| NDUSTRI AL PROCESS FOR PRODUCTI ON OF HI GH PURI TY
DI ARYL CARBONATE Technical Field 5 The present
invention relates to an industrial process for the
production of a high-purity diary) carbonate. Mre
particularly, the present invention relates to a
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met hod for producing the aromatic pol ycarbonate which
10 requirgdcar prafuging a high-gvalbibnbighiperfiorpapgee, arpmatic
smal | anmount of a basic catalyst; for exanple, even if
polycarbtonatil. ori nated inpurities are present in an anount
of only 1 ppm the 1 polynerization hardly proceeds at
all. To make the diary[ carbonate capable of being
used as the starting material of a transesterification
Background Art
As a process for producing a diaryl carbonate, a process of
156 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
20 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 impurities markedly inhibit the
polymerization reaction in the transesterification method for producing
the aromatic polycarbonate which is carried out in the presence of an

25 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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nmet hod aromati c pol ycarbonate, a troubl esone

mul ti-stage separation / purification process

i nvol vi.ng t horough washing with a dilute aqueous 5

al kal i ne solution and hot water, oil / water
separation, distillation and so on is thus required.
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purifzathomprecesd 1nwnéwangot’mr0¢lgfbmﬂﬁ}tlﬂgxwltbo@rprH§ agueous

al so known. However, such transesterification
alkalimracidlotionasrd aldt wamniar,ictill il waterase paratiofhdistillation and so

equilibriumis biased extrenely toward the original
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there have been many difficulties in producing
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using such a process. ~Several proposals have been
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sester f| ation reaction t he probl em of
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rrerel y by devel opi ng the cat al hence t her

through transestenification deactions beg Beedth%e!alavhgafhenate and
reaction systemin order to provide a 25 process for

the anoduaticimbnphyduoxyompoung fsoalsmisoprrnduttawaver, such
Attenpts have al so been nmade to devise a reaction

transasteeificias redctionshafé allheqellibriutr resctionsr d The

product system as nuch as possible, and thus inprove
equiliPAuAT PBliaSc 88 RPEAH Ay RN 4-d five RiiRBI @ystem &hd 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 transesterification 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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reaction between di net hyl carbonate and phenol, there
have been proposed a nethod in which nethano
produced as a by-product is 5 distilled off by
azeotropy together with an azeotrope-form ng agent
(see Patent Document 1: Japanese Patent Application

8- aNo. . 54- corr oneli r :
to syl e By s%ﬁ%ﬁiih%eﬁ%ﬁ SR8 53 i S8 FBSsible,
at ent No. 4252737 and .a net hod .i.n
and @é{wﬁammﬁ&c@@ aig w%%@cv'qig ?ﬂvsaaﬁw'ﬁeifﬂgthe
adsor bed onto a 10 nol ecul ar sieve (see Pat
reactigpieiween digmihyt sapheaate Al Pb&t"ﬁoénthe;"eﬁ Badﬁﬁelheﬁﬁ
58- 185536 (corresponding to U S. Patent No. 410464)).
propdseday énetheodnin tvehiichamethsoobgendpcegdoded bi-praduct is
using an apparatus in which a distillation colum is

distilped\offiey apedtropyf togetbaetwith amazaotodpe-fprodogaageast (see
a by-product in the reaction is separated off from 15

Patehb®da@aneind™ naaﬂwheseanéteait Apgligafient LaR-OpeeNed
starting material that evaporates is separated off by
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cat al yst devel ﬁggent for such the transe terlflcatj q
molecyiak ﬁtﬁi"e tpe Ratant Recreant 3hlagapese Batent qucﬂuca fon
and thus it has been thought that a batch system
Laid{Ppenripl §8-$858536o(rarmesponging dmU . Prteat No. 410464))
continuous stirred tank reactor (CSTR) 25 systemin
Moreshierh aanmaithbidl hasialsodpéemproposeavirdahioh, uspngfam
react or has been proposed as a continuous system but

apparBfi€ifiehighod| digtiliatioh eslurdntiBepradadedosn tepeofoaineactor,
slow, and the gas-liquid interface in the reactor

an ak9hy &%dcé@%%da Qﬂ( phsduet ienefreirtidn isdpakhtdd off from
t hus not possible

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

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 improved 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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make the reaction ratio high. Accordingly, it is
difficult to attain the object of producing the-
aromati c carbonate continuously in |arge anounts 5
stably for a prolonged period of tinme by neans of the
above nmethods, and many issues remain to be resol ved
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makeithgl feafdtur ratiqi highse prapreingly. Hi '§tq|‘l¥ﬂ‘g‘t"téﬁ, al{aip the
have been the first in the world to disclose that such
objeet of paoducinglitbeidnoamatia carbonatescennupusly i lafrge amounts
transesterification reaction, for exanple a reactive
stabbi fdr & |proilong edt pedod rofitimeh biyhmeedins &f the cvdomanethods,
and the aromati c hydroxy conpound are continuously fed

and hidy i$swedibinaifttaope desioiVéath eforecdcwmomiosl industrial
reaction is carried out contlnuously i nsi de the

impl&RleHtBtibH Y@bggsﬂﬂgat alyst is present, while

cont |1 nuous w t hdr awi ng by dlstlllatlonalow

boidh id ngdggé,q{ ,g\@m g \’?&ﬁte d%a& ?%tlg]ldatlon

pr odutc as a I nuous raw ng

metrs BRRUCR s a 4 Basesge FRe “edaa?i!?ﬁéna'a?m%@&t ina

Pat ent Docurrent . agnese Pat ent Ilca

contintiquspeH thetage ﬂgatzﬁgslonacquga@lw@f’ ¢Gysly Gith separation
method in which an al kyl carbonate is_

by disdiltatinmuang have beaen t!h@ ftﬁ'§¥t‘ﬂ-tbﬁa‘g@”ddt%ﬁilwfé’tsieowat such a

colum, and reaction is carried out continuously
reactingi uﬂ:etrﬂllaélorcsyateml is whefiH farcuch gstransestedtication
whil e continuously withdrawing by 25 distillation a

reactiow, Hor lexagnple atrezmtpandigtildativ nimietigod idiwhioh the dialkyl
carbonate produced as a by-product, and continuously

carb%fahé”ﬁ/ﬁ e B rePPGE HLd rokyCORIMP I MY are RiIstiIg@dusly fed into
di aryl carbonate from'a | ower portion of the colum
a m{gfgtg eﬁfgtn%&%iuﬁmﬂéﬁ&%‘%t%ﬂ fhkarRBli 6@f cBRtinuously
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 alkyl 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




10

15

20

256

No. 4-9358), a reactive distillation nethod in which
these reactions are carried out using two continuous
nmul ti-stage distillation colunmms, and 5 hence a diaryl
carbonate is produced continuously while efficiently
recycling a dial kyl carbonate produced as a by-product

contpfifia Fatory <8I YiEiah s o BRAAREm A F ey AT srals

Eur ppean, Pat No. 0461274, and U_S. Patent. No, .
columimn (a8 A e DACHIERS o APanBseaP Aken hAPRUFAIo WA RIS OPen
a 10 dial kyl carbonate and an aromatic hydroxy .
No. 4B hd seackivel dissillation gethadibusyRichelhasa beapddons are
mul ti-stage distillation colum, and a liquid that
carrieldoost tsimg ttivooaghtinhie usomutti-stagae dhatiltatio i raatumns,dand
outlet provided at an internediate stage and / or a

hendenaed iawgl carlbgratd i peodusked tantinnousdy while @fficiently
introduced into a reactor provided outside the

recy€lifgid dfaikyt chrbeAatdTpredted ashd iby8prbautt (86 1PSbnt
yandgi S thg(r?mi ntroducgg) back in thrbgﬁrg)h a ci Ecul ating

' | t t hg;
DOG%'ﬁt'eF"‘gt@-r%gﬁgsge%?tﬁéﬁégﬁ@a%n L&idk\ We! £-3f038

IS provi y reaction is carried out In

rea r ecdi st i ' | u
(corBRRidRgGrHNE" o PR3 AcEDrabbah P hih( Rt ¢ 7274, and U.s.
Lai d- o d-235951) . 20 These, reactiv . .
Pateql 61 B2T05a: ABA spasbvecinyidtion mefhad in which
. .inventors are the first to enable aromati c carbonates
dialkyh cggbpnadacnd asoare madisshydeesy eormpoERd 9r thg dike are
processes in which the diaryl carbonate is produced
contfmmusinded ultrythe mujtinatage distijlation csumioasd a liquid that
mul ti-stage distillation colums based on the above

flowslidosvmihresghdhe dekmprispeitbdrawnt froneaf siste psdlet pravided
exanpl e, Patent Docunent 8: Japanese Patent

at arfpMdrafddiate lstbdeQued /Nor aGolerds( stide dfahd agtilation
Eur opean Patent 5 No. 0582931, and U.S. Patent No.

coluREEitE)n FRCBN EMORg rolq PR Bakenle e diilaton
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 co.ntinuous multi-stage
distillation columns based on the above disciosures have been proposed

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

Application Laid-Open No. 6-157424 (corresponding to European Patent
5
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Eur opean Patent No. 0582930, and U.S. Patent No.
5344954), Patent Docunent 10: Japanese Patent
Application Laid-Open No. 9-40616, 5 Patent Docunent
11: Japanese Patent Application Laid-Qpen No.
9-59225, Patent Docunent 12: Japanese Patent

heat i d - 519 4, .
No. 88243, ot i05" e N8 a3 e RERE o KRRIERY®:
sapsR R oo ArellesRER TG Oboo 831535 408 amgsponding to
curopiah P h i 8ha880; et I RS oA Bt
hi ghly pure aromatic carbonates to be produced st abl
Docymeni 1ir.olapapesed? atantchpplinatiant Ihaiﬂ-&:em &i@ega‘%@ﬁé.
of a catalyst being required, a nethod in which high

PatehtiDoogmemdi ht: smpanest Ratdrdi Applcatioat bhidOpen No.
conmponent is reacted with an active 15 substance and

9-5020en PeeMtabeduAfdnt aRdJapanddeaPutént Appditaition $.aid-Open
recycled (see Patent Docunent 15: WO 97/11049

No. %ﬁé%@@?ﬁ%‘tﬁg?ﬁsb LﬁHbﬂ)l?;?l’aJ! Wah 850/ 187-2 P 66884 podidfing to U.S.

at ent 872275 and a nethod carried out

Pateﬁf?g\llnrg.t Ié@@ﬁ'}?g%gt B ARk Q%Cﬂﬁ'ntérﬁ PA. Qa@?h\églédph?e% Application

Xy ‘conpound 1 n the reattion syste

.,cat al yst not nore than 2.0 (see Patent

La"*é@BﬁHéﬁP-%@ﬁﬂﬁggéﬁége Patent Application Laid-Open

No. 11-92429 (correspondi ng to Eurgpean Patent No.

104¥8a8g SasivG dIsHIRUAR SustomB L preseqt ppeliggnts have

the present inventors have proposed a nmethod in which
furthpy propssed, s wemgthogk thatepnables biglkyopdee aromatic

by-product in a polynerization process is used as a 25
carbenates ng bepeodaice dastahly foeray proomgadiperied pfdbmeewithout a

using a reactive distillation nethod; this diphenyl

large anbounat ef caoatulyese@ing regilised, agnebthoatinrwhicH high boiling
pol yneri zation to produce an aromatic pol ycar bonate

p»oin(L erﬁ_egiéztnﬁi’\ﬁbt-ammwafﬁaﬁysﬂé@ﬁﬂﬁﬁﬁeﬁﬁtﬂ’éam wleh aPnactive
substance and then separated off, and the catalyst component is

recycied (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 Patent 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-product 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
6
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9- 255772 (correspondi ng to European Patent No.

0892001, and U. S. Patent No. 5747609)). 5 However, in
all of these prior art docunents in which the
production of aromatic carbonates using a reactive
distillation nmethod is proposed, there is no

ot RSB ARGl BB BESETHIE BeRGhmangte (soc
S5 A EX AL RN CL VR A

exanpl e, the descriptions regarding heights (HL and
9-25pF72c(norregpanding $o(burepramF atent NayRSO200k, arddés-

(nl and n2), and starting material feeding rates (Ql
PateahdNE&R57Kgo0H))) for two reactive distillation

col umms di scl osed for produci ng mainly di phenyl

caHoweaber, (inP4ll dfrttvesedpnieriart dooumeats iarvhigihetiod
are as summuarized in Table 1. 15 Table 1 TABLE 1 H1 D1

prodiiétigh 68 ak8midicRarbdhbfes Saclif@ ditiAation Alfthod is
25 20 23 6 350 2.8 - 0.2 305 5-10 15+ 0.6 9 PACKI NGS

oronfs 850 1§ 49458y ReSBls gyt siodedfl frocddor
appeidtia ot fides s op & Ifdudtiaf Boald o1 ton/
hr), nor is there any description suggesting such a process or apparatus.
For example, the descriptions regarding heights (H¢ and Hz: cm),
diameters (D1 and D2: cm), numbers of stages (ns and nz), and starting
material feeding rates (Q4 and Q2: kg / hr) for two reactive distillation

columns disclosed for producing mainly diphenyl carbonate (DPC) from

dimethyl carbonate and phenol are as summarized in Table 1.

Table 1
H D Q H D n Q PATENT
! ! ™ ! 2 2 2 2 |DOCUMENTS
600 | 25 20 66 600 25 20 23 6
350 | 2.8 - 0.2 305 | 5~10 15+ 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 1.5 - 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
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di stillation colums used when carrying out this
reaction using the reactive distillation system are
those di sclosed by the present applicants in Patent
Docunent 15 (WD 97/11049 (correspondi ng to European
Patent No. 0855384, and U S. Patent No. 5872275)) and

it 5P s BRFIGE Uoolyhst’ BRADTRE 117 AACKEEFUoB e

016648, d S
reactiyh dIstIgbeR SYSIRM AREtNOSS Hgswggt%'\ﬁwgéﬁéée%% a@Blicants

various conditions for the continuous nmulti-sta

in PatestiDoeumentchd (WHQ 9T A0k cosespradiBg e EHE egﬁanPatent
are H = 1200 cm H2 =600 cm D =20 cm D2 =2

No. 0855382, atal H.50 F(atlee;ntdmyssaaaﬂtﬁ)anaswd Patent Etmum@mt 16
10 (Japanese Patent Application Laid-Open No.

(Jap&nd86PBatentAppliBatise Laid-Opev N® 132429 /(cbrresponding to
t he amount of di phenyl carbonate produced has not

EuroPesfePadenBNY.OX0 T1868BY ahd’ UKS. PdtentWib cB262 21@))an As can
anount produced on an industrial scale. 15 The

be sléléﬂlflféln ?Qbr@qattﬁe%%‘idfnﬁn? viliGas (df %@Qah%s%&ﬁ&fﬂons for

nven ced on an I ndustrial scale,

the %{‘rﬂyﬁéﬁﬁﬁg{ﬁ $1408 188 hanBAn y?fu@gﬁg%k?ﬁ%‘ed TE RS above
dust d t he
reackB a1 bra UG Motz E00FahaRT & B0 V%Zﬁoeona%% 4, N+ = Nz
dat bonyl at Whi

= 50 ihAsy ééneq&%éwsg'.?ﬁfwaqr}fﬁaﬁbﬁféﬁéaeﬂw@éa&mmentt 0
produce dinethyl carbonate and water.

ApplidationtialdtOpen Nax tﬂvﬁﬂfidtﬁ)dnq:rﬁo?e%é(g(ééé, aﬂQer = 31 kg / hr,
exanpl e, Patent Docunent 18: WO 03/016257), the

and treaanhoontodtdipbengt caebopate iprod uskedr hgss*t@tt exceedgda
| arge anount of CuC -HCI as a catal yst, and hence

approRkinatély 8.7kg RMwWhidtbid hetceo eesovnt proeuogdven yan
high inthe reaction systemand a separation /

indu®HaIf 4 &kl on system Mbreover, in this process, the
carbon nonoxide is 8

The dialkyl carbonate used in a step (l1) of the present invention
must be produced on an industrial scale, and furthermore must not
contain a halogen. The only process in which such a dialkyl 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-HCI 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
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prone to being oxidized into carbon dioxide, and hence
there Is a problemthat the selectivity based on the
carbon nonoxide is low at approxinmately 80% On the
ot her hand, several processes for the production of a
5 di al kyl carbonate and a diol fromthe reaction

b e LG n | InC

prong ShoRs el o iieBfJRth bR ARKIgR0 e Reficethare s
eaction, the dialk car,bonat e can be produced.

problgro that tbgiwegt'wéﬁ%é@ﬁ?d ShaneraathmengMgEis low at
preferabl e process. As reaction systens, four systens

approasimeatgl¥B@roposed. These four reaction systens are
used in 10 a process for the production of dinethyl
cabwotha ethat hetrid;| senersll yoice ssesnfat the predustipdnat a
and net hanol, which is the nost typical reaction

dialkgkeapbenatadml a dib) fromotie eeattiohavetweenc cyolic carbonate
system (2) a batch reaction systemusing a reaction

and ¥AHhARY iMEn8hydsid lciiadlm&ve baen propoded. onMitipthis
thereof, (3) a flowing |iquid reaction systemusing a

reactian! Vl@&'oﬁélﬂﬁﬁrﬁo&&é&gd%é ﬁ)btfp'i@é%'buewﬁh%hit|d§hb0@ halogen,

system first e present inventors (see,
apl e, 19: '
and h3ReBATF if 4 BRI EER5 200 141 PRRRARR sERleit, four
20.  Japanese Patent Appljcation Lai d-One ;
systnechat basit roPpaednenthe3s. Rlipgdasigit Syblems are used in
di to E Pat ent No. 1086940 d 20
o prdssss o i B ab T RalR K s cbR s s Ee o
W00/ 51954 (correspondi ng to European Patent No. .
fromiethyliene carbonate anad anethanol, puhrigdety thesmest typical reaction
Docunent 23: Japanese Patent Application Laid-open

exanple, il 288 1)ca coesplateiny atch Feaspieanspatem: (Rpa batch
0530615, and U.S. Patent No. 5231212), Patent

reacfioAUgRdten?4isidgranesctiBat ved sélpnavivay aodis2ilati rd cObemn
No. 6-9507 (corresponding to European Patent No.

prov%%&aﬁttong@égiépféségz? ggo?ngr{'? Ié@@@ﬂé@dtioﬁaémém using a
tubular reactor, and (4) a reactive distillation system first disclosed by
the present inventors (see, for example, Patent Document 18: Japanese
Patent Application Laid-Open No. 4-198141, Patent Document 20:
Japanese Patent Application Laid-Open No. 9-194435, Patent Document
21: W099/64382 (corresponding to European Patent No. 1086940, and
U.S. Patent No. 6346638), Patent Document 22: WO00/51954
(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.
Pétent 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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Application Laid-Open No. 2003-119168 (correspondi ng
to WO03/006418), Patent Docunent 26: Japanese Patent
Application Laid-Open No. 2003-300936, Patent
Docunent 27: Japanese Patent Application Laid-Open
No. 2003-342209). However, there have been 5 probl ens

Appifiglor KEIEOUBhTI, 20011810 | dbiraSppRiing ol ¥ ¢
wodE 8BTS e B BB 25. o SOARBTAANER Al e

. carried out to completion, and thus the conversign.is
Laid{Qaen e e4083-3PR9%3%e Ratentddocumenty2indapaness, atent
10 carbonate conversion high, the produced dial kyl
Applicatison haidpenbdo. &0H3-BUE20F) udpmweveryéhgre diaye been
anount of the aliphatic nonohydric al cohol, and a
problemg withdhiese systems asépliowd. I n the case of (4),
the reaction can be nmade to proceed with a higher

COIW e icais d BRI 1 Malnd (3),,th@201ﬁpér(lﬁ9\it of-the¢9gtlic carbonate
processes of (4) proposed hitherto have related to

converé)i%tﬂ\c‘spaeiénﬁnﬁedﬂb@d e coRiposition pat ik Hhdltrb température,

In sma anounts or “for a short period of tine, and

and ﬁggse Wb .fe‘%aﬁafﬁ @a@;ﬁgwr% ofﬁ?o%ﬁﬁérﬁ%fg&gﬂbgﬂdafhus the

ustrial scal e or a prolonge

tine. That is,,these prqcess have,\n i ned

convhifiEn (R oMErSRTernahdRE 55e & (b aRek® i chefic
continuously in a |arge amunt (e, ot |ess than 2

carbepate cpnyessiay Pighy t ?@gEPSPGng@gkb'gF%%%?t% st be

) _Se.g. not | ess than 1000 hours, greferabLy not |ess

distifedyefBosinasurvery large grepunhisifythgoalipbatic: manainstric alcohol,
hours). For exanple, the maxi num val ues of the height

and g Hongneadicmtinee i¢ Dequided. aho thentase of (d)adle reaction can
of the reactive distillation colum, the anount

be mprdedus paoBeébldowithha highediomiversicathanawvith @d (2heor (3).
continuous 25 production tinme T (hr) in exanples

Hou 28 SRS, PLRLPETSHSEgmishort TaupelamOgosoaucing
the diatkyl carbonate and the diot either in small amounts or for a short
period of time, and have not related to carrying out the production on an
industrial scale stably for a prolonged period of time. Thatis, 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 iess 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

dimethyl carbonate (DMC) and ethylene glycol (EG) from ethylene
10



carbonate and nmethanol are as in Table 2. 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 NOTES 21 200 4 PACKI NG COLUMWN (Di xon) 0.932

gﬁl\/ﬁl 22 NOTE | 5 60 0.275 NOTE 5 23 250 3 PACKI NG

Ras Q. 4 NOTE 2 NOTE 2 NOTE 2

carbgigto,a egﬂa%‘ ﬁé%é%l\%%éﬁgé NOTE 4 NOTES 26

NOTE 3 NOTE 3 30 3750 NOTES 27 200 15 PACKI NG COLUWN
Tablg gx) 0.313 NOTES NOTE 1 : OLDERSHAW DI STI LLATI ON

COLUMN. NOTE 2: NO Pl SOEVER DEFI NI NG
DI STI LLATI ON COLUMN. L} DESCRI PTI ON
DEFI NI NG DI STI LLATI ON NUMBER OF STAGES.

NOTE 4. NO DESCRI PTI (]\I V\HATS(]EVER (]: PRODUCED AMOUNT.
P , S GARDITNG STABCE
DO NGED NmS@QESTnNE. |Ph: kgfhen{ T:hr
ST S PO A AL 5T Sl BT
2e plesdfd ckamobe ules the 48 orocass G743, o) NOTES
for thé¢ prasberrled ndde $RAOKING GOLUNNGDIxen)desdl.83%d | NOTES
agove aNeTEef [carrged gut w thgphe obj eqt ad.275 NOTE 5

e 280l o |ERCe OO Maltfi]|[” 50870 THOTE 5
t?‘hnqthﬂTﬁ% iNQTE\Z F: (‘m{nlNgqrﬁ g‘nn\/nr Si géb NOTE 5

25 NOTE3 | NOTE3 NOTE 4 NOTE §
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
5 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 dimethyl carbonate and
ethylene glycol through transesterification by a catalytic conversion

10 reaction between ethylene carbonate and methanol. Note that the
following 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

15 of over 30,000 tons, and hence this implies that operation of the world’s
11
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10 reacti on between ethyl ene carbonate and net hanol .
Note that the follow ng nunerical values in the
present exanple can be adequately used in the
operation of an actual apparatus”, and as that exanple
it is stated that 3750 kg / hr of dinet hyI car bonat e

arod R ?Péf?gﬁgﬁgw S8 s FREAREE g out
O 0
the tER6raf sn NBnoL Ao the PeUSET %.%m“?og%zatsn@m@.em 26
(JapEnase st ﬁ\BLﬁﬁggugﬁeﬁ@h@%s@ﬁ&%%ﬁbé?@@ﬁ&ﬁ&(Aprﬁ%
Pat ent Docunent 26 (Japanese Patent Application

2002)ai dHoveeven. oD Bt 30e98BIe CASHING the present appiigatien. there
even at the tinme of filing the present application,

is not hReeabove faet athl.abMareloaer, in thelexamptmwdrPatant: he
exanpl e of Patent Docunent 26, exactly the sane val ue

Doc&ﬂﬁehh?é hoes@ty trksarfal galual 88 thealhevresicaipt edidulated
t he anount of di methyl carbonate produced, but the

va!u%( |§|s‘iaféﬁ £6F E‘Héeaﬂﬁoﬁhf(%qld:h?e@gﬂ”c@?bﬁﬂfa% Y rduiéd , angt the

selectivity 1s approxinatély 88.4% and hence it

yieldcﬁ} oth))ﬁﬁ% %nggli prp? rpgtgl'y%'sydﬁl &k I?é‘%é?ﬁgflwty is

ned.” Th pafti cu ar

I T RN T

o that Patent Docunent 26 (Japanes Patent
aMh\tﬂ:!’lﬁ@éW%Yﬂtléﬁif@OB@ﬁ“l\Btaﬁ'@%é SO0PRIcHIE" o‘é‘&rls?a”ts@'ec'“‘“ty

have been withdrawn on July 26, 2005 due
indicatesithat itbis psecessihap aef@rtahgrawaa@gt@@)an wc!lhstﬂ?é
reactive distillation nmethod, there are very nmany
prodaatisespradess.uc(Nate mseubat@at@mmecumntvaﬁ|(slap@m1ese
due to reaction and conposition variation due to

Patedt Hpplicdtion LididtOpeti K. |2G03-300986)wasaddemed to have
tenperature variation and pressure variation in the

beerg% onggﬂ?%ﬁ??g?ggotﬂﬂ IUE%' 0 exbadihatiorenat ilervihgrbeen
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 prolonged 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,
12
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acconpani ed by many difficulties, and in particular
these difficulties are further increased in the case
of handling | arge amounts. To continue nass
production of the dialkyl carbonate and the diol using
the reactive distillation nmethod stably for a

the oﬂﬁgld%%gﬂ)&&ﬁf 'é;ﬁ ogfté tﬂcﬁ'ﬁﬁ’!ﬂ é?q gf?&ghﬁitig!nnﬁ(rz? protdnged

nat e the di,o reacti IIa
period P ARTE S Tné TRt i o8 Thetiied, gposef‘zﬁﬂnsﬂo has
onl description of continuous, stable production [
beenAQ) iyt inpBateat BoaumenhitSh({aranesefaient App ication
distillation method proposed hitherto has been 400

Laid-Rner Now $6t@314bthcunent 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

Disclepaes idfdnvie@rass that enables a high-purity diaryl
carbonate required for 10 producing a high-quality

hi p%m%@&msme&%y Qh6q|n>0%@fthﬁ{‘at e to be

produced I ndustrially 1'n a | arge anmount (e.g. not |ess

t h‘i“?s gar{ BBJécL{‘Bf thét@%'s%nﬁgbgéﬁ%ﬂ' fH"%?Qv i ab?@é’énf

ess ours, 'pre
t.h 00 hour,s, pre 0
proc %\%%ﬂ?ﬁf A eys”‘*wcd'@y(ﬁﬂﬁlf’éxa?ﬁﬁ%hﬁﬁ?&nﬂq
monohydr,oxy conpo . 15 _Means for So
prod g8l 4rhio iﬁrﬁ%?&ﬁfﬂ%ﬁﬁféﬁfﬂ@@ﬁa@@r@a ic Galvgarbonate to be
studies ained at discovering a specific process
produgrghiindgstrirdhv i e langecamaunbee g tnatnkess than 1lakpm/ br)
result have reached to the present invention. That is,
stabludooradpnglong edchpefriadk of dspedie.9f nolhdepsdhamt 1000 hours,

i nvention, there are provides: 20 1. an industrial
prefepabbenst less thand 000 diowns, ahose lpreffie mblytyodliess/than 5000
hours) from a cyclic carbonate and an aromatic monochydroxy 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 aicohol into a continuocus muiti-stage
13
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carbonate in which a high-purity diaryl carbonate is
continuously produced froma cyclic carbonate and an
aromati ¢ nonohydroxy conpound, the process conpri sing
the steps of: (1) continuously producing a dialkyl
carbonate and a diol through a 25 reactive

ot TR TR 4318 nSERAPARIE bt bRE) S8y U gcton

and GRTLRNER SirEh)ianarel ?ééiﬁﬂ%sfc.%w'aﬁ‘ﬁné"aﬁ%'w“o?a%v.%ﬁ“drawing

and distillation sinmultaneously in said colum
a lovebatling eedny repcHianamixyreLOBAIBIEIG ArRrasbiGRd [dda vl on

m xture containing a produced dial kyl carbonate from
carbamatepfrem @ov vipgreraportian odithencolwnan dase @asecrsfound and

5 continuously wthdrawi ng a high boiling point
continaadisipwithdtawimg arttighnboding Ipeidt eéattiom mixtamercontaining

portion of the colum in a liquid fornm (I1)

the di®Nfroft QURWe PHeftiehnef thélical¥inrt & Bolqhr! Ryrmaki ng
sal d dial kyl carbonate and an aronmati c nonohydroxy

