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| NDUSTRI AL PROCESS FOR PRODUCTI ON OF HI G+ QUALI TY
AROVATI C POLYCARBONATE Technical Field 5 The present
invention relates to an industrial process for the
production of an aronmatic pol ycarbonate. Mre
particularly, the present invention relates to a
MNDCSTRIAL PROCESSUAQRMEO PUTTRONIOF HIGH-QUALITY
hi gh-qual ity hi gh-perfornmance aronmatic pol ycarbonate
havi ng excel | e xROMATAC B Y ARE ONgSTRND NO
coloration stably for a prolonged period of 10 tine
froma dial kyl carbonate and an aronmati c di hydr oxy
compound: Background Art Aronmatic pol ycarbonates are
wi dely. used in many fields as engineering plastics
Tec’hﬂéﬁﬁqr‘%’eﬁcel | ent heat resistance, inpact resistance,
15 transparency and so on. A variety of studies have
bebhedigsett nyemiameetatesdooapripdbsida! PsPcassdoEiths
such aromatic pol ycarbonates, and of these, an
produgtienfefcanlansengticrysarbonate oc ddere parken| ahpsienpresent
and an aromatic di hydroxy conpound such as
inveritj@n bebdtéshtod aopyqates sy FY pirchesteialheme sapreducaigrar ed
to as "bisphenol 20 A") has been industrialized.
high-demeM¢rhighh e efcrhea Ee o rbhedli € polychfboh@ies having excellent
i nterfacial polycondensation process, for exanple
e PR B T o Bio TSN A, F Bre1ofed period of

envi ronmental  “pro

time #5730 247, HFREERR, Ay 1 KBl AR FRHBo e

apparatus is corroded by 25 chl ori ne-contai ni ng

conmpounds such as net hyl ene chloride and by-produced

hydrogen chl oride and sodi um chl ori de, separating out
BaCKQTPﬁﬁgdﬁHI chlorinated inpurities such as sodi um

chl oride and nethylene chloride that have an adverse

ef Asemadic phdygiboratesr apemidely used irf many fields as

engineering plastics having excellent heat resistance, impact resistance,
transparency and so on. A variety of studies have been carried out
hitherto into processes for producing such aromatic polycarbonates, and
of these, an interfacial polycondensation process between phosgene and
an aromatic dihydroxy compound such as
2,2-bis(4-hydroxyphenyl)propane (hereinafter referred to as “bisphenol
A”") has been industrialized. However, there are many problems with
this interfacial polycondensation process, for example toxic phosgene
must be used, methylene chloride, which has health and environmental
problems, must be used as a polymerization solvent in a large amount of
at least 10 times that of the polycarbonate, the apparatus is corroded by
chlorine-containing compounds such as methylene chloride and

by-produced hydrogen chloride and sodium chloride, separating out
1
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and treatnment of a |arge anount of process wastewater
containing nethylene chloride, unreacted bi sphenol A
and so on is necessary. 5 On the other hand, as a
process for producing aromati ¢ pol ycarbonates from
aromati ¢ di hydroxy conpounds and di aryl carbonates, a

residomli tchpornieatediimpdnitibs surh esaspdiesmidphideobnd medhylene
di phenyl carbonate are subjected to

chlorﬁd@ﬁﬁgisq'\%r\ﬁé bhoadearde etfaBltl d e hEtPSI§me@pPeoperties is difficult,
pol ymeri zation is carried out while renoving

and t?éa%%‘?\‘f‘iﬂ‘da 3 'arﬁéﬁni%fgg?téle‘é%%sﬁéﬂ@téf EB%rtéﬁnng

I's transesterificationr on I's an equilibrium
d 4 briu
meth‘fﬁé'*‘fé shlloriRen IR AEE, DB PRI A RS Fh i %ﬁ%cééésaarv
th nol,is rermved ficiently fromt
supfathe GinBR B3t & AToeess T peadiity A8 .
oncondensatlon process, the nelt process has
poly%@maégésfremﬁramaéqgi&wm Cﬁﬂip%‘é"‘?@ anddianit on
the other hand there has been a problem intrinsic to
carbemates,i @ npeltyuradsssatrew hinht fonexsamelepdligpbeinsdi and
has proceeded to a certain extent the viscosity of

diphéing patborestd ace satgectedpd dransastkriféoatontinbecookten state,
difficult to renove by-produced phenol and so on out

and Pblyimerizadieni anéyﬁé@fmﬁf\fvhﬂ'eeleIrhbmrY@nyeEVod'mc@deﬂ@ﬁol has
20 i npossi bl e to substantially increase t

beenPRh YR {rédt inGih 188" eel'hlghﬁ‘épkésteﬂlﬂcﬁﬂgncﬁctﬁntl &n

aromati c poI ycar bonat es e In the case o

n d
ccun B YTEPEEEN, B RSSO ISl . anc
hencgotﬁ'@g L)%/mbec osrg%{lggflg?o%g(%% \égg tge phenol is removed
nerization 25 d(é%eee (n) of 15 to 20, and he

effw@mt Jrem éheveHriseesiethe Bigiten matier:  Unlike tBPdl.nﬁgvf@c'ai

stirring. Renoval of phenol fromthe polyner surface 2
polyadngersdidoamogess, dhepmedt puecesy hamadNentages such as a

pol ymer having a polynerization degree required for a
solveprtatoic be(mg aedyxbutaoal the38ther Rand there has been a problem
intrinsic to aromatic polycarbonates that once the polymerization has
proceeded to a certain extent the viscosity of the polymer increases
rapidly, and hence it becomes difficult to remove by-produced phenol and
s$0 on out of the reaction system efficiently, whereby it becomes
impossible to substantially increase the polymerization degree. That is,
in the case of the aromatic polycarbonates, unlike in the case of molten
polycondensation to produce another condensation polymer such as
polyamides or polyesters, the melt viscosity becomes extremely high
even in a low molecular weight state, for example at a polymerization

