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AOSO@% _KAN | NDUSTRI AL PROCESS FOR SEPARATI NG OUT

- D ALCOHOLS Technical Field The present
invention relates to an industrial process for
separating out 5 by-produced al cohols. Mre
particularly, the present invention relates to an
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ently and stably for onged period of tine

froma |large anmount of a | ow boiling point reaction

m xture containing by-produced al cohol s when

mass- pr.oduci ng at | east one aromatic carbonate on an
Techf]*?ﬂﬁ"é?'ﬁi al scale by subjecting a dial kyl carbonate and

an_aromatic_ 10 m)nohlydroxy co ou_na:fl to - .

t r K Begsant inveation felatascic aindysiyial pErgasg dor separating out

distillation colum in which a catalyst is present.
by-pr@xdudest aloobiolsr t Mare particsilarht Bwnprasentiniveptien Eslategdoan

raw material for the production of an 15 aromatic
indusfridl pesedss et separhatindg oubthehaconsls efficiritly armbstably for a

engi neering plastics, wthout using toxic phosgene.
prolof§edpefieE 6f imbdrom 'a0dHsd afoant ef 816w beiling doimtatactieén mixture

process of reacting an aromati ¢ nonohydr oxy conpound
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ubj ec a variety of studies in

carborg%?ee Bh ﬁgyigﬁﬁsc‘tria,—?c\!ﬁg gslukiaézgiggraoﬁl%g%g%%fvhg% éﬁd’%h Hfdmatic

usi osgene, an t1on orinate

Lmpurities tha re difficult t epar at t T
mondyBERR SRR 6 ERRASeTEABB R B et vg Hgietiey
process, and hence the aronmati c carbonate cannot be
colump isywhiehzmcalgiist IsReSAN n whi ch hi gh purity is
required, for exanple as a raw material for the
production of an aromatic pol ycarbonate. On the other
hand, it is also known that a process for producing
Backgronmak At 25 car bonates through transesterification

reacti ons between a dial kyl carbonate and an aromatic
MO PPHNEEIE s EN® I ithportant we ra raaw matersal étr the production of an

transesterification 1 A0501 U P 14 KAN

aromatic polycarbonate, which is the most widely used engineering plastics, without
using toxic phosgene. As a process for producing an aromatic carbonate, a
process of reacting an aromatic monohydroxy compound with phosgene has been
known from long ago, and has also been the subject of a variety of studies in recent
years. However, this process has the problem of using phosgene, and in addition
chlorinated impurities that are difficult to separate out are present in the aromatic
carbonate produced using this process, and hence the aromatic carbonate cannot be
used in an application in which high purity is required, for example as a raw material
for the production of an aromatic polycarbonate.

On the other hand, it is also known that a process for producing aromatic

carbonates through transesterification reactions between a dialky! carbonate and an

aromatic monohydroxy compound. However, since suchr transesterification
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r [ are all equilibriumreactions and the
AOSO"e@Eﬁ%J—@B&um is biased extrenely toward the original

system and the reaction rate is slow, and there have
been many difficulties in producing aromatic
carbonates industrially in |arge anounts using this
idd sl d,f'}@ﬂg Q:!%mb fm Biasys bstrbRieNPtoward
reactld(;l'ﬂ’[:lsr%}i%gadl %(Jli}f', rrarh)lr/gézﬁt{og‘rsfp S %ha (‘e trﬁJLT; belen made tc‘?mSg
evi se

d a reaction ste '
the orGiAl s, ahe hiap ARt s 80 pdtisre 8 been many

0SSi ble, and thus. i ove, t he ar.aonmat i carbonate . .
difficuljieg iy prodycing arggnatic GHpopRiSS RS IE wﬁﬁweﬁmarlﬂéwwg this

carbonate and phenol, there have been prapo ed a
methodiet o @dditionttp dlevelppprent of catakysts BRNG GauTied oul,imary aipmpts

by azeotropy together with an azeotrope-form ng agent
have theisdeRatreadte 10 dBroise reneaction Sygtamese apie shift thgmaudliarivem

Lai d- Open No. 54-48732 (corresponding to West Gernan

towar&’fﬁ@?tedﬁ@ﬁ kystai nmiieh a6366Klepand thus. imPaoes theNaromatic
4252737)), and a nethod in which the by-produced

carboﬁﬁfer\ﬁé‘l@'. IFor eRERMPRS 6 thRaeRstiGd Befwsh difiedhyl carbonate and

nmol ecul ar sieve (see Patent Document 2: Japanese

phendl gk hé‘%’g.bgﬁtp%%feg &'B%%ﬁ&d umhsc?i\?d iém@ed methanol is

‘correspondl ng ent 4)). Moreover,
. hod 15 h I ANVl '
cisti G 5% by st as e Wi A ABRERE thity febnt frug Pl
t f t | cqh - j .

DocuTiggt T} Pareseduatpat ARPIGERon L ORrE Na et BT or S psponcing
o et Bsaner e Bephlot NS g5 L L HBR g 258757, o

Pat ent Docunment 3-1: exanples in Japanese Patent
a methpdlin edicrothelly-prathicadxnethapolissereved hyrkeing rdsadadyento a

U S. 20 Patent No. 4182726); Patent Docunent 3-2:

molectHangibes ($ob Paeat BoeuRent 8t JapamesecRateahApplicatiopdraigidpen
56-25138; Patent Docunent 3-3: exanples in Japanese

No. 5B2485H36ARBIrkSPéndiRg ke UdS Pgentio. 490464y 44Moreover, a method
(corresponding to U. S. Patent No. 4554110); Patent

ves BRIV 0 A0 Sg080R LT O
ol A 66 04 O Gan 15 EBL o 3, AR e o
from ﬁ%&{ﬁ%ﬁ&? %@9@%@@?egﬁn§é‘ Eim@ﬂnr@g&%éoégﬂing%%ﬁal that
evaporates is separated off by distillation (see Patent Document 3-1: examples in
Japanese Patent Application Laid-Open No. 56-123948 (corresponding to U.S.
Patent No. 4182726); Patent Document 3-2: examples in Japanese Patent
Application Laid-Open No. 56-25138; Patent Document 3-3: examples in Japanese
Patent Application Laid-Open No. 60-169444 (corresponding to U.S. Patent No.
4554110); Patent Document 3-4: examples in Japanese Patent Application
Laid-Open No. 60-169445 (corresponding to U.S. Patent No. 4552704); Patent
Document 3-5: examples in Japanese Patent Application Laid-Open No. 60-173016

(corresponding to U.S. Patent No. 4609501); Patent Document 3-6: examples in
2
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ﬁg@q KAN Japanese Patent Application Laid-Open
A0S0 6t 852; Patent Docunent 3-7: exanples in

Japanese Patent Application Laid-Open No. 61-291545;
Pat ent Docunent 3-8: exanples in Japanese Patent
Application Laid-Open No. 62-277345). However, these

Japarie@dPatent ApiSiicaiibn haxeOpapi NG| 6141 P85, Rdteht DBELIABhDS-75
swi t chover system Th| s is because the extent to which

exam%l@% if 99?@ é’s‘“e PQ c%mn' IRV 5Sh B! 8‘11%1%51?ai>¥%nt

evel op or such 'a transesteriflcation

b RGP A 853, BiRDebh Bt 277ose).

preferable to a continyous system.
 dipwRtRI thesei Teaeten SysiRmShag Qﬁs'?a?gmerg%@rﬁvﬁwm or

which a distillation colum is provided on top of a
switchquge systerhs Dusis beeaissdepxtentde which thesreagtiea ﬁ?tekﬁﬁn be

there are problens such as the reaction rate being
improged Wroagh catalysj aievielopmentiis timited der such atransastedfication

being small based on the volune of the liquid. It is
reactiphusndhéngotte tdaetibo ratelie stilhsloap andthuwit hasitgden thought that a

Accordingly, it is difficult to attain the object of

batchRyefie i8reférableDidPd ontimlasUR RN C 00K tibsel &l doritiubas @firring
anounts stably for a prol onged period of time by 15

tank rgg g@% g{g%gé#éor Em \Wﬁkﬂ@élﬁtllﬁ%ﬂ%umh% P?&l&@tﬁrﬁh%b @fa

economc stria
S opeds*dggg?‘ﬂ P Bt Yt N T SRR fon as

ran erl ficati reaction, i ar out
the regfion g e plow: enddee SRR 'gf%rﬁa@aaﬁﬁﬁﬁeacwf bemg small
Si rrul taneousl wi th separation by distillation,
baseq, g éheg xaiymenafl the liquidst It is thHe %PP&G'P@ tgimeke e q:qq'a.tersmn
such a reactive distillation systemis useful for such
high. a Aceardirgly.ot istdifigult 4o attainctheabjeat of pesduging angaromatic
reactive distillation nmethod in which a dialkyl
carbooatebcardineicasly intargeamournts syably for & projonget perod of time by
continuously fed into the nulti-stage distillation

meang Of e abevs! nditod$ atid ManY SsstRETeR@imts be peddlvebsfore
inside the colum in which a catalyst is present,

econd}ﬁicbﬁnﬁl%iriamHﬁ;bl%h‘)én%ﬂcfﬁjl'é:%s@&lé‘ | ow boiling 25 poi nt

component contai ning an al cohol produced as a

o THGPENERY M SR QB R e B gt m ien
such & tyanseg{en?cgtlon reaction is carried out in a continuous multi-stage
distillation column simuitaneously with separation by distillation, and have been the
first in the world to disclose that such a reactive distillation system is usefui for such
a transesterification reaction, for example, a reactive distillation method in which a
dialkyl carbonate and an aromatic hydroxy compound are continuously fed into the
multi-stage distillation column, and the reaction is carried out continuously inside the
column in which a catalyst is present, while continuously withdrawing a low boiling

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

continuously withdrawing a component containing a produced atkyl aryl carbonate
3
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A0501BUA920kaANP14 KAN from a | ower portion of the colum
(see Patent Docunent 4: Japanese Patent Application
Lai d- Open No. 3-291257), a reactive distillation
met hod in which an al kyl aryl carbonate is
continuously fed into the nulti-stage distillation

from eclowemportivrdofithe collihn(sew Patert Dooueteriul JapaheseiPating
inside the colum in which a catalyst is present, 5

|
AopI b IO L 30 SRR DBt

aryl cé}b?ﬁat%r@%ﬁ{m@é!u%d in'h?l e'énﬁnylt?&%g&%ﬂll‘é’tig%bg.umdw and the

uce

reacth_;i{s c?ﬁr}ﬁtag @Hirﬁﬂ'f'ta ryoﬁ\%@w&ﬁg@th E.H’PIII Hﬁmﬁm@'&%’ CBW ys? is present,
a_reactive distillatiqn net
while F?ﬂtmoeﬁ&w@waw ??%m@%lm ROiPt GBPRRENt FONtRINIDG 3 a@ﬂwl
continuous nulti-stage distillation colums, and hence
carbogatgi RiPslucedps ry-pradsict by distibation: @nd sendispysiywithdrawing a
efficiently recycling a dial kyl carbonate produced as
compenertiyoptaidingta proskeicBd idiaryl caybangtet frémn allopen goetidraofine
Application Laid-Open No. 4-211038), and a reactive
columfli (séé IPaté¢mtafocumidin: iJapahesdPateti Abloyitatioar baidaDperd NG.
an aromatic hydroxy conpound or the |like are

4-9355pra feReBVS H}étuflsﬁbri Methddm WHl'Ch'théé@ﬂa%cllﬁng iapé chirdld &t using
colum, and a lirquid that flows down through the

two c&rﬂid&@ﬂs'nﬁ:l}’i‘esttégé G‘Qﬂllétgﬁmolf’i‘mﬁ%dgn&’ HEbE aRSiaMA Eﬁ%oﬁhté‘%

nt er nedi a st age

produfpd shhHE 0B S Bt ) o
bv-prqc[ucaﬂﬁfsbéatea? ARGmBNLG anaresp AIPRLAPRICEo0 AR ORSBNO.

age where the outlet is provided, 20 whereby
-2119%%}:16!“6@ feachye distilatien methashirhwhieb 3 elaé%raamat%énd an
distillation colum (see Patent Docunments 7-1:
aromatmdadsexy campaundop the ke are canttuopely fid into-the asutizstage
Pat ent Docunent 7-2: Japanese Patent Application

distilldtmnccoyran, od adiqRB0ER floWstdamin thPowghrtw caludin idayitndesen from
Pat ent Application Laid-Open No. 4-235951). These

a sidd aaidt IpY@wdéé it bh FMteARedRtd @@@e@rﬁﬂ@sﬁ fovdrmidie stigeséfithe
inventors are the 25 first to enable aromatic

dﬁtllléif’i‘:b%tﬁf?ﬁ&’ é&ﬁfﬁtr%ggé‘& Rfto GORLERY Pr&lidedBitside the distillation
column so as to bring about reaction, and is then introduced back 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 column (see
Patent Documents 7-1: Japanese Patent Application Laid-Open No. 4-224547;
Patent Document 7-2: Jépanese Patent Application Laid-Open No. 4-230242; Patent
Document 7-3: Japanese Patent Application Laid-Open No. 4-235951).

These reactive distillation methods proposed by the present inventors are the

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

many similar reactive distillation systems based on the above disclosures have been
4
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Siimin] ar reactive distillation systens based on
AOSOT?E”QU%\%@ di scl osures have been 4 A0501 UP14 KAN
proposed thereafter (see Patent Docunent 8: Italian
Pat ent No. 01255746; Patent Docunent 9: Japanese
Patent Application Laid-Open No. 6-9506 (corresponding
propoéed tHereaiberaseEF Akt INcurfetiCd: A&ilianFhtéhiNo Rt 2587480 Patent
5282965); Patent Docunent 10: Japanese Pat ent

OBl RSB Ll 3o o

EuropgafiFitignt NG 0l S SHETRIIS® pafen N7 RR2861 Haiht Dogyment 10:
Japang e FHI8M Agsticefion Loy 0pRt N6 53102 irePoifing & European

plication Lajd-Open No. 6-184058 (corresponding to
PatontypoRSAss A Urt Palomeogaaoaaal L senbRosHments 11

5344954); Patent Docunent 13: Japanese Patent 10
Japangsgg |Ratent Application bpishOren No.3H4514724 tearespopdnaterfiuropean

14: Japanese Patent Application Laid-Open No.
PatenbN¢06%829Phtad U D (Ratent Na55334R2) eBateRh Dexstuiment 12: Japanese

Application Laid-Open No. 9-59225; Patent Docunent 16:

Patenf Applicegionaii ¢ Oper O] 6084068 (bérirdspdring\® EQrobbaBatent No.

Pat ent Docunent 17: Japanese Patent Application

0582920 dniNeS. Matert NS THakosEnirestbn06LRBAt 18 Jab2P@86 Fatent
Pat ent 15 Application Laid-Open No. 9-173819; Patent

opicRREH TS Bk N, 71308725 BB1PBpuRAL 162148 sEhe"
P ARBL SR B AP B B Sl PR
. 2000-191597; Pat 20: J Pat ent
APPIICRI LI DU Mo &892 A0 BEe0: Do e b1 Jasassns Aterh
_European Patent No. 20 0785184, and U.S. Patent No.
Applioztign d-283-Opea Mat S-Hbe80& fiatept Documenh 4f i dapanese Patent
Publ i cati on No. 00/18720 (corresponding to U S. Patent
Appliogtion e O Nea9-d 635 Ddeatenh Dozament J8plapmesedtatent

Application Laid-Cpen No. 2001-64234; Patent Docunent
Applicafiod Laidydpersio a1 #3881 dRatent Doeamentsd1 Sxie Daplanese Patent

2001-64235; Patent Docunent 23: |nternational
Applid3iBhiL&Rd-OPerNe. 84760949 sent DRTORRA 19-2 Yabafesé PhbdHt
Application Laid-Open No. 2000-191596; Patent Document 19-3. Japanese Patent
Application Laid-Open No. 2000-191597; Patent Documents 20: Japanese Patent
Application Laid-Open No. 9-194436 (corresponding to European Patent No.
0785184, and U.S. Patent No. 5705673); Patent Documents 21: International
Publication No. 00/18720 (corresponding to U.S. Patent No. 6093842); Patent
Document 22-1: Japanese Patent Application Laid-Open No. 2001-64234; Patent
Document 22-2: Japanese Patent Application Laid-Open No. 2001-64235; Patent
Document 23: International Publication No. 02/40439 (corresponding to U.S. Patent
No. 6596894, U.S. Patent No. 6596895, and U.S. Patent No. 6600061)).

Among the reactive distillation systems, the present applicants have further
5
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. 6894, U. S. Patent No. 6596895, and U.S.
AOSO%?FE%I-K%? 6600061)). Anong the reactive distillation

systens, the present applicants have further 5 A0501
UP14 KAN proposed, a nethod carried out while keeping
the weight ratio of a polyhydric aromatic hydroxy

propoSeéiPethod caffied'RAWHIRkeRpMPIRe Weight Adtidl ofd pohpdiriet
not nore than 2.0 (see Patent Docunent 24:

arome{tig:trg{” 2 | i oEﬁ@tﬂ ﬁ%tﬂegggtgggyﬁéﬁﬂt 04 Batafyz? hictaPanibitifore

ean Pat en 4, and U. S. ‘Patent No.

an 25158 Pbios P2 i o B RBu 3 vt
conoBsGhTIT8 S350 B SRl A S5 BBRLR i 2275), o

boi ling point material containing a catal yst conponent
a metped that anableshighlyuraarematis cashanaies ihbe Prrgyiced stably for a
separated off, and the catal yst conponent is recycled
prolor{gselparinicdoof tirde svithent atargejampaveisef Paatalyst beipgirequires, a
Lai d-Open No. 10 11-92429 (correspondi ng to European
methdehinewiichia high bafikg, paintimetedial Bahtaimingla. cat@igsaasopgnent is
Furthernore, the present inventors have al so proposed

reacted Wih 2Pthdtive sibisthcéGridthed dépayatedicihanafthekatdyst component

produced as a by-product in a polynerization process

is rec%@la%él'g%b Pégea\égj bHéﬂﬁ’ Zﬁﬁhsgéﬁése PAG A APPREBtonCIasi 8 MSEe No.

e pro y means the reactive distillation

11-92?2%'2%%%8;\&rfé)t&hggﬁépe%ﬁfﬁ’é’@ﬂ{ RoCitdsud'shd 3%, FatdhiNo.

yneri zation to produce aromatlc
banat Pat ent ts, 26 J .
s2e2 ] P ite| BF AraroToRuE Nave aip propodd &¥fethod in
. (correspondi ng to EUropean Patent h%. 0882901, @@d N
whichyGsto 98 fe RY WRIghtsphane] produyssg\asya bypragyct ip applymerization
prior art docunents in which the production of
process isresed as & Heringgpaiesiah gnd@ipheaycarkonate can ke preguced by
met hod i s proposed, there is no 20 disclosure

meansiudtis® exaotivefdistiliatien iniéthogdr oThissdipheray garkanade eanltie wgpd as
mass production on an industrial scale (e.g. anore

the réwaiatdrid|96r polpmeriza96n tepidieice sromatie polycatbarates (see Patent
suggesting such a process or apparatus. For exanple,

Docufriéntd D6: SabHhelb Fratsﬁmd?m:aﬁaﬁmwdﬁéhw&. PLEFYY2

carbonate (MPC) from dinethyl carbonate and phenol,

(corrééﬂa%nding to European Patent No. 0892001, and U.S. Patent No. 5747609)).
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
disclosure whatsoever of a specific process or apparatus enabling mass production
on an industrial scale (e.g. amore than 1 ton / hr), nor is there any description
suggesting such a process or apparatus. For example, for the case of producing
mainly methyl phenyl carbonate (MPC) from dimethyl carbonate and phenol, the
maximum amount produced of methyl phenyl carbonate (MPC) disclosed in
documents hitherto has been that disclosed in Patent Documents 24 and 25, but this

amount is less than 10 kg / hr, which is not an amount produced on an industrial
o .
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‘FEEI unt produced of nethyl phenyl carbonate
A05O( &)ﬁgg}a\wosed in 25 docunents hitherto has been that

di scl osed in Patent Documents 24 and 25, but this
anmount is less than 10 kg / hr, which is not an anount
produced on an industrial 6 A0501 UP14 KAN scale. On
scale.t he other hand, several proposals have al so been nmade
regardi ng processes for separating out the al cohols

