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F105078_A0501 UP0O7_KAN PROCESS FOR | NDUSTRI AL PRODUCTI ON OF AN ARQVATI C
CARBONATE Technical Field The present invention relates to an industri al

» process f t t of an 5 aromatic carbonate. More particularly,
t he pr%é@%t;?ig@éﬁ{ g’gﬁ?*@ggt es to an industrial process for the production

of a large anount of an aromatic carbonate containing a diaryl carbonate
as a nai i : ONOFARIARDMATIE CARBONATE
transestEﬁ%@g§§%9wn‘e%§?§%§?aﬂr%gﬁﬂ by subjecting a dial kyl carbonate
and an aromatic nonohydroxy conmpound to transesterification reaction in
two continuous 10 nulti-stage distillation colums in each of which a
catalyst is present. Background Art An aromatic carbonates is inportant as
a raw macenical Field ¢ he production of aromatic polycarbonate which is the

nost wi dely used engineering plastic, wthout, K 15 [ | . As
a process forThs pesenhipvantion slatestoan WH&&E‘,' P o#%gggg*egﬁoﬁgggﬁ%gagn
aromati ¢ nonohydroxy conpound with phosgene has begen 0 fr I ago,
and shasarairsichezazhondte. s Mgreqartieularly.dhe drgsent '@Y‘%ﬁpé'sf Eﬁe%‘é 3H?'%§ﬁgﬂg's.
However, this process has the problem of using phosgene, and in .addition
chl or i nafegss frLthitpredudtion ofsa Erge Bhiauntiof e arepatisicarbenatgcONRBEGA in
the aromatic 20 carbonate produced using this process, and hence the

ar omat i giHATRARGH e RN Aiaim prodistdvhishtis esefuhamst raw aiaterddl afife production
of the aromatic polycarbonate. Because such chlorinated inpurities

mar ked| yah liBlificdioh MelnomRsdiyairbonatehy siljectig altialkylcarbenaterarid aat i on
met ho I C

I's carried out in the presence of an extrenely small anount
of a bag \ 1 SRsd dteFitafioptbactiorfinetdvo coniinuouss ar e
25 pr eséhﬁnéﬁé @r?%g’hgﬂ;ndt%o n yﬁdl ppm the polynerization hardly proceeds

20§ o<l s oRR A SR A CaRlpR ippreferecd as The raw

transesterification nmethod, troublesome multi-stage

Background Art

An aromatic carbonates is important as a faw material for the production of

aromatic polycarbonate which is the most widely used engineering plastic, without

15  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

20  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 chiorinated 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 chiorinated impurities are

25  present in an amount of only 1 ppm, the polymerization hardly proceeds at all. To

make the aromatic carbonate capable of being used as the raw material of



"separation/purification processes such as enough washing with a dilute
aqueous al kaline solution and hot water, oil/water separation,

.distillation and so thus required. Furthernore, the yield of the
ar omat F&O%%?@n&ﬂé?i“&@&*@%@es due to 5 hydrolysis loss during this
separation/purification processes. Therefore, there are nmany problens in

carryi %%H%%E%@igté 8?%&9 (ESABOFRARN HeibcR froLbiéesid multsstEge.  On the ot her

hand, pr oduci ng aromati c carbonates through
transesterifjcati .eacti o ' icah \JEOLs omat i C
nonohy &PBﬁgﬁtpb‘?Rlﬁﬁﬁa{'?g p&q%egégg %\Eﬂn\éﬁ %o%e@ﬁ‘ &gﬁrgﬁgt@gﬂggg erification
reactions 10 are all i 1| briumreacti | ; | b Bk are
bi ased asalineriayiaroaed GOt vRlsToP R arrtRion AR BrErd on are e

e reaction rates are
sl ow, and hence there have been ny difficulties.i ' romatic
car bonaeguiredduBurthemare; #he WelOTRE AIPY giﬁébé"ﬁl?s& r?g‘%iﬂo%.cdlgbﬁr al
proposal s have been nmade to inprove on the above diffjcultie nost of
t hese Haydrolysisdossidunnglévielsepatationfauriicalien PjRIesSES; n&bﬁ@é‘%?‘?@eﬁr?eam i on
rate. Many netal conpounds have been proposed as catalysts i.fgir this type
of trangapy prbilefitineamyiarbutthis Methaskeepamicabns apingustrig peals: o
transition netal halide and Lew s acid-form ng conpounds (see Patent
Documents 1. ojanaess M atprappss fortproduding erapetic rarb apHWeIn Japanese
Pat ent Application Laid-Open No. 56-123948, Japanese Pat entt- Application
Lai d- Op ati 25hd 8KV Bitiling charbdiete aGdrarearoraatint  Appl i cati on
No. ZSZSQE%tgﬁ%ﬁléﬁqéggent No. 149953%? and U.S. Patent No. 4182726),
Japanesg Pate LS&IH ' AN Mowevet-SPifarisesterifiatiodiregctionsvest
Ger man m&wawgﬁﬂdﬁoﬁoé'%gg%m and U.S. Patent No. 4045464)), tin
conpounds_such .an organo-tia: ISt Naralsiassy bktremelydewvafdee
Pat &t BB%@K@HF@EEF‘T“J@&E%@% 't"e%tm%‘&gg'?i"?ﬁtg F%n Lai d- Open 25 No. 54- 48733
(corresponding to \West man _Pat en [ [ HePOBdVve bedapanese
Pat ent AppPriginel system; 3 i .'O%Eétg%é??%p%ﬁe@%cé% ent Application 2

E;'? 223 Bﬁg)r?&gélﬁmit;?ﬁﬁ%léém%gg%%mgﬁc 2G5 cHaRas USRI S AL b onts uBing

this method. Several proposals have been made to improve on the above

difficulties, but most of these have related to development of a catalyst to increase

15 the reaction rate. Many metal compounds have been proposed as catalysts for this
type of transesterification reaction. For example, Lewis acids such as a transition
metal halide and Lewis acid-forming compounds (see Patent Documents 1:
Japanese Patent Application Laid-Open No. 51-105032, Japanese Patent Application
Laid-Open No. 56-123948, Japanese Patent Application Laid-Open No. 56-1 23949

20 (corresponding to West German Patent Application No. 2528412, British Patent No.
1499530, and U.S. Patent No. 4182726), Japanese Patent Application Laid-Open No.
51-75044 (corresponding to West German Patent Application No. 2552907, and U.S.
Patent No. 4045464)), tin compounds such as an organo-tin alkoxide and an
organo-tin oxides (see Patent Documents 2: Japanese Patent Application Laid-Open

25 No. 54-48733 (corresponding to West German Patent Application No. 2736062),

Japanese Patent Application Laid-Open No. 54-63023, Japanese Patent Application
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" Patent Application Laid-Qpen No. 60-169445 (corresponding to U S. Patent
No. 4552704), Japanese Patent Application Laid-Open No. 62-277345,
Japanese_Pat ent | ibon Lai d-COpen No. 1-265063, Japanese Patent
Appl i Cgﬂp%}?&__ﬁp@@ghjf_&@%f"5 60- 169444 (corresponding to U. S. Patent No.
4554110), Japanese Patent Application Laid-Open No. 60-169445

( ;?35%@5‘@1—%@9 28 55 Jeaka eirdonfiRAEas s PateneNos45B41 1)} Jagaridseat i on

panese Patent Application Laid-Open No.
(seo. PR Aniialnh Laio Sl RIpEAS (R & b e 10
App | CABERT0MS @papeRe RALen APFIgey LoisRREa v REZTPHES PRenES FEer o,
Pai ent Adicaiont a5-OpepaNesk 2Ba0H akppees Ko Aup IreRBn AR O 76 =

titanic acid esters (see Patent Docunent X panese P Appl i cation
Lai ¢- 01606444 fecbespebei® &Ur&-@ﬁi%&ﬂﬂg‘fﬁg‘m@. jt%F%ﬁ’li-%fr]?aﬂ"l\%.g}@m10464) ,
Japanese Patent Application Laid-Open No. 1-265062), m xture Lew s
aci d_angpglicatieh Qeid-OpertNo( 2460448 feormespansing to Ua%tp%%fs Negaahe764)
Application Laid-QOpen No. 60-173016 (corresponding to U. S Pgéen‘tl& No.
4609501)épanﬁ%@%@ﬁﬁAgﬂalic&ionl‘ﬂaideerﬂﬂo. 62-2317 34bhdapanase RalenbAppligation
Docunment '8: Japanese Patent Application Laid-Open No. 20 1-265064), ferric
acet at egsé@%gé’@wb\-m,néal% ar@ BRoK e s zikali AplEls andialkalinegalttopen No.
, an

61-1728 SO on have been proposed. However, the problem of the

Cat al <o B A e e P e e ved | nol udi ng t he
or adfhct BB TaerEn o Rg R0 D e B e e 6 been made (o
?EE' T ARRCRRE Lo QBB S e R i R R R e PP e ove

-+

1-93560), complexes of metals such as copper, iron and zirconium (see Patent
Document 5: Japanese Patent Application Laid-Open No. 57-1 83745), titanic acid
esters (see Patent Documents 6: Japanese Patent Application Laid-Open No.

15  58-185536 (corresponding to U.S. Patent No. 4410464), Japanese Patent

Application Laid-Open No. 1-265062), mixtures of a Lewis acid and a protonic acid
(see Patent Document 7: Japanese Patent Application Laid-Open No. 60-173016
(corresponding to U.S. Patent No. 4609501)), compounds of Sc, Mo, Mn, Bi, Te or
the like (see Patent Document 8: Japanese Patent Application Laid-Open No.

20 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 soived 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

25  production.

Attempts have also been made to devise a reaction system so as to shift the
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“yield of the aromatic carbonates. For exanple, for [
i . , t he reacti on between
di nmet hyl carbonate and phenol, there have been proposed a nethod in which

. by- produce @ [ istilled off b i

y azeotro t oget her th
azeo_trgﬂ)‘_%iqd/@r-g_ﬁ% ?ggbhé’%lgee 5 Patent Docunent 18y Jaganese \gaten?n
ﬁgg: : g:t:on Lai d- Open No. 54-48732 (corresponding to West Gernman Pat ent
App! 1 CBELRRAN oGl B, RSt systeftrhe Riudteas pé25iBIE3 &hyi thasiinpravetthed i n

“pro as’ ' the by-product is renoved by being adsorbed
th vig a{g‘?%eﬁ? Iaé[o%%\’fpeﬁé'ﬁgﬁgt%%t eg—%@?ﬁ or the rel@Ron Setwéis dirhethyl
418464)) oo e rre' hod- hgg corresponding to U. S. 10 Patent No.

. , o - : .

Zﬁpglr gtgﬁﬁqwtﬁﬁéﬂp?wl-s&‘?q Q?Y%He%@?’ﬁ%ﬁ&%g Ioépr oV g@m g’r‘?@otgﬁg:"&gjd?gac? gr

produced as_the by-product in th ' LS ’
f rom t meethanot isciistities: off &Y azg%@gré)f OtQ?ih%ra"f@" SP :@%ﬁﬁ@g&?@ﬂﬁ@%ﬁ xgegf f
mat eri al that evaporates is separated off b di illﬁti Pat ent
Doc eneRatefPDocumept 46: Jlapam@ngéajénb&PB'maf‘RéM'%‘ﬁﬁ%h 958%%233)% No
56-123948 (corresponding to U. S. Patent No. 41827266 examl i n ioanese
Pat ent (Appbisending tbalesipermarnPatsit Appisatianiepy 38063, a0 eatent Rk
Application Laid-Open No. 60-169444 (corresponding to U S. Patent No.

4554110)2527273) RirkFa etHed AnwAizhRAeenethapp! prosiuced asihe hypRiRdNG! 1S
_ . ; 11560- 1
(corresponding to U S. -Patent No. 4552704), exanples in Japanese Pat g£r91t445

Appl i catd on,defb e ORRadSbrbBd oAl 4 Fifd6ular sievey pea Patenttocyreeniptl:
4609501), exanpl es I'n Japanese Patent Appli czmnalg?d- Open. No.1t ggt 1%).852

exanpl eg_in J - e Nen ig%508 i
o e R Bl o L O e rowever . < hobe

[eact | 0B S NP RS 40PS Nidlebyed B ABINBEATRD tadin! siapysed iPWhios Lsing

rmtatiron'in the 1 nprovenent of the '
bRt T BB o o oy
been ¢ hg?gc?t.tlcetdhgst, thae gﬁtp(r:g]dusé |snt t%rg ric=.=séic38cr>ne Esesr;é%)alrgtetoooﬁ‘from th1e reaction mixture,
and at the same time unreacted starting material that svaporates is separated off by
distillation (see Patent Documents 12: examples in Japanese Patent Application
15 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
20 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. §1-291545, examples in Japanese Patent Application
Laid-Open No. 62-277345).
However, these reaction systems are basically batch system or switchover

25 system. Because there is the limitation in the improvement of the reaction rate

through catalyst development for such a transesterification reaction, and the reaction
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“continuous system O these, a continuous stirring tank reactor (CSTR)
systemin which a distillation colum is provided on top of a reactor has
. been proposed as a continuous system but there are problens such as the
react i 6M0PQBABRRIhYPETMNand 5 a gas-1iquid interface in the reactor being -
smal |, based on the volunme of the liquid. Hence it is not possible to nake
t he conversi i gh. cocdi - |k b SAtEA s Stendid prieferabie @ba ect  of
pr oduci#§ ‘Fﬁgﬁéaﬁﬁnpﬁﬁﬂﬁft&@%gé%enc{oﬁr?t ﬁhg.llﬁstfay%{n Igrge amounts stably for
a prol onged period of t] by neans of the. - | QR iR Jaest in  and
many i SODHRUGUEBYSIeTMe 54 thesd) 3,650 eé{@@@?a‘f& Efdr;;g R

o ca ustrial
I npl ementation 10 is possible. Th resent | nyen d
r eact i wdich atdistillatipg£o 'hdﬁjquVHjeﬁ?‘gFPp 9{}% ﬁe%é{?rr é%% @g?@:ﬁ??ﬁﬁﬁ %a(r’l)%r eaction

is carried out in a continuous nulti-stage djstillation col.

si mul t aoptinabys By stans b thare @ne pyoklpaS U I ihe f&ﬁ‘&g‘ﬁ%&%eﬁ“eeé’ﬁggl?é"” st in

the world to disclose that such a reactive distillation Sésiﬁ"m hs .Hsef ul

f or ssUGgagiuidriagstaesiin tharéantor keingisorll, Pesed RAHPE FOMIPR HE S AGUIC.

di still a?i on nmethod in which a 15 dial kyl carbonate and an aromatic

hydr OXyHEREPRIHoPEEs S8 b Fiekesthy dorversio high. mAcdordinglyeitds Stffi¢UIEIG on

colum, and the reaction is carried out continuously inside the colum in

whi ch 2, @ahahy Shiek? oPpRRfERIng B Arerraiatdanbeniste continhoustyimtarge BOWUSSS | | ng

poi nt conponent jconta ning an al cohol produced as a by-product by

distillat] t I | ] a sboveanentionshmetnody a
ahﬁ&yf&%é%n@%ﬂé&%ﬂ% ti%‘l}%‘bn? Qe Y Bfh

pr oduce roonate a l'ower portion of the colum (see

Pat ent Dogunent. 13: Ja P ' | pRichAinduSPiRniMmdemerdSti?b7) , a
react i v@NAMANY] 'Fﬁ??%?rﬁéiﬂﬁﬁ)el "n%ts\%ﬂ}eghb%;ﬁ}éafﬁq aryl car borll.'l(yl?I eis
continuously fed into the nmulti-stage distillation colum, and the

reatd i oif PRSSHRIPri ed out conti nuousl y inside the columm in which a catal yst

is present, 25 while continuoysl i t hdr awm ng..b L Sk ' ; iling
poi nt conponehhe waréi"h‘(‘?fé()@%ﬁ\%/ﬁ ‘&%’/‘feq%%?%n[)‘?&'gg 5@%@%‘&1 ?'ﬁaléstﬂgd%;/rﬁ g’mégﬁct
and continuously 5 F105078_AC601 UPO7_ KAN . . lti-st

such a transesterification réaction is carried out in a continuous multi-stage

distillation column simultaneously with separation by distillation, and have been the
first in the world to disclose that such a reactive distillation system is useful for such
15  a transesterification reaction, for example a reactive distillation method in which a
dialkyl carbonate and an aromatic hydroxy compound are continuously fed into 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
20 continuously withdrawing a component containing a produced alkyl aryl carbonate
from a lower portion of the column (see Patent Document 13: Japanese Patent
Application Laid-Open No. 3-291257), a reactive distillation method in which an alkyl
aryl carbonate is continuously fed into the multi-stage distillation column, and the
reaction is carried out continuously inside the column in which a catalyst is present,
95 while continuously withdrawing by distiliation a low bailing point component

containing a dialkyl carbonate produced as a by-product and continuously

b



"wi thdrawi ng a conponent containing a produced diaryl carbonate froma | ower
portion of the colum (see Patent Docunent 14: Japanese Patent Application
Lai d- Open_No. 4- %b eactive distillation nethod in which these
reactigﬁgsgy%fééafiﬁ 5-@6 using two continuous nulti-stage distillation
colums, and hence a diaryl 5 carbonate is produced continuously while

ef fici enﬁl Eﬂ@ﬁ@ﬁé@“@gﬂeﬂ{ élg,lﬁéhiﬁtglgﬁga@@d P eaesbriste drdny ajowenct (see

Pat ent panese Pat plication Laid-Cpen No. 4-211038),
and a reagtive, distillati [ y gh ' bAa and an

ar onat iROTHYP W%%&ﬁﬁagg’@%@g%@eﬁﬂe@o £ Eggl%t?/nl?gﬁ Pr??o t he

mul ti-stage distillation colum Lauid .t : i h the
col umm Laid-Qpsn Nﬁd%%f)-r%ﬁ?%?@?dﬁgg@%hﬁ%bgeiﬂ%‘%{ mg%eﬁ%tggtr'%iage st age
and/or a | owernost stage of the di.stillatj.on. col a Sl ed
"nto a cartiedont pRDGItWEFRIINGPE Tl Stage lifioreelMnsnAfd Q%QEQ%&%WW
about reaction, and is then introduced back in tr}roqug. ﬁ:i rﬁgbg)b%% ng inlet
pr o dechrbbnatesis agedada contirsossigehithetiisienty reex s 'aﬁw 59 wher eby

reaction is carried out in both the reactor and the distillati 'rc]ﬂéS col um
(see Papepiuchaaereby-praduct ape RetentRowamentsti iJaganese PateNtGRICRIECN

4- 224547, Japanese Patent Application Laid-Open No. 4-230242, Japanese

Pat ent | AARObERAN -2 GBEIPaNd Hoeadt2adisiltionThethod isahich@ dRlY! | | ati on
met hods proposed by the present inventors are the first to enable aromatic

car bonaggs,hatd8nd tRQYdrexoeshpoand oefid likeeatd gontinususyOfeddntp

simlar reactive gl stil ﬁ{aéti on systens based on the above discl osures have

?szen p@fﬁﬁﬁgﬁ%@%@g@bﬁ%%ﬁ@%@d&% iBRRLIFRE fiGwS Hown BRougtatiencolDowruisent

| nt Ica 18720 (corresponding to U.S. Patent
Docifen g s 8RR brab e i ArgRb g HATE & g wenavent
SR B o g
?JPS%O%N(I sctﬁ)lra{igr? Ilc):glrt].tdrrluf? gota% tgubrr%%eéag]oul?arléga}on',\%hd(%é ?r%%?%vodﬁc;&& 22K §rA0501

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

-

provided, whereby reaction is carried out in both the reactor and the distillation
15 column (see Patent Documents 16: Japanese Patent Application Laid-Open No.
4-224547, Japanese Patent Application Laid-Open No. 4-230242, Japanese Patent
Application Laid-Open No. 4-235951).
These reactive distiliation methods proposed by the present inventors are the
first to enable aromatic carbonates to be produced continuously and efficiently, and
20 many similar reactive distillation systems based on the above disclosures have been
proposed thereafter (see Patent Documents 17 to 32: Patent Document 17:
International Publication No. 00/18720 (corresponding to U.S. Patent No. 5362801),
Patent Document 18: ltalian Patent No. 01255746, Patent Document 19: Japanese
Patent Application Laid-Open No. 6-9506 (corresponding to European Patent No.
95 0560159, and U.S. Patent No. 5282965), Patent Document 20: Japanese Patent

Application Laid-Open No. 6-41022 (corresponding to European Patent No. 0572870,
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“and U.S. Patent No. 5362901), Patent Docunents 21: Japanese Patent
Application Laid-Open No. 6-157424 (correspondi ng to European Patent No.

. 0582931, and U. S No. 5334742), Japanese Patent Application
Lai d- OE&%Q@@.—AQE’TBH%%-%%ENrespondi ng to European Patent No. 0582930, and
U S. Patent No. 5344954), 5 Patent Docunment 22: Japanese Patent Application

Lai o Coei (. P 4fa o) PR pRBDIngtis 29psnreesteatent Agphiatont | or
Lai & et N o1 Bz SRl o R paSpetiipasheNBabsBrodoaTis on
o e N0 SR, e PlsRYAURRigR T ad o Bokemsgon! ol or
(cosr st Doctmotteapiapermsm i ApDs e Ak . [SXHIanP ot

(cor r eSpeathast 23 JapaneBaRaienihipplisaticadajd-Opendie. HISEREFEST: Japanese
Pat ent Application Laid-Open No. 2001-64234, Japanese Patent Application

Lai d- 29891 e FRAEAMpPivation LG Opailer HraB28haPatamt| i cati on No.
02/ 402@88%@@?Pespon ing to U S 'I)Datent No. 6596894, U.S. Patent No.

6596895, ?ﬂqﬂen?%:uda%arPe%lbﬁfﬁtehpAﬁﬁlmaﬁDa)d-O‘bﬁmﬂor 24d0BOB, Batent | | ati on

syst ens, e present applicants have further proposed, as a nethod that

enabl es h{;@.g%ggg{) FadriTR b atehPABBRAIIEA LIt Tpdi NGLaG53STaPLteritor a

pr ol _ongQS _ _ out l'arge anount of a catalyst being
cat B ysBosimgBlpdndeperee Rasr BBl A% e REES Tagae Patamien @
ocrmenDecaT et i nARSRPdIton ARBRBT AR PRIENE 76098, Tapdtise
Patent Application Laid-Open No. 2000-191596, Japanese Patent Application
Laid-Open No. 2000-191597, Patent Document 29: Japanese Patent Application
Laid-Open No. 9-194436 (corresponding to European Patent No. 0785184, and U.S.
15 Patent No. 5705673), Patent Document 30: international Publication No. 00/18720
(corresponding to U.S. Patent No. 6093842), Patent Documents 31: Japanese
Patent Application Laid-Open No. 2001-64234, Japanese Patent Application
Laid-Open No. 2001-64235, Patent Document 32 International Publication No.
02/40439 (corresponding to U.S. Patent No. 6596894, U.S. Patent No. 6596895, and
20 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

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

catalyst component is recycled (see Patent Documents 31: Japanese Patent

7



%pl [ (2:883024;?50'- Open No. 2001-64234, Japanese Patent Application Laid-Qpen
N 'oI X d-' ), and a method carried out while keeping a weight ratio of
. ca'?al yg%/oa%gmgéﬁ%?c hydr oxy conmpound in the reaction systemto a
Publiy 1e H™  than 2.0 (see Patent Docunent 32: International

cation No. 02/40439 5 (corresponding to U.S. Patent No. 6596894, U.S

Pat e

B [1 gﬁ%iﬁ%ﬁﬁiﬂ@sﬂ?‘?@a@g B‘Bo 289 %'(I?g%rgf:aij%a& &?gﬁﬁt}%ﬂhp W%%e%\geg ht of
start) 3§og§:taiaﬁ{afm2a%ﬁéﬁ%‘é&?e&@v@%ﬂiﬁ? e B o YR of ¢ he
o esesnalc oo sk S EIANG 1 H0CE o
CorcpemuaEpeeieaeneEssaerace DT B olS o o
o Bonspscas g e acencresSobesad U RGPS GRIRLHY OB 1 1
pr oduc tﬁ&@npﬂa%ﬁms-r | plrtissredcare( thegpresent ingestor g Eg% %}&SP%EQ H@?ﬁ?gaf\ 3 r

is there any descripti'on suggesting such a process or apparatus. For

exanpl ﬁB wmﬁ%@%: @)Qﬁ,gf%%lf hegiol progubed gbtesby-produeliing, respectively:

cm; t ers re i :
s 1 RO o8 s ornrn
di scl osed for producing, di P and Q2, respectively: kg/hr)
and pheigsiucad yd'gegmﬂgﬂ]'ei}%%ﬁ\ke tﬁﬂs@h?ﬁm fénv?nﬁt%;d:% a‘[l;t:ilg fﬂughSeErgjll Ealfborna!tdaoaat e
l2J ?ITO;E KAge u-ls-gglaes tl%neT;w%apériaﬂor%zolypﬁeﬂ%at% HLANE pcﬁ%r%né’égggﬁ);gOéogglzo
Patent Document 33: Interational Publication No. 97/11049 (corresponding o
European Patent No. 0855384, and U.S. Patent No. 5872275)).
However, in all of these prior art documents in which the production of
aromatic carbonates using the reactive distillation method is proposed, there is no
15 disclosure whatsoever of a specific process or apparatus enabling mass production
on an industrial scale (e.g. not less than 1 ton per hour), nor is there any description
suggesting such a process of apparatus. For example, the descriptions regarding
the heights (H: and Hz, respectively: cm), the diameters (Dy and Do, respectivély:
cm), the numbers of stages (M and ny, respectively) of the pair of reactive distillation
20 columns and the feeding rates of the raw material (Q4 and Qz, respectively: kg/hr)

disclosed for producing dipheny! carbonate (DPC) from dimethyl carbonate and

phenol are as summarized in the following table.

25



"350 2.8 - 0.2 305 57-10 15+ 0.6 21 PACKING 500 5 50 0.6 400 8 50 0.6 23
100 4 - 1.4 200 4 - 0.8 24 300 540 1.5 - 525 0.7 28 1200 20 40 86 600
.25 20 31 33 34 600 - 20 66 600 - 20 22 35 See Patent Docunent 34:
JapaneB5#05878e ADSEHPIPPEA AN Lai d- Open No. 11-92429 (corresponding to

Eur opean Patent No. 1016648, and U.S. Patent No. 6262210 5 See Patent
docunent 35; Japanese Patent Application Laid-Qpen No. 9-255772
(corregﬁbﬁﬂ ng to European Patent No. 0892001, and U. S. Patent No. 5747609)

In other words, a pair of the biggest continuous nulti-st TEﬁT tion
col umms [Usgd h Cqrr ingj ogt tlhi s1,r epcto,on| usimg t he @Reaqt Ry
A 10 oo Thogp o2 IREUMENT

distillation sys S 1 e thosfe disc]osed py the pjesent stin
Pat ent e ft-s—a3tane—34 SEEM | romgalablle tlhe i mun
val ues qf 66he|vaa8 ols hn itpgnc 1699 ¢ nezghm.ti b5 Mué?:. otagzs
distill4tpey olagmg discljoses fpraome| &boe|reddtiof #8€ Hi _ 21200 fm H2
=600 crh D, # 20 cth D2 § 25 cn} n, =[n2 = $PACKING|t Document 23), |Q =
86 kg/hrl,_and|Q@ =_31 kg/hr andthe—afount—ef—ch iucuyi#droona 3 profluced
15 has rosoexdeeded |aps® oxli nldel | 400 kol Br. Jwhi®h iq n

produce q@Ea naystrrall sqa el bpgclosarejof t-he Iinvesltion |24is a
object o seHi-—-Avert+orr—to T o idS a[SPELETTC Pp9Ces that 9
F105078 |AG®01 {UPG7 KHANABnab| d& atondtid cBrhdnat 52 —coptai-rhe—a—drary
carbonat 1860 4 Mapn {pr aguct tes b¢ epooduczEl i t h2Bi ghl sdfecti vi 3 and |hi gh

productiljity stably [for a prolonged perjiod off tine oph an ipdustag al 4cal e
of not Ipkss than 1 tlon pery houwr dsirg—tHwe—eerttrgous

600 - 20 66 600 - 20 22 35

See Patent Document 34: Japanese Patent Application Laid-Open No. 11-892429

(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, a pair of the biggest continuous multi-stage distillation
columns used when carrying out this reaction using the reactive distiliation system
10 are those disclosed by the present applicants in Patent Documents 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 Hq =
1200 cm, H, = 600 cm, Dy =20 cm, D2 = 25 cm, ny = nz = 50 (Patent Document 23),
Q, = 86 kg/hr, and Q, = 31 kg/hr, and the amount of diphenyl carbonate produced

15 has not exceeded approximately 6.7 kg/hr, which is not an amount produced on an

industrial scale.

