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PROCESS FOR PRODUCI NG HI GH PURI TY DI PHENYL CARBONATE
ON | NDUSTRI AL SCALE Technical Field 5 The present
invention relates to an industrial process for the
production of a high-purity di phenyl carbonate. More
particularly, the present invention relates to a
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hi gh- perf ormance aromati ¢ pol ycarbonate. Background

Art In order to produce an aronatic polycarbonate on

an industrial scale through transesterification, a
TechRigH-pigldt y di phenyl carbonate nust 15 be procured in

a large anount on an industrial scale. Aromatic
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di phenyl carbonate. As a process for producing the

carbtsjr'\ﬂ;eegﬁlgs PoRaE %[;c n)P%’FSS rcﬂBnge%agBh'&@ 8f 'Pi?ﬁé‘cﬂn an

e has known™ from®l on

s n ubj e rie
mdusﬁ&a@ E\jga ity Mo saibbcdt r‘sﬁ%ﬁeﬁf@a em
hos 25 addltlo hl ori
prod{in: piel-dHantaiohrpeftetmancs sepmailes PolYCatonate.
present in the di phenyl carbonate produced using this
process, and 1 hence the di phenyl carbonate cannot be

used as a starting material for the production of an
BackgroundiArtpol ycar bonate as is. The reason for this

In order to produce an aromatic polycarbonate on an industrial
scale through transesterification, a high-purity diphenyl carbonate must
be procured in a large amount on an industrial scale. Aromatic
dihydroxy compounds such as high-purity bisphenol A are
mass-produced industriaily, and can easily be procured, but a
high-purity diphenyl carbonate cannot be procured in a large amount
on an industrial scale. It is thus necessary to produce the high-purity
diphenyl carbonate.

As a process for producing the diphenyl carbonate, a process of
reacting a phenol with phosgene has been known from loeng 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 diphenyl carbonate produced using this process, and
1
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Is that such chlorinated inpurities markedly inhibit
the polynerization reaction in the
transesterification nmethod for producing the aromatic
5 polycarbonate which is carried out in the presence
of an extrenely small anmount of a basic catal yst; for

voncH ARV AfRgHE, PARFY'S i RS 4O o

dl eeds a ke the di.phenyl carbon
the pcrgﬁ'gd@p P AR natisp el G ATD AP dSmrite ERASPRLOT this
ransesterification nethod 10 aromatic Pol ycar bonat e,
is that sHshtlosiRated Mpyritigs maskesly sahibit tae ipalymarigation
process involving thorough washing with a dilute
reactiqnaouthe tlansdsterifisiaiidromethw héer peeducing the agreatic
separation, distillation and so on is thus required.
polycFamtIdrmtmowh,ich lie cgreiledt datiedhespreseriae ofiyelr exyisimely
|l oss and distillation | oss during this separation /

smalPdmb i AROF ANbadidcatslyst; fdrceranisel Rvenminyush @pllermated
in carrying out this process economcally on an
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produci ng aromati c carbonates roug
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Oonat e an an aromatil ¢ non Oxy Conpoun
being yithd BRchia ?%ﬁ\"%aﬁﬁ%?%'zﬁfnéﬁtggﬁg%@ fik£bhMethod
u|I| riumis biased trenmely d the origj nal
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have been many difficulties in produc:| n% aromatic
purificatisyn #resesadnyeiviag thareugdy wasdrisgnvidhua idiliteyeauequs
process. 25 Several proposals have been nade to
alkalimgsoletion amd hdtowatenidil ¥ ovdtereseparatiomsdistillaties and
have rel ated to devel opnment of a catalyst 2 to
so onnsthaserdqubregactfurthesnere Ming yirelddecoeasesdudave

been proposed as catalysts for this type of
hydroly@1s 658 drid eadtivatibRa6EsMuring this separation / purification
process. There are thus many problems in carrying out this process
economically on an industrial scale.

On the other hand, a process for producing aromatic carbonates
through transesterification reactions between a dialkyl carbonate and
an aromatic monohydroxy compound is also known. However, such
transesterification reactions are all equilibrium reactions. The
equilibrium is biased extremely toward the original system and the
reaction rate is slow, and hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such
a process.

Several proposals have been made to improve on the above

difficulties, but most of these have related to development of a catalyst
2
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However, the problem of the di sadvant ageous

equi | i brium cannot be resolved nerely by devel oping a
catal yst, and hence there are very 5 many issues to be
resol ved including the reaction systemin order to
provide a process for industrial production aimng for

to in§fess éé*‘ig“fééc?mf@fét OBy kel Bt BpERAT AV een
propaggg.#’rg'a?%ly&?% thike HYE A e ¥ SHEN RSl Tedksion.

. For exanpl e, 10 for the reaction. between
HOW@V%ttnﬁ PEQRlson ffethendispbyant tagEadis e ARIIDHUER cannot be
proposed a nethod in which nethanol produced as a
reso meredy by dedekpingea astalyst, @mbgeopﬁ thsyet aeg very
W th an azeotrope-form ng agent (see Patent Docunent
many issapatedre Pesteohted\pptliudin g dhela abt@oesysbem Bvondgs o
(corresponding to West Cerman Patent Application 15
providd 8-pirdedfor dfdifstrial produtidinbningdor A¥a9Y prpduction.

and a nethod in which the nethanol produced as a

byAE’Fé?ﬁHPé hia¥e' 8153 88eRYmRid o delG86 ke aBtiOnasystem so
nol ecul ar sieve (see Patent Docunent 2: Japanese

6
as to éﬁ?é@%%ﬁ%ﬁt@ﬂab%*ﬂdqqfé'ﬁ?@ﬁbé%%ﬁ%% S TR RS
h | b
possﬁgg‘; 1R A0S Ryl BrBR Stﬁdsﬁ?eéﬂaﬁ% ﬁE*dp S8 fempte,
) t | cohol
for t1i raRgHaR bEIVERE cﬁga%f?w%%qcr 0?@4% 5 Bt ?‘F%ﬁ% haye
reacti on m xt ure, sane unr eact
beenspraRe R Eamethad tméﬁhlébdﬁemﬁegl pf,og%aﬁaa?e@ Bﬁpw’uct
distillation (see Patent Docunent 3: Japanese Patent
is distpiped cxff byna26otraipy- Ogethes. wib-ar 3zt (epefospingi agent

to U S. Patent No. 4182726)). 3 However, these
(see FestentdDosy Aiems1 aUapba:EiseanyelbaApblmmicmrLaid-Open No.

swi tchover system This is because there is a
54-48 782t @0 rpds ponlfYy t¥ONest German Patent Application
Laid-Open No. 736063, and U.S. Patent No. 4252737)), and a method
in which the methanol produced as a by-product is removed by being
adsorbed onto a molecular sieve (see Patent Document 2: Japanese
Patent Application Laid-Open No. 58-185536 (corresponding to U.S.
Patent No. 410464)). Moreover, a method has also been proposed in
which, using an apparatus in which a distillation column is provided on
top of a reactor, an alcohol produced as a by-product in the reaction is
separated off from 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.

41827286)).
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the reaction rate can be inproved through catal yst

devel opnent for such a transesterification reaction,

and hence the reaction rate is still 5 slow, and thus

it has been thought that a batch systemis preferable
a continuous system O these, a continuous

Igltorvf%élagﬁeg%afﬁﬁ]&foﬁ E%B% tﬁﬂdﬁc%ﬁ&%t@h C)fstem or

been proposed _as ,a continuous .sys but th
SW'tei}oev S uuA 'asbff%ae%iﬁw%ﬁs gt & B much
d_the as-liquid 10 interface in the reactor beln
the f§ﬁﬁF'I0“b edcah RheMpsPuad through ¢at@iyst devel %mﬁmgor

not possible to make the conversion high. Accordingly,
suchia transestefrifiaation seactiann ant hesicectherepetoncratg isnstill

aromati c carbonate continuously in |arge anounts
slowshaall thusoit lkapbaemteouget tlat afbaichespgtemdansrederable to

above nethods, and many issues remain to be resolved

a coﬂﬁnb@ﬁgrﬂﬁéﬂﬂomadhdwUétcblrﬂlnuom’s etieraditank rexctor
possi bl e. The present inventors have devel oped

(CSYF@?Q&E%QWH:&W%‘ a1stil RN ED 1LY pPovidEY 8n top of a

transSesterification reaction i s carrled out 1n a

reacfsi)ﬁnﬁ ?aneou?ﬂbbbsgﬁaé’ adbéﬁ Hu% ¥ st | rput there are

separa ation,
ave be

n n the mnrld to 20
probl3E 7 ab Pl gk ale HEEbCh oty ndlBE 9854 fﬂ@%'ch
transesterification regaction, for exa
interface i1 JRe dieqater 2eing smaHRASed Ahike v Wﬁm lethe liquid.
carbonate and an aromatic hydroxy conpound
It is Yuik neddessjblete imake theusenversige Rigd i |A§pp6wngly. it is
colum, and reaction is carried out continuously
difficulstalattdie thel objedtrofwpradu cingaanl aretmatic 2anhorsdet |
whil e continuously withdrawi ng by distillation a | ow
contipRidugty inpargé amoponestabbnfcr aiprlangebcedrbd of time by
produced as a by-product, and 4 continuously

mean$ ‘ONh%V\bBGVé rﬁ@ﬂﬁ’@@@nhn@%@hﬁl%@ Pép@isae 18é kekolved
aryl carbonate froma | ower portion of the colum
befofke 8tohdntidal PRAULERMI plementation is possible.

The present inventors have developed reactive distillation
methods in which such a transesterification reaction is carried out in a
continuous multi-stage distillation column simultaneously with
separation by distillation, and have been the first in the world to
disclose that such a reactive distillation system is useful for such a
transesterification reaction, for example a reactive distillation method
in which a dialkyl carbonate and an aromatic hydroxy compound are
continuously fed into a multi-stage distillation column, and reaction is
carried out continuously inside the column in which a catalyst is

present, while continuously withdrawing by distillation a iow boiling

point component containing an alcohol produced as a by-product, and
4
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Japanese Patent Application Laid-Open No. 3-291257), a
reactive distillation nmethod in which an al kyl aryl
carbonate is continuously fed 5 into a multi-stage
distillation colum, and reaction is carried out
continuously inside the colum in which a catalyst is
present, while .continuous Wt hdr.aw n

contiBuatiy wifliirswing oo mAnpan honEIRNA & Brodused alkpary!
a di al kyl carbonate produced as )

carbepate HisBlA Jower mariamgr éhe&ﬁiamﬂsgerﬁaﬁ%ﬂtnéogume"t 4
produced diaryl 10 carbonate froma | ower portion of

JapangsecBatemt Appdicaiiomiaib@pentNe: 3-38p3Rd3e amaagiive
Application Laid-Open No. 4-9358), a reactive

distilthtsdm Irethaod inavhich an aﬂkiytlaryheaebmaab& imeondiniously fed
carried out using two continuous nulti-stage

into girflitidstagerdieoliaeidh canimherarl fedetonlis carhahatg is
produced continuously while efficiently recycling a

contlﬁ'ufiyd@ﬂl iASidFRIRe VG MW wAaehas &t?%ﬂlﬁ@db‘ﬁsdﬁe@vhne

Pat ent” Docunent 6: Japanese Pat ent lication

<=°nt'éﬁlloﬂupiﬁ%ﬂm%\é‘”rﬁ%W&eﬁﬁ%‘ﬁ%ﬁ%@ b Pt s HBahont
5210268 a h whi ch
contglhid 4 il GalabBat #' b&”aﬁ%gﬁ %ﬂﬂ%und
) like are 20 conti nuousl Lnto a .age
contigugy HBArLGInGHA crampoaqutq%?afq'nmg 2 PRl 9\#'693/'
through the colum is withdrawn froma side ou t
carbgnatg gr@m alowgrinnrionef dhe calagen &ﬁae/Pete%t Bocument 5:
| oner nost stage of the distillation colum, and is
JapaneseoBatent Appdicaticratadd-QpeniNed 40985Bd,eatl1&active
distillation colum so as to bring about reaction, and

distilistié henetimdd odugkit 2 th ése keactivnsoagh carrdiedcotbtusimg two
inI et provi ded at a stage above the stage where the

conSEAR LRSI BRUISOTROILRR] AR Tosesia st
carbfﬁéﬁi‘ ?ﬁ&ﬁbﬁﬁﬁﬁl_g%sgg%e@%ﬁ?wf?é @ticiRlyY F8EY&Ing a dialkyl
carbonate produced as a by-product (see Patent Document 6:
Japanese Patent Application Laid-Open No. 4-211038 (corresponding
to WO 91/09832, European Patent No. 0461274, and U.S. Patent No.
5210268)), and a reactive distillation method in which a dialkyl
carbonate and an aromatic hydroxy compound or the like are
continuously fed into a multi-stage distillation column, and a liquid that
flows down through the column is withdrawn from a side outlet provided
at an intermediate stage and / or a lowermost stage of the distillation
column, and is introduced into a reactor provided outside the
distillation 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
b
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These reactive distillation nethods proposed by the
present inventors are the first to enable aromatic
carbonates to be produced 5 continuously and
efficiently, and processes in which a diary) carbonate
is produced from a dial kyl carbonate using two

roacfiYBARYFN AR EBymlL AL KU SRR FRse

e, [for.ex e, Patent t. 8: Japanese Patent
PatEﬁEE\HRﬁ&ﬂtmﬂ E—?‘Q:%@H NG: 4gﬁ%%’%?%@'(correspondi ng to
10_Eur opean Patent No. 0582931, and U. S. Patent No.
53Zhese)reastive distibetiaarmethodsppeaseshbynthe present
Application Laid-Open No. 6-184058 (corresponding to
inveritars prantiafieat tolenaigs2aonaticdcas®natgsetn bRoproduced
5344954), Patent Docunent 10: Japanese Patent
contifolusinta mh effieiehtieandipro8e486s6n Whiehnta danylearbonate
11: Japanese Patent 15 Application Laid-Cpen No.

is pr@db88dSroftphedialbpceartindid udrpiwaccofBhadus multi-stage
Application Laid-Qpen No. 9-176094, Patent Docunent

disti|@5%ﬁglgﬂg§§§e@wwsﬁeva%k%&&ed’ﬁb%t b&8n

cument 14: Japanese Patent

proptrg‘gghit?\%trlagﬁelr?’(iq%'et%'? éﬁmg?ﬂ%%gﬁéﬁ?@oc@ﬁeﬁ?@n Japanese

active distiflation sys e present applicdnts
have further proposed,, a t t
Pateff fan)IHar hAHEBpEn oy msiarazy ol Bsphting o ao y
for a_prol onged period of fj | thout —a_l ar t
Eurogean Batent do. %Q%q@imfeh’f%avﬁrﬁetﬂ%d\wn5@%4%?33%”*%*
boi ling point materi al containin8¥q cat al yst conponent
Document&tlapanese PatentfnpheadandiaidcOrat N br 184058
separated off, and the catal yst conponent is recycled

(correspen@ingrio Bocopean RateMONS7/0582%30 s5andodr 8s Patantdio.
to European Patent No. 0855384, and U. S. Patent No.

534435422 Fratent dddcant@ith0: dapanedeoRateht Appliestiory t he

wei ght ratio of a
Laid-Open No. 9-40616, Patent Document 11: Japanese Patent
Application Laid~-Open No. 9-59225, Patent Document 12: Japanese
Patent Application Laid-Open No. 9-176094, Patent Document 13: WO
00/18720 (corresponding to U.S. Patent No. 6093842), Patent
Document 14: Japanese Patent Application Laid-Open No.
2001-64235).

Among reactive distillation systems, the present applicants have
further proposed, as a method that enables highly pure aromatic
carbonates to be produced stably for a prolonged period of time without
a large amount of a catalyst being required, a method in which high
boiling point material containing a catalyst component is reacted with

an active substance and then separated off, and the catalyst

component is recycled (see Patent Document 15: WO 97/11049
6



pol yhydri c aromati c hydroxy conpound in the reaction
systemto a catalyst netal at not nore than 2.0 (see
Pat ent Docunent 16: 5 Japanese Patent Application
Lai d- Open No. 11-92429 (corresponding to European
Patent No. 1016648, and U.S. Patent No. 6262210)).

(corrRUpRI TR G Lpo BB el NG LR ARY EpRPERS B tont No.

5072070450408 el 01 i s o YRGS RoBBRP PR o o
carbonate i s produced using a reactive djstillation

polyhyd e @romatc hydiesyysompaibmhie theraactipnegysten to a

starting material for polynerization to produce an
catalysbmetal alohgt arerenthan (X0 see Patenbbasment 716:

Japanese Patent Application Laid-Open No. 9-255772
5 Japahese Papentlidpgp licatian dpéarOpeneNb. Nd-928220&brresponding
U S. Patent No. 15 5747609)). However, in all of

to EdrtpeaP Fatent™No 490168383 ad WS hPatent NooGR82210 it
aromati c carbonates using a reactive distillation

Furth(’)?l‘rﬁ&?e. {fe PreReAEinve A& ﬁév@%r@ip%@élﬁfirrﬁemééﬁﬁwmch

speci fic process or apparatus enabling nmass

70 tq?rb?d%ﬁéwpgfq}}]tzé‘% bREKSL 'Hrakuted §s(F b ;gfﬁ’&@& in ﬁoa

any description sug ng suct
polyPe§zaiiar PrefBReds(ITeda araring materaloas ibRghy
to carnigeus FhiprBdaeo s e i BB RE MEhed T,
reactive distillation colums disclosed for producing
dipheayhegrhp pateganche sind @s28 ster@ygrmatedahiahy|
carbonate and phenol are as summarized in Table 1. 7
polymasizatiomABFotduce an aromatic polycarbonate (see Patent
Document 17: Japanese Patent Application Laid-Open No. 9-255772
(corresponding to European Patent No. 0892001, and U.S. Patent No.
15 5747609)).

However, in all of these prior art documents in which the
production of aromatic carbonates using a reactive distillation method
is proposed, there is no disclosure whatsoever of a specific process or
apparatus enabling mass production on an industrial scale (e.g. 1 ton /

20 hr), nor is there any description suggesting such a process or
apparatus. For example, the descriptions regarding heights (Hy and
H2: cm), diameters (D4 and Dz: cm), numbers of stages (ns and nz), and
starting material feeding rates (Qq¢ and Qz: kg / hr) for two reactive
distitlation columns disclosed for producing mainly dipheny! carbonate

256 (DPC) from dimethyl carbonate and phenol are as summarized in Table

1.
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H1 D1 n1 QL H2 D2 n2 @2 PATENT DOCUMENTS 600 25 20
0.2 305 5-10 15+ 0.6 9

66 600 25 20 23 6 350 2.8 -
PACKINGS 500 5 50 0.6 400 8 50 0.6 10 100 4 -
0.8 11 300 5 40 1.5 -
86 600 25 20 31 15 16 600 -

200 4 -

Tabi%he.r wor ds,

20 66 600 - 2

0 22 17

t he biggest pairs of continuous

1.4
525 0.7 12 1200 20 40

In

Iti-stage 5 distillation columms used when carryi ng

out this reacti

i n Pat ent

distil

oot schoRBL e Fr esen

system are those disc

and U. S. Pate

| ati on
applic

nt No.

ants

Docunment 15 (WO 97/11049 (corresponding to
European Pat ent No. 0855384,

Sy and ent BT s apancsle €
I'hAp)Il fat | on“‘Lai|d- 2429 (corre on J UTI'EEIII-TS
Pllrnr\ ban P 648 and Pat-aat Va)
6062 b2280)]. s (anSEJe SO flr 0B5 Ta lo @8xi jum 6
3592 Ugsg 0] TOE Yargeuy oadi[t504p | Pnplgnupus o
multi-stage dijsti Ictlon umm forDEhe
above reactionjare Hi¥ = 1200 cm cm =20
soom DB =|25%50cm di pjsonk: 1510
10021 03" L _
30Qg|/ &r, amd t fhe BoU ; E 12
1200 Pdued| Nagp NPt S CHEGRPD ppégxolmat esy 6./ 89 /| 8 hrys
which 1 sfnot anf anourjt produced on an i ndustri al
scal e 16
600 - 20 66 600 - 20 22 17

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

distillation columns used when carrying out this reaction using a

reactive distillation system are those disclosed by the present

applicants in Patent Document 15 (WO 97/11049 (corresponding to

European Patent No. 0855384, and U.S. Patent No. 5872275)) and

Patent Document 16 (Japanese Patent Application Laid-Open No.

11-92429 (corresponding to European Patent No. 1016648, and U.S.

Patent No. 6262210)).

As can be seen from Table 1, the maximum

values of the various conditions for the continuous multi-stage

distillation columns disclosed for the above reaction are Hy = 1200 ¢m,

H, =600 cm, Dy =20 cm, D, = 25 ¢cm, ny = n2 = 50 (the only conditions:

Patent Document 10 (Japanese Patent Application Laid-Open No.

9-40616)), Q4 = 86 kg / hr, and Q2 = 31 kg / hr, and the amount of

diphenyl carbonate produced has not exceeded approximately 6.7 kg /
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The di al kyl carbonate used in a step (Il) of the
present invention nust be produced on an industria
scal e, and furthernore nust not contain a hal ogen.
The only process in which such a dialkyl 5 carbonate
is industrially produced in a | arge anount as a

nr, whihtz e 48 5hhg pPbATCRRLBHHN FndBRitER SR i &
o RBerie kel G5 RaTA et ad: 2 SISRAIDL ST e rBRREY ihvention

oxi dative carbonyl ati on_process (see, for exanple,
mustre o dpseghentanindestng 862l g furiieemaergcmust not
must be carried out in a slurry state wusing a |large
contaimparttaloge@ud Thielonly pracess ynwhishdshemeedialkyk is a
probl em of the corrosivity being very high in the

carbégatd i®ndystreanyapdoducedpar atlaogé mmblint @s anstaydhgm
Moreover, in this process, the carbon nonoxide is

mateP{2T8ridh BebAfatRX E@Ii@&rﬂdﬁa}ecw harodidativéeca Avehn ierizh
15 ere is a problemthat the selectivity based on

th
. i -] | . i 200/
proces IR RRAREIER ib Teact HiARY LTI onE)
i L al kyl .. t ' m I Of,: :
oxyggp, fhfo QuEs PR EataBled A alielyy, 31§ §8%er Rith this
.. monohydric al cohol have peen proposed. W.th thi
oxid§ue Gasho NIRRT G o CensoaR e e o Fateht Hadidment
usi ng a hal ogen, and hence this is a preferable
18: V¥00e4Q16287 ) ctita reactips must be Garriedspuhin RaSIrpestate
proposed. These four reaction systens are used in a,
usingrolerge amounteobCaliicHiGrmoa gatalyall andheine dharg) is a
et hyl ene glycol from ethyl ene carbonate and net hanol,
problemadf ihe tberowisitythmingavep highadnitbe mactide systeémaaad a
(1) a conpletely batch reaction system (2) a batch
sepafgB6hiPirifxatien yfétlwn.a neeed b esr, Masihes praciess, anhe carbon

distillation 9 colum provided on top thereof, (3) a
mondkiaW ROptdeite KERe bRMISKA! BT carbon dioxide, and hence
there is a problem that the selectivity based on the carbon monoxide is
low at approximately 80%.

On the other hand, several processes for the production of a
dialkyl carbonate and a diol from a reaction between a cyclic carbonate
and an aliphatic monohydric alcohol have been proposed. With this
reaction, a dialkyl carbonate can be produced without using a halogen,
and hence this is a preferable process. As reaction systems, four
systems have been proposed. These four reaction systems are used
in a process for the production of dimethyl carbonate and ethylene
glycol from ethylene carbonate and methanol, which is the most typical

reaction example, and are (1) a completely batch reaction system, (2) a

batch reaction system using a reaction vessel having a distillation
9
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using a tubular reactor, and (4) a reactive
distillation systemfirst disclosed by the present
inventors (see, for exanple, Patent Docunent 19:
Japanese Patent Application Laid-COpen No. 4-198141,
Patent 5 Docunent 20: Japanese Patent Application

colurgdrsiRs i Pratgiern T W WL MG Bheag syster

using: 3 {ubjlp 78 26E0r. ans (BL o tRATH %ﬁf’eﬁgiﬁgﬁwgﬁt U

1174406, and U.S. Patent No. 6479689),
dlsci%edrﬁmthgsareﬁ@gﬁﬁ@&@ht@t%ﬁﬁeqofmrpgxamleorPajgm %@%ment
No. 5-213830 (correspondi ng to European Patent No.
19: Japaress PatdnUAPp|Ratiom Lsid-Gpan2iip) 4-P883r1, Doatartnt
24: Japanese Patent Application Laid-Qpen No. 6-9507

Docunient egpapaiesd @ alentpasplidatientl did-Opeeo B2, 9-A8#435,
U S. Patent No. 5359118), Patent Docunent 25: Japanese

Pate FeDYHurhBAt icRt W9 g A 4B 4P ao%sgb%cﬁH@ME%lrﬁﬁean Patent
(correspondi ng to W03/ 006 18) at ent Docunent 26:

No. @ée hat 86 ﬁ%‘;hhg'ﬂéoﬁske gP OO ZE.,

at ent cumsn apanese pI [ Catl on

WOO@?%E?S%E%%@@@%ﬁéiﬂ%’@&@ Pt o@%;amﬁq@”% us.
ot e Bl ehiden HEARRE] A gl ROHLT o

in and the tenperature, and hence the reaction
Appll@aﬁm L@éd&peréﬂ%grb%883eo¢mr§fzeﬁndm ? %rqnﬁan

(2),
PatentNo.1063065i @nchbhSniatendriVer 5284 24i2)h Pateat Document
produced di al kyl 25 carbonate nust be distilled off
24: Japamgse Patgnt Appdicatiomil zod-Open Hbi @+@507 foopiesparding
al cohol, and a long reaction tinme is required. In 10
to EurbpexasPatént No. 05698¢2ctanan L8N Fastemdeot 6 3Fo0icend

wi th a higher
Patent Document 25: Japanese Patent Application Laid-Open No.
2003-119168 (corresponding to W003/006418), Patent Document 26:
Japanese Patent Application Laid-Open No. 2003-300936, Patent
Document 27: Japanese Patent Application Laid-Open No.
2003-342209). However, there have been problems with these
systems as follows.

In the case of (1) and (3), the upper limit of the cyclic carbonate
conversion is determined by the composition put in and the
temperature, and hence the reaction cannot be carried out to
completion, and thus the conversion is low. Moreover, in the case of
(2), to make the cyclic carbonate conversion high, the produced dialkyl

carbonate must be distilled off using a very large amount of the

aliphatic monohydric alcohol, and a long reaction time is required. In
10
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15

conversion than with (1), (2) or (3). However,

processes of (4) proposed hitherto have related to
produci ng the dial kyl carbonate and the diol either
in small amounts or for a short period of tinme, and
have 5 not related to carrying out the production on

an in rj,al sca

the %%ogﬁ&tfnesre?ﬁtﬁe U v ridde o BRRRE A r iR

ect of pro a d| kyl . carbonate continu

cOnVERbEN Him VS dn 2505 Bt el aiugl Oﬁ?@)y
stably for a prolonged period of

propesad m@mrtnoluage rel atest a%wor%ltclm@stbet%@rhklloc@mate and
hours, nore preferably not |ess than 5000 hours). For

the daaha]ilher int $ra aleaimaumtead ésr afshdord patigdtof(time;rgnd have
di aneter (D. cm), and nunber of stages (n) of the

not refstetd t@cdlr?mbl adi the prbdutiorhenaamundustniadscalke Btably
(kg/ hr) of met hyl carbonate, and the continuous

for a%ﬂﬂ&ﬁ?b@npéhﬁﬁ df fifhe. | THataspltResdi prdcesrrdd Ravbheot
production of 15 di nethyl car bonat e (DMO) and et hyl ene

attaifiol e SERCLSPHIEITRT REAGRIRE FPhoRNEyH I o
ol g s i i U AT A el
perics! o finsdesiohel Res denpRRRATY pis Sathch B S Far
300%5& g@ érel\fggblzy %o?sléssN(t);\-EnSSOOO hours)3 I\PTr 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

carbonate and methano!l are as in Table 2.

Tabie 2

11
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26 NOTE 3 NOTE 3 30 3750 NOTE 5 27 200 15 PACKI NG

COLUWN (BX) 0.313 NOTE 5 NOTE 1 :

OLDERSHAW

DI STI LLATI ON COLUMN. NOTE 2: NO DESCRI PTI ON WHATSCEVER
DEFI NI NG DI STI LLATI ON COLUWN. NOTE 3: ONLY
DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN | S NUMBER CF

STAGES. NOTE 4: NO

AMOUNT. NOTE 5: NO DE

JABLEE 2

SOEVER OF PRODUCED
SOEVER REGARDI NG
STABLE PRODUCTI ON  FOR PROLONGED PERI OD OF TI ME.

In

Pat ent Docunent 26 (Japanese Patent Application

PARENT (e P0Q3- 300936 i t at ed gtaph.
DOGUMENTThe blF\%'se Be ol e }ql?s'éTﬁ%E§s§me p?i)ce@é?fl \?\;F.hr
apg f or it hejgor ef erregl mode shownapn FI G 1 5 gleggr i hed 400
ZHPVE, [aNTyghpS FarTEed gurt W TN pMe ob] e4T §j 743 NOTE5
3 IR HAE T MR W BECKN ﬁ@lﬂ@fbwpn)f‘h“r 942 | NOTES5
t22insedt MOTE tat i onSby 4 catal v80c convedsi gh275 NOTE 5

regcti gn lepsoneep et 8yl efPACKINGOOLEMIC(Rasthigiyet ha3gd . INONOTE 5

LHat ItreNd-'(Eio'/\nmnggmn cal N@ﬂygs I n tthe d)g@;_sent NOTE 5
Cﬁllpl t-a-l y J.U uogg LA :WI.:F U[Jﬁbtil IdJII UNOTES
&t ed 3 aof _di n8Phvl carhon3%0as| NOTES
sPpeci filcal20p pyoduded. |FACKINCOLWMN (BX)hed 0.8313 hay NOTE S5
NOT XP—EE RSHAW mm cﬂ!UI\Hﬂ' production of over
NOT ﬂ]ﬁ 6ﬁt¢ RN
NOT ER OF

f||| ES¢ he atent 12apI|cat|onfor Patent

NOTBd: rRE&QﬁI J' %@HWGEP AMQUNMTopen
NOTE® : MO(IIEMM@N WATSOEMEMEGARDMG%BLEP&QMCTION
t he FORPRGLHONGEDRERIOD OFSIMEL application, there is
not the above fact at all.
In Patent Document 26 (Japanese Patent Application Laid-Open

No. 2003-3009386), it is stated at paragraph 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
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 of over 30,000 tons, and hence this implies that

operation of the world’s largest scale commercial plant using this

process had been carried out at the time of the filing of the patent
12
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Moreover, in the exanple of Patent Docunment 26
(Japanese Patent 5 Application Laid-Qpen No.

2003- 300936), exactly the same value as the
theoretically calculated value is stated for the
anount of dinethyl carbonate produced, but the yield

sonih 4 3B il b gy hga1 ot
Laio SRR ! S olecth A o0, P i apane

| ow selectivity indicates that this process has a
time foftfling dhawwesedsapplicaton: thare s Mdhﬁoﬁbevscfé@& at all.
Note al so that Patent Docunent 26 (Japanese Patent
MoretpEri émttherexaing! @udrP atent RocRBe0D 26) (Japsanreerttatest
have been withdrawn on July 26, 2005 due to

ApplrgtiomaididrOpen Noavi20 3800938)y estaatly five \Warhetvadue as
reactive distillation nethod, there are very many

the tﬁewéﬁcal‘lyf&ﬁehwﬂbﬁooawt}s 86 U POStHe @maant af idimethyl
due to reacti on and COHDOSIIIOH vari ation due to

carbghélé ﬁl‘éhh%@dl rbﬁt%edyﬁlglf'o?tétﬂﬂrléﬁé WiPcopid approximately

ture variation” an pressdre variation

85, Ggo o‘#@a éggng%l?%gyﬁgf ‘;a? h@%‘xfﬁgﬁf‘élg%%gﬁfé@ﬁ%ﬂgntiarlt Lannot
ifficul artl r these.diffic
rea"srbee Pl ?ﬁbﬁ? it ieiBT S floBaeld Wﬁ%ﬁ?%%éﬁ&éfamed
ts. conti nue mass roductlon of a di
In paa'alrcyd%ttaeawdv seleolivityilngiqales Mcthl%@repgtsﬁ h%ﬁaof@fa'
met hod stably for a prolonged period of tine [
drawbgiok as i mindigtriali pratkuction wrgeessl ediote ﬁ.l%@, thai Ratent
di al kyl carbonate 25 and the dial, the reactive

Docuinent |26{J apa apparl%atmtrmpplibatiohelvaid—p paieWNGed.
However, the only description of continuous stable 13

2003330@@@6)%aécde@m|@fd0t@h@% beehowitadravmeont Jiiyt 2@, 2005
reactive distillation nethod proposed hitherto has

due Rﬁ%&am.@.a%% het HiingWeeh teGaiedftbd. Document 19
(Japanese Patent Application Laid-Open No. 4-198141).

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 a dialkyl carbonate and a 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, the only description of continuous stable
13
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Meanwhi | e; as processes for separating the di phenyl
carbonate 5 froma reaction m xture containing a
di phenyl carbonate that has been produced through
transesterification or the like wth a dialkyl
carbonate and a phenol as a starting material, and

proa s Viok% BREIAhARE Hr R A 0wy L bbb uration
ok adf oo oIS oo

phenyl carbonate is obtained as a col umm
Doctﬁ'ﬂﬂﬁbﬁ@rﬁdap@rﬁeg\ecﬁ’@&antl&@pbﬁaaendwd fpen MnﬁTb‘JBMU

there are: (1) a nethod in which the reaction m xture
conMaiariwbilehascpradgsses for deparating the dipheny cathonate
process distillation colum, and the di phenyl 15

fromcardactiba mixtubeagoscinmhg beditpcbienm darpoh@tpaihaithds éeen
exanpl e in Patent Docunent 1: Japanese Patent

prod %@H'tﬁ%ugﬁ trahdeSPenfibationddr 9 Irkd WatH asdikyNgaisonate
West Gernan Patent Application Laid-Open No. 736063,

and fhehotas SR, st b BRI SBREREL o
9
carb§aafh gV AaRt R Bl Eat‘cﬁ%%%%@%g)@%?% REAOR
Withirgo8grio- UI4tEsT Humemathie Fofer b RIGRBOA or
or the like, and thus separated i nt.o hi gh boj Ilng
poPiite Fmatbodajs agnedhadg whish thediphenyt gezposataia
Iow boiling point material, and then the Iow boilin
obtaimsichas ar@pgum tap coreponeat framaa d@istillatiani @Wl—kmﬂugw
for starting material recovery, 14 and

examplealthsetre aret ai ni ng di phenyl carbonate is obtained as
colum bottom material, and then this colum bottom

(1) amleehbdlini whitisthélreddtivramiRtund ¥ongaiedhgrthe ohiaiesyis
t he di phenyl carbonate is obtained as the
distilled as is in a batch process distillation column, and the diphenyl
carbonate is obtained as the column top component (see example in
Patent Document 1: Japanese Patent Application Laid-Open No.
54-48732 (corresponding to West German Patent Application
Laid-Open No. 736063, and U.S. Patent No. 4252737), example 2 in
Patent Document 28: Japanese Patent Application Laid-Open No.
6-9506 (corresponding to European Patent No. 0560159, and U.S.
Patent No. 5282965)); |
(2) a method in which the reaction mixture containing the catalyst is
subjected to flash distillation in an evaporator or the like, and thus
separated into high boiling point material containing most of the

catalyst and low boiling point material, and then the low boiling point

material is distilled in a distillation column for starting material recovery,
14
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colum top conponent (see exanple 1 in Patent Docunent
32: 5 Japanese Patent Application Laid-Open No.
4-100824, Patent Docunent 33: Japanese Patent
Application Laid-Open No. 9-169704); and (3) a nethod
in which the reaction m'xture cont ai ni ng the catal yst

is, ,distilled.in IIa al.u f
and &3taigsGeontaing Fpfishy b H'tﬁd?omféﬂﬁ?g%s ﬁ&’ﬁmwg
poi nt matgrlalr}gont n|n ﬁ?g the ata atn
bottqﬂs.mﬁﬁ@r'@ £8rihis column pe Qe W'S dr'\% %?’df’ a
material is subject ed to conti nuous sequent |
purifying cplumnewherely sheidiphena |cmboa|§|§grl§tqh,tamed as the
conprising three colums, i.e. a light fraction
columepmatomporeht (see aexaanpje 1pire Ralte oh Dpsment 32:
separating colum, and a di phenyl 15 carbonate

Japapeid Rategt Applivatiom eaddOpenhkoy 4-¢a0B82dqtRaient

obt ai ned as the col umm top conponent (see Patent
DocUReRI®Y: Fahanade s nt 4 shication! L&RI-Open-ddl- $PBD704);
No. 9-1108 5) Anot her nethod is a nethod in which the
di phenyl carbonate is obtained as a colum bottom
conmponent froma distillation colum; for 20 exanple,

(3) o BRifip 'Hg&fﬂ%ﬁéfi??%%%t‘owéf i ??Qéf‘?’ﬁ"‘é‘me"“*é“’& s

dIStllg%(itip% ';ls%)tgllrllgﬁg uncgp an E%%qsﬂelﬁg ﬁo nltlﬁﬁga'egparated into
catal yst and | ow_boi li ng point material, and then the
high |b@ulaa|n¢w§ matefiahaeptaining gt of thecatalyst 8PAdPWs
distillation colum, and the di phenyl carbonate is
boilingeint haterial, @ndtiven thel low bedtingrpaiokpoatarial see
Pat ent Docunent 14: Japanese 15 Patent Application
subjectied fopeo nhinudd(H $eGh2dtial Riistiliatiboc usirg a30istillation
Japanese Patent Application Laid-COpen No. 2001-64234).
appaPhtud coneshsingel sl cosumnseti e da iliy Mhira btibhes €p ahetivyg

car bonat e
column, a methyl phenyl carbonate separating column, and a diphenyl

and

carbonate separating column, whereby diphenyl carbonate is obtained
as the column top component {see Patent Document 29: Japanese
Patent Application Laid-Open No. 9-110805).

Another method is a method in which the diphenyl carbonate is
obtained as a column bottom component from a distillation column; for
example, there is:

(4) a method in which the reaction mixture containing the catalyst is
distilled in a distillation column, and thus separated into high boiling
point material containing most of the catalyst and low boiling point
material, and then the low boiling point material is distilled in an other
distillation column, and the diphenyl carbonate is obtained as said

other column bottom component (see Patent Document 14: Japanese
15
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is obtained as a side cut conponent froma
distillation colum; for 5 exanple, there are: (5) a
nmet hod in which the reaction m xture containing the
catalyst is introduced as is into a third reactive
distillation colum, and further reaction and

PateB ARl 1 UE: O 8. 20 18 S ERIERCRE R g

react pve 10 di Il|latIO | umm cunment
Japa@*ﬁa%ﬁ'ﬁ%@&% mt'o%@‘?jtﬁP?BnNEal%g) bﬁgﬁé‘ - 6- 157424
(corresponding to European Patent No. 0582931,

and
u. StillFanethenmetbogiyiaia)metaedin Whiiihthe dighenypsaskenate
Pat ent Application Laid-COpen No. 6-184058

is obtametsgoadiidg ¢ut EwmpeaentFioena distiiGaBavsojummng for
U.S. Patent No. 15 5344954)); (6) a nethod in which

exanipie, tha¢éiam@e:m xture containing the catalyst is
subjected to flash distillation in an evaporator or

(5) al Mathbkein #RGcH hHE reﬁmwr@hﬁ&wm eohtaihingithengatny st is
materi al containing nost of the catalyst and | ow

mtroggbbhngs I?Q'lﬁfo R %acg% Hﬁ?ﬂiagh?n LeYuRH, |4 AW fBPc'h%tr

I's introduced into a distillation colum

oot A b R o LSRR

the d | :
carb§RGIA IS ORsATAT B g S0k SuhComRO TR TR (He BHipsiye

ﬂcorrespondl ng to European Patent No. 1016 48 ?nd
distillation malumn (geedRatentopocoment 8xrapsnasenPat

Japanese Patent Application Laid-Qpen No. 9- 255772
Applicatior ddddDpen NoEf-d 542 PheeiresRendiBg 200BUrapgan

U S. 16 Patent No. 5747609), Patent Docunment 34: WO
PateB2/N®B4688208&dr, ramd)dm&rigatentms. Fxa4£m 2 NP artddozument

(7) a method in which the reaction mxture containing
9: Jdgmhesd Hatehtispplication Laid-Open No. 6-184058
(corresponding to European Patent No. 0582930, and U.S. Patent No.
5344954)),
(6) a method in which the reaction mixture containing the catalyst is
subjected to flash distillation in an evaporator or the iike, and thus
separated into high boiling point material containing most of the
catalyst and low boiling point material, and then the low boiling point
material is introduced into a distillation column and distillation is
carried out, whereby the diphenyl carbonate is obtained as a side cut
component from the distillation column (see Patent Document 16:
Japanese Patent Application Laid-Open No. 11-92429 (corresponding
to European Patent No. 1016648, and U.S. Patent No. 6262210},
Patent Document 17: Japanese Patent Application Laid-Open No.