OMRe Bﬁ%?hiaﬁpbg%\ﬁéréf ﬁrp@ﬁ@él@i HivRSGIsd'BEBR Aide regarding

fg;/ produg_ed th | nsesterification reaction
proceREia'F eIy Mot BCBROR irfheRRAR RS cBHEMIAS
et i Bt B s SSloRiT im hos Bifay

reacti on sections, and the reaction |Iiquid passes ] .
carbopaierrghPberol. sEBE pyararies thrrediavaRean Bivposed arRreresHi which
reactor, and gas is withdrawn froma vapor phase )
the atmvetrieantiornisccastie eut vsinga resstordn svhiety 8 liquis phaseppemtign is
subjected to separation 10 in a distillation colum
dividedinto #plueality 0 cettion s&ttiodspambie réatton liduidipasses tmrough the
Lai d- Open No. 2003-113144), and a process in which the

sectioP8TE of @&HdrR fldws BEEFomaARE rebbter, Rl ¢4s Wivitirawn ffara@ vapor
t he vapor phase portion, and subjected to heat

phaseteg&j?iﬁggﬁnd QUQjeE{Bbetol HEBREREngd Bt rgﬁgg QuBjeRi&Fidsbparation

separatiom by distillation at a hi pressure

o Byl 08 SRSREB 8ot 27 SRR Ao
PR N T I R M——

out the gas conponents with reduced, ener
the gasisWithrawA fana the XAPY PRASSLPOTIBRCENG ﬁ“@@%& tg heat exchange
continuous stirring tank reactor as mentioned earlier
and thuss liquefiedabefore bringesbiected he sepaistiontyatisiiiationeat afagher
conmponents obtained using this reaction systemis, for
pressearatianehab8f theYproysuire imdhe kaparf phihsespdriibn oh theoresotor (see
1.4 %by weight of methanol, and 0.5 % by wei ght of

Pateri? DRitRimerT2i8h Yapahesyy Pateht DpphadtichnichidOpen NEe20031166264).
Docunment 28), which differs greatly to the

Howegrgmigié EPL%F nghe%.e' fHcE8ids 1990 BEparats 8aEIHGadkahEbRents with
reduced energy consumption when carrying out reaction using a continuous stirring
tank reactor as mentioned earlier as the reactor. Moreover, thé composition of the
gas components obtained using this reaction system is, for example, 98.1 % by
weight of dimethyl carbonate, 1.4 % by weight of methanol, and 0.5 % by weight of
phenol, methyl phenyl carbonate and so on (See Patent Document 28), which differs
greatly to the composition of a low boiling point reaction mixture containing a
by-produced alcohol produced using a reactive distillation system. This is obviously
different therefore to the case of separating out to a prescribed concentration the

alcohol from a low boiling point reaction mixture produced using a reactive distillation

system. A process has also been proposed in which a liquid containing
7
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Xe] d al cohol produced using a reactive
Aﬂsoﬁﬁgﬁﬂk atlon system This is obviously different
therefore to the case of separating out to a
prescri bed concentration the 25 alcohol froma | ow
boi Il i ng point reaction m xture produced using a

approkifftéyve & B4 b4 bﬁWéi’?’ht STY8étABhoHs Qﬁsmléa%ﬁﬁt?apﬁrﬁﬂn’(m&m 30g
propoSed in which a Tiquid containing 7 A0501 UP14 KA

e S 98 S 8RBt e o

*oocuflaed Ak Sl AR OR L SEBP A NE BT Fowover

Appli cation Laid- n- No., 6-157410). Howeyer t he
the e R g3 ERUTRNS AORFGTAte B Proeeses g 167 BLba asmall amount
carried out on a small anmount 5 | aboratory scale, or,
laborajpryesoaig, dinelse merelytrelatata gamyne out 8 caspalalye ¢alculation of the
- calculation of the anmount of energy required for the

~ amoun oft éndrgy irequirethfor ¢he distitbatére ci There desorsppeifierdescription or

suggesti on whatsoever in any of the above patent
suggedtion WHtSod\&rarh ang of theeabowe pgtentitiocwapatsatelatimgdo canrying out
i ndustrial scale. In the case of carrying out
separbfiéﬁ‘éﬁsdrﬁhbﬁéﬁiﬁi t@dler eaction between the dial kyl 10
carbonate and the aromatic hydroxy conpound using the
r I . q - .
a1 e Bsdcf oolrila (R e SEBlErfich it R betion the diiky!
e orii of r iLve distihlation col . aS
carbollBfESin B el Tt Bl EOPbRY o Seid hees et dstiflifEsystem.
co unds ,present in the reaction,s m hayi ng a
the by BHACE] 8 oIS BreEone i CPRE LN b SERp R peper
_carbonate produced, for exanple the dialkyl carbonate
portionmf Ane reacdivatdistiliaian seluned ap GURY RAIRG PPNt reRFtioRdmixture also
starting material, a by-produced alkyl aryl ether and,
contaiiingaomBpunds present imthegsaetion systemohavisg e lower beiling point
equi l i brium reaction having an extrenmely | ow
than theuit ledstiome aronsitisrdarbornite peothyced, dolveampledhe dialkyl carbonate
i npede the reaction, in the case of industrial
and ar6fREEEBPERIXY YdompduridéthsietiPkERe staniagtinagterial a by-produced
continuously carry out separation and recovery from

alkyl %@ﬁg{rféwahai 3d &9 innlete tRid tf&%@%{ég@ct 'iag& gﬁeﬁ:ﬁbﬂti@ af equilibrium

onent having a | ow content cohol and a

reactigﬁgﬁglﬂ%%?/ %8@%@1%%% S igiémd'\’upntle F::éggia%? BAL thd byShBahLEYd alcohols
impede the reaction, in the case of industrial implementation, it thus becqmes
important to continuously carry out separation and recovery from the low boiling point
reaction mixture into a component having a low content of the alcohol and a
component containing mainly the alcohol efficiently and stably for a prolonged period
of time.

Several proposals have been made regarding processes for carrying out
separation by distillation of the low boiling point reaction mixture containing methanol

and dimethy! carbonate withdrawn from an upper portion of a column when

subjecting dimethyl carbonate and phenol to transesterification reaction using the
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A050100phhRaNSEVEr al proposal s have been nade regarding
processes for carrying out separation by distillation

of the Iow boiling point reaction m xture contai ni ng

met hanol 25 and di met hyl carbonate wi thdrawn from an

upper portion of a colum when subjecting di nethyl
reactivadieainRion $y3terAheTRbsé ard haRKASLEVe Histibaticprogess irrwhich the

using the "8 A0501 UP14 KAN reactive distillation

methafn%ﬁs%thdmﬁaﬁefr&ﬁ thé nfb dpféf tha%d) l]‘ﬁrﬁn Yl éit?éduﬂg thé Ql?rﬁ?ﬁhyl

net ha IS wthdrawm fromt topo

carbofydlE it Tl GieBatb A4 BRrb @Bt SEB! et BBEGNBAL S0
Japanﬁaeﬁgf i Aficatioh LR OReRNR 7218199 Zt@h?ﬁ%‘régﬁv%%ﬁﬂatf%

whi ch the nmethanol is withdrawn fromthe top, of the
procegspinuwhiciithe enetbanelde withgraw fremitienipp ofdhe srlitnen %’H"ﬁg

et hyl ene carbonate as an extractant (see Patent

extractiog dine cimathy| carbpnateassing ethyienshcaibonate as aprextractant (see
carried out at normal pressure and a m xture

Patent Dotament 44 rppracessaireihichadistiliafionas gatrieaf outett imonmil pressure
and approximately 30 % by wei ght of dinethyl

and aGﬁkQﬁ’é &bAtdising @p@téb@ﬁ'\afé!g’ TotR OV Weight of Aetdhat @ndmm

(see Patent Docunents 19 a process in which a

appro%é%@ %‘B @g f&gijrﬁe f:‘érb\éﬁbﬂé"fs dbtaifBH FRIM0 iheﬂf&b of the

ght carbonate i1s obtained

°°'um6h4§g% F‘éﬂ%& R Wﬁ%ﬁoém'r?ﬁ%r%ﬁ‘%'r’"%ﬁS%
by weeﬁ’h?af“e' ik B A B A 9‘?%%9 P%éned from

um (see Patent Documnent wever ,
the t08>af .%t:pwruﬁsg@. hratgpt Qﬁcwsabgébéndaa PERCgES M/@fﬁh %mlxture
the extractant nust be used, and after the
contaising 6@ te 6B, % thiyeveight aicmathanghand K@ teiGR¥nly weight s siaethy!
nmust be further separated from one another. Wth the
carbonéatecis gintained $rem the top afdhé eotunuri (SdeeP atenh Blocliment t1bg
liquid withdrawn fromthe top of the colum is |low at

| ddewbban wiih thie kixtragtigh distitatibheeessds, @ lasge amount of the
undesirable in the case of use as a 20 raw nateri al

extracfstgﬂgtarfgt@% LIB&8d AR theBABAGS, thiRH&RERINt ahl thE”imethyl
carbonate must be further separated from one another. With the other processes,
the content of the methanol in the liquid withdrawn from the top of the column is low
at less than 80 % by weight, and hence this is undesirable in the case of use as a
raw material for producing dimethyl carbonate. Moreover, in the separation /
recovery processes described in the above patent documents, the amount of
methanol separated out and recovered is nct more than a few hundreds of grams per
hour. Even in Patent Document 20, which describes the largest amount, the
amount of methanol processed is only approximately 0.9 kg / hr.

Furthermore, regarding the time for which the separating out of the methanol

by distillation is carried out continuously in the above patent documents, the longest
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r e rocesses described in the above patent
A0501d§§8ﬁeﬁéy? t he anount of nethanol separated out and

recovered is not nore than a few hundreds of grans per
hour. Even in Patent Docunent 20, which describes the
| argest anount, the anount of nethanol processed is

time wPfHdcé}féﬁéW?{:@ﬁf Bbﬁu@eﬂt 59 in \M*ilch A% RHBATYYBIem other than the

regar e tine ich the separating out of

omch SBBg D4h 1A8L BRoh 200 %ﬁgzg%w*gdé&s@@%' e
cso 45 o el o o B0 TPy e

| ati on_systemis_used. is at st 720 ho

19), wntbr's@@@@hqrs Reingh1Q Hays {Ratent Recumest 1ok ar the time taken K
distillation systemis used is only 2 weeks (Patent

steadstaterimbe attajned/{PatenttRoaiments 1b1e$mﬁg3ﬁb detyese( periqss of time
Docunent 15), or the time taken for a 5 steady state

are extrenhely shoet| aed thdretie nb dixcioswratos siggeastibriof an irdestrial
periods of tine are extrenely short, and there is no

separdlici® pRstdss i Whidhoesdistiiation cweratmustdarmd oaestabhtfopa
process in which the distillation operation is carried

prolodq%éfd Lﬁérﬂ%l f 48 o?‘ eérgl m&ﬁﬁnﬂ?{ohf’éj & exdriBleBORENAr8!

ours or exanpl e 5000 hours. I'n this way,

f9p tEEew%)g?Sr tﬂfe da@%'(“)iﬁtlﬁéi@éthéﬂ |5r‘ogﬁglh9%rﬁfr%t‘irﬁtda?bon tes usung

car bonat rea tive I on mat

there h been ecific disclo :
the repr< gD Eater dgainch etk et n%ﬁﬂss%g%ggs?%"s?fé“ igesin

appar at us for seaaratt %&out a Ia%%’? nount q |
Whatse?yﬁfr@ﬁ?é@agﬁndﬂ Btriar PIOCPEs O PPRAGIYSE 1 ISPPRERING out a large

prol onged period of tine. Disclosure of Invention 15
amount of & birprodiead alsphelreffigieatie andistakinfarehpralonges Periodof time.

specific industrial separation process that enables

an al cohol to be separated out efficiently and stably

for a prolonged period of tinme froma | arge anount of

Disclasure@\of ipidntibg poi nt reaction mxture containing a
by- pr oduced al cohol when mass-produci ng an aronatic

Caf li)@ﬁﬁ'o% 20 ofithd PrEYeht indbnBdrteproivideld spetifid thdustrial
di al kyl carbonate and an aromatic 20 nonohydr oxy

separ%lﬂg?t? ;&%%sgﬂéf aniial ahi IS t@Be 's8patdted oul efficieyidnéestably
for a prolonged period of time from a large amount of a low boiling point reaction
mixture containing a by-produced alcohol when mass-producing an aromatic
carbonate on an industrial scale by subjecting a dialkyl carbonate and an aromatic
monohydroxy compound to transesterification reaction in a reactive distillation
column in which a catalyst is present.

Since the present inventors disclosed a process for producing aromatic
carbonates using a continuous multi-stage distillation column, various proposals
regarding processes for the production of aromatic carbonates by means of the
reactive distillation method have been made. However, these have all beenon a

small scale and short operating time laboratory level, and there have been no
10
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AOSOFQbHHn Ay Which a catalyst is present. Since the

present | hventors disclosed a process for producing
aromatic carbonates using a continuous nulti-stage
distillation columm, various proposals regarding
processes for the production of aromatic carbonates by

discioSH@8swititsbé\ordn 4 8petifi¥ protessi dr'aﬁda%tuﬁ@nhbﬁn?l avassipreduction

made. However, these have all been on a snmll scale

on an ?ﬁﬁhs?ﬁﬁ@ca%@ﬁ@i@%&%ﬁfﬁgb?ﬁ:?wﬁ darH?M Rlut sRifled BRA at

\I;\Eve been no 1 N di scl osur es _

. t . .

ciscollt S BuGGnc PboS8 S B 6y B APHAGA) e 3Bl Bg
aroma e Shstnims ke sl S5 b el aiign sysem tobe

by- produced when producing an aromatic carbonate on .

separafed aul @figeatly and stablision@ rrelongedareripg ¢fitipe PN Hdustrial
systemto be 5 separated out efficiently and stably

scale bbnotleps thamged kgdhirodAsfa neisbl, the prasemidoventpes haye egashed
of not less than 200 kg / hr. As a result, the present

to theipresaitangeritire reached to the present invention. That
is, the present invention provides: 1. In an

| MRS | b PreS&RSAvertionSSBRIceEl Ng out a by- produced
al cohol 1n'a case of 10 continuously mass-produci ng

1. Irf%% @{m%ﬁagﬁ%é%%ép%ﬁﬁg rcéu'i‘?b?—ﬁﬂoﬂhcé& B DHHPIME case of

Ive ation syst 0 ontinuously feeding a
.di al kyl r A ar ' 3 .
conteflflf eS¢ RS0 o A e pu ARl BRI AL ol uing
colu A in which a catalyst i.s present and rryi
reactiyg diatlafion sVFH Stanbhions3betho FaRH cHBAnaR i A
simul taneously in the colum A co rh,si ng thfIE‘. sheﬁ)s
aroma}ic MERPNYHIONY ICPMPOURIC iRtR %\ﬁpﬂ@@q%%u bStedes fistiatien column A
reaction mxture AT containing said by-produced
in whighaobatalyist isnpreseniard cavyind st sansestegticatian iegckion and
gaseous form continuously feeding said |ow boiling
distillgiomsimetantbosly iim Meicaluikih A ntamprisiog thensteps of continuously
mul ti-stage distillation colum B, and carrying out
withdEef#RE 2 lodbdiling psint FédtioBmixtuire A& danaibirig $aid bygprotiuced
m xture BT having said by-produced al cohol as a main
alcohbPBANSI Lipb&EH61ibn TP Bid BHRHH M a gaseous form, continuously feeding
said low boiling point reaction mixture Ay into a continuous multi-stage distillation
column B, and carrying out separation by distillation into a low boiling point mixture
Bt having said by-produced alcoho! as a main component thereof continuously
withdrawn from an upper portion of the column in a gaseous form and a high boiling
point mixture Bg continuously withdrawn from a lower portion of the column in a liquid
form, the improvement which comprises:
said continuous multi-stage distillation column B is a distillation column
comprising a stripping section having a length Ly (cm), an inside diameter D, (cm)

and an internal with a number of stages n, thereinside, and an enrichment section

having a length L2 (cm), an inside diameter D, (cm) and an internal with a number of
11
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A050120PWist Rdgwn from an upper portion of the colum in a
gaseous tormand a high boiling point mxture BB
conti nuously withdrawn froma |ower portion of the
colum in a liquid form the inprovenent which
conprises: said continuous nulti-stage distillation

stage$ Al thareiRsid®, dh@vsihill! B rﬂDL?,QM,J hd re0sNistysihedfollowing formulae
stripping section having a Iength L, (cm, an inside

1\ to fHyaneter D, (cm) 25 and an internal with a nunber of

(1) to t)é ) . .

ges nl thereinside, and an enrichnment section

haHa a | en 2 (cm), an inside di ter D2 (cm
a?gd;ﬁ_" ﬁ?i'té"rgégbdv_vith a nunber of 11 A0501 U P 14 KAN
st,ages thereinside, wherein Li, D, ni, L2, D2i and
n2 t=<rg$y ﬁhé&?ol | ow ng formul ae (1*2)to (8): 500 5
Li_ < 3000 (1% 100 -<_ D1 < 500 (2) 52 <-L,/D :30
(P 3oLvADs 20304) 700 L2 < 5000 (5)f3) 50 < D2 <_
400 (6) 10L2/D2550 (7) 10 35 n2 5 100 (8). 2. The
pritessnacof@ling to item 1, wherein €4 d continuous
multi-stage distillation columm A conprises a
st tlrle, BRVH0QD a pair of end pl ates(@pove and bel ow
a cylindrical trunk portion having a length L (cm
argh a0 bpskdapgdi aneter D (cm) and haygng an internal
Wi th a nunber of stages n thereinside, and conprises a
g9afp OﬂtLﬁiD}%hBMi ng an inside diametepydi (cm at the
top of the Colum or in an upper portion of the
c e reto, a liquid outlet ing an inside
dioéa%e'ﬁz% iéc;trfr) at the bottom of thgé)\c(ol um or in a
ower portion,of the colum near. thereto, at |east B

2. ThAPERedRRcAeREang 1 R foaereld SeidrRlpis Pt S, fefhiation
portion of the columm bel ow t he

column A comprises a structure having a pair of end plates above and below a

cylindrical trunk portion having a length L (cm) and an inside diameter D (cm} and
having an intemal with a number of stages n thereinside, and comprises a gas outlet
having. an inside diameter d; (cm) at the top of the column or in an upper portion of
the column near thereto, a liquid outlet having an inside diameter d» (cm) at the
bottom of the column or in a lower portion of the column near thereto, at least one
inlet provided in the upper portion and/or a central portion of the column below the
gas outlet, and at least one inlet provided in the lower portion of the column above

the liquid outlet, wherein L, D, L/D, n, D/ d; and D / d satisfy the following formulae:

1500 = L = 8000 (9)

100 = D= 2000 (10)

2 = LD = 40 (11)

20 = n =120 (12)
5=D/dy = 30 (13), and
3=D/d; = 20 (14).

12
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g uil.®f, and at | east one inlet provided in the
AOSO1I @&é%—mi on of the colum above 20 the liquid

outlet, wherein L, D, UD, n, D/ d, and D/ d2 satisfy
the following fornulae: 1500 5 L < 8000 (9) 100 5 D
S 2000 (10) 2 L/D 5 40 (11) 20n51 20 (12) 25 5 D/

3. THE RIFoc'éQs(a%%brdu?@% thé iferl ¥ ort2 \phetBirl éﬁolaﬂ%trﬁﬂﬁﬁlhélﬁia’rkyl

he process according to the item1l or 2,

carboﬁ‘g'l%rf‘él:lnmg Con?BnﬁrﬂIdu%%ﬁl{n—étQ e‘éj'i c% F{iiﬁﬁﬁpﬂ?é efﬁfbmatlc

nto sal nuous nu ation C

o,the aromati.c_ .nphoh
moholydsp§ o8P i if 8 g @oﬁﬁ%mgﬂ%%ef*eég%@ ﬁvﬁm i
nonohydr oxy conpound ,i.s not ss an ton, |
aromalg TADUOrKY SABPGUAR Garapt s fér At amouRber the
less than 1 ton / hr. 4. The process according to any
aromatigecasbonaterproduees & natiessthan hton et i ve distill ati on
in said continuous multi-stage distillation colum A
4. The peasessatoondingto any empafaiems1 ¢é 3, vheraindite reactiye distillation
and at a pressure of fromO0.1 Pato 2 x 10" Pa. 5. The

in said E6ABRTORCIRANRIFStage distilation selunin Atisoarriedtautdt ateeperature of
the distillation 10 conditions include a tenperature

from ﬂio fd 9‘5@ ]‘-’Qoaﬁ@ a?gcbré‘ss?lj?é d fiereasupa téf2 st 1ohPg. x 105
x 106 Pa, 'and a reflux ratio of fromO0.1 to

5. Tég pr ces-ghfcd%'i'&’iﬁﬁ Co‘?{edéfri {ﬁé’ WI’\%r f'ltl"té %@fllléttéﬁ’
, cen at sa|

erein I'on 0 alc In sald

condiu@nrvsgﬁ}%!ud%%;%ﬁb%#ﬁtq?@sc%fwo@g Ef@gitéa%%zf A Bl i+

10° PBo B 107 bt 8 a raflos et & BORIEAO 0P, sai @ al conol in

: szao?ngs“a&%'gaba%@@gggne;“wﬁtﬁaf%%as ST S R o o
hi gh boiling point mxture.

said alcohol in said low boiling point mixture Br is not less than 90 % by weight,

based on 100 % by weight of said low boiling point mixture.