Disclosure of the Invention

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

9



"nulti-stage distillation colums froma dial kyl carbonate and an aromatic 5
nonohydr oxy conpound. Since the present inventors disclosed a process for

. produci ng aromati ¢ carbonates using a continuous nulti-stage distillation
col umF 1950780485+ UBBEMAN regardi ng processes for the production of

aromatic carbonates by neans of a reactive distillation nmethod have been
made. However, th

| |leemairdl prdduct t i
e | EbableegrgmeDs cerodimiSh hefElnga dal e B P at soever on o

di scl osures what soever on a
specific process or apparatus e [ i 18Aqed periddofri al
scal e. predugesiwith hlghag ewféﬁm‘f@%&?&g?dgﬁéﬁ%’%ﬁxﬁéﬂ é\)\?(ra%t oPs carried out
studi es ained at discovering a specjfi roC Dl i tic
car bondime on @t infustrgl &Cﬁi‘PQ? ppt @P@Bﬂ%ﬁégagégﬁéﬁjwé‘g‘bo uc(%m)tt@h%gg pr oduced

with high selectivity 15 and hi gh productivity stabl ..pr ol onged
peri od miiltitstage distilatiomdolsmnsdromehdi@lion ca alt%éggt%aérgif.'&flgn per hour. As

a result, the present inventors have reached to the present invention.
Thats | smohshydiexy cosipoasdect of the present invention, there is provided:

1. A process for the production of an aromatic carbonate contai ni n&‘ag
diaryl 20 cagipesaf prestritbihventors udisclosena RﬂD@#S&yFOfc&F?fgﬂt"ﬂ% Al
aromati ¢ nonohydroxy conpound as a starting material, which conprises the
steps 0% pEhhteeO NkinduaUshMirRR@I AiLiG-atabes distillation meliennalvanaLs Bropoesals
continu %[s mﬁtl-s age distillation colum in which a catalyst is present;

(ii) carrying o tid QN b &f rbmatit ucarbbpatesobiycmeansabt éhol
and 25" r@ﬁgyﬁ}oaéegge%g?ﬁoﬂr?gt gl;Lda(ui%iBi ) continuously withdraw ng a first

O RS BB AT Sped B FEu o ler o

( ! roman upper portion of said first colum in
o 5tk penan L SRR i QPP S SR e
portion d(i)sfclossetljrgs uhra?stoever on a specific process or apparatus enabling mass production
on an industrial scale. In view of these circumstances, the present inventors carried
out studies aimed at discovering a specific process enabling an aromatic carbonate
containing a diaryl carbonate as a main product to be produced with high selectivity
15 and high productivity stably for a prolonged period of time on an industrial scale of
not less than 1 ton per hour.  As a result, the present inventors have reached to the
present invention.
That is, in the first aspect of the present invention, there is provided:
1. A process for the production of an aromatic carbonate containing a diaryl
20 carbonate as a main product from a dialky! carbonate and an aromatic monohydroxy
compound as a starting material, which comprises the steps of:
() continuously feeding said starting material into a first continuous
multi-stage distillation column in which a catalyst is present;
(i) carrying out the reaction in said first column to produce an alcohol and
25 an alkyl aryl carbonate;

(i) continuously withdrawing a first column low boiling point reaction

10



"colum in aliquid form 5 (1V) continuously feeding said first colum high
boiling point reaction mxture into a second continuous mnulti-stage

.distillation colum in which a catalyst is present and which is connected
to sai 105078 AR UHROMKAN carrying out the reaction in said second col um

to produce a dial kyl carbonate and a diaryl carbonate; (V) continuously
e Bos g aoSeoad A NBLhAfay Bbper peARH daid fratsiamein a
B bon fam i Seohn B85 3 3t i Mo 14 e second
Wher el megatjormmivslrsr corgeiningofn el ana CROTOTELF BB ALOVE PB4 st ™
nmonohydr oxy 15 conmpound in said starting nmaterial which is fed continuously

i nto sajolurhh sk ligoid fonmous  nul ti-stage distillation colum is in a range
of fromO0.1 to 10; (b) said first continuous nulti-stage disti|lation

col ynm conpriags Sortiniustisly feedinavsaid fiestpalumo highBolNa PEINtABBMONd bel ow a
cylindrical trunk portion having a length L, (cn) and an inside dianpeter

D, (cM iAGVA 8e LBRSrGs Multhstags Wistidiatian cofuren iywbiah a caalst isi de,
and hasmgaggslhg’u?lgg?&?%\??ng an inside gi aneter dl1 (cnm) at the top of the

cOL U G ok fit 5 PR/ 1sRRNHERactto 4 R cumn el caryieg bupihecreacton in

outl et M e dianeter dl12 (cm at the bottom of the colum or in

2 | oner  RYEhRd Bl GRS 4530} ealtRohoEhaa dityl bedsinatec | ni et

provi de?f! 1ot ‘and/ ot m ddl e portion of the colum bel ow
the cor um abble Gansbpap v UTEufT: aisPond cBLie o Bolibg Acpireapion ' on o
et Sk S i R bbb 088 5 11 -
ot ou rs]gcgr?c; gglluﬁ'\n i(nze)l @aseous form while continuously withdrawing a second column
high boiling point reaction mixture containing said produced diaryl carbonate froma
lower portion of séid second column in a liquid form; wherein
(a) a molar ratio of the dialkyl carbonate to the aromatic monohydroxy
15 compound in said starting material which is fed continuously into said first continuous
multi-stage distillation column is in a range of from 0.1 to 10;
(b) said first continuous multi-stage distillation column comprises a structure
having a pair of end plates above and below a cylindrical trunk portion having a
length Ly (cm) and an inside diameter Dy (cm), and having an interal with a number
20 of stages n, thereinside, and has a gas outlet having an inside diameter di1 (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 di2 (cm) at the bottom of the column or in a lower
portion of the column near to the bottom, at least one inlet provided in the upper
portion andfor a middle portion of the column below the gas outlet, and at least one

25  infet provided in the lower portion of the column above the liquid outlet, wherein

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

11



100 5 D, 5 2000 (2), 5 (3) aratio of said length L, (cm to said inside

dianeter D, (cm) of the colum satisfies the followng formula (3), 2 S Li

./ D < 40 (3) 4) sai nber of stages ni satisfies the follow ng formula
(4), EmO@(Yﬁ.,A@f('Oﬂ)zHP%Wo (5) a ratio of said inside dianeter Di (cnm) of

the colum to said inside dianeter dii (cm of the gas outlet satisfies

the follow ng for ( < dii <30 (5),(Bnd (6) a ratio of said
i nsi de di anmeter Dw%@%g‘z)li"t’ﬁeggo um to said in(side di aneter d12 (cm of

the liquid ouytlet satisfies . the f | L 2Bk thd folbwingpformula2 5 20
(6); (c) sai &)S%QHEF‘Q%H{%"P\?}%D? rggﬁ Mﬁ%@amu ITation col um conprises a
structure having a pair of end plates above and bel ow a cylindrical trunk

portiof2),having a length L2 (cm) and an inside dianmeter D2 (cm), and having

an internal with a nunber of stages n2 therei nsi(gf, and has a gas outl et
havi ng an inside dit@®eterDd®E 2PQcm) at the top the colum or in an

upper portion of the columm near to the top,, Jliquid_outl Vi ng an
i nsgde di amet(®y adato of spiddengthd1H{etD densagid Wﬁ@aec%‘PU%xe'bP1 ?I“gaf t:ﬁ%vver portion
of the colum near to the bottom at |east one inlet provided in the upper

port i onNNhQatiafies de follpwirg fonmofa (3)e col utm bel ow the gas outlet, and at
| east one inlet provided in portion of the columm above the liquid outlet,

wherein ' the |owerp25 (J1)psacdabength L2 (cm) sdBlsfies the following
formula (7), 1500 S L2 < 8000 (7), 12 F105078_AC601 UPO7_KAN (2) said

|1(r)18| geDgi gm;g@g s% t,(lﬁr%ePBf §t2ges ph $amisfes iheffollowirgefofroblaoldng formula  (8),
20 £ np =120 (4),
10 (5) a ratio of said inside diameter D+ (cm) of the column to said inside
diameter dy, (cm) of the gas outlet satisfies the following formula (5),
5 < Dy/fdny = 30 (5), and

(6) a ratio of said inside diameter D4 {cm) of the column to said inside

diameter dy2 (cm) of the liquid outlet satisfies the following formula (6),
15 3= Di/dz =20 (6);

(c) said second continuous multi-stage distillation column comprises a
structure having a pair of end plates above and below a cylindrical frunk portion
having a length L» {cm) and an inside diameter D2 (cm), and having an internal with a
number of stages n thereinside, and has a gas outlet having an inside diameter dz

20  (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 do» (cm) at the bottom of the column or ina
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

25 (1) said length L2 (cm) satisfies the foliowing formula (7},

1500 = L, = 8000 (7,

12



"(3) aratio of the length L2 (cm to said inside diameter D2 (cn) of the
colum 5 satisfies the followwng forrmula (9), 2 < L2/ D2 <40 (9), (4)
. said nunber of stages n2 satisfies the following formula (10), 10Sn2S80
(10), F(®O7§_A%Qb8897.§$ﬂ"é i nsi de diameter D2 (cm) of the colum to said
I nside 10 dianeter d21 (cm of the gas outlet satisfies the follow ng

formula (11),.. 2.<. D21 d21.S 45 Hh sk theofolldding formulie
di ameter D2 (%W'%W#Cf?ed'@m%% F&éréﬁ){jt | n5|h(£|1"2'}1 %tlgﬁ%?g} 022 (m(i:brr) of the
liquid outlet satisfies the following formula (12), 5 S D2/ d22 < 30 (12),

15 2. {®e process according to item1, wherein distillation is carried out

sinmultaneously in said step (ii) and said step (i&), 3. The process
according to item 108r§2,Dzvvér?dqg an amount of stﬁsd diaryl carbonate

produced is not less than I ton per hour. In, another aspec ft ocess
accor di ng t o(3)a raticesthie lengthbritz (6m) teisaicinside @eﬁﬁi%fﬁa Ef{;{n} Qet‘.'len&gu'g\boc ess
for the production of an aromatic carbonate containing a diaryl carbonate

as E Maiafisfé 9 theclollbwingformutang®)ar omat i ¢ car bonate containing the diaryl
carbonate as the main product are produced continuously by taking a m xture

of a dialkyl carbgnate gm, ad 40omatic nonohydr ¢®y conmpound as a starting
material, 25 continuously feeding the starting material into a first

conti nuous Myhi{ kxS AgRbebisthgeahi 8atistlsum folflowihgdbrmauleddBlyst is present,
carrying ouﬁf’%ga@eact |((a)r?1(5 andét heé 13 F105078_AO601 UPO7_KAN distillation

si mul t aneously sai dh,g firstggol um, continuousliyoy thdrawing a first
col umm | ow boi | i ng poiTt 7 &action nixture containi ng a produced al cohol

froman L DAL %P 58l iRGI dibidter] U 6thd CHsAAYS stf msideont | nuous!y
10 diameter dx (cm) of the gas outlet satisfies the following formula (11),
2 £ Dafdy = 15 (11), and
(6) a ratio of said inside diameter Dz {cm) of the column to said inside
diameter dx (cm) of the liquid outlet satisfies the following formula (12},
5= Dafdn = 30 (12),
15 2. The process according to item 1, wherein distillation is carried out
simultaneously in said step (i) and said step (iv),
3. The process according to item 1 or 2, wherein an amount of said diaryl
carbonate produced is not less than 1 ton per hour.
In another aspect of the process according to the present invention, there is
20 provided:
4. In a process for the production of an aromatic carbonate containing a diaryl
carbonate as a main product in which the aromatic carbonate containing the diaryl
carbonate as the main product are produced continuously by taking a mixture of a
dialkyl carbonate and an aromatic monohydroxy compound as a starting material,

95  continuously feeding the starting material into a first continuous multi-stage

distillation column in which a catalyst is present, carrying out the reaction and the

13



“col urm high boiling point reaction nmixture containing a produced al kyl aryl
carbonate 5 froma | ower portion of said first colum in a liquid form

.continuously feeding the first colum high boiling point reaction m xture
i Nt o aF$@EABdABEMt VROGLISANUI ti-stage distillation columm in which a

catalyst is present, carrying out the reaction and the distillation
simul taneously jn said second. .co fﬁﬂ‘pt. L ¥y \WitHtlewitgna fiesstisecond
col urm dissilatien ﬁi"’t‘i-ﬂtaﬁ@oHﬁwr%&lﬂi’%h%mB% CoptRtosly

ure containing a produced dial kyl
carbonate 10 from an upper portiagn of said. ol frofagous form
cont i nwoluwhy Iombpﬂidlgmlfﬂd’eécg%HHE#“E%PE‘SM%’?@%%%F??%%gg;c?ih%t Peact i on
m xture containing a produced diaryl carhonate fro I b Gpstof
sai d sapped portiamof said &irsticpluran in grdASKRHP or@z,,ﬁqr\ﬁl{}gggg';/ ‘@‘é@i?‘ﬂ@ iﬁg second
colum I'ow boiling point reaction mxture _containi ngerihﬁ\yﬂhﬁ)' F#boq.%{é)onat e
into tr&m,mhqﬁgrm@niﬂgtp(mu)ﬂ reabiﬂc:)n stixtyee @@@fﬁ'?}&??ﬂ?'& I 8 ng J' the (fq
i mprovenent in ich: (a) a nolar ratio of the dialky calr onat e fosfhe
i avslifreding e

ar onat i o, ARNRKNE R Ktion EPSaidInst columaiid asliquid farg, wRNEAH
contiinuously into said first continuous nulti-stage distillation colum is

st | B B o A e e el at e

o) o RSB e LS st reseacamyng LA S ) e o
{op. of " BlsbTats S RrBrBg f hl e A, o op,
col umn_epiirn tow BAbR 2enigParish SRR Seniing & prodtesd Ta BRTT T T

| east
one inlet provided in the upper rtjon and/ ' ohahtib@slyof the
col aom frsrpantuppes ROrtian Pfeﬁé)'géﬁ@'gg?f’ Q,O%g%?@;ﬁcg@mg_msm PO7_KAN
inlet provided in the | ower portion of the col ! iy d out | et
wher ei n witHdrawirigia seegnd colunirshighseqiling paiot f%?&“%ﬂﬁ‘%&*ﬁg%g?%@ (1), 1500
S L, S 8000 (1), ) . : -
produced diaryl carbonate from a lower portion of said second column in a liquid

form while continuously feeding the second column low boiling point reaction mixture
containing the dialkyl carbonate into the first continuous multi-stage distillation

15  column, the improvement in which:

(a) a molar ratio of the dialkyl carbonate to the aromatic monohydroxy
compound in said starting material which is fed continuously into said first continuous
multi-stage distillation column is in a range of from 0.1 to 10;

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

20 having a pair of end plates above and below a cylindrical trunk portion having a
length Ly (cm) and an inside diameter D¢ {cm), and having an internal with a number
of stages ny thereinside, and has a gas outlet having an inside diameter das (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 dz (cm) at the bottom of the column or in a lower

95  portion of the column near to the bottom, at least one inlet provided in the upper

portion andfor a middle portion of the column below the gas outlet, and at least one

14



"(2) said inside dianeter Di (cn) of the colum satisfies the follow ng

formula 5 (2), 100 = D, s _ 2000 (2), (3) aratio of said length L, (cm

.to said inside dianeter DO (cm) of the colum satisfies the follow ng

for mul p1dsdys RoSo1LP67 AN 40 (3), 10 (4) said nunber of stages n,
satisfies the followwng formula (4), 20 5 n, S 120 (4), (5) a ratio of
said inside dianeter D, (cm of the cqlum_ to said i s ihapsiher d" (cm
of t hejrgatprovidiedtin she lawerazortier of Hig ?fﬁkﬁ@ ?%?Vﬁf‘gq%ﬁ?bgﬁ%wm | d" S 30
(5), and 15 (6) a ratio of said inside di arretgr Di‘ (( g) of the colum to
sai d insi de (puidi¢lergihiLs{creysatisfiesdhesiygnadri'a ? ), diameter d12 (cm
of the liquid 3 <D, | dl12 < 20 (6); (c) said segqnd continuous nulti-stage
distillation colunqsgongr ilses: 8008t ruct ure havi n(j‘ a pair of end plates
above and below a cylindrical trunk portion 20 having a Ievq%.h lé,2mé¢|g') and
an inside di gﬁ%&&c&ﬁﬁdég@me@a@@mym@tmc@m satisfigsithe {olligWipgdp st ages
€, an

n2 thereinsi as a gas outlet having an inside dianeter d21 (cn) at
the top.of the columm or in an upper portion of the colum near to the top,
a B qdi12 outl et having an inside dianeter d22 (cn) at the bottom of the
colum or ina Ilo por ki on ghghhe col um near (R the bottom at |east
one inlet provided tfie“25-upper portion and/or a middle portion of the

col um bel ow t he gas qut| gt n I id iride HiinsdtepDQ\(Cuig of the t he | ower
portion of tf{@)@dﬁt}ﬁrﬁéﬁlﬁf‘@hﬁ;ﬁbﬁ &&ndltga%ﬂct’f et aﬁer eien \{5%105078_A0501

UPO7_KAN (1) said length L2 atisfies the following formula (7), 1500
< L27< Bdg]GZr(sie)tisﬁes 09t iovang Fommg (45 g (7)

2 < L4/Dy £ 40 (3),

10 (4) said number of stages N satisfies the following formuia (4),

20 = ny £ 120 (4),

(5) a ratio of said inside diameter D4 (cm) of the column to said inside

diameter dq; (cm) of the gas outlet satisfies the following formuta (5),

5 £ Dy/dn = 30 (5), and

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

diameter ds2 (cm) of the liquid outlet satisfies the following formula (6),
3 < Dy/fdiz = 20 (6);

(c) said second continuous multi-stage distillation column comprises a

structure having a pair of end plates above and below a cylindrical trunk portion

20 having a length Lz (cm) and an inside diameter D2 {cm), and having an internal with a

number of stages n; thereinside, and has a gas outlet having an inside diameter das

(cm) at the top of the column or ih an upper portion of the column near to the top, a

liquid outlet having an inside diameter dzz (cm) at the bottom of the column or in &

lower portion of the column near to the bottom, at least one inlet provided in the

25  upper portion and/or a middie 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

15



.inside dianete

"(2) said inside dianmeter D2 (cm) of the columm satisfies the follow ng

formula (8), 5 100 S D2 2000 (8) (3) aratio of the length L2 (cnm) to said

r D2 ‘gcrr) of the colum satisfies the following formula (9),
2 S L2F105078_ABSQOYPO(HAN 5 § number of stages n2 satisfies the fol | owi ng
formula (10), 10 10Sn2S80 (10), (5) a ratio of said inside dianeter D2

(cm of the | unm, t id. lnsi i ithd ¥orsup (8§, t he gas outl et
satisfies thgﬂfstﬂ"i’m%%@ﬁﬁg?@ﬂﬁgﬁé(ﬁf%)tﬁgqggw'é 7 c|21_(sj 15 (11), and (6) a
ratio of said insi [ te cnm) of the col to said inside 15
di aneter d22 (cm 3508%-‘- i2 & gaggt | et satisfi eswjnhe follow ng formul a

(12), 5 D2/ d22 S 30 (12), 5 ! Lok Ohé FSBwing fbenglan an
anount pr odué2nsajd "ﬂﬁ'éeﬂig%ﬂ"?‘iermjp&gr?gﬁélcgﬁﬁ@{g?ﬁegsﬁse than | ton per hour,
6. The process according to any one of itens 1 to 5, wherein dll1 and di12
satisfygyhe 20 followng fornmula (13), and d21 and d22 satisfy the

following formula (14) 1 < d12/ d" 5 (13) 1 < dié [ d22 6 (14), 7. The
progess according t10GrE Bpeso20@enms 1 to 6, wh hin L1, DI, L1/ D1, ni,

D1 / di11, and D1 / d12 for said first continuous mul bé-st?%iggééagﬁﬁtion
col um SatiSf(g&fahéﬁa@filﬁé lemgitinl> (on)igl said inside diarmates Ded6e. 000,
3 SL1/ D , 30 Snl S 100, 8 SD1/ dl11 S 25, and 5 S D1 / di12 S 18,
16 F105Q%%égﬂéfymn§wmmgqgﬁctiver, and L2, D2, L21 D2, n2i D2/ d21,

and D2/ or sald second continuous nulti-stage
2 = Lo/D; £ 40 (9),

(4) said number of stages nz satisfies the following formula (10),
10 10 < n; = 80 (10),
(5) a ratio of said inside diameter D2 (cm) of the column to said inside
diameter d,; (cm) of the gas outlet satisfies the following formula (11},
2 < Dpldy = 15 (11), and
(6) a ratio of said inside diameter D> (cm) of the column to said inside
15 diameter dx (cm) of the liquid outlet satisfies the following formula (12),
5 £ D/dx = 30 (12),
5. The process according to item 4, wherein an amount produced of the diaryl
carbonate is not fess than 1 ton per hour,
6. The process according to any one of items 1 to 5, wherein diy and di2 satisfy the
20 following formula (13), and dz and dy, satisfy the following formula (14)
1 £ dypfdyy £ 5 (13)
1 £ dyl/dp =6 (14),
7. The process according to any one of items 1 to 6, wherein L, Dy, L1/ Dy, Ny, Daf
dyy, and Dy / dy2 for said first continuous multi-stage distillation column satisfy the
25  following formulae: 2000 < Ly < 6000, 150 = D4 < 1000, 3 = Li/Dy =

30. 30 = nq £ 100, 8 < Dy/dy = 25, and 5 = Dy/dyz = 18,
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“distillation colum satisfy the follow ng formulae: 2000 L2 S 6000, 150 <
D2 1000, 3 L2/ D2 30, 15 S n2 60, 2.5 D2! d21 S 12, and 7 :!Si 5 D21 d22 S
. 25, respectivelg 8. The process according to any one of items 1 to 7,

wher ei fi1PPO7ELA0501 UPOM,(Aﬁ,, Di 1 dii, and Di / d12 for said first
continuous nulti-stage distillation colum satisfy the follow ng fornul ae:
2500 S L 85080 00 SD S800, 5SLi / D S15 40 <n, S90, 10 S D
I dii FeSRRCNRY. #Nd o ) 412 S 15, respectively, and 10 L2, D2, L2/ D2, n2,

D2/ d21, d D2 2 [ t 4 | = higltil [
col um saf1 |nsf'—9 éhiﬁéaohwﬁgdﬁre %ﬁ@g)é‘}ﬁ%@g%%\{fié@ﬁgo%%{tﬁ%gsgh%g@tiﬁé ;388
5 < L2/ D2 <15 20<n2 S50, 3 <.D2/,.d , / 2<Sn20,
r espectdistiflajiongolurna sati%aébg?%!t%‘ﬂﬂaifﬂ@“ﬂ‘aeé%‘}‘i%% Iﬁ?angtgonéal %éﬁ&é erein

each of said first 15 continuous multi-stage distillatiqn ol agd said
second £on0DAU0Bs Smbbi PesEa@l, 18i & iN2l & i%bn ?ogu%nbﬂégé’ drstf17ati on col um

having a tray and/or a packing as the internal, 10. The process accordi ng
t o ist enD9 dWher @5n respattivelyst continuous nmulti-stage distillation colum
is a plate-type distillation colum having the tray as the |nternal 20
and saig SPREMoGY Adbopting tolahy-orieanfatams 1 itb I7TamheReiddiufh, b/ B M, D1/
distillation colum having both the packing and the tray as the internal,

11 Th.edgfQﬁﬁﬁ/%%Ur%iamﬁspcbhm&munpstagpeﬂsﬁuatieacnwnn satisytBgs in
said first  continuous multi-stage distillation colum and said second

conti nupoi%&}% gdmﬁﬁé‘&%di’i stijl | & iggpocolaomn d DA Si8E t5ag ha/Dng=al8di eve

portion own corer portion, 25 12. The process according to item 11,

wherein said sigve trgy ha t8 3808hd hgl es/m) .9 £hessiempectieelyiang 17
F105078f§o§'8£‘1ugo$9m§b1§. Ebr‘ﬁ(embrT)cieLQ‘s&?ﬂccor di erg];Qt(; item 11 or 12, wherein

e ignCe e, BB AL Bar diY) dndb, PELToP S EcHRY dohtinlods hnGstage T om
distillation column satisfy the following formulae: 2500 < L, = 5000, 200 = D2
< 800, 5= L,/D; =15 20=n=50 3 < Dpfdxy =10, and 9 =
D2/ dye £ 20, respectively,

9. The process according to any one of items 1 to 8, wherein each of said first
15 continuous multi-stage distillation column and said second continuous multi-stage
distillation column is a distillation column having a tray and/or a packing as the
internal,
10. The process according to item 9, wherein said first continuous multi-stage
distillation column is a plate-type distillation column having the tray as the internal,
20 and said second continuous multi-stage distillation column is a distillation column
having both the packing and the tray as the internal,
11. The process according to item 9 or 10, wherein each of the trays in said first
continuous multi-stage distillation column and said second continuous multi-stage
distillation column is a sieve tray having a sieve portion and a down comer portion,