9-255772 (corresponding to European Patent No. 0892001, and U.S.
16
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distilled in a first purifying colum, and thus
separated into high boiling 5 point materi al

contai ning the catal yst and | ow boiling point
material, and then the |ow boiling point material is
introduced into a second purifying colum and

Patedt M7 7RO FAREY Urelhend FLIWQIEIAARET om ¢ ne
consinbi U8R BB T

49727); an (t a nethod in which dip
(7) acmedbﬁat@ WHHER hsﬁ@%mmlgawr%ypat%lmag.tﬁer‘é@t?d&at is

into a distillation colum having 5 to 15 theoreti cal
distideddnsa firahgudifyirig calumn, iand dhus sepanated iatedighrboiling

bottom tenperature of not |ess than 150C, whereby the
pointihpdtenidl aavthdminigethe cabhbisterhditow Boidimglpointt material,

conponent fromthe distillation colum (see Patent

and e IRBtoF L boilfP PIRAE nitert] iSNBtICRI¢EN ihR) 8- $Pednd
No. 9-194437 (correspondl ng to European Patent No.

purtf87r§%Q6$ﬁﬂ1n :a'ﬁﬂeﬂ’i%'iilla'tfompss cBpGeHATo, Q@ﬁe?é@{/ tardi ?%nyl

l'ens st remain wth such di phenyl carbona

carb§fiRf 75 citalied #°4i88 5 OB qRreh thF seodhd ot
punf??'é%&ﬁi@ﬁ%éﬁ%%?’%ﬁgﬂ Se it s hEARsE P72

(correspq to West Ger Pat ent Application Laid-
App 'tﬁ?éipfl\li 33389%@ Ngnd 1548728 téﬁ% No. 4252737)) in t he

(1) is 25 |low, and npreover this is a bat
(8) aprmibgg ianwhieihciphenybecaghonats @%amlﬁﬁs@h@wbaallpbwte

on an industrial scale. 17 (2) Regarding the above

is in{reyuceldeintoox elistibationacplumn Havirgt 2rio 15Hdbeoraticabstages,
(Japanese Patent Application Laid-Open No. 4-100824)

and distilmatieh ¢4 carciedssut and tbrurdnpbettpin ¢amperatere of not

obt ai ned t hrough the
less than 150°C, whereby the diphenyl carbonate is obtained as a side
cut component from the distillation column (see Patent Document 31:
Japanese Patent Application Laid-Open No. 9-184437 (corresponding
to European Patent No. 0784048)).

However, it has become clear that various problems still remain
with such diphenyl carbonate separation/purification methods using
distillation. Specifically:

(1) The purity of the diphenyl carbonate obtained through the process
of Patent Document 1 (Japanese Patent Application Laid-Open No.
54-48732 (corresponding to West German Patent Application Laid-
Open No. 736063, and U.S. Patent No. 4252737)) in the above (1) is

low, and moreover this is a batch process and hence is not suitable for

mass production on an industrial scale.
17
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process of Patent Docunent 33 (Japanese Patent
Application 5 Laid-Open No. 9-169704) contains a
titanium catal yst, albeit in an anount of not nore
than 1 ppm and hence is not suitable as a raw
material for the production of a high-purity uncol ored

(2) ARG VY Fhove 1), tha Ardelr 5 BRafinle™ IR Pojent

No. 9- 05) i .3),: t dj L., 10 .
Docuippb iz biandngle diftetRpliRatiohice M- HIEH INq ra-100824) 1s
a batid) BRACany SRS (e AN MU AR aPA NGep dirauibty the

colum, and is then subjected to a high tenperature in
process of & ptanlyPocamentBad Skapanasedatentdnplication

di phenyl carbonate is thus altered, bringing about a

Laid-d2pepdde. Dr16BZ0d)rdantaims aatitEniveacatalysthalbdi® in an
yield. (4) The process of Patent Docunment 14 (Japanese

amotnat efhotrabré ahaant hdafdeheNee i300dt 64”able aya raw
Pat ent Docunent 30 (Japanese Patent Application

matelrfll FoPRAB Pod ?&idn 2B highpiie, abesforldd R'g'l‘%d@rib"dhate.

the di phenyl carbonate iS obtai'ned fromt ott om of

d I ' i t ' [ [ w
(3) V\QEQ tﬁ%n%‘@baés}eé?r e gél%égg?nﬂz}tcgg t(ggﬁﬁgte s%gpg?%éﬁced.

- Wth, s C (

ApplfsRiall LTS BhOGG: 9 21 aBRBTTh 5e 85504 3, 1REUIBRE Ry

cosrrespondi t o ,Eur opean Pat ent ., 058293 an
carbefiald fRhamteRdo S45ahaEyTPartse: NG BOBAT AT agh of the
) Japanese Pat ent Apﬁll;i cation Lai d-Open No. 6-184058
light frastion semaradingocelmpeand pheamety! pbsaybsarbanate

U S. Patent No. 18 5344954)) in the above (5), a
separatiogicoriummnt and isotiexi subjeciachtot bigh tempairatdre in the

unreacted starting material and inpurities obtained
diphdmyincatbondiet sepacdtihcadaacundthedipherydcatbohate tsthus

colum is introduced into the
altered, bringing about a decrease in the purity and a decrease in the
yield.
(4) The process of Patent Document 14 (Japanese Patent Application
Laid-Open No. 2001-64235) and Patent Document 30 (Japanese Patent
Application Laid-Open No. 2001-64234} in the above (4) in which the
diphenyl carbonate is obtained from the bottom of the column is
unsuitable since the purity is low and hence a desired polycarbonate
cannot be produced.
(5) With the process of Patent Document 8 (Japanese Patent
Application Laid-Open No. 6-157424 (corresponding to European
Patent No. 0582931, and U.S. Patent No. 5334742)) and Patent
Document 9 (Japanese Patent Application Laid-Open No. 6-184058

(corresponding to European Patent No. 0582930, and U.S. Patent No.
18
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third reactive distillation colum from an upper
portion thereof, and the 5 di phenyl carbonate is
withdrawn fromthe side of the third reactive
distillation colum; vapor or mist of the starting
material, the inpurities, the catalyst or the |ike

534 AN InESp BBkaEToR: LEREiPT HiPlPS ffipliind qabRof the

cataljtednipaatad SHARLMaETiaang MAries AR 83 oM the
Pat ent Documsnt 16: Japanese Patent Applicatjon

bottqrgief. s serendineastive dc%%uaagﬂorﬁduuai@n g dntrgddisadh into the
Patent No. 1016648, and U.S. Patent No. 6262210)) or

thirdFeactivg mstme(mlarqﬂlurrm frorraaremp eycpation thereof, and the
Japanese Patent Application Laid-Qpen No. 9-255772

diph¢oyl casponaten{s witHdrawae £ro Mathenside of theOB0RD0éactine
U. S. Patent No. 5747609)), which is not on an

distilladoyatddlamn;Seap8r of tisthef tHeseaRing mMarrdo\the(iMplufties,
a preferable process, but the amount of the diphenyl

the @éﬁﬁg g’gé ‘Pi?*écﬁfé Lésab% nt¥ai §damdeh§nbg thpaahﬁﬂgy of

apan tent Application Lai

the cﬁﬁa f%&?gbnawioﬁ%ﬁeglgq@w anount not on an

Vi LAl over, fhe process is carried

th the col to rein r
(6) V@ﬁb the nbo%mm‘fﬁt“a S58YSHBIaHIE Apubb O b= dinhenylc.
one tried to carry out the roce i ndust.ri al ]
carb@ﬂ@he Rrodpgedaisg. ket T 4examBlecd imPatem) ﬁgue?%%t a6:
hi gh vacuum to be mai ntai ned woul d be 25 requir
JapapeisehPadentiApp ligadiare kaid-Opes)Nov tI - 9262§r@@§§saendmg
the above (8), although it is stated that the 19
to Ewropean Pt:ﬂepheNty.I 104664, atred ik S Rateat Noo@G2821 Gpnor 3.9
to 50 ppm (exanple 2 in Patent Document 31: Japanese
kg / Pa{eramiripl 1 ¢atPatentlDodumatt No: Japhdese/Patent Application

(correspondi ng to European Patent No.
LLaid-Open No. 9-255772 (corresponding to European Patent No.
0892001, and U.S. Patent No. 5747609}), which is not on an industrial
scale.
{(7) The process of the above (7) is a preferable process, but the
amount of the diphenyl carbonate produced is 2 kg / hr {(example 8 in
Patent Document 35: Japanese Patent Application Laid-Open No.
11-49727), which is a small amount not on an industrial scale.
Moreover, the process is carried out with the column top pressure in
the first purifying column at a high vacuum of 200 Pa, and hence if one
tried to carry out the process industrially, then a very large distitlation
column enabling such a high vacuum to be maintained would be

required, which would be problematic.

(8) With the process of the above (8), although it is stated that the
19
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0784048)), nothing is nmentioned what soever for other
inpurities. For 5 exanple, even though the di phenyl
carbonate is produced using the phosgene nethod in
this exanple, and hence this is definitely a
purification process for diphenyl carbonate containing

com L B2 TBVILL 6 7SR M SOTEBHARTE 50 pom,
(oxab b e B Trp T AR e AT

.. pol ycarbonate even in an extrenely _small anBunt ok
LaiddappnaNeeR 1184 Hf (copigsPONding: i EusppeadsFaterhNo.
chlorinated inpurities will not be separated out.
0784048))chething immemtépnedi whatsgever fajeoteisimpuritiesuseFor
the di phenyl carbonate as a raw material for a
exanppley cardro tho aghTihies dipsh ewsyl16a thesea feb isd prod uoeg ausingvihe
exanple 1 (in which the alkali colum is not used) of

phosigemepriethiorPin eMispeRaRfse( lahd\hiedlkeatHis is whsfivitglyt ai ce
wth alkaline hot water, washing with hot water is

purifictio £ Hroebssat dipPonyttarBoRReYdo HtaiRivRpERIdBnated
dehydrated through distillation and then passed

: g ool @ﬁﬁ%* i i Jil ' e
lmputgglf%‘g 'E?J J'Qgt'ggﬁtegﬁ re%@%ﬁ%ﬁﬁg&ﬁ'ﬁg 'gas%rldl Fﬁli?%n in
i -stage di, Skl t 0 f t cument
ehioflgBhed inbulfed ichda v o s Ble € et 8 tne°
11-49727), which was fil ed re than, one year after
poly T atiamto iducs: 5 DalyaasBanass it AhsIRroAarDRS Of the
Lai d- Open No. 9-194437 (corresFonding t o European
polyaghanateoevendnoasoxtremety smat e unt efmnlyna few tens of
Docunent 31 (Japanese Patent Application Laid-QOpen
ppb)No.Wétht this 3 oces s, estppin dhherrin eteml impatitie@vidanehbeNo.
0784048)), the tenperature and time at which pheno
sepashtad suttsuffieienidy, Ahddhenéeiibwilenatalse pdssgibliedotisenthe
is carried out with bisphenol A are given as a nethod
diph@hyke¥atbahafd akhg raw hiatefaitfoe fbphpcyitbonate. This is as
described in comparative example 1 (in which the alkali column is not
used) of the purification process (in which after washing twice with
alkaline hot water, washing with hot water is carried out, and then the
diphenyl carbonate is dehydrated through distillation and then passed
through a column packed with a solid alkali, before being subjected to
reduced pressure distillation in a multi-stage distillation column) of
Patent Document 35 (Japanese Patent Application Laid-Open No.
11-49727), which was filed more than one year after Patent Document
31 (Japanese Patent Application Laid-Open No. 9-194437
(corresponding to European Patent No. 0784048)).

Furthermore, in Patent Document 31 (Japanese Patent

Application Laid-Open No. 9-194437 (corresponding to European
20
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carbonat e obtai ned through the distillation, but
eval uati on of whether 5 the diphenyl carbonate is
suitabl e for polynerization cannot be carried out
using this test nethod. This is because even for
di phenyl carbonate of |low purity such that a

Pateﬂ?W&%?@ﬂ%ﬁ% ftﬁg‘? bi@%uceggflﬁﬁee%i which phenol starts

yneri I zat'l 0 Canno pr 0]
to b%ﬁ?ﬁ‘:tt"l?@ﬁif '"“t'ﬁ/srce%%‘fﬁobmcf A3 TEElad G gn bisehenol
hod | b d
A araipseas @ meghoeet evafiais 168 wanary dbe dananshce

even for diphenyl carbonate containing, for exanple,
carbgnpmo&tam@ﬂhm@u theplistifiagion,dput pMebratien of whether

eval uation that the di phenyl carbonate is of high
the diphenyl @adbosatsustsabtablesfor palyrmertizatiah ¢annat be carried
pol ycar bonat e woul d be obtained. As 15 stated earlier,

out ubinhethis test Poswkicr].CoThid Né he daudMeeéncidiradipihairad
inmpurities cannot be used as a raw material for a

carb@ﬁlal’é@r’fh@ﬂﬂbarﬂy Aldh théma%&yeawoﬁaid%Hfthéaﬁéqmred
such a large anpbunt of an alkaline catalyst is not

degrP%r e@'}qg@ﬁ%%?l bénﬁ‘é"l"t}@ﬂﬂ&u ihedel |ﬁg%treséﬂti&pllﬁ

ting the purity o nyl car bonat e

whicFiso L bR toegifs oAb RpPRagy Fhen' his

194437 di
ovalgR{igh ROy a4aigs) AN ! 2 5 BPah besact ofeRE Pinhanol
what soever of purification of di phenyl car bonate t hat

A of haOBelsnuset A% ajcatahgt.tard henga eves far diphediv!

met hod. The types and contents of inpurities differ 25
carbopateeendaiiisgy fot exeomates b ppan mfcchisrimpatedeippogtiese an
net hod and di phenyl carbonate obtained using the
incoitreah eastteatid nciatdhendipgheh ylacarbdtiateeiscef high aurdly ded is
sai d that di phenyl carbonate of the sane purity wll

suna{bﬁe@ﬂ ai mad matadal iy §qim?(@artbéh§&t wWoulgries ettaindéd.  As
us cannot be said at all that di phenyl carbonate
statdtPd b e f, A ph@M '@tbBWats YedriRaifin®Y ppm of chlorinated
impurities cannot be used as a raw material for a polycarbonate at ali.
In ordinary polymerization, such a large amount of an alkaline catalyst
is not used, and hence this evaluation method is not suitable for
evaluating the purity of diphenyl carbonate to be used for producing a
polycarbonate. Moreover, in Patent Document 31 (Japanese Patent
Application Laid-Open No. 9-194437 (corresponding to European
Patent No. 0784048)), there is no specific description whatsoever of
purification of diphenyl carbonate that has been obtained using the

transesterification method. The types and contents of impurities differ

between diphenyl carbonate obtained using the phosgene method and

diphenyl carbonate obtained using the transesterification method, and
21
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mat eri al of a pol ycarbonate woul d be obtai ned through
the purification 5 process of Patent Docunent 31
(Japanese Patent Application Laid-Qpen No. 9-194437
(correspondi ng to European Patent No. 0784048)).

Mor eover, the amount of di phenyl carbonate purified in

nonciEkn SP IS A R 0 L@ puritywi
oo oA Deps PEA AN AT AR ", Bl ahrbivo

.. mxture ohtai ned through transesterification wth a
said U kyhac Al ToRar bCaRP BRI BAYIGANG Sk (49§ Ul 4 raw
in the presence of a honpgeneous catal yst generally
matesialt of apalycashenatayowd bpyohtaiaeditbronghpthe puifigation
i f a di phenyl carbonate for which the 15 anmounts of
prochsglofbBate migDoaium e bl 3dr Ghaparse $e\Ratgnd Appleationi | i ng
poi nt than the di phenyl carbonate such as phenyl

Laids@penyNat 9— et 3o eorredpandingetchExyrbpeadaPatantiNo.
1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene have not

078400, I adEFEsvER IR et Snib vl f BifénieyatbdFates pdridred in
the Taw material of a 20 transesterification nethod

PateR? GNP (?Q@angssﬁa%ﬁmg@ii'cb‘t‘i%nOEbe-Open No.
by-products w | ause di scol oration and a
[ b i r.ap ' ' u bl e
o-14ELE (8ofe Phatlob GrELGhSan L pte ML IR DB F DS fted
ssihl e However, such high.boiljn oi nt by-products
to b%ﬁegjéiqﬁ‘g { by W ’?% '§éﬁ%{r39é’grb&?$u§{{baq'm§??l!epr ocesses
proposed hitherto, it has not been 25 possible to
r eBut@actipn mixtute obtainad thiqpomdransgsissifigation with a
_ bi-products down to a sufficient level. In
dialkyhcarbahate artkacphasobasna sbapingdvateriabimbhe syesence of
of a process for the production on an industrial scale
a hopfogariecliesatahat deterally bonbding dagbeasyteactidmonat e
of the high purity required for a raw material of a
by-pFadiictgual It pa ki @htapeiff @rdiphedybelaybahboadbe which the
amounts of high boiling point by-products having a higher boiling point
than the diphenyl carbonate such as phenyl salicylate, xanthone,
phenyl methoxybenzoate and
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene have not been
reduced down to a sufficient level is used as the raw material of a
transesterification method polycarbonate, then these high boiling point
by-products will cause discoloration and a deterioration in properties.
It is thus preferable to reduce the amounts of such impurities as much
as possible. However, such high boiling point by-products are difficult
to separate out, and with processes proposed hitherto, it has not been

possible to reduce the amounts of such high boiling point by-products

down to a sufficient level. In particular, there has been no proposal
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5 Disclosure of Invention Problens to be Solved by the
Invention It is an object of the present invention to
provi de a specific process that enables a high-purity
di phenyl carbonate required for producing a

hi gh-qual ity and hi gh-performance aromatic

oAb ATt B Aty o o
less 00 hEeR ¢ NOBF af dintiny rirtinattS; A ief i & Payized

preferably not | ess than 5000 hours) fron1a cyclic
for acra%dswee'l%ln@f a higdraualite MmghtrerfesManese PR ¢HHONES-
15 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

Disclosagbeof trovdritdopr esent i nvention. That is, according
to the first aspect of the present invention, there

ar probfithdeay beSdivedd Byasrs mvéxti®hoduci ng a
hi gh-purity di phenyl carbonate on an industrial scale

| NI &R &tf]@ct”o@?h@“ﬁféé’erﬂ' mW?M’QrF% Bt Ge i specn‘lc
conti nuou pro

uced froma cyclic carbonate and

procggz-??%t Hﬁ%legré’%ﬁﬁrﬁ@ﬂ%?%i@nﬁh&@ 2O eol"e%&frég for

cont'1 nuous produti car
dlstlllatlon S

prodygity u%wﬁfr’y%@éii ang highRerofina A goyparoonat

al i phatic rmnoh%/[lc al cohol |ntoacont|nuPs§%
to berpredusedadyisitiallydni dnatas @moupt (a-gwnehlessthapston/
is present, carrying out reaction and distillation

hr) stalphy] &cur@mgiq/ngadmrdo@&fme (&@ntnatuless than 1000 hours,
wi thdrawi ng a | ow boiling point reaction mxture

prefarabd nindtrig sshih g 3600echodrs| kndrecprdfenably hobhesas than
upper portion of the

5000 hours) from a cyclic carbonate and a phenol.

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. a process for producing a high-purity diphenyl carbonate on an
industrial scale in which the high-purity diphenyl carbonate is
continuously produced from a cyclic carbonate and a phenol, 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 monchydric alcohol into a continuous
23
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5 colum in a gaseous form and continuously

W thdrawi ng a high boiling point reaction m xture

containing the diol froma |ower portion of the

colum in a liquid form (I1l) continuously producing a

di phenyl carbonate by taking the dial kyl carbonate

: hemnol ¢+ t# N Lk | is 10
multStage MG, CoIEi Tath UHICh Sbatdyalis {Reseht s

ti.- distillation.caol [ ' n

carryfiibed yEtEREigh Jd P UaRuGR 2k ERLEN, o SRIF BTaRHT

distillati si mul tanpeousl.y in said first cal ym,
contiyRyshngraving Al HailingrReimt Jeastiam MistTY ng

g_oi, nt reaction mxture containi nfg a produced al cohol
containing dheuprraduerd diatkydicashiomats frppsancepPpfh Rostign of the

gaseous form continuously withdrawing a first colum
columingim agaseruedonm, rarxt cootindousiyevidbdravimg@ high boiling

produced al kyl phenyl carbonate froma | ower portion
poinbfeaaticn fmingtUre dontainingatHe divldfrbon m lowenpontionsofythe

feeding the first colum high boiling point reaction

columhXinuadiquidt form;second continuous multi-stage
distillation colum in which a 20 catalyst is present,

Pa(uybgatm%%s@?fqrb%c@@g adbﬁsﬁéh?r EQPb&hatE bRRiRg the

In Sal secona col um, nti nuously wt hdr aw ng a

dialk§PE8HoRate Thd 8'%nbAb] it B8hfing SAEHL AR, Hatithous)

alning a pro dira rom an Upper
ortion,of..said secand ., col in a gaseous f.or
feed i I B18iinS e fialing a Bt Rt Mt Ras  ng
. ..poi.nt reactipon 25 m xture containing the, produced
distiifgtihn TR Ho BN # SIBOBERBOUDEATAIAT 6F AIgEaNt
second colum in a liquid form and continuously 24
carryipgd?greaetie cumd dislillationosinbeitanagusty in sadddissdrcolumn,
m xture containing the dialkyl carbonate into the
contifiuosts!y avithdcawingral firstsealgennilow bbdingpoisbreantioand
(I'11) purifying said di phenyl carbonate by
mixtwentontinghy a produced alcohol from an upper portion of said
first column in a gaseous form, continuously withdrawing a first column
high boiling point reaction mixture containing a produced alkyl pheny!
carbonate from a lower portion of said first cclumn in a liquid form,
continuously feeding the first column high boiling point reaction mixture
into a second continuous multi-stage distillation column in which a
catalyst is present, carrying out 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,

continucusly withdrawing a second column high boiling point reaction

mixture containing the produced diphenyl carbonate from a lower

portion of said second column in a liquid form, and continuously
24
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5 introducing the second col utm hi gh boiling point
reaction mxture containing said di phenyl carbonate
into a high boiling point material separating colum
A, and continuously carrying out separation by
distillation into a colum top conmponent AT cont ai ni ng

rooay 1 N, TR SR S PBARR RO G laiing
tne BT HRR aE8 HeRUBRRSR LT esrrior

cut outlet, and continuously carrying out separation
colump;@ndi|lation into three conponents being a col um

top conponent BT, a side cut conponent Bs and a

co(lihnpafyiom saidpdipde nEBE; arwratet by astrdinuobsly

hi gh-purity 15 di phenyl carbonate as the side cut

introdachenehe ; seodred eolumrahigibdiltegtpoinore agtion rikage
distillation colum To conprises a structure having a

cont&iihgHdidadjpheHi mﬂdrsaltﬁehmb P high &EliRgLsbint thatedl

an inside dianeter Do (c and having an internal with

sepa aﬂHﬁS@%lu‘?ﬁngQ §fn& tﬁ‘lﬁ’uéﬂ%ff&ﬁﬁ‘:ﬂﬁg cﬂ.lﬁdséb‘éltéﬁj%n by

avi gas outl et having an I nsi"de anet er
‘s t t kN r I
distilgifon 3164 CRuthni 5% FEMHENSh A7 RihsUBREL 08, i,
i nsi de dj amet.er doe C at a botfom of, the cql umm, or
carbpfiale At A Guiimd Fastd FtondhartAaconsinia B Eaglvst
at |least one first inlet provided in the upper portion
and thap copgingoyslyiiptnad ydpg; the eelume teh GRMARD frdnto a
. gas outlet, and at |east one_ second inlet provided in
dipheny! aatenraisopuridyinghgolumn BrHraviegea sidet¢winoutiet,oand
the col umm above the liquid outlet, wherein Lo, Do, Lo
contihuobusipaarbping dof separdtibn by dligtitlatioeciritodhyesat i sfy
the following fornulae (1) to (6); 21005Lo < 8000 (1),
comp@lerits Peirrg 2268LirR)top component Bt, a side cut component
Bs and a column bottom component Bg, so as to obtain the high-purity
diphenyl carbonate as the side cut component;
wherein:
(a) said continuous multi-stage distillation column Tg comprises
a structure having a cylindrical trunk portion having a length Ly (cm)
and an inside diameter Dy (cm) and having an internal with a number of
stages ng thereinside, and further having a gas outlet having an inside
diameter dgq (cm) at a top of the column or in an upper portion of the
column near to the top, a liquid outlet having an inside diameter 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 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
25
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5 4< Lo/ Do<_40 (3), 10 5 no 5 120 (4), 3 5 Do / dot 5
20 (5), and 5 5 Do / doe 5 30 (6); (b) said first
continuous multi-stage distillation colum 10
conprises a structure having a cylindrical trunk
portion having a length L1 (cm and an I nsi de

the e AHE Bhov%, (it bianT uRE, Ve ERAn. B DETE L BRiafrnod dor
and B3 @ ifipeeialy sitsly'lé Eﬁa@éﬁ?ﬁé %r%ﬁﬁ%{a B

near to the top, a liquid outlet having an inside 15
di anet er 2499 €dm<80QD bot t om of the doilurm or in a

| ower portion of the colum near to the bottom at

| east ond80hk M €?@P0provided in the (Aper portion
and / or a mddle portion of the columm bel ow the gas
outlet, 4adndqatDhead0 one fourth inlet(3¥ovided in the
m ddl e portion and / or the |ower portion of the

col umm ahgve rphe qlaggui d outlet, whereigll, D1, L1/
20 D1, n1, D1/ d11, and D1 / dl12 respectively satisfy

he foll 7 12); 1 5 8000
t(7;e ° gvg ’E%D{LE %go gSg t025(3le D1< Oa?b 25 20
< nl <_51§8)0(&a 1551?6 D1 / di11 < 6§)11) and 26

35D, / d12% ¢) said second contt nuous
50 Bt KA B LB TR BTLRTL

coméﬂg%grgggt&r}:tthpgh%%tgbaa cyFndrlca(l tp?inkap%q'tllg)%vha%mg a length
L+ {cm) and an inside diameter D; (cm), and having and internal with a
number of stages n; thereinside, and further having a gas outlet having
an inside diameter d4; (cm) at a top of the column or in an upper
portion of the column near to the top, a liquid outlet having an inside
diameter d12 (cm) at a bottom of the column or in a 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, L1 /

D1, nq, D1/ dqq1, and D4 / dq2 respectively satisfy the following formulae

(7) to (12):
1500 < L1 <8000 (7).
100 < D1 £ 2000 (8),
2<L{/ Dy <40 (9),
20<n, <120 (10),
5<D¢y/dyy4 £30 (11), and
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5 nunber of stages n2 thereinside, and further having
a gas outlet having an inside dianeter d21 (cn) at a
top of the columm or in an upper portion of the
colum near to the top, a liquid outlet having an
inside dianeter d22 (cm) at a bottom of the colum or

in alowgr on the colum near .the bottom
at I eas}/\% %??ffjt Fl%ogpet provi ded in tg@upper 10
tion.and / or a n of .t ol um bel ow
PhLe LS80 aRrand cdnfinip s Bllfiutacy distfidifes Piieq
in the mddle portion and / or the | ower, portion of
compHgegs éﬁW%Hb‘%é"q\Heglﬁ‘ d&Yn"d'ddLﬁﬂeth“lﬂHé?réiOrﬂ havirg a |ength
/[ D2, n2, D2/ d2l, and D2 / d22 respectively sati sf
L2 (crmkandl anvinaide diameter D1G)m.oapnddyaving asdotemalowih a
8000 (13), 100<_D2< 2000 (14), 25L2/D2< 40 (15), 10
numker o2 stag88 rflerensidéanddiither haviny p, gasdutkit Baving
< D2/ d22 <_ 30 (18); (d) said high boiling point
an insderdiamerad At (d19) @0laiip Af 1heTO6ILFAR 6 IPah anes
multi-stage distillation colum having a | ength

porﬂbﬁ@fﬁﬂé’c@'ﬂuhﬂﬁh@ﬁr‘%%f& p. D4 I{duTl: 0 @6t RaViRG A inside

internal with a nunber of stages nA thereinside,

dlam}@tﬁﬁ 5| nrghﬁ‘g)o%?ﬁltgééﬂ [ﬂﬁo??ﬁles%lu%?nf | O%Aﬂﬂlsédggorthcbr} of the
coluipfy *§_§r30Sﬁﬁﬂég%va%ﬁ@%%%@gﬁaff?p.'ﬂber* %rqmﬁge(%l?“e upper

es a continuouys |-st dll)stlll
n

portiggrgr% ARG Ileeﬂaftﬁorﬂ elow tﬁe gas outlet,

and at least one sixth inlet provided in the middie portion and / or the
lower portion of the column above the liquid outlet, wherein Ly, D3, L2 /
Dz, na, Dz / dzq, and D2 / daz respectively satisfy the following formulae

(13) to (18);

1500 < L, £ 8000 ' (13),
100 < Dy £ 2000 (14),
2<L;/Dz;x<40 (15),
10 < n, < 80 (16),
2<Dy/dy <15 (17), and
5 <D,/ ds < 30 (18);

(d) said high boiling point material separating column A
comprises a continuous multi-stage distillation column having a length
LA {cm} and an inside diameter D4 (cm), and having an internal with a
number of stages n, thereinside, wherein La, Da, and na satisfy

following the following formulae (19) to (21);

800 < La < 3000 (19),
27
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5 an inside dianmeter DB (cm, having an internals
thereinside, having an inlet 131 at a m ddle portion
of the columm, and a side cut outlet B2 between the
inlet 131 and the colum bottom and having a nunber
of stages nBl of the internal above the inlet 1311, a

nunber o S N t he internal t he

i nl et qugﬁdggif‘e f@%ﬁcut outl et B2, a@d\/\ﬁ%z{rh 10 of

st ages nga of the ternal s bel ow t he @'ﬂe cut outl et

and t%tnd\l—1 er of st ages nB (<31 + n82 +

n , Wherein Bé and BB sati sf

fo %ﬁ@ﬁbdﬂ@mﬁnvhea(@@wat%pyz ymgl@@d)uwn EFQMPg

(22), 100 5 DB _< 1000 (23), 15 5 < nB1 < 20 (24
contmyo:us nBotisstay g E@t:tlatlgnrmgumq@a(\qag arngtioLe ( and

<_ 70 (27), 2. the process according to item 1,
an ingtde aianmeter| Rs{cirjamavingran ihtemfals:bemmside. having an

hi gh-purity di phenyl carbonate is produced, 3. the
inlet 1B P&t 36 nfiddds Gicitiooof tiegcblamr, anbes gide it uldet Bid

said dO2 for said continuous nulti-stage distillation

betw@%‘nufﬁb Nt e drfd ?ﬁ@l%o(lenn Eé‘ﬂoﬁﬁ}’ ahlﬂ!ehéﬁ?rrf@'aan(lﬁﬁier of

do, / dot < 5 (28 . the process according

stag%%’n%%oﬁﬂ%o%teghg%%\}eoﬂge gﬂ‘f‘é‘i’@’i NalPumBer of-8tdgd¥ns; of

or 'sal d conti nuous

the iﬁﬁe'srbééﬁ%%éﬁésé'% 3 @8“8%8%%%%8&5@8&%1%%%’, agumber
/ < 0, /d i < ,
of St3TEB eI Ihtsynals haigm e'b%éé% SiTeGBE S ataal
of itens 1 to 4, V\/nereln Lo
number of stages ng (= ngq + hp2 + I'IB:;) wherein Lg, Dg, Na+, N2, Ng3,

and ng satisfy following formulae (22) to {(27);

1000 < L < 5000 (22),
100 < Dg < 1000 (23),
5 < ngy <20 (24),
12 < ngz < 40 (25),
3<ng3<15 (26), and
20<ng <70 (27),

2. the process according to item 1, wherein not less than 1 ton / hr of
the high-purity diphenyl carbonate is produced,
3. the process according to item 1 or 2, wherein said dg¢ and said dg2
for said continuous multi-stage distillation column T, used in step (1)
satisfy the formula (28);

1<do1/do2<5 (28),
4. the process according to any one of items 1 to 3, wherein Lg, Do,

Lo / Do, ng, Do / dg1, and Dy / do2 for said continuous multi-stage
28
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5Lo/ Do, no, Dol do,, and Do I dO2 for said
continuous nulti-stage distillation colum To satisfy
respectively 2500 5 Lo 5 5000, 210 5 Do s 800,7< Lo
/Do 520, 405 no 590, 55 Do Ido, 513, and 95Do/ d025 20,
the process according to any one of items | to 5,

d'st"!‘“mwoa?;%#@@ e feﬂ%ﬁ%ﬁt'z”%4vuzaﬁbh§&o Hdg. 280800 <
acki ng as sai d internal ahe procesg
1000, &5 b hipa 5 S0 oaPEE Natsrith S Boclotes AUeand 7 < Do / dos

multi-stage distillation colum To is a plate type
< 25distillation colum having the tray as said interna
15 8. the process according to item6 or 7, wherein
5. tha pgraceys iacceadihg toranynomesofitems st tyd, dviserainakg,oBo,
columm To is a sieve tray having a sieve portion and
Lo / By daynDgedpand @y / 82 foe spideostirfammes huldi-stagde em
8, wherein said sieve tray in said continuous

dlstill‘?s‘ﬂléh c%l@ﬁ'ﬁh ﬂ"é;%éﬂléﬁl resh eively 390bas 1109 500010@13? < Dg <

hol es In said sieve portlon t her eof

800, WQCI?S? [flch;f@l_l HE é?l 14 o, % %Dgfl %el'é‘ &nd 9 < Do / doz <

Osse sectronal - areg per si'eve tray
20 sald conti nuous nultl-stage dlstlllatlon colum To is
in a range of fron10 5to 5 cnk, 11. the process
@fcordlqg to anﬁ of itens erein_ an
g

2
FePIRTRST HGCLT d“%lf one ?Fé‘fm% 155‘% M?T?lﬂo%@'%
Itl-sta? distillation colum _To is jn a rang
continuayst M fiostegg disti i@“oﬂ@*H%J%'Saééﬁﬁﬁllﬁgoﬂocﬁmn
cone of items 1 to 11, wherein said d,, and said d12

havinga traydandr/sor aopa tkimguessaidi irdeengl, di stillation

colum used in step (Il1) satisfy the foll ow ng
7. ther proeegRAccoxdihg 4o dtald, 6 amhersan éad® 2 ondin s

second continuous multi-stage distillation columm used
multi-stage distillation column Tg is a plate type distillation column
having the tray as said internal,
8. the process according to item 6 or 7, wherein said tray in said
continuous muiti-stage distiliation column Ty is a sieve tray having a
sieve portion and a downcomer portion,
9. the process according to item 8, wherein said sieve tray in said
continuous multi-stage distillation column Ty has 100 to 1000 holes /
m? in said sieve portion thereof,
10. the process according to item 8 or 9, wherein a cross-sectional
area per hole of said sieve tray in said continuous muiti-stage
distillation column T is in a range of from 0.5 to 5 cm?,
11. the process according to any one of items 8 to 10, wherein an

aperture ratio of said sieve tray in said continuous multi-stage

distillation column Tg is in a range of from 1.5 to 15%,
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5in step (Il) satisfy the followng fornmula (30); 1
:5d12 / d,, 55 (29), and 1 5 d21 / d22 5 6 (30),
13. the process according to any one of items 1 to 12,
wherein L,, OO, L, / b, n,, D,/ d,,, and D, | dl12
for said first continuous nulti-stage 10 distillation

12. (¢ BRoYaEd ddpcihlia blAngRehY ey 13, SRy sai
v 8% o2 or Bopd g gom BB iR fiad o B g Morume
usoc bt (0] S5t IR A0 (491, abdistd €5 40
~ 6000, 150 < D2 <_ 1000, 3 <_ L2/ D2 <_ 30, 15 15
said d2pfoe sgad se@mbzontimious mlti-stage distijpatioggolusn used
25, 14. the process according to any one of itens 1 to

in stap,(IWsatésfy the fallowing formujaf30)D, / d,,, and Di /
dl12 for said first continuous nulti-stage

distill agiop,cqldypc gati sfy respectivel9)2%d 5 Li
5000, 200 s D, < 800, 5< L, / D 515, 40 < n,

90, 10 <q Pd.; /H,.286and 7 <_ D, / d 20 15, and
L2, D2, L2 /D2, A2, D2 / d2,, and Dzl(/%dgéz for said

15, B AREAMP A DR oR BiR) AT W L O
00, 5 2 15, . . : . ,
Lot v otabe s e G S i gunden fifiage
, 4 . .
distinyer s e R stor 1l satlitiashactire v rofin Sha s
said second continuous nmulti-stage distillation

6000501 20ns Ps 5 1008,i 3 1<aki 6P £ 81 30390 iuvE PG 8 raP1ahdy < 25,

or a packing as said internal, 16. the process
and Scedhdf dae o181 and1kz, Bbekei/Dsang Pbr/sd2ic@nd Raold22 for
mul ti-stage distillation colum is a plate type
said diestoind abntimuoaisumultiastage didtdlatiay cdusm dsed iy atép (11)
and said second continuous nulti-stage
satisfy respectively 2000 < L, < 6000, 150 < D, <1000, 3 £ L,/ D; < 30,
15<n2<60,25<Dy/da1 <12, and 7 £ Dy / dyz £ 25,
14. the process according to any one of items 1 to 13, wherein L4, Dy,
L4/ Dy, n1, D4/ dqq, and D4 / dq2 for said first continuous multi-stage
distillation column satisfy respectively 2500 <L, < 5000, 200 < D4 <
800,5<L{/Dy<15,40<n1<90,10=<D,/d4y1<25,and7<Dy/dy2<
15, and Lg, Dz, Lg f Dz, No, Dz / d21, and Dz / dzz for said second
continuous multi-stage distillation column satisfy respectively 2500 < L,
< 5000, 200 £ D, <800,5<Ly/D2<15,20<n;<50,3 <D>/d2 £10,
and 9 <D, /dy <20,
15. the process according to any one of items 1 to 14, wherein each

of said first continuous multi-stage distillation column and said second

continuous muiti-stage distillation column is a distillation column
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5 distillation colum is a distillation columm having
both the packing and the tray as said internal, 17.
the process according to item 15 or 16, wherein each
of said trays in said first continuous nulti-stage
distillation colum and said second continuous

Jul L} St j o) . i eve tray having

navifd of L 848 £of Bl Bkt 2 S AINTAEr Tt e ST o, 15, Che
process according.to,item1 erei.n each.of said

16. & Brogess aacerding tp Eag b WHRIGLN s g Tt gihtihuous
distillation colum and the second conti nuous ,

multirgtage gisigldatiosi¢olumn ds & olaientyre disiblladongrjumyyhaving
/ nm2 in said sieve portion, 15 19. the process

the tray @sdsaig inteirnahn ar7d maid sseathed siontinéous multi-stage
cross-sectional area per hole of each of said sieve

distilatya dolusa ds fa ditillatoon icoboorm Walving dtethbethe packing and
distillation colum and said second conti nuous

the tRaY t9s shrRDmtéirahi,l | ation colum is in a range of from
0.5 to 5 cn2, 20. the process according to item 15 or

17. e pﬁﬁé@é@ aRFdAFG 0 terd01 5 YK A BUNHerdh [dad 89%aid trays

di st atron colum™is a distillation colum having,

in sat"i’(a efﬁ%'t &t ’m%@ﬁ§%§:d’?n9iiih§tif)plecb‘ﬂﬂﬁﬁ 4194 tsia?&' g¥cond

colunm, ~and t ower portion o

col umm . Lhe ptocess accarding to_an ne of i .
contifiqly myfitizplatdy Ri€TFato Bl s Lafihe RSk Raving T sieve

sai dwaecond continuous, multi-stage 25 distillation
portipp 3nd 4 doyeynes RATGICN:i ty of sets of structured

packi ngs, 22. the process according to item 21,
18. viher process @osording tedteacky nwherein each of saddrideve

continuous multi-stage distillation colum is of at
trayd athe first coypinuml e oeidi-stage thstidatiop colvenptand) tbe

Mel | apak, Genpak, Techno-pack, Flexipac, a Sul zer
secopac&o ntnuausopdn i dtagacdigtilatéovl coBiivirs hagr100 to 1000
holes / m? in said sieve portion,
19. the process according to item 17 or 18, wherein the
cross-sectional area per hole of each of said sieve trays in said first
continuous multi-stage distiliation column and said second continuous
multi-stage distillation column is in a range of from 0.5 to 5 cm?,
20. the process according to item 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 items 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 item 21, wherein said structured packing
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5 23. the process according to any one of itens 1 to
22, wherein each of said high boiling point materi al
separating colum A and said diphenyl carbonate
purifying colum B is a distillation colum having a
tray and / or a packing as said internal, 24. the

YL OIS A 58t east
ono GEFREMAMTHATTSS QAL TR g
rech3eeahtl BBk Sy ek ca B3R . v

the group consisting of Mellapak, Cenpak,

GlitsgBgAfoe- pack, Flexipac, a Sul zer 15 packing, a
Goodrol | packing, and Gitschgrid. In addition,

23. dbeoptierss accloed g dddms paet obitens 1pt'<1928ntwhere|n each
i nvention, there are provided: 26. a high-purity

of sadld pﬂghylboictimrgopomterrmtedacts@ﬂaratihg pohumasA aaateaid ng
to any one of Clains 1 to 25 in an anount of not |ess

diphém@ncdrbaWateoputifiing édlurhieB s distilladiofli ddtemyh having a

carbonate according to item 26, which has a hal ogen

tray gﬁat/eai aOE:aEﬁ’lhrq*EEesélaaﬁn 8rriaiopm 28. the high-purity

I ph eny car borrat e accor |ngt0|tem26 which has a

24, rﬁ‘l' é%’%}tag.'&%hg #?éa%% haMetelPRa 5012%*a|(§|?ﬁternfals

nat’e accordlng 0 an
2s,.a co&tent Rr o uct

to 28
of Saﬁ%'ﬂa %ow.naqep"uom?ﬁaa ssbaiAlng haflimAa
hen%j} car bonate of not nore than 100 Sf 30 t he
d'PhEPP)gEhC% qnatedPEREVNG 68RHBRB dS4PoPAFKIRS0 i tem 29,
whi ch has a hal ogen content of not nore than 10 ppb,
25. ghe pracsssaccording o itsamphenwhesain spidmackingtische,
phenyl net hoxybenzoate, and
structured packing of at least one type selected fromt the group
consisting of Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer
packing, a Goodroll packing, and Glitschgrid.
In addition, according to the second aspect of the present
invention, there are provided:
26. a high-purity diphenyi carbonate produced by the process
according to any one of Claims 1 to 25 in an amount of not less than 1
ton / hr,
27. the high-purity diphenyl carbonate according to item 26, which
has a halogen content of not more than 0.1 ppm,
28. the high-purity diphenyl carbonate according to item 26, which
has a halogen content of not more than 1 ppb,

29. the high-purity diphenyl carbonate according to any one of items

26 to 28, which has a content of by-products having a higher boiling
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5 1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene, which
are the Dby-products having a higher boiling point
than that of the di phenyl carbonate, of not nore than
30 ppm 31. the high-purity di phenyl carbonate
according to item 30, which has a content of the

by - Vi [ Ll i
o] BHELERARRCR bt dtofiid iaR dybar.
: i gh- purit [ n car bonat.e accqr di )

30. e high-pusityiibmed ] Jatbahiats ArantifaRor B, 83 Whish

| ppb, and a content of the by- ro%gcts havi ng %
has aihghegepFontenty aet mere fhan o P aNPRergntent of each

carbonate of not nore than 10 ppm 15 Advant ageous
of pheiriyd cadi ayflatenexamthame ophenyhare thexybdinzantes énd hat

by i nplenmenting the process according to the present
1-phénerytachonyi-Bi pite pox iyt grsbphehdnydenBomchich arztihe ed
for producing a high-quality high-performance aromatic

by-p Y ustsisavipeatifigher tsilipgopoidthein dnai ofitlsérdiphenyl
scale of not less than 1 ton / hr, preferably not

carb&ﬁﬁﬁe,ttﬂﬁﬂofrﬁ&‘é {hgﬁ,agrwp%greferably not less than 3
ton /" hr,

roma cyclic carbonate and a phenol .