7. The process according to any one of items 1 to 6, wherein a content of said

alcohoi in said high boiling point mixture Bg is not more than 0.2 % by weight, based

on 100 % by weight of said high boiling point mixture.

8. The process according to any one of items 1 to 7, wherein an amount of said |

alcohol separated out is not less than 200 kg / hr.

9. The process according to any one of items 1 to 8, wherein Ly, Dy, Ly / Dq, Ny, L2,

D, Ly / D2, and ni; for said continuous multi-stage distillation column B satisfy the

following formulae: 800 = Ly = 2500,120 = Dy = 400,5 = Ly/Dy = 20,13

= m = 251500 = L, < 3500,70 = D, = 200,15 = L2/D2 = 30,40 =

n £ 70,Ly £ Ly and D> £ Dyrespectively.

10. The process according to any one of items 1 to 9, wherein the internal in each

of the stripping section and the enrichment section of said continuous multi-stage
13
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e cess according to any one of itens 1 to 7,
AOSO&HEEH' anount of said alcohol separated out is
not | ess than 200 kg / hr. 20 9. The process according
to any one of itens 1 to 8, wherein LI, D, L1 | DI,
ni, L2, D2, L2/ D2, and n2 for said continuous

dlstllldﬂéhtdohﬁﬁﬁ@lscﬁ ﬁhj/'ahaﬁdr@péélmtjm B satisfy the
| owm ng fornmul ae: <_ Li < 2500, 120 <_ D, < 400,

11. ﬁ'be thBas Ecﬁrg?&l@f’emﬁ? ;MBZng(@% Ht%@%l n éggﬁ o??ﬁ%pstnppmg
sectlogmlfzzﬁragnfﬁ sgﬁtg&%?) n{ﬁ?%u§%%gta §tﬁ fa‘ﬁﬁﬁsc%lumn

internal in each of the strl ppi ng section and t he

B istheW@¥hnment section of said continuous nmulti-stage 13
A0501 UP14 KAN distillation colunm B is a tray and/ or

12. Hhepeegesg.aceordingéo pﬂb@aggnf Heas @it ,t\ghqarte@h{hﬁ)concentratlon of

wherein the internal in each of the strippin section
said atcahd resaid low oiding paiot nbduref Bsisi nbtdess tham&,é% by weight,
multi-stage distillation colum B is the tray. 5 12.

based b8 1000% eSweighbotisald 16w bailinggruintohixtarers 6 to 11,
wherein the concentration of said alcohol in said | ow

13. Pphé E&Q:efég'a'&bofﬂlﬁfé t Re M2, wHEbir theconaAtraforYobyaid alcohol in
wei ght based on 100 % by wei ght of said |ow boiling

said Iéﬁ H&hr@ ﬁH{ l%l)d&l%‘ B réen&ﬁeg Iaéfﬁ)'{ By %nérﬁ bh&dn 63 100 % by

e concentrati cohol sai d

t | th 97 % Db
weiohtgr sritobdelind hObbbPI, 10 uei ghe of said | ow
14, Ep voicedsractontios 6 by oie GiEr 76 3. BRIER ”%oteé%na of said
aIcohoI in said high boiling point mxture B d"
alcohpbinesaithhighcbaling poinhatigkre Bpas pat mefe Yem 9l %Wa t, based

of said high boiling point mxture. 15. The process
on 108chdnwaight of said higie boflingtreint mixtwel14, wherein said

| ow boiling 15 point m xture BT is used as a raw 3
15. Tabgroedss adcopdinguoiang anedofdtdnys 1daridomdtieesins@id Mveboiling

process according to any one of items 1 to 15, wherein
point Aifikidird BYlis D8éd aB@ raw material for producing a dialkyl carbonate.
16. The process according to any one of items 1 to 15, wherein said high boiling
point mixture B'B is continuously fed into said continuous multi-stage distillation
column A and thus used as a starting material for the transesterification.
17. The process according to any one of items 1 to 16, wherein heat in said low
boiling point reaction mixture At withdrawn in the gaseous form is used to heat the
starting material for the transesterification reaction fed into said continuous

multi-stage distillation column A.

Advantageous Effects of the Invention
By implementing the present invention, when continuously mass-producing

aromatic carbonates on an industrial scale using a reactive distillation system with a
14
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j hxture BB is continuously fed into said
AOSD1Q.8EF%#E%EIS multi-stage distillation colum A and thus

used as a starting material for the

transesterification. 17. The process according to any

one of items 1 to 16, wherein heat in said [ow 20
dialkylg%sr%r‘i‘a&epéﬁcf‘én éﬁﬁﬁéﬁ@moﬁﬁﬁyw&%é’émﬁmfﬁ\a statihg enaterial, a

eous formis used to heat t starting materi al

oo AT 80 SRR ket e
sonsr SO B ) e gAY Bl v o

. mass-producing aromatic carbonates on an i rial.

mixtUISQBRENRIAY thS certart oLe AicoRaes bRt Bps aan HPL4A B vaight and
A0501 UP14 KAN di al kyl carbonate and an aromat|jc

a highrmiling eiok pnixturep (Be) dn adbich theseantent ofdbe @ggholsis nadypore than
boi ling point reaction mxture (AT) containing )

0.2 % loy-weightion a state bodrs thet thdamosiep of tiecaiceliols separatgd gutiis not
stably for a prolonged period of tine into a | ow

less tHyH 20MEgper.nt  m xture (BT) in which the content of
the alcohols is not less than 90 % by weight and 5 a
hi gh boiling point m xture (BB) in which the content
of the alcohols is not nore than 0.2 % by weight on a

Brief @%%Lrﬁ)tl%ylc({f d;égé@{w amount of the al cohol s separated

S no han 200 kg / hr. Brief Description
of wngs 10 FIG. 1 is a sch 1.C. V] . .
oI S Senemtis Via e Arorer e crodirie § ¥oilinBys mutistage
. .colum A for carrying out reacgtjve distjllation.in tt.he
distilgfioasiemn o CRBYING Gyideashya SsBRoR N the gregst invention.
distillation colum_A conprises an internal (foL
The cortinutus multi-stege distillation splusen Arsemnarises,i KterRaL(far example,
stages. FIG 2 is a schematic view of an exanple
a trayB)instatied therein, mnicrshasihtstagasage 15 distillation
colum B for carrying out separation by distillation

ONFKG. 120w etHemd@tipdiew of are@cdrhple showing @ dokitinuous multi-stage
contai ning an al cohol in the present invention. The

distillSRH EALRWSE fofddrtying Baessharhtibn Y idmtilatbnan Blow boiling point
conprises an internal installed therein, wherein the

reaction mixture (At) containing an alcohol in the present invention. The continuous
multi-stage distillation column B comprises an internal installed therein, wherein the
number of stages of the internals is ny in a stripping section (for example, a tray 7)
and n in an enrichment section (for example, a tray 8), respectively; and

FIG. 3 is a schematic view of an example showing an apparatus for carrying
out reactive distillation and distillation to separate out by-produced alcohols in the
present invention.
1: gas outlet; 2: liquid outlet; 3 and 4: inlet; 5: end plate; 6, 7, 8: tray; SS: stripping
section; ES: enrichment section; L: length (cm) of a continuous multi-stage distillation

column A; D: inside diameter (cm) of the continuous multi-stage distillation column A;

dq: inside diameter (cm) of gas outlet of the continuous multi-stage distillation column
15




10

15

20

25

n r stages of the internals is n, in a stripping
AOSMS@%?@% or exanple, atray 7) and n2 in an

enrichment section (for exanple, a tray 8),
respectively; and 20 FIG 3 is a schematic view of an
exanpl e showi ng an apparatus for carrying out

A; d2[ifSEE! %5 énjl abt ﬁ&hlar&ﬁ@t Hrithé #drfiRubls TRNAIskGe @hstillation

by-produce hol s™1'n present 1 nvention. 1. gas

t; ui.d
columBl étz_ éeng}l'\ @:m)t Ppwé %gnpapgn%epcﬁ—ﬁ)a 8‘*32@? c%ntiﬁggus multi-stage
enrichment section h nt |

distillaont columag 4, Fas ot o Sk St taBec rt 8 dh8 continuous
di ameter (cm of the _contj nuous mul ti - o .

multi-stageidistilefion cebimmA; Ri: @side Wéméefoﬁcgﬂé%f@r st(lemngo?ecglag of the
outlet of the continuous nulti-stage distillation

continuoLis multiz&tage tidtillakion coknp; BuD.: intidelsiiamatest @ ap @fyichment
of liquid outlet of the continuous nmulti-stage

sectiof Gfithe lodintinnous alultivstagie distilldtiengidiuron; 1dF, 1ha0, 21, 31, 41, 51:
stripping section of the continuous nulti-stage

inlet; §2825|39t35>r3§qiquimoauet 26, Bengad oLiged, 2of 34has inlet; 23, 33, 27,
enric nent section of he contl nuous nul ti-st age

37: hé’e'ttséx'chéﬁ on colum A Di: inside dianeter (cm of a
S rlpplng Section of the 5 continuous nulti-stage

distillation colum B; D2: inside dianeter of an
enri chmant section of the continuous nulti-stage

distillation cql um 11, 20, 21, 31, 41, 51:

Best Madgfor Sarmysg §t2the3‘§"e%1§j" liquid outI et 26, 36: gas
outlet; 24, 34, 38 inlet; 23, 33,
exlfh'fé‘ﬁd@HOWlm. tt@s@r%abmveml%ﬁ%wb@dﬂn fjﬁga'lr nventi on
In the follow ng, the present invention is described
i nAdtallyll carsontalusgl io dnd presest inueatiph ig AEOFIRRIEKL represented
invention is a conmpound represented by the general

by thé genetal fgrbmla (BPCOOR  (15) 15 wherein Rl represents
an al kyl group having 1 to 10 carbon atons, an

alicycli g'goPR'having 3 to 10 carbon(1&yons, or an
- aral kyl group having 6 to 10 carbon atonms. Exanples

wher%i?wogqéﬁzléé%fﬂng ragru@ 'g)‘éu;g ha%Rg SR @eaffRinitbmse aRdlicyclic group
having 3 to 10 carbon atoms, or an aralkyl group having 6 to 10 carbon atoms.
Examples of R' include an alkyl group such as methyl, ethyl, propyl (isomers), allyl,
butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (isomers),
octyl (isomers), nonyl (isomers), decyl (isomérs) and cyclohexylmethyl; an alicyclic
group such as cyclopropyl, cyclobutyl, cyciopentyl, cyclohexyl and cycloheptyl; and
an aralkyl group such as benzyl, phenethyl (isomers), phenylpropy! (isomers),
phenylbutyl (isomers) and methylbenzyl (isomers). The above-mentioned alkyl
groups, alicyclic group and aralkyl group may be substituted with other substituents
such as la ower alkyl group, a lower alkoxy group, a cyano group or a halogen atom,

and may also contain an unsaturated bond therein.

Examples of dialkyl carbonates having such R' include dimethyl carbonate,
16
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b | (isomers), butenyl (isoners), pentyl (isoners),

AOSD%E&%H; nmers), heptyl (isoners), octyl (isoners),
nonyl (isomers), decyl (isoners) and cycl ohexyl nethyl;
an alicyclic 20 group such as cycl opropyl, cyclobutyl,
cycl opentyl, cycl ohexyl and cycl oheptyl; and an

. L. ar '
diethyF R g1e0 PP EHtpRls s Tethorsh 3 Biioaohs Bbdieny
nmet hyl benzyl (isponers)., The aboyeznmention k
carboffaig Hromare! Ry LB RPr R g PEV LB R Bt feomers),
 substituted with other substituents such ? I oner
dihexyl|caybongate disomersk difieptylicakhonats (isomers), 4ins @F&%BOQE 3
hal ogen atom 25 and may al so contain an unsaturated
(isomershddinbeyleanborte fisomersy, difegyk garbeaatsoiisaraersiadiryigopentyl
such Rl include dinethyl carbonate, 16 A0501 U P 14
carboKals, dicyicloHexglacdrbonite, didiyplobppty! cartiomata, eligerayheadionate,
di al l yl carbonate, dibutenyl carbonate (isoners),
diphefEiyt ¥arbeRaROisERers) SEi(EHehylprepPs sastonats lissrates),
(isomers), dihexyl carbonate (1soners), diheptyl

di(ph%ﬁ{glglﬁgﬁtc‘érﬁ ]’?é?érﬁrsé%'lleg%i, BREgﬂ’brdlﬁrE?l) afporldts GiEBRts),

carbonate ners di decyl carbonate

sneFGBRER) SR RaRERg g Sy
B A NI

. carbonate (isoners), di(chlorobenzyl) carbonate
di(cygnogiid} egrbonate (gaMess)ybenzyl ) carbonate (isoners),
di é)mrret hoxymet hyl ) carbonate, di (methoxyethyl) . .
caPb thesecdiplkybearbonatesi poes erefetably ysed inptheresent invention
(isomers) and 10 di (cyanoethyl) carbonate (isoners).
are didlkyl baordited inywhichRJde @nealkyl@resp bavingrrdimjoresbanifaur carbon
the present invention are dialkyl carbonates in which '

atom&ant ok eoptdinihg @ tealegématars. nAtpamicutaty preférable one iwdimethy!
atons and not contai ning a hal ogen atom A

carbd&%"té.i CMb?éé&én%fjﬁrSfe?le@ d?_QIR?(li &arBbiEBYparticalaly préferable ones
r ia I

eover, of preferable d kyl carbonat es,

are dgaﬁ‘ﬁc}g ic%FBdﬂ'Htgs BfRIBEa R ‘éﬁ%%ﬁuﬁtﬁt%ﬂ indt K¥htafrthg atI&gen, for

uced In a state su I'y not containing a
exanh RS peb oAV e RBBE LA itiing o
halogen and an alcohol substantially not containing a halogen.

An aromatic monohydroxy compound used in the present invention is a
compound represented by the following formula (16). The type of the aromatic
monohydroxy compound is not limited, so long as the hydroxyl group is directly
bonded to the aromatic group;

Ar'OH (16)
wherein Ar' represents an aromatic group having 5 to 30 carbon atoms. Examples
of aromatic monohydroxy compounds having such Ar' include phenol; various
atkylphenols such as cresol (isomers), xylenol (isomers), trimethylphenol (isomers),

tetramethylphenol (isomers), ethylphenol (isomers), propylphenol (isomers},
17
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d an al cohol substantially not containing a
A0501hg':’ggeﬁp‘ An aromati ¢ nonohydroxy conpound used in the

present invention is a conpound represented by the
following fornmula (16). The type of the aromatic 20
nmonohydr oxy conpound is not Iimted, so long as the

BB Sy B o B o ot

_ represe an ar onat
memyg:; ﬁﬁpﬂavﬂﬁﬁa%%aiﬁp%%%%ﬂﬁéﬁm?%a@%hﬁ’%*?‘ﬂhﬁ@?'ude

enol ; various 25 alk such espl
(isomErss Rt hengi sgnereh S IRPBRNOL i Sfaers) BpHG onexyiphenol
(i sonmers), tetranethyl phenol (|somars|) et hy| phenol
(isomersyorasiosis. allspayphepaisrsich(asspatioxy phenolmomerspand kAN
but yl phenol (isoners), diethyl phenol (isoners),
ethoxymiendl ésbylepsie arylalkylpbemols)auchrmtp’qﬂrmlprppylphenoll (isomers);
(i somers), dipropyl phenol (isoners), nethyl butyi phenol

naphthbS(@8hé&rs) aREVaribns enbktitiistonasttholshany heteroafomatic
(i soners) and cyclohexylphenol (i soners); various

mono@i/ % phgﬂfd z:i%%haa% ﬁ’diﬁéo sdmémﬁroﬁyﬁb@nann

I sonmers); ary al ky phenol s "such as

. | t
(isom 5%&%’ R os (ARG @%ﬁah%?@ﬁéswr RS
ydrox ounds s ch _as d ri
comp?pg B’rﬁﬁe&gglxwggdg e preﬁe% @f%@( Bﬁ @(53 UR&ubstituted and
hydr oxyqui nol i ne (i sonmer t hes aro
substi{giggirftanels in wlaﬁ{aé\ﬁﬁ fsan a@@a wgéaﬁoncﬁfﬁ‘én atoms.
present invention are unsubstitut ed and 10 substituted
Phenpherp@ns:ularlmnrafwah&e iMoraever, ahinese aamaliaTaeNRRY oY
10 carbon atons. Phenol is particularly preferable.
compbunésanes safostamiatly nob cantiamning adiejogexgre pefgrabhdased in the
ones substantially not containing a hal ogen are

presepit #fveheibhy used in the present invention. Reactions
i n which al cohols are by-produced through

t r RREEH infWEiRhigiEbhbhs BRABY-pRSdLEEIEIréudtPRahsesterification
distillation systemin the present invention are shown
reactfo JJ}‘?Q a reactive distillation system in the present invention are shown in the
following formulae (17) and (18). In the present invention, it is the reaction of

formula (17) that mainly oceurs.
R'OCOOR' + Ar'OH — Ar'OCOOR' + R'OH (7)
Ar'OCOOR' + Ar'OH — Ar'OCOOAr* + R'OH (18)

The molar ratio of the dialkyl carbonate to the aromatic monohydroxy
compound used in the transesterification reaction in the present invention must be in
arange of from 0.5to 3. Outside this range, the amount of unreacted starting
material remaining relative to a predetermined amount produced of the aromatic
carbonate aimed for becomes high, which is not efficient, and moreover much

energy is required to recover the aromatic carbonate. For such reasons, the above

molar ratio is more preferably in a range of from 0.8 to 2.5, yet more preferably from
18
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follow formul ae (17) and (18). In the present
ADS0% ﬁbém it is the reaction of fornmula (17) that
mai nly occurs. R OCOOR +Ar'OH -~ Ar' OCOOR + R OH
(17) Ar' OCOOR +Ar'OH - Ar' OCOQAr' +R OH (18) 20 The
nolar ratio of the dial kyl carbonate to the aromatic

1 Otorg)@ohydroxy conpound used in the transesterification
) reéaction in the present invention nust be in a range

of, fromO0.5 ta.3.,.0utsi hi n L he. :
crlpdb@ PasBs efiidanion ekl iVoah H1¥erive BistRiE! piinod using
e coBu USSR TEH B Ao, haEr SsS I ion the aromatic
efficient, and noreover nmuch 25 energy is required to
carbonaies\are praducacheentingiopslymeman indusiiial seale, fer@xsmaplednan
above nolar ratio is nore preferably in a range of
amouht ofmdt.|18ss thah Btoryetr. ndihe mremamadimpuht ohtheldoneic1
UP14 KAN 1.0 to 2.0. In the transesterification

monoh i @Briguupidgedan ceathuoishdic tthe bbbie produdtiod isigengrally
the continuous nulti-stage distillation columm A in

13P témgegﬁé@%bi% RORbhQhr, hBRe BFEISRIbIE7 PGS PAR Beedairtthe
uced con I f

pro i nuously on an industrial scale, for

amouﬁﬁaf'meeaﬁ'oﬂwaﬂﬂ gérﬁr?ﬁ’éo{?t(fﬁénZN {0855 pH&ﬁ‘R:eﬁyg?Ag))gs phéferably, this

€ i ni num anmou romatic’ nmono
C ound fed,i ontj nu - '
amoufEERE A mndS 16 B iR kAN HTon |t IS GG RERMHS|¥t the
nore preferably 7P ton [ hr, base n e anount of
alcohplgbysPramced 18 SPB%V@MV &ot fessdhan %f#jr)’ ?Q’b; Ere produced.
Mre preferably, this amount can be made to be |ess
t h&he Aromatic cafhonales predsiced ée the presgRblventien nclaidgyan alky!
al cohol's by-produced is generally not |ess than 0.2P
aryl carbonatéror a Hmardroanmonate corr & onistues theredf eduich are gletained

present invention include an alkyl aryl carbonate, or’

through @ha trizhsestehficetion, reattion betweerethiehdiakkgl carbbnate andthe
obtai ned through the transesterification reaction

aromA6d WRRIBDHY AR npdurRr hrAated andet bes trahesstetification reaction
nonohydr oxy conpound. | ncluded under this

are arbABRSTintlhich GHe' @bdth 3F theBikoxy groups of the dialkyl carbonate
isfare exchanged with the aryloxy group of the aromatic monohydroxy compound
and the alcohol is eliminated (formulae 17 and 18), and a reaction in which two
molecules of the alkyl aryl carbonate produced are converted into the diaryl
carbonate and the dialkyl carbonate through transesterification therebetween, i.e.
disproportionation reaction (formula 19).
2 Ar'OCOOR' — Ar'OCOOAr" + R'OCOOR! (19)

in the transesterification reaction in the present invention, although the alkyl
aryl carbonate is mainly obtained, this alkyl aryl carbonate can be converted into the
diaryl carbonate by being made to further undergo transesterification reaction with
the aromatic monohydroxy compound, or disproportionation reaction (formula 19).