95 12. The process according to item 11, wherein said sieve tray has 100 to 1000

holes/m? in the sieve portion,

17



"14. The process according to item9 or 10, wherein said second continuous
multi-stage distillation colum is a distillation colum having, as said
.internal, the 5 packing in an upper portion of the colum, and the tray in
a | oneF 196918 #R581 UPRE_RRYI unm, 15. The process according to any one of
items 9 to 14, wherein said packing of said internal in said second

continuqus ul ti-stade di st | dréirPihe cbssesetionsd arespenct ur ed
packi ng, -1(9{%"0?%5 PB%rgﬁd @c@%dpgﬁnﬂ%% em 15, wherein said structured
packing in said _second,continhuous td' 5§6%g(§.nzii stillation colum is of at

| east b paigh9ere Fayis WA rYI9Rof %m StTng of Mellapak, Genpak,

TECHNO PAK, FLEXI -PAK, a Sul zer cking, .a | a

d i t chgt4.d, Therpropess aceeehing &bﬁ%’?‘g‘? ﬂ{ﬂgowﬁﬁ?%gg{%éﬂ?@cn‘?r@ﬂ?gﬁ%e, wher ei n
said first 15 continuous nulti-stage disti]latjon colunn. LS two or
nor e of mditisstagkalistilation columrs is ashs%*a@%ﬁ%&&@%& aF %‘#g%‘?" gﬁee of
itens 1 to 17, wherein said second continuous rmlt'-st%%f.di ?*l eIation
col ym sadkMd Fean uppepporionefdiie ¢olmin, and g trap ver-gprfipn Second
aspect of the present Invention, there is provided: 19. An aromatic

car bonatg,gfyreri sing a hal ogen content of not nmore than 0.1 ppm  produced
by the process according to any one of itenms 1 to 18. In the third aspect

of the REESERR Baﬁgé&ibrdﬁwpﬁlb%ﬂysoﬁvmimslgtBOIA,Avhmaimtsa}é parking|afat i on
apparatus’ conprising a first continuous nmulti-stage 25 distillation colum

for carryl i ' Sirglous rAtkicagd dbtiHatie oaldmroistoneuoUmore
mul ti - sﬁéﬁﬁﬂt‘ﬁ?ﬁ%h lf‘les%ﬁ %%@:‘ngom I.?‘[(()jr carryi n%' out reaction and distillation,
which is_18 F105078 AP501 UPO7_KAN connected to said first continuous

mul ti - sCASIHUPHIPEIEN: col urm, conprising: (a) said first conti nuous
! tli)_ Stgde Toll'niesptnriolclagé gg@or%?ggutmtecrﬁ TR WhePeid shid YrlitLfed packing in said
second continuous multi-stage distillation column is of at least one selected from the
group consisting of Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing,
a Goodroll packing and a Glitchgrid,
17. The process according to any one of items 1 to 16, wherein said first
15  continuous multi-stage distillation column comprises two or more of distillation
columns,
18. The process according to any one of items 1 to 17, wherein said second
continuous multi-stage distillation column comprises two or more of distillation
columns.
20 In the second aspect of the present invention, there is provided:
19. An aromatic carbonate comprising a halogen content of not more than 0.1 ppm,
produced by the process according to any one of items 1 to 18.
In the third aspect of the present invention, there is provided:
20. Areactive distillation apparatus comprising a first continuous multi-stage
25  distillation column for carrying out reaction and distiilation; and a second continuous

muilti-stage distillation column for carrying out reaction and distillation, which is
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"having a pair of end plates above and bel ow a cylindrical trunk portion
| having a length L, (cm and an inside dianeter D, (cm, and having an
~ .internal with a nunber 5 of stages n, thereinside, and has a gas outlet
haV|ngFéQSWMkﬁﬁéohpgﬁﬁﬂ@?Nd (cn) at the top of the colum or in an upper
portion of the colum near to the top, a liquid outlet having an inside

di aneter dl2 m_ at.the 8h colunan,| comprisipger  portion
of the c@BPﬁ?ﬁ?gﬁQaﬁa"i fryf ﬁgR@ﬁ@Q m"ltig&% gglé{g%g inlet provided in the

portion and/or_a mniddle rtlon t&}ﬁnms)altstretturend at
| east one 10{@h$aif fgslRA HOP?I"?Lﬂté 4c]ﬁe/(\?e p' [lrg%gwnt he col urm above t he

liquid outlet, wh 1) said | |
For mul g & pETENCPlBtssbaRae aracgﬁgfgmcwﬁ@%a? Bk soor R O e

| tisfies the foll f 5 100 3
fatio qiﬁg&fu' (E:;)gm% an |r(sgt\émg Geonlar B sy A i2pEE 'BBTE'H?RH% oot ) o

satisfies the following fornmula (3), 2 < L1/ D1 < 40 unber
of 3t agsisifiges Al iwirrsidd) antididsoaigng oLgehiawng & insids C&G%Hté’ﬁ‘ig‘%hfﬂy (5)

| a ratio of said inside dianmeter D, (cm of the colum to satld II’lSId
- dianet e{heq (t?'?i%e %Bldrﬂireogﬁﬁa@ubbert peribnsffitas cohnn 5ERLIR e 1PBr AiAY! 5 s
} D/ d" gB and (6) a ratio of said inside dianeter D, (cm of the

| the)batiom hEtha epluaNAN & IOWEF | sf
the fol {5‘8 '&%ﬁ#@éh%'?gﬁ'%&?ug(#ﬁ(z o (6): 19 ?{05078 AC501 UIF>37I KAN

(b) Sa'g ﬁg@#}ﬂag%ﬁdrﬂm g{_ébéthﬂﬁeaﬂeam d:ﬂm@tnletrpmidemmbwpperes a

structu palr o pl ates above and below a cylindrical trunk
portion portion and/or a middie portion of the column below the gas outiet, and at least one
10 inlet provided in the lower portion of the column above the liquid outlet, wherein
(1) said length Ly (cm) satisfies the following formula (1),
1500 = L, = 8000 (1},
(2) said inside diameter Dy (cm) of the column satisfies the following formula
(2), |
15 100 £ Dy = 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 £ L4/Dy £ 40 (3),
(4) said number of stages satisfies the following formula (4),
20 20 < m £ 120 (4),

(5) a ratio of said inside diameter D, (cm) of the column to said inside
diameter dy1 (cm) of the gas outlet satisfies the following formuta (5),
5 < Dy/dyy = 30 , (5), and
(6) a ratio of said inside diameter D, (cm) of the column to said inside
25 diameter dyo (cm) of the liquid outlet satisfies the following formula (8),

< Dy/diz £ 20 (6);
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"having a length L2 (cn) and an inside diameter D2 (cn), and having an
internal with a nunber of stages n2 thereinside, and has a gas outl et
.having an inside dianeter d21 5 (cn) at the top of the colum or in an
upper popEI7EA8E01 HEOEK M near to the top, a liquid outlet having an

I nside dianmeter d22 (cn) at the bottomof the colum or in a |ower portion

of the col um(&P ”eaﬁistggP'taQ%SB?M&@ @ﬁgthﬁl%@étdiﬁnhtibnloeiurpm cOMPEBes@ t he upper

portion and/ ) s ifon o e colum bel ow the gas outlet, and at

| east one inlet provided in the.l ' Afoyfimdricad kruni pevkiore t he
| i qui d sbuctuse haeg @iﬂ?'rlfg e{‘f’)p@%sﬁ%g% Ege’?vcn)cysat i sfies the follow ng

f | 7), 1500 S L2 < 8000. (7), .(2 NopFwatsy ' inféendlomih ef th

o e tassi ) R T B G5 40 e
ti f the | th L2 t i d inside di i I

gt aEsuoresisanoi Fuhasd ol LG Pk St 92

of stages n2 satisfies the follow ng fornula , 20
(5) 2 r@matdhedop of trescotam @mietaérumzer(ra‘?ﬁ'o'a&mﬁec%'éﬁﬁ‘ﬁ“né%oéégigé&‘i;’%i de

di aneter d21 (cm of the gas outlet satisfies the foll ow ng, f (11), 2
< P2l didudduthavidgerligside diatrioterodzz 4amis at e bettern b o) %“a%f the

col um sald inside dianmeter d22 (cm of the liquid outlgt satisfies the
Lt

fol I owd sarld/thd Ddttons Gat (aast ongiiniet REOVIES
distill 2&%%%@%@?@%@%@@. ng to item 20, wherein dil and diz, 20 .
d22

F105078_AQE01 7 i fop ke vbiugnri belom th outigld
satisfy“PR&WBHEW%ﬁH??ﬁ@)QM{ dlg?mglll 5 (13)9( =

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

10 (1) said length L2 (cm) satisfies the following formula (7),

1500 < L, = 8000 (7,

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

(8),
100 £ D, = 2000 (8),

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

satisfies the following formula (9},
2 £ Lp/D; £ 40 (9),

(4) said number of stages N2 satisfies the following formula {10),

10 = nz = 80 (10),

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

diameter dx (cm) of the gas outlet satisfies the following formula (11},

2 < Dyfdy £ 15 (11), and

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

diameter dx» (cm) of the liguid outlet satisfies the following formula (12),

5 < Dafde = 30 (12),

ing to item 20, wherein dy; and di2

25

21.  The reactive distiliation apparatus accord
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"1 d21 / d22 6 (14), 22. The reactive distillation apparatus according to
item 20 or 21, wherein Lt, D1, L1 5/ D1, ni, D / dl11, and D | di2 for
.said first continuous_nulti-stage distillation colum satisfy the

f ol | owFNG587B AOPALUPSBOMAY |t 5 6000, 150 < Di 1000, 3 < L1/D1 < 30, 30 5
ni <100, 8 < D1 / dii <25, and 5 Dt / dl12 < 18, respectively,dgg‘;j L2,
D2, L2 / D2, n2, D2 /[ d21, d22.d &, sansk tae¢oliuvingioimuia

mul ti - SeHgY th?(?ic’l!ﬂ‘%'f‘gIf?réwlggng:gﬁ]rcr{nd%%ﬁ 5(1?2%/ theﬁf ol  owi ng fornul ae: 2000 s
L2 6000, 150 < D2 1000 < L2/. D2 < 30, 15 < ngq5 60, 2.5 < D2/ d21 S 12,
and 7 D21 d22 < 25,1 és‘ﬂﬂézgﬂvgf, 23. The reacti\%/esi)di stillation apparatus
according to any one of items 20 to 22, V\/nerein( D1, Lt / D1, ni, D /
d11, and Dt / d12 florSs@irddei r3tBcontinuous nulti‘-stage 15 distillation

colum satisfy the follow ng fornulae: 2500 Lt. < h 1S 309, 5 <
Lt / Diox IPhe ﬂéhctival:!istillamnBDPBEQTPS&CPO@Q'@%,&) oy 2P g 2y Whérehh L 1{3), 1
rTespectively, and L2, D2, L2/ D2, n2, D2/ d21, and D2! d2 Id~second
contd nupgs fuby i dst agd Ddids forl said ﬁrst@@ntmog%m%%-ﬁ{) e&F@Ht@\E\\/i%gu or mul ae:
2500 < L2 '< 5000, 200 < D2 20 S 800, 5s L2 / D2 < 15 2Q<(§$<35Q, 3 <
02 I 02 st the fiMSwhdRImlAde 201D < dspezt6008), y, 15804 = e FellPve
distillation apparatus according to any one of itens 20 to 23, aneté]
each of s,ahd £i éét ggng M OLLS 1ujglt18-s_gaga’ dijy s£i Phat rod &l anP1 A s P
second ~tonfiTudus mul fi-stage distillation colum is a distillation colum
havi ng a_tray. ndé'ﬁé 25 a packing as the internal, 25. The reactive
distill 5??&5#{'?;{%‘551 us according to item 24, wherein said fi rs'fm’m‘%ls{t
F105078_A0501 UPQ7_ KAN contd us I us] RYeali Séddridatortimuons 11S5a@e
pl ate-type di §t2’i[8¥v3't2ilg#¥' gﬁlwzﬁ‘a%@gg t ";e tray as the internal, and said

d ti | ti- | St.i | [ < 0=D
second cont auous, il LLiih IR Sliclihg e dBe o000 ™S B, < 6000, 150 = D:

< 1000, 3 £ Lp/Dy £ 30,15 £ mz = 60, 25 < Dafdy £ 12,and7 =

Do/ d» < 25, respectively,
23. The reactive distillation apparatus according to any one of items 20 to 22,

wherein Ly, D1, L1/ D1, Ny, D4/ dys, and D, / d12 for said first continuous multi-stage

<
15 distillation column satisfy the following formulae: 2500 = L < 5000, 200 = Dy

<800 5 < L/Dy =15 40 = m = 90, 10 < Dyfdy < 25,and 7 =

D4/ di2 = 15, respectively, and
Lo, Dy, L2/ D2, Nz, D2/ d2y, and D,/ dy for said second continuous multi-stage

<
distillation column satisfy the following formulae: 2500 = L = 5000, 200 = D2

20 < 800, 5 = Lo/D; = 15, 20 <M £ 50, 3= D2fday =10, and 9 =

D,/ doz = 20, respectively,

24. The reactive distillation apparatus according to any one of items 20 to 23,
wherein each of said first continuous multi-stage distillation column and said second
continuous multi-stage distillation column is a distillation column having a tray and/or

25 a packing as the internal,

25 The reactive distillation apparatus according to item 24, wherein said first
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"a distillation colum having both the packing and the tray as the internal,
26. The reactive distillation apparatus according to item 24 or 25, wherein

.each of 5 the trays in said first continuous nulti-stage distillation
col unmF 1PRP78aABPEIEBRG- KA Nt i nuous nul ti-stage distillation colum is a

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

reacti Eﬁ@%ﬁ%%‘bﬁ@%ﬁ%@@%ﬁ BRI & A8ide-typedistifatiomeolamn lBaviagsi eve

tray _ 2i'n the sieve portion, 10 28. The reactive
cr oss- U rAsARha RS A cE e e om 0. 5
L B isiomaRa e S D A aP s i g ol ¢ second
g SepB i Ao Bl B oG 24 e el .
oL 2L on appar e e oo e b AR Al Recqt o

distillation colum is one or nore of a structured packing, 31. T
W%é{’&

h
react i V@ flinGbiss hillii 2fagpdisttdtion ealomnds agsieve ey haymng pPrtigngnd a
structure 20 packing in said second continuous nulti-stage distillation

col um | IE%%%H one selected fromthe group consisting of Ml apak,

Genpak,a%’a@elg , FLEXI-PAK, a Sul zer packing, a Goodroll ‘ga(_:ki ngagnd a
ditchgrid, r e aQ iparatul 2ictending faitetmus  aehenet Yot Ybne of
I tens %*t OT%%TeJ& grcg?ﬁﬁélgﬁﬁﬁ%rst continuous nulti-stage distillation

gf)ls?m ﬁggﬂhbiﬁagbﬁﬁlpiégm’ﬁﬁ o sieve girién,| | ation colums, 33. The reactive

ccording toany one of items 20 to 32, 22
i s101 1361 oRheaPaRive SpIT SRR s g 18 e 2o B e e,
cross-sectional area per hole of said sieve tray is in a range of from 0.51t0 5 cm?,
29. The process according to item 24 or 25, wherein said second continuous
multi-stage distillation column is a distillation column having, as said internal, the
packing in an upper portion of the column, and the tray in a lower portion of the
15  column,
30. The reactive distillation apparatus according to any one of items 24 to 29,
wherein said packing of said internal in said second continuous multi-stage
distillation column is one or more of a structured packing,
31 The reactive distillation apparatus according to item 30, wherein said structured
20 packing in said second continuous multi-stage distillation column is of at least one
selected from the group consisting of Mellapak, Gempak, TECHNO-PAK, FFEXI-PAK.
a Sulzer packing, a Goodroll packing and a Glitehgrid,
32 The reactive distillation apparatus according to any one of items 20 to 31,
wherein said first continuous muiti-stage distillation column comprises two or more of
95 distillation columns,

33 The reactive distillation apparatus according to any one of items 20 to 32,
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"Advant ageous Effects of the Invention 5 It has been discovered that
according to the present invention, froma dial kyl carbonate and an
.aromati ¢ nmonohydr oxy conpound, an aromatic carbonate containing a diaryl
car bon#105023_A05a1 WRH7aHA: can be produced on an industrial scale of not

|l ess than 1 ton per hour, preferably not |less than 2 tons per hour, nore
preferably not |ess t

. ) an t ons F i ctiU ot A coedprizieiswimoyorof not
| ess thmﬁ@EV/&a'Q(ﬁeﬁPEQé:PQ P'S}O%W%ﬁggis%%tléh%{% .&n%%\#rg prefrgr ably not |ess
than 99% stably for a prolonged period of tine of not |ess than 2000 -
hours, mpoed ef disfilatiost cole@8St han 3000 hours, nore preferably not |ess than
5000 hours. A diaryl carbonate obtained by subjecting the .aromatic
carbonat es containing the diaryl carbonate as a main conponent obtai ned

t hrough the present invention to separation/purification through 15

di sti |l Aliamtageotus Effectecofithednventign purity, and is useful as a raw materi al

of a transesterification nethod pol ycarbonate or pol yest.er b or
the like, or Ahaa béavuimmrealthmamngmm@@%ﬁ@@@ 'Peoﬁ%né)p?"gvr'
urethane or the |ike. Mreover, according to the present invention,

because Férta}é%?jé IaP,E JFRb@atlc MBAohydrbRY gempuoundc entaapimetg CATPRIAGen are

gener al e diaryl carbonate obtained 20 has a hal ogen con,t@?nt of

o o Soblid B4 8 e prouet pampolm iz o EFS e )

scription of the Drawing FIG | is a schematic

\éLtewt g; &&éﬁoﬁ%@ﬁ%ﬂ?ﬂ?ﬁ%‘t ”&‘?"Z‘lt ?ﬁﬁeﬁﬁbﬂ ibi [abi tinarc 2ltans peRBOHL MAEr r yi ng

at1on colum having an i nr'::x:\gg(ly
provi ded inside a trunk i Q 7 i Qe 60ACtUEES th G 2
is a scMﬁﬁﬁfa@!{\n@#%ﬁthégg%tjﬁgje&@%{u?ﬁ&%é%ﬁti-st%ﬁ% distillation colum
preferable for carrying out the pres | ' ogli iablylfet aon col um
haviteg, prefarabiycnetigseitan 97n0 %P{éef%hat%lﬂ\é@gfoéﬁ Qgﬁﬁ Pﬁt er nal klcorrpri sing a

ISE)\r/vngt g(r)gﬂ(iilm‘?gaecmperkl n?ocg gf t%rz’\elo? n%? leusgptﬁgn Kb 'hoo@rg.r&e?ef%bg'vf%ttlégy tgbr 300 N a

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
15 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, oras 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 obtained

20 has a halogen content of not more than 0.1 ppm, preferably not more than 10 ppb,

more preferably not more than 1 ppb.

Brief Description of the Drawing

FIG. 1 is a schematic view of a first continuous multi-stage distillation column
95  for carrying out the present invention, the distillation column having an internal

provided inside a trunk portion thereof;
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‘5 FIG 3 is a schematic view of an apparatus suitable for carrying out the
present invention. Description of Reference Nunerals: 1: gas outlet, 2:
Jiquid outlet, 3, 4, 15, 19, 25, 29: inlet, 5 end plate, 6: internal,
6-1: i Fes078_AQSatMKROF) KAB-2: internal (tray), 7: trunk portion, Li, L2:

| ength of 10 trunk portion (cm, D1, D2: inside diameter of trunk portion

(cm, dlj,d21: inside dianeter of .qas I : distilstiothe
di aneter of IRIGu2ds a@h@maé@ﬁﬂ?wfﬁ%:s%ﬂ%gﬁ (“T%w'ég%rr% ti- s%éa%g Igilsti |l ation

colum, 201: the second nmulti-stage distillati. I NG 21:
inl et, didumaireferablefoncamyngstdie P@%enimve?h,&qi@,% ggﬁ"ﬁ%‘éﬁtm{ﬁ@ﬂanger, 15,

25: reflux liquidinlet , 16, 26: a colum tqop c one. , 27: a
col um kajikgnprivideddnsidectrinek pogipn theeenfuam 'rﬁgm‘?@ﬁgwﬁﬁ%ﬁ}iﬁ%@[ﬁ%ﬂrﬁ of the
second nmulti-stage distillation colum. Best Mde for Carr&.ﬁi _ngn(ﬁut t he
I nventi ﬁﬂiﬁggév.q%imhhwbegpoﬂm ancbasinve Hae(R-2biN @ OURIRITBB™M detail .
20 A di yl~ carbonate used in the present invention is a_corrgfﬂ_'rég

R

r eprisent ed pgﬁ(ﬁ;{g 4 ekhemiigview olLaraappaatusRsuitbiarer GIBINIA

represents an group having 1 to 10 carbon atons, an alicyclic group

having 3 to 10 hon atons, or an aral kyl group having 6 to 10 carbon
at ons. ??%Pi%‘ﬁ%@ggf R1 include al kyl groups such as nethyl, ethyl, propyl

(isomers), allyl, . but [ ., butenyl (isomers), pentyl (isoners),
hexyl (i PL'% °ﬁ§8f‘?f?‘(’l‘?é§ioﬂrrei”5r'sa}a' 24 F105078 A0501 UPO7 KAN octyl y
(isonmers), nonyl (isomer dec (lagORBr \dniey cl Shendy brate hy6: inkgrngycl i c
gr oups s1u<gasayt@§/-c|éd%@%’?“%cﬁoﬁm@r ?gb?/%’lg%entyl , cycl ohexyl and

| oheptyl; and aral kyi .35 b | L4 sommnath of
Shenyl piéshy intermairBResng) prery TBETOR (1 30mer o) "SRR RaTRO beneyr. (| comors)

b’ SabotanK Qh'mi”rf oo o, DY PR amELF o infHie B et 2 dilarinsie. ey

diameter of gas outlet (cm), diz, dyo: inside diameter of liquid outlet (cm), 101: the

first multi-stage distillation column, 201: the second multi-stage distillation colurmn, 11,

12 21: inlet, 13, 23; a column top gas outiet, 14, 24, 18, 28 heat exchanger, 15, 25
reflux liquid inlet , 16, 26: a column top component outlet, 17, 27: a column bottom

15 liquid outlet, 31: a column pottom component outlet of the second multi-stage

distillation column.

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

20 A dialkyl carbonate used in the present invention is a compound represented

by the following formula (15).
R'OCOOR! (15)
wherein R' represents an alkyl group having 1 to 10 carbon atoms, an alicyclic group
having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.
25 Examples of R! include alkyl groups such as methyl, ethyl, propyl (isomers), allyl,

butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (isomers),
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"substituents such as a lower alkyl group, a lower alkoxy group, a cyano
group or a halogen atom and may al so contai n an unsaturated bond.
.Exanpl es of dial kyl carbonates having such R include dinethyl carbonate,
di et hylF1080tna6e] UFOBLEAN carbonate (isonmers), diallyl carbonate,

di butenyl 10 carbonate (isoners), dibutyl carbonate (isoners), dipentyl

b t ' ., di.h I b ' ' - dlizyblimat

T Sompraciyl (sPOWrS), reRyhusRnErs)( eanLRker sy ARFERlonelnsil, Ay e ©
~did I r bonat [ . di I tyl » artH land

car Eéﬁagéi?qéuéh;%éﬁééﬁr @I&I@yﬂf@?@@ﬁ%wf?&?@ﬁﬁa arft EYELAR an

carbonate (isoners), di en ro car bonat | S
di ( phenaialvf groupsasunbnas Eengp&ﬁ%{bwdlwrg}\ Rg@m%??&:‘ﬁsggﬂ%ﬁts )é (i somers),
di (et hoxybenzyl') carbonate (isomer s{ . di (net hoxg%x%ﬁ C@éé)lcagglﬁl,
di (et h@*g@]ﬁy{ ) (i$orh&®) aind roethyitenzy (isprpers)or 6B | PRUHA SOners)
and di(cyanoethyl) carbonate (isoners). O these d'tal iIt%IQFcar bonat es, ones

preffraﬁJ-%pE;?ﬁcnglc%Jﬁ ase@ atalkyiroup maybesubstitaled Wit Qfnat es i n whi ch

RLisS a roup having not nore than four carbon atons and not

cont ai g BALIGRR 4 8Bwd ARYIdroubaa lowanakenegioupoREYREOTRHP R P

car bonat® preferable dialkyl carbonates, particularly

pr ef eragéf%%%}ignﬁé%ggjg%{{‘éﬁoo%@ﬁtgm BRs@uAfed®dndn a state substantially

not, con . or exanple, ones produced from an aikyl ene
Cohetnnt a1y Ea gk ey B L e 3R e P07 KAN A
B i s kel b e TR
T oot et matoriaomrarsh dibdbeabonsis Asomerg, Afgatifcabdnate lisames, | S
dihexyl carbonate (isomers), diheptyl carbonate (isomers), dioctyl carbonate
(isomers), dinonyl carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl carbonate,
diphenethyl carbonate (isomers), di(phenylpropyl) carbonate (isomers),
15  di(phenylbutyl) carbonate (isomers), di(chlorobenzyl) carbonate (isomers),
di(methoxybenzyl) carbonate (isomers), di(methoxymethyl) carbonate,
~ di(methoxyethyl) carbonate (isomers), di(chloroethyl) carbonate (isomers) and
di(cyanoethyl) carbonate (isomers).
Of these dialkyl carbonates, ones preferably used in the present invention
20 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 dialkyl carbonates produced in a state substantially not containing a halogen

atom, for example, ones produced from an alkylene carbonate substantially not

95  containing a halogen atom and an alcohol substantially not containing & halogen

atom.
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"5 wherein Art represents an aromatic group having 5 to 30 carbon atons.
Exanpl es of aromatic nonohydroxy conpounds having such Ar' include phenol;
.various al kyl phenol s such as cresol (isoners), xylenol (isoners),

tri met AY05ETENA05QT WBRELMAN  t et ranet hyl phenol (i soners), et hyl pheno

(i somers), propyl phenol (isoners), 10 butyl phenol (isoners), diethylphenol

(i somers), nethyl ethyl phenaol , (] JEBH Y ks prsdephanventiond®Aer s) |

di pr opyl phendn %P%%ﬁ??%ﬁﬁ%%ﬁ%ﬂ%nm (i soﬁers), pent yl phenol

(i soners), hexyl phenol (isone an 9§ﬁ| r‘% Iqﬁ@}g e of tiswarymatic var i ous
al koxy gbepoundggpresent pmﬁl?bﬂ%;%méjtq or‘r% S )yand et hoxyphenol (isoners);
aryl al kyl phenol s such as phenyl propyl phenal. (i : RAdrgdug!

(i somemsonehydreey composnd s FP%:‘!TB@e‘ﬁa'sﬁﬁPHglass; tﬁgnig E%)ta)el%%rﬁ%)nat i C
nonohydr oxy conpounds such as hydroxypyridine (isonmers), hydroxycoumnarin
(i sonemnsIndeddohyid zoayatic godupie (i somers). O these aromatic nonohydr oxy
conpounds, ones preferably used in the present inpyention are aromatic

i
m)n%hydroxy conmpourgdoHh which Art is an aromaticﬁgbo group having 6 to 10

carbon atons. Phenol is particularly preferable. Mreover, of _th §'%ﬁ
aromat i g{g@@ﬁyd;egffasngﬁnam@eupmymﬁ t B0 Farkan aoms rﬁ"fﬁjﬁ al ogen
rably used

are prefte S In the present invention. The nolar ratio of the

di al kyl ,rc%&‘t{)rg%} ;Iﬁohgh%ﬂ?xgrcgﬁﬁjdlﬁ,dgmmmgjswyAﬂdoﬁlpdarm\et!i@ﬁdfa&QU{She

starting _ ! resent invention nust be in a range 25 of from
e R A TS e
i SR A A
pr efier aé@ylpl%e@ld@,@g@rg}, disthylpherc) Qﬁﬁg&%§@$§g e?ggmﬁm t ?) 01 e
e enzgtLigrgp;lgﬂg]nél'((i)sc}n?er'zs),Odipropylphenol (isomers), methyibutylphenol

(isomers), pentylphenol (isomers), hexylph.enol (isomers) and cyclohexylphenol

(isomers); various alkoxyphenols such as methoxyphenol (isomers) and

ethoxyphenol (isomers), arylalkylphenols such as phenylpropylphenol (isomers);

15 naphthol (isomers) and various substituted naphthols; and heteroaromatic
monochydroxy cornpounds such as hydroxypyridine (isomers), hydroxycoumarin
(isomers) and hydroxyquinoline (isomers).
Of these aromatic monohydroxy compounds, ones preferably used in the

. . 1 - .
i an aromatic
present invention are aromatic monohydroxy compounds in which Ar' Is

20 group having 6to 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 as the starting material of the present invention must be in a range

95 of from 0.1 to 10. Outside this range, an amount of unreacted material remaining,

based on a prescribed amount of the alkyl aryl carbonate produced becomes high,
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‘5 In the present invention, not less than 1 ton per hour of the diaryl
carbonate is produced continuously. The m ni nrum anount of the aromatic

.monohydr ox conmpound _f in continuously for the above production is
gener alﬁ“95é@;ﬁ[’gﬁﬁ MPO7_KAN: erably 13P ton/hr, nore preferably 10P ton/ hr,
based on the anount of the aromatic carbonate (P ton/hr) to be produced.

