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A0501 VP81/ KAN | NDUSTRI AL PROCESS FOR PRODUCTI ON OF
AOS0LVEBLEIN TY DI ARYL CARBONATE Technical Field 5 The

present invention relates to an industrial process for
the production of a high-purity diaryl carbonate.
More particularly, the present invention relates to a

INCSTRIAL PROUESY FElk PROUBTION GPHAGHEPURSTY DIARYL

omat i ¢ monohydroxy conpound, stably
for a prolonged period.qQf,d] | ar ge anount of a
hi gh-purity diaryl car bgﬁ‘zﬁ%bﬁb‘fgqui red for producing
a high-quality high-performnce aromatic

pol ycar bonat e. Background Art As a process for

producing a diary) carbonate, a process of 15 reacting
Techwicad ditetd ¢ nonohydr oxy conpound wi th phosgene has

been known fromlong ago, and has al so been the

subf getprelsentvaveatiorofelatesdiveaniindustiiat pyeaess for the
However, this process has the problem of using

prodiOF86 4t a fhlngh'tL;slu Afdidiany cdvboriatet ecMorp particadarhyathe
0

are difficu separate out are present in the

pre%%@f:: @\ﬁﬁ@f@i‘?gggﬁe%;ﬁgﬁcﬁ%é@éé‘ﬁoi MdusPianepesduchigl, from a

onat e cannot be used ‘as a

eyofit EarhPRadrrd R atSatlE rRSRBHIQIH Rbriio@hfiiBtatly for a

reason 4 suc
hl orjnated, i iti kedl y.inhibit, the-: .
oot ST 4 B o B W gy caonate

met hod for producin the aromatic | ycar bonat e ich

requiredaiari pdiigingna th%g hpauabike @'%'R.é)f??é“@Weﬁﬁ?W\%q'c
smal | anmount of a basic catal yst; for exanple, even if

polge@tborateori nated inpurities are present in an anmount
of only 1 ppm the 1 A0501 VP81/ KAN pol yneri zation
hardly proceeds at all. To nake the diaryl carbonate

Background Art

As a process for producing a diaryl 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 diaryl carbonate _produced using this
process, and hence the diaryl carbonate cannot be used as a starting
material for the production of an aromatic polycarbonate as is. The
reason for this is that such chlorinated impuriti_es. markedly inhibit the
polymerization reaction in the transesterification method for producing
the aromatic polycarbonate which is carried out in the presence of an
extremely small amount of a basic catalyst; for example, even if such

chlorinated impurities are present in an amount of only 1 ppm, the
1
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capabl e of being used as the starting material of a
A0501 VR83&SNer i fi cati on nethod aromatic pol ycar bonat e,
troubl esome multi-stage separation / purification
process involving thorough washing with a dilute
aqueous 5 al kali ne solution and hot water, oil / water

a

polvpoRk gl s 3 A4 g To ek, Y i Gamnate

s : \ _ rol’ysis
cap%ﬁféisp? Bgﬂglasrﬁ%ﬁggs e 's?%éifgg“%é%rh%};égmégsggfgﬁgcﬁmn

carrying out this process econgmcally n :
methadwuatamaticspolysarbonate: Adtr QPE?&?SMﬁd',’““ij?at@&@s§eP3f ation /

produci ng aromati c carbonates through =
purificatiorspeocéss anvolvingabhoroughbwesbing with @ gdiluje aqueous

carbonate and the aromatic nonohydroxy conpound is

alkaHned sk\oen diavprwaters ol f wateeseparfation, distillation and so
reactions are all equilibriumreactions. The

on iSAHS Pédhlgﬁ%ﬁz tI‘I-ifg‘istﬁ@rﬁ?iir'i—:-‘?rﬂE\le)’yf&a@c\l\l&trecbrtehsetsrdg'enw hydrolysis

System a .reaction rate is slow, and hence

there h L& ] ' tiBn PpaAIAbN process.
Iossapgrq.a?153ﬁ@grﬁﬂ%$€?qfﬁ%égbﬁjg P??tr{sparge avount s

usi n uch a _process. Several .oro ; icall
Thetadu Bvnsrank BRBREsboe RErPEERS AGea¥ Stonomically

of these have related to devel opnent of a catalyst to
on ao industdakseale.reaction rate. Many metal conpounds

have been proposed as catalysts for this type of the

t r a@resherathies drangh, adgragess THopEAYCING ﬂ\ég'ﬁ'ﬁglﬁ Eafppnates

t he di sadvant ageous equilibrium cannot be resol ved
throggkityahse siertfication reestpnsbptweensihe Hialkyl gagpenate and

are very many issues to be resolved including the

the' hfig rﬁbﬁbﬂ*{?draxqr@@mmr{u i iad®o &nziwpr odewenver, such
i ndustrial production aimng for nmass production.

wafLLFEIRLATR Faipiee ek Hure reactions oTne
eq@ﬁﬁ»ﬁ% gi,s%r?ats%‘ﬁaégtrtelﬂ‘?eﬁf f5Wakd SHELGTY ﬁ%l%e% and the
reaction rate is slow, and hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

Several proposals have been made to improve on the above
difficulties, but most of these have related to development of a catalyst to
increase the reaction rate. Many metal compounds have been proposed
as catalysts for this type of the transesterificatioh reaction. However,
the problem of the disadvantageous equilibrium cannot be resolved
merely by developing the catalysts, and hence there are very many
issues to be resolved including the reaction system in order to provide a

process for industrial production aiming for mass production.

Attempts have also been made to devise a reaction system so as
2
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and thus inprove the aromatic carbonate yield. For
AOBOEYRRDKAN f or the reaction between dinethyl carbonate

and phenol, there have been proposed a nethod in

whi ch net hanol produced as a by-product is 5 distilled

of f by azeotropy together with an azeotrope-form ng

agent (see Patent Docupent 1: Jégan se Pat

to shfipthie saulibtsm topardnbe peaduabBysian, a8 fillkhiag possivle.
West CGernman Patent Application Laid-Ope No. 73606
and #hds WmproRe the auomamzmbpp,atamebd-rre?r?doeﬁ"\lﬁ?cﬁc” the
the nethanol produced as a by-product is renpved by
readiRin BetdeerPdimethyl eaftomatecandaphenelctherechpyedgen
Docunent 2: Japanese Patent Application Laid-Open No.
JPEERBthe® IrEWIIBHI Methans) Prodatedtadia byipesitiot is

reover, a nethod has al so been proposed in which,

i B PR By toabter SR o aectrspeormingiagent (see

PatgneDAGARPBh Tridarine Sd T Ght ApPIeRishTart bPETNS

54-48 2621 carrerpadinete WeshiReinf BatefERBRNEAY SR Laf-Open

o EEB0Ea: st - Fbem o, 3052305, SRELATARENGATN wien tne
systens are basically batch systemor 20 swt

chove
methasictprothiced asbadaupeodiet i Temovediby U &’i’osl% d onto a
much the reaction rate can be inproved through .
moleaLth Sle e\ sberPatént Docsiméent 2hdapanass Patent Anpligation
reaction, and hence the reaction rate is still slow,

Lai&lﬁpéhug | 518 R (bbAeaporiding to UaScIPatgsitdioi 410464)).
pre

erable to a continuous system O these, a

Mol 10 HetHdd has 4RRpEBATRIpdSET T Whictysising an

on columm s ‘provided on top of a

tor, has. b . ' -
apRS AT Wi AU BRI ot B OB a1y R ot #¥éactor,
an Lﬁé"&ﬁ,élogééé‘{.gggeés” % g{ff)ﬁ/vr’od%r}:q i%-.ht%eg?‘éél:{igH'iQ $Ob&F41REFoff from

the reaction mixture, and at the same time unreacted starting material

pro

that evaporates is separated off by distillation (see Patent Document 3:
Japanese Patent Application Laid-Open No. 56-123948 (corresponding to
U.S. Patent No. 4182726)).

However, these reaction systems are basically batch system or
switchover system. This is because there is a limitation on how much
the reaction rate can be imprroved through catalyst development for such

the transesterification reaction, and .hence the reaction rate is still slow,

‘and thus it has been thought that a batch system is preferable to a

continuous system. Of these, a continuous stirred tank reactor (CSTR)
system in which a distillation column is provided on top of a reactor has

been proposed as a continuous system, but there are problems such as
3
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being smal|l based on the volunme of the liquid. It is
A0s01 UB81/RQlN possible to make the reaction ratio high.

Accordingly, it is difficult to attain the object of

produci ng the aromati c carbonate continuously in |arge

anounts 5 stably for a prolonged period of tinme by
means of the above nethods and nan

Jssues re
the reactiavlratel blmngrsiommmmgamigg{l%,|g§e%%ce A& rbSctor

i npl enentation is possible. The present inventors havebl t
beinge¥M0PBEskdashithe mmelcﬁ‘tthmllqutdhodtsls thysinat %‘&%ﬂ' eto
a transesterification reaction is carried out in a

mak&cirf'ﬁelI fé‘QHﬁoﬁUt'étio nigwe degordinglyrit Eoudifficult to attain "the

aneously wth separation by distillation, and

objeg? %éﬁﬁ{%&l“& f!ié ?ﬁ‘oh{hﬂ@ BaYB6heté Cotitimiosslyt inatargecamounts

lation systemis useful for such a

sas 57475159 ¥t EFTER R FER YT B meinoce

car bonat e and the mat i ¢ 1‘&8}% ndustrial
anddﬁﬁﬂYn'@@&lﬁ%/r?'@@m qgego%dli %)Sff)age I'StI ﬁégtl i on
colum, and reaction is carried out contlnuously

impletacdtation isopossible. which a catalyst is present,
whil e continuously wthdrawi ng by distil]ati ril?t
boi Thegp msent rgndoesthavendaveioped s eaeﬂ‘B’cﬂqufs iiation
produced as a by-product, and continuously w thdraw n

method P WHith £9¢h tnamefstenmmm peagtionrig carried out in a
carbonate froma | ower 20 portion of the colum (see

apatiepecoRimntsimigbaneaushynwith separation
conf 1l e Stind 1

91257), a reactive distillation

by g%&{ifaﬁb%u y&:‘@ vé‘rbeaélﬂheal‘iﬁé"t iRheoWrid te disclose that such a

Into the rrultl-stage distillation
rea‘éﬁ&%@is{tﬂﬁﬂ-éﬁf"s&tﬁh°Fln'st$§ﬂ‘ i oty & MeleegHirication
reaﬁ%ﬁrﬁ&&??&@ B E%Ma,%tgﬁéa sﬁﬂa? ﬁ%ﬁheghgﬁhilﬂaw PH the dialky!
camggﬁdqﬂggﬁgﬁ@ﬁﬁd%ﬁéﬁﬁg Argie” EBRHRURELY fed into

produced diaryl carbonate -froma | ower, portr%ecrout cor‘natlnuously
a multi-stage distillation column, and reaction is car
inside the column in which a catalyst is present, while continuously
withdrawing by distillation a low boiling point component containing an
alcohol produced as a by-product, and continuously withdrawing a
component containing a produced alkyl aryl carbonate from a lower
portion of the column (see Patent Document 4: Japanese Patent
Application Laid-Open No. 3.291257), a reactive distillation method in
which an alky! aryl carbonate is continuously fed into the multi-stage
distillation column, and reaction is carried out continuously inside the
column in which a catalyst is present, while continuously withdrawing by

distillation a low boiling point component containing a dialkyl carbonate

produced as a by-product, and continuously withdrawing a component
4
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colum (see Patent Docunent 5: Japanese Pat ent
AOBOANPBILAAN on Lai d- Open No. 4-9358), a reactive
distillation method in which these reactions are
carried out using two continuous nulti-stage
distillation colums, and 5 hence a diaryl carbonate
is produced continuoysly whil.e gfficign cl 4
contating Ryprashiah e cABERAG: Fam @ ket porfistcef e
Patent Docunent 6: Japanese PatengPéﬁ?ﬂi cat.lon

colubmn dsepcPatent BozLmeBt 5¢ aRanm N aignt SRiicatiggd-aid-Open
Eur opean Patent No. 0461274, and U.S. Patent No. .
No. 2208883) h, rexctive déstillationamethptdn whickthege;ieaghiens are
a 10 dial kyl carbonate and an aromaticr"t;‘%{_droxy| q
o W6 ddritih@ses maltlistageddigtillaiomcolumas, an
°3’Wg?ség'? distillation colum, and a liquid that ‘

henkd igm.'%@%og}ﬁ%t IshBrG@kiegm ddntihubdsiymbhikoeticisntly

Intermedi ate stage and / or a

| [ st LSt Ak i iFatent
recyqlliigaua iy hEgrEopaliE pRbaLioE R i byfAtalit g Faten
- distillat] 15 ' 13
Docatment & hiapanese dAEnt aseR ratiofik SR NETF 2 P

inl et i ded at t b th wh
(conespendingeaW G/ R brpUrsaepnoRara oy 4P 1274, gnd U-S-

both the reactor and the disti]lation colym gseeh. ha
Pateat do. Had026®)),7andamaasstiveadistiliatign methqg, 1n whic

Lai d- Open No. 4-235951). 20 These reactive

dialiky$ddrbaiiaas aved aodarematiss bydooxy mompevad; or the like are

i nventors are the first to enable aronmati ¢ car bonat es

Wﬁﬂo G htcy s ge aistilafibni eoluimmn, and a liquid that
°°"gﬁ‘o'€‘§%§ s In which the di ar%l carbonate is produced

ﬂov&%ﬁ:{[ﬁln%‘%ﬁbbyﬂhé?fiﬁﬂﬂﬂtﬁ Wi aWwiw fromtd side putlet provided

! stage istilTation colums based on the above
ot hIFUFEHORET Sl ] BE Bhneitstagerst Grosistnation
colégfrla,,:ogg'ﬁi iggi@'ilg?figt? u%& in| @19%%2&@%8&&%51@65 et distiliation
column so as to bring about reaction, and is then introduced back in
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 Document 7: 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 processes in which the diary! carbonate
is produced from the dialkyl carbonate using two continuous multi-stage
distillation columns based on the above disclosures have been proposed

thereafter (see, for example, Patent Document 8: Japanese Patent

Application Laid-Open No. 6-157424 (corresponding to European Patent




No. 0582931, and U.S. Patent No. 5334742), Patent
A0S0DVERIHAN 9: Japanese Patent Application Lai d-Open No.

6- 184058 (corresponding to European Patent No.

0582930, and U. S. Patent No. 5344954), Patent

Docunent 10: Japanese Patent Application Laid-Open No.

9-40616, 5 Patent_Docungnt : .
No. 05BR0&H: iand Lhis-Rptenhe. 53347881 Bafenfbtument o:

12: Japanese Patent Application laid- . .
Jap&ﬁ@%ﬁemamﬁcmoam-@ﬁeﬂ/@%cﬁl%aI}l%orre_s‘m"dmg to

(corresponding to U. S. Patent No. 6093842{3453523%Patent

EurdpsaiPateht: Ndapse2as RaandtU AppPatent bo.
No. 2001-64235). 10 Anong reactive distillation

Docaiem o UagaWe%%ePtatanpwr;mmaimmmfopamuo. 9-40618,
proposed, as a nethod that enables highly pure

Pat%ﬁ@ﬁ%%&@aeé?ﬁh?%%éb patene dyssiicationiLaileOpen No.

erio me without a |arge anmount of a

0-5§85§1 b3teREeU AR £ 18paREREP AbATAGPIiBAtion Laid-Open

Ining a catal yst

tod ted wit i
No. a9 ahis, Batant Documant 137 W30, 091 87 28 t¥iR8epofiding to U.S.

t “conp
recycled (see Patent Docunent 15 WD 97/11 e
PatgobNa p09aRAg)  Batent GraRmeRtci: \BbADgEsIagten Application

U. S. Patent No. 5872275)), and a nmethod carried out
LaidwOpenkidepi2t® 1-B4288)ght ratio of a pol yhydric

aromati ¢ hydroxy conmpound in the reaction systemto e%

cat Aryshg Feladltive distillatiomsystems, theopfesenbapaiicants have

Docunent “16: Japanese Patent Application Laid-Qpen

' ] $ ¥ FRsthot et &nables bighlyPpucearmenatic
f“"ﬁ%{e‘ﬁ’é’,&gaaﬁdéu. S. Patent No. 6262210)). Furthernore, |

i % . . - h t
carggﬁggéggs%%w&g{‘g t@g%ﬁ%@%{&%é@h@eﬂ&iéﬂddlﬁf timec without a

produced as a

largd AR it cRLRY Y B¥iRER ddir 88 aombthed. pedideh Migh boiling

carbonate is produce
poiphrmatarial cantaoing aucataist B TERASAL iadeBeteRIMEqn active
substance and then separated off, and the catalyst component is
recycled (see Patent Document 15: WO 97/11049 (corresponding to
European Patent No. 0855384, and U.S. Patent No. 5872275)), and a-
method carried out while keeping the weight ratio of a polyhydric
aromatic hydroxy compound in the reaction system to a catalyst metal at
not more than 2.0 (see Patent Document 16: Japanese Eatent Application
Laid-Open No. 11-92429 (corresponding to European Patent No. 1016648,
and U.S. Patent No. 6262210)). Furthermore, the present inventors
have proposed a method in which 70 to 99 % by weight of phenol
produced as a by-prodﬁct in a polymerization process is used as a

starting material, and diphenyl carbonate is produced using a reactive

distillation method; this diphenyl carbonate can be used as a starting
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material for polynerization to produce an aromatic
A050PVPELRADDNat e (see Patent Docunment 17: Japanese

Pat ent Application Laid-open No. 9-255772

(correspondi ng to European Patent No. 0892001, and

U S. Patent No. 5747609)). 5 However, in all of these

prior art docunments in which the productij
mateniahtar polymetization t%iHﬁ@d&cPe%EtQ'J\%én3ﬁ§t9(ﬁ&3gfrbonate (see

I on
method is proposed, there is no disclosyre vvhatsolsger

Patedit Dospamerit t7plapanese PaigphAnnlicatiohLiaig-aRed
production on an industrial scale (e.g. 1 ton / hr
925573 fobheispoatinger: Euopears Agbent Nty 0808081 paRdiLS.
or apparatus. 10 For exanple, the descriptions
ogdi hgfits (HL and H2: cm, dianeters (D1 and
Pat%@: Iq(E:)r"r)d,a;g:‘n-}lj@3e S of stages (ni and n2), and starting
material feedi (!ero cukSehtshin wiichtthe
re ?W%é’ed'? i.?ﬁ'ﬂﬁgf?%%ée ol uﬁ%gt aﬁ?.g&'sﬂ osed for producing
. mainl i phenyl. car ho ( r ' i thod is
produbtiph At AT SRR Ao, e a, 2 (g Ne #ctillation me
Table 1 TABLE 1 HL D1 nl O D2 n2
promaxascivere Bopo 8issiosh st aEcRy S Pk %ﬁ%‘gy;spw%‘?szs of
305 5-10 16+ 0.6 9 PACKINGS 500 5.50 0. 6 40018 ?gbqo..pton,
appadatusenabling masm psodugtignian apindusliial scale;(eg.
0.7 12 1200 20 40 86 600 25 20 31 15 16 600 - 20 6

5 ,
hr), 606 is BPe 2 ahy déscrptien auggg,stingesgq:@@egfoggﬁQro?PPafatus-
conti nuous multi-stage

For example, the descriptions regarding heights (H1 and Hz: cm),
diameters (D4 and D2: cm), numbers of stages (n; and nz), and starting

material feeding rates (Q; and Qa: kg / hr) for two reactive distillation

columns disclosed for prod'ucing mainly diphenyl carbonate (DPC) from

~ dimethyl carbonate and phenol are as summarized in Table 1.

Table 1
PATENT
Hy | D M @ Hp | Do n2 Q2 | DOCUMENTS
600 25 20 66 600 25 20 23 6
350 | 2.8 - 0.2 305 | 5~10 16+ 0.6 9
PACKINGS

500 5 50 0.6 400 8 50 0.6 10
100 4 - 1.4 200 4 - 0.8 11
300 5 40 15 - 5 25 0.7 12
1200 | 20 40 86 600 25 20 31 15

16
600 - 20 66 600 - 20 22 17

In other words, the biggest pairs of continuous multi-stage




7 A0501 VP81/KAN distillation colums used when
AOS0T¥PBYRAN out this reaction using the reactive

distillation systemare those disclosed by the present
applicants in Patent Docunment 15 (WD 97/11049
(correspondi ng to European Patent No. 0855384, and

.U S Patent No. 5872275)) and Pat . " -

distillaHoaestumaschsea e a.aaaAng, Pt ahis, TRAEERh. d8ir, the
(corresponding to European Pafent 4. 1016648 d .

reactive distiltationsyses 216)hosgs t%ﬁ“%a %ﬁégﬁefﬂrﬁﬁ%b?%p“ca"ts
1, the maxi num val ues of t-he various conditions for

in PhtentDeidument 6 (WO Q&4 049 &onreappam@mtgnégropean Patent

di scl osed for the above reaction are H = 1200 cm H2

No. D85¥5840 aRd B.80PatenDNa: B872875)) anchPatent Dncymeat 16
only conditions: Patent Docunent 10 (Japanese Patent

(JarfHtRb € BARh R (i ERABN ol dIOWET MO, 1002428 (koriesponding to

and the anount of di phenyl

Eur§ReRRIBhte Al Nb!of618628) ahPucse FaulertMo08262240))6. As can

ah “anount produced on an
i ndustri ale., 15 The di al ibipdcl i
be S99 (oM 18D fle thFDBHmUS YRllsf Bt VALARE cbhditions for
on an industrjal scaleg,.and furthernore
the comtinupus mutsg-(stﬁgemﬁssﬂﬁgi% EoUELRE, Fisfigted for the above
di al kyl carbonate is industrially produced in_a bar[%e =n
reaetionrareal it At 200cm nhl2raGaa &m-fén 3 RY cah Jafs €2 ¢m. M = N2

pol ycarbonate is an oxidative carbonyl ati on process i.n
= 50Hited c¥lynedhditions:sPatent Booumant dlbblapaness fatait
oxygen to produce dinethyl carbonate and water.

ATRURYSH LALDpdH NXO.dFI618)), C 508Gk i dr, prrst &= 31 kg / b,
Ap(see,Y&?or exargpélﬂe, Pat ent Do)current 18: WO 03/016257),

! [ | Hrbodateuraduced has pos extceeded
annhg‘i?%gaqgﬁh g:bgfrep@'rirwou t of Cud - as a catal yst, and

h h f o _ ‘
o RRARY B o) AEAFEN %30 ittt dromcan

. puri_chat' on system Mbreover, in this process, the
indpgtnidhsSaBifoxi de i s

The dialkyl carbonate used in a step (li) of the present invention
must be produced on an industriai scale, and furthermore must not
contain a halogen. The only process in which such a dialky! carbonate
is industrially produced in a large amount as the starting material for the
aromatic polycarbonate is an oxidative carbonylation process in which
methanol is reacted with carbon monoxide and oxygen to produce |
dimethyl carbonate and water. However, with this oxidative
carbonylation process (see, for example, Patent Document 18: WO
03/016257), the reaction mUst be carried out in a slurry state using a
large amount of CuCI-HCl as a catalyst, and hence there is.a problem of
the corrosivity being very high in the reaction system and a separation /

purification system. Moreover, in this process, the carbon monoxide is
8 .




8 A0501 VP81/ KAN prone to being oxidized into carbon
A0S0 VPBLAEAN and hence there is a problemthat the

selectivity based on the carbon nonoxide is |ow at
approximately 80% On the other hand, several
processes for the production of a 5 dial kyl carbonate

and a diol fromthe reaction,.betyween ' :
prongxipbeing oxidizes intq ﬁﬁé’f’PE ﬁ’f&ﬁ‘é‘}ﬁ@d?f‘? ﬁ%ﬁ%ﬁg‘f‘%’gv@ a
been proposed. Wth this  reaction, the dialkyl . low at
probdenbthat the selectiyityhased Qn M@%Epngwm'ﬁae'ﬁ, ow
and hence this is a preferable process. As reaction
apprdheately 80%. systenms have been proposed. These four
reaction systens are used in 10 a process for the

pr QHAHeOBtIEr Hiame!, Rdveral prozessasdiostting predyctionl of a
from et hyl ene carbonate and net hanol, which is the

i ' tdi et lic carbonate
dml@ﬁ%ﬂ%@??{?&bahﬁaﬁ dieN fréemaie feadlign stween a cyclic ¢

atch reaction system (2) a batch

and SRS AT EPTARE fcshediaro sosicpropepas, s win i

er eof

flow lj.qyid reactiqQn s j :
reactiahe Be diffiof ARonel8, S b bl {ge8 MRnbLEUIsihg a halogen,
di scl osed by the present inventofs (see. f
andreane thisienpraisTabie Bies8sSparhn g Hian &Y sEIARY féur
Lai d- Open No. 4-198141, Patent Docunent, 20: t]%Z}{’J?Ea'snese di
systeansrhavebeamproposedd- hhaseJoUs-reaLtinn sps are used in
Docunent 21: W99/64382 (correspondi ng to European
a pRAatewd foothd P36aueticandf 20metSyl parkanale arskabtedene glycol
Pat ent Docunent 22: W00/51954 (corresponding to

frorf WiPRtaRe Rrdtindie. and Méttanahdvbich isthemosbtypical reaction
6479689), Patent Docunent 23: Japanese Patent

j i 11 . on i{@) a4 batch
R A R RV

es3fgh ikt Ul FIEHETER, fSssd BRI FaiAltion soumn
orob SR e B R Yo s SecBBEy st using
tubular reactor, and (4) a reactive distillation system first disclosed by
the present inventors (see, for example, Patent Document 19: Japanese
Patent Application Laid-Open No. 4-198141, Patent Document 20:
Japanese Patent Application Laid-Open No. 9-194435, Patent Document
21: WO99/64382 (corresponding to European Patent No. 1086940, and
U.S. Patent No. 6346638), Patent Document 22: W000I51954
(corresponding to European Patent No. 1174406, and U.S. Patent No.
6479689), Patent Document 23: Japanese Patent Application Laid-open
No. 5-213830 (corresponding to European Patent No. 0530615, and U.S.
Patent No. 5231212), Patent Document 24: Japanese Patent Application
Laid-Open No. 6-9507 (corresponding to European Patent No. 0569812,

and U.S. Patent No. 5359118), Patent Document 25: Japanese Patent
9
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9 A0501 VP81/ KAN Application Laid-Open No. 2003-119168

- A0B0{ ¥PBLESONdi ng to WO03/006418), Patent Docunent 26:

Japanese Patent Application Laid-Qpen No.
2003- 300936, Patent Docunent 27: Japanese Patent
Application Laid-Open No. 2003-342209). However, there

have been 5 problens_with St ens . ows. In
Applieatiendleais-Opgn At %é‘??%—!i@’?éﬁp@%rrm?ﬁ‘ﬁﬁﬂé cyclic
carbonate conversion is determned b he conpositj.on
WOQ340064 t8) PatentePosumeant 26: a&ﬂ?ﬂmﬁ% éﬁ@"&ﬁ?ﬁ%ﬁ{"’“
cannot be carried out to conpletion, and thus the
LaidcOpa Non2063+-300986; Ratent Dacumeniadé: dapapese Patent
make the cyclic 10 carbonate conversion high, the

AppREQHURCEafi-Opah Nar R003-842209)be Hdivevier| thews have been
using a very |l arge anount of the aliphatic nonohydric

pro%\gg\gg‘g*iﬂz lﬁ’egteﬁseiﬁ%é%@fdlwkiﬁe is required. in the

reaction can be nmade to proceed with

ﬁbaﬁﬂfé G%% thilg'ﬁgﬂq%‘wﬁggéé}ga i{dit OF tHekyclic carbonate

I'therto have
rel ated, t roduci 15 th | al ke
conyiriop: aptermitad Byaths AEutkdsifign BOL 1 A8 emEprature.
time, and have not related to carryi out th
andphencethenreaction ganngk be garcied eﬂ?ﬁbqwi?ﬁan- and thus the
prol onged period of time. That is, these rocesses ..
conkevsiomis kawai iMdreovendnedhe 6aspreli{). A8 edf‘?ﬁ Eyclic
carbonate continuously in a large anmount (e.g. not
carb6faté tamvarston high) tee girod uced diaigypcarbagate mausbhe
of time (e.g. not Iess than 1000 hours, preferably not
distifed dfaisidg0R very iargstimountiaf the nliptaticesyonabydric alcohol,
5000 hours). For “exanple, the maxi num val ues of the

and;?ialg@g;) ééﬁ%ctg&itﬁlﬂhaﬁefﬁuﬁ%. Cith, theaBésBusbEs), dhe reaction can

e reactive distillation colum, the
ve 3o BARHEAD Bighal ke FiarER i sAOR TR @) or (0.
HoWsNBBnRTRSeERES g dtraassl Bitfikste hlle rélatEysd producing
the dialkyl carbonate and the diol either in small amounts or for a short
period of time, and have not related to carrying out the production on an
ihdustrial scaie stably for a prolonged period of time. That is, these
processes have not attained the object of producing the dialkyl carbonate
continuously in a large amount (e.g.. not less than 2 ton / hr) stably for a
prolonged period of time (e.g. not less than 1000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours). For
example, the maximum values of the height (H: cm}), diameter (D: cm),
and number of stages (n) of the reactive distillation column, the amount
produced P (kg / hr) of dimethyl carbonate, and the continuous
production time T (hr) in examples disclosed for the production of

dimethy! carbonate (DMC) and ethylene glycol (EG) from ethylene
10



10 A0501 VP81l KAN carbonate and nethanol are as in
AOSOTYBBPEKAN Table 2 TABLE 2 PATENT H: cm D : cm NO
STAGES : n P : kg/hr T : hr DOCUMENT 19 100 2 30
0.106 400 20 160 5 40 0.743 NOTE 5 21 200 4 PACKI NG
COLUWN (Di xon) 0.932 NOTE 5 22 NOTE 1 5 60 0.276 NOTE

5 23 250 3 PACKING OOLUWN. i 0.392 NOTE 5 24
carbpoate andreethagaate @sshy gﬁfﬁ‘cr?'s 25 NOTE 3 NOTE 3

42 NOTE 4 NOTE 5 26 NOTE 3 NOTE 3 30 3750 NOTE 5 27
Tabla® 15 PACKI NG COLUMNS 0.313 NOTE 5 NOTE 1 :
OLDERSHAW DI STI LLATI ON_COL 2: NO DESCRI PTI ON
WWHATSOEVER DEFI NI NG D ﬁiﬁﬁ UWN. NOTE 3: ONLY
DESCRI PTI ON DEFI NI NG DI 8T UWMN | S NUVBER OF
STAGES. NOTE 4: NO DESCRI PTI ON WHATSOEVER OF PRODUCED

ANMOLINT. NOILE &5 AN DECODL. DT L OB WAL AT
L A — — e | ™TT N Vi iR\ OULV

PREGU | ON DESR PROL T:hr
SEATRi e Joron | Lo asaaen ] R
La8d- Qpbn_100No | 200 30Da36) | '0.106 400

oaAgr aph @660 tlhat 5 The| present 40exanpl e lush743o | NOTES
STE P PCePpol T W asaT or | PACKING COLUMNBIxnide Sh832 i} NOTES
23 . L ROTET L 8 vas ggr i ed oyt ve.eyethg NOTES
or2&uci hg @0et hiyl c3r ho UMK (Rasehig){ > 0382 ' " NOTE 5
24 NOTE2 | NOTE2 NOTE 2 ' 0.532 NOTE 5
25 NOTE3 | NOTE3 42 NOTE4 | NOTES
26 NOTE3 | NOTE3 30 3750 NOTE 5
27 200 | 15 PACKING COLUMN (BX)| 0.313 NOTE 5

NOTE 1 : OLDERSHAW DISTILLATION COLUMN.
NOTE 2 : NO DESCRIPTION WHATSOEVER DEFINING DISTILLATION COLUMN.
NOTE 3 : ONLY DESCRIPTION DEFINING DISTILLATION COLUMN IS NUMBER OF

STAGES.

NOTE 4 : NO DESCRIPTION WHATSOEVER OF PRODUCED AMOUNT.

NOTE 5 : NO DESCRIPTION WHATSOEVER REGARDING STABLE PRODUCTION
FOR PROLONGED PERIOD OF TIME.

in Patent Document 26 (Japanese Patent Application Laid-Open
No. 2003-3009386), it is stated at paragraph 0060 that “The present
example uses the same process flow as for the preferred mode shown in
FIG. 1 described above, and was carried out with the object of operating
a commercial scale apparatus for producing dimethy! carbonate and
ethylene glycol through transesterification by a catalytic conversion
reaction between ethylene carbonate and methanol. Note that the
foliowing numerical values in the present example can be adequately
used in the operation of an actual apparatus”, .and as that example it is
stated that 3750 kg / hr of dimethyl carbonate was specifically produced.
The scale described in that example corresponds to an annual production

of over 30,000 tons, and hence this implies that operation of the world’s
11
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et hyl ene gl ycol through transesterification by a
A050E9PBI AN conversion 10 reaction between ethyl ene
carbonate and nethanol. Note that the follow ng
nuneri cal values in the present exanple can be
adequately wused in the operation of an actual
apparatus", and as that exanple it is stated that .
larg@stecale bommefrc'mlrmlant|uaagﬂéﬂﬁtpé%§ssfb%éﬁ}?%ﬂﬁ"ed out at
produced. The scale described in that exanple
the GAid 8$nRBKSIRG ofithenpaténpapplication fier BatentPasument 26
tons, and hence this inplies that operation of the
(JapHidsh P atbht MFNicafSA/LAY- Opiege Mo . 260 3- 300836 (April 9,
plant using thi's process had been carried out at the
[ me idy fmeabEfMlinyPthe paésent lapplication, there
200@3“ en‘?g&égﬁeﬁérﬁd%a%ggganese Patnggt Ap(pgl i cation
. _Laj,d-Open No. 00 r YalRRle of HORRME |
1S n%@t'he %Q%W??%Qgﬁf i \&l%%ot e’ E)Ar é@eenet ap%lleicati on,
there 5 is not the above fact bl theddte | d
Document &6qexaathh emﬁe‘fﬂa‘uf&g‘géa&m y tﬁ@\éggngh\r}:a |§ge
as the theoretically cal culate val ue i s _stat r
valuehis shated for the @maynt of1d) | sashgoate RraidiGad but the
yield for ethylene glycol is approximatel 5.6%, and. .
yield Heorssthade neiglycok is approximate w8§s§%%a'§412hﬁe?%§°ﬁ‘”ty 1S
cannot really be said that a high yield 10 and high . .
app$EkRAktelyt 88 e dmkheatcesitraannohreally beupaid thata bigh yield
selectivity indicates that this process has a fatal

d Hea\lipeeinnhtiamedictinopagtiadassthe Noweselectivity
andaf'@c!@?%g?é@é?gnt Docunent 26 (Japanese Patent

o R R B AP 5, ARG s oo
orofEHaRChIGFelF! | IRUHEB AT AEiinol 26 (ipanese

ere are very many

* pagad oo L A, M2 003 SSGERSE) Wi YA nave

distillation in the distillation col umm,,.and .
beerenyithdrawe amiidy 26 2005 siua do examinalien ot haying been
col um, and hence '
requested).