This diaryl carbonate does not contain a halogen at all, and hence it is important as a
19
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re eaction in which one or both of the al koxy
A05Déﬁ'5ﬁﬁs.@1’\[t he di al kyl carbonate is/are exchanged with
the aryl oxy group of the aromatic nonohydroxy conpound

and the alcohol is elimnated (fornulae 17 and 18),
and a reaction in which two nolecules of the alkyl

o A THAPRRLS LI T8 8 RS o
vans R SILR R, R I R P ferSosfPrsatn sacion o

- Ar1000QAr' + R OCOOR (19')ﬁyln the .
present iveptionra small @matint of an alivlianygteeris gsnrrallyRrodured as a
al t hough the alkyl aryl carbonate is mainly obtained,
reactiohiby-proklytt. aryl carbonate can be converted into the
di aryl carbonate by being made to further undergo '
t r Fihe elidlleyl ichiatste anddhe bramatic niorebytraxyssoongeund used in the
nonohydr oxy conpound, or disproportionation reaction
startitd Rigfetia id He trar$éstedficiitivh reactsmef thedsresermtdhverntivremay each
a halogen at all, and hence it is inportant as a 19
401 i | Ampéiaids e may contain
be Ofﬁ?gg‘gé%i g’géra p Icéggérl'ggﬁg‘{re&kb@ near?émg;é%g Fﬂé y
tra £ ' F et
comppl S 821 Eacten il BB AP i S rocegt alor dtther process.
i nventj on, LI _anmount,.of .an,al kyl. ar ; [
i they e of ) s et o Ehed eyt 4B R stipBinforefel Bepis fresh
~dial kyl carbonate and the aromatic rmnoh%&r.oyﬁé dinto th
dialkyl sagenriate @6 rpmatia gnonaiydreppcompeynd newly infraduced into the
transesterification reaction of the present inventjon
reactiomysysiern, it ialsd prefgnalpeite uge dialkyhespreenatgiandaneatatic
conmpounds, for exanple may contain conmpounds or
monotgaletyocorhyeymd reativered frdonctiis proceks angdics@pothermupeess.  In
anot her process. In the case of an industrial
the préBdssrEigbaiing o tHeprelsbat inventioma it beiling polnt seatetion mixture
fresh 10 di al kyl carbonate and aromati ¢ nonohydr oxy

(A1) W&g?g%%&?mtft)&ﬁ wrashp e pdriidieof theasdritinloay #idtnstage

o preferable to use dial kyl carbonate and

cisu B TR AR Rk O AN AT 908 s continucus
muitiStSge Sisifatich tAE ESER pddikGiahl Perefatis ¥ PALH Mo the
continuous multi-stage distillation column A a high boiling point mixture (Bs)
continuously withdrawn from a Iowef portion of the continuous muiti-stage distillation
column B in a liquid form, whereby the high.boiling point mixture (Bg) can be reused
as a starting material for the transesterification reaction.

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

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

Pb,S; lead hydroxides such as Pb(OH), and Pb202(OH)z; plumbites such as
20
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continuously wi thdrawn from an upper portion of
AOSO{@?%%MUOUS multi-stage 15 distillation colum A in

which reactive distillation is carried out is fed into

a continuous nulti-stage distillation colum B; it is

particularly preferable to return into the continuous

| t I | LI oi nt
Na:PBU, ﬁ&c?%@sa‘ﬁﬁéd) LRG| KP-EPE@ éafésr%@ﬁ QNF%QEQE

cont rnuousl y ravvn roma

it o ROHY @:ﬁwmé?- PR RBRO 4 proonaes

int mxture (BB) can r 2 _starting .
and bagicesals theeof sHeh aedraeds an ?ﬁ’iﬁ?&%gbf@ﬁ Jesl Sé@ E’J organic
catal yst used in the transesterification reacti
acidst aed pagnates anebasicrsaltsitheresk ausheas Iab(OCOCHa)z. Pb(OCOCHs)
nmet al - cont ai ni ng conpound sel ected fromthe follow n
and R QG 00HS). R0 3bk0y veganociéad compopnds duch azBusbed PhaPb,
oxi des such as PbO, Pb02 and Pb304; |ead sulfides such
Bu3PB§I l?hﬁpéael PIRF:Sor PP bLY BLSRbOREarsd Ph;RiSORIMNEre Buaegresents
2 ites such as 20 A0501 UPl14 KAN

a but@@@%?n%g'% P%éﬂﬁif ﬁ% &%%UFE%&@A?E@%%EOQM afg

e B P Bn 2O el f@%&%@ﬁ%ﬂf’@ﬁh?@ b eas
o300 S P SR L BT s o

R i e

Bu3PbOH and Ph3PbO (V\/nere Bu represents a butyl
<copgeofamilyametabigomporuadent s a phenyl group); al koxyl ead
conmpounds and aryl oxyl ead conpounds such as

Pb (saitsiand, coh@HB@ bfl citiper damiilPintetels)stichl asaGuCh| Cuyls, CuBr,
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; | ead
CuBm] 08l &, THDAS,, u(@ehepacappserdleate pBesle, (GHHD)2CU AgNOs,

hydrat es of such | ead conpounds; <copper famly netal

AgBrCQi'T(FéPlsﬂﬂﬁ%Ch TR em%@ﬁ éﬁ%agpeﬁmﬂggggln ePBeuU(C )LV, (wherein

et al
acac represents an acetylacetone chelate ligand);

<alkali metal complexes>:

alkali metal complexes such as Li(acac) and LiN(C4Hb)z,
<zinc complexes>:

zinc complexes such as Zn(acac)y;
<cadmium complexes>:

cadmium complexes such as Cd(acac)y;
<iron family metal compounds>:

complexes of iron family metals such as Fe(C1oHg)(CO)s, Fe(CO)s,
Fe(C4Hs)(CO)3, Co(mesitylene),, (PEt2Ph2), CdCst(CO)7, Ni-n-CsHsNO and
ferrocene,;

<zirconium complexes>:
21
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CuBr2, Cul, Cul2, Cu(OAc)2, Cu(acac)?2, copper ol eate,
AOS0BLII4_KANBO) 2Cu. AgNO3,  AgBr, silver picrate,
AgC6H6CI 4, [AUC-C-C(CH3)3]" and [Cu(C/H8)Cl]14
(wherein 15 acac represents an acetyl acetone chel ate
I [ gand); <al kal i rret al conpl exes>: al kali netal

| exes suc as aca ( <z|nc
cBR 8 SDMHInek ST 6 2kaBhtn 2t it hbtens
<cadm um conpl exes>: cadm um conpl exes such as
<LewisGiE MPFOMRPHRFS Y. ani | y metal conpounds>: conpl exes
of iron famly metals such as Fe(Cl oH8) (CO) s, J}'S_'
Fek ewisaqidsopad Lewsra@dtfwrmm)tzansqtmm )compoundss ch'as AlX,,
CoC5F5(CO) 7, N -n-C5H5NO and 25 ferrocene; <zirconium
TiXs, womvmsv&zznmmgmsm(wmemxwpmqmseaé@lmmatom
as Zr(acac)4 and zirconocene; <Lewis acid type

an acefiYrodp >an kkx§ gréus!or andnjexy graup)dafdr m ng
tranS|t|gn net al ycggﬁp%unds sr*chh gs Al X3, Ti X3, Ti X4,

<orgafidti cotfourd¥2, FeX3 and SnX4 (wherein X represents a
Pal l'ogen 'atom 5 an acetoxy group, an al koxy group or

oA 0 o R0 A RLAaSn000 s
s GE TR R B SRR Byl MRS B g
N

Bu2SnQ, ECSH)ZSnO Bu2SnCl 2 and  Bu$S O—Ib
thSn(OCHs)z, Csz)aSI"IOH Ph3SﬂOH BuzsnO (CaHn)zS BUzan[z and

BuSnO(OH).

Each of these catalysts may be a solid catalyst fixed inside the multi-stage

~ distillation column, or may be a soluble catalyst that dissolves in the reaction system.

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

In the case of carrying out the present invention with a soluble catalyst which
dissolves in the reaction system, the catalyst is preferably one having a high
solubility in the reaction liquid under the reaction conditions. Examples of
preferable catalysts in this sense include PbO, Pb(OH)z and Pb(OPh)z; TiCls,
Ti(OMe)s, (MeO)Ti(OPh)s, (MeQ),Ti(OPh),, (MeO)sTi(OPh) and Ti(OPh)s; SnCls,
Sn(OPh)4, Bu2SnO and BuzSn(OPh),; FeCls, Fe(OH)s and Fe(OPh)s; or such
catalysts which have been treated with phenol, the reaction liquid or the like.

In the present invention, a method of making the catalyst be present in the
22
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f, these catalysts may be a solid catal yst fixed
AOSOF@H@-W multi-stage distillation colum, or may be

a soluble catal yst that dissolves in the reaction
system Each of these catal yst conponents may of
course have been reacted with an 15 organi ¢ conpound

conti o?ﬁ%ﬂfnltilélﬁég%igtiﬁﬁﬁcﬁd BauﬁWAﬂ‘gBySH& B ?nélﬂogl blﬁlﬂﬁtth case that

coho I C nonohydroxy c npoun

o o 8 S5 PR K TR e i i g
et R e A oLt S B

present invention with a soluble catalyst whjch 20 '
columfi Aby) ﬁﬂé@xamn’hdmi%dﬁtﬁleds@%ﬁéﬂ@tetlﬁ%'déé'ﬂ%F?M“ﬂ gr being
preferably one having a high solubility in the
installegkintthe florim qfia gackitngr i ther eass diom catalyst thagrdissolves in the
Exanpl es of preferable catalysts in this sense
startm flatefalRiGhe Poadidndicuidl ifie(drlferable To fadd thelc4talys) ito the
OTi(OPh)3, (MO 2Ti (OPh)2 (MeO) 3Ti (OPh) and

dlst|lI§{r<§p€B|Lﬂ\n Richta rﬁ)d%ﬁﬁ:ﬂ’éﬁdbe 1R 22t af pertBwsinhédistifiation
3, Fe(OH) 3 a Fe(OPh) 3; or such 25 catal ysts

colurﬁ(W' Cl Jﬂgs;’%s%g &ét%ﬂ{s?ﬁ?%t&éﬂ\%@in thb*ls‘?ar’hﬁﬁ?ﬁétﬁﬂal ororgactlon

Iqul pr esent 1 nventio
'iquifuaﬁ%ﬁhﬁﬁeéﬂ%cﬁw&%b* B ol o

be any nethod, C the c st
be infraducahintg e el o QR IEhs (ewtenion TallRl. The
there is, for exanple, a nethod in which the cataIKt
amount of ithe gatahst tsed e thespresanbinyention vades,depending on the type
distillation colum A by, for exanple, being
therciofighaltymes and propatiens ofthéstatingcoatenial epmpeungds, sind reaction
installed in the formof a packing. In the case of a

conditidnglsyeh dshitb rdastion teesparaturbandsthameactipmprtessure.  drhe amount
the reaction liquid, it is preferable to feed the

of thé dh@lystlis §BhéraliPth a?hngé bf Rbmam 000K limo%fﬂaﬂﬂe@ht preferably
positlon above the central portion of the distillation

from B arllt)a Bp'vﬁm i goré}?e&%ﬂ#)‘ﬁn bict4A 1 ﬂ%ﬁgb@%tlﬂhsed on

the s ing rrat react ' quid may
e 4 AT NG, e e e Stertig
2 CEIH Ir|se gtsc glm% |ctvc|’e\}/ %? ante"?l(ratrﬁprfg sﬂat ?r{g glcbnt-mt?ous multi-stage
distillation column A for carrying out reactive distillation in the present invention.
The continuous multi-stage distillation column A used as the reactive distillation
column in the present invention may be any continuous multi-stage distillation
column so long as at least one aromatic carbonate can be produced stably for a
prolonged period of time on an industrial scale, for example in an amount of not less
than 1 ton/ hr. For example, a continuous multi-stage distillation column which
comprises a structure having a length L (cm), an inside diameter D (cm), and an

internal (for example, tray 6) with a number of stages n thereinside, and which has a

gas outlet having an inside diameter d4 (cm) at the top of the column or in an upper
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t of the catalyst used in the present invention
AOSO’CE’?’HQ;%endi ng on the type thereof, the types and

proportions of the starting material conmpounds, and
reaction conditions such as the reaction tenperature
and the reaction pressure. The anobunt of the catalyst

poret B 1HES e ot L0, 508 8 9 o
() A6 BB 5O A9 31 e P ke R

schemati c view of an exanple showi.ng a continuqus ..
bottorm gk least e inletiprpvidedin &ie UBPEPRIHON sndio & wé@e Hgftion of the
reactive distillation in the present invention. The,
columrobelowube gasuiutiet, anstyet least one nletamovided imthe \ewed pestion of
the reactive distillation 20 colum in the present ]
the cdlomerdbove theigbial autietcwhereirubuB, nuti,ianst digeatisfy the following
distillation columm so long as at | east one aromatic
formutas [NSY e4% A phEicurapyyserraibiabl y for a prolonged
period of tine on an industrial scale, for exanple in
an anoun ao0f ke than 1 ton / hr. For gxanple, a
cont i nuoEssmnuTtlt-é“t gg(e)odi stillation colum vghl)(ch

conpr i Se?%ﬁe%terbuq %%dwavi ng a length L (cn)(PD?n
, 0

i nsi de di O (¢ and an 25 internal (

exanpl e, jtr i a nunmber of stages n
?déa{zﬁ%i vym%@h \;i‘lﬁlb an

t hereins has a gas outlet ha

inside dianeter d, (cm at the top of the cal or in
an upper202§ RO%I‘ 14 KAN portion of the c,(agb]ﬂrm near
to the top, a liquid outlet having an inside dianeter

d2 (cm) 5aE thedbcEt3n of the colum or in d1Bdwer
portion of the columm near to the bottom at |east

one inleB g @/ dedSi20t he upper portion and/{(dd)-a

m ddl e portion of the colum below the gas outlet,

andt shoulceBs notakthat tied teprmo dadipper bbetidnosfthe molumo mear to
of 5 the colum above the liquid outlet, wherein L, D,

" rélf i ' ; et past the)column to th
e s B g e e L0 (o)

locati%ﬂ%éa&rﬁwgzgg&t@% L, anb/the Betth G Biower portion of the column near

to the bottom” refers to the portion extending upwardly from the bottom of the column

to the location measuring about 0.25L. Note that L is defined above.

By using the continuous multi-stage distillation column A that simultaneously
satisfies formulae (9) to (14) as the reactive distillation column, the aromatic
carbonate can be produced on an industrial scale of not less than 1 ton/ hr,
generally 1 to 100 ton / hr, with high selectivity and high productivity stably for a
prolonged period of time, for example not less than 2000 hours, preferably not less
than 3000 hours, more preferably not less than 5000 hours, from the dialkyl
carbonate and the aromatic monohydroxy compound.

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

invention is considered to equate to the average residence time of the reaction liquid
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10 20n< 120 (12) 5 D/ di 530(13) 3-< Dd2 5 20
A050‘k h.JE)M KANhoul d be noted that the term"in an upper
portion of the colum near to the top" refers to the
portion extending downwardly fromthe top of the
colum to the 15 location neasuring about 0.25 L, and

v DTN o S B P, LR
oot S o P T S B s

the continuous nulti-stage distillati o col

stages, thelamewy i the stagting materialdedintadne 953 ﬁﬁ)ty%% af‘a gmount
reactive distillation colum, the aromatic 20

of theczatalystathe temctibe condiiooe @ndrscen.i nble reactiondirae és generally in a
not less than 1 ton / hr, generally 1 to 100 ton /

rangehsf, from 000 h it 0 Seles; tpre‘ﬁetablﬁmomhtogﬁ hours] mearevpreferabiytf. ¢ to 3
for a prolonged period of tinme, for exanple not |ess

hourst h%e%%@@tlél@térﬁper@hﬁb&faﬁ\i@ls)déﬂiéhcoimtﬂdﬁ@pﬁﬂ@ﬁe Staitinng

nore preferably not less than 5 urs, fromthe

-mateﬂl%ﬁfﬁ#&nﬁg%bﬁdw typtfarit Sﬁ%hhﬁof@féoébfgvygﬁbut is generally

reacti tlmsfor t he

o QLTSRS 0, A P e 9

tempigie pas A avt R TEBHI A h%*”fegeﬂés‘*ea%n

distillation colum A Thereactlontlnﬁ ?

temperaigeds e bighs thery sidmreactians begosme, liable o aggur, for examp'e
distillation colum and the nunber of stages,

produstionraf byfprodycistsuchiasamatket al ethed ingieases é'vfueln Wdeswable
the type and anmount of the catalyst, the reaction

For thignetasorm tise peattivn tempelétars hmreferabllyi ima riamggeafdraan 130 to
inabrange of fromO0.01 to 10 hours, preferably 0.05

280°¢ Omord) pEEfErabiiP 80 B 2687@byet rRork ;br@fe’iablymﬂmo I56°C. Moreover,
reaction tenperature varies depending on the type of

the réébgoﬁﬁéﬁdigfva?ﬁg%{: g@\gp@f@%@l@ plit the S#tind ateris

but “I's generally in a

compro%ﬂgg u%fedfaLe ki e &oﬁé&pof fhe dtSrtiRGGh&eRl &hé Peaction

I NCrease reacti

temperature and so on. The reaction pressure may be any of a reduced pressure,
normal pressure, or an applied pressure. The reaction pressure is generally in a
range of from 0.1 to 2x107 Pa, preferably 10° to 107 Pa, more preferably 2x10° to
5x10° Pa.

