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A0501VP82/ KAN PROCESS FOR PRODUCI NG HI GH PURI TY HW Byl ed
AOSO Y PBENAN CARBONATE ON | NDUSTRI AL SCALE  Techni call

Field 5 The present invention relates to an industria

process for the production of a high-purity diphenyl

carbonate. More particularly, the present invention

PRé@k&é‘ﬁ}tféﬁaﬁaz“éﬁiféﬁ@ﬁé%&ﬁ?%ﬂ% [PREMGL pRmoNATE

of time on an industrial scale, :gh-purity
di phenyl car bonaf@N rldHAUSIR tAk Sl@Ab ducing a

hi gh-qual ity hi gh-perfornmance aronati c pol ycar bonat e.
Background Art In order to produce an aronatic
pol ycarbonate on an industrial scale through

Techhicaiskigigri fication, a high-purity di phenyl carbonate
must 15 be procured in a |l arge anbunt on an

i nwétme%er&qﬁlv%ntmrpFatdtesohdlaﬁruﬁ&ms@ﬁapawégs§ ¥6p tAS
hi gh-purity bi sphenol A are mass- pr oduced

prod SAALS1 81k ALY FRoBER| LebboREREL” Bord arfayiary the
ndustrl ak_scal

presqflf RN se st A bifasemiat preducisy. diphtaypyotic
carbSEAABE Aol BBl 167 BBk enbloe o i on an
phosgene has been known from|long ago, and has al so

mduaié@i sq/des gopigh-pority dighesty) Gar pdequireddent
years. However, this process has the problem of using

prodph@erﬁighaqdailihy Teghepietfoom artdenaromadic popycarbicawste.
that are difficult to separate out are present in the
di phenyl carbonate produced using this process, and 1
e A0501 VP82/ KAN

Background Art

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 industrially, 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 long ago, and
has aiso béen the subject of a variety of studies in recent years'.
However, th.is 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



*
#

10

15

20

2b

hence the di phenyl carbonate cannot be used as a
A050tvRBBRIKAN material for the production of an aromatic
pol ycarbonate as is. The reason for this is that such
chlorinated inpurities markedly inhibit the
pol ymeri zation reaction in the transesterification
nmet hod, for prodyci ng the ar tic ol ycar bonat e .
hencarihandinhernth catbente faphet hausrAA e SIS hiateyial for
smal | anmount of a basic catalyst; for exagple, even if . .
the psaductionoef am atpmpatisupeticarbenatgas iht iThefrasenfpr this
of only 1 ppm the polynerization hardly proceeds at
is thal SucAchiakimated idipukitips markedh mmbﬂaéwee pelymgsization
used as the starting material of a transesterification
reactiBhAGthEDtrainysRit erifipalt orammsthaid=forap t o dudings tives aromatic

mul ti-stage separation | purification process
polyé:f?ﬁ%ﬁ’ét@gwhliﬁﬁ P8GR rFRENONY iNithB preddrde of@ireensremely
al kal 1 ne solution and hot water, oil | water

: i Q0. [
smalE S aht 8 o Basld Lol SF M oxaflB, Ser sl thighinated
. | gss and distill.atio ri [ .S S radsi ot
impusies PR ravery 48 aunbtis At He” B8 Ak ization
in carrying out this process . .egconomcall n - an
hardhnataerbdr aialle. JO MANS gfe'ﬁ&'Pﬁ&ﬂé{%&’bPﬁ@g%ﬁP&b'e of
_ producing aromatic carbonates through .. .
beingrusree ascthe istarting matarialopkajsanseatelificatiep method
carbonate and an aromati.c nonohydroxy conpound is
aronstio palpoarbdatey e troukiesore tmaltsiageisqpanatian /
reactions are all equilibriumreactions. The :
purifegatib h priogesssinvicisied) thxoroangt washiagdwithea alilyienabjueous
systemand the reaction rate is slow, and hence there

alkalla¥esdetioBRY Kof WatBlt oBY Whtensegueatignatstiiiation and
carbonates industrially in |arge anounts using such a

so o TR 149, REHE, FuRHERRIS e pekgsbcrtacrve o
hydrﬁ@%ﬁf{)e,glgaf} %iﬁté%sﬂﬂ&ﬁlogpm dbirfy BRAsX&Shratfon 7 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 be.en many difficul‘ties in
producing aromatic carbonates industrially in Iarge 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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to increase the reaction rate. Many netal conpounds
AOSOMMP8206  proposed as catal ysts for this type of
transesterification reaction. However, the probl em of
t he di sadvant ageous equi li brium cannot be resolved
nmerely by devel oping a catal yst, and hence there are
. very 5 many issues to bg resolved includ
to IngiEiARg S S0acLiN TPi6: dclary Mg ta catnBopraedaae heen
i ndustrial production aimng for nmass,production..
propased it saka @tﬁlfgbtbl@e'ffy%(ﬂ’g transesierification eagtion.
systemso as to shift the equilibriumtoward the
However ubte pysikem of thecdisadvaniegeasus eqndibmnus capneyde
the aromatic carbonate yield. For exanple, 10 for the
resolveal triere | pdynvd enelb pieighz | catal sty ared hedgehtharle artaoesy
have been proposed a nethod in which nethanol produced

man?ffséh@ﬁ@r@é'%%oh}éd ‘ﬂh@lﬁjdihgdh@‘ fedotiod eytstepyin order to

ogether with an azeotrope-tform ng agent (see Patent

prov@ff%@%cﬁsof@ggﬁ?%r%tﬁﬂduﬁmﬂ &hniing fbRirfla S PTrdduction.

pondi ng to West Gernan Pat ent

o 58hi8 R 4H R RTeR T abippLey e o
oo G S BERBLE S B0 IR

Japanese Patent Application Laid-QOpen No.. 58-185536
possikle. rarg ShYsng RS e qfé’t“éﬂft‘Ch‘@rgomﬁﬂ'ﬁ?gwb?&fv%?mme'
a met hod has al so been proposed in 20 which, using an
for thepeaation betweiechdimathyli cariianatecandherohtberadiave
on top of a reactor, an al cohol produced as a
beermprppodedt aimetied ipaghicinmethased pradeted asfa biy-preduct
reaction m xture, and at the same tinme unreacted

is distiReHi 6@ wb@@oaio;spmbg@wmowreani szeepopat fur mirg bgent
a

distillation (see tent Docunent 3: Japanese Patent

(seefgebérgébiggﬂugﬁténkgi_: A 1827%513&6?1@9&1%4&%m@aoo@e”mm,
54-48732 (corresponding to West 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 (cc.arrespon;:ling‘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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A0501 VP82/ KAN However, these reaction systens are
ADS0DZRB2/KAN batch systemor sw tchover system This is

because there is a limtation on how nuch the

reaction rate can be inproved through catal yst

devel opnent for such a transesterification reaction
and hence the reaction rate is stigl 5 %Iog; aﬁd gﬁus
i tHawewafetheseugactiamsystensare hasisally bateh SYsipm or
to a continuous system O these, a continuous
switchioveresystenk r 34ds o8 benisy thore ésnd Himitation on how much
distillation colum is provided on top of a reactor
the rbastibperater can bedimpravedthroughscalady shyleyatopmens for
are problens such as the reaction rate being slow, .
suchd¥rdise stasifl dAtibd rdactiohe rdrad ieintd tree reaction tatens still
smal| based on the volune of the liquid. It is thus

slow,{‘?hpw ?Llf%%fbté%ﬂwéﬂghﬁméﬁé%%misQQten‘M%%rfﬁfBﬂéMe to

attain the object of producing an

a corﬁirgggélis?%\fs%%plg{'gfcgn It pig%%qﬁt ué@s'sﬁ‘ﬁ@@dqgﬂkrl‘e%ctor

eriod o e nmeans of the
above pet hods, .and issues I k 0
(CSTRY Bupta Beamioh e PR der EUATDIC iy ifed S 105 0f 2
ossi bl e. The present inventors have g%\ﬁel gﬁetg.
reactaranes keen HrPPPEEdoAs FEPRHALAUS SKRIGMs Ui there are
transesterification reaction js carried out in Yiqui
probtemsi suchuasntha resctigs Btetbeing siawcandnthe gas-liquid
simul taneously with separation by distillation, and
interfaye ihake tdwctbr tdingnsinzdl baskd o the wisane ¥ thigatiquid.
such a reactive distillation systemis useful for such

It is hud SEEEEIbIS iteaniake theacbneersicor higlanplAecordingly, it is
reactive distillation nmethod in which a dialkyl

diffict '?8%&5?{}% %gjéépaﬁfﬁrsdhtM@éh apsptscarisonate

continuously fed'into a nmulti-stage distillation

cont rﬂ.lg#"ggyt ﬁgpacrrg%agmo%htisssta?grfbﬁ% P%Io‘f‘@“&d gké?k'ﬁ:l ¥f time by

[Ffurm 1 n whi C catal yst I's 25 present,

ol o S Yo R A Mo Rleh ] 18 1é¥tivec
befo?reogggﬁgm?galainb dsptllr'i% l‘l’f:ntp’Ie‘?lvnné]lntaétlion 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 w'it.h
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 low boiling

point component containing an alcohol produced as a by-product, and
4



10

15

20

25

A0501VP82/ KAN ' conti nuously w t hdrawi ng a conponent
AQSOTDPBDAKMNIG a produced al kyl aryl carbonate froma
| oner portion of the colum (see Patent Docunent 4:
Japanese Patent Application Laid-Open No. 3-291257), a
reactive distillation nethod in which an al kyl aryl
carbonate is continuously fed 5 into. a nulti:st 298 1kl I
contigueusly xitharawinga, cCamgonelnt: ¢omaiing A pradysrd alkyl ary
continuously inside the colum in which a catalyst is
carbgnateefriom ehiower portionuolithe aatumn 4seef atent Document 4:
distillation a | ow boiling point conponent containing
JapahedbaPténcApblicatiorpLaith@penNa. By28136ds1 a reartive
conti nuously w thdrawi ng a conponent containing a

disti|P{$P&N?ﬁstt%@wlw%hcahbakm ar{l oarohateis pontimuously fed
the columm (see Patent Docunent 5: Japanese Patent

into é“F}RHtf-%g%gB di%‘ng#'ﬁoﬂg;‘%l{‘ﬁ mh: 2rPreadtibAdst éaied out

di's on e I ch these reactions are

carried.out, us t [.N4O [4- St i
contigiiausiy 4fpisie Tof Gieléhn, i HARKCH BTyt ' Bent, while

produced conti nuousl ile.efficientl.y re [
contiguugy wihBEwira By prUlAlish & Reiggd (i Hipbonent

Pat ent Docunent 6: Japanese Pat ent licatjon
contaimiingGpehiaticy! carbenate Rr@m‘@g@ﬁd@ r@qB{ 389\6*93?69832,

Eur opean Patent No. 0461274, and U.S. Patent No. )
contBRINEHF)Withdnawing eacomporeat cPNiRindRd i PRedUFRd BN

a di al kyl carbonate and an aromati c hydroxy conpound

carbBhatddrbinka lewar2fortion iofubestglured (seeoPatent Docimgst 5:
distillation colum, and a liquid that flows down

Japdri¥ < giatbhe Applidation LdidhOpamNio. ciro358)da reattive
provided at ‘an internediate stage and / or a

disti!l%%g\%tgﬁhaﬁ\ewﬂficﬁ hRedbStdd dtfdn®are ey oandisiag two

ntroduced into a reactor provided outside the
condfyib e A PRAB RYRRIER, EOLIHBY AR Henceze dany e
cartigat B S i oo B G§ Pblel O 4865 LRI i
carb%?‘ltah(et;?fodt?ced 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
continubusly 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 distiilation
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
5
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A0501VP82/ KAN reactor and the distillation colum
ADS01\RB2/KANeNnt Docunent 7: Japanese Patent Application
Lai d- Open No. 4-235951). These reactive distillation
nmet hods proposed by the present inventors are the
first to enable aromatic carbonates to be produced 5

continuously. .and efficient]y, an ess | [y Whi

reactar &nd teadistilabon sofirba e PAIRRLEAANTSN T lndhdee
using two continuous multi-st age distillation col ums

PatenbApplicatione Laid@pandpoda?éa®Rdle been proposed
thereafter (see, for exanple, Patent Docunent 8:
JaPheseaeadebventistiipaticaimetheds propeseadoby dhesprgsent
(corresponding to 10 European Patent No. 0582931, and

inveridoPs dtet 818 fiket t&IWEMI8)ardmatiotcarbunatest tobeJpyaciicrd
Pat ent Application Laid-Cpen No. 6-184058

; relpnl r Bakeat iNowh(&Ba%8aryhedrbonate
°°"t'b.ﬁ%.rdﬁtent %‘.’m‘é?‘zm%’@‘ﬁ?’?%atem Doeunent. 10+

is préﬁﬁ@%?%ﬁgﬁ%eﬂal@%é%ﬁ% uém@t%eaoﬁﬁnuguéoﬁlMi-stage

cunent apanese Patent 15 Application
.. kald- n No.  9-59 s ara ' p e
distilSlian CopTe S on; eepBY VRt TE sty hangEaeR
Docunment 13: WO 00/18720 orgespondi ng t -
proppgedntheisafiesdses) ,OT%%IH&?E'DE@E%Bﬂﬁﬁm%Qgﬁe% anese
Pat ent Application Laid-Qoen No, 001-64235).. 20
Patentdirplicaiten Laid-Opian Ma. &Hrisy/4Zhicotgs Bg; 1o
appli cants have further proposed, as a nethod that
Europeahi SatbngNgy. P68293Moend &.Scatantt Ne. 53347 42), Patent
produced stably for a prolonged period of tinme wthout

Doc@mleditge dapanesefP aterdt ApplitatienngaidQperdo.abrtd#3a8
in which high boiling point material containing a

(cor Ndih CRERIIBPedrs Pateat b v0582930ammi U, 8e Patent No.

substancé and then separated off, and the catal yst

534@@5@%&515{9%%%%&&(116%%&@{&3 FABRIREpHidatiop
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: Japanesé Patent Application Laid-Open No.
2001-64235).

Among reactive distiliation 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 catalysf component is reacted with
an active substance and thén separated off, and the catalyst

component is recycled (see Patent Document 15: WO 97/11049
6
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A0501VP82/ KAN (correspondi ng to European Patent No.
AD0500¢BB2BANand U. S. Patent No. 5872275)), and a net hod

carried out while keeping the weight ratio of a

pol yhydri c aromati c hydroxy conpound in the reaction

systemto a catalyst netal at not nore than 2.0 (see

(corrpapandied tRoEUTapsan J3a (4T e 9@?5#% Agﬁhiééa%{o%aem No.

Pat ent. No. 1016648 and U. S. Patent . 6262 é&’).
5872205 heandra methogcaseed put whils !sem'ég pthepwg Gratio of a
met hod in which 70 to 99 % by wei ght of phenol

polylpydric@rd reatia Hydnexydeempound ipdhemeactian sysiRBcs3
is used as a starting material, and di phenyl 10

cataiyat hesgiicat AoP hesie tidansd. og(seeer Patent ® atwnent ak6:on
net hod; this diphenyl carbonate can be used as a

Japahiedd P@.@eﬁﬁfe@’glmatfdﬁ LahQLopBh Mal ifanoRa29r (xbreesponding -

aromatlc po arbonate (see Patent Docunent 17:

to ELE] 1] Spon ?AH’EHB%%S &%%@SfbrgigNogﬁ?féff ).

ur opea at ent 92001, and

o) 9 n
Furttigaere, fits WBsegtTuTAAG hiys e srthofl jn whieh
romati c carbonate u3| a reactive dIStI||a10n
70 t%@tghddb!fl‘yefﬂ'bprgPE'eqq{ oduceag; 2 bysR[r Y 9\#153 &oever
of a specific process or apparatus enablin g.s
polymesirRtionProsess isndgetanp siedtiag majerial, dnd/ dipheny!
hr), nor is there any description suggesting such a
carbpnatess produgerhusing .a F@ac&xarqishlfagl gpidptthtfns
regardi ng heights (H and H2: cm, dianmeters (D and
diphBRy| ecarbonatdarsh bb stedess anstaathdgnm)ateandi fostarting
material feeding rates (Q and @2: kg | hr) for two

polyIEFEHANED 6 plodics i aromATe pRlycarbamblbts gy palene:
DocGH&MNPF € )3PA R8NP LtEACAPDIRYIIBH LAt Opedatbe9-265772
(corresponding to European Patent No. 0892001, and U.S. Patent No.
5747609)).

However, in all of these prior art documents in which the
production of aromatic carbonates using 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/
hr), nor is there any description suggesting such a process or
apparatus. For example, the descriptions regarding heights (H, and
H.: cm), diameters (D and D2: cm), numbers of stages (n, and nz), and
starting material feeding rates (Q; and Qz: kg / hr) for two reactive
distillation columns disclosed for producing mainly diphenyl carbonate
(DPC) from dimethyl carbonate and phenol are as summarized in Table

1.



A0501 VP82/KAN 'I Table | TABLE 1 H D, nl1 Q H2 D2
AOSONZPER/KMANENT DOCUMENTS 600 25 20 66 600 25 20 23 6
. 350 2.8 - 0.2 305 5-10 15+ 0.6 9 PACKINGS 500 5 50
0.6 400 8 50 0.6 10 100 4 - 1.4 200 4 - 0.8 11 300 5
40 1.5 - 525 0.7 12 1200 20 40 86 600 25 20 31 15 16
600 - 20 66 600 - 20 22 17 |In other words, the
Tablehilggest pairs of conti nuous nultl-stage 5 distillation
col ums used when car his reaction using a
reactive distillatioﬁ]y iEEtT ose di scl osed by
the present applicants in Patent cunent 15 (WO
97/ 11049 (corresponding to European Patent No.

0855284~aRe—rS—Patert—Nor—S872R 75 ) —ardr e
Hpog url@nt 16"1(Jc1paﬂes P!i'ne?[ Rapl | cat Pen Lhi @2@3@0 EIE“TS
10]111-92429 (cqrrespondi ng Yo Eurbpean Patpnt
6060 LG%, a_rlgb U S.‘ssP esgo Np. 2826721020 Ap @3n pe 6
SeTiT— T O TaoT g L T TT1 oT n afl ous
359_0 dith os for |t ®2co tmo,lg ﬁ ﬁg‘g 0.6’ 9
di $till atli on cadl ums isclo:edfo f‘ﬁ e reagtion
50y 5 _|-o50 doosC| a0l cme ) - 88 07 @b G125 1o
1} T s — o et—tors: Cll It
10004 umdnt ~( Jdpahdse et Ao catl'bn L |9%=n VoLL
30?;‘L063':6))1 Q! 4 8¢skagl/ br,|ang Q@ = 26 kg / o, [and 12
120!.0” alltluuilyl 36 Bs 600 25 20 31 15
16
600 - 20 66 600 - 20 22 17

In other words, the biggest pairs of continuous multi-stage
5 distillation columns used when carrying'out this reaction using a-
reactive distiliation 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 Pats_ant Applicatic_)n Laid-Open No.

10  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 cm,
H, = 600 cm, Dy = 20 cm, D2 = 25 cm, ny = nz = 50 (the only conditions:

15 Patent Document 10 (Japanese Patent Application Laid-Open No.
9-40616)), Q; = 86 kg / hr, and Q2 = 31 kg / hr, and the amount of

dipheny! carbonate produced has not exceeded approximately 6.7 kg /
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di phenyl carbonate produced has not exceeded
AOSOBfiRB2iIANit el y 6.7 kg / 8 { AO501 VP82/ KAN 0 hr, which

is not an ampunt produced on an industrial scale. The

dial kyl carbonate used in a step (I1) of the present

i nvention nust be produced on an industrial scale,

and furthernmore must not ont ai n. a,hal ogen,_,The onl
hr, W'Bifgb@s@qf@Wvﬁm#@hl?ho‘guaP§|%@"5'%%’%6@5&?%- -
industrially produced in a large angunt as a starting ..
el ke idial Ky rcanpenateay sed b @@geadhﬁt%ft the Qﬁea%r‘ijé’t‘\’%‘ém"
- carbonylation process in which nethanol is reacted
mustwid produced apranindustrial ssgigerand furtbeumore matstynot
carbonate and water. However, with this oxidative

contiA’ @Haibgbhon phéctﬁrﬂg prassess i whighps ech Radiaiky!
Docunent 10 18: WO 03/016257), the reaction nust be

carb%ﬁ%{é_ &‘é{ﬁ’d‘ﬁsi‘rfhlgi g:rHBU}éeﬂti@lt 8 labgé Hmouhtgcastartihgof

as a c yst, and hence there is a problem

mateﬁ{%{f@ﬁ]aﬁé‘igﬁia\sﬂ% §P§éé‘&d’ﬁéﬁé [d 9R oxidiR g BacboAPlation

> . ron/purification system
reove in this pr.oc . ' |
procerbie whichs MigPahelis d5atnel Bitfoathn, JreliSke Bhe
there is a problemthat the selectivity bas o]t :
oxygtenett?carwéw:ﬁrﬁim&@w?i%af gp&ﬁtﬁta% M%Bﬁrnat%?veé’%?/a Wigh this
~ the other hand, several processes for the production
oxidative catbanyatiearpnrass Eme,af% exampls, Z?fﬁsagt QEument
between a cyclic carbonate and an aliphatic
18: \Wigh a3y 01 52531) ¢ tiheIrebatiorbeurstph@ sasei@d Qut in hphirpy state
reaction, a dial kyl carbonate can be produced w t hout

usings Nrge Amegsnof Cull-kdiastaicatalyss, andfreabedhere is a
process. As reaction systens, four systens have been

prools iy HHFP YOI Serg Mg esctoncy e ©
sepatatidripErification system. Moreover, in this process, the carbon
monoxide is prone to being oxidized into 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 o_f'a
dialky! 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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gl ycol from ethylene carbonate and nethanol, which is
ADS0TVRBBHAN t ypi cal 25 reaction exanple, and are (1) a

conpl etely batch reaction system (2) a batch
reaction systemusing a reaction vessel having a
distillation 9 A0501 VP82/ KAN col um provi ded on top

thereof, (3) a flowing |jquid reacti.on.syste '

colurnninaided an op tARGCER) () 8 diewima igrd ¥ pEliog Sy St
systemfirst disclosed by the present inventors (see,

using artubuapreacten, énd (6 antaactive distijatieses ysteam firs
Application Laid-Qpen No. 4-198141, Patent 5 Docunent

discl@fed Iaptine s eaingrihvanpoisc iséenfameramde, Ratent Document
9- 194435, Patent Docunent 21: W99/ 64382

19: JapanetePPadene A@l@ﬂﬂﬂﬁ@.@i&’aﬁ)p&h Ni¥o.4-10849141Q, Patent
U'S. Patent No. 6346638), Patent Docunent 22:

Docu%%%@?f’éa rﬁﬁ%&ﬁ@%ﬁt M pRcEbANSA- DY NAN0S-194435,

;2 at ent” No. 6479689), Patent

nen | i j g

Pategﬁggcgcwg@i&f-?@f@iéﬁ%{%é%g@%%%@# QR BpegP Patont

, and U.S._ Pat 1 Pat

No. 1(2&@635551 dEues SRR o< BRAEE I, Patsil matubRgH 2"
correspondi n to E Pat ., 0569

WOO0/S1954 (anrraepopding 18) Ecrapenn tatitce z@ﬁ%@@ﬁ@gs U.s.
Pat ent Application Laid-Cpen No. 15 2003-119168

Patefit No c6480689), Patend Docsment 23dapanpse fakinbe:
Japanese Patent Application Laid-Open No. 2003-300936,

AppiRadtesw LaddcOpant N7 :5-24/38 88 éc Genespongipbi teaEusapean
Lai d- Open No. 2003-342209). However, there have been

PatePit 0pb 0530615, tAHed &) SYRhtemt Bo.f523 bAv2),2Patent Bocument
case of (1) and (3), the upper Iimt of the cyclic

24: {)ﬁé’r?@éé%dafeﬁgvﬁ?ﬁiieaubﬁ iR Upar NdYyeLbB07omRIse sponding

n an enperature, and hence the reaction

o EGEHS SRR G SRTYY PateAtig a0t ss),
Patent Document 25: Japanese Patent Application Laid-Open No.
2003-119168 (corresponding to WO03/006418), 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 ijow. 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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(2), to make the cyclic carbonate conversion high, the
AOS0TV/RERIEAM di al kyl 25 carbonate nust be distilled off

using a very large anount of the aliphatic nonohydric
al cohol, and a long reaction tinme is required. In 10
A0501VP82/ KAN the case of (4), the reaction can be

made to proceed with a hjgher , conversion .than_ w.
the casg of (), she(rpactigneasy i,vgma@@sﬁoeere?eﬁﬁ)wnﬁr%&%é@&f
' hitherto have related to produci ng the dial kyl
conversibnrihian with (1 hd2)i @ (3).t hHOWeVemRNocsssEs: of 6#) 1 or
a short period of .tine, and have 5 not related to
prop6$dd Yiittiereothdvee retatddctd producirg thelialkyicarbanate and
stably for a prolonged period of time. That is, these
the dRSIOSRASESN @NEIINSounts DMKt 4 shorbjperiodfof timey@nt have
di al kyl carbonate continuously in a |I|arge

t ingt i leastabl
not r%lfrgg Bl td ga&gélﬁgooahgﬁﬁt Ib?éﬂugtlbﬂnolh di Ingusfrial $caleastably

onge me (e.g. not less than 1000
hour s r,ef er.ahl l e n '
for agiiidraBRp AR, o BRls n TRAJRLTFeg HRsERses hilve ot
th xi mum val ues, of. t he L aht X j h
atta'@?g,tp‘gnﬂg}J%n%e?r%qu%lngg@s&%w&éﬁoeﬁpga%?bggﬁ oIy th a
distillation colum, the_anmoun roduced P (kg/h of
largedpmaupt (@8- iatdess {rp ?h'é’rbbﬁhfi %ﬁ%ﬁ@’ ?%'rsaéféﬁé’ﬂﬁgd
time T (hr) in exanples disclosed for the {odugii on h
periad of Sirderfet oy notdepsthes @m@)h%%@-é?wpéﬁg YgNQE bess than
(EG fromethylene carbonate and nethanol are_as in
3000TAbles 2mdrebpref2rablyAns0 1e¥pdharaS0 PR s JPATENT e¥ample,
cmD: cmNO STAGES : n P : kg/hr T : hr DOCUMENT 19
the r8RiMua? valles ke 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.

Table 2

11
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15

20 160 5 40 0.743 NOTES 21 200 4 PACKI NG COLUWN

AQS0\IPR2MAND. 932. NOTE 5 22 NOTE 1 5 60 0.275 NOTES 23

250 3 PACKI NG COLUWN (Raschig) 0.392 NOTE 5 24 NOTE 2
NOTE 2 NOTE 2 0.532 NOTE 5 25 NOTE 3 NOTE 3 42 NOTE 4
NOTE 5 26 NOTE 3 NOTE 3 30 3750 NOTE 5 27 200 15
PACKI NG COLUWN ( BX) E 1 : OLDERSHAW
DI STI LLATI ON COLUMN. éﬁé CRI PTI ON WHATSOEVER
DEFI NI NG DI STI LLATI ON COLUWN. NOTE 3: ONLY

DESCRI PTI ON DEFI NI NG DI STI LLATI ON COLUWN | S NUMBER OF

B eyl W oY

ST INGTE Rl PII O VHATSOEVER

Dgﬁ@ﬁ. torems. | \D:DRECR PNCOSTAGESERVER WDF hr

SHABTEPREBHETHON U\Ibl:ldol-’l:l-(l UJ - I.H@ Il
-—ﬁ%m——mm fese—Patert ca
120 d- Qven 1680 oogggoniqm it 40 Jgﬂe@ lﬂ@?am N.QTE5

tamt " The qooeseht edanpl| BACKING SOLUMN Dixe) DroQ,-E@% nwaE5

agy T Or tmﬁff erreg node showneon FIG 1 5 @@Z8ri teﬂOTES

ve [Thsgs FATTECU IPRcRMd OLUIR (RKGHT 08302 | NOTES

oo o NOTEALOTES [or by MGV, oy Ll PEdy ™| WoTE 5

T O Ol C

t25mseétNOTEBa iNOTE® 4 catal yid2 converlsi NOTE4 | NOTES

regct | dn NeetEBeh ROWEI®ne carbord® e and niet h&A80 . NoiNOTE S

THET TNE gy T OfY N1 d1U T PACKING SOLBMN (BX} e Di3esent] NOTES

Aol aananl

SZANC LI ) car—pe—ategtat cl armnmtine o era
NOTE AOLDERSHAWDIETLLATION GOLUMN: examml e |1 i< . .
NOTE 2t HO DESCRIPHONMHATSOEVER DEEIMING BISTHlLATION, GOLUMN.
NOTE® £ ONLYDESCRIFTIONIREFINING msaMAIé@UrG%MNHStWBE“ OF
exangTAGES. r esponds to an annual production of over
NOTE)4 0RO HESERIENONWHATSOEVER OH PRODUGED AMQUNT. on of
NOTE'S : N&Y DESERIFHIBRPVHNIE CE VEMEGARDING STABLE PRODUICTION

FOR PROLONGED PERIOD OF TIME.

In Patent Document 26 (Japanese Patent Application Laid-Open
No. 2003-300936), 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
sthylene 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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15 process had been carried out at the tinme of the
AOS01VPBRIKAM the patent 12 A0501 VP82/ KAN application
for Patent Docunent 26 (Japanese Patent Application
Lai d- Open No. 2003-300936) (April 9, 2002),. However,
even at the tinme of filing the present application,

applﬁe%S{?Sw tor, PatapbRowt Rt Ae pndasn JAlEflKbp!iatio®
plication Laid-Qpen No. OO%O&%SQ% exactl¥ t he the
Laid- nenvﬁpug%lﬁ -3008 3Gl BaO0PLal c hlAWWRYELFYEN & -

stated for the anmount of dinethyl carbonate prenpluced

time itfiling theepredent applicationgithete is naigheabryedapt at all.
85.6% and the selectivity is approxi mately 88. 4% and

Mordtse ihttheagraipleas Patért Baicument 26 Glapayese Patent
hi gh sel ectivity have been attained. 10 In particul ar,

Applﬁéﬁl(’)ﬁ‘ﬂaﬁﬁLGWnVbe 3008 BU0TI6 ) axAdtip thexams Valieaas
drawback as an industrial production process.

e3Pyt imethyl
e ety B oo\ S o1l nenmaoorkuraetny

carsigfe b Wera;%@fswg R A
reactiv dIS Ilailon net h

85.6¢ku3Bd Lty dﬁ]%ﬁ?‘gg i%ﬁ‘pgg 46?"0n varl 1158,jt cannot |

due to reactl on_and .  conposjtion ri a
reallyi beisaighthat @ Mighyialdand & tg*bﬁe);‘%%wky Eee" attained.

tenperature variation anﬁufressure varlatlon in
In pacticwiay, el iwnselectivity indingtes Apak thiscPERGRSS has g fatal
prol onged period of tine is 20 acconpani ed b

dravtb &£k @8 hhandustdal produttionl processe MNdtei @[\;Iot N‘é-!i Patent

are further increased in the case of handling | arge

Docafemt 86 (Iapdid Pute AP Hication iLaidoDpandNal ky |
car bonate and a diol using the reactive distillation

2008836 f Iy delimdNE0h 208 afb e wiiendelwhiare Juhy 126, 2005
mal ntarn igh yrelds and high selectivities for the

dueg'pg%ﬁﬁnéﬁ%ﬁﬂn@&a h%@ etSJti'? ngﬁ*asté&‘e reactive

parat u everly
With the reactive disiillation method, there are very many

causes of fluctuation such as composition variation due to reaction and
c-omposition 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 dio! 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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devi sed. However, the only description of continuous
AQS0$VEBRAKAN3 A0501 VP82/ KAN production for a prol onged
period of time with the reactive distillation nethod
proposed hitherto has been the 200 to 400 hours in
Patent Docunent 19 (Japanese Patent Application

Lai d- Open No. 4-198141). anwhi S proc sse
prodygyiandiany Rraonass dlod Fiuma v intie BRAGTY Buistifation
m xture containing a di phenyl car bonate t hat . has been

metnmdapuopusedrlmu@artpriaagémeen the s éa 410 h?é"ﬁ. IR'e Patent

a dial kyl carbonate and a phenol as a start
Docuratetild (JapanpseiPgieng Apphdapbanyaldeﬂmdite 4 198141).
crystallization, distillation and so on have been

pr opps&swhilyl iy pracEss4 foi Sepadratingnthe dipleenyl bardsonate
have been proposed 10 One nethod is a nethod in which

fromté“?egbﬂﬁﬁngﬂlxﬁﬂ'bb@@ﬁfaqmrﬁ% D8ipHdIRA @érlr’br?élleuﬂ‘mtt i9as been

nent froma distil ion colum; for exanple,

ok i I S P AL
ena 55 57 oSS R s I P

exanple in Patent Docunent 1: Japanese Pat
carbApatet:gfy%wlLéaHocqoéhs 8“09@@ 0[‘36?\'% PrgPpsed.

West CGerman Pat ent A plication Laid-Open No. 736 63
Witharepardsto Rastihating, tapee reethods Aayecbeenprarg
Docunent 28: Japanese Patent: Application Lai d-Qoen No.
20 Bro5A6tcoris as puettiodyin wichdbeadipranryitcahonate is
0560159, and U.S. Patent No. 5282965)); (2) a nethod

obtaiflei<h é¢bRimgasb comporiantefronnaadistiiatidre codumin dor
is subjected to flash distillation in an evaporator

eXarﬂEléhﬂ'\éHéﬁreand thus separated into high boiling
pbi nt ‘material containing nost of the 25 catal yst and

(1) %%{?‘Fﬂd QRN TR §E1iBh mPtirs EShtaSidgP he Qata RSt is

distilled as is in a batch process distillation column, and the diphenyl
carbonate is obtained as the column top component {see examp-ie 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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material is distilled in a distillation columm for
AO508VRB2AMAN mat eri al recovery, 14 A0501 VP821KAN and

cat al yst -cont ai ni ng di phenyl carbonate is obtained as

colum bottom material, and then this colum bottom

material is distilled in a purifying columm, whereby
t he di phen

|, carbgnate is optained as the . col p

and caiabvsibaoniaiaina,dRBPBY) SatbpRels s ahigiind o5 EBLmR

Japanese Patent Application Laid-Open No. 4:100824 .
bottdratreaterialcame thep3this aedueye bostamimageiiat it F’bﬂﬁ'éd ina

Lai d- Open No. 9-169704); and (3) a nethod in_ which
purifyirgy cehomnowhereby the aiphieniyhgarhonede 45 yahtaired as the

distilled in a distillation colum (or evaporator),
coluMpCtdg eanssonent esee dxample Hi ghPateht Mpqaonent 32:

mat eri al containing nost of the catal yst and | ow

Japatddd p%t@ﬁ{Sﬁb%ﬁf&ﬁ'baié@pbh?ﬂot e 10082401 P atentpoi nt

nater| ected to conti nuous sequenti al

di stild.ati ' Sk Lhliakii )i - -
Docgis A P a EBCR LTHCAPPIIEBHER, LaRPOINNo, 9-169704)
separating colum, a nethyl phenyl carbonate
and separating colum, and a di phenyl 15 carbonat e
separating cal um, whereby dj phenyl carbonate i ;
(3) methaedin whiehdneolaRs o6 MEBHER A a1ad i ERtalyst is
Docunent 29: Japanese Patent Applicatio hai d- Open .
distiNed imaxﬁsﬁﬁ;atuomcehwnr@rrmwmfaéolﬁbt%at NsFeRarated into
di phenyl carbonate is obtained as a colum bottom
highceopiere poirt prateridl startainingnmesituainthe eatalyst @nshipw,
there is: (4) a nethod in which the reaction mxture
boiliB@p8irti Matéhal candlthen trse lowsboilingdpbintamaterial is
di'stillation colum, and thus separated into high
subj?%{té{i% ccﬁ’f‘?ﬂiﬁf.noﬂﬁtﬁﬂ@énﬁﬁﬂb%tﬁ‘l“@@oﬁnﬁéingfatd’lstiliation

alyst and [ow boiling point naterial, and then the
ol Ling. noi terd Lo disin | i@ gt
app%%ﬁ"i%l #élﬁ?’g'na@g%r?n% géll tﬂg' H?pﬁ‘éh?"?g%ﬁénat eis e

coiu%ﬁ?ianr%%tﬁ‘?l Sﬁie%yl carbonate separating column, and a dipheny!

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 méfhod 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 dipheny! carbonate is obtained as said

other column bottom component (see Patent Document 14: Japanese
b
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ot her col um bottom conpohent (see Patent Docunent 14:
AO503WPBRASAN 15 A0501VP82/ KAN Patent Application

Lai d- Open No. 2001-64235, Patent Docunent 30:

Japanese Patent Application Laid-COpen No. 2001-64234).
Still another met hod is a method in which the diphenyl

Pateqt ARl Ao LantaRan ¥p. # U maass . ReIGPRoragt 3o:
method in which the reacti on m xture containing the

Japapese PatentApplicadtnn baid<Opgni Npe 290 BA£3Vact i ve
distillation colum, and further reaction and
di Stiill anotrer mrethodk is adnemlnodmef!bbgh the djpbnguwcarbonate
carbonate is obtained as a side cut conponent fromthe

is obtapsd ve 4 Gidesdut! temponadt rom GsdistPEtéon dodamrerfor
8: Japanese Patent Application Laid-Open No. 6-157424

exanﬁfgrtﬁ%‘?@ dig to European Patent No. 0582931, and
Pat ent No. 5334742), Patent Document 9: Japanese

(5) a(P te‘?ﬁ%dpﬁola)h‘?éﬁ tR8 éltcg? ixtGre @oﬁ@éﬁﬁ the catalyst is

éspondi ng to EuUropean atent

vtk P AT g I e
ol Sl A ORI

mat eri al containing nost of the catalyst and |o
carbpoiaterig eetaimesaea side sHE compERARt FRMUHE FRLIHER nt
20 material is introduced into a distillation colum
distiHatiodi solumhat(see PateshDdamment 8:wapangse Ratedheny!
carbonate is obtained as a side cut conponent from
Applitgtighdtaid-Qger Nm! 645424 (Petrespdiudingeta ElBopean
Japanese Patent Application Laid-Open No. 11-92429

Patérﬂ%bemm ah@ (FB opedanPreB33w742p1padént Brutument
U.'S. Patent No. 6262210), 25 Patent Docunent 17:

9: Jé&&ﬁ@@é%é’?&rﬁ”ﬁ\péﬁehhw LaM-Ehéh RSN N8 4058
(corresponding to European Patent No. 0582830, 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 like, and thus
separated into high bbiling 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. 11-9242S (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



9- 255772 (correspondi ng to European Patent No.
AOS5008RERBAN and U.S. 16 A0501 VP82/ KAN Pat ent No.