Hé‘ﬁttﬁ%o@lﬁﬁ @rrbun@jngf%t rayll 'ca?BBh'a@QWEdkih%egbfw

startlng |rst cont 1 nuous

dlalkg}‘lcé?b(fﬁgﬁbeawdségléﬁ)tlhglﬂeac I\‘l?k))éﬁgwgi {h‘uﬁo%ﬁc%‘%}ésé dtdrting

carr out

matefjaln g BRFHG LY fﬁéﬁ%ﬂﬁ#@&ﬁﬁb%‘ﬁaaﬂaﬁﬁj 3 its4 qoptinuous

m Xt ure cont ai ni ngi produced al coE’g%t froman u%p
multlpﬂ.alqeoﬁl%f lation qalugn & Witehi & catghitdssprassng carrying out
conti nuousl|y w thdrawi ng a first colum high boiling
reactpon and digtillationssimyltaneoysit i said fu&‘-bp@g\um ca?rktymuously
aryl carbonate froma |ower portion of said first
withdrawing a firat Iciodwimoh foow rhoitiogt poindusiacticre diixgugaicontaining a
first colum high boiling point reaction mxture into

prod@cééciodhedfitd muphupped portid agst shislt fitdtatolumeoahuangaseocus
in which a catalyst is present, carrying out reaction

form a@@nﬂh%b'u's'l?tvhﬁﬁ‘d AW d angetsédiuinin SALH mm@ p@ﬂ‘lltufﬁh ction
conti nuously w thdrawi ng a second col um
mIXth'%I LHRGIRM G a pREGLLES alkyl aryl carbonate from a Iower portion
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 portion 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 low boiling point

reaction mixture containing the dialkyl carbonate into the first continuous
14




m xture containing a produced dial kyl carbonate from
an upper portion of said second columm in a gaseous
form continuously withdrawing a second col umm hi gh
boi Il i ng point reaction m xture contai ning a produced
‘diaryl carbonate froma |ower portion of said second

colum in.a Jliqui f and continuously feeding
m”lt'fﬁégseegb%bﬁ%t&#ﬁr#?qpéf\r/"bgf'm ng point reaction mxture
co ining.the dialkyl carbonate into.,the fi.r . .
colll Sriaing saigratary) S3EOANaLS seaePdh Saidifmheapigh-purity
) I11) purifying said diaryl carbonate so as to obtain
diaryl warbpgateurity diaryl carbonate; wherein: 5 (a)
said continuous nmulti-stage distillation columm To
cowpieireds a structure having a cylindrical trunk
portion having a length Lo (cm and an inside .
5 di paepseard Pontievo e ehuitivs tageadistili 2tianl calammd oncoiprises a
of 'stages no thereinside, and conprises a gas outl et
strudﬂé}’é MaviRg A evifdriiad ek pbiticic Maviig & tenytdf L§ ffem) and

columm or in fhe upper portion of the 10 col um near

an ing,ggé Ebggr{-r%’taetrﬁlgé ikgsm)daﬁatﬂa%hnaaah Netérhdl NS vagdharmiar of

ott'om of the“columm or in theé | ower

rii : C e : i
stag o MorBingiog, S FRRIENSe S, g o 0B HAviRG afaRbide.
.__m ddl e portio f the,colu bel ow t
diamgter das {omNeAT adomm gl the coIprgs cadn e BRRefitinyilon BFthe
portion and/or the | ower portion,of the 1aclurm d
10 columBonear ia theqiar: BMaLig. ouliet bAing amsids diametes,doz (cm)
Do / dot, and Do / dO2 respectively satisfy the
at a bottamniafgtheocainme onin the lgwer padien ofdhgopelymn near to
180<_Do <_2000 (2), 4SLo/Do<_40 (3), 20 10 <_no 5
the Hidd®ory)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
15 column above the liquid outlet, wherein Lo, Dg, Lo / Do, no, Do / do1, and

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

2100 < Lo < 8000 (1),
180 < Dy < 2000 (2),
4<Lg/Dp< 40 (3),

20 10 < ng <120 (4),
3<Dp/dopr 20 (5), and
5 < Dy /doz <30 (6);

(b) said first continuous multi-stage distillation column comprises
a structure having a cylindrical trunk portion having a fength L4 (cm) and
25 an inside diameter D4 {cm), and having an internal with number of stages

ni thereinside, and comprises a gas outlet having an inside diameter d44
15
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3 < Do/ dot 20 (5), and 5SDo/d0e30 (6); (b) said
first continuous nulti-stage distillation colum
conprises a structure having a cylindrical trunk
portion having a length L1 (cm and 25 an inside
di aneter D1 (cn), and having an internal w th nunber

(omShs BB 104 SHIBETLBE g UG BRI oot
T S R L A

(cm at a bottomof the co%urm or in the Iovmr
the gdpmmerdn theelewenRorhes: ot the colymn prardp thegeftom, at
one third inlet provided in the upper portion and/or a
leashpdel hipbinliedrprovidedtin the uppebdarliarangsar guniddle portion
and at | east one fourth inlet provided in the mddle
of thpocdliumn arelow thégadooeatiatpanidoat bfasthene dounth inledprovided
the liquid outlet, wherein L1, DI, Li / D, ni, D /
in the"'middid poriiod l@hd Reneed ioveély postibnséythdeotwininoaboge the
formulae (7) to (12), 1500 < L, 5 8000 (7), 10 100
iqui < (8], D,2 | n5 (@) nld,,lP@spectivel
"q”"?fol?,‘et’éwgp%"(?)'dp‘k?géb E)’lTifégrfd@?‘éf_n?gi/ o y
: : ; ' bRUOUS nul ti-stage
satlsgﬂ'gti'\lel fog&q(vg%]]giﬁﬁnnﬁ%céggﬁ)p?‘?ggg?h structure having a
cylindrigal. trunk p jon having a lenggh L2 (cm and
an insi dg%&oa%‘eﬁ %gbécn), and havi ngP}a)h i nt er nal
with nunber of st aas n2 thereinsi de,@gd conprises a
gas out | d0h&aPng 4800 nsi de di aneter (cm) at a
top of the colum or in the upper portion of 20 the
col um n&ag k1o/ Dhestddh, a liquid outl ef@having an
i nsi de di ameter d22

20 < ny < 120 (10),
5<Dy/dyy £30 (11), and
3<D{/dy<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 D, (cm), and having an internal with
number of stages n, thereinside, and comprises a gas outlet having an
inside diameter dy; (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 outlet, wherein Lz, Dy, L2 / D2, nz, D2 / d2¢, and

D, / d2, respectively satisfy the following formulae (13} to (18),
16




10

15

20

256

(cm at a bottomof the colum or in the |ower portion
of the colum near to the bottom at |east one fifth
inlet provided in the upper portion and/or a mddle
portion of the columm bel ow the gas outlet, and at

| east one sixth inlet provided in the central portion

and/ or tlzlgoloogqf gq;db@n of the 25 col above the

l'i quid ouflet; erein D2, L2 / D2, m2, D2/ d2l,
and D2/ P ver satisfy the | 1 ow ng
for mul ae P%%[? ?@@b 16 1500 s L2 5 (13), 100

S D2 <_ 200Q (2/1p) 2< L2/ D2<_40 (15), 0<_n2580
(16), 5 2 <lp P2¢94015 (17), "and 5 ~(t®)/ "d22 5 30
(18), 2. the process according to item1, wherein not
| ess thad01<tren</8hr of the hi gh-purit¥BXi aryl
carbonate is produced, 3. the process according to
item1 o2 2,Dwhdeeih18ai d do, and sai d('dOR and f or
said continuous nmulti-stage distillation columm To
used in Bhe B eRl6 19 30satisfy the fornd8),(19) 1 < do,
/ do2 < 5 (19), 4. the process according to any one

2. ﬂfe br68Bsd édbo?rdm@%qt@mw, wPsrel® rot 188s than Boton / hr of

o,, and Do / or said continuous nulti-stage
e i e psat] =r vy oo <
g‘c%g’?%?ﬁgg{aocdc;bﬁw éggfei g?#srd%zﬁﬁ‘ied%l%sgﬁ% b R §ﬁ§ s@id doz

Lo,/ no, Do./ do n said
for Séb‘i']ﬁ‘)m?otﬂ}éo%FW"b?g@%é #86uehan & 'ZL"EBlTLmHS?S ip theglep (1)
respectively 2500 < Lo <_ 5000, 210 < Do <_ 800, 7
satisty thg forpulas(18) 207 40 <~ nos 90, 5 < Do / do, <
13, and 9 <_ Do / do2 <_ 20,
1 <do1/do2<5 (19),

4. the process according to any one of items 1 to 3, wherein Lo, Do, Lo /
Do, no, Do / do1, and Dyg / do2 for said continuous multi-stage distillation
column T, satisfy respectively 2300 < Ly £ 6000, 200 < Do £1000, 6 < Ly
{Dg<30,30<ng<100,4 <Dy /dps <15, and 7£Dold02525,

5. the process according to any one of items 1 to 4, wherein Lo, Do, Lo /
Do, ng, Do / do1, and Dy / dgz for said continuous multi-stage distillation
column Ty satisfy respectively 2500 < Lo < 5000, 210 <D <800, 7 < Lo/
Do <20,40<ng <90,5 <Dp/do1 £13, and 9 < Dy / dp2 < 20,

6. the process according to any one of items 1 to 5, wherein said
continuous multi-stage distillation column Tg is a distillation column
having a tray and/or 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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6. the process according to any one of itens 1 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. the process
according to item6, wherein said continuous

[= [ Stil. [ col [ t: e
8. G broFEEFac eIl hatfhShicrs Mprbin st Prfufl S
17 8. the, process according to item6 or. 7, wherein
contiflyais miti-atags JisuliRliPRicRIm T e e vai ey Tayring,?
. colunn To is a sieve tray having a sieve portion and
sieve pgsiiedorbd pelawreomer Re-igR.ocess according to item
8, wherein said sieve tray in said 5 continuous .
9. thd prosesgaatiarding 40iitemcd) wheren tsedd 19evedragdo said
holes / n2 in said sieve portion thereof, 10. the

contiprumes muticstaedistllatior GolamA8, Tgwhasel 60 40 1000 holes / m?
cross-sectional area per hole of said sieve tray in

in sai@idlevenioMiAVEhEERG,- Stage distillation colum To is
in arange of from0.5 to 5 cn2, 10 11. the process

10. tAeCOFdtidE LR caPYifY fo Herh!® B & Whetbin \éﬂ;&fﬁsﬂsaetionat area

aperture ratio of sard sieve tray in sai cont 1 nuous

Lt distillati ¥ _
per et SeAP5IEUs L Wil GRS BYH Aydok MEIGhor
saig dld and said dl12 for

of itemg 1 to 11, ere
coludly fofi$ a2 KBRERI IS 6 O P g8 i st 1 1ation col umn

used 15 in the ste 1) satisfy the follow n
1. fm%er%f:%%)a,coma"ﬁité fu)zv omjogahednazﬂth 30 sfigrein an

second continuous multi-stage distillation colum used
apertyra ratio sifepaidl sheveatriaysin said contimmans Mylkinstage distillation

1 < di2 / d11 5 (20) and 1<d21/d22<-6 (21), 20 13.
colummeTprisdass rangerali frpmd .&nlp 686,0f itens 1 to 12,

wherein L1, D1,
12. the process according to any one of items 1 to 11, wherein said d4
and said dq, for said first continuous multi-stage distillation column used
in the step (H) satisfy the following formula (20), and said d;1+ and said
dz2 for said second continuous multi-stage distillation column used in the
step (1) satisfy the following formuia (21);

1<dy2/dyy <5 (20) and
1<dsy/doa<B (21)»

13. the process according to any one of items 1 to 12, wherein L4, Dy,
Ly / D4, ny, D1/ dyq, and D, / dq2 for said first continuous multi-stage
distillation column used in the step (ll) satisfy respectively 2000 < L, <
6000, 150 <D, <1000,3<L4/D1<30,30<ny<100,8 <D4/dq4 <25,
and 5 < D4y/dy3 <18, and L,, D5, Lo / D2, n2, D2/ d2q, and D, / dy; for

said second continuous multi-stage distillation column used in the step

(11) satisfy respectively 2000 < L, < 6000, 150 <D, <1000,3 <L/ Dz =<
18
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L1/ D1, nl1, D1 / d11, and D1 / d12 for said first
continuous nulti-stage distillation colum used in
the step (Il1) satisfy respectively 2000 < L1 < 6000,
150 :5 D1 1000, 3 < L1/ D1 < 30, 30 < nl1 :5 100, 8
< D1/ dil1 < 25, and 5 < D1/ di12 s 18, and L2,

30, 1804 dTar< Bt 2602 it 3 A B £ P d1d90E B usec

in the ste Il1). satisfy respect.ivel 0 <,L2 <
14. db@oprcmﬁ&pgc(sgréwglmaryvsoaef@ jtefgs 4 tzolggsd?hefe"ﬁ—h D1,
155n2560, 2. 5502/ d21512, and 75D2/ d22525, 14. the |
L1 / Dr.oees: Acter 8negDs d duzyfasneaisk firstep@ntinugusamuliestage
Li, b, L, / D, nl, D1/ dii, and DO / d12 for said
distilfaticn codontimsatisfywespestiagty 2600 &l Laki 5000o0R206n< D4 < 800,
satisfy respectively 2500 5 L, < 5000, 200 < D 5

5< quomé 48, 40 R ApL59d010nk DOPd11&<25] A®ULB2S Daynddy; < 15,
< DI'/d12<_15, and L2, D2, L2 | D2, n2, D2/ d21, and

dp2 /f i NAMP N, N4 for BHld segbR@Econtinuous
and I?l'szt)lz’l thlil?;{n' I2% %ﬁgqugt i sfymrzespg%t i l;/el y 2500 5 L2 5

multiZpiabi Bfliaon salump satisfy soseasriyslk 2309555 B3PO- 200
s 2 K 8AD. Pkl Da o 20 &R %P0 LR P B S B < 02/

mul ti-stage distillation colum and said second

d22 Sc4Bti nuous multi-stage distillation colum is a
distillation colum having a tray and/or a packing as

15. dhiedpregessaccording e aimbeassohiesmeintp M-iwaﬁ{q_'g‘, each of
wherein said first continuous 15 nulti-stage

said fiirst consinuousoiulbinstagea dpstiliationmolumn iﬂﬂfgﬁﬁdﬁh second
colum having the tray as said internal, and said

contiseousdmudtit staguidistillationtadamnlista distillatios aalumn daving a
a distillation colum having both the packing and the

tray hhaysr aspackifg A% &¥didlintdrhalt he process according to
item 15 or 16, wherein each of said trays 20 in said

16. TheShr&O8ss HERTdIY th it AOPs dwHdrklild0a et Wohtidous
sal d second

multi-stage distillation column is a plate type distillation column having

the tray as said internal, and said second continuous multi-stage

distillation column is a distiliation column 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 distillation column has 100 to 1000 holes / m? in

said sieve portion,
19
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continuous multi-stage distillation columm 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
distillation colum and said second 25 continuous

Itl-staedlstlllalo co S 1000 I

19. Mchiqreakaredraing o Mfardnt * B 16" whidelsf g §diss detfional

accord| ng.to item 17, or 18 wher ei n SS- sectl onal
area pesholer ohsasiopl saih Sbevedraysinai éﬁﬁi Ganuny

first continuous nulti-stage distillatiaon col urm
multisstiages distiltationtdaiuous ang satdstsag@nddc@ﬂtlnuay.sOWultl Stage

colum is in a range of from0.5t0 5 cmZ 5 20. the
distil[ztoze o lapwpislimg range exh {t&6mo0.360 Sueeni n sai d

second continuous nmulti-stage distillation colum is

20. ah@i piddd<d Beeotainygnio itetnnts oras6 swihdrein eaidlseddred
packing in the upper portion of t he colum, and the

contihUdGs MuUlfiCstaelifATAtiON dlfluh’ﬂ? i€ @ distillation dadumn having,

process according to any one of itens 15 to 20,

as saBnE Fha?la'tﬂﬁﬁg Iﬁ‘rf”]‘ﬁ( |-s fd’ﬁf@?ﬁ?‘?ﬁ Rl t h'encé iffin, and the

secon cont atlon um i s
ong or luralit set structured ackln s, 22.
tray %&%J%‘H?@?QJ’ éfgé Ia{'g'{h 21, wherei npsai d °
ruct ured packi i n sald se nd c
ntblet Sictsin Becarfado B oneal R o Ilég)as"{’he'beﬁ'é‘ said
pe selected fromthe group consisting of Ml

pack@@rp&psaldant@mﬁidnpa@w SereRppRRNtiauSY z@P'%@%Wﬁgd'%”'atlon
Goodrol | packing, and ditschgrid, 23. the process

colurandsranepn a pluyality of sets pftstracturedepatkings di aryl

carbonate purification step (I11) is carried out by
22. dhet prdcdésoaccondadyits iitem 2tcwhdinein said rdrueltsed packings

aspect of the present 20 invention, there are
in safd @¢céed continuous multi-stage distillation column are 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 diary! carbonate according to item 25, which has a
20
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24. a high-purity diaryl carbonate produced in an
anount of not less than 1 ton / hr, which is produced
by the process according to any one of itenms 1 to 23,
25. the high-purity diaryl carbonate according to item
24, which has a 25 hal ogen content of not nore than

haloded sHiftkpt b APEmUR R 0l #REL " 20 hal ogen cont ent

of not nore than | ppb. Advantageous Effects of the
Invention It has been discovered that by inplenenting
the process 5 according to the present invention, a
hi@ﬁyﬁﬂﬁﬁS?O@ﬁdEVFCgﬁpﬁghﬁﬂévqnﬂﬂnred for producing a
hiah-quality hi gh- performance aromatic pol ycarbonate
cal vas premnudiscoverad thalubyrimplesienténgftheoproesss
than 1 ton / hr fromthe cyclic carbonate and the

accoadiopto ¢themprasedtdryentiom @ hdghNurnitywdigryl canbhenadéen
di scovered that such a high-purity 10 diaryl carbonate

requil?féﬂ forr Wdtﬂl&ﬂ? &Mghyqhantyhpy aAterodhaticne
of , e,

for exanp not | ess than 2000 hours, preferably

polyﬁgrgrgaggo&ﬂﬁrbe’%%@ﬂueearén AP PSP 1¥ dOhot E6Ss than 1

ours. e present 1 nvention thus provides

ton Iﬁwnrgﬁgﬁﬁg?té@ti@ﬁétﬁqﬁétﬁeﬁéﬁl iHdG r?Ha‘?Fé @ﬁ%ﬁ% roxy

procé production o

hi gh- bty di bonate. 15 Brj i pti. .
compgdli P dneiesvar. fi nzd BRAR facdupred Abal e BidhyBlry
[ [ di stillati I T . .
ciary] PR bae o oAU b o A Sk T periag o time of
the distillation colum having internals conprising
for exagple; nofdess than 2808 heursicpreferably pet desh than 3000

thereof; FIG 2 is an exanple of schematic draw ng of
hourg, Marst prefierablyast less than 5000 hours. The present invention

thus provides a process that achieves excellent effects as an industrial

praocess 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 Ty preferable for carrying out the present
invention, the distillation column 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 cut the present
21
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reactive distillation colum preferable for carrying
out the present invention, the distillation colum
having internals provided in a trunk portion thereof;
25 FIG 3 is an exanple of schematic drawing of a
second continuous reactive distillation colum

verflH SRR USRS S h R BYIRgE, , LH on

partion hereof , internals c rising.structured .

thered kitRgnalscamrEiBind SHLC!ar Gmpckn 89 dRdn e portion and
~ lower portion; and FIG 4 is an exanple of schematic

sieveytraysdn andowsiapattignisaBenpri sing the first continuous

reactive distillation colum and the second

contG.nbidasan example aof schematierview alman apragatus

together preferable for carrying out the present
comprisiagtthenfir§iesontipuious rfadtefedéstibationecalusnn lang ithe

Figure 1) 1. gas outlet, 2: liquid outlet, 3-a to 3-e:

secohd! &ntifudus Tedchive dlstillation coldn Hhkedbtogethermaeferable
7: trunk portion, 10: continuous mnulti-stage

for c%@?ﬂ%!o%gitﬂgi 5RASERY iriertfsgt h (cm of trunk portion,

aneter(cm of trunk portion, dil: inside

di aneter of gas outlet, d2: 15 inside dianmeter (cm
of gas outlet (In Figures 2, 3, and 4) 1: gas outlet,
inlet, 5: end plate, L,

2. liqui.d outlet, 3: inlet, 4:
Descglrpalq_rkpfﬁ%%&rﬁnegn@ugpegeﬁﬁnk portion, D, and D2:
inside dianeter (cm of trunk portion, dl11 and d21:
(In Figiedd) di ameter (cm) of gas outlet (cm, 20 d12 and
d22: inside diameter i)cn) of liquid outlet, 6: , _
1: gasnoutledl , 27:liquidneutipér t 308, to1@-echietnudud to 4-b: inlet, &
mul ti-stage distillation colum, L: length (cn of ]
end platek por@:i amterbal, i teurdk gpettion cf0:ofcontimkous multi-stage
portion, dil: inside
distillation column, L: length (cm) of trunk portion, D: inside
diameter(cm) of trunk portion, d4: inside diameter of gas outlet, d2:
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, L,
and Lo: length (cm) of trunk portion, Dy and D2: inside diameter (cm)
of trunk portion, dis and dz¢: inside diameter (cm) of gas outlet (cm),
diz and djz: 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, d4: inside
diameter of gas outlet, d.: inside diameter (cm) of gas outiet, 101:
first continuous multi-stage distillation column, 201: second continuous

multi-stage distillation column, 11, 12, and 21: inlet, 13 and 23:

column top gas outlet, 14, 24, 18, and 28: heat exchanger, 17 and 27:
22
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di anmeter of gas outlet, d2: inside dianmeter (cnm of
gas outlet, 101: first continuous nulti-stage
distillation colum, 201: second continuous 25

mul ti-stage distillation colum, 11, 12, and 21:
inlet, 13 and 23: colum top gas outlet, 14, 24, 18,

- an ' : n i P4t 18]3andd 28: heat
'"'et'zsf*%%fbaﬁrnef?b?%@i‘“?sﬁﬁpeﬁa?4‘?“§§?' 1?,24'an(f 28:81 hoat

exon §E309%7, o8 279 hlurfEbARACHATE b 18 i 25 column

bot t om conponeni ouf]et_ gf the n ' u
top FRMAGRARGDUSH |14} GPLEIRRotE R SoTRRNBHT, Butlet of the
Carrying Qut the Invention, Foll ow is a detailed
secoudsmmtinuousomtﬂheﬂﬁ@s@iﬁt'”ﬂfﬂ‘éﬂtq(gﬂm'?'n t he present
invention, first, a step (1) of continuously producing
a di al kyl carbonate and a diol on an industrial scale
froma cyclic io carbonate and an aliphatic nonohydric
BestM6880for SaeAyingeOutthe Aventéamti on of step (1) is a
reversible transesterification reaction represented
by Al @ scRiptiOof RS Presert inve e,
+ EBhsgfd@'b %\A%rﬁhltfla%gwgé\?herpei n R repﬁesents a
bi yalent. . ar o - R S @tk htievo ouslySptaducing
o) IPLfE ny¥sBift BT, FRt, 2 8o RLPEFboptinT sty

. | e ( ggens the{eof bei ng
o cialBiL SRR B AT i s lBLoR grvic
carboaatmand aalpbAdcomansy IE Eofp A suttiefiohtor

bei ng optionally substituted with an ot gt .
Th% repaction ogstep (1) is a reversible transesterification reaction

represented by the following formula:

R R®0_ ORs R:
~ —_— N\ +
o/\c/o + 2R0H —> ¢ o' “oH
x 0

wherein R’ represents a bivalent group —(CHz)m— (m is an integer from 2
to 6), one or more of the hydrogens thereof being optionally substituted
with an alkyl 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 hydrbgens 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
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al kyl group or aryl group having 1 to 10 carbon atons.
20 Exanpl es of the cyclic carbonate include an

al kyl ene carbonate such as ethyl ene 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

t 0] ne carbonate bei ng nore preferabl
pam&@@%‘?g%rgﬁ q@& "E#@ preferably used. gI\/breovlgr as thé
hat i c rmno dri.c al cohol .havi n | ower .
poMei AIphEtR Bloe UG FIreNaleane haviagyn lower
p035| ny var ng dependleﬂg on the type of the cyclic
boiligg iRt aaus%w 2N s Msesl.al Abthaygh mhwrverymg

al cohol include net hanol et hanol , propanol
depgridiogeos thealying ofitbemyiclihaasmonate siseer Bxamples of the
3-buten-1-o0l, anyl alcohol (isoners), hexyl al cohol

aliphatiomess) hydidptaicoalot dholude soattvamol, ethsahobl pradpdnol
(i sonmers), nonyl alcohol (isomers), decyl al cohol

(isorhePOTRIIB)|. aleBBRTY butéhsPhiSbnté ) M- buteslodetyamli alBehol

(i soners), cyclopentanol, 10 cycfohexano

(Isorﬁéﬁpmﬁ%bohag b?QPl WIWEBHB'I ?%@F’é’j octyl alcohol

orner s) thylc entano? (i sone

(lsorﬁlglé%}yﬁ;rf%’ IOQI%’(S%I'EJE )gll %{@f&gﬁ{:}s&ecyﬁ%mﬂﬁé’l §3ﬁ?&‘?§?' undecyl

xahot (I somer
i et. cl.ohexanol nyl cycl oh xanp
a*co'??ﬁbﬁér% ) SRSHEN A1BRET (asmBEThAvelp pRAGASE
sonmers), phenyl propanol (i soners and so 15
CYCI@Lﬁ’f%’é?deéﬁohﬁé'égnﬁ '%9§§ tarpbyath capﬁmﬁm@nﬁy
substituted with substituents such as hal ogens,
(ISOFﬂ@Uﬁa)r athylsyclgpentanol Gisamemommethyrielohaxaalyiisomers),
groups, aryl oxycarbonyl groups, acyloxy groups, and
ethyltyciohgxanpk (isomers)h diigthyléycloheahydd i(isaheos)! s,
ones preferably used are 20 alcohols having 1 to 6
diethgac polo el (Psmarsdf phablycpiiobkxbsiohdisasets),tiverzyl

carbon atons, i1.e. nethanol, ethanol, propano
alcolﬁéﬁ%ﬁéthy@@cohol (isomers), phenylpropanotl (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 propyiene
carbonate as the cyclic carbonate, preferable aliphatic monochydric
alcohois are methanol and ethanol, methanol being particularly

preferable.

When carrying out the reactive distillation of step (1), the method
24
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but anol (isonmers). In the case of using ethyl ene
carbonate or propylene carbonate as the cyclic
carbonate, preferable aliphatic nonohydric alcohols
are net hanol and ethanol, nethanol being particularly
25 preferable. Wien carrying out the reactive

o il 80k, RSB B0 Bl o my o

any BRHRR B rIRdns RGEncok Examibley & § amogPasas gatalyst that

the reaction liquid under the reaction conditions

' ( . t he
dissqlyes|ipsihe aactiendiqeid unger shedaactian sondiienspthe atalyst

in the reactive distillation 5 columm by feeding the

can batmadetto heopnasentdacailiguidiphase dnitbe weachive distillation
continuously, or in the case of a heterogeneous

colurnat by febdimgtthdosstahest irdosihel reactive ldéstikationotolumn
l'iquid under the reaction conditions, the catalyst

contid@d Uy "8 en tRelbea 94 @Fehetdrdden s6asdatalystsirin dyes not
di sposing the catalyst as a solid in the reactive

dissdlvatjn! {rd P%cﬁBhHﬁ:ﬁidt 0RA&r TRENYRALIBY cohQibAs, Pfe catalyst
d’ on. |

used I n conblnati n the case that a honbgeneous

can 8RB ol B BULIMNEIG [E5c18h Sy diBE B0IPRIna the

at1 on 'col umm, nogeneous cat

fed in t th with.the c i,c_carhonate,and /_ar

catalyff a5'a S i Shacianhtlve < Blation Ut WY nfthogs may
di fferent ’%gﬁiti,on to the starting materials. 15 The

also b ueearineemRINgtiBRoceeds in the distillation col um

in a region below the position at which the catal yst

i st Hale iogseatiiahahemiogansoys eatalyst és womtinupusly fed into

catalyst into a region between the top of the colum
the readtivieedisogiatiam ce)umin, thiechomugenaeous cataktsdrmalysbe fed in

are fed in. The catal yst nust be present in at |east
togethaatwfiesthepegthc atdporiateemsd /or2the bligbsatiomienchydric

preferably at |east 10 stages. Moreover, in the case
alcolfd!, 6T MG yab B RUENBCHRFSINtheatianyes thé RRarting materials.
The reaction actually proceeds in the distiliation 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, preferabiy at least 7 stages,
more preferably at least 10 stages. A solid catalyst that also has an
effect as a packing in the distillation column may be used.