When carrying out the present invention, the aromatic carbonates are
continuously produced by continuously feeding the dialkyl carbonate and aromatic
monohydroxy compound constituting the starting material into the continuous
multi-stage distillation column A in which the catalyst is present and carrying out
reaction and distillation simultaneously in the column, continuously withdrawing the
low boiling point reaction mixture (Ar) containing the by-preduced alcohols from the

upper portion of the column in a gaseous form, and continuously withdrawing a high
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t r e SO0 as to increase the reaction rate.
AO5O1F@&E§@?’,&K“ the reaction 10 tenperature is too high,

t hen side reactions becone liable to occur, for -
exanpl e production of by-products such as an al kyl
aryl ether increases, which is undesirable. For this

i A3E P 58 3R 8 F BHBa gy hfoner
poriof S S5 R L e EAA30% ARIG8Y i [y ot e

starting material 15 conpounds used and the
aromalie, F6EPNA1BR 267 PLARICEdaPE! i8S Biarb aparoTTae 200 kpd fr of the
tenperature and so on. The reaction pressure nmay be
alcohels pre generadly nyeprogueed.ur Eogether with composnds presentin the
applied pressure. The reaction pressure is generally
reactiom sgsterrainasingfa [bwenbbilihgtpwirdtharn thrat,of fhe ceomatliy cag®nate, the
107 Pa, nore preferably 2x105 to 5x106 Pa. 20 Wen

by-prédticedi AMortié afdBoftirtfRidly wWithératwindfomtthe uppenpbition of the
carbonates are continuously produced by continuously

c:ontirﬁcuﬁﬁgin‘i\.gtiI ShRlifdtlort@SIRPRAA 8s &l IoW BBHihh Point reaction mixture
nonohydr

oxy~ conmpound constituting the starting

(Ar), S0 g%tﬁ'i&lc%u%fyafﬁ?igﬁtoftﬁﬁtdcwgﬁuég? Fichd-SteRjer@gtifHh! ddihih @and

€ Ca I's présent and carrying
.out reaction,and distill at.i S eo [ :

contiriigyshy Sutiesten 0 srasptan el T 5 KT pbfingioint

. point reaction m xture (AT) contai ni r{ﬂ teg)g.bwroducied

mixtueg i HRYING thmalerhols 8 & Maky semBRCRRNLHErG At IS, o NYoRSly
gaseous form and continuously w thdraw ng a hi\%h_ 2%1,

withdreosofrom an upperperion|af e selupin Bda @ gaseomsielipeWhile ahigh
contai ning the aromati c carbonates fromthe | ower

boiling goiritonixtire t Bg) isaomtmuousiy Withgcawn fronma lower pertions the
that not less than 1 ton / hr of the aromatic

colunsiiBboTadswdIGHiny peinteshctionimikess (Afemap b couiseataritgin small
200 kg / hr of the alcohols are generally

amoupYs Bf PRUGBFhatiEQRePbARate Hnd torpR Mt isaving adiighémbdilveg point

reaction systemhaving a | ower boiling point than that

than fifat PR O C%/é}g{,,q ate, the by-produced al cohol s

are-contrnuous w thdirawn from the upper portion of

D P i BREF i i ) g BokRodtih misturs
(Ar) continuously withdrawn from the continuous multi-stage distillation column A
varies depending on the composition and amount of the starting material, the
reactive distillation conditions, the conversion, the selectivity and so on, but is
generally from 10 ton / hr to 1000 ton / hr, preferably 20 ton / hr to 800 ton ! hr, more
preferably from 30 ton / hr to 500 ton / hr.  The composition of the low boiling point
reaction mixture (Ar) subjected to the separation in the present invention varies
depending on the reactive distillation conditions for the continuous multi-stage
distillation column A, the composition of the recycled starting material and so on, but
is generally 1.5 to 10 % by weight of the by-produced alcohol, 50 to 85 % by weight

of the dialkyl carbonate, 10 to 40 % by weight of the aromatic monohydroxy
26




10

15

20

25

) (AL, , %conti nuously fed into the continuous
AOSO"ITUP%‘&- e distillation colunmm B and continuously

subjected to separation by distillation therein. A low
boi ling point 10 m xture (BT) having the al cohols as a
mai n conponent thereof is continuously wthdrawn from

comp%cr Eloiﬁ%ﬁgr‘% 'h&rbyo?;p]fg gfgtg:éﬁ% ﬁc{ Qk?iB%?FSﬂé? d & 5% by
weighf & e Bt A bR prong 8ot 4 gsr“@rstq?ﬁ&’ﬁ ot tple i)

rmd%/ of course contain snall armth s.of the,aromat Lﬁ t

IGo R4S @ sahematiepirm @f aRRxaRP!a SREYING asontinigus Bul-stage
15 than that of the aromatic carbonate. In the present |

distillationezaliinon, B fareamyinghoutssenanatioroby Bistillalign paialew boiling point
reaction mxture (AT) continuously w thdrawn fromthe

reaction mikiuse YAy )nwith thestlbge dirapositiani ofihe cbotinugus malti-stage
dependi ng on the conposition and anount of the

distill Rt dAISnRUSEH M thel presenEReENtIEN ust belzpdistitation column
condi tions, the conversion, the selectivity and so on,

comphé‘hg'ass%lﬁ{/) cﬁbh%ih@f/’hb% tH Lh(cn*a)o aﬁqggdb%mefﬁr D,

prefera on / hr to 800

R N
an e b SASGASP dE TERE T 8 EREPHRRL s (o

distillation condltlonsforthecntlnuo t
an inaraal(1or 2XPOWISATNR Wh eHETBRRRI AR S o e RDSIde, JREein L
starting material and so on, but 25 is generally 1.5
D1, nt, d.2102,%8risnavestisify thst foll pwing, fosmelasced tal@bhol , 50 to 85
% by weight of the dialkyl carbonate, 10 to 40 % by
webQt <ol ,tHe3@00mat i ¢ nonohydroxy 26 (A)501 U P 14 KAN
compound, 0.5 to 10 % by wei ght of the by-product
alkph &y, ggm@0, O to 5 % by weight @) the aromatic
carbonate, and O to 3 % by weight of other material.
FIe 2,90 schgmtic view of an exanpfag showi ng a
contl huoUS mul ti-stage distillation colum B for
clpy|<ng1 out 4aepar ation by distillati opyon a | ow
oi I'i Ay 0|nt 5 reaction m xture (AT) th the above
sition, conti nuous nulti-stagg,distillation
coI ﬁn%l'@serdgﬁﬁot he present invention(aj st be a
di stllé%lon oI um

(6)
10 < L,/D; = 50 (7)
35 =< < 100 (8).

Note that reference is made to the drawings in which the same reference
numbers are used through the different figures to designate the same members.

It has been ascertained that by using such a continuous multi-stage
distillation column, it is easy to make the amount of the alcohols separated out be not
less than 200 kg / hr, with the concentration of the alcohols in the low boiling point
mixture (B1) being not less than 90 % by weight, and the content of the alcohols in

the high boiling point mixture (Bg) being not more than 0.2 % by weight. The reason
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ing a stripping section SS having a length Li
A0501(@%% gﬁ"?nsi de dianeter DI (cm) and an internal (for

exanple, tray 7) with a nunber of stages n,
t herei nside, and an enrichment section ES having a
length L2 (cm), an inside diameter D2 (cnm) and 10 an

why aﬁb?%%ﬁg %&ﬂéra@%@h@@h% Bk?foé%clé/& %IEoﬁtalgLH?fgcgﬁ irg{lfu r']a'é}%éle with
such %@@@9@%&&@@%3%%&‘@0% 10 Sr@l? ¥ E&%%Ie%r? B&J?Q‘n%gso%%;?pdﬁed to be

10n, < 40 (4) .. 700 L2 5000 (5 50 D2.< 4 6)
due toy BomBHResh st broda/ AR ien the QNS foraiiapd L to (8) are
Is made to the drawi ngs in which the sane reference
combinedbe Pse@r@laseﬂgemmglg«h respectve fagters arg dpacibed pelow.
desi gnate the sane nenbers. |t has been ascertai ned
t hifit tomisiless tharh560, ¢hen itheisesanation effidienpy for the stripping
distillation colum, it is easy to nmake the anount .of
sectiohfecré 468y lahdIRiREahe Heslfbd lseparitionl eficiehtyroaidid begattained.
hr, with the concentration of the alcohols in the I ow

Morer%)\% rl fa{]ﬁegpamn A% aheslgmém cBE) whee escmmg ir@s@ea.m&&r%on

and the content of the alcohols in
o 0 e B 501 A3t 90 rr
B SERE o LR 00,27 B B £ gy e
pal ”e@nﬁisste%%ﬁn'aﬁabﬁt werbts rmtlmtﬁ’@leimﬁﬂﬁ e
conditions of forrmulae (1) to {’é‘tﬁ are conbi
distilgtiast amabit. rMeAEROYer,dp KemB dandpite sQiPTEL BPS il attaining the

described below. 5 1If L, (cnm) is less than 500, then
desiredhdistibatioraainount i raiistiog masle torze sot mppe thgn 500.  Amore

preferable range for D; (cm) is 120 £ D, = 400, with 150 = Dy = 300 being yet
more preferable.

If Ly / Dy is less than 2 or greater than 30, then prolonged stable operation
becomes difficult. A more preferable range for L1'l Diis5 = L4/Dy = 20, with7
= Li/Dy = 15 being yet more preferable.

If n; is less than 10, then the separation efficiency for the stripping section
decreases and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, ny must be made to be not more than 40. A more preferable range for n;
513 = ny £ 25, with15 £ ny = 20 being yet more preferable.

If L, (cm) is less than 700, then the separation efficiency for the enrichment
section decreases, and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation

efficiency, Lo must be made to be not more than 5000. Furthermore, if L2 is greater
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ti,0 creases, and hence the desired separation
A05012\5 15&8&?@ cannot be attained. Moreover, to keep down

t he equi pment cost whil e securing the desired
separation efficiency, L, nust be made to be not nore
than 3000. A nore preferable range for L, (cm is 800

than 5?)0'6' th%rﬁtﬁg%re%ﬂirje d%%P& lbe.tv'ée%@ &itd MSfto:‘ﬁQﬁthe column

ess than 100, then it

e oA A B g

Moreqhies € BRCorRRR NERCBRRNH IR MiEresa fesfemmms oy aih"e”%wer porton of
preferable range for D, (cm is 120 < D, <,400, w
the colgpnpaNghenpe ISK!? KRactions becerneriablentocotes | A nwel pre) dfable
is less than 2 or greater than 30, then prol onged
rangesfonb EcrojpiertitiloiE Lhe CoraEO0IMiIthi2000 = Aamsr 300being yetmore
range for L, / D, is5: L, / D <20, with 7 < L, [/
prefefadbles 15 being yet nore preferable. If n, is less than
10, then the separation efficiency for the stripping
seg D,9Bm) {es8aRaS santhdhapBhdtpsdipie fegttsinnhe desivad
effici ency cannot be attained. 20 Moreover, to keep

distﬂl&fﬁ’ﬁa%?ﬁn? qLIWI§ br QB%beﬁ‘Holmﬁ'n t‘ﬁ%céh' ehh&oﬁ%lfeeéitammg the

I'Cl énc eto be not nore

desurecﬂalsgﬂjaqiqﬂ eﬁgwﬁt ﬁg%ﬁ%ﬂ%% d%qg%é Q5t Rbre lrﬁanflt?l)(f }Qi'nore

g yet nore prefe

ot Bk 5 B, FB05 NS B8 e v

hence the desired separation efficiency cannot be
more prefgralle. 25 Moreover, to keep down the equi pnent

cost while securing the desi red separation efficiency
L21fhad D-He lessctbiand (oer greaterdhan HRathesopmlongad ﬁéb'ﬁﬂ&efatlon
if L2 is greater 28 A0501 UPl14 KAN than 5000, then

becomee diffiesls ur & mbréfpeefanablelrange éor it D4 ispt &ars bot DorioB0, with
the columm becones too great, and hence prol onged

20 sStiahie, epabéing yeearepréferabieul t.  Moreover, it
becones necessary to increase the tenperature in the

BN, trel o dany o/ #e saasiian socior
decreases and hence the desired separation efficiency cannot be attained.
Moreover, to keep down the equipment cost while securing the desired separation
efficiency, n. must be made to be not more than 100. Furthermore, if n is greater
than 100, then the pressure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur. A more preferable
range fornpis 40 < n; = 70, with45 = np = 65 being yet more preferable.
Further, in the continuous multi-stage distillation column A, it is preferable for

L, D, L/D, n, D/d,, and D/d; for the continuous multi-stage distillation column A

satisfy the following formulae; 2000 = L < 6000, 150 = D = 1000, 3 = L/
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ge for L2 (cn) is 1500°S L2 S 3500, with 2000 S
AOSO'PE’%Q ?&5\% being yet nore preferable. If D2 (cm is
| ess than 50, then it is not possible to attain the
desired distillation anount. Mreover, to keep down
t he equi pnment cost while attaining the desired
< Giystigyl at i rga ntg L <D ogbe ppf 4 e18
D = ?’Pan 3530 rmfaebj'lo prePztz\bl_eeer;ﬁg%c% D2 (c

respeéti qu?[)é?g%r%gpreféraEb/SQS@} Ts Ie‘sgopﬁeﬂg%e%‘r dg%ai %9 tgaﬁ L/D

n pro bleoratlnbc .
= 15d| A0 élrt = é?é’f‘ abl ggr aflf 3 forgL@r}edzDé 1o, fespectively.
< L2/ D2 < 30 W|th 20 < L21 D2 S 28 being yet nore
Furthermrer this wlatimship betwesn| lasand ha@nﬂsthetrﬁlatwﬂg'élp between Dy
separation efficiency for the enrichnent section

and Diemnedspsnding dnethecanduntdd dhe v bojliagqnaintresction mixiore (Ar)
cannot be attained. Moreover, to keep down the

fed inBSitHePdBrlinueNs tmm»tustagescueumatm d¢dlemaeB,i thetomepatratioroof the
efficiency, n2 nust be nmade to be not nore than 100.

alcohbLand 86 BRY Sut whef %alrrgtr@f A@ltRE prodery dfQAe présehttifeention,

pressure di fference bet'ween the top and bottom of the

prefe,%%&gpg gOL%eatﬁ(ar@s 408, great, and hence prol onged

opeTat | on* Becoles difficult. Mor eover,

oo RER G i e EpR s fuhERge & "e'g$'%“£8?'“"?“" Aused
to occur ran

as the sativalistiiagen Sellr 1S PrRLeTEb 5 AStgaian FolyriLiSing 2 tray

preferable. Further, in the continuous e
and/agiaspagking Bsandeteidl. ATheCoNiNyPWs mta%ﬁt@geoélst“%'ogc%fm" B
L/ D n, D/ di, and D d2 for the continuous
used fierl sepasatingeodi thiei by-pradoned alenholsys prafarsbly a distillation column
follow ng fornmulae; 2000 S L S 6000, 150 < D 1000, 3
having a-tray 29dASiaDpadiitighakAN iBteBlal il @achaftide sBHpird ss&l‘nn and the
and 55D/ d25<-18, respectively, nore preferably, 2500
enncﬁmbnﬁsé&% 2He i “nt8ARY” dsed i the PreSeritSnvetflion means the
D/ d, <25, and 7 < D/ d2 5 15,

parts lﬁéaﬁﬁtdléfmhﬁon column where gas and liquid are actually brought into

contact with one another. As the tray, for example, a bubble-cap tray, a sieve tray, a
valve tray, a counterflow tray, a Superfrac tray, a Maxfrac tray or the like are
preferable. As the packing, an irregular packing such as a Raschig ring, a Lessing
ring, a Pall ring, a Berl saddle, an Intalox saddie, a Dixon packing, a McMahon
packing or Heli-Pak, or a structured packing such as Mellapak, Gempak,
TECHNO-PAK, Flexipac, a Sulzer packing, a Goodroll packing or a Glitchgrid are
preferable. The muiti-stage distillation column having both a tray portion and a
portion packed with the packing can also be used. Note that the term “number of
stages (n) of an internal” used in the present invention means that the total number
of trays in the case of a tray, and the theoretical number of stages in the case of the

packing. Accordingly, in the case of the multi-stage column having both the tray
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e e, the relationship between L, and L2, and
AO5OfEEHQ' at1 onship between D, 5 and D2 vary dependi ng on

the amount of the | ow boiling point reaction m xture
(AT) fed into the continuous nulti-stage distillation

colum B, the concentration of the alcohol and so on,

portiof lHndVYHSVdeﬁ’(Sr{ phEEPWth the pREIIRG S n@artsﬁﬁemeﬂme total
I nvention, preferably Li < L2, and D2 < . In the

e S R O v ooty
di Iﬁ}hﬁlpﬁéﬁ éﬁ\g\ejr{ llréngnyitsl%ﬁéﬁlgﬁ ag@ Fﬁ/ %B@;@ grf]ét |=nn nal in each of
N SR e

preferably a distillation colum having a tray and/or
distillatigreedlumg Bito ba thetréynal in each of the stripping

section and the enrichnent section. The term .

"i hhesrheleh diseavered that, because themreaetiorobetweensthetibalkyl

parts in each distillation colum where gas and |iquid
carboniate aat ted hyoridtiuigohohpiiexy contpatindintthe pnesent anvestion has an

As the tray, for exanple, a bubble-cap tray, a sieve

extrel‘hbgb’ Io@e%%ﬁiﬁn chAY¥tanf a8 W PEadtiow ratedls sléw St Eepdrtiaalarly
xfrac tray or the like are preferable As

prefeHbffe ?cﬂ'cth% %ntlﬁunodg fn%ﬁP Et%bsﬂﬁflh!aﬂgn et ﬁ‘?\ Lﬂ;e'aar‘é? MEQ reactlve

ng, a Berl sadd

0
dsstlﬂs{?om&a e ? acﬂgte?‘ypé c@tﬁ%@?ﬁ?é@"ﬂ‘ihﬁ Ry e 8y aaisoﬁbéqﬁ
CHNOPAK F a Sul ackin

FurtheHRR 1 haseRerh oGP ielea et A slave Ak aww&eeﬁ'swsﬁ%oﬂw and a
mul ti-stage dlstlllatlon col um hawaﬁg bothatt . .

downeamaeioperiing isPaistiarprefarrkle as the MEINJEERS 9§ Q%?P‘at'O“Sh'P
al so be used. Note that the term "nunber of stag

betwgern) peffoanance thenedf'andsthe equipmenpeesienit haskesn @||$° “discovered
means that the total nunber 25 of trags in the case of

that thetsieve tranprefémbiynieas ¢00 tal 000mnbes bi” in tgesieve porion. A
case of the packing. Accordingly, in the case of the

more'Btbldrableadfinis&r oFALISSIS 12D kOO0 hbRest /Y, yedthokeGiéfdratily 150 to
N port| on and the portion packed with the packing, n

f hol
800 ﬁqeor " ca % A %é GisBbverBH RSN the crbé;f%éctﬂiﬁél ahga per hole

stages of the packing.
of the sieve tray is preferably in a range of from 0.5to 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 that it is particularly preferable if the sieve tray
has 100 to 1000 holes / m? in the sieve portion, and the cross-sectional area per hole
is in a range of from0.5to0 6 cm? It has been shown that by adding the above
conditions to the continuous multi-stage distillation column A, the object of the
present invention can be attained more easily. Moreover, it has been discovered
that when the internal of the continuous multi-stage distillation column B is the tray,
this tray comprises a sieve tray which has the similar number of holes / m? and the

similar cross-sectional area per hole as the tray of the continuous muliti-stage
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e nesent invention, it is particularly
Aosotpggr_ﬁ | |

for the internal in each of the stripping
section and the enrichment section of the continuous
multi-stage 5 distillation colum B to be the tray. It
has been di scovered that, because the reaction between
dlstlllétila)ﬁ d&@h carbonate and the aromati ¢ nonohydr oxy
in the present i nvention has an extrenely

sI A %ﬂﬂal h@’{%gﬁtﬁg t |ﬁ\z€rg¥dﬁe tl%f&fa!l%ﬁ’e?%tﬁ}n%té and aromatic

nuous stil atlo

monofigiioxy gemRPémi’cFOa\SQ?L?nnpibP Stptigh iAefig) 4Eky 3@895‘9%" into
distillation colum having the tr t he internal

the coniinures Myt-stage digtllajioec waRd iy which Aae Catalystis Pf%%%?t and

- having a sieve portion and a_ down coner portion i

reactipaanddistiliation @re cerrigsl eutssimultaneeusly imthecsalame aﬂﬁéhe high
rel ati onship between performance thereof and the

boiling point reattioromixturet corsinbesthecdrematic acvenates is bantinuosisly
sieve tray preferably has 100 to 1000 holes / n2 in

withdidWh FbeVieNewer portiof dithawokinm &f alighidefonunivberetly the aromatic
holes is 120 to 900 holes / nR, yet nore preferably

carbot?'n%gest e &MY nﬂehﬁz gt o@@ced\@ﬁ 2RVSdusthisl sdte di ORAME oBser hand,

the cross-s I onal area per hole of the sieve

the o/ t§‘<¥1hn‘g§ gﬁfn‘ffr%ﬂ%ymlﬁhr% (A E?S&ntgfmrié fHE pe?’ c?{ﬁfcré %h@s is

Cross-secti ona

contifyhEFHasrEwn FoimoBueRr Ptiest b tellufihy ajgaseous form.
The 16 beiing HANUCaR TRRLER 6Ael 1 Fanioy DA B ficcortinuous

cross-sectional area hole is in a range of from

multi-gtage: distllatiop calumn 4 tge@wmdws RO MxuredEiTh gontgining the
above conditions to the continuous nulti-stage

alcohdlssas &lraainaonueonent therephis eantiooously withsrawn deathe upper
i nvention can be attained nore easily. Mreover, it

portidrest theeniuhhs i aeyasdous fieim, dehthiettdgh bbiingadoiot mixbare (Bg) is
continuous multi-stage distillation columm B is the

contlﬁucﬁ}ély %fth&lﬂivﬁn frbﬁMh@qa%r gaaﬁ.oan &FitRE Sofun@y ingilighidfesm. When
he st mlar nunber of holes m2 and the simlar

belnggfeglﬁlﬁfnqi@%tsdo‘?nﬁﬁp Ilﬁ’%?ld?eo(%gwﬁa‘ilohr&i 4:’?1@3ABNQEetI6\ﬁ boiling point

reactio d S’rtnixlttl.lr%t(ATS1 ma?(l benﬂadﬁn as a gas, or as a liquid. Moreover, itis

particularly preferable to use heat in the low boiling point reaction mixture (Ar), which |
is withdrawn from the continuous multi-stage distillation column in a gaseous form, to
heat another material, for example the starting material for the transesterification fed
into the continuous multi-stage distillation column A. In this case, depending on the
extent to which the heat exchange is carried out, the low boiling point reaction
mixture (Ar) fed into the continuous multi-stage distillation column B may be in a
gaseous form, or a mixed gaseous/liquid form, or a liquid form. It is also preferable
to heat or cool the low boiling point reaction mixture {Ar) to a temperature close to

the temperature of the liquid in the vicinity of the inlet of the continuous multi-stage
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A0501VbPH4CR?-\Wi ng out the present invention, the dialkyl
carbomate and aromatic nonohydr oxy conpound

constituting the starting material are continuously

fed into the continuous multi-stage distillation

colum A in which the catalyst is present and 5
distillatieATohiin B Befdrs faddidy tHnlow IBoiling bRl readtion mixture (At) into the

simultaneously in the colum, and the high boiling

distillatiShHolbRAE | on M xture containing the aronatic
carbonates 'is continuously w thdrawn fromthe | ower

oqrLion of - S0 )
2 Hhisver. b s B i ety ibe pobitFEEHert Bure (n)

: indystrial. scale. On the,.qther hand, _t.he low bailing .

s fed 3 {56 Rl MiliclptS Giehyaton 8l B i hetiged e sfping

_alcohols is 10 continuously wthdrawn fromthe @%Per

sectiopand the esrichment seghien.i nThe gastvdrus B it-stagp distiigtion column
boi |l i ng point reaction mxture (AT) is continuousl

B prefieezbly somprisescoreboilenies heating the distjlatei and |a refllsing apparatus.
colum B, the low boiling point m xture (BT)
cdntthé prasgerithieverdionptia Iswalsoiingrpoimt ceaqiimmemixturiesfapenerally
is continuously withdrawn fromthe upper portion of

withdrahd FEIMURE domtinugas ARG sfzgyendistifiohlime A icin amgunt of 10 to
point mxture (BB) is 15 continuously w thdrawn from

1000 LJ%?/ |Hr9¥§”—f BRI ihebdthinliBEs ARlvEade distildtibm chiiiPhB alieRus
el ng eg I nt

| olthe continuous miti-stage distillation
subioi g P g Bty Ik BnP bBlou Al 67 i b FBture
(80 SnRi By R R 6B B8 oy S s B B, and

W thdrawn fromthe conti nuous IT'|J| ti -éta e di sihlﬁl | ation,.

the hig lhgiting print Giadem s & sentinsiops!yhaithdramy frerp thadwetportion of
for exanple the starting material for the

the distillatioascalumhiBat i on fed into the continuous
mul ti-stage distillation colum A In this case,
delpethei prgsemt inbenticex theeconaentration afitee laécnholsintthadewikoiling
carried out, the low boiling point reaction mxture

point tridLré 6Bh)imtist bdmadertbibeunstdessitiidn 80 85 by dreigit, prdferably not
colum B may be in a gaseous form or a m xed

less 685 SSUR/ l%y‘ \ﬂHLg‘ﬁt,frﬁEfB p@ferably (6t 18s$ Hah 97 % b§ waligitt. Moreover,
bl'e 2 0

prefera _ t eat or cool the |ow boilihg point
e ofBEEL bR i AR s RO Gr AT afes ie o bo
not more tih 6% By %%Tc’ghrtry;grtei‘érgﬁfﬁ?ot mére Hhako ¥ %Dbgfbvé%m
Furthermore, the alcohols separated out as the main component of the low boiling
point mixture (Bt) can be continuously separated out stably for a prolonged period of
time in an amount of not less than 200 kg / hr, preferably not less than 500 kg / hr,
more preferably 1 to 20 ton / hr.