. 5747609), Patent Docunent 34: WO 92/18458
(corresponding to U S. Patent No. 5426207)); (7) a
method in which the reaction m xture containing the

catal yst .is istilled in a filLst Iy ol um,
Patenho. @%42%93%[3@&9%58%’5ﬁ”h§?ﬁ-i‘%j d@”gggﬁ mat eri al
containing the catal yst and | Qw Bojling point
(correapending %Qn'dﬁh&at@ﬁ& N%V\gﬁgggpﬁgi'poi nt material is
introduced into a second purifying colum and .
(7) adnethotdni whichs thereiastiosumixtier eaptainingithasratalyst is
carbonate is obtained as a side cut conponent fromthe
distilfee on fipst pliyifging cblumn( sred Haweseprated intahigh boiling
Japanese Patent 10 Application Laid-Open No. ' _
5 pointlﬂ'fqﬁgﬁ%ndorﬂﬁ%ih@ tHe EatAg@t iandowbailipgeppint material,
ca

rbonate containing phenyl salicylate is introduced

and Lr[léarg é@eqbg{] gby;@ ﬁqiﬁpkﬁ%rm\f.h%ﬁsd@cé@ ihfeer sétond

ation i1s carried out at a colum
.oottom t enperat ur e of. I h i l
purifyTish SR TEG AR ey i dE s, cE obadt oy Eref WhEMipt¥ny
' conponent, from,the distill ation col P -
carbppalemnoteined amacsaeraub hp e BETol e 8
No. 9-194437 (correspondin t 0, Fur.opean Pagent .
purifyirea Gedymn Lﬁﬂed’eat,enttDﬁﬁsfgftPé“éoﬁg JPBENSsE, a&%’r’{\gus
problens still remain w th such di phenyl carbonate
10 Applicataontliaid-Pper Noat 1o Ho@ndisi ng 20 distillation.
Specifically: (1) The purity of the di phenyl carbonate
(8) Phigthoetlin Wiiohhdipheny! azrbonade centainingphesyl salicylate
(Japanese Patent Application Laid-Open No. 54-48732

is inliIUGSPRE AOdistilWeRin Celumm Raving 5AphSctiteaneticsl stages,
Open No. 736063, and U. S. Patent No. 4252737)) in the

and %?gtggggﬁénigsﬁéﬁé%@;ﬁsutﬁéxa;'Eljtifltﬁgit/)rf"gt{ctfgirlﬁ fem pekatueh of not
less than 150°C, whereby the diphenyl carbonate is obtained as a side

15 cut component from the distillation column (see Patent Document 31:
Japanese Patent Application Laid-Open No. 9-1 94437 (corresponding
to European Patent No. 0784048)). |

However, it has become clear that various problems still remain

with such diphenyl carbonate separation/purification methods using

20 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

25 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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mass production on an industrial scale. 17 A0501
AOS01¥B22 (2) Regarding the above (2), the process of
exanple 1 in Patent Docunent 32 (Japanese Patent
Application Laid-Open No. 4-100824) is a batch
process, and the di phenyl carbonate obtained through

() R eBa T BR aPb 23T R STER 7 AR Ty P M
Documuat A s s dters Anbo o R b K3, A5l60ez24) s

material for the production of a high-purity uncaol ored
a bafoil peacessaand thesgtipenyi earhorries sbiaines through the
Docunent 29 (Japanese Patent Application Laid-Cpen No.
proc8s 4 d¥@ajentnDolca ol 8 3( Rlapdnes e iRdtent IAdplicatioonat e
is heated to a high tenperature in the bottom of each

Laidﬁtﬁthmol iuhBoT0ag idaHtaiedd Gtanium datatystndlbbit in an
nmet hyl phenyl carbonate separating columm, and is

amo%ﬂf@é%&j MorE thbh ?gdBrﬂb driiRenrlelinbh sufitiblgi #hamndw

nate separating colum; the di phenyl carbonate is
t hus Lter ANa[el ahou 5d i
matejal Tprattsr BEGRuPlbRR 1By Y BBt 4 PoipEaRbhite.
Pat ent Docunent .14 (Japanese P t )| i cat i
(3) Withithe Broress sddtateraaapcume s e oAk fd Pilgnt
(Japanese Patent  Application Lai d-Open . .
ApplicationdzgyOpgn Ne. a%ﬂxﬂ@B(Qﬁ) 'ifhﬁwliag%"t%gg)'otihﬂwgiﬂneny'
carbonate is obtained fromthe bottomof the colum is
carbpbatessihedled 0 achightemparejuiss in dheLettaenet each of the
desi red pol ycarbonate cannot be produced. (5) Wth
lighttfractioacespardtimatoaiurboamdetiie snéthy Py ircarhanate
Application Laid-Open No. 6-157424 (corresponding to

sepdratREEBluMAt &Hd N théh&ARFbctaddola higRaeempetiture in the
5334742)) and Patent 25 Docunent 9 (Japanese Patent

diph@RR/! IczRbbRBts Adhdratihd ol dmh84AeSdipheny! carbonate is thus
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-Op'en 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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(correspondi ng to European Patent No. 0582930, and
AOSO1VEB2/RANNt No. 18 A0501VP82/ KAN 5344954)) in the
above (5), a reaction m xture containing each  of the
catal yst, unreacted starting material and inpurities
obtained fromthe bottomof the second reactive

5344P540) i dha Shove i&?r&ia”&ﬁa‘ﬁ?&%&%%‘ép@%ﬁfBé“%%& of the

t hereof, and the 5 di phenyl carbonate
catalystrunteactedestartingmaterial raeraétlw“%?%ﬂ\g*?mfg%m the
columm; vapor or mst of the starting material, the
bottommufrihe seconthmactive vistibationecoluren g ntnagiord into the
entrai ned, and hence the purity of the diphenyl

third Cr@h*é‘?i%t lelhtétllmd:d!ﬂMmWOmﬁén \Ggert pertion ¢beseof, amd the
above (6), the anpunt of the di phenyl 10 carbonate

& of Rveetirdreactine
ciph P LRESEh DI fpdrdlin romre sfte i oot

distili%ﬁ%é@ &ﬁrﬁf Eﬁégpgg %tt%ﬁ%%ggﬂ%§%§fﬁnjﬁp -the |mpur|tles
the %iﬁﬁr@a‘?r b?l qﬂ‘gah‘e%gﬁ&%@ghiéﬁ?%a%r espong{g 8””“’ of

Eur opean Patent No. 15 8892|001 and U S. Patent No.
the djphesod)oarbamada oktaiped Jg QH"l ndust r| al scale. (7)

The process of the above (7 cess,
(6) With theeprasssatofdihe: aboyp mthe %b {5}%@@%‘% nyg
2 kg / hr (example 8 in Patent Docurrent 35; Japanese

carbBaiatetprthl Gaxhis 607 lieg d-hopexampled iniPabentyPocmnent 16:
is a small anmount not on an industrial scale.

Japadhs €8 \Fitertt pplicaten liaside@perelout1-82429 keoueispanding
top pressure in the first purifying colum at a high

to E{‘ﬁﬁ&b‘é&hqfa?é}q Re. 1anmbesdcand UoSePatentdd.062822809uor 3.9
e

process industrially, then a very |arge

kg ;jjg. (fﬁligllrﬁé 099 JfP'abEHE??églmBatsw hJé’pé‘hSQe\PéwﬁﬂApphCatlon

ui red, which would be
Latdpb%belne No. §: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 distillation
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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(8) Wth the process of the above (8), although it is
AOS0BYRB2MKAMNAat the 19 A0501 VP82/ KAN content of phenyl

salicylate is reduced from 3000 ppmto 50 ppm

(exanple 2 in Patent Docunent 31: Japanese Patent

Application Laid-QOpen No. 9-194437 (corresponding to
Eur opean Patent No.  0784048))

not hi IS Qn

contantaobpaeay! salicais s FpdeeHsom 008 aph ¥ &0 BRE

t hough the di phenyl carbonate is produced using the
(exambpbs deite Petenb Documiend Fkadppanesad® aterAPRIisation

- definitely a purification process for di phen¥l

Laid-CH56AMb £ 9cq94ai 3T (gomelspandingdo EnpapeancBatent Niong

is nmentioned what soever with regard to the
0784@38}?},‘ RBtISitd P Hdrticsed Whatsdewsr for ather sepafitiest  For

on t'he 10 pdl ynerization to produce a pol ycarbonate

exarffi®, génlgq@*’uggrgpfﬂtﬁ% 8lpdisy! eatpsivatoRAbrogUEadiusiag the

anmou only a few tens of ppb).

W th thi 0c o hi_gr.i ' i dA@Sit B :
phosggns, et FEFE aREFlhIpr s ABRES LIRS demie

. nhot _be possiblg t se the . diphen :
purifiGa AR gEPERSS . APBaA drasboS S &t B Ehfuftiated
) described in conparative exanple 1 (in which i)h%h
impugiti@s.i nethingnis mentioned ayalsoavgs \&l}ﬁ t39aLqd [y the

process (in which after washing twice with alkaline
chlotinatedtisvpunitis i(whishthaveamvadyerse effest ea e, and

then the diphenyl carbonate is dehydrated through
polyfierizatiohitonprodu¢denpphssartonate cangd thecprapertigicREdhe

with a solid alkali, before being subjected to 20

polyESAYSREt PeREFUIrPafi Skirbhrélyosmiall amudnt efoale a few tens of
distillation colum) of Patent Docunent 35 (Japanese

ppb)f;’ilt \Z\Qih s Pﬁ@éé@@, Lata-erinied iklpdaTids) wilnhiot bevas

nore than one year after Patent Docunent 31
sond BIBRLSTERM USRI BEreR, kKB B) s id8teTtee ine
diphlt:allj'\rytl ner o Cite! s B mBRSHAP RS r 3 dNRBPHERGE ! GHis 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 sollid 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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Application Laid-Open No. 9-194437 (corresponding to
AOSORRPERTEAN 20 A0501 VP821KAN Pat ent No. 0784048)), the
tenperature and time at which phenol starts to be
distilled off in the case that reaction is carried out
wi th bi sphenol A are given as a nethod of eval uating
the purity of the di phenyl, carbqgnate obt ai.
Patenthlogi0134 048 odheaMmBeLatE; BRd dim 80 W68 Rrghst Starts
di phenyl carbonate is suitable for polyneri aL%on.' l
to becdistibiechoficiay the casethalsieaction 35 (CRTTTeRkpHb With higphgno
because even for di phenyl carbonate of |low purity

A aresgilert bat a anpthod afrevaiuatiotg the pusityi ekthe digheaybf
pol ynmeri zati on cannot be produced, the initial

carbéfa@ befained Wcigh tise alistit ationyibut edahumtion of whether
sufficiently. Mdireover, with this 10 eval uation

the o‘glﬁé%ﬂglng?rllaﬁﬁgfe MWHaNE ArpoRMEazatonncannot be carried

NaOH I's used as a catal yst, and hence

out u%\llrggrﬁ\g# t%%ﬁf Bﬁ\ﬁétdéga’ifﬁpfﬁ"u?% .e‘?:‘st?nBVBﬁ’ fdrodipheri! e,

| es, | n_correct_
cars 33143 Aty T IER RO GRRERR o P
Id b [ . i er
soar bR aa G CoBs e S Sugh, e LAY AR

i npurities cannot be used as_a raw material for .
whichgplyeaobim sl ininated occyns %\dﬁmsﬂyvpm@Hé??!%fviwﬁ,h this
such a large anmount of an al kaline catalyst 1is not
evaluation medhbdpeelargesamauntael 3r3 prmdased wh thebigphenol
for evaluating the purity of diphenyl carbonate to be
A of NEO0H ¥ ueeadasingataly2l, antyicenteratan fopdiplvenyl i n
Pat ent Docunent 31 (Japanese Patent Application

s ing?- r nef apidrn@ed papurities, an
carbbﬂa@e%ﬂaﬂ‘?mng Jkg)”é)‘;?grpﬁf@ 1§58 b e

atent No. 07 ere is no specific description

incoﬁ%;%ttgée{geynlﬁgé@n te4e trid ?igblitwﬁgypf:a%ﬁhéfb”is ArHighaperityhand is

I ned usin transesterification
suitqfde,8e.m GRRne e e b SaPeRR LB BUbUId B8 Shiaitedc: As
statggtehaor?iearlpgiphenyl carbonate containing 1 ppm _of chlorinated
impurities cannot be used as a raw material for a polycarbonate at all.
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



di phenyl carbonate obtai ned using the
AO501VRB2/KANri fi cati on nethod, and 21 A0501VP82/ KAN

. hence it cannot be said that diphenyl carbonate of the
same purity will be obtained using the sane
purification process.. It thus cannot be said at all

t hat di phenyl c¢arbonat.e_havin he requi.ed ' (A
henca I sANTIR R sAddNed QIangeu) SarapBels a dhees Bl phelty wil
through the purification 5 process of Pateﬂt Documam)

be oltminedpisingetirasame ASIfieation Procgss: oo FhNg. cannot be

- 9-194437 (corresponding to European Patent No. .

said aTa0tat) dipferedvearbarrateanaving the degrured peaity oLt raw
purified in Patent Docurment 31 (Japanese Patent

matefiz dfcatgcipchsb on e wdlild be-ck4#sdd (theoughdtredpugfication
Eur opean Patent No. 0784048)) is stated 10 to be 0.57

5 procéfs/ofPatedti BBcuERt 381 Riparisks Pdtant Fosplecaifon

reaction m xture obtained through transesterification

Laid%{%{égpm?qggﬁlht 44§f"i@8ﬂ%ts%c$'l}ﬂ2§ WE’&?bgé%naPﬁlé‘M N

e presence’o honbogeneous cat al yst
o784 cLMpFERYEL e AR f RERAEHY kPt bRritel in
‘Patent QAT (48PANCSEEAHARPRRERAR LabtEra Neen
94@433%2%%&%&33&% EGopaanpatbntNo. 0784048)) is stated

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene have not
10 to bd©eh7 kedivedvidotristmotosudniindustriaksedle.s used as

the raw material of a 20 transesterification nethod
polay esdbodatRixtuhe o bitadsed thobughitrangeptenification with a
by-products will cause discoloration and a

dialld @bt 0dnd i BhepR tld£a. startingSmitesiapieitheahtesdrce of
rreduce the amounts of such inpurities as nmuch as

a hoﬂ?&é%maﬁ:glﬁﬁ‘{f%t’ géH%PaW%rﬁQHé Rariid redytiohoduct s

are _ eparate out, and with processes
O s A Y G A L

15 amo%_tgro(%%%%sboiling 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

20 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

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

down to a sufficient level. In particular, there has been no proposat
22
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down to a sufficient level. In particular, there has
AOS0DERB2MANr oposal 22 a A0501VP82/ KAN s what soever of

a process for the production on -.an industrial scale of

not less than 1 ton / hr of a diphenyl carbonate of

the high purity required for a raw material of a

hi gh-qual ity hi gh-perfornmange pol ycarbaonaje., .
whatspevepaira psoceRs Al itBR RN A2 '§&IL\7°'§H%6;?°FA% of not

Invention It is an object of the preseng_inventéon t 0, d
less thawildtor /dyreof &i diphsrad sarbanatecphine high Ruypbyp(ravye

di phenyl carbonate required for producing a
for altagh neatairidlyoRachighghuatity dvighrperfarmanage: polycarbonate.

pol ycarbonate 10 to be produced industrially in a

| arge anount (e.g. not less than 1 ton / hr) stably

for a prolonged period of tinme (e.g. not |ess than

. h ferably not | ess than 3000 hours, nore
Dmc%‘%@&%ﬁ?@v%ﬁ%ﬁess than 5000 hours) froma cyclic

carbonat e and 8@l ving the Probl ens
15%98’%’?’&&1*’% ﬁggjr%o%rbmznigﬁllégd out studies
ained at djscovering a specificC. i :
abiuis 3B it PobenorarsBh Ve iBh B RNIER = spcine
reached to the present inveption. K That is. a k(i
processtthatienablasgsadughopurity CﬁPb?Qh’! CPH%QH?F%ﬁga%f%eCP for
are provides: 20 1. a process for producing.a t
prochiciihg puhigh-abialityngnd igboparforsiange arpmaYc palycathenate
in which the high-purity di phenyl carbonate is
to b6 Broiduseds Indystoiilbeih Briarge amaunt (sagboeitessrhan 1 ton /
phenol, the process conprising the steps of: (I)
hr) Q%BH} 'Fﬁpﬁsbb’olbh@éldcb@gioﬁ dof airkgl(e.ganbbiese thas H0@PAours,
t hr oug
preferably not less than 3000 hours, more preferably not less than
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.
Thatis,acconﬁngtothefwstaspectofthe;nesentinvenﬁon,
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 monohydric alcohol into a continuous
23
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25 a reactive distillation system of continuously

AOSOfwRBEMAN he cyclic carbonate and an aliphatic
nonohydri ¢ al cohol into a continuous 23 A0501 VP82/ KAN
multi-stage distillation colum To in which a catal yst
is present, carrying out reaction and distillation

I I d I
multivsteiger digtHiAtion SRIGAIN Tagnpuhiah AceeiAIVAL 1 Prapant.

containing the produced dial kyl carbonate from an
carryipgeutpeadtion eind distdlatipnmimuitaneeuelyuin paihcolan,
continuously withdrawing a high boiling point
contih@atislpwithdtaw g anloav bioiking feoidit s aiction aixbiier
portion of the colum in a liquid form (I1)

contéﬁﬁmg gHﬁuﬁIdﬁﬁé’dj \WaNg| aatbeheis! froar aanappebypoartionngf the

I al kyl carbonate and a phenol as a starting

coluﬁg Z‘Iéﬁasé g 'fB ulng chPtirRrsligg \khﬁdﬁéﬂiﬁg rghigh boiling
i t I r‘st continuous iulti-stage
t t
pinf AL A 58 A ALY o v

simult neouslﬁ in said first col urm conti nuously
coluggn Hya \I\‘BW@I My st colum | ow boili ng poi nt reaction

m xture containing a produced Ico froman u
Dot} eersimusaly 1 G uanacediRRery gageBBe by King the

continuously withdrawing a first colum  hig 0|I|n%,

dialkybicarboeatei and @ rhene! aﬂlaeﬁtﬁrhggdﬂﬁﬁgﬂabe@%'RVPUS
phenyl carbonate from a |ower portion of said first

feeddfy YR8 staréingi maiteribbimto adirsticardinugus dedithgtage
first columm high boiling point reaction mxture into

dlstlﬁaﬁ%ﬁoﬂélﬁﬁﬁtihr\wa% aUhbimcg egeods stathlyti isrpraseanty i n
which a 20 catalyst is present, carrying out reaction

carrgﬁlﬁjgh?trbhlcﬂb'rpﬂna' a?gtﬂﬁﬂﬁﬂ’ﬂ%hh‘lulidhéﬁhﬂ siecoai first column,

conti nuously wthdrawi ng a second colum | ow

Contbnlé?ldgﬁl @%Jﬁ&\ﬁﬁ&té s P8l Y F&th?dlﬂhggoélrﬂﬁ@ﬁéﬁﬁfh

rom an upper portion of said

mixthy AU B oAl Al DRBa HRpG dtion of said
firstrffgIElIrrIr?Tn a gaseous form, continuously withdrawing a first cclumn
high boiling point reaction mixture containing a produced alkyl phenyi
carbonate from_a lower portion of said first column in a liquid form,
conti.nuously 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,
continuously withdrawing a second column high boiling point reaction

mixture containing the produced diphenyi carbonate from a lower

portion of said second column in a liquid form, and continuously
24
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25 m xture containing the produced di phenyl carbonate
AOS0TVRB2/HKANWer portion of said second colum in a

liquid form and continuously 24 A0501 VP82/ KAN
feeding the second colum | ow boiling point reaction
m xture containing the dialkyl carbonate into the

first continuous nulti-stage distjllatij. I X ;
feedipg| the saFPNG Sejiean dow BAMg P@APLB%%%@@;}“%&”?%°%%‘“Q
continuously 5 introducing the second col um hﬂgp .
the dimlikyi s@rbenate iatethe first Romtinucsmy {-stags;distation
di phenyl carbonate into a high boiling point materi al

columaparat i ng col um A, and continuously carrying out
separation by distillation into a colum top

COFmWﬁfﬁﬁgMHadiﬁmﬁllmmqﬂaiByby coatbwetglyand a
col umm bott om conponent As containing the catal yst, 10

introé{lgir@ﬁﬁ‘e CHHdAWeBRiMn RigHPBeding pdiat ¢ehationt mpxture
conponent AT into a diphenyl carbonate purifying

I i . | . - i . .
contgifyhbafd SBPrEh PSS A% £ iglf HoliAgHsI material
ts bej t ' t
sepsi3IRSnER B Hd SliHTTab 85, SIS Uuerramias
distilaiandnto corgber P rRetarent By STt i SigfehVF
nmul ti-stage distillation colunn To, conpr, ses
carbgnaie and areeiuian SPIEPMRANen AR GRtEIIRG R Gatalyst
length Lo (cm and an inside dianeter Do (cn) and |
and trem mpraimuon gynatroaduding thenselumn tap soayeenapt Ar into a
t herei nside, and further having a gas outlet having an

dipheAyi darbdhateiperifg¢ing cotyimat Bahavinga side cot omtled, and
an upper portion of the colum near to the top, a

cont H%\hgy%‘él‘rgln@@ﬂt%ﬂ\'dmﬁi By distieition #0 tHe® at a

ottomof the colum or in a lower portion of the

com LR F4ha 4 2o HAP S eBmabnbRe . eidé 64 camponen
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 T, comprises
a structure having a cylindrical trunk portion having a Iéngth Lo {cm)
and an inside diameter Do (cm) and having an internal with a number of
stages no thereinside, and further having a gas outlet having an inside
diameter dos (cm) at a top of the column or in an upper portion of the
column near to the top, a liquid outlet having an inside diameter 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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25 or a mddle portion of the colum bel ow the gas
ADS00VPB2IKANIND at | east one second inlet provided in the
m ddl e portion and / or the | ower portion of 25 A0501
VP82/ KAN t he col unm above the liquid outlet, wherein
Lo, Do, Lo/ Do, no, Do/ do,, and Do | dO2
respectively satisfy the follow,ng formul a 1)t
the cobymrpabovs the agidbeutist, W’l%k?'eglmaoéﬂ-zgmg fé%)’,‘mo%ﬂi do1,
<_ Lo/ Do <_ 40 (3), 10<_no 5120 (4), 3 5 Do .l do, 5
and D@ /(dy., respectomly/ satsfysthg spHowiyg farmulaedi) to (6);
continuous nulti-stage distillation colum 10
conpri seg{a0s« nyct woDhavi ng a cylindriidal trunk
portion having a length L, (cm and an inside
di amet er having and interg@, with a
nunber ofjggt%gassn?@?%erei nsi de, and f(‘lﬁat her having a

gas outl gt_havj < inside diameter gy (cm at a top
of the cglﬁ%‘? ,oﬁgi—nag,n upper portion o )t he col um

r

near to the top iquid outlet havingyan inside 15

di ameter1g)1§ r{"cﬁ)?%é a bottom of the cgdf)urm or in a

| ower porti f the_..colum near to t bot t om at

| east oné $ﬁ£¢gq°ﬁﬂ%?oprovi ded in the @peﬁﬁé portion

and / or a mddle portion of the colu bel ow t he gas

outlet, SasdPal doeasB0one fourth inlet{®rovided in the

m ddle portion and / or the |ower portion of the

col(lajvs aathdirst tomtin upris nwlti-stageuddst|iation cegump |

20 b, n,, b / d,,, and D, / d12 respectively satisfy
comphieekos Ismicwrédiavingea dyfindricdllfunkipodien havirg a length

8000 (7), 100 <_ D, 2000 (8), 25L,/Di 540 (9), _
Ls (cm) and an inside diameter Dy (cm), and having and internal with a
number of stages ny thereinside, and further having a gas outlet having
an inside diameter dyy (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 di» (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 middie portion and / or the
lower portion of the column above the liquid outlet, wherein L4, Dy, Lq /

D4, ny, Dy / dyy, and D, / dy respectively satisfy the following formulae

(7) to (12);
1500 < L < 8000 (7),
100 < D4 < 2000 (8),
2<Ly/Dy 540 (9).
20 < ny £ 120 (10),
5<Dy/dyy <30 (11), and

26
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25 20 5 n, <_ 120 (10), 55D, /d" < 30 (11), and 26

~ AD501dB82/KAM2/ KAN 35D, / d12520 (12); (c) said second

continuous nmulti-stage distillation colunmm conprises
a structure having a cylindrical trunk portion having
a length L2 (cn) and an inside dianmeter D2 (cm, and

havi ng te h a 5 nunber of ges n2
t herei nsgo%?) ploaki §V\# er having a gas @@r et havi ng

an inside dianeter d21 p,of..the c m o
i n(@nsajlﬁbéﬁcoﬁgr‘iq’fbtrh"'épuﬁ%Uﬁéﬁ}ﬁﬂ n‘é'é& "@6'%8031
liquid outlet having an inside dianmeter d22 (cm
comprisesma struchere biaving @ cylindricaldrunple parsienohayHia 3 Iength
colum near to the bottom at |east one fifth inlet
L. (cR)odhdesh iinsideedigmeted O piom) candriavingran internal with a
portion of the colum below the gas outlet, and at

numﬂa@ﬁ%“ s?88esi i fhérfélﬁkld% oxhdgdrinert Ihlavmgidl gapanitietnhaving
or -the ~lower portion of the colum above the

an sﬁéigé‘[ﬁaﬂ’t‘égejt zémgﬁ'ﬁf'a'@ ?op% the2colurki, orna'n aRuppePrl,

ive satisfy the follow ng

5
port 208 iy bt Bl eSO e
. d21 < 5D2/ d22< 8
d'amé%\PEl C‘?Pdﬁ’"bbﬂ Pnagéshp?ﬁ‘afae?? m@&da\“a??‘ﬁg,‘ﬂ% %Omé'i)‘)f the
rises a continuous nulti-st distillatjo
coiumnrqﬁgretm eybattam, ptdgashangq' faﬂﬁs'ﬂé%t ar%wsl@éf ) ¢ Tbper
(cm, and having an internal with a nunber of stage

portioh ahdriednsi teddiehppetianLof then colmmmbelowthe,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 L2, Do, Lo/

D2, no, D2/ day, and D2 / d2 respectively satisfy the following formulae

(13) to (18);

1500 < L, < 8000 (13),
100 < D, < 2000 (14),
2<Ll,/D;<40 (15),
10 < ny < 80 (16),
2 <Dy /d <15 (17), and
5 < Dy /dys <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 Da (cm), and having an internal with a

" number of stages ng thereinside, wherein La, Da, and na satisfy

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

BOO < La <3000 (19),
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25 following the followng formulae (19) to (21); 800
AOS0R/PBAKAN 3000 (19), 27 A0501VP82/ KAN 100 <_ DA <_
1000 (20), and 20 5 nA 5 100 (21); (e) said diphenyl
carbonate purifying columm B conprises a continuous
mul ti-stage distillation colum having a length LB

(cm and 5 an insjde dianmeter DB (cm ,2Pgavi ng an _
i nt er nal $00re A 61989 having an inl et(?P312%8 2 ni ddi e

portion of the colum, and a side cut Qutlet B2
bet ween 20es inal #1081 and the col um H&Wom and
having a nunber of stages nB, of the internal above
t hge) shii digfenyl cartbenats pardying esiumn Brepmphtsahal
between the inlet Bl and the side cut outlet B2, a
contitiiRe miflticdtjeaestingBonfcdlibmn htaaningl = ldrgthwt sHem) and
side cut outlet B2, and a total nunber of stages nB
ifsTad B , | 4n iftedd@ls tBereim3idenBaving an
an ’“(gﬁ‘égr?gasﬁé .sfgaggﬁ)émhgoék%&eﬁ%zz) to (27);n1000 2

o1 g W@ 0L R AR e 8 gy 2
voind i 8 4 i 5 g P o

hi gh- purity di phenyl carbonate .ig,produced
stagppdumsel Hie ontarmg! abovethe 'afetz,éwﬁeparrﬁ%fa?ﬁs jes g2 of
-said dO02 for said continuous nulti-stage Fli sé' 'l ati %wrber

the iodérmal Tetweend the kdeh Bl andsthe side chd G . @8y
1 5 dot/ doe <_ 5 (28),

of stages ng3 of the internals below the side cut outlet B2, and a total
number of stages ng (= Ng1 + Nz + Nes), wherein Lg, Da, Ne1, Ne2, Nes,

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

1000 < Ls < 5000 (22),
100 < Dg < 1000 (23),
5 < ngy < 20 (24),
12 < ngz < 40 | (25),
3<ngs <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 dos and said do2
for said continuous multi-stage distillation column Tp used in step (I)
satisfy the formula (28);

1<dgy /do2<56 (28),
4. the process according to any one of items 1 to 3, wherein Lo, Do,

Lo / Do, no, Do / do1, and Do / doz for said continuous multi-stage
28
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25 4. the process according to any one of itens | to
AD503vPBbAa¢aNn Lo, Do, Lo | Do, no, Do/ do,, and Do /
d02 for said continuous multi-stage 28 A0501 VP82/ KAN
distillation colum To satisfy respectively 2300 5 Lo
5 6000, 200 5 Do s 1000, 5<_ Lo/ Do 530, 305n05100, 4<_Do

/do, <15,and 75Do 1d02 5 25, 5. the proce C in
distiltatianycalnenmn T o satisfylrespactivly, 2340 ,LOE%,SS%@ME’& <o <

Do, no, Do / dog, and Do | doe for said continuous
100018 & Ls¥ dye< 30 5BDI £ atoi 11 0| 4 D50 dant €518, and 7 < Do / doz

respectively 2500 5 Lo 5 5000, 210 Do < 800, 75Lo | Do

< 25520, 405n0 590, 55Do0 /dot <_13,and 9< Do /d02s 20, 6.
t he process according to any one of itens 1 to 5,

' ' ' ' ' ¢o i, svhireiri bg, Do,
5. fﬁﬁhﬁ%@%é:%co}@_lﬁ%'W%émlfﬁlerﬁ*salg 8, Do

a distillation columm having a tray and

Lo/ QengSP??SﬂﬁiBﬂ?%@% rg;“/%ié%?fs%&c htinltSudTRGREStage

rein said continuous
. ..Julti-stage disti].lation . j y <

aistiflaipy salfiSn toratia KAOPREUVAL PROS" s L5HF00BT0 5 Do <
15 8. the process accordihg_to.jt 6 or,7 r el

800,saisdLord)o isn28aA@ <& Hhodss Ha £ H]Dbtsai;%- 8?‘??%5?% fooz =
colum To is a sieve tray having a sieve portion and

20, a downconer portion, 9. the process according to item
8, wherein said-sieve tray in said continuoys .~

6. thié tgrosesgeaccatdihgdio anyceneraf ifemisat todh. wherein said
holes /' 20 n2 in said sieve portion thereof, 10. the

contifi @688 Smanistdgaadistiliatiom 8otum, Tyhercedistilation column
Cross-sectiona area per hole of said sieve tray in

nav i § GARLPT i eg syt o ol T 1
7. HEPAUNL S QcBYdiNgetPitelnh FTBwhetdinl §aidBBhEINUGUS
multi-stage distillation column Tp is a platé 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 distillation 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 To 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 multi-stage
distillation column To is in a range of from 0.5t0 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 Tp is in a range of from 1.5 to 15%,
29



10

15

20

25

25 aperture ratio of said sieve tray in said
AOS0tYR82MANIS nulti-stage distillation colum To is in a

range of from1.5 to 15% 29 AO0501VP821KAN 12. the
process according to any one of itens 1 to 11, wherein
said d" and said dl12 for said first continuous

mul ti-stage distillation colum,.used . .

12. Jhe RIGER$E ACSRY BIHAS AIDGONS ?Egtfm%.ﬂdp%i 4rdip said
said d22 for said second continuouys, nu e,.

di1 andssaid diz for saidifistisentinuays ! 'c?iég%gﬁ‘i‘?%'?ﬂew'“m"
followng fornmula (30); 15d,2/d" 55él

useddilsie 20) Sabisfgthe frdlowing tmcmubas( boaad rr@lsiodanend

one of itens 1 to 12, wherein L,, D,, I D, n, D,

said /dzﬁ,for said dacondlicontiucss mtﬁlltr-sta@@rd:shlkaUQn column used
ti-stage 10 distillation colum used in step (I1)

f 5016000, 150 D,
in St%&)ﬁ é(at"?%pfﬁé g%ﬁg%oiagqgiﬁli% (3 )D o < "25, and 5

¢ L2, D2, L2 1 dig! d2,,
and D2 /qdéfsﬁjfgd”sal d second cont i nuo S mJItl - stage
di stillat,ion, col ym ed in step (I1) i-sfy
respect i VeF ;ﬂzzdlogzksﬁ 6000, 150 Ja&@z 1000, 3

: 512/ D25 30, 15 155 2560 2.5
13. thsppiooess aqcprding BP%!&%@% iaeﬁzﬂ‘ﬁg 18 %, ‘%%Ee'd} L1, D1,

items 1 to 13, wherein L,
L+ / Badng, D loder, fand Eyi bdne Fax sewhtfwﬁhse@tmq#s g\?%@'ésfa‘ge
distillation colum satisfy respectively 2500 5 L, 5
distilaten commniysed indiep BhH satishvisspeiivebn2009 <L
D, 1 d"525, and 75D, 1d125 20 15, and L2, D2, L2 / D2, n2
6001216002 D, anfDOR2, 8 <123 Dk s30J AEkeong < 681 Bnsdds/ di1 < 25,
nul ti-stage distillation colum satisfy respectively

and %59% L dh2 <380 ¢4HH L D%0@25 102y B—ﬁ@g, 05, £dol,2ahd @, 3 dib,for

n2 <50, 35 [ "d21 < and 9 < D2/ d22
sald5 &%n&% rfth’?ut?u@ ﬁﬁl-@@&&éCHlBﬁIlb@lo@FMoRnﬁnQﬁse& eRsstép (1)
4 erein eac

satisfy respectively 2000 < L, < 6000, 150 < D2 <1000, 3 < L./ Dz < 30,
15<n, <60, 25<D2/d2 <12, and 7 < D2/ dz2 < 25,

14. the process according to any one of items 1 to 13, wherein Ly, D1,
Ly / Dy, Ny, D1/ dy1, and D¢ / dy2 for said first continuous multi-stage
distillation column satisfy respectively 2500 < Ly £ 5000, 200 < Ds <
800, 5<L:/Dy<15 40<ny <90, 10 < Dy /dyy €25, and 7 < Dy /dy2 <
15, and Ly, D2, L2 / D2, n2, D2/ d21, and D2 / d22 for said second
continuous multi-stage distillation column satisfy respectively 2500 < L,
< 5000, 200 < D> <800, 5<L;/D2515,20 <nz<50,3<D;/dz <10,
and 9 < D3 / dy2 < 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 multi-stage distillation column is a distillation column
30 |
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25 of said first continuous nmulti-stage distillation
A0S010/P8AKAdNd sai d second continuous nulti-stage

distillation colum is a distillation colum 30. AO501
VP821KAN having a tray and / or a packing as said
internal, 16. the process according to item 15,

~wherein said first continuous .nmulti-stage
having attray and# arok packisgA$ s34 '%@aai stillation

colum having the tray as said internal ,angl sai d
16. thepmbcmss ancordinguta itese Afs wherein srid fiEst continyqus
a distillation colum having both the packing and the,
multiigtayeadistiliatiomtonioain isla plate typecdistiliation @alymmhaving
item 15 or 16, wherein each of said trays in said
the trfda\{ 85 S itumva, rafd isasd ageotics tohttiaious oulltivatagel
said second continuous nulti-stage distillation
o ' | gV, i d1Cohgm™ Ra9URy bbihnbet packargand
dlshlgaqg%ﬁm%&géﬁenﬁ’l géor%t?lggﬂ@i%mléﬂ@pr ocesge%ccor di ngpt o item
17, wherejn of said sieve trays in the first
the t%?isn%'és'r}%?ﬁgl-’st age distillation colum and the
second conti nuous. nulti.: sta | Shi j
17. 106 Bipdosd atrorany thyish 84t oo WS SHEN BE <3 rays

the process according to item.17 or 18 wherein .t
in said §irst sontinus m%ﬁ*—s&agﬁaﬁg}'ﬂ!ﬁt@&cﬁ°%’f"‘§ i el Second
trays in said first continuous nulti-stage . .
contiicaad faltiontags distilation:siUsen df @ SiAKe W baving a sieve
mul ti-stage distillation colum is in a range of from
portienSah@ ® dowhc@Mertpertpracess according to item 15 or
16, wherein said second 20 continuous multi-stage
18. dird ip'rb@‘éb@%@d&rwﬁ%it& kedi $7i Wheian eathiof saidvsieye
as said internal, the packing in the upper portion of
trayd I tﬁglfﬁgﬂf’colﬂﬂ%éﬂ§ rhURY-stAge Ndistinegiorpeshiran ahdtthe
col um, ot

e process according to any one of itens
iy ¢ b9 SAd ' M Hay 8008io 1000
socat GBothual EETR:Ed Arftataniommd
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 distillation column and said second continuous
multi-stage distillation column is in a range oflfrom 0.5 to 5 cm?,

20. thé process according to item 15 or 16, wherein said second
continudus 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
31
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25 distillation colum is one or a plurality of sets
A05010P82/KAN ur ed packings, 22. the process according to

item 21, wherein said structured packing 31
A0501VP82/ KAN in said second continuous nulti-stage
distillation colum is of at |east one type selected

) fromthe group consisting of L1 apak :
in sameﬁﬂﬁ@nsa%%tlﬁve&eﬁpray?t'aﬁqgaﬁzgfs%gagk‘?mas?‘g@ibsdPEﬁt least
packing, and ditschgrid, 5 23, th rqces cordi ng
one typeasslesteddrom the grous mnsmmpﬁ "Eﬁﬁﬁpagf %g%’i“&ak-
hi gh boiling point material separati ng col um A and
Techsasphackli Brexipace ar Sulzarepaaking:i ad>eedph packing, and
distillation colum having a tray and / or a packing
Glitsétygsai d internal, 24. the process according to item
23, erein each of said internals 10 of said high

23. gﬂ'b' Haftﬁl?é’éé BLcBRURI] 8 arRPanat oNdeans Unto B2awhereid each
ny

I phe carbonate purifying colum B is the packing,
of sagcim{;ﬁSpcﬁ’iiiﬂgeﬁéirﬁ%%ghgg Stae?ar'ﬁgﬁ‘ égltu’vriﬁfﬁ'a'hcﬁébib

ructure east one type
. . selected front the 08SLSt ia0h: L «: Nel ing a
cioh SR EbARThoifeY BARACB TS iRt ickin having
Goodr ol | packii[nrg, and Gitschgrid. In addition,
tray apddr af AgPaskintasRYAdUEFARY of the present
invention, there are provided: 26. a high-pyrity.
24. dih@‘lprgceaamﬂé'\%rt@dl%@dz%y"‘ﬁ?‘%"%?&%&& °¥a5<%§r’8i"‘ﬁﬁ‘a's
to any one of Cains | to 25 in an ampunt of not" I_gss
of sdifiavigh balingpoinhmatevialtseparnajing Goluprod B Fal
carbonate according to item 26, which has a hal ogen
diph&Ryt eatbohat@purifying lcahu Mnl Bpisnihe2 @ackiieg hi gh- puri ty
di phenyl carbonate according to item26, which has a
25. h@{O9eBcE88 fttorfingdb itere2uhavhdreinbsaid 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.
in addition, according to the second aspect of the present
invention,vthere are provided:
26. a high-purity dipheny! 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 dipheny! 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
: 32
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25 29. the high-purity di phenyl carbonate according to
AOSORVRBDIAMNT itens 26 to 28, which has a content of

by- products having a higher boiling 32 A0501 VP382/ KAN
poi nt than that of the diphenyl carbonate of not nore

than 100 ppm 30. the high-purity diphenyl carbonate
accor di ng

to item 29, whigch as .a_ hal ogen

point thanthat ohihe SPhERY! SAibAnata oD a e 1t U Bl
salicyl ate, xanthone, phenyl nethoxyphenzoate d5. =

