdi g Hoves. Th
0.5. glf\tggg r@lﬁs‘sﬂilé‘E&Sttﬁh%@étﬁe%&ﬁg)fstéteﬂb@er(aﬁm i ng &

car bonate contai in the starting material)

quuid@@n?o&éy%%rawﬁ fﬂﬂ%} R Bottom ¢t theReluntn &8nfafitd 382d% by

ons’respectiv and the selectivities were
. 9905 990 990k % % & ©F ; i SHRRNate. It
wagk?tipfr%%@ygw |\ﬁ§§3c%nea?€gn§% a&[ﬁe/.8 Bméé%}\?ﬂeér(f,m he 3}z?lr omat e
car bonat es prodyced, subst ant.i al | ' t '
was (RANEJBRSTE Ao G i Sapape pidlegf i B ibinsibhenyl
distillation was carried_out under the fal|ow,n
carbaisielPeEr BRYT WESHo0® FRNS. s a8 SeJREY H){Jagﬁ?ﬁﬁ?t‘?%'a%ébonate based
distillation colum as in Exanglne 1. <Reactive
on thetirsetinyl ploeoyi saponztaireacied Wasn¥@oni ng 21 % by wei ght
of methyl phenyl carbonate that had been obtained by
sulfirelcnged contnmows epemiivai wihgariesea s yndea thRseRQnatians.
phenol in a weight ratio of dinethyl carbonate /

The gfe0als &f dipRetyd cartidrens psodudeld pethanm at&QOthaums W0 hours,
used as a starting material. This starting materi al

1500CIR6liral Pech Béufé, By dwEDowE after attaining stable steady state
(excluding the diphenyl carbonate contained in the starting material) were 8.06 tons,
8.07 tons, 8.07 tons, 8.06 tons, and 8.07 tons respectively, and the selectivities were
99%. 99%, 99%, 99%, and 99% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did not contain
halogens (1 ppb or less).
Example 3:

Reactive distillation was carried out under the following conditions using the
same continuous multi-stage distillation column as in Example 1, except that the

cross-sectional area per hole of the sieve tray was made to be approximately 1.8

sz.

<Reactive distillation>

38



10

15

20

25

di met hyl carbonate, 5 % by wei ght of anisole, 41 % by
wei ght of phenol, and 1 % by 25 wei ght of di phenyl
carbonate, and further contained approximately 250 ppm
F105066_AQa9( P2 K4l a catal yst. The starting materi al
substantially did not contain hal ogens 37 F105076
A0501 UPO5 N.(o ide th ' L.i- 0
" dh ke Re R b Y 2 wegpbEt N BnehlT arbBhetetfial had
material was introduced into .the continuous :
been phtained Py gubiegling AIMXIYrE FONRINING ‘if”ei“ﬁﬁs’b@’?%ﬂ"% agd Ripnol in @
ton/hr froma starting material inlet installed .
weigrbeat@@@hdimeéhm@aﬂa@fa?@egmeﬂﬁb=§i-%%attW?s‘ﬁé'QE?i'%reHCt'O” was
distillation was carried out 5 continuously under
used asadstaitmgsmateril.t ehipersiarting rmteﬂabccnﬁemﬁw?%f % e weight of
columm being 205C, a pressure at the top of the
dimetpgl carboheieng Bx\OdeiBht chanisaler éB|%byrweight ptphgnolpamd 0.5 %
It was possible to attain stable steady state

by welgR! &tdiSmeriyl carbothtd cfurifle cohiainediapprokimatelys?0 ppm of
w thdrawn fromthe bottomof the colum contained 36.2

| of tdhyhinB e aNriar auaaatflyadid o cBntdirbiialogens
Pb(o\%%ﬁ ﬁ?fa%g?%herwl% ﬁcgﬂrnggnate.lalt 10 was yfound that the