With the reactive distillation method, there are very many causes
of fluctuation such as composition variation due to reaction and
composition variation due to distillation in the distillation column, and
temperature variation and pressure variation in the column, and hence
continuing stable operation for a prolonged period of time is
accompanied by many difficulties, and in particular these difficulties are
further increased in the case of handling large amounts. To continue
mass production of the dialkyl carbonate and the diol using the reactive
distillation method stably for a proloriged period of time while maintaining
high yields and high selectivities for the dialkyl carbonate and the diol,

the reactive distillation apparatus must be cleverly devised. However,
‘ i2
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20 continuing stable operation for a prol onged period

Aos0P{pPBiARAN S acconpanied by many difficulties, and in
particular these difficulties are further increased
in the case of handling | arge anbunts. To conti nue
mass production of the dial kyl carbonate and the di ol
using the reactive distillation nethod stabl foh)a d

the o¥ily degeription oﬂcohthmmtaalmrmacﬂpﬂfoz Rrgenge
yi el ds and high selectivities for the dial kyl

y .
 periéd’diondeewinitid eeditive disiillatéien methar proprsedohitherto has

appar atus nust be cleverly devised. However, 12 A0501

z hdDpniehP1 90 Jagmﬂésmd%a;tesnta%pplication
bee%@%ﬁ%{ﬂg%hﬁﬁgg’pml onged per|(o of time with the
. feactj dj s{d { on nmet hod proposed hitherto has
La'dﬁg)a?'hgﬁ"h%ﬁgsé*lﬁikatent Docunent 19 (Japanese Patent
Application Laid-Open No. 4-198141). 5 Disclosure of
I nvention Problens to be Solved by the Invention It is
an object of the present invention to provide a

Disclpsureiof Inyesdiy t hat enabl es a high-purity diaryl

carbonate required for 10 producing a high-quality
hi gRrpblems tarke Solyesk by { U't‘éﬁ'b‘g‘i’l%te to be

produced industrially in a large anount (e.g. not |ess-
t hart is awobjebt pf theaptesdndr inventiomtgRIoyede &y saeciic
time (e.g. not |less than 1000 hours, preferably not

pro%%%% th%@‘énmesf‘@lﬂﬁgh-mﬁbj diaryd rcarbpnade respired far

ours) froma cyclic carbonate and an aromatic

i 1 aPoma digcarbonate to be
oSS i AR op el ssomatpiye

I nventors have carri ed out

prodiyaRraRlSTERLG i, 5 1BFQ¥CAMBAR ©PGChbttess 2haRS1 ton / hi)

ct'to ained, and as a
result have reached.tqg t ent . j ' Tr Héurs,
stabfi oy aian a0 wenbd ALfoté 1670 gl L fen Tooo
preIf(!;tyaet?ItyI r?gt’ letshsehwear{il ra%(% ?\\Squ? more preferably not less than 5000
hours) from a cyclic carbonate and an aromatic monohydroxy compound.
Means for Solving the Problems
The present inventors have carried out studies aimed at

discovering a specific process enabling the above object to be attained,

and as a result have reached to the present invention. That is,

.according to the first aspect of the present invention, there are provides:

1. an industrial process for the production of a high-purity diaryl
carbonate in which a high-purity diaryl carbonate is continuously
produced from a cyclic carbonate and an aromatic monohydroxy
compound, the process comprising the steps of:

(1) continuously producing a dialkyl carbonate and a diol through a
reactive distillation system of continuously feeding the cyclic carbonate

and an aliphatic monohydric alcohol into a continuous multi-stage
13
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20 1. an industrial process for the production of a
AosoDveBRUuN ty diaryl carbonate in which a high-purity

di aryl carbonate is continuously produced froma

cyclic carbonate and an aromati c nonohydr oxy

compound, the process conprising the steps of: (1)

conti nuously producing a dial kyl, carbongte_ and W) ;
distitlationgtolumasT ¢ imathie @icatamsettlﬁcﬂf%%ﬁé}afeﬁam'“% 8L reaction

conti nuously feeding the cyclic carbonate and, an . .
and distitatiba sienebaneoasty toisaiid ianlumn.cepntinueysly withdrawing

mul ti-stage 13 A0501 VP81/KAN distillation colum To
a lohbfirep8jMBi otién imbitues cuintairdngya myosiuceaddiatkyh

and di tPIIatlon simul taneously in said colum, q

cont L% WobBY o f thevedlaimn ng pgaseousafeimpan
ca’bﬁqﬁtﬁﬂgﬁr@aﬁ’ﬁpﬁg 'f\dréﬁdﬁced di al kyl carbonate from

n upper portion of jtiec HRift EE86AYA mXtbreagshtaining
c°"§"l&8ﬁgﬁhMﬁﬂﬁ@?%ﬂar'ﬁ%hngbg% EE'@H [ing point

reacti on m xture cantaipnjn he di 7 wer
the gint rom ar Iawer povIRn Phise colifhat bz faffy forrd:

continuously producing a diaryl carbonat j ;

sai @) doatiRyiously mERSLSIng @ Slanyl Gt P@%%;@F%@sa'd

conpound as a starting nmaterial, continuousl eedin .
dialkipEcatbohate anst ani aromatis monahydraxy: mm@wﬁ) as a Starting

mul ti-stage distillation colum in which a cataL¥st I S,.
matirR e Bontivardus iydfeadingrihecstastinghmatesial int@ i Hrst continuous

si nul taneously in said first colum, conginuousl¥ .
mul‘ﬂ-&{%é‘\@ié‘ﬂllﬁtibh@éltﬁﬁhlewhin:h bocafalyshis preseat ¢afrying out

m xture containing a produced al cohol froman upper
reaBfibh gﬁg%ﬁﬁﬁhﬁ?u{g Efhuft@nedusly in gedefiest cdlanm, continuously

usty wthdrawmng a first columm high boiling

witlgq? %ﬁ]&gﬁggﬁéﬁgtztgﬁﬁ gb% &g?ﬂ'&?‘(ﬂhf‘ fedclibAdvwpadral éyhtaining a

tron of said first

protocs 2 A, G en FHBIR 8 3R MR Sy 5 geseots
fortn oty i & 758 Batd) A S BohYH reaction

_and di sti I_I_ati on simul taneously in said second cPI‘ng ortion
mixture containing a produced alkyl afyl carbonate from a lo p
of said first column in a liquid form, continuously feeding said first
column high boiling point reaction mixture into a second continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said second column,
continuously withdrawing a second column low boiling point reaction
mixture containing a produced dialkyl carbonate from an upper pqrtion of
said second column in a gaseous form, continuously withdrawing a .
second column high boiling point reaction mixture containing a produced
diaryl carbonate from a lower portion of said second column in a liquid

form, and continuously feeding the second column iow boiling point

reaction mixture containing the dialkyl carbonate into the first continuous
14



20 continuously wi thdrawi ng a second col um | ow
A05009Pki/RA\NPOI Nt reaction mxture containing a produced

di al kyl carbonate from an upper portion of said

second colum in a gaseous form continuously

wi t hdrawi ng a second col um hi gh boiling point

reaction m xture containing a produced diaryl
multéatageadistillatiom cobwen; @Rd i on of said second col um

inaliquid 25 form and continuously feeding the |, .

seqeny peeifyifg lsald idiary hoaromate soaas itorobiatn the high-purity

contal ning the dial kyl carbonate into the first
diarﬁpﬁé}ﬁ]&ﬁaﬁe‘ 14 A0501 VP81/KAN nulti-stage distillation

olumm; ‘and (111) purifying said diaryl carbonate so

as t ain the high-purity diaryl carbonate;
mhe‘?’ﬁ?gg'lnﬁ (a) said continuous nulti-stage

distillation colum 0 Vi i
eyt LR FRUE T NSRS S tliatibh (ot Teomprises a
an inside dianeter, Do, (.C and,.havi.ng. '
struniuierbavensa colindetea U Mt hEFAS 4 KLy (e and
a gas outlet having an inside diangter do, .cC t
an inspdefdiametesl Rmicor) and thavingpap 'B&&ﬂ%ﬂ%\"i‘ﬁ“%& of
colum near to the top, a liquid outlet havi_n% an, .
stag &6 indethdiraimsiele, citd Ccomprisesaa igas ontlet hawn -Aninsige
In the lower portion of the colum near to the
diaf@itEPd,, demeasta twieof ithetcoluhen quriovitieedppert pertign&f the
portion and/or a mddle portion of the col um bel ?w dos (cm)
i Rt n ideggtlephavingcamdnsidecdiameter do2 (C
co'%’?‘i‘vﬁ%éaqpnﬂﬁg’?ﬁ gdllﬁieu'gort [ gn arY(;I/gr t he | ower
e jigHi ce ar to
at q?\ﬁg&feqrﬁ tﬁ{)tﬂ%;%o}ﬁgﬁfbgo'm tﬁg%gvoéﬂ;S&'l;iil’SHaﬂfdmﬁDo /ur&;\zne
respective ati sf 0 | £0 I /
the(lwt?ogl,()@t l%a{loogeg%régqﬁ%t,ﬁll%gg_l {H%lfbg)oéor(l)b?iizt)%n and/or a
middaﬁéopég?or?%% t&l%) tolumn below the gas outlet, and at least one

second inlet provided in the middle portion and/or the lower portion of the
column above the liquid outlet, wherein Lo, Do, Lo / Do, no, Do.l do4, and

Do / do2 respectively satisfy the following formulae (1) to (6),

2100 < Ly < 8000 (1),
180 < Do £ 2000 (2),
4<Lp/Dg< 40 (3),
10 < ng < 120 (4),
3<Dp/dos <20 | (5), and
5 < Do / do2 < 30 (6);

(b) said first continuous multi-stage distillation column comprises
a structure having a cylindrical trunk portion having a length L, (cm) and
an inside diameter Dy (cm), and having an internal with number of stages

n, thereinside, and comprises a gas outlet having an inside diameter d11
15
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20 10 < no <_ 120 (4), 3 < Do/ dog 5 20 (5), and
A050PIPRIAE30 (6); (b) said first continuous multi-stage
distillation colum conprises a structure having a
cylindrical trunk portion having a length L1 (cm and
25 an inside dianeter D, (cn), and having an internal
W th nunber of stages nl thereinside, an? tgongr@?els Q& ar to
(cm)oak aciap ef thavéolgnam drrisi the ¢ippal RPriypn of 156 sgREmn near
VP81/ KAN (cm) at a top of the colum or in the upper
the 1o,t4 Oiuitl 6dket hlaving meminside diameter daz (¢)iat a bottom of
outl et having an inside dianmeter dl12 (cm at a bottom
the E8lurhfi%f it #H8 I8Werpéition dfthencolumn reat te: thel hottom, at
near to the bottom at [|east one third inlet provided

' [ i bddloetioarandiorsa shiddle portion
least&iﬁhﬁ@ﬁ@\,\ffﬁ@%@%@ﬁﬂ@?’l-ﬂ%ﬁn%ﬂgt Ileast one fourth
inle royi de in e. . ddl fy inle ided
of ths ol pelay thsahs uffigh nd df feab I tpubtheinlierprovi
wherein L1, b, L,/ B, ni, D oI d
in thespeldieragion andley e dBigr Bartich o, i sy dBove the
12), 1500 <_ L, 5 8000 (7), 10.1Q0,<_ _D, 00 .
liquicpuitied. wheaBif oy, Do, lgo! @i, 1981 4 tri-ani, G g5 respectively
5<_ D /dii<_30 (11),and 35D 1d12< 20 (12); 15 (c)
satisfy the dotlowviagrtdrmudae (M)l ta ($2hge distillation col um
conprises a structure having a cylindrical trunk
portion hagiooocd., €@P00 L2 (cn) and an(#)rside
di aneter D2 (cn), and having an internal with nunber

of stagesqpg Lhe[ & pgode. and conprises(8),gas outl et
having an inside dianeter d21 (cn) at a top of the

col um or 2i D Lt1hle4p§g,r0 portion of (9),
20 < ny < 120 - (10),
5<Dq/dy <30 (11), and
3 < Dy / dyz <20 (12);

(c) said second continuous multi-stage distillation column
comprises a structure having a cylindrical trunk portion having a length
L, (cm) and an inside diameter D2 (cm), and haying an internal with
number of stages n thereinside, and comprises é gas outlet having an
inside diameter dz¢ (cm) at a top of the column or in the upper portion of
the column near to the top, a liquid outlet having an inside diameter d22
(cm) at a bottom of the column or in the lower portion of the column near
to the bottom, at least one fifth inlet provided in the upper portion and/or
a middle portion of the column below the gas outlet, and at least one
sixth inlet provided in the central portion and/or the lower portion of the
column above the liquid outiet, wherein Lz, Dz, L2/ D2, n2, D2 / d21, and

D, / d2; respectively satisfy the following formulae (13) to (18),
‘ 18
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20 the colum near to the top, a liquid outlet having
AOB0AVEIA AN di aneter d22 (cn) at a bottom of the columm
or in the lower portion of the colum near to the
bottom at |least one fifth inlet provided in the upper
portion and/or a mddle portion of the col umm bel ow
the gas outlet, and at | east one sixth inlet provided
in the cet$0@I< port BO®Gand/ or the | ower{1Sdrtion of the
25 columm above the liquid outlet, wherein L2, D2, L2
/| D2, n2,108 4 D32€ 20001 D2 / d22 respdddlvel y satisfy
the following fornmulae (13) to (18), 16 A0501 VP81/ KAN

1500 5 L2p5% B qq;{ 1330 1005D252000 (1415), 2<_L2/ D2540
(15), 10< n2580°(16), 52 < D2 / d21 5 15 (17), and

5502/ d22538 £ 18) . the process accorgi to item1,
wher ei n ng@ é§sst8r?§n 1 ton / hr of th(eeier??gh-purity

di aryl cagb te, i s_prkpduced, 3. the prg@egs cordi ng
toitem1 oé)E%,FWﬂeﬁei said dog and sa@ﬁd?éﬂflo for
sai d contjnuqus Iti-stage distillatio ol um To
used in tﬁé&Ze/pH&ﬁaéatisfy the fornu ¢(19) 1 5 dog

/| doe 55 (19), 4, the process accordi to an ne. of

2. ithenpracess acomrding fo itemph, wheTein Botigss B 1yt hr of
and Do / d02 for said continuous nmulti-stage

the diighi-purity diand carbonatedsspredygedespectivel y 2300 <_
Lo <_ 6000, 200 5 Do 5 1000, 5 < Lo / Do 5 30, 305

3. nhebpidesd accdiding dogtem 15r Anwhersimsaiddhy andzmid doz
5. tﬁe process according to any one of itens 1 to 4,

or P S i tago gl chine Aubod s st

sat%&s’s[ﬂ%i @Ey'ﬂ%ﬁ?mt ively 2500 < Lo 5 5000, 210 5 Do _<
1<doy/do2<5 - (19),

4. the process according to any one of items 1 to 3, wherein Lo, Do, Lo/

Do, No, Do / do1, and Do / do2 for said continuous multi-stage distillation

column T, satisfy respectively 2300 < Lo < 6000, 200 < Do < 1000, 5 < Lo

/Do <30, 30 <ng< 100, 4 < Dp / doy <15, and 7 < Do / do2 < 25,

5. the process according to any one of items 1 to 4, wherein Lo, Do, Lo/

Do, ng, Do / do1,.and Do / doz for said continuous multi-stage distiliation

column T, satisfy respectively 2500 < Lo < 5000, 210 < Dp <800, 7 < Lo 1

Do < 20, 40 < np < 90, 5 < Dy / do1 < 13, and 9 < Do / do2 £ 20,

6. the process according to any one of items 1 to 5, wherein said

continuous muiti-stage distillation column To is a distillation column

having a tray'andlor a packing as said internal,

7. the process according to item 6, wherein said continuous multi-stage

distillation column Ty is a plate type distillation column having the tray as

said internal,
17
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20 Do 5 20, 40 <no < 90, 5< Do/ dot 513, and 9
Aos0L VER/KANoe 5 20, 6. the process according to any one

of items | to 5, wherein said continuous nulti-stage

distillation colum To is a distillation colum

having a tray and/or a packing as said internal, 7.

t he process according to item 6, wherein said ) .
8. thetprocess actordisynte iters Giog7 .| wherein saidAraydénsaid

plate type distillation colum having the tray as
confifudushenn A tagk’ distREtiOPDIKAN T, ishe sievedsay having a

according to item®6 or 7, wherein said tray in said
sie\fepabmgﬁ@nﬂig Howat@sfedigdrtidmt i on colum To is a

av

sieve tray ing a sieve portion and a downconer

9. RREISALesk ta%%r@ r%gt?jt%ﬁc@f ineteli? sh‘icﬁ@iéve%ﬁyﬁh%aid

sard sieve ray In conti nuous multi-stage

istillatign colu 10 / ' 2
confinfigus; (NS Astlfptiah Calfmd T ds 01060 idles / m
. to item8 or, 9, vvhere#' n a cross-sectional area per
in spifl sigye pordian hereetayy in said continuous mul ti-stage

distillation colum TQisinaranepffromO.SiioS '
10. ¢he, prreess acner%mé@,steda&)%%gwh%faﬂyao‘h@ﬁﬁ"sﬁp Qpal area

8 to 10, wherein an aperture ratio of said sieve tray '
periholeabfsaithsienm dsaynin tsaidtcantinueus multi-siageodigtillation

isin arange of from1l.5 to 15% 12. the process
col@®POTgligdnt® rangeostfraimic.6no 6 ¢m11, wherein said d"

and said di12 for said first continuous nmulti-stage

di (e | oridof e mt Bt 110, whigrefry an
11'thtzltéf Er o%gﬂgﬁaﬁm%%?g%?,ﬂ andoszlai d d21 and said d22

apefggﬁﬁres?éﬁg:@c?%ﬂ{ Egévés ?tbg}’m I@)e\'ia ic'qﬂtpﬂf?@é thisltl-2tage distillation

um™ U satisty the foll ow ng
coli ™Y, 3s (A'A rahgdldt Frokn &) 18984, 15021/d2256 (21),

12. the process according to any one of items 1 to 11, wherein said d1q
and said dq2 for said first continuous multi-stage distillation column used
in the step (I1) satisfy the following formuta (20), and said d21 and said
dz» for said second continuous multi-stage distillation col.umn used in the
step (H) satisfy the following formula (21);

1<dy2/dy1 <5 (20) and

1<dy1/dp<B (21),
13. the process according to any one of items 1 to 12, wherein L4, D1,
Ly / D4, ny, D4/ dy1, and D¢ / dq2 for said first continuous multi-stage
distillation column used in the step (Il) satisfy respectively 2000 <L, <
6000, 150 < D, <1000, 3<Ls/ Dy, <30,30<n4<100, 8 <Dy /dy <25,
and 5 < Dy /dy2 <18, and Ly, Dz, L2/ Dz, nz, D2/ d24, and Dz / d22 for
said second continuous multi-stage distillation column used in the step

(1) satisfy respectively 2000 < L, < 6000, 160 < D> <1000,3 <t,/ D2 <
18
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20 13. the process according to any one of itens 1 to

8 intLl, D, L / D1, nl, D, / dil1, and DO /
Aosmd]@i% or said first continuous nulti-stage

distillation colum used in the step (I1) satisfy

respectively 2000 < L, 6000, 150 < D, 5 1000, 3 5

L, / DL 530, 30 :5n, 5100, 8 < D /[ dil '2325, and
30, 18 <nds 600225% D5 / dpri<L 2, Bpd 7% Pphdzas 28p / d21,

and D2 / d22 for 25 said second continuous multi-stage D
14, %iKd brbabssaesbrdingeedny onéefstams 1itp)13anhgrgin Ls, D1,

respectively 2000 5 L2 < 6000, 150 5 D2 <_ 1000,Et_3t<_e

2 .D ' PS5 KaMidGirst Tontirtususonulti-stag
L"Bé'f”d?‘%dﬁ?arg%?%’\g%z | d22 :5 25, 14. the process 800
. .according to i s 43, wis060n200,<M1y, < ,
d'St'ﬂ??'Pn[f? n %?%F?ég%#é@%@ ?52?2 for said first

conti nuous lti-st isty!l)ati 0 sap,sf i < 15,
5 < Led R 12 %2%6!) 5 44, %gs%yd,} 80222 hQﬂ%o, 55 ¢

L, / D, 15,405 nj 590, 105D ii . i ous
and dngBe.B,7 i M. D3 Aleat nck | 82 1G8aig, seggnd gontiny

and D2 / d22 for said second continuou i -st
mulistsgd distifationcaiumn setiply seppeciyaly 2B 538000, 200

5000, 200 5025800, 55L2/02515, 20! 5 n2: 550, 3502/ d2 9<D,/
< D; 2180818 242D, 425,20 20n, 05053 £z frdwes s 0. and 9 < D2

according to any one of itens 1 to 14, wherein each of
d Qaééi first continuous nulti-stage distillation colum
22 3nd sai d second continuous nulti-stage distillation

15. g‘ﬂgggré]éeés Yetidrirty teTamp e ohatemg fhtott4ywhedet each of

g as sal ernal’, 16. the process according

saitﬁjiriﬁi %?piﬁ'g.l%qhé{rﬁxﬁggféoge @g%ﬁﬂaﬂﬁﬁt EBHAHA add said second

um i's a plate type

distillation colu vi.n rs in £} i ,havi
continiaus mubtstaot disaied ehfifinh§/a sfRafionnestuinh having a
colum is a distillatjon colaggn havi ng both the

traypacid/ag aapacking atsrﬁ?gj Hyieg internal, 17. the
16.2;5;:;?8;;;2 gtlsggréiggl ttoeintne%l%3 1%r, v%ﬁérmeggicp first Eoﬂiinuous
multi-stage distillation column is a plate type d.istillation column having
the tray as said internal, and said second continuous multi-stage
distillation column is a distillation co]umn having both the packing and
the trays as said internal,

17. the process according to item 15 or 16, wherein each of said trays
in said first continuous multi-stage distillation column and said second
continuous multi-stage distillation column is a sieve tray having a sieve
portion and a downcomer portion,

18. the process according to item 17, wherein each of said sieve trays
in said first continuous multi-stage distillation column and said second
continuous multi-stage distiliation column has 100 to 1000 holes / m? in

said sieve portion,
19
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20 in said first continuous nmulti-stage distillation
Aﬂsofgﬁﬂ d said second continuous nulti-stage
distilTation colum is a sieve tray having a sieve
portion and a downconer portion, 18. the process
according to item 17, wherein each of said sieve trays
in said first continuous nulti-stage distjllation .
19. Cthe'Proeedssaccortingrid itesn dahor Mfbusheietn aggrags-sectional
distillation colum has 100 to 1000 holes / n2 in
areasgéF' h318V6f BaEhi Phsaid s traySin ikaid Tust centpruress
according to item 17 or 18, wherein a cross-sectiona

! “di i ad fids berendr eontinnossi multi-stage
mu"?isﬁéggc@ﬁ?ﬁkﬁbﬁ C%%ﬁr?-agtaagel distillation colum and

ot S B PR B ot D o8 200
process accordin

20. Cibararochns AaeataL e FaaySlos o, WIEIBY <3 decand
conpameusgniitstagsditmren o 18 %A1 E e naving

tray in the | ower portion of the col um, fZé_. th? d the

as ﬂddaﬁermlggheil%gcklol?aﬂyth?élmedﬁ P@:i‘éOEEST 960 ‘;m"' an
erein sai packi ng of said internal in sai

traySi?\Cﬂﬂﬂ |6welri pordlen ofiithe-colagendi stillation colum is

one or a plurality of sets of structured packings, 22.
21,1 *‘tﬁeoPPG@é% HWrding tbany one2df itdrasel 51 te A0 wherein said

structured packings "in said second continuous

g Eirfpha L eowdncahtindlourl midtisstagedistiilation

pac% osfg%gt Ié"géﬁ%mr?ﬁgm]grs%up consi sting of Ml apak,

CGenpak, 15 TechnQ- I King, a
col IR PREsat A RYTaHRE of SoE L Shugtuied HRlcing

t he process
according to. any of i

] 1 i i .
22. ¢t PEPECHEI 2G4 ng o 213 eretiCE A sligrted Yackings

in sgaisi;fﬁiflgéaai;cii?qr}i;'ltwlégggitnt'lLﬂp—’stg(g:go&igki“%tltoon tchur%?\CQde of at least
one type selected from the group consisting of Mellapak, Gempak,
Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and
Glitschgrid,
23. the process according to any of items 1 to 22, wherein the diaryl
carbonate purification step (Ill) is carried out by distillation.

In addition, according to the second aspect of the present
invention, there are provided:
24. a high-purity diaryl carbonate produced in an amount of not less
than 1 ton / hr, which is produced by the process according to any one of
items 1 to 23,
25. the high-purity diaryl carbonate according to item 24, which has a

halogen content of not more than 0.1 ppm,

26. the high-purity diaryl carbonate according to item 25, which has a
20
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20 invention, there are provided: 24. a high-purity
A0501 ¥P8I/RAN ar bonat e produced in an anount of not |ess

~than 1 ton I hr, which is produced by the process
according to any one of itenms 1 to 23, 25. the
hi gh-purity diaryl carbonate according to item 24,
whi ch has a 25 hal orgten content of not nore than 0.1
halogepncoftent of not ghopethan HirABY) carbonate according to
item 25, which has a 20 A0501 VP81/ KAN hal ogen

content of not nore than 1 ppb. Advantageous Effects
of the Invention It has been discovered that by

| MY GARM deus IEFf@ERCOP Shednsentiadi ng to the present
invention, a high-purity diaryl carbonate required

9t h‘EsogH%in”Qis%oWéi‘quﬂﬁti by iRiglBmsiting thecpracesmt i c

f
pol'ycar bonat e can be produced on an industrial scale

._not . h ) :
sccofiind 58 BraBER okBiard s MAERInY AR Nt componatee
roquifador rodising S Srabudbatte Eidh Aedfo ey et

iod of ti f, f | t t
polydaronatereanine PjoRuEoreas AThindupiis! Serlesor figfd8ts than 1
preferably not |ess than 5000 hours. The present
ton /itviron the ¢yulic pathvonate anst the ayomatic Anghydroxy

excellent effects as an industrial process for tgk;ﬁ it
compb@aEct iMBrebvehdt ashbpeni disativered thatbuieh @ hign-purity
Brief Description of Drawings FIG 1 is an exanpl es of

diarygfékﬁ%ﬂa%edéamwpreﬂuee@ostamyonm a pratanged period of time of,
istillation colum To preferable for carrying out the

LESEE ndt ey tidh 2000 Wotlrs! préfératiy inoticsavtiran 3000
for e%ﬁ?iﬁ%a&égonpf?%mg Si e?}e tra)‘/)g 20 prgvi ded i nside a
hourtsf %‘&é’%ﬂ&#&%&{)‘ﬂ&%ss than 5000 hours. The present invention
thus provides a process that achieves excellent effects as an industrial

process for the production of the high-purity diaryl carbonate.

Brief Description of Drawings

FIG. 1 is an examples of schematic drawing of a continuous
reactive distillation column T, preferable for carrying out the present
invention, the distillation ¢olumn having internals comprising sieve trays
provided inside a trunk portion thereof;

FiG. 2 is an example of schematic drawing of a first continuous
reactive distillation column preferable for carrying out the present
invention, the distillation column having internals provided in a trunk
portion thereof;

FIG. 3 is an example of schematic drawing of a second continuous

reactive distillation column preferable for carrying out the present
21
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FIG 2 is an exanple of schematic drawing of a first
A0501 kAWouUs reactive distillation colum preferable

or carrying out the present invention, the

distillation colum having internals provided in a

trunk portion thereof; 25 FIG 3 is an exanpl e of

schematic drawi ng of a second conti nuous reac{( ve ..
inventibA! thealistitlationuoolymer kavisigprovideas. i Adran Refion

present 21 A0501 VP8I I KAN invention, the distillati on

there SO i@ r A% cemprivingestructured pankmgs in @n uppareriion and
|nternals conpri si ng structured packlngs in an upper

s,eveﬁpgig R aﬂmlﬂe?éﬁﬁ?.ot[{ aysdin a lower portion; and FIG

an ‘exanp schematic view of an apparatus 5

C%ﬁﬁ%q Eﬁafﬂsﬁlﬁt of SBhEMLNIE viewcsf 4a apparalus i on

cond conti nuous reactive

compeiaingithg Bint GRtippousERoi A Risfafigh (HIMA arlgthe

enti on scription of

Ref erence Nuneral s un e
second gordinupuereastiye él%"@'q"?'?n "‘Llf? H?‘{‘SQWﬁQ & ’,e%erab'e
5. end plate, 6: internal, 7: t runk portion, 10:
for cmvtnmmﬂihwptesmhg‘élefﬁi%m | lation colum, L: length
(cm of trunk portion, D: inside di arreter(cn) of
trunk portion, dl: inside dianeter of gas outlet, d2:
15 inside diameter (cm) of gas outlet (In Figures 2,
)JRéferémteONUmerald: liquid outlet, 3: inlet,
Desc?rptﬂiWO‘f 5: end plate, L, and L2: Iength (cm of

ortlon D1 and D2: inside dianeter (cm of
(In FH"E&E zorti on, dii and d21: inside dianeter (cm of

1: ge oufidt) et%uﬁﬁ?é[d offietl? anflisiRe: lifRide dinmptan:(ciiet, S5

|hterna 77 trunk portion, 10:
end cpolgté!nuou : lnkérlﬁata?e t%ﬁf('b ?{lbﬂn 10: continuous multi-stage

distiliation column, L: length {cm) of trunk portion, D: inside
diameter(cm) of trunk portion, di: inside diameter of gas outlet, da:
inside diameter (cm) of gas outlet

(In Figures 2, 3, and 4)

1: gas outlet, 2: liquid outlet, 3: inlet, 4: inlet, 5: end plate, L1
and Lo: length (cm) of trunk portion, Dq and Dz: inside diameter (cm)
of trunk portion, dyy and dz¢: inside diameter (cm) of gas ou_tlet (cm),

dy2 and dj,: inside diameter (cm) of liquid outlet,

6: internal, 7: trunk portion, 10: continuous multi-stage distillation
column, L: length (cm) of trunk portion, D: inside diameter(cm) of
trunk portion, d;: inside diameter of gas outlet, d2: inside diameter
(cm) of gas outlet, 101: first continuous multi-stage distillation column,

201: second continuous multi-stage distillation column, 11, 12, and 21:
S22
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colum, L: length (cm of trunk portion, D: inside

A0501 VP@nER®r (cm) of trunk portion, dl: inside dianeter of
gas outlet, d2: inside diameter 25 (cm of gas outlet,
101: first continuous nulti-stage distillation colum,
201: second continuous nulti-stage distillation

colum, 11, 12, and 21: 22 A05 VP / i4d et .
inlet, ant3 28ndc @3urnotwpngiep ogaseut i& 1%' {#i dl%g heat
heat exchanger, 17 and 27: col unn bottom Ilgw d 6: column
exchangéret , 11ard@26cokonnrottony liguid Hidiet, oyl Peand 246: colum
col umm bottom conponent outl et of the second
top c‘o?ﬂbbﬁé%somlétl - spdgecohmnin |Eattom coompenentzaytiet of the
for Carrying Qut the Invention Following is a
| - fdisfidafosseoturnvention. In the
secowé@ﬁnﬁﬁ%?@% ?sdtl,gﬂa step (1) of continuously
produ0|ng a dlalkyl carbonate and a .diol on an
i ndustrial scale froma cyclic io carbonate and an

| i phat d out. Th
Best Mads for GArrying Quf tfe 108hteh oo L' o4 out- The
S apt s el Spia Pt 8 AP it
@ henpresend iawontioagdists aiatep 03 af caytinyRlsP pPoBucing

more of the hydrogens thereof being optionally .
a diatyfiséaibdreatenantd adial byl agriodpstiiabsgale frp %&MCH& 1
to 10 carbon atons. Mreover, R2 represents a
carbgRay arRNhnakliphaticangholydriv algohol ts carkedhost.
atons, one or nore of the hydrogens thereof being

gfgb%nﬁééé’tléHQﬁté 2 Wi 4 Pedarsibl&transesterificatigh reaction

avi ng arbon at ons.
represented by the following formula:

Py RO OR* R:
0\0/0 + 2R0O0H +—2> (uf aod’ “om
A 0

wherein R! represents a bivalent group —(CHz)m— (m is an integer from 2
to 8), one or more of the hy'drogens thereof being optionally substituted
with an alky! group or aryl group having 1 to 10 carbon atoms. Moreover,
R? represents a monovalent aliphatic group having 1 to 12 carbon atoms,
one or more of the hydrogens thereof being optionally substituted with an
alkyl group or aryl group having 1 to 10 carbon atoms.

Examples of the cyclic carbonate include an alkylene carbonate
such as ethylene carbonate or propylene carbonate, or
1,3-dioxacyclohexa-2-one, 1,3-dioxacyclohepta-2-one, or the like,

ethylene carbonate or propylene carbonate being more preferably used

23
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20 Exanples of the cyclic carbonate include an
AD5019#§Y carbonate such as ethylene carbonate or

propyl ene carbonate, or 1, 3-di oxacycl ohexa- 2-one,

1, 3-di oxacycl ohept a- 2-one, or the like, ethylene

carbonate or propyl ene carbonate being nore preferably
used 23 A0501 VP81/ KAN due to ease of é)I‘OCU e

r nt .
due t&RA s ofprognde rient! and soono@and: eby e EQF'E’PEEF%h%}“Q

preferably used. Moreover, as the aliphatic nonohydric

i nddl s Mg&d.a lower boilin oi nt than the
partm&i'%‘ﬁp?rrggggﬁ%n?s uged. Al t hough posgi gl y varyi Bg 5 lower

d | #a baohydriccakwhuinane baying a low

ejgﬁp e@g{i% mszﬁil phat?(if;éﬁnogoxydri c al cohol include

... et hanol,. e lia (E8QMErAhoahhypogsibdpaiarying

boilingypafifitnatiNERp! Rodieatlis dpeartminoaghpossiow

(isomers), hexyl .alcohgl,.(i h I,ﬁag%l fth
depeodmreﬂkghe 8¥P |°f§%ﬁ¥%"£€éﬁe@?,”§%ﬂ%xgl ol o e

(i somers), decyl al cohol (iso S u ol
aliphaticomenspydrisinsenal Tuufe meshane). SISl dteRefe

cycl ohexanol , cycl oheptanol, cycl goctanol,,
(isonershy Bllyt ldpenob iutanal disemers) e Briwiantspl AmyLalcohol

(i somers), nethylcycl ohexanol (i sorrersl,, I alcohol
(isonféreyl aexyehaehol (iscsnees)s)heptfiyinalaghel tisaagehl 0cty! alc

(isomers), diethylcycl ohexanol (i S?ﬁé{%&:msb undecyl
- ylrﬁ%ﬁ} i(iddraersy, decylealod i ,
“”"Eﬁ‘:ﬂét yl I?ﬂ%ﬁﬁ?ﬁ (‘(i sorrerys), psgenyl propanol (isoners),

a'°°€$€@§§@8@y ﬁblbre&é"bgfl'g-l&ShoI hrsomaks R heyalopemtahgtir i c

ubstituted with substituents such as

cyclcgﬁéggﬁggmgﬂ%%ﬁ%ﬁgg?’cﬁlBPB&noEYrﬁB%QFc‘?@P@pentanol

aryl oxycar bonyl " groups, acyl oxy
. groups,. .and nitro . .groups. =S | {isomers),
(isormarenyatricuRonsnene RBorRLsl. MBSy EYiipkanol (isomers)
al cohol s having 1 to 6,carhon at DI €, bly
ethykiydabexangli(igprmersy @%&Wgﬁyﬁlt%%aqéle('géﬁ{%ﬁbl ,
et hanol, propanol (isoners), and . benzyl
diethylcyclohexanol (isomers), phenylcyclohexanol (isomers), benzy

alcohol, phenethyl alcohol (isomers), phenylpropanol (isomers), and so

- on. Furthermore, these aliphatic monohydric alcohols may be

substituted with substituents such as halogens, lower alkoxy groups,

cyano groups, alkoxycarbonyl groups, aryloxycarbonyl groups, acyloxy

‘groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more'preferably alcohols having 1
to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and
butanol (isomers). In the case of using ethylene carbonate or propylene
carbonate as the cyclic carbonate, preferable aliphatic monohydric

alcohols are methanol and ethanol, methanol being particularly ‘

preferable.
24
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but anol (isonmers). In the case of using ethyl ene
A0501 9PBDRAM € or propyl ene carbonate as the cyclic

carbonate, preferable aliphatic nonohydric 25 al cohols
are net hanol and ethanol, nethanol being particularly

preferable. 24 A0501 VP81/ KAN V\hen carrying out the

reactive distillation of step |( z t he

mWheg carying pat the reactive distiflationsq {siq,g?(%l) %e method

distillation colum may be any nethod, but in

of makig§ a tatalyste presénhlmdahegeraﬁw déﬁtdll@tétmtwm“ may be
di ssolves in the reaction liquid under the reaction

any n?é’l!%q | PBEin the ceienl fortexampie pof rmuemmge;aepugsﬁtaﬂaiyst that
in a l'iquid phase in the reactive distillation colum

disso@y?%ﬁ;ﬁ%g Jl’ﬁ@ﬂ@(/ﬂ&tuﬂdﬁptﬁé‘ﬁeé@ﬁ@ﬁi gendittons) the aatalyst

I nuousl or in the case of a

can q%gtggé)%ﬁ 56 | r%géﬁbiﬁ Q?{gﬁ' jigﬁ'sé‘?ﬁ thel sttt idistiation

on conditions, the
cat al e t.o,b es C
colurg dreteeging E&m atghistdnig 8 edive, disffafisdcoliin
reactive distill atl on _col umm; these net
contibuousdyl ohinsheicase 6f a heteiRgenteus (£a agyﬂ%eﬁé%g not
catalyst is continuously fed into the reagtiv talyst
dissaivetinl thet reactiohdiquidt uedabﬁbger@@cﬁibo%&t)&wg?"ﬁa}hﬁeca alys
fed in together with the cyclic carbonate and / or

can B&enalibneabkopraventtyitr the téaetioorsystesn yagdisrosiag the
at a different position to the starting nmaterials.

catalggf JLAL IR iRtheddactVe destiBationtdwudint thése imathods may
um in a region below the position at which the

aho?%égs%ﬁ g?ﬁﬁjjs?ﬂ or@dnd hence it is preferable to

Into a reg| on between the top of the

el e Gse dhabd bhSedus LABNAKTE SORTALBASly fod into

e present

the r:q;cgltvfgalf 8?9351&%13;13?0 ﬁggﬁ,ﬁ‘ﬁ'ﬁabl ég%ﬁep@?s at7aly§f be fed in

very In

case of using a heterogeneous, soli t he
together with the cgychc carbongate and / or tﬁe §] Shgtc‘lc monohydric

alcohol, or may be fed in at a different position to the starting materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region between the top of the
column and the position(s) at which the starting materials are fed in.
The catalyst must be present in at least 5 stages, preferably at least 7
stages, more preferably at least 10 stages.