Examples of the catalyst used in step (l) include:

alkali metals and alkaline earth metals such as lithium, sodium,
25
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catal yst nust be present in at |east 5 stages,
preferably at |east 7 stages, nore preferably at

| east 10 stages. A solid catalyst that al so has an
effect as a packing in the distillation colum may be
used. 25 Exanples of the catalyst used in step (I)

potaS SR Fun A cdBLM Sufdih AL IEH, O81cTar, TePBhaL . il
magnesi um cal cium strontium and barium basic

bariy¥nmounds of alkali netals and al kaline earth netal s
such _as hydrides, hydroxides, al koxjdes, aryloxides
an8agts GQ@D@UB%RT %'Jfﬁd)'om&iéll%ﬁnﬁll alkalinpearth metals such
al kaline earth nmetals such as carbonates,

as hydgdesohydsoxidesl alkgxidesasryoxides; andramidgsani nes
such as triethylamne, tributylam ne, trihexylam ne,
anbakéenzphtpet hg s afi aldalinmetateandoaltkasiiimengarth metals such
het er oaromati ¢ conmpounds such as 10 N-al kyl pyrrol es,

as cataietds)dsitashoRitrs) @8d digalniyldditi damed;es,
N al kyl pyrazol es, oxadi azol es, pyridine,

al ity dinikes s‘i}érﬂﬁb't?%thy?ér‘ﬁ}’hélutr‘i@uﬂﬂ§ﬁwine trihexylamine,

i soqui noOl 1 ne, al kyli soqui noli nes, acridi'ne

and BEK%%R@HI@I%%% phe_na_nt hrol i ne, al k_yI phenant hr ol i nes,

al k 'pyrim di nes, pyrazine,
z triazines nd,.al riazines;, 1
5Ytr§¥sﬁ1-%$ﬁ@nm§cﬁ%a€%@%8r BRTORRAEENSOEBES anc
dIaZObIC cl nene ; ounds such as
N-alYiREFralRB oAUk R o ixaa aes M- R AREARR-ox| de.
thal |l i um carbonate, thalliumnitrate, thallium
N-alkylpysazolesaraxadiaepiess pygdine. alkwpyedires 2quingline,
conpounds such as tri butyl met hoxytin, .
alkylquiimolinge et ianquinnjinediajlsyysdqmwim@s,i acridine, alkylacridines,
di et hyl di et hoxytin, dibutyl di ethoxytin,
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 tributylmethoxytin, tributylethoxytin,
dibutyldimethoxytin, diethyldiethoxytin, dibutyidiethoxytin,
dibutylphenoxytin, diphenylmethoxytin, dibutyltin acetate, tributyltin
chloride, and tin 2-ethylhexanoate;

zinc compounds such as dimethoxyzing, diethoxyzinc,

ethylenedioxyzinc, and dibutoxyzinc;

aluminum compounds such as aluminum trimethoxide, aluminum
26




di but yl phenoxytin, diphenyl nethoxytin, dibutyltin
acetate, tributyltin chloride, and tin

2- et hyl hexanoat e; zinc conpounds such as

di met hoxyzi nc, diethoxyzinc, 25 ethyl enedi oxyzinc,
and di but oxyzi nc; al um num conpounds such as al um num

trinethoxi | um n i {.sopropoxi de, and
tr"soé’lrﬂﬁﬁﬂﬁo#'t gﬁH@WMW@H%H%ﬁpoﬁnds such as

t et.ramet hoxyti t ani .um tetr et hox um

{ cHiFID U EAMPRHNG SusE A Fedr he%yﬂt@'awum

tetrai sopropoxytitanium titanium acetate,

tetragthaxytitardy t.yiedcah @myéltaaltﬁﬁoﬁdﬁblﬂf@d@m@haﬁugt%@'&ﬁ"
as trinmethyl phosphine, triethyl phosphine,

tetratsagrepaxytidaphime titaniypheage{gies gimchtitanium acetylacetonate;
tributyi nmet hyl phosphoni um hal i des,
5 t rbhobphbuusiqﬂmpphmlisusubhlaisiasimethytbhosphine.
tri phenyl nmet hyl phosphoni um hal i des; zirconi um

trietH2PREYPHN & UerTb 8E/IBhbS PRI h@;bhéﬁﬂpwogmweum 10
acetyl acetonate, “zirconi um al koxi des, and zi rconi um

tnbu'@ﬂﬁhﬂﬁgi;ﬂh&é‘ﬁh&ﬁﬂ.@%ﬁl‘&ﬂ@t ﬂ‘s@%@gbgﬁﬁg% gaop an halides

ead oxli suc

ans A AT SBER EaE, a2 cas
3BEED N TEpapo RS Sn i M Aol
4s Na2PbeB, NazboPOOL IGPOCR. KIIPbCHI €], K4POOS

10 acetﬁggp@@ﬂat%nalr@p[}m; alkoxidesy 89 @al ts
t hereof such as PbCO3 and 20 2PbCC3Pb( OH)

al lesd hesd laﬁﬁmniam:agdcww%af@rmﬂm@ﬂﬂéeedmws
such as PbO, PbQ;, and Pb30y;

lead sulfides such as PbS, Pb2S3, and PbSy;
lead hydroxides such as Pb(OH)z, Pb3O2(OH)2, Pb2[PbO2(0OH):],
15 and PbyO(0OH);; plumbites such as Na;PbO,, K,PbO2z, NaHPbO;, and
KHPbO;;
plumbates such as NazPbO3, Na;H2PbO4, K:PbOj;, Kz[Pb(OH)el,
K4PbQ4, CazPb04, and CaPbOs3;
lead carbonates and basic salts thereof such as PbCO3; and
20 2PbCO3-Pb(OH)z;
alkoxylead compounds and aryloxylead compounds such as
Pb{OCH3)2, (CH30)Pb(OPh), and Pb{OPh)z;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCH;),, Pb(OCOCH;)s, and Pb(OCOCHz)2-Pb0O-3H,0;
25 organolead compounds such as BusPb, PhsPb, BuzPbCl, PhaPbBr, Ph;Pb

(or PhgPbsy), BusPbOH, and Ph,PbO (wherein Bu represents a butyl group,
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Pb( OCH3) 2, (CH3O Pb(OPh), and Pb(OPh)2; |ead salts of
organi ¢ aci ds, and carbonates and basic salts thereof,
such as Pb(OCOCH3) 2, Pb(OCOCH3)4, and

Pb( OCOCH3) 2PbQO. 3H2O, 25 or ganol ead conpounds such as

Bu4Pb, Ph4Pb, Bu3PbCl , Ph3PbBr, Ph3Pb (or Ph6Pb2),

and P FabPEssBte 2 BRRRSLGYAERT, 5%%2‘5;?33%35 bftez\'d
" olsR P ahgrs S as Be- Qé‘vgﬁé GRaPBBE e ngﬁﬂ

hydrat es of such | ead corrpounds 5 1n the case that

t hleash pppenalsseahAs galera and @iac hlgpdea@ndmt eri al
of the reaction, the reaction mxture, a reaction
byhpdmhastobsuchriead gempowndsnpound can be used as a
honogeneous catal yst, whereas in the case that the

cohmpthia dadze th aothalicesmpoendt unse d alipsalv scintive stasténg
as a solid catalyst. Furthernore, it is also

matefiA e &Y fehbtidActhaTeactdmMmimbeesaiseastiahybypre@duct or
m xt ure obtai ned by dissol VI ng a conpound as above in

the IifkeS‘ttﬁbt éé‘ﬁld@}r?d cahn B% d<¥d 18 o 5%&%09@%6@@@%&@@& whereas

reacti on t or the like in

in th%ﬂ:fs’hlac Pfhé%orn‘?@ hﬂgdéé’s Wdt'@m@%% tHH %%W\Héhﬂﬂ can be

ion angers such as ani on exchange
resins vi.ng te na h

used, §§ e 8013, 53 ek ccF yrfiabeere; aﬁ%fiﬁé&rg‘fﬁ pEylptddse, as o
having at | east one t pe of . exc sel ect ed

homageneausr el EslyTHst S Phts meﬁ‘ BYi85pLViRgsa compound as
phosphate groups, and solid strona1y baS|c ani_on

abovexuharﬁgt@mngavuamgrlqhaﬁéhﬁaﬁqactm qfegrtigpsmaxture, a
exchange groups; solid inorganic conpounds such 20 as

reactiohitwypreduict @rahentike, msadivaacaragnetaf seacting to bring about

alum nosilicates, gallium silicate, various zeolites,
dissoatiopus net al - exchanged zeolites, and

Furthermore, ion exchangers such as anion exchange resins
having tertiary amino 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 inorganic 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 also 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

exchange groups, examples thereof including a strongly basic anion
28



amoni um exchanged zeolites, and so on can al so be
used as the catalyst. As a solid catalyst, a
particularly preferably used one is a solid 25
strongly basic ani on exchanger having quaternary
ammoni um groups as exchange groups, exanples thereof

exch%ﬂgéwéqﬁ X ngogt%i’elj?laa?gcarﬁ%ﬁﬂlﬁﬁsﬁﬁﬁ@% 4§ é)&?ﬂdh%e groups,

ng qua anmoni adm gr oups a ange group

I b
@ colfE8e iS5 haR O, SRS Bt
oroutsh GuLAgbka i abr S uphr SRt ol ik s SaBo 8 b
exchange groups. As a strongly basic anion exchange

strongég bashenarign @s@t@maf;haafmmttﬁiﬁgnaawramweﬁhﬂg‘éups as
groups, for exanple a styrene type strongly basic

5 exchangergmupmngAsrasitronglyt besid kaiameXshangs eealsl having
used. A styrene type strongly basic ani on exchange

quatéreiry aminfosium giopsoasi excinange grolidsyor @diampbe angtyrene
a copol yner of styrene and 10 divi nyl benzene as a

type BEfoRYly BESE! éﬁmrﬁéﬂchah};%gréwﬁt&f flvd Yikan®®Aibypreferably
gr oups (type I or type | as exchange groups and can

usedfbglﬁ?g I'E?H Tfﬁn%?ééréﬁ@f%f%a g_gre _eﬁ!'e Fsth§psetrongly
v b o A BRSO 4FE B s

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

represented, for example, by the following formula:

.~ —CH—CH2—CH—CH2—CH—CH2— """

Q © Q "
CHzNg:Ha)a

CHzN(CHs)s “—CH—CH2—~"—

_\_~—CH—CH2—CH—CH2—CH— """

(type II)

@
® wn—CH—CH2—~— CHzN(CHa)z(CzH4OH)
CH2N&CH3)2(02H4OH)

wherein X represents an anion; as X, generally at least one type of anion

15 selected from F-, CI', Br, I, HCO5", CO3%, CH3CO,", HCO;', 1037, BrOy',
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O--v-CHCH2 - CH2N(CH3) 2(C2HAOH) CH2N( CH3) 2( C2HACH)
X8 X wherein X represents an anion; as X, generally
at | east one type of anion 15 selected fromF, d -,

Br-, I-, HCO3-, (C032-, CH3CO2 HCO2-, 103-, Br03 29

and Cl103- is used, preferably at |east one type of

and G5 sS7468, BPafF 8B ip2 % pre P oy ilafifiroctea from o,
Br, Ij% g aI ébﬁgn olygé gsqtﬂ% %ﬁu?:)t,{g@ecbg tﬁts r%usm parent

parti cuI arIy preferable due to the organic 5 sol ve
matefiad; sitheed Bel RYPRIQNE OAR &%\mr@t'&ulgr MRS one can be
strom%ly basi c ani on exchanger having quaternary
usedatiheMBntypebeingparkicndary resapsblesdueltouthsseraaniag
- OCH2CH2NR3X exchange groups obtai ned by converting
solvesdmesistaadde being ieghOH groups in the cellulose into
trial kyl am noet hyl groups. Here, R 10 represents an

al Kitl exeirpphe ofed kelluleéd8tromglypbasidahidn e@xchanddrkkaving
is generally used, preferably nethyl or ethyl.

quat nﬁgVﬁhm%fﬁﬁrﬁ%@Hsﬁaé%x%ﬁb JrodPVd: cé¥lulose having

anic carrier supported type strongly basic anion

_OCﬁ%éE%nge )été?#hé%g%@r%ﬁ@ré(bt%ma' SWéﬁ‘ﬁngSsome:t or all of

norg nic carri

the 03 Rbien Hi sty SHanFe JRJARERGET] ifdon, Here. R

reprasanis 0 Ay %dr°xy%@%ﬁm§25ta8flateﬂc§ew$tﬁy? Grof K5 i3

integer froml1l to 6, preferably n
generally yeeid rRraferaply mﬂthuboraﬁtbm naM%rqq\t%r ai aﬁpwents an
titania, a zeolite, 20 or the like can be used, it
aniorbeisn@bpvef erable to use silica, alumna, or
silica-alum na, particularly preferably silica. Any
meAhddoeganhecaseadr aupported type strongly basic anion

exchanger having quaternary ammonium groups as exchange groups
means an inorganic carrier that has had —O(CH2)aNR2X 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 hydroxyl groups of the inorganic
carrier.

As the solid strongly basic anion exchanger having quaternary
ammonium groups as exchange groups, a commercially available one

may be used. In this case, the anion exchanger may also be used as
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t he nmet hod of nodifying the surface hydroxyl groups of

the inorganic carrier. As the solid strongly basic

ani on exchanger having quaternary 25 amoni um groups

as exchange groups, a commercially avail able one my

be used. In this case, the anion exchanger may al so be

. . ifjcati . t .

the }3fReSferifiatidh (BN AfEh bfift fibjettayta iR SREhange with

ani ani c. specj es .i.n .advance as_pretreatnent,. Moreover,
a degife) 2ot SRRG g R FRRigS RREPIER Ny o

gel-type organ, ol yner havi ng bonded t her et

PoMarsaar & 5 it el eoRBHISIng: 3 ghas aresGuIaRer gel-type

nitrogen atom or an inorganic carrier having bonded
orgapife pel Wngstha \ipgchpadgdoineseta dietespevelic @goups| @agh

one nitrogen atomcan also be preferably used as the
containing et leasti e indtrogatraaiem, orFam tinerganie, carriet having

catal yst in which some or all of these
bondud tlvgmstocleetariotyatichptoame valchccgntainindatdebhstone nitrogen

converted into a 10 quaternary salt can be simlarly

atontE8f- albet Se tprRfetdlflyS@iéd £2tHé XpdnSesteriffdatidn ictalyst.
exchanger may al so act as a packing. The ampbunt of the

Furtfétibys! a S Eﬁté%*j@éﬁ?%?wé or QFB?'IFIB?@ on the

type of the cataly I'n the case o0
. t] f ' k NeQUS I b
nitro§BRL ORI i8O8k 1S oo NI B f REPYEHed Mo
conditions, the amoynt used.is ,generally in ran 0
quats Al Balcian &5 SERdRby e, NSrRMatihe Sofidf Sotust such
tg 20 % by weight, nore preferably from0.01 to 10 %
as apyoRedXthangar May @ee @danA PAEking.al  wei ght of the
cyclic carbonate and the aliphatic nonohydric al cohol
f ed henamgunthef thecatalysiatsad in shenstepolidvarigs depending
case of using the solid 20 catalyst installed in the
on thi sype lodtthencatdiyshuselde badtial ihed casepoktentibupusigdeeding
in an anount in a range of fromO0.01 to 75 vol% nore
in a hoAfayemdous ratalyst 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 vol%, more preferably from
0.05 to 60 vol%, still more preferably from 0.1 tc 60 vol%, 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 monchydric

alcohol into the continuous multi-stage distillation column Ty constituting
31




10

15

20

25

0.05 to 60 vol% still nore preferably fromO0.1 to 60
vol % based on the enpty colum volunme of the
distillation colum. There are no particul ar
limtations on the method of continuously 25 feeding
the starting material cyclic carbonate and aliphatic

th RSPV AIstIAIGT BRuirl BskBIr 880 017 Sy TReqinE] ffifpod may

digtillation ¢olum used.in ste I), apy,.feedin .
e i Fhg F % SR IE ST e Rnt thp A naEEL o ydric
and the aliphatic nonohydric  al cohol can be d? to
alcoheheanibe meadarta gantaci ther eglalisbin & re@iasn obat least 5
stages, preferably at |east 7 stages, nore preferably
stages, peetarably stdgest 7sstggahamgiretpnefarabiy @ngﬁmt. 1¢Hdages,
is, the cyclic carbonate and the aliphatic nonohydric
of thal dishidlatican chéumont | Thatiss ytHfeedyclicfecanbomatecand dbie aliphatic
nunber of inlets in stages of the continuous

mondhdricsdlzetollicin beag¢dsinaeushfedanifedim axddudred number of
condi ti ons described earlier. Mreover, the cyclic

inlet§ 3h 228868 GNthd RAMIHUNR neultRERIY distiRhGBROEo AN be
i ntrodlced into 10 the sane stage of the distillation

sotffThe RortPWoHS JNCORUBS AR Mbfosuspiyp sgenct

carb RS Ak Bon R Mo fon BEEgeRel Y 8 THABER into

To in.a liquid far [.n a gaseous form or _as a
the sAme,tads: of the disfiliation salmRe ogaBay ke dntiorliped into
__feeding the starti n% materials into the distillation
diffetantusinges tpionaapotheris al so preferable to
additionally feed in a gaseous starting materi al
i nTlenstartimg mageriad myaligocarbo naterand aliphatiponpinehydric
of the distillation colum. Moreover, another
alcolpo lease dbl ecoretipousiysintoethencohtioluouse multicstage distillation
carbonate is continuously fed in a liquid formor 20 a

coluSIET IhTHSUigsns, i Tyesseis Kisagorias hamiturs of the
iqui il YSé gas.Pr ERABE thaRkddfing! thR)atd inmP tdved IS into the
distillation column 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, another preferable method
is one in which the cyclic carbonate is continucusly fed in a liquid form or
a gas / liquid mixed form into a stage of the distillation column above the
stages in which the catalyst is present, 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 aicohol.

In step (), the starting materials fed in may contain the product

dialkyl carbonate and / or dicl. The content thereof is, for the dialkyl
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al cohol is continuously fed in a gaseous formand / or
aliquid forminto the |ower portion of the
distillation colum. In this case, the cyclic
carbonate may of course contain the aliphatic
nmonohydric alcohol. 25 In step (1), the starting

i i i e. br,adyc ] vl
carb b, Gode Ll I A PpgB Bt I B Y by MpREHY iprgferably
car bonat e ener a in, a g
fromfff E%%&%’éﬂowmkﬂa BRGR PrestE Sl 4 1570 Evsﬁe%h* in
ight, nore preferably fromQ to 20 % by wei g
term$ of ther RereAntacs p¥r Veiahiget Hhe dinlnt! Qﬁfbﬂ'i@t&u I8 Wﬂr aliphatic
carbonate in the aliphatic nonohydric alcohol /
monehydiiglalcahbbhatialinilxeanbe natedmixtureoandis, dosithesdiol,
generally in a range of fromO to 10 % by wei ght,
genepalydnabirgnfyeonf fram 7 téogy %\miygm,ight;rm'qdeealetyaﬁbyn 0to
fromO to 5 %by weight, in terns of the percentage

7 % by weight! nidre peefralbly fréme0 apchi%n IDpmasigateir taiis of the

m xture. \Wen carrying out the reaction of step (1)

Y
PSR teie e

o S N 1O A, peges
fresfbﬁzs%'égscagnanﬂ %?ae”iéiﬁFaﬁabéﬁ@%ﬁﬁg& L%ggéé*%'sneww

) referably used for the starti ) eri al IS
mtm@mﬁu@m therrgaadion systen éﬁﬁﬂ?@gﬁ athéQ Zhesféfﬁ"c carbonate

invention that this is possible. An 15 exanp of
and "aﬂbtth@ram?fb%fé@gnpﬁogﬁféﬁlc( aloohal am.acm%lnownppnent thereof
carbonate is produced fromthe dial kyl carbonate and
recovéredfromatthés poaobgdranxyg |/ ocrcanpthe prodesalcashatsa be
nonohydri ¢ al cohol being by-produced in step (I1) and

prefarabdy ersed fohthe etanthrgdn dherpaigducitds adn pixaelient
nonohydric al cohol generally often contains the

chardéf@ristic ¢8ahBa6Pthé MredepiBhiEndiB NG % possible. An
compound, an al kyl aryl ether and so on, and may al so
exarﬁéﬂal ffy?ncg‘lﬁ%tﬁg?gﬂgésm‘gteﬁ”(lﬁ)' AN ‘él"i‘éﬁﬂ@r%oﬁdi@ is
produced from the dialkyl carbonate and the aromatic monchydroxyl
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
monohydroxy compound, an alkyl aryl ether and s¢ 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 alcehol has been

reduced through distillation or the like.
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and so on. The by-produced aliphatic nonohydric

al cohol may be used as is as the starting material in
step (I), or may be used as the starting material in

step (I) after the anmount of contained material having
a higher 25 boiling point than that of the aliphatic

i & E?ﬁﬁk%ﬁbﬁﬁqhé‘%ﬁﬁgﬁe@s"%s@i) [fteR (78 bng produced
thro PRGB! %bﬁﬁi@ﬁ'e%?tpep bple O”%Aﬁxfﬂdrﬁq‘iﬁdbqégs@%iﬁgﬁ

as ethyl ene oxjde, Iene oxi de or styrene oxid
ethylgne oxi88n PapBY|anse oald%m$wreaem99eaeerﬁad‘hﬂmglox'de a
smal | amounts of such conpounds or the |ike 5 may
cycligseadrtimnateecentainimg sraadrampuints sfegugh pommoendp or the like
(I'), aratio between anounts of the cyclic carbonate
may del usieldea sl thehstartingomatg diail ¢nadtephd). fed into the
reactive distillation columm varies according to the

typr steg @yoamratief bbbRekbhoageimeidf Uas c9blic cairbloyrite and
and the reaction conditions, but a nolar ratio of the

the éﬂ':ﬂ)lﬁ’é’ﬁ&'rﬁoﬁQhWrr‘RMFHdrfolaﬂeQPhﬂb fH Fé‘&cﬁVG'di@tfllatlocr)x tcz)olumn

carbonate fed’in is generally in a range of from

varléé)awg(?dfrg'?é tpgotgp%féﬁasﬁmbh tocé‘fﬂﬂect sﬁ%géh‘ﬁc tion

conversi o erabl’e eed in
C exc as .
cata[ii] M«sb% %racﬁbq cgfeffiaREy BES o ngiBh safie %ﬁa%aﬁ fic
nt o al j.phati ¢ non hydrlcﬁﬁLcohol used
monafﬂ'ﬁﬁnc ? ttoi 9 GYRUELATRANAt fiegkin t%sea&ﬁal'xt'usa "ange
. For such reasons, the nolar ratio of the

of fram ghﬁi ite HOABHmese ale dnerease the eydic cachepatacenversion,

[ preferably in a range of from2 to 20, nore
it is prefaradibe foffieed B the EBiphatic monehpdetalsbhlfinan $xcess of

to 12. Furthernore, if much unreacted cyclic

at least otiates tleewi urabet efrmbhe ofrtheacy elic cacbonateyr batift the
may react with 20 the product diol to by-produce

amo@ht @9 TResSaRpyRAtiemandhRiriChicoRdl 0Béd i3Bo GRIWE then it is

i ndustrial inplenentation, it is preferable to reduce
necds¥ary@Ufiake the apparatus larger. For such reasons, the molar
ratio of the aliphatic monohydric aicohol to the cyclic carbonate is
preferably in a range of from 2 to 20, more preferably from 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

than 99.9%. This is another characteristic feature of the present
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of unreacted cyclic carbonate remaining as nuch as
possible. In the process of the present invention,
even if the above nolar ratio is not nore than 10,
the cyclic carbonate conversion can be nmade to be not
25 less than 98% preferably not | ess than 99% nore
inve@ﬁgﬁerably not less than 99.9% This is another
acteristic feature of the present 34 invention.

I n, st (L), preferabl ot |ess than approxi I
o/ ¥ e58p i BiSrahtndt fors (BRE annoAERLENN Brbdat 4 r of
cﬁroduced' the m ni nrum anount of the CP{C| i ¢ carbonate

the dightyl marbonateds ¢ontinuadslepeoducsd; shganinimysp amaunt of
5 Pton/ hr, preferably 0.42 P ton / hr, nore

the qucdiicecathonatesceontionousty feddecw anhigne dhisuin generaly 0.44
/ hr) of the dial kyl carbonate to be produced. 1In a

P totyéthriprefemadii g riadRePdase/ hrhivorenpreferably Ded idient/dhr,
be less than 0.39 P ton / hr. The conti nuous

baseg#ubhi thet agRuhtsPitbatl/i o edthedidikylsitbbhatéap bé)produced.
10 conprises a structure having a cylindrical trunk

. : | _ Do
Ina g.@ftn'i@fb B%ﬁ%}%r%?l‘e %hhjé%rﬁ&ﬂ%t et BB mﬁ%lhedﬁ) be less than

I anmet er aving an internal with a nunber

g no thereinside, and further having a gas
0'39%5?@? I‘r?]r;vi ng an inside dianeter do, (cm at a top of

t he,col u or in_an.upper portiaqn of .the col I
t o ThRec0 Bfintigus; it dagectistiliation oviy) Je drehdy Ster ()
15 d02 (¢ at bottom of, the caolu or .in | ower
compRses anSHlctite Banana 3 REIRCrGA BBk AGRO M eV G length
one first inlet provided in thebgf)ger_porti on and/or
Lo (carhpad an posidediametae Dol amh a aving againtgrppbwith a
and at |east one second inlet provided in the central
numbper of staged/ry théreihside, aod tfuctherofiaving acpasnowtheivkaving
the liquid outlet, wherein LO, Do, LO / Do, no, Do /
an indide di@neaterAy ./ (ctdRatistos aifitbitycokspaadn keby tupper portion
followng formulae (1) to (6): 2100<L0<_8000 (1)

of the column near to the top, a liquid outlet having an inside diameter
do2 (cm) at a bottom of the column or in a lower portion of the column
near to the bottom, at least one first inlet provided in the upper portion
and/or a middie portion of the column below the gas outlet, and at least
one second inlet provided in the central portion and/cr the lower portion

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

and Dg / dg2 must satisfy respectively the following formulae (1) to (6):

2100 < Lo < 8000 (1)
180 < Dg < 2000 (2)
4<Lo/Dp<40 (3)
10 < ng <120 (4)
3<Dg/dgts £20 (%), and
5 < Do / doz < 30 (6).
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180 <_ Do <_ 2000 (2) 45Lo/ Do540 (3) 10<_no 5120 (4)
25 3 Do/ do, <_ 20 (5), and 5 < Do / d02 <_ 30 (6).
35 Note that the term"the top of the colum or the

upper portion of the colum near to the top" used in
the present invention neans the portion fromthe top

Lo Nt LR, (RIS 3B S eeREREB, TRE G Ppeptttion of

I portlon of .5 the c near t .the bottomn
the 9@39@ e {7540Pt oRechin Boe dyAsentdUenEDr, fipans the
as far as approximately 0.25 Lo, (Likew se for
portlpﬁlefrpm dhe topjoL thempleam dovsiwand as fas ageapproximately
distillation colums, described later, but with 0.25
0.251L¢,cand dhesterm {éwpbotion|of the cohsmnbeethelilewsreperion of
that by using the continuous multi-stage 10
the cblagmn Inetaroto thod baottdm” trheansi tid pandondrymsthe diatbem of the
the formulae (1), (2), (3), (4), (5 and (6), the

colufirtlipWardoabdapiass approkendtely €25 bg. P{Rikewise fur the first
i ndustrial scale of preferably not less than 0.4 ton /

and Bécehdtwnﬂhabmlmu}ﬁr g@t&hsangat ﬁ%o?%ﬁgr@,ﬁ%%cﬂ%d later,

[ ess than 26 ton

but \gﬁg\gfrzsji En’armlghpro f:éé éthelgg)d hi gh productivity

perl of tinme of, for
not Jl.ess tha hour s referab | .
o CRAR HESH SHBM?EG‘? aﬁﬁggyr Qi csitiftds fRl-stage
. ..50Q0 hours, m the cyclic carbonate apd
d'stlﬁmiaﬁa@@iy%rfm?mt. simytanepusiragtis @%ﬂﬂ%ﬁg&rmw%w (2),
cone possible to produce the dial k)( car bonat e

(3), Hn)e (é.)@nd)hGhnthenaL@Wi gargenpte andththesliokbgasl b@rnroduced

effects by 20 inplenenting step (1) as described above
on ahdndustribbacaldof preferakly sopposethan bd tue/ the of the dialkyl

conposite effect brought about when the
carbonate and / or preferabiy not less than 0.26 ton / hr of the diol with a
high conversion, high selectivity, and high productivity stably for a
prolonged period of time of, for example, not less than 1000 hours,
preferably not less than 3000 hours, more preferably not less than 5000
hours, from the cyclic carbonate and the aliphatic monohydric alcohol.
The reason why it has become possible to produce the dialky! carbonate
and the diol on an industrial scale with such excellent effects by
implementing step (1) as described above is not clear, but this is
supposed 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.

Moreover, to keep down the equipment cost while securing a reaction
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conditions .of the formulae (1) to (6) are conbined.
Preferable ranges for the respective factors are
descri bed below. If Lo (cnm) is less than 2100, then
t he conversion decreases and 25 hence it is not
possible to attain the desired production anmount.
: 0
ratio AERNAR 1k %é% g Pl UhBERR (09 atlilined, Lo must be
r.oduct i qQn anD atjain e t .
mad%ég B8 e R 885‘5 rérf'aOE? a*s?%"“bég Hnad 18F Lodem) is
2300 5 Lo < with 2500 5 Lo < 5000
230%&. lrfg%QO%%tfp?ép%moé Sqowaemy%m%@m&ﬁab'e
180, then it is not possible to attain the 5 desired
pr HdBot(com intass thamrldieihen i iscept ponsibleeto attain the
equi pnment cost while attaining the desired production
desimapnodubbionuamdumntiraddoreciger, ttokeaprdownatheeguipment cost
nore preferable range for Do (cn) is 200 < Do 5
whild @@aining bhé dbsird¥ frodetion amyeht,ND enpstebermizde to be
If Lo/ Do is less than 4 or greater than 40, then

not rﬁb?@'tﬁaﬁpﬂ)@b' O rﬂ&eb??@f&%b‘l’bfrfah@ld for DY (R} i£208 < Dy <
Lo/ Do 1s greater than 40, then the pressure

1oood Mtﬁrfﬂ?% PRLIGRID blitd SRS DA ARTIA el e ol um

conmes {00 great, ence prdlonge stable

[ e f VEL, .
neliEa Lt 1 ﬁ?"%%%é ) ohLrbatsbhEn A5, wdn gEFEREperation
orti of . t hence .si de reactions,beco
beCOF“%l‘ﬁﬂ{%”&cc i Pardfiiatf bg hbods %re@éeriéea ‘?% f'h%ﬂm?he
selectjvity. A nore preferable range for
pras&ure_glf/femnqe bsgwegn the tep apd/baitom oﬁ(_t)hgeqq{@nyétbecomes
nore preferable. If nois |ess than 10, then the
too gremicasdonence ryeiengeddstabie oparatiombecees isliffigut.
attain the desired production anount. Moreover, to

Mordoaagr, dobacoime e qeicessary dosincrbake m@cmmpgrahﬂe in the lower
conversion enabling 20 the desired production anount

portiba dftled colueth, a1ed Meticdeidmdeattiohe Betomy Habhato occur,
120. Furthernore, if no is greater than 120, then the
brind?h§SP6&t a decrease in the selectivity. A more preferable range for
Lo/ Dgis 5 <Lyg/ Do <30, with7 < Lo/ Dg <20 being yet more preferable.
If no is less than 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, no must be made to be not
more than 120. Furthermore, if ng is greater than 120, then the pressure
difference between the top and bottom of the column becomes too great,
and hence prolonged stable operation becomes difficult. Moreover, it

becomes necessary to increase the temperature in the lower portion of

the column, and hence side reactions become liable to occur, bringing

about a decrease in the selectivity. A more preferable range for ny is 30
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di fference between the top and bottom of the col um
becones too great, and hence prol onged stable
operation becones difficult. Mreover, it becones
necessary to increase the tenperature in the |ower
portion of 25 the colum, and hence side reactions

s no S EBEEMT AT o REE boibd Q%afsar?"’eﬁéﬁpee“nﬁaf S 30

37, < 0,5 100, w,th 40 no,,5 90 bheing.yet .npor
o KBe it 1 Rssoltian g, tﬁm@f‘s SaRmE SRSt feﬂeomes nigh.
equi pnent cost becones high. Moreover, a | arge anpu

Moregvey, glsuagsaBtHHtnah e ggse@aa.qqmpensagéa gt ipmEsleased to

outside of the system and hence stable operation

the aigsihe ofdher system, sndrhence steble opprasios beramep difficult.
then the gaseous conponent w thdrawal anount becones

If Dorledl @t isvgtgatenvihaan@0hdéhea thteaghseopsr b g nedonidsdrawal
difficult, and noreover a decrease in the conversion

amouft bb@wﬁ@s gefative lr IoWRr énd e REdBtebleabperaibndetomes
do, is 45 Do/ do, 515, wwith 55 Do/ do, 5 13

dtffic*?ﬁt %d%ﬂ?@é@epl‘:\e@@éﬁgﬁﬁ ||4@hbfc<mvérs‘i‘93 isDrckghtldout. A

5, 'then the equi pnent cost beconmes high. Moreover,

mord fEetarghld S RATABa AR e TR B ALY BIE 8 oo <

reater then the flow rate through
13 bngg P’%agv‘a’%&'?t? 8 p| pi ng becones excessively

fa nd hence e 03| econes liable to occur
br T3 Adhogs S th BodPen Hie PAUTBRBAY 9 Dacamies high
referabl e range for Do / d02 is 7 <

Moramw. ¢he Imuid withdeawzl aoongt\hacemes fpﬂ'@f'@ﬁbbh!gh and

Furthernore, it has been found that it is further
hencer sfablabcb@eraiioreldzemn:ieeodﬁfﬁoultt hdf Qant dendmigreater than 30,

mul ti-stage distillation colum To used in step (1)
thenttheshbwsfatet therolughl tive higuidroatlet @Y pipingd bemrhdeebs

- (7). The term "prolonged stable operation" referred to

excekBivd|9Fast) afBaREnce erosion becomes liable to occur, bringing
about corrosion of the apparatus. A more preferable range for Do / do2
is 7 < Dg/dgz <25, with 9 < Dy / doz2 £ 20 being yet more preferable.