t ' , F P & hyl
(outs R octeat MR Kor (58t B ROGPABET b PBLD o7 sl
selectivity for the di - d R
et Rgis bt erhfas AR ARy NEREs mall e
_continuous operation catried o -
distiigBnaFoLaNsat 5 T8 Fbahes tornh i AgteriEl RiatgEfifiet installed
d d h t 500 h , 1000, . 15 150
betwhon s MedBo=kaORdhs siRteasB0. AR VRRIST EUoR Ak srbiea out
stabl e steady state éexcl udi ng the diphenyl carb nateb :
continoausly neder nonditors af @ teryratatdie af Wem*@f%?b%‘et %ﬂ%ﬁ”“ eing
8.07 tons, 8.07 tons, 8.06 tons, and 8.407 t ons ] i
215°Cespeetsvrelat thakmh ohibesallenibsing 835xiér &2, @osha iy ratio being

99% 99% and 99% respectively, and hence the

0.4. OR&yA pOssibNaZ0 kAl stabRbitead Vistateoperatidreaftercirhbows. The
car bonat es produced substantially did not contain 20

liquidabRERRRislylwiRErain f&sthe HotMPbLEtHR: cdRematdontained 35.5 % by

distillati'on was carried out under the foll ow ng
weighP BRI HHERYINGbARate and 59.5 % by weight of diphenyl carbonate. It
was found that the amount of diphenyl carbonate produced from the methyl phenyl
carbonate per hour was 7.28 tons.  The selectivity for the diphenyl carbonate based
on the methyl phenyl carbonate reacted was 99%.

Prolonged continuous operation was carried out under these conditions.

The amounts of diphenyl carbonate produced per hour at 500 hours, 1000 hours,
1500 hours, 2000 hours, and 2500 hours after attaining stable steady state
{(excluding the diphenyl carbonate contained in the starting material) were 7.28 tons,
7.28 tons, 7.29 tons, 7.29 tons, and 7.28 tons respectively, and the selectivities were

99%. 99%, 99%, 99%, and 99% respectively, and hence the operation was very

stable. Moreover, the aromatic carbonates produced substantially did not contain
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same continuous multi-stage distillation colum as in
Exanpl e 1, except that the cross-sectional area per
hol e of the sieve tray was nade to be approxi mately
F105076 7059 Wb KéRbactive distillation> 38 F105076 A0501
UPO5 KAN A m xture containing 16 % by wei ght of nethyl
ghen,il carion?te that had been obtai ned by subjecting
haloggns {4 PAP &7 {&tW-ai ni ng di met hyl carbonate and phenol in
a weight ratio of dinethyl carbonate / phenol = 1.4
to a transesterification reaction was used as a
starting material. This starting material contained 27
Industiabppebeapittyof 5 di nethyl carbonate, 7 % by wei ght of
ani sol e, 49 % by wei ght of phenol, and 0.5 % .b .
weWten afntidiuphelyyprodeeing raa@@,atlaﬁarbqnai%@@‘@ﬂv%é/ Rdfiary!
approxi mately 200 ppmof Pb(OPh)2 as a catal yst. The _
carbotiats bis mgmait podatt sy daman allky adil ¢armnaie gsA slarting material,
hal ogens (outside the detection limt for the ion
whicts R sutBhaBrapiRyugh agrankepiifioatidressaction etwean &i diglkyl carbonate
material was introduced into the continuous
and dffhidmatAABndfly oty cbholpR. ashycattiriolsonultiattagetiistilation
4 ton/hr froma starting material inlet installed
! dridccti F¥ediRgané isvgting material
Co'““@'ﬁﬁsﬁﬁfbgt?g%%s@éggﬁsi@gg out &*é@%‘fgﬁigousl f/igunder J
- ondi t.i ons_ of is suitable as
into (B8 Kl as 15 5eB SRS AE Bl AR Shveriton i
col umm bei 2.5x104 Pa. an r ' ' :
a SPRFE PIooaa d b e a0t S Bl {4 BLadhcRll Ik hian
operation after 24 hours._ The 15 liquid.c in sl.y: .
SeleqiHanERIGIF PRI SIADAToGR RIPns prtcEEl e 8 Bpgingustria
% by weight of methyl phenyl carbonate and 59.5 % by
scalaef goitless t thé?wpefi:%@lﬂfonate. It was found that the
anmount of di phenyl carbonate produced fromthe nethyl
phenyl carbonate per hour was 7.28 tons. The
selectivity for the di phenyl carbonate based on the
nmet hyl phenyl carbonate reacted was 99% 20 Prol onged
conti nuous operation was carried out under these
conditions. The anounts of Bi phenyl carbonate
produced per hour at 500 hours, 1000 hours,
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1500 hours, 2000 hours, and 2500 hours after attaining
stabl e steady state (excluding the Bi phenyl carbonate