Moreover, in the case of using a heterogeneous solid catalyst, the
catalyst must be present in at least 5 stages, preferably at least 7 stages,
more preferably at least 10 stages. A solid catalyst thatalso has an
effect as a packing in the distillation column may be used.

Examples of the catalyst used in step (1) include:
25
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catal yst nust be present in at |east 5 stages,
A0s01 0PBiRMaPI Yy at least 7 stages, nore preferably at
| east 10 stages. A solid catalyst that also has an 25
effect as a packing in the distillation colum may be
used. Exanples of the catalyst used in step (I)
i nclude: 25 AO0501 VP81/ KAN al kali metal s ing,alkalkpe
ealkalimetals andralialinet eadiy matais guchpas J48)ym, sodium,
rubi dium cesium nagnesium calcium strontium and
potasBAimUFubigRire, ceshaundsaghesiuml icateiums stiantiMaiant
earth nmetals such 5 as hydrides, hydroxides,

bariuﬁ*'kOXi des, aryl oxides, and am des; basic conpounds of
al’kali metals and al kaline earth netals such as

N 3{%’5&?@3@%@6% BenAk S matsiscasailIkatinedeartht metals such

s such as triethylam ne, tributylam ne,

es LA BRI AR g o

ds such as

N bas i bhmanihds of akHlipesEiapReaTke i earth metals such

pyridi ne, al kyl pyridines, quinogline, kyl qui nol i nes,
as carbonates| ibniearbomalass PE0ARS acid ﬁ%*she,

al kyl acri di nes, phenanthroline, alkyiphenanthr?l_'hnesl .
pytéiatyreminé & sunir asitdietby|aniegytiabutydamine, trinexylamine,
al kyl pyrazi nes, triazines, and al kyltriazines; cyclic

and gghggnﬁgt e di azobi cycl oundecene (DBU) and
di azobi cycl ononene (DBN); thallium conpounds such as

thg}t:rli:ggh‘-’éb Eainig Hetefo ARdmass, compaiundsnsimpl asi de,

th m carbonate] thalliumnitrate, thallium

w-siEHhi31pe. M ARYIHLS ERLERI omngizolesr
-tk o ptarea bt o BT ey ines. quinotine
alkylquinolines, isoquinoline, alkylisoquinolines, acridine, alkylacridines,
phenanthroline, alkylphenanthrolines, pyrimidine, alkylpyrimidines,
pyrazine, alkylpyrazines, triazines, and alkyltriazines;

cyclic amidines such as diazobicycloundecene (DBU) and
diazobicyclononene (DBN);

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide; thallium carbonate, thallium nitrate, thallium sulfate,
and thallium organic acid salts;

tin compounds such as tributyimethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyidiethoxytin,
dibutytphenoxytin, diphenyimethoxytin, dibutyltin acetate, tributyltin
chioride, and tin 2-ethylhexanoate; |

zinc compounds such as dimethoxyzing, diethoxyzinc,

ethylenedioxyzinc, and dibutoxyzinc;
26
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di but yl phenoxytin, diphenyl nethoxytin, dibutyltin
A0501 VP8I/&RIAN tributyltin chloride, and tin

2- et hyl hexanoat e; 25 zi nc conpounds such as

di met hoxyzi nc, diethoxyzinc, ethylenedi oxyzinc, and

di but oxyzinc; 26 A0501 VP81/ KAN al um num conpounds

such as al um num tri met hoxi de, al um num . .

t ailusspuopcempouRds sHehAsAIUTR M methexids, alyminum

conpounds’ such as tetramet hoxytitani um
triisoprsp@dtieoand admminum tibutexideyt it ani um

di chl or odi net hoxytitani um 5 tetrai sopropoxytitani um

t itftaRium esRipdindsistich aartetramethgxydtaninm.e;

phosphorus conmpounds such as trinmethyl phosphi ne,

| pPhifiabtbkhtitahiums dichierodimethoxytitanium,
tetra%thomﬁéﬁmégﬁﬁgd trbi but yl mit hyl phosphoni um

B o Tt

10 zirconium
conpounds such as zi r,coni I ' Ai
ad§59$akgf%%é¥%?99PPégﬁgﬂﬁggﬁﬁgiﬁﬁﬁgYﬁgﬁ z”?ggnium
acetate; lead, and, |l ead-contajnin for

trietrwhahgsehirv%\.dtrmfdréehowgff‘%s THR'ES “Wge%sm;
| ead sul fides such as PbS, Pb2S3,. a bS2, 15 | ead,.
tribuiwumnywmsuhnnmmmatrmeM?@E)ﬂEF"SPm"’”m Rdtiges,
Pb2[ PoQ2(COH) 2], and Pb20(0OH)2; plunbites such as

and NPARDBGAM BT 08 o s phidPHTM halideskHPb2; pl unbat es such
as Na2PbOB8, Na2H2PbO4, K2PbO3, K2[ Pb(OH)6], K4PbO4,

CopERfium R $teas st gl psrenin
and 2PbCO3Pb( OH) 2;
acet{ltUtshatd, chEBANIMSantkiaes! end erdontumoacetateqch as

lead and lead-containing compounds, for example lead oxides
such as PbO, PbO;, and Pb3Ou;

lead sulfides such as PbS, Pb;S3, and PbS,; -

lead hydroxides such as Pb(OH)2, Pb303z(OH)2, Pb2[PbO2(0OH):],
and Pb2O(OH)2; plumbites such as Na:PbOz, K,PbO,, NaHPbO;, and
KHPbOgV

plumbates such as Na;PbOas, NasH:PbO4, KoPbO3, K2[Pb(OH)el,
K4PbO4, CazPbQy, and CaPbOs; |

lead carbonates and basic salts thereof such as PbCO3 and
2PbCO3-Pb(OH)3;

alkoxylead compounds and aryloxylead compounds such as

Pb(OCHs)2, (CHs0)Pb(OPh), and Pb(OPh)z;

lead salts of organic acids, and carbonates and basic salts thereof,

such as Pb(OCOCHj3)z, Pb(OCOCH3)4, and Pb(OCOCH;)2'Pb0-3H:0;

organolead compounds such as BusPb, Ph.Pb, BuaPbCl, Ph3PbBr, PhsPb
27
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Pb( OCH3) 2, (CH3O Pb(OPh), and Pb(OPh)2; |ead salts of
A0501 YPEGHRIAN aci ds, and carbonates and basic salts thereof,

25 such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

Pb( OCOCH3) 2PbQO. 3H2O, or ganol ead conpounds such as

Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, Ph3Pb 27 A0501
VP81/ KAN (or Ph6Pb

2), Bu3PbCOH and Ph2PbO (wher ej
(or Phaetb s BusP RO bafibO Grhernn B ERRASE s A byt aroup.
group); lead alloys such as Pb-Na, Pb-Ca, Pb-Ba,
and FPr&presentsPa-pienyl geaup;neral s such as gal ena and
zinc blende; and 5 hydrates of such | ead conpounds. ég

t g agasRoy 4 @udthascPbNan®hCal BbsBal Rix-Sm and Pb
starting " material of the reaction, the reaction

m@gw BrindrdI8aslé R yarsRe Erid 2inc blentekand he
compound €

an be used as a honobgeneous catal yst,
[ dd t
i T R R R Sl o e
tal yst. Furt ' ' i
oIt sassei A e sompyhd Fagd dIEESRIGR I LAS dtafting

' di ssol ving a conmpound as,. above,in a N0 [JE |
matesial iofcthecEeactian. the fﬁ@&é'tq'bﬁ"m‘%%r"’e?gga'#’@a%m@d‘%t or
by- product or the |like in advance, or b%ereacti n

0
the Ik, thecbompouid sanbpoised AsarhHpaasEo s catdist) whereas
exchangers such as anion exchange resins havin
in theddsetabith@canpopsad doesemhatsg@lygsm,g qunp%gnd can be
am de groups, ion exchange resins having at |east one
used 406 Sbliaxehangst.or Pupthesnbrs; dsfalem piefesable to use, as a
groups, carboxyl ate groups and phosphate groups, and

homéggbgoﬂsr BQ%%Eaéirﬁi)&D}é’rbtﬂéﬁi‘@@w digsolving a compound as

ernary annoni um groups as exchange groups;

abo s b &, LR LFEFHCA i TEEPUORS B8 egmtion piggure. 2
reacgigaltrgip;g& S Cq?nt glg%?fﬁ{ée&u%gﬁ%?\ldeteér by ¥e'atihg to bring about
dissolution. :

Furthermore, ion exchangers such as anion éxchange resins
having tertiary am.ino groups, ion exchange resins having amide groups,
ion exchange resins having at least one type of exchange groups
selected from sulfonate groups, carboxylate groups and phosphate
groups, and solid strongly basic anion exchangers having quaternary
ammonium groups as exchange groups; solid i_norganic compounds such
as silica, silica-alumina, silica-magnesia, aluminosilicates, gallium
silicate, various zeolites, various metal-exchanged zeolites, and
ammonium-exchanged zeolites, and so on can aiso be used as the
catalyst.

As a solid catalyst, a particularly preferably used one is a solid

strongly basic anion exchanger having quaternary ammonium groups as
28



amoni um exchanged zeolites, and so on can al so be
AOGO1 VBEOKAN the catalyst. 25 As a solid catalyst, a
- particularly preferably used one is a solid strongly
basi c ani on exchanger havi ng quaternary anmmoni um
groups as 28 A0501 VP81/ KAN exchange groups exanpl es
thereof including a strongly basic anion g agge .
exchahQ® gréaps nexauap lesnther sluding alﬁigoﬁg% gavion
groups, a cellulose strongly basic anion exchanger

excha'h@\é' Péls iUARQ TR U 2 SRAary BIMMomipB gEOURS Rt GXChHangss groups,
an inorganic carrier supported type 5 strongly
a cella?oséecsﬁrarfﬁ] %ﬁ@@ﬂﬁfoﬂ“é&bh@n@e&tIﬁmmg/qammam ammonium
roups as X ange groups. As a strongly basic anion

groupg)(%lﬂ1 %ﬁ%@‘ aa}i% @Sr%)ﬁ' ”%ntﬂ ‘ai‘?lt ﬁfd}@bhlé‘fﬂmﬂelﬂ% s potedatype

exanpl e a“styrene type strongly

5 strong,l,yellpéﬁﬁ)gbﬁ?o e ég,ﬁéﬂg&i qudte kr o%?%‘n‘r%lum roups as

ype 's basi ¢ ani on

exchf@%ﬁ%iﬂ%'gsgﬁi@ﬁég%¥ 10,385 g(ﬁg Yk FEENHREYIng

di vi nyl benzene as a parent naterlal and _havi n

quaternarygraTamOoRitm [growMpsgas |XEhangr aroyps, fpt Q’ﬁq"BLe a styrene
exchange groups, and can be schematically
type éﬁ'bhgs?ruasdc dmioreesophngebiesiner tie d,me.qgancnmrsferablv
-CHCH2- CHCHz-/1/" (type 1) CMN(CHB)S CH
used! N( @l"@iﬁéﬁe e strong Sk ShidiHzxchiange Tesiry ji a sirongly
----- N( CH3) 2( C2HACH) -

10 basmcg'awrg&)c%(a%@%lr%ﬁavmg a copolymer of styrene and

divinylbenzene as a parent material, and having quaternary ammonium
groups (type | or type ll) as exchange groups, and can be schematically

represented, for example, by the following formula:

'\ —CH—CH2—CH—CH2— CH—CH2— """

@ Q (type I)
CHzNgzﬂa)a

CHzNgHa)a —~~—CH—CH2—~"—

__—CH—CH2—CH—CH2—CH—"L"

<j] Q (type II)
—CH—CH2~"— CHzN(CHa)z(CzH4OH)

CHzN&CHa)z(CzH:;OH)

15 wherein X represents an anion; as X, generally at least one type of anion
| 29
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X 15 wherein X represents an anion; as X, generally at
A0501 veastkome type of anion 29 A0501 VP81/ KAN sel ect ed
fromF, d-, Br', |I', HCO3 , C032', CH3CO2', HCA',
I8, Br@B-, and C ' is used, preferably at |east
one type of anion selected fromd - Br HCO3' , and

CO32'. Moreover, as the structyre of r : en
selectad éroml F~,eCtn&r al” gélC@ypngqg ﬁéﬁzcu@ Bros,
(MR) type one can be 5 used, the I\/R type bei ng

and G1@ 4 iis Wised ypreferabhpbé least one typeofanion ggle\péﬁg! from CI°,
resi stance being high. An exanple of a cellul ose

. HEO3NgANdhee,8 . anMuTeoveaagathehatriucgure odttbeneesin parent
amoni um groups as exchange groups is cellul ose having

mate%&éﬁ@ﬁg%ﬁ%@t &'Upm abicrgtrrlilay (MR) eype one can be

e -OH groups in the cellulose into
I
usea g S, L SRBK naH Gy e g SRSPEEme o

gener al | usej_lEl Flreferably met hyI or et hyI
so"’%rf@@\}%ﬁan‘)@ @M‘Q ffs an anion as above.

i norganic carrier supported type, stron
| Shoserampie afe aaliUlnaeeanURE HRSIE G épo%féé'%@aépr“av'"g
exchange groups means an inorganic carrie

quatévarh ryCa @A pNNRBXGIRLPS ASae ¥ChaREen8 (ANRE &lggtllu?ose%avmg
i ntroduced thereto by nodifying sone or all_of the

—OCHZOHIN R3Xee konangs | groupspebbdined:byreonyeiting some or all of
Here, R and X are defined as above. n is generally an

the -IGHE Pdu;&éqmﬂaet@el@uld@eefrababimmmmoeﬂmsgms Here, R

i norganic carrier, ica, alumi na, silica-alum na,

Si |
repr%%%w?fér gBI,e kﬁg%bhﬁé Irp@fh\}lh%thyk%mlbﬁul#?‘vledr the Ihe ig

I cd, alumna, or i ca-al um na,

gendiliv, igeffe patb BRI of PRl o VERESIOI K fiessatts an
nlogré)su%%oo\fe the inorganic carrier.

An inorganic carrier suppbrted type strongly basic anion
exchanger having quaternary ammonium‘groups as exchange groups
means an inorganic carrier that has had —O(CH2)}nNR3X quaternary
ammonium groups introduced thereto by modifying some or all of_the
—OH surface hydroxyl groups of the inorganic carrier. | Here, R and X are
defined as above. n is generally an integer from 1 to 6, preferably n = 2.
As the inorganic carrier, silica, alumina, silica-alumina, titania, a zeolite,
or the like can be used, it being preferable to use silica, alumina, or
silica-alumina, particularly preferably silica. Any method can be used as
the method of modifying the surface hyd‘rolxyl groups of the inorganic
carrier.

As the solid strongly basic anion exchanger having quaternary

ammonium groups as exchange groups, a commerciaily available one
30
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25 As the solid strongly basic ani on exchanger having
A0501 GP@i/RARAry ammoni um groups as exchange groups, a
commercially available one 30 . A0501 VP81/ KAN rmay be
used. In this case, the anion exchanger may al so be
used as the transesterification catalyst after being
subj ected to ion exchange with a desired aniog;c
may bepaeeds i thisacase atheaaionRX¥eANIAHMAY &lS0 gysed as
catal yst conprising a macroreticular or gel-type 5 .
the tr&h888t&riNGANBR' cAalysuaftendreinghsubjactaditer iy @xchange with
groups each containing at | east one nitrogen atom or

a desited ARIGRR Sp&eids B abdvante abonétreatment.o

eterocyclic groups each containing at |east one

|tn Mﬁg%@{]%pﬁ Sgg??%'?ﬁgggta Psgfé%l@fg‘ﬁ' Mmadrefefisuldreor gel-type

thernore, a solid

orgarig e VG BeiE Befbth bR Iy oups sach

ve been
converted into a , quaternary salt ¢ .Siqi .
contairieg atdeast pae AREDGRN &0 tarﬁt"iﬂa%%'ésﬁiﬁ@“o‘%‘“'“g

exchanger may al so_act as a packing. ,The apount, of .t
bondedtthieyeto heterocyclie gEoUPS($3ch FHIRNIAGALIFAS 8Hetﬁ§r°ge"
type of the catal yst used, but in the case of
atom GHH iglse s préfembly used as thetranpardendicaiion gatalyst.
that dissolves in the reaction liquid under the
Furthieftdied a Golid éhaﬂgstimwmmsomw alkofiéhesel |y in a
range of from 0.0001 to 50 % by wei ght, preferably

nitro@éﬁ—iﬁ%@?ﬁi‘lﬂ%’g@e%%n@b%ﬁpsmm bererf eoalkytdd dnto a

y wel , as a proportion of the total

quatﬁmﬁ{%&;aﬁtcéﬁf ggg{rhﬁaegﬁrlfgé’% t :Sﬁ?%ehgftaﬂ% ﬁgﬁu 6atalyst such
' . M o] h ' h lid
as ar jon) 9REhanee R AL aIse et 51 S PRPRINGS ol um, ¢ he

catal yst is preferabl

P s S ihe B TR e v

60 vol % still nore preferably fromO.1 to 60 vol % ]
on thmsyrie? tecatalysy usedirhut/ i the case Ak candinyquglycfpeding
col um.

in a homogeneous catalyst that dissolves in the reaction liquid under the
reaction conditions, the amount used is generally in a range of from
0.0001 to 50 % by weight, preferably from 0.005 to 20 % by weight,‘ more
preferably from 0.01 to 10 % by weight, as a proportion of the total
weight of the cyclic carbonate and the aliphatic monohydric alcohol fed in
as the starting materials. Moreover, in the case of using the solid
catalyst installed in the distillation column, the catalyst is preferably used
in an amount in a range of from 0.01 to 75 voi%, more preferably from
0.05 to 60 vol%, still more preferably from 0.1 to 60 voi%, based on the
empty. column volume of the distillation column. |

There are no particular limitations on the method of continuously

feeding the starting material cyclic carbonate and aliphatic monohydric
' 31
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25 There are no particular limtations on the nethod
A0501 VPso®AN nuously feeding the starting material cyclic

carbonate and ali phatic nonohydric 31 A0501 VP81/ KAN
al cohol into the continuous nmulti-stage distillation
colum To constituting the reactive distillation

colum used in step (I); any feedjng nmethod ' o

alcohob intosthe cogtinuiaus myéu-s&asa@ﬁhh@%oan%f%fﬁv ﬁ?’i‘ﬁ“é“““g
monohydric al cohol can be nmade to contact the

the remitive distiltationegplamniusad ivstepsly anyfegding method may
preferably at |east 7 stages, nore preferably at |east.

be ustd ?bqgﬁg, as thet &gclié giarbbaaterarb themaliphatic imonofydric
cyclic carbonate and the aliphatic nonohydric al cohol

alcohB] LA bEAHEIY B Hohthet! the datamyst ihea retdn rofatleast 5

I'n stages of the continuous nulti-stage

e AR TSP AU/ 8y oty steast 10 stages,

e.cyclic io carbonate
and the aliphatic ohydrig a afe] [ o hati
of the fustillatansEanage TAY (dhg CIPRF gefBénafe Al thucafphatic
may be introduced into ,diffe

mon R el 553 RS B 4 3868, bl pumoer o

al i phati ¢ nmonohydric al cohol_ are fed conf.i nuously.
inlets i stagesafnthienconsinuous n@,wl&gﬁtaﬂ%@i'w@?f'eﬁ Eqiginin

colum To in a liquid form in a gaseous form or as a
satisl‘*ih*guﬂ’ﬁe ebndidohs qlescribedtearliprs. Moreevehdhe s¥8lifg
the starting materials into the distillation colum

carb?ﬂa{é‘iﬁd"’ﬂile dlfptigti@nsenphytieicablonhicd raayibe dntraduced into
eed in a gaseous starting naterial intermttently or

the sgagﬂgﬁg%;ggbmé%ﬁuh?w coRfhh, @7 Myt be idttduded iinto

reover, another preferable nethod 20 is one

diffe}gaﬁgﬁ]%é Eﬁgéﬁgl{i‘in&gg‘%&ponat e is continuously fed in a

liquid mxed forminto a stage

N elping rasist BT caPENEeld Bpe BRBRRALC b ghyaric

mono ic
atcohe e oomamARSSI i) S o EHE ot g8 ttanon

distillation colum. In this case, the cyclig :
column T, in a liquid form, in a gaseous form, or as a mixture of the
liquid and the gas. Other than feeding the starting materials into the
distillation ¢olumn in this way, it is also preferable to additionally feed in
a gaseous starting material intermittently or continuously from a lower
portion of the distillation column. Moreover, anAother preferable method
is one in which the cyclic carbonate is continuously fed in a liquid form or
a gas / liquid mixed form into a stage of the distillation coiumn above the
stages in which the catalyst is presént, and the aliphatic monohydric
alcohol is continuously fed in a gaseous form and / or a liquid form into
the lower portion of the distillation column. In this case, the cyclic

carbonate may of course contain the aliphatic monohydric alcohol.

In step (1), the starting materials fed in may contain the product
' 32 '
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25 carbonate may of course contain the aliphatic
A0501 VPEORXSy i ¢ al cohol . In step (1), the starting

materials fed in may contain the product 32 A0601

VP81/ KAN di ai kyl carbonate and / or diol. The content

thereof is, for the dialkyl carbonate, generally in a

range of fromO to 40 % by wei ght ref er abl fro
dialkyl eadBoaby awd dror didr o Thecontany thesasb s Josghs Bieiky

weight, in ternms of the percentage by wei ght of thfe
carboflafé Kykneraligriat & rangehof iiomHhtot® '%cnwnwshé. preferably
al cohdl” / dial kyl carbonate mixture, and is,wf)lg!ry th_eht L
iQlan o ilanti Perd preferably fromO00tto 20 weight, In
from 6\/1\/&?9 ?,’gg‘?ﬁ%'%ty“?romgo to 7 z/o by wei ght, nore
pref.erahl y fr ' | earBomatefintthe aliphatic

the diol in"the cyclic
carbonate / diql . xtur ; yi Utfok RRe diol,
monofagéts ittt Bl carfinopls TargaRg B forthe
cyclic carbonate and /, or i phat | |
generadly in g fﬂ.m%lﬂ:feﬂoi"htdotq HQ%/%E&‘?'%FQ@%QF%@&@QF@ to
having the cyclic carbonate _and. /, qr the [ '

7 % bpweEight; moecpreferably frRm? 3059 dry WeigPl, M ttris of the
recovered fromthis process and /_ or another pJ_Ofesst
percértagd b9 weighr of ¢haldip! i dbefeyclimeagpapate diol mixture.
materials. It is an excellent 16 characteristic )

f E\Nﬁ%ﬁ c@rying auesnstreantion obstepdl) indgsirially, besides

possi bl e. An “exanpl e of another process is step (1)

freshh?g%@é | BoiAEYAnd 7 oarpRatie menuhyadic falcahohaewly

carbonate and the aromati ¢ nonohydr oxyl

intro@gggﬁgg@g etb'&?ﬁ@é%ti%ﬁt%%tgﬂgﬂﬁ%éﬁﬁl M=rahg! theetyelic carbonate

recovered. The recovered

and by Bhecalihafic ARBimufFly Altholag s Mafleonararent ereof

aromatic

nmonohydr oxy conpound, a | kyl | r..a
recouatbdgom s RHaRS A0 Pr ARSINFL FIPCEFeipRp HsBbe

carbonate, the dial k%gl carbonat e nd so on. ‘Ihe
prefénatiy aked donlthpretartingonatetals: alcthah f¥5° ent .o

as is as the starting material | n_steR_ gl?f or may.be A
chardeesristictfeatatardfithe present invention that this is possible. n
example of another process is step (1) in which a diaryl carbonate is
produced from the dialkyl carbonate and the aromatic monohydroxyl
compound, the aliphatic monohydric alcohol being by-produced in step
(1) and recovered. The recovered by-produced aliphatic monohydric
alcohol generally often contains the dialkyl carbonate, the aromatic
monchydroxy compound, an alkyl aryl ether and so on, and may also
contain small amounts of an alkyl aryl carbonate, the dialkyl carbonate
and so on. The by-produced aliphatic monohydric alcohol may be used
as is as the starting material in step (I), or may be used as the starting

material in step (1) after the amount of contained material having a higher

boiling point than that of the aliphatic monohydric alcohol has been
33
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25 material in step (I) after the anmount of contained
A0501 VBEEKIAN having a higher boiling point than that of

the aliphatic nonohydric al cohol has been 33 f A0501
VP81/ KAN reduced through distillation or the like. A

cyclic carbonate preferably used in step (1) is one

produced through reaction between, for exanple, an
reducedkiirenghodistillatich arstheclikgl ene oxi de, propyl ene

oxi de or styrene oxide and carbon dioxide, a 5 cyclic d

CH Bgeﬁée:mrairmstei preferably usedninsstap {Uict§ eBPr;R!y ce

or the like may be used as the starting material in
_throu@b?féa(dt}on s ti/edh, (for. examplé panealiptanamxidessveh 3

I'c carbonate and the aliphatic nonohydric alsrj:oh'ocli
fed | t i i 5t biyrelieaxide wmd casborsdioxide; a
ethy'%%%(ﬂ)gﬁ%g F{}gpﬁ%ﬁ%ydggdgn‘? §%um of the
.transesterifigati. juids or the like
cyclic.5aRenaR cpaMRgoT AT afFits"f sush Eoripe
nonohydri c al cohol to the.cycli onate fed in is
may berused as the $1RENG mePerﬂ?'\ém Bf%ﬁeqo 1000 tines. To
i ncrease the cyclic carbonate conversion, .1t i
orler stemi(l). o ratiecbatwasr ampPRLE af T orelic cdrBpaate and
in an excess of at least 2 tines the nunbey. ts
the aliphdiic eyshobydeichalcehe! fadtinte t{'\ﬁeTQGCtéYx%d{ﬁﬁ[!f’[m ccolumn
al i phatic nonohydric al cohol used is too great,. then
variels! abEordIPess thy typerae drhounpfr teutranaagserificgtion
such reasons, the nolar ratio of the aliphatic

' . sybuta reolaomatio of the aliphatic
cataiggg%}fdgﬁé Rl @il cbaditiensy

y in a range of from2 to 20, nore preferably

monbhPHE, kool e EIERCRALBIENJ] WIS danerally in a range

unreacted cyclic 20 carbonate

of fraﬁ{rﬁi.gf Hgt Eﬁggh@%eﬁ?r ot tiﬁgréﬁgé i(}ﬁecégﬁl‘?@%aﬁ‘bmtée@@ﬁversion,

0 0 Dby-produce I goners such as
a dimer or a triner

it is prplembledo ed in the FrnaiasngnpbyAilidhol in an excess of
at |egss§zn;iﬁ$; ﬁﬂef %l;tl'nib%rcgfr R\oc{]lgtoef trheen%iyrc]:ilirc]:gcgrsoon&éct%,%t if the
amount of the aliphatic monohydric alcohol used is too great, then it is
necessary to make the apparatus larger. For such reasons, the molar
ratio of the aliphatic monohydric alcohol to the cyclic carbonate is
preferably in a range of from 2 to 20, more preferably frqm 3 to 15, yet
more preferably from 5 to 12. Furthermore, if much unreacted cyclic
carbonate remains, then the unreacted cyclic carbonate may react with
the product diol to by-produce oligomers such as a dimer or a trimer, and
hence in industrial implementation, it is preferable to reduce the amount
of unreacted cyclic carbonate remaining as much as possible. In the
process of the present invention, even if the above molar ratio is not

more than 10, the cyclic carbonate conversion can be made to be not

less than 98%, preferably not less than 99%, more preferably not less
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process of the present invention, even if the above
A0501 VPBPKAMNt i 0 is not 25 nore than 10, the cyclic

car bonate conversi on can be made to be not |ess than
98% preferably not |ess than 99% nore preferably not

less 34 . A0501 VP81/ KAN than 99.9% This is another
characteristic feature of the

than 99 &%, | Thisrisr anatner AbAractariEiaoapyagl fe ditpss it

ton / hr of the dialkyl carbonate is continuously
invenfibaduced; the m ni mum amount of 5 the cyclic

carbonate continuously fed in to achieve this is

g¢HestRlp g),opﬂdfe?abm nothiesspihereagproximately @ hton hr of

nore preferably O. 4 P ton./ hr, based on t he anount P
the dfaﬂﬁgl égfﬁén&fe iR ofitAlUosIgas lodwded t thévenipimdum eamount of

nore preferable case, this anount can be nade

the o} ji6 EBEhetE nthdSusly R infto: adfelietriariel genasally 0.44

um To used in step (1)
conprises a, stru Vi Qyl MR ot / hr,
P tongbhti Bretesabhy 02 dndeR ) 06 Brs Bisferast; 14 Frton / br
di ameter Do (cm ~and hayi an j.n (Y ]
basedron thgeames it (4TS SHite ARKHLE3aEhate To Y Pididuced
outlet having an inside dianmeter dog, (C at, a,top Qf
In a yéemuleupreferable sasgphis FEReHAH CAR Bé "Hli‘fgecm B%%S% than
near to the top, a liquid outlet having an inside
0.39 ¢ goRt/ethr, doe (cnm) at a bottom of the colum or in a
| ower portion of the colum near to the bottom at
! e?fﬂe 88RtihUbTE MulBistagevdiktillation eolumre opesed dn step (1)
and/or a mddle portion of the colum bel ow the gas

t \RAGhg 9IRS frohktportion teving a hength
com;g@%{argaq s%‘?gﬁ and/gr ﬁ’?e | ower portion 20 of the

Lo (cRD) 470 BRJhRidE Riakter (3[eMY: atlftrifig s irBrniat with 2
numégi(%%gsttig\éggy @&?ﬁg%bé@@éggaﬁ?%ﬂﬁﬁ hatindg @ §8k oufiéPhaving
an inside diameter dos (cm) at a top of the column or in an upper portion
of the column near to the top, a liquid outlet having an inside diameter
doz (cm) at a bottom of the column or in a fower portion of the column
near to the bottom, at least one first inlet provided in the upper portion
and/or a middle portion of the column below the gas outlet, and at least
one second inlet provided in the central portion and/or the lower portion

of the column above the liquid outlet, wherein Lo, Do, Lo/ Do, no, Do / do1,

and Dy / do2 must satisfy respectively the following formulae (1) to (6):

2100 < Lo < 8000 (1)
180 < Do < 2000 (2)
4 < Lo/ Do < 40 (3)
10 < np < 120 (4)
3 < Do / doq < 20 (5), and
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4 5Lo/ Do 5 40 (3) 25 105n0:5 120 (4) 3 5 Do / dot
A0501 VPROKAN ,, and 35 A0501 VP81l KAN 55Do /d02530 (6).

Note that the term"the top of the column or the upper
portion of the columm near to the top" used in the
present invention neans the portion fromthe top of

the col um downward as far as approxinzggely 5 0.25 LO,
and t he & srfy 7tdhe 3% om of the colu r -the | ower

portion of the colum near to the bottont neans the.
PNsteothdt the téembshedepoef the c@gmnqrdgsapapgg quﬁlon of

as approximately 0.25 LO. (Likewise for the first and
the cSRARAhEANtS MieUppMused shabe piesant ivestionnaass the
described later, but with 0.25 L, and 0.25 L2

portiérﬁzﬂﬁﬁtﬂh\ée{d bofkfie tofiainbgewndiardoasiad ashappsoXimpiely

continuous nulti-stage distillation colum TO
0.2 Lo U |GFFCHGE RO i st e rvin o
the cghgner A8R) e BEGoragas THANSiRn HHAKE boftom of the
cotursy Goweyd o a8 aBRFRGTAGl BEASLES? CRRseHStnd s

sel ectivity, and high productiyity stably for .
and sectodgahtjrudos rnu?tﬁa’caggf?'#'X'@té%&ﬁﬁf%ﬁy‘%otd?a%%fgbed later,

than 1000 hours, preferably not |ess than 3000 hours,
but Witk @ .25l cand 0.2t rspactivelydoo  hours, fromthe
cyclic carbonate and the aliphatic nonohydric al cohol .