degree (n) of 15 to 20, and hence surface renewal becomes very difficult

using ordinary stirring. Removal of phenol from the polymer surface
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cannot be produced. This is well known in the person
skilled in the art. As polynerization apparatuses for
produci ng the aromatic 5 pol ycarbonates using such a
melt process, various polynerization apparatuses are
known. A process using a vertical stirring tank type
thus Bab¥IBAti&RYI o pIPOSE@Frisg havidnBeAcata piotymies vavielgya
known. However, wth such a vertical stirring tank
Iréatdcyi 4 i to 65
polyrh¥PR R HRreS I RIIRH T0T brodich ¥ argRiiatelht to 65)
i s AL adv a US ipeian
canngf be' BrodHESH.noEMieh S A SR, i g RIS ERE h the art
proceed effi.ciently. However,.in th se,,. of :
riasopedzafiondagtatuses i oG FRET argmatic
efficiently renove out of the system phenol that .is
polygarbanaiasddsing sueh B IMekmroseissn aree folyerization
descri bed above, and hence there is the problemthat
apparatises grerknewnon AProgeesiysingr§ Vaslicatgtiriientank type
for a large scale vertical stirring tank type
polymeripatidre apiparatppdvating, a atiregn s ofidehekhowni.d Holwereer,
to the evaporation area is generally greater than in
with E0ehcaseriitad stiteinly otk eypé poiIghmirizatien pparctushat the
the so-called liquid depth is high. Consequently, even

case!df shifl géﬁfégrﬁﬁu&ﬁ%?%b%élﬂ%@ﬁ?@@fﬁ@ieﬁ*\%f & high, and
i ncrease the polynerization 20 degree, because there

: hi L (i ction.of
there fs By Vehidte SraS Aphars G bBIY o 2nd npAte the
hi gher. pressure corrgsponding to. the liquid depth,
polyPRNZatioN fENSPSLBaRS (herapser FBIAFRY: oPgWEVer. in the case
. stirring tank, and hence efficiently_renovjn heno
of ingusini@l $¢ale psodustioncif is diffgu takg@ffi%'gmé'wg@ﬁoefa out of the
stirring tank type polynerization 25 apparatus can
systamushenol tihet isbi-predured asethg polyaesizafien proceeds as
prepolymer. To attain the required polynerization
descdibgdeaboaepdndrbrincat thereamptiatprebl8mf tivatf et peiymerization
subj ecting this prepolyner to condensation
rate RPVERRNORAL | POrthe rmReeTor & large scale vertical stirring tank type
polymerization apparatus, a ratio of the liquid volume to the evaporation
area is generally greater than in the case of a small scale, the state
being such that the so-called liquid depth is high. Consequently, even if
the degree of vacuum is increased so as to increase the polymerization
degree, because there is a high liquid depth in the lower portion of the
stirring tank, the polymerization takes place at a higher pressure
corresponding to the liquid depth than in the space in the upper portion
of the stirring tank, and hence efficiently removing phenol or the like is
difficult. The large scale vertical stirring tank type polymerization
apparatus can thus only be used in the case of producing a prepolymer.

To attain the required polymerization degree, a polymerization apparatus
3
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Various neans have been used for efficiently renoving
phenol or the like fromthe high-viscosity polyner in
order to solve the above 5 problem Mst of these
means have related to i nproving the nechanica
stirring, for exanple there have been described a

j &t i$ prépolyrperrel yowaérasation gtigation is
for f g@?ﬁgﬁglg/iﬂrwg(tgcle%%gaplgn%/ Er)ocurrent 1: J|apa%g§§hPatent

esseEH?lli cation No. S50-19600 (corresponding to Brit.
afent No. 1007302)), a process using an interlocking

32B8rels" sistashs B bl Ghe A36F ZBbREGHE Tharphenol or
the ItkgofTom tHoduBbIEAR N PBIVIET AN e KL BaIVE R 499YR

evapor at or %see Pat ent Docunent 3: Japanese Patent
probluml i dosbef Nbesssmesinsshayeoielatediaiimproyingghe
Patent No. 3,888,826)). In addition, there has 15 been
meclspricial istaring , dios o xaapla theoe dayaiberg desoribedadip@cess
of a centrifugal thin filmevaporator and a
usindier s aypli paiyahesiziationngppapatuspbhyireg izaenbifsee Patent
apparatus (see Patent Docunment 4: Japanese Patent

Domﬁﬁ@hit oat j Hakds 6-PRmtRubliBafidAod3) S Fhaos el ¢comeeponding

a have ‘carrying out nechanical stirring as the
' e e LS idhlgytype twin
to B'ﬁ)l?snﬁbﬁ%etq{toﬂg; 131;1607 %%ﬂ t%hg@%%%% “%#%@FZ’LE”%?L%E nop ggen
sol ved., That i th [ .t at] [ :
scro§hi g \Bbel PardfE Dheaht 25 AP Aied PARER I RLation No.
ultra-high nmelt viscosity, and hence variqus ,proble
$52-38 150 Ing e 3 PEOGASS S5t Gia BN T & Qiptian APt pRE tor
25 pol ycarbonat es have renmai ned unresolved. Wth the
suchad®iespreweawarorator araa assttfifdgakipineliimeyarerater (see
these problens by raising the 4 tenperature so as to
Patehbizocuimentsl:t Japaneset fatent Babticatian Nos. STBa2718
in these processes, the nolten prepolyner is
(corrgghiorntiag tcoUps! eteint a6 08,888,826)).  In addition, there has
been specifically disclosed a process using a combination of a
centrifugal thin film evaporator and a horizontal biaxial stirring type
polymerization apparatus (see Patent Document 4. Japanese Patent
Application Laid-open No. H2-153923). These processes all have
carrying out mechanical stirring as the basis of the art, and hence there
are naturally limitations, and thus the above problems have not been
solved.
That is, there are limitations on mechanical stirring itself in terms
of being able to handle ultra-high melt viscosity, and hence various
problems relating to the ultra-high melt viscosity of aromatic