contained in the starting material) were 7.28 tons,
F1050762805WINdPO KA t ons, 7.29 tons, and 7.28 tons

respectively, and the selectivities were 25 99% 99%

99% 99% and 99% respect@v&% and hence the

operation was very stabl€: eover, the aromatic

carbonat es produced substantially did not contain 39
We clriro5076 A0501 UPO5 KAN hal ogens (1 ppb or |ess).

I ndustrial Applicability When continuous|y produci.n .
ar dbmaiprocasbmidne preditiensf @y Omaélcy@réﬁeg%ﬁﬁ?'éﬁ%a diaryl
a main product by taking an al kyl aryl carbonate as

a

carbosiate tanng mediar padduct 4ram aassimtng matatirbsomeasingo@n akyl aryl
bet ween a di al kyl carbonate which is obtainable

carbdriEt@Ugini@nds asbtainabit itieroomhobyttansestenigationd reagiongbagtween a
continuous multi-stage distillation colum in which a

dialkfiatAbYsbtel @£ WRdmadd tneesHydroRy soyngeeedi, vhithecomprises the
starting material into the continuous nulti-stage

stepsdthSti Ilation colum, the present invention is suitable
as’ 10 a specific process that enables the diaryl

coi N85 BATHSEh Mg tpnel o B e

_bme op an.industrial ca .not less than 1 ton
d'St‘“BL!P” FEL l{bwgf%s%‘?%‘ah‘(&gbﬁ‘g%ﬁgét KAN CLAIMS W& claim
1. A process faor the production of an ar ' .
c ar(b)ong@réylagrﬁLgithprf&agﬂ%q} i Yre 08@1%.&%85@5‘%% nglslalnkyi carbonate
product froma strating material conprising an al kyl
and eydiarybcadiohGitit e, which is obtai nabl e through a
transesterification reaction between a dial kyl . .
car(bionaoetiarousiy waihenawing areMoRgiNS PPNt GRBSHATIM XiegPntaining
conprises the _ .
said produced the dialkyl carbonate from an upper portion of the column in a
gaseous form and continuously withdrawing a high boiling point reaction mixture
containing the diaryl carbonate from a lower portion of the column in a liquid form,
wherein said continuous multi-stage distillation column comprises a structure having
a pair of end plates above and below a cylindrical trunk portion having a length L
(cm) and an inside diameter D (cm), and having an internal with a number of stages
n thereinside, and comprises a gas outlet having an inside diameter d; (cm) at the
top of the column or in an upper portion of the column near to the top, a liquid outlet
having an inside diameter d, (cm) at the bottom of the column or in a lower portion of
the column near to the bottom, at least one inlet provided in the upper portion and/or
a middle portion of the column below the gas outlet, and at least one inlet provided in
the lower portion of the column above the liquid outlet, wherein

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

1500 = L < 8000 (1),
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steps of: (i) continuously feeding said starting

material into a continuous nulti-stage distillation

colum in which a catalyst is present; 10 (ii)
F1050¢@rAQFHGURRR_ e reaction in the colum to produce a

di al kyl carbonate and the diaryl carbonate; (iii)

cont i nupusl it hdr awi, ng, a w. hoal | i g RQl : |
i 8 5P oSt A B Rl ey R FIRRG formuia
carbonate from an upper portion of the colum in a
(2), gaseous form and continuously withdrawi ng a high
boi ling point reaction m xture 15 contaijning the
di aryl caP®&n& &<12Q a | ower portion (& the col um in
aliquid form wherein said continuous mnulti-st afge
di Q)id t=dibi afrsatblength & o) e eaiddnside giameter kh(gmpof the column
pair of end pl ates above and below a cylindrical trunk
satisfrgrthiedolldwingigrmauthéBgth L (cm) and an inside di aneter
D (cm, and having an internal with a nunber of stages
n therei pskde,; @ng qonprises a gas out{3gt having an
i nside dianeter dl1 (cnm) at the 20 top of the colum or