Thﬁ] ﬁ&é%ﬁ‘@sbbvém hhabiby psiy the comtinueus dnujii-stage
di al kyl carbonate 20 and the diol on an industri al

disti@?@%ﬁ(%ﬂhﬁUthttfé@§idwﬁﬂhnébmw satisfigsthe formutge (1), (2),

as descri bed above is not clear, but this is

. i o d
(3. APR&Shd IaReuiW ihfky? GABRASE i tReldibl eaghbeapraduce

_ rmulae (1) to (6) are
on a?\oimb unset(rji'al F;rcglgroatbﬁreefre?ggf‘f not less than 0.4 ton / hr of the dialkyl

carbonate and / or preferably not less than 0.26 ton / hr of the diol with a
high conversion, high selectivity, ahd high productivity stably for a
prolonged period of time of, for example,' not tess than 1000 hours,
preferably not less than 3000 hours, more preferably not less than 5000
hours, from the cyclic carb-onate and the aliphatic monohydric alcohol.
The reason why it has become possible to produce the dialkyl carbonate
and the diol on an industrial scale with such excellent effects by
implementihg step () as described above is not clear, but this is
suppvosed to be due to a composite effect brought about when the
conditions of the formulae (1) to (6) are combined. Preferable ranges
for the respective factors are described below.

If Lo (cm) is less than 2100, then the conversion decreases and

hence it is not possible to attain the desired production amount.
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for the respective factors are described below. 25 If

A0501 UBsI/KAN i s | ess than 2100, then the conversion
decreases and hence it is not possible to attain the
desi red production anmount. 36 A0501 VPS1/ KAN Moreover,
to keep down the equi pnent cost while securing a

reaction ratio enabling the desired.,productiqn
Moredvemédodtaap tawn Ltbmgwnjﬁenﬁr&?@tt‘%ﬁﬁ serutibhfen / Egﬁ%“

- 8000. A nore preferable range for Lo t()cgg isngBOO <ist b
ratio énablingOdE desited2pooduction amsouy teba@ifainef ko must be

preferable. 5 1f Do (cn) is less than 180, then it is )
maden@! bBaFSt fcre! thar B000.t hA moeei prafepableucangs fafdunfcm) is

Mor eover, to keep down the equi pnment cost while

2300 %ggi{gﬂggt, heitHesM o ) 250D00be Ry yat mbre prefetable.

not nore than 2000. A nore preferable

(4§ 6EPER, B0, oo iy e m et o
.4 ;
desired yaciiclion AmPERe, » MOUHualy to' KU HoWh Inephaigraent cost
greater than 40, then the

Y . _pressur { f Ry
whiletalainipgsie desiad BrodxetioB) 2w cg?&ﬁmﬁqﬁgg'ﬁégt, be
and hence prol onged stabl e operati on pecQnes .
not nbrief theam 2000/br domare prefpsa msaﬂaeﬁgﬁﬁwh 1920055 Do =
the tenperature in the l.ower 15 portion of the col um,
10002R¢tih e <sDde BOAcbeing yetanate Ipreferable. occur,
bringi ng about a decrease in the selectivity. A nore
prﬁfl.e@ftleoezsr RN 4 be greBter than #0,otherDstableggperation
with S Llo | Do 5 20 being yet nore preferable. If no
becopfes SRifAUIRT H:pdriRbIANAS E31VBLIbQreiter ¢haas4@nthen the

I's not possible to attain the desired

pres Sl HithfenBEB g QP LEEIBP b hoaleer dReonast i
too draatagad BepBeraioiohgRs STAIE Sheritich i sles diftal.

urt her nore,

is greater than 120, then the pressyre i f
Moremtatdh besoniep NarLIRAN A U'fc'p € %m%e%r%ggé:?%ghe lower

gr eat ? 13 . N »
portion of the column, and hence side reactions become liable to occur,

bringing about a decrease in the selectivity. A more preferable range for
Lo/ Dgis 5< Lo/ Dp<30, with7<Lo/Dox 20 being yet more preferable.
If ng is less thaﬁ 10, then the conversion decreases and hence it

is not possible to attain the desired production amount. Moreover, to
keep down the equipment cost while securing the conversion enabling
the desired production amount to be attained, ng must be made to be not
more than 120. Furthermore, if np is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged éfable 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, bringing
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and hence prol onged stabl e operation becones

A0501 ¢P8i/kKAM t . Moreover, it 25 becones necessary to
i ncrease the tenperature in the lower portion of the
col um, and hence side reactions becone liable to
occur, bringing 37 A0O601 VP81l/ KAN about a decrease in

the selectivity. A nore preferable rapge for no i ,
about<a decreakeOin the lselectivity: 5 AMNYE %efgrtaqlrgrrgnge ?Ol‘ggo is 30

preferable. If Do/ do, is less than 3, then the
< no €9000RIh 40K nperoOeseingyet morepveferablear ge amunt
of a gaseous conponent is readily rel eased ng 5 the high
oy ¢ d j ¥RAAN3, ivh theceguipahent cpst necames :
bgf:?r?e}s?dglrg%imgﬁ?t. If Do/ dog is greater than 20, 4t
hep gifpé’ﬁﬁ%te is BdhfAyshenti®ueadilyomieased to
M°’e{>¥§&t‘%3§@3f"§§v®2ﬁ hefice sdtMagbI e operation becones
di fficu and,nore f ! ' ¥8hfadifficult.
the optsidesah e RET A (s SHATRE ppRralisnperantis
dog is 4 5 Do [('do,.5,15 wWth I o |
If Do belmgsareatar ahance, e therSage SusComipne, fRhigawa
then the equi pnent cost becones high . Mr ,
amouritgbedomash deltativelyiewhtand stabis QBPsgﬁﬁbh‘?égﬁﬁ‘es
hence stabl e operation beconmes difficult. .If Do / dog i A
difficut, Grrehineoredner 80jecrease iméhe eanyersiop s JyarghHeabout.
l'iquid outlet and piping becones 15 excessively fast,
moreagpeféefﬁb%frh?@ieofbrbbsdrﬂ?& isi 4t O bdeccul 5, withh§i adPo / dor <
about corrosion of the apparatus. A nore preferable

13 b%%ggﬁ%o&.dre%b@ 7 < Do/ doe 5 25, with 9 5 Do

ing yet nore preferable. Furthernore, it

hag: Beeny Lo fbdd fan s | theit il dquipRiinbbst becoes high.

conti nuous multi-stage distillation
col um, To.used i.n st ' ly high, and
MO"QQ)Y?"E&Pﬁg“ﬁU ‘”‘l'ﬂ‘cfrﬂwallg%éd%rit l>88§)g{%§géﬁ(at;‘)ﬁ Ynedarm
"prol onged stabl e operatiqn,. refer t,Qq | ) 30
henotbafeble RReTBUBRRPEAMEMATECTt 1 U s ezds y kL than 30,
in a steady state based on d piping becomes
then the flow rate through the liquid outlet and piping

ekcessively fast, and hence erosion becomes liable to occur, bringing
about corrosion of the apparatus. A more preferable range for Do / doz
is 7 < Do/ dgz <25, with 9 < Do/ doz < 20 being yet more preferable.

Furthermoré, it has been found that it is further preferable for do4
and dg2 for the continuous multi-stage distillation column T, used in step
(1) to satisfy the following formula (7):

1<doy/dp2<5 (7).

The term “prolonged stable operation” referred to in step (1) means
that operation can be carried out continuously in a steady state based on
the operating conditions with no flooding, weeping, clog'ging of piping, or
erosion for not less than 1000 hours, preferably not less than 3000 hours,

more preferably not less than 5000 hours, and predetermined amounts of
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t he operating conditions with no flooding, weeping,

A0501 Vego®AMN of piping, or 25 erosion for not |ess than
1000 hours, preferably not |ess than 3000 hours, nore
preferably not |ess than 5000 hours, and predetern ned
amounts of 38 A0501 VP81JKAN the dial kyl carbonate
and the diol can be produced whil e maintainin [

the diatkylecathonate gndsthe-diohcay be piodugh p‘f’bﬂﬁcﬁﬁ?r‘@."% a
The "selectivity" for each of the dial kyl carbonate

high eowvérsiod dlighrselsctiity, janids high aroductiyiteycl i c
carbonate reacted. In the present 5 invention, a
setips ts@idotivitymfr éash ofntire asatkyhcagbopede and
attai ned, preferably not |ess than 97% nore .

slichearbAPate Mpaeadr | In bee presen

step azgéye%%dorﬁﬂpmé Z:?ep (I') generally indicates the

: yel i g caph : ' thalnhg 505 eapngeheyay e

inverfion, o HiGp ELBERYRIEF Bt d8s Rl T CE e e

nmake the cyclic carbonate

hi gh .
ghe diol in

*actait SR Shelat ol pRF b SR8 Mo FlgebBbY FB18ss than

nore preferably not |ess, thap 99 5% ' .
99%.pr Masemiar, 1Be ‘Cenyargign ot 5hep U Q%E%&%‘é{’dﬁai ates the
excel l ent characteristic features of step (I)_that t
cyclibicgirtbonate canversian, be thai nﬂem@dnmqt‘@pﬂr&i '?’1?5191 Pﬁ’&g?b'e to
high. selectivity in this way. 15 The continugus
makethéicydlRgeatbonate aonversigrubve mot isss thanep, Rreferably
Is preferably a distillation columm having trays

not Iégggﬁénpgv%,nﬁ@réspﬁdferabm aohdéss thhe 98%m yehmargal "
used in the present invention nmeans the parts in the

prefegﬂa%g'r{&t X3 G0 BHET §tiNakore preferdbslyarct xsithay 99.9%.
rough

Into contact with one anot her. Exanpl es of

it is bR, bF M il e bR sHiC APty oPeer fiattheahigh

w tray, a Superfrac tray, a

Maxfrac tray, ot _the like. . 1: ‘. . .
convatsiamgambbi mAimardpt U T ATARIED Higk SRSELIty in this
a Lessing ring, a Pall ring, a Berl saddle, an

way.| nt al ox saddl e, a Di xon packi ng, a McMahon packi ng or

The continuous muiti-stage distillation column To used in step (1)
is preferably a distillation column having trays and/or packings as the
internals. The term “internal” used in the present invention means the
parts in the distillation column where gas and liquid are actually brought
into contact with one another. Examples of the tray include a
bubble-cap tray, a sieve tray, a valve tray, a counterflow tray, a Superfrac
tray, a Maxfrac tray, or the like. Examples of the packing include an
irregular packiﬁg 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-pack, Flexipac, a Sulzer packing, a Goodrol! packing or

Glitschgrid. A multi-stage distillation column having both a tray portion
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Hel i - Pak, or a structured packing such as Mel | apak,

AOSOI% N 25 Techno- pack, Flexipac, a Sul zer packing, a
odrol|l packing or ditschgrid. A nulti-stage

distillation colum having both a tray portion 39

A0501 VP81/ KAN and a portion packed with the packings

can also be used. Furthernore, the term"nu ®Euhermore
and aspeagésn pavkedwitmtke packingseean Alsad e t ru ’

i nvention neans the nunber of trays in the case of the
the terhYAunst bhetagésar efithel internads” arsed imébei prasant

case of the packings. 5 In the case of a nulti-stage
invenﬁ'gﬁ hldaHd ?ﬁggﬂhﬁhﬁérf@ﬂ/trﬁgshw theacasayof tue ttrays,aadddhe

I'on pac w th the packing, the nunber of stages

theorpfjc) siifEet Hf faBeE i e SaRep the pahingsy | o7

stages. In step (I) in which
t he clic carbona t ' j ' t
1ol case oLacmaiagoer detil4RE ccfutih RRIMYBH a tray
that a high conversjon,, high sel.ectiyity, ' i
portipn @ns 8 né%@oam\/@@iﬂ% ﬁ@% P%@Sﬁ p Ifmé %H‘%’{q’regj't {’;fpg&ges n1s
continuous multi-stage distillati

on, col u [ n ' :
thus tie sumhefthie neonber o trawg%m%rthsséﬁ{{ﬁaﬁ "Hﬁ@#ﬁg of
predeterm ned nunber of stages and/or a packed col um
stagdy.pe continuous nulti-stage 15 distillation colum is

used, but the plate type distillation colunm in which

t ey 5B6 S (NRIrE wiiSht thay sytHic warbenatiecanddheralipbatic | t
has been " di scovered that sieve trays each having a

monégﬁﬁcp@gbihm #edrgaslodnesydtherpir hastbeesr discovered that a

Icularly good as the trays In terns of the
rel ati onshi

noh AT 8L R SFESHS; mAFprodusputyrEa pwatiained

t each sieve tray

feraply has 100 to 1000.hales /| m@i L@vein whi
everpif s iiate Jypiareo s gys a1 gde dFSistdi BoRymtfin which

es is froml
the inbernlsceomprise NS ABR/OT PRk ghaina Prpai bfinned
the cross-sectional area per . ‘ .
number of stages and/or a packed column type continuous multi-stage
distillation column is used, but the plate type distillation column in which
the internals are trays is preferable. Furthermore, it has .been
discovered that sieve trays each having a sieve portion and a downcomer
portion are particularly good as the trays |n terms of the reiationship
between performance and'equipment cost. It has also been discovered
that each sieve tray preferably has 100 to 1000 holes / m? in the sieve
portion. A more preferable number of holes is from 120 to 900 holes /
m?, yet more preferably from 150 to 800 holes / mZ.
Moreover, it has been discovered that the cross-sectional area per
hole of each sieve tray is preferably in a range of from 0.5t0 5 cm®. A

: 2
more preferable cross-sectional area per hole is from 0.7 to 4 cm*, yet

more preferably from 0.9 to 3 cm?.  Furthermore, it has been discovered
40
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hol e of each sieve tray is preferably in a range of
A0501 VP&IKANp to 5 cn2. A 25 nore preferable
cross-sectional area per hole is fromO0.7 to 4 cng,
yet nore preferably fromO0.9 to 3 cnR. Furthernore, it
has been di scovered 40 AO0501 VP81/KAN that it is
particularly preferable if each sieve tray 1
that itlid0pattitekarly prefénabladf sashesiaya fiay, hadt b“ﬁ?o $0bholes /
cross-sectional area per hole is in a range of from
m? in Shé $ieve poRioRandettceossisactionmlearen pedeleis Hid
an aperture ratio of each 5 of the sieve trays is
: ' nge of from1l.5 to 15% A nore
rangegég?gl‘ggﬁbiﬁ g@peszra%tr?e ratio is in a range of from1l.7 to

L3RS it BhS! 58RI distogetdd thae ol dpertura ratie of each

io" of the sieve tray indicates the

of the{ S}é\?q Séajé‘ s ,%Eggié@jﬁtihoé‘%ggéeéf ?forﬂ' 1.50fo 1!83% holesnore

i'onal ea of the hol es) present

in the si t tq th i :
 prefermnle sy s In A FeRER P Irdf 715 1805, JBL mhere

rea of all
hol es. The area of the sieye portion an

. [u .
preferably frorost.Sstetidhal Hewa tme“HB?e@g'r?ayg{jﬁ‘? 3jeve tray
bet ween the sieve trays, in which case {he gperture
ndicatés eheaatimoh the closssbeotionahareacotali ey i hafpf fthe tota!
the above range. Furthernore, the nunber of holes 'hn ;
crossRR ctigil RS ofthevyoles)tpressmten tie sipvetraytoihe area o
sieve trays, or may differ. It has been shown that by
the s"i‘g%.r}?orttﬂﬁ'l 2BASimAGde ersss-gedtiomainieaiofiall of the holes.
m

i'-stage distillation colum To, the object for

i btat oy f th
The %b%g Scffle%e% g;b@% pgxﬁgﬁbgﬁﬁgﬁﬁtﬁé%w ciMmnseetionalarea of the

onate and a diol are

holeg%'ﬁlw&g Sr%ﬁﬁ%égﬁﬁga% gié\{eg{e}ta'x%?gﬂs\wiél‘?%ﬂiségtﬁebaperture ratio

ati c nmonohydric

al cohol as the startin terial.s in LAHOUS
of eaeh i thesgied A i DU BRI T RERVE FaPaHD
is present, carrying out reactiqn and disti

Furthenmiarendbestymbertaichelss i the RIRVERBTHIT ma§'dthe same
Wi t hdrayvi ng a | ow boi l'ing point reaction mi ﬁgwnethat b

for Zlpefahei sigve trays, or may differ. It has been s y

adding the above conditions to the continuous multi-stage distillation

column To, the object for step (i) can be attained more easily.

Whén carrying out step (), a dialkyl carbonate and a diol are
continuously produced by continuously feeding the cyclic carbonate and
the aliphatic monohydric alcohol as the starting materials into the
continuous multi-stage distillation column in which the catalyst is present,
carrying out reaction and distillation simultaneously in the column, |
continuously withdrawing a low boiling point reaction mixture containing
the produced dialky! carbonate from an upper portion of the column in a

gaseous form, and continuously withdrawing a high boiling point reaction

mixture containing the diol from a lower portion of the column in a liquid
41



10

15

20

25

t he produced di al kyl carbonate from an upper portion
Aos0PPBIYRAGPI UM in a 25 gaseous form and continuously
wi t hdrawi ng a high boiling point reaction mxture
containing the diol froma |ower portion of the colum
inaliquid 41 A0501 VP81/KAN form Mbreover, in
step (1), as the continuous feeding of the starting
formmaterial cyclic carbonate and ali phatic nonohydric

al cohol into the continuous nmulti-stage distil éati Onk;
colparedier, tinestepc(l) ¢ asatheo santinueussfeeding phihe;gtarting
nmonohydri c al cohol may be fed in as a starting.

maté‘ﬁ%%&éhc CHrblofite0and eflipleatic ymonohydricalaphiel into the
and/ of a gaseous form from inlet(s) provided it? onte and
' | disYildti im Ty hthe myelicocatbamate
conl@#&ﬁﬁg%ﬂu&%&%@ distilRftioH *ePEmMTY myelicp

ortion of the colum bel ow the gas
the gliphatc mamnilitFialgRel AL 5 o (M5 2 oRTaR. oy ="
mixkeyjel ot Seearaisa: &1 AciadlH AT FReey ST Tond; from
inleit(g)?mlojvg;ijéglifeo{pge IJI%EeLQr' Sﬁéﬁ%p&yﬂ |qtfgﬁp§§§3[[}| i ?.Iipgfnéd‘ portion

the aliphatic nonohydric al cohol or the startin
or thetraiddle portianrofritpeacolumacbalam thegas uitlet HEH?‘F Mpper

nmonohydric al cohol is fed into the 15 distillation,
porfiShUsNttie dasRationsclamn | r drmethad &) wWiishi Weicyhlithe
m ddle portion or the |ower portion of the colum

carlg‘aﬂ??? iJi9Hd Sthding iaterial ¢dwetaihinga laogei amasnt okthe cyctic
| STI

l'atton column is also preferable. The reaction

carbhB6 35 Hcintb AR Ietnidii s 'daumre et wguihfofmdrom inlet(s)

ered to equate to the average

in tggﬁégﬁggwr% {J)F %Iﬁggg?ﬂgqlshfﬁﬁftiigﬁ dfl the distnidtien hcénlumn, and

lation colum To. T
reaction tinme_ v

' d di f ..
thel e b BT S BESRSTS] e HlptfifolRaT et KBtaining =
of stages, the anounts of the starti

large ampant afethenahaatie mematnelria aiFGp! 1 HEE B8 hET
distillation column in a gaseous form from inlet(s) provided in the middle
portion or the lower portion of the column above the liquid outlet in the
lower portion of the distillation column is also preferable.

The reaction time for the transesterification reaction carried out in
step (1) is considered to equate to the average residence time of the
reaction liquid in the continuous multi-stage distillation column To. The
reaction time varies depending on the form of the internals in the
distillation column and the number of stages, the amounts of the starting
materials fed in, the type and amount of the catalyst, the reaction

conditions, and so on. The reaction time is generally in a range of from

0.1 to 20 hours, preferably from 0.5 to 15 hours, more preferably from 1

to 10 hours.
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conditions, and so on. The reaction tinme is generally
Aos0l veaykanpe of from25 0.1 to 20 hours, preferably from
0.5

to 15 hours, nore preferably from1l to 10 hours.
42 A0501 VP81/ KAN The reaction tenperature in step (1)

vari es depending on the type of the starting nmateri al
conpounds used, and the type anz anouy

yp nt of .
caffHe/ seactibe tesaperatureciihgtan 'r)e"?réeﬁecﬁ%?éﬁﬁw g onythe type
range of from30 to 300 C It is preferableta t of the
of tHestatiy hsterislotompaungsused: and the typesanfAneUD

the reaction rate. However, if the reaction

catah‘fﬁger?ﬁérl%dc%idri)@erﬂ’ﬁe}fatut@éﬂ generalkyain pdigngr &f fgom 30 to
[1able to occur. The reaction tenperature is thus

Ref epahl ¥ §8TheOrdact?on tEmperature so as to
300p|£’2feita% érﬂég%bg%”itsgn%%éc yet nore preferably from

.60 10,150 C . i i . ratuTe is too
mcrgp§p?qhea{?%ﬁtié§nrag§?cgflgl € rl Ve r@actibhctempetatuge is

out wth the 10 col um

. bottomtenperature set to 1%ReGeaction
highpridren 41§ rﬁBF{'Oﬁ‘ﬁr éef"ﬂé]we i‘%bl%?ﬁﬁ.fégﬁgr e g?akﬁayc not
nore than 110 C, yet nore prefera

Ly no r
tempedatureats s ipreferahlyrinca Jangs 8P u4%q§ffséth§|n])’ more
(1) is that the high conversion, hjgh selectiyjty, d,
oreférablpresmcsution 200G, vet mers heaferably fiom 80k 1507°C. In
| ow col umm bottom tenperature. 15 Moreover, the ith the
the [Fregkin@inveation, dheare active gistillatoprcandq gaErigd pHL Wi

starting material conpounds used and the conposition

collbsl BBRoME 2B mpEfatureasst wnbemeratbas, 1 50 J G opesferably not
e reaction pressure may be any of a reduced

[£ag P lorB" amerpthan PresSCyryet mode
mof R aH F30 | oL B R O M O o107 Pa,

pr égpelrﬁgrl){ Hfér%lw& élfdhr%@? Pﬂp exéelf@nechbrasraristic feature of

. _ e'reflux ratio used for the
stepr () 6 1BER bl 1 RO SpLbik, iBh Sles AP High Promuctivity
caliJ :b(;fsg{tgki)rllgd é\;grr‘n \A?lﬂ?lsutc% g’ao%‘”c%u%%f 85’&%'&( tEH%‘éPat%e.
Moreover, the reaction pressure varies depending on the type of the
starting material compounds used and the composition therebetween, the
reaction temperature, and so on. The reaction pressufe may be any of a
reduced pressure, normal pressure, or an applied pressure, and is
generally in a range of from 1 to 2x107 Pa, preferably from 10° to 10 Pa,
more preferably from 10* to 5x10° Pa.

The reflux ratio used for the continuous multi-stage distiliation
column To in step (I) is generally in a range of from 0 to 10, preferably
from 0.01 to 5, more preferably from 0.05 to 3.

The material constituting the continuous multi-stage distillation

column To used in step (1) is generally a metallic material such as carbon

steel or stainless steel. In terms of the quality of the dialkyl carbonate,
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The material constituting the continuous nulti-stage
Aos00VBgiskiaat i on 25 columm To used in step (1) is

generally a netallic material such as carbon steel or

stainless steel. In terns of the quality of the

di al kyl carbonate, 43 A0501 VP81/KAN diol and

hi gh-purity diaryl carbonate tq be pr,oduced,_ st.ai.nl ;
dio} ahdehighspupityfdiaayl earbanatete ﬁBdeémﬁtBIﬁ'gﬁgxﬁa' s

a step (11) of continuously producing a diaryl
preféaiglenate on an industrial scale fromthe dialkyl

carbonate 5 produced in step (1) and the aromatic .
rmrllﬁrm@r B?é’séﬁﬂwmibﬁ, naxt adstepu(l)) mh@mtmwﬂsly producing
carbonate used in step (Il) is a conmpound represented

a dig¥ Qi AsBYb At M dULRiASscaRMfrom theedfalkyboarpnate

wherein R2 is defined as before.

anples (of di al i ' henpBand is carried
produad g stp.d) At thg HrBRsE i areuy rome!
di propyl carbonate (isoners), diallyl carbonate,

out.di but enyl carbonate (isoners), dibutyl carbonate
(isomers), dipentyl carbonate (is LS) '
car'Bbea:lialkyls%&%qa,telgsﬁaﬁé‘pﬂ(ﬁp gg?ﬁ%r?a?&%é%‘br%rrgf ’resented
di octyl carbonate (isoners), di noaél .car onat‘e,

by thiestwtowing fortenld asashows: i the SalPWingHiotM'8pent yi
carbonat e, dicycl ohexyl carbonate, dicycl oheptyl
car bonat eR2¢iG@QRPF carbonate, di phenethyl carbonate
(i somers), di(phenyl propyl) carbonate (isoners),

wh%ﬁﬁrﬁm}g dfirad v befwiee (i somers), di(chlorobenzyl)

carbonate (isoners), di(methoxybenzyl) carbonate

G CERblns r BRI saR s ech L G
dim%%bgﬁgggﬁp#a?&ngféct}w?%%rg%%!!é‘,ne%mﬁﬁl Savbuntes(isomers),
diallyl carbonate, dibutenyl carbonate (isomers), dibutyl carbonate
(isomers), dipentyl carbonate (isomers), dihexyl carbonate (isomers),
diheptyl carbonate (isomers), dioctyl carbonate (isom.ers), dinonyl
carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicyclohéptyl carbonate, dibenzyl
carbonate, diphenethyl carbonate (isomers), di(phenylpropyl) carbonate
(isomers), di(phenylbutyl) carbonate (isomers), di(ch.iorobenzyi)
carbonate (isomers), di(methoxybenzyl) carbonate (isom.ers),
di(methoxymethyl) carbonate, di(methoxyethyl) carbonate (isomers),
di(chloroethyl) carbonate (isomers) and di(cyanoethyl) carbonate
(isomers).

Of these dialkyl carbonates, ones preferably used in the present
invention are dialkyl carbonates in which R? is an alkyl group having not

more than four carbon atoms and not containing a halogen atom. A
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O these dial kyl carbonates, ones preferably used in
AosoiVpspKaIent 25 invention are dialkyl carbonates in

which R2 is an al kyl group having not nore than four
carbon atons and not containing a hal ogen atom A 44

A0501 VP81/ KAN particularly preferable one is dinethyl
carbonate. Mreover, of prefera

l e dialk
particaladyreferabie poel Iértﬂynﬁﬂafleﬁ%ﬁ?@ s ﬁ"éa&i"&'kﬁf
carbonates produced in a state substantially not ialkyl
preféfblai diaigyhchrbonates,fparticulaiiy prefasable SNR%ATe Halky
an al kyl ene carbonate substanti.ally not 5 containing a

carbBﬂaQ&@rbﬁuh@éu ah coEBAtessbbstamiially ynotocortaining angatpgen, for
hal ogen. The aromati ¢ nonohydroxy conpound used in

exalﬁéfﬁuq(ﬂaé_é ?}qédtﬂgggqg?ﬁ'v% aRy1epentaxbdnatensubstantially not

the aromatic nonohydroxy

conmpound, | | imite I viicontainifg a
00"1&'6'6}9 Pshaﬁi% Iasll"dg]ghd%go?%lt ﬂe at?g]rtntaélﬁchgroup: Arg()—|
wherein Ar 3 represents an aromatic group having 5 to

halog®mar bon atons. Exanpl es of aromatic monohydr oxy
conpounds havi ng such an Ar 3 includ h ' i
o Gnerasamatis apnabydresy comastd ieey L Rlgp {B) 0"
(i soners), trinethyl phenol (isoners),
compaurdeebyepanted by g‘lﬂr@g?‘,’vlngtfﬁw{}ﬂﬁnol-nw%ﬂ%r%‘) the
propyl phenol (isoners), butylphenol (isoners), |
aroatid i GeRpirdys compoundashyotlimitemhese longsatnthe) hydroxy
met hyl propyl phenol (i soners), dipropyl phenol

groﬂﬁ?,r@irrébtly B&h 824 ot tHepbeomatic gooaps), pentyl phenol
somers), “hexyi phenol 20 (isoners) and

cycl ohexyiAqhﬁrp_pl (i somers); various al koxyphenols such
as met hoxyphenol (isonmers) and et hoxyphenol

ndRE it SRS s g 5,20 sortep stome
Exqﬁ%ﬁ&f%ﬁ%htﬁ%ﬁggﬂ%ﬁhwl SomP¥ldlE REIMG Ut an Ar®
include phenol; various alkylphenols such as cresol (isomers), xylenol
(isomers), trimethylphenol (isomers), tetramethylphenol (isomers),
ethylphenol (is'omers), propylphenol (isomers), butylphenol (isomers),
diethylphenol (isomers), methylethylpheno! (isomers),
methylpropylphenol (isomers), dipropylphenol (isomers),
methylbutylphenol (isomers), pentylphenol (isomers), hexylphenol
(isomers) and cyclohexylphenol (isomers); various alkoxyphenols such as
methoxyphenol (isomers) and ethoxyphenol (isomers); arylalkylphenols
such as phenylpropylphenol (isomers); naphthol (isomers) and various
substituted naphthols; and heteroéromatic‘monohydroxy compounds such
as hydroxypyridine (isomers), hydroxycoumarin (isomérs) and

hydroxyquinoline (isomers).

One of these aromatic monohydroxy compounds may be used, or
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as hydroxypyridine (isoners), hydroxycoumarin
A0s0{ VPBIMEIAN and 25 hydroxyqui noline (isonmers). One of

t hese aromati ¢ nonohydroxy conpounds nay be used, or
45 A0501 VP81/KAN a m xture of a plurality may be

used. O these aromati c nonohydroxy conpounds, ones

preferably used in therJ)re ent invention are aronmatic
a mintuksh pfioRiuraditysnayLe «ch Ar 3 is an aromatic

group having 6 to 10 carbon atons. Phenol is 5

par0f these laromatiemanehydsp¥y RAMPEIINdS. ANes Rigferably used

nonohydr oxy conpounds, ones substantially not . hich
in theoprésant hvemiddngEre arematid mmmlwdwwcpmn%nds in whic

present invention. The diaryl carbonate in thetw_?resient

3 [dRatic §Rolip BRIAG! 6 Yo TeRaebeontatdmy. t Rhenol is

Ar %F‘ﬁ%dﬁgaygﬁm a: '-' C%OA r° Ar. 10 wherein each of
part%lg\azﬁgpﬁ%f}rhﬁlé‘. MRSV Fé, oF HEdd arematic mwwbahydroxy

represents a nonoval ent carbocyclic or

het er ocyclic aro0 [ , i id CAHBIBhetY aré@pteferably
COWQH“‘8?1'9'35?3ﬂ%%tﬁl%ﬂés§rﬁgghﬁlg oﬁs rm? be 4
substituted with angt her substituent that 15 does not

usedacthes PEESEPLINERULR: on the reaction, for exanple a
hal ogen atom an al kyl group having 1.to 1 b
at ofbe diaryl kaxhopatepn tHevprsant CVENUSH 6%6@%0%‘,“3?""
phenyl group, a phenoxy group, a vinyl group, a cyano
repoEsemtebyethiecfoltowing farmabdde group, a nitro group,
or the like. Ara and Ar4 may be the sane as one

anot her, ,or different. 20 Typical exanples of each of
t he nonoygl ent aromatic groups Ara and Ar4 include a
phenyl gfpup, a naphthyl group, a biphenyl group, and
apyP-HCO—Ar* -.

wherein each of Ar® and Ar® is a monovalent aromatic group.

Each of Ar® and Ar* represents a monovalent carbocyclic or
heterocyclic aromatic group, and in each of Ar® and Ar*, one or more of
the hydrogen atoms may be substituted with another substituent that
does not have an adverse effect on the reaction, for example a halogen
atom, an alky! group having 1 to 10 carbon atoms, anl alkoxy group
having 1 to 10 carbon atoms, a phenyl group, a phenoxy group, a vinyl
group, a cyano group, an ester group, an amide group, a nitro group, or
the like. Ar® and Ar* may be the same as one another, or different.
Typical examples of each of the monovalent aromatic groups Ar® and Ar?
include a phenyl group, a naphthyl group, a biphenyl group, and a pyridyl
group. Each of these may be substituted with one or a piurality of
substituent(s) as above.

Preferable examples of each of Ar® and Ar? include those shown in
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group. Each of these may be substituted with one or a

Ao50PVP8ﬂiQA1N/ of substituent(s) as above. Preferable
exanpl es of each of Ara and Ar4 include those shown in
46 A0501 VP81/KAN the following formula: H  VHs :
{~-CHs ~~~""JJJ// YY CHs Ho Ho IRS CHs-- CHs Ha CHs
Hs A particularly preferable diaryl carbonate is

the fotowing farmedtaor substit ut ed di phenyl carbonate
represented by the followng formula: (R-}p tl %q 5
~I v wherein each of R9 and Rl K-ndependently

represents a h ogen ato aIk group having 1
t_o@car bon Hn al haV| ng 1 to 10
ca at ons, ycl oal kyl Qfou haV| ng 5 to 10 carbon

atons in the ring thereof, or ‘phenyl group, and
each of . andqlsanlnt er froml 10 to 5; in the
caseth !{-p|320r nor e he ’s may be different

fr ther i fé}? hat gis 2 or
S rray Yt *en rom one anot her.
t es d| aryl carbo symretrical diary)
car bona ¥ such as unsubstltut ed di phenyl carbonate or

a lower alkyl 15 group- substltut ed di phenyl carbonate
such as ditolyl carbonate or -t-butyl ph

car Aquatticuilariyr prefeasbis ddaﬁﬂéiﬂﬂb%tﬁo‘ﬁa't' Bsxbﬁ?@ﬁtqﬂa? r

the sinplest structure, being particul arl¥ reter bl e. |
subSfieutad Hishenyl carbonate represented by the ollowmg ormula:

e oah

wherein each of R® and R'® independently represents a hydrogen atom,

an alky! group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a cycioalkyl group having 5 to 10 carbon atoms in the
ring thereof, or a pheny! group, and each of p and q is an integer from 1
to 5: in the case that p is 2 or more, the R%s may be different from one
another, and in the case that q is 2 or more, the R1%s may be different
from one another. |

Among these diaryl carbonates, a symmetrical diaryl carbonate
such as unsubstituted diphenyl carbonate or a lower alkyl
group-substituted diphenyi carbonate such as ditolyl carbonate or
di-t-buty!phenyl carbonate is preferable, diphenyl carbonate, which has
the simplest structure, being particularly preferabie. One such diaryl

carbonate may be used alone, or a plurality may be used in combination.
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carbonate may be used alone, or a plurality may be
Ao5oy?p§1m1\|:onbi nation. 47 A0501 VP819UN A nolar ratio

of the dialkyl carbonate to the aromati c nonohydr oxy

conpound used in the starting material in step (I1) is

preferably in a range of fromO0.1 to 10. Qutside this

range, the anount of unreacted startin% rmter#

.al
' ewaimiolag raticof thetdialkylrearbanateni tagATaMaHie menghydroxy

desired diaryl carbonate produced becones hi geg vﬁi ch

compouRel uskHi i s startiny materiak imatap &Hedgprederably in a
required to recover the starting material. Fgr 1:such ted
e abrye mitaide shisorasgepthe mrdunimfyunieac

’a“d}eaﬁgg@? é)Ffrs(t)m 0.5 to 5, yet nore preferably fromO.8

g natb|ia f f i né of th
starﬁﬁgsrgﬁﬁéhmg%ﬁ%ﬁﬁﬁo@ﬂ# tof 4 Predetermind® dmount of the

s than 1 ton / hr of a
h- pu

des&}aaoq,@ém Ehrnondty preRlRENbECbiE MR UNHLH Is not efficient,

e thrs, ni mum anount of
the aromati ¢ ponohydr oxy co und ' ' ial.
andjmogeepe( |my0hse'§1%¥9&a?¥?qﬂggg oﬁéﬁgﬁéf”“a?ﬁ%?ﬁ ?;ﬁ' lfger-'a
Qton / hr, nore preferabl

y 10 O ton /[ h
Fortsuchaneasonst theabeym MeNart i@ h!%%if%?vr Péé?%'%ﬁ?ﬂ“i%’a“ge of
ton | hr) to be produced. In a nore preferable cas
tromID § 56U yetaapro@nedgratly iem o8 tohansHIGNEER Rigiprably
The di al kyl carbonate and the aromati c nonohydr oxy
frofhopeynd used in the starting material in step (11)
may each be of high purity, or rmay contain other

COTROY ALy rd UnEiERitRoATOE tadsithandtmonridsr of a bigh-purity
reaction by-products produced in the first continuous

il (A aifete [l BbhtinGlouAly b etNCAd 2o Adtvievecthid, the

stage d illTation colum. In the

minjap oot A BRI HAhbAIdroRy ddifpslnd! ftin

. _ ate and aromatic
comgmeouah iy stSR IS aSTeal,A5 6T igbpetétably 13  ton
hr, %%ﬁr&?gwg&aw 8 ntgnll ﬁ{' Bagge t(i)'g': tﬁgng%%%rnqng the high-purity
diary! carbonate (Q ton / hr) to be produced. In a more preferable case,
this amount can be made to be less than 8 Q ton / hr.