30, Thphiighepeiiity shphemybiaTBRNGLP REGAIRBAOANEM 28 fhich
are the Dby-products having a higher boiling point

has 4 halogbatcoftaritefinphenyte than tdhapd, and gotoptart ehgach
30 ppm 31. the high-purity diphenyl carbonate

of pHRFRATSHINGg/Ihte,| keMmrhe Wphehy! mettmxyberamate!, and
by-‘products having a hi gher boiling point than that

1-phgfoR} kol PEEPHEN6ABANSE &y Pneylomel auhivhnabé them

urity di phenyl” carbonate according to

it 1 ' ] ;
oy-profiS K B el BORRERB SO NSl ofthorBiEherian

hi il i nt hat of the diph I
carbgabnal BOSMAEE HBPSY A0 ppm 16 Advant ageous

Ef f ect f the | ti It h b di .
31, bine RserRuiDng RMRN Y edanazegrarahe B 1RET ad.oghien

i nvention, a high-purity diphenyl carbonate requir.ed hat
has acromtesdiefi the byhpurduels haying g fo??r'émi-?epa'f‘]'a gn tha

20 pol ycarbonate can be produced on an industri al
of thecdiphefyinpartcrsatet bhinot moom thanrS0 mdMer abl y not
l ess than 2 ton / hr, nore preferably not |ess than 3
32. t e hifh-plrigndiplesnyl carbo bateaecanding phétesn. 31, which
Moreover, it has been discovered that the high-purity

has & ﬁ?ﬁﬂ:ﬁn CRRENRLE FAMmbee tipduqesb stall & donteat of the
prolonged period of tinme of, for exanple, not less. -
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 tlhe process
according to the present invention, a high-purity diphenyl carbonate
required for producing a high-quality high-performance aromatic
polycarbénate 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
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25 than 2000 hours, preferably not |ess than 3000
A0S0 TRB/KARre preferably not |ess than 5000 hours, with
a hal ogen content of not nore than 0.1 33 A0501
VP82/ KAN ppm preferably not nore than 10 ppb, nore

preferably not nore than 1 ppb and an inpurity having
a high boiling point than that o

f th di.ph
ppm, nefenably, nat coere: Hhan! GLRPty per ﬁg"%é?’#!ﬂygfr‘%ﬁh"’foff‘a“ 1
ppm preferably not nore than 50 pp m)trtﬁegg?aﬁrgably

ppb awd arimpuniy HavisgparhighheoWing peint

provi des a process that achieves excellent effects as
dipheriyil dskssna®), Pcortent bwhich petngicotonoee thre 100 ppm,

hi'gh-purity di phenyl carbonate. Brief Description of
prefeg?iw Pt B rE'tRanls0 S, enere predérablhavt morerthamd 0

a continuous reactive distillation colum To

ppmf Lj’frgeir gﬂe?gé?ﬁn&@ﬁfi?‘h%uﬁﬁérdﬂﬂe@ S38Cessntetachieves

on col um Ing internal s consisting of

ieye .trays provi i.nsi - . )
excefipal ool MUl RE RS I Prougpucieorthe
continuous 15 reactiyve distillation colum preferable

highfRHTiBaAIRReRYLERMRORAS-esent i nvention, the
distillation colum having internals provided in a
trunk portion thereof; FIG 3 is an exanpl e of
schemati c drawi ng of a second continuous reactive

BrietiDatsgdriptionmfddrawings ef erabl e for carrying out the
20 present invention, the distillation colum having
pr gM@ledis iam exampls gosthemathedeawing mied wandinuous
consi sting of structured packings in an upper portion

reactifé 8| AMftidAkDILMA Thqferabls fux caliGing aud tre present
exanpl e of schematic view of an apparatus conprising

: Fi | ' iiatarn=aé iconsistingnofsikve
'nveﬁl_ﬁ@r{'éb%sggsgﬂgétm#rﬂﬁgﬁgh?ggﬁilve distillati ongg%l um
tray!s'pnrlé%?dégqggpfé a trunk portion thereof,

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

FIG. 3 is an example of schematic drawing of a second
continuous reactive distiliation column preferable for carrying out the
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
second continuous reactive distillation column linked together

preferable for carrying out the present invention; and
34
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preferable for carrying out the present invention; and

- AOSODAPELBAN/P82/ KAN FIG 5 is an exanpl e of schemati c

vi ew of an apparatus conprising a high boiling point
mat eri al separating columm A and a diphenyl carbonate
purifying colum B Iinked together preferable for

carr ing out the pres i nvention. of
dr 5 chds AL AEAMAlS pf Aopegia y vid wodt A FpbRragh

Ilqwdoutlet 3-ato 3-e: inlet, ato4b | et
compBisingnal hiphtkoilieg paindr material sepaipting FPBH'""l and a

continuous nulti-stage 10 distillation col um,
diphdreylgsdvamgteoputifyinig poturmord linked t@ga@werdpéﬁﬁ@treble for

(cm of trunk portion, do,: inside dianeter of gas
carry@h‘é'cﬁit th&pﬁeséﬁﬁirﬂ@rﬂmaﬂet er (cm of liquid outlet

In Figs 2, and 4) 1. gas outlet, 2: liquid outlet,
3: inlet, 4: |nIet 5: end plate, 15 L, and L2:
| engt h (cn) of trunk portion, D, and D2 : inside

rtion, d11 and d21: inside
Descgfpgﬁrﬁ z’lj ?éﬁ%(p ('J}CH gta\';&@E et (cm, dl12 and d22: inside
diapeter (cm) of liquid outlet, 101: first continuous

(In Fi®atiive distillation colum, 201: second conti nuous

S S St
heat exchanger, 17 and 27: colum botIom (z ¢
end platicth IDGBENAL, 267 BONKCAOTERN C 3B GRBHIMIRHS Hullisstage

col uim bottom conponent outlet of second conti nuoudc,
distinativh-solagen, dilst ilehgth ¢gamicrfutreng podien, 5)DasngIdengd

61: inlet, 62: outlet, 11: colum bottom conponent
dianfater gendf of trunk portion, dos: inside diameter of gas outlet,
do2: inside diameter (cm) of liquid outlet |
(In Figs 2, 3 and 4)
1: gas outlet, 2: liquid outlet, 3: inlet, 4: inlet, 5. end plate,
Ly and Lo: length {(cm) of trunk portion, D; and D2z : inside diameter
(cm) of trunk portion, diy and dzy: inside diameter (cm) of gas outlet
(cm), di2 and dzz: inside diameter-(cm) of liquid 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 outlet, 31:
column bottom component outlet of second continuous multi-stage
distillation column |
(In Fig. 5)
A1 and B1: inlet, B2: outiet, 11: column bottom component outlet of

high boiling point material separating column A, 13 and 23: column
36
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hi gh boiling point material separating colum A 13
ACS0RB2ZBEAN Ol uim 35 A0501 VP82/ KAN top gas outlet, 14,

24, 18, 28, and 38: heat exchanger, 15 and 25: reflux
liquid inlet, 16: columm top conponent outlet of high
boiling point material separating colum A 17 and

27: colum bottomliguid | et, .26; t .
top gasnpratieht aau?a.% ggp Hbc n%fé‘f%ﬁﬁﬂ fﬁ?’n%"d 25:
colum B, 31: columm bottom conponent ?%%I ei._t .Of boili
refluxiiliguidyiniet ar bBnaekIpbriopy cRR R B oHtled o high.bejling
. conmponent outlet of diphenyl carbonate Furifgi ng iauid
pointColateri aB sBestrabingecoumak s yiliigaod: 27 heoluman pHAM big
Following is a detailed description of the present
outiet NVeR:i 0Bolurhh fopecomgaemeni outiet iafrdiphienyd catbonaie
(1) of continuously producing a dialkyl carbonate and
if@ird ag i e iuahn Isattent Eemponeéntbutied afodipheny!
punfgng gh‘%ﬁppﬁét irtgpnonohydri c al cohol'ﬁi)s carried out.
The r ' f (1)34s dRpBnent outlet of
carb?pgh%ﬁzﬁtf&ﬁb %gtlﬁ@ﬁpPéac??bﬁﬂﬁ%%pgpcﬁe@Enpgd by
. folJowing formula:.R R0 R \CH 1l 11 0 O
d'ph%m‘fEPFP afeeﬂr"%@m%cg“ﬁ'inva ent group -(CH2)m (mis
an integer from 2 to 6), one or nore of the hydrogens
thereof being optionally substituted with an al kyl

group or aryl group having 1 to 10 carbon 20 atons.
Best\Miogle/ tor, CRIryiBgr @sdithe WVESHIRAI ent al i phatic group

having | to 12 carbon atons, one or nore of the

hy ¢roilpewing e nedétaikidh desopiptiomof theupraseant: isyentian.

an al kyl group or aryl group having 1 to 10 carbon

at g®he present invention, first, a step (1) of continuousty
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 () is a reversible transesterification reaction

represented by following formula:

R RO OR R
/N + 200 — N + .
0 ~e /0 2R — (I;} HO ’ Now -
i
0

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. Moreover, R? represents a monovalent aliphatic group having
1 to 12 carbon atoms, one or more of the hydrogens thereof being
optionally substituted with an alkyl group or aryl group having 1 to 10

carbon atoms.
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36 A0501 VP821KAN As the cyclic carbonate, for
AOSOB/RBBKAN an al kyl ene carbonate such as ethyl ene

carbonate or propyl ene carbonate, or

1, 3-di oxacycl ohexa- 2-one, 1, 3-di oxacycl ohept a- 2- one,

or the like can be preferably used, ethylene

carbonate or propyl epe carbonate being,5 e

pris$ éhﬁkﬁ!ﬁll%éérgé@a & X3P RPo Ay %WAERéncoargg nate

and ethylene carbonate being particularly preferably
such e dthylensocarhonate BE RIPPYIRR CarRaRAI8y % al cohol

one having a |ower boiling point than the diol .
1,3-di6 patgeidhexas2edne At Badighasysiohe gta-2aepengr dgehie F@n

on the type of the cyclic carbonate used, exanples 10
be prdffel &5y R588Y @thyletie easbonate aiepmupyianel caridratel being

propandl (isoners), allyl alcohol, butanol (isoners),

morespiifefably BlsePAUb 1) 6858l of precuIment el soadroand
(Psomars , heptyl al cohol (isomers), octyl alcohol

NG

ol " (' soners), dodecyl al cohol

(ispners), cyclopeptanol | i

cy BleShanienngt s, BB Boh ey &12PAsL ene gaving 2

(i sonmers), ethylcyclopentanol (isoners), ;
lowerdailineyReisH dhanothe dighRre '—,'C‘g%t'ﬁﬂﬁﬁacl oAlthgugh possibly

(i somers), dinethylcyciohexanol (isoners), |
varyigtependingrex dhe| typesehthe Cy chicer ! thuzgfoexamples

(i soners), benzyl alcohol, phenethyl alcoho
of thel mamos)dripzaghet opzinde mietbanes) ethanpl @ropane!

Furt hernore, these aliphatic nonohydric al cohols may
(isorR@rs S Ui &ldoprblvbutasobgisomens)s 3sbubens! Hodl sgutisalcohol

| ower al koxy groups, cyano groups, al koxycarbonyl

(isor%?é‘f)shefﬂyé%mr(w@hﬁlers§,onapty|aé4¢b¢voy (igproeps), actyl
nitro gro

ps. O such aliphatic nonohydric al cohol s,

UG L e Sl S v e A
und%gélg%ogoaﬁ%%%eerﬂ,@59339‘ al&SHA"Akonf¥r2§2BPEIopentancl,
cyclohexanol, cycloheptanol, cyclooctanol, methylcyclopentanol
(isomers), ethylcyclopentanol (isomers), methylcyclohexanol (isomers),
ethylcyclohexanol (isomers), dimethylcyciohexanol (isomers),
diethylcyclohexanol (isomers}), phenylcyclohexanol (isomers), benzyl
alcohol, phenethyl alcohol (isomers}, phenylpropanol (isomers), and s0
on. Furthermore, these aliphatic monohydric alcohcls may be

substituted with substituents such as halogens, lower alkoxy groups,

cyano groups, alkoxycarbonyl groups, arylokycarbonyl groups, acyloxy

‘groups, and nitro groups.

Of such aliphatic monohydric alcohols, ones preferably used are
alcohols having 1 to 6 carbon atoms, more preferably alcohols having 1

to 4 carbon atoms, i.e. methanol, ethanol, propanol (isomers), and
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37 . A0501 VP821KAN butanol (isoners). In the case of
ADSO VP BKAINYI ene carbonate or propyl ene carbonate as

the cyclic carbonate, preferable aliphatic nonohydric
al cohol s are nethanol and ethanol, nethanol being
particularly preferable. 5 When carrying out the

reactive distillation of ste 1), ,the method .o
butannlkjisgmersdt alpdhereass @Jéﬁﬁ'ﬁﬁgee%epgaﬁﬁwata br

distillation colum may be any nethod, b ir],thet.
propylase, catboratenpsaheotyelit Gasgenates Peaieaﬁﬁi? gliphatic
di ssolves in the reaction liquid under the reaction

mondHpdtié iz086holsare ahathanocandoethan, methansldaeing i n
a’liquid phase in 10 the reactive distillation colum

parti@t}! afrﬁﬁgirﬁﬁérta'mepat alyst into the reactive distillation
coII u continuously, or in the case of a heterogeneous

ca t toadi tiiatide ofetebi 0y, thamethod

un{@}]é"t?ﬁgyﬂgb&dﬁgﬁtﬂ%gﬁ%ﬁ?‘@ng% { he cat al ys? ggn be
de to be present i j Ta1e0 8

of ma e rRalhel BaeyRttal (Efprdlive HiptiRgYen column may
distillation 15 colum;: {hese_netho : sed

be any DEHBRaPHENT (1R SRS cLCS RIS, R AhpenTagenseus
catalyst is continuously fed j.nto the reactive.

catalyisd tthiat &tis 80lves imine trﬁ@CH&EbbSH%H§'d8£tt§|ey5‘?a‘$?é9“ be
fed in together with the cyclic carbonate an/or the .

conditiopsathe catatysidcan bearaheto be prapent in &y ligyidphase in
different position to the starting materials. 20 The

the reeativedistitanbhcqiunmebysfeadingeths satalyst iote He feactive
in aregion belowthe position at which the catal yst

distiliatibfdcd ymAEbAeRssukly, ior inpthes easlel ef achéterogeimeous
catalyst 1nto a region between the top of the colum

cataﬂﬂée{ ﬁg{gré’géé NbtdisgBive iRehewddridvsiquian(ademthevneabtion

rng materials are fed in. The catal yst nust
condficl 376 s 655%e Fiedti e e padcton
system by disposing the catalyst as a solid in the reactive distillation
column; these methods may also be used i.n 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 materials.
The reaction actually proceeds in the distillation column in a region
below the position at which the catalyst is fed in, and hence it is
preferable to feed the catalyst into a region between the top of the
colum.n 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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38 A0501 VP82/ KAN Moreover, in the case of using a
AC50 T\ 82/@dheous solid catal yst, the catalyst nust be
present in at |least 5 stages, preferably at |east 7
stages, nore preferably at | east 10 stages. A solid
catal yst that also has an effect as a packing in the

distillation colum may be used. 5 Exanpl es af.

o iar govenaBdthe cosanot Hamga natsrapgnng s sBlid Btalyst

al kaline earth netals such as |ithium sodi urPEJ 7
the catalyssimust bebprssent inest legshBgitagesnpPreleratly at least

strontium and barium basic conpounds of alkali

stagde! Fr*n'o?re?\@fél‘éibly at |east hOrstages. subtsolid catalygithab also
hydr oxi des, al koxi des, aryl oxi des, and am des; basic

has éﬁ(ﬁ%désq Bébki’ﬁé imehal distifdtirk eblumnemayhbeaised.

as carbonates, bicarbonates, and organic acid
salts: tert] ' SY$dd 38 stepetipyhenides,
trkgg‘wy‘}%ﬁ ggFﬂe?ﬁtﬁgx%)}l am ne, ange{)anyl di et hyl am ne;
15 ni t,rogen-cont ai_wi [ tHi&n®usbdium,
asalkallfgials A ek Rpd R ThEIRE SuQRERPH
N-al kyl i m dazol es,. N-al kyl pyrazo . ' ,

potapsim; FUDICHRY| SoSiAR y EaNRS B %%FC'UQT%*?%F‘H@T. and
i soqui nol.i ne, al kyl i soqui nolines, acridine,

bariwnkyl acri di nes, phenanthroline, al kyl phenanthroli nes,
pyrimdine, 20 al kyl pyrim di nes, pyrazine, | h
al Ibdsiy e peandsr ohalkals meteds and plkaline garth pggissuc
am di nes such as di azobi cycl oundecene (DBU) and

as h?ﬂaﬁgg,qyfdwa@@ea,ea(mﬁmest ety | oxideso@rslipbydesch as

hal | i um oxi de, thallium halides, thallium hydroxide,

thﬂdéiaredaﬁgagwseef el imie1as tared @lkalinglearth metals such

sul'fate, 25 and thalliumorganic acid salts; tin
as c%?ﬁ@ﬁ%?%t ﬁg%;rtbﬁattéb?%)d BRSANPYVAER salts;

tertiary amines such as triethylamine, tributylamine,
trinexylamine, and benzyldiethylamine,

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,
alkylpyrimidines, pyrazine, alkylpyrazines, triazines, and alkyltriazines;

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

thallium compounds such as thallium oxide, thallium halides,
thallium hydroxide, thallium carbonate, thallium nitrate, thallium sulfate,

and thallium organic acid saits;

tin compounds such as tributylmethoxytin, tributy!ethoxytin,
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39 A0501 VP82/ KAN di butyl di met hoxyti n,
AOS0tWRBAKAN et hoxytin, di butyidiethoxytin,

di but yl phenoxytin, diphenyl nethoxytin, dibutyltin

acetate, tributyltin chloride, and tin

2- et hyi hexanoat e; zi nc conpounds such as

di met h di et h h di
dibuiy) G eibAtT:. ey AT soRn I L 'S'a?ﬁﬁf'nﬂfn

trimethoxide, alum num trii sopropOX| de, t {uﬂn
dibutylphenoxytia; dnphanyhneﬂmm&!hdgl @N&Qﬁn%eta e, tributyltin
tetranmet hoxytitanium tetraethoxytitanium
chiofigé! apdt GK)2-dihglherambate;or odi met hoxyti tani um 10
tetrai sopropoxytitanium titanium acetate, and

g N3 GRIcH abedimetrmsgizinos distipoyzdsc such
asﬁﬁt:' mgmhosphl ne, triethyl phosphine,

ethvteﬁeﬁé‘%’*& BiRG A cihtaRyARe, Phospn ne
H:a l bUt %ﬁ%@@@%ﬁgm@lﬂ%ﬁﬁ %E@'\elg_ﬁﬂrigil?tggrﬁiﬂ% aluminum
oun suc @ias zZi rco Lum hall deé zi rconi um

"“5%&%’3 §t U, U?H‘éﬂ’% i des, and zirconi um

acetate; and |ead and | ead-containin nds, for
ex AitBNEI MSRMGOLIKS. sg&Brﬁ%éegf ‘%ﬁﬁétc‘ﬁﬁg‘%bsm
l'ead sul fides such as PbS, Pb283 . and de eI
tetrastipaytitesiurac betrebaboxyditanipprogichlpredim thoxyt anium,
Pb2[ PbQ2(OH) 2], and Pb20(OH) 2; pl unbltes such as
tetrdiedphsBox @ R.hmm Nitdriion) amedaterand titapiumbacetylagetonate;
as 2Pb (3, Na2H2PbO4 K2Pb(3, K2[ Pb(OH) 6], K4PbO4,

SRS, Suighnag daismrimsp espen
triethylphosphine, tributylphosphine, triphenylphosphine,
tributyimethylphosphonium halides, trioctylbutylphosphonium halides,
and triphenylmethylphosphonium 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, Pb2Ss, and PbS; |

lead hydroxides such as Pb(OH)z, Pb302(0OH)2, Pb2z[PbO2(OH):2],
and Pb20O(0OH)2;

plumbites such as NazPbOz, KzPbO2, NaHPbO0,, and KHPbO,,

plumbates such as NazPb03, NaHzPbOy,, K2Pb0O3, K2[Pb(OH)el,
K4sPbO4, CazPb0Oy4, and CaPbOs;

lead carbonates and basic salts thereof such as PbCO3 and

2PbCO3-Pb(OH)2;



10

15

20

25

40 A0501 VP82/ KAN al koxyl ead conpounds and aryl oxyl ead
AQSOTVPBRKAN such as Pb(OCH3)2, (CH3O) Pb(OPh), and

Pb(OPh)2; lead salts of organic acids, and carbonates

and basic salts thereof, such as Pb(OCOCH3) 2,

Pb( OCOCH3) 4, and 5 Pb( OCOCH3) 2PbO 3H2O, or ganol ead

d h b, ,Ph4Pb, b
SRyt e kRt iy BHER R AT ¥ o
represents a but roup, and Ph represents a phenyl
Pb(OBHsip) | GI@)%(%I}’Qgsam BB(PFMNa; Pb-ca, Pb-Ba,

Pb-Sn, and Pb-Sb; 10 lead m nerals such as gal ena and

zi réadObett@eof engiahwdaatds arid mhd@ﬁs(ﬁﬂ@&mg sglts
the case that the conpound used dissolves in a

there%farsucwas v €0 A C bf3) $,Rb (@ QD Cés) 4t BBAr eact i on
m Xture, a reaction by-product or the like, the

d h tal 15
P BB BB, B2, D2 "t he canpound doce mot
S;{%Eq‘;"?é{%lee}g{a],%ﬂpgﬁﬁgﬂue%qm REBUIPE, P OBUIPLC,

I |sa referableto use,
e L

of the reaction, the reaction m tur

repregeptoauRutyd rgrone, and Fﬁ'h rﬁa%ﬁ%s 3r§|‘5‘§ﬁ3§‘ 8?0‘3545 ‘i ng
to bring about dissolution. Further
exttadglay s soghags ﬂb*ﬁﬂeﬁ@hgﬁg@?g Eb %Qvﬁ{bd Pb-Sb;

tertiary amno groups, ion exchange resins having
leadamisierajssysh as galena madyzineblendeaandy at | east one

type of exchange groups selected from sulfonate

ar q%atggrd:ogqyd;mugagrmmpoatMSphosphat e 25 groups,

and 'solid strongly basic ani on exchangers havi ng

qU%etfrféa{:xseatwmrth@%awmmcaaswbmgﬂvgscium; stading

i norgani c conpounds
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 dissolve, the
compound can be used as a éolid 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,
ihe 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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41 A0501VP82/ KAN such as silica, silica-alum na,
AO50PB2/KARIgnesi a, al umi nosilicates, gallium silicate,

vari ous zeolites, various netal -exchanged zeolites,

and amoni um exchanged zeolites, and so on can al so

be used as the catalyst. 5 As a solid catalyst, a

particularly preferably used one i.s a,sol.ld.: gl :
such tass sUiaeni Ylicaxehunina, %'é@?ﬁ@%ﬁ%%?nﬁjvﬁﬂh—gﬁlﬁér%%' gallium

groups as exchange groups, exanples thereof. incluging
silicate svaocitylsy zbakites avatausexetahgxchaagedzePHles. an

qguat er nary ammoni um groups as exchange roups,, a
ammé6AiumLlegehahyedgtgolites, capdissndnes@n alge ba aigiasyas the

quat ernary 10 ammoni um groups as exchange groups, and

catalzgt.i norgani c carrier supported type strongly basic
nion exchanger having quaternary amoni um groups as

exglanae, gf gﬂgﬂgﬁgfﬁgaraﬁﬂ&ﬂﬁhy passoeably asedeaaasge solid

resin havin y anmmoni um groups as exchange

seori B3 AR SREL pBoR N4, Sy g groues

e can be preferably

as oSt PR i BPIGRBREhY TGy SR D B anion

ge re havi ng

a copolyner of styrene and divinyl benzen S t
I A R i e

| or type Il) as exchange groups, and caQ be ¢
groupshenaeliclysg stenalyhasig apgn exshangerdiaying gyaternary

follow ng formula: 42 A0501VP82/ KAN 6 ) i
ammohiuGrgebRpeHa CldkchangeHaroups, @nghaniinorganic 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 strongly basic anion exchange resin having a
copolymer of styrene and divinylbenzene as a parent material, and
having quaternary ammonium groups (type I or type Ii) as exchange

groups, and can be schematically represented, for example, by the

following formula:
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CH2 CH2N(CH3)a XQCHa Xe /~-CH CH2- CH CH2- CH -/~

AOSO0TVESZIKAN ~, - CH CH2 - CH2N( CH3) 2( C2H4AOH)

CH2N( CHs) 2( C2HAOH) Xe X _ wherein X represents an
anion; as X, generally at |east one type of anion
selected fromF, d-, Br , 1", HCO3 , C032 CH3CO2

HCO2", 103- Bros , and Cl103" _i s use pref ekably at
MMZ#G\HW@‘&W%‘S‘Q THM

consi stl ng of O - and C032 Moreover, as
[ M material, either a

(MR type one cftypeel)

Hr |y preferabl e due

- Y QACE bei ngﬁhl gh. An
fpl &€ of a cell uose strongly| bagic dm on exchanger

g @avi ng quaterna gr oupCHEN{ ge
CHe gH;%gceH\u‘l"—s & 00 CH2NR3X ®Rxchange
gro% tai ned by converting sonme or all of the -CH
grolips in the cellulose into trial kyl am noet hyl

groups. Here, Rrepresents an al kyl group; nethyl,
et hyl , propyl, butyl or the like is generally used,

preferabl met h or ethyl Mor eQy epresents
W&lﬂ zh Hwos§HPs? N'%é’mgamc

hasi ¢ ani on exchanger

&S exchange groups
ad - Q( CH2) nNitype II)
d thereto by

®
@ e~rn—CH—CH2—~— CHzN(CH3)2(02H40H)
cn:ngcna)z(cmmu) X©

wherein X represents an anion; as X, generally at least one type of
anion selected from F-, CI", Br, I, HCOs", C03s*, CH3CO2", HCO?, 104,
BrOs", and ClO3 is used, preferably at least one type of anion selected
from the group consisting of CI', Br, HCOs', and CO5;%. Moreover, as
the stru'cture. 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 cellulose
having —OCH,CH2NR3X exchange groups obtained by converting some
or all of the —OH groups in the cellulose into trialkylaminoethy! groups.
Here, R represents an alkyl group; methyi, ethyl, propyl, butyl or the
like is generally used, preferably methyl or ethyl. Morepver, X

represents an anion as above.
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5 -OH surface hydroxyl groups of the inorganic
AOSOPAPE2/RAN Here, R and X are defined as above. n is

generally an integer from1l to 6, preferably n = 2.

As the inorganic carrier, silica, alumna, o

silica-alumna, titania, a zeolite, or the |like can

be used, it being preferable to use sih%ﬁa,. alughna,

orAsiihbrganicgarier supparted Yy pe S EPRRRLPFSLE BR8N Any

met hod 10 can be used as the nmethod of nodifying the
exchatgéatavisdrqualergaoy @mofoniume gravP§aas @ nge grayps

the solid strongly basic ani on exchanger havi ng
mearfiahSintRgani@BERiewthet hiass has <0O¢BhhgeNGt3uasatarnary

commercially available one my be used. In this case,

A MEBAticetPihellels BE moedyirrg soméer all of the
amm#?‘%@e@%ﬁ?@gﬁaon cat al yst 'ﬁa’}feter b!éi ng subjected to

-on e8P fpanianiccame stere 7 and X

a solid catal yst

are SRR BB RIS A e SFLe P SROR1E(D, proterably

cyclic groups
each containing at |east one nitroge _a0 tani
n = ZnoAae IGFGANIE SR TIEliSICBoAILT At Ao 1 fEE-aftimitfa, titania,
het erocycl i c groups each containi ng .at ast one._..
a zeaolite,ogethatitke can ke stsash ‘él@'@ﬂdb'lgﬁfe@ég" g% Ysg.silica,
transesterification catalyst. Furthernore, a solid hod
alunmabaloysilica-ahircinas gpartinularly preferably silica.  Any metho
ni trogen-contai ni ng heterocyclic groups have been

can BRNYSEH s tNé anethsd afenodifyisglthecsurfaseshydraxylygroups of
used. Note that a solid catal yst such 25 as an ion

e .dFR%ral so act as a packing. The anount of the
the lcat gﬁyﬁggcused In step (1) varies depending on 44

AOSRL INESR I Ui iyl MpEsie! ahitih BRERENYersavingqtiaternary

contl y feeding in a honbgeneous
amSGRA Sk o B s, gsiecny Susnac o
mav:oge?téégcﬁ])?f, iﬁﬁtg{,«.{ ggggg'tggoérbitq% ggcfﬁﬁéﬁﬁgptalso be used as
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 inorganic carrier

having bonded thereto heterocyclic groups each containing at least one

nitrogen atom can also be preferably used as the transesterification
catalyst. Furthermore, a solid catalyst in which some or all of these
ﬁitrogen-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 (I} varies depending on
' 44
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5 nore preferably from0.01 to 10 % by weight, as a
AOS0TVPBRIKIAMNN of the total weight of the cyclic
carbonate and the aliphatic nonohydric alcohol fed in
as the starting nmaterials. Mreover, in the case of
using a solid catalyst installed in the distillation
. colum, the catalyst is preferably used.in an L
the type ofrthegeatalyst gged, dutiig the G858, of,§pBtInY %sé?ggggﬂt' g in
0.05 to 60 vol % yet nore preferably 0.1 to,60. vol % th
a homageheous thtakyspithat disseives imthereagbiom 4aH|d By ©
colum. There are no particular limtations on the
reacti®h tashditiosenttheusmolunt dsediisgeaneraltyain enpnge &fifspm
cyclic carbonate and aliphatic nonohydric al cohol
0.000148 50 RNy Wsleht TBtéferabhy €roinsDi005ite &0 dolbynweight,
constituting 15the reactive distillation colum used
| | ¥r iPoeldighBYada pessodtion afghe
moreagré‘{ﬁgggé%l)ff%‘ﬂg? ﬁﬁtgt@gﬁww %I I phat ig nmonohydri c
al cohaql n_ be d t e : orfbtvdric
total W Q)f ﬁm%pypﬁas a@%srfﬁg 8fl thi aﬁgb?k al?'\ I Hy

ages, ptr ef er y east 7

alcotplisd inmniEaiamng Aarerals : MotpoVst fL g legel of peino

C' carbona
20 the aliphatic monohydric al.cohol, can Qe :

a sobidratalysisinstabiad n m%ﬁh%t'”@?éal]iq%lb‘%-nﬁ'é‘? cptalystdfs
in stages of the continuous nulti-stage gist#élatagn
prefeciblyrusad iinfan agnount ivadranadLifEept DRY taf pivfl %, more

Moreover, the cyclic carbonate and the aliphatic
pref8RABINYOIGS: talatobol%, iyey heré mrefeitatzly 0.4 to Hilvekire Pased
, stage of the distillation columm, or 25 may be
on th@térﬁﬁw%wmrpvdldﬁmer@hth@td&gﬁﬁationmlmm her. The

starting material cyclic carbonate and aliphatic

ol h?? ndégggﬁgﬁléfpﬁ%mﬁé e?hfe anétHoat of continuously
cont Inluguis y go f eTco_ntl nuous nr:blgal -stage Ny
t .
oo iy UM S rtnmnony e
alcaainte & £oAtasRsutitBY Al Rl tiof QiR To constituting

So prefera
to additionally fee

d . .
ihe reactive distillation column used in step (l); 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 aliphatic monohydric alcohol can be continuously fed in from a
required number of inlets in stages of the continuous multi-stage
distillation column satisfying the conditions described earlier.
Moreover, the cyclic carbonate and the aliphatic monohydric alcchol
may be introduced into the same stage of the distiflation column, or
may be introduced into different stages to one another.

The starting material cyclic carbonate and aliphatic monohydric
45
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5 in a gaseous starting materi al intefmttently or
AO500Pe/Kdlisly froma |ower portion of the distillation

col um. Mbreover, another preferable nethod is one in

whi ch the cyclic carbonate is continuously fed in a

liquid formor a gas / liquid mxed forminto a stage

of the distillation _colu above the st ' [ :
alconharedted pontinuauslydnto R STRYBUS Mpfiria08 ddtffation

nonohydri c al cohol is continuously fed in a gaseou
colurfinrfy and liquid farmj yuiadgaseausHosm, ¥ Pav%m'%i‘r'w 83 Sf

the distillation colum. In this case, the cyclic
nqu.d:ah@oa?aas mepthbrthansteadingaihe stastiag m\qr@ls info the
nmonohydric alcohol. In step (1), the starting
dismlmhgﬁ IS mireth 'tﬁls”ﬁr)éyCQDtsaarsd peefarabletto additienaljy feed
onate and | or diol. The content thereof is, for

frooma0
na é%saahso%%m@arh%ﬂ%g LRy or cartimassy fro

lowe} pattiosy OF E{égg @ﬁf\gbyc%{/ﬁﬂmbf)g;h?oggofﬁgy%ﬁ\gl%ﬁ préferable
methach Scpnecin s dAe Graie CaTRRRRLE ip S GBSy fod in 2

generallylnaraneoffromOtolO% ' PTITY
liquigfor ey ab|q/gasdnh1@uid mixed, gy miigng s Stge0 ﬂﬁi?%sgvatm

fromO to 5 %by wight, in ternms of  the rcerllmagie
colulmn atioylet thof stagesliniwhich tHe @;aéﬂw@tdérﬂf(ﬂ%

m xture. \When carrying out the reaction of step “gf
aliphaWeishé hahyrichelvioted isoritirgaushcled ing B@ﬁ&@é‘sa m and

or aliphatic nonohydric al cohol newly introduced into

! or % ?% GRPEI I in &Y Shé IowRt poitidn lodthegdishidl adiarn columg. In
0501 VP82/ KAN carbonate and / or the aliphatic

g té B bf coumNenhtairetredaliphatic
thls %%vgﬂ%dqggénetgm)gﬁ%rocesg and | or another process

eferably used for the starting
moneiwa"}acae;ceh%’f

is an excellent characteristic feature

of Itnhgtepp ?ﬁethels \é?trl]rtws';jonr'}artgﬁglst g ihsmay contain the product
dialkyl carbonate and / or diol. The content thereof is, for the dialkyl
carbonate, generally in a range of from O to 40 % by weight, preferably
from O to 30 % by weight, more preferably fro.m 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 O to 10 % by weight, preferably from O

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 (I) industfially, besides
fresh cyclic carbonate and / or aliphatic monohydric alcohol newly

introduced into the reaction system, material having the cyclic
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5 possi ble. An exanple of another process is step (I1)
AOS01IMPESIKAN a di phenyl carbonate is produced fromthe
d

i al kyl carbonate and a phenol, the aliphatic

nonohydri ¢ al cohol being by-produced in step (Il) and
recovered. The recovered by-produced aliphatic

monohydric al cohol generally oft en cEnLai ns th?
carbotiai land d amtheatiphatie mARRYEis @ RBRBKFAT 3,2

conmpound, an alkyl aryl ether and so on, and may al so
compBAentitheseel reeoverad frdmaihialprpicessyand r #oARC hef he

di phenyl carbonate and so on. The by-produced .
procedls PhAtd|SonBaqieterablgl usddifor the dlartinganaterialas 4 is an

starting material in step (1), or nay be used as a

exceli%rﬁt{ ébﬂ%é‘@r%ﬁ?k?émr&t@mﬁé prakeet ihhentooutitatothis is

ned material 15 having a higher boiling point
possibien /R paBmp I of pinel ArPRRRae e DI ManiRtee
dipheiceAspnall i duced T, i Biaff Brobhato Brfa
phenoki ths 81 IpRaSic Mo daria b aah b b gy SLoOBEsE T sfep (1D
carbonate containing small anmounts, o

. h
and wcdvered.i kEhaaeanyareddbwPra aucsd ?ﬁf&ﬁ%’t"eﬁ%ﬁ%gﬁc

step (I). In step (1), a ratio between the aﬁﬂrmunts o_I.

alcolidlegepetalty aitammardairenthe idiatyl marbionaigndhg fromatic
al cohol fed into the reactive distillation colum

mondRYHES Ao Sbaad! ant atkyl oyl etbenanehsodint apdomay aiso
transesterification catal yst and the reaction

i ts 8f B alkyll#ryi carbonatealheidiphenyl
cont‘rémﬁﬁgm/éc}?%ingpgoshol to thye ag-tyd ic carbonate fed in 47

carbfsagégg%\%@%%mhl THe ¥ égl‘é‘bbbfehrhlibﬁéﬁgﬁnahohlydmicﬂaﬁﬂohoi

“limes. " To inc se the cyclic carbonate _
oy SRS B8 e G, P 5o L0 b e o
a stzgrr;iengmrjnngteerria(l)lfinms)tlesp (1) after the amount of contained material
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 (1) 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 (). |

in step (1), 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 monohydric alcohol to the cyclic carbonate fed in
47
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of the cyclic carbonate, but if the anmount of the

_A050Np@7mhp nmonohydric 5 al cohol used is too great, then

It 1s necessary to make the apparatus |arger. For
such reasons, the nolar ratio of the aliphatic
nmonohydric alcohol to the cyclic carbonate is
preferably in a range of from2 to, 20, rrgqr’e t
is generdlty abla/rangenas from 6,09 do 1P tineser aIP Jnerease the
g
12. Furthernore, if nmuch unreacted cyclic carbonate..
cyclié @arbbRaté wwnversion Oitusrpreferableyto feed ana&%@lépi?eyc
react wwth the product diol to by-produce oligoners
mon&%i@%léoﬁbm a7 eRcbS5 N at EEbtiZhimesthel ndmbern af mols
[ enentation, it is preferable to reduce the anmount
f | Cif GNP QR SN & iglipreati cridnabydric
of th%o%s#ﬁéé%ﬁq?%%%fgcess of the present invention,
even if .the abov righiatd O d ol tnd¥e ehbhmppdfatus
alCOWNg”%?‘ENP og a‘g‘:"o%tarmEfll tig déhé§sca &3

a t'e conversion e nade to be not

|arge{;§2?@$€§ﬂ;ﬁ§§a oré'ge';et ablgf’pIggfy/gkiﬁﬁ{ﬂ@%l%g&{%@nohydric

'S a
characteristic feature of th sent_ _inyentd I

alcobokfs (e cysiier eRERRRaIRIS PEsterah, B lb B Lo™ Zito 20,
ton / hr of 20 the dialkyl carbonate is continupysly

mor e pod ety tfhemnd tionti uebmre)preiw%éy?r?@ éPbg‘ﬁat e

continuously fed in to achieve this is generall ¥1 0. Ah4
FurtRefmbré, I mustetinrastied cyelip carbonate, rafawns, then the

preferably 0.4 P ton | hr, based on the anount P (ton
unrdac!t?éb &fclid1Bafbehite nvay boaet eitto the prodamitodiol ton a
ye

nore preferable case, this anmount can be made to

by—pﬁgpp?ggﬁgg%ﬁ-ﬁgt | A9 R hUiMemsr altrémeonandubesce in

[ation colum To used in step (I)
B RBIAP AP BFe R abts abrisue thgumount of
unreaa?ctie?isi:egﬁg s Bﬁ%t&e%ﬁﬂwiﬁ&%?m’dm ds"h&58MIE. Withithe
process of the present invention, even if the above molar ratio is not
more than 10, the cyclic carbonate convérsion can be made to be not
less than 97 %, preferably not less than 98%, more preferably not less
than 99%. This is another characteristic feature of the present
invention. |

In step (1), preferably not less than approximately 0.4 ton / hr of
the dialky! 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 To used in step (1)
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nunber of stages no thereinside, and further having a
ADS0DIESIWANL having an inside dianeter do, (cm at a

top of the colum or in an upper 5 portion of the

colum near to the top, a liquid outlet having an

inside dianeter dO02 (cm at a bottom of the colum or
in a lower portion of the_ colum near t

) ._CO the DOottom
compaisésasstrustuta having ey iprgucgddry Pﬁéﬂﬁﬁg'é?‘pﬁ‘& d'ength
portion and/or a middle portion of the colum Pel ow1
Lo (chf)cagdsaminsiels dimmeten Diockan) end bavtig intarpals with a
provided in the mddle portion and / or the 10 |ower )
UMby bi gmagéstﬂbethbﬂeﬁlﬁﬁidﬂ)wmd tfoetharguavingual gas omitatehaving
Lo, Do, Lo/ Do, no, Do/ doff, and Do / d02 nust
: L s i hetddfanengolmnnord Eeaflypper
an ‘”%2%5‘%83@%‘}‘5@%?(1) PTeo < Do 2000 (2) 15 4 5
Lo / 2 id3oatIPP ha ah iidide
port'PB')Ofaﬁ'ge %Qé@m/(’g)&ﬁégég t?H%)ﬁ:’l\%tg "t( at the ternvfh??he top

diarr%&g} hq%@C(?:l ngg%fbéggﬁ%ﬁbﬁggémrﬂﬂ Hin 200WEr F8HIEA of the

resent 1 nvention neans

ot o b5 8eF b T LSRN uor

bottom of the.colum or the [ower portjon, of he

portiosl amd/oear middiehpopdendf thR &R m%'ebﬁlﬁ’r itﬁﬁ Qé%rﬂ"{tl‘weet‘ and
bottom of the colum upward as far as approxi natel

at le@s?ori® selcoindinlet piogiiad inshgnmiddiesppdtiea { iQféﬁ'}P
for the first and second continuous nulti-stage

lowet SbiidRidfamecoblima, abbode Ah2Siguidanutiet 2whesein Lo, Do, Lo/
respectively for the high 49 a A0501 VP82/KAN a S

Dg, ne, Do / dor, and Do / doz must satisfy respectively the following

formulae (1) to (6);

2100 s Lg < 8000 (1)
180 < Do < 2000 (2)
4 <Lo/Do<40 (3)
10 < np 5'120 (4)
3 < Do / do1 <20 (5) and
5 < Do / doz < 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 meané 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 Lg. (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
19
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boi ling point material separating colum A and the
AOSOAVPBBRAN carbonate purifying colum B.) It has been

di scovered that by using the continuous nulti-stage
distillation colum To that sinultaneously satisfies

the formulae (1), (2), 5 (3), (4), (5 and (6), the
di al kyl carbonate and the di ol

an r ced. o
boilingposnt Mmatesied|serarating ephyny »ﬁcﬁncr 1o8 él'ﬂﬁﬁ”d‘ FarBgnate
hr of the dialkyl carbonate and I or preferably not

purifyiagscohannB26 ton | hr of the diol with a high
conversion, high selectivity, and high productivity .
st as v i s b Vit thpestr bpdisihgt threecontinueuse retage
not | ess than 10 1000 hours, preferably not |ess than

distilfél?&n h’ﬁ:g[lﬁn " T A ErRlI e donsly shitsfietitve fsloulazi(S), (2),

cyclic carbonate and the aliphatic

(3), {)@Sg%%@{@ *églakaélpﬁgé 5S téM&Yld thdaobesA®e produced

carbonate and the

on o sl A B ﬁgé@&ew% ST

ed above is

not clear, but this is
dialkyo gssbpnaterana osrBiRjRrabib bR 1aRs ReR 21 E/ e ot the
formulae (1) to (6) are conbined erabl e range
diol fwith ahkighecpauersion, d¥abr sel &rcéwcu'é'sanﬂ&g'&a rodu clt% Hsyo
(cm) is less than 2100, then the conversion decrea es
stabanéor laqm:ﬂongeldspenbdp@tsm oft tomexamplendaldess
production anmount. 20 Mreover, to keep down the

1006 HEUTEE Pre férsdbl phidtel exscthram § 00t hocosy erarieopreiespbi got
the desired production anbunt to be attained, Lo nust

t ic30afboratmaad alipblatic
less?@#&ﬁﬁ?ﬂb%@@@%oﬁ?gﬁ%s 0 IS Lo 506000 IWIP?.Ehé 2580 <

moqLoiygi fchogg t@‘g‘gl,r.‘g ‘m% ﬁHHs%n W RTRES Dedmbf péBsibtatoi s

_ _ I'S not” possible to attalnthe
ro@.ﬁq‘} éﬁ%ﬁﬁ%ﬂ%ﬁ%éiwg%ﬂﬁgr&@f%n arCirRARridP Wl 8avith

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 conversionv 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 < Lo < 6000, with 2500 g Lo < 5000 being yet more
preferable. |

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

desired production amount. Moreover, to keep down the equipment
50
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a> cost while attaining the desi red producti on anount,

AOSO'QWWBDG made to be not nore than 2000. A nore

preferable range for Do (cm is 200 s Do 5 1000, with
210 <_ Do 5 800 being yet nore preferable. If Lo | Do

is less than 4 or greater than 40, then stable
operation 5 becones difficult.