polycarbonates have remained unresolved. With the above processes,

it has been attempted to resolve these problems by raising the
4
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a high tenperature of around 300 C and under a high

vacuumwhile trying to bring about surface renewal

t hrough nechani cal stirring, but 5 even at this

tenperature the nelt viscosity is still very high, and

hence the extent of surface renewal cannot be made
templir8fureT86#s 86 QoWdirsthd it iscusityattibast a little. That is, in

pol ynmeri zati on degree of pol ycarbonates that can be

thes%&)gg%%geﬁsﬁﬁﬁ hBfEs Bré’ﬁ@%ﬁfér id subftO@dtd Potyhierization at

uce a hig nol ecul ar wei ght grade product.

o g {ARBEPR s ahRESFor e spRERpeld Shash el imnvnne
eink B S s o SRR B RECRBRTEALA IR B o

such di scol oration or detetioragion iﬁ gro erﬁiesdoﬁ
even akthisl tpraperatuipstha malt ¥iscrgteis siilbvery Highpand hence
foreign matter leaking in through a vacuum seal part
the exttenhof turfacageasyalacarnot betmade high: hddhene are thus
many problens to be solved in order to produce a
limitdiighs quathé pglymerizdboatdegrexblof falycarlpooatasgtuat can be
period of time. The present inventors have discovered

prodliBall ddipgetissbippoBesssshét bempefiuit twlpredulse a high
devel opi ng a process in which nmechanical stirring is

Y he ' i
molegg&%flﬁ)ée\rll\,btﬁsggche) gttfdﬁ&t._ £ uPth@hflreC ARitAGhigs@ processes,

yneri zation apparatus is used in

s Bl RO PR RRROR e SUPIERS o obtgined, '

ri zatl ng er its

. own weight alo uides such a i.[.8S hay,

101245 pduPRbe el BebEBr e M B MR o uERP o i temperature
exanpl e, Patent Docunent 5. Japanese Patent . .

of araed 38D G BACOGPERVRS Sisthdbseriptatipg ah deiprgration in
6: Japanese 25 Patent Application Laid-open No. .

propgietieesiahe patwnerieclserialble tgassnestuele &if or foreign
Application Laid-open No. H38-325373, Patent Docunent

mattbr 8eakiDPin 2B6Egh Raveotubosemd ard of thgastsén P praratus.
Application Laid-open No. H10-81741, Patent Documnent

TherkOard 8pas el Red®piproblems to be solved in order to produce a

high-quality polycarbonate stably for a prolonged period of time.

The present inventors have discovered that these problems can be
completely solved by developing a process in which mechanical stirring
is not carried out, but rather a guide-contacting downflow type
polymerization apparatus is used in which the molten prepolymer is
subjected to polymerization while being made to fall down under its own
weight along guides such as wires, and have previously filed patent
applications {see, for example, Patent Document 5: Japanese Patent
Application Laid-open No. H 8-225641, Patent Document 6: Japanese
Patent Application Laid-open No. H8-225643, Patent Document 7:

Japanese Patent Application Laid-open No. H8-325373, Patent Document
5
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T TR T""""""""""""""""""""+:i”\.cc .L.... i

Application Laid-open No. H10-298279, Patent Docunent
11: WO 99/36457, Patent Docunent 12: WO 99/64492).
However, with such 5 processes, there has been no

di scl osure or suggestion of a specific industrial
production process that enables not less than 1 ton /

8: Wby 99f2 28502 PtRht O GOl NeAtPnaapaheskeP ptaniudeplication
Furthernore, to produce the aromatic pol ycarbonates on

Laid-ﬁ;{b&ﬁ gﬁ&smio@h 1 ?3;”}', SRUIB L rEIEsb elhbiafideoPatbhe

-purity drar O carbonates nust be procured in a

ool |55 LR 8-S e, Soald. pBeRTRLE 1 WO
001 §E2, PSS B b 4. SRS Pn suor

cannot be procured in a_ large anbunt on an i dustriql
procegags. therg §aﬁhhagenét%éiéﬁ‘ﬁk?%ep%ausseﬁﬁ@"nPEﬁ‘- pRFFYF

di aryl 15 carbonates. As a process for producing the
induslirealyproctudttomtproces spihed caablies nehiesnghane! dpardhy of an

nmonohydr oxy conpounds wi th phosgene has been known
aronfdtinplodyga dgsnhatentb baspedduceéden the subject of a

variety of studies in recent years. However, this

Pr peRfifeMasrd o Preglies e HpdmatkOpphasgdonatasdon mn
addition chlorinated inpurities that are difficult to

indu§ﬁP@rQéfleofﬁro‘i‘fgﬁhﬂra‘?ﬁeégtei'i?ic‘ahﬁ)rﬂi e higupigt raryl

produced usi ng I's process, and hence” the diaryl

carbfa¥es St B PRctivg BF 5. B08 iR A kEuSria ¥oale.