in ' JRPIoF sRiyelin sARfieeliHaTolRRARg fermilig (4pp, a
Iigﬁins oﬁtgrnet haf\%irgr?g r]an inlsi de di anetger d2 (én? at

the bottaop of fhe gplum or in a |lowerigortion of the
col um near "to the bottom at |east one’inlet provided

. h ', . , _
coftimn HE &r AR S aBHREL © Grl SIhF cBE Rsel ihple

. | ded i t he | 0Lt i f th I b th

diamBied h dcBher e Sanentrrebstes e Bgh i SR ' |
satisfies the following formula (1), _é%_oo<L<8000
(1), 41 R1650769a050150P05 KAN (2) sai P A8F de

di aneter D gcnj of the column satisfies the foll o_vvi_n%
f ol @Lik satiq o) said dusidedianetgn O M) qfdhe gojugps & saidiRsig
length L (cn) to said inside dianmeter D (cm of the

diametarudsr{cmb of #he Bduid outlbesatisfiesvtihe folfayving fermda (6),

5 <D/d =30 (6).

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

simultaneously in said step (ii).

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

amount of said diaryl carbonate produced is not less than 1 ton per hour.

4. In a process for the production of an aromatic carbonate containing a
diaryl carbonate as a main product in which the aromatic carbonate containing the
diary! carbonate as the main product is produced continuously by continuously

feeding an alkyl aryl carbonate as a starting material, which is obtainable through a
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2<L/ D<40 (3), (4) said nunber of stages n satisfies

the followwing formula (4), 10<- n~80 (4), (5) aratio

of said inside dianeter D (cm of the colum to said
F10507Rsh@f01 Ue0Riikdrbet er di (cm) of the gas outl et

satisfies the following fornula (5), 2 <- D/ dl < 15
vansesuitlonmees e Batiard B sl P G B £

quid outlet satisfies the follown

monobwiroerz commpyrs) Into erCcontingRus spidic éé%géé@ﬁ %U %0‘5'8?@ 5 'Ch a

1, wherein distillation is carried oqut sinultaneousl
catalyish isspriegest, egyirg outsheTﬁ@ctmrb@r@w\ea@étbﬂaﬂiOﬁ‘gS'w'téﬂa?‘rﬁ& in the

or 2, wherein said aromatic carbonate 20 contai ning
co|untrhe:odtnamgd:sly: avithdrewiegas! omhieoiliad) pojnt ceresion mixture containing a

conti nuously produced and an anount of said diaryl

produeRuaiRyecarbodatedtorh armnaspdrasstiomanthk ¢anmpen ehgaseous. form,
I na process for the production of an aromatic

and dbﬁﬁﬁ@é@é!? mﬁt%@?é\hlﬁgrtgh@h tbilpigy boigfrdarfiah eniatira crataining the
product 1n which the aromatic carbonate containing the

diaryPcar ?bﬁ'étlél frcﬁ'ﬂ eEI%%tr oftfort Bﬂh@idhtﬁhWHQhuicﬁfo@ﬁp@h@ﬁﬂpmvement

cont nuous y CcO tlnuously feeding an al kyl aryl
inw ‘ﬁ{bonate as a starting material, which is obtainable
ough a 42 F105076 A0501 UPO5 KAN

trans rificatipn,reacti.on. be :
cBEh et B R A PR e R st gtruptyye having
a continuous multi-stage disti,ll t on co whi

2 paigof o BIAJsT abaveBE BRI e npHig PRk Seel SR Bab el lsin L
the distillation S|rrultaneously|nthe hirm,