In particular, .f

cost Whiles athatning the aesited preducken aF@ng Dfityst, %ﬁbﬁahe to
bet ween the top and bottom of the col um becones t,oqz

be ndll Atfre Bzh et pAahongqtefecable mangafPbPnEeBlds 200 <
difficult. Mreover, it becones necessrz;fy ttgl I Nncrease

r r€ D4 & 80 bleimgrygtombirerpreferarlecol um,

Do S?%%éﬂ@@ %?ge re?lacti ons bec{)yms 10 liable to occur, .
br jengi a § eatéhehan!40 tihdrn gtablenoperation
prgpe? g%"egfgghsg%"?%ﬁ 4orpraateity < Lo | Do 5 30,

Wth 7.5 I ; FR ' tREALAE, tHén the
becoﬁ%e§glffb@b?1 h MF'%m%ﬁqr t'fg Aégtﬁvlgr'@{%gg%ecreases and
hence it is not, possibl 0 t,al [

prespuba itiPEANSRERINE R faB ep oy By Eoll8s 8 cBm
equi pnent cost while securjng the nv L.of i

becamesdes gesnpantioenss AHATDED SHETR PRBFafo R Eireofies
be made to be not nore than 120. Fu,rtherrmrtz_i 'hf 0% rature

diffi¢uit gr dMoevovdraint becomes meaassary dosincEedsfs i ifpperature.
between the top and bottom of the columm becones too

in the' RAver P@ﬂtiban@femn cotugey andihlencensids reackepsnkecome
difficu

t. Moreover, it becones necessary to increase

Iiablbhga E%EH?,V BiHgeng igbdutea ldaereaser in the sieleodvidy) ufnmore
‘ a

n ence side reactions becone |iable to occur,

pref%?éﬁ@% g%?gé%} 13 FBGi8a5 & Ly /i <S8bewtitivi7t ¥.Lov Bore 20

range for nois 30 5 no <_ 100, with 40 <_

ooyt Ml RO S o225, Tl | 8

yg;@?qvos{s’r @aseéaﬂ-&%? 1?;1“#&1 fle 20932F8HH 4e¥PLESEE arkd 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, np must be made to be
not more than 120. Furthermore, if no is greater than 120., then the
press'ure difference between the top and bottom of the column
becomes too great, and hence prolonged stable operation becomes
difficuit. 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 ne is 30 < no < 100, with 40 < no < 90 being yet
more preferable. |

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

Moreover, a large amount of a gaseous component is readily released
51



10

16

20

25

A0501VP82/ KAN - to the outside of the system and hence
A0S0 BIRER/KADDer ati on becomes difficult. If Do/ do, is

greater than 20, then the gaseous conponent

wi t hdrawal amount becones rel atively | ow, and hence

stabl e operation becones difficult, and noreover a

decrease in the conversiqgn is 5.0 t t
to theosttsidmré thangestes. 889/ %‘,’eiséahpé%&?rg?@bgb?%%
with 55 Do / do, 5 13 being yet re preferable, |f
difficOtt. / a2 7 sloh ds gregdear shan ﬁ}%‘ngaﬁifﬁé?ﬁu%&amponent

-beconmes high. Mreover, the liquid w thdrawal anount .. .
withdraamiesmoairdtbeeomes i atively lownendhapce siahigioRgration
beconmes difficult. If Do/ dO2 is greater than 30, 10
becolied diffeedit o¥ndaherébvenahdebredse in dheutorversian is

pi pi ng beconmes excessively fast, and hence erosion

o ) e Bt g, Ottt o o
15 i, B 40 {3 g kg - o b

0 b S S Byl o g o
worbe 5 s RS g i e

referred to in step (I) neans tha perati.on_ca
henaemstabie operaban heeUEIas AHIZUL alfyDsd e 1508 FHeEdnan 30

on the operating conditions with no flooding, clogging
thenothepflpiwn gateothrough ohe floquidorullet anchiPingobe AR NIES
preferably not | ess than 3000 hours, nore preferably .
exce¥¥ivbBs fasthad B deoerasicandepopuas debileda ocgwiumrinNging
of the dial kyl carbonate and the diol can be produced

| abow'}:bﬁqs‘?ﬁhrﬁ@iﬁ%% parBtgd cennmirel prefenaple range for Do / doz
Se

ectivity, and high productivity. 25 The
is 7. S B h K15 0 e diyi efetable.
is 7tsf1§'oc/i°§;,z";sn2’5,s{ugtgm ?f%”bo i dibe ghaldivg per hesrel prefetable

I's based on the cyclic carbonate
realgaretﬂ'erh%rter,]?t RLES586nTound that it is further preferable for
do1 and do> for the continuous multi-stage distillation column To used in

step () to satisfy the formula (28);
1 <doy/ doz <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 Ieés 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 (1) is based on the cyclic carbonate reacted. In the present
52



10

156

20

25

A0501 VF;82/ KAN i nvention, a high selectivity of not
AOS0TVRES2/KAN 95% can general ly be attained, preferably

not less than 97% nore preferably not |l ess than 99%
Mor eover, the "conversion” in step (1) generally

indicates the cyclic carbonate conversion, in the
present invention it bein

ossi bl to nm
inventiar,i 8 highbe@lgcsivilynotpet 3ﬁ35§1ﬁ& Sﬁ"é€§a{‘h%ﬁhgééﬁ§ be
preferably not |ess than 97% nore preferabl}/‘ n?t Ietﬁs
attaind@npPeférapty natdessdhaneBZfhymese peaferafpnngs 1ggs than
still nore preferably not less than 99.9% It is one
99% Of M cveethertcorhversidrer irssiep {Baganesally indigates)the
that the high conversion can be maintai ned while

cycli@?}ﬂ}bﬁiﬂgta%éﬁﬂé’régn?ﬁ eRbi prigseritrinvientiomit. baing possible

Irnuous nulti-stage distillation colum To used

to m%l?éi}ﬁ%aé}lﬁ%l(iﬁ ic%rBéﬁE‘Fé A etsibhte hatiless apannd5%avi ng

packings as the internal. The term

orotag b5 APk s B 9B o0 kg BN oS B, vt

as and liquid

are actually brought Lpto '
morepeefriablseipiess than B2 Py sl Tt tbiitlF notisss than
tray, a sieve tray, a valve tray, a,counterflo
90.9%. Slibes bracot the Sxseliait chatacipristic tgatirep B 4/ (1) that
Exanpl es of the packings include an i_rreﬁ_'ul ar @Tcki ng
the higthceaverfiaschay bé mairdained whjle mgintainipg high ng,
a Berl saddle, an Intal ox saddl e, a D xon packing, a
seleMiVRoim #speaki ng or Heli-Pak, or a structured
packing such as Mel | apak, Genpak, Techno-pack,

FI epti @ 2o thh st € MiuRRelade distifationotbluman ki ngsed in step (1)
Gitschgrid. A nmulti-stage distillation colum having :

is p%ﬁ%Efnﬁl Eaﬁis?ﬁﬁrattioo‘?'gcaﬂﬂnﬂ HQWﬂg{’&a@@hﬁdiw phckiregs as the

s can al's e used. Furthernore, the term.

nteg A 8o ATl 14§ 1AELproget imsiiton foans the
partgﬁgé’fqi%t?ﬁﬁﬁggg@uﬁr? t&{ﬂ&&%hg%%ﬁéé%ﬁ}uiﬁ%@ ackhally brought
into contact with one another. Examplies 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 Goodroll packing or
Glitschgrid. A multi-stage distillétion column ha\)ing 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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A0501 VP82/ KAN the case of a nmulti-stage distillation

ADS0DEPSRYKAMNIVI Ng both a tray portion and a portion

' packed wi th the packings, the nunber of stages is thus
the sum of the nunber of tray and the theoretica
nunber of stage. In step (1) in which the cyclic
carbonate and the aliphatic nmonohydri c,al gcohol ar .

the casacokd mulfétstege dtstﬂ@l%sﬁlﬂmgé&% bot8a 3 athg’ﬁ“"“
conversion, high selectivity, and high product|V|t¥

and @mrhenapaakeddmtlavté\e packtrpg%utélq ppakenof $iages is thus
mul ti-stage distillation colum in which the

the slurﬁﬁ fRleSnafTbNl of tidyeandaie Hneoteticalk hembxrkehgtage.
havi ng a predeterm ned nunber of stages and | or a

paﬁ{(gﬁ? Qi)umwmea tHe 6p8lit Rapbenate dndthgaaliphatic
distilTati’'on colum i1s used, but a plate type

mondhydtikiAELABY %E%ﬂ@d"‘fﬂﬁh@?ett' 4 € TN idistde tedhyivat a

ernore, it has been discovered

t hat sieve S _ea v
high s HAT pBIGH SRTarUvi, e Mgt 9%@%%922*t (B8 Bitaine

in terns of the .rel ationsh et we
everciil preie txa continaus il sFed Sy fgkish ?@Eﬁ‘ﬁnqﬁdwh'ch

each sieve tray referabl has 100 to  .1000 hol es / n2
the intenrtaistampriser thedrays ﬁﬁ'rdel Bf dherRafkinNgsBay g

holes is 120 to 900 holes / n2, yet nore preferablg
prediérminéddiumbes of/ siagasbandveer ai paskedaiymn typ

di scovered that the cross-sectional area per hol e of
contﬁﬂ@cﬁu@rﬁt\!m—kt@geIcﬁsnllatlﬂmbbwmn is us@gebut & plateotype

to cn2. 20 A nore preferable cross-sectional area
d|stnp§ho'ﬁ°b8|drﬁnf.h0ﬁh©cﬂ the iftermal isywie tranys iw pfefeatble.

rom O cn2. Furthernore, it has been

Furtﬂb%%‘f hﬁﬁz%el%ug diScBgefed lﬂhat lsYe P6 @f 8y Sllach haohed a

sreve 1000 holes / n2 in the sieve

siev Opé‘hgcg'\ SPC?? nﬂﬁwﬁg%%ieusﬁ‘c‘)m%aér@g Eﬁfarl}‘%’o%d és't'he tray

errmre It
o 5 TR R T g o
15% A 54

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

/m2.

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 to 15%. A
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A0501 VP82/ KAN nore preferable aperture ratiois in a
AOSOTVPRBIKANfrom 1.7 to 13% yet nore preferably from
1.9 to 11% Here, the "aperture ratio" of the sieve
tray indicates the ratio of the cross-sectional area
of all of the holes (the total cross-sectional area

of the holes) present in_the sieve tray, to t r
more(prefenableyapesture eatie isd-a sappsral framy!-4rtq ﬁgnf‘ et

holes) of the sieve portion. The area of the sieve
moreppréfevabhnfromor.ot tee 16 84.al Hereodbes@anardues rakioy ofrthe
the holes may differ between the sieve trays, in
sieveMrashirdisatédehapatiouné thatérossiseatnnel arga ef alleof the
trays is preferably wthin the above range.

ho!eé:gfﬁcb?B{E!rc?rostshgee?ﬂﬂ’ﬁﬁi apbahel tite holésppsesant 1 the sieve
portion may be the sane for all of the sieve trays, or

e i L8akti i holes) of
way (BInd 4158kl o soiaunstpeennaf ddonot e holos) o
distillati I ' :
ine Seihitadion, Sfdfed b s RS Bbrish #hay 4 nsroude
di al kyl bonat d di ol afr tj .
crosprsRaiianRby <8 B heoelss hy Hifer byERE e KeYe trays, in
and an aliphatic nonohydri % al ?ohol. as start.in

whichecase dhe apegusedatia RLGRSH /)| 'i'?-%ﬁgae"ﬁv&'ﬁl'?’&f%%b'y

colum in which a catalyst is present cartr%i .o?t .

withiretivs iatovandanget i |Funthermarew theasmbey ¢f Pﬂ% in the sieve
col um, continuously wthdraw ng a | ow boiling _%oi nt

portioeafiadpbenhe saene dot alhofighe e tpapguoeanay Hikgr. It has
carbonate from an upper portion of the colum in a

: beerg _ that By aadisgmhenuiwowd conditidnsvionthe ceindinuous

ol i ng point reaction m xture containing the diol

I bfim® Thhehe ebjest fomstep (Puédn foe attained
mult S?gégeér’fg\f\ﬂ?tm% ?Jlr})n aé t he ggnti nuous ¢eedi ng of

the starting 25 material cyclic carbonate and
MOrg | §HMX i ¢ nonohydric al cohol into the continuous

g‘;'r\b/'(;w.f& gggrryghégcl)&tl g{eiﬁ)r(]l)?%l 4k Pcal06nsVE 'drid 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, c_.ontinuously
withdrawing a low boiling point reaction mixture containing the
produced dialky! carbonate from an upper portion of the column in a
gaseous form, and continuously withdrawing a high boiling point
reaction mixture containing the diol from a lower portion of the column
in a liquid form.

Moreover, in step (1), as the continuous feeding of the starting

material cyclic carbonate and aliphatic monohydric alcohol into the

continuous multi-stage distillation column Ty, the cyclic carbonate and
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A0501 VP82/ KAN the aliphatic nonohydric al cohol may be
AOSOTNRBZA/RANS a starting material mxture or separately,

inaliquid formand / or a gaseous form from

inlet(s) provided in one place or a plurality of

pl aces in the upper portion or the mddle portion of

t he colum bel ow the gas outlet_in.the j
the abiphatic aonahydsie giceBpl may Reiadin %Sngmﬁi%gﬁh?%g‘éﬁ%'

cyclic carbonate or a starting material cont ?i ni n? a
mixturergresapavatelyf in adiayid ferm @nhé Rl @ 9aseUF 1ALH. {FRM

distillation colum in a liquid formfrominlet(s) in
inlet(sh9rupResd nardneplacetdreapludakityof plapesfinthe upper

distillation colum, and the aliphatic nonohydric
portiGh Gidle ?ﬁid@létp’ﬁﬂiwﬁgpﬂ@hsrdcﬂhmmom the gasOoutdetén the

anount of the aliphatic nonohydric alcohol is fed into

IS b¥ thatdj ' iWmA. 9aAGABEhG@IMWhimh the cyclic

uPpes‘Rﬁ%erttﬁsrfBErth@idgg"i%gi t eo m ddl e portion or the | ower

carsGals 5 £ blIng RATACEIF g S aiouns amunecycrc

m Is al so
preferabl e.. The reaction. ti far PP i
carbepair és e, 'Pi-{‘ezppo 's&' I%g&qrbﬁs&%&ﬂ L@Solﬁ?u'dlgorm fg?rgpmlet(s)
(1) is considered to equate to the average Lesi
in theiupper poftionreathe mquq’alﬁ‘a“f% ot dRecH A eBiifn, and
mul ti-stage distillation colum To. Th? react i Qn. t.i ne
the aliphatic deppnbiydgicoalaaholier m RartIAG MA EF'F@FQ’I AR 2
distillation colum and the nunber of stages, the

larg@ERNOUAL @F theealishatitimgnoitysiricpdcokal isnfed Hata the
and anount of the catalyst, the 20 reaction

distifahent E8Rfmnanda Yaswoud kermefzom emlet (sjepiavidedanaths
Ina range of fromO0.1 to 20 hours, preferably from

idde o bRidn d1oM AbAT 6f &9 edluam abbyelthetigusd outlet
m'd(%]ﬁep{)'gé\%‘?i on teZ‘er\g?g Gre in step (1) varies depending

in t%tptvpﬁé pic%/f'ggnof)f the cﬁ&?ﬂég ﬁot?@l}ﬁﬁehQE Al3enoreTasabred,

_ anhdanoun ~catalyst. The

30 tiop 3acan fine oy e AEBTESyist iCaiahsatidn taped out
in st5e6p (1) is considered to equate to the average residence time of the
reaction liquid in the continuous muiti-stage distillation column To.
The reaction time varies depending on the form of the internals in the
distillation column and the number o.f 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_genéra!ly ina
range of from 0.1 to 20 hours, preferably from 0.5 to 15 hours, mbre
preferably from 1 to 10 hours.

The reaction temperature in sfep (1) varies depending on the

type of the startihg material 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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A0501 VP82/ KAN tenperature so as to increase the
ADSON\AERZA/KAN rate. However, if the reaction tenperature
is too high, then side reactions becone liable to
occur. The reaction tenperature is thus preferably in
a range of from 40 to 250 C, nore preferably from 50

to 200 C, yet nore preferably 5 from 60,to 150 (r\}t iy
tempetatusecse@s ininarease, theseaskion (aley; SHPWaNsT,

be carried out with the colum bottom_tenperature,set?t
reactich temperaturd imtoadugo, thesf sideoreaciienshecqmgnliakts to
C, nore preferably not nore than 110 C, yet nore

occuP! effpeaflaciion temperatare 19ahas prefeeablyl ireatrange of from
characteristic feature of step (1) is that the high

40 toggﬁwc?i berelé?rdd?legabﬁﬁfr%ﬁiso ty.2GdChiyat piosdugraferally

n be 'attai ned even wth such a | ow col unm bottom

from ﬁgﬁ%“@n mﬂfﬁ’yg)geg{eﬁ?iﬁ@éﬁiibﬁ[‘tﬁéw&e destilestion

the starting materi al

can SSESHRS oLt S 0P SO RARSH S pacy s6eto chanore

reaction
pressure nay be any, of a r.edu PIe ,
than aR86, drasprablvans Mard HRE D PELIROLE prBloddiy mot
a range of froml to 2x107 Pa, Prefera’?l 1@900#103;\]_‘0
morel @7aiPd 1 hdEe yetaneramreterabhy1oal fpres i‘)% ' Yhe
reflux ratio used for the continuous nulti -_%ba}g‘e .
excelliesiti shadoteristiol fieatute afrstepep) (8)thad theddiasn FonyRreion.
range of fromO to 10, preferably 20 fromO0.01 to

A 5"
high "8¥Ie chvefyerael high proGuebivity Gan e attaiseraeven with such a
constituting the continuous nmulti-stage distillation

low EQIUHAR JotHRftemperhtlire | ) Moregamee| thé yeactimmapressure
materi al such as  carbon steel or stainless steel. In

varigs egi%ihgeoﬂgﬁ@ té/ﬁbé’BthHS Slapiky! materiapeanspeands used

e>produced, stainless steel is preferable. 25

Ln the present | ' nexk. reture, and so on.
and é@ﬁﬁ?fﬂﬁ&&*%}m &hggggla ‘gggndﬁéherrﬁagﬁg%w Te on #n
Thelrg%%?itorr: Slregggzlee n'fngf@et Qﬁydéta}:l kr%lducl‘_gd pressure, normal

pressure, or an applied pre'ssure, 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 To in step (1) is generally in a range of from 0to 10, preferably
from 0.01 to 5, more preferably from 0.05 to 3.

The material constituting the continuous multi-stage distillation
column To used in step () 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 preferabie.

| In the present invention, next, a step (11) of continuously

producing a diphenyl carbonate on an industrial scale from the dialky!
57 '




. i A0O501 VP82/ KAN car bonate produced in step (I) and a
ACSOTVRBKAMN carried out. The dial kyl carbonate used in

step (I1) is a conpound represented by the follow ng
formula as shown earlier in the followwng fornula: 5
R2O0O00R2 wherein R2 is defined as before. Exanples of

di al kyl carbonates having, such an R2 i ncl %e di met hyl
carbamateopredyceddnhstepcH) @ithaePnangt & Feriet 8Ht: o
(isonmers), diallyl carbonate, dibutenyl carbonate
(i sheadialkyldianonateauseddnestep (ily byar SQMRAYKA: v
carbonate (isoners), dihexyl carbonate (isoners), .
repréiditddyby tAEDRIRIWING formuals) asdawnl eadigromathe following
(isonersy, di nonyl carbonate (isoners), didecyl

formgfg:bonat e (isonmers), dicyclopentyl carbonate,
I'cycl ohexyl carbonate, dicycloheptyl carbonate,

di benzyl o2 te, di phenethyl carbonate (isoners),
5 di (phenyﬁopg%g 15 carbonate (isoners),

wherd@géﬁgﬁg%ﬂg%g‘tél i r%:égpn%t e (isoners), di(chlorobenzyl)

I"¢ met hoxybenzyl ) carbonate
(i somers), di(nmethox t hyl ar honat e 2 ;
di EXamp Pﬁﬂ'?"@én‘%&ﬁ&f‘étg?ﬁﬁwpﬁlﬂd&ia&ﬁ olGAVRS,
- carbonate (isoners) and di (cyanoethyl) ar bonat e
dimethyboarbpnat®, drethibsarbpapks dMP@dA%@P’@E%?"”"“’“’-
preferably used in the present invention are dialk 1
diallghchopahate i dibuteoy! Rarbenate 4isgmegsbupbrdyt RaroeRate
nore than four carbon atons and not contai ni ncg a
10 (isoﬁ@r@?ed‘ip@rﬂm cArpenate (isorhgrey, elibeayl cashenate (isomers),
di met hyl carbonate. Moreover, of preferable dialkyl

dihe@@ﬁPeaﬁd&%teOﬁrsUnw&sqc ldioB1ye f cxrboireaten@sonrers) dirkomyl
carbpo

nates produced in a state substantially not

carsG I bt al ARy b go e peRspeiop st
carbonate, dicyclohexy! carbonate, dicyclohepty! carbonate, dibenzyl
carbonate, diphenethyl carbonate (isomers), di(phenylpropyl)

15 carbonate (isomers), di{(phenylbutyl) carbonate (isomers),
di(chlorobenzyl) carbonate (isomers), di(methoxybenzyl) carbonate
(isomers), di{methoxymethyl) carbonate, di{methoxyethyl) carbonate

‘ (isomer.s), di(chloroethyl) carbonate (isomers) and di(cyanoethyl)
carbonate (isomers).

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

25 carbonates produced in a state substantially not containing a halogen,

for example ones produéed from an alkylene carbonate substantiaily
b8
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58 A0501 VP82/ KAN not containing a hal ogen and an
AosofveepmdANM uUbst antial |y not ‘containing a halogen. The

phenol used in step (I1) is one represented by the
following general fornula, being a conpound in which
a hydroxyl group is 5 directly bonded to a phenyl

group (Ph). In sone cases, a substituted. phenol Jn_.
not csintainingea fredagengand @n aleenat FF&IFE&PWW W%‘?“‘ﬁqﬂwg a

group(s) or |ower al koxy group(s) may be used: PhOH
halogée. phenol used in the present invention preferably 10

substantially does not contain a hal ogen. The di phenyl

carh@nghenol elsed gristep i(H)tisone espresentashbiyohs following
thus one represented by the follow ng fornmnula:

genét?ﬁmgg?,%gg{oé‘b ESfipoutid imavisichl &y drandyd igroept ks

inthe 15 starting material in step

direc&# bp@?%fé%: gﬂé}éy\ ?jﬁgug ). of |{ s8M& chsie®, 1@ substituted

of unreacted starting

terial r inin : ' of

phengldnaeBichdna pheiy SRR R R bAGI hsuaTann

which is not efficient nd regver,.much energy is
groupégiof dawey ?'é‘@d\yegr‘%%(sat@?tyi G Yai%rial . For such

reasons, 20 the above nolar ratio is nore preferably

inarandg@Hfrom0.5 to 5, yet nore preferably from

0.8 to 3, still nore preferably from1 to_2. In the

pr eRismtphienadnised in the prasenthmyentiam prefprakly

hi gh-purity diphenyl carbonate nust be continuousl

. y
substapdifiRddob’ sdEpPohtaih, atheogen. mifihendiphenyl ¢ardonate
phenol fed in 25 continuously is thus generally 15 Q

e R oo e
following formula:
PhOCOOPh |

A molar ratio of the diaikyl carbonate to the phenol used in the
starting material in step (I) is preferably in a range of from 0.1 to 10.
Outside this range, the amount of unreacted starting material reméining
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 ih 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
dipheny! carbonate must be continuously produced.

In step (I1), 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
‘ 69
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59 a A0501 VP82/ KAN di phenyl carbonate (Qton / hr) to
A0S0 EPRzZ/MMNed. In a nore preferable case, this anount

can be nade to be less than 8 Qton I hr. The dial kyl

carbonate and the phenol used in the starting

material in step (I1) may each be of high purity, or
may contain other 5 conpounds, for ex

npl e ma
dipheroyiteanarateot@donot hr)egmeonrwumdu fea m%%e&sf?f@b'e
the first continuous nmulti-stage distillation colum
caseatltis/ amountseanie cwdé nads lass thag & de tandi bl ati on
col um, described below. In the case of industrial

| mpheraal 1i @@rbdr@étet aad tHicaphieng| et irathe sderiing
fresh dial carbonate and phenol newly 10 introduced

mate'rfbthlgy%}%ﬁ gﬁ‘g e%t S@ot‘ ﬁquep@'rﬁw Br eh&y aldrdaliv other

e and / nol recovered fromthe

com;;élrérﬁ’ntjﬁg&l éggﬁﬂﬁgoﬁﬁlf boﬁfzﬂﬂect?tl . InpldUrdy bPreaetiem and

nuous stage distillation

by- p;c?plq,liqrrﬁ% delitlé;?egl Ccortghpgu%gwhﬁﬁ-t %S§f§tt lation

ng a
boi ling 15 poi nt reactl on m xture from
columenEnAUORE %eppngt%ygmm%.mpbf Saﬁgso#'aﬁ#sai%ﬂgwm"’
into the first continuous multi-stage disti I | at ] on
descridadrbeléer e, Int the casenelf U‘tﬁl%ﬁﬁﬁ'ﬂldwm&f‘i@%@ BNk { ,
reaction mxture may be fed into the first continuous
starting trhatérige bakideis! frashatiatiylusarbanate apd pheae! 5evdy
of the conponents thereof have 20 been separated out.

introttRYd Mt the roattionpsyasten, itrigeaisicoprefenable te use dialkyl
i mpl emented industrially, it is preferable for the

carbdndte! 419 WvérePhéhoi pacbVered Fromi 118 firsoobhtineals
nul'tr-stage distillation colum to contain any of an

mult@-glf%g%aq1stﬂ%ﬁﬂ3ﬁébftﬂﬂﬁ2ﬁ fiqatgpﬂ‘ﬂi‘ts%cdﬁtﬁcghﬂhﬂads

and so on. A
multii30Bg nsinﬁiﬂfma'ﬁf’ Bfé‘éﬁ@?‘%i’éﬁ% e SHQrgRABHE fhe ©f
presreenqtrlrn%g%?ﬂ)er{]tcgiru?r?rlﬁop components constituting a low boiling
point reaction mixture from the second continuous multi-stage
distillation column are fed into the first continuous multi-sfage
distillation column. Here, the second column low boiling point
reaction mixture may be fed into the first continuous muiti-stage
distillation column as is, or after some of the components thereof have
been separated out.

Accordingly, in the present invention, which is implemented
industrially, it is preferable for the starting material fed into the first
continuous multi-stage distillation column to contain any of an alcohol,
an alkyl phenyl carbonate, the diphenyl carbonate, an alkyl phenyl

ether, and soon. A étarting material further containing small amounts

of high boiling point by-products such as Fries rearrangement products
60
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60 A0501 VP82/ KAN of the al kyl phenyl carbonate and
A0SO UVIPBRRAN car bonat e which are the products,

derivatives thereof, and so on can al so be preferably

used. In the present -invention, in the case, for

exanpl e, of producing nmethyl phenyl carbonate and

di phenyl carbonate using a starting mat er i

al .5
of the @ikl phagybcaspapate anshaiphenyl catbenale which Ag,.the
and wunsubstituted phenol as the phenol, it is
prodpeisf, etarin atives therso§tamd isgonearE@lse 29 prefarably used.
met hanol , and nethyl phenyl carbonate and di phenyl
In thé Preeeat anvehtion, anahcheaseptor exapipléyafpr ingemethyl
starting material may further contain small anounts
phengi carbsfkte dHiEAYphdRyFakiisyhate ustl restarting material
alicylate, which are reaction by-products, and high

co ntﬁ?nyﬂb pq:ﬂ Pﬁ)‘l{/‘% ic%ﬁbﬂh%?’é Cé%tﬁ’& di &g«sll thabeng ande

_ urity enyl" carbonate the present
ansubiiited PRshaias e mbeng B TGis PrafSabie B8 s starting

an
aromati c di hydro C oynd, .and in thi .
mategstﬁlytreeppabﬁ'norﬁ\eéﬁéB°§n$aag}Eéé%'uR{‘eBVFPﬁéégﬂék%F”.ds
by- produced and recovered. This b -@{%ﬁuced'phenok S
diphengt capboyate.cwhigh ararthengpacier RATAductsspag (8 Figting
t he present invention. The di phenyl carbonate produced
matérialsinay further sootbati sewal megnts of amsakeRPRerkk i on
bet ween the dial kyl carbonate and the phenol. 20

salidytsleided wrdny! shiisylatensesicr afé caactionaby-prodewdsi and

i'n which one or both of the al koxy groups of the

igh® &l B OBPHro dutitadertwedangediromt h t he phenoxy
hlghg?ou@do%) t he gﬁ%nol- and an al cohol is elimnated, and

a rﬁ?&ﬂi@ﬂ-éd}i%ig NP ERIESHARSoPthé et linpBAtioh is

car bonat pro ~are converted into the diphenyl
orerSPARLOL 80 TBY BB SH oF AR B Catdaouh
poly%q?&%gggh“vﬁﬁg%igoanrorn$aa |}:ic§)|ﬂydlr8x)§tc%9n|§bm1d, Ighd 1F this
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 (I1) of the present invention.

The diphenyl carbonate produced in step (l1) is obtained through
transesterification between the dialkyl carbonate and the phenol.
Inctuded 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 pheny! carbonate
produced are converted into the diphenyl carbonate and the dialkyl

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

disproportionation reaction. In step (Il), in the first continuous
61
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61 A0501 VP82/KAN nulti-stage distillation colum,

AosofUrEs@KiaW phenyl carbonate is nmainly obtained, and in
the second continuous nulti-stage distillation colum,
t he di phenyl carbonate and the dial kyl carbonate are

mai nly obtained through the disproportionation
reaction of the al kyl phen

| carbonate. 5 The di
multiestagendisdilation ﬁ@dium,sth@pgmyll P ?ﬁﬁb%}ﬁr}tﬁa'isn%ﬁﬂw
hal ogen at all, and hence is inportant as a starti nl%
obtaiffeterdral imiee sewbred coaitinuoys suuiti-atpas &istilationccotumn,
pol ycarbonate in the present invention. The reason

the dipfehl EaltSohafs and theaialkyh casbpnate@re mainly obtained
starting material for the polynerization even in a

thron.ﬁ?;yaee %{iﬁg%&gﬁér@éﬁoﬁ hemctichPBY theekyhphehy! carbonate.

ymerization reaction, thus inpeding

The Sirtiirfy CLahifddo8pMineheirt SR 1IF duly/hat berrain aohalogen

ron o e properties of, or

di scoloration.of, 1he a | G r : iall
at allraa dncenls iTpRriaises FBle i IR ehen industrially
multi-stage distillation 15 col ym r. on
prodssing #oe omat Religaraparls (A hE AR Tin §HEFED The
(I'1), for exanple, a metal-containing, congound :
reaseal fectthis fis dhat ilea HIOGSR rﬁgPE%%BUH'géh%EaBténgs@a.te”al for
<l ead conpounds> | ead oxi des such as PbQ, Pb02 and hi
the FBIgaderizafioheavies infa desall amount phdesndhar s PR@adhen this
hydr oxi des such as Pb(OH)2 and Pb202(OH)2; plunbites

SHidbds tha25b192ne K2 RH6R, rediRintLt sl indpiRidozg stable
mayp nbates such as Na2PbO3, Na2H2PbO4, K2PbGs,

prodifdt{di SFRb: ardifiBR polyeadrbehate doCaduss aXetesinration of

carbonat es and basic salts thereof such as PbCO3 and
the %ng%ﬁ@é 9?0 ér 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 (I1), for example, a metal-containing compound selected from the
following compounds can be used:
<|lead cofnpounds>

lead oxides such as PbO, PbO2 and Pb304;

lead sulfides such as PbS and Pb2S;

lead hydroxides such as Pb(OH); and Pbz02(OH)z;

plumbites such as Na;PbO., K,Pb0,, NaHPbO2 and KHPbO2;

plumbates such as NazPbOs, NazH.PbO4, K2PbOa, K2[Pb(OH)sl,
K4sPb0Q4, CazPb0O, and CaPbOs;

lead carbonates and basic salts thereof such as PbCOs and

2PbCO3:-Pb(OH)2;
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62 A0501 VP82/KAN | ead salts of organic acids, and
AOS0PAPEKANES and basic salts thereof, such as

Pb( OCOCH3) 2, Pb(OCOCH3)4 and Pb(OCOCH3)2 PbO. 3H2Q,

or ganol ead conmpounds such as Bu4Pb, Ph4Pb, Bu3PbCl, 5

Ph3PbBr, Ph3Pb (or Ph6Pb2), Bu3PbOH and PhSPbO

(wherein Bu represents a buty rou

r dpadssalts of prganic @G'@lﬁp)anchPﬁ()g?P@ Eaﬁ&“s sali§

aryl oxyl ead conpounds such as Pb(OCH3) 2
thereb@l'la@:ﬁbéﬂﬂb(@@ﬂ)@ﬂ(awmlz(oc&@HaM 808 such as Pb- Na,
-Ca, Pb-Ba, Pb-Sn and Pb-Sb; 10 | ead m nerals such
pb(omgﬂﬁg@m%ﬁlzmc bl onde; and hydrates of such | ead
conpoun <copper famly nmetal conpounds> salts and

@Bﬁ%jegﬂ c H'Eﬂ?unélé‘@ddh BBt BL P B &b, BGLPHCI,
r2, Cul, Cult, Cu(OAc)Zl Cu(acac) 2,
prop SR En e ThF pndtha BRI RSN PhyPa Sunessin b
repf%&ﬂé‘l?%@{?ﬂﬂéﬁBriﬁ@f’u ga e%I%'[riilrs’kal e?r@taqmum |
[7 Aompad coBRaLTHS BBrpRElsy oA corinprhydciitn Bt
as Zn(acac)2; <cadm um conpl exes> cadm um conpl exes

(Cb@le)ﬁS(QldéQdeI@PhkaﬂdrPlP Ih)z'met al conmpounds> 25
conpl exes of iron famly netals such as

Fe (63 )ay@0sach &2 RtoNg, Pb¢CarP-E83.3Pb-Sn and Pb-Sb;
Co(nesitylene)2, (PEt2Ph)2, CoCSF5(CO) 7,
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, CuBra, Cul, Culz, Cu(OAc),, Cu(acac);, copper oleate,
Bu.Cu, (CHz0)2Cu, AgNOs, AgBr, silver picrate, AgCeHsClO0,,
[AuC=C-C(CHas)s]a and [Cu(C+Hs)Cll4 (wherein acac represents an
acetylacetone chelate Iig_and);
<alkali metal complexes>
alkali metal complexes such as-Li(acac) and LiN{C4Ha)2;
<zinc complexes>
zinc complexes such as Zn(acac)z;
<cadmium complexes>
cadmium complexes such as Cd(acac);
<jron family metal compounds>

complexes of iron family metals such as Fe(C1oHs)}(CO)s,

Fe(CO)s, Fe(C4Hs)(CO)3, Co(mesitylene)z, (PEt2Ph)z, CoCsFs(CO)7,
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63 f A0501 VP82/KAN 4 N -ir-C5H5NO and ferrocene;
AOSORZPBZAANIM conpl exes> zi rconi um conpl exes such as

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

compounds> 5 Lewis acids and Lew s acid-formng

{/roigm{/lxgn rzregéll conmpounds such as Al X3, Ti X3, Ti X4,

) , , ZnX2, FeX3 and SnX4 (wherein X represents

Ni-n-€shiaNgeandiferioa@n&icet oxy group, an al koxy gPoup or

an aryloxy group); and <organo-tin conpounds> 10
<zirconjamocbmplesspsunds such as (CH3) 3SnOQ00CHS,

( C2H5) 3Sn00C6H5, BU3SN000CH3, Ph3Sn000CHS,

BuzipB 6ANNAHEd Mpl e Red SUANaE 2 acac ) PledsheiTagnocene;

(C2H5) 3SnCPh, Bu2Sn(OCH3) 2, Bu2Sn(OC2H5) 2,

<Lewi¥ )Jgge?.co M &6H3) 2, (C2H5) 3SnOH, Ph3SnCH,
vﬁu%gqs CaHl%'%.?nO, Bu2SnCl 2 and BuSnQ(OH). 15 A

ﬁg;.fgw taélﬁgd%lj\ téWispéﬁﬁﬁﬂérﬁﬂ'V Pédrfdition metal compounds

geneous atalyst that dissolves in the reaction

syst g p er t ai t i
suchﬁfa Agﬁ? AiRa Bk iq PO, SBRa."gh%a, TR B YA tyibroin X
ich such a netallic co nent is bqg [
reproseiss SdMIOBRTL A1, AL AGRLERY oLp. M Eof KrgRR' 6r an
conmponent may of course have been 20 reacted with an
ary!axygnmapfk;o&ﬁdund present in the reaction system such

as an al i phatic al cohol, the phenol, the al kyl phenyl
<orgamdtimcempdiendsht phenyl carbonate or the dial kyl

carbonate, or may have been subjected to heating

tr expEmRl-tin ¢dmpoaratsasuchgasg Cd i)anérC Prlddact s

prior to the reaction. The catal yst used in'the

| (C.HY)§SRBC DTN, BO;SROCOCH;, PhaSnOCOCH,, Bu2Sn(OCOCHs)2,

Bu,Sn(OCOC11H23)2, Ph3SnOCH3, (C2Hs)sSnOPh, Bu,Sn{OCHa)2,
Bu2Sn(0OC2Hs)2, BuaSn(OPh)z, Ph,Sn(OCH3)2, (C2Hs5)3SnOH, PhaSnOH,
Bu2Sn0, (CsH17)2Sn0, BuzSnCl2 and BuSnO(OH).