More pref.er abl hj pepatio carbdrzss. t Nene®/ebPmMusH/ hr .
The di Vg '%Qﬁb%ﬁgieitgarﬁH?%éagtﬁr%@t?fgﬂﬁonoh%roxy conmpound used as the

starting material .of, the present,. i td=fpborErE. DPopbuth cimsmmsi the abeveray
cont ai refeRE¥dls r%ﬁﬁ?&jﬂd&cg‘f%ﬁﬁgx&g ?égﬂmay contai n conpounds or reaction

by-products produced in the first td | preferadlyoid sttbl3.af yetn
col unn motErgetie i preiermnly E’(ﬂmf?'?ﬂ?oﬂfsf?@@ dnﬁif‘?:ssos@g'? st I)g’?i on colum. In

the case of industri al igl enentation, for the starting material, besides
fresh dinaréyprefesatyframe14h® 4Pomati ¢ nonohydroxy conpound new y i ntroduced

into the reaction system it is also preferable to e t
car bpnat e andir the present inventinm Ml iess,! r’ﬂp@ﬂﬁ?ﬂ%ﬁ%’i&%a*a{@nﬁrggﬁ? St st
continuous nulti-stage distillation colum and/or the fecoog_&) g@&g)&nuous
mul ti - siagRRRedicohtihbetsipn Tid oinimum arheurde’ argnath e DIEH

i nvention, the colum top conponent that contains a | og bﬁlﬂn oi nt
reacti 0r&oﬂﬁﬁl.lf{]defeﬁrinTcBﬁtiﬁWfordbetdmuewodwttqnl§199@@" I¥s %{ﬁ" n col um
ot '

are fed1n e first continuous nulti-stage distillation colym. In this
Hb"’ef

fﬁ: e],c i ﬁ Sfr e@gﬁ@pq FUIARY hfORe ppéferdtsly noPrtonfreabaseshon e aMank 8y ed into

nuous nufti-stage distillation colum as is, or 25 after

sone of t h(e)@&il%{%%{;gﬁ%a éEQﬁéﬁﬁHﬁ"@é’ﬁr&ﬁﬁéﬁewl@tmfe'abl% thie sMALURGCRN BEn ¢ he

present 3R enented industrially, it is preferable for

the startin 27 F105078 PO7 KAN material fed into the first
contﬁ%udﬂ?d%ﬁplbp-@?% %?@?ﬁgﬁé ion colum to contain an al cohol, an al kyl

aryl car bonat eT,aq,ad?%ﬂ%éﬁ@%ﬁ%%%ﬁﬁng%gﬁﬁkh%Hn&l{dﬂyd%ﬁﬁéom & ased asAhe

starting mater amount’'s of high boiling point

ggr B(r)gg? gtta:mgs g%ger?:l olmzrtt;ee %rers%%gc AAGoR Hhay b Y High PhrityN&r MalyXonaistlother

compounds, for example may contain compounds or reaction by-products produced-
in the first continuous multi-stage distillation column and/or the second continuous
15 multi-stage distiliation column. In the case of industrial implementation, for the
starting material, besides fresh dialkyl carbonate and aromatic monochydroxy |
compound newly introduced into the reaction system, it is also preferable to use the
dialky! carbonate and the aromatic monohydroxy compound recovered from the first
continuous multi-stage distillation column andfor the second continuous multi-stage
20 distillation column. In the process of the present invention, the column top
component that contains a low boiling point reaction mixture in the second
continuous multi-stage distiliation column are fed into the first continuous multi-stage
distillation column. In this case, the second column low boiling point reaction
mixture may be fed into the first continuous multi-stage distillation column as is, or
ok after some of the components thereof have been separated out. Accordingly, in the

present invention, which is implemented industrially, it is preferable for the starting
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'5 carbonate which are the products, derivatives thereof, and so on can al so
be preferably used. In the present invention, for exanple, when producing
.net hyl phenyl carbonate, and di phenyl carbonate using as the starting

nat er i 411080 _£5§PéL6p7—ﬁﬁﬂethyl carbonate as the dialkyl carbonate and

phenol as the aromatic nonohydroxy conpound, it is preferable for this

o S By s conma cntamen co vt

_ e I are e reaction products, and the starting
T oot S o St B e ! 2RI oy otpdent soan o ot
he. pr csferting matavial irthesrcantaibingr ek proufs BPpA SATRABanesy prodsed 11
tC ?;2222;;1’&1 gsirs E?jg?géé#&?@éﬂ%%ﬁ&éﬁ&&%ﬁ%%ﬂf%?C%?‘g?r@%ga ng %Eﬁlal‘t he aromatic
T E R e )
carbonate is/are exchanged with an aryl oxy group of the aromati

mnohyd&oggfgrmgé@d ﬁnhasprégerﬂ(lneémt'rnm&oreemmlélﬁcb'ﬁ@ﬂ,pfﬁﬁtlc‘ﬁgr“é%tg‘ﬂ on in
whi ch t nol ecul es of the al kyl aryl carbonate produced are co)gvertfed

into theydhat d6RAROAIRI diphalylldarbdnatblysing aathe Sierkng Ma3eEH mixiure o
transesteritication reaction therebetween, i.e. a disproportionation

reaction, i ' ii @Brbdriaté Badfphenb! asthe awwostic nul ti - st age
distill gﬂm%ﬁwiggﬁo%ﬂ%?ﬁ%tg?éan{yaryl car bonatpe I's mainly obtained, and in

the 25 second contin j o ik |sBdrting neateriahto candaiarmoetiyl c
car bonat"%%nor}%y % ﬁ?’ﬁggﬁﬂg}%ga‘?%ﬁégglr (;éhgt?lgsgéé |a@mali n product are mainly

a0l oralgMalr R AMEI Aty L GT B Aa L S S e Mo e l{eallmgon |
2"l coerouicbnginssn it St R SRRl .
?gghglt pi ;héhrgfll ;gmgciiheth%ﬁ]gaﬂgy ate, it ald kBN bydroBubRaR@HRH al  when
boiling point by-products derived therefrom.
The arométic carbonates produced in the present invention refer to an alkyl
15  aryl carbonate, a diaryl carbonate, or a mixture thereof, obtainable through the
transesterification reaction between the dialkyl carbonate and the aromatic
monochydroxy compound. included under this transesterification reaction are a
reaction in which one or two of the alkoxy groups of the dialky! carbonate isfare
- exchanged with an aryloxy group of the aromatic monohydroxy compound so as to
20 eliminate an alcohol, and a reaction in which two molecules of the alkyl aryl
carbonate produced are converted into the diaryl carbonate and the dialkyl
carbonate through a transesterification reaction therebetween, i.e. a
disproportionation reaction. In the present invention, in the first continuous
multi-stage distillation column, the alkyl aryl carbonate is mainly obtained, and in the

25 second continuous multi-stage distiliation column, the aromatic carbonates

containing the diaryl carbonate as a main product are mainly obtainable through the
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"5 pol ycarbonate by means of the transesterification nmethod. The reason for

this is that if a halogen is present in the raw material for the
pol ymeri zati on _even in mal | anount of less than 1 ppm then this may

i nhi bi F195078,6P59 kKP4 reaction, or cause a deterioration of the

properties of, or discoloration of, the polycarbonate produced. 10 As a

catal yst used.in the ficfs ' dri=id a0 thegirebenttineention, itid
and/ or q%OE‘%IPBHat'%H%%%@hu@?Hn%F’!‘Mgtﬁgg?%insat?i | lati o? col um according to

the present inventi f or itontaigipgpbalkbgealtect ed
[ r o t PericularpiageraBi b raie ERngierfl SR T A0S it boneifgRs

, d conpounds> 15 Lead oxi des
such as PbO Pb02 and Pb304; |ead sulfi A a AI8§en laeall,
hydr oxibgegsest; im this cese.dRpdiany W%ﬂﬁ'?becﬁ@%‘%m‘%%ﬁ"e@%ﬁ a5 N%Pboz,
K2Pb(Q2, NaHPbQ2 and KHPb(Q2; pl unbates such as PbO4, K2Pb(CB,
K2[ Pb( GiricbhendeiPtstimpartartisea m@ﬁb@@ﬂ‘?@&@%@ﬁ?ggaﬁéﬁ basi ¢ salts
t hereof such as PbCO03 and 2PbCO3Pb(OH)2; |ead salts af o i I ds,
and 5car;5myt§érbenamby)meiamssﬂlﬂnstrﬁﬁéﬁ@@f'ﬁc%tlﬂfhm&}?i(C%&f—%ﬁ%% f&[) ) 4
and Pb(OCOCH3) 2 PbO. 3H20, organol ead conpounds such as Bu4Pb Ph4PBTaI|
Bu3PbCl inaPh 3Regerispiesent infheRag) maBrEPFIHNgRPASEERY AL B

represents a butyl group, and Ph represents a phenyl group),; .al koxyl ead
CompoUngRalfs of RS yakry 1 Psrh Gdn arisman thisit e pelymis(ieatien peactions®f po( oph)
and Pb( % l'ead al |l oys such as Pb-Na, Pb-Ca, PbéBgé@ggég&oargac;@Pb_ Sh;

| ead m ner gg@ﬁ j 6 ob Hisedkrationiofh h | ead
conpounﬁ%?%éc%ﬁ%g%o%%gg?ﬂP 7 ;SZA\QN <Copper famly nmetal conpounds> Salts
and corTEI ed<es of copper famly nmetals such as CuC, CuCl2, CuBr, CuBr2,
Cul, cuP® (jOAc)Z, Cu(acac) 2, copper ol eate, Bu2Cu, (CH30O 2Cu, AgNGB,

10 As a catalyst used in the first continuous multi-stage distillation column

and/or the second continuous multi-stage distillation column according to the present
invention, for example, a metal-containing compound selected from the following
compounds can be used:
<Lead compounds>
15 Lead oxides such as PbO, PbO2 and Pbs;04 lead sulfides such as PbS and
Pb,S: lead hydroxides such as Pb(OH)2 and Pb,02(OH)z; plumbites such as
NasPbO2, K-PbO,, NaHPbO: and KHPbO-; plumbates such as NaoPbOs,
NazH,Pb04, KzPbOs3, KZ[Pb(OH)s], KaPbOa, Ca,Pb0, and CaPbOs3; lead carbonates
and basic salts thereof such as PbCO3 and 2PbCOs-Pb(OH),; lead salts of organic
90 acids, and carbonates and basic salts thereof, such as Pb(OCOCHs3)2, Pb{OCOCH:)4
and Pb(OCOCHa)z-PbO-3H20, organolead compounds such as Bu4Pb, Ph4Pb,
BusPbCl, PhsPbBr, PhaPb (or PhsPbs), BusPbOH and PhsPbO (wherein Bu
represents a butyl group, and Ph represents a phenyl group); alkoxylead compounds
and aryloxylead compounds such as Pb(OCHs)2, (CHz0)Pb(OPh) and Pb(OPh)z;
95 lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; lead minerals such as

galena and zinc blende; and hydrates of such lead compounds;
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"AgBr, silver picrate, AgC6H6CI 4, [AuC=C-C(CH3)3]n and [Cu(C7HB)Cl]4
(wherein 5 acac represents an acetyl acetone chelate ligand); <Al kali netal

.conpl exes> Al kali netal conplexes such as Li(acac) and Li N(C4H9)2; <Zinc
conpl ek&85078] ABSRLHBPEYANSsuch as zZn(acac)2; 10 <Cadmi um conpl exes>

Cadm um conpl exes such as Cd(acac)2; <lron famly netal conpounds>

Conpl exes of iron fam|ly net z%_IEjspsuch as Fe(CloHs) (CO 5, Fe(COs,
Fe( C4HeFoopRs fandy et SAMRRYS™ pet oph) 2, COCSF5(C0O) 7, Ni - n- CsHBNO and 15

ferrocene; <Zirconi um conpl exes> Zir.coni | h |, Z0uBrac) 4 and
zi rconocene; Sa&&@mdscqﬁplgx9§,5§cmgaﬂ-@¥iﬂ%t%?§@u8¥§§ cuhcaelf

WS aclds and Lew s

i d-f ' t i ti t al d h | X3, W 4, VOXS,
VX5, ZOGBra e Cartd GHRAGuEHERADR Fepasanr e BURGH(RSQREE AT

an acet oxy
group, an al koxy group or an aryloxy group),;.and, sO -3, unds>
Or gano-Ag'B‘r §iwg?§1]@@$,ﬂgﬁbmﬁmﬂﬁéy@ﬁ&aﬁﬂn(@-ﬁ%gﬁ%@ﬁg%ﬂ
Bu3Sn , Ph3SnOCOCH3, Bu2Sn(000CH3) 2, Bu2Sn(C00C'H23) 2, 25 Ph3SnOCHS3,
( czsg) %g&g?aprméﬁﬁd@iy?acdﬁuﬁ@uhé]@mﬁgl@?d)BUZSn( OPh) 2,  Ph2Sn( OCHB) 2,
(C2H5) 3SnOH, " Ph3SnCH, Bu2SnO, (C5HL17)2SnO, Bu2SnCl2 and 30 F105078_A0501

UPO?_KA% ﬁpa% mplesed>of these catalysts may be a solid catalyst fixed
I nsi de th“e(ghlrm tlgs-é%age distillation colum, or may be a sol ubl e catal yst

that dissol veg, Ln tde L5ARkeS s B8Mi(acac) and LIN(C4Hs)z;
<Zinc complexes>
Zinc complexes such as Zn{acac),
10 <Cédmium complexes>
Cadmium complexes such as Cd(acac)z,
<Iron family metal compounds>
Complexes of iron family metals such as Fe(CioHs)(CO)s, Fe(CO)s,
Fe(C4Hs)(CO)s, Co(mesitylene)z, (PELPh)z, CoCsFs(CO)7, Ni-n-CsHsNO and
15 ferrocene;
<Zirconium complexes>
Zirconium complexes such as Zr(acac)s and zircongcene;
<Lewis acid type compounds>
Lewis acids and Lewis acid-forming transition metal compounds such as AlXs,
20  TiXs, TiXs, VOXs, VX5, ZnXz, FeXs and SnX4 (wherein X represents a halogen atom,
an acetoxy group, an alkoxy group or an aryloxy group); and
<QOrgano-tin compounds>
Organo-tin compounds such as (CH3)3SnOCOCHS, (Csz)as!’IOCOCsHs,
BusSnOCOCHs;, PhaSnOCOCHSs, Bu,SN(OCOCHs3)2, BuzSn(OCOC11Hz3)2,
95 PhiSnOCHs, (C2Hs)sSnOPh, Bu,Sn(OCHa)2, BuzSn{OC2Hs)2, Bu,Sn(OPh)z,
" PhySn{OCHa)z, (C2Hs)sSnOH, PhsSnOH, Bu,Sn0O, (CsH17)28n0, BuzSnCl2 and

30



‘Each of these catal yst conponents may of course have been reacted with an 5
organi ¢ conpound present in the reaction system such as an aliphatic

al cohol, the aromatic nonohydroxy conpound, the al kyl aryl carbonate, the
di aryl R@500840508UPAThEAN al kyl carbonate, or may have been subjected to
heating treatnent with the starting material or products prior to the
reaction. In the case of carrying out the present invention with a sol uble
cat al ysBuSR@OH0 di ssolves in the reaction system the catalyst is

preferably one having a high  solupilityj it thetURi-stager t he
reaction conoEa¢|'onfsthe§%aﬁ%ﬁq)é%t56?'ay P& R ’Ejo‘?ae%@gtﬁfé}ﬁ"ﬂbn this Isenge
I ncl ude PbOQ, Pb(OH)2 and Pb(OPh)2; TiCl4, . Ti( ' tem.
(MeO) 2 TiisGRich calivnb) BT iTEHre 2l ble F@ﬁyﬁ;th%@%g%’ﬁe%%%@i ﬁgﬁ)f 50 And
Bu2Sn(OPh) 2; FeCl 3, Fe(OH)3 and Fe(OPh)3; and such 15 t ve
been treated phth obkisese catalyst cwaponerntﬂmampﬁcwsfaﬁ&wleﬁ%e&‘ P@I%c?ecf lR’Z(LIOEH\/\S a
schematic view of the first continuous nulti-stage distillati.on lcg*]umw for
f

i
carryi ng{géﬁic%oﬁ{dé@%tdréﬁerﬂrinamsemiimrsﬂsﬁgmtsbmhr?é #H @@%‘Pﬁ“q AR HIE The
conti nuo multi-stage distillation colum 101 used in the prg;soi%g%gr
and

| nventi %nggﬁgﬁ%@ﬁggoﬁ ESHbSI, izl @rylaiarbonate e iand 53

bel ow a t'runk portion 7having a length L, (crrz and an inside
f

di anet e, D ieoahiBaY My davel sEer! Sutjo@etitoeating disatme witadee n

therein a gas outlet 1 having an inside dianeter d" (cnm at

the top of the colum or j . Qhathcgy of the colum near to the
top, a ISt@ding patena oHP sgﬂrédg]mpﬁéfge di aneter d12 (cm) at the bottom of

the colum or in a |ower portiaon L AERtiBRAItH 8 solubldettabyst that | east
one inlet 3 ZQ“ﬁh%\‘P?B%(ﬁ’fPﬁrWWQ wgﬁ?tp:g%sr#én artl'g}a'orl a mddl e portion of the

| um bel ow th it et t t i { gegghi n th
[ overo poaissaiveain rrassioneyaisdy dne et wRgsADARES K AR " | 05 o

Cont  huosstiswneveseio i neCe GRS SRR S ERRTEISE P! o
vent! C);:rezferal:)ha‘ catalysts in this sense include PbO, Pb(OH)z and Pb(OPh)z; TiCla,
Ti(OMe)s, (MeO)Ti(OPh)s, (MeO):Ti(OPh)2, (Me0)sTi(OPh) and Ti(OPh)4, SnCla,
Sn(OPh)s, Bu;SnO and Bu,Sn(OPh)z; FeCls, Fe(OH)s and Fe(OPh)s; and such
15 catalysts that have been treated with phenol, the reaction liquid or the like.
Fig. 1 shows a schematic view of the first continuous multi-stage distillation
column for carrying out a production process according to the present invention.
The continuous multi-stage distillation column 101 used in the present invention
comprises a structure having @ pair of end plates 5 above and below a cylindrical
20 trunk portion 7having a length L, (cm) and an inside diameter D, (cm), and having an
internal 6 with a number of stages n thereinside, and has a gas outlet 1 having an
inside diameter dy; (cm) at the top of the column or in an upper portion of the column
near to the top, a liquid outlet 2 having an inside diameter di2 (cm) at the bottom of
the column or in a lower portion of the column near to the bottom, at least one inlet 3

25  provided in the upper portion and/or a middle portion of the column below the gas

outlet, and at least one inlet 4 provided in the lower portion of the column above the
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(1) the length L, (cn) nust satisfy formula (1), 5 1500 L1 < 8000 (1)1 (2)
the inside dianeter D1 (cm of the colum nust satisfy formula (2), 100 s

.D, 52000 (2), (3) aratjq of the length L, (cn) to the inside dianeter D
(cm ofFt 7%mUWMtisfy formula (3), 10 2 < LI | D < 40 (3), (4)
t he nunber of stages n, nust satisfy formula (4), 20 S n, < 120 (4), (5) a

rati o of t_$e hntside dianeter Di (cn) of the colum to the inside dianeter
d11 (cr§IWe LBt gas outlet nust satisfy formula (5), 1555 D / d" s 30

(5), and (6) a ratio of the insi ' J coftinuolsum to the

i nsi de di anetMere HE?c'g%ﬂlfy' ﬁ?e foﬂg&ﬁ}%%ll g oGEngfowgﬁrgfat isfy fornula (6), 3
< D / die 5 20 (6). Fig, 2 shgws a_ g ' ' : iaf: second

cont i nuowsti-stags di§ﬂ'iﬂj'@“ﬂ?"éﬁ‘§t1ﬁ |%qq°5ﬁ'%§§53ﬁ%f’{%§}§*§'éﬂeﬁ I%g out a production

process according to the present inv&}tionr ﬁhe second conti nuous
mul ti-stage d{Btthelengtbriidemymussatisydamiiatd  present i nvention

conprises a structure having a pair of end plat es@ above and below a
cylipgdrical trunk pd50Do& Lihz&v®@§0a | ength L2 (ck’) and an inside di aneter

D2 (cm, and having an internal (6-1: packing, 6-2: tr wi th nunber of
stages n2 25 {femeiinsidecdiametertiat (mpa&thaﬁqlwnlmmadkjw‘?ﬂ"\lﬂi? @'di anet er
d21 (cm at the top of the colum or in an upper portion of the colum
near to the top, a l4opuid putLer0d® 32 F105078 AOSQE)-UPO?_KAN havi ng an
i nside diameter d22 (cn) at the bottomof the colum or in a Iomer|mtion

oSS o0t B5TplF ol 1 RARLP cy ohernico dameter Dyl cldoe L
and at lr%ﬁgtt sé)tps?y jfor}l'ne(‘.ﬁa fS),
10 2 < L41/Dy £ 40 (3),
(4) the number of stages N must satisfy formula (4),
20 = np = 120 (4),
(5) a ratio of the inside diameter D, (cm) of the column to the inside diameter
dq (cm) of the gas outlet must saﬁsfy formula (5),
15 5 < Dy/idy = 30 (5), and
(6) a ratio of the inside diameter D1 (cm) of the column to the inside diameter
dy2 (cm) of the liquid outlet must satisfy formula (6),
32 Dy/fdiz =20 (6).
Fig. 2 shows a schematic view of the second continuous muiti-stage
90 distillation column for carrying out a production process according to the present
invention. The second continuous multi-stage distillation column 201 used in the
present invention comprises a structure having a pair of end plates 5 above and
below a cylindrical trunk portion 7 having a Iéngth L, (cm) and an inside diameter D2
{cm), and having an internal (6-1: packing, 6-2: tray) with a number of stages nz
95 thereinside, and has a gas outlet 1 having an inside diameter dz (cm) at the top of

the column or in an upper portion of the column near to the top, a liquid outlet 2
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"provided in the lower portion of the columm above the liquid outlet. 5 Mre
specifically, the following are required for the second conti nuous
.multi-stage distillation colum 201 according to the present invention: (1)
t he | eR$@FOTB2ADEM) URDELKAMt i sfy formula (7), 1500 < L2 < 8000 (7), (2) the
I nside diameter D2 (cm of the columm nust satisfy formula (8), 10 100 <

D2 2000, (8).. (3 ' f in a$owler pordinat D2
(em ohavine arinsie ey by & T Sbngy g bokd OFin g P < a)

the nunber of stages n2 must. satisfy.formil a-(10): 82p88i0010), (5)
a rati of the c@umm@ca@rewdhg%ﬁtem@??%ﬁ?%&%keﬁg’ %g%lgﬁﬁxﬁéﬁé)ﬁgpi neide di amet er
d21 (cm of the gas outlet nust satisfy formula 4 15
(11), amd/gre3 maddiatpostion ofth@w@ma@%@éﬁ%w?s&m%r%mo%‘ '?ﬁ%%?ﬁﬁ* to the

i nside diameter 20 d22 (cnm) of the liquid oHtI.et cimsli satisfy formula
(12), Drovided id i lowas parkyn oftheecalumn angyed Billguiid quugt 2 show enbodi ment s
of the continuous nulti-stage distillation colums acc rdl{?@ﬁgo t he

pr egent invermb@”lsps’uiﬁ@ﬂg,emierfbllmxfiingtate requieechiar the SEEPNY | Y that of
Figs.1 and 2. It should be noted that the term"in 25 an upper portion of

the col unm:_ : Qillah6n CBRImA 2b¢ ecomindiéo fer piesenticventi®hy  downwar dl y
fromthﬁéﬂ[ho%%g%c{lﬁgﬁago?um to the | ocation nmeasuring about 0.25 Li or 33

F105078 A050 idfaorimuimn(7),n a | ower portion of the
15’5@% @g@ft\ g?n%’énjr%usﬂgﬂu £ (7)

col um near t refers to the portion extending upwardly from
the bottomof the c tp the ation suring about 0.25L, or 0.25L2.
Note that L, and Lz?é d gf n=ed8(?i ove. 7

(2) the inside diameter D2 (cm) of the column must satisfy formula (8),

10 100 = D, = 2000 (8),

(3) a ratio of the length L2 (cm) to the inside diameter D2 (cm) of the column

must satisfy formula (9),
2 £ /D = 40 (9),
(4) the number of stages n: must satisfy formula (10),
15 10 = np = 80 (10),

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

d21 (cm) of the gas outlet must satisfy formula (11),
2 = Dz’ﬁm < 15 . (11), and

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

20  da (cm) of the liquid outiet must satisfy formula (12),
5 £ Didp = 30 (12).
Note that since Figs. 1 and 2 show embodiments of the continuous

multi-stage distillation columns according to the present invention, arrangement of

the intemal is not limited to that of Figs.1 and 2. it should be noted that the term *in

25 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 L4 or
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‘I't has been discovered that by using the first continuous nulti-stage 5
distillation colum and the second continuous multi-stage distillation
.colum that sinmultaneously satisfy formulae (1) to (12), aromatic

car bona?@ozmgﬁ%uﬁwa-'%"gryl carbonate as a main product can be produced
froma dial kyl carbonate and an aromatic nonohydroxy conmpound on an

i ndustrial scale, of not.le : td thdbgttormtrefets it ty and
i gh prédad anaghe teifl nedpwe’ Brort Bl Heart

ol'onged period of time, 10 for exanple not
| ess than 2000 hours, prefergbly ngt t MdiHe loBBtien preferably
not Ies&&moa(ﬁﬁﬁﬂdﬂgéﬂi’w yl’%’é‘%ﬁﬁe bﬁ@gmt&@g%%gg&ne possi ble to produce

aromati c carbonates on an industri sgal.e wt effects by

i mpl enemdasgring@mebBézsﬁj-@l’fqm?!prﬂ‘@ﬁ&h?ﬁveﬁﬂ b%%f%d%ﬁlﬁ@%%éﬁ??- but this is
supposed to be due to a conbi ned effect brgught ?bout ﬁ@'ﬁﬁ" H,b% condi ti ons
of formul ae (khascodsh diseyvered toanby Haipg the Fg CORFIRUPYR P60 he

respective factors are described below If each of L, (c nd (cm is
| essgt hastillafién cbivemn the thesseorsd oontinussisdagisstags dFéN@é"ﬁoﬁlgnrﬁhfatpossi bl e
to attain the desired production anmount. Moreover, to keep.down .heI
equi preRimGRstedtily Satidry Wrigad (1) toqr 2k raromatic canpenajes GonRNIAE S Fay
production anmount to be attai ned, each of Li and L2 nust be nade to be not

nore th _ ﬁ.lé?ﬁ aneesuted fiom adidlkynzarbonalergnd#@ 2000 L,
<_ 6000%@&%_&#% <ﬁé%%l%t? rgspectively with 2500 < L, < 5000 and 2500

fegg fhgﬁgg%@ggi bRy Eo O?Shﬁa%m &n indus@Rs eale dindtdeds than DR i s

possible to 25 attain the desired production
amount . Moreoye[, .to kee - ' ibsgend pariod oftimee
dosi el sttt Migh SHiBaRY SRR praeRy Bt i ¢ B b
F105078_A0601 UPO7_KAN be n re th . fpopHcursamees for Di
( cm landfopgxagpe anlefggha'bng_ PY50 piﬁf(?%%@g nglygzsﬂs}ﬂégoo, resgect ively with

200 Di < 800 and 200 < D2_< 800 bei et I f : first
cont i nuopeeferably not less than 5000 hours. 19,/ 2ashR WhyPit RS HRIbRe FO¥sibliedo

produce aromatic carbonates on an industrial scale with such excellent effects by

implementing the process of the present invention is not clear, but this is supposed
to be due to a combined effect broughf about when the conditions of formulae (1) to

15  (12) are combined. Preferable ranges for the respective factors are described
below.