Aromaerd By aLoxk APy IR BFEN v hat puftyepieBhang] A are
reaction in the transesterification netho

. d fo
masprasedsiars indisaiaihhiad san easHy ke REORRTeR, Bub the

carried out in the presence of an 6 extrenely small
highapmtityt didryd derbionadesatamnot berpmeuredein aviargpramgamt on an
chlorinated inpurities are present in an anount of
induetiiaz! dcalen ithe thus necessary to produce the high-purity diary!
carbonates.

As a process for producing the diaryl carbonates, a process of
reacting the aromatic monohydroxy compounds with phosgene has been
known from long ago, and has also been the subject of a variety of
studies in recent years. However, this process has the problem of using
phosgene, and in addition chlorinated impurities that are difficult to
separate out are present in the diaryl carbonates produced using this
process, and hence the diaryl carbonates cannot be used as a starting
material for the production of the aromatic polycarbonates as is. The
reason for this is that such chlorinated impurities markedly inhibit the

polymerization reaction in the transesterification method for producing

the aromatic polycarbonates which are carried out in the presence of an
6
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pol yneri zation hardly proceeds at all. To nake the

di aryl carbonates capable of being used as the

starting material of a transesterification 5 nethod

aromati ¢ pol ycarbonate, a troubl esonme nulti-stage

separation / purification process involving thorough
extretly 8thal bmduAt batebaaiseuatalyat kidr erasyle] evenaifdsuch

hot 'water, oil / water separation, distillation and so

chlorgﬂaefe;doﬁrﬁ)ﬁlbglrrgﬁ!;lé;:agé rdadrithar AR fmole ofl éhY tlesrmaske

oss and distillation | oss during

[ ' / WEI jon i r
poly bR METEY erelPRUEFTSH g TR th MgEg, Cafihates
onqmi cal | n_an, i ndust.ri al Le. e g
capabff t B e tsed #ETnarattngnaréfial of T uifitetication
t hrough transesterification rﬁﬁctions be@meg; t he tion /
methgichpryMalis BOREFPONRIC, EhFONIREPTE MWdhlRYRpeParation
conpounds is also known. However, such 15
puriftaatisre prrocesisdaviotvingethariosigh washing withi 8 idilutgnpqueous
reactions. The equilibriumis biased extrenmely toward
alkalime swlutbnahndysstewadear oihé watesrcséparatior, distdiatipn and so
and hence there have been many difficulties in

on isPIAKIeEHOirRIQMEF Lt tthe viedlddecmldses dulatgbydrolysis
anounts using such a process. 20 Several proposals

loss Léﬁ‘\;bedﬁecﬁ%tﬂ@ﬁﬁobﬁ dmﬁg\’tﬁw%etdﬁaﬁbwﬁf)udiffddtm tgresess.

nost of these have related to devel opnent of a

herGEhgh ke R B4 Bl B oo Bctomicay

ty,gle of .t;ans sterification reaction. However, the
on aginPusiigt SCA di sadvant ageous equi li bri um cannot be

resol ved nerely 25 by devel opi ng a, catal yst nd hence
 nEe the cothar ey 2 RARES S EPHEroH USng, BE0MAllG, GRRYOMates

the reaction systemin order to provide a process for
throogh Acarse starificadontieastians hgtweennis dﬁ'&d&&t@irgﬁﬂates and

Attenpts have al so been made to devise a reaction
the sshaticsmoa®hydroxy compounds is also known. However, such
transesterification reactions are all equilibrium reactions. The
equilibrium is biased extremely toward the original system and the
reaction rate is slow, and hence there have been many difficulties in
producing aromatic carbonates industrially in large amounts using such a
process.

Several proposals have been made to improve on the above
difficulties, but most of these have related to development of a catalyst to
increase the reaction rate. Many metal compounds have been proposed
as catalysts for this type of transesterification reaction. However, the
problem of the disadvantageous equilibrium cannot be resolved merely

by developing a catalyst, and hence there are very many issues to be

resolved including the reaction system in order to provide a process for
7
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to shift the equilibriumtoward the product system as
much as possible, and thus inprove the aromatic
carbonate yield. For exanple, for the 5 reaction

bet ween di net hyl carbonate and phenol, there have been
proposed a nethod in which nmethanol produced as a

indudtYidt fdtictich afinfigfbenass prvdattig.opy toget her
w th 'an azeotrope-form ng agent (see Patent Documnent

1 3 . | . . . t
Lo S B 9 g e gt syt o0 as

o st BRI PR 15 Mo AR e g mRc PR ssssivle,
an BRSBTS 160 e

Japanese Patent Application Lajd-Ope . S58-185536

reactiedrbelyeeridipetsybcarbpaatad ph@mﬂs%te %ﬁﬂﬁe 70
a met hod has al so been proposed in which, using an 15

propappdratosthiod Whivehich aieshancdiresdusaduas a §YprQ/$@J%Td'S
on top of a reactor, an alcohol produced as a

distilbyd pfodycazeotidpy tegetherrwith aepEmentedpetformios agast (see
reaction m xture, and at the same tinme unreacted

Pateht Ddé MG Mt EE dhpahbae RPuter Appsicasiorepaidi@penfNoby
istillation (see Patent Docunent 15: Japanese Patent

d I
s+ JPISF IPRAIRLTD U i st ac-Opr

bon, S | c t in which th
No. EPPeRonar I S & Atehi S, 3252 Th" Arkl 8'ELR6A in which the
limtation on how nuch the.reaction.r
methaRRloReas e 8 s g ok Cidb FEBIHER . pefifl dtorbed onto 2
transesterification reaction, 3nq ence thﬁ,regﬁt'onr i
molacatiar isie e (seesPaignbboswment d 4 +Japaneze £ ate plication
that a batch systemis preferable to a _continugus
Laids@peanNocrS 58635536 deariennenrding to Lh§ (Ratentchie: 410464)).
(CSTR) 8 systemin which a distillation colum is
Mor&s ey, dethethdd hasf aga beenoprdpssedérnwpiadpossiigagna
conti nuous system but there are problens such as
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 15:
Japanese Patent Application Laid-Open No. $56-123948 (corresponding
to U.S. Patent No. 41827286)).