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, A, Ti, Vor 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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25 preferably one that has a high solubility in the
AOS0TWRB2IKAN | i qui d under the reaction conditions.

Exanpl es of preferable catalysts in this sense 64
A0501 VP82I KAN i nclude PbQ, Pb(OH)2 and Pb( OPh) 2;
TiCl4, Ti(Ow)4, (MOTi (OPh)3, (MO 2Ti (OPh) 2,

MeO) 3Ti (OPh) and Ti 4.
inclutlac Bz g2 and BbIOR k) i Eepy @t SRR -
catal ysts that have been treated wth noé,
(MeO)Qa'c(tc_th)i.i(Me@)aTt(m%h)aanﬁkEt(0ﬁ@4@§£€§m %‘égﬁoh
the first continuous nulti-stage distillation colum

Bu,Sm0! dritk BusiSyl (DR h)is dtle Ch, ta @HYoandcba{ ORas and such

multi-stage distillation colum may be the sane as

catal???s_ #nat have Beedi fréatediwith pHdreolptheamadtioretiguid,or the

is particularly preferable to use a starting

like. TFRE| Altaffét GE4a'iMThe AEstCOBRBNNDIS MuUMlstage distillation
! this caser’(s) tﬂé di phenyl carbonate producgd does

coff ST IR 150 i ot o ot st
. ..0Jl.ycar 0o i fi i
s RGHGELIRAGh ol F 03, B 45 B 213051 i,
s 8o bt PSR TS Al Fiprebis to v

exanple, 1 ppm then 15 this nay i de the .
startpng ynatariak aod ¢atadystonot @pn@g\gﬁ@gg g@ﬁ%ﬂ?ﬂr atifpthis gase,
the properties of, or discoloration of, the
the gipheryl marbomgiequarhiced Toes nptcoasatn Addalpgen at all, and
mul ti-stage distillation colum used in step (I1)
hend® i@ i inpei tanishs ur stardig waleréalcwhiendiriciedtriallynproducing a
portion having a length L, (cm and an inside

poly%%@ﬁ&fe Bl f&lns and havsesterfieatidrs midthoid. h The reason
nunpber of Stages n, thereinside, and further having a

for tﬁgs; isg?ﬁ%ﬁff a W‘%Wh_ﬁ%nai% Rﬂ%éﬁ’t # aEtstartidd rhsmdrigt far the

e colu or in an upper portion of the
polyFirgatfRahee toh i Sy At 14 tafy fol pxBfP g Chpm, then
s a5 b IR i Sl b OB R B BRebE dtehiFation
of the properties of, or discoloration of, the polycarbonate produced.
The first continuous multi-stage distillation column used in step
(1) comprises a structure having a cylindricél trunk portion having a
length Ly (cm) and én inside diameter Dy (cm), and having internals
With a number of stages n; thereinside, and further having a gas outlet
having an inside diameter d; {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 di2 {(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 /
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26 upper portion and | or a mddle portion of the

AOSO PP 8PKAN! ow the gas outlet, and at |east one fourth-
inlet provided in the nmddle portion and I 65
A0501VP82/ KAN or the |lower portion of the colum
above the liquid outlet, wherein L1, Di, L, / D, ni,
D/ dl1, and D, / dl12 nust satisfy, the follown .

or thé dowmeraeort{an of dhp1cglurer RaYe dng:liquigyo tie i WERggin L1,
(7) 5100 5D <_ 2000 (8 2< L,/ D 5 40,;\9)

Dy, L20<Dpj §1,1DQ /(d) arik Dol dr>swest safishinthe folipwipgfpsmulae
< 20 (12). 10 Moreover, the second continuous

A7) a4 ) rekpeetideny;i | | ation colum used in step (I1)

conprises a structure having a cylindrical trunk

portion 1%9@9 <lggmgh L2 (cm and a7)i nside
(cm,

di anet er and having internals with a nunber

of stage 2_therejhnshde, and has a g outl et having
o Ry 20 o)

an insid (cm at a top the col umm or

in an 15, upper, porti of the colum ngar to the top,
a liqui dzogﬁ-ﬂe/t Haﬁu4 g an inside di an@er d22 (cm at

a bottomof the colum or in a | ower pg{‘ﬂ on of the
col um né& <ty £neBottom at |east on fth inlet

provided in the wupper portion and/or 1 ddl,e portion
of the c& s b&liow BRe gas outlet, aa‘ljma?n east one

sixth inlet provided in the mddle portion and / 20 or

the | owerd gdd ¥ ahy,of 20he col urm above {hé)l i quid

outlet, wherein L2, D2, L2/ D2, n2, D2/ d21, and D2

| QR8revivér, Tk séyondecdrdinvaiagnatti-stage distifiatian column

(18) respectively; 1500 _< L2 5 8000 (13) 100 5 D2 5
use@@r@%téﬂ)"@ll) comprises a structure having a cylin;irical trunk portion
having a tength L (cm) and an inside diameter D, (cm), and having
internals with a number of stages n2 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 Lz,

D,, Lo f D2, Nz, D2/ d2y, and Dz / dzz must satisfy the following formulae

(13) to (18) respectively;

1500 < L, < 8000 (13)
100 < D, < 2000 (14)
2<l/ D40 (15)
10 < i, < 80 (16)

66



10

15

20

25

25 2:1L2/D2< 40 (15) 10 <_n2 5 80 (16) 66 A0501
AOSONABRZ/KAN 2 < D2 / d21 15 (17) and 5 < D2 / d22 30

(18). It has been discovered that by using the first
continuous nulti-stage distillation colum and the
second continuous nmulti-stage 5 distillation colum

t hat sinultaneously tisfy the fornmnul ( to (18),
t he di ph%l%/pzdaﬁ’tﬁoﬁaf% can be produce(ﬁ?r)o#q he

di al kyl carbonate and the phenol on q iindustri al
scal e of SoD2l/eds €h¥h approxi mately 8 §- ton | hr,
preferably not less than 1 ton / hr, with high

selt dras ielgn distovergid thratdoy tusingythe wacaa?m&ous
prol onged period of time, for exanple not 10 | ess than

multi daitsiatiosfcolahiy and the secdnh ceotinucs mulibivstage
preferably not | ess than 5000 hours. The reason why it

distn%‘%ﬂ?%&iﬂﬁm PREE 5lthalteR iy eaatisfghthenfamoatas ¢7) to (18),

carbonate on an industrial scale wth such excell ent

the cﬁ{;%éé&f cBYpbBIETRIH bB%DIHRIGEA TR e ialkyy cabohbee and

ntiron 1sn ear, this i s supposed
to be due to a 15.co [ f u

the RHRGIARan SAGuEHidiee s pEnEL 185} tRer FhbroRmateth s
conbi ned. Preferable ranges fqgr,_the.respecti ’

ton /71 Prefer el nALERES Mt Lenddvarath g salSEMf, 8h
used in step (I1) are described below, .If (¢ a

high Lirodumtivity stakly faram protenoederiad ‘\go‘iﬁm&?l%’&r?x%p?g not
decreases and hence it is not possible to attain the

less drahr 2000 rroolurs, | prefe eablynnot iesedhan 30Q0 RUYSIANATE he
equi pnent cost while securing the conversion enabling

preféfdIgasbt RssP e G000 howsnt Tioe reasonawhydit has bgegme
L2 nust each be made to be not npre than 8000. More

posdﬁéﬁ)ﬁ%ﬁﬂ\?gl{/@zggghiéjﬁ Efrég(_éﬁﬁ catbohaté on aar mdustrial scale
with such excellent effects by implementing the process according to
the present invention is not clear, but this is supposed to be due to a
composite effect brought about when the conditions of the formulae (7)
to (18) are combined. Preferable ranges for the respective factors for
the continuous multi-stage distillation columns used in step (N) are
described below.

If Ly (cm) and L2 (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 whi!e securing
the conversion enabling the desired production amount to be attained,
L, and L, must each be made to be not more than 8000. More
preférable ranges for Ly (cm) and Lz (cm) are respectively 2000 < L <

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

5000 being yet more preferable.
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25 6000 and 2000 <_ L2 < 6000, with 2500 < L, 5 5000
AOSOWEB2HIN < L2 < 5000 being yet nore preferable. 67

A0501 VP82/KAN 1 If D, (cm and D2 (cm are less than
100, then it is not possible to attain the desired
production anount. Moreover, to keep down the

equi pnment cost whi | ttajni i :
MY o) e Dt Sl Tha D e 50 pobiore

than 2000. More preferable 5 ranges for D, (¢ d D
to at(ain)ther desiredeptoduttionsomeupt. 5 MOMROUAU *0(1‘3323861@5%‘”@2‘“9

1000, with 200 5 D, <_ 800 and 200 5 D2 5 800 bein
equipiflentBust whileeartbiringFive desirfed produntipAuameunt, Dy and
mul ti-stage distillation colum and the second

D, midild RAddé 16 Roaclirabié itAaha2000! urMore Erefecable
2 %%qanw 10 are within the above ranges, each ofgat he

rang%%b’émb:f?mnhé’%{ﬁe[?%g?ﬁ?%é fsd pecivanet 80 £ nktte0o and

o the l'ower portion thereof,

or __t he_ insi de, di te j r r ¢N.f i
150 §pe oA DBDA ZT D1 T 00, 3hR" 20675 Ba L ¥ being ve!
mul ti -stage distillation colums, the inside dianeter

mor?fﬁff’f\%r Ier portion of the colum may be smaller 15
an, or larger than, the j.nsjide di t f
hoRtirinefirsheontiots, Multirstaoaaisiiation o s the

| ess than 2 or greater than 40, then -  stable [
secdrat cordirdidds ouliti-stagestisiidatian column, sofdo o SEL I1/(‘);'F-‘C’ D2
D2 are greater than 40, then the pressure difference
are WethiRehet HBotepramge L 0edoh tad rbhef coﬁuﬂc@l m&Y havertbg same
too great, and hence prol onged stable operation

insidE AR fifbMUlHe udPeropertion thbeenirts thedowsdrgottion
I ncrease the tenperature in the | ower portion of the

therB B P o e o T o Porons.  Fer
, in the

example, for each of the continuous multi-stage distillation columns,
the inside diameter of the upper portion of the co|umh niay be smaller
than, or larger than, the inside diameter of the lower portion of the
column.

If L, / Dy and Lo / D are less than 2 or greater than 40, then
stable operation becomes difficult. In particular, if L1 / Dy and L2/ D2
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 {o
increase the temperature in the lower portion of the column, and hence
side reactions become liable to occur, bringing about a decrease in the
selectivity. More preferable ranges for Ly / Dy and Lz / D, are
respectively 3 <L,/ Dy <30and 3 <Lz /D> <30, with5<Li/Dy<15

and 5 < L, / Do < 15 being yet more preferable.
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selectivity. Mre preferable ranges for L, / D, and L2
AOS01VER2AGAN 25 respectively 3< L, /D,

< 30and3<_L2/D2530,with 5< L,/D, <15 and 5 <_ L2/

D2 5 15 being yet nore preferable. 68 A0501 VP82/ KAN

If n, is less than 20, then the conversion decreases

and it is not possible to attain the desired -

or Bucts essathami2d. dhamthe iGaversinn dasigases and it is not

mul ti-stage distillation colum. Moreover, to keep
possitderta attasy dhemesiredqoduatian asounhiok kee Jirst continuous

enabl ing the desired production 5 anount to be _
multiaé tjen distiltationtolbenmadMoredeendo kaer dawn theoequipment

Furthernore, if n, is greater than 120, then the

cost WIfife Yetudidd gieremvdigioeandbling theadesibedtprachictiore
columm becones too great, and hence prol onged stable

amo@.ﬁﬁ&ﬂe"attﬁﬁné&‘enﬁ irh Skt PRNHIZHE S BB hbt RéP@ehan 120.

d stillation col um beco_mss difficult. Moreover, it
FurtREARBES AT BEdanh {ra 205 3R6L s FFEBELA Uiferance
betwgad 18 dopiang motiafcef 1S T poEolies dpditdat] and

f | 1s 30 < ni 100, with_ 40 < .. 90 bei
he“%égrgﬁ:ﬂf‘ltgsqﬂ éﬁ%ﬁ'@%e;?%?@oq,ﬁhe ;fl,rshggpyrﬁ@gs mﬁ%{%’ge

then the conversion decreases 15 and it is not
distilatiohbteluron sracomeshdiftied|tr edMpreaver. ibPesRINRE ReFessary
the second continuous nmulti-stage distillation
to inceéase.thebiesnperature iretie lowan paréiosyof pherolusy, and
whi |l e securing the conversion enabling the desired

hend¥ 8flis reaBtiameUbé cb md tiadlé dbnecbum drimgingaboelea decrease
be not nore than 80. Furthernore, if n2 is greater ‘

i ivify1enat r : gsbRovween ¢ HEO, with
in th%%@%wsyg A ﬁ?rt@h@%z&f@bl@r&héé%ﬁmﬁ s R Wi

tomo ol um becones too great, and

40 LFPSESIAMRETA M BrORFERIL T, 1 1E Sen

EhMPERBLs LG Terieeneashar: gopr Sy §pAVEréir BEGREaSes
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, nz must be made to be not
more than 80. Furthermore, if n2 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 co!u‘mn becomes difficult. Moreover, it
becomes necessary to increase the temperature in the lower portion of
the column, and hence side réactions become liable to occur, bringing

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

15 < n, < 60, with 20 < n; < 50 being yet more preferable.
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t he columm, and hence side reactions becone liable to
Aosoﬂ@p&mmqh!inging 25 about a decrease in the
selectivity. A nore preferable range for n2 is 15 <
n2 < 60, with 20 < n2 < 50 being yet nore preferable.
?g A0501VP82/KAN | If D1 / dl11 is less than 5, then
e equi pnent cost for the fjrst ' :
miftDs dichgds dess: tha 50#‘%%&@%%&#&}3 for the first
Moreover, large anounts of gaseous compgnepts are
contineadis multi-stageddistiliatéon aalemie b@thmgg ghem MRhROVET
hence stabl e operation of the first 5 continuous
largeTHhidursisagr gdssious edmpormntsnareceady r@leased o the
D1 / d,1 is greater than 30, then the gaseous
outsitiTBPRRE s y¥tE iflr amalhewds stableopeeationl af theeffirst ow,
and hence “stabl e operation becones difficult, and

contgﬁ{ﬁ‘jlfs_v ﬂku?i—éﬁafdé%ﬁfuh&gbhecawmb@mbs dirpoght  If Dy / dyy

nore - preferable range for D, / dl11 is 8 5 D,

s orpabeeiiEn S0 Alldm R shssys Bpmposint ditRad aFbmue

IS less than 2
then the equjpnment cost for i
vocashale B e Fihos e EEMEc asemes siut.
reover, |arge anmounts of gaseous. conpon e A
and merEover aldee@seoin Hhe &ﬂr&%é'%‘ '?ﬁ‘égpél%ﬁgéﬁﬁﬁ A more
hence stabl e operation of the second _continyous
preferable sarge fdr 9 [ dat i98 sPcodims BE IR W £ Pedidr < 20
If D2 / d21_|s greater than 15, then the gaseous
beirkPyRPfdre préfuiadiel &rartinermocenifsDe d| du1i iFel®ps) than 2, then
and hence stable operation becones difficult, and
the EBU htasadirane s8cohiecanimeossanuits-siageghistillation
a olt. A rmr;:lar preferable range for D2 / d21 is 5 <
olurfin béj@&pés h WM MbréoverPhargeldinountsOobgi -
¢ uﬁrﬁ%re pre erab'l%‘?e. 20f|f D1 / dfz is | ess thgr?sg,oyﬁ}en
e equi pne t f ;
coriy it P ek e ops 0, ripystem, and
reover, the.liquigd wt n il
hengg %ttaibj%@pqﬁ jpn gﬁaﬂﬁe%%ggégg%lnéﬂw&ué nt?ﬁﬁp—g?ége distillation
column becomes difficult. |f D2/ d2y 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 / d2q

is 5 < Dy doy < 12, with 3 < D2/ doy < 10 being yet more preferable.

If D4 / dy2 is less than 3, then the equipment cost for the first
continuous multi-stage distillation column becomes high. Moreover,
the liquid withdrawal amount becdmes relatively high, and hence stable
operation of the first continuous multi—stége distillation column
becomes difficult. 1f Dy / dq2 is greater than 20, then thé flow rate
through the liquid outlet and piping becomes excessively fast, and

hence erosion becomes liable to occur, bringing about corrosion of the
' 70



. operation of the first continuous nulti-stage
A050TVR82MKAN i on col um  becomes difficult. If D1 / dl12 is
greater than 20, then the flow rate 25 through the
liquid outlet and pi ping becones excessively fast, and
hence erosion becones liable to occur, bringing about

corrosion of the 70 A0501VP82/ KAN apparat
appapatefser aBl morernyefetabig W"%'ZOF@B}\IQW 15 5? (Lﬁg ’9121%

with 7 <D, | d12 5 15 being yet nore preferable.
with Fut Dhef ois & 15Tbding yetiapriesprefesabian Surthermere, if D2/
equi pment cost for the second continuous nulti-stage

daz |§|lé§$ khahi SNt the dpsipmesnhcgst fobthewsacontsontipuans
Wi t hdrawal anount becones rel ati vel y high, and hence

S I ceAEBhighNt | Movesve) the Siagd
muiti g%ﬁfldgwgﬁﬁggﬁmghb%cones di fI icult. If D2/ d22 is

5 wﬂhcﬂ‘ragﬁéleégtc{lﬂgt QQC rél'%?bedéﬁ?"l‘ubﬁt arid hewde éfable operation

ones excessi vel y fast, and

o a5 R ARG s

nore pre era e range

fo 2 [ d22 is 22 <1 25, W
difficult 201D leyete amaeteﬁrtbﬁa 30 ths SR e Phriine
been found that in step (I1) it fur her aﬁﬁreferag N
lquIdcuutﬂeteauﬂlpEmﬂgtb%Cngst%X%%’FF@ thﬁé FNd erosi

formula (29), and for the d21 and the d22 to satlsg;/ A
becdrhesfloabletmgctarnbriaging)abas sogasion ofdhe gppars
and 1 <_ del / d22 5 6 (30). The term "prol onged

10 morétp%@f@rélﬂérﬁn fof O, Stlepig 7l ¥ Dpdmk2thab, wpbr%lsllanf dzz
can be carried out continuously in a steady state

Bfe h8f&tdbng. conditions with no flooding,
< ZObBéﬁ-%g%t fﬁogg?ﬁg of piping, 20 erosion or the like

ral:nlﬂgh8b%houF h@ﬂa%%ﬁ‘??hﬁd ﬂfaﬁtf e élf&p/(npit isefigther

S, nore preferably not Iess than 5000

prefgéglafgng ﬂ}%ﬁj E @?bqu%c ned SO i FoNSwihE TePMula 29)

and for the dy and the da; to satisfy the following formula (30);
15 1<diz/dn <5 , (29) and
1 <dyy /d256 (30).

The term “prolonged stable operation” for step (I1) means that
operation can be carried out continuously in a steady state based on
the operating conditions with no flooding, weeping, clogging of piping,

20 erosion or the like rfor 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 (1) is that the diphenyl

25 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,
71




whi | e mai ntaining high selectivity. A characteristic
AOS0TVRB2MKAN or step (I1) is that the diphenyl 25

carbonate can be produced 'stably for a prol onged

period of time with high selectivity and with a high
productivity of not less than 1 ton hr, 71 A0501

VP82/ KAN t prefe | ess t r
prefegnbhenabilgsnghancs Jom/aAnamocs preth ag%ﬁéav%gé thd"S ton /
anot her characteristic feature for ste
hr. Moneovercasethaacharactaristie feapare i‘ir gb‘SP/( 'éu!i ‘héﬁd“ the
D, / dl12 for the first continuous nulti-stage
casedhsitillyl, @i, ooy £ @, Dy ¥ shy, ﬁéﬁpﬁwtll%lﬂﬂrmf'ssﬁ 5
5 6000, 150< D, 51000, 3 < L, / D <_ 30, 30 5 n,
contiﬁu&% nﬁxlﬁ:st%zqs( deEl ation 2o luaml satBfPrespectively 2000 < Ly
D2, n2, D2I d21, and D2 | d22 for

e uaus ymu} .- staYe3lishi Id 40008 €dDyrrdqy <
<6066 1%9[@5%22??%? 3300 L?EE 6000, 150 <_ D2 5

25, @é)%zsgghyd; @ %Fgg&.zl%is Lzﬁ%th gODzﬁf Egﬁ_éﬁdlD{iZszz

[ eSS t t on
o 8 el ARSI,

car bonate can be produc E rth 0

respegtivety @008 gd 7 éa@%‘% ?gp §t@ TWB ?%ﬁz&} A% 15 <
case that L1, D1, L, / D1, nl, 1,

no <f&d), 2 Be<fDs dtd21con, randhd sz ¥ d?ﬂa‘gg%di’kqalin'ﬁsét hgn ¥ %%ton /
colum satisfy respectively 2500 5 L1 15

hr, PFEE&GEIP rotDEER0Mh 23S 2. 5/tD5/ br.4umie<preferasly nat fess than 3
25, and 7 5 D1 | dl12 < 15, and L2, D2, L2 / D2i n2,

ton PRrlofdRd dipieryd ¢art@hatbocan e peodudedont i nuous
mul ti-stage distillation colum satisfy respectively

25 rgheh%ofe 591Q)Qhe?Q.‘Pla?aciBnEtlSCf@atﬁreiionLEtép pH)<4s that in
10, < 50, 3 < D2/ d21 5 10, and 9 <_ D2 /

e RS VRLI 3% 7P B 1o o B bt
continub0e mulli- age Gt RIESH ot GPCEatisryf PEspEctiven 2880 < Ly
< 5000, 200 < Dy <800, 5<L¢/ Dy <15, 40 <nq <90, 10 <Dy /dy <
25 and 7 < Dq/ d42 £ 15, and Lz, Dz, L2/ D2, Nz, D, / dzq, and D2 / d22
for the second continuous multi-stage distillation column satisfy
respectively 2500 < L, < 5000, 200 < Dz £ 800, 5<L2/D2<10,20 <2
<50, 3sDy/dyy<10,and9<D2/d22 s 20, not less than 3 ton / hr,
breferably not less than 3.5 ton / hr, more preferably not less than 4
ton / hr of the diphenyl carbonate can be produced.

The “selectivity” for the diphenyl carbonate in step (I1) is based
on the phenol reacted. In step (il), 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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The "sel-ectivity" for the di phenyl carbonate in step
AOS0TVP82/KANbased on the phenol reacted. In step (I1), a
hi gh selectivity of not |ess than 95% can generally
be attained, preferably not |ess than 97% nore 25
preferably not |ess than 98% Each of the first
continuous multi-stage distjl]ation colum ang . 72ts i
the saco0d seatinKANS:Maltizsiade disitiatinm coliymn usegqp step (1)
distillation colum used in step (11) is preferabl 6}1
is prefiesably atd:lirsrtilkailQnmohtammbavrwﬂ%ﬁ@ﬂ’@b@@ﬁ#@%g%@ys the
the internal. The term"internal" used in the present
interhal enTherteratinteheal”pased iin theepréisant] inveindion sneans the
where gas and liquid are actually brought 5 into
part ﬁpmﬁ@ismléﬂpﬁr@ol@mﬁ Weherd\gads and. liquiesares aitaally trbught
I'n the section on step (1) are preferable. Mreover,

into é@ﬁ@c‘?%tﬁ%ﬁ@%’n@her?f e trfs, ld1fe s HscHBBLAbAM tihe

meani ng as above. In step (I1), in the first

soctBRLANRH AT Lo 4rRESal 5t MArBEhRR S8 488 Fumber o

phenyl  tarbonate Is
produced fromthe 10 di al kyl carbonat e phenol
staghiia eoaraalstinas thacath HEERING 45 ARisy Fow
equi li brium constant, and_the reac{ Lon_rat i.ilail OWe 1
antn stepdél)i in ke edconiineods 4ay "h'éttaaepﬁﬁéf' (g column,
distillation colum havi n? trays as _the internal i%
a reaction dnlwhich thefdkybpbeay! crebenate is pspduces rom the
mul ti-stage distillation colum used in the reactive

dialkih ddirbbinlatata e thétpleevelr mainlyt becsesond hisrmeaiisus has an
nulti-stage distillation colum, it is mainly a

extréiney 00R 4ANHriM E6Astdrtn 20id tihe rebktibnprateyis slow, and
carbonate that occurs. This reaction also has a 1ow

henrgtgw b%?%&% $965\8r8d tRAF atpoidteypeagistiratic eol &iven

_ has been di scovered that a distillation colum
a3 b TG B SR RS A eeants it
contriwaéhésrﬁa 1e-s éateickilsﬁilia?i%n column used in the reactive
distillation. Moreover, in the second continuous multi-stage distillation
cblumn, 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
internal 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
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colum used in the reactive distillation. Furthernore,
AD501VPB2KAMen discovered that the distillation colum

havi ng the packings installed in the upper portion
thereof and the trays installed in the | ower portion

thereof is preferable as the second continuous
mul ti-stage distillation 25 columm. . lt has been
packitigs; cand dbat fistruetysadip AKINGS. Meliapak s PaRiewIathLs
mul ti-stage distillation columm are preferably
prefesablet ured 73 A0501VP82/ KAN packings, and that of
structured packings, Mellapak is particul arl
pr el et drneord Ut ey beee, discavesedeidvatd i@c%@@%e‘lf thentrays
as each of the trays installed in the first
instafied i Woe Firdvlddntfisies @ siti-stage aistibiation columhearsd the

second continuous multi-stage distillation colum, a

secogvéﬁfthh%J"saﬁ'{ 18- Eﬁli%iéh ovlahth, %@weamy having a

ron 1's par a y good |n terms of the

sieve pofhior,agg = RGP AFHIE RS PRCHR T d Hbrms of

tray
f bly h 100 to, 1000 h | t
e LS EhAR e i o s s
120 to 900 hol I ne, t bl t
seeromor s et Saktr Sl BB L0 B30 s

the cross-sectional area per_hole of each s ev tra¥
/ mZiin thresiEnabpypriiana rAumgerepPrefesiatie Nymbsr rem
preferable cross-sectional area per hole is from

120 t6 906 MalesYein’myee moed prafenalily dnew. 950d0838912h°|es ! m?
Furthernore, it .has been 15 discovered that it is

paVMbPéb@& vit HRf Beabl giscovereld that\vtbet censhraectional area
1000 holes '/ nm2 in the sieve portion, and the

per o B e T8 o Y et e T B hd no ?Lsé“"" ® om”

A mAPEHF AT Sy ekBrRT HBBUP R4 THA0G.T to 4 o’
yet Imnt;/r%ng)lrg&ra%?y be atd 3 [sq IRee 9, /AR nbre, it has been
discovered that it is particularly preferable if each sieve tray has 100 to
1050 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 disfillation :
columns, the object of the present invention can be attained more
easily.

When carrying out step (i1}, 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 simultaneously in the first

column, continuously withdrawing a first column low boiling point
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When carrying out step (I1), the diphenyl carbonate is
ADS01P82/KadIsl y produced by continuously feeding the

di al kyl carbonate and the phenol constituting the
starting material into the first continuous

mul ti-stage distillation colum in which the catalyst
is 25 present, carrying out rea

tion and distillation.
reactommixdues gonfainingha PFPF’EPedcﬁfQPrﬁP,q i ittt p8hion
w thdrawing a first colum |ow boiling point 74.

C pol. [ .
 of the\§F81 cuBRKikNar gaseous formy, rantioueush withdravingcadirst

al cohol fromthe upper portion of the first colum in
colurﬁnQﬂgﬁoyéilfrf%ﬁibiﬁbﬂéémonshyxtwembm;lm@gaafpnogtuced alkyl
col urm hi gh boiling point reaction mxture containing
pheng) BEPOHAGe 3] thed Rt pertioonat thé rfirst idututnmvin 3 liquid
ortion of the first colum in a liquid 5 form
cont i | i IHigR Boihgopolntngaction
formpgﬁhklﬂ?@%& gg‘éﬁﬁ]ﬁé‘%yﬁé dAunsRIHigR Boighgop

n ture into the second conti nuous

i S Sk MG BT g B st

anichs AR o Db BRSSP S P A g R B

reaction m xture contai ning a produced 10 di gl kyl
simuttaneously inrhe sRECNPPER! WA FSH?'GF-'QL}%VS @hﬁaa%m%
in a gaseous form continuously w thdrawi ng a second
secotr ooturmnglovbdidiling pgiot meactigst Mixturecantaipiig & Rraguced
a produced di phenyl carbonate from the | ower portion
dialkgfl ddrboreaeronntienupperapoition dfftenseaand column in a
continuously feeding the second col um |ow boiling .
gasé’cﬂj%?ofrﬁ?%b'rﬂihudtﬁl WitHdeawong ai secgndheoklinahKyigh boiling

carbonate into the first continuous nmulti-stage
i SEEbL ] | i I Sdese8adibhenyl daebonate from
pomgtrgrghhr?& }r?g%?te"ﬁi%ai:lgﬁntaayﬁ@‘o ta'lt')n the al tholy, t he al kyl

henyl carbo e ' I t are
the PP&\%‘%/P%ﬁBPo(gﬁmes,%ggﬁbla?%gL |§ﬁ¥lb?/?g{%gﬁ§1 'sél]@llgi] as an
al kyl phenyl,. 20, .ether and high il kNG 0Qi Nt .
cont&r@\%ggR@Ee_gmF%Fieﬁgqaﬁgog%ﬂpg%&{b%ghﬂﬁ';ﬂfnnt 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
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and cost required for separation and purification in
AOSONIPE2/KANCesses,  when actual ly inplenmenting the
present invention industrially, it is preferable for
the starting material to contain small anpbunts of such
fgnpoundf: 25 IE add:tion to the al cohol produced in
e reaction, the columm top co nent, f '
in stepli) oftan a@mtqomaug%tﬂeﬁlafkﬂw %ftﬁt&nﬁf%@?éﬁgngl’rg't‘
A0501VP82/KAN in step (I1) often also contains the
alky! dirgl kthec aritbeatan, ahd piaynalso aantainkgmatk Maurs of an
and so on, and may al so contain small anmpunts of an
alkylHr¥Y carbuhata! Beaaliphehlpt cdrpbnate and sorene e s§lumn
on.- The colum top conponent fromthe first

' 'tH tipidusahiuti-stagerdistiltatio b ol
op SEEROEUAYTLSH e MBSt st ol

can b8 g,bsbeﬁ )aisg?ltigpsiiﬁgﬁgm i afoshal I Steprdikasds, but is

Srep {1)marter Joor materi al therein having
.pQi n .
rordb ok S, R b B e e enter o
e. S t ]

et gl AR S AR GnafL i B plcee

the aliphatic rmnohz'gri c al cohgl ..in st W n_step
alcoliol hasvibeenoesuaash flcwgtéé’dﬁﬂﬁa{'ﬁﬁ Qo ﬁ'lg)%y'l eCarbo'ﬁat e

‘and the phenol constituting the starting material .jnto
particisaflyrstefecabls faroasninture-oft igealrehel aa@itgﬁ 8@"5%,

this starting material may be fed into the first
carb@indte! forbbais 6@ lagthé mlipHatipimbriahydeiaclcobel an step (1).
gaseous 15 formfrominlet(s) provided in one or a

pl ungl dfep Al ARRER GBstihDolisly fepgiTg Hoe tdiatkydrcarbenate
mdc!ﬁe p rﬁi)on of the first gi’sti Ilagti on col um bel ow

and gﬁgt ﬁgﬁéggPEBﬁEtiitlﬁ‘tiﬁBetHéoiEf:thM figterifl ihfe therftst

ccmtheoSt bl :lt;i)-gﬂ%ltegg? ﬂlla‘iﬂ{“ oﬁ'l! g glr fie;?s;lgrkil eé’:i*lgé;ée;;i ffay be

?PEUPEe?ELW: .SO #r_fm Lﬂrsi nl?leftf“ﬁlﬁ,a?i o _comrm 'n a '
fed the, figst digtiiatiep qﬂqgmm pratalogﬁ\é'l&i?gnhnaﬁaq oPBaseous
form from inlet(s) provided in one or a plurality of positions in the
upper portion or the middle portion of the first distillation column below
the gas outlet in the upper portion of the first distillation column. Itis
also preferable to feed thre 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 a gaseous form
from an inlet provided in the lower portion of the first distillation column
above the liquid outlet in the lower portion of the first distiliation

column.

Moreover, in step (11), the first column high boiling point reaction
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colum, and feed the starting material containing a

AOS01wP8RKANportion of the dial kyl carbonate into the
first distillation colum in a gaseous form from an
inlet provided in the |ower portion of the first
distillation colum above the liquid outlet in the
| ower portion of the first distillatio

mixturBy Gontaining the iyl PREroh SarpPSRLE ST HR R BN WD

point reaction 76 . A0501 VP82/KAN s mixture .. ..
from ¢hetlewdmgottien aifkie firstngontiaupusamalioriegaudigtiliation
withdrawmn fromthe | ower portion of the first

colurRANG deIvtisuBULlY fed agto thetsédand contiruiam multi-stage
coEt!nuoust fed into the second continuous

distillBtioh cHiarfh. dHEre! tAbI Astcsdiumn higheoiling poirttreaction
col urmc'%{n gﬁ‘ boi i ng point reacti orl;‘Tg m xt Tebi S

mixt‘gﬁqefsgbfg#éfggmfgggﬁ}é hResEsd distiilhtioh eslurahumailiyuid

° e or a gaseous formfrominlet(s)

royided in one or_a ' 0 kil i ' i

formaa_ml_/ﬁgoﬁqus FadnRirtbT sk o) ol kol Bplurality
istillation columm kel ow the gag. putlef. in

of paxiiensirina nepeldooriph e e BiagfE bortiph o ife $28nd

~ in the case of using, as the 1Q second distillati

distitatiommolumn fialpreitegaso PR RBUNeGUBPBEAATHgR of the
portion in the upper portion thereof and a tray

secopat tistillation leolbower Meraawsr, indhessaseuafysing, as the
preferabl e enbodi ment of the present invention, it is

secdiEHestabatoh Wolamn caxdistitlatiposcolumnvihayingaa packing s
provi ded to be between the packing portion and the

portidrfth B9é Wigher porfiBhanessof iand herapgortivat in ke lower
packi ngs conprise a plurality of sets of structured

portféﬁg&%‘rfégbcr, :\n?]hiigﬁ R 5T s7atBl SbfePb b diM &t bP the present

oBFS5L 185 JBESTRATE o i 4Aa o, WhaFe an init
veplfu B ofBiFElp bR R0t PastrR PoRTe o 1ot 1
provided to begoetwegrﬁﬁgu&gﬁ%ogg%owgwrtﬁl&‘-"}réﬁ‘HBrEiIEﬁ\.
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.