If each of Ly (cm) and Lo (cm) is less than 1500, then the conversion
decreases and hence it is not possible to attain the desired production amount.
Moreover, to kesp down the equipment cost while securing the conversion enabling

20 the desired production amount to be attained, each of Ly and L2 must be made to be
not more than 8000. More preferable ranges for Ly (cm) and L2 (cm) are 2000 =
L, < 6000 and 2000 = L» =6000, respectively with 2500 = L4 = 5000
and 2500 < L, = 5000 being yet more preferable.
If each of D4 (cm) and D (cm) is less than 100, then it is not possible to
o5 aftain the desired production amount. Moreover, to keep down the equipment cost

while attaining the desired production amount, each of Dy and D2 must be made to
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‘mul ti-stage distillation colum and the second continuous nulti-stage
distillation 5 colum, so long as DO and D2 are within the above ranges,
.each of the colums ma have the sane inside dianeter fromthe upper
porti orF 105678040503 WA _IKAMer portion thereof, or the inside diameter may
differ fromdifferent portions. For exanple, for each of the continuous

mul ti-stage distillati colums, .t IS i s HRPESO parti on
of the t@@nehmqrra&h%29§§-| | @{OT? Ré‘?‘f?r%ﬁefg'ﬁ éegfm? r?érrmteﬁ'@ﬁerq %thg) di aneter 10

of the lower portion of the colum. If each.of .. apd 3.2/< [Fhg s | ess
than 2 Dy B5ra80@r anthn158, = Kan st 000 reFL}! ?Wmﬂ{)e?gpr%' (Hﬁfﬁcul t. In

particular, if L, / D, or L2/ D2 is greater than 4 h . essure
di ffereand [®OONVeenD: e BOP being YRII® E’ﬁerﬁQ}eco{]:tﬂ?ghﬁgé%p%’jﬂ ggaggreat, and
hence prol onged stabl e operation becones difficult rrﬁ%){s over, tiliet 5 becones

necessapyifi-etdgecdietiiationhelumnienchiher seaondiaeating Qs distilgfion o yrm,

and hence side reactions becone |iable to occur, bringigg about a decrease

in the caﬁjgg-;tgd/fo .ad\D{ en@l TR sreabithin the gbeve canges] epCh Mg SPIUFNISINEY3 s

Li /D < "and 3 L2/ D2 < 30, respectively with 5 < Li | D 15 and 5 <

L2/ D2 15l RAmPhsIER @iafictéefrabine el portion thetanfsothajo\we, PAHER ¢ he
n

conver si ecreases and It is not possible to attain the desired

product itﬁgrreg’govcgr%ezhggigé reg,ga,ﬁg@ }nﬂgaﬁﬂeﬁﬂ@ﬁﬁdmlﬁdtm.di Fsori éxasmplenfor

col um. own t equi pnent cost while securing the

Egm@ézié’%hb%’lﬁg'tcio%ﬂ@@&? ﬁﬁ@-%%g%%ﬂﬁibh%l&ﬁﬁé’ﬂheﬁﬁsib@ didrhetered theni  nust

ernore,, if n, is greater than 120,
then the pressure difference 25 t t t ¢ tipEiaside parnelenm
becomes YRRErROEHRN Otlm? ﬁgH'@é‘ @ﬁgﬁ%ﬁﬁﬁ%‘brgﬁﬁfg‘@‘qg?ﬁa‘?%n of the first
continuous nulti-stage distil]ation colum beconmes 35 F105078 A0501
UPO 7LOKANDfdhefiower portioprdie columin-pecomes necessary to increase the

becone | | abl e f eacheiLs / Br ngilad DaibdeR® et peureion e R, e st ' o
e e;;;g%l(jﬁ breacrr])?r?esf c?iir‘ﬁcrL]xllt. | Isn g(a)rtirtlnlilar, if Ly / Dy or L2/ D2 is greater than 40, then
the pressure difference between the top and bottom of the column becomes too
great, and hence prolonged stable operation becomes difficult. Moreover, it
15 becomes necessary to increase the temperature in the lower portion of the column,
and hence side reactions become liable to occur, bringing about a decrease in the
selectivity. More preferable ranges for L4/Dsand L/ Dzare3 = L4/ Dy = 30
and3 < Lo/D, £ 30, respectively with 5 = L4/ Dy < 15and5 < /D2 £ 15

being yet more preferable.

20 If ny is less than 20, then the conversion decreases and it is not possible to
attain the desired production amount for the first continuous multi-stage distillation
column. Moreover, to keep down the equipment cost while securing the conversion
enabling the desired production amount to be attained, ny must be made to be not
more than 120. Furthermore,' if ny is greater than 120, then the pressure difference

95 between the top and bottom of the column becomes too great, and hence prolonged

stable operation of the first continuous multi-stage distillation column becomes
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100, with 40 < nj 90 being yet nore preferable. Mreover, if n2 is |ess
than 10, 5 then the conversion decreases and it is not possible to attain
.the desired production anmpunt for the second continuous multi-stage

di sti | | Gt08R8 AN IPRLKEN er, to keep down the equi pment cost while
securing the conversion enabling the desired production anount to be

o ot ordiaf oyoreRiat RiScshdindHssa & hEAksitne twpenauriranallowa |

greaterd Ssure erence between the top 10 and bottom
of the colum becones too great nd eStbaticar WiRigiig on  of
t he sec@ﬂﬂ'%‘cﬁftthﬁ@Sﬂgnchgb%@%@%ﬁi%??%?%%@%?é?r‘n becones dig??q cult.
Moreover, it becones necessary to jncrease t turgapn < kower
por t i onabéut & dectsaserin the salestibe sﬁﬁ’é’@?&%ﬂ%ﬁg}%@@%ﬁg #i'ﬁgpe_f gﬁoccur,
bringi ng about a decrease in the selectiyity. A pore r for
n2 is 1508, w&h<40 6D, nwiZ [PQbeing y@twreﬁeﬁéﬁﬁﬁ- yﬁ’%?gﬁgﬁ@'gﬁéﬁ {er.%lg@’D, /
dli is less than 5, then the equipnent cost for the, fi rscﬁ cont i Qﬁﬁoﬁfm
mul t i - Ski@etl ssrvdrsibhafecreasesariskit ispet prsgible te Attginsihe degigd IGRHRIY of
gaseous conponents are readily rel eased to the outside of the Sﬁtem and
1]

hence stpkbgt fOPRIeRsecIMddortinaots multistage distilationsalume; addor@oyet P at i on
col um becones difficult. If 20 D, | dl11 is greater than 30, then th

gaseous ‘&%W{%%\%%@gﬁ@mbowm sbeqingthe carvarsionlenabling the gesiEst o

st abl e ope s difficult, and noreover a decrease in the

o, S Ry MR e e g sopmtrsan B s 3

20 being yet nore preferable.

econd RURTIONRoN e R Pt HE0 S BT e s e o g,
(I\)/ltJ) [ glc&!grémcli gg&ggﬁf”ﬁﬁgfc%&”ﬁﬁ It? ﬁ%@%%ggg %@8%@9}@8@ F{ﬂ%@?‘?ﬁﬂ St%lggjlpeédatim t he
Ao O e SeCon Sont TS MLl AG i Hdddd Al Urbeseres
e T e nrease {hk omButatiin 1B 6wS! BBl ehe o,
and hence side reactions become liable to occur, bringing about a decrease in the
selectivity. A more preferable range for n2 is15 < n, < 60, with20 = nz = 50
15 being yet more preferable.

If D4/ dyy is less than 5, then the equipment cost for the first continuous
multi-stage distillation column becomes high. Moreover, large amounts of gaseous
components are readily released to the outside of the system, and hence stable
operation of the first continuous multi-stage distillation column becomes difficult. |If

20 Di/ dy is greater than 30, then the gaseous component withdrawal amount becomes
relatively low, and hence stable operation becomes difficult, and moreover a
decrease in the conversion is brought about. A more preferable range for D/ di is
8 < Di/dn S 25 with10 = D/ dy < 20 being yet more preferable.
Furthermore, if D2/ dzy is less than 2, then the equipment cost for the second

95  continuous multi-stage distillation column becomes high. Moreover, large amounts

of gaseous components are readily released to the outside of the system, and hence
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noreover a decrease in the conversion is brought about. A nore preferable
range 5 for D2/ d21 is 5 D2/ d2i < 12, with 3 < D2/ d21 < 10 being yet nore

.preferable. If D, / dl2 is less than 3, then the equi pnment cost for the
first CoVDSORBLARPO1KHIFAT KéMNage distillation col um becones high. Moreover,

the liquid wthdrawal anmount becones relatively high, and hence stable
operation of the fir cont i nuous. ki Hilgtdn EaLirnbscdmen
becomesstablerorRtion hﬁ S?CQﬂdgc?@mé' ggﬁe@“’tﬁ%@%, then the flowrate
through the liquid outlet and pipj beco eSS f\Gitdraafl hence
er osi ondifissdne mzlac!mésstﬁ%%hf%}" ﬁ‘]ﬁlﬁ%’? ﬁbenﬁ%%%iﬁc%%@%w\%ﬁ t he appar at us.
A nore preferable range for D, / d12 is 5 < D/ d12 < ' 7 D |
d12 < 1amohet hgcymes nelaivelydew, am benes siahle 98?'@*'°ﬁ2°eﬁ?i’§%sz§fﬁfd§"tr ggg t han
5, then the 15 equi pnent cost for the second continyous mul FﬁI{ §tﬁa%% e

di sti || gigresverd detreasedmiise conygrsionds Brdeght ahout, ié@i‘%fevﬁf? PREAP"SFount
becones rel atively high, and hence stable operation of the second
cont § nueysDIUL fis 5t 0@ didst i €1 42 with SourBe /iee o230 kARG YELIPT® | f D2/ d22
is greater than 30, then the flow rate through the liquid outlet and

pi pi ng ?&gp&ge'excessi vely fast, and hence erosion becones liable to occur,
20 bringing about corrosion of the apparatus. A nore preferable range for

D21 d22 is 7 481 ) §33s lectihaltid, iuch ¥ eqlipmeneOokidonthe st sonlgystusi er abl e.
|

Furt her nore, as“been found'that in the present invention it is further

preferable.for dii_. ' f ar, (th8 liquiangitihdrawd® 1 and d22
to satié‘i“@'“tsg%ge Pﬁ'ﬂﬁﬁ%’g%‘%‘h‘w g@'&dl'ﬁ%ﬂ}d?gt img@giv( 13T < d21 / d22 < 6

(191 Sodeneost Mok R Ao Bt o o pasomumions 1o
i ooch? oo ST 631 B pRES R obl, SR Gt eanéihanan, wrh no
the flow rate through the liquid outlet and piping becomes excessively fast, and
hence erosion becomes liable to occur, bringing about corrosion of the apparatus.

A more preferable range for D,/ dy2is 5 = Dy/di2 = 18, with7 < Dy/fdi2 = 15
being yet more preferable. Furthermore, if D2/ dx is less than 5, then the

15  equipment cost for the second continuous multi-stage distillation column becomes
high. Moreover, the liquid withdrawal amount becomes relatively high, and hence
stable operation of the second continuous multi-stage distillation column becomes
difficult. If Do/ dog is greater than 30, then the flow rate through the liquid outlet and
piping becomes excessively fast, and hence erosion becomes liable to occur,

20  bringing about corrosion of the apparatus. A more preferable range for D2/ dz is?
< Dyfdp < 25 with9 = Dafdyn = 20 being yet more preferable.

Furthermore, it has been found that in the present invention it is further

preferable for dy; and di2 to satisfy the formula (13), and for do1 and dz to satisfy the

formula (14).

A
A
)

25 1 diz/ dyy (13)

A
o

1 £ dy/d22 (14).
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"hours, preferably not |less than 3000 hours, nore preferably not |ess than
5000 hours, 5 and a prescribed anount of the aromatic carbonates containing

.the diaryl carbonate as a main product can be produced whil e maintaining
hi gh sEN@RATBYADSO1 UPERAAt eristic feature of the present invention is that
the aromatic carbonates can be produced stably for a prol onged period of

ti ith high | ectivit ' ] byaritineéntivst meass t han |
ton per hou'r,hﬁ,téﬁgférﬁwq%&%gbl%eésé;mﬁﬂﬁ* Kb PhaAEPrbsentinesntiont m an

an 2 tons per hour, nore preferably
not |ess than 3 tons per hour. Mreov : le@ldrethec feature of
t he prmrﬂparampalaheif@rﬂﬁ‘iput W?W°§§ye'"f%§{e%§?,s%é@u / DL, n,, D, /
dii, and DI / d12 for the first continuous 1= L $iHdd edo®n col um
sati sf ppenatirigtomgitions wihhe ceogipesd PPIPY 05%%%6?%@'8%3%)?{”15{6‘00, 3SL, |
D S30, 30 <n, 100, 8 SD, / d* S 25, and 5 e
[ especiouss yprefardblyothass tHan 3900 hourspmale prafatebly gl ian G800 hours,
continuous multi-stage distillation colum sati sz N h%gl%@v&é@oﬁ&&wl ae:
200Q L2y 5%9@5cribbaoeﬁaa_ SHOSFthe ZBbMLE S30HONEIEH SSBIEINIHI Y27 a0d 7 s
D2/ "d22 S 25, respectively, not less than 2 tons per hour, preferably not
| ess t@{ﬁ%gnggaaua%ﬁwbrom whitd mvaititainpinghig atiyit¥ 3 tons per 20

hour of e ardmati c carbonates can be produced. Furthernore, another

characteristi frebfife B 656 PEedont nvention isthatdhe BFPMAKC case t hat
Li. DI, Li / ‘%F?‘Sfﬁ}d,eéﬁ%@f? e o ST 412 for the first continuous

mul ti-stage djsti i i afofolohgedfp@riodwaftind witmhige: 2500 S L,
5000, 2 ”B*essf%%@é pggﬁ‘?%d gfg%@qﬁi’g, R ! 90, 10 SDi! d" S 25, and

(23 For SoRetyb et B Pl BBNO R 88 e R e T e a1y e
800105 lesszhan lensgier ol MarSpREaon P e (Bl IR 55 Y <
3.5 1 onarptonshareciasts fpeui ating oo R hhs B TRk B GOy
aromat! (L /Dy, 0y, D1/ dyy, and Dy / dhz for the first continuous multi-stage distillation column

satisfy the following formulae: 2000 < L, <6000, 150 = Dy = 1000, 3 =
L,/Dy <30, 30 = m = 100, 8 = Di/dn < 25 and 5 = Dy/di2 = 18,

15 respectively, and Lo, Dy, L2/ D2, N2, D2/d21 and D,/ dx» for the second continuous
multi-stage distillation column satisfy the following formulae: 2000 = L2 < 6000,
150 < D, < 1000, 3 £ Lp/Dy = 30, 15 < <60, 25 = Dxdn =
12, and 7 £ D2/dn = 25 respectively, not less than 2 tons per hour,
preferably not less than 2.5 tons per hour, more preferably not less than 3 tons per

20  hour of the aromatic carbonates can be produced. Furthermore, another
characteristic feature of the present invention is that in the case that Ly, Dy, L1/ D1, 1,
D4/ dyq, and D4/ dy2 for the first continuous multi-stage distillation column satisfy the
following formulae: 2500 = Ly < 5000, 200 = Dy = 800, 5 < L4/Dy £ 15,
40 < < 90, 10 £ Dy/du = 25 and 7 = Di/de < 15, respectively

95 and Ly, D2, L2/ D2, n2, D2/ d2y, and D»/ dy for the second continuous multi-stage

<
distillation column satisfy the following formulae: 2500 < L, < 5000, 200 = D2
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‘carbonat es can be produced. 5 "Selectivity for the aromatic carbonates" in
the present invention is based on the aromatic nonohydroxy conpound
.qeacted. In the present invention, a high selectivity of not |ess than 95%
can gerfetSOT§ ARBOAYRATMEAN preferably not Iess than 97% nore preferably

not |ess than 98% Each of the first continuous nmulti-stage distillation

col um and the secqnd . 1 ti s tégstaoe figdhl timn &ed usnsised
in the élgg’bnt 3 F?Cvgﬁgl%n%r g@rgwe%bvglg 597 st P <

“a distiTlafion colum having a tray

vent | Bal o s 20hgegraatyely,nrissa i pros prf g BREreratay fot s Ra) ZEEm

e gas and liquid
are actually brought into contact with gne ot her . ~for
exanpl e3.5tobstper dousnenepreferablyned '??%ﬁ?arh‘g 1/ I?@ &gﬁ% tgt hatie

| ow tray,
a 15 Superfrac tray, a Maxfrac tray, or the like are preferable. As the

packi ngcasbonatetoran bapkddycadich as a Raschig ring, a Lessing ring, a Pall

ring, a Berl saddle, an Intalox saddle, a D xon packing, a M hor}j gacki ng
or & Hel i - Pak*SelectvistfontHeamunatictarbgnatast in the mr@rseablaw,en@mﬁ’}% $ed on
TECHNO PAK, FLEXI - PAK, a Sul zer packing, a Goodroll packing or a ditchgrid

are preygs gFBrﬁaticT%nasHya&m@tmwm iddcted.orindbe presertdnvertiongadieh a tray
portion and a portion packed with the packing can al so be used. Note that

the t er i0.iduiTREEF bt IEL8 8% 8% Gin BBnérallgbeadtiainsd,priferably notdessthan

i nventi at the total nunber of trays in the case of a tray, and

t he thegﬁilﬁ?&e ﬁthq?gby Rbt i8629esh b he case of a packing. Therefore, in
; i<

t he cas . age pol um having both the tray portion and the
Do K S8 TR oAl B R BH RS nd o cammeber o
F103075 eptooupoichtece Ftlafti ST ok afeSt R ntcR i ErefeRably 9
i nl'y e cstifatiompalumsEdevion Hew anc/obaRaskg a7 By LRl or e e ane
and the “rir?tae(r:r:alnI’Pﬂsédaitnethlesprzggr\;\é insgr?tiglner%ce%ngtthg %%rts in the distillation column
where gas and liquid are actually brought into contact with one another.  As the tray,
for example, a bubble-cap tray, a sieve tray, a valve tray, a counterflow tray, a
15  Superfrac tray, a Maxfrac tray, or the like are preferable. As the packing, a random
packing such as a Raschig ring, a Lessing ring, a Pall ring, a Berl saddle, an Intalox
saddle, a Dixon packing, a McMahon packing or a Heli-Pak, or a structured packing
such as Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer packing, a
Goodroll packing or a Glitchgrid are preferable. The multi-stage distillation column
20  having both a tray portion and a portion packed with the packing can also be used.
Note that the term “number of stages (n) of an internal’ used in the present invention
means that the total number of trays in the case of a tray, and the theoretical number
of stages in the case of a packing. Therefore, in the case of the multi-stage column
having both the tray portion and the portion packed with the packing, n means the

95  sum of the total number of trays and the theoretical number of stages of the packing.

In the first continuous multi-stage distillation column of the present invention,
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" been discovered that a plate-type distillation colum having the tray as

the internal is 5 particularly preferable as the first continuous

.rrulti-sta5ge distillation golurm used in the reactive distillation.

Mor eovEA05078_AR20HES ntinuous multi-stage distillation colum, it is
mai nly a disproportionation reaction of the al kyl aryl carbonate that

occurs. This reac IJ Cﬁ‘ggglt?@gﬂgﬁﬁ C%rll)%tgqétjh}doqdegm&ﬁnﬁé afdlkyl zacbanateé ow

react i BCRSHN INW scovere at a distillation colum having
both the packing and the tray 10 [ [ &8N Ieaiant he
second a@éﬁh?r@lﬁ‘é’t‘]‘@“ﬁﬂ‘fﬁoﬁyfﬂéﬁé’ %@Eﬁ?*@ﬁ%ﬁw?@oﬁhﬁ SE@gd in the reactive
distillation. Furthernore, it has been dis red. t batd ktlipds on

col umm extremedy idve egediRriH® W%ﬂ‘atb @Bg;ﬁﬁe f%?ec({ﬁés‘gféjﬁogr]%oﬁn? grﬁg%f and the
tray installed in the | ower portion thereof i refer d
cont i naeh dischvesed deat ajpl@é@%@l%tﬁﬁtm%ﬁu%&?ﬁ[{w&g ﬁ??aﬁég ag?rﬂ% ?ﬂ?'iff“‘égﬂ
distillation colum. 15 second continuous nulti-sta distillati ..ol um
i s pgrefiradbidrly prafetable asgihe mrstg;ontir_wowmtéﬂwstﬁgqﬁlég'?ﬂimwﬁw{ﬁ%ﬁe{ﬁak is
particularly preferable. Furthernore, it has been discovered th%h?.as each

of the thégzéa&mfé alstiestidn thereoiver, $n thmsetonsberntinuous-auliigdage SSUIaUeT o,
colum and the second continuous nulti-stage distillation colum, a sieve

tray ha&%mg\nan%% nif A aiisgfbpwﬁbﬁatmw&acmnfﬂwalkyhanybcar@%aﬁ theli arly

good in"terns of the'relationship between performance andI equi p{_lrent t6cost.

't has al so_beep..di @asilieviant constante Bedabslpwheaction ratg. 1000

hol es/ ngeF#5t hzﬂ??gégﬁ%@r%ﬁao%‘@%@r\grg prelferabl e nunber of hol esagshlzo to

900 | es , .yet rer V. iA8 bolib treopacking andake réyn
kiescien i8-8y Thrta RRLpRFEARL RaviTg :

abl pre e cross-sectional area per hole of the
sieve tray is preferablLy in a_ .25 o WF-dt8g& distflatidn soluenn
prei@era@ﬁéh%H’B@Eﬂaé&:?ﬁe@g@wed?ﬁgwe@%%%&i{hsﬁdgggrﬁlilo 4 (g:mZ, yet nore

f bly 0.9 to 3 cn2, Furth it _h Iy;
PreTet auséd in the PeactiSe dis’tiligtrion.er Ortfemiore, haRPEbrrliscovseatnatd

distillation column having the packing installed in the upper portion thereof and the
tray installed in the lower portion thereof is preferable as the second continuous
multi-stage distillation column. It has been discovered that the packing in the

15 second continuous multi-stage distillation column is preferably structured packing.
Of the structured packing, Mellapak is particularly preferable.

Furthermore, it has been discovered that, as each of the tray installed in the
first continuous multi-stage distillation column and the second continuous muliti-stage
distillation column, a sieve tray having a sieve portion and a down comer portion is

20 particularly good in terms of the relationship between performance and equipment
cost. It has also been discovered that the sieve tray preferably has 100 to 1000
holes/m? in the sieve portion. A more preferable number of holes is 120 to 900
holes/m?, yet more preferably 150 to 800 holes/m?. Moreover, it has been
discovered that the cross-sectional area per hole of the sieve tray is preferably in a

25 range of from0.5t0 5 cm? A more preferable cross-sectional area per hole is 0.7

to 4 cm?, yet more preferably 0.9 to 3 cm?  Furthermore, it has been discovered

40



'F105078_A0601 UPO7_KAN that it is particularly preferable if the sieve tray
has 100 to 1000 holes/n2 in the sieve portion and the cross-sectional area
.per hole is in a range of from0.5 to 5 cn2. It has been shown that by
addi ng FHS0EBAMIINRIKANS to the continuous nmulti-stage distillation

colums, the object of the present invention can be attained nore easily. 5
o aryi bl iR aticulety REfERbal e IS a0 & SoUbROBLAR’ Pmeieve 2
ConpourEORRhaRCHRe Ghss-SEE A AESARL P ey g of FPh O Tw el o

out 't hehas heen shoumeh By aRSiNa e eaR ARGBULR o inARds - sile'v' "o

i xt ur cistatiomosigmnsp thalobledt of GeresESeRURVBRLAL A PREl R BRrE ke °"
B e i i ot GHARAN L
froma |l ower portion of the first colum in aliquid form continuously

f eedi Ng ¢ 40| ddrbBhafePhs BTndingrotait dre goptinnoudl§ predieadhy RPRERHAUS o t he

second continuous nulti-stage distillation colum in which a catalyst is

present feg(aﬁé%i RNQHEatbdpateEasd bAErenticimonblsydrokatomposnewhieh 86 Ne, in
the secon ol unm;” conti nuously w thdrawi ng a second colum | ow boiling

poi nt rgﬁgiahﬁf}g?t’é}%} 1 £ HEORRL BRGSO RLSIBg e distitation zohmmmirewhiahna an

upper pot e secon pol umm I n a gaseous form ponti nuousl y
Sont ai nidaAHSR e Brie e R A B e T T he. second
o ' oL e GRE aS ORI oA I pog Gt |
L 52% Femeesananis pore i LA SRRy ST 1
e ooy commshow b S i 08 s DGR cbsgnoget
mixture containing a produced alkyl aryl carbonate from a lower portion of the first
column in a liquid form, continuously feeding the first cotumn high boiling point
15 reaction mixture into the second continuous multi-stage distillation column in which a
catalyst is present, carrying out the reaction and the distillation simuitanéously in the
second column, continuously withdrawing a second column low boiling point reaction
mixture containing a produced dialkyl carbonate from an upper portion of the second
column in a gaseous form, continuously withdrawing a second column high boiling
20 point reaction mixture containing a produced diaryl carbonate from a lower portion of
the second column in a liquid form while continuously feeding the second column low
boiling point reaction mixture containing the dialkyl carbonate into the first continuous
multi-stage distillation column.
As described above, the starting material may contain the alcohol, the alkyl

25 aryl carbonate and the diaryl carbonate that are reaction products, and reaction

by-products such as an alkyl aryl ether and high boiling point compounds. Taking
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'F105078_AO501 UPO7_KAN into consideration the equi pnent and cost required
for separation and purification in other processes, when actually

.inplenentin%theooresey invention industrially, it is preferable for the
start i nfy1PROYELARR0Y PR n smal | amounts of such conpounds. In the
present invention, when continuously feeding the dialkyl carbonate and 5

the aromatic manohydroxy Wb SéoRir Aoty and perifieatiomiro t he
first QWH%S?QMI’B?-E&%%@Q [ stﬁ?gtp—ieg%ﬁg%rﬁm,p%{rhils st atrp'?fng mat eri al
may be fed into the irst. dist.illatlon ' | '%dﬁ(@}}ﬁﬁ@r a
gaseous°¥Wrﬁr??‘?ﬁﬁelsnwg?f'ﬁc%e?";\)m«]:‘%}'{eﬁﬂn%ﬁ%eéjg}rwﬁm @VCI?P ﬁg%si ti OI‘!ISB’Inn t he
upper portion or the mddle portjon of the fi | Sd | Im bel ow
t he gas peeierabile for thﬁét@fﬁﬁgrm%ﬁ'?i Wnc%?taph%n$|’ %@}touggéstﬁf #l‘lkde'{f{l: %’ﬂﬁc{gﬁéﬁl um. It
is also preferable to feed a starting material caont ajni

proportion oin theeprasenbinventiemowiRn gﬁ?t' frgding et‘ﬂglkm lr"%t"gﬂate and
distillation colum in a liquid formfroman inlet provi%{ed i ﬂpé}h% upper
PO t 0N tieé atdraafic Mamotiyetaxyl compannshwhiah arsdhe stadpomatesad) iy NGRS o)
containing a large proportion of the dialkyl carbonate into thﬁ_ fi\[]st

di stil | aignfRusGS HINi-shige dstition dotumnf thisrstartingsmaterial soayiBe fed iRtRdNPoner
portion 15 of the first distillation colum above the liquid outlet in the

| ower pgieL &Etéli%{ﬁ_oh%lﬁmh% a Iijuid forheandror aajasenus fome feet inletis)prevideddBnt

i nvention, t I rst colum high boiling point reaction m xture containing

the al kyl &Lyl fapp ANMHNSBAST portibi b trwmiddieportion bbtherfirspor ti on of

! 8&tisns ir'po ; . .
the firs contlnuoug rruﬁ?l-stage distillation colum is continuously fed

ot ootiafiAphIRLa S Helol B ok disbrABe Ut porikin entredirstaistilldtios, t he

first c LU ( ng ‘pofnt reaction mxture is preferably fed into
e oS R g St e mraation snagopropariont o
e \ippbet et renaBooncatpeb R AP B8 AR R e o1
Ravi . clormdbmn st v 0 et POSPE I i P AR B T
nthe ?emgira 2?5&1#5 rr]natgrzial containing a large proportion of the dialkyl carbonate into the

first distillation column in a gaseous form from an inlet provided in the lower portion

of the first distillation column above the liquid outlet in the lower portion of the first
distillation column.