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

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

continuous system. Of these, a continuous stirring tank reactor (CSTR)
8
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the reaction rate being slow, and the gas-liquid

interface in the reactor being snall based on the

volune of the liquid. It is thus not possible to 5

make t he conversion high. Accordingly, it is difficult

to attain the object of producing the aromatic
systeiAIRONAIES aCavtiinHesw column # geoditathon top ablayréactor has

prol onged period of time by neans of the above

been§ ed #4 mnhﬁﬁﬁférxpﬁ’t%ﬁﬂi But théfe aPE Preafle Re 98@h as

ecr:]o om cal 1 ndustria errenlt ation is possible. 1
The,. ' ive
the rapgylgﬁ'nle%etlggp]ém’i?kg\&gaﬁﬁvﬁ}]eﬁgéﬁéﬁgﬁﬂiafﬁ%‘ﬁéc\,@ in the reactor

. transesterification reactipn ig.carried.o in .
being st dARSHron NS rahiTa of fp iR cof ifrfhusnt possible to
si mul taneously with separation by djstillation,, apd .
makeiire aBersien Migl: | AceRaingly.dtis difticylbde aiain e pbiect
a reactive distillation systemis useful for such a
of prodacing thei dlaraatisrcarbaratesi epntingpusiaipllarge amounts
reactive distillation nethod in which the dial kyl
stablyafidyom pirefo rged tgeriad ofetime bydnesy scofrtioe adowe enethods,
continuously fed into the nulti-stage distillation

and A Mys Y répAfihitoNb b TeedlVé@bafdre ecundmicalsindustrial
i nsi'de the columm in which a catalyst is present,

impI%\WelnﬁatiBHni%i ‘?Hgyﬂg_ wi t hdrawi ng by distillation a |ow
ol I 1ng point conmponent 20 contai ni ng al cohol s

pr (o . - j Ry .
W ?ﬂ%r §€\ﬁ?%1t:' rﬁ%ér{:ﬁégg mgvceoﬁt% glie(rfﬁgﬁg%a g:réo uic\»eédd}ﬁtl!(%h%?yl
caJy bonates fro a, |l ower paction of the calu S .
methSRi i MEh i PorensestBgtioatbateadigfiETislFd but in a
Lai d- OQpen No. H3-291257), a reactive distillati or|1| .
contnmmq{ti—mgﬂ]daqu{l)wtlgpycpolggp%ﬂm@gaqﬁcéusly with separation
continuously fed into a nmulti-stage 25 distillation
by disbiliation ,aand rheares iberen the irst éal thet wosksk tndisglioge that such a
inside the colum in which a catalyst is present,

reactibé| dstitiatiomueystemviist insle fulifog such @ ttassestetifioatian
| ow boiling point conponent containing dialkyl

reacgmapﬁg?gagﬁg@mggﬁgﬁfe disyi Mtiedunbtheddnowhicmteesdizlky!
carbonates and the aromatic hydroxy compounds are continuously fed
into the multi-stage distillation column, and reaction is carried out
continuously inside the column in which a catalyst is present, while
continuously withdrawing by distillation a low boiling point component
containing alcohols produced as a by-product, and continuously
withdrawing a component containing produced alkyl aryl carbonates from
a lower portion of the column (see Patent Document 16: Japanese Patent
Application Laid-Open No. H3-291257), a reactive distillation method in
which alkyl aryl carbonates are continuously fed into a multi-stage

distitllation column, and reaction is carried out continuously inside the

column in which a catalyst is present, while continuously withdrawing by
9




10

15

20

25

cont ai ni ng produced diaryl carbonates froma | ower

portion of the colum (see Patent Docunent 17:

Japanese Patent Application Laid-Open No. 5 H4-9358),

a reactive distillation nmethod in which these

reactions are carried out using two continuous
distilmtibh -H 18 dilizlg pbait eompenamscoatainingialkyhearbonates

di aryl carbonates are produced continuously while

prod s&éu%b@%t bg OPrrcfoQ)’cﬁ' oM EBAtiRUS) WiRRERIRIRS aporiatent

y-pr sée Patent Docunent 18: Japanese

cont%%&ﬁ@&@@&eﬁ%ﬁk%ﬂ@@ﬁﬁ%éga”"’%ﬂf%p'éﬁ"’n% plflon gf the column
(see KatanhRogREs T 37 dAPrbars P Alc TR A (Gt g jppen No.

car bonates and the aromatic hydro ounds_ or..
Ha-9358. 4 esachne idiatllations methagon whigR Thes ?t%?gaec“ons are

distillation colum, and a liquid that flows
carriebrouthsing twel centinyoist M tiriageoristilkatien &ﬂivmns and
provided 15 at an m ddle stage and / or a | ower nost
hencet thye doérytl headicrtatelsaa feoprodluoed, comtidupeshnutituedciently
into a reactor provided outside the distillation

recy§Ghy e 8ralRgI tarPohatapeotiucedcas anbyadductt (sere Patent
i ntroduced back in through a <circulating inlet

Doch@wi dfst @é énébéq@af@rﬂ%pf)h@aﬁbﬁg@am@@e|ﬁ o OHI4l-211038

IS provid whereby reaction is carried out in both

(corﬁﬁgj:dir@fﬂgoga 9\? $R Eh'rbbg%hoﬁa?@wm (@@@1 f’?heﬁtnd u.s.