Méreover, in step (1), 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 distiliation 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 multi-stage distillation

column is in a range of from 0.01 to 10, preferably from 0.08 to 5, more
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20 top of each of the first continuous nulti-stage
A050tV/P82/MAN I on col um and the second conti nuous

mul ti-stage distillation colum, and then returning

some of this conponent into the upper portion of that

distillation colum. In this case, the refl ux ratio

for the first continuous nmulti-stage dist I
preferabiyrfram 0.4 to 2angEobthefistEanin °U§§"Hh

reflux ratio for the second continuous nulti- ate '
distiltatson Idctivem, noblcanrying out aucbr@éeﬂﬂxf@ﬁﬁﬁ)“@'i ?-8- fgflux

preferably from0.08 to 5, nore 77 A0501 VP82/ KAN r
ratioR¥ @f)%aéllsb & preférdblecembddimeie first continuous

mul ti -stage distillation colum, not carrying out

su iy o inaking &heuMonagamecus)catalyst be
IQJS%BG(Wé?g%ggbgﬁn%gdl ment . I ?n step (algl) t he met hod

presgﬂgﬁﬁbggﬁ}ﬂ WQSUE%E|ﬁ§t§b§5@|s|@ﬁlatﬁ)ml‘c©$@lﬁn fay be

SOnt T AUous ti-stage distillation colum
may . be met ho f
any GRiBOss S bt Joie pr e {d .fé? hg; E5RIKE) Mo e rirse
osi tion above the nmd rtlo t f
distifiabon sakiren M arposRioR, BopVe e @'Bﬂi‘?edr ition pf the first
catalyst to, be fed so that thereaC|on | u C
d;stlhetlbnoqghxmhnt Mesaeuer, kiie wrﬁﬁef%%’@af%?a*sfg f]k% e'fed so
region of at least 7 stages of the first distillatio
that ¢theuractign sbdutibhycan beObseugbt mt,eop@nbagfmtgbwe fgtalyst

stages. In this case, a catalyst solution obtained by

" in aYeghoh \Gfnat Idistcatsthyes dfnthentirst distiltationmadumn, or

reaction liquid may be introduced into the col um

Mstdyd dlemerar pigferaptyen bagtages. majn beis case, a
preflb???%gf:gd |ﬂ¢% t'he coI'?er froma 15 different inlet

catauggtt Eghﬁﬁﬂé tdugiNEd g)ﬁr})t BissoWﬁwd”ﬂﬁé rdatalysthie e stating

Irst c I'nuous nulti-stage distillation

matgﬁllélﬁjt%nipri‘g%tng%tl g@é geﬁég‘?ﬂf{bﬂq U i 2B Me Wyether

types and proportions
W|thothc=t,\ g(tearstﬁr?é trhggernglt ec;rr r%lay %anbdcfuc@tﬁ]‘ilnfc?ﬂ% ldlumn from a

different inlet to the starting material. The amount of the catalyst
used in the first continuous multi-stage distillation column in the
present invention varies depending on the type of catalyst used, the
types and prbportions 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 (1), 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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conditions such as the reaction tenperature and the
AOS0TVRB2MAN pressure. 20 The anmount of the catalyst is
generally in a range of from0.0001 to 30 % by :
wei ght, preferably from0.0005 to 10 % by wei ght, nore
preferably fromO0.001 to | % by weight, based on the

total weight of the starting material. eove A
the secepd(dis)tﬁlatm O] WD &pm%ﬁ@lfﬂﬂ@ %b%@wgﬁsduééd‘fspm'm
catal yst be present in the second continuous .
of thesedorad agstidationl daluimm.  dolthis caee, it catdlystsedution
but it is preferable to feed the catalyst into 78 )
obtaif@208y \di826KANg! the satalyst ih thiel startiog matanal fargiaaction
position above the m ddle portion of the second

iquidinshy gt lthet bR ASIBgetheatwitl thesstartingn
"q“'%ﬁ%wﬂ%@ag?gggmtﬁg tehe cat al ysgt in the starting

mate{%?@kﬁhﬁ&r?%g@ﬁgﬁ(ée Lrﬂ%i themepIb@n frohe & affedgtitonlet to

her "w the starting 5 nmaterial, or

tne TE1ahS HL6RALC ST ARHIR P TR b4 1 secons

e “anount
catal yst used in the second ,h cont.i nyou |
continuayd mulortags GitIALBRE ‘Pé%‘ér!{ﬂ]y\%/éﬁ%%w "'\‘Q/‘}ae?’?tg%"
depending on the type of catal yst used, fhe types and
varigy dpperiding on thedypeapt catalyst ased. &Fn‘bﬁﬂﬁﬁé,nd;nd -
reaction conditions 1o such as the reaction )
propoetipasadiities startig materialopompsng s, anddeagtiqmeopditions
the catalyst is generally in a range of from0.0001 to
such38s%hebye 4€iightte mppefatuadland then r@aR038 poessurg.by The
: wei ght, nore preferably from0.001 to 1 % by wei ght,

jcallydh ahesjeaof ifrgm 0001 &6 .30 %
amo?@?ﬁﬁ tﬁ&eggﬁi?g@%ggﬁgt alyyst usggji n the first

by mgegggwgf R Srgg'uf irf]fcftha@.?mdg 86 110 8t ibynwesHtTmand prieferably

e second continuous nulti-stage

eorg 0L 8L B AR BBk RTBLAL U he S
matgﬁg?_l yst is used in - '

In step (I1), the catalyst used in the first continuous multi-stage
distillation column and the catalyst used fn the second continuous
muiti-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. |If necessary, more of the

catalyst can be newly added into the second continuocus multi-stage
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both col umms, this catal yst being one that dissolves
ADS501VP8IIEKANeaction 20 liquid in both colums. In this

case, the catal yst dissolved in the high boiling

poi nt reaction mxture in the first continuous

multi-stage distillation colum is generally

W thdrawn fromthe | ower portion of the first
distiliditban iclodwimem col um together with the al kyl phenyl

carbonate and so on, and fed into the second, .

CcOThE meaetionutimes fagtheitcans eatarficatienmeastions carried

this is a preferable enbodinent. |If necessary, nore of
out ift 3%epqahass tonsiddre d evleguatectb the @veragsetasidence times

continuous multi-stage 79 A0501VP82/ KAN

of th? et iiapicfsolwfme i deehU60s trh okt-staget distillation

[
ransesterirtication reactions carried out in step

colufhr Aad e 8008 GithiRusaLhaI athgs diseIRgRIT eolurance.

Ion S in The first continuous
Lti-st i sti.llatiaon: I :
Eacruhihate eania e o3 ARPRABCN fis AALE b
h ' ' i d di he f f
internmis m that distleNSbrRaIUmEand Bie A BBeL of Saghidhe
nunber of stages, the ampunt of the starEing mater i al
amodntiof the stacting materiahdedyipto AR8 CAlMTMA¢ YRg an

catal yst, the reaction conditions, and so on. The‘r 10
amoUuRaefithe tataysh thecteastionsanditionse@nthgewen. The

mul ti-stage distillation colum and the second

reactioi liftOWs gBHH bf shedersdicdntimaousmulti-stagedistillation
generally in a range of from0.01 to 10 hours,

|
coluﬁfrifaﬁ)dag*\% stcemndc8Rtihticus Rhultisstage digtiltdtéoaldojuimons

ours. The reaction tenperature in the first

gen%r%%ﬂf%glsao@% L pbA08 3P 181 #0 iHdutk] persiatily fremi 0505 to 5

ype o e starting materi al

mouGE BRYR eyl B 08 e of e

nmperature is. generally in a
ek imphtaliin e (i BRRNEIE s stace
distitllha%ion 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 alky! phenyl ether increases, which is
undesirable. For this reason, the reaction temperature in the first
continuous multi-stage diétillation 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
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reaction rate. However, if the reaction tenperature is
A050TVEB2MKAN then 20 side reactions beconme liable to

occur, for exanple production of by-products such as
an al kyl phenyl ether increases, which is

undesirable. For this reason, the reaction tenperature
in the first continuous nulti-stage di

illatj.on .
distiliationnoiumpredrieaidependiag andhenotyPe P&if\?s%tﬁfbnﬂsﬂete"a'
nore preferably from 150 to 260C, yet nore 25 )

compRLAER abbll, bnentHstype @id@amaust oédbei eatalgsber This e
in the second continuous multi-stage 80 A0501VP82/ KAN
react[’c}ﬁiéﬁg%{rbwré% gaharallyen 8apeyd of fromt 1@0ttppd5e7C. It
e star

Ing mat érial conpounds used, and the type

. . t H H . th
is prefgtafRid inbleact g Baktion Mporeels S000 11 i

react cg)r? ifrﬁ a.g;&g\?ﬁiggg ﬁee{g%t ritgolaﬁctfc?r‘?%' fR0Re ik Bbehigh, dhen

rate. wever, if the

reacti on tenperatu [ S too hij j tdons
side peectienibaraney 1BRIE.IS GGt odh K ERS BLTRERE o
by- products such as an_al kyl phenyl her, '
by-proshiotarsyshe @s apraiuubpbem)f &1BeEs épgﬁwﬂeﬁaﬁ%}?%ﬁéb%m
conpounds and the produced al kyl phenil carb'natue ?l?dl
proddtishefithe ctabbngtreaterial gempaunde ARhahedrogyiced aiky
i ncreases, which is undesirable. For this reason, th?
pherfy?agirbematé eameidiphenyl carbenateoandoderivatiyes thereo
nulti-stage distillation colum is preferably in a

i idH fnuh¥diraBI80C, F optkisoredsompthye reantioso
mc"{%g%go‘@ﬁlyet nore preferably from 180 to 250C.

tem ﬁ?ﬁ?’@rin th%?s%?r?&ié?:lhtml?éﬁslfrﬁuitl’lst@gefdisﬁliation column is

cont 1 nuous -stage distillation colum varies

dependi t h {@r b Lol 50
prefegHta nds raoar ahir i I ASReT; Gt FRétiranly from 1

starting
0 2§35E! VabimbEaLBTSIAD L ERIBOML 20, 50 2 e
°e hﬁéreagef/er?fthae Feeggt(i:gr? peteesgal#éeth the first continuous

muiti-stage distillation column varies dependiné 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 2x107 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
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normal pressure, or an applied pressure. The pressure
Aos5019Pa2neaNop of 20 the colum is generally in a range of

fromO0.1 to 2x107 Pa, preferably from 105 to 107 Pa,
nmore preferably from 2x105 to 5x106 Pa. The reaction
pressure in the second continuous nulti-stage

di stillation colum varies_dependi ng on, the .t
pressune, or @ apg!iest grewur%onﬁsgﬁa@@& Qh&h? HQP G the
conposition of the starting material, the 25 r?acti onf
colunie i@ getieradly mnd remgenof frems@dotrl 2edift'i Raopse erably from
multi-stage distillation columm nay be at any of a

10? t& ADFCPY. HGIES PF Eferan! yitoB15:4000 10 VIB2PIAN s
pressure, or an applied pressure. The pressure at the

tqplzlﬁ ¢ kFspeBatituous multi-atege distiliation. 1
to X&Bgﬁm‘ég’te,?rs:{ﬂ;’? ab?y from 103 to 106 Pa, nore

ref er.abl r :
oS S e S, 1
. ep \ Lur t i ill.ati ; .
this Tﬁﬁ'tb?diqtﬂigtlgaﬁlumé gféfﬁ% gﬁlkgﬁntc. l}ﬁnggsirr}a@;é‘rtﬁ@ in
saraliohmia SoPPIRAIPE LS BE 20T HarallE Mot duder, as the

: : ‘eover, as the
second continuous nulti-stage, distillation

{ col [ .
secontiepontinpipua MUl #tAge dstiittian ColTEh st chnillng Plyratity
used. In this case, the distillation 10 col umms, my be
of dibiin4tient ogkirhrs maydee used.i nirpahis case, the disgiation
combi nati on of series and parallel. The nater; al
coluf@Skidy beNgnieadhogethae in isestes;dnt pataie!, afl ifi st age
distill"ation colum and the second continuous

comBidtiss R%eriesidrid pbranel.col um used in step (I1) is
general | [

a netallic material such as carbon 15 steel

o LG A B, o RS Trexsriinuts - stage
distifSBre LS ARhSand TRe 6808 CIHIRLAL S miRI stage RAstiliation
column used in step (l1) is generally a metallic material such as carbon
steel or stainless steel. In terms of the quality of the aromatic
cafbonates to be produced, stainless steel is preferable.

The second column high boiling point reaction mixture
continuously withdrawn from the Iowelr portion 6f the second
continuous multi-stage distillation column in a liquid form in step (I1)
has the dipheny! carbonate as a main component thereof, but generally
also contains unreacted alkyl pheny! 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 (1Y) for obtaining a

high-purity diphenyl carbonate from the second column high boiling
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conti nuously withdrawn fromthe | ower portion of the

AQSORAESSAIKAN ONt i nUous nul ti-stage distillation colum in
aliquid formin step (11) 20 has the di phenyl
carbonate as a main conponent thereof, but generally
al so contains unreacted al kyl phenyl carbonate, a

smal I amount of = unreacted starti,ntq material, a srmhl h
pointamactioromiktgre boin istep {diiht twe dip lH@U@DscafHdﬂ% (Ghhig
and noreover in the case that a honbgeneous catal yst
boiliﬂ% pesedmatesial csupaniating botumar Al yod echiphest! carbonate
thus 25 necessary to carry out a purification séa(ip )
ifvin! t9h Vingda &idBi @it- putiety ark pised; | sepatsiien ¢S
p”"f’?'lpglmé? Lghgggoﬁﬁ%ﬂ?g?ﬂnﬁ hi gh boi | iyng 82 A0501VP82/ KAN
RQI ' ' hi idint mMaterial separating
Ca"'%ﬁsﬂﬁ %gﬁﬁbkgggﬁmgh?ahﬁhgﬁbﬁgg IpiI r%g poi nt nat ee i al
separ.afi ng_cpl ' iBar i mponent
colump;4 f'?h& EBFWQ@%@H’%Q@%?@@%%{IEQM?(reétagﬁhalpec%sgd,
separation is carried out conti [ M. 1.0, '
therand thangipopny! paCePnafe. usaeg HB0T shedy !, Shrdite, and
col um top conponent AT havin s.a nain_conpo
a smaheasuiuntef gnsrasied éé?ﬁmtrg?e%m?'eaﬁﬁ‘@@ ﬁwﬁ%‘éﬁﬂn
carbonate, and a small anount of unreacted stagrtin

compahent ds, hawnihg asoa umairbcompenepshiaeert asSMay;Hyo t of
a mai n conponent thereof a small anmount of high

highlaSbilingopsmtnby fyrogunds crd sodos @rwh / a1da /casalys component,
catal yst conponent, 10 the columm top conponent AT

the 50k RBpNESMPterthAr FEdmt thiehigh doilingaoint imgterial
col unm |g continuously fed into the di phenyl carbonate

sepdlHtirld B KTBoRtindiodistpRatahtonhesdiparenydbanbonate

uously Int di phenyl carbonate purifying

puriﬁyghggqn%lﬁ{riugﬁ, éﬂ@?sﬁej%ﬁiﬂﬂ‘?% Sartie® ot coftintibUAYP in the

component Bs, and a colum 15
cior b OTRaRcRbr Eng. SOy Tt gt EBFMnents, . @
colﬁgﬁa:sgt 3&%%%,{%313: gesiglegQngbH;)ngngr% gt ,rg?'ltue%' @J:Iumn
bottom component Bg, the high-purity diphenyl carbonate being
obtained as the side cut component Bs.

In step (1H1), the high boiling point material separating column A
must be a continuous multi-stage distillation column having a iength La
(cm) ahd an inside diameter Da {(cm), and having internals with a

number of stages na thereinside, wherein La, Da, and na satisfy the

following formulae (19) to (21);

800 < La < 3000 (19)
100 < Da < 1000 (20) and
20 < na < 100 (21).

The diphenyl carbonate purifying column B must be a

continuous multi-stage distillation column having a length Lg {cm) and
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must be a continuous multi-stage distillation colum
A0SOTPBRKAN| ength LA (cnm) and an inside dianmeter DA
(cm, and having internals with a 20 nunber of stages
nA thereinside, wherein LA, DA and nA satisfy the .
followng fornmulae (19) to (21); 800 s LA 5 3000 (19)
1005 DA 5 1000 (20) and, 20 5 nA 5 }100 ('212_’. 5 The
an indigetigmeter fnice)phaving igtesialfinaraing! Be%‘f‘”ng an
conti nuous multi-stage distillation columm having a
inlet IBEnata hiddtepartion 88the AGIOMN/REnd RIS G Quidet B2
dianeter DB (cm), having internals thereinside, having
betw88n iHE filet 31 aindtive dblamppboittompanchurtbeuiavingd® a
side cut outlet B2 between the inlet 131 and the

numt?}% ngt?ﬂ%‘si i’y 8Pthé Yrtdreral S age aherinigteB 10t nuadesr of

ernal s above the inlet 131, a nunber of

5 stag ' hal
stag?ﬁama_tzhéfsgf%li"fé%{*%@éﬁﬂe@%ﬂ%ﬁ?ﬁ%ﬁﬁtﬁ'r“ a8 the sadenay ot
e ipternals belowt [ :
B2, $4MBfE lﬁ*ﬁ&@%f\a@@ﬁ% (efigais7bblgh the sid¥Eut outlet B2,
: , nBl, nB2, nBa, d tisf i
and olatel ReMRSY of 51ages i (0TS L3 Ste)y FhETeld tel e, ot
1005DB<_1000 (23) 5 < nBl < 20 (2@ 2 nB2 5 40
ne2, (125) aBdsnpBatisfylthe fdlowing fomylams 2750((37 ;15 It
has been di scovered that by simultaneously satisfying’
al | of t403® <cbgpdi 6068s, a hi gh-purit&za{phenyl
carbonate can be produced on o

100 < Dg < 1000 (23)
5 < ngy < 20 (24)
12 < naz < 40 | (25)
3 < ngs < 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
theldiphenyl carbonate-containing second column high boiling point
reaction mixture that has been obtained in step (ll). The reason why it
has become possible to produce a high-purity diphenyl carbonate on an
industrial scale with such excellent e_ffects 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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an industrial scale of not less than | ton / hr stably

Aos01\PsaKaNpl onged period of tinme, for exanple not |ess
than 2000 hours, preferably not |ess than 3000 hours
nmore preferably not |ess than 5000 hours, from 20 the,
di phenyl carbonate-contai ni ng second col um hi gh

_ poi ling point reaction m xture that has en '
purifyingstapngn 1B .Sahﬁéylrf’&% W'K'Pnsl@sg)bt@c%'pogg%ﬁé%%qe
to produce a high-purity di phenyl carbonate on an
rangdd1fbisthié abspestiveviadiossianecdestribad Ralo¥t s by
i npl enenting the process according to the present
i NYegtirdesisabl for BRr(crbuto bei e ssstham Bk singesthess the
dge\séo“}?{n effec_tr{ brought about through the conbination
hei FwHigR i 8¢ AW bt ingbfedain tephigh ibujlingl paint
e'g'ﬁu%in? ithé ﬂl"p‘gg'lnﬁ carbonate 84 AOSWVP%%/?AN g "
1 Sat ' dth t
ma*ei@@ﬁjﬂﬁ'}%@%ég‘éﬁpﬁgﬁﬁ%‘?@t'E@“ﬁ‘éé’%ﬂ?t'P?‘S@?é‘??érs°
> desgcri be ow. Lt i lLka (
sepap@ttlpes%fl?k%ﬂ%g&“??ﬁ@é-  PVTERYeFAE) Rl dohrifm, to
internals can be installed in.the hi hlddeg.: DO
eauipmeat; casishile:a{ AINICG thimdaSiethraed rliSh ATk e LR
e separation efficiency decrea . M
mustkeepmddenta he n@hmqr@ema%@ﬁo%i ATIRrE PT éﬁé'?h%?a“ge for
desired separation efficiency, LA nust be made to be
La (IR} iSTOI0DC kaln, 0PB00AWith d 26iKekmisi 20PArRING Y et Mmere
(cm is 1000 5 LA 5 2500, with 1200 <_ LA 5 2000 bei ng
prefdi@ipigore 10 preferable. 1f DA (cm is less than 100,
then it is not possible to attain the desired

pr ?Pb‘é&&ﬂ) 269885 thiBr POV ethet dt ieapt gmesibleeto attain the
equi prreht “cost while attaining the desired production

.anuy d .
sos B BpLBA BB Ry, I kom ggupgsdfipmen

600, wi th. 250 A < i y emar
cont ¥R HLAITED o Rafod REbARISeLBRAIR A P oo
reases
to be not more than 1000. A more preferable range for Da (cm) is 200

< Da < 600, with 250 < Da < 450 being yet more preferable.

If na is less than 20, then the separation efficiency decreases
and hence the desired high purity cannot be attained. Morecver, 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 yst
856
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and hence the desired high purity cannot be attai ned.
ACSONIPESOKAN to keep down the equi pment cost while
attaining the desired separation efficiency, nA nust
be made to be not nore than 100. Furthernore, if 20 nA
Is greater .than 100, then the pressure difference
between the top and bottom of the columm becones too
moregprederabled hence prol onged stable operation of the

hi gh boiling point material separating colum A

beig asrmdbsirable for Mar(covieto biet lasscthar 10QQssiRce then the

increase the tenperature in the |ower portion of the
heigHtcb Ve wHiBH ihesatalsi cten Do irestalliednin thee diphenybrarbenate

occur, which is undesirable. A nore preferable range

o f ' Fﬁig&ﬁn ited BAd3hencerthesséPabaliong yet
pu”f}é'g]rg ﬁ@‘é@(}gg / KAN ér?oijg“‘tr?;uefbgr ableeéelt b Dab

i s undesirable

. f b P .
efftmﬁg{cgh eéﬁgs%ﬁ.i Cﬁnnlﬁtﬁet%élréﬂqfl‘ﬁ KEE)P dow tRet éguipgment cost

j nal's can be installed in the

. di phenyl carbpnate i fyi . Bihe [y

while,attarains. (s e iad saHdralichf e il idfey” (acFRT e Wadedo
Mor eover, to keep down the ui nt . Whi :

be nat M1 Ham BO0Rs; A AIERrSIEr Bﬁpegf?@?sz?&}:a K@%Métﬁoo =
be nmade to be not nore than 5000. A nore re{) rabl e

Ls <00 With 1B00ck).q § 260 being ¥ptsmesecr §iPAPE:00 &
LB 5 2500 being yet nore preferable. |If DB fcg IS,
| esssDham L8O lessi¢hant 108, Hhean phisnet #assibta e 2ttajp the
10 desired production anmount. Moreover, to keep down

desifd@ predURNRMN antmmt. wiMoreaveaj to keephdowss the@quipment
production anount, DB nust be nmade to be not nore

t i iAg e dBE e’y pRb@utBogeamounbBDEcmustshe foade
costgﬂ%@ei&_’t@gr Cﬁgv\lith 200 <_pDB <_ 400 being yet nore

0 bBIIShEREGN 1DBY S AGER S prRrEpIkngd tos Enp(am) 00 150
< Dergioc it BORLEDHSHOP ST SN Breiimre=

If ng is less than 20, then 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, ns must be made to be not
more than 70. Furihermore, 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 dipheny! carbonate
purifying column B becomeé 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 <ns < 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
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attaining the desired separation efficiency, nB nust
AOSODEPEBMAN O be not nore than 70. Furthernore, if nBis

greater than 70, then the pressure difference between
the top and bottom of the col unm becones too 20 great,
and hence prol onged stabl e operation of the di phenyl
carbonate purifying colum B becones d|ff|g ult. 20, 12

periokiboktimes, Nat, Mes md’éb@éﬂ? IR §he fangaseoh et =
tenperature in the |lower portion of the colum, and

< nghed® ahde keags Kolfs respentiveinbl Mare preigrablpiranges are
undesirable. A nore preferable range for ne is 25 <_

7 < 9 S185.1 Mt Bg3Q 30 nBnd_3 30nkeiny025 yet nore
preferable Furthernore, it has been ascertained that

AAghbehtiia prexedt eantionaibimat e
sta )gb?lg? %rgieg%gygdg 86 A0501 VP82/ KAN period of

prefe@;‘ag‘gg f@Eng’]ﬁé; Bﬂﬂﬁgﬁgﬁaﬁé@jmmm&o&mmm to be

15 respectively

operg/g;qiggréfcwbmpéﬁ@gﬁgew&%raégfiﬁaﬁig ar &1 3PorA85 to

tThe present

t 5 f f
280° ﬁ‘g:/aeﬂra]d Irﬁc;?:gm@pl Eqppg é%ﬁlgg? N orr@qie %gqpo@g?g ﬁgto 20000
a colum bottom tenperature TA_ i.n aé’iﬁﬁﬂ lgf from 18

Pa, and fesdle diphenydgarkenadp pyebEngec tPaR]%é’P&'g*ed
from 1000 to 20000 Pa, and.for the di phenyl arb {,

at a polufi bottooh uempenatube Teplr & angaOfIred § gggn&
tenperature TB in a range of from 185 to 280C, 10 and

and é SOIAR topPprssase PaRBR amangeaaféramn 10Qnto020000 Pa.
0000 Pa. It is undesirable for TAto be | ess than

3Fas inesiEdIe 1dieT 4 t6/BEMesohanetBHT@, sirste baen the
uce and hence equi prent for maintaining a high

co|u}4ﬁgy§§‘ & s 8 diest é‘l"‘é’dﬂ&é&o‘éﬂd hBAcewG@IEnEnt for

I'n size. reover i's undesirable for TA
R B4545shiERpSboh o dpmen
mcrglggtelpldlngé;@%n forebvel' i |§rl?r?c|i§s{rgﬂgeef6|°rl'ATt% b ¢redter 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 P, 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 Pa to be greater than 20000 Pa, since
then the distillation temperature must be increased and hence
proddction 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
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with from195 to 230C being yet nore preferable. It is
ADSO1VREEKAN| e for PA to be | ess than 1000 Pa, since then

| arge equi prment enabling a high vacuumto be
mai nt ai ned nust be used. 20 Moreover, it is

undesirable for PA to be greater than 20000 Pa, since
then the distillation tenperature nust be ingfeased. t
maintaidirigackighp vagusm sau st bsyuwedawsm%@n"é'%gb.‘a QM HRgen
preferable range for PA is from 2000 to 15000 Pa,
increskel ifv sine300Rdreovao)lt iBaundeaijaple fable to)per greahes than
25 It is undesirable for TB to be | ess than 185C, .
280°81 ¥55cé hhent high beilimy poipt biyepsadectsuate ipsodegeseduring
and hence equi pnent for 87 A0501 VP82 KAN Y

the dfRiiTaAbAL N9 a8t BruferabTL TetigdeoriTads foth B0t/ 240°C,
the equi pnent I nCreases in size. Noreover, it is

with rngﬁs"#%:ﬂb?oé .C-B%ihgnf&bﬂf&%tﬁfefbl?éﬁle.woc' since

ihg po y-products are produced
dupinng the distillajipn f ;
Telt 8 epdRsizabTe sonitectd beI4EY s, BT RS ARRECtieR taroe
yet nore preferable. 1t is undesirab r t
equ@ﬁwttmaghogcﬁ héghéﬂwmht@ngpépaénéazaéﬁpwg% 5 BSed.
enabling a high'vacuum to be maintai ned sed.
Morereroikis undasiramedarRpte hegrepte @1%%@554 Hace
20000 Pa, since then the distillation tenperature
thenrthst dibstillatioredespenaduhemest bepnedaaspgnaid hence
by- products increases. A nore preferable range for PB

oroduttiorPBT BY0PréeudditrBasesi t hAfmone 30ederable3cumesor Ps
bei ng yet ‘nore preferable. For the high boiling point

is frdm! 20 bal to5$88hB PRJ with rem/3e00 toh¢3000pPartyeing yet more
carbonate purifying colum B, so long as DA and DB are

Lthin 15 the above ranges, each of the colums nmay
pref%%ﬁe\et he sane inside

For the high boiling point material separating column A and the
diphenyl carbonate purifying column B, so long as Da and Dg 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 porti.ons. For example, for
each of the continuous muiti-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 bailing point material separating column A and
the diphenyl carbonate purifying column B used in step (l11) 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
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di aneter fromthe upper portion thereof to the |ower
AOSOTVPa2/RAN hereof, or the inside dianeter may differ

different portions. For exanple, for each of the
continuous multi-stage distillation colums, the
|n3|ge dlﬁreterhof t he upper portion of the colum
may be smaller than, or 20 larger th t I NS]
on stépi(ipees preferableoweMareovesntaf teHs ST SichiAss of
.the hi gh boiling point material separating colum A
the irftednaldtehds thengameameaning paraligNeg col urm B used in
step (I11) is a distillation colum having trays
ang/yp4s Bed Beser@inbd thatdonatepTi), the ighrheiling point
u_sefl_ [ nﬁ:alhe preic,ent i nvention nmeans the part in the 25
matefiattd Ly eolHh Afsiete e@slyands papkidgsras dheuatesnal,
a eglrogg%# !n@.gg ~contact ‘wi tﬁ oneiyagnotphagk. gs trays, on‘g‘s
s.de [ i KAdls i ‘
and %rgbef?rﬁ§:€%§L%&g?§?£$€*'h%§r A B e o
ages, 0 e iptern " : ' ifvi
Moragiafe | n;@zfg%ewﬁﬁcagét% AFBE ShERUPRETYTZAREBR A purifying
e hig oi ling point., materjal. ti.ne: ’
colupreBepeRlpgahbhascRaT oozt b3 e ey PagcEighy™ A

furthernore structured packings are ef erab .
preferaidy qne siet gy amiueaher of sethad tbgeg{rapgl&r(ﬁé.%@g’?‘{ OeNE
the di phenyl carbonate purifying colum B preferabl
haT heabkd m doiks gt preinit rea@chigin Mmixturiec GPAHMAO léf"é‘?'éﬂ? wn
one set or a plurality of sets of the structured
fromPRfek bttom dFetHy sbcbeid ferptpes mistidatiphorolimn efestep (11)
conti guousl y W tfgdravvn 10 fromthe bottom of the
engrd Bsinsi Y 5t61d bh @i weighl vfmhefdialleyd ¢anbonate, 1 to
g }gjgny@?r‘y contai ns O. OSWO 2I %o by wei ght ?P ‘fhet)
ofiLa . r t oy, i
20 2?}? tdgéf‘%?%?@mé?aﬁ?‘&-%‘ﬁﬁ it ool A
J.ght of.the I : 580t g
ethey, 16,8, a5cH By i P i AIREE KR EaPgahate a0, B0 %

. _ to 5 % by
wei ght of hi ?r}_l , ]
by weight of the diphenyl carbonate, 0.1 to 5 % by weight of high

in

boiling point by-products, and 0.001 to 5 % by weight of the catalyst,
and hence this continuously withdrawn column botfom liquid is
preferably continuously fed as is into the high boiling point material
separating column A of step (lil).

The composition of the reaction mixture varies depending on the

conditions of the transesterification between the dialky! 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 (111}, so long as the composition of the reaction
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15 boiling point by-products, and 0.001 to 5 % by
ADSONBEKAN the catalyst, and hence this continuously
wi t hdrawn colum bottomliquid is preferably
continuously fed as is into the high boiling point
material separating colum A of step (II1l). The
conposition of the reaction m xture_varies dependi ng
mixture ishwithio theratbove range, tthen e¥RBJEHRIS FPE&R‘?%Jﬁ“
bet ween the dial kyl carbonate and the phenol, the
fluctiatee eomhewimantthef separation gan stidhbtiesearsied et widh
long as the transesterification is carried out under
apprc?:ki’ﬁ?é’te‘i?rtﬁietéé’ﬁfe sapaeabhastfivienoye Jhiafpranxe wdtthiey
I xed conposition can be produced, and hence the
id t i hat dniveintidrhe hi gh
char%@%ﬁﬁ 'F]%’QtLﬂ'fes Bstej?;fQIPBf Thépreserit 9

poi nt nmat | separating colum A is

"o SIRORUD) Yy hbCFonffuBLSIF £683ind My bt tiauid

'on o e reaction 89 A0501
VP82/ KAN i Xt | .t hi t :
from dhense sond; reaciinodistPialion b i B8 HEp. GRS fto] & high
ti ill b i ed W th N
boilig maint metanal sepsEakng SEUREN A (D1F caluRgy Posion jauid

one of the characteristic features of ste sl II? Ofl't f
may tieefed én e ai gl from iBlats s pepvidad jn qmgg a plurality o

continuously feeding the colum bottomliquid from_ .
positibAsInsiond a aaddle podtioni o1 the sepasating eplunBA(Pryt1s
into the high boiling point nmaterial separating
aiso;;ﬂiewafh&e id1¥6e 8 2hentokenh h drottomuliquiddsomethiecderands
liquid frominlet(s). provided in one or a plurality

reactive &&‘iiAHt?éﬁ LA it GHE Seperating oblume /5 epazatebiler
col'um or it

) it 1s 10 also preferable to feed the

of 1 sBFPrAThBRCRH 1l Riflfg BEPMed A ewer portion,
o (NG TR0 ARG MR BReA GBI O tne socone
reac?ﬂroeug%st(i)lflattigr? é:é)llulrjnnrrl] fggtitn%ntnie LL|ig?|1 Baﬂmé Iﬁ%iﬁ?ﬁ%@rial
separating column A varies depending on the amount of the high-purity
diphenyl! carbonate to be produced, the concentration of the diphenyi
carbonate in the reaction mixture, the separation conditions for the
separating column A, and so on, but is generally not less than
approximately 2 tnn ! 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
20
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reactive distillation colum fed into the high boiling
AOS0PPB2/KMN eri al 15 separating colum A varies dependi ng

on the amount of the high-purity diphenyl carbonate
to be produced, the concentration of the di phenyl
carbonate in the reaction m xture, the separation

conditions for the separating co A, z%nd .S0
carbdnate, san@ ecalymniettpas SoMR neaLKRSiifm aRng %‘n /

hr, preferably not |ess than approximately 6 ton / 20
catalpst, migrebpileig paint byeprodisets and Qiﬁyﬂ?%‘ii%ﬁt’lé of dheon

/[ hr. The high boiling point reaction m xture fromthe

diph &PFoear bt veTheli solmatbattomotampanrentcthe) maksoptain
Into the high boiling point material separating

a smafl igmbuﬁwti &f ﬂ?@%ﬂﬁleghbﬁypcarboham t uatoopganit niateyial

containi ng nost of” the di phenyl carbonate and nost of

in th%%@@ﬁﬂﬂiﬁ%ﬁo@g\%@%ﬁér&‘gﬁﬁé'dwumblé it Assbhahgahe

unreacted starting

cota S nosi R TN e S RE B Al Some o

um bottom
conmponent ( AB) contai ni the ca [ Uiliang
the gajumn thmd%eww Rt QSHBE%W%“FESQ Blﬂik%{b Vi
carbonate. The col umm bott om gonponent B) ma
circuiatahackainedhe HoyrRacH v SHNRPETRMIN BHE 2% the
Such organic material 5 in the colum bottom conponent
secandiysaativedistillation columnssef ster (1has thad st

conponent and thus maintaining a liquid state. Al or

iran§85Rrificatiba reriction batalyst comppasent( ba} in sojefgases the
reused by being circulated back into the first

cataﬁfé’\CHaﬁbéi Hdyldiéd igftec bbing sephrated from theeosganic

reacti di sti'llation colum of step (Il) as is as a
st reabl k8N &% reQsadope tigin
matglel ] Rl Sl LB Oy R Be e o e Sl on aft oy

circ R SEER T TR BB T mt e o e
second reactive distillation column of step (il). |

It is a characteristic feature of step (I1I) that in step (111} 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—phenoxycarbonyi-z-phenoxycarboxy-phenylene are ailmost 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 (Ar) 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 (111) that

despite making the column top component (At) hardly contain any such

high boiling point by-preducts, most of the diphenyl! carbonate in the
21
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circulated back into the first reactive distillation
AOSOPEP8RYRKAMd / or the second reactive distillation
colum of step (Il1). 15 It is a characteristic feature
of step (Il1) that in step (I1l1) the catalyst
conmponent and by-products having a higher boiling

point than that of the diphe rbonat such .
reactjdremyixtyes ||QVDQUQG¢<MPH&%NQ%P&'16F9 r%‘?'ﬁ‘ g%’i%gt e

and 1-phenoxycar bonyl - 2- phenoxycar boxy- phen ene ar e
separdtimgtcalamm & eay bewithgrawn fooar thesop gigmn.  In

bott om conponent (AB) in the high boili ng poi nt
step (RIS rict lexePiiat 050 cpreferahbly inotdlessdthess P60, mNe

the content thereof 1n the colum top conponent (AT)
prefel?Sbg? %&%% hein 98YE bhave dApAepyincapbohataltinytheoteaction

ppm nore preferably not nmore than 50

mlxtltlpqn}:?,”lilﬂglt% L%g?gESfm?B %@Cﬁ H pbiltnd €bf”»!illﬂhf tnaferfdlepeparating |

makl the col'um top conponent
AT) har ain poi
CO|UI§N/'I% ’ ?wd’f ﬂ'%gs(bﬂ tnog'oglihg %Ikgrtﬂ% Irl}\ﬂ%:reeogelr in

A0501 VP82/ KAN reacti xt ure in n

stepr{ih abnpHEY %pﬁpdﬁ&f & 1 éBBPé [P ST Akl fort BSiting
be withdrawn fromthe top of C

poin{ reagtiononixisse fraanthsse é?%ﬁi'ye %P“l‘@%‘?“& §§H‘m“ fed
96% nore preferably not less than 98% of th h

into thehpdratinghootureni A, imgernared i%hte S >(*t Eﬂe‘”e'ght of the
continuously fed into the high boiling point materi al

Ilqu@ecEE’f'iﬁﬁUBQslylﬂédlﬁn i czatimeousbhatitndrawro fiamdheofppof the
the colum. Mreover, in step (I11), although

colufiRPeRTsN columpetdiPEBAmGReNt CAr) withi 40 tbod I%rbyy weight

poi nt reaction m Xxture fromthe second reactive

beun%ngéénhﬁﬁ'u%&%gﬁgflb\@ﬁqrohmﬁb Rt GRAPSK Bid Roleminuas the

eral 97 % by wei ght of the 10 liquid
colufgh HAHSHEL Swlpitthd (o " ThBLEdMpLsHibbEMe Lo

e COo op conponent (AT),
comar o aabral B O T3 b 9Rdi ot theency
carbonate, 1 to 10 % by weight of the phenol, 0.05 to 0.5 % by weight
of an alky! 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 (l11), 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 (A7)

continuously withdrawn from the top of the high boiling point material

separating column A is generally approximately from 90 to 97% of the
: 92
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col um bottom conponent (Aa). The conposition of the
AOS0tYPBRAKAND conponent (AT) is generally fromO0.05 to 1

% by wei ght of the dialkyl 15 carbonate, 1 to 10 % by

wei ght of the phenol, 0.05 to 0.5 % by weight of an

al kyl phenyl ether, 20 to 40 % by meight of the al kyl
enyl carbonaj.e

high Goea ik 88RHOB; TURWTOSERILARS S %ﬂ“ﬁﬂﬁgécﬁ%‘@‘%ﬂ“ﬂt'on

i'ng pol
by-products is generally not nor e F i

colupnefiest tpytheosensratingoueN fhm’ The °§F@'f"!e ‘SBRP’HBP“G”
nmore than 20 50 ppm In step (Il11), areflux ratjo

(A1) focohtiauoiusly fedl asgs potonthewdipheay| caspanate mprvingn
Ais in arange of fromO0.01 to 10, preferably from

columnO8 ﬁ@nﬁthéfli)nl%tm$f;ﬁfoadbdigdfatomrﬂldﬂlaop6rt|m ofttheepurifying
above, the anmount of the colum top conponent (AT) 25

coluﬁﬁ’{‘P AR Yot r@@’?‘ Jepurathd inep thfeé oompohents, i.e. a

ing point mate separ ating colum Ais

colu&&gcaﬁbmkﬂﬁ(ﬂa ,boﬁlaéoéﬁt%)oh‘bo?@ﬁto(%ﬁ%n@% column

I'ng point reaction mxture
t h
botQrheE g n@‘jverea A S Py P Bl
t { j I
s b ek DS et SRS, fEfigfotumn oo
provi ded at a m ddl e portion of the puri.f 'i‘ﬁ % '
comBonand (As) st tneoBspArSknar el A e ipla, Me puityiRg
conponents, i.e. colum to onent &BT) a . side

coluenn B:er@anmsmtm(tﬁssly withdaaws thet tagnp éPrEd?\‘éTr'l ying
(BB). Al of conponents having a | ower boiling point

coluifiiB BBaheoéoluimndiopheoyiparembo(Bit)e arvhzasmell amaugt of
colum top conponent (AT) fromthe separating colum

nquuﬁ .fseéohnheohlaw NIthdpavwe fidmceibotidraref thonplunifging y
drawn fromthe top of the purifying colum B as

coluwglﬁgl | g&g*ggf?msmhé %T%g%\?? ngnﬁ?ﬁglt% g??ggtg]?ied in
the coFmﬁHrt'of Q&ponent (By), this amount generally being from 1 to
9%, preferably from 3 to 8%, of the diphenyl carbonate fed in. The
diphenyl carbonate in the column top component (By) is separated out
and thus recovered using another distillation column .for separating the
column top component (By). Alternatively, a methodlin which this
dipheny! carbonate is separated off as the column bottom component
from this other distillétion column, and is then recovered by being
returned into the high boiling point material separating column A and /
or the dipheny! carbonate purifying column B is also preferable.