The dialky! carbonate and the aromatic monohydroxy compound
used in the starting material in step (ll) may each be of high purity, or
may contain other compounds, for example may contain compounds or
reaction by-products produced in the first continuous multi-stage
distillation column and / or the second continuous multi-stage distillation
column. 1In the case of industrial implementation, for the starting
material, besides fresh dialkyl carbonate and aromatic monohydroxy
compound newly introduced into the reaction system, it is also preferable

to use dialky! carbonate and / or aromatic monohydroxy compound

recovered from the first continuous multi-stage distillation column and /
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recovered fromthe first continuous nulti-stage
AOS0TVPBLRIAN i on colum and / 48 A0501 VP81/ KAN or the
second continuous multi-stage distillation colunm, or
recovered from another process. In the process of the
present invention, colum top conponents constituting

a low boiling point reaction mxture fromthe _s

or theoaecnnducontinupus: mudtistage Bih'iyﬁ' 128 GHHM)cOF Zégggered
into the first 5 continuous nulti-stage distill aiti on

fromcahotimer peocesshe Indbenprecessnof|the pRsenhnvsNtien, column
reaction mxture may be fed into the first continuous

top E&iviporsdm@ecohstituting iofow dailingapoird, reaction anixdupe from the
of the conmponents thereof have been separated out.

secdifd Vit dus irfulthetag e sastillatiantolumnvaie fed snto the first
I nplemented 10 industirially, it is preferable for the

COT‘%@{’PEQ?Q&@I%F’??! ?{s?ﬂlétﬂir? coléndri.r SHere0RheB&eLNd column low

atiron colum to contain any of an
..al cohol . an al kyl. ar vE [ I :
boilipg Bosat Saefion il a8, intd el fifst gontinuous
starting. material further contaiping spal
muliiaasis A lpaiABY! Fechdtroa gt paite | AF tBpShents
rearrangenent products of the al kyl aryl 15 carbonate
theraod have Heamsepasatedudtdh are the products,

derivatives thereof, and so on can al so be_ preferapl
useMccbrdinglypire temtpreseattingention, whichcisinplemente
exanpl e, of producing nethyl phenyl carbonate and

indul Pl it ¢8prerfetableSfondhehstarting matenial dedainto the first
containing dimethyl carbonate as the dialkyl

confifURANE hfu IR 44 avdtiRstib Aec AR ttoccGftaimrary df ary alcohol, an
conmpound, 1t 1s preferable for this starting materi al

a"‘ﬂ?ﬁﬁgﬁ"%@;}%%gﬁgfﬁiaﬁgﬁ@‘?@wﬁeﬁ?ﬁg%ypamo@m@" i so on.

i on” products, A
heSRin s B SEHITNG RprBing 1 A amEaHELq S boing
poiRLbYT BEpGatts Sioh B Erias reangngnBhe piptpete bt theWikyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can also be preferably used. In the present invention,
in the case, for example, of producing methyl phenyl carbonate and
diphenyl carbonate using the starting material containing dimethyl
carbonate as the dialkyl carbonate and phenol as the aromatic
monohydroxy compound, it is preferable for this starting material to
contain methanol, and methyl phenyl carbonate and diphenyl carbonate,
which are the reaction products, and the starting material may further
contain small amounts of anisole, phenyl salicylate and méthyl salicylate,
which are reaction by-products, and high boiling point by-products

derived therefrom.

The high-purity diaryl carbonate of the present invention is
49



10

15

20

25

The high-purity diiaryl carbonate of the present
AOS0L WPEBIMKAM IS 49 A0501 VP81/ KAN preferably used for

produci ng an aromati c pol ycarbonat e through

pol ymeri zation with an aromati c di hydroxy conpound,

and in this polynerization step a | arge anmount of the

aromati ¢ nonohydr ox conpound j.s by-prqduce
prefecaiblycused fmnimoﬂyqﬁngmad OHP%WétHCﬁVga %eed?lg&g/ugh

conpound is preferably used as the starting nmateri ﬁL
polymferizatipn(with ah aroematiosdifydra¥¥RaraROUNKe 3N i this

carbonate produced in step (Il) is obtained through

. g
polyhiéfsafibar sfdp- atlaggeb@inorat ohtheliazbmatic mopahydraxy
the aromati c nonohydroxy conpound. | ncluded under

' e iEb8 AP redbyered) rHristbyproduded aromatic
comg)ntaetﬁ-'odr E%g)?ﬁﬁf)(?dlf‘ %&Zélﬂll(oxy groups of the dialkyl

mongly SERCeoBrodiE i HTagaRsly it et staringimatedal in

roxy cofpound and an al cohol is

Ste;khgnéqa;'ngF%lg%émmé nin which two nol ecul es of

Pproduced are converted into

the_diaryl carbonate and the dial kyl r I

- TEherdiasuboerbonete piaducad IbatandfilisHiteed direlan

di sproportionation reaction. In step,(l] inth :
tranfsesterication between th%tda%vdi%%fi'ﬂnétté&ﬁd ébPLéfr?,emf'?‘ﬁ'é‘

al kyl aryl carbonate is mainly obtained, and, in,t hfta
moReRPaLbxy eomponnd. mincludedgindexthis tiansastefifipation are a

the diary) carbonate and the dial kyl carbonate are

realBbA! th Which Bk oRbutehof biee dilkpxygnoupsnaf tbe dielkyl
reaction of the al kyl aryl carbonate.  The diaryl

carﬁgﬁg‘&g%q é’lka?a]t ?;&Eﬁgnig%d ifptiheé aryiees groupcohthee mramatic

ogen at , and~hence is inportant as the o
moﬁtpgwg'{{)]gy %@ég?bd"‘gﬁg élﬁ“?ﬂéﬁﬁbﬁié Ylipiipdeednarda reaction in

carbona in.the present invention. The
whichets g Slofl o 1S Y oAbt ey areconvertea
intq? %lﬁlcﬂzétéhgggwéhg{q }E&Sg{é‘ %ri]éljkﬁ %rgrbtorr]l%'?e ttnirguﬂﬁya
transesterification reaction therebetween, i.e. a disproportionation
reaction. In step (1), in the first continuous multi-stage distillation
column, the alkyl aryl .carbonate is mainly obtained, and in the second
continuous multi-stage disﬁllatidn column, the diaryl carbonate and the
dialkyl carbonate are méinly obtained through the disproportionation
reaction of fhe alkyl aryl carbonate. The diaryl carbonate obtained in
step (I1) does not contain a halogen at all, and hence is important as the
starting material when industrially prodﬁcing the aromatic polycarbonate
in the present invention. The reason for this is that if a halogen is
present in the starting materia! for the polymerization even in a small

amount of less than 1 ppm, then this may impede the polymerization

reaction, thus impeding stable production of the aromatic polycarbonate,
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reacti on, thus inpeding stable production of the
AO50BVPRBKIAN pol ycar bonate, 50 A0501 VP811KAN or cause a

deterioration of the properties of, or discoloration

of, the aromatic polycarbonate produced. As a

catal yst used in the first continuous nulti-stage

distillation colum and / or the second c?nti OUOUS 4
or cause ia deterodationl obtheprepertiasiof. of disgplefgijon ], the

exanpl e, a netal -containing conpound sel ected fromthe
aromalit polygacbopategroducede used: <l ead conpounds>

| ead oxi des such as PbO Pb02 and Pb304; | ead

sulfd gesatalght asedbin thie fRis? Sontinuaus! nyli-stage distidation
as Pb(OH)2 and Pb202(OH) 2; plunbites such as Na2PbQ2,

uoul! mudhistageudistidkation column in
c°'”ﬁ§'§%nqéz,’ m&%%%%ﬁﬁd%ﬁ%?oﬁg(%b( a6l KAPbOA

w8 P R SEGa g Sy soeesd nom e

salts of Oél?f%ni c _acids, and carbonates and basic salts
followingegpMmpyRds Larppe )2, Pb(OOCOCH3) 4 and

Pb( OCOCH3) 2PbQO. 3H2O, or ganol ead conpounds such as
<lesglgPmpPUASE> Bu3PbCi, Ph3PbBr, Ph3Pb (or Ph5Pb2),

Bu3PbOH and Ph3PbO (wherein Bu represents a butyl 20
gr olead exitat suspr as PO, PhRa@dn (frthfg‘)-; al koxyl ead

conpounds and aryl oxyl ead conpounds such as
Pb( @@ sa|fid €630 dPb a6RbSaand BB £$h) 2;: | ead al | oys
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; |ead

T GPTLDISeALES ROkt es O s TuaOnioN

plumbites such as Na,PbO;:, K2PbO,, NaHPbO; and KHPbLO;;

plumbates such as Na,PbOs, NazHz2PbO4, K2PbOs, K2[Pb(OH)e],
K4PbO4, Ca2Pb0O4 and CaPbOs3;

lead carbonates and basic salts thereof such as PbCO3 and
2PbCO3 Pb(OH)2;

lead salts of ‘organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH;)2, Pb(OCOCH3)4 and Pb(OCOCH;)2-PbO-3H0;

organolead compounds such as BusPb, PhyPb, BusPbCl, Ph3PbBr,
PhsPb (or PhsPb;), BuzPbOH and PhsPbO (wherein Bu represents a butyl
group, and Ph represents a phenyl group);

alkoxylead compounds and aryloxylead compounds such as
Pb(OCHj3)2, (CH30)Pb(OPh) and Pb(OPh)z;

lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb;

lead minerals such as galena and zinc blende; and

hydrates of such lead compounds;

<copper family metal compounds>
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<copper famly nmetal conpounds> 51 A0601 VP81/ KAN
AosoBebPspKamNl conpl exes of copper famly netals such as
CuCl, CQuCl2, CuBr, CQuBr2, Cul, Cult, Cu(QAc)?2,
Cu(acac) 2, copper ol eate, Bu2Cu, (CH30O 2Cu, AgNO3,
AgBr, silver picrate, AgCsHeCl X4, [AuCEC-C(CH3)3]n
-and [CQu(C7HB)Cl]4 (wherein acac represents aﬁ CuCl. CuCl
ac eajisaardaremgiexeas ofcoppanfamilyamelpls sycy as LuCl, Lublz,
conpl exes> al kali netal conpl exes such as Li(acac)_ an
CuBki OUSHEOAI, Cul.n€u(@htkxdSu(atac)ceannseicaleaten BupCu,
Zn(acac)?2; 10 <cadm um conpl exes> cadm um conpl exes

(CH%%%}@SA@%@Q?A@%:}, sfiveeIpitatd, \AgEE bl CiOap fAnQs=C-C(CHa)sln

exeS of iron tamly netals such as
' ) ‘ Eptédkkid an) dcetylacetone chelate
and E@Pﬁ%@ﬁgﬂﬁﬁe@“&féﬂﬁ%@%‘f 2 SCO(:5|=5( CO 7, N o he CBHENO
Iiga% .and ferrocene; <zirconium conpl exes> zi.rconi um

| exes such as Zr(acac)4 and zirconocene; <lews

acid tyF)e conpounds> |l ew s acids and Lew s
<alkali neaty) SOMPIEXERT ti on netal conmpounds 20 such as

Al X3, Ti X3, Ti X4, VOX3, 5 Z , FeXx3 d .
(walkalinmetal spmplexes %l\l/%ﬂalao'bgﬁzazﬁ%ﬁ% a%ﬁ%@@%)z'
group, an al koxy group or an aryloxy group); and

<zincocgmplexies>conpounds> organo-tin conpounds .such as
( CH3) 3SnOCOCH3, 25 ( C2H5) 3Sn00D0C5H5,  BU3SnODOCHS,

Ph38neCEsibleRes S EW@EHENpacac)z;

<cadmium complexes>

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

complexes of iron family metals such as Fe(C1oHs)(CO)s, Fe(CO)s,
Fe(C4Hs)(CO)s, Co(mesitylene)z, (PEt2Ph)2, CoCsFs(CO)7, Ni-n-CsHsNO
and ferrocene;
<zirconium complexes>

zirconium compiexes such as Zr(acac)s a}nd zirconocene,
<lewis acid type compounds>

lewis acids and Lewis acid-forming transition metal compounds
such as AlXs, TiXs, TiXe, VOXa, VX5, ZnX2, FeX; and SnXy (wherein X
represents a halogen atom, an acetoxy group, an alkoxy group or an
aryloxy group); and |
<organo-tin compounds>

organo-tin compounds such as (CH3)3SnOCOCHS,
(C2Hs)3SnOCOCsHs, Bu3SnOCOCH3, PhsSnOCOCH;, BuzSn(0OCOCH:)2,

BUzSﬂ(OCOC11H23)2, Ph3sn0CH3, (Csz)aSl’lOPh, Bl.lzsn(OCH3)2,
52



Bu2Sn(000C"' H23) 2, Ph3SnOCH3, ( C2H5) 3SnCPh,

AC50PVB )2, 52 A0501 VP81/ KAN Bu2Sn( OC2H5) 2,
Bu2Sn( OPh) 2, Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnCH,
Bu2SnQ, (CBH17)2SnO, Bu2SnCl 2 and BuSnQ(OH). Each of
these <catalysts nmay be a solid catal yst fixed inside

the multi-stage distillation _colum,, or L a
Buz&mm@busmtauysn(aﬁmzdPbszar\(&CHn)a,H@Mﬁ%l’@ﬁ"s"ms“o”-
system Each of these catal yst conponents may o

¢
Bu,SHO! {€ahaVvE. Sreen BusSnt bdandt Budn Hyi c Eaghafihese

present in the reaction systemsuch as an aliphatic

RN Eatalpsp fixexonsidentheunditicstage distillation
cataQ{s&?n@lg;yb%ﬁate’ t he (ﬁrgryl carbonate or the dial kyl

b , ubi St 1Psteth fudiseoless tin theateaction
co'“ﬁﬂi’aﬁmgyvﬁ ﬁr?%e starting material or products

rior to the reaction. In the case of carrying out
SYSIBMLy (11) with a soluble catalyst that dissolves in

the_reactjon syst he ¢ I .y r
naEagne! Mape saraet toysBRREALS mal SO TR hgv Been
the reaction conditions. 15 Exa es.pf prefer
reactedawithx 8nj oraais %@HQ@WH&EP&%%‘ETRL@ tgﬁ(%%%}%afﬁgk’gtem such
Pb(OPh)2; TiCl4, Ti(Owe)4, (MO Ti (0OPh)3, he alkyl
as arvaGphEticamashol, @veeyematpmoanhydrexpepmpeyipd, the alky
Sn(CPhy4, Bu2SnO and Bu2Sn(CPh)2; Fed 3, Fe( 3 and
arylF4iB¥nate, ahd diaryl carbonate aritie Hialkybeanbenaig car may have
wi th phenol, the reaction liquid or the like. The 20

beegaé@!)ﬁ%teﬂsﬁﬂhbﬁtﬁ\'@etrbialtﬁterﬂomtimmmmmng mategial or products
istillation colum and the catalyst used in the

prioggsfﬂﬂe ggg&hawus mul ti-stage distillation colum may

_ nme as one another, or different. The first

Conlh RpLGa it SE1R ST SHbbUIRRISER Tttty st ha
dissi;lprlg(% ﬁf{l'tbla ?'ggh ljt/)ing%bsa!ﬁigi hgg %ﬁq(gk*satl(ig%\ﬁ?ﬁgaﬂw bRe H&ving a
high solubility in the reaction liquid under the reaction conditions.
Ex#mples of preferable catalysts in this sense include PbO, Pb(OH)2 and
Pb(OPh),; TiCls, Ti(OMe)s, (MeO)Ti(OPh)s, (Me0),Ti(OPh)2,
(MeO);Ti(OPh) and Ti(OPh)s; SnCls, Sn(OPh)s, Buz2SnO and
Bu,Sn(OPh),; FeCls, Fe(OH)s and Fe(OPh)s; and such catalysts that
have been treated with phenol, the reaction liquid or the like. The
catalyst used in the first continuous multi-stage distillation column and
the catalyst used in the second continuous muiti-stage distillation column
may be the same as one another, or different.

The first continuous multi-stage distillation column used in step

(1) comprises a structure having a cylindrical trunk portion having a
length Ly (cm) and an inside diameter D4 (cm), and having internals with

a number of stages n, thereinside, and has a gas outlet having an inside
53
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a nunber of stages n, thereinside, and has a gas

A0500¥PB2KAMYVI ng an inside 53 r A0501 VP81/ KAN di anet er
d" (cm) at a top of the colum or in an upper portion
of the colum near to the top, a liquid outlet having
an inside dianeter d12 (cm at the bottom of the

colum or in a |l ower rtiop of the co

diamete bt o) at 4 Lk OTGRe cAlEN of 55t JEPEIrtidh,of the
upper portion and/or a 5 central portiaon of the colu

coluben mearhto the topt Retiquith@uilet| having, AR INSIHE ﬁp amﬁq&rmz (cm)
provided in the mddle portion and / or the | owe

at tH® blottomodf the cotwinumor abcy bowee pqr@@mof,@he&olumn near to

wherein L,, b,, L1/ D, nl1, b | d,,, and D, / dil2

the Bbtloni 2kt Qéﬁsi bﬁefﬂhl'@\mm ﬁm\ridédan(ﬂ')e upperortion and/or a
respectively: 15 < 8000 (7), 10 100:5 D, <

enég?%o(rg%m oébﬁ? ftgl ge'i%g%tl{§ga§<8%52 gaéslﬂ aiiélba(s‘m)ne fourth

lnle&/lﬁéﬁﬂlcf%q |rmﬁgsrf\fé’m|% QB%bHW I'Bi‘lﬁ %ﬁﬁﬁgﬁ portion of the

sed I'n step conprlses a

structure havin L i,ndr,i ru

coldTRnGEhOYS ! an'i\ﬁﬁogﬁﬁtn&“b%%dﬁ‘ retdroR! Sy gy P4 R, and
having internals wth er .of

D1 hder BIURL WIS%H\MQHQWQ% grmulpe ma%n§1g)ﬁr?%%?ate\"6iy
di aneter d21 (cm) at the top of the colym or in an 20
upper por 4500 SiLit &§BMM urm near to theltdop, a Iiquid
outlet having an inside dianmeter d22 (cm at the

bot t om of 10pe<d®] «®000 in a | ower port(®n of the
colum near to the bottom at |east one fifth inlet

provi ded bnctihe; pyppeyQ portion and / or(@),m ddle
portion of the columm below the gas outlet, and at

| east one2<6| §tr{] Ln{#4 provided in the rr(ﬂgij e portion
and | or
5<Dy/dy1 =30 (11), and
3 < Dq/dyz2 <20 (12).

Moreover, the second continuous multi-stage distillation column
used in step (1) comprises a structure having a cylindrical trunk portion
having a length L2 (cm) and an inside diameter D, (cm), and having
internals with a number of stages n; thereinside, and has a gas outlet
having an inside diameter d2; (cm) at the top of the column or in an
upper portion of the column near to the top, a liquid outlet having an
inside diameter dz2 (cm) at the bottom of the column or in a lower portion
of the column near to the bottom, at least one fifth inlet provided in the
upper portion and / or a middle portion of the column below the gas
outlet, and at least one sixth inlet provided in the middle portion and / or

the lower portion of the column above the liquid outlet, wherein Lz, D2, L2

/ D2, nz, D2 1 daqg, and D3 / dz2 must satisfy the following formulae (13) to
b4
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25 the | ower portion of the columm above the liquid-
AO50PWPREKANVerein L2, D2, L2 / D2, n2, D2 / d21, and D2
/ d22 nust satisfy the following fornmulae (13) to 54
a, AO0501 VPB8YKAN (18) respectively: 1500 5 L2:5 8000
(13), 100 <_ 132:5. 2000 (14), 25L2/D2540 (15), 5
105n2580 (16), 2 5 D2 / d21 5 15 (17), and
(18)TeBpedtdvelg0d (18). It has been discovered that by
using the first continuous nmnulti-stage distillation
col um anpb0Me kecpB00font i nuous nmul ti {3Bge 10
distillation colum that simultaneously satisfy all of

the formiee £ D, £ 200B), the diaryl cdrMddnate can be
produced fromthe dial kyl carbonate and the aronmatic

nmonohydr n an industrial gq&)e of not
| ess tha?% ?gwyﬁu% th high selecti \S}(l t)) and hi gh

productivjty sta for a prolonged pgrigyd of tine,
for exanp*@%ﬁ? %@?s t han 2000 hours, %563# ef erably
not | ess fhap 30Q0 hours, nore preferab n ess

t han 500 %gl}rfggzﬁﬁe%eason why it hasd%?gcgatrpea
possi bl e to produce the diaryl car bonaé on an

i ndustri aP <& £des €3Quch excel | ent ef s by

I mpl ementing the process according to the, pr e%ent

i nvitrhasbeen discevetad that by wsieg the firgh sontiniions

due to a conposite effect brought about when 20 the,
mul€ioSeige distikatibhecolummiared the secqndcontinuemsimuti-stage

Preferable ranges for the respective factors for the
distfiPatib AU EnR th it SimdtarBouslyl satisfy alll afrthe fegauiae (7) to

step (11) are described below. If L, (cm or L2 (cm
(18} St Wty Barbdifhte! ¥5A H'préanrelsirem the dialkyl carbonate
and the aromatic monohydroxy compound on an industrial scale of not
less than 1 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. The reason why it has become possible to produce the diaryl
carbonate on an industrial scale with such excellent effects by
implementing the process according to the present invention is not clear,
but this is supposed to be due to a composite effect brought about when
the conditions of the formulae (7) to (18) are combined. Preferable
ranges for the respective factors for the continuous multi-stage
distillation columns used in step (i) are described below.

If Ly {cm) or Lz (cm) is less than 1500, then the conversion

decreases and hence it is not possible to attain the desired production

amount. Moreover, to keep down the equipment cost while securing the

conversion enabling the desired production amount to be attained, L4 and
55
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decreases and hence it is not possible to attain the
AOS0UEPBLAIANDI oducti on 25 anount. Moreover, to keep down
t he equi pment cost while securing the conversion
enabl i ng the desired production anmount to be attained,
L1 and 55 i A0601 VP81/KAN L2 nust each be nade to be

not nore than 8000. More refe abl r.ang 0,
L, mustyeachs be madg (@e Mod 2 gl or 96%4685&*"8
and 2000 !5 L2 <_ 6000, W|th 2500 5L ?&%}0 and

rangdE0fo 5L Icm)sand be(om) ane rmectpveweZQBDe—
(cm or D2 (cm) is less than 100, then it is no

2000658, ¢ 6000, witha2$00he Ldes 5080 andd2500as Lanslﬁqoo being yet
Mor eover, to keep down the equi pnent cost while

,@fgg.g |d.he desired production amount, D, and D2
morﬁlfs eac be made to be not nore than 2000 Mor e

d ble t
PLIBTAERTEn) Ilafy A ESHIED oo pssvte o

ol o i Ao, MG orkyap g e
. distillat lu d the
squiRment sasiovbiie ARG e gt %‘%Qﬂrﬁﬁ%*@“"%ﬁ' inf. B and D
hi h b ]
mushach 5 s (o Es e s SN gL BBl ranges
thereof to the |ower portion 15 thereof, or the |g gg
for Dl1e(rmﬁ)aanmhwzc(dr|ﬁ)sarécreso|emB'|Géyit1ﬁﬂ)sstDms;,mﬁcg} and 150 < D2 <

exanpl e, for each of the continuous nulti-stage

1009, S.Wthlmmommokmantmeoomwe 200 teting yet mure preferable.
upper portion of the colum may be smaller than, or

| ar ﬂ%rr ﬂ'\'%a”f’lrstt B@ntlﬁﬁb@% ﬁil.ﬂﬂﬁéta@eoﬁlstﬂeaﬂl@n\molpmn iagvd the
of the col um. Db or L2/ D2 is less than 2 or

! Rfus h hoBohl 8§ D;and D
sechinf bEQtntAs &w'! %fﬁg? AR IgHEn N D g0 1oRg e D1 and bz
areﬂﬂgﬁmﬁhg ggé?rgﬁf%%,t%ag& R AReUEEIHhhEenhaYCcRaPetecsame
inside diameter from the upper portion thereof to the lower portion
thereof, or the inside diameter may differ for different portions. For

example, for each of the continuous multi-stage distillation columns, the

inside diameter of the upper portion of the column may be smaller than,

or larger than, the inside diameter of the lower portion of the column.

If Li / Dy or L2 / D3 is less than 2 or greater than 40, then stable
operation becomes difficult. In particular, if L4 ! Dy or L2 / D2 is greater
than 40, then the pressure difference between the top and bottom of the
column becomes toe great, and hence pro!onged_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, bringing about a decrease in the selectivity.

More preferable ranges for Ly / Dy and L2/ D> are respectively 3 < Ls/ Dy
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col um becones too great, and hence prol onged stable
AO50DVPSAKAN becones difficult. Mreover, it becones

necessary to increase the tenperature in the |ower
portion of the columm, and hence side reactions 25
beconme |iable to occur, bringing about a decrease in
the selectivity. Mre preferable ranges for L, D, ;
< 30aaddl® 9 LpZ By & 305 path Svsily RS £ 7¥5Rd Big e ipE < 15 being
VP81/ KAN s30and 35L2/ D2s30,w th 5:Li/D sl5and
yet morel psfevablerg yet nore preferable. If ni is less
than 20, then the conversion decreases and it is n
possidyl ie ledsatham 20, thetetlie ednyession decraasestan
the first continuous 5 nulti-stage distillation .
posgﬂl?%' affBiF oNE dedifed g dltion Beneunt poethe first continuous
whi [ e securing the conversion enabling the desired
r ! hfdti e Rig\esh 18 1keais ddven rthdeeiaipment
mulﬁéﬁ%&% %@glﬁgﬁ%ﬂgﬂ‘#wﬂﬁ?} nor e, iféen)‘is is greater
han, 120, then,th ' ddifction
cost whtienaeEur e SRS SHARTAIRE aosriarady
hence 10 prol onged stab oper at | 0 T
amassnt fobe.ataiNed. S Jpuskpe Madk k§b< bt ffiake dhan. 120
difficult. Mreover, it becones,necgssary to in
Furthermempef nuisegreatafethande G dheny %P’%ﬁ%"[:%lcﬁﬁ%?éﬁce.
and hence side reactions becone liable to occur, h
betweiengtivg tapand dattameabthe calugmn becomesitpp. great,and hence
preferable range for ni is 30 s ni < 100, with 40 s .
proltngd® siaBit bperatipet ofrthe finst feardinwoustmulii-stagerdigtillation
I's Qess than 10, then the conversion decreases and it
coh'nﬁxri“%c??ﬁéé Rigidiit.at Moredvier, debeterhes ooessary to increase
anount for the second continuous nulti-stage

the&%ﬁé%ﬁﬁjrgqn‘:ﬂlﬁi I!ﬁbgeg/gfcﬁ'ﬁw of tRe ‘nmiPvantieence side

ost curing the conversion enabling
the desired 20. productjon ‘ ' elih the
reagiona; gerame dighis 1Hpehir SHiidind BERYL decresse |
2 i t th 80, .then th di ff :
seltgctilulistygIr A more parlgferdble range for ns 18 30 <"hs <1607 With 40 < n;

ot, .
d,it is not

< 90 being yet more preferable.

Moreover, if n; is less than 10, then the conversion decreases and
it is not possible to attain the desired production amount for the second
continuous multi-stage distillation column. Moreover, to keep down the
equipment cost while securing the conversion enabling the desired
production amount to be attained, n; must be made to be not more than
80. Furthermore, if nz is greater than 80, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation of the second continuous multi-stage
distillation column 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, bringing about a decrease in the
57



10

15

20

25

between the top and bottom of the col um becones too
A0S0y VPEL/KAMd hence prol onged stable operation of the
second continuous multi-stage distillation colum
becomes difficult. Moreover, it becones necessary to
25 increase the tenperature in the | ower portion of
the col um, and henc si de reactian ecqrmn habl:
selegtuity, i Mhare rafRinDle TanaSIGE e 18, 1 H7 %807 With 20 < np <
VPS1/ KAN sel ectivity., A nore preferable range for n2
50 bedngyes more m@fe\ﬁﬂngo s n2 5 50 being yet nore
preferable. If D, / dii is less than 5, then the .
equf Prehdcistesothands f then thewrauipment sostifosthgdirst
distillation colum becones high. Mreover, 5 |large
conBABL0ESmaltistageudistiiatiore codumre becatey higheaddoregver,
the outside of the system and hence stable operation

f Y LB ohdrits-aleapeadilgtreléasedrto the outside
larg%o?@%n%rggc%ﬁngéggib??i cul P If D [/ d" isygreater t han

: t iWht cowti s
of g syREh. Al HETRY SHAOIPERERMIMh St s ooy
econes . difficult, .an VQke: ecr, er |

muriadesiiafih sialifin baaUi g8 SHAuECIE B Uh Igreater

for DL / d11is 8 5D, / d" < 25 . wth < ' i
thar 30z dhepethe) 9psE IS som%?%?atsr'“éﬁ*q-_*’lﬂ“m'e%ﬁb%‘,‘&?é@éis

d21 is less than 2, then the equipnent cogt 'fobn:?hed
relasivedy dowoand hencenatablesengeatig iresomes difigH L, an

becomes high. Mreover, |arge anmounts of gaseous,k 15
moeuveT e decranse imthé comieraian is bronghd Aoyt ofr mese

system and hence stable operation of the second
prefélallayany ¢TTo i Dyt ageisisst D4 Atips 26] with 10bsddmésl+1 < 20

difficult.” If D2 / d2i is greater than 15, then the
beiﬁ@ﬁfét?t%ore BeableM t hdrgvEimergLftD peayds less than 2, then

r [

A atively Tow, and hence stable operaLi on becones -
oSk gHEE I8 e PR sy it
2i [|S 5 < i, 5 12 | 0

colggqlrhbseyg{n%%gér ele\lgpéﬁ?‘é.et !\grbg amounts df Sééeéué

components are readily released to the outside of the system, and hence

stable operation of the second continuous multi-stage distillation column

.becomes difficult. 1If D, / dsq is greater than 15, then the gaseous

component withdrawél amount becomes relatively low, and hence stable
operation becomes difficult, and moreover a decrease in the conversion
is brought about. A more preferable range for D2 / d2y is 5 < Dz /da <
12, with 3 < D2 / d21 < 10 being yet more preferable.

If D; / dq2 is less than 3, then the equipment cost for the first
continuous multi-stage distillation column becomes high. Moreover, the
liquid withdrawal amount becomes relatively high, and hence stable
operation of the first continuous muiti-stage distillation column becomes

difficult. If Dy / dy2 is greater than 20, then the flow rate through the
658
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If Db / di12 is less than 3, then the equi pnment cost
A0501 MP8IMAN I rst  continuous nulti-stage distillation

col uim becones high. Mreover, the |iquid wthdrawal
anount becones relatively high, and hence stable 25
operation of the first continuous nulti-stage

distillation, colu beconmes diffi foe LE / '
liquigr auiier AhRIBBg PREATTR excarsi vy tdst, and hrocEsgrdsion
A0501 VP81/KAN liquid outlet and pwi.ngcbﬁgones t A
becemessiablg jofagnur, bitnging.abeub §o5FOSIGH SFEhe JRRATALUS-
occur, bringing about corrosion of the apparatus. A
moragmf_ambw chgerfondd f oz 8 § <@z /id15< 18,owith 90y [ diz <
18, with 7 5 D1 / dl12 15 being yet nore preferable.

15 Heihghpsaicre pfefdtablel22 Furthesmoraaif B, /5dzhisnlassethan S,
equil pnent cost for the second continuous nulti-stage

therfiﬁé!éddtaﬂbin?@nt e8ktHBr Bse Yol ¢ontitucey enulti-stage distillation
I quli t

hdr awal anount becones relatively high, and

col%ﬁfqeqé@gl?eseg@ﬁ? é I ffert IRe IREER-IWITE ra#IUsmount becomes

ion cblum Dbecones difficult. If

D2 /| Q22,is ater t i
relafiyebydiotner Banfessiatie derdifE o hels8ohg fontinuous

excessively fast, and hence erosi. bgco | i gbl e_t -
mulicetage Bistiahgn calumn Bacamps didfcifi AT Rs LBze Ts gheater

nore preferable range for D2 / d22 .is 7 .< 52./.d2%55
thae 30 vihen the flog ratedhraughdheelinyid outlgi gnd piping becomes

preferable. Furthernore, it has been found that in .
exceseivdlyl fast] and henceeerosionfhecomes iable 1o arcur bringing

satisfy the following formula (20), and for d21 15

aboi L stZdsich vitthef appharafud.| odimoré prefesalyi@ljange for D2 / d22
1< d12/d"< 5 (20), and 1 5 d21 / d22 < 6 (21). The

is 7t £ TRE9! 2188 dy thadleDYred At k70 bledhgSjetomore) prafanable.
t ha oﬁ&

ration can be Carried out continuously in a

o Bl OB Mag hadiprodachtan g amit inather
bregéqattpqgs iri( HLgﬁdn&tg {0°85ti5 A7 thé IBHoUARESfor ABS{Z8Y, Yand for do
and d2» to satisfy the following formula (21):

1<di2/d1 £5 (20), and

1< da /d2 <6 | (21).

The term “prolonged stable operation” for step (il) means that
operation can be carried out continuously in a steady state based on the
operating conditions with no flooding, weeping, clogging of piping,
erosion or the like for not less than 1000 hours, preferably not less than
3000 hours, more preferably not less than 5000 hours, and a
predetermined amount of the diaryl carbonate can be produced while
maintaining high selectivity.

A characteristic feature for step (1) is that the diaryl carbonate

can be produced stably for a prolonged period of time with high
' 59




3000 hours, nore preferably not |ess than 5000 hours,
Aos0aPsa/KAgedet erm ned anount of the diaryl carbonate

can be produced while maintaining high selectivity.