(cm) epAtamins et giatmeterd? Aemhnd F%WQ@“I'PW@”?JG’V‘ r'té’&?:‘?‘?ro‘# stages
m xture containing a 5 produced dial kyl carbonate fro

n theaeinsidpeangcotripsisesta garogitrtdiayingaa infde giametsr M cnahat the

conti nuously withdrawi ng a high boiling point reaction
top dfithe oolemzont iai an agperheortion of the column near to the top, a liquid outlet

having an inside diameter d (cm) at the bottom of the column or in a lower portion of
the column near to the bottom, at least one inlet provided in the upper portion and/or
a middle portion of the column below the gas outlet, and at least one inlet provided in
the lower portion of the column above the liquid outlet, wherein
(1) said length L {cm) satisfies the following formula (1),
1500 = L = 8000 (1),

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

100= D = 2000 (2),
(3) a ratio of said length L (cm) to said inside diameter D (cm) of the column
satisfies the following formula (3),
2 =£L/D = 40 (3),

(4) said number of stages n satisfies the following formula (4),
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di ary/ carbonate froma |l ower portion of the colum in

aliquid form the inprovenent in which said

conti nuous multi-stage distillation colunn conprises a
F105046 AR PPy 10 a pair of end plates above and

bel ow a cylindrical trunk portion having a length L

(cm and, an_insi di aneter D (cn), a havi ng an

i nternal | '%hnaég ﬁber of stages n tﬁgpeinside, and

conprises a gas. outlet havi ap _[nside dianeter.d.

( o aetipid stichipsiste GBI DRFMEPT e SHuTBIE S I,

of the colum near to the top, a liquid outl & havi ng
diameder dngindeofdharasseputte? S@H%e%getfﬁ@%ﬁgtfe?ﬂ“élﬁ (g e col um

or in a lower portion of 15 the colum near to the

bottom 2t=l &nkd: gaeldnl et provi ded i AShH@dipper

portion and/or a mddle portion of the colum bel ow

t hgs)gastiousflsaid irsitk diaretersd (ome of theecolpmeviodzaid inside

the | ower portion of the columm above the liquid
diamé&Bf Hetomybethe quuﬁdbuﬂ@tl shtlsRagtte following famutd (8s t he

followng formula (1), 1500 < L < 8000 (1), 20 (2)

sai d i nsgde; g tera® (cnm of the col@yn satisfies

t he follgmfhgb?g?ﬁﬁla (2), 100 < D < gggo (2), (3) a

ratio of said length L (cm) to said inside dianmeter D

(cm of the colum satisfies the follow ng formula

3), 2 L [/ D.< 40. sk i F f i
Sabi sPePPREsT arr et P ARSIty
UPQ5 KAN 10<n <§g?(5[4t%? (5. . aratio of said inside
carbopialeRreRugsd s et Hss than JoPORE T 8YSai d i nside di anet er
d, (cm) of the gas outlet satisfies the follow ng
formula (5), 2 <D/ dl <15 (5), and 5 (6) a ratio of

said inside dianeter D (cm of the colum to said
i n6§i ddhe process according to any one of claims 1 to 5, wherein dy and dz

satisfy the following formula (7)

1 < di/dz =6 7).

7. The process according to any one of claims 1to 6, whereinL, D, L/ D, n,
D/ dy, and D / d» for said continuous multi-stage distillation column satisfy the
following formulae; 2000 = L = 6000, 150 = D = 1000, 3 = L/D = 30,

15 = n =60, 25 =<D/dy =12 and 7 = D/d; = 25, respectively.

8. The process according to any one of claims 1 to 7, whereinL, D, L/D, n,
D/ dy, and D / d- for the continuous multi-stage distillation column satisfy the
following formulae; 2500 = L = 5000, 200 = D = 800, 5 = L/D = 15,

20 =< n =50 3=D/d =10 and 9 = D/d; = 20, respectively.