Thé 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
83
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colum B. A small anmount of the di phenyl carbonate is
AOS0NMPB2HKANY in the colum top conponent (BT), this

anmount generally being from1 to 15 9% preferably
from3 to 8% of the di phenyl carbonate fed in. The
di phenyl carbonate in the colum top conponent (BT) is

separated out and thus recovered using. another
carbanatei in the &eleanbatiom %apaﬁrﬁdﬁ%ﬁﬂﬁﬁr awn frgm the
conmponent (BT). Alternatively, a method in which this .
bottodi phdhegl pudf;ﬁngacelumnﬁmged<Wk VEEY {@W. ol Rignamount is
bott om conponent 20 fromthis other distillation
genefdllyffomad®3 to R étheediphenyylzanpnatet @ched into
the high boiling point material separating colum A
anfhé hiéh-FDﬁt?'d@?ﬁ@hbl carbonate is wortinuguslyl withdBawa
al so préferable. The col um bottom conponent (BB)

from gﬁ&}]sflgﬁsgéé{ﬂpuﬂieﬁf@@ﬂt fiAP PR of ggéwbmmbl l@s®dhan 1

I'ng pol nt aby-‘product 5 concentrated. to
proximately n t v Hd
ton / apﬁ?ter&bqy H-é&piezs\geﬁfér?%vfeonq m’ F‘Eéi{eﬁg? ét ﬂe amdg? o
- the diphenyl 93 s A0501 VPR2/ KAN e_i
than S fi Wothis AEURENBADSY BHY St RGP RARSr (b aPPrakfinately 20
bottom of the purifying colum B can be kept wvery |pw.
to 96fhiof thedirhesyl gamram/?@#dm%ﬁb% R%"H'B&%‘f'“ﬁ% :2
di phenyl carbonate fed in. The hi gh-Puri ty di Eheny
caifbenpueity ©fdive: diphanylcaibanatapbiainedods the Lidg.cut
cut outlet B2 at a flowrate of generally not |ess
compdaent (Bspinlstbp, (1H) 46 geridnalhonot éess than 93k, praferably
nore preferably not less than 5 ton | hr; this anount

not 18€88haiH B9C99%E Shend priefepatplyomotrisss Yhan 99.89854 ofThe
t he ‘di phenyl carbonate fed into the purifying colum

T i d i { i tyeiblsny!
contipts BF (4 biijfilg pBMEIADATLIasR ReaIGhopustn dipheny

carsRf S BU 8% SAFRIE pl upor{EL ahiner e
dimeﬂlp\()efl 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 phenyl salicylate, not more than 30 ppm,
preferably not more than 10 ppm, more preferably 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-phenoxycarbonyI~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
94
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contents of high boiling point inpurities in the
AOS0tWBEB2MKANtY di phenyl carbonate obtained when carrying
out step (Il) and step (I11) with dinethyl carbonate

and phenol as the starting material are not nore 15
than 30 ppm preferably not nore than 10 ppm nore
preferably not nore than 1 ppm for enyl sglicylate

not cootairing a fralogenpaif er\ﬁéﬁHVdﬁﬁ/d'néggrh%%c?ﬁbﬁ '{%%gé"
ppm nore preferably not nore than 1 ppm for

contesinbh tive dipbenybcarbbaate®hipinegisnotamoyerdbams: t ppm,
than 10 ppm nore preferably not nore than | ppmfor

prefdtBBNY Indtehbes thenz pagpb ambradpraferabhenobanosd tham 1 ppb
prefierably not nore than 10 ppm nore preferably not

(outégﬁéeth'éhaﬂt%ctﬁ’@rml@?ﬁ f&t the ion chromatography).

enoxycar bonyl - 2- phenoxycar boxy- phenyl ene. Moreover,
the t I ont.e i hb ' iFvi
oy T sRB U e Bl ratER o iy fishoh9Bclohate purifying
- nore than 50 m re pref Y, 0
colugin ioreaverad R THEmH ekt o Rri pEABREIERT, 140 6
material and catal yst. 94 a A0501 VP82/ KAN a not
more: pRefanatly fEPWap@g‘ﬂ Sare general ly used, and hence the

hal ogen content of the diphenyl carbonate obtai.ned is
nofl eomeateinial apnistihyding Hﬂ%ﬂf‘égébﬂ"wm PRIt-matenal o ,
ppb, nore preferably not nore than 1 ppb.  (outside_the

sepatatitrg columind; thediphenybeachooaie auirdyiyg calump & and
(I'r1), the reflux ratio for the di phenyl carbonate

othePUlddidLeentsctingpabts ased i theageesent ioveotion isoganerally
preferably fromO0.1 to 8 nore preferably fromO0.5 to

a métalﬂ@ﬁn??éﬁéi glichRUs karbbhnite@rhstginieds steeipoilntterms of
material separating colum A, the di phenyl carbonate

the BUAIiLY oPInEUiPHER EtBonate to be produced, stainless steel is

preferable.

EXAMPLES
Following is a more detaitled description of the present invention
through Examples. However, the present invention is not limited to

the following Examples.
The halogen content was measured using an ion

chromatography method.

Example 1:

(1) Step (1) of continuously producing dimethyi carbonate and ethylene

glycol
<Continuous multi-stage distillation column To>

A continuous multi-stage distillation column as shown in FIG. 1
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10 other liquid-contacting parts used in the present
ADS01VYPBDKAMN is generally a nmetallic material such as

carb_on steel or _stai nless steel. In terms of the
qual ity of the di phenyl carbonate to be produced,

stainless steel is preferable. 15 EXAMPLES Fol | owi ng
is a nore detail ed descriptio

f
havingibers 8900 . ddgfr E0Pedo FBReT . s GieDad dor = 75,

invention. is not limted to the follow ng, Exanples.
and Dh¢ dal egéhwasnusead. wde hiaaxampiei 4 the '%'éﬁm% sieve

chromat ography nethod.” Exanple 1: (1) Step (1

! od. B ! ). of o
traysCOaEh HiHpgya wrodeesectionabanga parr bolwire tAASIBVRP @ron
gl ycol 25 <Continuous multi-stage distillation columm

theréEﬂ%f“‘aPEFékiWé’tbﬁy Bt m3tane ansmbeérdf toieslafm as
shown FIG 1 95 A0501 VP82/ KAN having Lo = 3300

appréfimifery £88 167269 th? Were Usedio 60, Do / dot = 7.5,

was used. In this exanple, as the

i nternal,.,sj.eve trays each having a cross-sectional
<Re%¢;%\ée|5§§ll”8hgnlgn the sieve portion thereof of

P daio P M L1dbong i,
contldr?tgtu:l?rjly;i;ﬁ{rtm@%?d ¢ot mmtiﬁa!im alieen Thio @21 inlet
(3-approvideboh tbodA M fetagetirembohe Rt am2 333 EAE 19f/ B of

10 net hanol in a gaseous form (containing 8. 96 % by
meti@hahin af gadseeus)fbrmciodntaaning 8r6 o 4o waight of digpethy!

met hanol 1n a liquid form (containing
carbonate) and 7.489 ton / hr of methanol in a liguid form {(containing
6.66 % by weight of dimethyl carbonate) were respectively continuously
introduced into the distillation column To from inlets (3-b and 3-c)
provided at the 315t stage from the bottom. The molar ratio of the
starting materials iniroduced into the distillation column Tp 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 hdurs at approximately 1300 Pa,
so as to produce a homo.geneous solution. This catalyst solution was
continuously introduced into the distillation column To 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
96 '
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6.66 % by wei ght of dinethyl carbonate) were
A0501¢Pe2MdANel y continuously introduced into the

distillation colum To frominlets (3-b and 3-c)

provi ded at the 31st stage fromthe bottom The nol ar

ratio of the 15 starting materials introduced into the

distillation colum To, vvag t hanol / ethyl ene
1.118%1 BORa, cand @ pefluxHatioPh4¢- used was obt ai ned by

adding 4.8 ton of ethylene glycol to 2.5 ton.of I?g—|24

(4R Wabypossibhe tacattains staple st@ady glale pgefation atter
approximately 130 C, gradual l'y reducin thedpressure,

hourand /& fswyb oiin2Ppoint reattion eabeture Withdegwn dxe Fathe jop 1
hours-at approximately 1300 Pa, so as to produce a

of thBCEDLRAS QHSa Ylsddn forthivas alodipdt usiciguailwatexchanger
continuously introduced into the distillation col'um

and Jifud tAMS ihd & |(ic|;<&§i.e) TREONQERIIGW Béitingdpbiret mgaction

concentration: 0.1 % by wei ght

mixtgPEoWnith Y TR QYA AR dw HronRaAG! distilition column

cont i nuously unaer

condi tions of a.colu tiQ
at 168 iR dnrceiuaregrs. 105 (1 o Al digroriate? and
VP82/ KAN 1. 118x105 Pa, and.a ref]ux ratio.,,of |
6.548tomédyi of mathanalai P Doy &%‘W@xya‘%‘?‘gﬁg?”iﬁ’&?ﬁ the
after 24 hours. A low boiling point, react]j nm Xt ure
bottairt Blohathre Lobamirhat GopB2 L6y IR SAURITRG i 345, hik Of
formwas cool ed using a heat exchanger 5 and thus
ethylgnBaslycol,o1 14 gond. hiTbé metnanpll @anchdi ke Adipel preacted
reaction mxture, which was continuously w thdrawn

othyIBAR ddidotiatel | | BkbRudipg! tinndimethyl 6aanate cantained in
contalned 4.129 ton | hr of dinethyl carbonate, and

the %I%ﬁﬁ}damat?erml, Qﬁg@ét‘ﬂ@l‘%rodﬁdeidlﬂhfbmwmf dimeshyl carbonate

rom t bottom 2 of the colum at 3.382

wast B7idpy 6n T30, 4AF SdaRG e othy e Hyestubstanag in the
catalyst 50 ﬁ@degmé:aﬁ‘ggaﬁ %rrgaﬂ%te%' afmsUtdoN8tiNend gRidd 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
97
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the starting material, the actual produced anount of
AOS0INPBEMAN car bonate was 3.340 ton / hr, and excluding

the ethylene glycol contained in the catalyst
solution, the actual produced anount of ethylene

glycol was 15 2.301 ton / hr. The ethylene carbonate
conversion was 99. 88%

di, net hyl N
99.98%, cnd ﬂql?ﬁe\ﬁﬁsm?d't 36eab%. ant JBocHYIgRE PRED! selectivities
ethyl ene glycol selectivity was not |ess th 99%
wereRredpeatacelyonot m&m&%éﬁ%. net less rqs"@é' @gtggiuﬁdéﬁt less
these conditions. After 500 hours, 2000 hours,_ 4000
than [98169% 560 |essthana®8.99%, aoabnbbless thes 88:9R%.
produced anmounts per hour were 3.340 ton, 3.340 ton,
(2) sgeﬁe"(mt@ﬂcoatmﬁ%aw,pr@wmg@pt\enyﬂ earboniatel y f or
[ yl  carbonate, and 2.301 ton, 2.301 ton, 2.301
<Fird{8ontindBhs' Mt aistilidtesn cesurat 1diy for
iéry ene glyco i t9 et hyl ene carbonate conversions
e respe \" . 004: 0 .
25%@9@@5&1 H;eﬁwwﬂéﬁqa%% Bss(%ai@t?c/ﬁ cHuRIVasO99n SR irrFIG. 2

carbonate selectivities were

.respect] | 990
naving oo, 5360 4BeDx Aar006 Bok] 1ot 1 8% Thant% Paodsy™ 17

97 A0
VP82/ KAN 99. 99% d t h . 999 o
and &hl/Hen& gl\'yéﬁl_‘g%é;-ecﬁl'i?\’h{qeg;atm\g 9%33 e/%ﬁs'gg?é&ﬁ&avmg a

l ess than 99.99% not |ess than 99.99% _not,le th
crosagseetipnabareaspet hate @Q.%}H%Oxéﬁ‘@tﬁ& 1)5.am? and a number

99.99% (2) Step (I1) of continuously producing
of hdigghendppraxhmateky 250<Fn"swecemaadi@ssthaiintersahbge

di stillation colum 101> A continuous multi-stage
<Sefbili £bAtihabusomuNi-stagehdistillatidh @olamrna0ilg L, =

3300 cm Db, =500cm L, I Db =6.6, n, =80, D / d"

- K corfilfldus m P sfage whstiNatdn toluhhsaSshwre in FIG. 3

sieve trays ea having a cross-sectional area per

v B SRR PHL L Kob T 2 g 9 B4 -
3.84 TS, 4 doe 1% GORE LRSS Tikhis ES@HRpM, 44 khalihedinal,
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 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 muiti-stage
distillation column 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 / dimethy! carbonate = 1.9 was introduced

continuously in a liquid form at a flow rate of 50 ton / hr from an upper
98 |
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A continuous nulti-stage distillation colum as shown
A0501VPE/KRANS having L2 = 3100 cm D2 = 500 cm L2 / D2 =
6.2, n2 =30, D2/ d2, = 3.85, and D2 | d22 = 11.1
was used. In this Exanple, as the internal, 16 two

sets of Mellapak (11 theoretical stages in total) were

installed in the upper portion, and sjeve trays h
inlet rnaxw'.fngmmsbssmmqmmuIuréf@g$>6HISHBPBOBf°°|Un¥n 6. on

approximately 1.3 cn2 and a nunber of hol es of

the offNEF RENt£Ista@ity Mmaterial 2 cordaining HIMptidr CRRANE and
<Reactive distillation> 20 Di phenyl carbonate was

phenBl AY4LG/& Bt vatiovonaimethylceatboratalf phienalts Ga6ukang
an apparatus in which the first continuous nulti-stage

introdli3bh! A& iAol I alfasaBdst fotp et anlovoraienod &0 ton / hr

age Ion colum 201 were connected

rom EIUBR NG AR Gefpodirun Rl ton

nate 25 in a
wei ght ratjo of phenol .1 dinethyl 7t i
columpy ?galuce-ﬁhe JBH{?anEﬂ'}t% for i?lﬂe aStEﬂdﬂgzﬁ'% g?ﬁnggst "?ﬁ??b‘v&“@% into
rate of 50 ton / hr from.,an, upper 8 AQ KA
the finst eontinweus ﬁautths&ag%g‘hﬁt'Hég%& ﬁﬁ?‘f'?‘!‘sf%éygg?d'w*‘y'
distillation colum 101. On the other hang, .a .. id not
carbshatéi/nphemokri A3 cEheastarigpamatenials ARtially,did no
phenol in a weight ratio of dinethyl carbonate /
contBlieMeliogedst(owtsidé thecdietssdiarohimit fuths ion cargmatagraphy,
format a flowrate of 50 ton / hr 5 froma | ower
i e. hol BlorB2t9én thepbi) I SPISI@Phisiassa matalysttwgs introduced from
di sthlation colum 101. The nolar ratio for the

the @éﬁ{eF A LRE FitRkSTiFsit dSstisadusnhaltitdtagbi distillation column
|

nuous multi-stage distillation colum 101 was

101 %!érltcng'{ ﬂizl?tsagc%g&)%ﬁt{rlggbpy | bfinkthePred ol tiRfdidngould be

i 2 not contain hal ogens

t t tecti Lt of ' .
appicviEseby U0 Rarcl glislRe #s cariedioutoy 5
confnuonsy rsrcemmNRohe (meesguirh af PRFRAGHR of tne

1 0N
col umm

first continuous multi-stage distillation column 101 of 225 °C, a

pressure at the top of the column of_7x105 Pa and a reflux ratio of O.

A first column low boiling point reaction mixture containing methanol,
dimethyl carbonate, phenol and so on was continuously withdrawn in a
gaseous form from the top 13 of the first column, was passed through a
heat exchanger 14, and was withdrawn at a flow rate of 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
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101 such that a concentration thereof in the reaction
Aosotverp/ganpul d be approxinately 100 ppm Reactive
distillation was carried out continuously 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 colu f
colunn HighFoiing poirdf fasctian imixdure was thugd e@onF | ow
boi i ng point reaction m xture containing nethanol
contifiBESNY lsCie! ioahe, sebend! camtinuousrmudti-staaei disdiiation
withdrawn in a gaseous formfromthe top 13 of the
COIU’{M@M ?'é“m)w Vafe RASE toh T ot flom 2 Stawiig exatexigjeinlet 21
, and was wthdrawn at a flowrate of 34 ton ! hr

instah%@h%%gp?lgﬁghﬁt mftagdk GPR Bideiev@ncays f Thet liqoidifed into

polnt ‘reaction m xture containing mnethyl

phen car.bonat e i « Sy t i

the sacas@nypnblmmar@h{-‘ﬁé%%%@é 9 FRlYRAEIU contained
%ontlnuo_usyvvithdra in.a liquid f f i

18201 IO 7 e oy bheny RarbBfali.HAL8 6 weight of

~state was attained after 24 hqurs. The first .

diphemgpearboratemReagtivedisigaienivas Eaif e oyt tifidusly
was thus then fed continuously as is into the second

in theomdzmul@mrrtmucbusmgﬁl-@lt%ﬂaIdlﬁtlﬂaﬁo%SPlHﬁ’i”igqfé{“‘ger
flowrate of 66 ton / hr froma starting naterial

condifibf @la tenspeldtede it e bottoan Nl thepskluma ehe 1876y
trays. The liquid fed into 5 the second continuous

presgulréla-tw&,'giloﬁtthld Sbliurncstl 3rM02Pa cantdaa mefluxiatio of 0.3.
by weight of  methyl phenyl carbonate and 0.8 % by

it wdE pYsible 1! aPTHYtaER M8aLG. stEtaUperatibre atidrazd dours.

carried out continuously” in the second conti nuous

SPGB AP sty o 3%

e colum of 210C
.a 10 pressure at_ the top Of.t I ,
weidhicos BE M cdtndre g 56,5 0L defhes ensL Was
stabl e stead t at [ |
continuously with ra%vr?fsonqtpt%reattclangffcﬁ‘ %92549@&% Tolumn, 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
continuously withdrawn from the bottom 27 of the second column. The
second column low boiling point reaction mixture - was continudusly fed
into the first continuous multi-stage dist‘illation column 101 from the
inlet 11. At this time, the amounts of fresh dimethyi 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
' 100
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A second columm | ow boiling point reaction m xture.
AOSOTPERKANY 35 % by weight of dinmethyl carbonate and

56 % by wei ght of phenol was continuously wi thdrawn

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 xt urt% fgﬂt&ai ni.gﬁ
produidad athbyntvelf gliphenyisaibpnaga di@n hedr Matce N55 §he

% by wei ght of di phenyl carbonate was conti nuousl¥
selectivifidfdiwhed daphehyl barbonaty baisechenstheonbessl Fracta@was

second columm | ow boiling point reaction m xture'was
98% continuously fed 20 into the first continuous

‘mul ti-stage distillation columm 101 fromthe inlet

115 Aondidd chntEy bh Whs'Esatediomtdyder these

c?ﬁ@ﬁ@%ﬁéh%&dﬁoﬁgvﬁg fed into the first -

conti nuquys nul ti-st.a j sti ' (HehdtelpBEHDUr
condgipns eglf'% pégdf'Sghagﬁtqg'lrﬁgt#e&gdbﬁhg ‘g%nposi Tions  and

ampunts of the starti eri al n red
after;80GMaursz 2009 Py SDAENEUAS: 5R0D flghfe, Eha'6000 hours

conposition and armount of the second ,.col . .
(exchuing rtgnepdiphemdaféaﬁttﬂﬂaﬁ%&%@mﬁ@n athe éﬁ%ﬂ'ﬁi@at%%a”

100 AO0501VP82/ KAN produced anount of dig%gena/l ivel
werecBrhbnahe SpR6 thours. Vst 7 Tdoten,Tred &di%1e0 ypspecyyely,

t he di phenyl carbonate based on the phenol reacted was
and B96s oPs elionpse wasret 98U UBE tneB B, B Yaand A8 % Jespectively,

under these 5 conditions. The produced anmounts of i

| handrewed veay stalliel er Mat@okery the 200Mmatic
and ﬂgﬁ{égmfoo%? hours, 5000 rr?l!cj)urs, and 6000 hours

| ' iafl3'daAnabE cOAtAM hatbgens i{pot more

Carb&%ﬁ%#%@a‘{égﬁ gf"?g?ﬁg{r'gﬂg. 74 ton, 5.75 ton, 5.74 ton,

5,74 ton, and 5.75 ton respectively, and the
thangL|RRR)-vi ties were 98% 98% 98% 98% and 98%

respecti vel 10 and hence,t ' very
(3) Steab(ah shpbtatund Hiehspiney irREEVESaEbottate (EIY

substantially did not cont a{',n hal o%ensA; not nore
<High boiling point material separating column

A continuous multi-stage distillation column as shown in FIG. 5

having La = 1700 cm and Da = 340 cm, and having Mellapak with na =

' 30.installed therein as the internal was used as the separating column

A.
<Dipheny! carbonate purifying column B>

A continuous multi-stage distillation column as shown in FIG. &

_ having Lg = 2200 cm and Dg = 280 cm, and having three sets of

Mellapak with ng1 = 12, ngz = 18, and nps = 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 dipheny! carbonate purifying column B as

shown in FIG. 5, the high boiling point reaction mixture from the second
101
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than 1 ppb). (3) Step (I11) of obtaining high-purity
AOS01/ABIFRAIN car bonate <Hi gh boiling point materi al
separating colum A> 15 A continuous nulti-stage
distillation colum as showmn in FIG 5 having LA =
1700 cm and DA = 340 cm and having Mellapak with nA =

- 30 installed therein as the intern s used. as_ the
reacthpdi stihationcsammn biaimem inAtopaiDorap¥e as; SnifGously

colum B> 20 A continuous nulti-stage distillation .
introdiotedatass sheow /ihT Fite.the separatingeelumnd tiemdn et

= 280 cm and having three sets of Mellapak wth nEj
A1, TTHE cdlBF bbitoanemparatusei (Ti)avasdnalder tn beag06RE and
internal was used as the purifying colum B. Using an

the c§§§’fﬁhafdb3 P;?@&Em Eﬁ%)t\ﬁ@s hhaBelol be BBOOIMA intther i al

separating co A and the di phenyl carbonate

sepag%{i%#g&ggﬁwr@sﬁlﬁior?chﬁrigh%uﬁcohhﬁuﬁiﬂw with a

actron mxture fromthe second 101 a

o S50 B A BERRL 0 SR OO P T e

roduce

withdraten atA12.5rian MR B dRperar o ol BREBm. .

to be 206C and the columm top pressure,. ((PA) s.made
componést $8e) was icnrttwycw%mrjwaﬂrg‘gnc%t Qn%(tﬂ"' / AP Via 2

distillation was carried out continuously with a
condigf Ndx rBhée catinth 6op caopanentdptd Mps Fanitinuaysis
continuously wthdrawn at 12.5 ton / hr via a conduit

introdficedndsastpkathebpltityingconiuoneB f(ow) theinlet B1.  The
continuously withdrawn at 0.6 ton | hr via a conduit

I
col bl P B e T el e o che
top Hgsesturgl(P;r)hﬁas made to be 5000 Pa in the purifying column B,
distillation was carried out continuously with a reflux ratio of 1.5, a
column top component (Bt) was continuously withdrawn at 5.3 ton / hr
via a conduit 26, a column bottom component (Bg) was continuousl.y
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 diphenyl carbonate, 59.0 % by weight of high
boiling point material inciuding a catalyst component and by-products

having a higher boiling point than that of diphenyl carbonate such as
102
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colum bottom tenperature (TB) was nade to be 213C and

A0504 0P8 QN top pressure (PB) was made to be 5000 Pa
- in

the purifying colum B, distillation was carried
out continuously with a reflux ratio of 1.5, a colum
top conponent (BT) was continuously withdrawn at 5.3
ton / hr 15 via a conduit 26, a columm bottom

pherfArE¥INgyIaté BRantironeophenybasethoxytenseake ando. 03 ton
I hr via a conduit 31, and a side cut conponent (Bs)

- bBRYYI-Phek \WBoRYy-phédylerre / hr via a
1 phﬁwggﬁgmeﬁcom%i onsyo‘fihthe conponents 24

Br: Q24 5% BV GRiGHE o YaiRhy hedrisnats, 0@®setyl weighbiod

6.8 % by wei ght of materi al
. _havi wer, Doil i Lo\ et Bglwelght'®f éthyl phenyl
anisgfitn € 2 B eedOhh o BIREON, ISR, P9 v Sightst ety pheny
carbonate, 0.1 %, Lght o ' 6.6 % by
carbgsiajpy 4of %h@ﬁ&?',gﬁfﬁd%wmﬁrﬁ%%o ® methyl phenyl
carbonate, 59.4 % by wei ght of diphenyl,, carhb >
Bs: 95.0 'a%mywmgghpfdilpapﬁwgmrbemgngté,%@ 6?‘%}?%@ dhigh
wei ght of high 25 boiling point material including a
boilitef pyrst matepi@ient and by- products having a higher
boi ling point than that of diphenyl carbonate such as

1027 Re ASrRte nYRI2e 4&h! gfeinghyk ahlicylatee xandhergnand phenyl
phenyl net hoxybenzoate and

oRUBRAEABIAMHe iddhenexomapbaent wesyicimeorgthanm 2ppm,
’“ed%’ggsw ght of dinmethyl carbonate, 0.25 % by wei ght of

isql: %k ' Boky-piee gyie
and e Ryt R PR ey ey v g o

was Ao CFRESHVB o hepSn e ot gk ot M ! PP
it wignsEound BRepP PRIDRETnE dBIRRY RoTEE Sotained
frc:r(r:iotrr?faors1iednet c\al??:v:s()tnortrljlregstt %?1 %)9%5@% Moreover, the produced
amount of this high-purity diphenyl carbonate was 7.17 ton / br.
Prolonged continuous operation was carried out under these
conditions. The produced amount of diphenyl carbonate and the
purity were substantiaily 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 distillation column as

in Example 1.

2.61 Ton / hr of ethylene carbonate in a liquid form was
103
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lo and the content of

AOSMW%WCM bonyl - 2- phenoxycar boxy- phenyl ene was 4
ppm reover, the hal ogen content was not nore than 1
ppb. It was thus found that the purity of the
di phenyl carbonate obtained fromthe side cut was not
| ess than 99.999% Moreover, the produced anpunt of
contiflbasly Bhroguted intphbeydistilatiomeslums fromy thgHnje(3-a)
15 Prol onged conti nuous operation was carried ou '

L t
provigﬂﬂeét {Hessth Qﬁ?é fi@mstheTbetiomduck@33nbont/ kyr of methanol
I'phenyl carbonate and the purity were substantially

. chan f ) ;
n = JHEPHETILA Cnifipieaien, #45 paune ot by sesborate

; ti C y 0
ona £or5PIh TG NARBR O SR TR pe o e o
weighb @m{eygﬁw%“oé‘%s@t%%?ét4%%2%#%*&%‘%@2@95% "

a . 2. '
introtiugatdntothevdisti e mesmoH IR IRB BT B rar 8 )

introduced into the distillati '
orovidbdint hed Headags frae Ssabotage 7Bm MAISDEAE A1 e

‘4. 233 Ton / hr of nethanol in a gaseous form
startiri@Maigiials dtrodgedy ints the distillatios: aglureawasdpgfhancl /
and 4.227 ton / hr of methanol in a liquid form

ethy(éi%“cﬁirﬁbﬂﬁté--—ﬂfé. 78 by The'eaghlly sbiwals meads|toche Hbeasame as
were respectively continuously introduced into the

in E%%@@;{l%'ﬁtéﬁ&‘t\@a& WEh 900§ yefedritiostHes dis tilati Bnagolumn.

Y ed at e 31st stage'fromthe bottom The nolar
Reagﬁg{a?qiggj{ |tﬁglﬁ)n0§;|’a%r Ebmemﬂé@hﬁnuﬂbgm uerlbri cdditions of a

8.73. The cat al gtrmwav\gs e ?nol / yl ene caf honat e
°°'uggfﬂfa?it:§ﬂgifﬂ%§8&& PG f, T (R eBs e o
approximately 1.046x10 Pa, and a reflux ratio of 0.48.

It was possible to attain stable steady state operation after 24
hours. A low boiling point reaction mixture withdrawn from the top 1
of the column in a gaseous form was cooled using a heat exchanger
and thus turned into a liquid. The liquid low boiling point reaction
mixture, which 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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Reactive distillation was carried out cohti nuously
Aosménplggn@qmdltl ons of a colum bottomtenperature of 93

. a colum top pressure of approxinately 1.046x105
Pa, and a reflux ratio of 0.48. It was possible to
attain stable steady state operation after 24 15

hours. A | ow boiling point reaction_pi re, wthdr
hr. ThemettdenepcarbaiatehGOBYRLHON Was aaé%‘ﬁ»ﬁh&mmﬂ’“ﬂ
cool ed using a heat exchanger and thus turned into

- - - - a
carbbhatd éeldbevity was! notvielssi tham9pP9t, rand therethylene glycol
m xture, which was continuously withdrawn fromthe

seledivity 'vta”é i 1685UMan 80.99%7 ton / hr, contained 2.84
ton 7 hr of dinmethyl carbonate, and 5.33 20 ton / hr

Of BFEIJIAI0 ool dBlidl et Ysle ot Bdicruhdemthace

865 1 om | | 2.937 }on !/ hr contai ned

.. r

condibino A JEETLOEL Y 2000 ALY, 2080y mia'soos
car bonat e. cludi ng the dj [

rour; tgaea%:ﬁtnreg;w?em%wfa”ﬁépiiqhﬁiﬁgé?d&f?‘;gﬁf%'ﬁ‘f;%ﬁbg ton,
0 i met hyl car t 2, 669 ‘

2 ot A B8 S s sab ey B e Almb Y 4fro8th, ana 1.630
catal yst solution, the actual anount produyced,of

ton, dt BEBeun, o1 PS8 tomsandstSaDion respeckvabiier eiByjangalyeo!
hr. The ethyl ene carbonate conversion was 99.99% th

the 6irREhe cadshateatensetsionisvweyewespestivedy 9988, 35.99%,

99.99% and the ethylene glycol selectivity was not

09,995 a0 9999990 %h ePdith ettgpidcartdniateosel empiitio BoMe RS
cartied out under these 5 conditions. After 1000

resdb%ﬂ@ly%@&ﬁéwﬂ%an 2PBobYURBE |86 tRAAMI [99%s ndtHess than
acl ua

produced anounts per hour were 2.669 ton, 2.669

o0 4% o RBR B3R10 8N o8 5, 0 ARarAsy b oo selsctits

t on, 1.

ton, and, 1.839 ,ton rgspectd ¥&bh I
werb oot T - FRAEEH, 514 ohBT LGS MR DSLBO0g) ot toos
99. 99% 99. 99%
than 99.99%, and not iess than 99.99%.
(2) Step (1) of continuously producing diphenyl carbonate
Reactive distillation was carried out under the following
conditions using the same apparatus as in Example 1.
A starting material 1 containing phenol and diméthyl carbonate
in a weight ratio of phenol / dimethyl carbonate = 1.1 was introduced

continuously in a liquid form at a flow rate of 40 ton / hr from the upper

inlet 11 of the first continuous multi-stage distillation column 101. On

" the other hand, a starting material 2 containing dimethyl carbonate and

phenol in a weight ratio of dimethyi carbonate / phenol = 3.9 was
introduced continucusly 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
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10 99.99% and 99.99% the dinethyl carbonate

ADSORAPEKaN ties were respectively not |ess than 99.99%
not less than 99.99% not less than 99.99% and not
- less than 99.99% and the ethyl ene gl ycol

selectivities were respectively not |ess than 99.99%
not less than 99.99% not |ess than 99.99% ang_ no}
the firsiseohtinnod. saMti-siagenylisdiligtion colymn: d&t wasudimethyl
produci ng di phenyl carbonate Reactive distillation
carbo¥isteCAphedd| cuti 8MdeTHdistadingwaterialsnaubstantially sid not
the sane apparatus as in Exanple 1. A starting

L4l {3HBi the Ebeselionnsmit otthyliopachmmaatography,
contélTﬁ @élﬁegrh @gti o of phenol ! dinethyl carbonate = 1.1

. L 0 . . e ;

e nfft g PR tBEH; Fibp o, FBOPIY Y pl Sathil btiwiats imfauated from
the fi . i ey .

o uier et KB RHRL U AP S e R g Eorumn

t ai ni di et hyl . bonat.e. apd i [, aht

101 siaeh ahat AlpaBERDIAtiAIRGTSE b fiie sPactgnyfifyfl W B be
introduced continuously in a gaseous form at flpw

approsinats#ly4250 gpm. hrRegctiverdistdiatipR was caf ng% At he
first continuous nulti-stage distillation c¢olum 101

contifuoumyan that fiost continaosisamutigs tagecdi il tation cadymmy 101
into 105 A0501VP82/KAN the first continuous

undefiédhdiicie ofliss témpairaturecat the detomasf dheetdliymn of 235°C,
carbonate / phenol = 1.87. The starting materials

a pr%éiélﬁieaai itﬁ{e'tb_pdbfjftﬁ@tcolgmﬂ af B, opanandaureflde o of 0.

etection [imt of the ion chromatography, i.e. not

A fir?ﬁ{:ﬁ)ﬁ u@gglz\( B%k?ﬁggp P Acti®renfirfureysbniiging methanol,

rom5-the upper inlet 11 of the first

) B8R, PheGTeR S8 Ak REAR Gl Phretin in

he reactio I qui
sas i Jab GERELSS BB SH PR AR, e patebtriston
tne bt 74 b alS bRt 4 R ARIEH B /e
from the outlet 16. On the other hand, a first column high boiling point
reaction mixture containing methyl phenyl carbonéte, dimethyl
carbonate, p_henol, 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
column high boiling point reaction mixture was thus then fed
continuously as is into the second continuous muiti-stage distillation
column 201 at a flow rate of 40 ton / hr from the starting material inlet
21 installed between the Meilapak and the sieve trays. The liquid fed

into thé second continuous multi-stage distillation column 201

contained 20.7 % by weight of methy! phenyl carbonate and 1.0 % by
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10 a pressure at the top of the colum of 9x105 Pa and

-AOSOW#Q?MRNM“ oof 0. Afirst colum |ow boiling point

reaction m xture containing nmethanol, dimethyl
carbonate, phenol and so on was continuously w thdrawn
in a gaseous formfromthe top 13 of the first
colum, was passed through the heat exchanger 14  an

weighBef Wiphdngieanbonate owReactive distitighon wasiGak jef0u
the outlet 16. On the other hand, a first colum high

contifidusty iRGhR! seégAdicomtinususrmutlostage digtitkation GO?UT“”
phenyl” carbonate, dinethyl carbonate, phenol,

201 %ﬁ??@@ncﬁF\)E;P\%_’?ﬁg}tetrﬁﬁeﬁélmlaYﬁtrﬁéld,oﬁtommﬁ/\ﬂ'ae column of

I nuous awn in aliquid formfrom21 via

205°0% Beklkd atdhe HIF ofiths! cGRInTLE 2016 Fabhadsd eatlux

hiah boilin e e{_ ours. The first col umm

: oi nt . reac .

ol Rtk LoR S BABT MY sl s Dporaeer
mul ti-st distillati -

aftoneimacre e A yomanb aabn 1oy SRER afin idddton Hate
instal | ed between the Mell apak and tE si eve ] B4R,

was Tontinwow sy withzis amit framdhedtamd 3.8 ﬁp%@gggn colfumn, and
mul ti-stage distillation colum 201 contained 20.7

0
a seRyritetouimafhigh byllinmeojnt caaciaat@ixitge LAtaBNG §§)62 %
.a A0501 VP82/ KAN wei ght of di phenyl carbonate.

b i iofem@itiy i bhahiybeanbenate rareti 56U %dnweightsifydiphenyl
y “Fﬁg second cgnt’i nugus mul ti-stage distillation col fnlrl

tfaﬁfga‘é” els CORARLIDRRTY WitldiRIREreinuUtite biottdra Bbtafdimeof
car tco ur?n oﬁ hggggya|pressure at the top of the

sec&ﬁéu@@{%ﬂ%ﬁé Q?Poﬁ@dc@i%rﬁﬁllﬂw Bofliig @Ot Belctibh mixture

after 24 hI 3rts?.2 salg S 20 ot leady > i’;\_te Opeirati_on .
wasiiﬁeggegﬁ?&hiﬁﬁén%éﬁe??'ﬁt ety gs bl Biag detifiation
conbon 0 porming BHGR TRy g uFE B ER BErsue"
dimethy! carbonate and phenol newly fed into the first continuous
muilti-stage distillation column 101 were adjusted so és 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. |t
was found that the produced amount of diphenyl carbonate per hour
was 4.03 ton. The selectivity for the diphenyi carbonate based on the
phenol reacted was 97%.

| Prolonged continuous operation was carried out under these
conditions. The produced arﬁounts. 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

pheno! were 97%, 97%, and 97% respectively, and hence the operation
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by wei ght of nethyl phenyl carbonate and 60.8 % by
A0s0TePaPKAN di phenyl 10 carbonate was continuously
w t hdrawn fromthe bottom 27 of the second col um.
The second col um | ow boiling point reaction mxture
was continuously fed into the first continuous
mul ti-stage distillation colum 101 fromthe inlget
was (éry Atable.s Mareovenethemsiphenyt careenatenredmeed
carbonate and phenol newly fed into the first
subsEAMiaNy@ia At suhtainshalggehis(hbt marenthan dnRPPOL wer e
adjusted so as to maintain the above conpositions and
| (] f hid Mo uritiedipt erly| acarbidreatest ar t i ng
(3) Sqng?(t,tr'$'z|°qz°,5tt%§?<?‘tr% i%r?g} co?{gi o@rar:lyi on the conposition
ang.,.. b | | prodedd aroinDBixample 1.
rej’wgowggr]n'tcf?ﬁretg.s tﬁﬁ%\j\ﬂg@tfﬁguén}é(‘jmtehg':bthe produced P
anmount of di phenyl carbonate per hour 20 was 4.03 ton.
The selectivity for the di phenyl carbonate based on
t he henol reacted was 97% Prol onged conti nuous
Exampée #ti on was carried out under these conditions. The
produced anounts of di phenyl carbonate _ger hour
(1) 1o b aissonboaoHaly BrédwainmaamesYLcabianatt gnektffiene
4.03 ton, 25 and 4.04 ton respectively, and the
glycekl ectivities based on the reacted phenol were 97%
97% and 97% respectively, and hence the operation
107a ARRYTh MR hKAN - seeg e elistidatibheco e @sephomiein FIG. 1
di phenyl carbonate produced substantially did not

oV R} 1<358008RD motop, LganDh it o £ 50, Deid o, = 7.5
ond B8 8 oty
traygré)éj&%:ih%ird\ign;tcl?ggs%é{%ﬁélea?é@ perWoR M 1196 ¥G€e portion
thereof of approximately 1.3 cm? and a number of holes of
approximately 220 to 340 / m? were used.