25 A characteristic feature for step (I1) is that the

di aryl carbonate can be produced stably for a
- prolonged period of time with high 59 A0501 VvP81/ @N
selestivityt andtwithna highrproducfivity &f er lgss,than doton 4

than I ton / hr, preferably not less than 2 ton | hr
prefépasiynet ¢éﬁblthan02 tbassht,hawore praferably notdess than 3 ton /

anot her characteristic feature for step (11) is that

' ﬂ‘ldr@?vé}aéﬁo‘théf chlarabterisfic/fe@tureifor Btep (th)iis that in the
12 for the first continuous 5 nulti-stage

cas%&%'t' l.a r\_hP'U{mhﬁ‘ﬁJ $idi, F SRBEDY I/V®Yfot @ firdt cbntinuous

r-SEld S AT e
< o5 Ehohg I CR S 304 MBI 5 9 98 £ 25 ana 5 <,

6000, 150D2:5 1000, 3: 5 L2/ D2530, 155 rﬁ’z d
! d15& 285508 2102, Lod Badnz, B2 Dd2y, apd L2/ 2 fF?('St‘hPe§§°°“
than 2 ton / hr, preferably not less than 2.5 eﬁ
continuous emylties tageb dystikbatibbseouiman satisfy r,esﬂec(tqulu 000 <Lzx<
di aryl carbonate can be produced. Furthernore,

80000186 < DYoL AQ0Y,i Bid L, s ur BO{ diS Strqo<(60,)2155t Bat/ d21 <12,
in the case that L1, b, L, / D1, ni, D, / dii, and

4 L2 4f.9' Be noitN18ks khatoRtioRIO S, préferablygot less than 2.5
andD%st H% gtdlggn col Srm satisfy respectlvglréy 2500 <_ L, <_

tongot‘?lq 1r5|%98 ;%e'??ragb{ysﬁgt &%sé 3 an 3 t@n l5hr15f tH@ %ag ! égatéonate
L D2,, L2 [ D2, 2D2/d21 dD2ld22f th
Ca%éédmj%?ﬁﬁ’ nuousnrrul ti-stage d?gtl | lation coIoer °

satlsf{ respecti vel
rkh

25004r gg@g@eggggt%ﬂQ c@g@aggerl_gylgjgatli@ for step (11} is that in
medmssaea i W B 107t Ao B

than 3.5 ton / hr, nore preferably not I ess than 4 tan
coritituwoon$é moki-stage 'distillation column satisfy respectively 2500 <b¢ <
5000, 200 < D, <800, 5 <Ly /Dy <15,40 <ny; <80, 10 <Dy /dq1 <25,
and 7 < D1 /dq2 £15, and Lz, Dz, Lz / Dg, nz, D2/ d2y, and D5 / d,; for the
second continuous multi-stage distillation column satisfy respectively
2500 < L, < 5000, 200 < D, < 800,5<L,/Dz<10,20<n;<50,3<D2/
d2y <10, and 9 < D, / dz; < 20, not less than 3 ton / hr, preferably not
less than 3.5 ton / hr, more preferably not less than 4 ton / hr of the
diaryl carbonate can be produced.

The “selectivity” for the diaryl carbonate in step (ll) is based on

the aromatic monohydroxy compound reacted. In step (li), a high

selectivity of not less than 95% can generally be attained, preferably not

less than 97%, more preferably not less than 98%.
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di aryl carbonate can be produced. The "selectivity"

Aosol gpstigANli aryl carbonate in step (I1) is based on the
aromat i ¢ nonohydr oxy conpound reacted. In step (I1), a
hi gh 25 selectivity of not |ess than 95% can generally
be attained, preferably not |ess than 97% nore

preferably not [ess than 98% 60 A0501. VP81/KAN Each

of BEaeh fafrthe fitst continyoms mulat%tgsed&bi\{flfﬂlté?ﬁ‘ cﬁ?ﬁum“ and the

colum and the second continuous nulti-stage .
secoh@ iddnthiuows multivstagedistillation Golqmnsusggénestgm (yis

distillation colum having trays and/ or packings as

prefefgbly AlGskNation B8ldmMhavingtre/s andéded packings as the
present 1 nvention neans the 5 parts in the

intefisls | | P! ki RS iRNHe! prdghtiinventiomimeans the
mtem%‘%’ght-ﬁh?ﬁt%éﬁgo'ﬁgm@wth one anot%er. As the trays,

q . . . ht
partg {5y U grafigfiBEcim ¥ i 5 a2 R 41d staally broug
the int I s" h h '
into(qatagt WRAGTe Ao | i aee- EiefE i dEsarbed if the
I : 10 ti in which th kyl L
sectanvon:atepi ) precialarabla  Morsioxety 116 dafif y by of stages
the aromati c nonohydroxy conpound mainly occurs. This
of thedateénralsihamnthexisamnel mepsing @s .PERFmM const ant ,

and the reaction rate is slow, and hence it has been
di sppeeesdihhin theficgtecanippuodssnulti-stage distiliation column, a
having trays as the internals is particularly

realfishan2WhicH thasaikiye dryt sarbenate io yeodukced toaydhe dialkyl
distillation colum used in the reactive

|
carﬁéﬁ%i&{a's d ?I‘i‘e.%?nl??géfmoh% o%§ Ui poanid mainty occurs.

age disti tion colum;, it 1s mainly a

Thif yERR L hekagh BB BW Bouliriankpbsidnt, and the reaction

as a |l ow

rateds slownandh bencs Bdime PP AIRCAV GBI p Hafe th6E"
distiliaionacelusngheiac iRy Saas B BREBNSaarRA a1V Preferable
as ?rl\Jela tfzr-s?tc?)%?indll;ltjé lnugltté-grt]age distillation column used in the reactive
distillation. Moreover, in the second continuous multi-stage distillation
column, it is mainly a disproportionation reaction of the alky! aryl
carbonate thaf oc.:curs. This reaction also has a low equilibrium constant,
and a slow reaction rate. Even so, it has been discovered that a
distillation column havin-g both the packings and the trays as the
internals is preferable as the second continuous multi-stage distillation
column used in the reactive distillation. Furthermore, it has been
discovered that a distillation column having the packings installed in the
upper portion thereof and the trays installed in the lower portion thereof

is preferable as the second continuous muiti-stage distillation column. It

has been discovered that the packings in the second continuous
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colum used in the reactive distillation. Furthernore,
A0501 VPBAKAMen discovered that a distillation colum

havi ng the packings installed in the upper portion
thereof and the trays installed in the | ower portion
thereof 25 is preferable as the second conti nuous
mul ti-st.agy istillation colu I.t .
multhsagecd BUTiatian oML Are rsrRraly %@@%ﬁlﬂ%ed;wk%s and
61 A0501 VP81/ KAN mJItl-staIi dkstl|| n col 4?1 BF
that afciher atnugtyred aarkdagsp Maliap 'ﬁrRP ?”é!fpf grable.

structured packings, Mell apak | s parti cuI arly
pr R enthermoreriit hasrbees, disconaseddbatinscoathaf theqtrays
as each of the trays installed in the first continuous

instaléd iinsthagfirsi sbntinalousnmudtivstagendistiitaiosezalumn and the
continuous nulti-stage distillation columm, a sieve

secéﬁé%d"tﬁi’mﬁ‘@ué‘ mBitR4seager distiladith otlomng asievettaphaving a
I's particularly good In terns of the relationship

sie egwyscove%gauﬁ@marwlwm apGEuldrly ipodis terms of

eac eve t ay preferably has

Q00, h t he e
the FEB AR hERk R pe i AREHGURHER o Tk has also
hol es/ n?, rmre refer bI' from150 to
beengtisspierelnabeach siersdr g??i@%'?%%ﬁ'&ﬂh#%%"em holes /
cross-sectional area per hoI e of each sieve . tray .i sf
m? iy e sigve partion. anwefnrmm%qaummo Rolggig from 120
preferabl e cross-sectional area per hole is fromO0,7

to 900 Hotes!m3eyst mure prefecahly fromdtH0 to 360 hajas/m’.
Furthernore, it has been discovered 15 that it is

par Morelowdry itph a$ e elis foeerdd shat therarpsisasediionabarea per
1000 holes /  n2 in the sieve portion, and the

! i dWlyaini 4 range of dram Of5 to Grem?. A
holg ogsé%a?%ﬁéQQEﬂaﬁ Iﬁzsbr%zgrn S 0\’\‘/n trhatg%by addi ng the

mo%bgfﬁeir%?{]% r#r?% ﬁ?ﬁ%@“aﬁﬁ' 5?%5 e%“loHél gf%lfnégg‘n?tto 4 cm?, yet
mo ARl 15T OB pr g L R oo aicovered
thaf e B ST 4r SR ST by RY' 180 18000 hotes
m? in the sieve portion, and the cross-sectional area per hole is in a
range of from 0.5 to 5 em®. It has been shown that by adding the above
conditions to the continuous multi-stage distillation columns, the object of
the present invention can be attained more easily.

When carrying out step (II), the diaryl carbonate is continuously
produced by continuously feeding the dialkyl carbonate and the aromat_ic
monohydroxy compound constituting the starting material into the first
continuous multi-stage distillation column in which the catalyst is present,
carrying out reaction and distillation simuitaneously in the first column,
continuously withdrawing a first column low boiling point reaction mixture

containing a produced alcoho! from an upper portion of the first column in |
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nonohydr oxy conpound constituting the starting
Aosolebet/aINinto the first continuous nulti-stage
distillation colum in which the catalyst is present,
carrying out reaction and distillation sinmultaneously
in the first colum, 25 continuously w thdraw ng a
first columm | ow boiling point_ reaction njxture -
a gaseousi fonmy, aoptinugdsdy a%&b@tﬁwm@a Bfﬁhﬁgié!‘“ﬁc}?"ﬂihoh%”“g
the first colum in 62 A0501 VP81/ KAN a gaseous form
point e8hitiopunlixture bdntaining @ produced| aleyl mryhcasbenate from a
poi nt reaction m xture containing a produced al k%/l

Iowe’%‘r?(clartféﬁ e eefiF§ospRImhdnes liuidi fornuf contintiously feeding the
colum in a liquid form continuously feeding the

(0]
first{c%jdgﬁl'nﬁﬂi Hgb&iiiﬁlgl ESHti B R R imbRBEE At thetsecondit 0

secon con uous nulti-stage distillation

conﬁ@éﬁ%ﬁ%ﬁ%@t&% Ffﬁtgfétﬂw Séoli.lmrpriﬁsﬁﬁfoh tiyé dathNgstoigt present,

I'on simultaneously in the second
col umm, conti nuousl | t.hdr aw ; :

carryg s IRAGHOR &Rt Pl AUt P RAREF uF e Fhcdiid column,
di al kyl carbonate from an upper portion of the

contiougnsly withdeawing af%qwn@dfﬁunﬁaagwygwqm P&Mﬁﬁ‘%&ﬁ""
second 10 colum high boiling point reaction mxture . f

mixiuret edntaigireg @ ploducedidiajkylcoathanate frosmap UpRer portion o
portion of the second colum in a liquid form and

the &e@bndeohimnf redi gase dies $oomncantinueus ywwiidid ramgng a second
poi nt reaction m xture containing the dialkyl

& ddiat Feastionomixtureusontaihing & ppeduced diaryl
co"’ﬁﬁéti ri‘]'fhtatsic‘é)rl} %cﬁ um. 15 As nentioned earlier, the

carﬁ’aé@%{%gﬂ%m T6WAr pEMidiPBE2hR $860AEGEIAmMN ik iz liguid iform, and

rbonate and the diaryl carbonate that are

enct | ’ . ) .

confiFiEug 1eBAtRY e, sERAnATAAUNE (W BORK brifLEoadton
Consi deri th [ t d [ f

ik et s AMRVE e il M 88 esfngons
actual Iy 20 inplementing the present invention

muitihatage idistijlation calypBferabl e for the starting

e »%\IrsI amlert\t?orﬁggt:;rqiesrﬁwe sa;:g?tuipitg;smgte?i%?t}ngg é)#tg?r?'the alcohol,
the alkyl aryl carbonate and the diaryl carbonate that are reaction
products, and reaction by-products such as an alkyl aryl ether and high
boiling point compounds. Considering the equipment and cost required
for separation and purification in other processes, when actually
implementing the present invention industrially, it is preferable for the
starting material to contain small amounts of such compounds.

In step (11), when continuously feeding the dialkyl carbonate and
the aromatic monohydroxy compound constituting the starting material
into the first continuous multi-stage distillation column, this starting

material may be fed into the first distillation column in a liquid form and /

or a gaseous form from inlet(s) provided in one or a plurality of positions
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In step (I1), when continuously feeding the dialkyl
A050C¥POMAN and the aromatic nonohydroxy conpound
constituting the starting material into the first
continuous multi-stage distillation columm, this
starting 25 material nmay be fed into the first
distillation colum in a |iqujd and . QL. a.
in theauppes pastiars ppthemiddls psmono%étrﬂ%?wﬁédbﬁ%éaat"’" column
plurality of positions 63 A0501 VP81/KAN in the up
belomotihé gaooutled inithe oppertpartion otntaefiwsgtdlstlllatlon column
distillation colum below the gas outlet in the upper

It is RAsHI prefetableetd fead thiesstartig nmatesiairsontainings aalasge
preferable to feed the starting material containing a

prodéﬁmﬁ] Pftﬁegﬁﬁéﬁal ftot fhe ﬁb@ﬂﬂistﬁllﬁ@ohhﬁ;lﬁmmﬁn a liquid form

[ation colum in a |qU|d form5 froman inlet
ron BB 1Bl 314} 1RERe 8356t pbrherl D e 15st datilaion column.
and S350 4 8% o yPaREr Bl BEREA o 15 Frabbiion of the aiaiky

gaseous formfrom an, rovi ded in the |
cartinatemter thenarst Atilation adlumin 18 GRseals i from an inlet
liquid outlet in the lower portion of .ithe
provided in the dawes| porion of ¥hecial disti ’aétcgbceh')‘" ahove the
first colum high boiling point reaction mxture
liquizb piAleti ingtheh ipwek plortion of dhe dirst «listiatieacealymn.
wi thdrawn from the |lower portion of the first

CONnjfdgré@v@riTin bteﬁt(ﬂgetldeﬂ"insltlcailumn highiboiling point reaction
contlnuously fed into the second conti nuous

mlxm’tlt:at boﬁ&é‘igﬁng'tﬁb' Al i I cafb8RAte dyrinddeslyi withdrawn from

I'i ng “pol reaction mxture is 15

the E{)ﬁrf ztﬁtg t¥0r$ o th tﬁrétr@oﬁﬁﬁﬁﬂgsdtro illéftﬁgbod‘ls‘midﬁﬁh igdlumn is

man/or a gaseous rm m i nlet(s)
d
conliad i e S Bbib oy B gt
distillat I b t] th
ol i owae@&?né%ég“m&@Hngﬁiqq‘%ﬁﬁg% e abiiE s RfGe is
in the case of using, as the second distjllation
prefarably, fed rdodine secandodistblatian eelumg i agléqwﬁbfmm and/or a

portion in the upper portion thereof and a trag
gasewous éormrfrofeinletd) provided inheneosr, avplucalitys of positions in

preferable
the upper portion or the middle portion of the second.disti!lati_on column
below the gas outlet in the upper portion of the second distillation column.
Moreover, in the case of using, as the second distillation collumn, a
distillation column having a packing portion in the upper portion thereof
and a tray portion in the lower portion thereof, which is a preferable
embodiment of the present invention, it is preferable for at least one
position where an inlet is provided to be between the packing portion and
the tray portion. Moreover, in the case that the packings comprise a

plurality of sets of structured packings, it is preferable for an inlet to be

installed in a space between the sets of structured packings.
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enbodi nent of the present invention, it is preferable
A0501 /pgifkdgast one position where an inlet is provided
to be between the packing portion and the tray
portion. Mreover, in the case that the packings
conprise a 25 plurality of sets of structured
packings, it is preferable for an inlet to be
i nNsMaréeder nnastamn¢t) bidtiscatsa peefesableto nariyianted reflux
packi ngs. 64 A0501 VP81/ KAN Moreover,. in step (I1), it
opetstiéh TF ceRdenshigthe gagdous componehtwitbgeawni tsonvthe top
condensi ng the gaseous conponent w thdrawn fromthe

of egﬁﬂ of’fh??ﬁ'gt Qontitudus ?ﬁlﬁﬁ%{é@é‘%@tiﬁﬂtibin- sbhgnan and the
ISt a e

>t i on _coI _um|1 a_nd t second conti nuous _ .
secg_ﬁﬂééﬁﬁr?ﬁﬁ?gg'aﬁlw&-ﬁiébg{‘%%gi'%m%ﬁi‘e“ﬁﬁ??ﬁ“sﬁ" fEtuming
soma,pt this £oRRORERE 1Mo MARar-Eoainn 47 48t difItich column.

colum is in a range of from O to 10 referably from ...
In thist oase, e deflyper tatfpythpg‘jrwsd Q%’J‘eﬁ“‘gﬂﬁ rpuftisstags distillation

for the second continuous nmulti-st a?e distillation
coluwrahuisnin a riange offyemod tor b6 oreferably drom, @iter apMPerey

from0.08 to 5, nore preferably from0.1 to 2. For the
prefdradly fesvni O4ous. MHe irefluagativ for theisemorsbcomtinuris

carryi ng out such a reflux operation (i.e. reflux
mu|2ﬁ&tége‘r dPstiilatidhseompdkahadirangebotifromt0.0inte tidy preferably

1), the nethod of making the catal yst be present in
bt i | i psti iPRirelcomiinuous

froﬁr\mft;. 0g td B g igteeRFalily! front 0290t St Fdrath

case that the catal yst
: olid ih e I . : S )
multisfed@dipufiafipe Gl iR, Mitieg Pyl gUESUICE farhk gperation
. th I by, . I ' ' | | ed t
(.6} ey 1D £ PLS Alsb 9 EpLe AR e SmPaRImertte: {11 at on
col um or bei ng installed in the form?f a E’%Cki ng. Ln th
t he Inctep @1), dheamathed eof,makingsthe, catalyst he presenhn the
material or the reaction 20 liquid, it is preferabl &
first condidlaue multhsjage idistillatiore celtma; vay| batan method.

colum froma position above the nmddle portion of =
thet &8sé ithat tHedatalysét @acsdlidnihat is insoluble in the reaction liquid,

in

it is preferable for the catalyst to be fixed inside the column by, for
example, being installed on stages inside the first continuous multi-stage
distillation column or being installed in the form of a packing. In the
case of a catalyst that dissolves in the sfarting material or the reaction
liquid, it is preferable to feed the catalyst into the first distillation column

from a position above the middle portion of the first distillation column.

In this case, a catalyst solution obtained by dissolving the catalyst in the

starting material or reaction liquid may be introduced into the column
together with the starting material, or may be introduced into the column
from a different inlet to the starting material. The amount of the catalyst

used in the first continuous multi-stage distillation column in the present
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In this case, a catal yst solution obtained by _
AOS01VESIPKANNG the catalyst in the starting material or

reaction liquid may be introduced into the colum
together with the starting material,.or may be
i ntroduced into the colum 25 froma different inlet
to the starting naterial. The agount of the catalyst :
inventien \Aarieslaﬁpemlﬂgoﬁﬂiﬁﬁ?ot@%ﬂ’??qa@!hﬂeuﬂ?gt ?W"PéyPSﬁ and
colum in the present 65 A0501 VP81/ KAN invention "
proputions ofethedtaring materigipeompoinds.yand feagtiqmgonditions
types and proportions of the starting materi al
suchCAERRBNEactioy teafséiatare @t thereacticrhpagssuee. The
reaction tenperature and the reaction pressure. The % b
f Al bieraflydangranige of fromad@O0f t6r3h by
amo@ﬁggggthtgoc%{oéqx/?by ? wei ghy, preferbabl y fromO0.0005 to _
: 9 | r i he. RfYre préfdfably from
weighl; gigtersBid tronrPrdod8 opf( b by Willant, Atre profereby

I ng
teri

.~ Moreqver. i t , i ial.

0.007F2ker Ao b ety Betsad pP e, total whithy Bt ¥ starting materia

continuous nulti-stage. distillatipn colu

reMlecRover. Inestem BT e drahodt of pagking The Getdst ¥

is insoluble in 10 the reaction liquid, it is b
presendfinrthisl setond: eentinugussmulti-yage digiifalionLaiymn may be

colum by, for exanple, being installed on stages )
any imisitdal .t hén theoraise ¢hat thematalystiis- atsajid dhat is frgolyble In

colum or being installed in the formof a packing.

the tehdtien JRAAOT i pasrdrabiietfbatthei catalystto be fixed inside the
starting naterial or the reaction liquid, it is

colu@;ﬁ@{bﬁ{, "’ka%}a%g?@,dbhhf‘g ¢ré @l ohndtaddwindidectimdecond

['ation columm fr'om a position above the m ddl e
AN fitit > b3t ' hig"thsthNebinSthe form of

conﬁggéyggngl&la%gte gﬁﬂﬁ@ﬁﬁlgﬁ%g?bﬂfi gi ssolving the

catal yst, in the staftin ' tsi L L
a pakngs e aaseao! a e el A Ras i8R hthe pidithho

starting material,  or, .be intrqduced i t .
matEmi i e aoah 5 i rel g L B thdd e Balyst into the

material . 20 The anount of the catalyst usedl‘w the .. fth
secenddlistitlaiiomcelsmmufrom & pgsitien abgove the middigportion of the

the present invention varies depending on the type .
second distillation column. In this case, a catalyst solution obtained by
dissolving the catalyst in the starting material or reaction liquid may be
introduced into the column together with the starting material, or may be
introduced into the column from a different inlet to the starting material.
The amount of the catalyst used in the second continuous multi-stage
distillation column in the present invention varies depending on the type
of catalyst used, the types and proportions of the starting material
compounds, and reaction conditions such as the reaction temperature
and the reaction pressure. The amount of the catalyst is generally in a

range of from 0.0001 to 30 % by weight, preferably from 0.0005 to 10 %

by weight, more preferably from 0.001 to 1 % by weight, based on the
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of catalyst used, the types and proportions of the
Aos0VPg1/KAS nmaterial  conpounds, and reaction conditions
such as the reaction tenperature and the reaction
pressure. The anmount of the catalyst is generally in a
25 range of from 0.0001 to 30 % by weight, preferably

from0.0005 to 10 % by weight, nore preferably from
total Gvightt of th%sdart\mggna{ermalsed on the 66 A0501
VP81/ KAN total weight of the starting material. In
st g step) (11, theceatallyst useddn the figst contimmus mtisstage
multi-stage distillation colum and the catal yst used
distiIIQ}iBHecéﬁﬁﬁEdaﬁ@ﬂhéWysmhéd-ifht tiye seicoind tantionous
colum nay be the same or different, but are 5

multg-éféﬁégcﬁgli’iggﬂ?or?EBﬁJrHth%ypbléfﬂfé‘Qh)he ioredisirent, but are

used I'n both “columns, this catal yst being
one that dissolv ' t] Q0 i L gl t i th
prefeably e FATT o Matd profarabf. 0 sdsfd Cotalyst! dped in bo
hi gh bailin 0] Nf reactj,o0 ] xtyre_i. e 1. seunid i
coluguih RusEatpbySt being;5n Uray fisalkés i thireqction tiquid in
generally withdrawn fromthe | ower, portipn t,he -
bothf coltmns. di st thissass, the Gﬁﬁa'tyﬂé{'ﬁgd‘(ﬁcf in fhe hjgh boiling
aryl carbonate and so on, and fed into the se _on,tii .
point seticticousmixbite isthedirst qantingous multinstage distiliatian

is a preferable enbodinent. If necessary, nore of the

coluf® ak e nsrdihp withdrdwn drbredtieniowenpastioonaf the first
continuous multi-stage distillation colum. The

distfi@afdn g%g)%{ﬂ??%ﬁ@!hérhﬁithrm@%kﬂréfylo@éﬁWna‘teaandm on, and

carrie in step (I1) are considered to equate
{ s il errid S$gilagdatéOmn as is; this
fed F'ﬁ&uﬂg%%%%ﬁ*ﬁ?’?ﬁ%ﬂﬁ%ﬁgﬁts%ldﬁi - St age

. distillati | ‘ .
is aﬁ%f{ergﬁ%%%@@ﬁ”?affgﬂf l&%ﬁﬁ%ﬁ‘.&\ﬂgg@%‘?ggéﬁgﬂé‘eégtalyst can be
oS3 T AL SR R

. e nunber
of stages, the anpunt of the.st arti?i%g%'o mat erj.a

| nt Bheneastiontimendor the HASSERI Ao PG iall’ﬁg‘%eafj”*ed out

the reaction conditions, and so on. The reaction tinme
in step ddha considéredt to equate to the average residence times of
the reaction liquids in the first continuous multi-stage distillation column
and the second continuous multi-stage distillation column. Each of
these reaction times varies depending on the form of the internals in that
distillation column and the number of stages, the amount of the starting
material fed into the column, the type and amount of the catalyst, the
reaction conditions, and so on. The reaction time in each of the first
continuous multi-stage distillation column and the second continuous
multi-stage distillation column is generally in a range of from 0.01 to 10
hours, preferably from 0.05 to 5 hours, more preferably from 0.1 to 3

hours.

The reaction temperature in the first continuous multi-stage
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conti nuous multi-stage distillation colum and the
A0501SR3MKANoNt i nuous multi-stage distillation colum is

generally in a range of from0.01 to 10 hours,
preferably fromO0.05 to 5 hours, nore preferably from
0.1 to 3 25 hours. The reaction tenperature in the

st R SR8 e WY B g meters

the starting material conpounds us an he type,
compoundsoisad oand Hhechtns yﬁamﬂ%nt ngﬁ?iﬁgaiyeﬁ?pergﬁlﬁ e

is generally in a range of from 100 to 350C. It:‘{s%o" .
reactioAf@mpeeaturei iscgeneealiynénresangerct Heseiid e As- Mtis

to increase the 5 reaction rate. However, if the

prefd@Méi 1@NirlcteRsEAHY Feactibnotempbraturenso sisdto ivekaasmihe
becone |iable to occur, for exanple production of

reaca}éhg{@%‘!a ﬁgWérafif five 2elaction ¥ mplehaturienis tasdigh, then
|

i S undesirabl e. For this reason, the reaction

side&%ﬁ%ﬁqﬁ# Pgﬁb@?ﬁtz hadik oE?UF.i Oghea mipié tg roduadion of

um 1s preferably in a range of from

by-praducts she 2%%?1}"%&!%@et{tﬁ%ﬁ&@i’é’%&éovﬁﬁcﬁqgQ’ndé&irabIe.

e reaction

temperature in the . second continuou |t -
For thisiaasan.dhe irastiondemes rasiRdm e e e8pfiflioys

the starting material conpounds used, and t t
multirsdageodistiliatiamsoduma isprefaadbly 4n raeéeE‘QGrPh'Ef’&m 1130 to

tenperature is generally in a range of from1Q0 to
280950ford preferabéy éraml £50da 2608Gs yetimoreareferably from 180
tenperature so as to increase the reaction rate.
to 25pwever, if the reaction tenperature is too high, then
Si de reactions becone |iable to occur, for exanple

pr OF'Hétljae‘r%]ﬁ:t@n té’Ml‘p@rrﬁﬁh'Fé $n IHE s S0 critinueuy Imulti-stage

et her, ries rearrangement 20 products of the
ot 100 BB RAPE g BBt s ratera
con'ltphc(-etine é uisrt]acc{,egr?& ?he\WpCehand amount of the catalyst. This
reaction temperature is generally in a range of from 100 to 350°C. It is
preferable to increase the reaction temperature so as to increase the
reaction rate. However, if the reaction temperature is too high, then
side reactions become liable to occur,. for example production of
by-products such as an alkyl aryl ether, and Fries rearrangement
products of the starting material compounds and the produced alkyl aryl
carbonate and diaryl carbonate, and derivatives thereof increases, which
is undesirable. For this reason, the reaction temperature in the second
continuous muiti-stage distillation column is preferably in a range of from
130 to 280°C, more preferably from 150 to 260°C, yet more preferably
from 180 to 250°C.

Moreover, the reaction pressure in the first continuous multi-stage
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is undesirable. For this reason, the reaction

A050T ¥PPFEANUre in the second continuous nulti-stage
distillation colum is preferably in a range of from
130 to 280C, nore preferably from 150 to 260C, yet
nore preferably 25 from 180 to 250C. Moreover, the

reaction pressure in the first continuo mul tizsta .
distilbationsaalums vaKes denanding on the tiae vgihsss‘&éﬂé'ﬂdﬁ%ée”a'

on the type of the starting materi al c,onpoundsi%s?ﬁ

compodntsaisednaod thercwnhpositien aftthegstarting materiayl, the
reaction tenperature, and so on. The first conti nuous

reactight ierfipaeaturdi, Hrid lsat onn cthefirsiwpriinuousimuli-siage
reduced pressure, normal pressure, 5 or an applied

isti Ut 6t odd pressareymormal pressure,
o5 b8y s femc pgssoom

or aBAHSIER 0t bEARE 10TH pHLsuFa atiThestdy @rahebbuimans

reaction pressure in the second

continuous nulti-sta I s4ilha.0 | 5 o’
generalbntl Aqasiee 1 TORLOct tprxL0aPE: helalEBI frario° to 1

conmpounds used and the go Sjtd of the starting
Pa., more pesferably f%t?bﬁogé%iaéu?%' and so on. The

second continuous multi-stage distillation colgnntnag

be Bhe aapctivnap ressuial i the KON SOMINYAYS Jpai-Siay

an applied pressure. The pressure at the top of the \
distitlaitiom cotumgevaries| gependinguegethe typemfothe starting material

Pa, preferably from 103 to 106 15 Pa, nore preferably
comipUREx 493 dt andOthePsonipusitiennof the atartieg fmaterial, the

continuous multi-stage distillation columm in step

: Lt ¥nafsdici.i | TAkl 98centwmstimapusemudiicstage
reatft#% I’E?Q‘%ﬂs#et,a}é'tﬁged?gti [lation colums may be |inked

dlsth?aqgéﬁll%@hg}@ﬁg%fgﬁ éft‘.a[?ﬂ{)ﬁlf l£redBbelpressiftedi AGirhanpressure,

_ _ Nbreover, as the second 20

or S ApPIEAF e, A8 At e BTG cHiGFon s
genggﬁy i:1na trginsgc-zcgfs ?r’ont'lhoejdtios i><|1|06’tlé’e(a),n p(r:g éjrré%ﬁy from 10° to 10°
Pa, more preferably from 5x10° to 10° Pa.

Furthermore, as the first continuous multi-stage distillation column
in step (1), a plurality of distillation columns may be used. In this case,
the distillation columns may be linked together in series, in parallel, or in
a combination of series and parallel. Moreover, as the second
continuous multi-stage distillation column in step (ll), a plurality of
distiilation columns may be used. In this case, the distillation columns
may be linked together in sefies, in parallel, or in a combination of series
and parallel.

The material constituting each of the first continuous multi-stage

distillation column and the second continuous muiti-stage distillation

column used in step (li) is generally a metallic material such as carbon
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may be |inked together in series, in parallel, or in a
A050COPRI/RAN On of series and parallel. The material

constituting each of the first continuous nulti-stage

25 distillation colum and the second conti nuous

mul ti-stage distillation colum used in step (Il) is

generally a nmetallic material such as carbon 69 a,
steelfOp8laiviP8ss Isibiest cth termst af the qualityeof the arematiss

the quality of the aromatic carbonates produced,

carbShatés prodeiced, dtaimeskestelds piefesablend col umm hi gh
boiling point reaction m xture continuously w thdrawn

frqipd ggcbﬂ\ﬂeéolt?ﬁl | ighoboflitey pesenfeactibhmixtureS

mul'ti-stage dis ation colum in a liquid formin

contf’qtﬁlé%&! &g&%ﬁ'ag&:pﬁrﬁr%% W@Eﬁ?ﬁoﬁ%ﬁtﬁ@“s@c‘b@i@@ﬁﬁﬁhuous

y al so cohtalns unreacted al kyl

aryl carbonate, a smal . apgunt. r d [ :
muitrgfags distatin BoliBmir Brlighiostif XiepC(1F} Aas'the diary!

by- products and so on, an norepver_ in th e :
carb@nMﬁu@eeﬁemﬁNﬁ@P}%\eﬂ%s#\%QG?v ﬁvi&%ﬂﬁnéﬁﬁacﬁﬁ?@“s

catal yst conmponent. It is thus necessary to ca{?r ?ut.
unreacted dikyhtaryhcasbepate, a)small oMt ¢lyuareéaq -%& ating

diaryl carbonate fromthe second colum high boiling
matéeoanta rseaallizmoninttafr kigh hodireg peint py-prgdyetscasd so on, and

may be used, so long as the high-purity diaryl

mor%@{:??’?ﬁttﬁe%‘@séﬁthab_taahbﬂdogéneﬂubi‘catsépmts uskdmalap gtontaing
oi 1 ng point reaction m xture. Exanples 15 incl ude

this gfggéyétaéémbo&n%t{ 3&9%3@@%@&&5@& 06 Gty Dutca purification

een di'scovere of these,” in the present

s Ut AT iy Shpsar o seone

Furt her nor e,
columnigpLpoAEHS prodherastuondpitiln C 10,1 B, BFocess
b b b Sk e Bt RSty BaPeRBid B be obtaines
from the second column high boiling point reaction mixture. Examples
include distillation and / or recrystallization and so on. It has been
discovered that, of these, in the present invention, it is particularly
preferable to carry out step (ll1) using a distillation process.

' Furthermore, in the present invention, it has been discovered that
it is further preferable for step (I11) to comprise a distillation separation
process in which two distillation columns (a high boiling point'mattér
separating column, and a diaryl carbonate purifying column having a side
cut outlet) are used, éeparation is carried out continuously in the high
boiling point matter separating column into a column top component
having as a main component thereof the diaryl carbonate, unreacted aiky!

aryl carbonate, and a small amount of unreacted starting material, and a

column bottom component having as a main component thereof a small
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separating colum, and a diaryl carbonate purifying
A050100PsIRARAVI Ng a side cut outlet) are used, separation

Is carried out continuously in the high b0|I|ng poi nt

matter separating colum into a colum top conponent

having as a main conponent thereof the diaryl

carbonate, unreacted al kyl 25 aryl carbonate, and a
amousmtbf hghboiliog poirdabyqifoshuotsiangd e eniand/afna catalyst

col um bottom conponent having as a nmai n conponent
comﬁé‘ﬁéﬁ@ftrﬂa goRlinn b soAfponenPEOmANenhigmboilingipeint matter

Ilng poi nt by-products and so on and/or a catal yst

sepagﬂfiﬁ%”%fumm% SOhtiRloLSH fodnAtE theldianyt barogate purifying
ol ng point matter separating colum 1s

colu@&nw&%ﬁﬁrggﬁar I Egrﬁgﬁ SLEEPhtinUdUNIPLR the distylEarbonate

ron 1s carried out continuously in
purifyig Selin FRCIRERTEAHT Foh llurth topEsponent. &

conponent, and a colu botto onent : .
side fuficomaanentyald g calusmRRettnn “Enm%?nf;%s high-purity

si de cut conponent. Furtherrmre referahl e for
diaryl tatronatezbeing btainednasthe Me(ﬂ{‘p‘fﬁ@ m t he

hi gh boiling point matter separating column to be 10

ci Futheesdreckt isnpoefdrable for atbar isomeLithe cotlymgebottom

distillation colum and / or the second conti nuous
compehidntFraaetie %gh'tﬁlllmrg pointmatter sepaeatingscolumn to be

catal yst conponent in step (lI1). Mreover, the colum

cwcﬁl%‘feﬁ%@@l(“?ﬁf thé First tardirmiols ‘?ﬁ‘uhp%@é@e wistilhation column

um genera y contalins a snal anount of the

and?r@”&e %%Ir %ﬁ?#ggtlgg%p%ﬁe tlasf?i&%’sﬁ H#bhdblumhh land reused

ter carryl ng
t other distill.ation pa
as 305 0 Eampe ety SR (FEP R 3 i, Bh e8ponent
boi ling point matter separati colum a
fro"bltbeﬂlaribﬁﬁbbﬂ'ﬂét%ﬂplfﬁgmﬂg°9 "\%gegsfﬁﬁyt‘;&'ﬂé"w% smail
recovered as high-purity diary) carbonate is %so .
amaurdf ef Hve aliaryl carbonate, and hence a method in which, with the

column top component as is or after carrying out other distillation

‘separation, some or all of the column bottom component is returned into

the high boiling point matter separating column and / or the diaryl
carbonate purifying column, so as to be recovered as high-purity diaryl
carbonate is also preferable.