Furthermore, it has been found that it is further preferable for dg4
and do2 for the continuous multi-stage distillation column T, used in step
(1) to satisfy the following formula (7):

1<dopr1/do2<5 (7).

The term “prolonged stable operation” referred to in step (I) means
that operation can be carried out continuously in a steady state based on
the operating conditions with no flooding, weeping, clogging 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

the dialkyl carbonate and the diol can be produced while maintaining a
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that operation can be carried out continuously in a
steady state based on the operating conditions with
no fl oodi ng, weepi ng, clogging of piping, or erosion
for not | ess than 1000 hours, preferably not |ess than
3000 hours, 25 nore preferably not |ess than 5000

high B8WLRrsidi rﬂgﬁdﬁé%@ﬂ ﬁgaﬂﬂg‘ﬁ”%ﬁ ugé@i%ﬂ.g' kyl

car bonate 'an
aniih; GRIBTGHGY: For egenTatiii Hifky ?#’90%%555‘:%@%#%# ol in
step bdscbred inst eI @aé‘%&fa{“%e?t%%wéﬁﬂ T h e Hresda

i nvention, a high selectivity of not |ess than 95% can
Invergmramlghb‘éels ity abaot pess dhapl §5Hocanegeneraily ey

nore preferably not |less than 99% Moreover, the
attainednpeefsrably notdess than géliermicrg pn&fecablasnohéess than

cyclic carbonate conversion, in the present invention

99%.i t Mmiety arptise Heconversiakeint Sk eyl geneeaibpivdicates the
conversion be not |less than 95% preferably not |ess

cycllé lRarb8hYte rearﬁ:e%eéﬁr Abte rp%sbﬁﬁnb@ﬁﬂoa%% baify POsSible to
10 preferably not |less than 99.5% still nore

makefrd %’y%h'cycﬁmoﬂe?tﬁsc“?@@r%gngb/@z ndt! Ife's§;t fg'gaer} Ql59% hErefehrr.-]bly

excel I'ent aracteristic features ) th

not 1844 hafi ey @,311359 gaggﬁsdrmﬁyﬁe%%dtmg%ﬁggmawg
prefe{ehf%naﬁ i?af»ib ' 49 Fby TR %%fésﬁﬁgwawié Ps %bén 99.9%.

and/ ar packlnsasthe internals. The i nt er na
It is %@d’f the ﬁécﬁﬁﬁ%ﬁhafﬂ%ﬂﬁ'ﬁ‘% faabires ﬁfe St%ﬁr(”sthfht ﬂ'h?é h'gh
distillation colum where gas and liquid are actually
conversjoghean ibe maistaiaed while orainiaioingrhighxeedeicdiyits in this
the tray include a bubble-cap tray, a sieve tray, a
way.val ve tray, a counterflow tray, a Superfrac 20 tray,
a Maxfrac tray, or the |ike. Exanples of the packing

| Mthgdratinuous egultristage distillation aslanRabgs bisgdrimgtep (1)

a Lessing ring, a Pall ring, a
is preferably a distiliation 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 packing such as a Raschig ring, a Lessing ring, a Pall ring, a
Berl saddie, an Intalox saddle, a Dixon packing, a McMahon packing or
Heli-Pak, or a structured packing such as Mellapak, Gempalk,
Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing or

Glitschgrid. A multi-stage distillation column having both a tray portion

and a portion packed with the packings can also be used. Furthermore,
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Ber| saddl e, an Intal ox saddle, a D xon packing, a
McMahon packing or Heli-Pak, or a structured packing
such as Mel | apak, Genpak, Techno-pack, Flexipac, a
Sul zer packing, a Goodroll packing or 25 ditschgrid.
A nmulti-stage distillation colum having both a tray

the RO @Umt?é\dof"g 9555 HoP 3Rk Afutdls! I o g DraRRnt

e used er nor term ' nu
n i n n use In the
mvenh9 AR DU Rb e Eav 8RR g e PR dH B Hays,ang,the
and the_ theoretical nunber of sta es in the
theoggggabpupp,lgeb%@tgggs ifnthengaggsef Hie RaGiiNgsst age
distillation colum having both a tray 5 portion and
a porthieopapacifeal multirstage stistillagont eelunieaviey both a tray
stages n is thus the sumof the nunber of trays and

portiomeandeapairtiond packbdrwith thet pgeking,nthst epiniiber ofi stages n is
whi ch the cyclic carbonate and the aliphatic

thusnibieoBy e of theonhwiber’¢f traget #0d tthecthwsretical Mmmbeeof
di scovered that a 10 high conversion, high

stag8gl ectivity, and high productivity can be attained
even if a plate type continuous nulti-stage

di 3h 14163119110 SPh A O YRliE o foin d SHBAhS SRERALES

trays a pac ngs h |ngapre etermned

m°n§bw?h%§’$§°&3’mé$éﬁ RGBT {88 5000 b8P Rerea that o

. plate type distill atj whi,ch t he .
nighi GRRYerRIeh ahidh se)8clighyr aﬂ@lnﬁmpr@qmﬁmaen 7 afigined
een discovered that sieve trays each having

everwrwﬁa @hyPa ititeaus mmet@geachétlHaﬁlﬂrbgowmy I@ow@lch
as the trays in ternms of the relationship between

the iptefnalsuenm paise tryispapd{orpackings haying sopbedatermined
di scovered that each sieve tray preferably has 100 to

numbee@flstages/ an@/omatpacised ceol@rpbype acontihuous multi-stage

preferabl e nunber of holes is from 120 to 900 holes /

distin8tioyetoN@ne iBreded abLy the Paldype didbiaslorscoIuin 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 in terms of the relationship
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 0.5 to 5 cm?. A
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

that it is particularly preferable if each sieve tray has 100 to 1000 holes /
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Moreover, it has been discovered that the
cross-sectional area per hole of each sieve tray is
preferably in a range of fromO0.5 to 5 cn2. A nore
preferable cross-sectional area per hole is fromO0.7
to 4 cn2, yet 25 nore preferably fromO0.9 to 3 cn®.
2; heilaar i tah i t hWarl P
m IThENET fortibn Bha ' cb EERRARNal f¥a br Falg e In @
0 0 in the sieve portion, and the
ranggerggﬁlgtégl?.isghoaﬁ %'F'Ea per hole is in a range of from
0.5 to 5 cnR. Furthernore, it has, been discovered that
on EHrEhrere oft Bog Besn discpvera Iialah, FE5UTE ratlor each
preferably in a range of from1.5 to 15% A nore 5
of the sieveablay saffePrefesaply it 9 sange P tiage 106 tor bava.. 7Aimore
13% vyet nore preferably from1l.9 to 11 % Here, the
prefeegidet apertuiei @tiois ima rarge afrfagm itnditoat 2%, tyet more
ratio of the cross-sectional area of all of the holes
prefétaiytfvoai 1.8rtosst%ect Hena) tlae €apefturecratid tof thoesiene tray
in the sieve tray to the area of the sieve portion
indicatekatiHy Patib f HePePosetldctivtaladsh of Al bf thethsles (the total
hol es. 10 The area of the sieve portion and / or the

cros%%@éti@ﬁ@ﬁé?é&cdﬁ Who%@?g%&%@ﬁin e %‘?ﬁUBYcré" tb%he area of

et ween the sieve trays, case the aperture

at .o the ! : P r i

the $iRYeCpafiiof HohuBinibGiH idst S Talb £ 57 HiE pLthB flotes.
the sigeye portion may be  the for all of. the

The gi8acof g S%4e Hulieh ARd./ Sy IR Zotalkd arslktioni aypa of the
15 addi hg the above conditions tQ the continuous .

holegpay.4 %g'ebemwmtaﬁ BievecHaysn Ingvhidecagpdiie agerture ratio
step (I) can be attained nore easily. Wen carrying

of eagh oftthe siove trayisaiskprefedabhnwithiantheadioye eange.
conti nuously produced by continuously feeding the

Furtbgomiocecthéamanbeand holes i thpd sié ¢e mordioydmay blecthiwisame
as the starting materials into the 20 conti nuous

for atubf thetsdgeedirays) batmay diffewm It hashbeéntstrowatthliat Wy

is present, carrying out reaction and distillation
addifgnie ap89estyndRidi¥ t6 thBBontinuous multi-stage distillation
column Tp, the object for step {I) can be attained more easily.

When carrying out step (1), 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 muiti-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 dialkyl carbonate from an upper portion of the column in a
gaseous form, and continuousty withdrawing a high boiling point reaction

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

form.
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continuously withdrawing a | ow boiling point reaction
m xture containing the produced dial kyl carbonate
from an upper portion of the colum in a gaseous
form and continuously w thdrawi ng a high boiling

poi nt reaction 25 m xture containing the diol froma

B sl 7 S Bl e i bFing e

t.h rtin teri c carb anpd ,al,i.phatjc
matefigh SN iFi ARG anﬁt%"ﬁ(fh% i€ sBRnPRYEsE AliaroldRg ehé
distillation colum cyclic carbonate and the
contlauppﬁamu&tlﬁﬁsﬁy@lﬁt&ladl%ﬁ@ﬂuwyTneth%@VpHca@,aréonate and
starting material 5 mixture or separately, in a liquid
the afiphatiznoooro hydyie edashobrmay breofed imlast ésytaptingiragerial
one place or a plurality of places in the upper
mixtuperdr sepaeatdlipeinradiideidd fotn amdfiorta gaselowsnfdren ofronhe
gas outlet in the upper portion of the distillation

1n|et(§?lpu+5mdéﬂ RS placattrca pllraltcof plasds tmrmbeuppet PpRrtion

arting material containing a l'arge anount of th

or th&ﬁﬂgﬁe%ﬁﬁ:{@%qggfééhfrﬁﬁ HdibW fﬁ?gﬁssbhhbggh Sggetfnpper

I quli ormfrominl

I ort t 4.
portidificl f® dizahfitdh g8 @mZ}. A eShodrR FhH 8 R, .
rrat erj.al amount of
carb%aﬂﬁhaf the BaHia Patefebrontdioind faftiy fotht of fre oy
distil]lation columm in a gaseous formfrqom.nle

carbqialei ge fetpd mﬁqqmnddaﬂluatm%pmwmﬂ ipra dIue JRe ffé.ﬂ% iplet(s)
] of the columm above the liquid outlet in the Iovver
in thepuppiespatiamerdhst middte pardenweithe distilbatiesfealgmn, and

The reaction tinme for the transesterification reaction
the aliphatiecdmautohydristadpolid) orr dheostsirtiagemh ateriat catndatrong a

the average residence tine of the reaction liquid in

largetdvaotmntofriha aliphlatic Aicrgshydit idltehobis ¢ed unto The The
20 reaction time varies depending on the formof the

dlstlll'a'ﬁcﬁf Bahemnnirt Beyaseehs Ifbail £/t Oh 18T PPEo YidRdNINTHEE middle
stages, the anmounts of the starting

portlon or the lower portion of the column above the liquid outiet in the

lower portion of the distillation column is also preferable.

The reaction time for the transesterification reaction carried out in
step () is considered to equate to the average residence time of the
reaction liquid in the continuous multi-stage distillation column Ty. 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.

The reaction temperature in step (l) varies depending on the type
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materials fed in, the type and anmount of the catal yst,
the reaction conditions, and so on. The reaction tine
is generally in a range of from 0.1 to 20 hours,
preferably fromO0.5 to 15 hours, nore preferably from
1 25 to 10 hours. The reaction tenperature in step

of vl bAATIE R TACAOBRAE WSHEE 1P 14B8 AR Bnt of tne
catafsi, CEhRLEGe oL Rl Rl BRRF ol S RRR &t o 30 10

i ncrease the reaction tenperature so as to increase
300 ke rHdstpraferabie tohnetrase thetrgactioactemperature so as to
) tenperature is too 5 high, then side reactions becone
increasg|tbeteantion ratthe Howevern if thepeantioretemperature is too
preferably in a range of from40 to 250 C, nore
highprtbear sidleyrdactio ®9 Hexa208 I1bleeto ovcar.pr &ha eddgtibnom
60 to 150 C. In the present invention, the reactive

templecdture akitalscarefeeabpy in adraife W iffomn80 1602850 C, more
bott om tenperature set to not nore than 150 C,

pref8FsH 1§’ @#BhY 5?8(03@0”"@%%“?%9@%& a%l’lfé‘ylg P& 80AR! ¥58%C. In

nore’than 1 , yet re pre ot nore than
the A ARRIER) @0 164BA8 BCkRb B! £8h € calye St i tno
coluftfRoBfcihismwolatur i & fpb g uiHEr 34 R utefapty not
mor€tBEH 150 "5t aos RiGHBLARMEn oL BiPTa thamd 100 rogetimare

t her ebet ween, the reaction tenperature, and so on.

preferablyaet matepthan 108 Hey bhn axceltent chakapiedistic feature of

pressure, normal pressure, or an applied pressure, and
stepi(d) igthat the high convensionf highmelecbvity,1afdrsigh productivity
preferably from 103 to 107 Pa, nore preferably from

can beédattairied @vePawii20silibh a édwucoluath botsemh fempehsture,
continuous multi-stage distillation colum To in step

Moregt%?rg ;&leen;&raidry pressuf@nggicd dep@Rdingr Ghe type of the
starting material compounds used and the composition therebetween, the
reaction temperature, and so on. The reaction pressure may be any of a
reduced pressure, normal pressure, or an applied pressure, and is
generally in a range of from 1 to 2x10’ Pa, preferably from 10°% to 107 Pa,
more preferably from 10* to 5x10° Pa.

The reflux ratio used for the continuous multi-stage distillation
column Ty in step (1) 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 distiliation
column Ty used in step (1) is generaily a metallic material such as carbon

steel or stainless steel. In terms of the quality of the dialkyl carbonate,

diol and high-purity diaryl carbonate to be produced, stainless steel is
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fromO0.01 to 5, nore preferably fromO0.05 to 3. The
material constituting the continuous nulti-stage
distillation colum To used in step (1) is generally
a netallic material such as carbon 25 steel or

stai nl ess steel. In terns of the quality of the

carbonate, diol and high-purity diaryl
p"efegéﬂa nate to be produced stainless steel is 43

rabl e. n the esen |nvent , chext
(11 i BegsenhimSnyBp; seu: AP B (7 pr tekitinsfeieSoproducing
an i ndustri al scale frontthe di al kyl carbonate
a diapyloeranate enepn (nyushiak seala tmem.tben@t@élhyld%sapnate
conmpound is carried 5 out. The dial kyl carbonate used
producedtiestepl () iahdthemroomatic epppebydeaxy Ippmpeund is carried
followng fornmula as shown in the follow ng fornul a:
out. RROOOOR2 wherein R2 is defined as before. 10 Exanpl es
of dial kyl carbonates having such an R2 incl ude

di TRE NdikileAr dribdirfatedi € @)h StapbANpis£a chimpaiid represented

carbonate (isoners), diallyl carbonate, dibutenyl

by thgafrokffb%hﬁ fdrPRIR] a8 sHEWHUN tHeaf Wfr?gc fOtRONE S)

i pentyl carbonate (1somers), dihexy onat e

(i sorrer yl carbonate (isoners), dioctyl
car bonat'e ?I somers) di nonyl 15 carbonate (i soners),
A ate oners), dicyclopentyl carbonate,
Whera%% '5’h‘§§f) aH Pée di cycl oheptyl carbonat e,
di henzyl bonat e, henet hyl  car bonat e bsorrers
%samlpﬁr psha)lktela% ateg haying SHchiAp IR e MYFl
carbonate (isoners), di(chlorobenzyl car bonat e

dimethysanbonatei diethmd cardenate, cipeeingt ea(havater @PP"Z@I'S),

di (nmet hoxynet hyl ) carbonate, di (nmethoxyethyl)
diallyt adrboarde ( débnters)l,canbiohaikedisemers), dibvwiyhaaebonate

(i somers) and di (cyanoet hyl) carbonate
(isomers), dipentyl carbonate (isomers), dihexyl carbonate (isomers),
diheptyl carbonate (iscmers), dicctyl carbonate (isomers}, dinonyi
carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl
carbonate, dicyclohexyl carbonate, dicycicheptyl carbonate, dibenzyl
carbonate, diphenethyl carbonate (isomers), di{phenylpropy!) carbonate
(isomers), di(phenylbutyl) carbonate (isomers), di(chlorobenzyl)
carbonate (isomers), diimethoxybenzyl) carbonate (isomers),
di(methoxymethyl) carbonate, di{methoxyethyl) carbonate (isomers),
di{chloroethyl) carbonate (isomers) and di(cyanoethyl) carbonate
(isomers).

Of these dialkyl carbonates, ones preferably used in the present

invention are dialky! carbonates in which R? is an alkyl group having not

more than four carbon atoms and not containing a halogen atom. A

particularly preferable one is dimethyl carbonate. Moreover, of
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(isoners). O these dial kyl carbonates, ones
preferably used in the present invention are dialkyl
carbonates in which R2 is an al kyl group havi ng not
25 nore than four carbon atons and not containing a
hal ogen atom A particularly preferable one is

pref%dﬁé%bé@é@%&r&tegr & Yi%'hial‘?g ppr?ég?PétﬂfeeéﬁBlseare Fgalkyl

_ | cularl erabl e ones aI I
carb oAt praf Y B Ror g SRRSOt BLERHRRE Moo, ror
exarbb Aoy S ENemn i garb el Bobetenshy;not
cont ai ni ng? a 5 hal ogen. The aronatic nmonohydroxy .
contaigvipguh dalegan; and ap aj¢ahyol substardigplby @ tregitairinga
by the following fornmula. The type of the aromatic

halogenohydr oxy conpound is not limted, so long as the
hydroxyl group is directly bonded to the aromatic

gr Phe: addmartizC oruehyad o xdr compaured enslezl Ansteprihiis a
group having 5 to 30 carbon atons. Exanples of

com 56 @RBrep reBBAlYE X ¥h & F6NEWIAG faRNIUIE. SUthe aPp&rofthe
i ncl ude phenol ; various al kyl phenol s such as” cresol

aron‘fét?@ﬁ%ﬁ%hy?@)ﬁgﬁé%@)%ﬁﬁﬁ%ot fifli{8d,hyd ?@ﬁgﬁ]s thﬁ hycliroxyl

I Soners e enol (1soners), yl phenro

.80 ' ut yl phenol

aroup; SR &)Y REPRKTBRE, oo Bty e byt et hyl pheno

(i somers), s Efthylpropylphenol (i somers),

di pr opyl I’ieg (i soners), nethyl butyl phenol

i.somgrs), pentyl phenol (isoners), hexylphenol

wher i'@&Fer"?P"ﬁﬁ&“&?@rbﬁéQm KedEPUP NABESY t0\30 icafbon atoms.

al koxyphenol s such as 20 net hoxyphenol (isoners) and 3
Exanap les opieeadatic soppebydrexy icaimpoyndsdiavingugucasan Ar

phenyl propyl phenol (isomers); naphthol (isomers) and
includar pbanoi; various alkylphenols such as cresol (isomers), xylenol
(isomers), trimethylphenol (isomers), tetramethylphenol {(isomers),
ethylphenol (isomers), propylphenol (isomers), butylphenol (isomers),
diethylphenol (isomers), methylethyiphenol (isomers),
methylpropylphenol (isomers), dipropylphenol (isomers),
methylbutylphenol (isomers), pentylphenol (isomers), hexylphenol
(isomers) and cyclohexyiphenol (isomers); various alkoxyphenols such as
methoxyphenol (isomers) and ethoxyphenol (isomers); arylalkylphenois
such as phenylpropylphenol (isomers); naphthol {isomers) and various
substituted naphthols; and heteroaromatic monohydroxy compounds such
as hydroxypyridine (isomers), hydroxycoumarin (isomers) and
hydroxyquinoline (isomers).

One of these aromatic monohydroxy compounds may be used, or

a mixture of a plurality may be used.
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substituted naphthols; and heteroaromatic nonohydr oxy
conpounds such as hydroxypyridine (isoners),

hydr oxycoumarin (isoners) and hydroxyqui noline
(isoners). 25 One of these aromatic nonohydr oxy
conmpounds may be used, or a mixture of a plurality

ma t dr
cordb s arofiat} hafaRyGHIEE SoTHBHRGK, il proforably used
. i nvention. are aromati c_nmonohydr oxy conpounds in ich . .
in thg presentinvantion ar egmmaﬂﬁw%x%% E%F%Pfﬁ%h%.wm“h
3 Phenol is particularly preferable. Mreover, of these
Ar ig aRanomata dHPwRA VNG Snisb I fdsarker atenkst afhenalyis
not containing a halogen are preferably used in the
partinudadt prefesablesn. Moreoyiedar pf tbespommraatic meeolvvsyexy
invention is thus generally represented by the

compolinas, and o sublséanfially InotAcantaioiiy A Raldgenmarei preferably
each of Ara and Ar4 is a nonoval ent aromatic group.

use&Eashhefpryseranaveimiogrepr esent s a nonoval ent
carbocyclic or heterocyclic aromatic group, and in

eaqth@lidna GitboNate AEhe braBeRt ?ﬁveﬁhsmm'h%egenerauy

atons may "be substituted with another substituenT that

r gct on the reaction, for
"9Pfgggﬁ%ﬁ%fﬂg$£gg%@f%§£§gm%éh al kyl group having 1 to

10 carbon atons, an al koxy group having 1 to 10
carbon atonms, a phenyl groud a phenoxy group, a vinyl
group, a cyano group, an estgr group, an am de group,

same a5 one anot her . AT AGPERAR Typi cal *exanpl s
of each of the nonoval ent aromatic groups Ara and Ar4
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 alkyl group having 1 to 10 carbon atoms, an 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 plurality of
substituent(s) as above.

Preferable examples of each of Ar® and Ar* include those shown in

the following formula:
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20 include a phenyl group, a naphthyl group, a

bi phenyl group, and a pyridyl group. Each of these
may be substituted with one or a plurality of
substituent (s) as above. Preferable exanples of each
of Ara and Ar4 include those shown in the follow ng
formula: 46 CH3 CH3 i -CH3 CH3 iH3 | CH3 iH3 --CH2-
i -CH3 CH3 CH3 CH3 A particularly preferqhqg di aryl
carbonate i s _unsubstituted or substifute i phenyl
car bonat sente ol | ow 0
cons = (EPlpeert O | PR 0,
i ndependently represents a hydrogen at omagan al kyl
group having 1 to 10 carbon atons, an alég9§ group
having 1 to 109grbon atoms, a cyglyoal kydHygroup

having 5 to 10 carbon atons in the ing fhereof, or a
phenyl gro alzg of p S At r froml
10 to 5; i e ta hat p i Y tHERRY' s may
be different fr one another, a int case that q
is 2 or nore, tM'RI0's may be di $ent ¥ ffom one

anot her. Anong these diaryl carbonates, a symetrica
di aryl carbonate such as unsubstituted di phenyl
carbonate or a | ower al kyl

A particularly preferable diaryl carbonate is unsubstituted or

substituted diphenyl carbonate represented by the following formula:

wherein each of R® and R'% independently represents a hydrogen atom,
an alkyl group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a cycloalkyl group having 5 to 10 carbon atoms in the
ring thereof, or a phenyl 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 R'"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 diphenyl carbonate such as ditolyl carbonate or
di-t-butylphenyl carbonate is preferable, diphenyl carbonate, which has

the simplest structure, being particularly preferable. One such diaryl
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15 group-substituted di phenyl carbonate such as
ditolyl carbonate or di-t-butyl phenyl carbonate is
pref erabl e, di phenyl carbonate, which has the
sinplest structure, being particularly preferable. One
such diaryl 47 carbonate may be used al one, or a

carbBPLé{tﬁeﬁméxlaﬁy agg ' Br %OBF.L bse %lr?o |r[ ebhﬂ)matlon
Bidlar yafio of tf?éﬁgé @? tc}a?rgan@tt??rtbi %Qr%@r%@%wﬁvd roxy

range, the anpunt of, unreacted sta ting {ﬁerl
GomPeH%ian%d B tae %@ri'(’i'ga"‘ﬁtéa@ﬂéﬂrﬁtﬁ@d IbhtsuRfelsraphy in a
desired diary) carbonate produced becones high, which
rangesohétorafd.iiciend, Qntsider disdanass thenampuntsof unreacted
required to recover the starting material. For such
startimgnateria hee mhovimgmelativeato a peedeternpnefieamuunti of the
range of fromO0.5 to 5, yet nore preferably fromO.8

desited diapfli ¢drbonateppRIducdd belddrhesright avRichl i3 hbe efficient,
present invention, not less than 1 ton / hr of a

and M&fEdugy ﬁwchdéﬁé)‘d;%(i@rrﬁaﬂ@lteﬁj t$ reeBVePYRBSitarting material.
produced, and to achieve this, the mninum anount of

ror HELRUIIS EEIMEA IR i el g oo o
from Qs ol ¥etor ﬁe‘gffﬂfﬁﬁae%‘en figpl of t? 5B bﬁﬁs?ﬁ%%gf%ﬁ'v
ffomaﬁgr) to be produced. In a nore preferabl e case, this

M- can be made to be | ess than 8 Qton [ hr. The
d| al kﬁ carbonate and the aromati c nonohy
dbgd

pregait inyerdionstnet |efp Hhar i ton N’"’s@éﬁ highy-purity

may each be of high purity, or 20 nmay contain other
diargospiwidte isocopiinupuelypyoduced, mrsbipastdeverthis, the

reacti on by-products produced in the first continuous
minimurhiambage ofdihet atdmtationmom etyd @y tonTpdived Seddnd

continuous multi-stage distillation colum. In the
contiiseuslly innstest (il Rlis igepleaamyt 86 i@Nonf ORr t iaférably N8 Q ton /
hr, more preferably 10 Q ton / hr, based on the amount of the high-purity
diaryl 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 dialkyl carbonate and the aromatic monohydroxy compound
used in the starting material in step (I}) 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. In 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 dialkyl carbonate and / or aromatic monohydroxy compound
48



10

15

20

25

materi al, besides fresh dial kyl carbonate and aromatic
nmonohydr oxy 25 conpound newy introduced into the
reaction system it is also preferable to use dialkyl
carbonate and / or aromati c nonohydroxy conpound 48
recovered fromthe first continuous nulti-stage

reco%f%&'fl'?ﬁ-ngﬂ{b ??%PFB nfitfidus uunlr%ih& QMH?Qﬁ%hWT‘HH?nn and /

e d|s |on Co ecovere
not her ,process [0CESS f t he esent
or tE SR AShaE SR s ol sh g ERt! 'aémsﬁilu?'. R grarqaqyered
0|nt reaction mxture fromt

ilin
fromc%rﬁ@mﬁ%oﬁgoqﬁﬁ i - §1 4Be RAcGess a% ithe Ftr&sm *avgnﬂ@@- column

into the first continuous nulti-stage distillation
top. cmaenerie reonstiteitist anleve boiling Inpint searctieg wixire from the
reaction mxture may be fed into the first continuous
second tonsinage sdimatltil $tageodistill ation axolumn arediedeintootine first
of the conponents thereof have been separated out. 10

contitenuyslinngltl-stage idistinatisantoliument iare Whecbecond column low
i nmpl emented industrially, it is preferable for the

bmhﬁbaﬁdﬂn’ﬁqe%h%fri AHix{ie hmwbbhl%é irftd! the" ARSE BBAtRUOUS
nmul'ti-stage distillation'colum to contain any of an

mult@%?&ﬁ%‘%'dlsﬁﬂaﬁb‘fy{ioﬁf s ﬁé"ﬁ%’%ﬁ‘%ﬁerté‘@m%' &f Yll\el_ components

nate, an al 'her,” and so olnI f
ther%ﬁ*fahﬁwk%%‘%é%éﬁ@ I oroduct o such as Fries - °
BRI RARAL e ReTll s FoTaR¥ oo

rlvatlves thereof, and so on can al so be preferably

mdua&r&lly. i 1s weﬁee@éﬁtfqrnmfstamng material dadeintpghe first

exanpl e, rodu0|n8 met hyl phenyl carbonate and
contmtmmymuléasgmmcbsu atignt ¢eluwnartoi egniain anyiof an alcohol, an

cont ai ni ng di methyl 20 carbonate as the dialkyl

alkylcand aste reate, pherdilarpk catieo@atetean alkpbaoflyalitety and so on.
conmpound, it is preferable for this starting materi al

The gmrtﬁ'@hﬁaﬂérmﬂltﬂﬂﬁﬂﬂér coRthifph §¥mahembupas bﬁrﬁgﬁ Boting

i phenyl carbonate whi ch are the reaction products,
poinfBY-pId $E13r $0 09 dPFPldsPte AMANLEHERE products of the alkyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can alsc be preferably used. [n 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 methyl salicylate,

which are reaction by-products, and high boiling point by-products

derived therefrom.
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contain small anmounts of anisole, phenyl salicylate
and nethyl salicylate, 25 which are reaction

by- products, and high boiling point by-products
derived therefrom 49 The high-purity diaryl carbonate
of the present invention is preferably used for