(=To VAT X ' r tihe:thi DU hi
31, JMSEBK-pulrlty Dt LAt OHRE AbofeRhg, telitBhPBge witich
raol Qqnged riod of ti of .. fo lLe...nqt
nas § canta0bg! 15e 8- RipdaTS A5 ving: 2 rSBSF k1 HEROTEINER that
nor.e . preferapl not, | ess thap 50 hours, with a
of thagIBhBnYL S BRNAL SHoROTBIIS Tan B, PPgb hom
preferably not nore than 10 ppb, nore preferably not.
32. nhechighmpurityhiphany) serbenater3cerrding to Kegh 3doivhied
poi nt than that of the diphenyl carbonate, a content
has athalbgeh tententnof nobmeorentinanob pphmang@ecentgntyohthe
nore than 50 ppm nore preferably not nore than 10
by-products having a higher boiling point than that of the diphenyl

carbonate of not more than 10 ppm.

Advantageous Effects of the Invention

It has been discovered that by implementing the process
according to the present invention, a high-purity diphenyl carbonate
required for producing a high-guality high-performance aromatic
polycarbonate can be produced on an industrial scale of not less than 1
ton / hr, preferably not less than 2 ton / hr, more preferably not less
than 3 ton / hr, from a cyclic carbonate and a phenol. Moreover, it has
been discovered that the high-purity diphenyl carbonate can be
produced stably for a prolonged period of time of, for example, not less
than 2000 hours, preferably not less than 3000 hours, more preferably

not less than 5000 hours, with a halogen content of not more than 0.1
33



5 ppm The present invention thus provides a process
that achieves excellent effects as an industrial
process for the production of the high-purity

di phenyl carbonate. Brief Description of Draw ngs 10
FIG 1 is an exanple of schematic drawing of a

ppm C@Péfé"r% rr]\é)rtgﬁgﬁ%‘fﬁaﬂ' $8 edrﬂb'?‘t h‘b?efﬂéaf%?al?ﬁre%{a%@iﬁan

carr | hehpr es | nve _ _ f
ppb @Pévaen iR ife “ﬁbea%agaer‘t T BoiRe Bes !t%* ?’ﬂ R
IS an exanp E rﬁaf)l c draw n t Jé{)q
dlph%am Pﬁmgatqsa&@ae?m@fdm S Qt'?%ﬁ'oédr‘ ﬁ% BP@f R,

for carrying out the present invention,
preferiaddy Inatt memedbamBonRM gnPFe @*ﬁm@bﬂvmtd@w renthan 10
trunk portion thereof; FIG 3 is an exanpl e of
5 ppmscﬁ'd’rmpireselnh\'wiw@nﬁonathskscprmVideemimooassﬂélacttaameves
distillation colum preferable for carrying out the

excelentreffetts as\eanindwstridiepdicess fart il peod uotiohaod the
provided, in a trunk portion thereof, internals

highuisiysHige Py Safbbriatecd packings in an upper portion
and sieve trays in a lower portion; FIG 4 is an

exanpl e of schematic view of an apparatus conprising
the first continuous reactive distillation colum and

ous reactive distillation colum
Brmgﬁ%ﬁ&ﬁ%@%ﬁ?ﬁ@%bﬁ& able for carrying out t he
nt, j nvention:  an I of
10 Schifad I8 IReanple fﬁpﬁ}%a? c depindple” ﬂﬁgHous
boi | i ng point material Par ating col unn
reacHVBh‘é‘ﬁ%‘l"%'é’rfbﬁﬁﬁi@np-ﬂw Profergie) Magrv'.n@‘eut ttBaé%rﬁérem
preferable for carrylng out the present invention. 5
invention, the distillation column having internals consisting of sieve
trays provided inside a trunk portion thereof,
FIG. 2 is an example of schematic drawing of a first continuous
15 reactive distillation column preferable for carrying out the present
invention, the distillation column having internals provided in a trunk

portion thereof;

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

continuous reactive distillation column preferable for carrying out the
20 present invention, the distillation column having provided, in a trunk
portion thereof, internals consisting of structured packings in an upper
portion and sieve trays in a lower portion;
FIG. 4 is an example of schematic view of an apparatus
comprising the first continuous reactive distillation column and the
25 second continuous reactive distillation column linked together

preferable for carrying out the present invention; and
34
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Description of Reference Nunerals (In Fig. 1) 1: gas
outlet, 2: liquid outlet, 3-ato 3-e: inlet, 4-ato
4-b: inlet, 5. end plate, 6: internal, 7: trunk
portion, 10: continuous nulti-stage 10 distillation
colum, Lo: length (cm of trunk portion, Do: inside

di st %rls( egrgbié‘ il dér’n%'i‘vc dew o(frh:rr% %g:ip‘#rﬁﬂﬂer

of gas out Ianeter qui d

out ] et F 1l et
comgifbir a'Bidn hBRio pbiffmateril diRaring bordion A -
n of trunk portion ) : Lnside
d'PhEMhEPQgO”%EﬁTP%FY'ﬂQJﬁR'W%nnt Bdm k%‘?@ﬁﬁ%‘%@?.’eﬁ@ibﬁ% for
dianeter (cm of gas outlet (cm, dl12 and d22: inside
carryingnetethe eipsent inyentiodut | et, 101: first continuous
reactive distillation colum, 201: second conti nuous
reactive distillation colunn, 11, 12 and 21: inlet, 13
and 23: colum 20 top gas outlet, 14, 24, 18 and 28:

DesdriptiosofrRederance/ Nurlegdls col um bottom |iquid
outlet, 16 and 26: colum top conponent outlet, 31:

(In F§§! yym bottom conponent outlet of second continuous
nulti-stage distillation colum (In Fig. 5) 25 Al and

1ga13'56 t'e‘i!' et2| .do&a |S{ 31, tB%%n@Q{tOK‘&?W%ﬁ‘ﬂhlet 5:

out n poirnt materi al separati ng

ond ﬁzéfg”% A%elﬁ*aﬁiﬁdfsﬁHéE#%ﬁwi Q”Bc’%@@%ﬁf%@*mt' e

qui d inlet p..component outI of hj
d'st"é,%ﬁ'ﬁm@olum,m ﬁa{eé?gti\”?%@ﬁafa&rﬂﬁg RT3 AL 011 S
: colum bottomliquid outlet, colu
dia m@éﬁb&%ﬂtofotwmst portiefn phéayi Irt%f:isochame@ rpfe.i 9ﬁ§. qh'gﬂet
colum B, 31: col umm bottom conponent outlet of
doa: mqmdertwameter (cm) of liquid outlet

(In Figs 2, 3 and 4)

1: gas outlet, 2: liquid outlet, 3: inlet, 4: inlet, 5: end plate,
L1 and L2: length (cm) of trunk portion, D, and D; : inside diameter
(ecm) of trunk portion, d4 and d»4: inside diameter {cm) of gas outlet
(cm), d42 and dzz: inside diameter (cm) of liguid outlet, 101: first
continuous reactive distillation column, 201: second continuous
reactive distillation column, 11, 12 and 21: inlet, 13 and 23: column
top gas outlet, 14, 24, 18 and 28: heat exchanger, 17 and 27: column
bottom liquid outlet, 16 and 26: column top component outiet, 31:
column bottom component outlet of second continuous multi-stage
distillation column

(In Fig. 5)

A1 and B1: inlet, B2: outlet, 11: column bottom component outlet of

high boiling point material separating column A, 13 and 23: column
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carbonate purifying colum B, 33: side cut conponent
outl et of diphenyl carbonate purifying colum B Best
Mode for Carrying Qut the Invention 10 Following is a
detail ed description of the present invention. |In the
present invention, first, a step (lI) of continuously

top d%rsonglb"t‘g a\4da?4 k?h o% hnRbe. El-ﬂ=9a ﬁ’bl‘? §8r2"15 and 25:

dustri al rom a cycl I'c ca ona and an

ref|u§éfé@.[]$tlh?%¢0n?§ygeil;m%' f:ogp ?g\qﬁ%ﬁ%ﬁgoﬁ‘ﬁe?%f hlg-FPSoiling
poii G el Jarabing CoRieh " o e 4758 S batom i

I 1 o o0 whereln Rl represents a
Outleﬁn véaﬁent C@H-tmﬂ topcrpmaonent euliet iaftdighe i sarbonate
6), one or nore of the hydrogens thereof being
purifying cakimy Bsutdt: |¢®Mnmathomcamn@nboptiet ofrdiphenyl
group having 1 to 10 carbon 20 atons. Moreover, R2
carborepte penifgirny cohomal Bnt 331 gt cat gooupo hant mgutlel oo
12 carbon atons, one or nore of the hydrogens thereof

diphd®yINgarbdriatenplitiy gbiyrdhe® with an alkyl group or
P e??ﬂ}r/ gr oup hael ngyl?dtoo 10 carbon atons. 36 As the

cyclic carbonate, for exanple, an al kyl ene carbonate
such as ethyl ene carbonate or propyl ene carbonate, or

Bestgl\flgijggf%ffia(ééﬁg? 8@%@“‘?@%\1%5,?0%! oxacycl ohept a- 2- one,

préfer used, ethylene
CaEBABRRg s £° %Qx.neﬂedéé‘é;?sﬂ%h%%’ﬁue Present invention.

In the present invention, first, a step (I) of continuously
producing a dialkyl carbonate and a diol on an industrial scale from a
cyclic carbonate and an aliphatic monohydric alcohol is carried out.
The reaction of step {l) is a reversible transesterification reaction

represented by following formula:

wherein R' represents a bivalent group —(CHz)n~ (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. Moréover, R? represents a monovalent aliphatic group having
1 to 12 carbon atoms, one or more of the hydrogens thereof being

optionally substituted with an alkyl group or aryl group having 1 to 10

carbon atoms.
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5 nore preferably used due to ease of procurenent and
so on, and ethylene carbonate being particularly
preferably used. Mreover, as the aliphatic nonohydric
al cohol, one having a |ower boiling point than the
di ol produced is used. Although possibly varying

de%gﬁﬁgyggct&%ﬁﬁgogﬂbgﬁaﬁé‘ any &l Pﬂl‘ﬁ?ﬂee cHPEGnate
suchyse HBVI4nE haﬂgratgr%p Sty bféogﬁmﬁh% & eonel.

soners), hex al cohol (i soners), T£ aI c&%ﬁ,
1,3 C{’Pé‘@ﬁé’ﬁ&‘)he%ﬁt pney| béndioxacsiebeptawapye. Arcifilike can
(i somers), decyl alcohol (isoners), undecyl alcohol
be p(efesably isedoctbylene cabbnaite arepEIpYlepe spehrnats being
15 cycl ohexanol, cycl oheptanol, cycl ooctanol,

morerpréfdrapty ased duoel to easenef s)OCletdrmlenycartq)snt anphnd
(i somers), nethylcycl ohexanol (isoners),

ethyRInY taysbraex ddhg (pHeitrNary giaterdplycusedhexanol
(i soners), diethylcycl ohexanol (isoners),

phWﬂe@(@rOBgﬁ'@hh 'h%‘?i@ﬁﬁ)noﬁ&?dﬁh"aicéh@?h@he having a

phenet hyl al I'soners), phenyl propanol (isoners)

lowef HoifRpPa - that EHEEE?'{ {%%h%é 1R ‘&e'fn*f“s@ ?ds%'b*y
I I
vary () 8RPERUBA fsbe & %m&?@%&%’%"Bgedasﬁa&eles
of th%[%k‘s»ﬁ%ry helcohelnliip BedbaasL eblpTnle arapan S{Lg
to 6 carbon atons, nore preferably al cohol s havin
(isormera). clivicahahebuianol (EOMATS), JebHEATi1-Obr pafilCoriol
(i soners), and 37 butanol (isoners). In the case of

(isomeisyy hn)muainehodu(txnmeeshrhemwma)cehel ¢moroats)e aatyl

the cyclic carbonate, preferable aliphatic nonohydric
alcolbsohse)e nosiyh &iobhehdiseinhary), dewtitaicohob€isumers),

particul arly preferable.

undecyl alcohol (isomers), dodecyl alcohol {isomers), cyciopentanol,
cyclohexanol, cycloheptanol, cyciooctanol, methylcyclopentanol
(isomers), ethylcyclopentanol (isomers), methylcyclohexanol (isomers),
ethylcyclohexanol (isomers), dimethylcyclohexanol {isomers},
diethylcyclohexanol (isomers), phenylcyclohexanol {isomers), benzyl
alcohol, phenethyl alcohol (isomers), phenyipropancl (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 monchydric 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
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5 When carrying out the reactive distillation of step
(I'), the nmethod of making a catal yst be present in
the reactive distillation columm may be any net hod,
but in the case, for exanple, of a honbgeneous

catal yst that dissolves in the reaction |iquid under

buta@@?&%ﬁ?ﬁ&sﬂ” |?1°{Hje%1 iagﬁs?]f hEﬁmi%‘t%%ﬁL EQFbQ af@de to

d. rlelsent N a aze e reaC |ve
prooflel glbieHf o el Fin bl B 8ot il el
er ogeneo at al hat does not .
mongAYSHRalcPRoI e TR RGN aRO] And GihaReE MR RALPRES

conditions, the catalyst can be made to be present in
particylarheacefeableyst em by di sposi ng the catal yst as a

solid in the reactive distillation 15 colum; these

meWihels aeayyiaigsoubéhegedctivecdiglillationof stept {1, thessethod

that a honpbgeneous catalyst is continuously fed into

of making aacdtalgsidbat prdsiriton the veactivealistilatiemcocalimn may
catal yst may be fed in together with the cyclic

be aﬁﬁlrrhéﬂf’é@ Buﬂf@fthbf@a@élf&ﬁékémméobﬂh" hema@y6886Ls Or

inat a different position to the starting

catatggi %?F"d?ss@l%@hﬁ\ fl‘?é‘?éheﬂoﬂcl'iﬁéidbﬁp%?q gd%ddtidie

at1on col um In a regio ow t ep03|t|on at

S f [ . .
condfffefid, 1 oaRen he' Fladd so MY RPEOER: b 2 fowid pbage in
t he osi
the 'Fﬁ&“ﬂ&s‘i‘ﬁ“&f‘??@" GO AV B 185 b FeaueLinth @ear%actwe
. _L_;e in. The catal yst nmust he %r esent in at |east 25
distiliatigpcolymy spatinpaislygsdn ihg; aase, ofn%m@tﬁr%%nseu§
at least 10 stages. 38 Mreover, in the case of using,
catalyshéhat dgesenot dissolyecin tsheyse,actlpnellwatdauyﬁerﬁhgt reggction
present in at |least 5 stages, preferably at |east 7
cond#ianesiheroradéajysdfecarableynmmade tatie pbesenbas tha realction
catal yst that also has an effect as a packing in the
systehsby Idispho o thewatabysthes ussdlid in the reactive distillation
column; these methods may also be used in combination.

In the case that a homogeneous catalyst is continuously fed into
the reactive distillation column, the homogeneous catalyst may be fed
in together with the cyclic carbonate and/or the aliphatic monohydric
alcohol, or may be fed in at a different position to the starting materiais.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region between the top of the
column and a position slightly below 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.
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5 Exanpl es of the catal yst used in step (I) include:
al kali nmetals and al kaline earth nmetals such as
[ithium sodium potassium rubidium cesium
magnesi um cal cium strontium and barium basic
conmpounds of alkali netals and al kaline earth netals

o Dlbraty e e cen JMEIRE SRS o SERbERS sqlig catalyst
I | kal t =S

the bl fitede RrasEpfihal 14B6E St ERrERRGRIA} st 7

stagghansiie, prefesah akinast 19 HagaenbeibicaTaly St that also
het er oaromati ¢ conmpounds such as N-al kyl pyrrol es,

has ap£ftgei aga packinainitbe digtidlatian gphane ey be used.
N-al kyl pyrazol es, oxadi azol es, pyridine,

5 al Exapyplieti abthe matatystresed anisteguil honclueks:

i soqui nol i ne, al kylisoquinolines, acridine,

al mjkait meliale and atkalivid rez rtinen e td sy ydte aankitiviam,nesdium,
pyrim dine, 20 al kyl pyri m di nes, pyrazine,

potadsith PYGB/IiGASE. cdSiuat] MRgnadnd! &YlchimaZtRestiuntyahd C
am di nes such as di azobi cycl oundecene (DBU) and

bariti gzobi cycl ononene (DBN); thallium conpounds such as
thallium oxide, thallium halides, thallium hydroxide,

t hall.i L ' t [
B4 EoFE0A S 3H UL BBELENGHE B mtals such
C ounds such, as tributyl met hoxytin, . .
10 as hydBREyRRERIHSS, ke g u iy BrRe Poa)e amides;
di et hyl di et hoxytin, dibutyldi ethoxytijn,.
di Baf% grREmYRER of alkadinetatsn R alkaline.gagin metals such
acetate, tributyltin chloride, and tin
as carbangiese inahenatascand grgands asid salts;
di met hoxyzi nc, diethoxyzi nc,
tertiary amines such as triethylamine, tributylamine,
trihexylamine, and benzyldiethylamine;

15 nitrogen-containing heteroaromatic compounds such as
N-alkylpyrroles, N-alkylindoles, oxazoles, N-alkylimidazoles,
N-alkylpyrazoles, oxadiazoles, pyridine, alkylpyridines, quinoline,
alkylquinolines, isoquinoline, alkylisoquinolines, acridine,
alkylacridines, phenanthroline, alkylphenanthrolines, pyrimidine,

20 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,

25 and thallium organic acid salts;

tin compounds such as tributylmethoxytin, tributylethoxytin,
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5 et hyl enedi oxyzi nc, and di but oxyzinc; al um num
conpounds such as al um num tri nmet hoxi de, al um num
triisopropoxide, and alum numtributoxide; titanium
conmpounds such as tetranet hoxytitani um

tetraet hoxytitanium tetrabutoxytitani um

O il R e
dlbule $§$ﬂ§ ﬁgsginﬁﬁg W?W%‘?‘E’Hb@%@h NBEE Mributyitin

phe hos . Lributyl nethyl phosphoni um
ChIOWAﬁ éé‘ @3? ﬁlﬁ.ﬁ t@ssphonl um hal i des, and

tri phenyl mat hyl phosphonl um hal i des; 15 zirconium
COAISUABB AN 31 S USNY asimethaxyaiac, diathexyvainc,
acetyl acetonate, zirconium al koxi des, and zi rconi um
ethylaneddo sy ziseg al’ldaak'ﬂbattckyziad; cont ai ni ng conpounds, for
exanpl e | ead oxi des such as PbO Pb02, and Pb304;

| eaturaitdmdesmpuands sBbh, aPlGhinand tiPh@hoidé eatliminum
hydr oxi des such as Pb(OH) 2, Pb302(OH) 2,

triiso‘ih@EBQ@é Oihdl alunditdiiPt2®uebkide:p! unbi tes such as
Na2PbC2, K2PbC2, NaHPbO2, and KHPbCR; pl unbat es such

CIMTET SorRRay S e iy e
e B R 4 B e
tetrabﬁ%ﬁpﬁ%ntéﬁﬁrﬁ&%ﬁlﬂ%@%@atgﬁ%@bﬁ"'yif"‘ ?%cse&*y doblontes

thereof such as Pb( OCOCHSI)‘ rgrlOC:OCI-ISR

phosphorus compouhds such as trimethyip osphme

triethylphosphine, tributylphosphine, triphenylphosphine,
tributylmethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenyimethylphosphonium halides;

zirconium compounds such as zirconium halides, zirconium
acetylacetonate, zirconium alkoxides, and zirconium acetate; and

lead and lead-containing compounds, for example lead oxides
such as PbO, PbO., and Pb30y;

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

iead hydroxides such as Pb(OH)2, Pb302(OH)2, Pb2[PbO2(0OH),],
and Pb,O(OH)z;

plumbites such as Na;PbQ,, K:Pb0O,, NaHPbO;, and KHPbO;;

plumbates such as Na;PbO3, NasH,PbO4, K:PbOj3, Kz[Pb{OH)s],
K4PbO4, CazPb0O4, and CaPbOj;

lead carbonates and basic salts thereof such as PbCO; and

2PbCO3-Pb(OH)2;
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5 Pb( OCOCH3) 2PbO. 3H2O, or ganol ead conpounds such as
Bu4Pb, Ph4Pb, Bu3PbCl, Ph3PbBr, Ph3Pb (or Ph5Pb2),
Bu3PbCOH, and Ph2PbO (wherein Bu represents a butyl
group, and Ph represents a phenyl group); lead alloys
such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn, and Pb- Sh; 10

nyAReRIEEE Compeiods %@hﬁ%@n@?ﬁ"ﬁ% pavaSEfas e as
Pb(o%éﬂpfz.- 3??“‘?@&8%@@3‘)“%# EP?P? oA 228t on' by- pr oduct
&?@gﬂﬁ@hﬁsofcah@eg}@?ggﬁénmﬁ tBpatas and oasiasaliv
npound does not dissol ve, the conpound can be used

theregd, such a3 RBEQCACH: furR PRI EGHa1. aBdal so

preferable to use, as a honpgeneous catal yst, a
Pb(OﬁQth;e)zd:bb@ 3l=,'ldOoy di ssol ving a conpound as above in
a starting material of the reaction, the reaction

m gtgasoiead eampmmn@swamastBobehPHmta BusRHCance,
or by 20 reacting to bring about dissolution.

PhaPBHBT PP or PHL PO N BUEPHOBUEhAPRFPED (Wed@idBu

resins = having tertiary am no groups, ion exchange

reprd<iitdSa Wﬁ}fw‘gg ﬂ’ggﬁnﬁrﬁﬁ%prds%tg’%i: ﬂ%@ﬁ/

aV| ng at e type of exchange gro sel ect ed
u ar ro d
@@ﬁﬁ%ﬁ%%@?@@% PRANG® 20100 PBs B P82 Cand op-sb
xc anger s n uat er nar, nmoni um gr oups as
lead GAEVAAL SHEB As gg%%nﬁdanﬁ&'éarﬁqsné*& ds 41 such as
silica, silica-alumna, silica-nmagnesia,
al b rteis et aueb, legd comRowdScate, various zeolites,
vari ous netal - exchanged zeolites, and
antibtheease thatgthe zempewad ugrd diserlvesninapssiasting

used as the catalyst.
material of the reaction, the reaction mixture, a reaction by-product or

the like, the compound can be used as a homogeneous catalyst,
whereas in the case that the compound does not dissoive, the
compound can be used as a solid catalyst. Furthermore, it is also
preferable to use, as a homogeneous catalyst, a mixture obtained by
dissolving a compound as above in a starting material of the reaction,
the reaction mixture, a reaction by-product or the like in advance, or by
reacting to bring about dissolution.

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
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5 As a solid catalyst, a particularly preferably used
one is a solid strongly basic ani on exchanger having
quat er nary ammoni um groups as exchange groups,
exanpl es thereof including a strongly basic anion
exchange resin having quaternary anmoni um groups as

sucht¥6 31165, sAIARTuminaC S 25aghesd! NI dSiRBARES, gallium
3

exchanger havi ng quaternary ammoni um gr oups as
- c . a r or,
siticq{ss SR uR % TBast YouRil PR BRGNS f rp BB AREE
anmoni um gr oups, as _exchan roups. As a stron
ammgIR - £XcBAN o ABRGLSPeand SAThGan Alse: Rar{reds s
roups as exchange groups, for exanple a styrene type
Catagﬁﬁongly basi ¢ ani on exchange resin 15 or the like can
be preferably used. A styrene type strongly basic )
anfénasalithegéalyssi a particWarlynprefesabiy uasdopne is a solid
exchange resin having a copolyner of styrene and
strondilyi basiceanimme eashangardnavimgt quatérnarydammonium groups
guat ernary ammoni um groups (type | or type Il) as

as egsliangecgralipsipsxample s 2ahebeof AEEing &l kirongly basic anion
represented, for exanple, by the 20 foll ow ng fornul a:

cxorg s GSIGHORYT B Gréipead sxhan

groups; ﬁ%&@%ﬁ%%ﬁ&%;ﬁ%&b%ggr having quaternary
amm%%cg%&&gza%%hé%ge groups, and an inorganic carrier

supported type strongly basic anion exchanger having quaternary
ammonium groups as exchange groups. As a strongly basic anion
exchange resin having quaternary ammonium groups as exchange
groups, for example a styrene type strongly basic anion exchange resin
or the like can be preferably used. A styrene type strongly basic
anion exchange resin is a strongiy basic anion exchange resin having a
copolymer of styrene and divinylbenzene as a parent material, and
having quaternary ammonium groups (type | or type Il) as exchange
groups, and can be schematically represented, for example, by the

following formula:
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X_wherein X represents an anion; as X, generally at
| east one type of anion selected fromF, ', Br',

-, HCO3-, C032', CH3CO2-, HCOz*, 103-, Br03-, and
C103" is used, preferably at |east one type of anion

selected 5 fromthe group consisting of d-, Br-,
HCO3- d 2-. NbJeo as he .st,ruct ur g of~t he

egin Ment-iarert —éﬁ%? I'E;El’é‘i’ﬁe olé a
macrorgticul ar type one can be used, the MR type
bei ’g/os ticul g r ef er ab e to the organic

! exarrpl e of a (typel)
cell |stron: d5i ¢ anijgn exghanger 10 havi ng
' y armontugrGr oups adNgxshange @ oups is

I ose having { OCH2CH2NR3X [ex agzemg%gﬁ%a
groups

ht&i ned by con | al |
Chi2iN{EGH2)3 | urc}s)ée-ir n! o trial kyl am noet hyX<gr oups.

HerX© R represents an al kyl group; nethyl, ethyl,
propyl, butyl or the like is generally used,
preferably nmethyl or ethyl. Mreover, X 15 represents
an anion as above. 43 An inorganic carrier supported
| C a4}l On xcha r_haai quat er nary
s e cha% grougF_\rrﬁgﬂggn i norgani c
-Q(CH2) "NR3K quaternary amoni um
' W W ng some or all| of
t he i nor gani @ype II)
_{ as above. n is
roml to prefergply n = 2.

er . ~eil i ca \
- Ny Nl a, cguzeollte, g %:q-lpp&(cczmom
é,é pifef erabl e to use silicd~ alumna,
C

or siXPca-alunmina, particularly preferably silica. Any
net hod 10 can be used as the nethod of nodifying the

whergin Dacep hrysksmbsy AanHmiops af X, igenéradhygatieastonedype of
anion selected from F~, CI', Br’, I, HCO3, CO3*, CH3CO2’, HCOy', 103,
BrOj3’, and CIO5" is used, preferably at least one type of anion selected
from the group consisting of CI, Br, HCO3", and CO3%. Moreover, as
the structure of the resin parent material, either a gel type one or a
macroreticular (MR) type one can be used, the MR type being

particularly preferable due to the organic solvent resistance being high.

An example of a cellulose strongly basic anion exchanger

having quaternary ammonium groups as exchange groups is celluiose
having —-OCH,CH:NR3:X exchange groups obtained by converting some
or all of the —OH groups in the cellulose into trialkylaminoethyl groups.
Here, R represents an alkyl group; methyl, ethyl, propyl, butyl or the
like is generally used, preferably methyl or ethyl. Moreover, X

represents an anion as above.
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As the solid strongly basic ani on exchanger having
quat ernary anmmoni um groups as exchange groups, a
commercially available one my be used. In this case,
t he ani on exchanger may al so be used as 15 the
transesterification catal yst after being subjected to

| BaCHERGRNT, oty AESAGH OB GroR Bt dhipn,
oxenSERU P oo TBRAEY S i EFar B g crouss
moarSE RS Flos ok e EHEFEHR osfrnary

het erocycl i c groups each containing at |east one
ammﬁinwmgmtm%mmtraﬁusﬁsiothﬁreéeebkmb&fyur@aoase erall of the
transesterification catalyst. Furthernore, a solid
-0OH satrfd ga thyidrowkl ghospsefotheainorgfanibesarrier. Here, R and X
ni trogen-contai ni ng heterocyclic groups have been

are dufived tagdabove. a n isi1gietreraily salihnteger bomints @, preferably
used. Note that a solid catalyst such 25 as an ion

n = EXCRANGY irmargaﬁdié%a&fsfferagi|ﬂ:d3,a§tldrﬁma,mﬁcan§mrhirfé, fithia,
catal yst used in step (i) vari es depending on 44 the

a zeéﬁt‘é‘?.ﬁtﬁ&ﬁl};@?&%)ﬁ% ugéa‘?gt Egﬁn%ibrb?‘&ra%§etooﬁse silica,

cont'|I nuous eeding I n nogeneous cat al yst t

s e . . react i

atumfhEaBt Sl AR nRc ARrEDIRN Y rE eBly, SMER- LRk sHBthod

from 0.0001 to .50 % Lght, preferably fromp. 005
can b, Upd g, heiriaihodeo b afividis i Syl hyds S XY Lotetng of

by weight, as a proportion of the total weight of the
the ipQEIaNICeRMIRat e and the aliphatic nonohydric al cohol

fed in as the starting materials. Mreover, in the

cads tbe selidgtranghy basimanigr exohangercbaving gaaternary

distillation colum, the catalyst is preferably used
ammbniam grawps asnegchange groudpsym @odmercid iy aiviilatbe eone

10 preferably 0.05 to 60 vol % yet nore preferably 0.1
may be §9ed ol In this edseQithehgniwmoeychanger malyuasocobetised as

distillation colum.
the transesterification catalyst after being subjected to ion exchange
with a desired anionic species in advance as pretreatment.

Moreover, a solid catalyst comprising a macroreticular or
gel-type organic polymer having bonded thereto heterocyclic groups
each containing at least one nitrogen atom, or an incrganic carrier
having bonded thereto heterocyclic groups each containing at Ieasf one
nitrogen atom can also be preferably used as the transesterification
catalyst. Furthermore, a solid catalyst in which some or all of these
nitrogen-containing heterocyclic groups have been converted into a
quaternary salt can be similarly used. Note that a solid catalyst such

as an ion exchanger may also act as a packing.

The amount of the catalyst used in step () varies depending on
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There are no particular limtations on the nethod of
continuously feeding the starting material cyclic
carbonate and ali phati c nmonohydric alcohol into a
continuous multi-stage distillation columm To
constituting 15 the reactive distillation colum used

e i AR AR B e

ah o%%&%ﬁszggamsa@%g%@z%w: o FRBE B i nger e

stages, nore preferably at |east 10 stages, of the
reactipBtaanditions. dbeiamouriagsed is ganesally i adrangmed Trer
20 the aliphatic nonohydric al cohol can be
0.00@brtbi 3V day Weidht npfeferably fraqui ¢ .60 5 toniZd Y%obyi weight,
in stages of the continuous nulti-stage distillation

morecptefisraby Fisiri 0.9 1t tee 100%d blyi weigitte s mbe prertidreof the
Mor eover, the cyclic carbonate and the aliphatic

total w.gwctfﬂ theikgehelcarbanalg ard ftﬁdt&ﬁﬁhaﬂb%bheh?@m
stage of the distillation colum, or 25 may be

alcoH:’tﬂ feQP'H‘?%‘% HY Qtziﬂ‘tfrfﬁ rﬁil g9eMbreOVET, %Oﬂ'fhebasjéh@f using

Ing materira car onate and aI:p atic
e A T
profarably stk 2gaam Ao 2R G ehiTaIT: G s 14 ﬁexé %; more

materials into the distillatio %Iurmlnég gpy q
prefarabiy GaP5dopParealdhl ket mersipretiapty o ada 60 vpl%. base
gaseous starting material intermttently or

on theoamptyocsiumnnariume lod e gistillagiopcol@ndi still ation
col um. Mboreover, another preferable nethod is one in
whThere lerecyol pa:rtimrlhomimieatinsmm itheowsttyodeaf continuously
liquid formor a gas / liquid mxed forminto a stage

feeditlg the staging Imbtarial eptlicearbonaté nd bdigeaticoyménaiydric
the catalyst is present, and the 10 aliphatic

alcorpnﬁmsdé 'cepaiorgjgw% nh@ltpefggéwﬂyﬁlmnsﬁdcmrmnan gRSEOHStituting

orm and iquid forminto the | ower portion of

the rb8&tieSaisthrdtidh oM usbB in step (1); any feeding method
may be used so long as the cyclic carbonate and the aliphatic
monohydric alcohol can be made to contact the catalyst in a region of
at least 5 stages, preferably at least 7 stages, more preferably at least
10 stages, of the distillation column. That is, the cyclic carbonate and
the atiphatic monohydric alcohol can be continuously fed in from a
required number of iniets in stages of the continuous multi-stage
distillation column satisfying the conditions described earlier.
Moreover, the cyciic carbonate and the aliphatic monohydric alcohol
may be introduced into the same stage of the distillation column, or
may be introduced into different stages to one another.

The starting material cyclic carbonate and aliphatic monohydric
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this case, the cyclic carbonate may of course contain
the aliphatic nonohydric alcohol. In step (1), the
starting materials fed in may contain the product 15
di al kyl carbonate and / or diol. The content thereof
is, for the dialkyl carbonate generally in a range

scofL 4IRS ondvd it 1Rl BISKAN SR pfonor
°°*”®3}Eaﬁé?€"%ﬁl'{’ﬁ§f ﬁhﬁﬁ%%%ﬁﬁ# I R
Ilqmg('g}ai'léci< carbo teg{a e??‘tﬂﬂ @@tggt%/gb'agg\%n@}ﬁmtothe

eferablyfromo to 7 % by wei nor e preferabl
d'St'ﬁ@BﬁP@Q GWEHWHWW@M” i$ @'S@rﬂf@f@fablﬁh@ Qélld@‘éﬂﬂa!ﬁ feed
by wei ght of the diol in the cyclic carbonate / diol
in a gaseous. stantiag oateyiahgntanmittenthe actdantingogskbypfrom a
industrially, besides 25 fresh cyclic carbonate and /

loweorpartiophef ithe distiladivinccalumhol Mevbkgvent andtivedpreferable
the reaction system material having the cyclic 46

metherd RO dateeirathith Ghet &pclid icRfBbhatdm8 WutitinGoas Kofed ima
a main conponent thereof recovered fromthis process

I;qmé”?@rr‘n of aaggébeﬁqunﬂr Rﬁﬁéﬁ i’E)"i‘{?lt fHt8°a Q‘iagbeé ft?é"cb(sﬂﬁ&ﬂon

for the st rting materi a IS an Xce

couumaéamsgh%t LEad i ignith, 1P BESRRYS LR OB e

process i1's
. whi ch h rhb, te i s produ

aliphgGhniap fav%“m'ceapba%#ﬁaﬁﬁo%ﬁva%éﬁm 2 GEe8U878%m and

al i ti c npnoh i c al cohgl being b roduced jn ste ep
I or 3 |I:|q§|).| gé‘ﬁ‘&mr HHGy IPW%@OFE'@Gv%fU&eﬁt}/sﬁ”%%e@mum" in

al i phatic nonohydric al cohol generally often contains
this ¢age dthe ycliccadmnate oy af soarse acantaindhedabbrpatic

compound, an al kyl aryl ether and so on, and may al so
monegbydeicralsohiol. anounts of an al kyl aryl carbonate, the

di phenyl

In step (1), the starting materials fed in may contain the product
dialkyi carbonate and / or dicl. The content thereof is, for the dialkyl
carbonate, generally in a range of from 0 to 40 % by weight, preferably
from 0 to 30 % by weight, more preferably from 0 to 20 % by weight, in
terms of the percentage by weight of the dialkyl carbonate in the
aliphatic monohydric alcohol / dialkyl carbonate mixture, and is, for the
diol, generally in a range of from 0 to 10 % by weight, preferably from 0
to 7 % by weight, more preferably from 0 to 5 % by weight, in terms of
the percentage by weight of the diol in the cyclic carbonate / diol
mixture.
When carrying out the reaction of step (l) industrially, besides

fresh cyclic carbonate and / or aliphatic monohydric alcohol newly

introduced into the reaction system, material having the cyclic
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carbonate and so on. The by-produced aliphatic
nmonohydri c al cohol may be used as is as a starting
material in step (1), or may be used as a starting
material in step (I) after the anmount of contained
material 15 having a higher boiling point than that of

carbbiftd ARl G ARt ottt ftof5Fas St
comﬁéﬁ%ﬁ* fetadfite s Bemins Piﬁgs?éﬁqﬁzdoax%ﬁéﬁﬁ%ﬂh

ethylen oxi de, propyle oxi de. or. styrene. ox
ProcgRy Gap e Mo RraterabIpHSaLIok %ﬁﬁ%ﬂm%ﬁ%fﬁ%'ﬁ. ngtis an
smal | amounts of such conpounds or the Ilik
exceliesd characdersticnigatbfeafdhe present (nv)ent;chn §Fé€“("l3) IS
a ratio between the anounts of the cyclic carbonate
possike. t hAnagxamaptle ofranothenr procgsvimistépdlli)inowhich a
reactive distillation colum varies according to the
diphémpecanponateind prdbdubed2from dhe alittiylfcarbionatecandla/ st
and the reaction conditions, but a nolar ratio of the
pherﬁill ﬂh‘étdl%ﬁﬁﬁ'@hﬁéhbﬁ ah@oaraorkﬂ Bdifg CN¥1¢r‘6d¢.ﬂféﬂ)ﬁﬁbﬁep (mn
is

genera Iy in arange of TromO0.01 t

and F@é@vél‘éﬂes TFI% HS AR bYep rdﬁ’&ééecggql rr@?';@h‘gcrnoh ydric

conver si on, I's preferable to i phatic

alcoﬁrﬁpﬁg}‘n%éﬁy ﬂffé’ﬁ@oﬂtg#r@ﬁﬁéccﬁafk caal'tbon%al?t tﬁ%lﬁﬂﬁ?atlc

e cycC carbonaté

e ampunt of th dric 5 al coh used
monp 85 R Boatpobnd, an Bk Ar L8Ry S sdidh. Aad méyaiso

par at | ar For such reasons, the nol ar i 0
contaie s lﬁﬁmu@?%omﬁv%w &wBaaat%t%@'epew

carbonate is preferably in a range of from2 to
carbﬁﬁabe @ngt epamiy fitsrby-pepduceq aliphatic m@m@hadrlp airc@mol
5to 12. Furthernore, if nuch unreacted cyclic
may bar beadtas igmas agstarh'eg miaderialinstepdi pdorpAy be used as
carbonate may react with the product diol to
a stdgmnrmmleeiad)lihgﬂ&pr(sa) sftdr e antb umt obcomtainakmatertl
ence in
having a higher boiling point than that of the aliphatic monohydric
alcohol has been reduced through distillation or the like.

A cyclic carbonate preferably used in step () is one produced
through reaction between, for example, an alkylene oxide such as
ethylene oxide, propylene oxide or styrene oxide and carbon dioxide; a
cyclic carbonate containing small amounts of such compounds or the
like may be used as a starting material in step (I).