In step (1), a high-purity diaryl carbonate of purity generally not
less than 99.9%, preferably not less than 99.99%, is obtained. The
content of high boiling point by-products therein is generally not more
thah 100 ppm, preferably not more than 50 ppm, more preferably not
more than 10 ppm. Moreover, in the present invention, a starting
material and catalyst not containing a halogen are generally used, and

hence the halogen content of the high-purity diaryl carbonate obtained is
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20 In step (I11), a high-purity diaryl carbonate of
AO5010VP81L/KAYeneral ly not |ess than 99.9% preferably not
| ess than 99.99% is obtained. The content of high
boi I i ng poi nt by-products therein is generally not
nore than 100 ppm preferably not nore than 50 ppm

nor e Ereferabl not nore than 10 BE i\/@re ver
not mate $hapedt1 prinpreferally natdPREL 38afy

catal yst not containing a hal ogen are generally used,

not mocde thanct ppte whichyés asdrefthe deteation; imitayian ion
di aryl carbonate obtained is 71 A0501 VP81/ KAN not

chroftegraphy0. 1 ppm preferably not nore than 10 ppb,
nore preferably not nore than | ppb, which is out of
the detection limt by an ion chromatography. 5
EXAMPLES Following is a nore detail ed description of

sent invention through Exanpl es. However, the
EXAW%%E’F invention is not limted to the follow ng

i o?@ \le[p&-rhepgﬁ%?geq%%cﬁﬂ&s%ém%ﬁﬁ@ q&%ﬁﬁmventlon

of contlnuously roduci di met h a
 throgghyREREPIgEy c JHBWEVER e IGGE AN ENEEAEls nB fimited to the
di stillation colum To> A continuous nultl-stage _
folloavipgi Exampl@scol uim as shown in FIG 1 haV|ng Lo =
3300 cm Do =300 cm Lo/ Do =11, no = 60, ?g
= Tike hadodebocontird wasongasureddusing ani @neﬁaﬁ%ma graphy
as the internals, sieve trays each having a
metRb@8ss-sectional area per hole in the sieve portion 20
t hereof of approximately 1.3 cn2 and a nunber of holes
of approximately 180 to 320 / nR2 were used.

preferab_ly :

Example 1:
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol
<Continuous multi-stage distillétion column Te>

A continuous multi-stage distillation column as shown in FI1G. 1
having Lo = 3300 cm, Do = 300 cm, Lo / Do = 11, no = 60, Do / do1 = 7.5,
and Dy / do> = 12 was used. In this example, as the internals, sieve
trays each having a cross-sectional area per hole in the sieve portion
thereof of approximately 1.3 cm? and a number of holes of approximately
180 to 320 / m? were used.
<Reactive distillation>

3.27 Ton / hr of ethylene carbonate in a liguid form was
continuously introduced into the distillation column T, from an inlet (3-a)
provided at the 55" stage from the bottom. 3.238 Ton / hr of methanol

in a gaseous form (containing 8.96 % by weight of dimethyl carbonate)
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<Reactive distillation> 3.27 Ton / hr of ethylene
AOS0KVPHPRANE in a liquid formwas continuously
introduced into the distillation colum To from an
7. inlet (3-a) 25 provided at the 55th stage fromthe
bottom 3.238 Ton / hr of nethanol in a gaseous form

(containing 8.96 % by wei ght of, di methyl carbon
and 7289500 Asof imetharolingoiaus FOm (GPNARIIBHCH. 6% by

liquid form (containing 6.66 % by weight of di mat_h¥{l
weightiddiaieth yaarboesate) wers yespectivebuspptinuousdyderoduced
into the distillation colum To frominlets (3-b and

into thé distindtisadceturhheT, fbsh intetge(F-boand B> c) providedrat the
nolar ratio of the starting materials 5 introduced

31%t éﬁé’? RS bldtfdmon 'Fﬁ% gﬂﬁla'rlordﬁ’é ofeiheastdrting materials

ene carbonate = 8. The catal yst used was

. bt ai b i t ol | |

s imeol 0 ol A T BB A ot g
t mately 130 C dual | ducing th
carbgﬁgggfﬁprﬁéém €y gradual ly reducing the

nd carrying out 10 heat treatnent for

approxi mately 3 hours at approxi matel 3 Pa

to Tme)@aé@lyétnlﬁ%m@tgg’ﬁ%ff by adgig 1‘<:§38|"ny ethyféhe

solution was continuously introduced into the »
glycdl $0i2.5aoinoof KD bntA8 86 b meight aastequs spiutipp); heating to

at the 54th stage fromthe bottom (K concentration:

appfbxinfateyy 185 gBi draskedliynred hgingnthe presaure, asd salrying out
Reactive distillation was 15 carried out continuously

10 heat'fl&aitnfeidd appr&kinfatedy BThows tatnap peoxienately «f 300 98, so
C, a colum top pressure of approximately 1.118x105

as tgaqro e{ﬂarﬁé b b Qs ¥olftidA. | Thipsarslyst Blotution was
attaln sta

“stabl e steady state operation after 4 hours. A
contififodSly ifgeBRicda e BidhIAHER HIhi THONTEn TRet (3-¢)
proviied a4 B3R lfn YRy iy debhid 4 % by
weight based on ethylene carbonate fed in). Reactive distillation was

15 carried out continuously under conditions of a column bottom
temperature of 98 °C, a column top pressure of approximately 1.118x10°
Pa, and a reflux ratio of 0.42.

It was possible to attain stable steady state operation after 4

hours. A low boiling point reaction mixture withdrawn from the top 1 of

20 the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,
which was continuously withdrawn from the distillation column at 10.678
ton / hr, contained 4.129 ton / hr of dimethyi carbona.te, and 6.549 ton /
hr of methanol. A liquid continuously withdrﬁwn from the bottom 2 of the

25 column at 3.382 ton / hr contained 2.356 ton / hr of ethylene glycol,

1.014 ton / hr of methanol, and 4 kg / hr of unreacted ethylene carbonate.
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whi ch was continuously wthdrawn fromthe distillation
AOBOXVPSITEAN 10.678 ton / hr, contained 4.129 ton / hr

of di nethyl carbonate, and 6.549 ton / hr of
met hanol. A liquid continuously withdrawn fromthe
bottom 2 of the 25 colum at 3.382 ton / hr contained

2.356 ton / hr of ethylene glycol, .1.014 {on./ f.
Excluding e dimeinyliggrboniatarodnipuaed g Benstdite Matdrial, the

carbonate. 73 A0501 VP81/ KAN Excl uding the, dineth
actuahpbodacedcamoaintcef dhﬂeﬂwlsti%frhqf!@“%ﬂ%érga?‘fé Eﬁ@ y 'I"' and

actual produced anmount of dinethyl carbonate was_ 3. 340
excliding the ethgtenegiycdl ogntaiaest iy thesafaiysd selstian e

in the catal yst solution, the actual produced anmount

actu8f P?b&kﬁbéﬂeaﬂidwrﬁ! ofethyled@lglywol/was.2.30d foret thil erithe
carbonate conversion was 99.88% the dinethyl

| Esvensl bodat
ethy@i@%{éﬁ)@ﬁna‘i@ yc\lg%lﬂsgdv"\ﬁésW.@@ﬁ?tﬁé@n@h%%r odate

ene g electivity was not |ess than

solofyi RSB TAL SS9, SPE 4 Sy gyt vty

4000 hours, 0Q.pours, and 10 6000 hours, the actual
Waswdl?&éd{hﬁﬁg%vgg ®r hour were 3.340 ton, 3.340 ton,

3.340 ton, 3.340 ton, and 3.340 ton respectively fQqr :
di Rroigngegaseatntious pReration Was cair °P6ﬁ‘,“az/‘?’3ﬁlese .

ton, 2.301 ton, and 2.301 ton respectively faor
conditinyiseneAflercs00 haigrset280@ Mo Wss é‘%ﬁvé%@%ﬁ?“rs' and
were respectively 99.90% 99.89% 99.89% 99.88% and
6000 A, thikeadtualt prdd uded arbounts pes| eyl Wereed. 340 don, 3.340
respectively not less than 99.99% not |ess than

ton, 99.3%P4oR08. 346 Johhahd3. 80t onotedpmsctivdigrfoy o iasethy
and not less than. 99.99% and the ethylene glycol

car% égés(ﬂ{iféog/g{ogwg%.wtwebysmtmnl @530 hh, Wn@P/B01 ton

han not 1ess than 99.99% not |ess

sl B B SOBEPIS Bl borStned ersions were
resp<eFti:tri\?etsly088Fé6]%?l§9.%l"}oi 09! 889, 9§dd 2 d i 08°88 %) - dimethyl
carbonate selectivities were respectively not less than 99.99%, not less
than 99.99%, not less than 99.99%, not less than 99.99%, and not less
than 99.99%, and the ethylene glycol selectiyities were respectively not
less than 99.99%, not less than 99.99%, not less than 82.99%, not less
than 99.99%, and not less than 99.99%.
(2) Step (I1) of continuously producing diphenyl carbonate
<First continuous multi-stage distillation column 101>

A continuous multi-stage distillation column as shown in FIG. 2
having L; = 3300 cm, D; = 500 cm, Ly / Dy = 6.6, ny = 80, Dy / dys = 17,
and Dy / dy2 = 9 was used. In this Example, sieve trays each having a

cross-sectional area per hole of approximately 1.5 cm? and a number of

holes of approximately 250 / m? were used as the internals.
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A continuous nulti-stage distillation colum as shown
Aosol VpEl/feaN2 having L, = 3300 cm D, =500 cm L1/ D =

6.6, ni =80, D / dii =17, and D, / di12 = 9 was

used. In this Exanple, sieve trays each having a 25

cross-sectional area per hole of approximately 1.5 cn®

and a nunber of holes of approximately 250 / n2 were
<Secoredl mtimﬁoﬁmmuH&B&agedlﬁgaeilowgqm{m 2813zond

continuous multi-stage distillation colum 201> A

COp{ EaHENEIONY Hiultitstagel distillation wolummias abovrbim Fill. 3

FIG 3 having L2 = 3100 cm D2 =500 cm L2/ D2 =
havifigZ, 823 F08mDD/ =430 &3, 85/ DardB[R, h, ¢2305 Ddl/ Uzq = 3.85,

V\Igs used. In this Exanple, as the internals, two sets

and ﬁ?g{ ga/fu W?f({t{]a(]eslukgﬁ‘?r efrl s Ekaaffel ad Haintermats, two sets

ed in upper portion, and sieve trays each

havi n LOSS- S, j 4 ; i
of Mgk fuf R58165H StheF iR IoRR) eI ifptalied in the upper
approxi mately 250 / were used in t
portm.ta@ﬁ.snemeééi'w@%?r‘%hﬁ“i'agi%%058'55%%‘]?1@\“5@%? perpale of
was produced by_carrying out reacﬁi ve _ distil.lat, 550 / m?
approstimatety dodomf and @ nHmher ot holes of appiaiplAtely m
mul ti-stage distillation colum 101 and the second
were agsdiwdhenower-podiendi stillation colum 201 were
connected together as shown in FIG 4. A starting
<ReFRtiRfe distillstomhai ni ng phenol and di met hyl carbonate in
15 a weight ratio of phenol / dinmethyl carbonate = 1.9

waspididNIESfho @i Wi ppbduteday cauryingoout aéaative

flow'rate” of 50 ton / hr froman upper inlet 11 of

st AR St ot s stage
i ER16h B TH b SREbRngFUS0g i Segsbistaton
col bS8 %5 SanabASEl b SR SR B 4, Lo

! rztst%?ﬂgbnrl:\%l’igrigllﬂ1t Lbﬁia?i%?ng ipSﬁéAéla;kgndi%ét%m carbonate in
a weight ratio of phenol / dimethyl carbonate = 1.9 was introduced
continuously in a liquid form at a flow rate of 50 ton / hr from an upper
inlet 11 of the first continuous multi-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.6 was
introduced continuously in a gaseous form at a flow rate of 50 ton / hr
from a lower inlet 12 of the first continuous multi-stage distillation column
101. The molar ratio for the starting materials introduced into the first
continuous multi-stage distillation column 101 was dimethyl carbonate /
phenol = 1.35. The starting materials substantially did not contain

halogens (outside the detection limit for, the ion chromatography, i.e. not

more than 1 ppb). Pb(OPh): as a catalyst was introduced from the
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101. The nolar ratio for the starting materials
A0501 WPBDHAMNED into the first continuous nulti-stage
distillation colum 101 was di nethyl carbonate /
phenol = 1.35. The starting materials substantially
di d not contain 25 hal ogens (outside the detection

limt for the ion chropmatography, j.e. poi. re_than
upper ey 1 rof tha firsh sontinaials stulisstage distivalidn shlifin 101

75 A0501 VP81/ KAN upper .inlet 11 of the first
suchcthat aworcentration: theredifsni theateastien ligwidiwould ke,

that a concentration thereof in the reaction liquid
approXitnatesy 100pppm.naReactihad distillathencvasecairiad (oudt i on

was carried out continuously under conditions of a

contiriili'ﬂi’t‘i*al‘,I?vt Yh8eflcdrititionst Macierhperdiuret abtive iotbtomusf the first
multi-stage distillation colum 101 of 225 C, a

cont?r!fﬁ?ﬁ&'rn‘?gfllf-gt%agoéi%ﬁlfrélfti&rhﬁom#nml‘oQfof72295'?(§’,aa3¢1fbs’bure at

ux r rst c I ow boi |l i ng poi nt

eact.i.on m xture Nk as iy s I :
the {c 55, BBLOMNM T ORAG: B L AGLR B rdTRIN,; A first cotumn
in.a gaseous formfromthe t 13 of the fir
low bgilind paiak reactien mixbugrcarfaining Sretnineldimethyl
was withdrawn at a flowrate of 34 ton / hr framan
carbanate; phenahandsoomewaspantinupusly withdmawn;ig.a gaseous

boi l'ing point reaction mxture containing nethyl
formpframg| theatop i of tuerfmsmpolumrbowasdqam&dh,rough a heat

di phenyl carbonate, the catal yst and so on was

excléange nuaysard waddvithdrawn at &ifipwdaterof 34 done hbr from an
bottom 17 of the first colum. 15 A stable steady

outlét 36 VB fid YtAsF Mfidd! a trsheslsmnlhegh ibdailingcpbintrreaction
hi gh boiling point reaction m xture was thus then fed

iR, ESHARIog BT 005580 Ay smonate phonol
i P a0 SV BROTES 4 BOBrEbusty itncrawn i
o iRt s B SEB AR S, 16 5 o

%ig\rl\éetia hé (ﬁ?fgaggwtgtep\nggyalttgi%%%og tte$ ZaE oodr%.%'PKe first
column high boiling point reaction mixture was thus then fed continuously
as is into the second continuous multi-stage distillation column 201 at a
flow rate of 66 ton / hr from a starting material inlet 21 installed between
the Mellapak and the sieve trays. The liquid fed into the second
continuous multi-stage distillation column 201 contained 18.2 % by
weight of methyl phenyl carbonate and 0.8 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under conditions of
a temperature at the bottom of the column of 210°C, a pressure at the

top of the column of 3x10* Pa, and a reflux ratio of 0.3. it was possible

to attain stable steady state operation after 24 hours. A second column
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oa carbonate. Reactive distillation was carried out
AOBOCVPEI/RABLSIY in the second continuous nulti-stage
_ distillation colum 201 under conditions of a
. tenperature at the bottom of the columm of 2100C, a

pressure at the 25 top of the colum of 3x104 Pa, and
areflux ratio of 0.3. It was possi

I Le o attai.,n .
low boRingepsirtitsactian npduracaiiamning 35:% by de ightat dimethy
colum 76 a AO0501 VP81/KAN s, |ow boiling point

carbbpaté iz 66« by weight of phesmlowas erntinuobshywithdrawn
carbonate and 56 % by wei ght of phenol was

fromCY tOP @5 oY thet Seema cdluam t tire flow 28terfattare osdiedre6 being
colum, the flowrate at an outlet 26 being 55.6 ton -

/ n i hadh Bilihggp eivitie actiom mixture
55.6%0‘?)({“12, “?oﬁ%ag 38.4 %%hmi ghtgq())f nmet hyl phenyl

car.nonate, a ' i 8%Db
5 conthRREAE By Welal & myth P bnhytcaibBiatg HikpBS.6 % by
. second, col unm. The second ¢ I il '
weighicet HIRNORYE GREbapate Bs REDHENp Rl WitbUPSWAYrBm the
 continuous multi-stage distjl!lation,col,um .
bottomu2lpbihe se5and pplnm Thrcaesidaaiiith 1o%, BefitRg point
di met hyl carbonate and phenol newy fed into, the first
reaction imxburse was contiyw uslytied mtpdme Hrehronhnugs
“adjusted so as to nmintain the above conpositions and
multistagesdistiltdtbon tearlimrg 106t fromalthe inded 14 he At H}Iﬁitﬁl@e, the
material 2, taking into consideration the conposition

10 amodiitits ¢Mesh Qfmbhﬂ{lsﬁﬂﬁma@ and phenbbnkewly fed into the first

reaction m xture t was 15 found that the anmount of

conqihBB%%thgﬁt QiHIRiS s ENamAaw1 WaseSadjustednso as to
IvIit

e sel ec or the di phenyl carbonate based on
maifEnefi Angys” Bghfitad|RRns Sha S MolReg OraI sttty material 4
andtha Sfar inagmr)#gttesriaolf2,d{aﬁ<h|38yilnt8aé&?&ﬁte?aﬂ% ¥ coipésition and
amount of the second column low boiling pdint reaction mixture. It was
found that the amount of diphenyl carbonate produced per hour was 5.74
ton. The selectivity for the dibhenyl carbonate base.d on the phenol
reacted was 98%.

Prolonged continuous operation was carried out under these
conditions. The produced amounts of diphenyl carbonate per hour after
500 hours, 2000 hours, 4000 hours, 5000 hours, and 6000 hours
(excluding the dipﬁenyl carbonate contained in the starting material)
were 5.74 ton, 5.75 ton, 5.74 ton, 5.74 tqn, and 5.75 ton respectively,
and the selectivities were 88%, 98%, 98%, 98%, and_ 98% respectively,
and hence the operation4 was very stable. Moreover, the aromatic

carbonates produced substantially did not contain halogens (not more

than 1 ppb).
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20 500 hours, 2000 hours, 4000 hours, 5000 hours, and
AO50BUPBLEAMN s (excl udi ng the di phenyl carbonate contai ned
in the starting material) were 5.74 ton, 5.75 ton,
5.74 ton, 5.74 ton, and 5.75 ton respectively, and
the selectivities were 98% 98% 98% 98% and 98%

i vel . d.h . '
(3) el aebtaiaing ighapuiily EPBRYLFABESRLE oY oquced
substantially did not, contain halogens E.not m)tre tht‘i"\%
1 ghe sezend poBomn\rigty RAMIQQ)P%Pgﬁe?F Ipf mixture witharawn

obt ai ni ng hi gh-purity di phenyl carbonate The second
fromctieibottomhobthe isegond sontisaus multixstage @istidatipn column
fromthe bottom of the second continuous nulti-stage
was FotitinleusBnfediintona high boilingpmint yndtier iseparatimgynolumn
boi ling point matter separating colum 5 (length 1700

(ien%‘fﬁ 100 Efh Gindi®é iaRftetB46&m! 30estagew)d and distillation was
|1 S

tillation was <carried out continuously with a

0 ‘ hé& col
carr[ABEA A Fhub RS} aEpst b iy FRGRER RS column
flux ratio of 6. ,A CO t 0 '
of 20 n"t(iL'JanﬁlEﬁSSF%etﬁgt%WPr%gn#h? é:o?ﬁlglg'l gf%{@y payand a reflux
.boi ling point material separating .col umm, wa
ratic 9#0- RuouBISPIUON EeP ROMBORAN crntinpalis|y Withdrawp from the
car bonat e Bu_ri_fyi ng colum having a side cut outlet . I
top of éhgthighoboiling pioiet mate@riaseparaling golymnwag continuously
above inlet, 18 stages between inlet and side cut | .
fed astiseintoran ahletot aatiabgl carbsnategusifying ealumachaying a side
outlet). In the diaryl carbonate purifying col umm,

cut gusieit! (I@hgin 2000 ent,rinside diaoveter 280y, d2tstages above inlet,
tenperature at the bottom 15 of the columm of 213 C,

18 @gg"e%sﬁéf\ﬁeéh inlét bAB $ide Bat Lritietinetaf@dthBrebetow, § stages

l'ux ratiro of 1.5. The purity of diphenyl carbonate
belfigHHELEH Rknetl’ oBLIHE JIgPT] Eafpgnat putirgig Boldam.
distﬂpétigﬁrv?aé r}:%nrri]édogﬂt continuously with a temperature at the bottom
of the column of 213 °C, a pressure at the top of the column of 5000 Pa,
and a reflux ratio of 1.5. The purify of diphenyl carbonate continuously

withdrawn from the side cut outlet was not less than 99.999%, and the

halogen content was not more than 1 ppb.

Example 2.
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol

Reactive distillation was carried out under the following conditions

using the same continuous multi-stage distillation column as in Example

1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
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20 Exanmple 2: (1) Step (1) of continuously producing
A0501WPEI/KXN car bonate and et hyl ene glycol Reactive

distillation was carried out under the follow ng
conditions using the same continuous nulti-stage

distillation colum as in Exanple 25 1. 2.61 Ton / hr
of ethyl ene carbonate in

a liquid form 7 AQbQ1
contivRdLstpintroduaasbirto/ thedistiliabign; m@mﬁ?a%?ﬁ? |'9F?qo§?'a)
colum fromthe inlet (3-a) PtrOVi ded_ at _t he gﬁth
provilexbat thens5Hestaget tnom 4hedzottom. H:238 TRA hdHopf methanol
a gaseous form (containing 2.41 % by wei ght of :
in a ghasbml fii pesAt#ning B 44. T2Bytweighthof dimetbyhasrbonate)
[1quid form (containing 1.46 % by 5 wei ght of
and {i'nm E}Sh CRFRPALMaMB] t eRgaRt forhy(comainingusi46 % by

uced into the distillation columm fromthe
. bl . . - i . . f3 d
weishf S T b1 oty Somticudyfmmcuce
i nt d i nt th i i i
into Wb RaHBSEarrsuihR o3 ho bR, Rk R 6 idyiask 4t the
be the sane as in Exa

31° séage drom Hes BOSIOT a; 108 BOlAFATRAL e, SLartH Wiaterials

distillation was carried out continuously, unde
introzhrad intosths distbation eolurBmwWaspeinateL/ sthylene carbonate
columm top pressure of approximtety 1.046x105 Pa,
= 8.78d arnefdatalysttwasahadiel®o be thesapoe faoin Exampieil, and
stabl e steady state operation after 24 15 hours. A low
washUMiRGoasiyfed ¢8ES tive diskllatiomcotumann Reastiveedisiflation
1 of the colum in a gaseous formwas cooled using a

washt??rtrliéé& l‘bgu\'li\,%tli fi‘ﬂgusy"%d@#rétﬁi’diitm of lai golumnThettom

[ Tqu Ing point reaction mxture, which was
T R
Pa, Snd o reffux fafloof'0.48" 1 hr of

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction mixture withdrawn from the top 1 of
the column in a gaseous form was cooled using a heat exchanger and
thus turned into a liquid. The liquid low boiling point reaction mixture,
which wés continuously withdraWn from the distillation cblumn at 8.17 ton
/ hr, contained 2.84 ton / hr of dimethyl carbonate, and 5.33 ton / hr of

methanol. A liquid continuously withdrawn from the bottom 2 of the

column at 2.937 ton / hr contained 1.865 ton / hr of ethylene glycol,

1.062 ton I' hr of methanol, and 0.2 kg / hr of unreacted ethylene
carbonate. Excluding the dimethyl carbonate contained in the starting
material, the actual produced amount of dimethyl carbonate was 2.669
ton / hr, and excluding the ethylene glycol contained in the catalyst

solution, the actual produced amount of ethylene giycol was 1.839 ton /
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20 nmethanol. A liquid continuously wthdrawn fromthe
Aos50bvPSDRAN of the colum at 2.937 ton / hr contained
1.865 ton / hr of ethylene glycol, 1.062 ton / hr of
met hanol, and 0.2 kg / hr of unreacted ethyl ene
carbonate. Excluding the di nethyl carbonate contai ned

in the starting material, the actual Br g/gucedrﬁmwnt
hr. dhelietbylene carbonate canversien was &$h98%,; the gimethyl

excl uding the ethylene glycol contained in the
carbontte \sHlectivityt was, nohtess thah §9.88% canshtheietbylene glycol
et hyl ene gtycol was 1.839 ton / 79 r AO0501 VP81/ KAN

seiebﬁvityhea@rmﬂ@ses APAM @MDY oNversion was 99.99% the
dinethyl carbonate selectivity was not |ess than

99. ;i’%gag ggégggfhgmke@ﬁeeéwﬁlww datidd buy umtemnthiese

| ess rol onged continuous operation was
condifghs” At i M55 209 Hck2pggtheite 84 pooo hours.
the SShTpBRESERTHES PeBTiofR arkcE e 67, pogo0e% oso

di met hyl carbonate, ,and 1.839 tgon, 1.839 ton .

ton, tand 2:689 togaresprctively:tar W?&ﬂrcﬁtﬁiﬂ%‘@e %’Fécﬁﬁ%g ton,
the ethyl ene carbonate conversions were respective‘l‘?/

1.830t@0Y4 . B30 d0m; ! 9839konarespEKtiely farethyiensyglycol, the
carbonate selectivities were respectively not |ess

ethylbAs QrbWatencdniessionsawedd resectively &3 93N 99.99%,
99.99% and not less than 99.99% and the ethyl ene

99, 9P %C @IncF 99egHoy, ﬁHeeaimwehgu caEpesatie seyeciivities werkean
99.99% not |ess than 99.99% not |less than 99.99%

res'p?é’tﬂ{'l ngol{\gfieééqﬂ'i‘aﬁ%@. 96 Lhot JesSttRan( 8D)99%, not less than

cont | _ produci ng di phenyl carbonat e Reactive

o0. G4 Aot oA DUCER R pHE e ISR @Y ssigotiviies
weréafs,éfgs?p:gt‘ﬁt&gqlgarggtrie%s %hggrbtgﬁbgio)&gngptfggé tﬁgﬂ gbf@é‘%{'not less
than 99.99%, and not less than 99.99%.
(2) Step (I1) of continuously producing diphenyl carbonate

Reactive distillation was carried out under the following conditions
using the same apparatu‘s as in Example 1.

A starting material 1 containing phenol and dimethyl carbonate in
a weight ratio of phenol / dimethyl carbonate = 1.1 was introduced
continuously in a liquid form at é flow rat.e of 40 ton / hr from the upper
inlet 11 of the first continuous muiti-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.9 was
introduced continuously in a gaseous form at a flow rate of 43 ton / hr
from the lower inlet 12 of the first continuous multi-stage distillation

column 101. The molar ratio for the starting materials introduced into
80
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a weight ratio of phenol / dinethyl carbonate = 1.1
A050M¥RSI/KANoduced 20 continuously in a liquid format a

flowrate of 40 ton / hr fromthe upper inlet 11 of
the first continuous nulti-stage distillation colum
101. On the other hand, a starting material 2

cont ai ni ng di net hyl . car bgnat.e..and henol A '
the firat condinibus mhy t-8t# 66 dpalAtGR.AEfIDNS1 81 s HhiEthy
i ntroduced continuously in a gaseous _f?rm‘ﬁ{ a f%m/v . t
carbonate éfphienobr 1.87. 7herstartingemaigeials austantially, fid no
first continuous nulti-stage distillation colum 101.

contditehabbgens (outside thadeteativmimitifer the Jonmhigunategraphy,
into 80 A0O501 VP81/KAN the first continuous

i.e. Mo fore! 8tn 9 ﬁb'b?.' aFBORh)LaE 4 ¢htahystdvastingtoduced from
carbonate / phenol = 1.87. The starting materials

the Mée{:frﬂtggﬁ‘f iﬂf‘ihg Ml cHfit@éds musearageadistilatismeolumn |

Imt tTor the 1on chromatography, i.e. not

o TR R B 7 . o o oo

i rst

conti nuou [ ti-stage distillat] C ch
approIm Ao 6 280 PPH + oftbadl G s fiefiln o Pariott ot

woul d be approximately 250 ppm :React| di,st,i | lat] .
contiruodaby uBdes ondERNS,abas\haRIRTEoRLIRE St e first

tenperature at the bottom of the first _caontinuous
contimlious Ihadti-stagei disdtiadior: eolumn. 40 10ef 235¢C, 2 pressure

pressure 10 at the top of the colum of 9x105 Pa and a

at tHEtop of td eofim® oA9KII0StP acandianrétiux ratio af Opoi Atfirst
reacti on m xture containing nmethanol, dinethyl

colufih 18RAbBIliMY PKht PE4cEBnORixaTeccontaining nyetharml; alimethyl
in a gaseous formfromthe top 13 of the first

cart&%*séi%?i%%?@opﬁﬁﬁego mw&hcbhﬁnmslyﬂmhdﬂﬁﬁh ida gaseous

wn at a wrate of 43 ton | hr fromthe

o AT 98 PRSP vag BEbaEymRgN o

Ining ne

oxc b SRR AR A5 0O8, RS o v from e
ouu;g?{é)nmu%ﬁ'@%e%@fr%ndi:&f@;%ﬁ'_éo%irﬁjn fh?éﬂ‘ﬁéiﬁ%‘gt Bgint reaction
mixture containing methyl phenyl carbonate, dimethyl carbonate, phenol,
dipheny! carbonate, the catalyst and so on was continuously withdrawn in
a liquid form from the bottom 17 of the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed continuously
as is into the second contihuous multi-stage distillation column 201 at a
flow rate of 40 ton / hr from the starting material inlet 21 installed
between the Mellapak and the sieve trays. The liquid fed into the
second continuous muiti-stage distillation column 201 contained 20.7 %

by weight of methyl phenyl carbonate and 1.0 % by weight of diphenyl

carbonate. Reactive distillation was carried out continuously in the
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A stable steady state was attained after 24 hours. The
A050F VPS1/KAN col unm hi gh boiling point reaction mxture
was thus then fed continuously as is into the second
continuous multi-stage distillation colunm 201 at a
flowrate of 40 ton / hr fromthe starting nmateri al

- inlet 21 installed between the Ml apa d the sj .
secondagontitous UIG-siega i NAdonSERlN S PRAsTCoRdfions of

mul ti-stage distillation colum 201 contained 20.7 %

a terApeptive gbthefbottoimybf phersolusan nfiR0%°Gna RressyIg at the
wei ght of di phenyl carbonate. Reactive distillation .
top JRfh&0liifth BFR:C@t PayewR] & isflikeatidlof0F1 VPeBspRssible

second continuous multi-stage distillation colum 201

to a#ﬁﬁ?&tﬁ%'ﬁ%&% gféte apkpatiOhaaftes 24 hblaes botA secoind column

e Co 0 a pressure at the top of the

ol,um of. Ba, | iabl witidrdwn feem the
low ﬁBQ%ﬁlpeo 1nfiégﬁpglﬂnm;%?e\hgtge%%?ﬁlﬁlgtg g“{)per ation
after 24 hours secon I I { bqie 'F i
top 2%&‘:?%sﬁi°?ﬂ5{r§° "c&%ﬂcﬁu%%g?édvﬁmﬁﬁ*a\%&?r%'?‘ epomt
top 23 of the second colu and.a second I '
reacisin raitpee ONTAEIG; Tn 2rkcby, Beight & thatTdtBoy| arbonate
wei ght of nethyl phenyl carbonate and 60.02_ %ba/I ithdrawn
and @0 §n% by weighhof dipheoyhearbpaate Wasgopdinpously withdra
withdrawmn fromthe bottom 27 of the second -col um.
frond tBe Is6100h 27 ofithé ecbMdbodlumg. pol he seeend gelumn low
m xture was continuously fed into the first ]
boiiﬁ@*b!omﬁp ¥&aBUbhi mpitage wiastddntanuonshofednintoothe first
the'inlet 11. At this tinme, the anounts of fresh

- conﬁhﬁ%ﬂ}.‘/hnuﬁﬁt ﬁbﬁﬂ%ﬁ@ﬁ%luﬂ%ﬁmf gbrhrthe irtlee11. At this

'St contl nuous ti-stage distillation colum 101
time ol AP BHE ahdradll difie TRl "FRLBoh e BMRY Bhenol newly fed Into
tne st cBapubis BRolRACAA8 nibeubEITOol oA FOTNUERS Hgjgsted oo
as ter mApRainaifiR bce BPMRARIONs BpRRBoun? Jhifle Hatiifa
mafﬁgd: (:anﬁd mg ssiglrt?g:;ir\r/liattgrifa?a,ttgﬁirggi] ?Qt%ngl)ng? groal ?ér? the
composition and amount of the second column low boiling point reaction
mixture. It was found that the produced amount of diphenyl carbonate
per hour was 4.03 ton. The selectivity for the diphenyl carbonate based
on the phenol reacted was 97%.

Prolonged continuous operation was carried out under these
conditions. The produced amounts of diphenyl carbonate per hour after
500 hours, 1000 hours, and 2000 hours were 4.03 ton, 4.03 ton, and 4.04
ton respectively, and the selectivities based on the reacted phenol were
97%, 97%, and 97% respectively, and hence the operation was very

stable.

(3) Step (11) of obtaining high-purity diphenyl carbonate
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s, on the phenol reacted was 97% 20 Prol onged conti nuous
A05010VRGIAKADN was carried out under these conditions. The
produced amounts of di phenyl carbonate per hour after
e 500 hours, 1000 hours, and 2000 hours were 4.03 ton,
4.03 ton, and 4.04 ton respectively, and the

selectivities based on.the reacted e 9
oI S paTrisaRt Foing ThasAmE REHER aYaNTExafibie 1
very 25 stable. (3) Step (I1]) of obtajnin .
The pisthy sirdiphanybisarponaibrantibucyshAsa AN fom the side
This was carried out using the sane process as in
cut obtketpivasinot ss thant99.899% pand the haleganc.content was not
conti nuously withdrawn fromthe side cut outlet was
morefiiahesppbhan 99.999% and the hal ogen content was not
nore than 1 ppb. 5 Exanple 3: (1) Step (I) of
5 conti nuously produci ng di net hyl carbonate and et hyl ene
gl ycol A continuous nulti-stage distillation colum as

an FIG | 10 having Lo = 3300 cm Do = 300 cm
E"a’ﬁgp =11 no = 60, Do | dot = 7.5, and Do / dO2 =

7
2 d...ln_thi ' '

(1) sten 83 ffPninabSly oFddMBUTL AfRe v LAISEAAS ard Eifylene
the sieve portion thereof of approximately 1.3 cnR

glycahd a nunber of holes of approximately 220 to 340 /

m2 were used. 15 3.773 Ton / hr. of ethyl ene carbona
| n AcREimUD U MHHsstags disillatien,colump ar.shown i Fig. 1
distillation colum fromthe inlet (3-a) provided, at
10  havihgelL&5t B360agm, Dom 30@ aot Lorh D8. =734, Tor= BGh(Dof dos = 7.5,
and rE)e: ?ZZSL 12 was used. In this'example. as the internals, sieve
trays each having a cross-sectional area per hole in the sieve portion
thereof of approximately 1.3 cm? and a number of holes of approximately
220 to 340 / m? were used. |
15 3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distillation column from the inlet (3-a)
provided at the 55' stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimgthyl carbonate)
and 8.641 ton / hr of methanol in a liquid form {(containing 6.65 % by
20 weight of dimethyl carbonate) were respectively continuously introduced
into the distiliation column from the inlets (3-b and 3-c) provided at the
31% stage from the bottom. The molar ratio of the starting materials
introduced into the distillation column was methanol / ethylene carbonate
= 8.73. The catalyst was made to be the same as in Example 1, and .