apanes at ent plication Laid

couforiisi izt RSN @étmgwé?v?ﬁ@h

able aromatic car bonat es to

dialkybmarheaes anm therararmatiohyds YpFBHb%%‘é%dwrv&lﬂe er are

the diaryl carbonates 25 are produced fromthe dialkyl
contbarawsiyt fesd intionthe mylébﬁtagm@ugtl“aﬂpm celumy@, and a liquid that

distillation colums based on the above disclosures _
flowhaicewvn tBrbegh threopoledntisewithidrawn fem & sidexatisteprovided

Pat ent Docunent 20: Japanese Patent Application
at ah-®hidkdPeestaye ahia-/167 42w eonoststage i the distillation column,
and is introduced into a reactor provided outside the distillation column
so as to bring about reaction, and is then introduced back in through a
circulating inlet provided at a stage above the stage where the outlet is
provided, whereby reaction is carried out in both the reactor and the
distillation column (see Patent Document 19: Japanese Patent
Application Laid-Open No. H4-235951).

These reactive distillation methods proposed by the present

inventors are the first to enable aromatic carbonates to be produced
continuously and efficiently, and processes in which the diaryl carbonates

are produced from the dialkyl carbonates using two continuous

multi-stage distillation columns based on the above disclosures have
10
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European and U.S. Patent No. 5334742), Patent Patent
No. 0582931, Docunent 21: Japanese Patent Application
Lai d- Open No. H6-184058 5 (corresponding to European
Pat ent No. 0582930, and U.S. Patent No. 5344954),
Pat ent Docunent 22: Japanese Patent Application

beenbé}@b% thb'@eafﬂ%r‘{@@é?,foP@tx@?ﬁ'\gB%CIuatﬁﬁt Pdcuhapangge
atent Application Laid-Qpen . H9-59225, Patent

: i [ [ i
sapafBSHTESlofnpMeETe LEM Open ML o\ fomponcing o

Euro E(%)%rnr Bake Hg gfbg Jé o) é’g $1 . 'Féatde QL Slg\%p? R34 23?3@3"%}2 r|13 atent

umnent apaneése ent ication

No. 1- 64235) . ng.reactive distillation, syste
Docignf 2ds cfaParse ERENAPPich (R Cids ARt NG fBa0ss

met hod .t hat enabl es highly pure aro i ¢ .carbonates
(corrpép@@%aadec%ar@paanyl’abentaﬁer-cﬂﬁ%ﬁ pépﬂo@-gf @tgat No.

w thout a 15 |arge anpunt of a catal yst being . .
5344054 Ratend Decuowentn2dhilahaniegle Baténhypphisiadion Laid-Open

materi al containing a catal yst conponent is reacted

No. MBth0an6 aBtateat Babsmente? indapaarssepatentedpplitatiamnd
the catal yst conponent is recycled (see Patent

Laid{®seRENG. HO-50R 25/ Ratdit Doeume ndadi: Nk gam e selRytearn
Pat ent No. 0855384, and U.S. Patent No. 5872275)), and

App@a%ﬂamttahlﬁsbgehm%d HOU1 78094, PReehD Dt Rkak2 5.aME
of a polyhydric aromatic hydroxy conpound in the

00/1§736 (AR SFARAE16 (£ BYRntRER 0@B88) BEfent BRument

cune apanese

26 LT ook bl R 5 SR EORI R 1

6262210)). Furthernore, the resenb 25 inventorF ha\(c?1
pr OpRRA reastiMeodiStHIaloR $Yste s, Jo o IRS &R gAPIIGANT has
phenol produced as a by-product in a polynerization

furthpr arepeosied, rra method Hhajtenables highlyipure anamatic
di phenyl carbonate are produced using a

carbonates to be produced stably for a prolonged period of time without a

large amount of a catalyst being required, a method in which high boiling

point material containing a catalyst component is reacted with an active
substance and then separated off, and the catalyst component is
recycled (see Patent Document 27: WO 97/110489 (corresponding to

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

method carried out while keeping a weight ratio of a polyhydric aromatic

hydroxy compound in the reaction system to a catalyst metal at not more
than 2.0 (see Patent Document 28: Japanese Patent Application

Laid-Open No. H11-82429 (corresponding to European Patent No.

1016648, and U.S. Patent No. 6262210)). Furthermore, the present

inventors have proposed a method in which 70 to 99 % by weight of

phenol produced as a by-product in a polymerization process is used as
11



10

15

reactive distillation nethod; this di phenyl carbonate
can be used as a starting material for polynerization
to produce the aromatic pol ycarbonates (see Patent
Docunent 29: Japanese Patent Application 5 Laid-open
No. H9-255772 (correspondi ng to European Patent No.

a stagﬁﬁé%%ieﬁaﬂ &h& a GapeehyNearBdAZ 6 Are - prideivRier] usimg a

of these prior art docunents in which the

reacﬂ@%%fiil@ﬂoﬂf m%rtﬁggi"; itRi< BIPVERY e PO Metd BEn'BatdeP as a

distillation net I'S proposed, there iIs no

i ver._ of. [ £ C .10
start AR SRR e liR (BUER 0 Ce RhEEmalie
scale (e. 1 ton / r nor 4 here any.descriptij.on,.
poly ATGgRatEA s FHlept Hasimant A apage SR AfaR ABpLigation
. the descriptions_regarding heights (H and H2: cm,
Laid-@ipafeNg.sHPER S8Ad20fcorsagpondiid te Buropeap Latentiia.
n2), and starting material feeding rates (QL and Q:
089209 1/, ang U.&. Patentebot iSmAH89)).1 ati on 15 col umms
di scl osed for producing mainly di phenyl carbonate