Moreover, in the present invention, the first column high boiling point reaction
mixture containing the alkyt aryl carbonate continuously withdrawn from the lower
portion of the first continuous multi-stage distillation column is continuously fed into
the second continuous multi-stage distillation column. Here, the first column high
boiling point reaction mixture is preferably fed into the second distillation column in a
liquid form and/or a gaseous form from inlet(s) provided in one or more of positions
in the upper portion or the middle portion of the second distillation column below the
gas outlet in the upper portion of the second distillation column. Moreover, in the

case of using, as the second distiliation column, a distillation column having a

packing portion in the upper portion thereof and a tray portion in the lower portion
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" F105078_AC501 UPO7_KAN t hereof, which is a preferable enbodi nent of the
present invention, it is preferable for at |east one position where an
.inlet is installed to _be between the packing portion and the tray portion.
Mor eovEAD5G78_ARBOLHER7 MM t he packing conprise a plurality of structured

packings, it is preferable for an inlet to be installed in a space between
the 5 strugctyred. packi : | REREIRNENIidHY, dhisippaferableifer al so
prefer&r[’o?@ogd”ti'ﬂﬁw aga@%gasqlg%%l]fx: @%Qtrgﬂh%&ﬁ-gf condensi ng t he gaseous
conponent wi thdrawn fromthe top, .of f Lt e BAEKIHG BOHON and

nul ti - &t igRst @NetRasItian Wg]e%?%fﬂiggﬁ@sﬁﬁ@%@c%%gg&énﬁ nuoﬁs rrgPt | - stage
distillation colum, and then returning sone of this ¢ lity st 0 the 10
upper e tiayrpastion.haMogeenar) 'F‘éhﬁé’ﬁsﬁgp%ﬁ‘ﬁ? Rﬂ% @'ﬁ%@%é,ratiﬁe reflux ratio
for the first continuous nulti-stage distillatio ol IS W e of
from 0 stact@redgatkinys, ités preferabig fos arviplate éEﬁWﬂeﬁaﬁ%{gﬂ)&S’%y e%u”??ﬁﬁ?age
distillation colum is in a range of from 0.01 to 10, preferably 0.08 to
5, Bor estRjcthredadckingsl to 2. For the first continuous nulti-stage
distillation colum, not carrying out such a reflux operation (i(ﬁgl' refl ux
15 rati o = O)pbfed¥esGnahe bRésunt imentiohoiinaiso preferable toreasutihiFd on,
the nmethod of nmking the catal yst be present in the first continuou

nul ti-s i skl ' HBe &Y chripengnineitidrawr flomHbedap &f agh of t he
‘cat al y&ﬁ?f?hgh?yclbha%ﬁﬂﬁg?@élﬁnsol ubl e Pn the reaction liquid, it is

pr ! or 2l PLoflfio,S3hatiiihgs Adafi edlirhane théeecardiconinuousorexampl e,

being i ate i nside the first continuous nulti-stage

St | 4400, <o S G D24t 534 Byt Sofgianticamporsingo tha  he

M o olves in the starting material or the reaction
o bt SaSap o sIBFAS LY Bhed T e sty gt o
o o e sean e B R BSEM o 1 e e o,
di 11 er emaiio firdhe ecohd contiveaurgmili BP0 S TRLSR soDR i 1A SR AT "3

0.01 to 10, preferably 0.08 to 5, more preferably 0.1 to 2. For the first continuous
multi-stage distillation column, not carrying out such a reflux operation (i.e. reflux
15 ratio = 0) is also a preferable embodiment.

In the present invention, the method of making the catalyst be present in the
first continuous multi-stage distillation column may be any method. In the case that
the catalyst is a solid that is insoiuble in the reaction liquid, it is preferable for the
catalyst to be fixed inside the column by, for example, being installed on a plate

20 inside the first continuous multi-stage distiliation column or being installed in the form
of a packing. In the case of a catalyst that dissolves in the starting material or the
reaction liquid, it is preferable to feed the catalyst into the first distillation column from
a position above the middle portion of the first distillation column. In this case, the
catalyst liquid dissolved in the starting material or reaction liquid may be introduced

95 into the column together with the starting material, or may be introduced into the

column from a different inlet to the starting material.  The amount of the catalyst
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'F105078 A0501 UPO7_KAN used in the first continuous multi-stage
distillation colum in the present invention varies depending on the type
of catalyst used, the types and proportions of the starting materi al
conmpound50ZBAREWPYHKAhdi ti ons such as the reaction tenperature and
the reaction pressure. The anount of the catalyst is generally in a 5 range

of fromO0.0001 to 30 % by wejaht t Serityinventignt , nor e
pr ef er ay$gd U‘.*('i’@lfﬁ'ﬁbcqnﬁ)% s @g?ﬁtéé)%gi;sgﬁﬁ?nﬁ/t gﬁﬁﬁi{} atfieﬁie ght ?)f t he
starting material. Mreover, in_the, pt ' | of

ki ng vaesaepeydoos BRdienet Fribit BET e thade B Bopddine BT
distillation colum may be any nethod. In.the atalyst is a
sol i d t strting Matedaluasnapeundsy ang saReIesHeendit ’Egﬁﬁ?%tq%r%ﬁfgr ablg for the

catal yst to be fixed inside the columm_by, for e | e k | ed on
a pl at e trpéctutehand eoresiction Pressie. nﬁh?ia”lqlﬁ'ﬁﬁ%‘irg??ﬁ‘y%? i'%ﬁe%%@ﬁw %‘r
t hat

being installed in the formof a packing. In the cas f acataly

di 5SB! V@gngd of b 6.0801 ito GOt weight rprefesably 4008 o ﬁp&‘litﬁ, W?'Q%Lﬁ&e

preferable’to feed the catalyst into the second distillation colum_ froma

pos! t! ofraRexsly'd )0 s1dlog pyadiban baketion thedotall welghtiof the startins Maetah. | n
t

this case, e"catalyst liquid dissolved in the starting material or

reaction |i qui ' chfien tthe melhodrofimaling dne walalyst ke
forpuein W pREsAEm R

starting nmat I ntroduced into the colum froma different

0L Bt HaBondEbAiAdiu ADAAEBusterbhcotana may beso) meihode

age - disti ion colum in the present invention
of 1 he SePpieRSSHRRLEAaE S G R R eh B8 the
<" geor piegrapie tontam GRLEMStp B 0CH00T0E 81 o Frm) B PER DI ST U™ 0. Bos
Lotal  vinsgiedain epistenabie e saednd gontrsisus miEpE e G Bintof 17

catal yst used in the first continuous nulti-sta di.sti i and
the cat abgitig inseatled in theefasecefraiPad#dg.nu erﬁﬁsp?oiq %éwih{rf’att RSN

the starting material or the reaction liquid, it is preferable to feed the catalyst into the
second distillation column from a position above the middle portion of the second
15 distillation column. In this case, the catalyst liquid dissolved in the starting material
or reaction liquid may be introduced into the column together with the starting
material, or may be introduced into the column from a different inlet to the starting
material. The amount of the catalyst used in the second continuous multi-stage
distiliation column in the present invention varies depending on the type of catalyst
20 used, 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
0.005 to 10 % by weight, more preferably 0.001 to 1 % by weight, based on the total
weight of the starting material.
25 In the present invention, the catalyst used in the first continuous multi-stage

distillation column and the catalyst used in the second continuous multi-stage
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'F105078 _AC601 UPO7_KAN distillation colum may be the sane or different,

but are preferably the sane. More preferably, the sane catalyst is used in
both colums, this catal yst being one that dissolves in the reaction

| i qui d F1030F8hARIWMIAG/_KANLt his case, the catalyst dissolved in the high
boiling point reaction mxture in the first continuous nulti-stage

distillation 5 colum is generally Wt &1 Oloed t he
first ddistillation P@H"’Eb'l“éﬁﬁ’% &8&@6’&%? Wf{éﬂé@n@ug%%}?k? ?F%?bﬁgte and so

on, and fed into the second continuoys, nmujti-s Listd ik l:ati unm as
i s; thi preferablytiee sams @atemb@i%ﬁ#'nthqth %L@g%ﬁ@gecq‘?ﬂggf(:%@@@? tﬁlg{n be

new y added into the second continuous multi-stage distillatigng . 10
The 1 eadigsolvels indse feactiondiquichinseath<salymBat | Bkt F5ase. dhe ce%ﬁﬁq@’as%’&\%éﬁ‘“ﬁ t he
present invention are considered to equate to the aver agﬁ. resi dcgr}ciﬁiébmss
of the i gRehighrbdilingipoint ieactiba rixtuse 1o & first 60BtIAKAUS METEBEORUPY i on

colum and the second continuous nulti-stage distillation colum. Each of

thesg 1 afihRs Péﬁ&%llya\ﬁirmawﬂmmdim@m pontiorf of thedirst distillafary (RIEMM ¢ he
distrllation cofum and the nunber of 15 stages, the anount of the starting

materi al oé&t‘ﬂg} QiR thBIIGR ahTeartbdiath el soion aamedifed intd thehseancaegriinuote
on S

reactior% itrons, a 0 on. The reaction tine in each of the first
conti nuous,.myl ti - nStnd ’ fhreblelembediovehtc olftiatesaary,
mul 1 - st slgbt clafof o & e Ineds wrerRiet

fon colum 1I's generally in._a range of fromO0.01 to 10

hours, ﬁgg;%gg'aﬁ@gg reRiy, 3404 e IPSECRIFEAHHHIaUsindti Siage bistilatioR0 The

reactio I'nuous nmulti-stage distillation
colum varies depending on the type of the starting material conpounds
used, arePlUEWe type and ampunt of the catalyst. This reaction tenperature

the Xeact| on t Brpeeadiondirges farghe ansesisabeaiarh ol Safdpom ineTcr e=p
HAREEAP U AR R TR ot e el S
et her incr eases, \{\:hi _ch i s undesirable. F_or this . r eason’lurtnrr]\eandllt?we second
reaction liquids in the first continuous multi stage distillation co
continuous multi-stage distillation column.  Each of these reaction times varies
depending on the form of the internal in the distillation column and the number of
15  stages, the amount of the starting material fed into the column, the type and amount
of the catalyst, the reaction conditions, and soon. The reaction time in each of the
first continuous multi-stage distillation column and the second continuous muilti-stage
distillation column is generally in a range of from 0.01 to 10 hours, preferably 0.05 to
5 hours, more preferably 0.1 to 3 hours.
20 The reaction temperature in the first continuous multi-stage distillation
column varies depending on the type of the starting material compounds used, and
the type and amount of the catalyst. This reaction temperature is generally in a
range of from 100 to 350°C. ltis preferabie to increase the reaction temperature so
as to increase the reaction rate. However, if the reaction temperature is too high,

o5  then side reactions become liable to occur, for example production of by-products

such as an alkyl aryl ether increases, which is undesirable. For this reason, the
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‘F105078 A0501 UPQO7_KAN reaction tenperature in the first continuous
multi-stage distillation colum is preferably in a range of from 130 to
.280C, nore preferably 150 to 260C, yet nore preferably 180 to 250C. The
react i ofQ584RAMRAUWPER KM second continuous mul ti-stage distillation 5
colum varies depending on the type of the starting material conpounds

used, and .the type and i iXbdae distiratioppediumn isenper at ur e

i s generrecﬂcwr‘ﬁ?fnégrqi%‘?g'@%ggLII.'%tochn;nfbgsgtg)ﬂg@%C 9% s preferable to increase
the reaction tenperature, so t0,d | PG, yaoywer, if

t he reaptﬁf%f@b!klm%F%ﬂgﬂ‘éfst’%mt@Wl%#lf{'?ﬁ%% ésrlg%ééglggﬁqj@ns becoﬁ liable to
occur, for exanple production of by-products 10 such as an al kyl aryl

et her, preferably$8@éarb8Mgenent products of the starting material conpounds

and the produced al kyl aryl carbonate and diaryl carb L ati

derivatives tTheaehctiorclempareturgin &g $§°Qﬂ¥g‘é@?t¥‘ér'9lud§ .mﬁﬁ?&gﬂ? g%?'ggté%nn, t he
i ; ¢ Cnth q ti . > .

reaction enperature in e second continuous nulti ,csot age ngll stily %baon

col ugM icalupielariedtgpending arehedype of thimsteging Hatesad PaEAB 150
to 260C, yet nore preferably 15 180 to 250C. Moreover, the reaamt l.on

pressur gng gy#&ﬁnd bfrfdunt eftHeeatalystul This seationdiesparatire 6h 98RBT Par i es
dependi ng the type of the starting material conpounds used and the

COMPOS! Ao 8f rEfiP160 88 BEO MRS prlferdbheto mmrsasmrtheapslion laper@id oS on.
The fif con{| nuous nulti-stage distillation colum nmay be at any of a

reduced press SSHbGever, ifthe 2eatticroteprperature.is Weehighessur e
at the t todpg{q%geig?g%&ﬁg r%%ne’r-{gl Ie;/I in arange of fromO.1 to 2x107 Pa,

pref erabl y 102, 19 h00e Bl i IEhesdblor Rk broductidh dy-oductsact i on

pressur & nuous mul'ti-stage distillation colum varies
e S es Ul iSRS PR deresadr ot
T oo aomounds and the producad SRyl Bril carbBhA brtP i cBRtorteandiny of 2
derivatives thereof increases, which is undesirable. For this reason, the reaction
temperature in the second continuous multi-stage distillation column is preferably in
a range of from 130 to 280°C, more preferably 150 to 260°C, yet more preferably
15 180 to 250°C.
Moreover, the reaction pressure in the first continuous multi-stage distillation
column varies depending on the type of the starting material compounds used and
the composition of the starting material, the reaction temperature, andsoon. The
first continuous multi-stage distillation column may be at any of a reduced pressure,
20 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 107 Pa, more
preferably 2x10° to 5x10° Pa.
The reaction pressure in the second continuous muIti-sfage distillation
column varies depending on the type of the starting material compounds used and

95 the composition of the starting material, the reaction temperature, andsoon. The

second continuous multi-stage distillation column may be at any of a reduced
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" F105078_A0B01 UPO7_KAN pressure, normal pressure, or an applied pressure.

The pressure at the top of the colum is generally in a range of fromO0.1

.to 2x107 Pa, RrefersB Y, 3 to 106 Pa, nore preferably 5x103 to 105 Pa.

Not e t A@5G7BeAPPRLY Muous mul ti-stage distillation colum may conprise
5 tw or nore of the distillation colum. In this case, two or rm\r‘geof t he
distillation col e : tdsstfs.1 EPhé prassupmabttedtiop afMbeor nore
of thep&?%sl“ir?'lréqrﬁ)éﬂgr 0 J%hortr:r%?ggﬁg%djge connect edbi n conbi nation of in

series and in parallel. Mreov t ' oS e
di sti | caturemis re&fﬁl'ma TEB%Pﬁ’B"}‘?Ag téf'ﬁﬂ@?féé?*%f%?;@%‘?ét“??? gt i ‘c:)?gcol um.

In this case, two or nmre %%\K?the 10 distillation colum nmay be connected
in serinereqreferablyr 1EI10 b %r nore of the distillation colum may al so

be connected in conbination of in serj.es and. i. r . i al
const i t ut i ng Nede thatfthetfiest tmf,mueeﬁWLHﬁﬁ?@%’aﬁsﬂ‘]@"gﬁ%‘gh@‘:”s’{‘laﬂ&g’ﬁ%‘tnﬁ col um
and the second continuous nulti-stage distillation col u%gs(ﬁ%-“{)alaohhe

pr esenttwoi orwaots oithesdistillationl dojuranneiraihis eastwP; o MARFH on steel or

stainless steel. In 15 terns of the quality of the aromatjc grlbﬁnates
pr Oduc%blu@h&ha*)béﬁsowﬁeted in sepiesfarinipacaliete r EVAREINRRTE quBe;Sﬁ Wiafen
invention will be described in nore detail with reference to the follow ng
Exanpl eéolurggtmw%w 85 eBhnk&eanh icombirsationt of inrseried and inraralial) | owi ng
Exanpl es. Exanples Following is a nore detail ed description of the
present i nve'Wl'bﬁ\kgr.ttﬂe ShanamanteuErmpstge distikation, caltronpgnag ent

no

i nvention is imMted to the follow ng Exanples. The hal ogen content
nas neaéc%gﬁsg Y8 B2 M5ordl ofdfe IddtilIGhER BBIAH. aPthis2Castz tho or nibrargfitbe 1. 47
10 distillation column may be connected in series or in parallel. Two or more of the
distillation column may also be connected in combination of in series and in parallel.
The material constituting each of the first continuous multi-stage distillation
column and the second continuous multi-stage distillation column used in the present
invention is generally a metallic material such as carbon steel or stainless steel. In

15 terms of the quality of the aromatic carbonates produced, stainless steel is

preferable.

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

20 Examples

Following is a more detailed description of the present invention with
reference to Examples. However, the present invention is not limited to the

following Examples.

The halogen content was measured by means of an ion chromatography

25 method.

Example 1:
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F105078_A0501 UPO7_KAN <First continuous multi-stage distillation colum
101> A continuous nulti-stage distillation colum as shown in FIG 1 having

L, _ 3300 cm D = Li / b =6.6, n, =80, D, / dl11 = 17, and D /
d127 = FIRRO7EARPO1 Wlﬁgf@ Exanpl e, the sieve tray having the
cross-sectional area per hole being 5 approximately 1.5 cn2 and the nunber
of hol egbgi n L At - 6mnue®d as the internal. <Second
conti nuﬁﬁggtrﬁﬂq}tfﬁagpgéiuqﬁrsgq’? algwéofﬁ)ﬁé\%fluwn 201> A continuous nulti-stage
distillation ¢olum as_shown in & : i Swrs HPIE M hang LP&0 cm
2] D2 = 6 oA coptitugEs "Fta@%,‘ﬁéﬁ?t@%g%'ﬁﬂéf%m@}gﬁn. 1'was® 10 used.
In this Exanple, as _the internal, . two ggt Ve tal gnyad asedf

st ages 3390\%}.@1iﬁ@glq%d—ﬁlﬁ%‘h@'%rﬂié?ggoﬁiféﬂ, it’%g('glagvegtray havi ng
t he cross-sectional area per hole being apprqxi matel .and t he
nunber bf tHie Exsmpde,ihe %@&E&Yhﬁ?‘é‘gﬁ@@g‘?ﬁg@ém@ﬁ?@/?#ﬁwérﬁ%c') r portion.
<Reactive distillation>_15 D phenyl carbonate was pro_dutied ﬁ_g) caw%éng out
reacs i vepprodimbtely ilchcméiang the rupeerafplesbaiRaAPRrAgMatel 204y WilBus
multi-stage distillation colum 101 and the second continuous nulti-stage

di still gisb@msapbunernafl were connected together as shown in FIG 3. A
starting material 1 containing phenol and dinethyl carbonate in a weight

20 rati egicopReritinliods Filtistageadistiiation colimd 2@t i nt r oduced conti nuously
in a quuuf format a flowrate of 50 ton/hr froman upper inlet 11 of the

first continugus ﬁlgldoiu-s%@mestsgéHiétillaﬁd;reaommma@ shEWn IOFIGh2 having Lyand, a
starting materi a? contal ni ng di nethyl carbonate and phenol in a weight

. gnscord Ay B <P B Bl D P S A D o ner Lol et 12 of 't ho

a_gaseo&‘l_ ow' rate”of . _ roma lower inlet 12 of the
the 10 arisey aREe iR R, Pol T Bl She sty bt MenBa okl huaofissages | or
11) were installed in the upper portion, and the sieve tray having the cross-sectional
area per hole being approximately 1.3 cm? and the number of holes being
approximately 250/m? were used in the lower portion.
<Reactive distillation>
15 Diphenyl carbonate was produced by carrying out reactive distillation using a
apparatus in which the first continuous multi-stage distillation column 101 and the
second continuous multi-stage distillation column 201 were connected together as
shown in FIG. 3.
A starting material 1 containing phenol and dimethyl carbonate in a weight
20 ratio of phenol / dimethyl carbonate = 1.9 was introduced bontinuously in a liquid
form at a flow rate of 50 ton/hr from an upper inlet 11 of the first continuous
multi-stage distillation column 101.  On the other hand, a starting material 2
containing dimethyl carbonate and phenol in a weight ratio of dimethyl carbonate /
phenol = 3.6 was introduced continuously in a gaseous form at a flow rate of 50
o5 ton/hr from a lower inlet 12 of the first continuous multi-stage distillation column 101.

The molar ratio for the starting materials introduced into the first continuous
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" F105078_A0501 UPO7_KAN nulti-stage distillation colum 101 was di net hyl
carbonate/ phenol= 1.35. The starting materials substantially did not
.contain halogens (outside the detection limt for the ion chromatography,

i . e. | FHRROTSLAPREYPORUANbN) 2 as a catal yst was introduced fromthe upper
inlet 11 of the first continuous nulti-stage distillation 5 colum 101 such

that a concentratjon. there i E Q&N ongte doMésol apBsSoxiTiet el y 100
ppm tﬂ'ﬁ&@%‘?‘ﬁ"%ﬂ%ﬁ%ﬁ&é@c\gggid'erﬁ 0 te%’(ynti nuoﬂsl y under conditions
of a tenperature at the botto f the. fir i Wbtectibadienit

di stil Bﬁﬂ"’dﬁ\"’lﬁi?ﬂ%ﬁ si'g?a&\g'l"‘h\ﬁ%g%@ %ﬁﬁélb l?r‘%éésﬁt]gr &%?H;éﬁrgélt op of the colum
being 7x105 Pa. Afirst colum | ow bqili.ng | r t i ' re

cont ai fiortyerien ﬁbfﬂiﬂ?toﬂ!@m%?h%ppga?raﬁﬁ%& e,P%ZQEP % S%%ddag%yg?n%égs
continuously w thdrawn in a gaseous form fromthe t.o : first

col um jintveduqeasisand the uppghiniethtlaef Wﬁﬁh‘&@ﬁ‘”ﬂ?,“séﬂﬁh'%@g#ﬁl%@m at a
flow rate of 34 ton/hr froman outlet 16. On the _otner .hand, a first

col ymm delghin o sunh that atconeentration fieteak v the FeagtiaMFHRAWEF  pheny|
carbonate, dinethyl carbonate, phenol, diphenyl carbonate, the cgt al yst

and SO 00 WGRESIyCIUT hEHOURaactive kilstilation was darded aut 6PANTLYRYHY %ot t om 17
of the first coldm. A stable steady state was attained after 24 hours. The

first coliymhdy tdp@perafifFeRRithé boedai ofotherfirst cordinwaus triidhi-Sta@e cont i nuousl y
i nto the second continuous mnulti-stage distillation colum 201 at a flow

rate of 'g@mty% L@g&ﬁq%%éb@rﬁﬁggl 4R 8prédsuré 2k e &b ofthealdiwdnibeingen t he

Nb"apdw the sieve tra i'quid fed into the 20 second continuous
L L S et o et
2t the dRnEHESPORHE. BOEBRAEDR PR s e e &S . 201
ot 1 i fract eloprig of Be fiet calombe wasgeed s R 2ficAediiditel 34,80 2
Xt ur ;S\;sﬁili;ﬁec;ragél Q%uﬁé,\gy?@f&of{'tdqwﬁ@érﬁ&”q{{/%@gfé. ' "8 R Bindr§firid, an
first column high boiling point reaction mixture containing methyl phenyl carbonate,
dimethy! carbonate, phenol, diphenyl carbonate, the catalyst and so on was
15 continuously withdrawn in a liquid form from the bottom 17 of the first column.
A stable steady state was attained after 24 hours. The first column high
boiling point reaction mixture was then fed continuously into the second continuous
multi-stage distillation column 201 at a flow rate of 66 ton/hr from a starting material
inlet 21 installed between the Mellapak and the sieve tray. The liquid féd into the
20 second continuous multi-stage distillation column 201 contained 18.2 % by weight of
methyl phenyl carbonate and 0.8 % by weight of diphenyl carbonate. Reactive
distillation was carried out continuously under conditions of a temperature at the
bottom of the second continuous multi-stage distillation column 201 being 210°C, a
pressure at the top of the column being 3x10* Pa, and a reflux ratio being 0.3. It
25 was possible to atfain stable steady state operation after 24 hours. A second

column low boiling point reaction mixture containing 35 % by weight of dimethyl
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‘F105078_AC601 UPO7_KAN car bonate and 56 % by wei ght of phenol was
continuously withdrawn fromthe top 23 of the second columm, the flow rate

at an outlet 26 bei nlg _;3 ton/hr. The second colum |ow boiling point
react i on1GAOKBLARPARHY chﬁ uously fed into the first continuous

mul ti-stage distillation colum 101 fromthe inlet 11 and/or the inlet 12.

® o Pk bR oSG Bl of ESSRoUAT LMo arairoRanolop e y

( _ _ i-stage distillation colum 101 were
o o 10 et o R B A S S R e T eamint s of
poi nt 1 GabTIIowbRIE BOTgeACE B P o HowSY R a2 Pon |
by i gboniuatpmotsiagadioatemamB A TIRTS dap e | WA 7% TN Dot t om
D e e it o nash Shmthobaaborie s8MSteref e hAgE Hipgne
di phenyl carbonate based on the phenol reacted was 98% 15 Prol Onﬁ%ﬁ%unts

cont i NUGis: AREIRALLE Ui Stays distliationt calumer 10 hweee sdivglad 83 &S to TRl
of di phenyl carbonate produced per hour at 500 hours, 2000 hours, 4000

hours, &iﬂQ%bFSQanﬁ%ntﬂ:m%oG&ﬂﬂpbﬁﬂbﬁs ahtl amauritaiof imgy starting materiald arski9di ng

the di phenyl carbonate contained in the starting material) were 5.74 tons,

5.75 to A : ki "sidBhtion Ahe iconpositkweand arlount ahthe he
sel ecti {hst?rlti\g yﬁ%tregﬂgg%ai%n&ggégssl% 98% andngJS% respectively, and hence

Lo ) S BTR Foru aRm, oTRLS SofD e s
e AT
phenol avr\]fgig(ljwit gﬂngllwyicpahre?\?( gatx oingteaar\qg ‘5%?& % g}? weight of diphenyl carbonate was
continuously withdrawn from the bottom 27 of the second column. It was found that
the amount of diphenyl carbonate produced per hour was 574 tons. The selectivity
for the Aiphenyl carbonate based on the phenol reacted was 98%.
15 Prolonged continuous operation was carried out under these conditions.
The amounts of diphenyl carbonate produced per hour at 500 hours, 2000 hours,
4000 hours, 5000 hours, and 6000 hours after attaining stable state (excluding the
diphenyl carbonate contained in the starting material) were 5.74 tons, 5.75 tons, 5.74
tons, 5.74 tons, and 5.75 tons respectively, and the selectivities were 98%, 98%,

20 98%, 98%, and 98% respectively, and hence the operation was very stable.

Moreover, the aromatic carbonates produced substantially did not contain halogens

(1 ppb or less).

Example 2:

Reactive distillation was carried out under the following conditions using the

25 same apparatus as in Example 1.