In step (l), a ratio between the amounts of the cyclic carbonate
and the aliphatic monohydric alcohol fed into the reactive distillation
column varies according to the type and amount of the

transesterification catalyst and the reaction conditions, but a molar

ratio of the aliphatic monchydric alcohol to the cyclic carbonate fed in
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industrial inplenentation, it is preferable to reduce
t he anmount of unreacted cyclic carbonate renaining as
much as possible. In the process of the present

i nvention, even if the above nolar ratio is not 15
nore than 10, the cyclic carbonate conversion can be

is géi‘ﬁe%llg"i (?5 rifige b? LI?%1917 % oRfcrti n%g' y %c'qtﬁéée.the

pre erabl’y not Iess
oyoliBTRAE gaé%af“:@?fé%g%l Jt {Sest&%(sﬁf%t‘ﬁﬁﬁgﬁeﬁ“f%éﬁ'Pha“c
mongBVHERAIEone! dgan ﬁ‘e)fgaasyo %&%%tdwfrﬂ@srﬁh%nﬂm%%emols

of the cyclic carbonate contlnuously fed int
of thgc¢ydie carpanate.geubifaine anmunt of tha allnhatltbmepaudylc
0.42 Pton / hr, nore preferably 0.4 P ton / hr,
alcohakededrnisttio® gnwlntthen('ttda nedaysarfy tmm@kalthglapparatus
carbonate to be produced. In a yet nore preferable

largeras&;ot bushasastns; ahebmotardeatio oRthdalipdetid haonEhpdric
Pton / hr. The continuous nulti-stage distillation

alcoﬁ@l tthed bedﬁl%dcéfbéﬁﬂ% (3 prefErapPiin isS psnge S t6hieto 20,
having a cylindrical trunk portion having a length Lo

moréI E%f%@l??rdrﬁsgqsnumgf h or??gf&f@raﬁffﬁ%'@go 12.

ternal's"wt ges no erei nsi de, and
t I
FurtdfrhBEs, 3HLER, @%.geaqsctgp S g;;érggnag& ggmpﬂgr thaRete
ortion of the col.um near to t out | et
unreRglgd, Svsfic; calbanats Bk tracios et BroduphBidiidr e
colum or in a lower portion of the colum near to
by-piaduep ol @amers sug a%r?edfmﬁéitoﬁ %Ité'fn%rrscﬁﬁ‘iié@ﬂq@ {the
upper portion and/or a mddle portion of the colum
industsiavimple mentalian cit is aefetablectas reduee dbeoamauiicef
provided in the mddle portion and / or the 10 | ower
unrepoted cyctit ¢arbaratenmerabiniagt as rhighi as potsiséble. whibr the
Lo, Do, Lo/ Do, no, Do/ do,, and Do / dO2 nust
proceas igffthe peesesni Malantidye, é9ehdMthg above molar ratio is not
more than 10, the cyclic carbonate conversion can be made to be not
less than 97%, preferably not less than 28%, more preferably not less
than 99%. This is another characteristic feature of the present
invention.

In step (I), preferably not less than approximately 0.4 ton / hr of
the dialkyl carbonate is continuously produced; the minimum amount of
the cyclic carbonate continuously fed in to achieve this is generally
0.44 P ton / hr, preferably 0.42 P ton / hr, more preferably 0.4 P ton / hr,
based on the amount P (ton / hr) of the dialkyl carbonate to be
produced. In a yet more preferable case, this amount can be made to

be less than 0.39 P ton / hr.

The continuous multi-stage distillation column Ty used in step (I)
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formulae (1) to (6); 2100<_Lo _ 8000 (1) 180 < Do

< 2000 (2) 15 4<Lo/Do < 40 (3) 10<no!5 120 (4)

3<Do/ dog20 (5) and 5<Do/d0230 (6). Note that the term
"the top of the colum or the upper portion of 20 the
colum near to the top" used in the present invention

com3fieds d 8frudifFé 'h‘%i%ﬁg%“c&gﬁggﬂ%i%uﬁgeptcﬁgi'o‘mﬂaqw‘gaféjngth

ar as approxi mat term

Lo (i) éﬂﬂ"%@aﬁgfdoe ?#2%5? S Gl ﬁ%‘f{f&?enﬁeﬁ"@ﬁ%ﬁwiﬂm@

bot t ym war d .as . far, as r oxi ma )
numbSh o R0 i Mol DSt | M3 4 URET o S%INGD B, GAp St RIeh g Ving
for the first and second continuous multi-stage
an ingideidipmeten dul (sl at ahtpp ofghescalmo, %ln_an upper
respectively for the high 49 boiling point materi al
portieppaf the ogleminuneantarthe: tap,da pipridi outdebbaairg an inside
purifying columm B.) It has been discovered that by
diametendob femjoat arboidomof thestalgemn dirsini & llaWerrpedianmof the
To that simnmultaneously satisfies the fornmulae (1),

colurﬁﬁ) neaPté The bditont Sat Ridkt(Snhe fifse iAiat! ;’rfbdw@éﬂbiﬂnﬂ'té? upper

and the di ol can be produced on an industrial scale o

portlggﬁ) AR ¥ n‘?fg{fdlbe&érﬂd}f%fq éé’lﬁhn‘m Hel8ly Eﬁ‘@gé%@%lﬁl#t,/ and

onate an or pre era y not | ess han

at leg§t Bhe! {8 ??',‘ilaanbémh'{’%ﬂsggd‘&cﬁ%i t'f% g &fa"d /'or the
towef 154 °4 868 dinEin pbBver tin Yo Sl tvw'.;‘.%r‘ega%s Do, Lo /
hours, nore preferably not |ess than 5000 hours, from

Do, nonOccl i candrBohslea MBS sdistyifgsRECively the folfowing
formulae (1) to (6);

2100 £ Lo < 8000 (1)
180 < Dy < 2000 (2)
4<Lg/Dp< 40 (3)
10 < np < 120 (4)
3<Dg/dos £20 (5) and
5 < Do/ dg2 < 30 (6).

Note that the term “the top of the column or the upper portion of
the column near to the top” used in the present invention means the
portion from the top of the column downward as far as approximately
0.25 Lo, and the term “the bottom of the column or the lower portion of
the column near to the bottom” means the portion from the bottom of
the column upward as far as approximately 0.25 L;. (Likewise 0.25 L4

and 0.25 L, respectively for the first and second continuous multi-stage

distillation columns, and 0.25 La and 0.25 Lg respectively for the high
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nonohydri c al cohol. The reason why it has becone
possible to produce the dialkyl carbonate and the
diol on an industrial scale with such excellent
effects by inplenenting step (I) as described above is
15 not clear, but this is supposed to be due to a

boili G B Ko o0 BhPas et AYSRE hea eyt ChboRato

for th espective factors are described bel ow. If Lo
pu”f&lﬁﬁ cPiu'l[" than 2100, then the conversion decreases

an hence i S not S le to attain the des
ﬁtd'a sen diaseveras fhakbycrsingone soniius L aiiti-stage
pmant cost while securing the conversion enabli
d'St'lt'Néoﬂé‘sQ Han ﬂ'rootdlﬁitﬁlmﬂlmelﬁﬂshbsﬁﬁSﬂﬁﬁaﬁhﬁaﬁo"ﬂwa%},? (2),
be made to be not nore than 8000. A nore preferable

(3), (Bngd) faord (Bh thenftialkybeacbenate and todiolcah bes@roduced
Lo <_ 5000 being yet nmore preferable. 25 If Do (cm

on ahdndessribhsoald0f grederabily sondssptisan (.4 toom Attrasfnthe
the desired production anount. Moreover, to keep down

dialkiyn@a®HEhBI& Hnd 5Q;rcm%fev@blyenat t@séntngntm%dﬂﬁn 7afr of the
production anmount, Do nust 'be made to be not nore

ool Y% oy TBrio, #igh BUIRLONIE SN TR 9P

stobfy ihed Hbfondbq o reEof, Jdl Bl HERE6s

1000@3@@5%#‘8%!’6{?&!3@9@@ 1885 Ban SHR0E aMgse iR s A enot
| um_becones too great, and hence prol onged stabl e

less &'@%P R0 hoarspdeomdihve cyglic cavbeaaierand thgealiphatic

necessary to increase the tenperature in the |ower
mongbydrigralephothe dhareasandvhyit basi bece o possiblectvne

10 liable to occur, bringing about a decrease in the
prodeekdtie dialiy! Aarlmeatqaaaﬂetl‘a&akiéolrangmﬁndustrial Boa ieswith

< Lo/ Do <_ 30, with 75 Lo/ Do <_ 20
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 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 the
conversion enabling the desired production amount to be attained, Lo
must be made to be not more than 8000. A more preferable range for
Lo (cm) is 2300 < Ly £ 6000, with 2500 < Ly < 5000 being yet more

preferable.

If Dg (cm) is less than 180, then it is not possible to attain the

desired production amount. Moreover, to keep down the equipment
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being yet nore preferable. If no is |less than 10, then
t he conversi on decreases and hence it is not possible
to attain the desired production anmount. Moreover, to
15 keep down the equi pnent cost while securing the
conversion enabling the desired production amount to

cost &mift%]tafﬂé]ﬁ%g ?ﬁerﬂ‘ééirgﬁ ﬁ%‘i’ﬁlrétﬁ]rg%nlggﬁt.{?éﬁn?ﬁgﬂell%%de to

erm)r_e, no I's greate
e nff Fiey T LS B GRUETSIrRASH FaflF BB REIED b D00 <

operation omes 20 djfficult. WNbreover, if, becones
Do < i cuith 256700200 R 6dntss BRI 4TRTERIE | over
portion of the colum, and hence side reactions becone,
| i Hoke/ Qo tclars than fyprgragéat than«d chan stableeoperation
selectivity. Anore preferable range for no is 30 <_
becomves: difftmylt.wi th proticulan i€ Lo90Dodergregder thanet0, then the
preferable. 25 If Do / dog is less than 3, then the

pressqre piffatecos tbdtacmreshaitoh. andyattorr of dhé aredamarnount
of a gaseous conponent is readily released 51 to the

becoMésitde @ﬁedth%rﬁyﬁbﬁ:ﬁ}e %Ofwl?hg@@esﬁélﬂbl Sponstich ib¥tomes
0,

becones ~difficult. is greater than 20,

diffiddien M&F%%%%waeeaﬁfé?ﬂbce%bw t8iRkré588 theb&iRpBFature

relatively Iow, and hence stable” operation becones
. ihEfjcu . re [ h j
in thf JoLIRorIdR B ThECEiImA, ST, FEREe el foARIfE Ytbme
. oad is 4 Do / dog 5, .15, with 5 Do /,dqQ. .5 13
liablg 3 accis Brpaing BPePLa decTeats In e pERMD- A mere
t hen the equi pment_ cost becones high. , Mreoyver,_the
prefenaile famaentrabal Robtist <HechRes< 3, a¥ithef & ho §Po £n80
. hence stable operation becones difficult. If Do / doe
being yejrrearerprefarm@i®®@. 10 then the flow rate through the
liquid outlet and pi ping becones excessively fast, _
antf heis éess dbann hetreeresheicdrn wensio patrareaseisnghddence 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, ny 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 ng is 30 < ng £ 100, with 40 < ny < 90 being yet
more preferable.

If Do / dg is less than 3, then the equipment cost becomes high.

Moreover, a large amount of a gaseous component is readily released
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about corrosion of the apparatus. A nore preferable
range for Do/ d02 is 7 5 Do/ d02 5 25, with 9 < Do
/ d02 <_ 20 being yet nore preferable. Furthernore, it
has been found that it is further preferable for 15
dog and d02 for the continuous nulti-stage

to thgiéﬂi Hét a ( 2%&9(@}11&3‘6?@%@5%5%%? dd%ra‘tﬂ:erf%%'c%frﬁ{es
%ﬁ'sﬂ”l%g? BB IR A on
o8 TR LSRR B spertn

erosign_ for not |ess than 1000 hours, preferably not
beconges diffiguloand rﬁ@u?@"ef‘r@r‘éeﬁf%aﬁ A 9enQﬁnY%'§°f'h‘§n

5000 hours, and predeterm ned anounts of the dialkyl
brought bowatte ahanore pdefsrabde raeger taubed dviised < Do / doq <

mai ntai ni ng a hi gh conversion, high selectivity, and
15, witig!s grogduadqd,vs 8 being lyet ' meregrefetablef or each of

the dial kyl carbonate and the diol in step (I) is

baged, Jrdd.ne el iHarf 8 hRBat the 8301 PRent tddichPc®sit high.
52 invention, a high selectivity of not |ess than 95%

Mormrg%nsrn did \F&ﬁhd%%lr&?‘ﬁouﬂi %@f&mbx r@%nbsﬁﬁht@anand

% nore preferably not |ess than 9% NMbreover’,

henct {%%Sa grat'@n%eee%b; &?ﬁsﬁ;ﬂ"xf'wd}a | £ drBSter than 30,

cyc c car onat e conversion
5,1t 0,.mak C car baonat e
the"ébﬁ A ErAsEN el HARKS, ot 3@%8 %S?ci%?ef’ess
an 97% eferably n ess yet
excel DIl Jar) DO heace 1asian hagorassiI1abls & pEbPE ABRGING
not less than 99.9% It is one of the excellent
abousiaarsesian of therappanatysof Areprg prefarabletnaegs ipr Do / do2
conversion can be naintai ned while maintaining high 10
is 7 s@ecldgyit 25 withi%s<vidy / dphe< @0nbeimpyst mote pseterable.
distillation colum To used in step (1)

Furthermore, it has been found that it is further preferable for
do+ and doz for the continuous multi-stage distillation column Ty used in
step (1) to satisfy the formula (28);

1 < dgt / dg2 S 5 (28).

The term “prolonged stable operation” referred to in step (1)
means that operation can be carried out continuously in a steady state
based on the operating conditions with no flooding, 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 high conversion, high selectivity, and high productivity.

The “selectivity” for each of the dialkyl carbonate and the diol in

step (l) is based on the cyclic carbonate reacted. In the present
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Is preferably a distillation columm having trays

and/ or packings as the internal. The term"internal"
used in the present invention nmeans the part in the
distillation colum where gas and liquid are actually
brought 15 into contact with one another. Exanples of

inverlfiFy. SOHGY SGlatifiif Br Py BN S chuf YEnpraly o

Maxfrac . tray, or, the |like anpl es _of, th acki ngs
attaifigd] DRESIADYY g eas (A PAge o MaresRrefardbLR g IpRS than
o Lessing ri n% a Pall ring, a Berl saddle, an |ntalox
99% saddpreovenithen conuaraipn aineieméh eenpaeily Agdisates the
Hel i - Pak, or a structured packing such as Mel | apak,
cyclicaarbpnatgaaneisier, iFtheiprasend isventionpddreing passible
Goodrol | packing or ditschgrid. A nulti-stage
to maketthel eyclim caobhomatdavinvgrbimri be hobjesothanBi] a
portion packed with the packings can al so be used.

prefdrablV&otdess thiaé 07PN marebsreferablyaees 9és tthan 99%, yet
internal” used in the 25 present invention neans the

more{‘EF@@raBTy rbﬁﬁﬁgéﬁhhbeggﬁ. Qfilf hﬁor@ BYéfer Bﬁ]y@ﬁ less than

eoretica er of stages in the case o
ackj;ngs f L
00.0 5 C R g D1 BB, RRER GRS sharetelitis ToaBas,of otsp () that
ortiaon packed wi th the packin t he.nunmber of stages
the High qatlveidiaRGal be rviinflfser Whe PyRElERg 2ok
theoretical nunmber of stage. In step (I) in which the
selectidly in ¢RisWa% e and the aliphatic 5 nonohydric
al cohol are reacted together, it has been discovered
t hhhecomiguousrmettiisdéagerd ighilladian colwmp Tansead ghstep (1)
productivity can be attained even if a plate type
is pretarably audistillation cademdi bavingitrays asidéon packimgstas the
the internals conprise the trays and / or the packings
interhali nfThe tereteintem akdisediethef prdsgasinvethtiommeaans the
packed col umm type 10 continuous nulti-stage

P 1S an Cor U 1 n i e Che. it Srnar © & the Trayao
into ,SnIR WiAYKe another. Examples of the trays 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 packings
include an irregular packing such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Intalox saddle, a Dixon packing, a McMahon
packing or Heli-Pak, or a structured packing such as Mellapak, Gempak,
Techno-pack, Flexipac, a Sulzer packing, a Goodroli packing or
Glitschgrid. A multi-stage distillatidn column having both a tray
portion and a portion packed with the packings can also be used.
Furthermore, the term “number of stages of the internal” used in the

present invention means the number of trays in the case of the trays,

and the theoretical number of stages in the case of the packings. In
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Furthernore, it has been discovered that sieve trays
each having a sieve portion and a downconer portion
are particularly good as the tray in ternms of the

rel ati onshi p between perfornmance and equi pnent cost.
15 It has al so been discovered that each sieve tray

the 5B 1k [0t AR SRR bV Bty it Borvon

900 hol es / : t, nore preferably 150 to.800 hol,

and 4 oriiey 836kPd WithiiHe BaeRInAS CRhuaTsh AT Aeass i€ thus
cross-sectional area per hole of each sieye trP¥ i S

the syrefaf thie pumper ehhigy sndiienieeretical nupbesihstane
preferabl e cross-sectional area per hole is fromO0.7
t ol staye (1) yrewhioh dhereyaliasaybenate aral the alphatic
Furthernore, it has been discovered that it is '

monaglydiiclechyl prefremaited tofgedheh Bileve biereay dhscovided: that a
1000 holes / nR2 in the sieve portion, and the

high €oPS&TSR,| KitH salédiviey, am@lighsproductivitgeasf bérattained
0.5 to 5 cnR. 25 Furthernore, It has been di scovered

evenlgi?g gPélea d dbRtindid s ﬁ'fL%lFieﬁ]fdPQHiét'i‘l%ﬁbﬁVcﬁJmhﬂﬁnivﬁhich

rably'in a range o 0 5to 15% A 54 nore
. rabl tre I Q- L4S J I 1,7 to
the iftEnEIE RomBASE BT Jnit7 41 11 RS54 RRg e
"aperture ratio" of the sievye. t Lol t
predp RN phE ol stedes At Y Breh Hackid €BlGPncBie o
(the total cross-sectional area of the holes) esent
contipyousemyjitivetage rﬂa%ﬂlﬁ%t'?né HED (% H&%M FiRiSte tupe
cross-sectional area of the holes) of the sieve
distiliatien aelume inwhichs therinteraatk ipbheiteayaie preferatie.
total cross-sectional area of the holes may differ
Furthetmess, it fasbeen disoovered that sieveayaysheachdraving a

ratio of each of the sieve trays is preferably wthin

sievd hertibavend andewrfcormieerpuntian bhe panicelady dodesas the tray
the sieve 10 portion may be the same for all of the

in tefrh8\SY tHeaYSlatRindMp Befesn péribamankecandheynipment kyst.
addi ng the above conditions to the continuous

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 120 to 900 holes / m?, yet more preferably 150 to 800 holes

/m?,

Moreover, it has been discovered that the cross-sectional area
per hole of 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 / m? in the sieve portion, and the cross-sectional area per
hole is in a range of from 0.5 to 5 cm?.

Furthermore, it has been discovered that an aperture ratio of

each of the sieve trays is preferably in a range of from 1.5 t0 15%. A
54



10

15

20

25

mul ti-stage distillation colum To, the object for
step (1) can be attained nore easily. Wen carrying
out step (lI), a dialkyl carbonate and a diol are 15
conti nuously produced by continuously feeding a cyclic
carbonate and an aliphatic nonohydric al cohol as

moreGbRfarRBIq BRI rat T5InCa PanBUCHF pedi 1.7 R 38R, vet

I | |
moref frqtasaBly Bitm £30a loke; Herd h@%ﬁ%ﬁ%@%@&%
OI nt reacti on m xture cont ai ni ng the 20 roduced
S'eVQjFra’ﬂM(md'EaF%ﬁ%{Bé’aﬁ%ﬁf $he sipes- %FWBFI' @freamef abafrkhe

in a gaseous form and continuously w thdrawi ng a
holes{yte botialiatgsposectionaherearointha botesbpresenhin the sieve
diol froma |lower portion of the colum in a liquid
tray footine aveaedmeluding theetot@l )croas-séetiocnat aneawf theeHohes) of
of the starting 25 material cyclic carbonate and

the stV pRirtionTONPREdian @lfQﬁbcéielv@tgotti@n ady iorudiestotal
multi-stage distillation colum To, the cyclic

crosél%"e*é@lgﬂag #ah P thehAkisPha Glff@nﬁﬂmééﬁ tHec8lhle RS, in

as a starting matérial m xture or

whicl S0 Yapdfufb Fafit of ég&one fhd sRve RN R Dréfliably

W‘th‘f‘h@%e%Phﬂﬂt'%%%%peﬁafﬁgé't"'aé’ nd RtrfhSEof RIS iBnd gieve
of the di illation colu Arrethdlnvvhlc

poriggarey b be Sheciame B all @ldhe He ua e |sa|°rcraﬁtvaﬂﬁfe{g Jt has

arge amount of the cyclic carbonate is fed into the
been&&@wm thatdwy eslding the abpvgusendisions tefhementinyousn
the upper portion or the mddle portion of the _
multidstaxgd distiltaticolantummaild, théebjecphiat istepdhbbaorbhe attained
al cohol or a starting material containing a 10 | arge
moreagagily. of the aliphatic nonohydric alcohol is fed into
the distillation colum in a gaseous formfrom
I WIS caPrarigdedt sfep P, a dialkyl carbonate and a diol are
continuously produced by continuously feeding a cyclic carbonate and
an aliphatic monohydric alcohol as starting materials into a continuous
multi-stage distillation column in which a 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 continuously withdrawing a high boiling point
reaction mixture containing the diol from a lower portion of the column
in a liquid form.
Moreover, in step (I}, as the continuous feeding of the starting

material cyclic carbonate and aliphatic monohydric alcohol into the

continuous multi-stage distillation column Tg, the cyclic carbonate and
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m ddl e portion or the | ower portion of the col um
above the liquid outlet in the |ower portion of the
distillation colum is also preferable. The reaction
time for the transesterification reaction carried out
15 in step (1) is considered to equate to the average

the JIH4BE Hiohb F.p'fcs{"g’g’é“ﬂﬁ@?&l 98 1ol 85 A stdiing material

I naous’ _ FlTatron co
mixtfE B R alEbhdh SR PR GANGC ok aRbERRe thlfsdrom
inlet{s) STA0aeHpl GRE RFSEP 8 Pite kORI EoSTIRnUPeT

reaction conditions, and so on. The reaction tine is
portiganer the yniddle pediqye obtherephugnn hejopothp @as outlet in the

preferably fromO0.5 to 15 hours, nore preferably from
upper portikn lodithe. distidlatizac cobumtne npArmetihed iin whigh {he cyclic

vari es depending on the type of the starting nmateri al

carbeAaP® WIds stisrihg adtéh@l typtaiahty aarge adwit dfhthe cyclic
catal yst. The reaction tenperature is generally in a

carbbABEE i9Ffelrintb IRet @istlatlon LblimnPirchaiqliderdren from inlet(s)
i ncrease the reaction 56 tenperature so as to

in th%&%ﬁé‘??oﬂ-ﬂﬁnrﬁﬁﬂ{é ‘?Hi&d?éf‘q}or‘fﬁ’i?é?rtheiéisiih%tio{)rﬁ@&idrﬁﬂ, and

erature 1's too hi en side reactions becone

cuc.. ctlQ .
the ayldifasic mionBRSHFie ARG Y  lafifBIhgkefi biptditing =
ref erapl ro 0 to 200 et re preferahly.b
largd RIS ot pb thAshatic ranp Ryai: alGRoteded flg’tns
_ reactive distillation can be carried out with the
distillaliamragmnint:ggseaus toraadram indet(sypeovidps indbec,
preferably not nore than 130 C, nore preferably not
middie o rticanot tbedowest pattien midher apluymnabeve dheHiguidooutlet
C. An excellent characteristic feature of step (1) is
in theHawerhpo Hiigh ofdmeed st atidd coilgmrs & atdo pireferadrd.
hi gh productivity can be attained even with such a
| owheotemeti®ritire forhey Frawsestéfifieavion rédetioaddrried out

pressure
in step (1) is considered to equate to the average residence time of the
reaction liquid in the continuous multi-stage distillation column To.
The reaction time varies depending on the form of the internals in the
distillation column and the number of stages, the amounts of the
starting materials fed in, the type and amount of the catalyst, the
reaction conditions, and so on. The reaction time is generally in a
range of from 0.1 to 20 hours, preferably from 0.5 to 15 hours, more
preferably from 1 to 10 hours.

The reaction temperature in step (l) varies depending on the
type of the starting materiat compounds used, and the type and amount

of the catalyst. The reaction temperature is generally in a range of

from 30 to 300 °C. It is preferable to increase the reaction
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vari es depending on the type of the starting nmateri al
conpounds used and the conposition therebetween, the
reaction tenperature, and so on. The reaction

pressure nmay be any of a reduced pressure, normal 15
pressure, or an applied pressure, and is generally in

b iy Ttodge SR PIAE SHpdia e
oo L SRR PHSE U 3R ol o
occuby S bbb doedfi BB ey Hndé o rom

constituting the continuous nmulti-stage distillation
40 ta 250ntCTereareferabdy fram 5@ tge2@d G, yyet marg preferably
materi al such as carbon steel or stainless steel. In
5 fromt@® e 150 e glrathé¢ presenhéndentioyl, theardsmtivea distillation
diol to be produced, stainless steel is preferable. 25

can ba ddreigy estwith thendolumn mextto mateahpprature sét to not more
conti nuously producing a di phenyl carbonate on an

thani 180S0, i YlefeFably A6PMAMEtFERMIA0 °CO mens peaféably not

produced in step (I) and a phenol is carried out. The

mord tRAEH1 ??}%@:rﬁgf'?g{j!eifé‘ra%@%étl oriestrﬁasrﬁqwuﬂg An

represente ['owm ng”fornula as own earlier
i I ' f ; et n | S
excelfbt M etgUbfe Sl B susprtiTe 5t HEMiBhae v Sion.
. havin uch an include .. di methyl carbonate di.ethyl
10 high SaipgHut, aatohish, PrediiBinuy Rt Beafjnedin fift Sich
car bonat e, di butenyl carbonate (i sorrers%, di bgé}yl
low ¢qluppn hattam @@Bﬁé@%—)’?-di'ﬂ@ﬁ??l"eba%ﬁ @ﬁt'?[‘ RSSre
_di hexyl carbonate (isoners), diheptyl carbonate
variqs depensiingdintheltyperobthe startingwenateriali gempounds used
and the composition therebetween, the reaction temperature, and so on.
The reaction pressure may be any of a reduced pressure, normal
15 pressure, or an applied pressure, and is generally in a range of from 1
to 2x107 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 (l) is generally in a range of from 0 to 10, preferably

20 from 0.01 to 5, more preferably from 0.05 to 3.

The material constituting the continuous multi-stage distillation
column T used in step (I) is generally a metallic material such as
carbon steel or stainless steel. In terms of the quality of the dialkyl
carbonate and diol to be produced, stainless steel is preferable.

25 In the present invention, next, a step (Il) of continuously

producing a diphenyl carbonate on an industrial scale from the dialkyl
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carbonate (isoners), didecyl carbonate (isoners),

di cycl opentyl carbonate, dicycl ohexyl carbonate,

di cycl oheptyl carbonate, dibenzyl carbonate,

di phenet hyl carbonate (isoners), di(phenylpropyl) 15
carbonate (isoners), di(phenylbutyl) carbonate

carb&h? éhuce@' Kﬂc?{éﬁ ?@eé‘ﬁd'é p‘é"@mr@ttfa:‘rléd’?&%"ts)

hoxybenz carbonat e i sonmers

di

carBS-dRIIT b Ahdndf BgeR 39%5 (A5 2 EbBtpdyn

I sone eth rbonate songrs).. ,,20.
repregé ﬁ%é@%t% |G Srmuld s ahoRPepariar (i TREHolIAWing

the present invention are dial kyl carbonates in which
form@ali s an alkyl group having not more than four carbon

at ons and ,not con£a| ning a hal ogen atom A

parti cul R*QCHPQREr abl e one is di methyl carbonate.

Moreover, of preferable dialkyl carbonates,

whenean tR% 8 definet asebetdre. ones are dial kyl 25
carbonates produced in a state substantially not

COoBkainmpblee 6f déhIkgezarbonateamdvengnaschpaedREdd cluden
an al kyl ene carbonate substantially 58 not containing

dlme@hi?‘labéﬂﬁihé‘@ &%tﬁbpéﬁ%oﬁ#@t@i%bﬁw Ea?@énﬁ?é“'(%d?h@gs)

hal ogen. The phenol used I'n step I's on
dlallfie@érgﬁ:ﬁggt%d cﬁkui%ﬁgf gétﬁr’ééhé‘il% grggﬁgéfé fg‘?ﬁ regrﬁr%%'rpa@ie
('soniﬁ%ﬁt %eé?a@/'pt%%%?ma% P&ﬂhqfsahg%%%ﬁ%gﬁﬁoﬁfa}e gsomers),
dine G0 bpnas Urometa). B! ¢ GRBHOTISAEar T difghy
resent invention preferably 10 subst anti al | g:f does not

carb‘gaﬁt%i(wwaa&bg@ﬁecrhéaabgnatﬁ/|(l&9angb$1htcbcv¢ ReRYY to

in the present invention is thus one represented by
carbenate, dicyciohexyl carbonate, dicycloheptyl carbonate, dibenzyl

carbonate, diphenethyl carbonate (isomers), di(phenylpropyl)
carbonate (isomers), di(phenylbutyl) carbonate (isomers),
di{chlorobenzyl) carbonate (isomers), di{methoxybenzyl} carbonate
(isomers), diilmethoxymethyl) carbonate, di{imethoxyethyl) carbonate
(isomers), di{chloroethyl) carbonate (isomers) and di(cyanoethyl)
carbonate (isomers).

Of these dialkyl carbonates, ones preferably used in the present
invention are dialkyl carbonates in which R? is an alkyl group having
not more than four carbon atoms and not containing a halogen atom.
A particularly preferable one is dimethyl carbonate. Moreover, of
preferable dialkyl carbonates, particularly preferable ones are dialky!

carbonates produced in a state substantially not containing a halogen,

for example ones produced from an alkylene carbonate substantially
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followi ng formula: PhOCOOPh A nolar ratio of the
di al kyl carbonate to the phenol used in the 15
starting material in step (Il) is preferably in a
range of fromO0.1 to 10. Qutside this range, the
anount of unreacted starting material remaining based
: det l,ned ' iahe ;
not céﬂgmrtggﬂg@ & ﬁ@g&@egﬁ eco‘alf?&n&'?yﬂ%ﬁér&ﬁgug ’ﬁHc}t Edhtaining a
hal efficient, and noreover nmuch energy is required to
Og%eover the starting material. For such reasons, 20
above lar ratio referably ip a ran of .
f  SheosBenaY bSegeln Sthp I Ie iRy eseRasl BV reabliowing
still nore preferably froml to 2. In the present
general épimula, heing aseompamnd ipwhichra drydioghl gueHpyis
di phenyl carbonate nust be continuously produced. In
directhebodex, ta hephenyhgnoapdiht). of Int semeEheasksf edsuhstituted
continuously is thus generally 15 Qton / hr,
phenpi ¢havhidhy tHe pBdryl droup is substituesde with yower@ikeh /
hr, based on the anount of the high-purity 59

grouﬁ(é’ﬁ@f‘!’éw@?r&%ﬂ?Ggerpt(gz maflbe L8ele produced. In a

nore preferable "case i s amobunt can be nmade to be
| ess thaphgjlﬁp ton / hr. The dial kyl carbonate and the
phenol used in the starting material in step (11) may

sl N Bl iRR BTGy
e A L
contl nuous mnu ti-stage disti ation co um, escri

referped d@, in the ﬁéeéﬁﬁb'fb‘fen%@lﬂéﬁrflhéls PREI r@rﬁé’ﬁﬁ&!""%ﬁ by &'F
the starting material, besides fresh dial kyl

followinmdeemulaind phenol newly 10 introduced into the
reaction system it is also preferable to use dialkyl
car bonat Bh&@dQOOBh phenol recovered fromthe first
conti nuous
A molar ratio of the dialkyl carbonate to the phenol used in the
starting material in step (Il) is preferably in a range of from 0.1 to 10.
Outside this range, the amount of unreacted starting material remaining
based on a predetermined amount of the desired diphenyl carbonate
produced becomes high, which is not efficient, and moreover much
energy is required to recover the starting material. For such reasons,
the above molar ratio is more preferably in a range of from 0.5 to 5, yet
more preferably from 0.8 to 3, still more preferably from 1 to 2.
In the present invention, not less than 1 ton / hr of high-purity
diphenyl carbonate must be continuously produced.

In step (1), the minimum amount of the phenol fed in

continuously is thus generally 15 Q ton / hr, preferably 13 Q ton / hr,

more preferably 10 Q ton / hr, based on the amount of the high-purity
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mul ti-stage distillation colum and / or the second
continuous nulti-stage distillation colum. In the
process according to the present invention, colum
top conponents constituting a | ow boiling 15 point
reaction m xture fromthe second conti nuous
: ' S f j
diphdhyi bai@ste foStdd | A angepvgaugbﬁl [ ofh athBré Mreferable

cont1 nuous ITU n co

case%?t SRS AR ook T8RRI PR "

] distil]ation col s is, or after sone
Seﬁﬁ%ﬁam%n@%a@@fmﬁap S pusst i fBpAtaiting:
ACCOI‘dI ngl in the present invention, which is
materigl| léln%t@tpe}é”) Mty sadhabeyof high pusitys er apay GayHaimether
starting material fed into the first continuous
compalinis sfagexdimgtliel inay contaihucomipo s ar reastionf an
al cohol, an al kyl phenyl carbonate, the diphenyl

by-p ead hetsap e d weedlik thephimstydo @inabbermutiidtagedistilation
starting material further containing small anounts of

coluind®ndqi ¢ B PSR dONt QEUS tRuRiSha d‘_létlﬁﬁtlon column,
rearrangenent products 60 of the alkyl phenyl

desc?i%regao%ic?wanqndt'h%h@ﬁ% nle?%{?lh%l W erf’élﬂah'ﬂ) Jor the

products, derivatives t and on can al’

t h
sarlHE A, e A P é@@gwn Fouy
di phenyl carbqpate using.a stargti .
mfmﬁaps B3 Pacratibm S sTaRL A S el s aarerate o 0e diatky!
car bonat e and unsubstltut ed phenol as the
carb%etﬁaﬁnd t or Phanslregn venesh from $he first Grptinee ds; al
to contain nethanol, and nethyl phenyl carbonate and
multtdstﬂmylnstddaahonaxcdummamd hog thigeseeandi contpnooust s,
and the starting mnaterial nmay further contain smal |
multiastage distillationaddunphenyh thé prddesd ateoadichgrid hiyé
salicylate, which are reaction by-products, and high
pres&ot inventieh NEolympr plebenpiené e cbhetiglitinga low boiling
point reaction mixture from the second continuous multi-stage
distillation column are fed into the first continuous multi-stage
distillation column. Here, the second column low boiling point
reaction mixture may be fed into the first continuous multi-stage
distillation column as is, or after some of the components thereof have
been separated out.
Accordingly, in the present invention, which is impiemented
industrially, it is preferable for the starting material fed into the first
continuous multi-stage distillation column to contain any of an alcohol,

an alkyl phenyi carbonate, the diphenyl carbonate, an alkyl phenyl

ether, and so on. A starting material further containing small amounts

of high boiling point by-products such as Fries rearrangement products
60




10

15

20

25

The hi gh-purity di phenyl carbonate of the present
invention is preferably used for producing an
aromati ¢ pol ycarbonate through polynerization with an
aromati ¢ di hydroxy conpound, and in this 15

pol yneri zation step a | arge anount of the phenol is

of thgyalﬁlg?%%%lac[h&bon%‘i?"?ﬁc?%pﬁ@h?l %r ﬂgi‘&%lﬂf\ﬁ?% tl?é

pre y ‘used as starting
di_ph b t
proh s ARy oBLFsE B ali B gN ?'gﬁg%g?@fﬁ??%@ﬁ@ﬁ
bet ween t he di al kyl carbonate and the

In thenpre e mrv&éwqm. in thearass: &or examplen %ﬁ Rrod wa@t mgthyl

in which one or both of the al koxy groups of the
pheryil faponede bordddphenyt @aeh@nat@e@mwa Btaningpmaterial

group of the phenol and an al cohol is elimnated, and
containipgainuethyh csirbon ateca st e alib byl afarblom adelkamd phenyl

carbonate produced are converted into the diphenyl

unsubdtitoted hrsrbitde the 3 kemoR 5t fapbefwiablé foeubls starting
transesterification reaction therebetween, i.e. a

mateﬁiﬁﬁ@@@hfélﬁnﬁ@tﬁﬁnb?a&ﬁﬂ FHeth\ ﬁﬁ&ﬁy( bh}bohaté Eﬁd

first continuous 61 nultl-stage d| stillation colum,

dlph%ﬁgl %I‘U&n@fber\)(!hlcﬁ?%lpgriﬂ%)“_ a rﬁdu% %\H@dt’heagpar'tl'ﬁg

second cdnti nuous nu Istil I On co

t e carb are
materli AS0iheE %oﬁ?ﬂ?o%g%rffﬂh%% %ﬁébﬁc@ﬁa?p.%aefw
. reaction of the al kyl phenyl, carbonate. The di phenyl
sa'lcafﬁa%oﬂaaé"sw salkic ‘\/'ﬁt§ Bibieh | 3regERAC iop BysAFaRHEES. And
alogen at all, and hence is inportant as a starting
high mlbngwomé}v pradyects derivedhthRReS o). t he ar omati ¢
pol ycarbonate in the present invention. The reason
f o hehbigh-puritgtdipheayhaiashonats qfrtheepresent wention is
starting material for the polynerization even in a

prefenably wwerlifivr pfodesing hararbmatic pdilgearbosal® theyugh
i npede the polynerization reaction, thus inpeding

polymieaidagiop wdthiein bemfatidﬂélwmﬁyl @oﬁﬁid{ﬁﬂl banatia, thog
cause a deterioration of

polymerization step a large amount of the phenol is by-produced and

recovered. This by-produced phenol is preferably used as starting

material in step (Il) of the present invention.

The dipheny! carbonate produced in step (ll) is obtained through
transesterification between the dialkyl carbonate and the phenol.
Included under this transesterification are a reaction in which one or
both of the alkoxy groups of the dialkyl carbonate is/are exchanged
with the phenoxy group of the phenol and an alcohol is eliminated, and
a reaction in which two molecules of the alkyl phenyl carbonate

produced are converted into the diphenyl carbonate and the diaikyi

carbonate through a transesterification reaction therebetween, i.e. a

disproportionation reaction. In step (Il), in the first continuous
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the properties of, or discoloration of, the aromatic
pol ycarbonate produced. As a catal yst used in the
first continuous nulti-stage distillation 15 colum
and/ or the second continuous nulti-stage distillation
colum in step (I1), for exanple, a rretal - cont ai ni ng

o
obtafHih P{@@jg $h8se € %t thﬁt?@és%ﬁgltg%ﬁgggch\%ﬂdlg?%ﬁ column,

ites such HPb02 an
the dﬁpﬁﬁﬂxl sér@aeat%@n@t%%é"ﬁ@% ) e@rﬁoa?m'v Bbtatied
b(OH)s], K4PbO4, Ca2PbO4 and CaPbO3; 25 | ead
thrOLlﬂah B%ﬁzﬁ'§§f%‘aftw§¢fd°§d19ta§tt%‘epééhesQJJSH' Rbemyboarhapate.
2PbCOB8Pb(CH) 2; 62 | ead salts of organic acids, and
The diphemdtearbonateasbtaisadtin step(dpidoesiont gontain a halogen
Pb( OCOCH3) 2, Pb(OCOCH3) 4 and Pb( OCOCH3) 2PbO. 3H20,
at alhrayadh bletrd isOimpontntsacia atarBimgPmatenidPwhen3Rddistrialy
Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbCOH and Ph3PbO

prod(ehfy the dBomareRARafbEn MY IN the PresemdniBntion. The
represents a phenyl group); al koxylead conmpounds and

reasé‘ﬁWb?’tMlsePéjtt?é’l”ﬁOél'P\%?C%Hﬁhsaéreﬁﬂtqg‘m@startmg material for
(CH3O) Pb( OPh) and Pb( l ead all oys such as Pb- Na

the ppotiyﬁqinféh@r? il ﬁ‘? d’ﬂ’a ntl f'l ?I;ﬁ?s’t‘r?dé‘n this

SRANEFThE
may ?m%%un Yo polymerization reaction, thus lmpeding stable

production of the arecmatic polycarbonate, or cause a deterioration of
the properties of, or discoloration of, the aromatic polycarbonate
produced.