( DRGWé vermin dalivetf thie seap Honatre damdimeat®in avkeichsthe
summari zed in Table 1. [Table 1] 12 TABLE 1 H1 Di ni

prod (BtibR ¥argm@Ridéd i n a t&CUVIY the 6@ clive2@i 101 H06n 2hethod
20 23 18 350 2.8 - 0.2 305 5710 15+ 0.6 21 PACKI NGS

» r3gBoRgtuii g4 Bidighufe gy eyt frddes o
appa%gtt?sle%?abling 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 (Hy and Hz: cm),
diameters (Dq and Dz: cm), numbers of stages (n4 and nz), and starting
material feeding rates (Qq and Q2: kg / hr) for two reactive distiliation
columns disclosed for producing mainly diphenyl carbonate (DPC) from
dimethyl carbonate and phenol are as summarized in Table 1.

[Table 1]

12
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28 600 - 20 66 600 - 20 22 29 |In other words, the

bi ggest pairs of continuous nulti-stage distillation
col utms used when carrying out this reaction using the
reactive distillation systemare those disclosed by
the present applicants 5 in Patent Docunent 27 (WO
97/ 11049 (correspondi r pge Pat ent No.

0855384, and U. S. Pat.lgrAEr-EEZZ 5)) and Patent
Docunent 28 (Japanese Patent Application Laid-Open
No. H11-92429 (correspondin to Eurooean atent No._

1016648, W, U]S. aﬂenh . 62P10) h, n pe PATENT

H Q @

Segn fr inabI g ,Et e m%m rrug%va ues of tne var [BOEUMENTS
ek Li otrs—10—fror—tercontrogus IUI t bld:]e

T SR B N T P A TR N7 W

35ar¢ Mg =[1200 dmo.22 F 3@ c&~1D1| = ZG+cm DR.6= p5 cn?l

ni {=n2 ¥ 50 (qnly thi s conditi on|PARKINGS Pocunept 22
| (Jopanese—Ral-e4 —cat-HpA—-aH—Oper—Ne
50010] 40616)) .50 [= B8 Ky 400h| oBhd [p 2581 Kb @6 i andP

1obh(’ agouit Qf di phgnyl S bpnag e orodu.ced 129,810 23
eegettts a1 oXT 7 U T WIII ,II TOT
309@ nf prlodited oh®anl ihdukt r$\al qrapé 7$ asur 83

1209 || moenti o4 PrjobBens| téote| s@svef by20he n\&'lnt on |27

i s|an objlect ofl the pyesent]invention to pfovidela o4

it | o-c—a—fH—grhi—eporar

60Ri ¢h- per ffor2fande 660 potyc r bo@ft e had2ng 29
excelTent mechani cal properties and no discoloration

L O] PR tREPWSRIS Itﬂ@usrgg@étl Mairg o¥ d:@ﬁgﬁuani@umtulﬂest@ge
not less than ton hr) stably for a prol onged

dlstllﬁ’glrl{;:era Lrﬁﬁé‘%a‘e‘?ﬂs rﬁ}g aéfééggt@@f“théor%dl%ﬂ%sm the

['y not hours, nore preferabl

y
reacﬂm (gﬁ?ilfé(gfgﬁ}aggggglﬁ % oi@é)sér&&?os%f%ﬂhe%?@?é‘ﬁf Qpplicants

in Patent Document 27 (WO 97/11049 (corresponding to European Patent

No. 0855384, and U.S. Patent No. 5872275)) and Patent Document 28
(Japanese Patent Application Laid-Open No. H11-92429 (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 c¢m, H; = 600 cm, Dy = 20 cm, Dz = 25 cm,
ni = nz = 50 {only this condition, Patent Document 22 (Japanese Patent
Application Laid-Open No. H9-40616)), Q4 = 86 kg / hr, and Q2 = 31 kg /
hr, and the amount of diphenyl carbonate produced has not exceeded
approximately 6.7 kg / hr, which is not an amount produced on an

industrial scale.
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10 conpound. Means for solving the problens The
present inventors have carried out studies ained at
di scovering a specific process enabling the above
object to be attained, and as a result have reached
to the present invention. That is, the 15 present
DiscloR(\gBloPrhvemysdes: 1 . an industrial process for the
production of a high-quality aromatic pol ycarbonate

| b RlnaN oG TEIL 6 APBY XRETIAGEMk R S cont i nuous! y

pr odu roma di alkyl” carbonate and an aromatic

di hydroxy.,co G rd Si Qs t

ofn 'foa?I%bjgggﬁqﬁﬂgugf%eepﬁ@um nbd:rgqgiﬂa@ﬁ@%aér]ggﬁgﬁé

by taking the dialkyl carbonate and th r i
procavndRshFap Bs matat as i Rl RedferraBeR fotbtic

continuously feeding the starting material into a
polyganbanatenhainggxcellent raeghanical PIARETISS BAURA i n

which a catalyst is present, carrying out reaction
discalodatipatld batprodutedinduetially in @ lange amednt(® gnnot less

continuously 25 withdrawing a first colum | ow boiling
than potaih /regcstadhy foxaup eolongeal penipdaof pirndueed. alotdass than

froman upper portion of said first colum in a

10owﬁéﬁ@gﬁﬁréﬂzrﬁa@!*ﬂndtQBbbrt%@lﬂﬁBEOW hodrawnegeapfafesably not
columm high boiling point reaction m xture contai ning