T L

and in ol yneri zati on st a_.lar un
prefefaBi s d BoRiRp st cpstaie oy fafieRRB  dhesiie
recovered. This by-produced aromatic nonohydr gxy
pOWrB%Hﬁé&'ﬁ’d‘ Wéﬂ]oﬁéf%ﬁ%’ﬁﬁ?%@'@dddgxtfr@@mm%ga%t‘%r‘h!ﬁ
in step (Il) of the present invention. The diaryl
polyraarigstiorestapaulasgei ameund ¢f the asonmtic meenehhydoexy
transesterificati on between the dial kyl carbonate and
com pichundhi ® iyt prod Oced rariy deogyecexipoditds byngprodededndeymatic
this transesterification are a reaction in which one

monadhydroily edmipturtd k9 pretdililg Wed 28 thekkatting a@@rddiein

is / are exchanged with the aryloxy group of the

step ﬁllpiﬁtthg p,rgggmyﬁl,rvw,d;{prrpound and an al cohol is
elitmnated, and a reaction in which two nol ecul es of

I
e By PEH RURPR R PRI ) FOPERSH Mrouan
h f ' t
transp3SHficafion: A8EY ?%éﬁhe wgfﬁirﬁgemé‘ﬁé*q% é?@{) arbiieatR,
monQIEIrgK,FOBARUTh, bEREITE Snaes thiS bansRafrinptan dre a
the second continuous multi-stage distillation
reactign uWh'lCWeOBBa%/bOHEMdh&t alkoxy greups ofi thecdialkyl
carbonate are mainly obtained through the
carbafiater ispbare @xahanged ovith itbe afyloky grhoup ohthe aromatic

carbonate. The diaryl carbonate obtained in step (I1)
monadnelroryt cemipioaind ankiahngsisohbl as lelimhthteeneand @ reaction in

important as the starting material when industrially
whiclPt@8uiotechites aF PABldIRyParyCaasBYa® produced are converted
into the diaryl carbonate and the dialkyl carbonate through a
transesterification reaction therebetween, i.e. a disproportionation
reaction. In step (l1), in the first continuous muiti-stage distillation
column, the alkyl aryl carbonate is mainly obtained, and in the second
continuous multi-stage distillation column, the diaryl carbonate and the
dialkyl carbonate are mainly obtained through the disproportionation
reaction of the alkyl aryl carbonate. The diaryl carbonate obtained in
step (i) does not contain a halogen at all, and hence is important as the
starting material when industrially producing the aromatic polycarbonate
in the present invention. The reason for this is that if a halogen is

present in the starting material for the polymerization even in a small

amount of less than 1 ppm, then this may impede the polymerization
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in the present invention. The reason for this is that
if a halogen is 25 present in the starting materi al
for the polynerization even in a snmall anount of |ess
than 1 ppm then this nmay inpede the pol ynerization
50 reaction, thus inpeding stable production of the

readt(d) propegﬁp&%ﬁwgb% prBUNERSCoR tHE DR AL iy Bhrbonate,

r dISCO oration o

arbonat e_produ at al sed
or °$PF§ 3 PioRatloRraf fle sip@rfipsion dn f&E00 i of. the
or the second conti nuous nulti-stage
arorﬂﬁgf'lFP‘P'é(F?éHOEQF%MOF’HCGﬁ ep (I1), for exanple, a
met al - cont ai ni ng conpound sel ected fromthe follow ng
corfpd @neatalyat bsedsvdthe fisst cootipoimes mulkiagtage eéstitlation
such as PbOQ Pb02 and Pb304; 10 l|lead sulfides such as
coluRirs aad/ Bls28e Seadndy@brmbhhdeassmultifsiaeb(d]sjmaaim column in
Pb202( OH) 2; plunbites such as Na2PbQ2, K2Pb(2, NaHPbO2

stepaﬂﬂ),KUPbﬁh'mg Uairmeesi-soatainthdladhpBuntiogsieichéd from the
K2PbO8, K2[ Pb(OH) 6], K4PbO4, Ca2PbO4 and CaPbC8; 15

follovAnd @cgmbgqgé‘d:salts t hereof such as PbCG3
and ™~ 2Pb Pb(OH) 2; lead salts of organic acids, and

<'eaﬁa%%%@h§?%@9%b?%§?ht 2nd Pb( OO00HR) 2P0 3H2Q
%%@%' 3@8%%@%@%%%8@3} 2 4533Bhe iy Phapbo
re ?@ 'Eléfrss Hf leg% &butcgl:@@%,?:ga 22ﬁpgznds and
aryl oxyl ead corrpounds such as = Pb(OCH3) 2
( cleasirndrmydarsymt @shPl(OH)2 and Pb20z(OH).;
plumbites such as Na;PbO;, K.PbO;, NaHPbO; and KHPbOx;
plumbates such as Na;PbQO3, NasH;PbO4, K2PbQOj3, K2[Pb(OH)s],
K4PbO4, Ca:PbO,4 and CaPb0Oj;
lead carbonates and basic salts thereof such as PbCQO; and
2PbCOQO3-Pb(OH);;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHS3;)2, Pb{OCOCHj3)4 and Pb(OCOCH;)2-Pb0O-3H;0;
organolead compounds such as BusPb, PhsPb, Bu3;PbCl, Ph;PbBr,
PhaPb (or PhegPbz), BuzPbOH and Ph3PbO (wherein Bu represents a butyl
group, and Ph represents a phenyl group);
alkoxylead compounds and aryloxylead compounds such as
Pb(OCHz)2, (CH30)Pb(OPh) and Pb(OPh)sy;
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;
51




10

15

20

25

| ead all oys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and
Pb-Sb; 25 lead m nerals such as gal ena and zi nc

bl ende; and hydrates of such | ead conpounds; 51
<copper famly nmetal conpounds> salts and conpl exes of
copper famly netals such as CuCl, CuCl2, CuBr,

Cu 2, | eat e,
<copf8iEmY mefdfiRmbiiRieh2, QU(acac) 2, copper ol cate
C C C7H6 4
(RIS AN coisxes Céﬁ?%g%rgéﬁ'ﬂ nelifedpaguct. cuct,
> al kal al
CUBrel&ﬂ‘Sﬁ&(e%“@Léﬁhasgﬁ Basle) Cukacer a@si‘ngéezr Sleten BuzCu
| exes> 10 zinc conpl exes such as Zn(acac) 2
(CHaeda i, Y0 N Ohop A B Ssilvimp igiateng Sxbls h[éyC =C-C(CHzs)sln
Cd(acac)?2; <iron famly netal conpounds> conpl exes of
and [Gu(iC Qs (wheatsinsachc aspFesente-Han oo:b)lafce{@® Shelate
15 Fe(C4AHB) (CO 3, Co(nesitylene)2, (PEt2Ph)2,

ligan@yCSF5(CO) 7, Ni-n-C5HS5NO and ferrocene; <zirconium
conpl exes> zirconi um conpl exes such as Zr(acac)4 and

<alka#i MFEHPCMBplexdsdM s acid type conpounds> 20 |ew s
aC| ds and Levms acid-formng transition netal

P RLaTE B o 301 Bkl SN

<Z‘”°S?gﬂﬁ3q?9§§ggr oup, an al koxy group or an aryl oxy

zinc complexes such as Zn{acac);;
<cadmium complexes>

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

complexes of iron family metals such as Fe(C4oH3s){(CO)s, Fe(CO)s,
Fe(CsHg)(CO)s, Co(mesityiene),, (PEt2Ph);, CoCsF5(CO)7, Ni-n-CsHsNO
and ferrocene;
<zirconium complexes>

zirconium complexes such as Zr{acac)s and zirconocene;
<lewis acid type compounds>

lewis acids and Lewis acid-forming transition metal compounds
such as AlX3, TiXs, TiXy, VOX3, VX5, ZnX2, FeX; and SnX4 (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;,

(C2H5)38n0OCOCgHs, BusSnOCOCH3, Ph3SnOCOCHS3;, Buz;Sn(OCOCHj3),,
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<organo-tin conmpounds> 25 organo-tin conpounds such as
(CH3) 3sn0CH3, (C2H5) 3Sn0CDOC6H5, Bu3SnCO0CHS,
Ph3SnOCOCH3, Bu2Sn(000CH3) 2, 52 Bu2Sn(000d | H23) 2,
Ph3SnOCH3, (C2H5) 3SnOPh, Bu2Sn(0OCH3) 2, Bu2Sn(OC2H5) 2,
Bu2Sn( OPh) 2, Ph2Sn( OCH3) 2, (C2H5)38n(]—| Ph3SnCH,

B FHEQEOC LI RISy Ay Ko SRR BH Ao nOfH e
Buafofksin St 2a eSS NeHaRR Y. Prssnon,
B2, IBahfots Srton Buasing ool ho SR AN o By Bl dese

resent in the reaction systemsuch as an aliphatic
catabystsHoRy ke aaBQHdt¢%f3r|rb$1b¥ly§ddﬂﬁl@@ﬁb@m‘idﬂt!tﬂiégél gigtillation
10 aryl carbonate, the diaryl carbonate or the dialkyl
columar,bonatay ber arspiubdey eatbbhest thabjdissetvasoirhéag iregction
treatment with the starting material or products
systeni.or to the reaction. In the case of carrying out
step (11) with a soluble catalyst that dissolves in

t hﬁdcﬂﬂ%‘f Itﬁeséyéét%ma«stt BSniiRs i NSt miay Bf %%rrabl Hav ®een
having a 15 high solubility in the reaction Iiquid

oackST 4 B oSS A ST oA 51 s
ox sPAEEEA Sl TS SRR RE e, dne stk

aryl ﬁ@f@ﬁ’n}-&é {5 dugron SrPanaLe.on e ﬁ‘ﬁ’i\?@"EQ&O—%rQétrﬂay have

wi th phenol, the reaction |iquid or the |ike

beera:&ybw%heqjtweia%lngnér&atmnfcwmfth Hig sdaring .mgt%@,@l or products
distillation colum and the catalyst used in the

priorstr dmel reastiomious nul ti-stage distillation colum may
be the sane as one another, or different.

In the case of carrying out step (1) with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a
high solubility in the reaction liquid under the reaction conditions.
Examples of preferable catalysts in this sense include PbO, Pb(OH): and
Pb(OPh);; TiCls, Ti(OMe)s, (MeO)Ti(OPh);, (MeO),Ti{OPh),,
(MeQ);Ti(OPh) and Ti(OPh)4; SnCis, Sn(OPh)4, Bu;SnO and
Bu2Sn(OPh),; FeCls, Fe(OH); 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 multi-stage distillation column
may be the same as one another, or different.

The first continuous muiti-stage distillation column used in step

(I) comprises a structure having a cylindrical trunk portion having a

length Ly (cm) and an inside diameter Dy (cm), and having internals with
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The first continuous nulti-stage distillation colum
used in step 25 (Il) conprises a structure having a
cylindrical trunk portion having a length L, (cm and
an inside dianeter DO (cm, and having internals with
53 a nunber of stages nl thereinside, and has a gas

a nﬁﬂbé?%f@‘éb@g ﬁhtﬁé‘nsé H@l i .trg%s %rlﬁ?égé@té%f th‘rﬁc@ aH inside

I"umm=or

th a.li tlet haV| an i nside di e
dianigter Ty Py aﬁ?eﬂb%ﬂfﬁ eofOLRN T AnGPRF RArfg: 6f the
rtion of the colum near to the botto ea
colufie NGAT@ 11§ LobpRIHEOHHE IAVIBREAN JBF e Arametsr die (cm)
central portion of the colum bel ow the gas outlet,
at thenbosiom exfstheopelyronrehin ianloaveppovtiaadf the ke lwinddnear to
portion and / or the |ower portion of the colum
the bottoen t atldasjuodedhitdinletprogidedtin tbe, upper partiomland/or a
D, / dii, and D / d12 nust satisfy the follow ng

central pulden (of) tHe colhn B&RAG ttheedas olitidi; thd<atlldast one fourth
8000 (7), 100 5 DL <_ 2000 (8). 25L1/Dl< 40 (9), 20

|nlet5pf6|vﬁed1|%0tl{e19ﬁ|ddl§§§3rﬁi‘&11§§9 Kéil)thérlﬁvﬂeﬁ' Bo Hid i A5

Mor eover, the second continuous multi-st age

COiUH‘lI’?talbld\@ |WIHtht|€tsqghbpel§lt ?fuﬁl I Lé?toﬁgr h \}a/ d”é_ and

ructure aving a cylindrical

Dy /ﬁSe?thS*éﬁlﬁéﬂéﬁsd@'{bﬁv' 3 iRl ﬁs@igéﬁi"espg%e'v

t her ei nsi and ha gas outlet 20 hayjng an inside
di anet er 1%400 §089e top of the coi1 hnor in an
upper portion of the columm near to the top, a liquid
outl et hd@thg Bm < 2AS0de diameter d22 (8 at the
bottom of the colum or in a |ower portion of the
colum néag o/ ChesbHitom at | east onédY,ifth inlet
provided in the

20 <nq <120 (10),
5<Dy/dy £30 {11), and
3<Dgy/d2<20 (12).

Moreover, the second continuous multi-stage distillation column
used in step (II) comprises a structure having a cylindrical trunk portion
having a length L, (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 dz¢ (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 L2, D2, L2
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upper portion and / or a mddle portion of the colum
bel ow the gas 25 outlet, and at |east one sixth inlet
provided in the mddle portion and / or the |ower
portion of the columm above the liquid outlet, wherein
L2, D2, L2 54/ D2, n2, D2 / d21, and D2 / d22 nust

/02384, B a 415 AR L5 B9, PGSR ARReh e Blc(Rf Sormugae (1) o

(18)(19%0 %5L2/ D2<_40 (15), 105n2580 (16), 25D2/d2115
( e°§W§ 55 D2/d22530 (18). It has been di scovered

that by using the first continuous 10 nulti-stage
distiliath &obumB8h8 the second confilAdous

multi-stage distillation colum that sinultaneously
satisfy dlQ0 sfDpe2080rulae (7) to (18J4)the diaryl
carbonate can be produced fromthe dial kyl carbonate
and the & dngf f ©OyEndhydr oxy conmpound ¢m5n i ndustri al
scale of not less than 1 ton / hr with high

sel ecti vity <amgd<hg@gh productivity stabkygfor a 15
prol onged period of tine, for exanple not |ess than

2000 hoursg D?r/qj Srahlsy not |ess than ?ﬁ)ﬁ P Hpyrs, nore
preferably no |'é9s than 5000 hours. The''reason why

it has b%cgrﬁ gqjsmgls%to produce t

he g a1y
car bonat e iZddustrial scale with ucL excel | ent

or dEBR3 *?%eané‘ggﬁ%ﬁéh%ai%Sfaﬁf**f’rﬁ?ﬁﬁ &R ‘éfﬂ?ﬁ@ué e

due, t it ffect.b
mU'wiﬁgetCﬂé gfian Fohiar aﬁﬁﬁ“%ﬁ%ﬁ%@ﬁe czee‘?')t'@@f?ﬁg ufpstage
ined., Preferable ranges for the respecti
d'St'“a&‘P@r goluspnthat @mulkaneRUSY satishugd otithe formuiam (7) to

colums used in step (Il) are described bel ow
(18), the diaryl carbonate can be produced from 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 iess 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 excelient 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 (Il) are described below.

If L1 {cm} or Ly (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
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If Li (cm or L2 (cm) is less than 1500, then the
conversion 25 decreases and hence it is not possible
to attain the desired production anount. Mreover, to
keep down the equi pnment cost while securing the 55
conversion enabling the desired production amount to

conv%g?izatr{ %h%ﬁgi&gfath%b%m ﬁr ag?ﬁf)'ﬂ Lendliftad beﬁfﬁﬁ'ged L and

ranges for

I
L mBhgacs B5'ma, Bb%"“{»wr%yy@oﬁga 8%@ctoo?ﬂo§%88ﬁ%@aabge
< 5000 being, yet preferable. |If D, na
fang@? foEd () l—ha(ﬁ"?lb@fe fﬂéHePE'VPb’ 3910%651@ élf"eo Q,and

attain the desired producti on anount. Mreover, to
2000ksdp AP0 hwithegbDPnErir €&R0GAINde2500a% hizng G000 being yet

desired production anount, D, and D2 nust each be
morenpoefarabbe. not nore than 2000. Mbre pr ef erabl e ranges

10 for D, (cm and D2 (cn) are respectively 150 < D,

<_If109Qcardod O gcrﬁ? i led9@Ranw 0, B96h 5t I3 nbt PAGsIBIL to
200 s D2 <_ 800 being yet nore preferabl e. For the

attaif ithet d 6SIbENMIRIFUCHDH larhbafe divididdvair %0 KRl p v dhe
the second conti nuous nul t| -stage di stillation colum,

eqU|;ngl(§|r?‘?o'l?o§5\~Rﬂeaé‘ﬂaPﬁ g [I"h'a ég@rr% éﬁ érﬁBgﬁﬁ, D, and D»

the col unms i nNsi

dj t,e e n r
must 9B 1 mAddp e R “éoﬁ’ﬁ fba@ 208 oh prafe i ranges
d| fferent, portions. For eac
for DadmhaaesBum @f%gesepet'we %5020 ahab0.ad 150 < D <
nsi de di aneter of the u portion of the colum
1000bé~l§ha740%ﬁ Phan 800canda? < Praan 80thbeing iyed mpamreﬂ’erable
of the | ower portion of the colum. 20 If L, / D, or
L2Fpr bheifirgtesnntimanus roultipséagerdistiiation, cohannsanditbe
operation becones difficult. In particular, if L, / D,

second ¢@ntinD3ussmulteatage disditiatbn chénminhesolasgaseD, and D,
di fference between the top and bottom of the colum

are v#gdgmﬁ%\w pahge 8N eaaNeRtE eotgrd AiAPhave the same
inS|depdlameter 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 distiitation columns, the
inside diameter of the upper portion of the column may be smaller than,
or targer than, the inside diameter of the lower portion of the column.

If L1/ Dy orLz/D;is less than 2 or greater than 40, then stable
operation becomes difficuit. In particular, if Ly / D, or Lz / D2 is greater
than 40, then the pressure difference between the top and bottom of the
column becomes too great, and hence prolonged stable operation

becomes difficult. Moreover, it 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.
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becomes difficult. Modrreover, it becones necessary to

i ncrease the 25 tenperature in the |ower portion of
the col umm, and hence side reactions becone liable to
occur, bringing about a decrease in the seléctivity.
56 More preferable ranges for L1/ D, and L2 / D2 are

work SRIGHASR, afadtor 0. R ER 85 48 Fpati's < Lo 0
< QRIS AT s s STBES DB 98 oo

esired production anount for the first continuous
yet mﬂr?lp'éecfﬁlj%b'(ﬁ 'stillation colum. Mbreover, to keep
down the eqw pment cost while securin t he conver si on
endbiniirig 'ess had 204 theodihet c@nveasi@@ngeﬁt%%es and it is not
attai ned, nj nust be nmade to be not nore than 120.
possibie heraﬂmiﬂ thd desiied predustionhamolad, forHée fingt continuous
pressure difference 10 between the top and bottom of

multitstagel digtillatixores|ume. or Matreosse, fiekeep dowirotlee@quipment
stabl e operation of the first continuous nulti-stage

costdh:ﬁ?lb' $6608Ag tHQ éHﬁvQﬁé&BﬁeénQbflﬁgCtlHet deh@é@ﬁ%dubfion

becones necessary to increase the tenperature in the

amo'u‘?r‘%’etb tE"]Qrét ﬁﬂﬂeﬂf AUt B add 4ol é‘cr?otsmgﬁ-e theAf 4 2@ns

becone e tO0 occur, Dbringing out a decrease I n
FurthBfbies ﬁcgggrgﬁt?ﬁqgﬁgﬁe{h%gmg Ar3%E % @reh%e
prefera re f n2 is esthan t hen
etvfhh ShETGR bl SRSH g &he.qolpm ec&@eﬁépg 858k @lich hence
the desired production anount for the sec
proleggedrstabie pparationgé thedinsticantinuees l.m’HIt' sbrgewdistillation
to keep down the 20 equi pnment cost while securing the
colugyhbecsines aliffitulbhy Meremern dtibegoses nesesaanyrio increase
be attained, n2 nust be nade to be not nore than 80.
the Fampbeaimreei,n e hwes pgrrtianeof thearcdOmn, hand thence side
pressure difference between the top and bottom of the
rea&@nmbebemﬁ%bﬂ@%%@@ﬁn, ridgitenabout a decrease in the
selectivity. A more preferable range for ny is 30 < ny £ 100, with 40 < n
< 90 being yet more preferable.

Moreover, if n2 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 n; 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

distiliation column becomes difficult. Moreover, it becomes necessary to

increase the temperature in the lower portion of the column, and hence
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prol onged stabl e operation of the second continuous
mul ti-stage 25 distillation colum becones difficult.
Mor eover, it becones necessary to increase the
tenperature in the | ower portion of the colum, and
hence 57 side reactions becone |liable to occur,

s i 062 5 i K o
seleffiyi0. KiBird Fhe IARR R ha i < py HobSwifit 20 < n, <

cont i n ous multi-stage distillation colum becomss
50 bgigg v é’éeé?fefer%ﬁ?%‘e amounts of gaseous conponents

are readlly rel eased to the outside of the system

andf Runcd1sislpes thanf.i thenthe mauipmentcenst ¥@btﬁe first

mul ti-stage distillation colum becones difficult. If
contblugus'muldi-gtageatistilladio rcoplumanbétemessbigls. Moreover,

conponent w t hdrawal anmount becones 10 rel atively | ow,
largarambeants oftgdd @owpeom ponehts arasedidify rellelaseahtb the outside

noreover a decrease in the conversion is brought

of th%bgyéterﬁ EEheRcef Sfade g oF tﬁb iirsiléomﬁnﬁoﬁs
D1 d11'5 25, with 10 5 D1 / dil <_ bei ng yet

multi’f%’@%ércﬁ%ﬁ?]@ﬁ'o% cEWﬁ\Heﬁé‘P ed bj fﬁéu’lt d2ﬂ= rﬁ:ﬁ?%f}gﬂ%’?ﬂter

thann’géaméﬁ%ﬂﬁi&eqﬁéﬂgﬁr@‘é;?%gz%fxﬂaré’égi‘é%a%ﬂbeB;Zmes

sed to,t out Si
relafiggfy. o, SnidieRes Sthbfe SPerabondbetAmaY BifwE Ena
mul ti-stage distil]ation colum becomes difficult. If
moregver gegeaga i dheigppvansiopts broghiakeut A more
conponent w t hdrawal anmount becones relatively | ow,
preferablecrerge fably / doy Bp8rath oh daecofBs with flilcs| D4 lahd <20
nor eover a decrease in the conversion is brought
beinghweft maokenprefepablieer abluethemgerd oif I2//d.qd2& lessRhenD2, then
/ d21 < 12, with 3 s D2 / d21 <_ 10 being yet nore
the ¢qeipenaht eost foPthé sbicbnd cormddwe rdulti-BRigé lkstillation

equi pnent cost for the first
column becomes high. Moreover, large amounts of gaseous

components are readily released to the cutside of the system, and hence
stable operation of the second continuous multi-stage distillation column
becomes difficult. If D,/ d2¢ is greater than 15, then the gaseous
component withdrawal amount becomes relatively low, and hence stable
operation becomes difficult, and moreover a decrease in the conversion
is brought about. A more preferable range for D>/ dz1is 5 < Dy / dyq <
12, with 3 < D, / dz1 < 10 being yet more preferable.

If Dy / dq2 is less than 3, then the equipment cost for the first
continuous muiti-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
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continuous multi-stage distillation columm becones

hi gh. Moreover, the 25 liquid wthdrawal anount
beconmes rel atively high, and hence stabl e operation of
the first continuous nulti-stage distillation colum
beconmes 58 difficult. If D,/ dl12 is greater than 20,

ST i1, L SR 48 10N THRY G Byan o

Chente &
s_li,ahle tqQ occur brln out corraosiaon
“qu“ﬁ’ ﬁé’qg%p%?gtmg'"%%W@eﬁr@f‘ﬁ%dl"gw B3tk 418 RaNGa giosion
518, , with 75 D / dl12 5 5 15 being

beco\ms Aﬁbéeape%%mrmﬁmg ABOMW GOTTOBIaR Of the AbRaralyd. A

than 5, then the equi pment cost for the second
morecpreferable rangei fogt Rgd dhizsisi $ Iabohd 1z sl Bnwkdc dnedd 1 / dyz <

hi gh. Moreover, the liquid w thdrawal anmount becones

15 beiasigaytet/elhqrm'pgefemrlnclleherﬁwtlseamnloeeoiief)atliab;rg isf ledsethan 5,
second continuous nulti-stage distillation colum

then theoe@gipthéht colst fof th®kdcol?d contiieRi £ mURi-stege Aistillation
then the flowrate through the liquid outlet and

columhPb 88oRREPARFh. SIS VEH XhEQEUI@%H@E%I%%M becomes
becones |iable to occur, bringing about corrosion of

relatf\}é?)ﬁgﬂ&%;n%ed gﬁggogt% tﬁﬁé%kcﬁw@%&é@éo% cgergt%gung ous
y l,e r r t..ha engyf ou
mult %ﬁﬁd?ﬂ?sstﬂi%ﬁﬁasbowﬁ SacoroRs dtdter It B hopol raater
12 tlsf e fol for and for
than 38, thatltin 30w Fals HrgighahPoiduis ARt And ) Bigip becomes
1d12/d1|< 5 (20), and 1 s d2i / d22 < 6 (21)
excegaivaly jagt.oagd enee esosian éxqqgmeﬁdra@peﬁ@ pppyrnaangmg
that 20 operation can be carried out continuously-in a
abOU§w@a:utys@moétlbasa@pmtuae Aproes prgferabde tramgs for B / daz
no fl oodi ng, weepi ng, clogging of piping, erosion or
is 7 41D I dke <f B, mdth BesDi han, 020 belng yebmned s ploblerzdile.
| ess than 3000 hours, nore preferably not |ess than
SOe(rtheuhforednNtl has been found that in step (I1) it is further
preferable for d41 and dy; to satisfy the following formula (20), and for dz4
and dj; to satisfy the following formula (21):
1<d4y2/dy1 55 (20), and
1<dz1/don <86 (21).

The term “prolonged stable operation” for step (ll) 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 iess than 5000 hours, and a
predetermined amount of the diaryl carbonate can be produced while

maintaining high selectivity.

A characteristic feature for step (ll) is that the diaryl carbonate
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predet erm ned anmount of the diaryl carbonate can be
produced while 25 naintaining high selectivity. A
characteristic feature for step (Il) is that the
di aryl carbonate 59 can be produced stably for a
prol onged period of time with high selectivity and

can Yd Bralb88 Sty Tor & bloghgait pbfiby bFfind vith High!,
Se'egﬁ&ﬂﬁéﬂ.\gt hed gFJﬁr %H\QE mt)'a@?tﬁ% T s

g L1 / 1 / di11l, and D1 /
prefEpabiv,aot 193 toans AeBUShr. dpre syﬁégeawsw a8 Han 3 ton /

col um sati sf espectively 2000 5 L1 5 6000, 150
hr. ddoseoyer, aao{fmr Dﬁasagtemigaweeﬁmsmslzslwhhlat in the
5< D1 / dl12 5 18, and L2, D2, L2 / D2, n2, D2 | d21,
casetblaDR ) Dd22.1f/oD1t he, Qe.cbddh andtDnbdys fouthe -fatsagontinuous
distillation colum satisfy respectively 2000 5 L2 s

multi-3t8ge0d istiPatidw salded §§t|b%EB§p6@w§§nﬁ§@© < L; s 6000, 150
2.5< D2/d2,< 12, and 7 < 5, not | ess

< D1t§amr?ot9rg4_ frrwg Sbefa?eﬁkynﬁgtmésﬁ £y 3155 éenahd 5 < Dy

hr, nore pref eraby not less than 3 ton / hr

di b t
f d12a%§{ e?ﬁgﬁ' Orﬁ% 'er? st |7dqf2ég?ﬂ ZFbrans'a;Jte)ﬁt}?#ﬁrE)Dfoq- t;}%s?cond
nl, D1 J/ 11

contilyods HUBS758p DAiatarLoulb sl ipRRedyfjceo00 < Lo <

i stillatian u at fy respectively 2500 <

600@03%5 o8l 14000535682 hD2< B8 B w6685 50 Jeta: < 12,

10 :5 D1 / d11 < 25, and 7 <_ D, / d12 <_ 15,

and Zné Qez/ dpe < R, natlesstham 2/ tagph hTapreferablyiz@tiless than 2.5
t he second continuous multi-stage distillation colum

ton she,i moyerprafecablyengt 2oss than 3 ton / hr of the diaryl carbonate
2500SL2<_ 5000, 200SD2<_800, 5<_L2/ D2510, 20Sn2<_50, 3<_D2/

can H2lprodufedand 9 < D2 / d22 <_ 20, not less than 3
ton / hr, preferably not Iless than 3.5 ton / hr, nore

pr fFﬁﬂ'tl&@i‘Moﬁ@t aheshet kdAr4ctaistic Featlird fer sﬂé;ﬁ'{Mb is that in

carbonat e can be produced.
the case that L4, D4, L1/ D4, ny, D1/ dq1, and D¢ / d4, for the first
continuous multi-stage distillation column satisfy respectively 2500 < L4 <
5000, 200<Dy<800,5<Ly/Dy<15,40<ny4<90,10<Dy/dq <25,
and 7 <Dy /dy2 <15, and Lz, D2, Lo / D3, ny, D2/ d2q, and D; / dyo for the
second continuous multi-stage distillation column satisfy respectively
2500 =L, <5000,200<D,<800,5<L,/D2<10,20<n2<50,3<Dy/
d21 £10, and 9 < D2 / dp, < 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 (il) is based on

the aromatic monohydroxy compound reacted. In step (I1), a high

selectivity of not less than 95% can generally be attained, preferably not
60



The "selectivity" for the diary) carbonate in step

(I'l) is based on 25 the aromatic nonohydroxy conpound
reacted. In step (I1), a high selectivity of not |ess
than 95% can generally be attained, preferably not 60
|l ess than 97% nore preferably not |ess than 98% Each

less Zﬁ?fﬂ?’ dprg BIELCHT BN (s lBAT S <1 e

tillation colum psed in s referably a
ai Eaion 8 168 st S ipHA Y it Btdaga HQEQFn@%’“&%X and the
t e 5 internals. The term"internal s" use
secopdegRRtinuAUSHINUH- sfea@sdtaiélatm column H§e§| |§|t stqna{ iidhs
col um where gas and liquid are actually brought into
preferaidpna digtillatior columrehavisg trays eagddpr gaskings as the
described in the section on step (I) are preferable.
interNateov&he tdren t‘arterfalstbesedfinthegpsesait invention means the
i nternal s" has the sanme neaning as before. 10 In step

parts il the idistination' s6IurRRtWRERY g a8 hhid- 154 @ideaFd FotLhRYiBdught
columm, a reaction in whichthe alkyl aryl carbonate

into bénf&d?td\lvﬁﬁdoﬁ dtherdi A &vhe tF@f%ogﬁbﬁ &£49¢ Tibed in the

aronatlc nDno ydr oxy conpound ma occurs.
sectlgﬁa&‘{i a?@ rﬁ%tféfgﬁileg S V\r/%%y Eﬁ gg]'l'l?l? B%’r of stages

di.s h | 15 d | | |
of thﬁéo?%%{'?%sgéhq 587 FupdBing A hldrea) wory S U

f er abl ie as the first continuous multi-st aﬁ
SteRd{ldniv dhadirst santinuewe melii-stage distillation column, a
o_I| stillation. Mreover, in the second continuous
reactiantin-whige thie salky| aryloparhanatenis prodycedifrom the dialkyl
di sproportionation reaction of the alkyl aryl
carbenatm andethé aropratic smofidhgdreac coompalisd mainly doours.
equi libriumconstant, 20 and a slow reaction rate.