3.773 Ton / hr of ethylene carbonate in a liquid form was
continuously introduced into the distiltation column from the inlet (3-a)
provided at the 55" stage from the bottom. 3.736 Ton / hr of methanol
in a gaseous form (containing 8.97 % by weight of dimethyl carbonate)
and 8.641 ton / hr of methanol in a liquid form (containing 6.65 % by
weight of dimethyl carbonate) were respectively continuously
introduced into the distillation column from the inlets (3-b and 3-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
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T o T mmere——— T T

A continuous nulti-stage distillation colum as shown
A0501D\gp§j/RAN 10 having Lo = 3300 cm Do = 300 cm Lo /

=11, no = 60, Do/ dot. = 7.5 and Do / d02 = 12
was used. In this exanple, as the internal, sieve
trays each having a cross-sectional area per hole in~
the sieve portion thereof of approximtely 1.3 ¢

colurancatiomrbemperahote of &8 °Gp@ 6RIUMANACR PPESSUrSH /
n2 were used. 15 3.773 Ton / hr of. ethyl ene carbonate

appréRintalélgui d 18%10%Ra, arahai refbwsrgtioref 8ctzed into the
distillation colum fromthe inlet (3-a) provided at

t hf’t wakp&sigte ftboattaiie shableosie sty stafooperationfafter 24
met hanol™ 1 n a gaseous form (containing 8.97 % by

wei f, di C .
v Rl 6 BB s o o

the %hﬂ]h%&rg{%g?g%foh L@%ﬂi&?ﬁ%ﬁél%ﬁg&d@f?l dtV&kdhanger and

ation col um
fromthe inlets, (3-Q.a 3 ' :
thus usgedringna i Jiie Satighow BRIt Bohy fefetfdn mixture,
starting materia i ntrod d i j.Sti '
whichowasnceaBnieLsnwithdr vy emeiRs, AiBiglish eo B 12,32
catal yst was nmade to be the sane as 25 in Exanpl ,
ton &hd cestainedi AT@egn f pﬁdbneﬁbyhpafbwatﬁr,o%nﬁ@a-é’ﬁﬁ. ton /

Reactive distillation was carried out continuousl
hr ot Rfsthasdi tA diemidfcanti®Busly witheawn/fgmithe Beftam of the
bottom tenperature of 98 C, a columm top pressure of

co|ugrﬂgféﬂxér.?@29{dn 1-HrlSsAfinBa. 2. and ton dfthusf ethylens glycol,

was possible to attain stable steady state

1.17?@02@?%98\' fd farst aﬁgf;‘gi% k@ J BV dIQinfgxetedi ethyiene

ifon - mxture wt romthe top of 5 the

cartiiaimgc P ENTRRL L HiENTRe AR R EGRtmotrR, Ihe starting

g€l _ _ to a liqui The Iiquid
mato o iy et S8 4 AR e e 0o
ton / hr, and excluding the ethylene glycol contained in the catalyst
solution, the actual produced amount of ethylene glycol was 2.655 ton /
hr. The ethylene carbonate conversion was 99.88%, the dimethyl
carbonate selectivity was not iess than 99.99%, and the ethylene glycol
selectivity was not less than 99.99%.

Proionged continuous operation was carried out under these
conditions. After 1000 hours, 2000 h'o'urs, 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 dimethyl carbonate selectivities were

respectively not less than 99.99%, not less than 99.99%, not less than
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ton | hr, contained 4.764 ton | hr of dinethyl
A0SORAPERRalNe, and 7.556 ton | hr of nmethanol. A liquid
continuously withdrawn fromthe bottom of the 10
colum at 3.902 ton | hr contained 2.718 ton / hr of
ethylene glycol, 1.17 ton | hr of nmethanol, and 4.6

kg / hr of unreacted ethylene carbonate. | pdi
99.99%¢ aﬁdmuwbssathm%&%“\éommméaeiﬁW%tﬁgPﬁﬁbngt‘Vi‘ies
mat eri al, the actual produced anount of dinethyl

were TSRl Ble¥sthdr89.98P%, not lesethan P &9k, not less
ethyl ene glycol contained in the catalyst 15 sol ution,

than %gg%,@ha%eﬂw@tmm.ggﬁﬁet hyl ene gl ycol was

on | hr. The ethyl ene carbonate conversion was

(2) 57 3Pf1of BEntpRBLRY prépueRRg NoRehopLarbonates. not

os than 99 tgg ethyl ene glycol selectivity
. n | PSS Wi
X Pt%':?(qlt gﬁfoaﬁg'@%p?i%gig E‘{a rELegﬁe rgﬂ? ﬁg‘s@nizﬂoé] cond ti ons.
Af ) ours, ours, 300
condians usine ths saine ARRATELLS A TP, 1rfeeBlinat the
on, 3.854 ton, 3.854 ton, .angd 3. 854 hesli )
cross asationstsionnes huiol austooLtge Hexo BakgIRTgy ¥ebina
2.655 ton, and 2.655 ton resgfctively for ethyle é
contiiysws multhetageydistidatisnbenkiranci &y as é"h%dﬁéPege
respectively 99.99% 99.99% 25 99.99% and 99. 99%
approiem@iten} hys omfbonate selectivities were
respectively not less than 99.99% not |ess than

99. 99Vartiift ma&feTidiMetortafingrPhehoVesel dihetisylocasbonate
and not [Heﬁss than 99.99% and the ethyl ene glycol

ina ﬁrg%ifﬁli r‘Qt{d'n gﬁ pggé_‘%gog % 8TREM V@ pbdiitel esE 7t has ipRraddced

S SR AT g e e o
con&ggagzrfggﬁ th@idgg\r?gna[ e g)al&_ea%t Ive distill ar?it_one upper
et 13 S5 S EartRUEL RRulHAUE eutnghigamson on
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethy! carbonate / phen‘ol = 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 dis{illation
column 101. The molar ratio for the starting materials introduced into
the first continuous multi-stage distillation column 101 was dimethyl
carbonate / phenol = 1.44. The starting materials substantially did not
contain halogens (outside the detection limit of the ion chromatography,
i e. not more than 1 ppb). Pb(OPh)2 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
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cross-sectional area per hole of each of the sieve
iapgt he second continuous nulti-stage
AOSO@?@%? ation colum 201 was nmade to be approxi mtely
1.8 cnR2. 10 A starting material 1 containing pheno
and di net hyl carbonate in a weight ratio of pheno
di met hyl carbonate = 1.7 was introduced continuousl

/
undef tohditionisdof artenaperatiurevalr the bettars efbthe WUMW&ZWC,

the upper inlet 11 of the first continuous

a praBéurb &t A4 téh Tf iheatbimacbLBR 108 1Pa @Gnd eheeflukeatio of 0.
hand, a starting material 2 containing dinethyl

A rSEEQ o Sl beng s dcton g samathnt Tl
aimet R o AEFR4TR, a8 pRel 40,4 Bk BonBRcRRIf winafawiyn o
gas e 115 Al TV B3R U Aurt S| 855488 through
tne tmeRohan0et Adbcand e WLhOT S B 85| alflot B2 ton / e

materials substantially did not contain halogens .. .
from(the sutlettt®e derethe dﬂYTIBifthn%-f affstigglumn 'hlgﬁ%oshng point

chromat ography, 1i.e: not nore than 1 ppb). Pb(CPh)2

reacB®rAmirtureysonig@ningmethydephenyhcatbenatshdimeth” 11
of the first continuous multi-stage distillation

carb®Ma{gn phla@w_bl,sugbhéﬁﬁl carbonatot thet catalysteast sprom yeas
reaction |iquid, would be 25 approxi mately 150 ppm

contﬁﬁ@&@%qs@ﬂgﬁfrbb\hﬁm i WaRd $6Frhi feEmPat vieothe baedtarhyl 7 of

ontinuous multi-stage distillation colum

0 1 A0501VP82/ KAN under conditions of a
the %E%lp‘é?li{%[?e at the bottom of the colum of 220C, a

PR aiabia sty R nd{ BT or BCABLRE “Therrst

I ng poi nt

reacti on m xture, containin t hanol '
colugan Huaht té‘?"ﬁﬂgeﬁemta?ﬁ)e%témaﬁ"{gk"%%?? ﬁngésqﬁtlel?‘ﬁ?%dr awn

in a5 gaseous formfromthe tQﬁ 13 of the first.t.| ion
continlioms)y wssispadodhe: Besagd coBdnHeYs mylti-aigee distillafip

was Wi thdrawn at a flowrate of 82 ton / hr,
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 methy! phenyl carbonate and 0.5 % by
weight of dipheny! carbonate. Reactive distillation was carried out
continuously in the second continucus 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
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fromthe outlet 16. On the other hand, a first colum
yogp/RAIN | Ng point  reaction mxture containing nethyl
phenyl - carbonate, dinethyl carbonate, phenol, diphenyl
carbonate, the catal yst and so on was 10 conti nuously
withdrawn in a liquid formfrom21 via the bottom 17
of the first colum. A stable steadyostate, dioh I
by weightiofemiedhykpheayhearborate and $9.5:% bynweigiH of dipheny
boi ling point reaction m xture was thus then fed
carbéivife WaesbHtiaticus Y withdrewsdtondthe mattemud? of the
multi-stage distillation 15 colum 201 at a flowrate

secoRll SAuht / THe Seedndeokiirant liong boiling ipdint meactiopimixture
Installed between the Mell apak and the sieve trays.

The. .l i qui = e t | dististai
was gBBHiPk B (B8 g S L B e ot of
t h I t 048 %0 j
coturgngtEhyFogatn ialel Thea At IS ting) e AMbHits o fresh
t 20 ti ly in,th ' :
dimefhyt paeraiRteaiAgE Phanphasvdy ire ragit s BERE Santinuous,
of a tenperature at the bottom of  t ol um of%ﬁ,ﬁgﬁathe

A0S0

‘multiastags sistilationheokuspn oF0 1 Néert?oﬁgmﬁk}gl‘f%?s%&bﬂ

areflux ratio of 0.4. It was possible to att‘?in
abowal sbhpcsitianys andiamopmtatofothe staking majgsial. T gnd the

second colum | ow boiling point reaction mxture 25
startiR§ nearsr AURUsAKING irtdr comsiderationethe gorspesitiae and

second columm, and a second col um hi gh boiling point

itAR §bXbHECAIRMMIBWNBoRMIME pYintl idacsn ITbar &AN It
amo[ﬁlﬁi‘\%gitght of net hyl phenyl car b%r?ate and 59.5 % by

wasmgpﬂgtth‘gt t?i}e(?ﬁ?t{i‘ﬁ%cg&aélﬁ%ﬂﬁﬁ%ﬁ’@ﬁ)mwimate per hour

r awn ottom 27 of the 'second col um.

was 38 T it Pt for 198 diph@h] SafbpRBIEbHsECon the

mul ti-stage diﬁéi%lation 5 colum 101 fromthe inlet
phenal reected’ Wa§ RE#t he ampunts of fresh dinethyl

carbonate and phenol newy fed into the first
coritigiapged coRtinuous ope¥at|on was carrie but 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 seiectivities based on the reacted
phenél were 98%, 98%, and 98% respectivély, and hence the operation
was very stable. Moreover, the aromatic carbonates produced
substantially did not contain halogens (not more than 1 ppb).

(3) Step (111} 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
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mul ti-stage distillation colum 101 were adjusted so
A@SOF?PBEW@@@”tain the above conpositions and anounts of

the starting material | and the starting material 2,

taking into consideration the conmposition and 10

amount of the second colum | ow boiling point reaction

m xture. It was found that the produced anmount of.
requidedifenyprocudingaa dighbrquality high-perfermapcem@romatic

selectivity for the di phenyl carbonate based on the
polydtipeRlatecash db prodaBed dh @riytusirialtscalevsf optiess dhan 1

was carried out under these 15 conditions. The

s Ehahentn ¢ onete preferaily natf less
ton I%’S%E%S?g 0 Otshousrs, and 2000 hours were 7.28 ton,

thangiefcgra:lﬁﬂz tfr@li\d%;cssé:gi% gﬁlt't?]c?ﬁé’@bh\ﬂebyphé\ﬁ‘éil.t hMoreover, it has

e reacted ‘phenol were 98%
98% and 98% respect | e j
been giscsiraredt A Cii pi@bpulrin fipH oo PR ig Sahdse
produced 20 substanti al di d, nat,. cont ai
prodused steklyRs Pf‘a\&dygeé lag 88 tipe ?ﬁﬁrg%{%ﬁﬁ{@rfgnOt less
hi gh-purity di phenyl carbonate This s carried outf bl
thanu200Q hourss preferaklysroble s than Qo pours, fiRte phpierably
Applicability 25 It has been discovered that by ‘
not leBB! N 500§ hbars, wittsa halogenicagteat ohaoteaepthan 0.1
i nvention, a high-purity diphenyl carbonate 112 A0501
ppm VBBatdraib iy att mestel trarpt 0dppb ponar en pgefarakiy npt more than 1
hi"gh- performance aromatic pol ycarbonate can be
h AR HaGiNg td hadh Bealiagopoimithiaesthathaththie
ppbt%ggpﬁﬁﬁ?l?&gpe yragfkii)l?/ nofél ess tﬁgé} 2 ton | hr, nore
L RRreferahl t g iLRbding nof hreReAtvars 1100 ppm,
d'ph%gr%(;%ﬁipg%ggg’ g gﬁ@tneorfth@?/bw?]éoeer,m?’t has 5 been P

prorfLAS L SHE A E APl sl cea'retsasero

time of,
for_exanple, not |less  than 200 Qu f Ly
ppm, osThErAPSRIBOMYATLON Hos RipYIde st process WP dchispes
excellent effects as an industrial process for the production of the

high-purity diphenyl carbonate.
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not | ess than 5000 hours, with a hal ogen content of
A0soT\BsPRN than 0.1 ppm preferably not nore than 10
ppb, nore preferably not nore than 1 10 ppb and an
i mpurity having a high boiling point than that of the
di phenyl carbonate, a content of which being not nore
than 100 ppm preferably not nore than 50 ppm nore
preferably not nore tha€lSIMBpm The present
i nvention thus provides a process that achieves
We cfiggl | ent effects as an industrial process for the
production of the 15 high-purity diphenyl carbonate.

118 AO504 aRRdde farGhAiddicingtatighiputity Aliphengbsafbonate

produci ng "a high-purity di phenyl “carbonate on an '
on aéiﬁé@%&dﬂ%* F§§€4 ?arhw’éﬁg'&% i By Ripon eiate i
contigeigdlaroducethiahan bbE SRS SRER pRidtr e

carbonate and a di ol thgiough a reactive distillation
procegsampfisidadhRRIEPSOF eedi ng the cyclic carbonate

and an aliphatic nonohydric alcohol ,into a cgntipupus
10(itantistagslyipredueing ardiaikyheantonate,angna diof through

catal yst is present, carrying out reaction and . .
a reddtéve Idiatillatiosi systeamefieoptinnovslwfeedinenthe cyclic
continuously withdrawing a | ow boiling point reaction
carbBhstérghd eenhiphiatic monamathic edcdhal ko 8apdantinueus
froman upper portion of the colum in a gaseous

multl-2i8Ge H9tifatdMEsHAh N T imeFAehng cathlyst isoptesent] 5

poi Nt reaction m xture containing the diot froma

care By ERSBAIB A W aigodty erdban,
contﬁfgﬁgpg&aly%%{q{%ﬁﬁﬁg%ltl@watggilmdﬂﬁ%w ré3cor lAMURE
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;

(1) 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 multi-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 alkyl phenyl

carbonate from a lower portion of said first column in a liquid form,
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feeding the starting material into a first continuous
AOSOM@WQG 20 distillation colum in which a
onbgeneous catalyst is present, carrying out reaction
and distillation simultaneously in said first col um,
conti nuously withdrawing a first colum | ow boiling
point reaction m xture containing a produced alcohol. ture
contihuousiy feegitg pue tfirsh coumn high iiting P re@ciion mix
gaseous form continuously withdrawing a first colum
into #3dtdiy Bshtinu@usomuiti-stage distilationcadumniiniwhich a
produced al kyl phenyl carbonate froma | ower portion

catal%%ﬁi\?gg%ﬁ&t c& dut reddtish dridodistilldtian simuitaneously

N continuously feeding the first col umm

in sagé%ﬁq%%ct'ggwﬂ:, o AtfAfdH SN WitHdia¥ing i @ezoser ootumn low

-stage distillation colum in which a

..catalyst is,. t i t b @Iy t
boiliGe AGiNT 4eREHOS, FiF LuRuAl it K pfaRiced uiand carbonate
conti nuously_ w thdraw ng a secqgnd ixhin
rommmNRSpo oo AL SRe N BB )
carbonate from an upper portjon qf. said. seco
contimuaugssebdraving a sepnAEALIINeRIPAUlTHG PaTaf Padffion
colum high boiling point reaction m xture containing
mixtuhe qoradiniag iieppeoglcedrdiphany!fqaskenateiErm BooM ¢

of said second colum in a liquid form and

portiebf Rerd Facorl tetuinngirt adigeicbfarmoandncoptingersihg
point reaction m xture containing the dialkyl

feeo‘?&gt{ﬂ%aéécbﬁa%dmﬁﬁ I6Wtb6RiINg puinisreaittion snbdere containing
distillatron colum; and (I1'l) purifying said

i  icoweintous imiitiogtadendlistikation
the 8RR B R T e F R O I st ire. 15

contai ni ng said di phenyl carbonate into a high boiling
°°'u|5‘6ﬁ‘n?“|‘ilat erial separating colum A, and continuously

O3l sHoin SRR SRRV s kB Spri gl U
intrgtggai?ggg?rlpg r;gc%%tdt gmucrggpgi%?\nhoﬁ?ng %rgi%'{ Pieggtianemixture
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 Ay 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 ouﬂet, and
continuously carrying out separation by distillation into three
components being a column top componént By, a side cut component
Bs and a column bottom component Bg, so as to obtain the high-purity
diphenyl carbonatle as the side cut component;

wherein:

(a) said continuous muiti-stage distillation column T, comprises
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and then continuously introducing the colum top
AOSOPPPEORAN AT into a 20 diphenyl carbonate purifying
colum B having a side cut outlet, and continuously
carrying out separation by distillation into three
conmponents being a colum top conponent BT, a side cut
component  Bs and a col utm bott om conponent BB, so as
a stractusbtizavingha ¢ylitdnical trynl@ppﬁéthmh%ﬂso%a\?egg%ﬁ-tﬂh@““)
Si Fsrcyét conp@(:ne_rétd;- 25 wherein: (a) said cgntirguous b ;
and awWlihsidd dismeitst D¢ @mpmncbhaning arcintgrnabwith gsnumber o
A0501 VP82/ KAN a structure having a g';lpi ndrical trunk
stag%%'tﬁ%r@ﬁi’éi%, arlEngithehdviny a @yes entliebdialdng an inside
|ams: Zr Do (¢m and having an internal with a number
. e r. H .
d'a"‘?éﬂ §e; R B e g e o O ot
e Cco Qr, in an. [ f i
CO‘U'gg‘ZE‘ﬁ?'E)B 8 tqe APl hathdart HsiaedianBicces,
C at bott om of t.he col -
(em)gak 8 o ohdhe Galmmesin 2 Jowh Reftidhfio? $h8 Eslymn near
one first inlet provided in the . [
to therbaltaricetiqast $oR TSt IRLGRIGHHBBANIE HERpLaPortion and /
outlet, and at |east one second inlet proyided in th
or a mididle pantidronfahd ¢olumn helpwikie gas pyHeb: ang ?\qkeaset one
col um above the liquid outlet, wherein Lo, Do, Lo /
secdpd imet pgrevidedtin thenmiddld podtioneand dtonths l@WﬁTé?Vﬁon of
the following fornulae (1) to (6); 2100 <_ Lo < 8000
the t%%mzn 5vdn20R4Lia20 utlet <wherSb 49, DB) Lol5Db0 ns, B 5dos,
4), 3 < Do / dot 20 (5), and 5<Do/d02530 (6);

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

2100 < Lo < 8000 (1),

180 < Do < 2000 (2),

4 <Lg/ Dg<40 (3),
10 £ ng < 120 (4),
3<Dp/dot <20 (5), and
5 < Do / doz < 30 (6);

(b) said first continuous multi-stage distillation column
comprises a structure having a cyiindrical trunk portion having a length
Ly (cm) and an inside diameter D, (cm), and having and internal with a
number of stages n; fhereinside, and further having a gas outlet having
an inside diameter dy1 (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 di» (cm) at a bottom of the column or in a Iowér 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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(b) said first continuous nmulti-stage distillation
05088 nprises a structure having a cylindrical
A trunk portion having a length 20 L1 (cn) and an
inside diameter D1 (cn), and having and internal wth
a nunber of stages nl thereinside, and further having

a gas outlet having an inside dianeter dll'écgqut 2 4h
and dtoeast drive foottiminlet pravided ppéhepviddienpertien / fthe

near to the top, a liquid outlet having an inside

lowepaFEbATofidRe colimat abobettheniqtid leitted, wiverginila, D1, Ly /
| ower portion of the 25 columm near to the bottom atI
| et gne &hd e, i, streBbectidety isatiste thepfollgwing tormulae
D1, néhg)sill gi“'aéﬁrwﬂ] e.ﬁgrti gn of the col utm bel ow t he gas
7 tofdliéf't’ 116 a A0501 VP82/ KAN and at |east one fourth
(7) QA ' provided in the mddle portion and / or the

| ower portiaon qf t | umm above the J4quid outlet,
wher ei n ﬂS{’P%D‘Fﬂ-iLF%&%, ni, D | dl,a,?)énd D / di2

respectively sati sf he foll owi ng forpul ae 7) to
(12)p; 519@%5501_5%%@@(7), 1\6\”020, %ooogg, 2

< L, / D 540 (9), 20 <_ni 5 120. { 0), 5 D1/ dil1
< 30 (12)< landD119485 D1 /d12520 (12)49%c) said
second continuous multi-stage distillation colum
conpri se@0asaiy gct2@e having a cyl i ndr () trunk
portion having a length L2 (cm and an inside

di anet er §52 [H¢Md,,an@0havi ng an i nternéltwianda
nunber of stages n2 thereinside, and further having a

?as out| ef Sh@}/i,rwl2 4dpmn inside dianet¢t2i21 (cm) at a
op of the columm or in an upper portion of the colum
neqry tQih e ddtfy contirlibuk Alikibtaiy idistingtionséeleamn
comprises a structure having a cylindrical trunk portion having a length
Lz (cm) and an inside diameter D2 (cm), and having an internal with a
number of stages n thereinside, and further having a gas outlet having
an inside diameter do¢ (cm) at a top of the column or in an upper
portion of ihe column near to the top, a liquid outlet having an inside
diameter dz; (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 iniet provided in the middle portion and / or the
lower portion of the column above the liquid outlet, wherein L2, D2, L2/

D, nz, D2/ d21, and D2 / d22 respectively satisfy the following formulae

(13) to (18);

1500 < L, < 8000 | (13),
100 < D3 < 2000 (14),

2<L,/D;< 40 (15),
117 :



- di ameter d22 (cm) at a bottomof the colum or in a

AOSOTVPEI/KRAN tion of the colum near to the bottom at
| east one fifth inlet provided in the upper portion
and / or a mddle portion of the colum bel ow the gas
outlet, 20 and at |east one sixth inlet provided in
the mddle portion and / or the | ower gortion of the
col um ab®weng e80i quid outlet, whereilbl2, D2, L2 |
D2, n2, D2 / d21, and D2 / d22 respectively satisfy
the fol Ipw pg fasule® (13) to (18); (1300apdL2 <_
8000 (13), 25 100 <_ D2 <_ 2000 (14), 2< L2/D2< 40
(15), 147 5 N 10<_n2580 (X4B), 25D2/d21
515 (17)%%9% A (18);]( (3) said high
boj |\i ng. ' s or i al: ' AdufyN i ses
a @n?gﬁﬁg@ r?ulgﬁiﬁlﬁé ta{gg%g?gﬁ?rg??ghaﬁ?um havi ng a

I h . insi T ;
5 comibf SHAREBLEIUIRYAGY f5yilevh e B pingwenot

t her ei nsi de, . wherei n LA, DA nd_n ' ‘ i &
La (crmeang aBunaifle diameter Pl’gfé'?’g' PE‘B%%@F@%“‘L‘E@%%& th a
(19), 10 100 5 DA <_ 1000 (20), and_ 20< nA5100,.(21);
numbe) of sitagesphe theraiasidmarbesgin iw- R T %a'“g%’l
conprises a continuous nulti-st age di stillation colum
followavg theafdimwiny B nieide &he) tad2ddsi de di aneter DB
(cm, having an internals thereinside, having an 15
inlet Blggo a ind ddd@0Proti on of the co(Un, and a side

cut outlet B2 between the inlet Bl and the col um
10 bottom g kaying1soumber of (20), and
20 < na < 100 @1
(e) said diphenyl carbonate purifying column B comprises a
continuous multi-stage distillation column having a fength L (cm) and
an inside diameter Dg (cm), having an internals thereinside, having an
15 iniet B1 at a middie protion of the column, and a side cut outlet B2
between the inlet B1 and the column bottom, and having a number of
stages ng¢ of the internal above the inlet B1, 2a number of stages naz of
the internal between the inlet B1 and the side cut outlet BZ, a number
of stages na3 of the internals below the side cut outlet B2, and a total

20 number. of stages ng (= ng1 + Nez + Nas), wherein Lg, Ds, ng1, Nez, NB3,

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

1000 < Ls < 5000 (22),

100 < Dg < 1000 (23),

5 < npy <20 (24),

25 12 < ng2 £ 40 (25),
3<neas< 15 (26), and
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stages nBi of the internal above the inlet 131, a
AOSOTVPREIKAN stages nB2 of the internal between the
inlet Bl and the side cut outlet B2, a nunber - of
stages n83 of the internals below the side cut outlet
B2, and a total 20 nunmber of stages nB (= nBl + nB2 +
n83), wherein LB, DB, nBl, nB2, nB3, and nB satisfy
fol | owi nB0foNgUE I (22) to (27); 1000 (&7}B 5000 (22),
100 5 DB 5 1000 (23), 5 5 nB, < 20 (24), 25 12 <_
nB2 5 40 (25), 3 < nB3 <_ 15 (26), and 118 a
A0501VP82/ KAN 205 ne:9 70 (27). 2. The process

acgor di nghieopfd g8 Accohdira) to ICiaimes swihterein natdess than
hr of the high-purity di phenyl carbonate is produced.

1 torp/ fir oﬁ&é%‘?—@r@?é@?ﬂé}%{lt@ar@cﬁiml isopraduadér ei n

sai d or” said continuous nulti-stage
distillation colum To used in step (1) satisfy the
formula (28); 1 5do, /do255 (28). 10 4. The process

accordi ng. to any one of ai t. , { N :
Do3-Lo | 108 PHRCETH aucca’s,g?"%ﬁﬁ Gith ooy 2RI Said do
continuous nulti-stage distjllatio L um To, sat isf

and saighdor fOESRIG TEMNYSHS r@‘é&bﬁ»ta%dﬁsﬁgaﬁf{'o%‘a'}gﬁﬁofb}d/Sed
< 30, 30<_no 5100, 4<_Do/ do, 515, and 15 7SDol d02<_25.

in stBp (Theapisdgdbe facouslai (RBX o any one of Clains 1 to 4,

1 <doyfdo2<5 (28).

4, The process according to any one of Claiﬁs 1 fo 3,
wherein Lg, Do, Lo / Do, no, Do / da1, and Do / do2 for said continupus
multi-stage distillation column Tp satisfy respectively 2300 < Lo < 6000,
200 < Dy < 1000, 5 < Lo / Do < 30, 30 < np < 100, 4 £ Do/ doy < 15, and

75andoz$25.

S. The process according to any one of Claims 1 to _4,
wherein Lg, Do, Lo / Do, no, Do / do1, and Do / do2 for said continuous
multi-stage distillation column Ty satisfy respectively 2500 < Lo < 5000,
210 < Do <800, 7 < Lo/ Do <20, 40 <ng £ 90, 5 < Do/ do1 £ 13, and 9

< Do / doz £ 20.

6. The process according to any one of Claims 1 to 5,
wherein said continuous multi-stage distiilation column T is a

distillation column having a tray and / or a packing as said internal.
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wherein Lo, Do, Lo | Do, no, Do | do,, and Do / dO02
Aosof\P8RAN continuous multi-stage distillation colum
To satisfy respectively 2500 5 Lo 5 5000, 20
2105D0800, 75Lo/ Do 520, 40<_no0590, 55D0 /do, 513, and 9
'5Do/ do220. 6. The process according to any one of
Claims 1 to 5, wherein said contjinuous nulti-stage
dizti | | Sfheproscessradeonding tosClpiem i§, WheERIN SR
having a tray and | or a packing as said internal

conti ﬂréaué@ﬁmtl \§ragidistiniatitre columes o a8 GoPIAIStHRS disfilkation

wherein said continuous nulti-stage distillation
colun?ﬁ'Hﬁmn;gotHeStr%yprtéthYImemat| | lation columm having

as said internal. 5 8. The process according
to daim6 or 7, wherein said tray in said continuous
mul ti-stage distillation columm To is a sieve tray

ha ngs I evrg]cl??ggﬁ éegpal m@téjm’gﬁﬁr@brp}orWh@ielﬁ)saT@Qray

rein said sieve 10

tra in said contipuous t
in saibRaRInES R 0usiaes HBH! AbPB.SYRh TP 13 8 pi8be tray
portion thereof. 1Q. The process agcordl ng to Claima8

having 20siamepertion and &4 QYRAIPHIODN-per "hol e of said
sieve tray in said continuous 15 nulti-stage
distillation colum To is in a range of fromO0.5 to 5.
cn2. 11. The process according to ang one of C ains 8
togl0, wWhes process ameurdirg tatClaior Bswhergiesaidrsipve
in said continuous nulti-stage distillation colum To

tray ¥ s'a”zafbdrﬂﬂﬂ?o@i; rlRMstagetdisiifidtior20oiimnThe hasot@94o
according to any one of Clainms | to 11, wherein said

2l SpbitidhtRereéent i nuous nulti-stage
10061}‘%@% a |5ﬂ %lnllauér#n%usgd |In step (I1) satisfy the
follow ng formula (29),

10. The process according to Claim 8 or 9, wherein a
cross-sectional area per hole of said sieve tray in said continuous

. | 2
multi-stage distillation column Tp 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 To is in a range of from 1.5 to 15%.

12. The process according to any one of Claims 1 to 1,

wherein said di1 and said dq, for said first continuous multi-stage

distillation column used in step (ll) satisfy the following formuia (29),

and said d2y and said d» for said second continuous multi-stage

distillation column used in step (I1) satisfy the following formula (30);

1<dy2/dyg £ 5 (29), and
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and said d21 and said d22 for said second continuous
A0S0TURE2/KAINRge 25 distillation colum used in step (11)
satisfy the following fornmula (30); 1sd121dli < 5
(29), and 120 A0501 VP82/KAN a 1 s d21 / d22 5 6 .
(30). 13. The process according to any one of Clainms 1
to 12, wherein L,, D, L, / D, n, /[ d,,, and D,
/ di12 fot ssdtdlfdznsi 65 conti nuous mul t(ltmét age
distillation colum used in step (I1) satisfy
respectively 2000 5 L, 5 6000, 150 :5 D, 5 1000, 3 5
L, / D 530, 305 n, 100, 8 < D, 1d" < 25, and 5
4%, ﬂﬁa z;ﬁok%ssaadchdm@zto a2y 0A8,ofmClaini® 1l tald2,

and D2 | for said second continuous multi-stage

wherBlrt b, FR 4! BiogHs ! Bhs o EL 2 RE ¥R D000, 4

contlgub%sbzllﬁtl-%%?%ag?ﬁlﬁoﬁﬁzﬂunﬁ\ usadh /sté?'& (II§ s]a%sf?nd

rocess according to any
one of Clains 1 b ,
respestiysty, 2008ns Lp, < BqHG, 15p° ﬁ*dsh‘?%{’) 365 Lol By 30 30 <
nmul ti - stage dlstlllatlon colu satl y respecti vel
o1 < 1000 8 £ DS Iabo0s 2Eocand Bk B1 ddbs s 1B.1and 1y s, 1& / Ry, e,
5n, 590, 10 5 D, / dili 25, and7< D,/d121ﬂé
D, / dod 4ad M2/ dz3 for Baidregcad cantinueiy rpiti-stage ditillation
said second continuous nulti-stage distillation columm
coluF’hfll\t uskY i sENECl) saltisfgTespectivaly 2000 < boa 00D, 350 < D2

0, 5L2/D2515 2019 n2 20550 3< D2/
s1069

| $10, ) DI<BE, P8 £ nd2269, 205 4D, Thivs iy 02esmd 7 < D2 /
acéorél ng to any one of Claims 1 to 14, wherein each

dp Sgg said first continuous nulti-stage distillation
and said second continuous nulti-stage
dlstlllation colum is a 25 distillation colum having
atray and / or a packing as said internal. 121

14. The process according to any one of Claims 1 to 13,
wherein Ly, Dy, Ly / Dy, nq, D1/ dqy, and Dy / di2 for said first
continuous multi-stage distillation column satisfy respectively 2500 < L4
< 5000, 200 < Dy <800, 5<L1/Dqy4<15,40 sy <90,10 <Dy /dyy <
25 and 7 < Dy / diz < 15, and Lz, D2, L2/ Dz, nz, D2/ d2y, and D2/ d22
for said sec.ond continuous multi-stage distillation column satisfy
respectively 2500 clss 5000, 200 < D, < 800, 5 < Lz / D2 <15, 20 < ny

550,35D2!d21s10,and9sDzld22520.

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

distillation column having a tray and / or a packing as said internal.
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A0501 VP82/ KAN 16. The process according to Caim15,

AOSOWRaEKANai d first continuous nulti-stage
distillation colum is a plate type distillation
colum having the tray as said internal, and said
second continuous nulti-stage distillation colum is
a distillation colum haying both, th 6. packi ng. and
t Bt r ayThe praicessnaeeeedingite Claim pf%cﬂg'@rﬁ& 5%('1‘? RHSt
to Caim15 or 16, wherein each of said trays in said

contifubes multiistagesdistiltation sgptuminsis Bl platetyesi digtiiatien
sai d second continuous nulti-stage distillation colum

colurhf Faving'thé tay absdidvimgrrakiawk spid tsesorghgoatinuous
downconer portion. 18. The process according to Caim
c

itdtag Bi Sl id a iRURticmIUmT having toth the
ml'"t'l!zot’n nggﬁhsl%ntﬁ?'ﬁ&dggggg diasti [lation colum and the

sec ' Se U Tiz e distillation colum has
Pac“!ﬂ:ﬂ)%?‘g’ ﬁtg%yé%%gh%wsm/teﬁéégn sai d 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 contjnuou Lt =S .
i 37 1 1 aTPenPEREsH 2540rdiG R AB 27 ABoNeherpin each
mul ti-stage distillatjion colum_ is in ar e of from
of seidarapsSncsid BTt cuiipReBEBUMIsIPEENd stdlaan Folurs and
16, wherein said second continuous nulti-stage .
said Geaiord sontinumisimultisstage distillatipprcolsdnf s g YR tray
as said internal, the packing in the upper portion of
haviﬁﬁea he¢sporiornaddt deldwayomert pertiamer portion of
the columm. 122 A0501VP82/ KAN 21. The process
according to any one of Clains 15 to 20, wherein said
packi ng of said internal in said second continuous

multg - St rSkbsk aHd it |&inPRT, Ahardirueakhtof said
of 1séets 0 %?Jrréékérgzédﬁ%}éﬁcﬁpﬁggm '

sieve trays in the first continuous muliti-stage distiltation 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 multi-stage distillation column and said second continuous

muiti-stage distiilation 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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5 22. The process according to Caim21, wherein said
ADS0PYPEZMAMND packing in said second continuous

mul ti-stage distillatiron colum is of at |east one

type selected fromthe group consisting of Mell apak,

Genpak, Techno-pack, Fl exipac, a~Sulzer packing, a 10

Goodrol I packing, and ditschgrid. 23. The proc |
ac2br di nfgﬁeq:ra:qps(snacﬁpr@na iR aty; gne of 'é‘?%ﬂreﬁsg%&@

of said high boiling point material separating colum

wher8in aadld yaickidgpdfesgid reeboabire sgid isegang eontiuays s a
distillation colum 15 having a tray and / or a

multiPfdgendistaisnbd dollamas oriztor Enplyralityssf setsoofisbiyiatured
Claim 23, wherein each of said internals of said high

packﬂ'f%éh.i ng point material separating colum A and said

I'phenyl carbonate purifying colum B is the packing.
20 25. The process according to Caim24, wherein said
packing 1is a structured packing of at |east one type

selected_front the qroup..c 1S f i
CoRgak. ToenAteiass YoBolyifais Glufifzd, WierdifiXaia,
Goodrol I packing,. and Aitschgrid. 25 26. A N .
strugiged RAGkIngdnRais, FeEanHoaR ”HPH&u’&‘é‘i"b"sfaPﬁedEr‘%!kaeté%"
123 A0501VP82/ KAN accordi ntg to any one of Cains,.| to
colums Imofiatdsashons type sedestad fiem thesgroup consjstingof
hi gh-purity di phenyl carbonate according to C ai m 26,
Mellapakj Gempaka Teddtogepackntrdexipac,natSwiges parking, 2
ppm 28. The high-purity di phenyl carbonate according
Goo&ﬁolﬂpflﬁdniﬁg, andhGtitsdhagrid. hal ogen content of not nore
t han ppb.

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 diphenyl 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 dipheny! carbonate produced by the process
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10 29. The high-purity di phenyl carbonate according to
ADB0VBBHRAN of Clains 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 according to

G aim?29, which has a hal ogen content of not nPre
acconding tvoapploneed Glaig drko 4P me@.e@rapugﬁéq?wot ess than 1
salicyl ate, xanthone, phenyl nethoxybenzoate, and 1-
ton / plpenoxycar bonyl - 2- phenoxycar boxy- phenyl ene, which are

the by-products having a higher boiling point than
that of the di phenyl 20 carbonate, of not nore than
30 ppm 31. The high-purity di phenyl carbonate

acgpr di igh ipHényANcasofateaLeddivlg thClaim 26,
b;?g-g'rod%tﬁtsﬂ @\‘/-i%ndgngoﬂ}pgherﬂb%i I'i ng poi nt thagn t hat

. of t ' t 50 ppm 25
whnc@fa#ﬁﬁ%ﬁ%&?}%épﬁ?éng?g@g% oggrtggﬁ];tgé{ cording to
Caim31l, 124 A0501VP82/ KAN a which has a hal ogen

content of not nore than 1 ppb, and a content of the
by- products_ having_a higher boil.in oi nt__than
L h2Baf pidisy highp s Al e o pardalih arcebd i 16 Lidin 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 diphenyl carbonate of not more than 100

ppm.

30. The high-purity diphenyl 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, pheny! 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! carbonate a‘ccording to Claim 31,
© 124
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which has a halogen 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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