As a catalyst used in the first continuous multi-stage distillation
column and/or the second continuous multi-stage distillation column in
step (li), for example, a metal-containing compound selected from the
following compounds can be used:
<lead compounds>

lead oxides such as PbO, PbO; and Pb;0y;

lead sulfides such as PbS and Pb;S;

lead hydroxides such as Pb(OH), and Pb;O2(0OH)3;

plumbites such as Na;PbQO,, K:PbO,;, NaHPbO, and KHPbO3;

plumbates such as Na;PbQj;, NaxH;Pb0O,, K:PbO3;, Kz:[Pb{OH)g],
K4PbQOy4, Ca2Pb0O4 and CaPbOs3;

lead carbonates and basic salts thereof such as PbCO; and

2PbCO3-Pb(OH);;
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<copper famly nmetal conpounds> salts and conpl exes of
copper famly netals such as CuCl, Cud 2, CuBr,
CuBr2, Cut, Cult, Cu(QAc)2, Cu(acac)?2, copper ol eate,
15 Bu2Cu, (CH30) 2Cu, AgNQO3, AgBr, silver picrate,
AgC6HECI 4, [AuC=C-C(CH3)3]" and [Cu(C7H8)Cl] 4

(Whes #is ?ﬁ gf-ggﬁﬁ?%ic?s,aé‘nd %Wﬁg%l"é}ﬁ% ;Ha%réiétsealts

C
ligand); <a net al conpl exes> a
| exe i{ac i NG 2;: 20 <zinc
ther R8s WhIRER Ik B O RHORARLS, 2: * <saam um
C es agm conpl exes such as Cd(acac)?2; <iron
Pb(qgﬁﬂﬁwgb'gwunds> 25 conpl exes of iron famly
nmetal s such as Fe({ oH3) (CO) 5, Feéc%a,
Fe?(ﬂ%?ke@ﬂ 99“@?%@@&%”@11@752',3“63 t )F’Ll?, BusPbCl,
COC5F5(CO) 7, 63 N -a-C5H5NO and ferrocene;
Ph3PbA 1, ddimi Rien( oo ith ees)> BrisRaHuemdothsBRE: (wheme s Bu

Zr (acac)4 and zirconocene; <Lewis acid type

represamsuadaRyb greups and Ph peprdsamts apihdrydrgrotgp);
transition netal conpounds such as Al X3, Ti X3, Ti X4,

VOXfko e adZturpotds and HYExyIded eompouhdBrfissiias

a hal ogen atom an acetoxy group, an al koxy group or

PHC IO SIeRy Iy P@eR 1 componds 16
() BERTROCEER o PHESNE W0 PREBEFE S and Pb-Sb

lead minerals such as galena and zinc blende; and

hydrates of such lead compounds;
<copper family metal compounds>

salts and complexes of copper family metals such as CucCl,
CuCl;, CuBr, CuBrz, Cul, Culz, Cu(OAc),, Cu(acac)z, copper oleate,
BuzCu, (CH30),Cu, AgNO3, AgBr, silver picrate, AgCsHgClOy4,
[AuC=C-C(CH3)sly and [Cu(C7H3s)Cl]4 (wherein acac represents an
acetylacetone chelate ligand);
<alkali metal complexes>

alkali metal complexes such as Li(acac) and LiN(C4Hg)2;
<zinc complexes>

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

cadmium complexes such as Cd(acac);;

<iron family metal compounds>

complexes of iron family metals such as Fe(C4gHg)(CO)s,

Fe(CO)s, Fe(C4Hg)(CO)3, Co{mesitylene)s, (PEt2Ph)2, CoCsFs(CO)7,
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Bu2Sn( 000C11H23) 2, Ph3SnOCH3, (C2H5)3SnCPh,
Bu2Sn(OCH3) 2, Bu2Sn(0OC2H5) 2, Bu2Sn( OPh) 2,

Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnOH, Bu2SnQ,
(C8H17) 2SnO, Bu2Snd 2 and BuSnQ(OH). 15 A catal yst
used in the present invention is a honbgeneous

Nl-n‘@s ha%r[%ééﬁé”es in the reaction system and
y

pre rab contains "a netal such as Pb, Cu, Zn, Fe,
SV or Sn. A catalyst in whi ch such a
<2|rc% E\M "’8%%'.?}8& is bonded to organi c groups can
t hus refer use at al,yst onent_ may
o ZhsaRdu SO ISt s e a5 Lokt AndPgEanoLene:
onpound present in the reaction system such as an
<Le"téilsl Prisk 1P aacesmPuUndse phenol, the al kyl phenyl
carbonate, the diphenyl car bonate or the dial kyl
caLBmata;;IdaraM>Levmeab@bfprmutg éeareltion medal agmpounds
treatment with the starting material or products

suchpas Xz TiMe TEOGIVOXs, N5, canXy ReXisadd 8nKagdwherein X
present invention is 25 preferably one that has a high

représemtsl dilalogen Afomeai nedtdxy\yreupnenT atkxy geeq l@rnan
condi tions. Exanples of preferable catalysts int

de PbO, Pb(OH)2 and Pb(CPh)2; TiCl4,
Ao S PO Ti (P 3, - (VeOL2Ti (PR 2,

Q: 3T ”@@9 Ti (OPh)4; Snd 4, Sn(OPh)4, Bu2SnO
<mgéﬁ§%ﬁz¢é'—ﬁg@5 FeCl3, Fe(OH)3 and Fe(OPh)3; and such
ca ts.that have been trea t he
- ehFoR RN Gl RacSEen e G%ﬁﬁgila?ﬁ@@%sed n
t firs nti_huqus |-st .S
(CaHaRPIAEEGe by At ot Hme Qc‘cfaﬁt mﬁu@n%%mdcm)z,
rrulti-stag& distillation colurmma he sane as
Bu2SgHO @R hEl23) o Pl SrCs.. (CzHs & Bber&UzSﬂ/(é?@l-ba.z,
it is particularly preferable to use a starting
Bu S il ) 2a Bl Sn(@ bz, ioh:800D&IHY )ag (@2Ha) Sie@H, 1Ph3SnOH,
this case, 10 the di phenyl carbonate produced does
Bu,SmD, (OpHaipSadaBagsmCiy aid BusswOiette is i nportant
as a starting material when industrially producing a
A catalyst used in the present invention is a homogeneous
catalyst that dissolves in the reaction system, and preferably contains
a metal such as Pb, Cu, Zn, Fe, Co, Ni, Al, Ti, V or Sn. A catalyst in
which such a metallic component is bonded to organic groups can thus
be preferably used. The catalyst component may of course have been
reacted with an organic compound present in the reaction system such
as an aliphatic alcohol, the phenol, the alkyl phenyl carbonate, the
diphenyl carbonate or the dialkyl carbonate, or may have been
subjected to heating treatment with the starting material or products

prior to the reaction. The catalyst used in the present invention is

preferably one that has a high solubility in the reaction liquid under the

reaction conditions. Examples of preferable catalysts in this sense
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pol ycar bonate by neans of a transesterification

nmet hod. The reason for this is that if a halogen is
present in the starting nmaterial for the

pol yneri zation in even an anmount |ess than, for
exanple, 1 ppm then 15 this may inpede the

mclulﬂ‘él p'B‘?.'S' F"ng rafr%‘#t?@? 2);1 CRESS, ?x(@ﬁﬂ@?{]"(ﬂ\ﬂémfﬁ(@lﬁh)g,

proper "orat 'on ‘of

<Me%ﬁf@§3§@e feBRTRER ) B TG THEL Scopp-
B IR B ORI el G2 arlf E(ORLDgEdh suer

di anmet er (cm, and having internals 20 wt
catawﬁ%éhabhaytea@egnntreﬁm itk ipheneln dhegeasdio M&Uh@ of the

gas outlet having an inside dianeter dll (cm at a
like. t ophefcatatysioused iorthienfiest ceplisuopsrmudi-sgagendistillation
colum near to the top, a liquid outlet having an

colummsand theaortalystlide(dcimn the scorid ocontinudius plltirstage
in alower portion of the colum near to the bottom

distiRatibAasdIupie rh8y ok thé elameoys @@ ARotier, B different.
portion and / or a mddle portion of the colum bel ow

they Qgécf)l H trﬁtmv%ﬂgiofﬁ it ?ﬁﬁarﬂﬁﬁlé@#‘ﬁr@fé&mlﬂb to use a

provi |'e portion and 65 or the | owner

tarf g 48 LA Y4 Lo s e,
foI ng fo
the GiBbsBy catpgneis dyodtcel Pogdiet don %nf%?aiogsn gt all, and
2000, ( 8) 25L / D, 540 @ 205N, : 5120 % ;‘f
hencers knggriant)agqystastin rrtffsr'aidv*aqa)' Eé*%‘rlme ucing a
t he second conti nuous nulti-sta distillation colum
polycaehpnatesbygnenns @bﬁﬁwaaﬁgsbargﬁ?wupnrraehfaw ng Ehe reason

cylindrical trunk portion
for this is that if a halogen is present in the starting material for the

polymerization in even an amount less than, for example, 1 ppm, then
this may impede the polymerization reaction, or cause a deterioration
of the properties of, or discoloration of, the polycarbonate produced.
The first continuous multi-stage distillation column used in step
(I1) comprises a structure having a cylindrical trunk portion having a
length L4 (cm) and an inside diameter D4 (cm), and having internals
with a number of stages nq thereinside, and further having a gas outlet
having an inside diameter dq; (cm) at a top of the column or in an
upper portion of the column near to the top, a liquid outlet having an
inside diameter dy2 (cm) at a bottom of the column or in a lower portion
of the column near to the bottom, at least one third inlet provided in the

upper portion and / or a middie portion of the column below the gas

outlet, and at least one fourth iniet provided in the middle portion and /
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having a length L2 (cn) and an inside dianmeter D2
(cm, and having internals with a nunber of stages n2
therei nside, and has a gas outlet having an inside
di aneter d2I (cm at a top of the columm or in an 15
upper portion of the colum near to the top, a liquid

or th%ulblv‘ﬁér gaﬂi&‘ﬁ o¥thd Eol ndéBHEIaechedﬁ&ugd:Q{tI%‘t, MHRAEEAT,
of the to 0 e colum

Um or I'n-a lower portion _ '
1. il Prie b Bfief Shrtn i nhGram et aliot shP BURRRG: ffnutae

col bel ow the gas outlet, and at |east one sixth
(7) t‘i’RﬂéﬂﬁFB\?ﬁ I¥8'Y'n the middle portion and / 20 or the

| ower portion of the colum above the |iquid outlet,
wherein 01800 o4 £B80002, n2, D2 / d21(7)and D2 / d22
must satisfy the followng fornmulae (13) to (18)
respecti ¢80y< DHERO00L2 : 8000 (13) (8)00<_D2: 2000
(14) 25 2:5 L2/D2s40 (15) 10 :_ n2 :_ 80 (16) 66
2<_D2/ d225%.4(/1Pyand0 5 <_ D2 / d22 <(9g30 (18). It has
been di scovered that by using the first continuous

nul ti - st ageg g, s ifldcat i on col um and t g gyecond
continuous multi-stage 5 distillation colum that

si mul tangogfby, 3311t ksdy the fornul ae (7()11t QAd8), the
r

di phenyl carbonate can be produced fromthe dial kyl
car bonat he phgnol on an industfial scal e of
not | essgt%gﬂ Iaéb%&x? tely 0.85 ton (/1%, preferably
not, less than 1 tan hr,. with hi sel ect.lvity,.and
i MerEpdane e sarehdapptintioud piudflsaaas plstildtigh cotumn
time fgr exangl_e not 10 | ess than 2000 hours, .
usediineslambll) comprises 3 giiciope haxing, a eyliadrisalitepnk) gortion
_not less than 5000 hours. The reason why it has becone
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 a top of the column or in an
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 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 L,

Dz, L2 / D2, np, D2/ d24, and D, / d22 must satisfy the following formulae

(13) to (18) respectively;

1500 < L, < 8000 (13)
100 < D, < 2000 (14)
2 <L,/ D; <40 (15)
10 < ny < 80 (16)
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possi bl e to produce such an aromatic carbonate on an
industrial scale wth such excellent effects by

i mpl enmenting the process according to the present
invention is not clear, but this is supposed to be due
to a 15 conposite effect brought about when the

condi ti ogs, ﬁ&n}ggg’ fég’.ig“' ae (7) to (18(;|ﬂr§n&on‘oi ned.

Preferabfe the respective faact’ors for the
cont i nuoys [{i,-sta distillation co s used in

step (II#%:@}Hééérgﬁed bel ow. If L, (1(1% and L2 (cm
are | ess than 1500, then the canversign ecreases

) Si Q, 20
ant masbean discorreshtRat Py ygng the HrsteogLauoUs

production anount. Moreover, to keep down the i
multiegtdgadistidadonvnluen and the sacend spnasingioms BHdbrstage
t he desired production anbunt to be attained, L, and
distill2tionstolaaah thet sirdaltandoaisiptsatisfy thieafor@oolae (b to (18),
preferable ranges for L, (cn) and L2 (cm are

the dipheRAg! cuebyndb®@ahn be, protfudd framcdth20aialkyl tarbonate and
6000, with 2500 '!'5 L, < 5000 and 2500 5 L2 5 5000

the MM otar i du SRS @dibeof Adt I|és£>,théﬁra;|:pmkiﬁ?at@¢m.35

are less than 100, then it is not possible to attain

ton I:Iﬂ': p‘?%?éfmngmé’ggéﬁé %@g"g{}ﬁ 1 HPRROY %ggtéélbegmt@%ﬁd

equi p aining the“desire

nion B BEGH FRARor Y PR P o B B, T i o

less {h S Rourgobrelgiabiste lass hamdahihodses My
800 being yet nore preferable. For the first

prefeygily rﬂl&ﬁ3§sﬁuﬂftaﬂ §5088:hauss.i | (Toe ppasen Ry dhjaspeecome

second continuous multi-stage distillation columm, so
possitdegteapreduaadsBch aroaremadict Garbemateappvan iadyetrial scale

each of the columms may have the same inside dianeter
with sueh ¢heclipptefieats ipnimpéementing the drocesspactdmling 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) and L, (cm) are less than 1500, then the conversion
decreases and hence it is not possible to attain the desired production
amount. Moreover, to keep down the equipment cost while securing
the conversion enabling the desired production amount to be aitained,
L, and L, must each be made to be not more than 8000. More
preferable ranges for Ly (cm) and L, (cm) are respectively 2000 <L, <

6000 and 2000 < L, < 6000, with 2500 < L4 <5000 and 2500 <Lz <

5000 being yet more preferable.
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thereof, or the inside dianeter may differ for
different portions. For exanple, for each of the
continuous multi-stage distillation columms, the

i nside diameter of the upper portion of the colum nay
be smaller 15 than, or larger than, the inside

o o0 () ap Dy PERDARY ¥ tfan 170 (iR s, G bossivle

hen, stable eration becones difficult., .In
to atfg]Riine p&8Ir8 L B &icfon FGOLHY, “Morépyss tonkepp dawn the
.40, then the pressure difference between the top and
equipBaRstGash Whileattatninanths. desved pECgHelen amgUnindls and
prol onged stable operation becones difficult.
D2 mpgsit bej maske: torde netdraes yhao 200Qr edMerq peeferable
tenperature in the | ower portion of the columm, and

rangesrioe D s{cm ) razat Do(tmbaremeedpedtivelyol B8 cuDy Hri0Q and
about a decrease in the selectivity. Mre preferable

150 £dpes1000, With 200 arm, K2800@n@20 R & DesPeoU béing ?e5
L1/ D < 30 and 3 < L2/ D2 :5 30, with 5 :5 L1

moreDdréfetabl@nd 5 <_ L2 / D2 15 being yet nore
preferable. 68 If nj is less than 20, then the

COPYRt ALYy %@ﬁ?@éué"rﬂuitf-s&éﬁga%isﬁiﬂ%ﬁﬂ*bﬁldrﬂp%ﬁ&itﬂe

t he desired production anount for the first continuous
e ot oo

secoff 407AA08G bl absceiflatBh koA o e 5P pe O

are iFFLh }8 abpv e 2nage. Ragh Ghbbe oMty mayavethe same

. . Furthernore, if nl is greater than 120, then the

insidg diameterdirom tha dpreepoeianitheresp tathepovenpertiene
col um beconmes too great, and hence prol onged stable

theresfe oattheninside bameter mamdiﬂtmu&:rndjilfgere@ttag:ertions. For
distillation colum beconmes difficult. Mreover, it

exanmpeores eastesf dng cihtimuous makle sthgetdistidasionr eolumns,
the | ower portion of the colum, and hence side

the irgiigtreteg?gﬁeb@ﬁmhéi Fihér porneausf tHy codime aotbeasmaller
than, or larger than, the inside diameter of the lower portion of the
column.

If Ly / Dy and L; / D, are less than 2 or greater than 40, then
stable operation becomes difficult. In particular, if L1/ Ds and L, / D3
are 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. More preferable ranges for L4/ Dy and L, / D; are
respectively 3 <L,/ Dy <30and 3<Ly/D;<30, with5<L:/Dy<15

and 5 <L,/ Dy <15 being yet more preferable.
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in the selectivity. A nore preferable range for ni is
30 <_n, < 100, with 40 < nl1 <_ 90 being yet nore
preferable. Mreover, if n2 is |less than 10, then the
conversion decreases 15 and it is not possible to
attain the desired production anount for the second

Coﬁbibgé)%ﬂﬁ{!he Bt gt flyk édrﬁér\%ﬂar‘f@éﬂ?@as%@ﬁﬁq is not

pment cost 1€ securin

o0 T e o5 8t B Lo

rthernnre [ is greater than 80, the
multlp$t@§.ﬁmestﬂd>atdpnfvalym bMW%éot'&%ﬁ’&%ﬂﬁerﬁwpment
the col umm becones too great, and hence prol onged
cost ythile secpeing the coinvarsicr enabling the drirednarodustiage
distillation colum becones difficult. Mreover, it
amolmictorke ataassdy pi troushbeecmse e he beenpénaote than 122
| ower portion of the columm, and hence side reactions

Furth@eeors | ifabl is gﬂe@muharbnQoglthgna%eabaessmeﬂdmeme
in the sel ectivity. A nore preferable range for n2 is

betwé@nﬂhé‘i’?ﬁ.arﬁ?bo‘ﬂdrh #Otife cBfumn Egcbﬁiéww@tgr@ﬁt eand
preferable. 69 If DI / dl11 is less than 5, then the

hencBbtdiBRged 8RdbIbbnbRRtIon o the fiFSY BUAMALBUS! inutfi dge
nt of S€eQ 0 ts

distilfglion calbimy Bacdnies e A@&ﬁeech\’é%‘?g{ §8F§*"£€%r%ﬁe%ﬁaw
of theflrst 5 canti nuous ti-stgge distillation

to ingtaask the dameeratire i) f“wmpprﬁam of @wgfv‘eitef@r' ansh
30, then the gaseous corrponent wi t hdrawal anou

hencge&lsl@egea@m@ns\kmnliahmtm@ﬁ@@rsbalmgéns@b%ﬁ aiflecrease
becones difficult, and noreover a decrease in the

in thearelectivity. i A note prefarabie ranger for pr és G0asi v £ah@R, with
for D1 / d11 is 8 5 D1 / dl11 5 25, with 10 5 D1 / d"

40 <9, 200.0ebey netyeorewreferslbler abl e. Furthernore, if D2

/ d21 is less than 2, then the equi pnent cost for the

SeMYyTdoveR! ifEOUS |63k thaAt POethHEsthé l@drivrsion 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 distillation column becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side reactions become liable to occur, bringing

about a decrease in the selectivity. A more preferable range for n2 is

15 < np < 60, with 20 < n; < 50 being yet more preferable.
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col um becones high. Moreover, |arge anmounts of
gaseous conponents are readily released to the

outsi de of the system and hence stable operation of
the second continuous nulti-stage distillation 15

col um becones difficult. If D2 / d21 is greater than

15 h t S5C I
YL P%*FSS@%W R AR n%%fd!ﬁéﬁrﬁwgsgﬁﬁﬁﬁgnf"ﬂ

becomss j.ffi cul mor eqver decr ease |
contighialis, Gulti-stads SLfdﬂFaqé%&o mﬁﬁgom%?ivghl o Whfaver

for D2 / d21 is < D2/ d21 < 't{]3< D%/
largegamayinty %fegﬁgeyets RO OtedTi8 A éea%y releaseddgihes

| ess than 3, then the equi pnent cost for the first
outsigenef Hie sy stem,iand agacs stableaeperation fthgetices

hi gh. Moreover, the liquid wthdrawal anobunt becones

contineloatsi mlﬁ-ﬁa@‘e distilldtéow ecdunirl becopre siditficwdt. t ey / d4q
first continuous nulti-stage distillation colum

is gréstarnimardB0f ithehtthe §abéousdd@mipd r@raalvithdrAwval Zimount
then the flowrate 25 through the liquid outlet and

becoﬁ#é’é ?sldqwg%uﬁwwfﬁwsiﬂb opBFatibR e Erhes @ificult,
becones |iable to occur, bringing about corrosion o

I
and @%gef;gag%gagﬁy iéﬁ‘gﬂ%r@oﬂ@@?ﬁb@t’iseb{@]wd%gbui) é\ more
bei t Furt h f
profdtabfig 4RI i B SRR ek B Spithi1 O b5 20
befni&”&'n‘%‘aﬁé‘ig@g“r'attilhﬁ enﬂ'e‘?’%w'q»'ef‘h*d&awéﬁiéﬁlﬁ%es‘:ﬁze%r?e then
reI atively high, and hence st abl e operation
the equipmenictrshiRsutherspepng: eRptinusHs| nnalﬂtftﬁtasa %mﬁ*"ahon
beconmes difficult. If D2 / d22 is greater than 30,
coiumndrecommels bigh.at Maneoseghlaige ameunts ofigasecamsd
pi pi ng becones excessively fast, and hence erosion

compEvemissate abhdilyaedeased tbrlihegbugsialboaf teersysieon ad
the apparatus. A 10 nore preferable range for D2 / d22

henceSstabie diferatitd? ob tRe, seddid Lontindous #Rdlti-btaPe RestiDation
yet nore preferable.

column becomes difficult. If D2 / d21 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 D2 / d24

is 5 <Dy/das £12, with 3 < Dz /dz; <10 being yet more preferable.

If D1/ dq2 is less than 3, then the equipment cost for the first
continuous multi-stage distillation column becomes high. Moreover,
the liquid withdrawal amount becomes relatively high, and hence stable
operation of the first continuous multi-stage distillation column
becomes difficult. |If D4/ dq2 is greater than 20, then the flow rate

through the liquid outlet and piping becomes excessively fast, and

hence erosion becomes liable to occur, bringing about corrosion of the
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Furthernore, it has been found that in step (Il) it is
further preferable for the dll and the dl2 to satisfy
the following fornula (29), and for the d21 and the
d22 to satisfy the foll ow ng formula (30); 15 1
< d12/d11 <5 (29) and 1 5 deI / d22 < 6 (30). The
"pr, e f ) a
appdrBids. PROIEEHrefetlbfo $8ABBI D, 19, %es)s(tx/aﬁzg%a

ope can pe car tl nuousl

with TS (32 1%2@%91%9%?’%55? 5’?35@%"33?& nﬁébgﬁﬁ“gﬁ‘e D /
daz ifdgSF dban 5h§ﬂé%38ts st oRp cosh fof e %ﬁ%ﬁﬁﬁuous

than 5000 hours, and a_ predeterm ned anount of th
multystage distilatienseelumn hregnggigh- wWMareoysrathe Mtwgd
hi gh selectivity. A characteristic feature for step
withgnawal amaint baeodigmeslativady drobodtte heasenstahiedeperation
stably for a prolonged period of time with high
of theesectd ndidontamao us trhuli-stage wistitlation cglurhnribecd s
than 1 ton / hr, 71 preferably not less than 2 ton /

diffidut. nrfrlzprd‘afzelsa@ie/at%@tthlaﬁrﬁsot fieen IhieOflolw rdte. through the
Mor eover, another characteristic feature for step (gl

Itqun&%dti&t ahd giPeng B rhBatetdesdiely-tast, Rind 'F\Jend%le/roswn

and D1 dl2 for the first continuous nulti-stage

be°°q"’§§d@o‘%1@o°eehB@%ﬁ%@%&"@sﬁﬁﬁbw ﬁ’@@gO prafdys2 A
morq Bletsabie Fangs tr,Dzu A 1630k Def i ¥ 280 with 0% 7 oz

second conti nuous rrul ti-stage distillation colum

Szos*‘-}ﬁ'r‘gfye'r BYyEcprefergbleoo 5 L2 5 6000 150 i D2 5
1000, 35L2/ D2 : 30, 155 n2 5
d2Furthermoesit-has Been fappd hatin @éem(éls)s*ttlﬁafﬁrti\etron

/ 10 hr, preferably not less than 2.5 ton / hr, nore
prefep'laﬁlerfabltperﬂm aed thendn ® satisfy the f@ﬂiotwwgdfq;rnwl,a (29),
carbonate can be produced.
and for the d2¢ and the d;; to satisfy the following formula (30);
1<diz/dyy =5 (29) and
1<dy1/dypp <86 (30).

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 less than 5000 hours, and a
predetermined amount of the diphenyl carbonate can be produced
while maintaining high selectivity.

A characteristic feature for step (ll) is that the diphenyl

carbonate can be produced stably for a prolonged period of time with

high selectivity and with a high productivity of not less than 1 ton / hr,
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Furt hernore, another characteristic feature for step
(I'1) is that in the case that L1, D1, L1 / D1, nl, D1
/ dl11, and D1 / dl12 for the first continuous

mul ti-stage distillation colum satisfy respectively
2500 L1 15 55000, 200: D1<_800,5: L,/D,: _15,40: nl: 90,

i B i 2 g sl o
- SRR SE LSRR (43 o
et 2. it Bl k.

preferably not less than 3.5 ton / hr, nore preferabla/

continoltouseawlill hetage distiliation asrlue SQTIMEH?BDGQIIW@M@QO < Ly
can be produced. The "selectivity" for the di phenyl

< 60CQy ho0ak D & $0@P, Bl L)L+ SDhas 8D, 30 <t he pheAol8 < D¢/ dy <
reacted. In step (I1), a high selectivity of not |ess

25, drithB < DY d3p ueseand L, bD,atbdi Dedn, pDafledahlandd; / da:
| ess than 97% nore 25 preferably not | ess than 98%

for uF@%c%fnd BSnflhh%hsCﬁfﬂltt%'g% miétmat%ﬁgﬁ;ldn&t ishitiafy on

colum and 72 the second continuous multi-stage

respgbﬁ%éw Qpbﬁrk ‘i%l Hr@b(wgsl %brk #.£8 1dd dg 31 LQrIeIf)9r<a§b¥ 15 <

I'on cdlum g trdys an pacmgs as

T [ u [ S
2 < Blo B b das 4”ﬁa 850 7' Pa N8yt o 18RS (BRRE ton /
as actual | y_ brought
hr paef ol hof Resnafs o%ﬁifon 7 e paﬁﬁ%raa‘ﬁvoré%tclﬂ%eﬂﬁa" 3
section on step (1) are preferable. I\/breover
ton /thfeof Hﬁ%diﬁhﬁﬁéﬂ cafboaaa@@@rbbetw@dtm nal s" has t he
sane neani ng as above. In step (Il), in the firs
coﬁurthmmomamcﬁt@rg@hara;:tewlsatq teatesefion step (II) is that in
reaction in which the al kyl phenyl carbonate is
the gasedteatdL {,r D Lhe 1, di aDkyld parcbuhite/ dad fohtheirsbl
mai nly occurs. This reaction has an extrenely |ow
contingdé BfUIHDS GQjws Hastilaod ddlameaeltisip respectivedy @800 < L4
an
< 5000,200<D1<800,5<L1/Dy<15,40<n1<90,10<Dq/dys <
25,and 7 £ D¢ /d42 £ 15, and L,, Dy, L2/ D3, ng, D2 / d2q, and D2 / da2
for the second continuous mutiti-stage distillation coiumn satisfy
respectively 2500 < L, £ 5000, 200 <D, <800,5<L,/D2<10,20<n:
< 50,3 <Ds/dss <10, and 9 < D, / dz2 < 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 diphenyl carbonate can be produced.
The “seiectivity” for the diphenyl carbonate in step (Il) is based
on the phenol reacted. In step (ll), a high selectivity of not less than
95% can generally be attained, preferably not less than 97%, more

preferably not less than 98%.

Each of the first continuous multi-stage distillation column and
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hence it has been discovered that a plate type
distillation colum having trays as the internal is
particularly preferable as the first continuous
mul ti-stage distillation colum used in the reactive
15 distillation. Moreover, in the second continuous

the é(‘géotﬂd %Bﬂg‘ﬁtﬂ:hfél Hdlﬁt e E‘i’ét;ﬂ’%oht é{lﬁnﬁﬁ“d?éq fh step (1)

Sproportionation rea phen

is Pféﬁ%ﬁ%'fat ¢ dltilafel Sunhntyigs 3&%‘?@5@@%&%@“5%%“9
interRdhi g Sotars R gsOR xéég&;a PaLpfessal IvaiSHaeans the

internal is preferable as the second continuous

part juthe distijatiginseelurani where @dasmmandsibauidareaqtualyi eught
distillation. Furthernore, it has been discovered

into ¢chataathwithi enéeldrmthar. cowmmymvdmgstataedpackiibregbin the
installed in the upper portion thereof and the trays

sectionstaldted (I dreepteferablear t Muredvesy ¢tloé tesmp'rai mbaipl cf
as the second continuous nulti-stage distillation 25

stag@@ldﬂme infte ARai PPl ‘i‘hé(‘éﬁ}/rﬂé%etahﬁhgté@ aP@sse. ngs in

the second continuous nmulti-stage distillation colum

ar fh BE&H gcﬁbkﬂtﬁérﬁ’r%tt :\%cﬁ'ﬁapaiugfiﬁhltf‘-%?a ?a'Hrllﬁghéiio‘Pf column,

structur pac I NgsS, IS partic

F - di
a redftRE IR Wiiop iiq Eﬁ‘yg““ﬁﬁﬁe&épﬁéﬁoﬁﬁﬁf#" p???é?éﬁdfrﬁﬂ?‘he
nt i huou S stll on
dialk§ER5rR0 88 TR ANshHAS itandlohalahipestre e f oie asﬁehﬂ h hds an
sieve tray having a S|eve portion and a downcaq
extre@ﬂyi B}W|%q'-|!)‘HPﬂ'~HGI(‘é}ﬂﬁﬁa@éoénﬂn”'teef%‘;*d*’” rake is S'°W and
relatlonshlp bet ween performance and equi pment cost.
hencetitthas hees dissnveredcthalraplatatypadistillatien eggumn
preferably has 100 to 1000 holes [/ nR2 in the sieve
havippittaymasAheirdepnaf &s phalrdcuolarbeprefetatilesas shérfinst 10
120 to 900 holes / nR, yet nore preferably from 150 to
contidQ@uzohrAtifstiige didtilepven colinhasiseeen dhé cewetiod t hat

t he cross-sectional area
distillation. Moreover, in the second continuous multi-stage distillation
column, it is mainly a disproportionation reaction of the alkyl phenyl
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
internat is preferable as the second continuous multi-stage distillation
column used in the reactive distillation. Furthermore, it has been
discovered that the 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 has been discovered that the packings in the second

continuous multi-stage distillation column are preferably structured




per hole of each sieve tray is preferably in a range
of fromO0.5to 5 cn2. A nore preferable
cross-sectional area per hole is from0.7 to 4 cng,
yet nore preferably fromO0.9 to 3 cn2. Furthernore, it
has been 15 discovered that it is particularly

pacifiyfr R el o LoRNcT B pRRRINGE Wit I PERupaleFly

er., hole is in a range of fromO0.5 to 5 cnR. It has

pref%@é’r‘eshom that by adding the above conditions to the

continuous nulti-stage distillation .colums, the

obf &Eth@fmeFR 6r't%\°ehﬁeirhdbﬁﬁchﬁfe@'a¥hﬁiea§tﬁaPhé?f the brays

20 easily. Wen carrying out step (I1), the di phenyl
installedbimihe first comtinunvsimyltbstage Sﬁbaticntwlmuelqnd the

feedi ng the dial kyl carbonate and the phenol
secocahsontinuions rhdtisstage distittdatérn aloluntr a lséevéntsay having a

continuous multi-stage distillation columm in which

sievé [portienchKdta idowirc ORI eRd rticTfis ﬁiamﬂcauirly errid om tendls of
distillation sinmultaneously in the first col umm,

the re®afibAYAHS butWelidpaWorthandd atd éahsﬁmeln@yj&&mi. | ippthas also

point 74 reaction m xture containing a produced

beerﬁh?&!}merferd?méthSaHR%‘?BvQOﬁ'{ag%}we{ﬁ?éarl%l&ﬂ%éé "1 ?8{1% holes

gaseous Torm continuous ng a Tirs

2 ¢col.umm _.hi gh Lling Qi nt reacti ' t,alni
7 m? G SHBTRIENE Rl DAl M e BfEkaBl Fubibh ot HiiiEs s Wom
ortion of the,first colu in I qui f 2
120 foaboafRs § WacketimarpepratesabBolio 8d k0 HA noges / m?
poi nt reaction mixture into the second continuous
nuMaresvade itdhasihaeen disceveiash that thpiceassrrectipnal area
is present, carrying out reaction and distillation )
per ieudt aacbusieve travhis pegferdbtyinmanrangatafnironsiOyd to 5 cm”.
wi t hdrawi ng a second colum | ow boiling point

A moreaptéafenablecro ss-amutimalngrea peotudedslfod 8. Rytb 4 cm?,
carbonate fromthe upper portion of the second col um

yet ngglreﬁrerl;ﬁﬂfﬁlm ofii'lﬁii‘rﬂg.@@@t:i BHPFUS| Fukinidilicnd, N hasseeend
discovered 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 (I}, the diphenyl carbonate is
continuously produced by continuously feeding the dialkyl carbonate
and the phenol constituting the starting material into the first
continuous multi-stage distillation column in which the catalyst is

present, carrying out reaction and distillation simultanecusly in the first

column, continuously withdrawing a first column low boiling point
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poi nt reaction m xture containing a produced di phenyl
carbonate from the |lower portion of the second col um
inaliquid form and continuously feeding the second
colum | ow boiling point reaction 15 m xture

contai ning the dialkyl carbonate into the first

roacf A BHS saPMebdre R3Sl SAR8 R TRe diperpyrion

t al gohol , the al kyl phenyl carbonate and,the .
of thiy st fAIUET bormgspRls GIE celfRan sk siflitieWinga first
reaction by-products such as an al kyl phenyl 20 ether
columpghighyhoing ineinbeeActieBMbiiNgE . cadidn g Aradiced alkyl

equi pnent and cost required for separation and o
phenylicarbonatedrom tehéowpr pogtiossof thadirsacolamryin a liquid

i npl enmenting the present invention industrially, it is
formpeehéinalnus | deetiveg sherfirst g otaten indg hthoitiogt pointsresddtion

anmounts of such conpounds. 25 In addition to the

mixt@eC Hiel thy 86uehd ¢antinBolsanilvstagbediztillation copumn in
conponent fromthe first continuous nulti-stage

whicHith! éé?&l%ﬁf&isﬁ??’%pt]@aﬂrghﬁ g@t(rle'a)ctm‘d §Ptdaélﬁs‘?ilgzlti(oyl?

conlt al ns carb the phenol, an
simulfitstginJH e Y inTRYBhERUEURLE Wlidllipo o

car bonat e ,and, sq. on. The columm _tqp.co ) 0
secoffoRilis 188npRHit poltf reeelighembfile HERAT G, p o duced
. .can be used_as aliphatic nonohydric alcohol in ste
d'alkyflpaagon@!e pram; e Hpeﬁérwtgprﬁeé&has%%q%@ iGRgumn I a
material in step (I) after the content of material
gasepsr irm.neantiguausiymithd@Ewingapes ¢end kalumnhigh baiing
produced al cohol has been reduced through
pointireac¢tidmatmixtupe comdalnikg. a Iprodsiceghdiptvenyr cgrbonate from
preferable for a m xture of the al cohol and the
the 10walrkydrtith ofithensdcon® dedunaeth aslitbil &rmhatidc

nmonohydric al cohol in step (1). 1In step (11), when
contifusNFeeing eREI s¥cdn@ cdilahtsy lowaiHiAingt Boint reaction
mixture containing the dialkyl carbonate into the first continuous
multi-stage distillation column.

As mentioned earlier, the starting material may contain the
alcohol, the alkyl phenyl carbonate and the diphenyl carbonate that are
reaction products, and reaction by-products such as an alkyl phenyl
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 addition to the alcohol produced in the reaction, the column

top component from the first continuous multi-stage distillation column
75



10

15

20

25

and the phenol constituting the starting material into
the first continuous nulti-stage distillation colum,
this starting material may be fed into the first
distillation colum in a liquid formand / or a
gaseous 15 formfromlnl et(s) provided in one or a

in stBbYifl6#t¥n i8OS AlIAS thd 1y BRSO RSN, B BhehRf, an

e portion o e firs ion'colu
alky gy st dnd g Eﬁ%%ﬂ“ e/ afid sopitafi. stk h%amov@edof an
t he startlnqﬁnaterlal containing. a Iar%e g t|on of
o

alkyh aiy! rashenata: sherdipheny carbpnatara s 'heeszolumn
liquid form 20 froman inlet provided in the uppe

top qeunppoendffremettg fisst apstinuioats multtcetlagmdletﬂaam@ecpolumn
the starting material containing a | arge proportion of

can baeaisbdilasyaliphaticrabadtdric bécdhokin diep i(l) asiionbut is
colum in a gaseous form froman inlet provided in

prefdrad|y Qeyd Ber§1a?tingf maharikl liststdpsi) lafesri e eohtent of
above the liquid outlet in the | ower portion of the

matefridlst‘he(?bﬁi 'Hdﬁﬁg%‘ h éPbEb‘i‘l"“ng MyiReYRARN th%t%feﬁha( bkoduced
the first colum hig ol I i ng” poi nt reactlon

alcoﬂbf(ﬁﬂéeo&&?tréb'ﬂu‘c%glr gﬂm}%ﬁr}whtﬂmh ocralrh%oﬂ

8
contrnuously w't ovver por |on ofl t he

partf%k[ﬂsr“%®33£+{%“ﬁéoro'ﬂ% SiFRAEBLIhE' dlsifiah L the dTaky
carb@Bledd Hamsest Arhen 1'5:\93’?'3255?"&#@% aldio} Gstep (1.
preferably fed into the second distillation colum i

a | Iystep (o whemn cpnémteotg%iyef@@ﬁingrthlef¢tﬁ+kvhpefle%lyate

provided in one or a plurality of positions in the
and th® eheraltdanstiluting:the sdadipgmateriaf inthetheeBosld
distillation colum below the gas outlet in the upper
contipudusomudti-stage désidihatidnsdoluat | thiscstanting rvatedeémay be
in the case of using, as the 10 second distillation

fed AR YRA firdt distilihtiahi 66turehUATa hijjiid FoanPaalgi Ner a gaseous
portion in the upper portion thereof and a tray
formAP6kd Met(®) 51D ViQ¥8 in one or a plurality of positions in the
upper portioh or the middle portion of the first distillation column below
the gas outlet in the upper portion of the first distillation column. It is
also preferable to feed the starting material containing a large
proportion of the phenol into the first distillation column in a liquid form
from an inlet provided in the upper portion of the first distillation
column, and feed the starting material containing a large proportion of
the dialkyl carbonate into the first distillation column in a2 gaseous form
from an inlet provided in the lower portion of the first distillation column
above the liquid outlet in the lower portion of the first distillation

column.

Moreover, in step (ll), the first column high boiling point reaction
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portion thereof, which is a preferable enbodi nent of
the present invention, it is preferable for at |east
one position where an inlet is provided to be between
t he packing portion and the tray portion. 15 Moreover,
in the case that the packings conprise a plurality of

mixti SoRfainths YREUARY) g,mﬂﬁgéasm'otnatge@sﬁ{.ﬁagﬁkfy Wi

be®install ace ween sets o

from his ol Bo RSt qtotie, HPSE B finuois titiitae | Pbﬂ*'i#t'on

condensi n t he seqQus corrponent V\/lthdravvn fromt
colursp nso‘,smafri uaushETed o fhersesand oML YANS .m'ékthabage
. . distillation colum and the second continuous _
distilfatien calugw.di tarel dbedirségalmn dghtbriingr peintniagstion
sone of this conponent into the upper portion of that
mixtuliesis prefidrabiy dedrinto thetdecomdshstitiatione¢dwmndni @ liquid
for the first continuous nulti-stage distillation

formemdimori § gased ufgen drof inte®(s)prblid@d ianshéher a plurality
reflux ratio for the second continuous nulti-stage

of pd?lﬁbhh'lﬁtt'h@upﬁ@rtﬁ”ﬂl'tiﬁ bP tﬁeﬁﬂ%@le%of‘t‘i@ﬁ‘d? {he sacdhd
preferably fromO0.08 to 5, nore 77 preferably from

dlstllgasthioq%mﬁpbe'i{?% fhd Esc@u”ltléf”ﬂ?‘ﬂﬁemﬁér b?#46n of the

Ion CO carrying ou SUC a ref

f
sewﬁﬁe#% SRS AR HarkBLe, T hs a8 g gp the
ng. t he
secogﬁr%as%é'a@mee huid BSOS iealimm g Rl??fkhqf
nmet hod, but it is preferable to feed the
POft'Qﬁtlalt)hﬁ UpRes Rafdion thereadi and |3 Mayopordenrnn theolawer
position above the mddle portion of the first

portignghereal.i whichlisianpreimradleembodimept effdhgbpresent
catalyst to be fed so that the reaction solution can

inveritéomy dughprefetableofdraat leasthonbepesitimry sther@ an inlet is
region of at least 7 stages of the first distillation

provideldutihbe petkeeatthe packihgpagton and aherehgrpditiorld
stages. In this case, a

Moreover, in the case that the packings comprise a plurality of sets of

structured packings, it is preferable for an inlet to be installed in a

space between the sets of structured packings.