9. The process according to any of claims 1 to 8, wherein said continuous
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di aneter d2 (cn) of the liquid outlet satisfies the
following formula (6), 5 <D/ d2 < 30 (6). 5. The

2 ocess according to claim4, wherein an anount of the
F10504p 444a01 Y Q;Mnate produced is not less than 1 ton
per hour. 6. The process according to any one of

muti-§igBedlsthgtiPa a5 Bisthafif poigprERelifa e pathing angg tray s
rocess according to any one of clains 1 to 6, mhereln

theinlem@, | / D, n, D/ d1, and D/ d2 for said
continuous nulti-stage distillation colum satisfy the
follow ng formul ae; 2000 <_ L 6000, 150 D <_ 1000, 3
< LI D<_ 30, 15<n<60, 2.5<D/ dl 12, and 7. <
D2 <Ths precassaacowring fo gtig 9 wt@rmrb%ee%oa%wm 'ﬁ'@‘“‘ stage
to any one of clains 1 to 7, wherein L, D, L/

distill&dion cdlumenid 2DdistikERicharoline haymg msdbe internat. gpdg@kmg in the
distillation colum satisfy the follow ng formul ae;

upperzé@(@oﬁ_of khes colol@éi) and0Be<trayDnthe 800er Bortion lof thedcoluns).
<n<>50, 3<D/ dl <10, and 9 < D/ d2 20,

respectlvely 25 9. The process according to any of
claims 1 to 8, wherein said continuous 44 F105076

AO05P1 WQ%rgfégsr%ﬂéo'r?]lﬁb@S%lé#nsé bt het iRarcso kLI ckiry of the

d| stillafiton col um havi ng a packing and a tray as

. r ...IThe process according to claim?9,
'ntemval\és é%&rﬁgﬁﬁ%d&ngtp uous nulti-stage 5 distillation

colum is a distillation colum having, as the
internal, the packing in the upper portion of the

coI umm and the tra t ion_of .
col'8mmn ThEProggss ﬁq:«;%g t&f‘i%lph%é'] oW eLein s %{}Sié’f the internal
wher ei n said packing of the
is a sieve tray having a sieve portion and a down comer portion.

13. The process according to claim 9 or 10, wherein said packing of the
internal is one or more of the structured packing, and said trays is a sieve tray having

a sieve portion and a down comer portion.

14. The process according to claim 11 or 13, wherein said structured
packing is at least one selected from the group consisting of Mellapak, Gempak,

TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroll packing and a Glitchgrid.

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

100 to 1000 holes/m? in the sieve portion.

16. The process according to any one of claims 12, 13 or 15, wherein the

. . . . 2
cross-sectional area per hole of said sieve tray is in a range of from 0.5 to 5cm”.
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internal is a structured packing. 10 12. The process
according to claim9 or 10, wherein said tray of the

i_nt [ i eve tray having a sieve portion and a
F1DS%@M§6§§hHFb§;ﬁA§on 13. The process according to claim
9 or 10, wherein said packing of the 15 internal is

one or nore of the structured packing, and said trays
is a sieve tray having a sieve portion and a down

e T B

ne selected fromthe rou conS|

at leagb RpalEeleater oo e SRk m@@i QP%{ﬁ?& @ée%%%{za'ﬁ%(?“&'o PAK,
Goodrol I packing and a G itchg 15. The pro

FLEXAd9f,cit Bylzes pecking: aSepdrol paﬁheaeﬁr\ﬁi %Q"EFTQF'Q\/@@ gigye tray has
has 100 to 1000 holes/n2 in the sieve portion. 25 16.

100 tSHOOPr des/s’d0 toe dievg pastiamyanshihectross-apationga arag per hole of
15, wherein the cross-sectional area per hole of said

said Siees &ral/fieyh hsange af frang@.50b Scof 0.5 to 5 cnR. 45
F105076 A0501 UPO5 KAN 17. The process according to
claim 13, wherein said structured packing is at |east
one selected fromthe group consisting of Ml apak,