This Ifgaotisn, has drnexbeanell ko \RfElibriah congtiasit] bhat iereaction
col um having both the packings and the trays as the

rate 'ﬁgﬁ"?i?gd' FeRE&TiEhakl Kedh diBBos8FOATNAPH RM@Uﬁj pe

ge distillation colum used in the reactive
distilfh$6 A |do b halih § RREVO5S tHd itRFnARETS particularly preferable
as the first continuous multi-stage distillation column used in the reactive
distillation. Moreover, in the second continuous multi-stage distillation
column, it is mainly a disproportionation reaction of the alkyl aryl
carbonate that occurs. This reaction also has a low equilibrium constant,
and a slow reaction rate. Even so, it has been discovered that a
distillation column having 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 multi-stage distillation column. It
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di scovered that a distillation columm having the
packings installed in the 25 upper portion thereof and
the trays installed in the |lower portion thereof is
preferable as the second continuous nulti-stage
distillation colum. It 61 has been discovered that
{ ekl ' t u tds
has Heer Biccrad that il BAEKIGER 1h 1R Fecdhiy cofiftibus
i.NgS; . Ihat of the structure acki ngs, . .
mulfEEgss st liiion BBl ain 578 slplay SteiFfiffefBagkings, and
h been di scoyered .t hat each of the trays 5
thatigiothg SHYGHHIad Sackiags cMalarakds Particilaypreferable.
distillation colum and the second continuous
nulkyrtbesgera: it hpsheen discovwared thabvas wagh pathadrays
si eve portion and a downconer portion is particularly
instalded inrthecfirat odntinbeouseanatiicstagiepdistiliadion geltomrandethe
and equi pnent cost. It has also been discovered that
secand ltosithueo ds ayulti-etagelfistinatioh0folumaDalsiadiectray Reving a
M2 in the sieve portion. A nore preferable nunber of

sievBopERidrS and B daWncbm&PBobRbASS FartkiilaPR' §ood in terms of
preferably from 150 to 800 hol es/ n2. Mreoveéer, it has

the F@ﬁi‘ioﬂsﬁgggﬁét@\%éﬁ%rwﬁnﬁﬁ@éﬁﬁ@‘%'&B%eﬁf ggsper It has also

hol'e o sieve tray I's preferably in a range o

r . T .QSSA t] I

ool AR Budrdd laf Boe Crie¥, ) s abi fag:Tadiig 1688 notes

2.preferably from0.9 to 3 cn2, Furthernpre, .t has, been

m? if§tBeoHBNEHPOTGR- | A NoTR, PrSTaTRbIP HPBRE IS iselom 120
jeve tray has 100 to 1000 holes / nP in the sieye

to 980 Rqlgs/manyet Heors areTarahly dham APEaBROHIES/E 1
ra(rﬁe of from0.5 to 5 cn2. It has been shown that by
addateaver, dbbas beendlisconered thiad tbenctaasogectional area per
mul ti-stage distillation colums, the object of 20 the

holeppsanh sieventragriscarefeeabhyt i aehmye efdasm 9.5 Wehcm?. A
carrying out step (lI1), the diaryl carbonate is

more preferablel orosy-edutionahareanpénhels iy freeddmtd ecm?, yet
di al kyl carbonate and the aronmatic nonohydroxy

mor?ﬂfgtf’élﬁbw(ﬁ‘éﬁd bUs kB Che?. St RUHHYI MG ik Had BeRnl &covered
that it is particularly preferable if each sieve tray has 100 to 1000 holes /
m? in the sieve portion, and the cross-sectional area per hole is in a
range of from 0.5 to 5 cm?. 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 (ll), the diaryl carbonate is continuously
produced by continuously feeding the dialkyl carbonate and the aromatic
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 simultaneously in the first column,

continuously withdrawing a first column low boiling point reaction mixture
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conti nuous multi-stage distillation colum in which
the catalyst is present, 25 carrying out reaction and
distillation simultaneously in the first col um,

conti nuously withdrawing a first colum | ow boiling
poi nt reaction mxture 62 containing a produced

congiifiiph £FGMa: EGhP s O A HiGh Mot i
o ST BRI B P TgHER PSSR Pl

. of the first colum in a liquid form continuously °
Po'f‘?é’@@iCﬁm RUxting Fntaiging:d RreRusef alky! gevhearkaeatefrom a
m xture into the second conti nuous nulti-stage
lowey; gertionwfdhectirstreolumarinen liqwdd Feren.yeantirupualefeeding the
carrying out reaction and distillation sinultaneously
firstigolumen dégbrixbibiogupoint reatioru mistyravin todttsavisegoad
second columm | ow boiling point reaction mxture
conttondas modti-stageddistidiation lkvlumar hoaaiiehf tharcaraly@pas present,
portion of 10 the second columm in a gaseous form

carrgitiy ot QealkYioW hAdr dititGtid e SHADkared iRl @ 8ekbhR9%column,
point reaction mxture containing a produced diaryl

contitiDRERL ﬁlfjgﬂd?mngoé(‘%reo%ﬂ& EBQ.Inﬂfn Itol?r?.b%gﬁﬁﬁgogigkg%citfbn

a liqurrd form an continuously feedin

: oLl | i nty. ti i xt.ure caontaining.,.
mixtfifs UhaRIngCs ASRuRET Hi4R5F befboofld S 48 e Brtion of
th mul ti-st alae di.stillation fcol umm. EAs rrenﬁi oned. ear]ier,

@ $RORd LAlP My Mk@pRsPONS farh SPRtIPHEUS Y. SEdrawing a'second

al kyl aryl carbonate and the diaryl carbonate that are
CO'“FH&&Q%@OIBF@@%@,re@wa%qrbavktlbr@ poDiRIGING ta psodHcad diaryl
an al kyl aryl ether and high boiling point conpounds.
carbogigde fee g’ lomeerepartiom raf tinedseoendr@mlauinmdnmlimﬁd form, and
separation and purification in other processes, when
contioueas lyyfe edipbetiens eogndheo lumeis dotv boilarg ipeint reaction
industrially, it is preferable for the starting

mixtaeé ecmbiniagctid didlkymebrbanateistrths et CoMmmuBiss
In step (I1), when continuously feeding the dialkyl
multF-atH9eistifltion column.

As mentioned earlier, the starting material may contain 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 (1), when continuously feeding the dialkyl carbonate and
the aromatic monohydroxy compound constituting the starting material

into the first continuous multi-stage distiliation column, this starting

material may be fed into the first distillation column in a liquid form and /
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the aromati c nonohydroxy conpound constituting the
starting material 25 into the first continuous

mul ti-stage distillation colunm, this starting
material nay be fed into the first distillation colum
inaliquid formand / 63 or a gaseous formfrom

or a ig'?:l' %ho(éf%ig)%ér\fb%ﬁflﬂgﬁt(%ﬁeq@ Iﬁ?gldwe(?lé%t 8t IBFéliit{)H 8f'positions

rst dist n_col low S .0 t in
in thapwewp{hen of B aiddTe, it o dhe ﬁr%off flatiqh epfumn
preferable to feed the startl ng

beiowomeagﬁlsn@uaet é'i‘dBesulbl?%bGPtrtleﬁ of th%é"’ﬁhé‘rﬁ%ﬂ'“@ﬂ?ﬁ q{gmn.
first distillation colum in a liquid form froman

It is plsepreferatdedoi feathéhamiertipgrmateriat containiingta large
distillation colum, and feed a starting materi al

propootivaiof the phlezlmgeintn dherfinstrdisfillabiendcalumh in a liquid form
carbonate into the first distillation colum in a

fromaas ¢nlet providedam e uplpelr pdrtivn d¢dhenfitdtadistitation column,
portion of the first d| stil I ation columm above the 10

and féé’&'adsféﬁin%t rﬁaﬂe‘fﬁﬂ ENRiniAY b I%?g@fpr‘db%rillorrﬁbf the dialkyl

distillation colum. NMoreover, in step (

carth&?é it fh’sﬂéﬁhém oG onaﬁagyac% dg i‘&Hﬁq‘rom an inlet

contal ni ng ary car nuousl

Pf%&ﬂiﬁﬁé%ﬁ P%b%@&“*ﬁ‘sf&”ﬁ HAllatlglf i above the

nuou fed int the eco d ous
liquid Rt SLie dEer nartiam ot Rt SHUAEOR relumps(

coI um hi gh boi ling point reactlon mxture is
Mféfreé’d'l%r i"é@teﬁt(g”t heedisd o lopw inighthajlingopaint neaction
a liquid formand/or a gaseous formfrominlet(s)
mixtyreogodtainingdhe atkyd giylcarbonate gosdinuauslyi withdnawn from
upper portion or the mddle portion of the second

the ldwsiri portormofabeufirst dehibnubbe masti-atagetdistillhrupptumn is
portion of the second distillation colum. 20

contiMucami¢rfed itbtheC8660AE dtPhtiSuoas mifti-s868Mistillation
distillation colum, a distillation colum having a

colurﬂﬁCk'H%ré’ofﬁé‘mst'&otll{ﬂﬁrilﬁp%éb‘b%ﬁb fh?‘?'%%%fuona xﬁJre is

tray portion in the I ower rtion-thereo whi ¢

prefég‘:agflgrfagllﬂt %H‘%Ogé?gﬂa d%EuhE?oW ESRthn' AVE A8 foan a?ldlor a

?or%a
gaseous form from inlet(s) provided in one or a plurality of positions in

the upper portion or the middle portion of the second distillation column
below the gas outlet in the upper portion of the second distillation column.
Moreover, in the case of using, as the second distillation column, 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. Moreaover, in the case that the packings comprise a

plurality of sets of structured packings, it is preferable for an inlet to be
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position where an inlet is provided to be between the
packi ng portion and 25 the tray portion. Mreover, in
the case that the packings conprise a plurality of

sets of structured packings, it is preferable for an
inlet to be 64 installed in a space between the sets

instalfodb i UClpaed RAGIIdne IS Slructiked Bckidds. 1!

so prefera I'e"to carry out a re ux op
ensing the as us, conponent . W hdravvnfrom
C oMoV A S 8BRERL T AR B R ab PPy Fa b it efiux
gh,sti Iéatl on col u and the 5 second onthauou
operalicn; ot copdemsing &t%ﬁe%ﬁlﬁﬁ{ﬂpaﬁé ithdeawprfirag the top
some _of this conponent into the upper portion of that
of eaghsof ithatfitsd cantinmous muttiiséage stl!iﬁéloreﬁou;mnaana the
for the first continuous nulti-stage distillation

secood comtinsoius wouitirsjagef distdlatbon colOmmrasié thbhyretuoming
Oto5, nore preferably fromO to 3. The reflux ratio

somé @f thie coeepodend iviiontios sipbempdttiors ofdhatidistilthtivnosolumn.
colum is in arange of fromO0.01 to 10, preferably

In thfs’ 8858, tRelreffux FAXE famﬁsrfﬁ@m&ﬁtm&ué rﬁen?-stEQé dib€illation
first continuous multi -stage distillation colum, not

colt.lr?l"f‘lr irsyirf‘g I%Lﬂgsesﬁ?qr&‘mrﬁftbufo ngée é‘hgg%.ﬂ(dme@ t{)ej | ¥ore

asoaprefera I ment . nste

Pfefé”ﬁ@V{W T3 FonindPetOR o ﬁff&@@ %%?ﬁﬂf’é?ﬁ@ﬂhou@

met hod., | th
mU't'ca{aaq%iW%aﬁoeo&?wwiﬁ It A0SR o & A tP:agt pesferavy
is preferable for the catalyst to be fix

fromiG,OBUES Branets BRTaNAbIT dromaQeird &, bEPk dheratst qautiogous

stages inside the first continuous nulti-stage
multigstage distilbatieol eolunon, pet sgrryisgaoutauch a neflusreperation
a packing. In the 20 case of a catalyst that dissolves
(i.e. raeflukeasicartO i atdceai plteferable emeacdinoant.| i quid, it
Is preferable to feed the catalyst into the first

di B sképt(lIQntis@lmathod drmakifyithe ahtabmsteb & hreeddlip the
portion of the first distillation colum. In this

first ggtﬁgnygtu"s?ﬁﬁhﬁséta@@ HidtAMthbh Mg ha) BOhMEethSd. In
the case that the catalyst is a solid that is insoluble in the reaction liquid,
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 starting material or the reaction
liquid, it is preferable to feed the catalyst into the first distillation column
from a position above the middle portion of the first distillation column.
In this case, 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
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starting material or reaction |liquid my be introduced
into the colum 25 together with the starting
material, or may be introduced into the columm froma
different inlet to the starting material. The anobunt
of the catalyst 65 used in the first continuous

use&“i'htth Sﬁ?sqec%ﬁﬁhéhe% 1} %‘iﬁﬁ%i'sﬁll‘alifbrﬂ%ﬁf@h In_the present

T AV eNti on VAT e epen ing o € type o

the t ortlon of the star,ti
mveﬁim vhftesaiBEEnalto AR kP 8 Eoiaivs: Bhee. éﬁ%ﬁvggs and
] reaﬁ%l on tenperature and the reaction pressur
P"OPFHé'OS‘Sa the 3Aring fﬁai%'%ﬁoﬂbow‘é?aﬁﬂﬁ fﬂ?%'?%ﬁ@@d'tlons
of fromO0.0001 to 30 % by \NEI% preferably from
sucihp asot® reactomteynperafhire and 4 prr@‘ae}tam pressure. doe
to | %by weight, based on the total weight of the
amosird rafi tinge matmly'shlis getmveravlgrin arrasigepof figm 0100 0ktd&D % by
of making the catalyst be present in the second
weighthtorefersbpifrd i 61085 dbst0 1%y weighlt umvoreapréferably from
any nethod. In the case that the catalyst is a solid

0.001hes8 1! &, b%ﬁbl&ﬂte Hafkéd“%nrﬁ?éhbl% Wéfﬁﬂéd@f tHe 's%artmg material.
preferable for the catalyst to be fixed insid

colpy er, |ﬂrot%§»aﬂTP ethebﬁiélﬂo'd”ﬂ AMaan (hcﬁsg:??ﬁ;st be

I nSI 'sec dnt 1 nuous I -st a I"ation

oo AL L é@@ﬁﬁbg@? DR pb8 Astiatb P RERL A may be

startipng 15, materi al the reaction liquid, it js .
any me é"ttgaffé‘)e‘if f'h% tie sajatystisp spdid 8‘!&‘0’%‘“9’01”“9 in
dlstlllatlon colum froma position above the md
the raggtiom ligluidh it isspeefedable for !%@.Qﬁ#awtdmbelfm¢®.|a31de the
case, a catalyst solution obtained by dissolving the
colupm @lyysfor iex anhples teingnip statiedi an stagesdoside thegeeond
may be introduced into the colum together with the
contshao s myultiristagaldistitlation belwfini ot beihg édsiailed imehe form of
colum froma different inlet to the starting

a patRiegi alln théheasefnd caltaly’e that Ai¥séiveserh the tsh8rting
second continuous nmulti-stage distillation colum in

mat%ﬂ?%@??ﬁ@% cfﬂéﬁmlhﬁ'ﬂd Vﬁrtbeﬁ'ré?ﬁPSBFﬂ f@f@@dtt‘ﬁ% &¥%yspﬁnto the
'yst used, the types and proportions o

secortd HidtfatiBheid1@mn from a position above the middle portion of the
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 %
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conmpounds, and reaction conditions such as the
reaction tenperature 25 and the reaction pressure. The
anmount of the catalyst is generally in a range of
fromO.0001 to 30 % by weight, preferably from 0. 0005
to 10 % 66 by weight, nDre preferably fromO0.001 to 1

9 I h
oy eIl o re ol Tl B 0079 1 R AL kel Bageq on tre
total fi,rs con% quous nultllstage distillation colum
ota aWI%I'QMe cﬁ}eaﬁy%ﬁ'%é‘ba'ier{'ﬁ he second continuous 5

Ltl-sta?edstl | ation colum may be the sane
di 1 Stem ')bu'Fe&Péa|¥§rtel#%¢%ﬂ;}hﬁhféf5§a¢n%"t'%9b's mU"' -stage
preferably, the same catalyst is used in both

distiltafiomeolurm anshthe gatalystupethén thetseserdloprdinypuse
reaction liquid in both colums. In this case, the

multiesta oy diistilil 8% 0 hvest uimmn trhay thegbhé@dmegr diffaltentedmtiam
m xture in the first continuous multi-stage

prefatadly ithetsamelO M@Irarﬁrdférabgerthblyamt bdtaﬂ?mt fs ameldhin both
| ower portion of the first stillation co

colurhﬁ@e‘thl%" citd st BRirylote Ahit dfssHVRRt R Bl ré8cABn BGdid in
into the second ™ conti nuous nulti-stage

both ;ﬂgggmﬂns;‘;'t Pr‘i‘ltﬁg U48e2thd %atEWsi cp's%g?\ré’& h %%bh@ h bpiling

nécessary e cat al yst

. : ' t iy
point PR IELES foe ﬁ%ﬁﬁéﬁﬁﬁébﬁﬁﬁﬁﬁl-ﬁéw iifption
transesterification re ctlo arried st
coluriy 45es SEalhs Pabh diawS Teommaihe fowendoribmgk thediiRnce
the reaction I|qU|ds in the first continuous
dlstlilﬂtu@n cglagw tegetherawithhtheplkyl aeylcahenatessad so on, and
continuous multi-stage distillation colum. Each of
fed intethe sesomd sontimee usam wbi- siagen distillation o luonmast is; this
the internals in that 20 distillation colum and the

is a prefbeablef esthoditnenhe Hnmeocéssary, hmose aftthegcatalyst icaln be
fed into the columm, the type and anount of the

newlg RIS intd fife JeRRTd eBnEiPRGUd ANIti-8RfhS distilafiba column.
reaction tinme in each of the first continuous

ggir;?ibnﬁagg?orq'tﬁﬁéé'fﬁ itAB traheBBteYMichiBnS¥Rtbns carried out
in step (Il) are considered 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 di.stillation 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.
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mul ti-stage distillation colum is generally in a
range of fromO0.01 to 10 25 hours, preferably from
0.05 to 5 hours, nore preferably from0.1 to 3 hours.
67 The reaction tenperature in the first continuous
mul ti-stage distillation colum varies depending on

t hzngggagﬁghanouﬁy he clﬁ lfﬁgt ?SWeac?g
st SR P g R St PR A4 mater

errper at ur SO a 0O I NCrease the reactl on rat e.
compgads, us ?5 a&éYP%@Q%ﬁﬁ%ﬁ?HPEPE the ¢alalyslyh, Thien

si de reacti ons becoms l'i able to occur, for exanple
reacgiogsutempenatyre ks gpnedaliysnsacange ahframyl0QtgI3589@r It is
i ncreases, which is undesirable. For this reason, the
prefeeahle tinineneaseathe eeantiohetefmperaturet sowsuto 18crease the
mul ti-stage distillation colum is preferably in a

reactiargeatef. f Howedwadr, tibth@3eactionr terpperatal is td®@MighOthen
to 260C, yet nore preferably from 180 to 250C. The

sidereacitions b@%%é\tﬂéﬂﬂe't@ 65&:?%‘?@&%?;% Hi8d¥ction of
multi-stage distillation colum varies dependi ng on

[ I: o)
oy-oB8uIESueh A0S A) 91 TADBE AbredSe MRS Ufiikbiraie.
I f ..

For R0, drle ;%ae@?é@ ts*‘q%@raﬁeiélﬁ3%@%&%{3&8@%8

t enper a .0 as incre reaction r
mult]:3iRGe Aisfifiafiag Beliongs Retenbluin o Enga of gﬂm 180rto

si de reactions becone liable to occur, for exanp
280 .omerei Rieferably fpmridiite 607G, wet more nwfe{a;ally from 180

ether, and Fries rearrangenent products of the

to 250%G+ | ng material conpounds and the produced al kyl

aryl carbonate and diaryl carbonate, and derivatives

t hdthenfeactiondeesperdtuck ini theusdesndabbrtinbGoust miudti-stage

reason, the reaction tenperature in the second
distillation column varies depending on the type of the starting material
compounds used, and the type and amount of the catalyst. This
reaction temperature is generally in a range of from 100 to 350°C. |ltis
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 ary!
carbonate and diaryl carbonate, and derivatives thereof increases, which
is undesirable. For this reason, the reaction temperature in the second
continuous multi-stage distiliation 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.
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continuous multi-stage distillation colum is
preferably in a range of from25 130 to 280C, nore
preferably from 150 to 260C, yet nore preferably from
180 to 250C. 68 Moreover, the reaction pressure in the
first continuous mul ti-stage distillation colum

Vap &% q:] ﬁré¥9ﬁré)§ ttnsol?rtsq‘ "ddrit Lﬁ?ﬁ?%éltl stage

compounds Use e’ conposi tion he s ar

. e reactjion t erat and
d'st*ﬁl‘ﬁ@b NS AT 858 tHpdyAd G Ts Rarthd mageria!
f a reduced ssur normal, pressur.e
comp@uiisiysed grcs iR Som S§+%93rtbea$tamegt@ sfialnte
colum is generally in a range of fromO0.1 to 2x107
reachgn tereperature, f&f‘tﬂTﬁQO%nt o Thoe firsaconting opsemattinsipge
from2x105 to 5x108 Pa. The reaction pressure in the
distidationccalomn mayshendttany tedge redudest préssuren roainoahpressure,
vari es depending on the type of the starting materi al

or arcappdiedipressadreand Thizeprosposs ht the dbpt bEtisé Tolimn is
material, the reaction tenperature, and so on. The

geneﬁ‘ﬁﬂ?% 598 8P$rdﬁ4|(§ it~ &3 299 07dp§! b'ré?éﬁa‘h‘!‘y FRA MO PRY 107

be at any of a reduced pressure, nor nal pressure, or

Pa, BraNAEr: ARSI S 1H%PERIPAEal (e top of ihe

in arange of from0.1 to 2x107

rr o b f&égﬁ‘gﬁﬁ I PRepEoth fbh b dtioe

ontinuqus multi-stage dj.s n .
dlst"?ﬁ'ﬁ's?n Sl darles ERardingicn Tha e ﬂﬁﬁ?wagénmate“al
this case, the distil]ation colums i nked
°°mﬁ’%'¢'é@ﬁé’rsqch apsk tha compfaﬁmrl ef th@rStﬁﬁ“ngdnéte”al the
conbi nati on of series and g_ar allel. Mreover, as the
reaciepdemperatuieo@ndaoton st dde aesondl connueusumaliirstage
step (11), a plurality of distillation colums may be
distilistéoln dalunim snapdes athanyiofta réduced padssure, mayndlepressure,
i nked together in series, in parallel, or in a
or arcapbilieat ppesoireser The pressure at the top of the column is
generally in a range of from 0.1 to 2x107 Pa, preferably 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
distillation columns may be used. In this case, the distillation columns
may be linked together in series, in parallel, orin a cdmbination of series
and parallel.

The material constituting each of the first continuous multi-stage

distillation column and the second continuous multi-stage distillation
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and parallel. 25 The material constituting each of the
first continuous nulti-stage distillation columm and
the second continuous nulti-stage distillation 69
colum used in step (I1) is generally a netallic
material such as carbon steel or stainless steel. In

coluffl fRefiin' SoaHL4 beflory & PERUNE R HRLELER g carbon
steef 8 SRINSr Piaelhofalarms at ik auaily Sl Sromatig.e

second continuous nulti-stage distillation colum in
Carbﬁn?it%ﬁupdofjé'ﬁﬁdls rﬁtgt"EBS@I\‘-’ttPelﬁﬁ rreéetalleyl  carbonate
as_a main conponent thereof, but generally also
coflth& aecondreicmnal raghybomngl pentbeaation amixtare
anount of unreacted starting material, a small anpunt
contiofudusgli withdragnpirom tbg-lpmmfupd:ﬂicand:fsmeoaecand cddahtinucus
noreover in the case that a honbgeneous catalyst is

multigesge disQliabiBhataemb hha tigudad fermC MBS NE) Hds tise dlaryl
thus necessary to carry out a purification step (I11)

carbbAkt® ng\BQn %di‘hﬁagﬂHF ‘tl‘l&é’éfﬁrﬁ’l}tr %@ﬁ@%‘lﬂr Q16 (H"Br{tﬁﬁ?]s

secon um hi g i ng poi’'nt action m xture

unreél};gﬁq I[(Jallk I)ar)aI arr‘?,{ocﬂ:aelﬁs AIPS il tg&rqt %r}rgggi@&fstlgﬁmg

carbona e can a ne

mate&i!q‘jn%e %%lrcbutgrnét hf‘ gﬁ‘gﬁ’%& |'Ba ;g ?tb%r%%hh% s Tnd €6 on and
recryst ||I2atl n an so on. It has Qeen di scovered

MOrggygr Inpthg rase, t ‘BP!@B@PM%Q@W yghis useds a 30 contains
partl cularly preferabl e to carry out step (I11) using

this eatalyst comprereploclds. thrs nreessary toreame pited antrification
invention, it has been discovered that 20 it is

stepf(lid} Fer optaihémgta bighpuitypdidryl carbopabpfice the second
distillation separation process in which two

columtinshigh bbilimg padintreattiohi mixtuvel | Na pep(lIRtdrey process
separating colum, and a diaryl carbonate purifying

may I(b? Eg??lhg‘gl %@g%ﬁ?ﬂﬂ%lpg}qtk% |)ar?r @aHﬁ@ﬁ’até%@W BbI Htained
from the second column high boiling point reactlon 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 (ll) using a distillation process.
Furthermore, in the present invention, it has been discovered that
it is further preferable for step (lll) to comprise a distillation separation
process in which two distillation columns (a high boiling point matter
separating column, and a diaryl carbonate purifying column having a side
cut outlet) are used, separation 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 alky|

aryl carbonate, and a small amount of unreacted starting material, and a
70



10

15

20

25

boiling point matter separating colum into a colum
top conponent 25 having as a nmai n conponent thereof
the diaryl carbonate, unreacted al kyl aryl carbonate,
and a small amount of unreacted starting material, and
a 70 colum bottom conponent having as a main

colum‘b@gﬂh dpbeHerit I?jé'ﬁlnlg ag@w&n"éo@iﬁh%{ﬂé}%of a small

DTOdUCtS and soTon an

amob BT 1P BothT b mcﬁi%‘iﬁgaeﬁéﬁf?&ﬁ?ﬂ andro? g‘éatawst
continugusly fed into the di ar)# car bonate purifying
comBB Rt i FOLuR 18P GOmBOBENt feamahe Bih balbog|Ro matter

the diary) carbonate purifying colum into three
Sepaf@ﬁwt.%éﬁi/ Wnnhis. cantipuoms!y 6@d dotmdherdiaryl carkenata purifying
conponent, and a col um bottom conponent, the
columrghalpdrsetgﬁradica'r is cearibdrmrﬂtecbetimgnomkﬁlwindheadiatrlyb carbonate
side cut conponent. Furthernore, it is preferable for

purifying wolanmeinto threecobmpom@itsome.18 cxlanm e cfdrﬁﬁbnent a
the high boiling point nmatter separating colum to be

mde%dt%&:@n‘p%ebﬁdédd‘hocél%ﬁ igotto MBS MpErSntTHhb! hifrABS rity

distillation colum and or the second conti nudus

dlarxﬂ“ééHboﬁ'tél%ebgin:geb'bltlé‘tﬂ%g‘éot'ﬁér?_cﬂf/guiWH PBR ol um

cat al yst conpo reover

LB FARARERS, i SCHl ARGl RSO o bl botiom
comppgehE Sfalhnnes pratb RSBBAP S rga 2?%4&%‘3@%“9#@%3&0 be
ther di stl IIatlon separation, sone or all of the
circulaiamdask inih enhbsionent BupaSMBH-stage distiliatiem column

boiling point matter separating colum and / or the

and {pathe secondcantipuous ynuli-stagendistitlation cohsmn and reused
recovered as high-purity diaryl 20 carbonate is also

as catadyst abheponensirestép I(1), aMbrebvenrthieycdliannltop component
carbonate of purity generally not 1|ess than 99.9%

frompthef @iyl xarbbnkes purigin§ T8k genevkayneshtalhg a small

content of high boiling point by-products therein is
amoGRNBF ahEYdiaPY! BBFSonate, 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 diary!
carbonate purifying column, so as to be recovered as high-purity diaryi
carbonate is also preferable.

in step (111), a high-purity diaryl carbonate of purity generaily 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
than 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
71




10

15

20

25

than 100 ppm preferably not nore than 50 ppm nore
preferably not 25 nore than 10 ppm Moreover, in the
present invention, a starting nmaterial and catal yst
not containing a halogen are generally used, and 71
hence the hal ogen content of the high-purity diaryl

i i tw . ONr . . .
hencZ 108 WPt 2oREent 51 488 bRt futifgRidhd tBanate obtained is
r n pph, which is out of t defection limt

not & oo PRa. BEbEalabTy RotaRarpiBa LB e mprespeeferably

nor e detail e de?lcri ption o{ the present .invention
not MRrg HANEL R e Whieh ke it of the gdedeetion; ipdhby #n iign

not limted to the follow ng Exanples. 10 The hal ogen
chrogyiogfapis neasured using an ion chronat ogr aphy

nmet hod. Exanple 1: (1) Step (1) of continuously

produci ng di met hyl carbonate and ethylene 15 gl ycol

<Conti nuous nulti-stage distillation colum To> A

EXAMPLESuoOuUs nulti-stage distillation colum as shown in
FIG 1 having Lo = 3300 cm Do =300 cm Lo/ Do =

11 FomwingPis %bré%etéil@cﬁdeséﬁ?t% of R8 preker@nvention

used. In is exanple, as the internals, sieve 20

t
thro%ﬁ@x&%@'?eé‘.av?H&n@tvghoﬁﬁ 5§§EEHP%vé‘ﬁﬁ§gﬁ§rq&§|i§H§é’u to the

e sieve portion ereo appr oxi ma

] n of hol es of approximately 180 to 320 /
follo%ﬁ%)éé'ﬁﬁés_ <Reactive distillation> 3.27 Ton / hr of

et byl epe, carbonate in a liquid formwas .
ti'¥1e Haiogen content was mgasure using an ion chromatography

method.