A starting material 1 containing phenol and dimethyl carbonate in a weight
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'F105078_A0501 UPO7_KAN ratio of phenol / dinethyl carbonate = 1.1 was

I ntroduced continuously in aliquid format a flowrate of 40 ton/hr from
the upper inlet 11 oni_} h "Li rst continuous nulti-stage distillation colum
101. OF10RO781 AR AR ,—Kg\ tarting material 2 containing dinethyl
carbonate and phenol in a weight ratio of dinmethyl carbonate | 5 phenol =

3.9 was _introduced, cont,i i 48 edntimuouely ina kqued 43

t on/ hr W%Wft%qog@ﬁéthpwﬁéx%ﬁ ﬁ'eg i fgg!?@%%ﬁi nuous mul !Eyl -stage
distillation colum, 1 T ratiQ: chatinFUY 1 al s

i nt r odufesE 2 gUWH@t? P?%Q tgrgﬁ{ ﬁﬁh@bg @&&%Qt"ﬁlgg?glgagt%@{s?l Pation col umm 101
was di net hyl carbonate/ phenol, = 1.87, The: . starti 2 Lk

subst antmulisiags distibationsRWmA 13 o f2ndNg 8&%?@2‘% ﬁergi %ﬁﬁgﬁ?ﬁr}@f |2m t 10 for
the ion chromat ography, i.e. 1 ppb or |ess)..P 2h S

i nt roducedtaiminmcﬁmethyﬂ)péquml%ﬁnqPhéf'ol'ﬁ‘ea @qgg@%bfﬂﬁ'@%‘g‘yfrﬁ%’?wé%a@g
distillation colum 101 such that a concentratio thetre‘ﬁf in t& 4 eaction
li quid \whenoke 3. ®wastintbguasheppinuoRslcinia gagReys 1My d'éh MWL 20 out
continuously under conditions of a tenperature at the bottam of the first

cont i NUQyS/HIMoh tHe Rever 1fet!i 2 of theafiisb cootinuous molti-staprFistieson NI essur e
at the top of the columm being 9x105 Pa. A first colum | ow boiling point

react i ony g XtiHEmofaHralisFaahemtieing matetiateintipduced idabe firg FOABNUAIRI so on
was continuously withdrawn in a gaseous form fromthe top 13 of the first

col um, - - | datbonatd / phesnohith8f awhhét a
fl ow rat@’ﬂ@-&%@é?ﬁsﬂlﬁpaﬁggmmhgeglﬁ%‘?ﬁ%wm the other hand, a 20 first

col um hj gﬂiﬁ’%h}%@ggﬁ}aﬁﬁ@géierho%éhtﬁiﬁhﬁ@g‘eﬁbflbﬂﬂidmﬁwdietﬁbmﬁm“

car bonat ¥ . onat €, phenol, diphenyl carbonate, the catalyst
571 RS el R 4 X ] BRI SR LD
Nt ot heinbesned dom Mreker DIt 1 18 1Eg ST it domlagioft  fugusty
UREARERIREREIARLLITE SR (RS SR
approximately 250 ppm. Reactive distillation was carried out continuously under
conditions of a temperature at the bottom of the first continuous multi-stage
15 distillation column 101 being 235°C and a pressure at the top of the column being
9x10° Pa. A first column low boiling point reaction mixture containing methanol,
dimethyl carbonate, phenol and so on was continuously withdrawn in a gaseous form
from the top 13 of the first column, was passed through a heat exchanger 14, and
was withdrawn at a flow rate of 43 ton/hr from the outlet 16. On the other hand, a
20 first column high boiling point reaction mixture containing methyl phenyl carbonate,
dimethy! carbonate, phenol, diphenyl carbonate, the catalyst and so on was
continuously withdrawn in a liquid form from the bottom 17 of the first column.
A stable steady state was attained after 24 hours. The first column high
boiling point reaction mixture was then fed continuously into the second continuous

95  multi-stage distiliation column 201 at a flow rate of 40 ton/hr from the starting

material inlet 21 installed between the Mellapak and the sieve tray. The liquid fed
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" F105078_ACB01 UPO7_KAN into the second continuous nulti-stage distillation
colum 201 contained 20.7 % by weight of nethyl phenyl carbonate and 1.0 %

. by wei ght _ of di%eﬂébﬁﬂ onate. Reactive distillation was carried out
contin 6‘&%‘?73?—69 t Mons of a tenperature at the bottom of the second
continuous nmulti-stage distillation colum 201 being 5 205C, a pressure at

the top ofyt e col U hs) RdnaX04oBRsiMatoR coRimE0! Sbntsined 20 7 t by It was

possi b eady State operation after 24 hours. A second
colum | ow baili oi nt reacti 1. X bW ; hiBHEeR! darbbhdtdr awn from
the toNegNtAt m%@gkg%wd c@ﬁ?mg%ﬁ‘eﬁélé%yﬁlgﬁgg?lﬁg o%ltlét 26 being 33.3
ton/ hr. The second colum | qw, boiling poi WoTo¥ysl t

cont i nitrastiyedigtillation Wﬁsocqrﬂﬁdﬂuk &N Lﬁqtfsmjgﬁggrcnﬁrﬁmﬁ%%ﬂe%%s P10 At on
colum 101 fromthe inlet 11 and/or the jnlet. A\ ' | inkhe
amount satdifie botiem ofi thetsegpnd £PPRAERES E\Vﬁ"ﬁ oﬁg'sﬂjllém’ﬁ cqal‘g'hﬁi2tr(1jt‘lg§?‘r1‘ first
continuous multi-stage distillation columm 101‘1 )ﬁ,g,re agj use%led éﬁ ﬁg

mai Bt aiZ08° e axiressunertithe tepl of thepelnding 2 1806 @n BEY G FETiHE 8T I“?S
material 1 and the starting material 2, taking into con%i deratiRn t he

CoNposi @ 5oN |tanss poBsible tofatitin stable steady statewrperatan BBET LAHOHEYnt react i on
m xture. A second colum high boiling point reaction m xture Contﬁli@%i ng

35.5 % by ontddiihnabwBdiing peihtrsdction mhiatureevascostinupusyoyithaiayit

di phenyl carbonate was continuously wi thdrawn fromthe bottom 27 of the

second %'th“z éftt %%cB@ﬁ%ldmtthetfm AiTE 4t the butle26: bgingc3d.Bdeafhe produced
e x4

per hou ons. e selectivity 20 for the di phenyl carbonate based

on t he phenol 11'@3%%%‘3&? WBRiH f’%géﬂ;}r}g%ﬁﬂ reaBiornmbtiareowas abntinuorsly fad r i ed

out under the rons. unts of di phenyl carbonate produced per
hour at 500 hgurs, 1000 hours khaiflenyl ahdiore

st eldly gt‘%ﬁréea@tébﬁ&ﬂu?%n@}‘hﬁ?tfg? %sst,ﬁlggngr&gﬂ%rﬁn ? gﬁgf?rgs pectively, and the
selectivities based on the reacted ° 9 d%r&ﬂ%e |

r espect theeiniet Zad ﬂéﬁl?e“’f"ﬁet?‘8r?é?%lt'ﬁ‘t§2ﬁ&%§ hﬁﬁ{%t@a%r%?nﬁl\/%%zover ot he )

g; Olrmeltsgec(i: ?rrtig?r?g '}II?‘S? cgggggguesdmaﬁ{zgttaggtdis%IIl ol DIRA 169 WS adjgsRa%sad fo PPD

maintain the above-mentioned compositions and amounts of the starting materiat 1
and the starting material 2, taking into consideration the composition and amount of
15 the second column low boiling point reaction mixture.

A second column high boiling point reaction mixture containing 35.5 % by
weight of methyl phenyl carbonate and 61.2 % by weight of diphenyl carbonate was
continuously withdrawn from the bottom 27 of the second column. It was found that
the amount of diphenyl carbonate produced per hour was 4.1 tons. The selectivity

20 for the diphenyl carbonate based on the phenol reacted was 97%.
Prolonged continuous operation was carried ‘out under these conditions.
The amounts of dipheny! carbonate produced per hour at 500 hours, 1000 hours,
and 2000 hours after attaining stable steady state were 4.1 tons, 4.1 tons, and 4.1
tons respectively, and the selectivities based on the reacted phenol were 97%, 97%,
25  and 97% respectively, and hence the operation was very stable. Moreover, the

aromatic carbonates produced substantially did not contain halogens (1 ppb or less).
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F105078 A0501 UPO7_KAN Exanple 3: Reactive distillation was carried out
under the follow ng conditions using the sane apparatus as in Exanple 1
.except that the cross-sectional area per hole of each of the sieve trays

i n t he EHAEHTE_ARHRT WA Iti-stage distillation colum 201 5 was made to
be approximately 1.8 cn2. A starting material | containing phenol and

di met hyl. car og_ate in a weight ratio of phenol / dinethyl carbonate = 1.7

was i nt E58%@ continuously in aliquid format a flowrate of 86 ton/hr

fromthe upper inlet 11 of the first | i ondiusing thet | on
ol utm 101" CRepRtve gibiatoas sobfég G ndu 18 fofBuihy sehaniens tend

0 contai ni ng di net hyl

carbonate and phenol in a weight rati,qQ, of,di : ol =
3.5 Was SNt apRATStUSCAT I E«%ﬂjﬂ@%ﬁ Pﬁc%tgﬁékﬁsﬁ%gﬁbgﬁﬁgﬁa g%v%regp gwg?m 90

ton/hr fromthe lower inlet 12 of the first conti Lh SIS 201
di sti| | aachoftoe siave toays. inthe speeRd CPB‘!’?‘%?‘?JP“R‘H%%???F%EE%C?Lri al’s
I ntroduced into the first conti nuous, multi-stage distillation colum 101

was gi Nejdy inaelarbesasproxiphaelyl 1.8 cm44. The 15 starting material s
substantially did not contain hal ogens (outside the detection |Lin.it

for
the ion chronme garmRdhatériat1 domtaining phersa andrbimetiny £agkonate i 2 Yeight a5

I ntroduced fromthe upper inlet 11 of the first continuous multi:-st

disti ]l abygig Sﬁ%umdiﬂf%yﬂ @hbbhuts =1 Topseintrorhiosd aangnuewsly in BHEULact | on

liquid proxi mately 150 ppm Reactive distillation was carried out

conti nuogé?r:ny rﬂ}gﬂjn@g\&rﬁ% &gsgig&yﬁqg?mﬁfth@ UpPBP et 1 of thie firbectidruoMSof t he

first co stillation colum 101 being 220C and a

DS SUr & Al SRRl AL U], PDrthe GitéPRaRa, a Atarting matedat? | ow

ure contai ning nmethanol, dinethyl carbonate,
phenol and so on was_ continuousl| | r: Lidh r &S SPdimdtaylroarbomatet/he t op
13 oIOthéom‘iai%'ﬂgQHP%WH&%&Q%%S?X%%%E@JQ%é eat exchanger 14, and 25 was

Man” 2 o= v oo LB BB SRR AR e
Pheny! C?c;rzﬁp 2%(:1, theSIgwer inlet 12 of the first continuous multi-stage distillation column
101. The molar ratio for the starting materials introduced into the first continuous
multi-stage distillation column 101 was dimethyl carbonate / phenol = 1.44. The
15 starting materials substantially did not contain halogens (outside the detection limit
for the ion chromatography, i.e. 1 ppb or less). Pb(OPh). as a catalyst was
introduced from the upper inlet 11 of the first continuous multi-stage distillation
column 101 such that a concentration thereof in the reaction liquid was
approximately 150 ppm. Reactive distillation was carried out continuously under
20 bonditions of a temperature at the bottom of the first continuous multi-stage
distillation column 101 being 220°C and a pressure at the top of the column being
8x10° Pa. Afirst column low boiling point reaction mixture containing methanol,
dimethyl carbonate, phenol and so on was continuously withdrawn in a gaseous form
from the top 13 of the first column, was passed through a heat exchanger 14, and

25 was withdrawn at a flow rate of 82 ton/hr from the outlet 16.  On the other hand, a

first column high boiling point reaction mixture containing methyl phenyl carbonate,
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'F105078_ACB01 UPO7_KAN di net hyl carbonate, phenol, diphenyl carbonate, the
catal yst and so on was continuously withdrawn in a liquid formfromthe

.bottom 17 of the first colum. A stable steady state was attained after 24
hours. gisofBrAtsOClROM KANh  boi ling point reaction mixture was then fed
continuously Tnto the second continuous 5 nulti-stage distillation colum

201 at a flowrate of 94 ton/hr fromthe starti i ' t 21

i nst al | gitndthyMesrhonate, pbenelpdiPhgRy! 3108 %vg“% %y@ﬁ@ﬁlsﬁqﬁﬂ gJa?ed into the
second continuous multi-stage distillatign colu 0, | 16. 0 % by
wei ght  ghntiridusly withanewreiar  baaiddoan from @@ﬁ%@omﬁéﬂf‘@ﬁﬂ Ef%ﬂgﬁ?r

carbonate. Reactive distillation was carried out corg_tgicpuggsll m u'qigﬁr
condi ti ons of pthigERREAty setd Grastatieinedatterotd beuishe LRSI Ndous

mul ti-stage distillation colum 201 being 215C, a pressure q’:lt t.he oéslgp of
the col %&Fﬂg{gg%cﬂﬁt 2 5% 40 niRere /2 then ééd cantiruaushpinta ghe seaond coRBIONSs s bl e

to attail l'e steady state operation after 24 hours. A se(r:tgnd col um
25 b g e L B A o e 01,7 o
1205 e T S Mg e e TR,
Ing\lme; { éﬁth{wpg]éq%@%}q”cf}gmbgﬁﬁﬁﬂﬁ-ggﬁsq% %}ilﬁt%%ﬁﬁit{?’l! «I:?m;ttalmgga‘é&(;?fh adyphenol
Aoents wiigel ey sk eupoRetd S A PSR iR sltcomo 0
boi i ng. Realive dattati wa paried aUGEH IO e BFcBAS A4 teRinrmeY "
e IR AL e
of the second colum. It was found t ha'? .25 _the @g%r%}]gg re?‘grgr}?ﬁ%bemg
G e e A et od vas. Sobs. 5
04. It Was possible to attain stable steady state operation after 24 hours. A
second column low boiling point reaction mixture was continuously withdrawn from
the top 23 of the second column, the flow rate at the outlet 26 being 81.7 tonfhr.
15 The second column low boiling point reaction mixture was continuously fed into the
first continuous multi-stage distillation column 101 from the inlet 11. At this time, the
amounts of fresh dimethyl carbonate and phenol newly fed into the first continuous
multi-stage distillation column 101 were adjusted so as to maintain the
above-mentioned compositions and amounts of the starting material 1 and the
90 starting material 2, taking into consideration the composition and amount of the
second column low boiling point reaction mixture.
A second column high boiling point reaction mixture containing 35.5 % by
weight of methyl phenyl carbonate and 59.5 % by weight of dipheny! carbonate was
continuousty withdrawn from the bottom 27 of the second column. It was found that

25 the amount of diphenyl carbonate produced per hour was 7.32tons. The selectivity

for the diphenyl carbonate based on the phenol reacted was 98%.
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" F105078_ACB01 UPO7_KAN Prol onged continuous operation was carried out under
these conditions. The anmobunts of di phenyl carbonate produced per hour at

. 500 hours, 1000 hours, and 2000 hours after attaining stable steady state
wer e 7e9@sd78nAns0d OBOT (s and 7. 33 tons respectively, and the
selectivities based on the reacted phenol were 98% 5 98% and 98%

respectively, and hence the operation was \ thedBldepiditions. t he
aromat i ¢ car Poriahged orotMRUP %%Ei'ﬁﬂﬂ%ﬁ'ggﬁuﬁgﬁaégnt ain hal ogens (1 ppb

or less). Industrial Applicability 10 The pre } i 0 Bogrdl t abl e as
a specwéamamwmﬁmnwmmmt@pm%qeé P%‘ﬁ}%@%g%gg mﬁ%'aﬁ?i ng diaryl

carbonate as a main product to be produced w th hi Lt nd hi gh
pr oductéin\g iwihgtpﬂsyaﬁaratmiMnglsmtg@dtw Pateorvers ﬂbggﬂngﬁ}?g'gges{%r%acfi scal e
of not Tess than 1 ton per hour using two continuous EI bi 'St\@&eegs%
distil "F&E?@-\s g%ﬁ%{ﬁd r sy thedsalbitivitiasbannrhor M EPARPS P RRPk rmnoﬁydr oxy
](C:OWDOEnd. > ( F105078_AC601 UPOI-Z@KAN %LAI I\gyﬁvr\ggs(ﬂgﬁ&m mreéxg gcess
or the_ produ Q enéa th opemationw ta rbonat e
as & m?%p?ﬂﬁ?gtﬂ{ér)%orﬁvg{yglg%fj car bona'tat and an ar ongti@% rrgr(l?(thy ré)rxy 5
conpound as a startin terj i id pes cohtairshalegess |

conti nummrm%@cﬁ%{ oggﬁgg pgég%?dn%%nﬁtagﬁgﬁi nto a first continuous

mul ti-stage distillation colum in which a catalyst is present; (ii)
carryi nigsSit the reaction in said first colum to produce an al cohol and
an al kyl aryl carbonate; 10 (iii) continuously withdrawing a first colum
| ow boi ling point reaction

Industrial Applicability

The present invention is suitable as a specific process that enables aromatic

10
carbonates containing diaryl carbonate as a main product to be produced with high
[ i i al
selectivity and high productivity stably for a prolonged period of time on an industri
scale of not less than 1 ton per hour using two continuous multi-stage distillation
columns from a dialkyl carbonate and an aromatic monohydroxy compound.
15
20
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‘m xture containing a produced al cohol from an upper portion of said first
colum in a gaseous formwhile continuously withdrawing a first colum
-high boiling point reaction m xture containing an al kyl aryl carbonate
from a pmsevs p03tdIPHE KN d first colum in a liquid form 15 (1V)
continuously feeding said first columm high boiling point reaction mxture

into a second continuous mnul ti -stag%@iél | ati on colum in which a
catalyst is present and which is ¢ ed to said first colum while
carrying out the reaction in said second colum to produce a dial kyl

car bonamﬁnd a diaryl carbonate; (V) continuously w thdraw ng a second
col um BT -i ng point reaction 20 m xture containing said produced

di al kyl carbonate from an upper portion of said. second c i Apeous
form while conti pusreskys frtthe produdion efeibAPTe %?ﬁfgoﬂﬁbengé)@lgﬁ"ﬁl agj(l)iﬂ?t

reaction m xture containing said produced diaryl carbonate. fr r
portionﬁp Cﬁf%ité a%e%ﬁwih prRbdUDE fiom a dialiyl carben eMﬁ@iﬂoﬁ?}‘cﬁ%@?ﬂ"r&r?a i o
|atf yl' car

of the onate to the aromatic m)nom/drtggy %5 conmpound in said

startin teri ' hndtedat wHithhoomptiges theosteRF®V i rst conti nuous 56

F105%78%2Mq9%57%ﬁh%| ti-stage distillation colum is in a rang?_@eof

from0.1 to 1%) (%Pgﬂli’ﬁ“gﬂ’r@ewtémoyﬁnmd triateriabantt sa i finsht GIRNEGHEm
t\Wuct a [

conprises a s ving a pair of end plates above and bel ow a

o (om maiepamRaon rplR Puicr £eAEstls BETPTATE 28 't hor el nai d,

a nunber of stages n, thereinside,

and has a gas outlet havi an _insi 'ﬂﬁﬁrtsr inin (& Brodice ahaltawl @dt he
colum or in aﬂ)uﬁﬁé’b"%?&g@ﬁ r(??%ﬁ 'g?rc‘:gkurm Eecggin‘t\r(!) the top, a liquid

outlet having an inside diameter d12 (cm at the bottom of the colum or in
a | ower apaihyi aryleBrRon@teol urm near to the bottom at |east one inlet

provided in the upper portion and/or m ddl e t ; opm bel ow
the ggs outl et (jilandomtinuassiyt withdraning ﬁfﬂﬁt ‘bﬁ%‘f‘ﬂ% Bloﬁm}ch)émrg\jﬂ\?e@port i on of

t he col um above the liquid outlet, wherein (1) said | iR i
sati sfi egnikiage t@hlahvihggiq[ﬁmdﬂﬂe‘i afcphol from an upé)el) por%on of &3 firstco ina

gaseous form while continuously withdrawing a first column high boiling point
reaction mixture containing an alkyl aryl carbonate from a lower portion of said first
column in a liquid form;

15 (V) continuously feeding said first column high boiling point reaction
mixture into a second continuous multi-stage distillation column in which a catalyst is
present and which is connected to said first column while carrying out the reaction in
said second column to produce a dialkyl carbonate and a diaryl carbonate;

W) continubusly withdrawing a second column low boiling point reaction

o0  mixture containing said produced dialky} carbonate from an upper portion of said
second column in a gaseous form while continuously withdrawing a second column

high boiling point reaction mixture containing said produced diaryl carbonate from a
lower portion of said second column in a liquid form; wherein

(a) a molar ratio of the dialky! carbonate to the aromatic monohydroxy

95 compound in said starting material which is fed continuously into said first continuous
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1500 S Li S 8000 (1), (2) said inside dianmeter D, (cm of the columm
satisfies the following formula (2), 15 100 S D, S 2000 (2), (3) aratio
.of said length L, (c to said inside dianmeter D, (cm of the colum
satisfi%’bOEO%B_AQﬁmd-\}\? e nula (3), 25 Li / Di S 40 (3), (4) said nunber
of stages ni satisfies the followng formula (4), 20 20 S n, S 120 (4),

(5) aratio of said i.nside di t colum to said inside

di anet eWL@i‘Fta@@rFﬁStﬁlﬁk'Pﬂéogﬁghigﬁ%E’aéﬁﬁ ?‘;‘?’?’%‘?E ﬁgqfogl lowing formula (5), 5
SD / dil1 S 30 (5 and (6) a ratio of e LAS] ' @ strgdireof t he
colum to sai @)iﬁ%‘gffét CQBtg’EI-i‘%?e‘Pé'it" tfge(di%“g%#"qﬁhgﬁﬁ“?%g. i%Etsl bt satisfies
the followwng fornmula (6), 3 <D, /,d12 S 2Q. (8); 4 1
UP07_KANayicl & paid of e0d iates ooNg and Seipwia %ﬁ@‘d‘é‘}'ﬂ'i trotfi patiel Haities -
conprises a structure having a pair_of end plates aboy he

cyl i ndr iergth Ls Gerk) podtanoinsidesdiamgter Pettgih aDE havipe aw@ﬁﬁé'ﬁhéﬂg@ﬁét er

D2 (cm), and having an internal with a nunber of st s n tper(%'hg 'tde,
and pas of sgifestiitheteifisidi ngndihas msgaieodtiet havig mln%?ggﬁm r fHe ps)dof t he
colum or in an upper portion of the colum near to the top, a I,iLﬂ#Ld

outl et haxildopihd ASlA of inERt @spet Joriompf ke ealembparaasie die (o 24 or in

a lower portion of the colum near to the bottom at |east one inlet

provi ded, | %3% | ROdibirtercdd/(em) at thaldbttomafthe cobimn pe i3I bel ow
t he gasdoo‘{][éltégﬁngn a't:a ealst one i(nl ét provided in the | ower portion of

the col um,aboygd 0S| 1o fadit be(idlet providéa iTothie wperc )
sati sti dOHRE Y fiq g@“ﬁé‘%&%ﬁﬁgb%? '1500 < L2 8000 (7),
portion and/or a middle portion of the column below the gas outlet, and at least one
10  inlet provided in the lower portion of the column above the liquid outlet, wherein
(1) said length Ly (cm) satisfies the following formula (1),

1500 = Ly = 8000 (1),

(2) said inside diameter D1 (cm) of the column satisfies the following formula

15 100 = Dy = 2000 | (2),
| (3) a ratio of said length Ly (cm) to said inside diameter D, (cm) of the
column satisfies the following formula (3),
2 £ 14/Dy £ 40 (3),
(4) said number of stages M satisfies the following formula (4),
20 20 £ ny =120 (4),
(5) a ratio of said inside diameter D4 {cm) of the column to said inside
diameter dq (cm) of the gas outlet satisfies the following formula (5),
5 = Di/dy = 30 | (5), and
(6) a ratio of said inside diameter D¢ (cm) of the column to said inside
o5  diameter di2 (cm) of the liquid outlet satisfies the following formula (6),

3 < Dyldiz £20 (6);

b7




"(2) said inside dianeter D2 (cm) of the columm satisfies the follow ng
formula (8), 100 S D2 S 2000 (8), 15 (3) aratio of the length L2 (cm to
.said inside dianmeter D2 (cm of the colum satisfies the follow ng fornula
(9), 2p$pdors/ ADBOISURO7 (KAN (4) said nunber of stages n2 satisfies the
following formula (10), 10 < n2 s 80 (10), 20 (5) a ratio of said inside

dianeter D2 (cnm) of the columm to said_insg Yol icésp of the gas
outlet sati sfd)esid Becars p@WWWSdPH@rﬁa?éf%gﬁE“‘%;%Bidﬁzi'lni%a'% "(11), and (6) a
ratio of said inside dianmeter D2 (¢cnm) of th 0 L EKk bBidte
s et s daaie e ek Tl BRI

: : _ : §€ESS
accor qg{égir{d)a gér_ﬁ_;';tmL; écmgndian inisiste: dipeneteiDz (e AN ﬁ%@a\%gﬁtﬁgﬁgﬂgﬁysl y
in said step (ii) and said step (iv). 3. The process accoirggd?gmg%rcdz@ m |
or 2, %t?érrb ag@?Hgthé?éirS&i@ athdet'r%dagas@alﬂﬁbhﬂ‘t”ﬂgﬁndaﬁg s not 1ess
than 1 n-per holr. 4. In a process for the p;r%({mu&tﬂbon Ofarafata#.?ﬁtéﬁ
car bonat e .c kO ' i6al repcaBom O BWLRar i e
ar ovat ?@"@eﬁ?%%gbeeg%%ﬂgﬂdrtlhe iar?/gl carbonate as the main product are

produced cont| ggg@bg Ainkikidismateriagh ) aotnef battam af kys celMbLAHe and an

aromat i npound as a starting material, continuously feeding

the starting material intg j r b @i fe st loni-inlehgeovided il heat i on
col um |QWQMHQE“°%Otﬁiea?é}gwqqlééprrtéggﬁt?@&ggyryi ng out the reaction and the

distillation sinultaneously said,: ' enidsoutlet] gndhat le@shwi ng
a firstupper pamiondAndien ?i’fﬂéd%o‘??ﬁ'aﬁg’zﬁ@ﬁ gﬂuﬁ;ﬁ{x?ﬁrreg cog aining a produced

al cohol o]:\:aoime?grovided in the lower portion of the column above the liquid outlet, wherein

10 (1) said length L2 (cm) satisfies the following formula (7),

1500 = L, = 8000 (7,

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

(8),
100 < D2 = 2000 (8),

156 (3) aratio of the length Lz (cm) to said inside diameter D2 (cm) of the column

satisfies the following formula (9),
2 < /Dy = 40 (9),

(4) said number of stages nz satisfies the following formula (10),

10 =m= 80 (10},

20 (5) a ratio of said inside diameter D2 (cm) of the column to said inside

diameter da1 (cm) of the gas outlet satisfies the following formula (11 ),

2 = Dzl'd21 = 15 (11), and

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

diameter dz (cm) of the liquid outiet satisfies the following formula (12),

25 5 < Dyfdp = 30 (12).
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15 upper portion of said first colum in a gaseous form continuously
withdrawing a first colum high boiling point reaction m xture contai ning

.a produced al kyl aryl carbonate froma |ower portion of said first colum
in a | ifnD5078 k0801447 _Kédlsl y feeding the first columm high boiling point
reaction mxture into a second continuous nulti-stage distillation colum
in which a catalyst is present, .caryyi oyt iafiordnNg éarfiedOout
distillation3i nuh?al?fé’&%?chﬁ’@apd{ogé’%dwtgfﬁl;&n’%{neﬁt?%P?Jousl y W t hdr awi ng

a second colum |ow boili ng__ poi nt r e%ct [ .051 m xture containing a produced
di al ky! siraitaoeausly in said stepibLnd 58 $18R (89 sai d second colum in a gaseous

form continuously wthdrawi ng a second colum high boiling point reaction
m xture containing a produced diaryl carbonate froma | ower portion of

said second colum in a liquid 25 formwhile conti nuouslr\ﬁ fetedggaq ttﬁ? |
second col um3| owhegirbtess pocordingetacelaigh 1nen.uvBerain ANARPHE h di Wy
carbonate into the first continuous nulti-stage distillation 59 F105078

AOSO% UEQ?pdg(é% FsLIEaRl, is ot Idsethamantentperthomni ch:  (a) a nolar ratio of the
di al kyl “car onaPe to the aromati c nonohydroxy conpound in said starting
material which is fed continuously into said first continuous multi-stage
distillation colum is in a range of fromO0.1 to 10; 5 (b) said first

conti nuous nul,ti st [ Std.llati Shdhof GRITBFOrAAtc eationate woptainivg Ag a
pair of end pf"at é'i %gg?/%s%nfgmﬁe}%ﬁveggc;ﬂ I ndrical trunk portion having a

| ength Li, (¢m) .and, an _insid i : chatid axibtsats contaiminglthei t h
a nunberd'alafcé‘f%’@ée S ?H@?@i&glaggf ﬁ.Iz’i‘r'{'ﬁ‘ a{g’@aa'g.gas outl et havi ng an inside
dianeter dii (

t t top of th e : afureh
col um ridiawyl p@lglqrg;@?@@lg pug rpg Lﬁrgd%{e Sﬁsﬂ) I 8y, édhtnﬁﬁoﬂﬂgﬁfale@kiﬁg amixturthe