Moreover, in step (II), it is also preferable to carry out a reflux
operation of condensing the gaseous component withdrawn from the
top of each of the first continuous multi-stage distillation column and
the second continuous multi-stage distillation column, and then
returning some of this component into the upper portion of that
distillation column. In this case, the reflux ratio for the first

continuous multi-stage distillation column is in a range of from 0 to 10,

and the reflux ratio for the second continuous muiti-stage distillation

column is in a range of from 0.01 to 10, preferably from 0.08 to 5, more
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catal yst solution obtained by dissolving the catal yst

in the starting material or reaction liquid nay be

i ntroduced into the colum together wth the starting
material, or may be introduced into the columm froma
15 different inlet to the starting material. The

pref%%*?‘fgé’@géhﬁitéﬁ-fil E?’*3!455@%&%*)Mﬂ@ék%v@@%&%'53°”3
isti nepltl nn¥arie ndn h tMBe oflg:ta le reflux
di “u%té% ‘“t‘ﬂé' @yaeﬁcaﬁ BBo‘b ?PB A STV LOREAUTH

terial conpounds, and reaction conditions such as
rat'otﬂé))r'éa%lﬁpoﬁ Rrﬁﬂ@%ﬁu?@%mw reaction pressure. 20
The amount of the catalyst is generally in a range of
f r bmstepddh), thhe methodwiwiaking thediemagengauscatalyss be
to 10 % by weight, nore preferably from0.001 to 1 %
presemt weithbtfjrstasordtimmo tbenttii-sitageidistillationt telwrharmiaygbe
material. Moreover, in step (Il1), the nmethod of making

any M@hblﬁmﬂﬂew?preféralﬂbadoyﬁéed)%@r@@h}stl intd theskasnd
continuous nulti-stage distillation colum may be any

dlstllﬁﬁaﬁ%olmﬁn 'fFod;hSa Rfcfélﬁbﬁbéﬁo@g tﬁ@eﬁn&ﬂ‘ﬁa BBFAbH IS 1HY first

8 the second stillation colum froma position

dlstll?é’ll%ﬁ éd]ﬁrl'{’f% ﬁdll\ﬁm%\}éront tstogré@era%%‘?pp c%'téygt tBtBQ'? d S0

i S case I on bt ai ned
ssol vi.n catal in

that fi E8a}i8% $ &l EphobeitolBudbld idtiah L @t?hﬁnffata'vst
. et he ,th the starti . .
in a fegioadatah 19aeh 7 Hagas eﬂﬂherfaﬁiéfiatlhaapen@oi 8 1o

the starting material. The ampunt of the catal yst used
prefarabiy @tst stagesomerauprefarably & stpges.st n tats ease, a

colum in the present invention varies depending on
catalyist soyptionfokiztinkdshy dissiolvimg thepeatadyst inptlhestartong

of the starting material conpounds, and reaction
mateciidit reanstidl lepod mavt be intacused ietopthecol emantbddther

reaction pressure. The anount of the catalyst is
with aeaentatligirhatefiandr Afay bennPrdfi®ded anfPte column from a
different intet to the starting material. The amount of the catalyst
used in the first continuous multi-stage distillation column in the
present invention varies depending on the type of catalyst used, the
types and proportions of the starting material compounds, and reaction
conditions such as the reaction temperature and the reaction pressure.
The amount of the catalyst is generally in a range of from 0.0001 to
30 % by weight, preferably from 0.0005 to 10 % by weight, more
preferably from 0.001 to 1 % by weight, based on the total weight of
the starting material.

Moreover, in step (I1), the method of making the homogeneous

catalyst be present in the second continuous multi-stage distillation

column may be any method, but it is preferable to feed the catalyst into
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by wei ght, preferably from0.0005 to 10 % by wei ght,
nore preferably from0.001 to 1 % by wei ght, based on
the total weight of the starting material. 15 In step
(I'l), the catalyst used in the first continuous
multi-stage distillation colum and the catal yst used
the 4dkdiF SEAABHORMILAHS 1R mTH | dd<ifibA%RAL S hE! /i8N portion
col um “nmay Same or drf at "are
prefera I. ne., More preferably, the.,s .
of th@a%%?%? dishllauaR ForiBon Soriineastd B soen,
that,k di ssolves in the reaction 20 liquid |n bot
obtamqjmsd|s|s,qu|mgstr&§@taltyﬁé indhe §'s?tf'“6'|gs§tﬂt§é'@ iH 'Eer@t'on
hi gh boiling point reaction mxture in the first
liquid gnay e irtreducedsirdgdhedcetumndoigsthes iwiih the starting
generally withdrawn fromthe | ower portion of the
matdrialstordingtyi bé dbtron unsdiimtot thpechésmw friom laedidfdndnt iniet to
phenyl carbonate and so on, and fed into the second
the startingunusterial.t i Thecgmaliritiof thd catalyelt used tn kel second
this Is a preferable enbodinent. If necessary, nore of

contHlﬁ)u§ﬂ’itﬂkb‘§iag{é‘ﬁ;§’t¢llé‘ﬁ%yccﬂﬁﬂﬁ‘i’ ihthe bfé%esrﬁcﬁ%ntlon

continuous multi-stage 79 distillation colum.

varid£ABHESRIG TP theltyhBof EAATSE Bkl 4k 435y ons

CONSi dered O equate to

propbffofis 477 gﬁ%kﬁwdlﬁm}ts'ﬁﬁqf%@&?% 3 rBaefgR eSaitions

and .t he,second,conti nuqus nul
5”°“d?§3m;| readipn temperatyg gngt %@@cf'ea&r%ﬁl{fﬁm The

vari es depending on the formof the internals _in o
amount of ithgt¢atalvsl isnaeantrlinén rﬂJﬁ%'é@ed?f fs'pag@soopﬁeto 30 %o
amount of the starting material fed into the col um,
by welght, yprefarablyairorm0.8005He tat%I lyy weighd, means poeferably
conditions, and so on. The 10 reaction tine in each of
fromth@® 01 tetl V@byiwatglst, hdsad shafie thisl iweigthtorf thooistamting
and the second continuous nulti-stage distillation
matefRIum is
In step (II), 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 or different, but are
preferably the same. More preferably, the same catalyst is used in
both columns, this catalyst being one that dissolves in the reaction
liquid in both columns. In this case, the catalyst dissolved in the high
boiling point reaction mixture in the first continuous multi-stage
distillation column is generally withdrawn from the lower portion of the
first distillation column together with the alkyl phenyl carbonate and so
on, and fed into the second continuous multi-stage distillation column

as is; this is a preferable embodiment. |f necessary, more of the

catalyst can be newly added into the second continuous multi-stage
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generally in a range of fromO0.01 to 10 hours,
preferably fromO0.05 to 5 hours, nore preferably from
0.1 to 3 hours. The reaction tenperature in the first
continuous multi-stage 15 distillation colum varies
depending on the type of the starting nmateri al

e ed, and the type and anount of the

d'3h@§ﬁ§ﬁygﬂan¥ﬁis reaction tenperature is generally in a

ra e of from 100 t 0C. It is.preferable to .
ndhe.Eacten times f%ﬁ?@nganéﬁaﬁ%ﬂﬁsahgnt Pactids sarried

the reaction rate. However, if the reaction

out incstger dilLaee iconsidersgio equatetn thaavaaas mwsidencsntimes
liable to occur, for exanple production of

of theyrgaddthreliguids fin abeafirst] ¢ymtipuengl medtheatagecdisidiadion
which is wundesirable. For this reason, the reaction

columenpadaher eecontiheohtinsbusanatti+stage distilliatikiragelumn.
distillation colum is preferably in a range of from

Eachl8f thes8G@actibH tinéehvarradd Webeddingbn ehéddem Bethe
nore 25 preferably from 180 to 250C° The reaction

intergﬁig’ﬁ‘i Fhit %;ét”ll{xﬁ&nscﬁ%% GUY tHE M Bk [df- ﬁb@%‘% tﬁ@

stillation colum varies depending on the t
t t
amoﬁrq?o?mén%tggyﬂ? rﬁ%'tgllla @Hﬂﬁgﬁelﬁ}ggc %gﬁ%
ran e of from.100 taq
amotyft. AE 1B athlyftn dnadedatin coREifoRs: 3nt ?atcme 31'9
to increase the 5 reaction rate. However
reactigndimgnin easbrak the first costinugus pHIb- Squﬁ d.l%%@tleﬂs
beconme liable to occur, for exanple production of
columy. arddhe: secand contimuaugymultirstegedistillationicelurag is
rearrangenent products of the starting materi al
generalpdonalsaage ohéromdilfdetd 40klydursherefierabhbénoan €.88dto 5
di phenyl carbonate, and derivatives thereof 10
hoursnateE@s psefarabiy fiemuldets Bahbars.For this reason, the
reaction tenperature in the second continuous

MuTThie- & Afo flit8fipd RitLPS 1§ TheMrdtScontinuous multi-stage

ure

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. |t
is preferable to increase the reaction temperature so as to increase the
reaction rate. However, if the reaction temperature is too high, then
side reactions become liable to occur, for example production of
by-products such as an alkyl phenyl ether increases, which is
undesirable. For this reason, the reaction temperature in the first
continuous multi-stage distitlation 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.

The reaction temperature in the second continuous multi-stage
30
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preferably in a range of from 130 to 280C, nore
preferably from 150 to 260C, yet nore preferably from
180 to 250C. Moreover, the reaction pressure in the
first continuous 15 nulti-stage distillation colum
vari es depending on the type of the starting material

o 0Si ti f tH i .
dlstlﬁgﬂgﬁwﬁﬂﬁﬁrgépp%%%r@gﬁ:g @rgtthgnty‘panéf]i%g Eﬂﬁig material
irst contlnuo edlstl atio
comp@liffis {fgPdy ad g bR AECEmAlt abiieicHRE&L ok
an applied pressure. The pressure at the t op of 20 th
reactl@nutmmpgr@téﬂer@ ggnerally Mrﬁgéaﬁgequofrfpm 100te3pH7C. It
Pa, preferably from 105 to 107 Pa, nore preferably
is prefermmgltpameaﬁ@ms\@aeaqmnrtempetaiumemaﬁ;etq ingrease the
second continuous nmulti-stage distillation colum
reactiani mdedepgdodieverpif the rézpdonftemperafarei isgomhagh athen
conmpounds used and the conposition of the starting

side fabetiodls bébenid liadds to W IeF %txlafrﬁplélpdo_dgcﬂﬁn dhe
second continuous nmulti-stage 1li distillation colum

-pfodudR 8hcRs gh él Wl%t‘?ﬁ?uéﬁd Pﬁb@eﬁ*an?ement

pressure or an app pressure. The pressure a

prodpe&zﬁiaga‘é}aﬁ‘% ?iglrag {Ig?? nﬁ#p%gg qg@ggoﬁdlfcf@dna%}l
oreri St AT Sellinale, EHEL B fEbesheeby
I I || I
increasdp, Which fy Sndiehuratlige. draf Hhisat@anp o ﬁ@%
l'i nked together in series, in parallel, or
tempegabiieain dhe ctecand eondinuigus multi-stage @@%@Hatla@ ¢plmn is
second continuous nmulti-stage distillation colum in

prefertadydy (ih19 rangpl af fricint Vi 3bto @&Q°C,| micrenp refenably fraym K50
used. In this case, the distillation 10 col unms nmay be

to 26809keget aunichpreforabty fiesm 180 par2$06at, or in a
conbi nation of series and parallel.

Moreover, the reaction pressure in the first continuous
muiti-stage distillation column varies depending on the type of the
starting material compounds used and the composition of the starting
material, the reaction temperature, and so on. The first continuous
multi-stage distillation column may be at any of a reduced pressure,
normal pressure, or an applied pressure. The pressure at the top of
the column is generally in a range of from 0.1 to 2x10” Pa, preferably
from 10° to 107 Pa, more preferably from 2x10° to 5x10° Pa.

The reaction pressure in the second continuous multi-stage
distillation column varies depending on the type of the starting material
compounds used and the composition of the starting material, the

reaction temperature, and so on. The second continuous multi-stage

distillation column may be at any of a reduced pressure, normal
81
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The material constituting each of the first continuous
multi-stage distillation columm and the second
continuous multi-stage distillation colum used in
step (Il1) is generally a netallic material such as
carbon 15 steel or stainless steel. In terns of the

presgifd) ?V a‘PlfaPBﬁeﬂr;gf%éréeLfrer ag’rﬁerWe%%drE REtHY %’HQﬁdthe

stainless s The second colunn hi gh

°°'U¢’*ﬁ‘o*ﬁ% OFoBPafix niTFehgR & foth Qaclisk T80 e Ypth et bl From
i{a“ﬁ %%@g'ré@f{e'ﬁé‘ﬁbpﬁe AR Bbﬁgﬁ' ”L,daf main |

onent t hereof, but generall cont aj.ns
unF gthermara.as sherkirst c%ﬁ'chWe\?éS i‘n‘fﬁa‘ﬂtﬁgﬁrﬁﬁm'a&'ﬁ)n
unreacted starting material, a small anount of high
columai in atemél It a pyralindoécistilation eplurana maydw esed In
the case that a honobgeneous catalyst is used, also
this case aths distidatianatglkimpsmaydre linked mgemmarZﬁ series, in
necessary to carry out a purification step (I11) for

parahél,admima eombigatipwr ot gedieshanyd| paaiinatMofeovet, s the
second columm high boiling 82 point reaction mxture.

secoh@l §6ﬁﬁnﬁbh's)mdlt’iﬂst§'g%t Hldtaldtion %‘Hlumﬁlr{ atdp th) a plurality

ling point materidl separating colum A, and

of dsQilﬁQ %"I e«?@( RE%S rdsféﬂ NG| i Ohid"Pabe NeRYS gﬁ%ﬁléhﬂﬁ

are US separ ationis cafrie

conu MR HAPHE ok SO ARI R AP Bl B
comBRAEL FAIGELEBEIG) phony carbona . “anu

smal I amount of unreacted starting material, and
corbmqmef!@ﬂncmﬁyﬂm eaghirfvth fisst aonanhl%wen%tage
thereof a small amount of high boiling point
distiltation salumn and the secand cootinaotest multitstagepdigditiation
10 the colum top conponent AT fromthe high boiling
columoi useddhesteql (11 sepgenteratycoimetallis matdrialsushyas edrbon
into the di phenyl carbonate
steel or stainless steel. In terms of the quality of the aromatic
carbonates to be produced, stainless steei is preferable.

The second column high boiling point reaction mixture
continuously withdrawn from the lower portion of the second
continuous multi-stage distillation column in a liquid form in step (l1)
has the diphenyl carbonate as a main component thereof, but generally
also contains unreacted alkyl phenyl carbonate, a small amount of
unreacted starting material, a small amount of high boiling point
by-products and so on, and moreover in the case that a homogeneous
catalyst is used, also contains this catalyst component. It is thus

necessary to carry out a purification step (li1) for obtaining a

high-purity diphenyl carbonate from the second column high boiling
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purifying colum B, and separation is carried out
continuously in the diphenyl carbonate purifying
colum B into three conponents, i.e. a columm top
conponent BT, a side cut conponent Bs, and a col umm 15
bott om conponent BB, the high-purity diphenyl

poinfRéaCHshmARLPY, qnt%'e?’ﬁﬂg'ﬂs PF?’%S*“%&“”{ cBRFRARCHH high
boiliE YR PR eb T2t g i Agnd A iy sg%asf‘ab fate

i nsi de di a and having interpals with a
PUF'fZU‘%G%léWb '@.@!ﬁ'@i&grﬂdteh%ﬁ”ePH ieé'l]eg nsm@rqun is

and nA satisfy the follow ng formulae (19) to (21);
carrigdoowt candnygesly in)theligh bailing eeint pratesial separating

20<_nA<_ 100 (21). 25 The di phenyl carbonate purifying
columal Arint® amosturbe top contpjonentsAmhiavingtaga main component

distillation colum having a length LB (cm and 83 an

theraofsitie diprery ecalso hatY), , ui@dotgdi alkgt phlen i earbiorstde and
having an inlet Bl at a mddle portion of the col um,

a sm%lllﬂamcﬁlrﬂeof?uhréﬁéiéﬂ sBrti Hﬁ%ﬁ.élh%ddlbeéolalmﬁrubtt@m

colum bottom and further having a nunber of stages

com eﬁf A‘Bhﬁ%gl'hg;feégaé %&W&Sg{ﬂlﬁ‘b et fHerkdt a @m&mgﬁoﬁﬁt of

stages n the intern etween the i

hig“-tbnﬁ"ﬁhif%‘*@&f {rofliets apCeo Yt Bt ggtaaggg%,gg% °§t fﬁgﬁent

the ITRILISH CRBBSRRRT Arironk tha g bB il sonst,Materal

f or.nul ae (22). to (27); 1000 5 LB < 5000 (22) 10 100
separatipg <o UMOS(%)tm@Qslynigd intoyiiig dighenyl carbonate

purifying column B, and separation is carried out continuously in the
dipheny! carbonate purifying column B into three components, i.e. a
column top component By, a side cut component Bg, and a column
bottom component Bg, the high-purity diphenyl carbonate being
obtained as the side cut component Bs.

In step (ll1), the high boiling point material separating column A
must be a continuous multi-stage distillation column having a length La
(cm) and an inside diameter D {cm), and having internals with a
number of stages ny thereinside, wherein La, Da, and na satisfy the

following formulae (19) to (21);

800 < La < 3000 (19)
100 < DA £ 1000 (20) and
20 £ nap <100 (21).

The diphenyl carbonate purifying column B must be a

continuous multi-stage distillation column having a length Lg {cm) and
83




10

15

20

25

12 < nB2 < 40 (25) 3 <_ nB3 15 (26) and 20 <_ nB 70
(27). 15 It has been discovered that by sinultaneously
satisfying all of these conditions, a high-purity

di phenyl carbonate can be produced on an industri al
scale of not less than 1 ton / hr stably for a

ot ' f 1] : - .
an ingid Y1affereh Do tEnth Vi infenfiE e eltioRt TviRgtn
. f bl . t | t 5000 h f 20.th
intet § £a81 Mitials et h e I ribcaRd 2 SRR Uh gt iet B2
veuBAre R B o Ton Sl B Hasretdeoposshih &
to produce a high-purity diphenyl carbonate on an
numbeg of stages =l ef e intaroml e ahxivethe dnfaicBd, gynumber of
i npl ementing the process according to the present

stagésventdforhe inteonald batweent thainliet 8Bt apbtieel side 25utbeutiet
due to an effect brought about through the conbination

B2, ahumbehioflstages! nggopohatint@treslsdheipaphatdide el oatiet B2,
A and the di phenyl carbonate 84 purifying colum B

and §abtsf NuRbEMET eedkd IRNe& hi9+ kY, 2AY,), RYREFEIRPLE, Da, nas,

ranges for the respective factors are descri bed bel ow.
[ eshfi : .800,
a2, by, AndHECSHHER PrbdplbBinsrhyas (g (2T 00,
i nstal |l egnj he bi oiling point 5 eri al
separat i ﬂ8b§o$ ﬁ%gm@ones limted a ence the
separ at i effjcie decreases. Moreoygr, to keep
down the?ng%iQﬁTén{ﬁﬁgst while attai ni(@g’)t he desired
separation efficiency, LA nust be made to be not nore
t han 300D.< Remst 80pref erabl e range for(24A (cm is
1000 <_ LA s 2500, wth 1200 <_ LA s 2000 being yet
more 10 p2ef @pad 40 If DA (cm) is |esgd2%)an 100, then
it is not possible to attain the
3<ng3 <15 (26) and
20<ng <70 (27).

It has been discovered that by simultaneously satisfying all of
these conditions, a high-purity diphenyl carbonate can be produced on
an industrial scale of not less than 1 ton / hr stably for a prolonged
period of time, for example not less than 2000 hours, preferably not
less than 3000 hours, more preferably not less than 5000 hours, from
the diphenyl carbonate-containing second column high beiling point
reaction mixture that has been obtained in step (ll). The reason why it
has become possible to produce a high-purity dipheny! carbonate on an
industrial scale with such excellent effects by implementing the process
according to the present invention is not clear, but this is supposed to

be due to an effect brought about through the combination of the high

boiling point material separating column A and the diphenyl carbonate
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desired production anpunt. Mreover, to keep down the
equi pnent cost while attaining the desired production
amount, DA nust be nmade to be not nore than 1000. A
nore preferable range for DA (cm is 200 15 <_ DA <_
600, with 250 _< DA <_ 450 being yet nore preferable.
: heBSsAtiefing. ffi
purifying 8ol i °B A 081A0 e EinaRACRIORS 279 [IEreABble
t re pmrent cost
rangfiPL e “%%@Yf%éaéﬁog iﬁe”g%%“?@t ERB T ency A
must. be de e not, no tha er nor e
Doftia wadgstable 1oh ke (fcm5 late thandidd csMee then the
|fference between the to and botton1of t he col umm
heighee¥atsvhish igHeanalsagan tﬂ.&lt@s@ﬂ'&doﬂ'gé@e hghpeiling point
operation of the high boiling point materi al
matesiiagepanrading lcotuma Axeommesdiimiiedibnd Mencevidye, it
becones necessary to increase the tenperature in the
separation @ificienoyafedreases. unkloransehets keeipddodn the
reacti ons becone liable to occur, which is

equipméei dadt Whild éraaﬁwm%rm‘eeﬂéeh%d aégaréﬁbnr@ffmeﬁ@y <La
nA <_ 70, with 35 5 n bei ng yet nor e

mustltol?g‘;rﬁég% ® bbindf enem@@o@d orALrﬁo(»s@ f8rd61d Fige for

since t hei ght over I nterna

L T oBB5 T £ 2400 %@diﬁﬁﬁhéde@{?@@@&peap AR

f ffIICI ency decreases. Myreover, to keep down the
pre eé'al':? %‘ment cost while attaining the desired separation
ef[fol_s en;_:%)f LB nust be nmade to,_ be not nore than 5000
e (g

sthamdd¢.dheargitigmyot possiyesto 9535“ the
3000, with 1700 5 LB <_ 2500 being yet nore
deSIr@depéM%ctéomamga:r(tcm)l\?lpsew%rs tohsgepaownHée pauipment
not possible to attain the 10 desired production
cost arhilenattaibirep tiee  dasirée qpodaotiarharmeunpr2ntmusbbe made
whil e attaining the desired production anount, DB nust
to bebrotrmtiere than 1000. A more preferable range for Da (cm) is 200
< Da < 600, with 250 < DA < 450 being yet more preferable.

If ns is less than 20, then the separation efficiency decreases
and hence the desired high purity cannot be attained. Moreover, to
keep down the equipment cost while attaining the desired separation
efficiency, na must be made to be not more than 100, Furthermore, if
na is greater than 100, then the pressure difference between the top
and bottom of the column becomes too great, and hence prolonged
stable operation of the high boiling point material separating column A
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, which is undesirable. A more

preferable range for na is 30 < na < 70, with 35 < na < 60 being yet
85
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to be not nore than 1000. A nore preferable range for
DB (cm is 150 DB < 500, wth 200 < DB 5 400 being
yet nore preferable. If nBis |less than 20, then the
separation efficiency for the 15 colum as a whole
decreases and hence the desired high purity cannot be

mord bk 8 : g’t?g.b rn.e‘n)ée[ he 3e§ief'§dd§§€aﬁ nCion elTici engy nB
ot e Gpdg hFHP Sﬂ;?gt(%rﬁgﬁgﬁ% miga {i@ﬂ%ﬁi%é‘é@" the
tt t
helggboapéavh@nwtﬁéﬁé‘@ S80I mdastellazh i the GHATEOW! Garpagate

phenyl carbonate purifying colum B becones
purlfumg celMmn Robeeomes |imited ands heascesthe pepesatiabr ease
the tenperature in the | ower portion of the colum,
efficienty denreasésle Margovers tbdopep davabltbet eqoippoent cost
which is undesirable. A nore preferable range for nB

while at&finihg tife dedibed Wdparation efficienty, bei mustDe etade to
nore preferable. Furthernore, it has been ascertai ned

be nbf‘ﬁ’iorté)thé’ﬁtﬁldb tha ﬁ\%?rbrﬁl‘bf@'rﬂbré’%hb& f@'rﬂ.r];ew ) is 1500 <

carbonate stably for a prolonged 86 period ©
i r I 5 20

Le < 'ik?b(} WﬁBZPﬁSO%EB —?%ﬂfbegéé Sfet @B?g?pe ?@@I y. Mre

pr r a 5 1

S5 s P Ws%g?éﬂm W 1R G PRRREE, Rl Arain the

nentlon it is ferable for the h
des"ﬁa H{OMPBPPaﬁ‘m&é‘;SEr LOMREERKPLS kB8 daRR i salibment
| um bottomterrperature TA in a range of from 185

COStt\'ﬂ""%@é@'nmtﬁeaﬂ%ﬁﬂ tRIg dsction aaneunf, Pa maﬁbbeomade

from 1000 to 20000 Pa, and for the di phenyl carbonate
to bepnet Myeryythanutio® t & moreperefesablerangeciamPsHembia 150

tenperature TB in a range of from 185 to 280C, 10 and
< Dga& 600ymith 30 prebgut @ fBbeing yednperefpreferaldl@00 to

20000 Pa. It is undesirable for TA to be less than

18HGyg $¢ hess tthan 2dethen the separation efficiency for the
column as a whole decreases and hence the desired high purity cannot
be attained. Moreover, to keep down the equipment cost while
attaining the desired separation efficiency, ng must be made to be not
more than 70. Furthermore, if ng is greater than 70, then the pressure
difference between the top and bottom of the column becomes too
great, and hence prolonged stable operation of the diphenyl carbonate
purifying column B 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, which is undesirable. A
more preferable range for ng is 25 < ng < 55, with 30 < ng < 50 being

yet more preferable. Furthermore, it has been ascertained that to

obtain the desired high-purity diphenyl carbonate stably for a prolonged




10

15

20

25

colum top pressure nust be reduced, and hence

equi pnent for maintaining a high vacuum nust be used,
and noreover the equipnent increases in size.
Moreover, it is undesirable for TA to be greater than
15 280C, since then high boiling point by-products are

oo SRR i P HER ISR iSRS 20. 1

< nap%Of?%b%b’&?%i%e%p%‘?é%qefﬁ e MAEh Brajg/a1s randds are

equi pment enabling _a high vacuumto be mai ntai ned nust
< e sskey. 126 széog@r and 3isngadedOrable for PA to be
greater than 20000 Pa, since then the distillation
t eMrsieavere when oasrying eut doe areseatdaveptionudt isn of
by- products increases. A nore preferable range for PA
prefematfledor 26@0high b0y Raintint &t efriains Sidcatirng tO0OMPA to be
being yet nore preferable. 25 It is undesirable for

operdbted athe dodamri battohl3Iem Benaré eirt Berargd ohfréP185 to
pressure nust be reduced, and hence equi pment for 87

280°mi' ah@i D cBuRnMdP prassura PUSin Beraifs of IREMMPOEOMS" 20000

the equi pment i1ncreases in size. Mreover, it is

Pa, %‘ﬂgf}fﬁmg% (ﬁgil"%rnryg%érﬁom%ngrﬁ@ﬁ %; un‘?ﬁ’%cto Hd'6perated

poi nt by-pro s are produced

ata f‘ré‘#@ﬂ?éﬁﬁﬁi&swéﬁ&kp@g st R Al SEER AR M8

nor e referable is undeS| bl e f Bt
and fecalUnns (BRGu Saure<Ppde 4 ﬁ@ﬂgﬁa? omag @000535 Pa.

enabl i ng a hi gh vacuum to be nai nt ai ned nust be use

Nbitetsvu,ndestra e fpids tabeclass than (185 €. g$'@§ﬁe¥hqfhé'he

20000 Pa, since then the distillation tenperature
colummstop@reasucasedshbd reshuzed,0apd duenee equipment for

by- products increases. A nore preferable range for PB
mainitairfingna 2060 vac oMUl bevusied!, ramd 306 dwerlBegblipment

bei ng yet nore
increases in size. Moreover, it is undesirable for T4 to be greater than
280°C, since then high boiling point by-products are produced during
the distillation. A more preferable range for Ta is from 190 to 240°C,
with from 195 to 230°C being yet more preferable.

It is undesirable for P4 to be less than 1000 Pa, since then large
equipment enabling a high vacuum to be maintained must be used.
Moreover, it is undesirable for P, to be greater than 20000 Pa, since
then the distillation temperature must be increased and hence
production of by-products increases. A more preferable range for Pa
is from 2000 to 15000 Pa, with from 3000 to 13000 Pa being yet more

preferable.

It is undesirable for Tg to be less than 185°C, since then the

column top pressure must be reduced, and hence equipment for
87
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preferable. For the high boiling point materi al
separating colum A and the diphenyl carbonate
purifying colum B, so long as DA and DB are within

15 the above ranges, each of the colums may have the
same inside dianeter fromthe upper portion thereof to

AL AL R0 o Beed W oo o0 bent

erent portions.

S AL B DR 015715 g er
260 B0 i B i F3R S e Wb o

Each of the high boiling point material separating
the digtillahion. antt MoRe rIepeeaRie @i far d spisrirefm At 240°C,
B used in step (I1l) is a distillation colum havi ng
with frams! 3hdoa23pHC heiny wet ure prefiemable.The term
"internal" used in the present invention neans the

patttisi ontbeirablelifot iRd td benlexy than WOD® Fenssiagd then large
liquid are actually brought into contact with one

equiﬁﬁféﬂleénaﬂﬁn%]fﬁmgh GRRULAR tECH6BRMtaiRed MAUSEBld Q8ed.
88 on step (I') are preferable. Mreover, the term

MoredHR§F iQDnabéﬂ%%l?IfOﬁ;ﬁ;begé 'He?g?é‘éfé'r s QWWﬁF since

meani ng as above." s’ been dscertal ned that
PA: | l. r
then 3hERaistltabion PEmpetasTy b 8 badRed @ hence,

i n{.er na 5 apd furthernore structured, packi ngs ar
prodyBliBbrat pu-srolintsdnbEearRse. Adidis brerdianls d35gafor Po
, di scovered that the di phenyl carbonate purifying
is fram 4090 ko pt 29Q0 £y Withs Treae QL tad] 5000 Fa beiag yet more

particularly preferably one set or a plurality of
prefefabdeof the structured packings. The high boiling

poi nt reaction m xture continuously wi thdrawmn 10 from

t hEobdhedmgdf boHng pointimatecidlvsephrsting aolwmncAlamd the

of step (11) generally contains 0.05 to 2 % by wei ght
diphehytt berbbeatey pueityipgnadbfumb Boso long as Da and D are within
the above ranges, each of the columns may have the same inside
diameter from the upper portion thereof to the lower portion thereof, or
the inside diameter may differ in different portions. For example, for
each of the continuous multi-stage distillation columns, the inside
diameter of the upper portion of the column may be smaller than, or
larger than, the inside diameter of the lower portion of the column.

Each of the high beiling point material separating column A and
the diphenyl carbonate purifying column B used in step (l!l}) is a
distillation column having trays and/or packings as the internal. The

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

distillation column where gas and liquid are actually brought into

contact with one another. As trays, ones as described in the section
88
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20 % by wei ght of the phenol, 0.05 to 2 % by wei ght of
an al kyl phenyl ether, 10 to 45 % by wei ght of the
al kyl phenyl carbonate, 50 to 80 % by weight of the
di phenyl carbonate, 0.1 to 5 % by weight of high 15
boi li ng point by-products, and 0.001 to 5 % by wei ght
an y
on sﬂafp{ ngre%ﬁb%?@%bl%ot %5‘ | qU| ghﬁ t%‘?gﬁr eﬁﬂﬁ%r of stages of

. f ed hi gh boil
the i %r@ﬂ PRaSln Saltte Tenting ASADATED (111} ?ﬁ'e”t

03|t| on of the reaction m xture varies depen
thas baen gssertaingdothatforistensdivethe inighi lbwlmg point

between t he di al kyl carbonate and the phenol, the
materig)eseprrating solvmn Acrefesalyit hagmaakdngs, asdhedoternal,
long as the transesterification is carried out under
and furtkeerroondistructsired packinigenans ypreferakfleagpptbasegiatkings.
fixed conposition can be produced, and hence the

Moreovgrp$i hasrbedn idisco eerdd thatrthié Wiphkeyl icarbohhte lpuwifying
25 boiling point material separating colum Ais

colurﬁhpB%eTBFﬁlbw ﬁaéqsiacmlﬁg@rémh&sﬁtemhlsfp%t?u(:hlér):

l'ong as the conposition of the reaction 89 mxture is

preféf/i‘:a'ltj:h){ Brid'§efRPVE pi ?Fbﬂflﬁ 6F§Qtse8?.@hbfstmbt§{i | lnﬁgékfddm

uat es some e separation can
o , i
Thertidybollind poiﬁﬁkéééﬂ%ﬁfﬁx@ﬂé NEpIElply Withtrawn
f t f 11 t |
ffoméﬁgpg% o of fﬁa@ns 04 i8e W 5 Bistiflipn R0 @m'rﬁ?m step 1)
bottomliquid fromthe second reactive distil
gene&el'urﬁ?'ﬁﬁm é)p0§|t|°)2 %ty wright of theodialky! sarhpnate 1to
terial fparat| ng colum A, this colum bottom
20 %| byuveightegf te paenal, 8s0% t|0|21l%cby waightloftg s alkyl phenyl
provided in one or a plurality of positions below a

ethemidilte 454 ibgpnwaiighhef shpaalkyl ph eyl warbanate, 50 tcs 800%
al so preferable to feed the colum bottomIliquid from

by weigthtsetthel dipreayi earbbaatd,| i1 ed 5% by weldit bhaigh
separating colum A via a r'eboi | er

boiling point by-products, and 0.001 to 5 % by weight of the catalyst,

and hence this continuously withdrawn column bottom liquid is

preferably continuously fed as is into the high boiling point material

separating column A of step (llI).

The composition of the reaction mixture varies depending on the
conditions of the transesterification between the dialkyl carbonate and
the phenol, the type and amount of the catalyst, and so on, but so long
as the transesterification is carried out under fixed conditions, a
reaction mixture of approximately fixed composition can be produced,
and hence the composition of the reaction mixture fed into the high

boiling point material separating column A is approximately fixed.

Nevertheless, in step (lll}, so long as the composition of the reaction
89



10

15

20

25

of the separating colum A from piping provided at a
| ower portion of the reboiler. The anobunt of the
colum bottomliquid fromthe second reactive
distillation colum fed into the high boiling point
material 15 separating colum A varies dependi ng on

mixthf¥ 1€ Wt e, BB, FRldY L td, e e %“@ﬁ@“ﬁ“‘ ’

cal bonat e he reaction m xtur e se arat i

oot} SPbewhar. T S3pasafian o il hE s8Figh wﬁh
is generally not less than approxi rmtel y 2to

apprmﬂmaﬁ%lfvemrs?mﬁtselp@g@tlpwaﬁff&asney' rra'E*b'ISy'SGO'E‘%rPf/ thﬁ)

hr, nore preferably not |ess than approximtely 10 ton
characmrlswéeatt@emof ste (pld) of theaptasantiinvemtion.r om t he

second reactive distillation colum fed continuously

i ntro stép (biljhwbeinl cantinaontslyrdéeedireg theegduatn bpttom liquid

colum A is separated into a colum top conponent (AT)

fromabiet 866bAd rEstivel didtdligtiohuilimfofEtape(IBnikhtotmie Righ
conpounds 25 having a | ower boiling point than that of

bo:l|ﬁ§§>dihi’?ﬁ@bdﬂ&laé@|iﬁ?ﬂﬁét‘?n§ l&.’glt.lﬁﬁ} Aurthifs'l%bwmﬂ ebttloraﬂ Ilqwd

nat erla phenyl and the al kyl phenyl

may b2 i\ oﬁ?lleB?h?)O{%hg%l %‘&”H'PBﬁ'ét?l(%B&Iurallty of

con |n|ng ? ca alyst ["'ng po

nt of th
905'@%'9%&?35 gwfﬁ@’%ﬁa BfRon TR csﬁﬁaﬁ%ﬁvg(%ﬂy"ﬂ%*\ or itis
S armu t of the alk car bonat e.

NI TN o It MO QR A Hom She s antn

| ays a useful role in dissolving the cataly
reacgsﬁﬁbﬁeﬂﬁtwcmjgnmatmtbiense‘@aaatnnqmiumrhﬁewam|re&oﬂer

some of the colum bottom conponent (AB) is generally
of theasgparaiing eohgmncArfcamapipinigapkovidied aha loiwer portion of

reactive distillation colum and / or the second

the rebaitlerrve Thet@inhdant of thel cohanoh bstepm(liguicaérdm the second
10 transesterification reaction catal yst conponent,

reactivé distifat@rcasRimhhfed ritbalhées higMbdiBng sl eatdtigr

bei ng separated fromthe organic
separating cclumn A varies depending on the amount of the high-purity
diphenyl carbonate to be produced, the concentration of the diphenyl
carbonate in the reaction mixture, the separation conditions for the
separating column A, and so on, but is generally not less than
approximately 2 ton / hr, preferably not less than approximately 6 ton /
hr, more preferably not less than approximately 10 ton / hr.

The high boiling point reaction mixture from the second reactive
distillation column fed continuously into the high boiling point material
separating column A is separated into a column top component {(Ar)
containing most of the diphenyl carbonate and most of compounds

having a lower boiling point than that of the diphenyl carbonate such as

unreacted starting material, an alkyl phenyl ether and the alkyl phenyl
90
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material in a catal yst recovery process, and then
reused by being circulated back into the first
reactive distillation colum and / or the second
reactive distillation colum of step (11). 15 It is a
characteristic feature of step (111) that in step

carbphale, 28 7 FRIAMET kot poy Vel GiiRltreo 2

cata a{t,ﬁﬁ@t{)@ﬁjﬁﬁa eoaéﬁgrbeyr%lroaﬂl:.scyn%tg ’s&(gﬂtahr%r&%’nt &W‘?‘@l

.. 1-phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene are )
diphgnfibGarBaRaIer ol e 2bNaBPRGRer SPIRENSRE Sel dHY contain
bott om conponent (AB) in.the high boilin poi nt )
a smadk amaynisepthardlkyl pbeayh carbpnatei @L&gsprgemmmterlal
the content thereof in the colum top conponent (AT)
in theecajanem didtio motompom e ritaplaya08 ygeful pobd in aisgolving the
nore than 100 ppm nore preferably not nmore than 50

catalysincorhpbaeatdritb thgs ananitaining & ifQatustatef KAlepr some of
(111) that 25 despite making the colum top conponent

the do‘ﬁﬁnrh%b‘ﬂd/mcémh?iorheﬁﬂw G8 g&h8halbpirbLi88d P Bleing
by- products, nost of the di phenyl carbonate i'n the 91

circurlé(;tl%g): b‘é’&:kr'ijn?fbrlh% firdt" HGRE Hﬂﬂléﬁ&n"&cﬂ@gﬁﬂa‘ [d'®or the

p mat eri a separat1 ng col umm can t hdr awn
[0 . I gl S 1 not | ess
secofCfB4diué ShafiioliBh COMPR ar MenciPhas s 2
referably not |ess than 98% of the di phenyl
trandAsiE A P aclipR A kS LoAMRQ T, il IRLSRES cRags the
into the high boiling point material separating .
catalyst Ay Le sacyelag afer haingr separatedoffos thaeor@anian.
Moreover, in step (II1l), although dependent on the
mategiatgosa wadalyst neeoveryrpissiassaangshan ressed by being
m xture fromthe second reactive distillation colum

circulaiebd back inbe thepfrsttieaprtoa distiltation gdoarralan@d/ bo thé
% by weight of the 10 liquid continuously fed inis

secofdnid autdws ldys il 4 fid haywsluni @ Bftdtept @p).of the colum as

the columm top conponent (AT), with 10 to 3 % by

veitgBta characteristic feature of step (IHl) that in step (JI1) the
catalyst component and by-products having a higher boiling point than
that of the diphenyl carbonate such as phenyl salicylate, xanthone,
phenyl methoxybenzoate and
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene are almost completely
separated off as the column bottom component {Ag) in the high boiling
point material separating column A, it being easy to make the content
thereof in the column top component (A1) be generally not more than
200 ppm, preferably not more than 100 ppm, more preferably not more
than 50 ppm. It is another characteristic feature of step (llI) that

despite making the column top component {At) hardly contain any such

high beiling point by-products, most of the diphenyl carbonate in the
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bei ng conti nuously withdrawn fromthe bottom of the
columm as the columnm bottom conponent (AB). The
conposition of the colum top conponent (AT) is
generally fromO0.05 to 1 % by weight of the dialkyl 15
carbonate, 1 to 10 % by wei ght of the phenol, 0.05 to

0 [ lg. ; ik et 0 %

y welg of the alkyl pheny carborat €, an o 80
reac@oﬁ rm%rgﬁbgﬁdu@éimoahﬁé( w&n%t)mﬁ {S@fnt l%%té@af

% wei ght of the diph | carbonate; the. . content of
sepafaffiarth it % an o8, MEEAY Wb I rRET TA dpkI ¢ TR EoTde” 1o

than 200, ppm prefoerabI¥ not nore tha 10% Rpm_ nore
step {1ld}.cnablgs nbhanfie; Rigferablydgiless ﬂ‘%‘i §7%1 Mm9re a

reflux ratio for the high boiling point materi al .
prefeyabdy atatnigssotham Qﬂ%so? the diphgaybcarbenate on the neaction

preferably from 0.08 to 5, nore preferably fromO0.1

mixtue 8onkinutielg dedbimde,thehieiginboiingipaiht material separating
conmponent (AT) 25 continuously withdrawn fromthe top

colu®in Ahsarhbghwiitidranth Peimitheefop bilthesemanat ndiedovear, in
Ais generally approximately from90 to 97% of the 92

step VO HRAhbLGA @@Péhdbﬁ@@r{ e Formp6SitfdrPBY tA8 KighoBdiling
reactive distillTation colum fed into the separating

poinFPé%'cF‘??oﬁ"miQ}hf%gPﬂ:H\”Thé ggcﬁﬂ@p%’%ﬁﬁ e Wt)illéﬁgn column fed

cont I nuous as I's into the diphe carbonat e
. i_fyi . CO r ' t, Bd ;0] .
into fi¥ sepafarnBosefintid BTbeRSrafo8 woprhk Hy Sight St tne
. __.continuousl eparated into three, onents, .i.e. a
liquid GateRsYofsb b Coptnuansly GitBArReB-BoRb e dagyof the

and a colunm bottom conponent 1;)BB)_. Al'l of components
columaasdha ¢elumniepl companamit(Anawitmd0 ta 3 feby weight

_ di phenyl carbonate contained in the colum top

being mgrdirewe uglxTwithdeawrhirose gheabotigne of dhe golugan ias the

the purifying 10 columm B are continuously w t hdrawn
columnobottoen tcapbdnehe (Ag). f ihegcoarpasitio af théeodammibop

top conponent (BT), and a small anount of
component (Ar) is generally from 0.05 to 1 % by weight of the dialkyl
carbonate, 1 to 10 % by weight of the phenol, 0.05 to 0.5 % by weight
of an alkyl phenyl ether, 20 to 40 % by weight of the alkyl phenyl
carbonate, and 50 to 80 % by weight of the diphenyl carbonate; the
content of high boiling point by-products is generally not more than 200
ppm, preferably not more than 100 ppm, more preferably not more than
50 ppm.