Example 1:
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol
<Continuous multi-stage distillation column Ty>

A continuous multi-stage distillation column as shown in FIG. 1
having Lg = 3300 ¢cm, Dp = 300 cm, Lo/ Dg =11, ng = 60, Do/ dgq = 7.5,
and Do / dg2 = 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 liquid form was

continuously introduced into the distillation column T from an iniet (3-a)

provided at the 55" stage from the bottom. 3.238 Ton / hr of methanol
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25 continuously introduced into the distillation
colum To froman inlet (3-a) provided at the 55th
stage fromthe bottom 3.238 Ton / hr of nethanol 72
in a gaseous form (containing 8.96 % by wei ght of
di met hyl carbonate) and 7.489 ton / hr of nethanol in
_ " i ) o .
in a sl roh Tsonfalthg £ by 48lebt 8 AinelhyL pproonate)
in uce i nto e distill.ati colum ,To .fro
and 788366, priat Retng] B liguld PoliB GSRidihiobeg pehy
,%Refﬁgltonl The nolar ratio of the starting materials
weighfiglogimetnylgarbanatg) were sespaclypiEONSnKeysly introduced
. nethanol / ethylene _carbonate = 8.36. The catal yst
into thedigtidatioratabimpyl afiimdniets (b anddie)Imeyided at the
glycol to 2.5 ton of KOH (48 % by wei ght aqueous
31° sthge ifooin, thedoittamt o THE mpiamratiatcd thel8@arting materials
gradual l'y reducing the pressure, and carrying out heat

introdueaidThito fiey dégtiationedduyn® Thowas mlethanbPXigthyRine
1300 Pa, so as to produce a honbgeneous sol ution.

carbbfiate G2lgaggst sol ution was continuously introduced
into the distillation colum To froman inlet (3-e)

Pr 9 e tdllyst s etfwad 88fained bl Edddid 28 ¢&n of ethylene
Fvsh Yast way, Jefaimgdl by, Y

concentratron: wel g as€d on et hylen
n f i), . ive distillatian . canried
alye§{{P 2R PR LSRR by fefoif aaboutet B Do esting to
tenmperature of .98 C, a colum . top, pressure of ,
aPPragRaIe bl 3Py G, 918448HY TedlUcing 18 Brashureaans gerrying out
0.42. It was possible to attain stable steady state
heatdgaatmesh far @aprexpoaiely 8. hauroat eiRrpximpéely; 1300 Pa, so
reaction mxture withdrawn fromthe top 1 of the
as toproducera hogaegensousr selwtiortoolldds watatyst sadation was
exchanger and thus turned into a liquid. The liquid

contimue usdyl inb duced intathée aistitbationecolunchy fr@sn an inlet (3-e)
continuously withdrawn fromthe distillation colum at

proviklbb 88 theos4M" dtagecromitiedhdttdA? (Kotoncdrnitratioh: lahy by
carbonate, and 6.549 ton /

weight based on ethylene carbonate fed in). Reactive distillation was

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
the column in a gaseous form was cocled 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 dimethyl carbonate, and 6.549 ton /

hr of methanol. A liquid continuously withdrawn from the bottom 2 of the

column at 3.382 ton / hr contained 2.356 ton / hr of ethylene glycol,
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25 hr of nethanol. A liquid continuously w thdrawn
fromthe bottom?2 of the colum at 3.382 ton / hr
contained 2.356 ton / hr of ethylene glycol, 73 1.014
ton / hr of methanol, and 4 kg / hr of unreacted

et hyl ene carbonate. Excluding the dinmethyl carbonate

1. 01‘4"{3 ué;hg'dof et %n?tl aéhh”ﬂyl{?? Hrl 3¢ u Pé‘gcte"%gbgﬁ‘%lene carbonate.

anoun met h car bona e Was

ExciPﬁéﬂ@iﬁs@ﬁé@/' rbﬂ%a?%hcy@etéi@%@ﬁ%sd%gﬁ"W?”alv the
actugh Pafiticedmound o dUBS oy Taitioate WARCLAR0 N / hr, and

carbonate selectivit mas_not less than 99.99% and

exclM@getw|aéhyl@'n§/@évcgéc@etamaﬂyln the caselysé solutign, the
99. 99% Prol onged conti nuous operation was carried out

actuahpeoduhedeam@ uwrdrafi ellhysneAflyeo! 5005 Rodi0$,tok0bbr. The
hours, 4000 hours, 5000 hours, and 6000 hours, the

ethykatieigarbondte edravarsivrs wees 919088 %ethee dirdéth ylocartsopate
ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively

selebQUitdiwRS Mgt locar RNRbe, 9% éné%et@trhylana%yb@nselectw.ty
2.301 ton, 2.301 ton, and 2.301 ton respectively fo

was fldifb e(hg,lnyggl gdhe ethyl ene carbonate conversions
wer e %E respect? VZ| y 99.90% 99.89% 99 89% 99. 88%

?QE’pég?ﬁ@é@ 3%%@%%%@@&% ERBfef AL Uhy g these
condifigifr Afee STapU6, 3300 Aura0G8hauRs afiggdHours. and

selectivities were respecti veI not |ess than 99.99%

600G, pourgsthe mugbp%%c%tam@wtsm bgugg‘%r%éﬁ‘i%gn 3.340
20 than 99.99% and not |ess than 99. 99% é St ef)
ton, @L$’}Odpnc<ﬂqﬁﬁﬁu’(§usl§n®r3aa&6|ﬁ@g! e giveetive yatiodanethyl

<First continuous nulti-stage distillation columm 101>
carbgnabet anda2Saukon - 2t3@E tdhs 2. BOAttoon 280dntorpsasd @301 ton

in FIG 2 having L1 = 3300 cm DL =500 cm L, / D =
respbctively for 8thylend ghkbi=tHd ethylene carbonate conversions were
respectively 99.90%, 99.89%, 99.89%, 99.88%, and 99.88%, the dimethyl
carbonate selectivities were respectively not less than 29.99%, 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 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%.
(2) Step (Il) of continuously producing dipheny! carbonate
<First continuous multi-stage distillation column 101>

A continuous multi-stage distillation column as shown in FIG. 2

having Ly = 3300 cm, D4y =500 cm, Ly /Dy =6.6, ny =80, Dy /dy =17,

and D,/ dy2 = 9 was used. In this Examplie, sieve trays each having a

cross-sectional area per hole of approximately 1.5 cm? and a number of
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25 and D, / d12 = 9 was used. In this Exanple, sieve
trays each having a cross-sectional area per hole of
approximately 1.5 cn2 and a nunber of 74 hol es of
approximately 250 / n2 were used as the internals.
<Second continuous nmulti-stage distillation colum

S R T
<sebaff cprdir ru&%las it ediffiefoR ommn A8 pal s. tvo

sets of Mellapak (11 thegretjcal stages in total), wer
 néy SPRHALPHSL wlupﬂéae gistt|afien sedugees s'?%\yg Bk lG- 3
havi ng a cross-sectional area per hole of

haviagdroxi3tR@I0M1 D2 T BOGeM abndibher 612, Hed 8305 D2 / d21 = 3.85,
approximately 250 / n2 were used in the | ower

and Part dgn= 1D 1<Rascused. dilatthis Exampi€) pahahel indarbalsatteo sets
was produced by carrying out reactive distillation

of MeHapakat 1athpsrdtitali stageisCin tdtalf wete ietaiieddnsthe upper
multi-stage distillation colum 101 and the second

portiePNtdri Sisvettdys ehatch AV bl Ads¥seeAbNaD a#8h MBF fiole of
connected toget’her as showt in FIG 4. 15 A starting

apprﬁﬁfrﬁé't 'ly +.§em@?nun§ﬂ}ﬁ?8 rlf%lg's”@f gét)na Lrﬁéﬂé?&?f;@/ m?

a welg ratio of pheno car
uously in a liquid format a
weref\’\@§eﬂ:1§t foqgar%g)ﬁhpﬂhr froman upper  inlet 11 of
<R t‘?ﬂ éﬂsh nti_nuous nulti-stage distillation colum
eqgf{ve @istilalofther hand, a starting material 2

cont aj ni n? di met hE/ carbonate and 20 phenol in a

wePdRbepyt carbenatenas Predrserahy C/arpwa@oouk rgagtivgs

i ntroduced continuously in a gaseous format a flow
distilatiendssipg anrappanatusrionvhicrodlee finst erortinwsus maulti-stage

first continuous nulti-stage distillation colum 101.
distilfationdadumratli0d &od theesetantdi ogntimueuisainslfirstagaudisdiilation

into the first continuous nulti-stage distillation
columel 20M i8de wanrdioretintdgethePeabAotvn in FIG. 4.

A starting material 1 containing phenol and dimethyl carbonate in

a weight ratio of phenol / dimethyl carbonate = 1.9 was introduced
continuously in a ligquid 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
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25 phenol = 1.35. The starting materials substantially
did not contain hal ogens (outside the detection [imt
for the ion chromatography, i.e. not 75 nore than 1
ppb). Pb(OPh)2 as a catalyst was introduced fromthe
upper inlet 11 of the first continuous multi-stage

mord 50 ST OB b MV SRIERH e

cti ved|S|IIato s, carried out

uppecrom'gﬁﬂ‘au@eﬁﬁ%ﬁwat ceg 'amq%mlﬁ'aata%ﬂm%#‘ anolpigan 101

bottom of the first continuous nulti
suchythat @I%ﬁnwtéﬁt'gnnthﬁifoéfmztﬁ '@a%t'%'i* é%-uﬁewﬁtﬂd e

top of the colum of 7x105 Pa and a reflux ratio of O.
appraxdmadelyc d00nmpm. ovRiegictivegd isdillatior avas earpied: aut

cont ai ni ng net hanol, dinethyl carbonate, phenol and so
contbruowsl ycomd € nigconditionstdfda aemperaugastdhe badftomorohithe first

fromthe top 13 of the first colum, was passed

continiwgm@lthetdge Astinateh détumAd W%fm!@dtﬁw p@bs@ure at
flowrate of 34 ton / hr froman outlet 16. On the

the topN6f thétblumd b?sitxﬂ?‘ p aﬁ&gﬁ‘ r&ALX! F&QIOOB!’W rﬂa\“ﬁtﬁt%lumn

m xture contail ni ng et hy enyl carbonate,

low gﬁgﬁgﬂ;ﬁb%t PEEERon mAA ?%ﬂnt?ﬂghgnﬁﬁha&@? Hﬁ'h@’tl%glt

on was conti nuous
r the ttom 17 of t
carbalh, pBRLR] Anit Shith et SIAHEN TEw @seaseous
colu hi gh il oi nt eactlon m xt ur.e was
for mtfl?igﬂ"'n?'é thnfg 6r3ta%° WNNniAg Hé%@@oﬂ‘dou&h a'heat
cont i nuous nultl-stage distillation colum 201 at a
exchange b4 capd wostwithdrawrs ab@ Howt eate afy3datan / &ir from an
inlet 21 installed between 20 the Ml |l apak and the

outledi the Qmybe atier hapd d af fixsti colammdig b dumitingopointumaaction
mul ti-stage distillation colum 201 contained 18.2 %

mixtige coeitginingfmethylyphphghglaricanbbmad anetitylOcsrérimte, phenol,
wei ght of di phenyl carbonate. Reactive distillation

NSy Ao GHS PRSIy oo AT Miperawn I
a liq@fd form from the bottom 17 of the first column.

A stablie 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 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 methy! 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
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25 a tenperature at the bottom of the colum of 210C,
a pressure at the top of the colum of 3x104 Pa, and
areflux ratio of 0.3. It was possible 76 to attain
stabl e steady state operation after 24 hours. A second
colum | ow boiling point reaction m xture containing

to atfdin bRblE @ Eﬁ??”@é%‘ﬁ%ﬁﬁ%f?%”%”f Wil A¥etopdsolumn
low %%ﬁﬁn&?’ P%%*%E@fe%éﬁér? 38030E8 Fonthfiing, 35 Jhck ﬁa*?%lgimrrﬂimethvl

%h b0| i.ng, poi nt react | on m xture containing 38.4 %
o8t “nBY Y RIPHeR Pheadd ovas QOJHH“%U@Y%‘VBWFE‘W”
ht of di phenyl carbonate was conti nuously
fromvﬁhﬁwtma% of the iseconhcobumzy tbe tlaw s@t@oatjaooouﬂat 26 being
The second colum | ow boiling point reaction mxture
55.6Wan £bnt andauskegoinedconimnt highf boding patintveastié mixture
mul ti-stage distillation colum 101 fromthe inlet 11.

contdinihbi 38 4 P& byt Weiglkhofimetyil gHesy carRinate AP E % by
and phenol newly fed into the first continuous

weightldfl dipha@s/ Havbon'aAb! Wﬂscdﬁﬁ)ti‘i‘i‘uégélgr’@” ih AAWS FRfMmthe

as to nmamintain the above conpositi and anounts of

bottdrﬁez‘ﬁto?rth eé‘@ﬁ&dde@;lg{ﬁn aRg,d Qﬁc%ﬂr{:bﬂﬂnméw Eﬁ'ilir?g point

I Ng |nto consi Ion the COfT'pOSI 1 on

feaCﬁnHBﬁﬁﬁét%ff?iwéaS CiiaSpivaTed Rite: e L BTG °"
multé‘é‘aﬁ’oﬁé‘ Astifaian ¢ gpnﬁﬁaﬂgﬁiro“@h%o%ﬁ% 18aseapﬁwstwe the

enol reacted was 98% Prol onged conti nuous
am%@@r af fraphndimedhyl earkenatemasd phese! 2ewynfed indasthe first
The produced amounts of di phenyl carbonate per hour
contigtioats nBOU-skage distbidatioo waumd® hwere, agpEiedoso aas to
and 6000 hours (excluding the di phenyl carbonate
maintain Hiseadadve tompEdsitioinsgandtamicaints ofethe Stadtingmaterial 1
5.75 ton, 5.74 ton, 5.74 ton, and 5.75 ton

and msmmgehyaterwdthmQI ifgbicordiaeragbn HeYeolPPésition and
98% 98% and 98% respecti vely,

amount of the second column low boiling point reaction mixture. it was

carbgg

found that the amount of diphenyl carbonate produced per hour was 5.74
ton. The selectivity for the diphenyl carbonate based 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 diphenyl carbonate contained 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% respectively,
and hence the operation was very stable. Moreover, the aromatic

carbonates produced substantially did not contain halogens (not more
77
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25 and hence the operation was very stable. Moreover,
the aromatic carbonates produced substantially did
not contain halogens (not nore 77 than 1 ppb). (3)
Step (I11) of obtaining high-purity di phenyl carbonate
The second col um high boiling point reaction m xture
fromthe bottom of the second conti nuous
tha”mpm)m age distillation colum 5 vvas contl nuousl y

h h. boi |, t t I
(3) PRI Rt hing higtrb diityraidie e S est ageq)
and distillation was carried out conti nuouslz)é with a

t el 88GPBAgO RN fighdeiding Reindolaaftionmixgerecwithdrawn

pressure at the top of the colum of 3800 Pa, and a
fromrtéiel bettonatdfthsr secend/centinwausaputtiatagerdistillation column
conti nuously withdrawn fromthe 10 top of the high
was bonltimp uysly fednittora dighdusifiag pointanattervesparating column
continuously fed as is into an inlet of a diaryl

(lengtar PPOBIEMPIRSidE BiarmeteB40ayin) B stadles), cand AistiRhtion was
(length 2200 cm inside dianeter 280 cm 12 st ages

carrr@E t‘it cBhein ollﬂ%y%ere t?@fﬁ‘ﬁg'ﬂuré‘b%h@%ﬁbﬁﬁo?%e column

out I nsta st ages ow si de cut

bhet ’ Y u
of 203%?%% e 8sbE ol tostiBF SR8 Hflufil ot 410, P4, 4P o Pefiux
. te atrettebottom of, the,.col u of,..213 C .a
fafloqu@?{; Foltin 8;5’ SoMARN R SR HoMEbe ittidray ffom the
refl u iﬂ .5. The ur| ta of dip hen%Hucar bonat e
top Qfotﬁ'tq %""WRQ\‘&'F mte 3nseparating calumiuwas ceadinuously
not |ess than 99.999% and the halogen content was ]
fed apis oeanHaletiopphdiary! Ersbpnate purifying eplymn baving a side
conti nuously produci ng di net hyl carbonate and et hyl ene
cut agitietollergtic ta200 dinst indideidianmveterc289 iced, 62t stagies abbee inlet,
foll owi ng conditions
18 stages between inlet and side cut outlet installed therebelow, 5 stages
below side cut outlet). In the diaryl carbonate purifying column,
distillation was carried out 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 purity of diphenyi 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 muliti-stage distitiation column as in Example

1.
78



10

15

20

25

25 using the same continuous nulti-stage distillation
colum as in Exanple 1. 78 2.61 Ton / hr of ethylene
carbonate in a liquid formwas continuously
introduced into the distillation colum fromthe inlet
(3-a) provided at the 55th stage fromthe bottom

(AT SR TR B e,
ol il AR il Pl -0

respectjvely contl nuouslqy introduced. into
PI’OVUJI%Q atithe; on  cHrgeniremihereitamet s4(23% Tasy/ @fd)f methanol
provided at the 31St stage fromthe bottom The nol ar

in a gaseoustfarne (eoataining Za#dr¥aby weightofudiwaetmnrlcampnate)
distillation colum was nethanol / ethyl ene carbonate

and 4227 80A3. hiTloé mathldyslt invadiquidefdrm lfeontwinépge .46 Ynby
Exanple 1, and was continuously fed into the

welgﬁltiifldlln?éﬂt'm crtbumate Rovsrd res s stivélyatbAatinuvasiy introduced
carried out continuously under conditions of a colum

into mémm_.naﬂaﬁeéah%ﬁ fﬁcﬁm%é?m@t@qbumrkpe 3] ??évfoeed)fat the
approximately 1.046x105 Pa, and 'a reflux ratio of

31 8id §ath%R| i tert@jﬁs r?e‘h??\laa\trtl%'tgao Fﬁ‘ﬁlaesr}giﬁ-ﬁflﬂym%t@i5|s

'ntroéa%%%‘ﬁ?ﬂ"bxgﬁgséu%&?%?s?a%r BB Hiet 9&93 /°efﬁh1efi_€ﬁe_ carbonate

= 8.150 BOH FATPIYst AT EH4P 6 bR A0BrEMGAR IR REGMRTS 1 and
continuously withdrawn fromthe distillation coI um

was gontinussty fedninto dbgt distédkatios£olwmn. hRecactmer@tawlatlon
carbonate, and 5.33 ton / hr of nethanol. A liquid

was cantiiadm:tbgnﬁmub@rsdmurfde:rm:ohéitmns ofna cofumhebottom
colum at 2.937 ton / hr contained 1.865 ton / hr of

tempdraylienef @3 e0l .a cdlfinR toppressuns ofreipproximately 9.@46x10°

kg / hr of unreacted ethylene carbonate. Excluding
Pa, dhe dremuRyhatioaspongge contained in the starting

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 bailing point reaction mixture,
which was continuously withdrawn from the distillation column 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 / 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
79
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25 material, the actual produced anount of dinethyl
carbonate was 2.669 ton / hr, and excluding the

et hyl ene glycol contained in the catalyst 79 sol ution,
the actual produced anmount of ethylene glycol was
1.839 ton ! hr. The ethylene carbonate conversion was

S A HEARCIB A
19‘315 3?#%&%%3&55 wﬁieu%%é‘ive?ﬁﬁ%fwa%?% 6%, N Hirmethy!

OO hours, 2000 hours 0Q . hours
carbﬂaaf% SeloRUVAY WA TII@ISo A OIe Ipehnil de siidene glycol
2.669 ton, 2.669 ton, 2.669 ton, and 2.669 ton
selegtbvitsvas &10f less Wiane®RY99%ar bonate, and 1.839 ton,
1.839 ton, 1.839 ton, and 1.839 ton respectively for
et I?yblmegeﬂ yoltin udnes bperahipinewascaabtriedtoltconder sheas
were respectively 99.99% 99.99% 99.99% and 99. 99%
conditiendj mAfitgt 10@0hoars, 2o0echourd, 3800&icurs, and 5000 hours,
respectively not less than 99.99% not |ess than

the &ulPProdakedeamduing p@ﬁh8&%wéf§12n969|t6$§ 2,889 ton, 2.669
99.99% and the ethylene glycol selectivities were

ten, gg'agggs ol rB3pelcraty 180 STstfi cBPhoh RS, afign 839 ton,
1.83 402 pS8)tar “Bnd 1 ésgtmp%%@#?ﬁrél’x B gL B, glygol. the

ethy(Be. FAftR na&epﬂnﬁf%” %%'}%i éqi%%thﬁeslﬁ%fﬂl@ﬁ%%g%-

cont ai nlgaqg pfge and di nme carbonate .in a
99.994, @ d A4.88 “bs ﬂpﬁléﬁmethwpﬁébﬂpﬁt%&%@ﬁ"dl’@'% I"el'evvas
introduced continuously in a liquid format a flow

respeativebyf nab less thanr99 .94t motdessrthampPei99%,g1ok less than
first continuous nulti-stage distillation colum 101.

89.99%, ameé ruithesshidnah 99.99% . tand thmet ethydeng glycbliseélegtivities
di met hyl carbonate and phenol in a weight ratio of

werediggiditivaig MeNRiss thMmbo% 3nBt Vass than 99.99%, not less
than 29.99%, 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 apparatus 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 a flow rate of 40 ton / hr from the 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 = 3.9 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
80
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25 introduced continuously in a gaseous format a flow
rate of 43 ton / hr fromthe lower inlet 12 of the
first continuous nulti-stage distillation 80 colum
101. The nolar ratio for the starting materials
introduced into the first continuous nulti-stage

colufiiE g 2 { R lAPagd ol Aie BRHINY welBRP R fapiuped into

contanhalo n .uside he d ctlonll't
the fd r ‘%q{b""%ﬂuﬁﬂPHﬂbtséﬁ & ihptifgtior Colyfinah T Was ine'?hv'
Pb( CPha as _a catal yst was ntroduced from
Gafbeﬁﬁé? /iphepoh T b8 7%-he Ther starting: malea@ ml{hatélﬂéi@ély d'd not
distillation colum 101 such that a concentration

contahehadpgenst{oatsiskectheddtegtion lmil tobthe ipprafwiomatsigraphy,
250 ppm Reactive distillation was carried out

i.e. mohmareothdry 1uppk). c®iOPbpsasfa sataiyse vea siirtradudest from
bottom of the first 10 continuous nulti-stage

the whpér inletitanof chefirst CbminukFrémanistages efistifiationt column
the top of the colum of 9x105 Pa and a reflux ratio

101 Slich-thAtfd b&haa@ﬁﬁﬂ‘@n'tﬁ@r?@f bk rﬁﬁen@ar&idrﬁﬁahww\muld be

m xt ure cont ai ni ng et hano di met hyl car bonat e,

approdpigteR ?o Hm ag %%?Nenq%}{ﬁtéi{% RIPQ&E Lriled But nas

gaseous romt rst colum,

h _the,.heat 15 exchan
°°-nt&ﬁf%€%quﬁ§¥"’gonﬂawﬁatoef 3 1EHP SIS ft thR RolfBin of the first
let 16.. On the otﬁ hand, a fjrst col un‘q;n“Ye
contmq%m'& ﬁ¥39%é’dﬂ' ation; geluwan it &f 3Ry @ﬁ3|a pressure
phenyl carbonate, dinet hé/ car bonat e, pheno
at the. tstieaf theaaumn of B0 Raaanst a 468l uxoratio m& A first
continuously withdrawn in a liquid formfromthe
columgt tawnbigiliog pointfrieasticoominture ooatainibg enetikadg!, dimethyl
state was attained after 24 hours. The first colum

carbbngte pphenog gt sb seacds eontindeus ywaithidrawvt rea geseocus
continuously as is into the second continuous

formigbir tisé aep 3 Yfl theatirtincSRIAN wiHkl paksad fHrew ?mtree eat
40 ton / hr fromthe starting rraterlal inlet 2

exch'a'?ﬁjéf: t ﬁ?a Pg\g‘é?.ﬁ\?gh?ﬁgw heReHo @ Fate8f F3eidh | HaYFom the
outlet 16. On the other hand, a first column high boiling point reaction
mixture containing methyl phenyl carbonate, dimethyl carbonate, phenol,
diphenyl carbonate, the catalyst and so on was continuously withdrawn in
a liquid form from the bottom 17 of the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed gontinuously
as is into the second continuous 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 multi-stage distillation column 201 contained 20.7 %

by weight of methyl phenyl carbonate and 1.0 % by weight of diphenyl
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25 second continuous nulti-stage distillation colum
201 contained 20.7 % by weight of nethyl phenyl
carbonate and 1.0 % by wei ght of di phenyl 81
carbonate. Reactive distillation was carried out
continuously in the second continuous nulti-stage

carb?hﬁfé' ! ﬁé&&lf@'ﬁgﬂbaﬂénuﬁg r ﬁ'i@d Utﬂ%rﬂgr%@&sly in the

enperature a om o e colum ™ ©

secofgrFaRlifyBls’ Guin: daey dglf %8@@?%'@%2?3?%%3?5 Whdltions of
stabl e steady state operation after 24 hours. A second
a terpperatiire 3t ihatigmpef He codembaf AGa’trnea Rigssure at the

continuously wthdrawn fromthe top 23 of the second

top ofdhenmnolume of 2xd61Paorndm Hefuxotio 8§ (i ntlt was possible
reaction m xture containing 36.2 % by wei ght of nethyl

to atfdiansfabdardiendtyestadacoperation AftavR4howrfs. di Arsegdnd column
carbonate was continuously withdrawn 10 fromthe

low bwitingnpdihtofe ddtiors enixtdre svaseontimucassigrwithdrawn from the
boi ling point reaction m xture was conti nuously fed

top Zﬁﬂbf’ thBesdddisd coqﬁﬁ{d NYed . %\é'cbhdséé‘ﬂ.ﬁ“nﬁ'lﬁbh' lbéﬂin@pomt
colum 101 fromthe inlet 11. At this tine,

reac?Hﬁ%ﬁﬁu‘?é ({]drﬂ%h ﬁii[ deh :"/BE@LWNQP qﬂeﬂ?ﬁ”ﬁheﬂ?l"‘cﬁrbonate

nto con

and G0 ba 1Y {"%égéﬁ8$@eﬁ%gﬁﬁ?eﬁﬂ%ﬁﬁﬁiﬁwﬁ"%?u%’ﬁ withdrawn
1 and,the start mat er i al

from;ihg: hofiBm o 5hePaaradtin Ol bonbbe Heand P AR IR
of the second columm | ow boiling point reaction

boiling paipt reactigRsmixiuse Wﬁ§t°%’é%%§bté%d antsuthe dirst
di phenyl carbonate per hour was 4.03 ton. The

contiggioarss multipstage distillationrsaluomn ddafromdbediniep1dn At this
t he phenol reacted was 97% Prol onged conti nuous

time ofler amountsef dersh dimeaihylodelbohats andcphdnbl oveswvlyTheat into
produced anmounts of di phenyl carbonate per hour after

the {780 chettirfuo ud BRulticstage aigtiRAfiBnhesiLammere! ddrd 48Justed so
4.03 ton, and 4.04 ton respectively, and the

as toSRIBALAIN tHeeabbe2eto AP ddifioheash@ hrRbBEnes ofahe starting
material 1 and the starting material 2, taking into consideration 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 phenot were

97%, 97%, and 97% respectively, and hence the operation was very

stable.
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25 97% 97% and 97% respectively, and hence the
operation was very stable. 82 (3) Step (IIl) of
obt ai ni ng hi gh-purity di phenyl carbonate This was
carried out using the same process as in Exanple 1.
The purity of diphenyl carbonate continuously

3) %i‘éb%@&%%‘%@bﬁQF%'S%M?&L?%%%#@% ®more than

b. Exanple 3: Ste ) of continugusly
05WRS Gerdenp bl dne Saeatiidtas r EsRmRienl-
continuous nulti-stage distillation cgolupm as_shown in.
The ppgty ot giphadtyl icarbodade cRtipdousbowithdrawn frqsg the side
11, no = 60, Do/ do, = 7.5, and Do/ d02 = 12 was
cut ausiet was not s Hnpn £9.8999%heang: hrenhadogen cantent ayas not
each having a cross-sectional area per hole in the
morestleae pppbi.on thereof of approximately 1.3 cn? and a
nunber of holes of approximately 15 220 to 340 / nR
were used. 3.773 Ton / hr of ethylene carbonate in a
[iquid formwas continuously introduced into the
Exarﬁhﬁé gklation colum fromthe inlet (3-a) provided at
the 55th stage fromthe bottom 3.736 Ton / hr of

e 0 m( LA %
(1) SfEp A 8 oty AR Rl EB8C ] FreBriste ¥ sthyjene
I thanol in a liquid form (containing 6.65 % by
gyc‘\)/veight of di nethyl carbonate) were respectively
continuqQusly introduced .into.fthe distillation cqlu
{ r frs RGN alis BB sfagRctBTURtAT GONNR S STEWE 195 16. 1
stage fromthe bottom The nolar ratio of the starting
havingtler + 23300 o+ Bdue &P0 Ab kaé Qi 3111, Ba Foh0cHouhfongs? -9,
met hanol / ethyl ene carbonate 25 = 8.73. The catal yst
and Bay dmde 12 vias tisedsankn tisi ex@nplel asitheainternals, 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.