; _ aving an in di amet er d12
(5" e tat moskalen carborananeh e o TR Ao METEES!
Lnr S\C/I! _Seazgér’?din,_eggm}ngleou;glrflégndm%?i;‘gtwﬂ_t@rqg]@grﬁ%;ﬁ?‘% l(gﬁtgq ﬁ:gsq |°I%h3+§&(§)% p-[?@??tddg et
wnerein éiiiilljtandcgli:wgnt ihn I;\;hiéhcg)caigltylsffisl, %?esferllw?, I:grlrslli%m c?tﬂ &grrrgélcﬁorg ]z-}nd the
distillation simultaneously said the first column, continuously withdrawing a first
column low boiling point reaction mixture containing a produced alcohol from an
15  upper portion of said first column in a gaseous form, continuously withdrawing a first
column high boiling point reaction mixture containing a produced alkyl aryl carbonate
from a lower portion of said first column in a liquid form, continuously feeding the first
column high boiling point reaction mixture into a second continuous multi-stage
distillation column in which a catalyst is present, carrying out the reaction and the
o0 distillation simultaneously in said second column, continuously withdrawing a second
column low boiling point reaction mixture containing a produced dialkyl carbonate
from an upper portion of said second column in a gasecus form, continuously
withdrawing a second column high boiling point reaction mixture containing a
produced diaryl carbonate from a lower portion of said second column in a liquid

o5  form while continuously feeding the second column low boiling point reaction mixture

containing the dialkyl carbonate into the first confinuous multi-stage distillation
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"15 1500 < LI < 8000 (1), (2) said inside dianeter D, (cm of the colum
satisfies the following formula (2), 100 < D < 2000 (2), (3) a ratio of
.said length L, (cm to said inside dianmeter D, (cm of the 20 columm

sati sf pegsdise ADsd1 OWOMGKANrmul a (3), 2 L I/ D1 < 40 (3). (4) said nunber of
stages ni safisfies the following formula (4), 20 < n, < 120 (4), (5) a
ratio of said inside dianeter DI (cnm) of the colum to said inside 25

di amet epluind, therinposvamentgasviighi et satisfies the following fornula (5), 5

< D [/ dii <30 (5), and 60 F105078 A0501 UPO7 KAN. ratin, of said
i nsi de di arret(gyalaholécre)tioocbftheaiaibylmﬁﬁb@'@at@épgh?ﬁ@@g'éﬁ'?oa(mgir‘e”g'lz (cm) of
the liquid outlet satisfies the followng fornula (6), 3. [ (- (6);
(c) saibRRafRAincand istaring matbtialwhighds o coninscusly bl 3 f?%h%?’ﬂ@‘ﬁ'é’ag 5
structure having a pair of end plates above and below a cylindrical trunk

porti O%Ui??éﬁ%\p@ dstliansh Bokunr #h a@rshgenof freid®l & dRet er D2 (cn), and having
an interna th a

nunber of stages n2 thereinside, and has a qas out | et
S

having an 1 nsiiSafl @epesktiriohs hGHi)stabe dhstiliiation oblunirecomprisas & STUStHR upper
portﬁ on of the’cColumm near to the top, a liquid outlet having an inside

di d22 ' iboveEavingDat i f
he cor GafinaaHat o pr BET SRR B o el e ed i the. upper

east one inlet provided in the upper

PO O a0 2.5 A Al S, R e et vaeta srenc o

ower t1on of the colum above the

T e o Bk i s

the top of the column or in an upper portion of the column near to the top, a liquid
10  outlet having an inside diameter d12 (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 middie 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 Ly (cm) satisfies the following formula (1),
15 1500 = Ly = 8000 (N,
(2) said inside diameter Dy (cm) of the column satisfies the following formula
(2),
100 £ Dy = 2000 (2),
(3) a ratio of said length L (cm) to said inside diameter Dy (cm) of the
20  column satisfies the following formula (3),
2 = L4/Dy = 40 (3),
(4) said number of stages n satisfies the following formula (4),
20 = my =120 4),
(5) a ratio of said inside diameter D4 {cm) of the column to said inside
25  diameter dys {cm) of the gas outlet satisfies the following formula (5),

5 < Dy/dy S 30 (5), and
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15 (2) said inside dianmeter D2 (cm of the columm satisfies the follow ng
formula (8), 100 < D2 < 2000 (8). (3) aratio of the length L2 (cm to
.said inside dianeter D2 (cn) of the colum satisfies the following formula
(9), 2F1D5e78 20502 UPOTOKAY) (4) said nunber of stages n2 satisfies the
followng formula (10), 10:n2:80 (10), (5) a ratio of said inside

di t D2 f the cal I g~ 1 sl ' idi f th
out T ot sat i sKBRb ek of SREURPRE e Py E1) 6 Ge BRI SAgRIeCT 1 1Y Tana

(6) aratio of said inside dianeter . o0 said inside
61 F105diathetssdt (LRYDF mlmﬂd@yﬂeﬁﬁgﬁeﬁﬁ% f@k“%‘ﬁgf ‘?‘{'1%536 utlet satisfies
the followng formula (12), 5 S Del d22 S 30 (12). 5. The process
according to clai m&,=wherehn 2an2@nount pr ced of the 5 diaryl carbonate
is not less than 1 ton per hour. 6. The process, accordi ng to.an gone of
claims 1 to 5)ehRr écbrili camituous multitstags diskilalio PIMMCPBPHETR(13), and
321 ang d22 satisfy the foll ow ng forrr:la?rg(bléll) 1 ysmgi%éél@&ékﬁgﬁﬁ 101 S
21 ing- oPEAd piates@bovei owrgy/C 0 6,
Sher ngﬁ‘i&”%ﬁéf'i‘a/a %ﬁw P or 11, And DL/ d12 for said first

i . i st i Ba(cryf gndhayi svemal WithR ae:
S0 o PVl Hiof] P el 3hd EhAhsEe drahster D B O o0 b o

D1 | di1 S .25, .and 5 i i o resRe6timahavingad ihsde iameter d202,
n2, D2 NUEPEr Oéﬁgagﬁf 632 tﬁ?{é&b%'r%eggl hsag(fae(;gld continuous mul ti-stage
(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 dp2 (cm) at the bottom of the columnorina

10 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 Lz (cm) satisfies the following formula (7),
1500 = L, = 8000 (7).

15 (2) said inside diameter D2 (cm) of the column satisfies the following formula

(8),
100 £ D, < 2000 (8),

(3) aratio of the length L (cm) to said inside diameter D2 {(cm) of the column
satisfies the following formula (9),
20 2 < L/D; = 40 (9,
(4) said number of stages nz satisfies the following formula (10},
10 = mp £ 80 (10),
(5) a ratio of said inside diameter Dz (cm) of the column to said inside
diameter d¢ (cm) of the gas outlet satisfies the following formula (11),
25 2 = Dpldy £ 15 (11), and

(6) a ratio of said inside diameter D, (cm) of the column to said inside
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‘distillation colum satisfy the follow ng formulae: 2000 5 L2 S 6000, 150 S
D2 <_ 1000, 3 S L2/ D2 30, 15 Sn2 S 60, 2.5 < D2/ d21 S 12, and 7 20 D2 /

.d22 S 25, respectively. 8. The process according to any one of clains 1 to
7, wherfdiog0T8_AQSP) UPO7 KAN  n1 D1 ! d11, and D1 / d12 for said first

continuous nulti-stage distillation colum satisfy the follow ng fornul ae:
2500 S L1 < 5000,

200.< O1 S 80 : nl < 90, 10 S
Di | d11dl§5\,et%[rﬁjzﬁ°'§9®ﬂh M‘%%g‘?t %e@ﬁ'é%tﬂil‘%gﬂ’@'gﬁgm@ a2 8 Aos01
UPO7 KAN L2, D2, L2/ D2, n2, /.d21, and D2/ d22(1§?r sai d second
conti nuous mul ti-stage Daf € & &4 on' col um sati sfy’the follow ng fornul ae:
2500 < L2 < 5000, 200 < D2 800, 5< L2/ D2 S 15, 20 < n2 50, 3 < D2/ d21
510, and 9 < D2 / d22 s 20, respectively. 5 9. The process according to
any one of clains | to 8, wherein each of said, first cqQntinuo
mul ti-stage dbstThegrocesscadoondingria claimd. SRR @B@f‘?‘?ﬂfgﬁog‘rﬁﬁl&ﬁg\eage
distillation colum is a distillation colum having a tray and/or a packing

as the hpifdarbondt8 id Aot [Bse thamdesn pecbiordi ng to claim 9, wherein said
first continuous nmulti-stage distillation colum is a plate-type
distillation colum having the tray as the internal, and said second
continuous nulti-stage distillation colum is a distillation colum having

both the packgng T%\'%fprbé@% 5&Yorahgt t8early 668 BRtlains 110.5, ierpinode soidadieor di ng
to claim9 or "10, erern each ofg the'trays in said first continuous

[ti-st jstillati [ ifollowing formhtla-(44
Tt T BRgy b rhidyihl iRk Y 1) 286 94 deg eadsane folawing forhyla (Feage
1 < diofdyy £ 5 (13)

10 1 £ dnldp =6 (14).

7. The process according to any one of claims 1 to 6, wherein Ly, D1, L1/ Dy,
ny, D4/ dy1, and Dy / dy2 for said first continuous multi-stage distillation column satisfy
the following formulae: 2000 = L, < 6000, 150 = Dy = 1000, 3= 1Li/Dy

15 <30 30=mn <100, 8 = Dy/dny = 25, and 5 = D¢/diz = 18,
respectively, and

Lo, Do, Lo/ Dz, nz, D2/ d2y, and D,/ d for said second continuous multi-stage

distillation column satisfy the following formulae: 2000 < |, = 6000, 150 = D

=

< 1000, 3 =< L/Dp £ 30,15 = mx = 60, 25 < Dpfdy S 12,and7

20 D./dx = 25, respectively.

8. The process according to any one of claims 1 to 7, wherein Ly, D4, L1/ Dy,
ny, D4/ dy1, and D4/ di2 for said first continuous multi-stage distillation column satisfy
<
the following formulae: 2500 = Ly = 5000, 200 £ Dy £ 800, 5= LW/Dy =

95 15 40 < m £ 90, 10 = Dy/du = 25 and 7 = Dy/diz = 15,

respectively, and
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‘conmer portion. 20 12. The process according to claim 11, wherein said sieve
tray has 100 to 1000 holes/nR2 in the sieve portion. 13. The process
.according to claim 1l or 12, wherein the cross-sectional 25 area per hole
of sai ¢1e56R2 ADEBY UPO7IIRAN range of from 0.5 to 5 cnR. 63 F105078_A0501
UPO7_KAN 14. The process according to claim9 or 10, wherein said second
continuous nulti-stage disti)lation-colunm i.S:fisHd édritinuetscalitinstagavi ng,
as said int é-lz.nﬁt.,l-zt/%& ﬁa(,[RZ)r@H?lniPzﬁs rqrar;%'rcf?on of the colum, and the
tray in a lower portion of the colym. 5 15 e<py ocesgpggcopdong D3 any
one of d&tﬂlaﬁsnQ:olumn&atlsfryéheﬁ@“%ﬂ@lfowﬂ?ngzgaasﬁi gziﬁterna'l in said

second continuous nulti-stage distillation colupndi 0 of <a
struct ugegopacki 5.L,1D:16 1He 3 &t %&Q)rocl? r%npéfgpaiglin ‘% na\j\{hcgrei n said

structured packing in said second continuous nulti-stage distillation

col um Disf“gz‘ al deeasdpentivelyel ected from the group consisting of Mellapak,
Genpak, TECHNG PAK, IR_EXI-PAK, a Sul zer packing, a Goodroll packing and a

Gitﬁghgri d. 15 17. The process according to any one of clains 1 to 16,
wherein said first continuous multi-stage distillation colum o%p%ées

two or nore o g{yﬁgwfqb@éésoébcd?&h@m%ny]&e Fheiainot és 8, ME5P; 675 one

of clains 1 t0 ereirn sard 20 second continuous mnulti-stage

distillation col um compri ses fimoATcIlRAA ahid salil SecohdLootnEaIMS. 19, An
ar orrati@r%é’Pﬂgﬂ'al?‘és H%B{éa%ncgs@%ﬁgﬁocgen content of not nore than 0.1 ppm

produced by the Bl gfistsn A5G MalsRIABh GRtmAlnigg Brdy and/o6a packing

as the internal.

10
10. The process according to claim 9, wherein said first continuous

multi-stage distillation column is @ plate-type distillation column having the tray as the

internal. and said second continuous multi-stage distillation column is a distillation

column having both the packing and the tray as the internal.

15

11. The process according to claim 9 or 10, wherein each of the trays in

said first continuous multi-stage distillation column and said second continuous

multi-stage distillation column is a sieve tray having a sieve portion and a down

comer portion.

20

12. The process according to claim 11, wherein said sieve tray has 100 to

1000 holes/m? in the sieve portion.

13. The process according to claim 11 or 12, wherein the cross-sectional

2
95 area per hole of said sieve tray is in a range of from 0.5 to 5 cm”.
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"25 20. A reactive distillation apparatus conprising a first continuous 64
F105078 AB01 UPO7_KAN multi-stage distillation colum for carrying out
.reaction and distillation; and a second continuous nulti-stage

di sti | IrFaoboTe_e@s0mPOG K&Nr ryi ng out reaction and distillation, which is
connected to said first continuous nmulti-stage distillation colum,

conprising: 5 (a) said first continuqus tq Od SHI gon col um
conprises a dtk uckh@ RFOCRES ARECTS! {]Oraa'ﬁ“ gﬁ({ 1’;9'3"{@85 o%g Slgrblghbel ow a

cylindrical trunk portion having a |engt X 1 NS igi anet er
D ( cmcortindobaviull-séage distitatian W"E"W”ds%\fﬂﬁ@at'%ﬁmoé@ﬁge@m&t scejéraae“iqnsi de,

and has a gas outlet having an inside dianeter d" at . t he
col umm igferhal, #e packing froaniuppen Potties @dhﬁﬁﬁ'%%-rarfc{)ﬁ{%ga\’ brbé @%ﬁgﬁ’?gnlo

outl et having an inside dianeter dl12 (cm at the bottom of the colum or in
a | over e parddi@fnof the colum near to the bottom at |east one inlet

Vel of n. . . .
provided in the upper portion and/or a mddle portion of the colum bel ow
t he gas outlet, and at least one inlet provided in the |ower portion of
t he "col unmm above the liquid outlet, wherein (1) said length L, (cm

satisfies t heéjﬁp::)frﬂ%nypngc%% Wg‘;ﬁ%ho any2orebeIkISims 9 B ddpwhersin @9 said

I nsi de di anet olfum sSatisfies the following formula (2),

100 S D5 2080%5@@ ingdy il ) S s8cha sahthucRiRghbLstage distilationicaluris isde

di anet ePapking ofum satisfies the following formula (3), 2 S
L, / D S 40 (3), (4),said nun?ﬁ of stages n, satisfies the follow ng
forrruIaDEW)QmeT?@f(%?trB&WE’ﬁ ,595) aratio of said inside diameter D,
(cm of the columm to said inside

10 16. The process according to claim 15, wherein said structured packing in

said second continuous multi-stage distillation column is of at least one selected from

the group consisting of Mellapak, Gempak, TECHNO-PAK, FLEXI-PAK, a Sulzer
packing, a Goodroll packing and a Glitchgrid.
in said first

15 17. The process according tc any one of claims 1 to 16, where

continuous multi-stage distillation column comprises two or more of distillation

columns.

18. The process according to any one of claims 1 to 17, wherein said

20 second continuous multi-stage distillation column comprises two or more of

distillation columns.

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

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

25

20. Areactive distillation apparatus comprising a first continuous
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"25 dianeter d" (cm) of the gas outlet satisfies the following formula (5),
5SD [/ dii S30 (5, and 65 F105078_A0501 UPO7_KAN (6) a ratio of said
.inside dianeter Dé‘&%r_’p the columm to said inside dianeter d12 (cm of
the |i qUi080&BAGS0T LHG7s the following formula (6), 3 <D / d 12 S 20
(6); (b) said second continuous nmulti-stage distillation colum conprises a

5 structure havi ng..a, pai ol BAdeRstiNationcamhd advecoat] t r unk
porti ol 'aﬁ?ﬂadégﬁ“gﬂgﬁﬁb@?% ahﬁ %ﬁu?%gi\ége di aneter D2 (cn), and having
an internal with a_ nunber .pf.st IS ahd gistillgtien,out | et
havi ng %ﬁntnwgua@latla%#%@%ﬁ'sagiﬂéft @?&&%{ Egﬁyg{g@tqtgﬁ%ﬁggl umm or in an upper
portion of the colum near to.the.to a Jlauid. : hlg an inside

di anet ewht@zzswﬁpe%t@dttﬁé%ﬁﬁséﬁ%*ﬂ”%% %F.L]%T@Bgﬁb@ﬁbgsq(gﬁ F}({).hm@r portion of
the columm near to the bottom at |east one inlet provided in the upper
porti oncampfisinga mni ddl e portion of the columm below the gas outlet, and at

| east one inlet provided in the | ower portion of the colum aa?%?/n‘rfctﬁltbe
liquid out! et (a)smid fist contipueus multeptgon distiliaiay cOMMI CPEPTISHR oW ng
formula (7), 1500 S L2 S 8000 (7), 15 (2) said inside diameter D2 (cm of
the col wapingas pai opentiiptates dbovk mnd eiow|cylingicalitpenicPORORJRY NG, (3) a
ratio of the length L2 (cm) to said inside dianmeter D2 (cnm) of theg_gqol umm

sat i STi fendiRe, (@) 8 iheidediametsn DR, antzhavimparsinterr@ with @ PUEHS]
nunber o tagés 2 satisfies the following fornmula (10), 10Sn280 (10),

SRS &R et e TR
the tob of the column or in an upper portion of the column near to the top, a liquid
10  outlet having an inside diameter di2 (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 Ly (cm) satisfies the following formula (1),
15 1500 = Ly = 8000 (1),
(2) said inside diameter Dy (cm) of the column satisfies the following formula
(2),
100 = Dy = 2000 (2),
(3) a ratio of said length Ls {(cm) to said inside diameter D4 (dm) of the
20 column satisfies the following formula (3),
2 = 14/Dy = 40 (3),
(4) said number of stages n satisfies the following formula (4),
20 = ny =120 (4),
(5) a ratio of said inside diameter D4 (cm) of the column to said inside

95 diameter dyy (cm) of the gas outlet satisfies the following formula (5),

5 < Dy/dy = 30 (5), and
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"25 2 S D2/ d2i S 15 (11), and (6) a ratio of said inside dianeter D2 (cm
of the colum to said inside 66 F105078 A0501 UPO7_KAN di aneter d22 (cm
.of the liquid outlet satisfies the following formula (12), 5 D21 d22 S 30
(12). ZF10507@ AQSQAtURQT_HA i | | ati on apparatus according to clai m 20,
wherein di, 5 and die satlsfy the followng fornula (13), and d21 and d22

satisfy the followng formia (14,4 rﬂhéfgydéf'thécﬁldnﬁ}o LiclRdice 22 S 6

(14). 10 22. (Bha rﬁB@@F?@ ratus according to claim20 or

21, wherein Li, D r said first
cont i nudiameten dix- (Sll’fﬁ@éﬂlﬁ B@U'ﬂl%‘ﬁ'%ﬁat'sf'&st}hﬁ @E}VY"?? fémﬂ}‘gf éﬂ owi ng formul ae:
2000 < Li S 6000, 150 S DI S 1000, 3 S Li/pb $S30, 305n, S 100, 8 S D11
d,, S25 and 5 S B £ 2 dix 2820respecti @y, and 15 L2, D2, L2/ 02, n2,
D2/ d21, and D2/ d22 for said second continuous multi-s ta‘grg d| stillation
col um SatlengLdéﬁi setormhborgiriuousuhall:stage distilatorseglyot! CABENis*Hs s 1000,
3SL2/ D2 0, 15 S n2S60, 2.5S D2/ d2i S 12, and 7 S D21 d22 < 25,
respect 's?fﬁéﬂﬁre %Qv%@ag of @ﬁﬁtpla/tesdibstleldndtb&i@W@PﬂMG@ tRaRtoPERtRG t o any
one of clarns 20 2, wherein Li, D, Li / D, ni, D11 d", andD/dle

for sai bS A tiisige MiEmeies 1D (cat); and bavingars interya) Withea
f ol | owi ﬂ&% él ng%Hfan(ﬂn,éhsl 551000 200 S(]D S 800, 5SLi / DI S 15, 40

Sn S 90 10 %ges‘[j%tﬁ&%énsm@ngg)@s@ gds 8ddethaVing ardmside dieshgter dod 25

L2, D2, and d22  for said second conti nuous

s '5555“ %%Sa ﬂg AL %1 Y7 SAUBBEY pbitier 6 the ok skamtaitne 2508 S L2
liquid outlet having an inside diameter dz> (cm) at the bottom of the column or ina
10 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 (7),

1500 = L, = 8000 (7),
156 (2) said inside diameter Dz (cm) of the column satisfies the following formula
(8).
100 £ D, = 2000 (8),

(3) a ratio of the length L, (cm) to said inside diameter D {(cm) of the column
satisfies the following formula (8),
20 2 £ L2/Dp; = 40 (9), |
(4) said number of stages n2 satisfies the following formula (10),
10 =< n; = 80 (10},
(5) a ratio of said inside diameter D (cm) of the column to said inside
diameter doq (cm) of the gas outlet satisfies the following formula (11),
25 2 £ Dafdy = 15 (11), and

(6) a ratio of said inside diameter D, (cm) of the column to said inside
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"F105078_ACh01 UPO7_KAN 800, 5 < L2/ D2 < 15, 20 < n2 50, 3 < D2/ d21 < 10,
and 9 D2/ d22 < 20, respectively. 24. The reactive distillation apparatus
.according to any one of clains 20 to 5 23, wherein each of said first
cont i nUI@SORLACS0E LURPT_KABk i | | ation col um and said second conti nuous

mul ti-stage distillation colum is a distillation colum having a tray

and/ or a packing,as,t inte : ESWiNG fethfnal(i2% i on appar at us
accor di$ig "c&éi@ﬂ‘iﬂ?%‘&"ﬂ{‘ ?}Bg%ﬁ %"nggﬁpést con?i nuous (mJI ti-stage
distillation colum_is |.ate-type distillation um having the tray as
the internal, and SRS @éggﬁd%cﬁﬁ)i nuous nul ti -st(ggjé distillation colum

is a di-stillation colum having both the packing and the tray as the
internal. 26. The reactive distillation apparatus according to claim 24 or

25, wherein 15 each of the trays in said first coptinu L~-Skage
distillation 29l u‘ﬁheambt@aid]stil@@@ﬂrﬂpmﬁrﬁfﬁﬂgd‘%?q F'?‘Eﬁ%’e%es%‘.“ﬁ‘éti on
colum is a sieve tray having a sieve portion and a,sgo%]%foﬁn\%n ortion.

27. ghegh@ay] saesfyitiss fdlloatingpforauba ( t3)u end skortd A A 1f 8! erein said
20 sieve tray has 100 to 1000 holes/nR2 in the sieve portion. 28. The

reacti Vf‘orﬂ{lﬁéyﬁ)ati on apparatus according to claim26 or 27, wherein the
Cross-section area per hole of said sieve tray is in a range of fromO0.5

to 5 cn2. 25 29. Theﬁﬂcﬂ?ﬁéﬁ aceprding to claim@Blor 25, wherein said
second continuous nul f1-stage distillation colum is a distillation colum
having, as said 68 ,FLO5078405Q1 4JP07_KAN i nt erna(14)t he packing in an upper
portion of the col ur?n,:gcr%aﬁ@ﬁe_tray in a lower portion of the colum. 30.
The reactive distillation apparatus according to any one of clainms 24 to 5
29, wherein said packing of said internal in said second continuous

! tlio- stage dzizs.t i'll'hlea;eiact):ﬂvg Cc)iltslf‘lﬂgtiér? aBBgra%s ge&?rdi?'fg ® dhitvodbWred , panekeing.

Li, D1, L1/ Dy, Ny, Da/ dyg, and Dy / di2 for said first continuous multi-stage distillation

column satisfy the following formulae: 2000 < Ly < 6000, 150 = Dy = 1000,

3 < 14D £30 30=m < 100, 8 £ Dy/dy = 25, and 5 = Dy/di2
< 18, respectively, and

15 Ly, Dg, La/ D2, Nz, D2/ d2q, and D2/ dz for said second continuous multi-stage
distillation column satisfy the following formulae: 2000 = L, £ 6000, 150 = D2

< 1000, 3 £ Lp/D2 £ 30,15 = n2 = 60, 25 < Dpfdy < 12,and7 =

D,/ doz = 25, respectively.

20 23 The reactive distillation apparatus according to any one of claims 20 to
22 wherein Ly, Dy, L1/ Dy, Ny, D,/ dyy, and Dy / dy2 for said first continuous

multi-stage distillation column satisfy the following formulae: 2500 = L4 < 5000,

200 < Dy <800, 5= Li/Dy £15 40 =M < 90, 10 = Dy/dy = 25,

and 7 = Di/dy2 < 15, respectively, and

25 Ly, D2, Lo/ D, no, D2/ d2y, and D,/ d; for said second continuous multi-stage

distillation column satisfy the following formulae: 2500 < L, = 5000, 200 =Dz
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"31. The reactive distillation apparatus according to claim 30, wherein said
structured packing in said second continuous nulti-stage distillation

.colum is of at 10 | east one selected fromthe group consisting of
Mel | ap & O5QEapRR01 PRBINGABAK,  FLEXI - PAK, a Sul zer packing, a Goodrol |

packing and a ditchgrid. 32. The reactive distillation apparatus gcgrdi ng
to any agne_of ¢l ains,20 1, d/\,h@r | sy d 4 i£sp,cant Ehudys and t B- 5 age
distiliat BO8 col %ﬁ%g’ﬁpgéi %58 mor 3

Wwo or 415 nore of distillation colums. 33.

The reactive distillatigon apparatus according to any one of clains 20 to
32, whdpsl de2sEi BOSEQ:QH%FE'E%'MH nuous nulti-stage distillation colum
conprises two or nore of distillation columms. 20 69

24. The reactive distillation apparatus according to any one of claims 20 to
5 23 wherein each of said first continuous muiti-stage distillation column and said
second continuous multi-stage distillation column is a distillation column having a

tray and/or a packing as the internal.

25. The reactive distillation apparatus according to claim 24, wherein said
10 first continuous multi-stage distillation column is a plate-type distillation column
having the tray as the internal, and said second continuous multi-stage distillation

column is a distillation column having both the packing and the tray as the internal.

26. The reactive distillation apparatus according to claim 24 or 25, wherein
15 each of the trays in said first continuous multi-stage distillation column and said
second continuous multi-stage distillation column is a sieve tray having a sieve

portion and a down comer portion.

27.  The reactive distillation apparatus according to claim 26, wherein said

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

28. The reactive distillation apparatus according to claim 26 or 27, wherein

. 2
the cross-sectional area per hole of said sieve tray is in a range of from 0.5 to 5 cm”.

25 29. The process according to claim 24 or 25, wherein said second

continuous multi-stage distillation column is a distiltation column having, as said
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15

20

F105078_A0501 UPO7_KAN

internal, the packing in an upper portion of the column, and the tray in a lower portion

of the column.

30. The reactive distillation apparatus according to any one of claims 24 to
29, wherein said packing of said internal in said second continuous multi-stage

distillation column is one or more of a structured packing.

31. The reactive distillation apparatus according to claim 30, wherein said
structured packing in said second continuous multi-stage distillation column is of at
least one selected from the group consisting of Mellapak, Gempak, TECHNO-PAK,

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

32 The reactive distillation apparatus according to any one of claims 20 to
31, wherein said first continuous multi-stage distillation column comprises fwo or

more of distillation columns.

33. The reactive distillation apparatus according to any one of claims 20 to
32, wherein said second continuous multi-stage distillation column comprises two or

more of distillation columns.
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