In step (Il1), a reflux ratio for the high boiling point material
separating column A is in a range of from 0.01 to 10, preferably from
0.08 to 5, more preferably from 0.1 to 3.

As stated above, the amount of the column top component (Ar)

continuously withdrawn from the top of the high boiling point material

separating column A is generally approximately from 20 to 97% of the
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liquid is continuously withdrawn fromthe bottom of
the purifying colum B. A snmall anount of the

di phenyl carbonate is contained in the columm top
conponent (BT), this anmount generally being from1l to
15 9% preferably from3 to 8% of the diphenyl

high ‘b'Hl kARG Sint ¥ alchio nTHﬂxtlﬂ*eoﬂ%W ltheag e Peabtived lhstltlatlon

col umh top conponent I's separated out and
colu@glcgé"ogirﬁ% Hﬁggp%'?ﬁ{H r?@l'u?ﬁhlA gltne s?:%i’.ym}l 8 component

Alter atlvel nmethod, 1 n_wh t his nyl .
() B RikoHRY sef.FR iSaNts It BB rvino
onent 20 fromthis r distj]]ation, col and, .
°°‘Um§‘ hfgﬂn't g%%\?'élreéoai))}’@éﬁé\% aleq apickde; W'B'qm8¥nFSrPUF'fY'“9
boiling point material separating colum A and / or
COiumNeBdia[ﬂIGEk%/COBHﬂbl@m@ﬂ)é separeyeddnto three gompangsts, i.e. a
preferable. The col unmm bottom conponent (BB) contains
columhetagi phemydnesh(Boha sidamditacomplonentdBy), andagolumn
boi I i ng point by-products 25 concentrated to

bottorponiponiedit By )f evalbef athpofedtSeravihgraddwerrHoiting
feature of the present invention is that the anount of

point {ifarftRBEBY kh 8 PR Ha boR alt 8 & citained bﬁtth@m:olumn top
conponent (BB) wthdrawn fromthe bottom of the

I
comfSiéht |89, RiHTeR 53R GRHAT 1t ned s POPHPIng
ronat C
colurfiff G £obiEuy s Hi &W%M@Bﬁ% ff}eﬁbﬁﬁﬂ?fné
IBZQtarowrateof erallrégalesthanl t on ¢

colump B asthe a9lymptop PHQH (Bah ANAra smpll amotnt o
L. referably not |l ess than ton / hr; this anmount
Ifqungét‘n@pa\tmuw ly s 3B Agawnof faﬁbﬂbﬁub\%ﬁt@rfyoéé etRUHINGS

t he di phenyl carbonate fed into the purifying colum
colurBn Bhe Asmaly asnount ofiitheedipherud earhonadbtisi ¢entaised in

the side cut 10 conponent (Bs) in step (II1l) is
the codumematdfy comporent {Balh 9fls Wmhopnd fgeradiatly heing ésom 1 to

than 99.99% nore preferably not |ess than 99. 999%
9%, preferably from 3 to 8%, of the diphenyl carbonate fed in. The
diphenyl carbonate in the column top component (B+) is separated out
and thus recovered using another distillation column for separating the
column top component (Bt). Alternatively, a method in which this
diphenyl carbonate is separated off as the column bottom component
from this other distiliation column, and is then recovered by being
returned into the high boiling point material separating column A and /
or the diphenyl carbonate purifying column B is also preferable.

The column bottom component (Bg) contains the diphenyl

carbonate, and a small amount of high boiling point by-products

concentrated to approximately a few percent. Another characteristic

feature of the present invention is that the amount of the diphenyl
93




10

15

20

25

contents of high boiling point inpurities in the

hi gh-purity di phenyl carbonate obtai ned when carrying
out step (I1) and step (I111) with dinmethyl carbonate
and phenol as the starting material are not nore 15
than 30 ppm preferably not nore than 10 ppm nore

k : ' t,e,
carb 8RB ETATNE ST Ao bu MR AP (B Hiar3fl A e
re pr.eferab not, nore than,1 for.. .
bottdfB B BubisFirth 281 mEB A B REPLAEFROPY o NipEount is
t hgn 10 nmore preferably not nore than 1 ppm for
genasRUHyTORE BHbS Jeh ORI, then 8 FR AV CRETRIRIEIE SR ppm
preferably not nore than 10 ppm nore preferably not
nmofl 8¢e; htgh-pusiish diphenyl carbonate is continuously wityhdrawn

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene.
fromNbeesider cut batledtB2 atcarflomtraté afrgsmetalhnbbilesaghan 1
poi nt by-products is not nore than 100 ppm

ton /Mrefprefdlablpaiotiyss them HtbomPhr, 6 e préferaddy hdtoless
nore than 25 10 ppm Moreover, in the present

than ISWWERY i K thid amnet GBhRTARY fespbalb%Sto aBproRimately 90
contai ning a hal ogen“are genherally used, and hence thé

I 3 ' r : ' S
to OGBSI JFPRAY oalbd R IRNTKL FBIIAIRARL R BhIES.
pp ref.erabl no t han 0 [ t
ot berpufity ot Berbiphalh bR Bbien, ¢ the)sl6e, &5
[ 1] he.reflux ratio for the dj phenyl car te
comignent (Bef in Stamilbf is Senaralid! BoY Thas 5 8% opreferably
pr ef er abl froom 0.1to 8, nore preferabl& fromO0.5 to
not less than @9 89%) reers prefgnafly el Ieisgnthan PO898%k .nt The
material separating colum A, the diphenyl carbonate
contgnitsi of, high dsliling ®indrmpurities iarthiei bjightpewityadipihenyl
parts used in the present invention is generally a
carbomatd bbtaimeidewiledn sactying cat btep ¢tidandstesp i) adth
steel. In terns of
dimethyl carbonate and phenol as the starting material are not more
than 30 ppm, preferably not more than 10 ppm, more preferably not
more than 1 ppm for phenyi salicyiate, not more than 30 ppm,
preferably not more than 10 ppm, more preferabiy not more than 1 ppm
for xanthone, not more than 30 ppm, preferably not more than 10 ppm,
more preferably not more than 1 ppm for phenyl methoxybenzoate, and
not more than 30 ppm, preferably not more than 10 ppm, more
preferably not more than 5 ppm for
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene. Moreover, the total
content of these high boiling point by-products is not more than 100

ppm, preferably not more than 50 ppm, more preferably not more than

10 ppm.

Moreover, in the present invention, starting material and catalyst
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the quality of the di phenyl carbonate to be produced,
stainless steel is preferable. 15 EXAMPLES Fol | ow ng
is a nore detail ed description of the present

i nvention through Exanpl es. However, the present
invention is not limted to the follow ng Exanpl es.

I si '
not NG a8 rd Tad B et f?*%ﬁ%gb%{shezﬁaloge"
[ usg| duc arbonat e an ene
00“%39596'*“%55’ st Ak Aatpr e Glagf Y5156 ord e M
> A cqntinuo i -stage distjllation colum
Pfef%rﬁam nCH IBOEe t arggombnmr@ Er%ﬂm bl¥hopaneradoapni ppb
= 11, no = 60, Do/ dot = 7.5 and Do / d02 =
(outqdevté@ detection limitsosthepion cheomatographyhl , sieve
trays each having a cross-sectional area per hole in
t hin stepdliphrtheonefluk aatiof farf thep oiphenmat eaybdn8te pRrifying
and a nunber of holes of 5 approxinmately 180 to 320 /

colum@ Beseanus aange<Bfrdrve. odi SdHU,jﬁeﬁéFaBl-nyfoﬁOm.ﬂ tbrs,
of ethylene carbonate in a liquid formwas

morecgpéferpggwlfbbmrm peeed into the distillation colum
froman inlet (3-a) provided at the 551h stage

;;‘ZE%L”’%#EE‘H‘ Snstufiting b bidh ol oEiinatetd b
sopsFARETEHRA, e Ay i fiafi blod Rgie! S
O St e S e T S
a me:t)’alll)c material such as carbon steel or stainless steel. In terms of

the quality of the dipheny} carbonate to be produced, stainless steel is

preferable.

EXAMPLES
Following is a more detailed description of the present invention
through Examples. However, the present invention is not limited to
the following Exampies.
| The halogen content was measured using an ion

chromatography method.

Example 1:

(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol

<Continuous multi-stage distillation column Tg>

A continuous multi-stage distillation column as shown in FIG. 1
95 '
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provi ded at the 3151 stage fromthe bottom The nol ar
ratio of the 15 starting materials introduced into the
distillation colum To was nethanol / ethyl ene
carbonate = 8.36. The catal yst used was obtai ned by
adding 4.8 ton of ethyl ene glycol to 2 5 ton of KOH
i o Sht ppou NYgHO =
hav'ﬁéﬁ'rooxryrm ely '19% %ﬁggﬁaﬁ r duc:| ng thgber slsﬂ% 7.5,
arry 20 aout, heat treatmant faor
and ﬁadr ks L%?m.%&da o s Bximite, 85 BB utal séve
eneous sol ution. This catalyst sol ytion was
tfaY%@ﬁF nBVY) a; Grassaseetonal @readrer 8eie inthesieyeupartion
To froman inlet AB e) prow ded at the 54th stage
thergohaf approstmatelyd Sontenandia onmben ofsinleredight
based on ethyl ene car bonate fed in). Reactive 25
apprdixemakélyt 180 teal320ar mPesepaituseaht i nuousl y under
conditions of a columm bottomtenperature of 98 C, a

<Resgcolivedistilatiopssure of approximately 96 1.118x105 Pa,
and a reflux ratio of 0.42. It was possible to attain

st g0b P TrERMY oYt S{Hy16RB! G rh Akl iff aafqmﬁoﬁb’rﬁn wad oW

boi I i ng 'poi nt reaction mxture withdrawn fromthe top
contihudlsl} IRLRRIER e RS SRRl ghiE St 0 fogY e et
(3-ax bft\iBestah SFeiadie sDanerofl e Bty o 238 SoR I AFoe
meth?ﬁtwég ¥ Swéﬁqrhﬁ%?éfmiﬁgn?é”g%g% 8§67 B weloht Atdimethy
ui d conti nuousl drawn fromthe bottom 2 of

Carb@ﬂét%)oﬁﬂﬁn"é'ta%t%i h"oﬂf methansitini & diguid Fogm trontaiping
of 10 ethylene glycol, 1.014 ton / hr of nethanol, and

6.66 Lokhyy Meigh@fofmlmﬂnéd:arbpmﬂtehavm mﬁmetw@ycmutlngously
t he di net hyl carbonate contained in the starting

introdatediinto thieedistillztiop codumed Tafoemt indétsd( 3t byld 3-c¢)
carbonate was 3.340 ton / hr, and excluding the

provieidty henRedd 18 dtagentrahineile ibbttd®. The molar ratio of the

starting materials introduced into the distillation column Ty was

methanol / ethylene carbonate = 8.36.

The catalyst used was obtained by adding 4.8 ton of ethylene
glycol to 2.5 ton of KOH {48 % by weight aqueous solution), heating to
approximately 130 °C, gradually reducing the pressure, and carrying
out heat treatment for approximately 3 hours at approximately 1300 Pa,
so as to produce a homogeneous solution. This catalyst solution was
continuously introduced into the distillation column Ty from an inlet
(3-e) provided at the 54 stage from the bottom (K concentration:

0.1 % by 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
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catal yst solution, the actual produced anount of

et hyl ene glycol was 15 2.301 ton / hr. The ethyl ene
carbonat e conversion was 99.88% the dinethyl
carbonate selectivity was not |ess than 99.99% and
the ethylene glycol selectivity was not |ess than

1. 1183&89% Péﬂhoé]gsgu?%wﬁ lbs4gperat| on was carried out

ese con i ons fter 500 hours, 2000 hours,

i@u@%ﬁﬁéﬁ%@ﬁﬁ % 8th sbte SteddlBioty Bfigréﬂgna&ﬁaﬁ'zz;

3 ton 340 t and 3.340Q ton respectiyvely, for
hourar b W Betinth Retial tediion saixtuEs wisaEAWD JES S thg top 1
ton, 2 301 ton, and 2.301 ton respectively fo
of thet gglusne 'QI@Q@SGQ%%&THW%%@QSHF’Q&@'PQ ac"!:ﬁﬁx‘e%?ﬁﬁ@ger
were respectively 99.90% 99.89% 99.89% 99.88% and
and psu9dussd inte adigeichy| Therlbguist wdiabngvpeirdgeastion
respectively not less than 99.99% not |ess than

mixt@fe, @Micmeas epntireousy Wkdrawn fress thealistiiation column
99.99% and not |ess than 99.99% and the ethyl ene

at 1@l67®otors ¢IHeCcontairsd 429 tbasPRE of\Eihethgld dazbaniaténand
99.99% not less than 99.99% not |ess than 99.99%

6. 542%H Pﬁ$ dfh?\'étﬁgngia% Aalnﬁufbobohﬁﬁ%otdlﬁiﬂ withdBwn(#dm the

conti nuously produci ng di phenyl carbonate
[ t I | abi
o g O e B S R o
othy et 81 _)'/tgolgl1GH-1%_t 4o/ 'h%%%mﬁg%ﬁ%%&ﬂh Ao Bf S Preapted
use In t eve t s, each havin
othyl&tia §3g6enRbmal Eﬁwgﬁgﬁﬁq tihg 1 ntﬁthaﬁ)ﬁéakpnat%ﬁmagﬁ%w
and a nunber 10 of hol es of approxi mately 250 n2
the staringynatedal.Hée actualaprodimed amednt qugethvl carbonate
mul ti-stage distillation colum 201> A continuous
was JuB40-tenagbr.dasdisxcludimg dbewethyiensgynol coptainest in the
having L2 = 3100 cm D2 = 500 cm L2/ D2 = 6.2, n2 =
cataB&t dufiod? the actual produced amount of ethylene glycol was
2.301 ton / hr. The ethylene carbonate conversion was 99.88%, the
dimethyl carbonate selectivity was not less than 99.99%, and the
ethylene glycol selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 500 hours, 2000 hours, 4000 hours, 5000 hours, and
6000 hours, the actual produced amounts per hour were 3.340 ton,
3.340 ton, 3.340 ton, 3.340 ton, and 3.340 ton respectively for dimethyl
carbonate, and 2.301 ton, 2.301 ton, 2.301 ton, 2.301 ton, and 2.301
ton respectively for ethylene glycol, the 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 99.99%, not less than 99.99%, not less than 99.99%, not less than
a7
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3.85, and D2 / d22 = 11.1 was used. In this Exanple,
as the internal, 15 two sets of Mellapak (11
theoretical stages in total) were installed in the
upper portion, and sieve trays each having a
cross-sectional area per hole of approximately 1.3

9'.?.99'?32 Qﬁgerﬁ)@ efh%\#@?b@%%ndﬁﬂ@@fﬂﬁhgl Jiyed? del8Btivities
( por't T
werefl R,%@\t'%"e’r? ﬁ?ﬁﬁ%ﬁ% PhSA e B pgﬂa&ﬁeaﬁnér hGY Tt Nt dess
I N first continuous nulti
than&%}gﬁﬁap Tess than 98:95%, AN ot deas R 99.R2%.

ti-stage distillation colum 201 were connected
(2) Sttege(tl heof agntinvausiy preducing Aliphanyl 6grbanateal 1
cont ai ni ng phenol and di nethyl carbonate 25 in a
<Firstetcgmtinuatusamatti{gtagel distidiatirhgblgmmbbd@ate = 1. 9 was
i ntroduced continuously in a liquid format a flow
r afecofitibQotienmultivstagendistillatat cofdminnbstshivtwafint PEG. 2
first continuous nulti-stage distillation colum 101.

havng@ L1th%3nd1%rm hpnds sk tung DpEeg.galn 2=gmipiNidg = 17,
met hyl carbonate and phenol in a weight ratio of

and B Ted vk §W§¥f°9§§9 [ Rhefe Exa Jﬁe‘g’%ﬁvé @F%\{Oég%%?%aavmg a

COI’]t I nuousl aseous form ow r

0 t | 12S
cfos%%%fft#dtqlsa{f{ﬁﬁ ﬁoﬁé‘éﬂi pBPFoxitatly 15 S *4ed 2 symber
ratio mat eri,al s.j nt,roduced i nto

of halRs 4, HE8prQUMAt AR RS Lt ¥ by thaungRIT L

101 was di methyl carbonate / f) = 1. 35 The
<Secand coR§iNKAUS Pylti-staas Sistitka 9"d$<duﬂbfﬂ 20%5nt ai n

hal ogens (outside the detection limt of the ion

chAeanibquapaymulti-stage distiliation chlump asishovwn (ofhlG 3

as a catalyst was introduced from the upper inlet 11
having Lizire ¥0G oDt imG@dscmyllts / Bag966.@i, 31, #130,iPp / d2q =

colum 101 such that a concentration thereof in the

3.85) aadtDon dj,qxid . woub e tsed . apph akisTEx@Inp)CaP Rt internal,
Reactive distillation was carri ed out

two sets of Mellapak (11 theoretical stages in total) were installed in

l)

the upper portion, and sieve trays each having a cross-sectional area
per hole of approximately 1.3 cm? and a number of holes of
approximately 250 / m? were used in the lower portion.
<Reactive distillation>

Diphenyl carbonate was produced by carrying out reactive
distillation using an apparatus in which the first continuous multi-stage
distillation celumn 101 and the second continuous multi-stage
distillation column 201 were connected together as shown 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 liquid form at a flow rate of 50 ton / hr from an uppér
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conti nuously under conditions of a tenperature at the
bottom of the 15 first continuous nulti-stage
distillation colum 101 of 225 C, a pressure at the
top of the columm of 7x105 Pa and a reflux ratio of O.
A first colum |ow boiling point reaction mxture

inlet ONbFAL WM ous thilk|-WYhas HiBANAEn LORNRN 7. On
o) y W rawn 1n

on was contl nuous a gaseous torm
t . Lrst
the qthBT At Sptatuh ahafanial? aGtaifith, RifREEdihonpte,and
flow rate of 34 top / hr from_an outlet 186. t he
phengyiBa Risignt satior SF dimethil RREAORAIG | MpasRlrT 3.6 Was
) reaction m xture containing nethyl phenyl carbonate,
introgugethgontinuppshai a gasasls f@rphatya flow pateampé 54 Han / hr
catal yst and so on was continuously withdrawn in a
fromia dewerfioleh 12 @hthe first comtipoousnmiitiestage disdiltation
colum. A stable steady state was attained after 24

colurmout 81. THEhé imelar Ric 6b e stghtibgirhaterialy hitroduced into
reaction m xture was thus then fed continuously as is

the firgt @l FAed AR Btade AistinYtibh- 66 RGEN I Gt Wrd S didRthyl
colum 201 at a flowrate of 66 ton / hr froma

carbtﬁ/ﬁlﬁ% g%%@ddeéiﬁbsi. nl ?ﬁe?«.&art’iH@L@h}t@ﬂahﬁ%pgg?aﬁ%ug did not

the sieve trays. I qui into

he I :NUO L.g:Sst.age. - fdi st Ll at]
contdfiEnaBEgEts AUAHOHTe IAGEIBREARYE Lo o] R fatBBraphy
. cgrbonate and 0.8 % {,ght of dj ghepyl carbonate.
. i BBPaRaRC Bk | BT E a5 auctldly Sbias TR Ges from

the second . continuous nulti-stage distillation colum
the upper,indet 11 hthe Figat CSN'&'WﬁJEﬂHF'D?@%ﬁ disidliabepgiplumn

of the colum of 210C, a 10@{)_ressure at the top of the
101 suchthabfe ganoanbaticthéhereaf inuthe seaction kiggid waulddse

possible to attain stable steady state operation after
apprasirhately. 100 pgand Rehativel distiblaitiomgasocatriedamdt on

m xture containing 35 % by weight of dinethyl
conticasiptumdardcdadKidyys \ofigiémplerabgreot Wae bottom of the
first continuous multi-stage distillation column 101 of 225 °C, a
pressure at the top of the column of 7x10° Pa and a reflux ratio of 0.
A first column low boiling point reaction mixture containing methanol,
dimethyi carbonate, phenol and so on was continucusly withdrawn in a
gaseous form from the top 13 of the first column, was passed through a
heat exchanger 14, and was withdrawn at a flow rate of 34 ton / hr from
an 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 21 via the bottom 17 of

the first column.

A stable steady state was attained after 24 hours. The first
99




10

15

20

25

continuously withdrawn fromthe top 23 of the second
columm, the flow 15 rate at an outlet 26 being 55.6
ton / hr, and a second colum high boiling point
reaction m xture containing 38.4 % by wei ght of nethyl
phenyl carbonate and 55.6 % by wei ght of diphenyl

co i BB REIEEsrPLLHAMTUT A e ™

{ ctli t t ly. f 20
contipfiaysIR Y 1§ mtoc@m ﬁ%@& G finUBEisgd i %%aﬁf\séﬁpahon
colum 101 fromthe nlet 11. At this tine,
columRuiA St fquésfﬁtﬁquFeQ@l)ﬁPnc’aﬁ*b&rﬁHﬂea §ﬁ@rtl%mefrﬁéwwet 21

fed into the first continuous nulti-stage distillation
instadedubatweenvidreeMel|apaleansoths sieverdiraysi nThieeliguis, éed into
conpositions and anpunts of the starting material 1

the sacdridheoatiauousgymultiesiaagje distAatiokicwumt @01 contained
consi deration the conposition and anmount of the second

18.2 Gl hyvdignt i mietiByIPph8hyl eaebbpatariand 08 % thyveight of
found t hat the 100 produced armunt of di phenyl

b C i
diph&@y %’Ié‘%% hRWactRR distfli o t\i@? catfile® éht’bbhtm\‘/i\flgsusly

t he ‘car bonat e base phenol reacted
m 03 805 S H N RN AP SH1 220 Br
condfighs S a SRl ALir & e s %S%Qtﬁf"iﬁfﬁ Bk Ham';'sofz%"’c a
pressts of (RO aPcT f “%Aém"é?%&”ﬁm Pog & Sir?efi@ ratio gf, 0.3.
5.74 ton, and 5.75 ton respectlvely, and

It wagepessible tpeattaiy stade steady stpte operatied 29‘8% 24 hours.
respectively, 10 and hence the operation was very

A secoathlcaluvmn towdboilingepairdnegd atiom anixduee eonpaimdogeds % by
substantially did not contain hal ogens (not nore than

weight ppldimetByl Saebohbtd amf 56b¥abyiwgidhtobf phenty was

di phenyl carbonate
continuously withdrawn from the top 23 of the second column, the flow
rate at an outlet 26 being 55.6 ton / hr, and a second column high
boiling point reaction mixture containing 38.4 % by weight of methyl
phenyl carbonate and 55.6 % by weight of diphenyl carbonate was
continuousty withdrawn from the bottom 27 of the second column. The
second column low boiling point reaction mixture was continuously fed
into the first continuous multi-stage distillation column 101 from the
inlet 11. At this time, the amounts of fresh dimethy! carbonate and
phenol newly fed into the first continuous multi-stage distillation
column 101 were adjusted so as to maintain the above compaositions

and amounts of the 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
100
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<Hi gh boiling point material separating colum A> 15 A
continuous nulti-stage distillation colum as shown in
FIG 5 having LA = 1700 cmand DA = 340 cm and

havi ng Mel |l apak with nA = 30 installed therein as the
internal was used as the separating colum A

prodﬁ@eﬂhSHVdurﬂaﬁfgl A ggé%lifﬁs’dtrli‘ﬁec?b}'%#wag d\74 ton. The

cont i nuous nu Ion colum as shown in

seterlildor iPE SRR SperHlbdEnion 61 sl pacted wes

and nsa = 5 installed therein as the internal was
98/°used as the purifying colum B. Using an appar at us
co r|S|ngthe hi gh boiling point materi al
se dP!ﬂ“@@ AN QUS P aradion H@&l?ﬂ”&ﬁﬁlﬁ-ﬂa@@def these
cBu“fyln colum B as shown in FIG 5, the high
conditibhisng prodeised amoﬂrxtlswbdfphmy!heamm peohour
reactive distillation colum obtained in step (I1)

afterab00@chowms, 2000 moars| 0G0 hoadsc 8008t hdBrd, and 6000 hours
into the separating columm A froman inlet . The

(excRAlin@Nt OB IpHeh PNPSFFS nEte EdMained irflfe @@ahﬁw%%é&eﬂﬁ@l)

the columm top pressure (PA) was nade to be 3800 Pa in

werd 867 t§RPE, ?S'tBﬂ Q‘:P'?H“E‘E)rf‘ 5 ?'4Sfdﬁ | é‘ﬁﬁ@{f‘ﬂ%ﬁ)&?‘f‘ééb&étwely,

out conti nuousl [ ux ratlo 0] col umm

0,
o 0 AR, T 185, SO o Bt
Q on nt Was . cont i nuou wi thdr awn 0,6 tan./
and ABAEROFE opsPAtR e Skl MB*’%%K%?F&*& afofpptid
was contlnuousn% O introduced as is into the
carbgpateyinfgdusegnpubstaniiaingid nadcentainhaloggng{not more
bottom tenperature (TB) was nmade to be 213C and the
thancbP®P)- top pressure (PB) was made to be 5000 Pa in
the purifying colum B, distillation was carried out
(3) Stent(lHYafsdlytaiming highefuriyr dipiherofl darboreate
<High boiling point material separating column A>
A continuous multi-stage distillation column as shown in FIG. 5
having Lo = 1700 cm and Da = 340 cm, and having Mellapak with na =
30 installed therein as the internal was used as the separating column
A.
<Diphenyl carbonate purifying column B>
A continuous multi-stage distillation column as shown in FIG. 5
having Ls = 2200 ¢m and Dg = 280 cm, and having three sets of
Mellapak with ngy1 = 12, ng2 = 18, and ngs = 5 installed therein as the
internal was used as the purifying column B.

Using an apparatus comprising the high boiling point material

separating column A and the diphenyl carbonate purifying column B as

shown in FIG. 5, the high boiling point reaction mixture from the second
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colum top conmponent (BT) was continuously w thdrawn
at 5.3 ton / hr 15 via a conduit 26, a colunmm bottom
conmponent (Be) was continuously wthdrawn at 0.03 ton
/ hr via a conduit 31, and a side cut conponent (Bs)
was continuously withdrawn at 7.17 ton / hr via a

i
reacﬁggftg’lsttlfjltizlro EQ'ﬁfﬂﬂoérﬁnfé'h%@sbnogtéﬁ"zm| ' 3568 inuously
) re as, fallqus T68% h terial
intro g\peﬁlaayg {;\gpnb/o 1'%9 H&g |ntghg?f &EFWI an inlet
phenyl carbonate .1 %Db %lé ht of di net hg
Al. cdnsoratmnddatt %n b@nwar@ r%{ Tahnas mads & RGH$06°C and
wei ght of phenol), 33.8 % by weight of nethyl phenyl
the anlupynieep, PRE@SMF%(&R/A)VWBQHTI&@@ th peed§D0Rayorihes AB:
41.0 % by wei ght of di phenyl carbonate, 59.0 % by
separatigigt cofurhngh, dBiiltation vga paiantiedasd at icahtiinudumyn@ith a
cat al yst conmponent and by-products having a higher

refluRGidtiongf 6Nt t8RmMhep eérrﬁbm’faw ﬁ)awla@n@éntmuohsgs
102 phenyl salicyl ate, xanthone, phenyl

w:thd‘ﬁ\bﬁwbﬁﬁ‘@%ﬁlq{}dwa a conduit 18, and a column bottom
1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene .

di
T N
i th e rb

conﬂﬁ%ﬂiny%‘ﬁﬁ%ﬂ%é}%t@% HaRen i;%v%%rﬁﬂmﬁ%ﬂ%
. arbonate, 5 0. %b i, ght fh| boi Lin it
introRiicefh aF 1Bt shie ik B gedlugih gharayn s (F .

xant hone and phenyl net hoxybenzoat e in the side ¢
colugsrpeHen twm&r@ctun@r(asawaaﬁ mademto he 23 G re@cbblh@ @qlumn

of t - phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene was 4
top pessureri@s)evastmadeatoend00atRatinvidie porifyimgecohamniB,

ppb. It was thus found that the purity of the
distillatibanyh s carvimthbat aurei meclu s lyr witht A efiuderativ ofat. Sna

| ess than 99.999% Moreover, the produced
column top component (Bt) was continuously withdrawn at 5.3 ton / hr
via a conduit 26, a column bottom component (Bg) was continucusly
withdrawn at 0.03 ton / hr via a conduit 31, and a side cut component
(Bs) was continuously withdrawn at 7.17 ton / hr via a conduit 33.

The compositions of the components 24 hours after the system

had become completely stable were as follows.
Ar: 6.8 % by weight of material having a lower boiling point than that of
methyl phenyl carbonate (0.1 % by weight of dimethyl carbonate, 0.1 %
by weight of anisole, 6.6 % by weight of phenol), 33.8 % by weight of
methyl phenyl carbonate, 59.4 % by weight of diphenyl carbonate
Ag: 41.0 % by weight of dipheny!l carbonate, 59.0 % by weight of high

boiling point material including a catalyst component and by-products

having a higher boiling point than that of diphenyl carbonate such as
102
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amount of this high-purity di phenyl carbonate was 7.17
ton / hr. 15 Prol onged conti nuous operation was
carried out under these conditions. The produced
amount of di phenyl carbonate and the purity were
substantially unchanged after 500 hours, 2000 hours,

pheriifll’?&hdvl’éfes xéﬁ%ﬂ@uﬁﬁengrﬁi&ﬂ% (ﬂtaoaﬁda”m e 2:

t ep I) of cont'i nuously proddci ng net h

1'“&299369?8" ebﬁ%h 9%%‘%{)&?' I'Pé?ﬁé%hﬁe di sti I | ation

arri e OUt COﬂdI tions using

. a contlnu It| st e di on col.um, as
Br: 6,45, % E%%ﬁ\géﬂlo in? ae. d-pn bV upRERE
. inalig formwas_ 103 conti nuousl |ntroduced i nt
anisglge -6t Y gatwemmnﬁhenp&n?% %rmé%'e(lgha)of ’EP&W'dBBenW
at the 55th stage fromthe bottom 4.233 Ton / hr of
Cafb@r@ﬂt&n@ﬁ % hyawgighbof diphanytearbonatgy 2. 41 % by
wei ght of dinmethyl carbonate) and 4.227 ton / hr of
Bg: SfeOh¥nby weightl ofjdiphd nylncdrbomatienih@ % bg wetghtsof high
wei ght of dinethyl carbonate) were respectively
boilicgmpdintionsteriali nt roduced into the distillation colum
fromthe inlets (3-b and 3-c) provided at the 31st

st yae EoRBAtNST Bathosh phBAyIRhfitylate, k= thoMs and phenyl

starting materials introduced info the dlstlllatlon

meth%%ly‘%hi%‘-‘te”ﬁt %tdé cu‘ftc{thBﬁe%‘"l‘W rlt:))?$97t%a l'l‘eppm

st” was nma 0 bet ane as

and &K eBRTRAEPE " BRkMoky %395B&F—?.—@ﬁeﬂe%%'a'a?@kﬁﬂ%}i%ﬁ'@‘e

nder condi ti ons colum bottom tenperature of ,93
was € b 'Q'mﬁepasr-pﬁb%ﬁaﬂ%gsﬁ Coplas s TS a4 peb.
and a refl ux [ was possible to
it Waatvw%f%u%ﬂeaéﬁlaacgu@wapétl@g&!ﬁhﬁ@wl sRrbpnade obtained

from the side cut was not less than 99.999%. Moreover, the produced
amount of this high-purity diphenyl carbonate was 7.17 ton / hr.
Prolonged continuous operation was carried out under these
conditions. The produced amount of diphenyl carbonate and the
purity were substantially unchanged after 500 hours, 2000 hours, 4000

hours, 5000 hours, and 6000 hours.

Example 2:
(1) Step (1) of continuously producing dimethyl carbonate and ethylene
glycol

Reactive distillation was carried out under the following
conditions using the same continuous multi-stage distitlation column as

in Example 1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
103
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15 hours. A low boiling point reaction mxture

Wi thdrawn fromthe top | of the colum in a gaseous
formwas cool ed using a heat exchanger and thus
turned into a liquid. The liquid | ow boiling point
reaction mxture, which was continuously w thdrawn

contfﬁﬁﬂélﬂ%ﬁ‘ﬂ@lﬁ%cﬁlﬁ@”F}r‘fé" %Ilaﬂpﬁyﬁ:c}l ri‘rémhfhe  Injet (3-a)

cont carbonate,

3 to r._of _meth Alig tipyou
Provmoﬁafimﬁ P tead BT 465 Lot netctrd ol 13 Gahethanol
hr,. contained 1.865 topn /[ hr of etpgl ene Ig/%ol,
in a :QaéGQUtSofr?'T" kFOBAIRHIG 2Bl Yeaby WeiBht Pl dwpetylcarbonate)
unr eact ed et h¥l ene car bonate Excl udi ng the di net h‘}/I
and 4206 tand boaf anatnnel ima liquidt fargn (santaining 146 % by
actual produced anount of dinethyl carbonate was 2. 669
weight of alimetiny) carboeaaté heverg tdspedtivelyneontipuobsly
contained in the catal yst solution, the actual anount
introgucddciado aheetlistiiRitio g loptomnidm thaSnters (3-blaAdN3-c)
The et hyl ene carbonate conversi on was 99.99% the

provmeﬂeahxhe Fpt baagbefréﬁ e5é IbﬁttdnwaSTﬁat mof&© rafi@of the
99.99% and the ethylene glycol selectivity was not

starthF At lS InRiRu 2 1RO Bie LRI AR CARFAF Y 35 gHefhanol
ethy (54 S rEPBAI o8 Tbund D BH usf Wk 89%1%3%%#33%%83 as

ton 669, ton, 266 ton r s v r
n Exglig q@- 34 i cB Mt Uely J80 ingathe aisdintaston sokign
1.839 ton respectlvely f or ethylene gl ycol
Reath@ etwﬂ%mnduasmf@cb@mm goyglyeundgpsondidops of a
99.99% 99.99% 10 99.99% and 99.99% the di net hyl
colupar bottane temparature cdH38Ce a cobpunt loepyessure ofs
than 99.99% not |ess than 99.99% not |ess than
approgineaélyahd4ei10%Ps, tarah a9 M9 ratiodof bed&t hyl ene
gl ycol selectivities were respectively not |ess than
9911t994s prdsibes 3otdteairO8i A% steridy stdte dperatidn Wter 24
and not |ess than 99.99%

hours. A low boiling point reaction mixture withdrawn from the top 1

of the column in a gaseous form was cooled using a heat exchanger
and thus turned into a liquid. The liquid low boiling point reaction
mixture, which 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

solution, the actual amount produced of ethylene glycol was 1.839 ton /
104
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15 (2) Step (I1) of continuously produci ng di phenyl
carbonate Reactive distillation was carried out under
the following conditions using the same apparatus as
in Exanple 1. A starting material | containing phenol
and di net hyl carbonate in a weight ratio of phenol /
. < g o2 _
hr G\"H@Tel?ﬁglus yﬁgpﬁﬁﬁ?t‘e %D%Vﬁ%?l%d;ya}d??%/o %he dimsthyl

carbly B SePELARy PR o5 e, BEed 478 (ESIRABHE g

and, a starting materia cont ai ni ng di net hyl
Se'e{]é\”gw\é@% “&#desgﬁé‘m 5Pn‘~£% anei ght ratio of dinethyl
carbonate / phenol = 3.9 was introduced continuously
i nPaolpngend somdintars gperationavasctaied eut/undepthese
fromthe lower inlet 12 of the first continuous
conditibons - stAfyer A0SO houars ,0R000dhamrs, 1A00 Howinsplaard 5000
for the starting materials introduced into 105 the

hour§j tls¢ axtoti prodaced amomirdgepelt hburlveereo2.660won, 12.669 ton,
was di nethyl carbonate / phenol = 1.87. The starting

2.6698be! iatd 25669 ttant Fé&ddetﬁé}lyr\‘@r diffesthdll R dtBbeae8Sand 1.839
(outside the detection limt of the idn

ton, @m@@'i&ﬁglrﬁﬂég’toﬂ.:aﬁwd '1%3235?% t%&i@&@)forpwgbaﬂlycol,

as a catalyst was introduc the upper

filr ti . |- St LSt [ o
the othy[dife LsbogtR otitRidhs, Werdl AFREcThelv. g0 v, po.00%.
act | .ayj d. woul.d appr oxi pat el y 250, m
99.99F5 40D, b8Y% { 11 Himelfu ERRb SIS sEIdetivtici ey | n
the first continuous nulti-stage distillation colum
respgetively aat leshahandsid. 98% q nod dges 4hanc98:99 e NVt less than
of the colum of 235C, 10 a pressure at the top of the
99.99%. uanrd drotdgsesthen 8ACEA%:, cdndithesthylene@lycal setestivities
colum | ow boiling point reaction m xture contai ning

werenedpeaiivelydioietass than 990008, pothads dinan 90.09%anot less
conti nuously withdrawn in a gaseous formfromthe top

than B83.00% hantlinst |3 tham 9gegpassed through the heat
exchanger 14, and was withdrawn at a flow rate of 43
(2) stép (I1)8f 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 dimethyi 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 ratic of dimethyl carbonate / phenol = 3.9 was

introduced continuously in a gaseous form at a flow rate of 43 ton / hr

from the lower inlet 12 of the first continuous multi-stage distillation

column 101. The molar ratio for the starting materials introduced into
105
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15 fromthe outlet 16. On the other hand, a first
columm high boiling point reaction m xture contai ning
net hyl phenyl carbonate, dinethyl carbonate, phenol,
di phenyl carbonate, the catal yst and so on was
continuously withdrawn in a liquid formfrom 21 via

the 3¢ SHIABIY gqgghswggé'J.gg||gﬁb%moﬁnﬁ G kg qﬂn%%ﬂyu
cafbeeﬁ'???%éP | 221 By nbearlbbnatetAls sUsaanhany Gia not
ti-stage d| stl | atl on colunm 201 at a, fl ow rate of
Contﬂtﬂ Pairgens (pudpide, the datectio it of theniay chsgmatography,
install ed between the Ml | apak and the sieve trays.

i.e. niemarguih@rt ddop).i nPe(ORh zead@dcatalyshwas introduced from
multi-stage distillation colum 201 contained 20.7 %

the uppewingbt 1df ofrthdnfirsplocemgin uoard omaltiestage distilatipn deleémn
wei ght of di phenyl carbonate. Reactive distillation

101 vBshdhati2dopdenteaivm RbersdY/in thé heastioentqathwawldube
multi-stage distillation colum 201 under conditions

apprB&nﬂai@lefsetwrﬁ atabaeubeta&mmt.dmwwbumeafomz%c
a pressure at the top of the colum of 2x104 Pa, and a

r C i
comli 0 Aol b T
econd..col um w _boi I i Nt ctio o
u"deao%?n%a of FWP&M JiR AP ER St 0DeRb oL i 235°C,
d a se oI um boi lin .
a p"?%%{-ﬂ'ﬁ %hé\'ﬁ‘NPBr‘éf %mﬁboég % % em@-aﬁm% ratio of 0.
_methyl phenyl car bonate and 60.8 % by wei g of
A firgh %wsm low baim Madnhireaetan muﬂwﬁw%tﬁh@mweth@mol
_the bottom 27 of the second colum. The second col um
dimetbyl barbomateaapmenokaodi m ant was sonliasiousily iwitbdeawn in a
fed into the first continuous nulti-stage distillation
gaseoaisuforn Fdorhrihve tdy 1inbéthé Firshtcdlbmm,t was, passed through
anounts of fresh dinethyl carbonate and phenol newy
the Heatt éxéRahfer fid, dnd avds N@rawn at a flow rate of 43 ton / hr
from the outlet 16. On the other hand, a first column high boiling point
reaction mixture containing methyl phenyl carbonate, dimethyi
carbonate, phenol, diphenyl carbonate, the catalyst and so on was
continuocusly withdrawn in a liquid form from 21 via the bottom 17 of
the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed
continuously as is into the second continuous multi-stage distillation
column 201 at a flow rate of 40 ton / hr from the starting material iniet

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
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15 multi-stage distillation colum 101 were adj usted
so as to maintain the above conpositions and anounts
of the starting nmaterial 1 and the starting naterial
2, taking into consideration the conposition and
amount of the second colum | ow boiling point reaction

welth @f%%he'ﬁgl oD o ad tﬁéécggs d%"sﬁﬁ‘éggfﬁ gﬁ%“gﬁrer‘?éd out

di phenyl rbonat e per hour was 4

cont IRV ot thel §6shbe. S RIEDELs TR @%‘Sﬁ'aﬁlﬁbf@?’%w"

nd th Th
201 i3eR ¥ndifigRs; oh Bl GlrapBEaire ahths, &mfbrﬂquﬁ &HO% gl of
hours, 1000 hours, and 2000 hours were on, 4.03

205°Cora presaHae Atdhe: tap oédpeceshusny, ofa%aw?@a and a reflux
sel ectivities based on the reacted phenol were 97%

ratiogyof . &andltowssr pepsibtle el gttaimstaklecstaady sprteaopenation
107 was very stable. Mreover, the di phenyl carbonate

afterp2éhonas. sAlsstcorid golymai H)\mdioiﬁngtmimthala@gm ntintare
nmore than 1 ppb). (3) Step (I1l) of obtaining

was Bogbinuausly withiedwh fFarbanetto pTd3 ofihe §8tbha@dcdimn, and
usi ng the sanme process as in Exanple 1. 5 Exanple 3:

a seédnd IAAMA high tfdlﬂhb”b‘@Hﬁ'ﬁéantRﬂP%l%uFH EBhfining 36.2 %

carbonate and et hyl ene glycol A continuous

by wngﬁﬂ oﬁhg@t‘jn@gg@:{yla&é@br&%“é‘ﬁd %h7WBXI \R}e%rﬁ of digflenyl
cafb$ﬁﬁgg&é%%ﬁgt%°m @ﬁﬁsﬁ\gﬁ' Hgmaeﬂ@é@“ﬁ&f e

ng a cr sectio ar e hole in the sie
secoPd: ¢o TN, i R0 b P BAMRLICH PoINnS saink faastimmiKture

of holes of approximately 220 to 340 / n2 were used.
was continuously fed into the first continuous multi-stage distiliation

column 101 from the inlet 11. At this time, the amounts of fresh
dimethyl carbonate and phenol newly fed into the first continuous
multi-stage distillation column 101 were adjusted so as to maintain the
above compositions and amounts of the 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

phenol were 97%, 97%, and 97% respectively, and hence the operation
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15 3.773 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 3.736 Ton / hr of
nmet hanol in a gaseous form (containing 8.97 % by
' I a t of
was %tgla%tr%% chflj%)me Ig‘?rﬁrmbcon a:&%rﬁgﬁé%%éﬂg/od/gfgo
dmath I bpnat e e res civ
subSﬁﬁ?ﬁua{JQ Ve BRAE TS (RE R & PRA Y BRbYo! um
from ets(3bad : provi ded at .the 31st
(3) Sé@aéé"g o AbtRiniBe: Pigh- pmgvn%npzhematw atfe
starting materials introduced into the distillation
coll bigh Wass caetipdrout using ke samepirsrasas ig. Ezample 1.
catal yst was nade to be the sane as 25 in Exanple 1,
and was continuously fed into the distillation colum.
Reactive distillation was carried out continuously
Exampled: conditions of a 108 columm bottom tenperature
of 98 C, a colum top pressure of approximately
(1) Sleﬂj(%é@%ommlﬂﬂ?sl ﬁdd@inpadl'rﬁeﬂfyl%%odéte%ﬁd ethylene
possible to attain’stable steady state operation after
glyccﬁ4 hours. A low boiling point reaction mxture
W thdrawn fromthe top of 5 the colum in a gaseous

| o dffin G el g @i%?ii\ﬁ‘?ﬁ%r?aﬁgﬁwﬁ% Hn e, 1
e L e S, ?rf‘ﬂﬂﬁ%aﬁ%gmﬂa

4.764 ton / hr of dinet hk/ carbonate, and 7.556 ton
and Bo /FHoxnBtiamas uaed quinithisrexamales asvihentttarnak r%ﬁ]"e
the bottom of the 10 colum at 3.902 ton / hr
traysceachihmvdng. 7 xgossrsectienat aceapembolg jyrdhe sieverpedion
/ hr of nethanol, and 4.6 kg / hr of unreacted
thereaifhyl approxlambtmmh.?u &mnél arid ey nuneb el péthole s aafr bonat e
contained in the starting material, the actual

L S aE T o e 11T
Cagat¥$tron / 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 dimethy! 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 intets (3-b and 3-c)
provided at the 31°%! stage from the bottom. The molar ratio of the
starting materials introduced into the distillation column was methanol /

ethylene carbonate = 8.73. The catalyst was made to be the same as

in Example 1, and was continuously fed into the distillation column.