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 dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by
weight of dimethyl carbonate) were respectively continuously introduced
into the distillation column from the inlets (3-b and 3-¢) 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

was continuously fed into the distillation column. Reactive distitiation
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was continuously fed into the distillation colum.
Reactive distillation 83 was carried out continuously
under conditions of a colum bottom tenperature of 98
C, a colum top pressure of approximately 1.118x105
Pa, and a reflux ratio of 0.42. It was possible to

was g&fﬁéa ﬁ?@&ﬁtlﬁhﬁ%@ e%‘ OBRY ﬂidr%‘o‘? % Eél@rﬁn Q8h?-

A I nNg p0|nt ac Ion mXture w rawn rom
temp&g%h@r"éiioﬁ@ﬁ béxéh%ﬂ a8 PRERSIRE Pk AP R RG] 18x10°

| ow b I ng point reaction m xture, which

Pa, @/&!\‘iacb‘?quw'%lﬁéﬂﬂ ‘f’gdravvn fromthe distillation

col um at 12. 32 ton / hr contained 4.764 ton / hr of

di Hewag| pessibipdeattainistatdsssteady stateoppepatianrafier 24

A liquid continuously withdrawn fromthe bottom of the
hoursol Wnowtb&liggepomt redoticomiatues witl/d@awofromhthetop of the

et hyl ene glycol, 1.17 ton / hr of methanol, and 4.6
columa in Argadeons deamewast tyd Wik usinganhtat exichangsrgnd thus

t he di nmethyl carbonate contained in the starting

turndtifto alliquige PREY UIBVWQﬁﬂhﬁ tQ%a@':*tm PMkture which

carbonate was 3.854 ton / hr, 15 excl udlng t he
was Shﬂi’m%'b‘;ﬁsg*%&% faa\"rﬂﬁ'ijtl‘\é‘ c% Qﬁllﬁﬂbﬂ' é’él‘\.\rﬁﬁl ’12'@32 ton / hr,
the actu pro uced anount of ethylene yco

g A RS RR ) o
VL i oSBT 1
operatlon was carrie out under these condi ti on

columpy at 3199 tapur BT condainasies? 18000 hbird etiwdereaycol, 1.17

hours, the actual produced anounts per hour were
ton /et methar®lsand: 46 kg. Bbn oftunreaniedetdmienercarbonate.

respectively for dimethyl carbonate, and 2.655 ton,
Excl2dibighthenimztfybchobonatel canmémddin thepsattingl maﬂerial, the

ethyl ene glycol, the 25 ethyl ene carbonate reaction
actualap reodu yed & rh 6 ape Ofi died ath39 Ao n29e 086 3.854 ton / hr, and
excluding the ethylene glycol contained in the catalyst solution, the
actual produced amount of ethylene glycol was 2.655 ton/ hr. The
ethylene carbonate conversion was 99.88%, the dimethyl carbonate
selectivity was not less than 99.99%, and the ethylene giycol 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 89.99%, 99.99%,

99.99%, and 99.99%, the dimethyl carbonate selectivities were
84
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99.99% and 99.99% the dinethyl carbonate
selectivities were 84 respectively not |less than
99.99% not less than 99.99% not |less than 99.99%
and not |ess than 99.99% and the ethylene glycol
selectivities were respectively not |ess than 99.99%

respfgliveff At 3%‘3@33@333%2‘{%' S’PF?“%%@@R??%?)E&%SS than

roduci ng .di car bonat e Reﬁct ve disti]

99.98%. %0 rm}t!e@ﬁd‘ré}an RO-981.ANAJ GoﬂHISﬂPBﬁsg'Y&Q ﬁ&'?ﬁ@‘"t'es

same apparatus as In Exanple 1 except that the

werechespe e liyonal l%ﬂraeﬂwmﬁ%a%éonoéé@ﬁs dhanh@O &% not less
trays in the second continuous nulti-stage

than @S 08% agndnnobless tizéd 2998 de to be 10
approximately 1.8 cnR2. A starting material |

(2) stept@romeontianelustpprodueiny!dishenghetebonat@ wei ght
rati o of phenol / dinmethyl carbonate = 1.7 was

' nR%%@fﬁ@dlé%ﬂlﬁt‘lﬁH%ééhdrﬂe% bUﬂWdi‘jé‘rOl'HE Pé!l&wfr\%\ﬁ’onditions

rate of 86 ton / fromthe upper Inlet 11 of

using {8 aPRAISU 3 In K RIRAR! RcB AP e i g
cros%r's%\%a":are%ﬁﬁéﬁiﬁepﬂ RAFR ot 315 ity 7l 4Bg Secone
contipgipys fiultrdiaga ALSTERUPNiaa U 20k WAR A4S Ls be

conti nuous mul tj-stage distillation colum 101. The
apprasimatelyt1.8 €BY.the starting materials introduced into

20 the first continuous multi-stage distillation

coAwstarting masedahdt bghtaioing epiwtreo |/ aptatioiethyl casbonate in

The starting materials substantially did not contain

a welghtogstic of phende/ tdivaetieyecarwonater=t 1 fowashintroduced
chromat ography, i.e. not nore than 1 ppb). Pb(OPh)2

conhﬂ%o@s‘??ﬁﬁ'é’ﬁbu‘i‘@ﬁform apauted Fdtendf BBetowP@ir frohethd Lipper
of the first continuous nulti-stage distillation

inlet ?gg&g%ﬁ?lr}gﬁlﬁﬂﬁm# r@%@lt?@f‘a@ﬁé‘%éﬁllﬂﬂoﬁh@éﬁﬂﬁn' foiheon
the other hand, a starting material 2 containing dimethyt 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 muliti-stage distillation celumn 101 was dimethyl
carbonate / phencl = 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
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approxi mately 150 ppm Reactive distillation was
carried out 85 continuously under conditions of a
tenperature at the bottomof the first continuous
mul ti-stage distillation colum 101 of 2200C, a
pressure at the top of the colum of 8x105 Pa and a

raf i . [ il i 13t .
contfrleithy g ek Bpodinfesidii sSMATRLPE atitfe; hERoRF ot the first
carbonate,. 5 phengl . .and so on was, conti sl
contifliois Mwiti-tane sistiliatio s shilimam 1GL of 220 diprassure at the
first colum, was passed throufggxthe_ heat exchanger
top ofghe aatimasoBxAGF Rim and & rafbyx ratie of 082 A s cpfumn low
fromthe outlet 16. On the other hand, a first colum
boilimg groibbireantjopomixtureace nt@inin  rue th ool dimetgyheanhonate,
phenyl carbonate, dinethyl carbonate, phenol, 10

phemdl@dradhslo oarkasasantinbeusht aiithsetraand is@ gaseasis form from the
continuously withdrawn in a liquid formfromthe

top t®bfeRelfrAfcdlomn, wals pakyen thioahhbine Reat@xcHatiger 14,

was attained after 24 hours. The first columm high

and R2ls WithdhaWi at SAAbWPatd & %rzetd\‘??gfrhﬁ‘éni b8 diRfet 16. On

continuously as Is 1nto the second conti nuous

Lti- g st | Qn . at ; . te
the diHeb g% Hsticashin, el BdiRg et rediotieh by
install ed between the Mel!lapgk apd the sieve trays.
cont&ftingimaftwt ehSrit 3rheRaterdinali cartaRa AT g
.. distillation colum 201 contained 16.0 %, bl}/ weli gvlat of )
diphgpyhgarbprata. e satalyst and 800nMAS waNgitueysly withdrawn in
] diijfhenyl carbonate. Reactive distillation was carried
a ligeigt faantfremoths pottomht? 20 thectiret eotmMAuous
mul ti-stage distillation colum 201 under conditions
of A statdersteadyr stale whe dtbained afteri24 dmiunsn ofh@ foGt
a pressure at the top of the columm of 2.5x104 Pa,

columndhiggh Bbiilixxg pa3in® rehctlof. mikturaswapoidiisbtiren dedtda@tinuously
stabl e steady state operation after 24 hours. A second

as isﬁi@ﬂé?{fﬂggﬁé\?@ﬁﬂ!émiﬁﬁbﬂé rh@ﬁ‘?—ts}'tﬁge'ﬂi)é‘till‘lra@id*ﬁéo!umn 201 at a
y withdrawn 25 fromthe top 23 of the
flow $EPBY FPISNT hitfidn?t tRECABTIAG MEReALPinIReI21 Wstalled
between the Mellapak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation column 201 contained 16.0 %
by weight of methyl phenyl 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
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poi nt reaction m xture containing 35.5 % by wei ght of
nmet hyl phenyl 86 carbonate and 59.5 % by wei ght of

di phenyl carbonate was continuously wthdrawn from
the bottom 27 of the second colum. The second columm
| ow boiling point reaction m xture was conti nuously

carbyfigte it B8RS o Wit it TR ierboRiEte yas ppuously
withjai e BRAorR b GTibe Peent Gieiflbug The e sScond

multi-stage distillation colum 101 were adjuste

columg taw haifngi poideassian FHnHoS waﬁngoahauah@uhtfgddnto the
the starting material 1 and the starting material 2,

first caktingdus mwbinsiags distitatios calonpodidli therarbeambeid1. At
of the second colum | ow boiling point reaction 10

this timd,whe ahiowals dHtredsH Haheting pardsbesid andyshenbdl newiy fed
di phenyl carbonate per hour was 7.28 ton. The

into ffd €G5t cohtinfudud hfulti- distl Heoaisylaned 0 0wdracadjusted
phenol reacted was 98% Prol onged conti nuous operation

so a¥dd rﬁ%‘iﬁfaﬁﬁéﬂ% aHBQSrcdnﬁgﬁéiti&ﬁé“H d @f¥o ﬁfkeopgﬁ’g%‘iﬁﬂtmg

amount s phenyl carbonate per our after
o i W T HRHAC R S e,
compaSir EotgP%mr i tﬁ@nﬁ%%ﬁenﬁwwﬁw e —
st abl e. Step (I11) of obtalnlng hlgh ur|t
mixtiiesheHyy §af|°d’cﬂfgf erire dig e dearma u Q) '%él ¢aponate

same process as in Exa le 1. The purity of di phenyl
per haubwast é. 2bhennudre y,sammttwfnrﬂherﬂmﬂn@rmlcc@rb@urtate based

outlet was not |ess than 99.999% and the hal ogen
on tlheophemolweacted wasrd8%han 1 ppb. 25 Industri al

Applicability It has been discovered that by

I "PrereTded ey @S eeration was carried out under these
conditions. The produced amounts of diphenyl carbonate per hour after
500 hours, 1000 hours, and 2000 hours were 7.28 ton, 7.29 ton, and 7.29
ton respectively, and the selectivities based on the reacted phenol were
08%, 98%, and 98% respectively, and hence the operation was very
stable.
(3) Step (lll) of obtaining high-purity dipheny! 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
87
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87 according to the present invention, a high-purity
di aryl carbonate required for producing a

hi gh-qual ity hi gh-perfornmance aronmatic pol ycarbonate
can be produced on an industrial scale of not |ess
than 1 ton / hr fromthe cyclic carbonate and the

accogﬂm@{d ?hgnp[}%%q{t%}éeﬁtﬁ%gﬁé)ﬂ uglh iR lgpﬁfafryl ctargﬁﬁal?sen

vere uch~a car ponat e

ro uced stably rol on erlod of
requsBd for hrafitiifias nigh auslin nidisEe8soRREe %&Oéraﬁ'gbl y
not | ess than 3000 hours, nore preferably not ?s
polygarbenaieocan hies pragucedcar @n |nisinalscalgal peblesdhan 1
a process that achieves excellent effects as an
ton /ihrdirem ithe cyelisr eaanate andethe agomaton menehgdroxy
hi gh-purity diaryl carbonate. 88 CLAIMS W claim 1.
compounadudMoredver, ot bas heentdiscpvedeadtthab safchaa high-purity
hi gh-purity diaryl carbonate in which a high-purity
diaryicarpbneds enfbe prodadéd nstabsy Yor a proldunesstl periodiof time of,
cyclic carbonate and an aromati ¢ nonohydr oxy conpound,

for ekaﬁqdﬂbomaegemwrﬁzooot R6upd eﬁfef%?ab()’ ho?@@éé QHSHS:‘WOO

produci ng a di al kyl carbonate and a di'ol through a
hour%eﬁﬁﬂe" ré’fe‘?‘%by ?lto‘tqas@‘cgta?\”%@f)o @wuov&'ey f t”ﬂwentton
|c carbonate an"a nonoh

thus BsBilHes 5 bfo o Coﬂ%| | H8HT VRS te'xgseﬁ)@%@ q?fl?e% %’%ﬁ’ﬁ&"@ﬁ?"‘a‘
procss §iih the sHOAMREY §F AherioRiPHETS AIREY Saita tatenoi nt

reaction m xture containing a produced di al kyl
carbonate from an upper portion of the colum in a
gaseous form and continuously w thdrawi ng a high
boi ling point reaction m xture containing 15 the diol
froma lower portion of the colum in a liquid form
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(1'l') continuously producing a diaryl carbonate by
taking said dial kyl carbonate and an aromatic
nonohydr oxy conpound as a starting material,
continuously feeding the starting material into a
first continuous nulti-stage distillation colum in
which a catalyst is presesjtay arrying out 20 reaction
and distillation S|nultaneous y in said first col um,
We 9 inuously withdrawing a first columm | ow boiling
————§§¥ﬁﬁ reaction m xture containing a produced al coho
froman pp grtion of s i rst [ . .
gadeous ARoindUstHal Pagassyto heup A el an it %ﬁ“@Br%HﬁtY
hi gh b0|I|ng poi nt reaction n1xture cont ai ni ng
diaryhceabes@talirywhighyp Rigtoensity diasyh earkarateby 996&*”'@3'3'3/
of said first colum in a liquid form continuously
prodaeedifrgnsai ciydlic sarbohaten anidyhnbaidmatj cpmiomo hrystroiiyon
m xture into a second continuous 89 multi-stage
compbwhd] the iprocessusompnisihgtheasteisbfst is present,
carrying out reaction and distillation sinultaneously

I n(:5aidhtﬁwsdlycewuwngcarummw@énbdmdtbdéﬁw #didl through a
second colum ['ow boiling point” reaction mxture

reacﬁ@é‘td”}bﬂllggo@ Qgg%qgecﬁ b atik bu%ﬂf ?Qéafl'gqsiﬁé”@@:c“@é’ﬁfonate

portion o econd CO um 1 n a gaseous form

and §RHISHRAE rabRIHRraRR RIS %ngﬁﬁb%c%ﬂ“a?% ¢

rbonate fr a |l r on, of sa econd, co .
distil %'%n e TouRvRiSh DeatIEL it pyosenks canvitd alifapction
um_ | ow boiling point reactjon mxture contai nhgg .
and @Wé"lﬁtbﬂn(ﬂmé'étr%'tﬁ%?éh'Ht%a'ldhﬁommﬁt cogtinuQibtly wighdrawing
multi-stage distillation colum; and (Iémg purifyi

a lovs hoilinig Axajint ceabtinat mixturescontaibing & p W@Mbalk)ﬁ
di aryl carbonate; wherein: (a) said continuous
carbombte fictrageEn dippter partiom ofdhencolonndnpa igeeseaus 16rm, and
structure having a cylindrical trunk portion having a
contiheaishy WitkhérAawiiyl a high boiling point reaction mixture containing
the diol from a lower portion of the column in a liquid form;

(I1) continuously producing a diaryl carbonate by taking said
dialkyl carbonate and an aromatic monohydroxy compound as a starting
material, continuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said first column, continuously
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, continuousiy withdrawing a first column high boiling point reaction

mixture containing a produced alkyl aryl carbonate from a lower portion

of said first column in a liquid form, continuously feeding said first

column high boiling point reaction mixture into a second continuous
89
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an inside diameter Do (cm and having an interna
havi ng nunber of stages no thereinside, and conprises
a gas outlet having an inside dianeter do, (cm at a
top of the colum or in the upper portion of the
colum near to the top, a liquid outlet having an

mutSEHGE RATEIED Glirt S i ikt lbradint i ou

hott o t,.] east one first | et pr vi de he upper
reac{igh ah Gafon Smulinasaysty o s sarand &Rﬁq B ow

the gas outlet, and at |east one second inle
contlpu@\nsd)édwthdfawmﬁ adsecond tGYH MM dewr beHing @ﬂérrlt reaction

portion of the colum above the liquid outlet,
mixtuwieecentaining Ropredutedodiabivyl Carbonkig, frame arsupper prartion of

respectively satisfy the following fornmulae (1) to

said 6econd2d®mhln_8YHsddys foffl, LodhtmUusly RAAAraRing a
4< Lo/ Do<40 (3), 10<_no<120 (4), 3Do/do,S20 (5), and

secoﬁd%&ldmn/meﬁebénﬁ@ Blnt féactfi@n hitupé conthiningua produced
mul ti -stage distillation colum corrprl Ses a structure

dlaryh%:%rﬁﬁrq%téw%ﬁndé'I%@Jec{t ﬁHH*ﬁoR‘H%%Bﬂ?&Y&gﬂg Ihﬁmﬁﬁ‘ dHiquid

an 1 nsi anet er avi ng an

form, Shef ?@%@”%593!5“@%??&‘5 o o ¢l TREC I Kiflin g int

at a he ¢ n,the, u ere: 1 rtiqn

reaciion Btude shntaing e iRk 3athondst e SREci A At ipuous

an inside diameter d12 (cn) at a bottomof the colum
m““'oﬁﬁgﬁ ghdilfatien sRJHMBNaBe the col umm near to the

bottom at |Ileast one third inlet provided in the

upl&h) pariting said/ daryl sadbopapyso aa toopbtaie the high-purity

bel ow the gas outlet, and at | east one fourth inlet
diaryprcarbdedtds in t he m ddl e portion and/or the | ower

portion of the columm above the

wherein:

(a) said continuous multi-stage distillation column Ty comprises a
structure having a cylindrical trunk portion having a length Ly (¢cm) and
an inside diameter Dy (cm) and having an internal having number of
stages ngy thereinside, and comprises a gas outlet having an inside
diameter dg4 {(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 do2 {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
middie 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 ligquid outlet, wherein Lo, Do, Lo / Dg, no, Do / do4, and

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

2100 < Lo < 8000 (1),
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liquid outlet, wherein L4, D1, Li / D, nl1, D, / dl1,
and DI / dl12 respectively satisfy the follow ng
formulae (7) to (12), 1500 < L, < 8000 (7), 100 <_
DL < 2000 (8, 202 < L, / D, < 40 (9, 20 < ni
< 120 (10), 5 D1 / di1 30 (11), and 3Di/d1220 (12);
c) said C fAuous nulti-stage |st|IIat|on
ol umn 253808y §2608 nd

colum 2 structure havi ng "cylindrical

trunk port| c’h V|n a length L2 (cm,and an inside
di anet er4 (t(ﬂ n@ 8 havi ng an inter 'with 91

nunber of stages n2 there|n3|de and conprises a gas
out | et hé\Ql-ﬁ@Oaﬁ Zthsi de diameter d21 ((‘Hn) at a top of
the columm or in the upper portion of the columm near
to the t8ps Db [ dquisd2@ut | et havi ng an (Ssiaims di anet er
d22 (cn) at a bottomof the colum or in the | owner
portion Bf<ihe/ dght wB0near 5 to the bo@)pm at | east
one fifth inlet provided in the upper portion and/or

a (BYghri piest continuduremuetivstadeedfstildtogaolamn ebmprises
and at | east one sixth inlet provided in the central

a strﬁefdﬁeoﬁaﬂmﬁ gr c?lhﬁdh@%%nﬁﬂ{ Eb@ﬂoﬁfhé\lﬂl@lg Q%Hgﬁ‘h Qhoglcﬁn) and

|qU| wherein L

an m%gc? e(t%) g@%%g%?ﬁegta%r%%rﬁﬁﬁg%él %@bh?ﬂ?&f B9 stages
ny théggm% %n@oggg\(gfﬁ%% <_a§gﬁg§ﬁggﬁ inslds-di3meter dqq

22< . .
(cm) at—a 68 of rhseocs)JfL?l)nn or in the upper portion of the column near to

the top, a liquid outlet 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 L4, D4, Ly / D4y, ny, Dy / dq4, and D4 / d42 respectively

satisfy the following formulae (7) to (12),

1500 < L4 < 8000 (7,

100 < D4 £ 2000 (8),
2<L4/Dy<40 (9),
20<n £120 (10),
5<Dq/dy <30 (11), and
3<D¢/dy2<20 (12);

(c) said second continuous multi-stage distiliation column
comprises a structure having a cylindrical trunk portion having a length

L2 (cm) and an inside diameter D, (cm), and having an internal with
91
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2. The process according to Caim1l, wherein not |ess
than 1 ton / hr of the high-purity diaryl carbonate
is produced. 20 3. The process according to Caim1 or
2, wherein said do, and said dO2 for said continuous
mul ti-stage distillation colum To used in the step
i £ i ( . ;
num%r) o?%ﬁéééé ’*g?@‘oér i ida, (@il cﬁ?ﬁﬂn%g%%g%s(%g%lgt ?[',?a"_vlﬂg an

e proc Ing to any one o al s

insialfiathtterdss (Sn)a8 4,190 0 Hhe EBulmfies i e kPt Plrtion of

the 058@%&{ Igsefg¥ Eé%ﬁ%p‘hvgg%/qlé Otguli%!' Ba%ggg %P{isinzsqgeSdi%omgter dz2
Do/ do, <_15, and75Do/ d02 25. 5 5. The process accordi n%

(cm)iad abptine of the solwmn o6 in theHewsmportion f theycplysph near
no, Do / do,, and Do / dO02 for said continuous

to thenhattom, ateleasitsane ffifth onet gironidaw isdhies@pper portion and/or
respectively 2500 <_ Lo 5 5000, 210 5 Do 5 800, 75 Lo

a middlBopert?dn ofdthe colurhfheloiv foe/ghs outletamanddabDbeast one
/ doe< 20. 10 6. The process according to any one of

sixthGhdeBrdvideddSin YW ceintralsgd fie® Rind/seUheoMar pbagen of the
distillation colum To is a distillation colum

colurﬁl,ﬁVéIS‘Své thbaﬁ’%@iféﬂéﬂﬂei‘, %g?bﬂg L3S A, | Bf,em32ID, 1d,{, and
he process according to aim o, ereinsaid
02 1 GEHSHEIva o6} RS ptahb ALt Aueel ), B i,
idint I, 8. di Caimb6
7 her of AO0z s BOAE °20 sa d cont s
mul ti-stage distillation colum To is a Sieve tray

havi ng al0Qiely ﬁ(?rQQQ)n and a dommconér”g)orti on.

2<L;/Dy<40 (15),
10 £ np < 80 (16),
2<Dy/d;y 15 (17), and
5SDQIC|22$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 dg4
and said dg; for said continuous multi-stage distillation column T, used in
the step (1) satisfy the formula (19)

1<dp1/dg255 (19).

4. The process accord‘ing to any one of Claims 1 to 3, wherein

Lo, Do, Lo / Do, no, Do / dg1, and Dg / dg2 for said continuous multi-stage
92
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9. The process according to Caim8, wherein said
sieve tray in said continuous nulti-stage
distillation colum To has 100 to 1000 25 holes / n?
in said sieve portion thereof. 93 10. The process
according to Claim8 or 9, wherein a cross-sectiona

s S T Yo PPN 2400 11 S92 <o
100c 2% Bl 360, 08 B A5G TS I BB s

said sieve tray in said continuous nultl-stage
25. distillation columm To is in a range of froml1l.5 to
15% 12. The process according to any one of Clains |
to 11, 10 wherein said dl1 and said d12 for said
first continuous nulti-stage distillation columm used
i N5t he sThp grdoessaacesbdinigetd ainlyoon e ff Claimsa 1(z0}, wherein
and said d21 and said d22 for said second continuous
Lo, DguLbLi/-Bb 208, Ddi/sdiq, leaid @y Ldbyfor saddl comtiruoss epulti-slage
satisfy the followwng fornmula (21); 1 < d12/dl1l< 5
distillzAfbn %m'umlvﬁ& s’iatiﬂs%g Kesfb%?ctﬁm? 4230 < L3 < EbemropessD, <

accor ing to any on Claims 1 to 12, wherein L1,

800, 71< Il 1 DoX2di 140 A éérssf‘ DI} dd,ﬁdé%sf Undd 4 %?%02 <

cont inuc col’unm use
20 the step (I11) satisfy respectively 20
* 2000 L, < 6000, 150<_D1< 1000, 3<_Li /D
< 30, 30< n,5100,8s D, / di11l < 25, and 5 < D, / d12
< 18, and L2, D2, L2 / D2, n2, D2/ d21, and D2 /
d22 for said second continuous nulti-s
di&til | al herPr@sassagseEding 1 AEYsPRE qﬂ‘g Jaigs i1stq, 5. wherein
respectively 2000 <_ L2 5 6000, 150 < D2 5 1000, 3
said contipuols, nBHtingtagsndistibaiie o xpdumm Jnds7z disfillatienceolumn

25 14. The process according to any one of Clains 1 to
haviniBa tray and/or a packing as said internal.

7. The process according to Claim 6, wherein said continuous
multi-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
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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94 wherein L1, D, L1/ D, ni, D, / d,1, and D, / d12
for said first continuous nulti-stage distillation
colum satisfy respectively 2500 <_ Li <_ 5000, 200

< D15800, 55Li / D115, 40<_n, < 90,

O< D /dll< _25,and7< D/ di12 <_ 15, and L2, D2, L2 /

N2, $Re/ %ssaggc% ﬁzdlg[msé"o‘? @e\%ﬂ%‘i‘e

con [ nuous I t1-stage col umn sat I'S

respecti 2500 5,L2 OOO 200 5. D2 <
oros $EFE) o Brba’B8 pos o %@% Sy, Sa g7 QTW%S
/ d22520, 15 The progess .according fg any_aqne %
mult'éta.gﬁs istiiaton codubinerei s iB:a faggesef framia to 5 om?.
continuous multi-stage distillation colum and said
second continuous multi-stage distillation colum is a
distillation colum having a tray and/or a packing as
salt. i nt'Enhegirockds dbeoptingets aaycondiofgClain® &i to 19,
wherein said first 15 continuous multi-stage
wherdirsainl 4périvreadtioTdfishid seebarayin shigt cbhtihuons
columm having the tray as said internal, and said
multlsﬁ‘é@%ddrs‘%mét%%lumﬂ friy-i8tiAcs rﬂhgbl bt BN BLIABY% S
di'stillation colum having both“the packing and the
trays as said internal. 20 17. The process accordi ng
to daim1l5 or 16, wherein each of said trays in said

B CoRbRBRR e R A AR
W%Mﬁ%%MMQ%mw

m 17, wherein each of sieve trays in
distllkatm codwmmusead imihe s&mébl)cﬁaﬂsfmtm e mgnﬁoaﬁula (20),
95 said second continuous multi-stage distillation
and saiduthn and said dp froosaidneeesnd eenfinuedisdnsitévaiage
portion. 19. The process according to Caim1l7 or 18,
distillaioreicolamn used in the step (11) satisfy the following formula (21);

1<dy2/dy1 <5 (20) and
1<dy/d2<6 (21).
13. The process according to any one of Claims 1 to 12,

wherein L4, D41, L1/ Dy, ny, D4/ dyy, and D, / d4; for said first continuous
multi-stage distillation column used in the step (l}) satisfy respectively
2000 <L, <6000, 150 <Dy <1000,3<L4/Dy<30,30<n;<100,8¢<
D4 /dyy <25, and 5 <Dy /dq2 <18, and Ly, D2, L2/ Dp, nz, D2 / d2q, and
Dz / d22 for said second continucus multi-stage distillation column used in
the step (1) satisfy respectively 2000 < L, < 6000, 150 < D, £ 1000, 3 <

Lo/ D><30,15<n2<60,25<D,/d31<12, and 7 <D,/ dj; < 25.

14. The process according to any one of Claims 1 to 13,
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5 cross-sectional area per hole of each of said sieve
trays in said first continuous nulti-stage
distillation colum and said second conti nuous

mul ti-stage distillation colum is in a range of from
0.5 to 5 cnR. 20. The process according to Caim15 or

wheré%{.}ﬂq étw"'grf?d;jtﬂ%n? Efefjg?glér?@tqgr fgglséllgsﬂrgg?:ontmuous
multir e GG RISt EAIHE B2y oTh Iagefcgwsh's‘? %doo”' ongﬁéo 200

columm. 21. The process according to any one of
< Dy £5899, 20 |-11’5[)Wh%r1é @& 815280 AQ sfDsdidi1ineds r?eﬂd |7nS Dy /

sai d second continuous nulti-stage distillation
d1z <cbhuandils;,ddg, by /D pl ng,aDp t/ydaf et Dof dss fercsaidkdecond
packi ngs. 22. The process according to Caim 21,

continheusi mustistagio dixtiiraion 20 1pankisatisfy respedtivety 2500 < L <
continuous multi-stage distillation colum are of at

5000/ wﬂsqn;dscg $ekac e,f £0or8 1 P QYngup 5008 ksDh THAT< 10,
Mel 1 apak, “Genpak, Techno pack Fl exi pac, a Sul zer

Gapdrol I packing, and ditschgrid. 25 23.
and él)'%cbﬁrocgss according to any of Clains 1 to 22,

wherein the diaryl carbonate purification step (ren)
is carried out by distillation. 96 24. A high-purity

y) carbonate produced. in _an _anmount not .l gs
(R Ehe B AEHS R uAReBSHY of é'%‘(%%ésg" s,

accord| ng to any one of Cains 1 to
whergiyraghy of gaid :Wﬂ contiuS ”&'é'éb%ﬁ% %Ndﬁapm %'umn and

whi ch has a hal ogen content of not nore than 0.1
said ggcomdeconijnupusi myldistage distitatior cadeoring qh(st;i!atlon

G aim 25, 10 which has a hal ogen content of not nore
co!umhaha\zjngpb.tray and/or a packing as said internal.

16. The process according to Claim 15, wherein said first
continuous multi-stage distillation column is a plate type distillation
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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97

said second continuous multi-stage distillation column has 100 to 1000

holes / m? in said sieve portion.

19. The process according to Claim 17 or 18, wherein a
cross-sectional area per hole of each of said sieve trays in said first
continuous muiti-stage distillation column and said second continuous

mutti-stage distillation column is in a range of from 0.5 to 5 cm®.

20, The process according to Claim 15 or 16, wherein said
second continuous multi-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 distitllation column are 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 Claims 1 to 22, wherein

the diaryl carbonate purification step (lll) is carried out by distillation.
96
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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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