Ge nl Sk %bonﬂe@@mﬁﬁé’{ng@ IRMbEEH chRekt BUnotmore than

rolpf packi ng and a ditchgrrd, aid sieve tray has

0.1 pgnilga%aac%%g gfo%e@@ chH{)crrzg § SMF oR@'ck cRimsang $he

S-sec rea per ald sieve tray is
in a range of fron10.5 to 5 cn2. 18. An aromatic
carbonate conprising a halogen content of not nore

t han m _prod y. the.. [ocess ccardi Q -
gt Sonet G Bumatriees ticl8y gt SRERE RF Rl bdteacton
y
mul ti-stage distillation colum for carryi ng out
and dishkatiosh CoRYMISMSEti | | ati on, corrprl sing: a cylindrical

trunk portion having a Iength L rr? and an inside
di aaveyledripal trunk portion having a length cm) and an inside dlameter 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 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 d2 (cm) and which being
provided on the end plate at the bottom of the column or in a lower portian of the
column near thereto;

at least one inlet provided in the upper portion and/or a middle portion of the
column below the gas outlet; and

at least one inlet provided in the lower portion of the column above the liquid

outlet, wherein
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(cm; 15 a pair of end plates provided above and bel ow

the trunk portion; an internal with a nunber of

St ages n insi the trunk portion; a gas outlet which
F105045.sA %P1 WRE ameter d1 (cm) and which being

prow ded on the end plate at the top of the colum or

reto; 20 a
| qaraEBRpur o E RS ife TRl Ro B R P02 (o and
whi ch be| rpvid n the end pl at t the bottom
of the cb (%?m£ E %goﬁomer portion 01“3(131 col um
near thereto; at |east one_inlet provi d$ u‘?’r#g]@ ? |
pok)isaifl mwisAiaEnaeIR (6 6F ROl $a1TiEs iselui B formula
the gas outlet; and 25 at |east one inlet provided in
(2), the | ower porti on of the colum above the liquid
outlet, wherein 46 F105076 ACG01 UPO5 KAN (1) said
| ength L100H Bsafi 200@s the fol l owing Eormula (1),
1500 < L <8000 (1), (2) said inside dianeter D (cm
of Si)@raﬂ'@ ofreaich RIrigeh Lesmid e shial insidertiametem.D é&cmyj aj thescolumn
< D < 2000 (2), (3) aratio of said length L (cm
satlsﬂe% tﬁ@'fglléﬁlﬁﬁ‘mrrﬁul@f[@'j er D (cm of the colum
satisfies t lowing formula (3), 2 L/ D < 40 (3),
(4) said nuij_e/r ok gfpages n satisfies ghe fol |l ow ng

formul a T0<n <80 (4), (5) aratlo of said

I d
ai e h@%%& [ S Sgies P pBbB g (g O
fol | ow nqof %rrrulé'l éé) (&),

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

5= Didy < 30 (6).

20. The continuous multi-stage distillation column according to claim 19,
wherein dy and d satisfy the following formula (7)

1 < di/dy £ 6 (7).

21. The continuous multi-stage distillation column according to claim 19 or
20, wherein L, D, L/ D, n, D/ dy, and D / d, for said continuous multi-stage distillation
column satisfy the following formulae; 2000 = L = 6000, 150 = D = 1000, 3
< L/D £ 30,156 = n £ 60, 25 = D/dy £ 12, and 7 = Didz = 25

respectively.
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2 <D/ d, <15 (5), and (6) a ratio of said inside
dianmeter D (cn) of the colum to said inside 15
dianet er d2 of the liquid outlet satisfies the
F10507 B ARRA INGPS a (6), 5<D/d2<30 (6). 20. The
continuous nulti-stage distillation colum according
to claim19, wherein d, and d2 satisfy the foll ow ng
formula (7) 20 1 <dl / d2 <6 (7). 21. The conti nuous

glrjﬁ taﬁgpgﬁlﬁg@l rln%tf %%g%%!l&ﬂ%ti%%%%&%g %ﬁfégrgﬂgagnz"ér%;gme of
sai d contl nuous nul ti -staaﬁ di stil Ig ifoth colu

claimg 48itera, tvhereid I dhi lngDs Br Bulidieand dbod Qeé%‘iﬂ‘”%‘o <
D < 1000, 325 L/ D< 30, 15 < n < <

multi-stage, distitatipncaymn satisy, therf@%cp@agufvﬁwlaeﬁwaoéoize— 5000,
A0501 UPO5 KAN 22. The continuous multi-stage