25 was continuously fed into the distillation column. Reactive distillation

was carried out continuously under conditions of a column bottom
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in a gaseous form (containing 8.97 % by wei ght of
Aos010VPEI/RYN carbonate) and 8.641 ton / hr of methanol in
aliquid form(containing 6.65 % by 20 wei ght of
di met hyl carbonate) were respectively continuously
introduced into the distillation colum fromthe
inlets (3-b and 3-c) provided at the 3lst sta e fro 5
tempeTatina b6198 Te aroblumnatam poessuee of ARATAXIMA mately 4.418x10
i ntroduced into the distillation colum was nethanol /
Pa, @,ﬁ@)ﬁ pERuR aaltionef ©.42. 8. 73. The catal yst was made to
e the sane as in Exanple 1, and 25 was conti nuously

i’ttWBI%o bEsitlb Yol Attain etabRe st@adReaate operation after 24
di s ?lon was carried out continuously under

-hourgen,péﬁg%ﬁgﬁ q@g&?@‘%‘a@ﬁfzh%%ré@ﬂﬁd%ﬁﬁi# ff8 the top of the

a col umm top pressure of

appt oxi mat el 118
colugfih i 4 ganaolisolfibPAT godfed Ukind 4 Feaexdrafgsr and thus
operat i on after 24 hou W b0|I
turned oo e .o 7 AN IAW b W%Of'ﬁsﬂp%#’é’ﬂ'ﬁ” mé’““’e which
colum in a gaseous formwas coql ed, usi nq a he 2 ton / hr,
was earitimgeus nwithsdrewn fiesn the G'ﬁi'“qtéﬂﬂ éF° "FHE‘ B q1u% 2 ton
| ow boiling point reaction m xture, whic
containednuTed tomi thrdobidimetbyh cacbenate, |ala¢! TohBBcta it of
12.32 ton / hr, contained 4.764 ton | hr of dinethyl
metﬁQhBP”ahehq@Iwcﬁnﬁh@dmﬂyIwithdoéwnnﬁbhahbe battonyof dhe
conti nuously withdrawn fromthe bottomof the 10

coluﬁ?ﬁﬁl‘h %3&993 ﬁroé‘ohtélhe@oﬂt‘m 836n2. KA oftethyleme gifcol, 1.17
et hyl'ene

) gl ycol . ton hr of methanol, and 4.6
on qﬁ“{v&‘fhehﬂ*ﬁ?@éﬁ%@ﬁ B Seercpaa epgifdaonte.

erial, the y .

Excligipg e dimethyes ?l?%ﬁéfe %ﬁ?\qgﬂg&}excﬁé dﬂh?ﬁhﬁ material, the

et hyl ene glycol contaj.ned,in th ,
actualcdnosiuped AmeHBh AL Al ity caB opae Rty 35?9 S L hr, and

2.655 ton / hr. The ethylene car bonat e con¥®§§ ﬁ ths_,I
exchaliaguthe bthyliens plycosdpiained isdha catalypt RUHgN. the

| ess than 99.99% and the ethylene glycol sel ect|V|ty|_
actual produced amount of ethylene glycol was 2.655 ton / hr he
ethylene carbonate conversion was 09.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene glycol selectivity
was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000 hours,
the actual produced amounts per hour were 3.854 ton, 3.854 ton, 3.854
ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655 ton,
2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol, the
ethylene carbonate reaction ‘ratios were respectively 99.99%, 99.99%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than
84



was not |ess than 99.99% Prol onged continuous
AO50DVBSHKADN was carried out under these 20 conditions.

After 1000 hours, 2000 hours, 3000 hours, and 5000

hours, the actual produced anounts per hour were

3.854 ton, 3.854 ton, 3.854 ton, and 3.854 ton

respectively for dinethyl carbonate d 2.655 ton -
99.99%58nd oot (assstham99.98 02?995“"&)ﬁmglgﬁ@cgfmlysﬂﬁ”twmes

et hyl ene glycol, the ethylene carbonate reaction

were péspectieely notpess ithanyd@®@aMBonaidessitharm§9898aopot less
and 99.99% the dinethyl carbonate selectivities were

than' 9B Wd nbetlessthanhed ¥P%99% not |ess than
99.99% not less than 84 A0501 VP81/ KAN 99.99% and

(2) éstgpegf)faf Rl $Y prstlidiRg @iphdpyiecarbomate

vities were'respectively not |ess than 99. 99% '
not, | e .99..999% ._no h +R89° intPEtonditions
| oRedayd 3@3533&*%?‘2?“% é%h?‘?‘?)mgf i itﬁgﬁéwﬁhw onaine
. produci ng di phenyl carbonate actj L Sfplhation
usingglie g eeap&ﬁral};“ﬁ@rs {W?WSb%qngké%ﬁhﬁégmé usi ng
the same apparatus as in Example 1 exce t hat
crossrogetieaal Asaal PRF 89'%@3 SRR QIrthe.SIever {’ﬁ%’é Y &'Sg second
trays in the second continuous nulti-stage
contiihsouk|multistageudistidiation sokuan 281bwasa'%q9%<ﬁ%eel y
1.8 cn2. 10 A starting material 1 containing phenol
approsxinthtety HyB emfbonate in a weight ratio of phenol /

di met hyl carbonate = 1.7 was introduced ' conti nuously

in R draftirg rhatevial 1acéh@ining phendanddimethyl carbonate in
the upper “inlet 11 of the first continuous '

ur oL O t .
aw hg"ragfogtgglpﬁilé’iél / éhhﬁﬂl'nﬂgé#mbﬂﬂh On.7 Wass hitkeduce

ng materia cont ai ni ng di net hyl

conﬁﬁpgglﬁgf Zn %ngﬂﬁ%ﬁggﬂ%%hmngﬁtghéf BBl PhrdroR hlﬁ{é upper

_ infroduced continuously

ik R B Wt Gl PR F86e ol ellmnCiap, or
the (gtﬁéirlhla?\tc},oan starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.5 was
introduced continuously in a gaseous form at a flow rate of 90 ton / hr
from the lower inlet 12 of the first continuous multi-stage distillation
column 101. The molar ratio for the starting materials introduced into
the first continuous multi-stage distiliation column 101 was dimethy!
carbonate / phenol = 1.44. The starting materials substantially did not
contain halogens (outside the detection limit for the ion chromatography,
i.e. not more than 1 ppb). Pb(OPh); as a catalyst was introduced from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be

approximately 150 ppm. Reactive distillation was carried out

continuously under conditions of a temperature at the bottom of the first
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colum 101. The nolar ratio for the starting materials
AO501 WPBUHAMMNd into the first continuous nulti-stage

distillation colum 101 was di nmethyl 20 carbonate /

phenol = 1.44. The starting materials substantially
did not contain hal ogens (outside the detection limt

for the ion chromatoqgraphy, i.e. t han 1

contimsgus mmsﬁyagwratlﬂatlawg@lums 1&&‘2!32%@8@ AoRfessyre at the
upper inlet 11 of the first continuous nulti-stage

top af the codwmmnot 8xifT Paoilnélﬁ:heﬂﬁ&tfaélfbgﬁ@entAaft"l'sgrpommn low
thereof in the reaction liquid wuld be 25

boilingyoint Teizetion Hiixppre cBataining rdietbanbhtdishetiyd carbonate,
carried out continuously under conditions of a

phedI"@RA Ad/oh Wast bentinubesipwithérdwnsin a fase®sd form from the
VP81/ KAN conti nuous nulti-stage distillation colum

top gg})aghﬁgﬁ%% cSltRhfnSWé§ _ s@@t%@%l@&héﬂ%ﬂoé%ﬁaﬂber 14,

and a reflfux ratio of first colum | ow -

and gfal}ém&&’%d\p@ o%t:?jid\ﬁgﬁg%ﬁfuéa% 16877 Al HG1A {1 Bt 1. On

SO0 on was contl nuously

wi.t hdrawn.in_a gasgous f.0 fromthe . f. ‘
the sielt PaBRw AfIrBEo IO PRSTE PREnT e BEU0R, Rgite
14, and was withdrawn at a f| ow ha;e oB 82.ton .| hr
contpiting Mmethv Irhieny. casoonate., stimathyl &arbanate s Phesialm
hi gh boiling point reaction mxture containing rret_hxl .
diphemyiydarbarateatbe catabystyands0omnwas papHpuously withdrawn in
di phenyl carbonate, the catal yst and so on was ‘
a liquadtforpp o thiet bottawm 1ithol@he fiisqudalufmn.m from t he
ottom 17 of the first colum. A stable steady state

wasa akth Bl ate Al Htabd wamitaihbe Aftest24 bolursn ITivé first
boi ling point reaction m xture was thus then fed

colu‘r?rxu‘?ﬁﬁiﬁﬂoﬂah%oq ?t%luﬁs rédéfoh gﬁiﬂﬁ‘iQWaQ FRUSHBLS fed continuously

¥stage ation colum 201 at a flowrate of
o 1f ol lnd el R T 4 TR SBAE AiENEi, SBhymn 201 o
towfSie oF S i e SRFERA.HARRBY G4 thsctre
between the Mellapak and the sieve trays. The liquid fed into the
second coﬁtinuous multi-stage distillation column 201 contained 16.0 %
by weight of methyl phienyl carbonate and 0.5 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under conditions of
a temperature at the bottom of the column of 215°C, a pressure at the
top of the column of 2.5x10* Pa, and a reflux ratio of 0.4. It was
possible to attain stable steady state operation after 24 hours. A second
column low boiling point reaction mixture was continuously withdrawn
from the top 23 of the second column, and a second column high boiling
point reaction mixture containing 35.5 % by weight of methyl phenyl

carbonate and 59.5 % by weight of diphenyl carbonate was continuously
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by wei ght of nethyl phenyl carbonate and 0.5 % by

A0SO MEPEIKADE di phenyl carbonate. Reactive distillation
was carried out continuously in the second continuous
mul ti-stage distillation colum 201 under conditions
of 20 a tenperature at the bottom of the col um of

215C, a pressure at the op_of the colum gf 2.
withdrawn,ftom the bettamd% °<§ft"'9. ﬁ?c?{'gv%%c'”“b%-ssﬁfm% s?’)é%%
attain stable steady state operation afgier 24 hc*.ur . Ath
columackovd bajihgrpoindweastiammixbiie wassepptipugugly fed, lpto the
continuously withdrawn fromthe top 23 of the second
first 66htimuowan thultisstagel distilatiohi epluson| 101y frampghienintet 1. At
reaction m xture containing 35.5 % by wei ght of nethyl

this fiRYihe GMOGRERS of FrukibAimethyy carbghateand phempl newly fed
carbonate was continuously 86 A0501 VP81l/ KAN

into {Hé tl‘ﬂ%f“ﬁﬁbg{ttrﬁiﬂ%*%\?\pglgli-lk%éﬁigfillhﬁ%rﬁe_ﬁmﬁncmvrvmerél'laeijusted

secon I ng point reaction nmixture was

SO a%ﬁﬁ r:nr]aiﬁg%by feggpiopgfcé&%o{itibﬁts ﬁqmérﬂﬁﬁlﬂﬁs of the starting

ron col um fromthe inlet 11.
matarial birndthRetAnadna P Hes 2 ekfid it EeRsidefreRhe
compositiomani MouRbokhec SRIB GBI 1o S pBing Peaction
mixtuoki ndt wae foond that hechradiced AaYNt (G AR NATbonate

of the second colum | ow boiling point reaction

per Hbut wWas 7.28vm.f oThe sélectivity foothe siphepyhcasponate based
di phenyl carbonate 10 per hour was 7.28 ton. The

on tﬁﬁ';ﬂ?@ﬁh&i toabftd Wi dBpbhenyl carbonate based on the
phenol reacted was 98% Prol onged conti nuous operation

L AEhgBR, P bRSTaoR Rl saneg Ohn unggucedse
condis,, 5% RYETeed YnEile MLAPNEN] carbrate pdr Rour ater
so0TohgFatb o s s B WRRASH R L P8 oA e 7 20
ton \rlgégectiveiy, and the selectivities based on the reacted phenol were
98%, 98%, and 98% respectively, and hence the operation was very
stable.
(3) Step (l11) of obtaining high-purity diphenyl carbonate

This was carried out using the same process as in Example 1.
The purity of diphenyl carbonate continuously withdrawn from the side

cut outlet was not less than 99.999%, and the halogen content was not

more than 1 ppb.

Industrial Applicability

it has been discovered that by implementing the process

according to the present invention, a high-purity diaryl carbonate
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stable. (3) Step (111) of obtaining high-purity

A0S0 WVPRPEWN car bonate This was carried out using the sane
process as in Exanple 1. 20 The purity of diphenyl
carbonate continuously wi thdrawn fromthe side cut

outlet was not |ess than 99. 9999@ and the hal ogen
content was not npre than

.l ndustri :
requitesl femproduginga) Righyguadity *ﬁEEoE?E’%@H‘%‘% afgmatic
i npl enenting the process accardin resen
polycarteonater can begrrosuaead o awﬂdé@%%ﬂ tﬁss than 1
VP81/ KAN s required for producing a hlgh quallay
ton hholrgrarthe oyolie carbomate apditheaatomatic ranafydroxy
produced on an industrial scale of not less than 1
comﬁg%n’d hr Mdreaveeitchas ibe emidiscaveredh thatsughoadtigh-purity
nohydr oxy conpound Moreover, it has been

diar@léﬁﬁﬁ%&ﬁﬁfé ad pa diz&létﬂ'étﬁldfy fdr a ﬁtcﬂbhbe@apboidﬂt ef time of,

roduced sta for a pro onged period of tine

or dhamp oL g A IS oo

y not |ess

nouls sE e Bty A BAE T SR, F4B Bl feontor

s as ‘an

i ndustrial process for the production . :
thushpgovisles e pimcasy thal ashiaves excg eﬂésﬁﬁe?}rﬁsﬁ? @t industrial

CLAIMS W& claim 1. An industrial process for Pe
progesxlfiot the prodactioghofdhetlyighapurify diaryoratRenateni ch

a high-purity diaryl carbonate is continuously
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5 produced froma cyclic carbonate and an aromatic
A0501VPRIIRANOXY conpound, the process conprising the steps

of : (1) continuously producing a dial kyl carbonate and

a dioi through a reactive distillation system of

conti nuously feeding the cyclic carbonate and an

al i phati c nonohydric al cq ho! fo a continuous
mul ti-stage 10 distillati yﬂ m To in-which a

catalyst is present, carrying out reaction and
We odaimi | | ati on sinultaneously in said col um,

continuously withdrawing a |ow boiling point reaction
m oAt ure panired ustnialsprocedscor thepkgtuctianboha: kigh-emrity
an upper portion of the colum in a gaseous form and

diary] ¥HrooHital in Wh‘ié‘l‘i”é‘lﬁ?ﬂ-ﬁuﬂ"lygbldlw lcaryopaitetisreentinoously

m xture containing 15 diol froma | ower portion of

prodggggﬁfg%aﬁg%abgcﬁc aqﬁ' Jt8rdhd drl hr6pTHtIOHPOROMydrox

Irar arbonate by taking said dialky

e and a conpound as a
comgpgp p % mc&q%?&%@ﬁ%%%gpee |ngn.tph: starting
mat eri al t fi t t .
i 401 eoaEnBRvslY arAdus IRk Ay behate L agjo! through 2
carrying out 20 react| on and di st Ie}{ii on . bonat
reacswmdtsaﬁwmm pyisteanpl continueusly BHt'i"\%BMQl'? carbonate
W thdrawing a first columm |ow boiling point reaction

and minxaliphaticnminohygiric ajcobiot intcanceaniinueym myltiiage
portion of said first colum in a gaseous form

distiflafidnmeelishn T imdvisighng cathilystt iscpresentiaarriggig ioud reaction
poi nt reaction mxture containing a produced al kyl

and %ﬁ?illléﬂbhoé‘ﬁ\ﬁ ﬁltﬁh@%%lir MYaiddludin, édbntihusaisly withtrawing
colum in a ltTquid form conti nuously feeding said

+ ol SRR FoERLER BRSO et
cardhdy i 3 BRI 46 4 et an

in said second colu nt,i nuousl|

. d
CO"H@B@H&‘B&b\rimfﬁ%wgo%ﬁ%gﬁﬁﬂﬂ heint rghl6h MR8 containing

the diol from a lower portion of the column in a liquid form;

(1) continuously producing a diaryl carbonate by taking said
dialkyl carbonate and an aromatic'm_onohydroxy compound as a starting
material, ccntinuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simulta'neously in said first column, contin.uousiy
withdrawing a first column low boiling point reaction mixture containing a
produced alcohol from an upper portion of said first column in a gaseous
form, continuously withdrawing a first column high boiling point reaction
mixture containing a produced alkyl ary! carbonate from a lower portion
of said first column in a liguid form, continuously feeding said first

column high boiling point reaction mixture into a second continuous
89



m xture containing a produced dial kyl carbonate from
AOS0BVWPSDEAN portion of 5 said second colum in a gaseous
form continuously withdrawing a second col umm hi gh
boi Il i ng point reaction m xture contai ning a produced
di aryl carbonate froma |ower porti on of sai d second

I I
multEstea@ distillatioforobumn AuWPiehie CRLAEE 3h AreENt baHing out

contai ning the dial kyl carbonate |nto the fi rsf
reactiont andodistiiation simadtapeeuslyiin saidbreegnd solump.
(I'11) purifying said diaryl carbonate so as to obtain

contififolns lyhwitvdrawingi arsgcored cohamer lowidrailing peint reaction
continuous multi-stage distillation columm To

mixtGPERIdMaMmitg 4 prddutsd dealigticagbanatbifndni aal uppeniportion of
portion haV| ng a length Lo (cm and an inside dianeter

said %’eé&% ER{WW\ @p%@e‘ondsefdl‘i\‘\ banMtindousyavitRlrawing a

° es no reins and conprises a gas outl et
seccw‘rﬁ L%ﬂu b:@b ﬂ)ﬂ”ﬁﬂ@?@%@[@%ﬁl&fﬁlﬁ?ﬁr{ gbl‘ijﬁn%ﬁi;lggh& produced
diaryCapriaonate abis fvsr Romin Y g SFedtid Slfhf in Prauie
portion of the columm near to tto
fornnr@ndumtunlmoeslypfeﬁmmdth%Sﬂﬂ?@ﬂi’gﬁer %%&?%ﬁﬂﬂo‘?"'&“
nd

m ddl e portion of the colum bel owthe gas outlet, an
reaction eabttucemcondaining the dialikybeadbanaie iato thaditst continuous

portion and/or.the [ower portion of the colum above
multn@a'gldldisialmﬁdmtcoiuhm eandLo, Do, Lo / Do, no, Do /

dog, and 25 Do /| doe respectively satisfy the

fo'% P’lﬂ' #id dibry I@afﬁbnatéb@éhdn&ﬂ&iﬁ {he higlo-purity
AD5 v N 180 5 5 2000 (2). 45 Lo/ DO:5
diar@?c%%onate,

wherein:

(a) said continuous multi-stage distillation column To comprises a
strubture having a cylindrical trunk portion ha\ling a length Lo (cm) and
an inside diameter Dp (cm) and having an internal having number of
stages no thereinside, and comprises a gas outlet having an inside
diameter dg4 (ém) at a top of the column or in the upper portion of the
column near to the top, a liquid outlet havilng an inside diameter dgz (cm)
at a bottom of the column or in the lower portion of the column near to
the bottom, at least one first inlet provided in the upper portion and/or a
middle portion of the column below the gas outlet, and at least one
second inlet provided in the middle portion and/or the lower portion of the
column above the liquid outlet, wherein Lo, Dg, Lo / Do, ng, Do / do4, and
Do / do2 respectively satisfy the following formulae (1) to (6}, |

2100 < Lo < 8000 (1),
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10 <_no 5 120 (4), 3 5 Do/ dot < 20 (5), and 5
A05015¢P8WKANO2< 30 (6); (b) said first continuous
mul ti-stage distillation colum conprises a structure
having a cylindrical trunk portion having a length L1
(cm and an inside dianeter D1 (cm, and having an
internal with nunber of stages nl therginside, and
conpri sed88 §d3o su2P8O havi ng an insi deeHi aneter dil
10 (cm) at a top of the columm or in the upper portion
of the cdlanp hBarstd® the top, a liqul®.outlet having
an inside dianeter di12 (cn) at a bottomof the columm
or in thqg awgy <pm20ion of the colum (&Br to the
bottom at Ieast one third inlet provided in the
upper pomrt | | Q¥ m ddl e portion (B}, 4hd col um
bel ow t hEe?' %ggo g%ﬂe’t ?@and at | east one(flurt h inlet

provi ded z15 dn,the Enstbd | e portion and/ ggythe | ower
portion gfgt%%lcd’lzu"nn above the |I|iqui g )'utl et,

mz%glénﬁlé é‘p r;?lcg,ﬁthlﬁ ?,& % #@uﬂ%ﬁt%eg % igkii(l)lrartriy}g g%%‘l nf%gmprises |

o st B bk modfn o BRAB Bt ana

(11),and 3sDt/d12:5 20 (12); (c) .said second

an insidel dianetetDyi (Gnhgand; kaving:andntedal i ibsnumber of stages
conprises a structure having a cylindrical trunk

n thereinsidehaandcampeisgisha gas pijetdhaving apsingséde diameter dq1
di aneter D2 (cn), and having an internal with 91 a

(cmPaPGLtOFDF thaNcoluthrroofn thegarpe2pohitoriofsitee column near to

conprises a gas outlet having an
the top, a liquid outiet having an inside diameter d12 (cm) at a bottom of
the column or in the lower portion of the column near to the bottom, at
least one third inlet provided in the upper portion and/or a middle portion
of the column below the gas outlet, and at least one fourth inlet provided
in the middle portion and/or the lower portion of the column above the

liquid outlet, wherein Ly, D1, Ly / D4, ny, D1/ d44, and D4 / dq2 respectively

satisfy the following formulae (7) to (12),

1500 < L < 8000 (7,

100 < D; < 2000 | (8),
2<Ly/Dy<40 (9),

20 < nq <120 (10),
5<Dq/dy <30 (11), and
3 <Dy /ds2520 (12);

(c) said second continuous multi-stage distillation column
‘comprises a structure having a cylindrical trunk portion having a iength

L, (cm) and an inside diameter D, (cm), and having an internal with
91
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‘D2 / dstraspadtively sakisfyrihe fellewjng ée

i nside dianmeter d21 (cn) at a top of the colum or in
A0501 MBBLBAN portion of the colum near to the top, a
liquid outlet having an inside dianeter d22 (cnm) at a
bottom of the colum or in the | ower portion of the
colum near 5 to the bottom at |l east one fifth inlet

rovi.d d in th
numBeP it taged e Tapbrineid8abd e FPRires d ﬁ%gfﬂ%@éﬁf"a%é""“g an
si xth inlet provided |n t he central port. and/ or .
inside,diAmBEPE Aan (BM) Aba 1R Bl PaRAIBMMEN ing %uamreéﬁm" of
wherein L2, D2, L2 / D2, n2, D2/ d21, and D2 /
the calupestrieas o !:Iamtgpy a haufqbutﬁlmtdgavmmna@squ)dtﬁmeter d22
(18), 10 1500 :5 L2 5 8000 (13), 100 <_ D2 5 2000
(cm)(d#h, boR6h20b2he édlupin)or inlthé lowes padigri ©f the solumn near
/ d21 <_ 15 (17), and 155 :5 D2 / d22 5 30 (18). 2.
to th'EhBoE’t"cﬁ%ﬁeé{S léﬁ§@bﬂleﬂﬂfth0|n¢éﬁpﬁ0\1memm ¢he uppel eastion and/or
han 1 ton / hr of the high-purity diaryl carbonate

a m@%th&dof %@ }oﬂi e%ﬁﬁﬁlél%%@; duniet! and at fedstoone

ereln sai said dO r said continuous

s o 5o B SR B oo of e

colufi A5 T TR Mol AR 7 By L P, an
for said continuous nulti-stage 1 P81/
em§s>zt§o€1“@ o
s 6000, 200 5 Do 5 1000, 5<_Lo /Do530, 305 no 5100, 45
Do / doi 51H5@0k £5E0808025 25. 5 5. Thd1®ocess

according to any one of Clainms 1 to 4, wherein

100 < D, < 2000 - (14),
2<L;/D;<40 | (15),
10 < n; < 80 (18),
2$Dzld21s15 (17), and
5<Dy/d2z<30 (18).
2. The process according to Claim 1, wherein not less than 1

ton / hr of the high-purity diaryl carbonate is produced.

3. The process according to Claim 1 or 2, wherein said do+
and said do; for said continuous multi-stage distillation column To used in
the step (l) satisfy the formula (19)

1<dog1 /do2 <5 ' (19).

4. The process according to any one of Claims 1 to 3, wherein

Lo, Do, Lo / Do, ng, Do / dg1, and Dy / do2 for said continuous multi-stage
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| ., Lo, Do, Lo/ Do, no, Do/ do,, and Do / dO2 for said
- AOBOLVPBI/KADUS nmulti-stage distillation colum To satisfy

respectively 2500 < Lo <_ 5000, 210 5 Do s 800,7<_LO
- / Do 520, 405 no :590, 55 Do /do, < 13,and 95Do /does

20. 10 6. The process according to any one of Clains 1

o 5, wherein sajd contlnu

distiligtion|daitmon Toos alisfyTGPSROSTBY PO 2 EFOR 200 < Do <

having a tray and/or a packi ng as said |n r nal

10001'Hi35phode|3$ <a80088 adat 5 1O, %,Dmhép:sisn aPdd 7205/ doz <

continuous nulti-stage distillation colum To is a
25. plate type distillation colum having the tray as
said internal. 8 The process according to Claim®6 or
7, wherein said tray in 20 said continuous
multi-stage distillation colum To is a sieve tray

5 hagi ng aThség Y6895 ld b reliflg dodany e of ki1 t& 4, wherein
The process according to Claim8, wherein said sieve

| RS | Fulti-stage
Lo, dc%m %%ﬁ’ado'igg‘fbgﬁgogn‘%aﬁoﬁhag Idrjrgﬁhr:dstgiludg)&uevles 9
. ortion 93 A0501 fc
d's“ﬁéé‘&”df’ﬂ 'T'Be-&’ é?ltrﬁsgy JPSB%X\‘(%}{%%& Islg QQCI’I orgy~ Do <
area per_hole of said sieve tr i n sai g,contju
800,715 Lodt Bk 80540 Keftt 398 orbdios%ﬂ 3 FHch Q2o / doz <
fromO0.5 to 5 cnR2. 5 11. The process according to any
20. one of Cains 8 to 10, wherein an aperture ratio. of
said sieve tray in said continuous nulti-stage

10 distillation colum To is in a range of from1.5to
15% 12. The process according to any one of Cains |

togl, IPhahmroviesssaccortihgatlanyi ondlsf Ctaimsildto 5, wherein
first continuous nulti-stage distillation colum used

said BohflfudiEPriditilsSiye afstildfoh Adlammd f ier andisti(iation column

having a tray and/or a packing as said internal.

15 7. The process according to Claim 6, wherein said continuous
muiti-stage distillation column Ty is a plate type distillation column having

the tray as said internal.

8. The process according to Claim 6 or 7 wherein said tray in
20 said continuous multi-stage distillation column Ty is a sieve tray having a

sieve portion and a downcomer portion.

9. The process according to Claim 8, wherein said sieve tray
in said continuous multi-stage distillation column T has 100 to 1000

holes / m? in said sieve portion thereof.
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and said d2, and said d22 for said second conti nuous
AO50NVPB1I/KaMNage distillation colum used in the step (I1)
satisfy the following fornula (21); 15d12/d1li5 (20)
and 15 1 < d2, / d22 6 (21). 13. The process
according to any one of Clainms 1 to 12, wherein Li,
D1, L, / D, ni, D [/ dii, anda J ng éor I§aidfirst
coit0i. nuodhe piveess@efording itp @laigh .01 dmWhRERN A
the step (I1) satisfy respectively 20 2000 < L, 5
cros$aHctidnal aré&a per hozw,of said sieve traydnzpidsgontipuosis
100, 85 D / dii < 25, and 5 < D, / di12 < 18, an
multl-2tag8 dikfiliatioh coRuimB2T4 isi2i a sange s fronrd.5d0 S6m°.
second continuous multi-stage distillation colum used

in the step (lI1) satisfy respectively 2000 5 L2 <_
6000, 150 5 D2 5 1000, 3 <_ L2ID2< 30, 15< n2!5

60,43. 55D a4k drdiRg! oneof Bhaim¥s to 10,
pré@éss i’g%333|9%3§0 an@'%(%ﬁé t%fzg@?ai m | to 13, 94
A0501 VP81/ KAN r ej . l: ; 11,

whefain 8 9PeHIN SANGL ok Spl SiYs t. n i KantHubues

mult%%étgblelzgigti?lgt?oorln %o u%%t Jl'gfi ina Fr)gﬁtg'evg% Yro%? P 5%d-45%.
< D15800, 55L, / D1515, 40<- n1<_90, 105D1/ d11525, and 75Di |
dl2 < 15, and L2, D2, L2 / D2, n2, D2 / d21, and D2 I
d22 for said second 5 continuous nulti-st a&e)_

di st2) | atThe process aacotdingr & paytonelof Okms 1 to 31,

5000, 200 <_ D2 _< 800, 5:5L21D2:9 15 20 5 n2 <_
whebfin 8aid @2, /ariPdaid di9 for amid FisbDotdbnpous 1BultiHstéage

process according to any one of Clainms | to 14, 10

distiBRI Rof@sth 6edaindtHd s8ép qoNtiatistysthaiféliowingdormula (20),
dISt! [at1on polynn and said second conti nuous
and | ig' gt 468 Qéiﬂt{il?gla%ﬂa%aid:%k%ﬂd ﬁoﬁtiﬁh%h's' hﬁiltioﬂage

ol unh*’having a y /or a packing as sai

distwggﬁrg? %loggﬁ'g"i ]u-ﬁr,?.@t B85S 30" hfigny thék8N8wing formula (21);

1<di2/d1 £5 (20) and
1<day/d2<6 (21)
13. The process according to any one of Claims 1to 12,

wherein Ly, D4, Ly / D1, ny, D1/ d4q, and D4 / d42 for said first continuous
multi-stage distillation column used in the step (I!) satisfy respectively
2000 < L, < 6000, 150 <Dy <1000,3 <L,/ Dy <30,30<n,<100, 8=
Ds/dy;y <25 and 5 < Dy /dy2 < 18, and Lz, D2, L2 / Dz, nz, D2 / d2q, and
D, / ds» for said second continuous muiti-stage distillation column used in
the step (1) satisfy respectively 2000 < L; < 6000, 150 < Dé <1000, 3 <
Lo/ D><30,15<n2<60,25<Dy/dz <12, and 7 < D2/ d»2 £ 25.

14. The process according to any one of Claims 1 to 13,
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15 continuous nulti-stage distillation colum is a
Aosopvesekiarpe distillation colum having the tray as

said internal, and said second continuous nulti-stage

distillation colum is a distillation colum having

both the packing and the trays as said internal 20

17. The process accordi 2{& to Caiml5 ¥\‘h {
whetgiohLofD1shi d Br.afs Pn /Shivg and By lcdm &H’u aid firs continuous

mul ti-stage distillation colum and said second
mult-etage Wistilletion colge satisfy respectively,2800s<d- s£HQ00, 200
tray having a sieve portion and a downconer portion.

< D@:? gifh, Fhe| prasess18¢ A dimg<t®0 Choi D7/ dwher 26p asabf < D4 /
sald S|eve trays in said first continuous .

dig SUH g n ° O, co%q :E%uolﬁzg [§£’ ¥, aRd DY YRRIL6KAbNd

r sai rrutl-stage istillation
com@zwagﬁ%@g% HRRISR BBl Bl e shstvbly 2500 < L <
s00808h0.2 2 F6G28 3T Birk 8 Fahe 058, %5708 T s 10

distillation colum and said second conti nuous
and QiEtD: didme< &Gtillation colum is in a range of from

0.5 to 5 cnR. 20. The process according to Claim15 or
16, wherein said 10 second continuous nulti-stage
distillation colum is a distillation colum having,
as 8 d i Therpralcesshacpeandingyto anyhenepfeClaions ibte %f4
the colum, and the tray in the |ower portion of the
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one or a pluralrty of sets of structured
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16. The process according to Cléim 15, wherein said first
continuous multi-stage distillation column is a plate type distiliation
column having the tray as said internal, and said second continuous
multi-stage distillation column is a distillation column having both the

packing and the trays as said internal.

17. The process according to Claim 15 or 16, wherein each of
said trays in said first continuous multi-stage distillation column and said
second continuous multi-stage distillation column is a sieve tray having a

sieve portion and a downcomer portion.

18. The process according to Claim 17, wherein each of said

sieve trays'in said first continuous multi-stage distillation column and
95
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20 packings in said second continuous mnulti-stage
AOS0HVEBLKAX i on colum are of at |east one type sel ected

fromthe group consisting of Mellapak, Genpak,

Techno- pack, Flexipac, a Sul zer packing, a Goodrol

packing, and ditschgrid. 25 23. The process

..accordjng to any of ajms_ 1.t ' ‘ :
said Ganayid songamirds fuv E-Stade sitGuafion Belfng nagRogto 1000
out Qy distillation. A 96 A0O501 VPBUKAN a 24. A
holeai/gn-jorsaid sieng PocHPPenat e produced in an anobunt of
not less than | ton / hr, which is produced by the
process according to any one of Clains 1 to 23. 5 25.
The high-purity diaryl carbonate according to Caim
24,19 .whi Gthdpsoeess! ageordingttent laim riat onck®, where a
ppm 26. The high-purity diaryl carbonate according to
crosSlseMidRal ata he £ Roldofedeh od whidosiese! tralysniot said &rst
than 1 ppb. 97
continuous multi-stage distillation column and said second continuous

multi-stage distillation column is in a range of from 0.5to 5 cm?.

20. The process according to Claim 15 or 16, wherein said
second continuous muilti-stage distillation column is a distillation column
having, as said internal, the packing in the upper portion of the column,

and the tray in the lower portion of the column.

21.  The process according to any one of Claims 15 to 20,
wherein said packing of said internal in said second continuous
multi-stage distillation column is one or a plurality of sets of structured

packings.

22. The process according to Claim 21, wherein said structured
packings in said second continuous multi-stage distillation column are of
at least one type selected from the group consisting of Metlapak,
Gempak, Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing,

and Glitschgrid.

23. The process according to any of Claims 1 to 22, wherein

the diaryl carbonate purification step (lll}) .is carried out by distillation.
26
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24, A high-purity diaryl carbonate produced in an amount of not
less than 1 ton / hr, which is produced by the process according to any

one of Claims 1 to 23.

25. The high-purity diaryl carbonate according to Claim 24,

which has a halogen content of not more than 0.1 ppm.

26. The high-purity diaryl carbonate according to Claim 25,

which has a halogen content of not more than 1 ppb.
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