In the present invention, the low boiling point'mixture (B7) separated off

contains not less than 90 % by weight of the by-produced alcohols.  All or most of

the remainder of the low boiling point mixture (Bt) is dialkyl carbonate. It is thus

preferable to use the low boiling point mixture (Br) as a raw material for dialkyl
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A050P U4 k@lnon colum B before feeding the | ow boiling
poi nt reaction m xture (AT) into the distillation
coI um B. Moreover, the position fromwhich the | ow
boi I i ng poi nt reaction mixture (AT) is fed into the
continuous multi-stage distillation columm B is

carboR&fe \sreduttith. StAs Fﬁidé@sés s Qrodicing @ diakybPoarbohars)ta process
section. The continuous multi-st age di stl Ilation

using oéé%Bangf tF’r‘EJ1 tF‘éﬁftl@H g@&:’@i N Fcf‘dé‘%b't%fnd ah al“cﬁrﬂo!yws

e dis pparatus In th

reactnfr?ﬁ.rl %fgﬂtallf)ﬁ%?@&%%nafs{‘gré & |§8'ddt LEWI%I&/ r?ﬂgtlb\ﬁrbomng point

Xture enera rawn rtrom e cont1 nuous

. mufi-stage distillatio m_.A in
m*xtw(eoféi b e a raY ATk S Sifher er)ﬁﬁsmsa@“ms Since the
ti-stage disti I | ati on colum B and, thus

alcohglu@jsg@@@%pn of thecalkdpae sarmanats I%j@@@ﬂm!'afwrreaﬁxﬂ%m dhiSon
the | ow boiling point mxture BT) is continuously

preferabientdr usenafrawrmatesalib@eng @onigh | caacenteationt atf isthus
colum B, and the high boiling point mxture (BB) is

preferabie towsaitHeylow bdiingypaint mixburd) éB+4)mixainpdin thenpreflsent nyention
distillation colum B. In the present invention, the

as the® AW AitteAdl sFsueh d RRacEbsOhP thid Badd)ehé ow b@ihhgfmlntlrﬁmture
point m xture (BT) nust be nade to be not | ess than 90

ny t,
(Br) FE A ool PRl of Pt (OB 3Ra B9 A e ht o)
i Q
prefolghhy ﬁ%‘@%%%#ﬁ#e%f % b ey 1< ErEERRY pEeteRan BsRUER the raw
ter than 0.2 % by weight, preferably not nore than 0.1 %
MACHY- wei ght . Furthernore, the al cohol s separ ated out as
the mai n conpaonent of the | ow b0|I Xt ure
( Bipreqyerpthedigh .bﬁulassqcynfs@a(&ﬂr&t@@ 98@!%@9@ present
) E)rol onged period of tine in an anobunt of not |ess
inventi wa@oatamzk&e/ compongrys of the wwibeiling peint reactmmomixiure (Ar)
hr, nore preferably 1 to 20 ton / hr. In the present
minus ttmatWithdraMnead i |bwibailing poinhmixture (B+. (BM@ high boiling point
separated off contains not |ess than 90 % by wei ght
mixtued (B eobyains patiarde HharoD A % byweight, presérabfy natmoteethan 0.1 %
remai nder of the | ow boiling point mxture (BT) is

by wéi'gﬁt' b’i{r]ec&& Brotticed di¢oRdls P gBhérany ABkehd enawr chfonate and
oW’ boi I'i ng poi nt m xture (BT (); as a'raw material for

the a%n%th}’honéﬁydroxy compound as main components thereof, while also

containing a smali amount of the by-produced alkyl aryl ether and a small amount of

the aromatic carbonate. In the present invention, it is thus particularly preferable to

continuously feed the high boiling point mixture (Bg) into the continuous multi-stage

distillation column A, and thus use the high boiling point mixture (Bg) as a starting

material 2 for the transesterification. In this case, in order to continue the reactive

distillation at a steady state in the continuous multi-stage distillation column A, the

amount of the dialkyl carbonate in the starting material 2 fed into the continuous
multi-stage distillation column A is deficient with just that in the high boiling point

mixture (Bg), and hence it is generally necessary to add fresh starting material
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A0S0 WANM KAN carbonate production. As processes for
produCi ng a dial kyl carbonate, a process wusing a
carbonyl ati on reaction of al cohols, and a process
usi ng an al coholysis reaction of an al kyl ene
carbonate are carried out industrially. The | ow

contaiming theodiglkyhtarbohatelinean &fpunbcorhmeansarbtawith therdeficiency.
material for either of these reactions. Since the 5

The s?érﬁﬁ)%fj fatstial dopisihingtheldialRp crbohABEresRiPARGEE®INtS tfe
equiTibriumreaction, it is preferable to use a raw

coniTASTHaY S Bsre Lo EA o OE T Es s
s 5 AR B TR il
s S R

preferably not |less than 97 %b
dlstlli@ﬂm qzcdumA gs pageraftae |h;gm§@&1n99om @'?(%P (B@)t e dne case that
Moreover, the high boiling point nixture (BB)

this frgeblaraima sfatingrmatesiabeenteining thevdiatkybearboneats eentains the
conponents of the |ow boiling point reaction mxture

alcoh6lif)a graatersarhbostethant fofrexampie, 0.heé% loyvweight, iitig prefenable for
m xture (BT). The high boiling point 15 m xture (BB)

this sEPMid@hizieridltto BRfedimathe.cdntinbvuseitihbiager@istiiatibh\conghn B
nore than 0.1 % by weight, of the by-produced

from & sGREALDosAR) A8 §o‘ & RFredlibe il Bbifitht 6AHROBIREROIAA to

he aro tl C nono r oxy COfT'pOUI’] as maln corrponents

then %@%ﬂft ucﬁgé;&grﬁwﬂoaar LS A AB RYE oo of thE high
b I h
ool SRR {BERI ar 1y pr ef or bl e o 20 cont nuousi y
coftenpuguse Ao et . Stacina mefere ft 568 i contnaus

thus use the high boiling point mxture (BB) as a
multi-staget disilationtasiuran Aocargainsiestartingseetasial fli and thenstarting
this case, in order to continue the reactive

materal?.i | Typically, thie stadingadatesiahl eontainsa dialkyli carbosate which has
mul ti-stage distillation colum A the anount of the

been@hadihkhprodacdd batiee disprdisoriibpstiorn@eastibe (forinula f‘@;) bhthe alkyl
the continuous 25 nmulti-stage distillation colum Ais

aryl cafidridie @b%é\#attélyJ Uﬁbcér@ﬂ{gl* n e c&ﬁtﬁ%d@@' rhisfidstB g 'E!ﬁstnl!atlon

m xture , and hence 11 is generally necessary t
colun@{d, Eﬁgﬁ‘tha ﬁéﬁ’%qu&t TRt bdlkyl carbonate which has been consumed by
the reaction in which the alkyl aryl carbonate is produced is made up for by adding
the dialkyl carbonate into the starting material 1, which is produced by the above
disproportionation reaction and is recycled. It is necessary to add a fresh dialkyl
carbonate as the half amount of the dialkyl carbonate being deficient. This enables
the reactive distillation to continue at the steady state. In the present invention, the
above deficiency can be generally made up for by adding the fresh dialkyl carbonate

into the starting material 2, but the above deficiency can also be made up for by

adding the fresh dialkyl carbonate into the starting material 1.
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5 P14 KAN contai ning the dial kyl carbonate in
AOSOﬁﬁPﬁ%B comensurate with the deficiency. The

starting material containing the dial kyl carbonate
freshly added into the continuous nmulti-stage
distillation colum A may be fed into the continuous

Oﬁé dﬁhﬁ’é& r%éﬁdnﬁérﬁg fo?ﬂ'\é%h’tiﬁhoﬁs%ﬂl@icéth @ ofNtillgRoN BSlumn B

|not e continuous 5 nmulti-stage distillation

T BN g
150 5okl BRI ﬁﬁf@f#?ﬂf%&ﬁ@ﬁ?o ik potamn

car bonate contains the .al cohol r eat a 6
top preRgTe m@fra@ggreﬂf@m@xiowwom@h!’a Rty ardpahpdo 3x10
for this start% rmterg to be fed into the
Pa, moon prefetaily full @1 Patta@e107 Pai | IAaeflox ralin imthegrondinipgsn a
suitabl e position thereof so as to reduce the content
multi-sfagetdistilatiohaoluran @ isayeriehally inea fael oftfrom i1 to 20, preferably
continuous nulti-stage distillation colum A as part
from @b tbN&S, M prefrhbydrareitrd toi@ture (BB). It shoul d be
noted that the starting material fed into the

»|
CoPhé wg)rﬁal'ﬁtﬂ o aﬁ?é%!@?ﬁ&&ﬁdﬂ wREdaA tﬁé’?%‘@bnﬁlrﬁ@ﬁﬂléhﬁﬁeans

a startin : the starting 15 material 2.
that td Bofaks (1 kg ol Ebhfiin A EEERTYIRG ot fictetttive
d‘f rog rtionation ref’{tctlongfS t%’i I&E‘ﬁ‘?h céljf"ﬁn out the
distilghor} il e, pStisti hERRREP alssfoTor el & 4Bl cafing oy
separalpn ta ABIEEN ATHBe PRINGng:Re #é’a”c@o&ﬁv%ﬁ”rﬁéérﬁ@%ﬁtea& be
consuned by the reaction in which the alkyl .
operajed isontinously jir agteasly staterkased gn ther owaaaaucﬁgd%@ﬂﬁ weth no
di al kyl carbonate into the starting naterial 1, which

flooding, piogdingeaf fipingher etosian fodinop lessdhan ARA0; hewirs epreferahly not
and is recycled. It is necessary to add a fresh

less #HaAION0 hatasboops prefsraphendtdbs tani5000 houts adida Ky |
carbonate bei ng deficient. This enables the reactive

predélbfhinedaheint!¢f tR8Zromkgc @brﬂdﬁéié Eaate produieed Whilkmeaintaining
present invention, the above deficiency can be

apregg ona%é/ réz%‘ﬂs l&@el{j%rnd lé”(ﬁ ggaﬁcf‘ﬁ\o?ét?\ﬁ? éjB@déYérmmed

hes mat eri a

amounk? ¥'ﬁ1éj 8{/-'p%§ S Slcoh sof n%?le@@qﬁah' @Obcl-{g P can be separated out

by distillation while maintaining a predetermined separation efficiency.

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

column B.

Examples
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' |§W fresh dial kyl carbonate into the starting
AOSOTE‘TH@?(;I?QFH . 35 A0501 UP14 KAN The distillation

conditions for the continuous nmulti-stage distillation
colum B wused in the present invention are a colum
bottom tenperature in a range of from 150 to 300C,
praérsinbelswlife presdriihventdrewilr s geédnbedlidtnbre dstaifwith

and a colum top pressure in a range of from 2x105 Pa

referehBe %@%f(@%g])l(l% Ekarpils/ %@g&%sﬁ?ir@éﬁ@@n % hGt Iinﬁifécﬂqoethe

prefe 5 Pa'to Areflux ratio in

- Sf. ; i
followfBIELSHPISR. | Rbop3iRas of bath iy g s hdiRnEdy means of a
from0.5 to 15,  nore preferabl rom1.0 to 10., The
gas chigmatograghy rgethod, apf & fgagsk PéH{er@M? ’F‘ﬁaﬁlr'{@%pﬁye@gﬁf‘s of an
. i nvention neans that the continuous nulti-stage
ion chipategraphy MetBPdm A for carrying out the reactive 10
distillation and the continuous nulti-stage
distillation colum B for carrying out the separation
by distillation on the |Iow boiling point reaction
Examplexiure (AT) can each be operated continuously in a
steady state based on the operating conditions with no

<Confih@OeH Rlti-slagedistllatibn RoRim@A>or erosion for not |ess
than 1000 hours, preferably not |ess than 3000 hours,

MDA Q0PRSS RIUMi-SRige! cﬁftﬁltaﬁgﬁ%oﬁﬂﬂﬁag%ﬁo%n AT 1 Having L =

predet erm ned anmouit o aromati c carbonate can

be
3300 9&9%‘9%9’%: Bl ?&fi- %té‘ir{‘g@. 7 & £99 shaD'£d EW%égﬁed. In

Ield an vIity, nmor eover 'a predeterm
. mount of. the by-produced,al cqhol f. t l.ess a .
this ESGRHIE, & Siehe Tl a¥ S B8 o TR piihigh B g Eragibectional
whi |l e nmai_ntaining a predeteynmned separation .
area per heledeing SRPEiaatel ig FBnand the PHE'%teﬁé’f Rlesibaing s
mul ti-stage distillation colums used 20 in the
approxiregteht 26b4&nt i on is generally a netallic materi al
such as carbon steel or stainless steel. In terns of
<Contihaows aiulti-gtage distdlesionafunon & bonat e produced,

stainless steel is preferable for the continuous
nmMuAtdonsihages MHuiti-stdget distillatiohwdiunin asrshowm ImeFIG. Qatidvamg Ly =

steel or stainless steel is preferable for the
1700 €M) (D88 o/ Lyl - 3964, K, h6! B) = 2B00GPh,UDP=B00 cm, Lo/ D2 =
25, and n; = 55 was used. In this Example, a sieve tray (the cross-sectional area
per hole being approximately 1.3 cm? and the number of holes being approximately
550/m?) was used as the internal in both the stripping section and the enrichment
section.
<Reactive distillation, and separating out of by-produced methanol from low boiling
point reaction mixture (Ar)>

Reactive distillation, and separating out of by-produced methanol were

carried out using the apparatus shown in FIG. 3.

A starting material 1 containing 44 % by weight of dimethy| carbonate, 49 %

by weight of phenol, 5. 7 % by weight of anisole, 1 % by weight of methyl phenyl
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ADSORDPR#a NS 36 AO501 UP14 KAN Herei nbel ow, the present
I nvention will be described in nore detail with

reference to the foll ow ng Exanpl es, but the present
invention is not limted to the foIIovvi ng Exanples. A
conposition of each m xture was neasured by neans of a

carboBae, ahH OBLL BY ARIGhtBTIHSthaneWad cHAliRUSIBIE Pittciticedasto the
measured by neans of an 5 ion chromatography nethod.

contmgéagmn kta %Calghmtb% HMHA irc4 ﬂ&-{ﬁd%ﬁﬁ ik laaf’d\&’ Pate QUfEIs ton /

ousrru -stage distrllation colum as

el iy A B G A3 e SBBy coom
wote 5P sk et FalEB e 5 HBLEG B Wl

approximately 1.5 cnR and the nunber of hol es bejn %
througtptheoinlah2( eafler Fegingbearchpates iRg mheat exchapger 27 with heat
distillation colum B> 15 A continuous multi-stage
from allost bbilingipointceaction méxtgteoifr) withdrasyn in agasegus form from the
1700 cm D, = 180 cm Li / D 9.4, n, =16, L2 =
upperdsdfion of tHe2distilldlidnasolumd A. D2 25, and n2 = 55 was
used. In this Exanple, a sieve tray (the

Cr ORINE Hidraild, arsqmmﬁema@ﬁaez%hmmgmeo% PRiveight bf 3
cnm?2 and the nunber of hol es being approxi nately

dimetﬁZlOééi‘ana‘ﬁ%sw%e% By Cﬁﬁtbﬁbﬁgga' 4oy bvet of s, shd

ction and the Sect 1 on. eacti ve

o1 A iR i 9 g o o
st e B o BB 11 or e

paratus shown in FIG
dlstlllatlon columnA. The molar ratio for the starting materials introduced into the

continuous multi-stage distillation column A was dimethyl carbonate / phenol = 1.87.
The 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 into from an inlet 10 in the upper portion of the distillation column A such
that a concentration thereof in the reaction liquid would be approximately 70 ppm.
Reactive distillation was carried out continuously under conditions of a temperature
at the bottom of the distillation column A being 233°C and a pressure at the top of the
distillation column A being 9.6x10° Pa. It was possible to attain stable steady state
operation after 24 hours. A liquid continuously withdrawn at 82.3 ton / hr from an
outlet 25 connected to the bottom of the distillation column A contained 10.1 % by
weight of methyl phenyl carbonate and 0.27 % by weight of diphenyl carbonate. It
was found that the amount of methyl phenyl carbonate produced was 8.3 ton/ hr
(subtracting the amount introduced into the distillation column A, the actual amount

produced was 7.5 ton / hr), and the amount of diphenyl carbonate produced was
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S ing material 1 containing 44 % by wei ght of
AOSO?@P{M kﬁl\!:ar bonate, 49 % by wei ght of phenol, 5. 7 %

by W€I ght of anisole, 1 % by weight of nethyl phenyl
37 A0501 UP14 KAN carbonate, and 0.3 % by wei ght of
met hanol was conti nuously introduced into the

0.22 téﬁ M. NUPHES tdtHl ééie@ﬂvﬂg%ldﬂh‘étmb{rgd bB&ny dadbdnateidhdadiphenyl
liquid format a flowrate of 80.8 ton / hr froman

carbo!jast Iﬁ%‘&{&ﬁ e bR r%&ct@kbvf ntinuous nulti-stage

'on col um at the starting

o elorfted o} '%[?@gf%ﬁ’g}%%ﬁ[édr Blindes e cifidtions.
The s arasticed exc?@g ES@MF% %ﬁ%h%fﬁh@%Ovﬁ 5000 hours,

aseous formfromthe up portion of
and 680@ mur%eﬁ@rnatéainllmgrstable@t\ea%stat%wer% §r?dt0n§ §t3tonsn§ 3 tons,
material 2 containing 76 % by wei ght of dinethyl
8.3 tooay arch8t3tonsFespesthvelyer ¢e methyl pieoly| carbanat;eopndé) ghtons,
of anisole, and 10 0.1 % by wei ght of nethyl phenyl
0.22 toas bDa2ttense® 22aohs, rared 8.2 tons respentidelyrfootiehdiphenyl carbonate.
distillation colum A at a flowrate of 86 ton / hr

The tétbPQélécF\ﬁPN@i faRaRé nthyIn fyiléar@)fonbfé?an@ digHenyRtad@nate were
columm A The nolar ratio for the starting naterials

99% 3@5/ Qéﬁ" eéb%maﬂ tdy% A&%@c‘tl%’lﬁb bhte $é28 eratlon was very

ation co car bonat e phenol

sabl oﬁ‘(@?%?\'ﬁl'*ﬁa S %ef%i*%?%%b%&?%??f%%%@#mﬁ yionar

n_chromatography, i.e. 1 ppb or |ess). Pb(O:’h)Z
halogggsé J?Qpeﬂr)}%mi i ntroduced into froman inl et 10 in

t he upper ortlon of the distillation col urm

t habe dpw eﬁ&@mncam reaclion bgrre Ay ceniingews! wihda%\rﬂa in a

woul d be approxi mately 70 ppm Reactive distillation
gasequssformrfroradhe top obthe errdimsioys mmdtrstagadistillation eplugn A was

tenperature at the bottomof the distillation colum
cooled duwvmip 2BFC thrdugh peatthereindteindgased to béat the starting material 1

distillation colum A being 9.6x105 Pa. It was

usmglﬁtﬁéfﬁekét exéariidrdMas Haddribett fisse. S tRieccornpesitibh @fithe low
after 24 hours. Aliquid continuously w thdrawn at

bomné o?httrga?fl orﬂfnog A, wﬁid:h'ﬁé? FRhARIWIESE 85 2HBnl/ M was 2 % by

tomo IIatlon columm A contained 10.1

welgﬂ}yof é‘f}@hgﬁ& ol hm%.gg & di knéiﬁ}fl%%l?%ﬁat%nﬁigg % by Wé}@ht of

ona
phenol, 4.4 % by weight of anisole, and 0.1 % by weight of methyl phenyl carbonate.