200 di §1iflad0,on5csl D ascdbdi B9 Eonasy Sfhe f= Bl/ghine 19, and
to 21, wherein L, Db L/ D, n, D/ d,, and D/ d2 for

9 = tfhedgont pouRIEpectngly.i - st age distillation colum
satisfy the follow ng formulae; 2500 < L < 5000, 5 200
<D<800, 5<LI D<15 20<n<50, 3<D/ d, <
10, and 9 < D/ d2 20, respectively. 23. The

copgi N W\ézcd‘ﬂgihhﬁv§hﬂ9ﬁ sf’dg{%[ dt%hl?dtio?urbd?@nkl HtcaEsiAg &b BBy one of

to any on al s wherein said

c!aimg.olr?% ﬂq"?‘%%hé%kﬁ Falat&ﬁgoggﬁé Hdlﬁnst(a%% &8l n'c%h?mﬂlq)s a

t1on Cco a pac ng an tray as the

T e

continuous multi-stage distillation colum is a

distillation colum having, as the internal, the

packln in the upper portion of the colum,
%heh@rmuwmulgﬁa%ﬁ'SBHEH%C%F@@FCOQ@”Q#H glaims 23,

contl nuous multi-stage distillation columm according
whereo sdidiopnfiguous multi-stage distillation column is a distillation column having,

as the internal, the packing in the upper portion of the column, and the tray in the

lower portion of the column.

25.  The continuous multi-stage distillation column according to claim 23 or

24, wherein said packing of the internal is a structured packing.

26. The continuous multi-stage distillation column according to claim 23 or
24, wherein said tray of the internal is a sieve tray having a sieve portion and a down

comer portion.

27. The continuous multi-stage distillation column according to claim 23 or
24, wherein said packing of the internal is one or more of the structured packing, and

said trays is a sieve tray having a sieve portion and a down comer portion.
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24, wherein said packing of the internal is a
structured packing. 20 26. The continuous nulti-stage
i.St] t | umm according to claim23 or 24,
F105 eéé#%ﬁgg$g3§$$y of the internal is a sieve tray
having a sieve portion and a down coner portion. 27.
The continuous nmulti-stage distillation columm

according to claim23 or 25 24, wherein said packing
e jnter

ot nnecantuasieEs 8o B feboe3fyl shEyh o claim 25 o
27, WaBEH: SBRLSHANSSERACHHE BIPRIIGRE srlPEieodtom e Siotp

distillation colum according to claim?25 or, 27, _
consigtieg ef Medapak seemeakr BECHNQRAK | L EXI-PRAKsa Sieer packing, a
sel ected fromthe group consisting of Ml apak,
Goodelirpakking BOHNCSHEKgrigLEXI - PAK, a Sul zer packing, a 5
Goodrol | packing and a Aitchgrid. 29. The conti nuous
mul ti-stage distillation colum according to claim 26
or 27, wherein said sieve tray has 100 to 1000
hobgs/ MReidbritin@ogs AW At-BRIgE diBtillatidn3sdblumhhaccording twulkaim 26 or
mul ti-stage distillation colum according to any one
27, wWereifl idT8iedB trag had 1@P1to 1OE0 Bblesiie it iHesSie v pbinal
area per hole of said sieve tray is in a range of
fromO0.5 to 5 cnR2. 31. The continuous multi-stage
distillation colum according to claim?27, 15 wherein

enégr o elERofF A Rl ARl R cdipn el Bl one o
el F g . UiIed) B oray i Aot bor o8B it FRgeipy s
the si eviagorti on, and the cross-sectional area per

a rangs & fem §ap 0 3i%8Ve tray is in a range of fromO0.5 to 5
cn2. 20 49

31. The continuous multi-stage distillation column according to claim 27,
wherein said structured packing is at least one selected from the group consisting of
Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a Goodroll
packing and a Glitchgrid, aid sieve tray has 100 to 1000 holes/m? in the sieve portion,
and the cross-sectional area per hole of said sieve tray is in a range of from 0.5 to 5

cm?.
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