Reactive distillation was carried out continuously under conditions of a
108
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15 solution, the actual produced anmobunt of ethylene

gl ycol was 2.655 ton / hr. The ethyl ene carbonate
conversion was 99.88% the dinethyl carbonate
selectivity was not |ess than 99.99% and the ethyl ene
gl ycol selectivity was not | ess than 99.99%

ad ' ' er
colurfiPbaREEH (EHRarHlE dHAR oC %5@%@8?@ %888%5%%3,
u Q0 _hours he a duced
apprﬁ%ﬁ’ﬁﬁ?@*’piﬂ A ohEA, %”‘55@4"?@ PAL 3 854
on, and 3.8 t.on tively f r d i me )
caltuA% R0sahie 10GabaR siabls ﬁéﬁf platz 4 oratian after 2¢
655 ton respectively for ethylene col, the
hourét hy éaW Q@Hmapéﬂkaﬁ@a@n FRtuES em fasenfgemythe top of
99.99% 99.99% 25 99.99% and 99.99% the dinethyl

the agdubunén @ gebecuisviarnmesvascocledssingia bleat retchasger and
than 99.99% not |ess than 99.99% not less than 109

thus 20r98&intmer Hquid.esThehHquiP IOR%Doiting pbintetdadtiore mixture,
gl ycol selectivities were respectively not |ess than

whicASw88%orM®ub8sky WMHYrav P $FemN®le B%%ﬂlaﬂch@@:ofp@nﬁ%"t 12.32
and not less than 99.99% (2) Step (I1)

ton IOrPrntddH’tSH'?éd’ 2784958 &hﬁﬁﬁég‘éﬁ ﬁﬂg@t{%t? BeRE 71 566 ton /

distillation was carried out un _ OW ng
C S
hr of athahBla. 4 “ﬁ@gﬂf P TRTBA g Hth Pt fg%\'fﬁ?%%ﬁwl@ ff the
of t Leve t s In the, se
coluifyy 33§45 8mi ABY Rontalnet 35 (1A togs” ﬁé&'ﬂéﬁ&%ewcol
agﬁ 06 nﬁtelm‘% 8 cn2, 10 A starting mater]
1.17 &8Rt/abh 0! A & Githy Ihrcal WBrRacied ﬁ“’bylﬁéleght
rati o of phenol [ di rreth¥| carbonate = 1.7 was _
carbepateduEeciuding e slisathyh carbpgetel containad én thevstarting
rate of 86 ton / hr fromthe upper inlet 11 of the
matefrialsthe adtual predockedi asicagy afi dimbtingli carbor atenws@13.854
On the other hand, a starting material 2 containing
ton /dineindy exchidiogetiee etldylene 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 glycol
selectivity was not less than 99.99%.

Prolonged continuous operation was carried out under these
conditions. After 1000 hours, 2000 hours, 3000 hours, and 5000
hours, the actual produced amounts per hour were 3.854 ton, 3.854 ton,
3.854 ton, and 3.854 ton respectively for dimethyl carbonate, and 2.655
ton, 2.655 ton, 2.655 ton, and 2.655 ton respectively for ethylene glycol,
the ethylene carbonate conversions were respectively 99.99%, 99.99%,

99.99%, and 99.99%, the dimethy! carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than
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15 phenol in a weight ratio of dinethyl carbonate /
phenol = 3.5 was introduced continuously in a gaseous
format a flowrate of 90 ton / hr fromthe | ower
inlet 12 of the first continuous nulti-stage
distillation colunn 101. The nolar ratio for the

99. 9§5/ar£h8916iﬁfe%r '9@‘@ @“CSﬂg t ‘eoetﬁjlﬁn(eié%fl selectivities

nt I NUOUS Nnu age | Stl 1 ONn A
h 20 44, T i
were A&, S8 ?"”a&hw 8%, nokuits hoR.FaHs L ot tess
h d f th
tha“&%}bﬁ"a‘gg fn&’SHg?te g?fst iﬁgﬂ&énﬁ&e than '1°pr) Pb( OPh) 2

as a catalyst was introduced from the upper inlet 11
(2} Septib of eentinpuishy dreduging dspbgaybpgfgonate on
colum 101 such that a concentration thereof in the
r eRstdadive digtildatvon|wias e arsiesbpubxindsrethe 16ibowimg
Reactive distillation was carried out continuously in
conditiensiusihgcihvd sanm appdratustaagin Eixaimpleat i excepl that the
101 110 under conditions of a tenperature at the

crosbngécﬂmmél AFsn pRIrUBl1e0ht 848k of ﬁwé’rs‘?é@é”tﬁaf’é i hﬁetﬁ’cond
of the colum of 8x105 Pa and a reflux ratio of O.

contifridoi}s ﬁﬂ:li‘:”@td%vno ’|I'Iéfg|8pm%9f'n ¥ [ WS Pﬂ &8 be

cont al ni ng net rbonat e, enol and

uously withdrawn in a 5 gaseous form
soorp R AT

‘of the first columm, was passed

t hr,ough,. t he heat xcha er 14 an wa it hdrawn at a
Y agomagef'@b EORMARIng dneTi Ad dfimethviiarRanate
ot her hand a first colum high b Ilng poi nt
in a weight 6@1"%% rataenebhtdamthyl ﬁéfh?ﬂab%e'ni'/ﬂ WaphHapduced
di met hyl carbonate, phenol, diphen arbonate, the
contipataus)ytinamdiqedd Farmast alﬂOWol’ﬂtBn@lgﬁﬁl tony hindfrannthe upper
liquid formfrom21 via the bottom 17 of the first
inletddl aofmhe Airst olrdimieasiynsitastagesiistitiatioedcafuen M. On
hours. The first columm high boiling point reaction

the dthetrndyas sthesng hmatd gl zmﬂarwum%stjmahylswm@éteeand
second continuous nulti-stage distillation
phenol in a weight ratio of dimethyl carbonate / phenol = 3.5 was
introduced continuously in a gaseous form at a flow rate of 90 ton / hr
from the lower inlet 12 of the first continuous multi-stage distillation
column 101. The molar ratio for the starting materials introduced into
the first continuous multi-stage distillation column 101 was dimethyl
carbonate / phenot = 1.44. The starting materials substantially did not
contain halogens (outside the detection limit of the ion chromatography,
i.e. not more than 1 ppb). Pb(CPh),; as a catalyst was introduced from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be

approximately 150 ppm. Reactive distillation was carried out

continuously in the first continuous multi-stage distillation column 101
110




10

15

20

25

15 colum 201 at a flowrate of 94 ton / hr fromthe
starting material inlet 21 installed between the
Mel | apak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation colum 201
contai ned 16.0 % by wei ght of nethyl phenyl carbonate

unded o ighe st AP AerRlu, B B o BTl FARRA LR 220°c.

second nti nuous mul ti-sta t5i LI at| n co 201
@ Preiie eﬁﬁa?ttpan% tre ol U PR A D ab 2 el B TR dptiondf 0.
um of pressure at the top of the col um
A firgly C@L@mad@%ao"mﬂj doinbreactionamikuse eontaining,gethanol,
possible to attain stable steady state operation
dimeghyksavionate,sphanebadddse sirumas sanbisiuausdy yithdrawn in a
reaction m xture 25 was continuously w thdrawn from
gasepus fanm Iomf thenbo s edcdod thel finst, ccduthn ,awascpasisedithnough
hi gh boiling point reaction m xture containing 35.5 %

the hiddt dychenhgbr 16f, amd Was plienytawardtoa iy aade of. 2 Yohy hr
wei ght of di phenyl carbonate was conti nuously

fromVthiehdufien 1fg. OnUmmé’%ﬂh@F‘h%?udea 118t coeMPInFgH Bdiling point
The second col um | ow boiling point reaction mxture

roactfh BBl 5 1Al By A
cdipis b B @W@ﬁfwméﬁéﬂ%ﬂ?#ﬂw

ti t | lati I
cont GRS Ead B R oot Ra BB R ot 1-af
anpunts of the startlng material | and the starting

the fl‘r’ﬁf &PldMm  taking into consideration the conposi tion

and 10 anount of the second col um | ow boiling point

r eActtabhe wtradyestate waasaattaimed afier 2hdogrsducke first

anmount of di phenyl carbonate per hour was 7.28 ton.
columhnehigd boiling oihbreabtodi piveure washibwst thdrased on

the phenol reacted was 98% Prol onged continuous
contioRRIAN ¥ &% FaInteatHe edcowd goathubesmulti-stage distillation
column 201 at a flow rate of 94 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 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 %
111



10

15

20

25

15 conditions. The produced anmounts of di phenyl
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 98% 98% and 98% respectively,

by wBldnEERie Y e atbosth 4BH 58 L By WBIR ¥ ipheny
carbpRats WS i icles i WRGIRPES fiarpAoR, POUAM, AT0L e

was carried out using the sane process as in Exanple .

second cplyna: r i Bhe ganarchseiump tow hoiliag peikt réastene migture
that by inplenenting the process according to the

was goaditously dedi oo taenfizgt- pontinyodispmaenti+stagebdisdilation
112 required for producing a high-quality

columnghopelirbor thederletr that At thietimer bloaamoaaits lnd fresh
produced on an industrial scale of not less than 1

diméethyl tafbonate b@idphenddndvlystdd fitoltHe first Bbntifious
preferably not less than 3 ton / hr, froma cyclic

I
multF.@H’é’é‘%ﬁ@t&ﬂtﬁﬂg? %lﬂ@ﬁﬁb-%@@Wégfﬁpﬂgﬁﬁo%Q?@%aintain the

di scovere hi gh-purity car bonat e can

e S I r rel o L ' [
aboveo il Hfigs 3, dmbtntf & S BHIRIRE MR Rl 4 8T
startif a2\ fariRg e gursiBarefind e rbfnrsilon. R0

0. m preferably not re than, 10 b, nore
amogntebRBaI Smnd onumm i Bo logphiniis datiomptuge. It

having a high boiling point than that of the diphenyl
was &%@ﬂba&,tha postugrd emomnnt pf tsbphgnwbtcaﬁbaaat%mrﬂ)é@ur

ppm preferably not nore than 50 ppm nore preferably

was fo28 tone tThhe sklectiyity fondher dipdranylneatitaoratet hased on the
provi des a process that achi eves excellent effects as

phen) readtetd rwas 98%cess for the production of the 15
hi gh-purity di phenyl carbonate.

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 7.28 ton, 7.29 ton,
and 7.29 ton respectively, and the selectivities based on the reacted
phenol were 98%, 98%, and 98% respectively, and hence the operation
was very stable. Moreover, the aromatic carbonates produced
substantially did not contain halogens (not more than 1 ppb).

(3) Step (l11) of obtaining high-purity diphenyl carbonate

This was carried out using the same process as in Example 1.

Industrial Applicability
It has been discovered that by implementing the process

according to the present invention, a high-purity diphenyl carbonate
112
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113 CLAIMS We claim 1. A process for producing a

hi gh-purity di phenyl carbonate on an industrial scale

in which the high-purity di phenyl carbonate is 5

conti nuously produced froma cyclic carbonate and a

phenol, the process conprising the steps of: (I)
requ%@ltfd}uﬁﬂfddmﬂ QLH%ng Qaﬂ :f%lll ;fé’r'f@ﬂﬂ%h%eaé%rﬁaﬂ'co'

t hr ough area tivedi nsystemo

polyERBNR N B 3?.8%%?00% iy g1 &?%'%u%ﬂ&*oi‘éess than 1
It| a dIS IIa on | u To in whi cat al

ton /14, prefefiiy it lsasindid Feadthromarky paf"ﬁ%raﬁfm@
S|nult equsly aid colum, continuous

than g} {om i ?ﬁ @&Ncﬁm P@Fﬁgorw%ﬁnﬂeadqhwlm \Margover, it has
cont ai ni ng the produced di al kyl carbonate from an

beengisaovssed; thatothe high-guirityndinhenyjearbenaterean hed
conti nuously w thdrawi ng a high boiling 15 point

produeedtstablyifet ar pralomgzichpegiachef dime df; dor @xiampele, not less
portion of the colum in aliquid form (11)

than @000 hoaus| Yreferdibly nibtaledsptredy 3000 hooas envret prafegably
the dial kyl carbonate and a phenol as a starting

not 1885 @hhdl 5000 ™Hd MO URItH afh%ffég% ddeteritadf hop niYeCtham 0.1

into a first continuous multi-stage 20 distillation

ppm Cﬂ}é’f’éﬁ‘abw Wik %og? '?Hgﬂg‘?@‘?)?b;t rilrd! yr%tfehﬁ'nm ﬁé??ﬁore] than 1

arrying ‘out reaction and i1 at’ion "si taneou

Ppb %Rﬁ%ﬂ*? Rl 80T i G Bb HRY Batot e iR BF afe
diphé'awdca#bq”@@tecﬁ% GrAtent &1 Ganie.eefa AotaBRce 852 1§68 pom,
drawing a first _colum 25 high boiling poin

preferfé&&y Nt mPxe dhancefRRMi MROES PrretRIaRlY &) yﬂn%ﬁéﬁ'ﬁ" 10

carbonate froma |l ower portion of said first colum in
ppm.a [Tihgupoesentinvention thus provides a process that achieves

excellent effects as an industrial process for the production of the

high-purity diphenyl carbonate.
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114 continuously feeding the first colum high boiling
point reaction mxture into a second conti nuous
mul ti-stage distillation colum in which a catalyst
is present, carrying out reaction and distillation
simul taneously in said second columm, continuously
wi t hdrawi ng a second col&ymRpj@w 5 boiling point
reaction m xture containing a produced di al kyl
VVecﬁ%ﬁﬁPnate froman upper portion of said second col um
| gaseous form continuously w thdraw ng a second
col,umm hi.gh boil i oi nt reacti.o m xture containin
Che- pr odficei Ghssniet, bradieibas dioRoRitty SlBRSRYLFrbAfate
of said _second colum in a |iquid form and .
on agdpdustidaksgate in shichdhenBighe-eaitycdiphanyl sanbenatads
poi nt reaction m xture containing the dialKkyl
conticaoasiptproduced fren ia sycliomarhonade mnd ia phegel, the
distillation colum; and (I11) purifying said
procesplvmmpristidehatstepy afonti nuously introduci ng the
second colum high boiling point reaction m xture 15
cofi) yontimusasly sradeeinlg & dibpAtaarbrata ahdh Bl inteugh
pol nt material "separating colum A, and continuously
a reaQﬂNé’HiQii%‘ﬁoﬁ%ﬁtéH B c@htirﬁ*}&eﬁﬂy@é&ﬁg't'ﬂeoc cffel um

top conponent AT containing t pheny car bonat e
t:ai Qi '

carb8idte ofR 4R aoh 3 AL HERBATER, ARSI o Bghfifuous

col unn t component AL into a .20 di phenyl carbonate
multiElA4E ol AR SHTR PO oy Pt % e BITRY Ls PRRRERT

conti nuously carrying out separation by djsti|]|ation
carrwﬂed)tfwee%ct)"%ra@wﬁéiﬁ%ﬁ%%gﬂm HRAUEYpinc SR REHIMN,

BT, a side cut conponent Bs and a colum bottom
continypstshg witprawinga ow bisdtng poist wegetigom miyture

di phenyl carbonate as the side cut component; 25
containén@ithe grodwseed dialkyil mashe naté tfrest ageupip et porrtiohorf the

colum To conpri ses
column in a gaseous form, and continuously withdrawing a high boiting
point reaction mixture containing the diol from a lower portion of the
column in a liquid form;

(11} continuously producing a diphenyl carbonate by taking the
dialkyl carbonate and a phenol as a starting material, continuously
feeding the starting material into a first continuous muliti-stage
distillation column in which a homogeneous 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, continuously withdrawing a first column

high boiling point reaction mixture containing a produced alkyi phenyl

carbonate from a lower portion of said first column in a liquid form,
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115 a structure having a cylindrical trunk portion
having a length Lo (cn) and an inside dianeter Do
(cm and having an internal with a nunber of stages
no thereinside, and further having a gas outl et having
an inside dianeter dot (cm at a top of the colum or

contirﬂjdﬁblyﬁ@%ﬂlﬁﬁrthboﬁrsﬂfcéiﬁ@nﬁ HighW&ilindPpoim Féﬁ%ntjic%) mikture

liquid outlet having an inside diametér doe
into Q%%érﬁnﬂcggzgwﬁ}d@%?ﬁ‘%ﬁ Pi%@d{;@ﬁ@étl L%% th t\Pﬁc a
cata%?tf%iﬁga' RengaptRe e BEfenstiod g da%ﬁ'|'€fe5”n%ewaneous'v
in saé‘ici"’elc f plinguco 'rﬁbﬁ?@%@&wﬂ?@é\”@gﬁa 39902584 low

quid outlet, wherein Lo, Do, Lo/ Do, no, Do / dot,
boﬂnaacpqwt ,reaetzone@p&fwam!ytasatngsayptq@wi déalkyd carbonate
fornmulae (1) to (6); 2100 : _ Lo :_ 8000 (1), 180 5 Do

from:an 2peer(ortion of Sa.ld sednd colon(8jn algaseousnf@rm
120 (4), 35 Do/ dot 520 (5), and 5 :_ Do / doe 5

contidoB)ly withdsawihd iar sécondteoluens hightboitinaopoint reaction
distillation colum conprises a structure having a

mixtedd baﬁtamﬁhgtthénﬂfrdmjéécplahbﬁéhwcﬁrlb@ﬁﬁté‘fro’%’ﬁ 4 lobve®
and an inside dianeter D1 , and havi ng and

portn?l“ltc?fr Qé‘i%%wna CYIThEA lﬂfa ff’;tq%ﬂﬁsfoﬂjn ;Jn}‘?(? Eﬂg{?ﬂirﬁ.ﬁ:

aving a gas outlet 'having

T TR ﬁ@%{%eoa?mammg
o TP Fen b ST AGR ST Sl sbSoh Bafobl

the boftom at least one third inlet provided in the
columpp@nd portion and / or a middle portion of the col um

bel ow the gas outlet,
(1) purifying said diphenyl carbonate by continuously

introducing the second column high boiling point reaction mixture
containing said diphenyl.carbonate into a high boiling point material
separating column A, and continuously carrying out separation by
distillation into a column top component At containing the diphenyl
carbonate and a column bottom component Ag containing the catalyst,
and then continuously introducing the column top component Ay into a
diphenyl carbonate purifying column B having a side cut outlet, and
continuously carrying out separation by distiitation into three
components being a column top component Br, a side cut component
Bs and a column bottom component Bg, so as to obtain the high-purity
diphenyl carbonate as the side cut component;

wherein:

(a) said continuous multi-stage distillation column Ty comprises
115
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116 and at |east one fourth inlet provided in the
m ddl e portion and / or the |ower portion of the
col um above the liquid outlet, wherein L,, DI, Li /
D1, nl, D, / di1l1, and D1 / d12 respectively satisfy
the followng fornulae (7) to (12); 5 1500 <_ L,

a str§ftel Bhyind Pesifrigaf fhh 'éﬁb(&?'}(‘;“{"?d%%"% Lo (o
and ARG diartstet i Lfm) i refing duf ShterBETy g\"&meym%er of
Stagpe o TaTelns s A GHERBT HA0Ra 8 /R3S RHAS haYIgtean inside

internal with a nunber of stages n2 thereinsi de and
diampmjiet Men (REVI abadtogasf doe|calurayOfgn1sn apnerspagtion of the

di aneter d21 (cm at a top of the colum or in an
columpprear porthiectomfa tiguidduthet haxing an msidepdiaanétayud ¢k

outlet having an inside dianeter d22 (cm at a bottom

- (cm)adt & lottemughtioe dolumn owdn Pdsiveepartidrhef theldolamn near

near to the bottom at least one fifth inlet provided

to thbrbéﬂsnvp@@reas&%ﬁe Firstfifldt providgdds! meOGbP'e‘Prb&ftldmﬁnd /
col um bel ow t he gas outlet,” 20 and at |east one sixth

or a Pﬂh@ﬁe@{) |o‘ii1egg H?he H}rﬂ?ﬁ%@q gﬁ atFﬁitiét %And Ieast one

rtion a ur'd” out

secoigCliief ptdriddes i o minedpor mr&%m@% s 9?’ tion of
the og)it_lb} Bg)%%ggﬂ'tqﬁﬂmg C{!e(t}%zherezlg L100'0D0<' LD% 55’,090, I?Jﬂ')l do1,

and Dg / dop respectively satisfy the following formulae (1) to (6);

2100 < L, < 8000 (1),
180 < Dy < 2000 (2},
4<Ly/ Dpx40 (3).
10 < np <120 (4),
3 < Do/ dg1 <20 (5), and
5 < Dg/dg2 <30 (6);

(b) said first continuous multi-stage distillation column
comprises a structure having a cylindrical trunk portion having a length
L1 {cm) and an inside diameter D4 (cm), and having and internal with a
number of stages n4 thereinside, and further having a gas outlet having
an inside diameter d4; (cm) at a top of the column or in an upper
portion of the column near to the top, a tiquid outlet having an inside
diameter d12 (cm) at a bottom of the column or in a 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,
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117 10 :5 n2 <_ 80 (16), 2 D2 / d21 15 (17), and 5 D2
/[ d22 30 (18); (d) said high boiling point materi al
separating colum A 5 conprises a continuous

mul ti-stage distillation colum having a length LA
(cm and an inside dianmeter DA (cm, and having an

: . : y v

and SRIEEEPbY fly i 1T o RloR Ay, MGLRE R REI B  or the
f ol | ow f I 19) t 21); .800 <. 3000

lowey Ry T875 8 B Lyt BRlnls” 1 lawif St e hpoDs. Lo/

D1, horkpt { St ndcnY raciESHAR G SRS U1 FPUEHARG Tormulae
colum having a length LB (cm and an inside di aneter

(7} to€12dm), having an internals thereinside, having an 15
inlet Bl at a mddle protion of the colum, and a side

cut out! 45082< lbexvE@M0Ot he inl et Bl angZ} he col um
bottom and having a nunber of stages nBl of the

i nternal 1@igoxeDt ke2pobet 131, a nunber(8), stages nl32
of the internal between the inlet 131 and the side

cut outlet<B3,/ p,neilger of stages nS3(gyf the
internals below the side cut outlet B2, 'and a total 20

nunmber obastage (= nBl1 + nB2 + nB3 wher ei n LB,
DB, nBl,ErqBZ?ﬂn%é‘,r%and nB satisfy fol Ie)w)hg fornmul ae

Lo t(gsﬁ,zg)% i%gi?&;aQEBzg"( gg? ? .(2%2)1'2“41)9%%3*5[)2;_
(23). 3 5<% 3,73 5% and (12);

(¢) 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 a
number of stages n; thereinside, and further having a gas outlet having
an inside diameter dz1 (cm) at a top of the column or in an upper
portion of the column near to the top, a liquid outlet having an inside
diameter d2» (cm) at a bottom of the column or in a lower portion of the
column near to the bottom, at least one fifth iniet 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 Ly, D2, L2 /
D2, n2, D2 / d29, and D, / d2, respectively satisfy the following formulae

(13) to (18);

1500 < L, < 8000 (13),
100 < D, < 2000 (14),
2 <L,/ Ds<40 (15),
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118 20 5 nB 5 70 (27). 2. The process according to
Caim1, wherein not less than 1 ton / hr of the

hi gh-purity di phenyl carbonate is produced. 5 3. The
process according to Caiml or 2, wherein said do,
and said dO2 for said continuous multi-stage

di stillatiop co To used in step ( satisfy the
forrrula?? 21£igH]o| / d02 5 5 (28). h) 04 The

process accaording to y one of Cains
wher ei n 2&%0{"%5/1%0 no, Do / do,,(én?d s/ do2

for said_continuous nulti-stage disti]lation columm

To satisPy<MsperivdPy 2300 < Lo < @9, 2005

DO<_1000, 5<_LO /DO 530, 305 no <_100, 45Do /do, 515, and

15(Fpseil higk tesling, paing meteraksapesatinggcalommyA one

of Clainms 1 to 4, wherein Lo, Do, Lo/ Do, no, Do /
complose s aandobbi nualdR nfulti-stage dstillationscolomn ihmnjagea length

distillation colum To satisfy respectively 2500 <_ Lo

La (cfa) 28@0andfsidd diamEier B tom)o and?Ra¢iinan internal with a
<_90, 55Do/ do, 513, and 9 5Do d02520. 6. The process

numl@éﬁ%’f@tﬁ@e&%ﬁi‘ﬁe%‘ﬁsiﬂe %‘e‘?‘élril L&O Iﬁg, andih el fesams.w d

continuots multi-stage distillation colutmm TOis a
follofirig tha¥olBhing 1SR (FaRid (20200 socora ESCFL”Q
i ot i1 aBPBE A sni0d8 s piate type st il ation
col umm h@l%iong 6,':% %68}5 as said int ernagz.o), and
20 < na £ 100 (21);

(e) said diphenyl carbonate purifying column B comprises a
continuous multi-stage distillation column having a length Lg (cm) and
an inside diameter Dg (cm), having an internals thereinside, having an
inlet B1 at a middle protion of the column, and a side cut outlet B2
between the inlet B1 and the column bottom, and having a number of
stages ng4 of the internal above the inlet B1, a number of stages ng2 of
the internal between the inlet B1 and the side cut outlet B2, a number
of stages ng3 of the internals below the side cut cutlet B2, and a total

number of stages ng (= ngq¢ + ngz + N3}, wherein Lg, Dg, ng1, Ng2, Nes,

and ng satisfy following formulae (22) to (27);

1000 < Lg < 5000 (22),
100 < Dg < 1000 (23),
5 < ngy1 <20 (24),
12 < ngy £ 40 (25),
3<ng; <156 (26), and
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5 8. The process according to Claim6 or 7, wherein
said tray in said continuous nulti-stage distillation
colum To is a sieve tray having a sieve portion and
a downconer portion. 9. The process according to Caim
8, wherein said sieve 10 tray in said continuous
mul ti - st e sgﬂiéation colum To has 0 to 1000
hol es / Bs@i‘d” si eve portion there% "10. The
process accordlng to Caim8 or 9, wherein a
cross-sectional area per hol e of said sieve tray in
sald continuous 15 nulti - sta e.distillation colum %
is2in a MRfgRrefess areerdingta Clagm i Whereinptdess than
according to any one of Clainms 8 to 10, wherein an

1 tompéwrtalr the high-pifrityadiphanwlecantonate iSaPEPdWPeE nuous
multi-stage distillation colum To is in a range of
from1.5 to 15% 20 12. The process according to any
one of Clains 1 to 11, wherein said dl1l and said dl2
f0B. sai dThieg procaus aeeording/td iICiaimae ord2 siwHdreln @aid do
columm used I1n step (Il1) satisfy the follow ng fornul a

and §3R d,, %‘ldsﬁ?d & otdin As\fs Hrith |- Ql?a"gré disGRatloREEMGnn Ty used

conti nuous multi-stage 25 di st ation colum used in

lowing formula (30); 1

In Stébiwéh’ff%ﬁ%ﬁ"‘t a&@o 1< d2,/d2256 (30). 13. The

process accordi,ng t ny one of Cains to 12,

wherein 158 /90238 n D / d GHd b | di2

for said first 5 continuous nulti-stage distillation

columm used in step (I1) satisfy respectively 2000 5

L, 56000 150 5 D, 5 1000, 3 5 L, 530, 30 :5

n, 45 1001 hg Bragess gccorgng M@y sng 0? Claims 1150 3and

Lg D2, L2 / D2, n2, D2/ d2,, and D2 / d22 for said
whereig dnd Rortd hRuuNomP¢ | dat ag6ddPst/iddzafarasaid continuous
multi-stage distiliation column T, satisfy respectively 2300 < L, < 6000,
200 Dp<£1000,5<Lp/Dp<30,30<n0<100,4 <Dy /dp1 <15, and

7 < Do/ dy < 25.

5. The process according to any one of Claims 1 to 4,
wherein Lo, Do, Lo / Dg, no, Do / dp1, and Dy / dg2 for said continucus
multi-stage distillation column T, satisfy respectively 2500 < L, < 5000,
210<Dg<800,7<Lo/Dp<20,40<ng<90,5<Dp/dp1 =13, and 9

< Dg [/ dge < 20.

6. The process according to any one of Claims 1 to 5,
wherein said continuous multi-stage distillation column Ty is a

distillation column having a tray and / or a packing as said internal.
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colum used in step (11) satisfy respectively 2000 <_
L2 5 6000, 150 <_ D2 10 < 1000, 3<_L2/D2< 30, 155

n2< 60, 2. 5<_D2/d2i < _12,and 75D21 d22 <_ 25. 14. The
process according to any one of Clainms 1 to 13,
wherein L,, DO,, L, / D1, n,, D / dl11, and D, / d12

for sai d-fr i ti-ska .stidd:ation
coPUrm sg?'ies boc?%%%%ﬁcp\%ﬁt&i%ﬁtm é %éjlje% éalla
contfuiie baillisstage aisilatghAalufan Tiis 8 p13te WWps disgyation
n2, D2,/ d2,, and D2 /| d22 for said second continuous
columpy baving e drayias aalbmiesnam satisfy respectively
2500 5 L2 < 5000, 200 < D2 < 800, 5 < L2/ D2 <_
15, 20 5 n2 20 <_50,3<_D2/d2,<_10,and 95D2/ d22<_20.
15. The process according to any one of Clains 1 to
5 148. wheiTdienp eaeds ofaceairdirfg tetClaomt 6 mrodis wherein stadddray
distillation colum and said second continuous

in saidlddntii @@@s thalti-stage distiflatioh t6IWmASTdis il sievd tray
colum having a tray and / or a packing as said

havirmtaeé_f@\}e potfidnlfnd Ao MEaRRrgs¢RigH.ng to daim 15,

ereln said first continuous nulti-stage
distillation colum is a plate type distillation
columm having the tray as said internal, and said

segond centinuous | ti-stage <istiklation.cal N
2Broti | ihe BHot Sy MERME B ST g Wiauf ST g0
fhe tray as said interpal. 17..The process _accordj
1o tray i Said Saniinusus enilishass, distinalgn i, Gy asn g

first confinuous nulti-stage distillation colum and

1000shpless édpnin Said isiayaofiian tReegrf.distillation col um
is a sieve tray 10 having a sieve portion and a
downconer portion. 18. The process according to Caim
17, wherein each of said sieve trays in the first
conOi nuoThenptddtess ageoddintg td A liadm 8 @rudNwhetein a

cross-sectional area per hole of said sieve tray in said continuous

15 multi-stage distillation column Tq is in a range of from 0.5 to 5 cm?.

11. The process according to any one of Claims 8 to 10,
wherein an aperture ratio of said sieve tray in said continuous
multi-stage distillation column Tg is in a range of from 1.5 to 15%.

20 |

12. The process according to any one of Claims 1 to 11,
wherein said dyq and said dq; for said first continuous multi-stage
distillation column used in step (ll) satisfy the following formula (29),
and said d;1 and said d,2 for said second continuous multi-stage

26  distillation column used in step (ll) satisfy the following formula (30);

1<di2/fdy1 £5 (29), and
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the second continuous nulti-stage distillation colum
has 100 to 1000 15 holes / n2 in said sieve portion.
19. The process according to Caim17 or 18, wherein
the cross-sectional area per hole of each of said
sieve trays in said first continuous nulti-stage

di st! [ agi;%rb&ﬁglt‘#lﬂ %@d sai d second COQ‘;’ Puous 20

mul ti - st t1on colum is in r‘ange of from
0.5 to 5 cnR. 20. The process according to Caim15 or
16, wherein said second continuous multi-stage

distillatjon colum is a distillation um havi n
251501 o THEPFRSSSS ROCoIm 01NN RE4.BhETBRBR T 6n TF
the 25 colum, and the tray in the | ower portlon of

whengeig leoIRinnl1 / D o DThé1pr 80dsi1 dctari@raiddfiesty one
of Cains 15 to 20, wherein said packing of said

contimucusatuitinstrgal digtibationora iumip wsedrin tste pt(dbesatisfy
distillation colum is one or a plurality of sets of

respétfively 2000 RACKkE00,5188. < e<p1O0@s3 @dcof Bijng 309 30 <
Claim2l1l, wherein said structured packing in said

N4 Sq@c{pr@l sCBmI' AHOKDETUA A @kalng Idd§t£|1|aatéﬁ>d' LLDHN, | D, ny,
[east one type selected fromthe group

02 E?”-i*f‘ﬁa'@?’qga 5 98 Yo RIRIIARIS e tage distlgton
colurLhRE83n Srebt) Gaficky ﬁggééﬁﬁ%?%%mrgha%ﬁﬁﬁgq50 < D:
[ I h
< 1088, E«Lﬁﬁ?zefhmefne.ﬁﬁéi‘%hg%%ﬁ L8 Rl Bey 3 180061 o D
15 having a tray and / or a packing as said |nternal
d22 ©25. The process according to O aim 23, wherein each of

said internals of said high boiling point materi al
separating colum A and

14. The process according to any one of Claims 1 to 13,
wherein Ls, Dy, L1/ D4, nq, D4/ dy4, and Dy / d42 for said first
continuous multi-stage distillation column satisfy respectively 2500 < L
< 5000,200<Dy<800,5<L:+/D1<15,40<n1<90,10<Dy/dyy <
25,and 7 <Dy /d42 <15, and Lz, D5, L2/ D3, na, D2/ da4, and D2 / d22
for said second continuous multi-stage distiliation column satisfy
respectively 2500 < L, < 5000, 200< D> <800,5<L,/D2<15,20<n;

<50,3<D;/d21<10,and 9 < D,/ dz; < 20.

15. The process according to any one of Claims 1 to 14,
wherein each of said first continuous multi-stage distillation column
and said second continuous multi-stage distillation column is a

distiltation column having a tray and / or a packing as said internal.
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sai d di phenyl carbonate purifying colum B is the
packi ng. 20 25. The process according to C ai m 24,
wherein said packing is a structured packing of at

| east one type selected front the group consisting of
l\/bl | apak, Gen'pak Techno- pack, Flexipac, a Sul zer

PAGHi 19, THCHPICOLL AT IL 18Ha 15 UBdin BaidTieet

purlty enyI car te produced e process

contmﬁgﬁlﬂ ?a §Q¥H3ﬁ89009|8mv I A p&a?te &pee didtittation
i gh-purit henyl carbonat ccordi.n im 26,
GO'U'@%?EH‘%& e&fgﬁl%%'%aﬂteéﬁﬁ n&aal r?od‘t‘PUO“S
ppm 28. The high-purity di phenyl car bonate accordi ng
multi-stageidistibationheelivmads a distidationsirlemn bavieg hathethe
than 1 ppb. 10 29. The high-purity di phenyl carbonate
packétg @i the ttoaypms said indertehi ns 26 to 28, which has a
content of by-products having a higher boiling point
than that of the di phenyl carbonate of not nore than
100 ppm 15 30. The high-purity di phenyl carbonate

aceer di NFHOpfdGd 4R %%cora/mgﬂtb mim 18/ 19¢8 w&r@nﬁ e.qich

not nore than 10 ppb, and a content of each of phenyl

of saiﬁ‘:othéﬁé 3h e‘s.al 41052%51.9@8%' 5'%%%% Wa?mn\'i\‘g lymn and

enoxycar ony phenoxycar boxy- phenyl ene

g al { 0
said 3ol co RYRIolfs RleiAd sl ih Ui iy e tray
I gh- puri ty d henyl car bonat e
having g5 e Postiensad 2 doXpeamer ROtfTbn ent “of t ne
by- product s havi ng a hi gher b0|I|ng poi nt
18. The process according to Claim 17, wherein each of said
sieve trays in the first continuous multi-stage distillation column and

the 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 the
cross-sectional area per hole of each of said sieve trays in said first
continuous muiti-stage distillation column and said second continuous

multi-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.
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than that of the di phenyl carbonate of not nore than
50 ppm 25 32. The high-purity di phenyl carbonate
according to aim31l, 124 which has a hal ogen
content of not nore than 1 ppb, and a content of the
by- products having a higher boiling point than that of

the1di phehd pr&@d 9328 rling'?d dHY 8nkdclimeMs 1620,
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 packing in said second continuous multi-stage distillation
column is 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 one of Claims 1 to 22,
wherein each of said high boiling point material separating column A
and said diphenyl carbonate purifying column B is a distillation column

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

24. The process according to Claim 23, wherein each of said
internals of said high boiling point material separating column A and

said dipheny| carbonate purifying column B is the packing.

25. The process according to Claim 24, wherein said packing
is a structured packing of at least one type selected fromt the group
consisting of Mellapak, Gempak, Techno-pack, Flexipac, a Sulzer

packing, a Goodroll packing, and Glitschgrid.

26. A high-purity diphenyl carbonate produced by the process
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according to any one of Claims 1 to 25 in an amount of not less than 1

ton / hr.

27. The high-purity diphenyl carbonate according to Claim 26,

which has a halogen content of not more than 0.1 ppm.

28. The high-purity diphenyl carbonate according to Claim 26,

which has a halogen content of not more than 1 ppb.

29. The high-purity diphenyl carbonate according to any one
of Claims 26 to 28, which has a content of by-products having a higher

boiling point than that of the diphenyi carbonate of not more than 100

ppm.

30. The high-purity diphenyi carbonate according to Claim 29,
which has a halogen content of not more than 10 ppb, and a content of
each of phenyl salicylate, xanthone, phenyl methoxybenzoate, and
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene, which are the
by-products having a higher boiling point than that of the diphenyl

carbonate, of not more than 30 ppm.

31.  The high-purity diphenyl carbonate according to Claim 30,
which has a content of the by-products having a higher boiling point

than that of the diphenyl carbonate of not more than 50 ppm.

32. The high-purity dipheny!l carbonate according to Claim 31,
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which has a haiogen content of not more than 1 ppb, and a content of
the by-products having a higher boiling point than that of the diphenyl

carbonate of not more than 10 ppm.
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