After being made to have a temperature close to the temperafure of the liquid in the
vicinity of an inlet 31 provided between the stripping section and the enrichment
section in the continuous multi-stage distillation column B, the low boiling point
reaction mixture (A7) was continuously fed into the distillation column B from the inlet
31. On the other hand, in order to make up for the deficient dimethy! carbonate,
fresh dimethyl carbonate was continuously introduced into the distillation column B at
2.53 ton / hr from an inlet 41 provided in the lower portion of the distillation column B.

Separation by distillation was carried out continuously in the distillation column B at a
. 39
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Aosoveiigowagy t hat the anmount of nethyl phenyl carbonate
produced was 8.3 ton / hr 25 (subtracting the anount
introduced into the distillation colum A, the actual
anount produced was 7.5 ton / hr), and the anount of
di phenyl carbonate produced was 38 A0501 U P 14 KAN

columbi. Btittdno terhpératurBiseihg 226°6 e eoluinw top fempédraturaddinyg 155°C,
phenyl carbonate and di phenyl carbonate based on the

and aREfNO atiocGCs. e dA Ve baﬁi?f? pRirkt ARARE (BP)aS ¢OHENIRSI R WitBtrawn
was carried out under these conditions. The amounts

from eﬁ.[)urs e‘?oﬁgr Egggé/m gﬁgndé‘g%%b?{wg g’?t er ?gl nV:’%Sg
contegB\ Sy RaH EA PG B B 2%@9%@9&9@ Bt
mixtuff Ry hgt B et gﬁﬂ%?ﬁ?@ﬁm i@t e, wtgnt et had a

henyl car bonate The total selectivities for the
comp%lf iap rthep Ramel axthepyaring magrigl Brentte eatibyREs Aulstage
99% 99% 99% 99% and 99% respectively, and hence
distillation eplematA desarined/aove] andivas circulateddyask andhius reused as
aromati c carbonates produced substantially did not
the stanimiganaterfahPogens (1 ppb or less). The | ow boiling
poi nt reaction m xture (AT) continuously w thdrawn in
a Tﬁ@%@ﬁiﬂ)&sfti@hfﬁffth@ 1oV beilihamborit rhb:ﬁJr@qBT) Wa8WT % by weight of
mul ti-stage distillation col unn A was cooled down to

methandl QA3 U Y] \Déigf\t ?@Qfétﬁyl ed-ﬁ,g élﬁnttéf%ethanol

starti ng nmateril eat excnanger

contirfl R ;) ?eﬁ%g?fé r}itﬁ{b%pﬁqgﬁétﬁl Vﬁ&n Yas' 88! t@ﬁvl hPO! 'I'H{ QJW boiling

p0| n vvas vv| hdra

point (gidGre () wishuedt s aapisoataliel 18 mySoyEpouiifiy firbéndte and
phenol , 4.4 % by ht of anlsole andOl%by
ethylewa glveoldyy reacting “ﬂm%pv lepggspbrate. After being made
to_have a tenperature close to the tenperature of the
| i Hoe @peratianeof2be wootinueys multaatagel distilztioprcelurie 8 was carried
bet ween the stripping section and the enrichnent
out insyrichmnizatidnhwitle e contbweusidperatioragbthe cantinueus omilti-stage
colum B, the Iow boiling point reaction m xture (AT)
dlstill?m'l @?Emmfu?hy skpdrdtiohafficiency wak thasear afr800 Fours, 2000
romthe inle
hours, 4000 hours, 5000 hours, and 6000 hours as initially, and hence operation

remained stable.

Example 2:

Reactive distillation, and separating out of by-produced methanol were
carried out under the following conditions using the same continuous multi-stage
distillation column A and continuous multi-stage distillation column B as in Example
1.

<Reactive distillation>

A starting material 1 containing 33.3 % by weight of dimethy! carbonate,
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A0501'3@:|P1Q1|4pms ot her hand, in order to nmake up for the
' defi ci

icrent dinmethyl carbonate, fresh dinethyl
carbonate was continuously introduced into the
distillation colum B at 25 2.53 ton / hr from an
inlet 41 provided in the |ower portion of the

58.8 Hiht whight bPPhéertdl UBTB B by Srsghitedfi amisdly, 0l8Sbibyl weighbofansthyl
carried out continuously in the distillation colum B

AAkR s égHtipRioakly iAtroduced into
phenygngﬁ%orr;ag%,c’ aé'ggﬁ u]%\%té‘ogg@ tB Emvgﬁjre bei ng 155g, rgnLoxlce !

the co"?ntih%hg’fndlﬁlsités’qegéi%ﬁﬁ n DIOAR A i QG %rﬁ“aggbr@ gﬁ%of 86.2

was continuou r aiwn rom an 'out
t [ hr, while a high i poi i r . .
ton / i Gheduelttnel JPRer PRERTAIS 2 e S RbyOls i afedg)g ¥fifaton
hr. The high bojling point m xture (BB) h a .
columivh iz htahieashangeh tf hGHBeURleh 2B: 1 O7 e GIBeEnd.gterting
had a conposition the same as the starting material 2
matenia@2 containing Bhdcednweiaht of dieethyl carbenale; 83.& ¥ birwerght of
descri bed above, and was circul ated back and thus
phenale (% lap weidie of Baisble) @. 48 byivedighat of Thethybpipenyl ttadeonsate, and
the I ow boiling point mxture (BT) was 97 % by wei ght
0.1 %Ay whigHte) hfdtRanolags Soffiruousty iprodated inte gy distiliation column

carbonate. The anpbunt of nethanol continuously

A at ﬂ?ﬁ*ﬁ[{_ﬁfg‘?{ﬁo&iﬁ (t)ér‘i‘_f ALEOmItAR 18veF th@h‘ iAfdt WRDT iheb Qistibatidn

iIlitng point mxture (BT) was used as a

colunyT A "ERE Pior 5tia B MY Slethd hiEple REARARERIRG continuous

. The oper.ation of the continuo | ti- _ :
mutt 5 FRiftsh iAW R A BB Badnde Thdfo = 1.1. The starting

synchroni zation with the continuous. ration,.of .th .
mate GRS A A1 D RN AR a9 LR IO8 B Ap{ERtSH it Tor the fon

separation efficiency was the sane after 500 hours, .
chromatograptyui.e, 1 ppberiess)s, PHIOFhors 3 catalystovrninyogused into

initially, and hence operation renmined stable. 20 _
from fheanpper (ortiGe indet 1@ ofithet distilkatioorcolumd Assysdy that agomgentration

of by-produced nmethanol were carried out under the _
therebpin thel regclich iduid avild Dergpprbxinstely 100 ppmuoReactive distillation

mul ti-stage
was carried out continuously under conditions of a temperature at the bottom of the
distillation column A being 230°C and a pressure at the top of the distillation column
Abeing 6.5x10° Pa. It was possible to attain stable steady state operation after 24
hours. A liquid continuously withdrawn at 88 ton / hr from the outlet 25 connected to
the bottom of the distillation column A contained 13.4 % by weight of methyl phenyl
carbonate and 0.7 % by weight of diphenyl carbonate. It was found that the amount
of methyi phenyl carbonate produced was 11.8 ton / hr (subtracting the amount
introduced into the distillation column A, the actual amount produced was 10.7 ton /
hr), and the amount of dipheny! carbonate produced was 0.6 ton/ hr. The total

selectivities for the methy! phenyl carbonate and diphenyl carbonate based on the

phenol reacted was 98%.
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b islyigl jon colum A and continuous multi-stage
Aosogpfﬁft'_}(gﬁ on colum B as in Exanple 1. 25 <Reactive

distillation> A starting material 1 containing 33.3 %
by wei ght of dinmethyl carbonate, 40 A0501 UP14 KAN
58.8 % by wei ght of phenol, 6. 8 % by wei ght of
anpppriyededhtifubls Wpbdtiorokasreaidd outhaitier tisesdemaditions.

and 0.7 % by wei ght of nethanol was continuously

The ah'llUé.{n?éﬁPl‘b%céEl r holP gf ?g@ QBP%{%_ogB:ﬁdwitmzooo hours after

ation colum I qui ormat a flowrate

atainfls G084 vl P Ehphic RGP 18 50 ke o
e Al G- G37D et B1oRS, b3A Bl e Shablfi o e

by weight of _dinethyl carhonate, 33.8 % by wei ght of
diphepylesasbonates FhByota Felectivtieniardbe S)ethyLpheny] cathnate and
nmet hyl phenyl carbonate, and 0.1 % by wei ght of )
diphenytdasbonatearcredf% n2d%s andiS8% oespastively: anc? hence the operation
distillation coluim A at a flowrate of 86.6 ton / hr
was vernpstable |Momsoventhe anomatie tatibnated prodiicedisubatantially did not
colum A The nolar ratio for the starting materials
contalmﬁél_@geﬁ@m bpb @r fd¥)continuous nmulti-stage
distillation colum” A was di nethyl carbonate / phenol
— . L | . [ i i ure
<SepZrsting.oulief py bl MM o Ky BT et ford o
(A )>i on chromatography, i.e. 1 ppb or less). Pb(OPh)2 as
T/"a catal yst was introduced into fromthe upper portion

inlLet 10 of. the.distillatign c m A suc hat .
conGe iR kplion Pt paptiof mirlr tAy ZefndbiHy Wit funine
be approximately 100 ppm Reactive distj U %ti on . was
gaseqys foradremithe & PhiRsueaRfinuee Mdtktags gisdligioncolumn A was
tenperature at the bottomof the distillation colum
cooled dasymtp PBTC timaugh peatihereindeingused o beatthe starting material 1
distillation colum A being 6.5x105 Pa. It was
usingthesicat extharigdr 7nas tesdribext atzolip. s tTateecapposition of tia low
24 hours. A liquid continuously withdrawn at 88 ton /

boiling'pdiritaeatiieh misitles (A4, whithegasdithdradeh ahes ddbhim was 3.1 % by
the distillation colum A contained 13.4 % by wei ght

weio A TRAghop BTy BhRSAARATY rioflrt] 149 ity Wb of
pheno!, 1.2 % by weight of anisole, and 0.2 % by weight of methyl phenyl carbonate.
After being made to have a temperature close to the temperature of the liquid in the
vicinity of the inlet 31 provided between the stripping section and the enrichment
section in the continuous multi-stage distillation column B, the low boiling point
reaction mixture (A7) was continuously fed into the distillation column B from the inlet
31. On the other hand, in order to make up for the deficient dimethyl carbonate,
fresh dimethy! carbonate was continuously introduced into the distillation column B at
3.98 ton/ hr from an inlet 51 provided at the fourth stage from the bottom of the

enrichment section. Separation by distillation was carried out continuously in the

distillation column B at a column bottom temperature being 213°C, a column top
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A050P0PTRt Ry Phenyl  carbonate produced was 11.8 ton / hr
(subtracting the anount introduced into the

distillation colum A, the actual anmount produced was
10.7 ton / hr), and the amount of di phenyl carbonate
produced was 0.6 ton / hr. The total 25 selectivities
temper&turé beirntEt 387C, iy fefRirhtio @f .89)d A lhebyiling polrd maiktire
based on the phenol reacted was 98% 41 A0501 UP14

(Br) w‘éﬁgloﬁﬁﬂkew?%ﬂ@ﬁ'é\}vﬁ RIS tHRPSURIt IaVB 7888k T hedwisiid a high

er these ' conditions. The anpunts produced per hour
poiing boie iR o) e pafi s o A g ol 95t 86.6 ton
. Thedvoh Belingreint R o @o el mepneiial ghirfRERK! mora fren

respectively for the 5 diphenyl carbonate. The tofal
0.1 %d weight;i qntélaar# émaowrﬁwb%ﬁ%‘aﬁ% tgsrs@mﬁa?%ﬁ%afa%m
di phenyl carbonate were 98% 98% and 98% .
materiad 2fot theyeditinuans muelticiagn distiation celimn@ deseiibed above, and
stable. Moreover, the aromatic carbonates produced
was ciroblstedhback byd diwk reaisedasnthei statiagogatesial 2. ppb or
| ess). <Separating out of by-produced nethanol from
| oPhé ebiripgitioni dftthé e bblingrpoiitunxturédBrAWas 9813 % by weight
boiling point reaction mxture (AT) continuously

of meMdrilr s 7oy %W%dfn@étﬁ}/féé}ﬁbhﬁl%. t OthePAmbliAt of methanol
continuous multi-stage distiflation colum A was

contirﬁ%?%@%éjpﬁggteﬁooﬂt%ro%gwbg%‘Ilgﬁéﬁ %:JI%%SWOHZL\Q? 9& tbw boiling

starting t he

. .exchanger, 27 as described _abo T ’ L.t
point FtBURD (s oed 8 A MA A for Py EDBRT R Saftonate and
was w t hdrawn at 8&#4 ton/hr, was 3.1 % by weight of
ethylana glyrel by acing WitietghlenscaiPoRAtRy | carbonate, 34.3 %
by wei ght of henol, 1.2 % by wei ght of anisole, and )
0. Phepperatianyefi thecomtinugus prdirstageAisiiatioa. columpd} was carried

bei ng made to have a tenperature close to the

out intsymgbrartizatiorowith tiee confinubusroperation btthe egntiptioulenulti-stage

inlet 31 provided between the stripping section and

distillativh eslunWwenTheGeparitioprefiiciehbewasnhée samesafter 500 hours, 1000
mul ti-stage distillation colum B, the | ow boiling

hours?@hBt2000 hours as initially, and hence operation remained stable.

Example 3:

Reactive distillation was carried out using a similar process and the same
continuous multi-stage distillation column A as in Example 1, and a low boiling point
reaction mixture (Ar) containing 1.5 % by weight of methanoi, 81.9 % by weight of
dimethyl carbonate, 12.4 % by weight of phenol, 3.9 % by weight of anisole, and
0.3 % by weight of methyl phenyl carbonate was withdrawn at 80.26 ton / hr from the
upper portion outlet 26 of the column.  As in Example 1, the low boiling point
reaction mixture (Ar) was continuously fed into the continuous multi-stage distillation

column B from the inlet 31 provided between the stripping section and the
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A050T Byl RANT Xt ure (AT) was continuously fed into the
distiTlation colum B fromthe inlet 31. On the other

hand, in order to nmake up for the deficient dinethyl

car bonate, fresh di nethyl carbonate was conti nuously

introduced into the distillation colum B at 3.98 ton
enrichimérit sketion of thenteritintibup mavtidtageatistinatidrocoltimrsB aigethe heat

fromthe bottom of the 25 enrichnent section.

exchan§eppat i QJ’r‘l b slhér handlih 8Rderad ridke UFQ‘oﬂhb deficient dlmethyl
" continuously in the distillation colum B at a col um

coroei, R RTTMEAH  BN TR et
et 35 A Sl P o e
ot e A et b S L 5 B B

hr . The hi gh boi |l i ng point mxture (BB) had a

bottorm‘ H@@nn@ameemecélpnn o%eﬁar@thrrﬁm distiatiorivg§ cﬁm%twt
and had a conposition substantially the sanme as the

continsioaslyiindghe distidatiet c@ufror B taha eaduminrhadtaen termperatursgeeing
distillation colum A described above, and was

219°G;ia eslupincdplienipepdtdra beingrE51S€0 and 4 feflustratio of§.74. Alow
material 2. The conposition of the | ow boiling point -

bmhn%blﬁtrﬁ nGixtUPe. )(Bﬁaﬁag§er3tlr%d@jélyf\ﬁltldiﬁawrpfroﬂﬁhé@w|et 394 1.19ton/

% by wei ght of dinethyl” carbonate. The anmount of

BN G A0 DS i 0 oot
o5 ot Bt 4T TR GAUPG AP ok hed AR ont o
et A R s

rried_ out in synchronization with the contlpfuouh .
multl-gﬁggﬁarilstdlatlgn ol Arandhinssyernsed iassqt%@gg maaterial for the reactive
distillation colum A The separation efficiency was
distillation. sanme after 500 hours, 1000 hours, and 2000 hours
as initially, and hence operation renai ned stable.
Extihg lconmposkizmatfithie ol Soilingaioinmixdsrec@) mad 92t tons medght of
a simlar process and the same 20 continuous

metha'iﬂtﬂt and 1 28 Hyoweight bedintihyadaibonteas The drieumt of mMethandl
| ow boi |l i ng point

contlnuously separated out through the distillation was 1.18 ton / hr. The low boiling

point mixture (Bt) was used as a raw material for producing dimethyl carbonate and
ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried
out in synchronization with the continuous operation of the continuous multi-stage
distillation column A. The separation efficiency was the same after 500 hours, 1000

hours, and 2000 hours as initially, and hence operation remained stable.

Example 4:

Reactive distillation was carried out using a similar process and the same
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A0501 Eql4 QAN xture (AT) containing 1.5 % by wei ght of
nmet haffol , 81.9 % by wei ght of di nethyl carbonate,

12.4 % by wei ght of phenol, 3.9 % by wei ght of

ani sole, and 0.3 % by wei ght of nethyl phenyl

carbonate was withdrawn at 80.26 ton / hr fromthe
continuepe myltirstagendistiiatisn &duwin A be i Example Asand aHewripikng point

1, the low boiling point 25 reaction m xture (AT) was
reactléﬁ mukw#@ (IAJr)xtd‘rﬁéinin@t@st%%yowe*ghﬂapmtmﬁdl i6 02 by weight of

distillation colum B fromthe inlet 31 prowded

d;metﬁA'ﬁﬁgriméctEeﬁW% A olr??\?%f Fﬂ&n@ng 6 ASyhwetin & akidble, and

hent e continuous nulti-stage

02 VT ST RSyl BR Y s G rom e
oo R e B0 OB St DB 68 et g

% by wei ght of nethanol was continuously intrqoduced

reactiphyBixiute (AT1sVRS FaRImPUSIE LRI te-gonfinggus iifi-staog Histilation
the inlet 51 provided at the fourth stage fromthe

colunmyoB tftam e et Fnpiayidashbetweeni the strippiag sectien and the
distillation was carried out continuously in the

enrictithehi $datiohaf tiee tontinddbus maltisstiagedidtitiatiomcokmure Batia tee heat
being 219C, a colum top tenperature being 151 C and

exchahé{re@f 7UX GrtHeloBkr Aard; infbrderto pake iupdfop tendefitiatiudimethyl
was continuously withdrawn fromthe outlet 39 at

carboz-ﬁé%g f\FAégg\ %:t(a)%?l nﬁhu%tgﬁ%;%n@hﬂglﬁgbgqow WeiﬁHt'Hf dithe léarbonate

wn fro the out | et

and G395 By yilat Simediafe Ewggfc%ﬂ ey’ “1*53“%%@*"'8“""
Ci r back .i th |
coiumh%'l 248 DR G815k ?Sa,mmwda@gﬁm T a@%@r‘é the
tarting naterial for the reactjve, & tillation.

bottomy the FHGIShENesh SBFtiAMe SRRATBHAM hﬂ&l% afion M%&WBE?QP}
was 99 % by weight of nethanol, and 1 % by wei ght of

continlgusihif the@ﬁdlﬁgpa coluran Shalum colsmmbeftiemdemperature being
conti nuously separated out through the distillation

215°@pa chlubdn tatemparatureddingv1 8810, iargl a peflux ratioaf 4. (BTOW
was used as a raw material for producing di nethyl

bomng{q{]c{/imté@érg:(gg)ngthg)doﬁﬁﬂucusi? Yithalyawe fom the odflét 39 at 1.69 ton /
hr, while a high boiling point mixture (Bg) was continuously withdrawn from the outlet
35at58.2 ton/ hr. The high boiling point mixture (Bg) had a methanol content of
0.08 % by weight, and was circulated back into the continuous multi-stage distillation
column A and thus reused as starting material for the reactive distillation.

The composition of the low boiling point mixture (Br) was 94.9 % by weight
of methanol, and 5.1 % by weight of dimethyl carbonate. The amount of methanol
continuously separated out through the distillation was 1.6 ton/ hr. The low boiling

point mixture (Bt) was used as a raw material for producing dimethyl carbonate and

ethylene glycol by reacting with ethylene carbonate.

The operation of the continuous multi-stage distillation column B was carried
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AD5020PHE Kgr at i on of the continuous multi-stage
distilTation colum B was carried out in
synchroni zation with the conti nuous operation of the
continuous multi-stage distillation colum A The
separation efficiency was the sane after 500 hours,

out inlyBehrdmistion vaillsl irDEshtinisus oderatiori oftthe\contindobs nadti-stage
operation remai ned stable. 25 Exanple 4. Reactive

distillaticF ¢dilhi 2N T‘ﬁés&%én’dti%ﬁ effidiets) Wes the sainkadfte?30ERsGurs and
and the same 44 AO0501 UP14 KAN continuous mnulti-stage
Sid : ' d alow

1000 s =2 FhAdH, SR HaReS o Rra o e b e P ng 2. 8 06
by wei ght of nethanol, 61.0 % by weight of di et hyl
carbonate, 26.4 % by weight of phenol, 9.6 % by wei ght
of anisole, and 0.2 % by wei ght of nethyl phenyl

Examplg Bonate was withdrawn at 57.45 ton | hr fromthe 5
upper portion outlet 26 of the colum. As in Exanple
1, Reaetivepdistitatidnyap sarried ewaisinga simitanprecess pnddle same
continuously fed into the continuous nulti-stage

contirdicasi mulitstage distillation BolumimAtEsdnibxaeplé 1, pndva iddboiling point
bet ween the stripping section and the enrichnent

reactidfthixtre (AT} Eentaiding 8100%sbyWelght of Aithahal! 6218296 lonweight of
colum B via the heat exchanger 27. On the other

dimetglgﬂébrbbﬁafér, 9810 %°b MR fioPenbD®. 9 by W@htct;fra?ﬁéb{gé, and

carbonate, fresh starting material containing 99.7

0.1 %Z??Mﬁ@t%ﬁ%gpéﬁw}% Pé’%‘s%vaggigg\gﬂiaz tééﬁ’. ﬂtedf‘ﬁl ¥¥om the

ano nuously 1ntro

di still ati lum, B at 2.44-t0 rafr the ol
uppehab tiehi2a of e SPutint, As G el oo "Gl foft

the enrichnent section. Separation by distillation -
reactiofmbie A Wes SOrHIBRLTY 180 i aTintioss BrcsRge Ardgiiation

at _a columm bottom tenperature being 15 215C, a col um
colummnp B frasmilae inlet 31 peovided betweaimiiestrirpingsection andithe. 4.

A low boiling point mxture (BT) was continuously
enrichinehtisectionf ofdhe tcoetiouslis mubltd stagedigtfilation dolurmn B viki the heat

a high boiling point mxture (BB) was conti nuously

exchanddrd7awOn tierbthiae hant| it ordab tainak8.up fopithé deficiefihdimethyl
hi gh boiling point mxture (BB) had a net hanol content

carbdMate, Grdsh &ﬁﬂé{hﬁ&@énata%y\e@utmL{o@ulyahedda@é&idt@'thze tizgllation
continuous multi-stage distillation

column B at 2.8 ton / hr from the inlet 51 provided at the fourth stage from the bottom

of the enrichment section. Separation by distillation was carried out continuously in

the distillation column B at a column bottom temperature being 213°C, a column top

- temperature being 138°C, and a reflux ratio of 2.89. A low boiling point mixture (Br)

was continuously withdrawn from the outlet 39 at 1.84 ton / hr, while a high boiling
point mixture (Bg) was continuously withdrawn from the outlet 35 at 58.07 ton / hr.
The high boiling point mixture (Bg) had a methanol content of 0.09 % by weight, and
was circulated back into the continuous multi-stage distillation column A and thus
reused as starting material for the reactive distillation.

The composition of the low boiling point mixture (Bt) was ©3.3 % by weight
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A05020pPaal wAN A and thus reused as starting material for
the r€active distillation. The conposition of the | ow
boiling point mxture (BT) was 94.9 % by wei ght of
nmet hanol, and 5.1 % by wei ght of dinmethyl carbonate.
The amount of nethanol continuously separated out

of methianol) gindt 612 %Wibst weight ofodimedisylcabbormate/ The arheuntad methanol
boiling point mxture (BT) was used as a raw nateri al

contmhauswrsaahfatea it frohyh tsatlztination wad 1. 22t it fhe low boiling
al yco by reacting wth ethyl ene carbonate. The

point r?\i%ff Bé‘)‘ wils iR &Qgtré\ﬂgﬁﬂgggg E&L?cﬂﬁ Simbthyl 8srbRRate and

was carrie NourT Y
ethy'ei%ihﬁvéoﬁ%ﬁ%-ﬁb BpasiIEnf ??*‘#%4\‘?#‘23533%"2 e

aration efficiency was t 500 hou s and
Absibionontie EPEISUS Mt 2RBE cBisliRlien sruPdiE wE] Barried
stable 5 Exanple 5. Reactive distillation was carrled
out in @Mﬂcwﬂ”i?g?tlﬁ’né’v ther C‘lﬂ*@é‘@% opgEptiareofthgconiBHP Y Miilii-stage
multi-stage distillation colum A as in Exanple 1, and
distillationovelbwinlA. ngT e separatiea efficiency was the samp t5é10n‘|1¢tgs, 1000
3.0 % by weight of nethanol, 62.8 % by wei ght of
hoursgan® 2090 hoard asatitally? &and rﬂéricp opeirglion cemainedaitablé. 1 %
by wei ght of anisole, and 10 0.1 % by wei ght of nethyl
phenyl carbonate was withdrawn at 57.11 ton / hr from
the upper portion outlet 26 of the colum. As in

Indus 'F)ﬁCélbl|l he | ow boiling point reaction mxture
;Z(vaas co t| nuously fed into the continuous

m’”l'l% u%eﬂtl H&H suiféﬂlgﬁgeg fré)%éé(]ﬁ? WU@irla’steparatlon

pr OVI et ween sect1 on an

enrjc section h ontln Vs,
proce§f b em%!ﬁ ab) afel 1 Dot REPAIRY Pl et Bngy stagy for 2
the other hand, in order to rrakeu t he delc?
Pf°|°f&9€PPePﬁ5}‘P of imsofiamea largeamauneehg o ‘Hg?OHEWaP%‘ ction mixture
continuously introduced into the distillation colum
contaiing azbsgptces%;qudmlcoln@anﬁm magseprosiucingogiomaticaanbraates on an
fourth stage fromthe bottom of the enrichnent
industiat tscate bepabjection @ dialkgt carbanaten ands an aanoneatico monohydroxy
continuously in the distillation colum B at a colum
compbahd Ao tratgestatificaBoheeadichl#Ca reactiveldistitlation column in which a

catalyst is present.
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Aosoﬁgme;np@[mture being 138C, and a reflux ratio of 2.89.
| owboiling point mxture (BT) was continuously

V\/lthdravvn fromthe outlet 39 at 1.84 ton / hr, while a
hi gh boiling point mxture (BB) was conti nuous! y
wi thdrawmn fromthe outlet 35 at 58.07 ton / hr. The
hi gh boiling point m xtuCLAIMS) had a net hanol content
of 0.09 % by weight, and was circul ated back into the

We clgipft i nuous nulti-stage distillation colum A and thus
25 reused as starting material for the reactive

L1 )i s BBLERARIB ool bEa by BALLLARIER I
case %%ﬁh&?@g&m%?ﬁ%dﬁi i 5y SR, B ipustral scale
using RBEE Histitaia sRiem i Rntanoiely Fedifg avsiélﬁxgwbaea% and an

r aw materlal for producm di net hyl carbonate and
aromaticpPrarRY oYY P MRPUNE RS %QOWWPL& Myltestage shigiiiatipr cokimn A
. The operation of the continuous nulti-stage )
in whigh <t ¢atalyst isrpresenirandcanmying aut transestetifi¢ation reaction and

synchroni zation with the conti nuous operation of the
distillationt simudtaneous|y in tHeagsumei A tadrherising theo stems of.comtiruously

-separation efficiency was the sane after 500 hours,
withdieWiRg ahewsoiliripoiAP Rfadien miixRfre A} donddihing sild blyfp“r@duced

aperation remal ned stable. 10 Industrial Applicability

alcohdPoRIgteEhber PR bPThetSluR !ﬁ“é Q&Ld{.ls“f% é&ntﬂ‘uuously feeding

Specl fic 1 nddstri al separation rocess at enab

said I3 b%.lﬁfﬂgﬁéupong %Qtru%gw%ta {aﬁﬁrﬁjo%%trhéﬁlnaﬁg%ﬁﬁ{ﬁu% jon

perlod roma large a

colure B 28 Batryinf) B8 sBbalaiR thedisthidtsil Bra.5 a BplinEibdint mixture

carbonates on an 15 jndustri al scale b subj ctin

Br haying) QQN? B&rﬂr B H‘?ﬁ%algﬁboa?ﬁ 8 MeRRtGoMm rggf,conti qJDUS'V
conmpound to transesterification reacti on in a reactive

wﬂhdtavm fromaan bppeopeianial thi celunn incagasgeys fasmpand arhigh boiling
47 A0501 UP14 KAN

point mixture Bg continuously withdrawn from a lower portion of the column in a liquid

form, the improvement which comprises:

said continuous multi-stage distillation column B is a distillation column
comprising a stripping section having a length Ly (cm), an inside diameter D¢ {cm)
and an internal with a number of stages n; thereinside, and an enrichment section
having a length L2 (cm), an inside diameter D> (¢cm) and an internal with a number of

stages n; thereinside, wherein L,, D4, my, Lg, D2, and n; satisfy the following formulae

(1) to (8):
| 500 < Ly < 3000 (1)
100 < Dy < 500 )
2 < 1L4/Dy = 30 (3)
10 = m £ 40 (4)
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AOS50TCUMMEKANe claim 1. In an industrial process for
separating out a by-produced al cohol in a case of

conti nuously mass-produci ng an aromati c carbonate on
an industrial scale 5 using a reactive distillation
system of continuously feeding a dial kyl carbonate and
arvotarsdnt i€ 580ibhydr oxy conpound i nt ¢5h conti nuous
mul ti-stage distillation colunm A in which a catalyst
| ssprEsppt<agggcarrying out transestefgfication
reaction and distillation sinmultaneously in the

cojgima A, ypomRrkgi ng the steps of contypuously
Wi t hd”al\%/l2 ngga | ow boil i ng point react:{oﬂ m xture AT

o&% a{nhnks‘ﬁé@l by- produced 10 al cohol ‘roman upper

ion of colum in a gaseous for conti nuously
feedl ng said low boiling point reaction m xture AT
into a continuous nulti-stage distillation col urm B,
and carrying out s&i)aratl on by distillation.into ||OV\{
bofl i hige pERGRSSACEPIHiRg toselamt, N@esainGsaky sambratew&jmu t-stage
al cohol as a main conponent thereof continuously

distillatiorhemumn A compeisespséuciaethayinga peifof s ptatesrakpve and
gaseous formand a high boiling 15 point m xture BB

belowca oy lindrimas trynkipoHibrelvavifig arteagthdwem)pand aoinsifle diemeter D
colum in aliquid form the inprovenent which

{cm) @rﬂ!rﬁéviﬁgfan ipraaloNith amimsenaf staged adeerdirside, | ard comprises a
col umm is adistillation colum conprising a

gas obHét RRIiRG aﬁ‘?ﬁldéﬂlé?ﬁéﬂe%h ?cu*n?ﬁgfﬁé tep deH@ coﬁlﬂnh Bﬁirﬁén upper
di anet er

an i nternal Wlt a nunber of

portich{ GIFS By BEEH (BH5, aTUFOUTAHLAAES) 5 Hndler o (om)
at ‘heﬁ?@} f?i ﬂﬁwmw%ff i 19w o of B il ey shereto, at least
one ig3boY dé%'y'pgysg drtiom, andsg cbitial gortioh g Hhe polkmn below

< 40 (4
the gas outlét ?amd at least one inlet provided in the lower portion of the column

above the liquid outlet, wherein L, D, L/ D, n, D/ d; and D / d; satisfy the following

formuiae:
1500 = L. = 8000 (9)
100 = D= 2000 (10)
2=L/D= 40 (1)
20 = n =120 (12)
5=D/dy = 30 (13), and
3=D/dy =20 (14).

3. The process according to the claim 1 or 2, wherein a molar ration of the
dialkyl carbonate fed into said continuous multi-stage distillation column A to the

aromatic mohohydroxy compound is in a range of from 0.5 to 3, a feeding amount of
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A05070P94 MRM KAN 700 L2 S 5000 (5) 50D2 < 400 (6) 10
L2 / D2 S50 (7) 35 n2 S 100 (8). 5 2. The process
according to claim1, wherein said continuous
multi-stage distillation colum A conprises a
structure having a pair of end plates above and bel ow
the aremayicimshiorsadroxy coppond isomotHess theara? tembhh and(amameandt of
an inside diameter D (cm and having an internal with

the ardmiatielerbsHats pre@sced st fsassthelA 1 @Rd Hronpri ses a 10
gas outlet having an inside dianmeter dl1 (cnm at the
top of the colum or in an upper portion of the
colum near thereto, a liquid outlet having an inside

di ! . - .
| cor 156 PRz ctocpfling 87 iR bhET Slaitisct 675 fefdin e feactive
. ..Qne .inle rovided in the r,.portion and/or.
distilglionin s ehntnsio smyistags dRNTBI G uTiA ineasfiaut at a
and at | east one inlegt provided in the | ower ort'or]| 7
tempesatura ©f Fiamhe0 18 3880 ke andeata RgsauraLel fiam Qb Edstoe K 10° Pa.
Db L/ D n, D/ d, and D/ d2 satisfy the follow ng
formulae: 1500 S L. 5 8000 (9) 100 < D:_5 2000 (10)
2SL /DS40 (11) 20 20SnS120 (12) 5 < D/ dIl < 30

(18) , Thagro@ssRictdEAAg (4 4hy ode dffutaimsot &4, wherainl they
tothe claiml or 2, wherein a nolar ration of the 25

distillstjod doHditfemsHi€ cbashiidlisomeRi-stage RiidtiNeBos collnin Bsihelgee a
distillation colum A to the aromatic nohohydroxy

tempéraﬂ}?e;m grfohz ! DB t8 358NYE ld 4 pRIWsBrdof Rom 2 & 10SFH 5 x 10° Pa,

anoun
and a reflux ratio of from 0.1 to 20.

6. The process according to any one of claims 1 to 5, wherein a
concentration of said alcohol in said low boiling point mixture By is not less than

90 % by weight, based on 100 % by weight of said low boiling point mixture.

7. The process according to any one of claims 1 to 6, wherein a content of
said alcohol in said high boiling point mixture Bg is not more than 0.2 % by weight,

based on 100 % by weight of said high boiling point mixture.

8. The process according to any one of claims 1 to 7, wherein an amount of

said alcohol separated out is not less than 200 kg / hr.

9. The process according to any one of claims 1 to 8, wherein L4, D1, L1/
D4, My, Lo, D2, L2/ D5, and ny for said continuous multi-stage distillation column B

satisfy the following formulae; 800 = L, £ 2500, 120 = Dy = 400,5 = Ly /Dy
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AO50ADPAY KARN 14 KAN the aromati c nonohydroxy conpound is
not less than 7 ton / hr, and an anount of the
aromati c carbonate produced is not less than 1 ton /
hr. 4. The process according to any one of clainms 1 to
3, wherein the reactive 5 distillation in said

= 20¢68t Enumqus: 25| 1508t Sgb, dEsB500,a40 B Dol &£nR00, 15 = L2/ D2 =
carried out at a tenperature of from 100 to 350 C and

30, 4tz anprespoiing o Ly and ©,1=PD,trespgectivefy Pa. 5. The
process according to any one of clains 1 to 4, wherein
the distillation conditions of said contlnuous
mul ti-stage distillation columm B include a 10

}ﬁ;ﬂr’ner'ﬁlié'kﬁ:gég[g fa{c%};:ﬂﬁ)ﬁ%%ngéﬂe%f%%@rgﬁ N Iﬁgrteﬂ{ the internal
a4 s s B SR

ohgl in said |ow boiling point mxture BT is not
mu't"ﬁ‘@ﬁg @#&h@hom@%ﬂm@o‘y’ %ﬂg%ﬂd’%@s@ﬂ‘ﬁw 100 % by wei ght

of said low boiling point mxture. 7. The process
according to any one of clainms | to 6, wherein a

content of said alcohol in said high boiling point

m kt.ur'EhéBprocess @ccomdirg tdalaird 1D, Wheyeindhg internad ars edcl of the
100 % by wei ght of said high boiling point m xture. 20

strippfhg Séiopr fivkhe arriphtir $etliomof sgidecontinabas multl-staye’,
wherei n an amobunt of said al cohol separated out is

distill&tfin é&ﬁﬁn@@tl‘%o@aykg I hr. 9. The process according to
any one of clains 1 to 8 wherein L1, D, LI I 25 DI,

nl, L2, D2, L2 | D2, and n2 for said contlnuous
mul ti-stage distillation colum B satisfy the

o625 B8 prfeeRs Epring a3 envoni o et & (1 Twitreln e
2 53500, .70 D2, <.200, 5 5 L2/
conceéﬁraglfn@ St aEond ip Baicy bpiliag Pl rf@'gfﬁgetﬁﬂlém Togs than
The process according to any one of claims 1. to 9,
95 %\hugy@ght thesedmnel Qe by weight of said low boiling point mixture.

13.  The process according to claim 12, wherein the concentration of said
alcohol in said low boiling point mixture Bt is not less than 97 % by weight, based on

100 % by weight of said low boiling point mixture.

14. The process according to any one of claims 7 to 13, wherein the
content of said alcohol in said high boiling point mixture Bg is not more than 0.1 % by

weight, based on 100 % by weight of said high boiling point mixture.

15. The process according to any one of claims 1 to 14, wherein said low

boiling point mixture Bt is used as a raw material for producing a dialkyl carbonate.
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A050PUP I4eRAN of the stripping section and the enrichnent
section of said continuous nulti-stage distillation
colum B is a tray and/or a packing. 11. The process
according to claim10, wherein the internal in each of
the stripping section and the enrichnment section of
sdid chmw process acodrding tcegrey @0e df skairhé dttoold, edierein &id high
is the tray. 12. The process according to any one of

boiling F@lnmlﬁtut'@ B 1s coftiupiuziy fael inBrssid tohtihudus Riults-eiade
cohol in said | ow boiling point mxture BT is not

dlstllléti%ﬁscdhfl}ﬁﬁ A % RuuseR S5 stARRE q'né’@né%r %@Maﬁ@éﬁaﬁf &tion.
sald low boiling point mxture: . The process
according to claim12, wherein the concentrat| on of
said alcohol in said |ow boiling poi nt m xture BT is

el 7one e beskRs® Ascpiing o 4 ag &F SR 10" Wiierein peat in

. ocess according to ang/ one of clai 7to

said 'cgm EPHING RAYRL reagtion Mixtyre &z vatharawn i {Bseng%%ﬁoalsﬁpgn is used to
boiling point mxture BB is not nore than 0.1 % by

heat the %ﬁl‘tlng eaiedaldar teotransgstemficationgeastionifesi igte %@F’IQQ'T@“UOUS
poi nt m xture. 15. The process according to any one of

multi-stagerdistillation télumvnAr ei n said | ow 25 boiling point
m xture BT is used as a raw material for producing a
di al kyl carbonate. 51 A0501 UP14 KAN 16. The process
according to any one of clainms 1 to 15, wherein said
high boiling point mxture BB is continuously fed
into said continuous nulti-stage distillation columm
A and thus used as a starting naterial for the
transesterification. 5 17. The process according to
any one of clainms 1 to 16, wherein heat in said | ow
boiling point reaction m xture AT withdrawn in the
gaseous formis used to heat the starting materi al
for the transesterification reaction fed into said
continuous nulti-stage distillation colum A 52

52