less %Qﬁ%@?%ﬂ“&?g@ﬁ%@dﬁ%ﬂ@”@éﬁéﬁ% anboyRrardiafiominydroxy

sard Tirst um in aliquid form continuously

COm%QSHng said first colum high boiling point reaction
fe into a second continuous 5 nulti-stage

distillation colu in hch a catalyst is present,
caﬁ?ﬁ?ﬂﬁ fBDISO?Y'é‘&%%rPr\gﬂée@issti | I ation sinultaneously
in_said second colum, conti n_uouslg vvié],hdrawi na a
sedbedPERs @ INVRNISEE have SErredr oYt studiesplpgpeat
containing a Eroduced di al ki/jl car bonate from an upper
discpeetingna speaticprosessdensbling the abgyecebiegtdonpe attained,
continuously w thdrawi ng a '
and as a result have reached to the present invention. That is, the
present invention provides:
1. an industrial process for the production of a high-quality aromatic
polycarbonate in which an aromatic pelycarbonate is continuously
produced from a dialkyl carbonate and an aromatic dihydroxy compound,
the process comprising the steps of:

(1) continuously producing a diaryl carbonate by taking the dialkyl
carbonate and the aromatic monohydroxy compound as a starting
material, continuously feeding the starting material into a first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said first column, continuously

withdrawing a first column low boiling point reaction mixture containing a

produced alcohol from an upper portion of said first column in a gaseous
14
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10 second col umm high boiling point reaction mxture
containing a produced diaryl carbonate froma | ower
portion of said second colum in a liquid form and
conti nuously feeding the second col unmm | ow boiling
poi nt reaction m xture containing the dialkyl

form?;%bmnﬁkﬁ._lélthithH@aWi:ﬁgta £iest LOHAHA high boili@@oint reaction
distillation colum; 15 (I1) purifying said diaryl

mixt G %Hi‘éﬁmiﬁ?laf‘?)rbu%%%mﬁ dHyPRapPYbhbYe chLIﬁré’llower portion

car bonat e; reacting 'sald aromati c di hydroxy

of s TRUULIAR 171 gNid R RH! IOt AT usy SRIDARE! Said first
ogethef 'So as to ﬁroduce an aronatic’ polycdrbonate
nol t e repol ymer, and. .produci ng an_aromatic, 20 ..
colufly Dih Boitie MEnh gBacyBnaahite.aRe it Sowna Santipyous
pol ynerij zation apparatus jn which said nolten .
multi;ptaag gistillatopseriumningdh g edi@lyst supregeat.ssarrying out
ui des, and said nolten prepolynmer is polynerized
reactipnl and fdistillagiotosimuliaaepins)y dn rsaid feeend kelaminat i ¢
nmonohydr oxy conpound by-produced 25 in step (I11)
contimacu siptwithtdeawiag \8 seaohdnadleimpndducboding tpepn{ Freastion
as to recycle the aromatic nonohydroxy compound; 15

mixtifEeeentaining)a prbdutiedsdiatrpt catsswatse fiomdmapper portion of
distillation colum conprises a structure having a

said @YoMl E6RImbT ik é’%ééé@é‘ BRI, gﬂ)hlﬁirﬁﬁé‘u%lﬁr Withd7&wingoa

an inside diameter- D, (cnm, an aving an internal
secal PolTRIGH ol MERoLFt PenbBH DB oM fif 2 ftuce
aiar B Forh B B4 BEHIR 4, bahOR SR 152E vt
formpgind GANGNUONS 43P RING AP SRFARE GV T 0w 09 bgg: point
reac’gg% rgmiﬂ;tzttrpwclw?{mg{;g\/itﬁg Ocl:li;Ink;I hcear%%%%rtepi%rtéit?tg failpsﬂ c/;or?trinuous
multi-stage distillation column;

(Il) purifying said diaryl carbonate so as to obtain a high-purity
diaryl carbonate;

(II1) reacting said aromatic dihydroxy compound and said
high-purity diaryl carbonate together so as to produce an aromatic
polycarbonate molten prepolymer, and producing an aromatic
polycarbonate using a guide-contacting downflow type polymerization
apparatus in which said molten prepolymer is made to flow down along
surfaces of guides, and said molten prepolymer is polymerized while
flowing down; and

(IV}) circulating the aromatic monohydroxy compound by-produced

in step {Ill) back intoc the diaryl carbonate production step (l) so as to

recycle the aromatic monohydroxy compound;
15
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1lo the columm bel ow said gas outlet, and at |east one

second inlet provided in the mddle portion and / or

the | ower portion of the colum above said liquid

outlet, whereinlL,, D1, L, / D1, n,, D, [/ d,,, and D,

/ di2 respectivel y satisfy the follow ng fornulae (1)
ﬁ@reniwoo < L, <_ 8000 (1), 15 100 <_ D, <_ 2000

OBN 2 5 L, D, :5 40 (3), 20 <_n, <_ 120 (4),
e{o) %é ?gt coﬁtlﬁuduﬁnﬁllﬁo l(ag:)e d%ﬂl@@oﬁ@olﬁﬁirﬁ comprises

nd-con e

I nuous nulti-stag Istillation colum

astrgsﬁ’- RS Hitth %tgéﬁ'%@ﬁg?ﬂwﬂgegnﬁ*““" i 'EE‘S’“E“ L1 (em) and
an ingida FHgEEtos BnkFaIniohe ”ﬂaé"” eERE! it BurpHEPRY stages

an inside dianeter d2, (cm at a top of, the columm or

n1 thenetnsidpp@ndhbesi @ gast ou &t D0 AR It bamﬁéefé'w (cm) a
a liquid outlet having an inside dianeter d22 (cm

a topaobdhecsolain kg incdnrapper perkani efikhe ﬁ@Iwm@nﬂ@ﬁfttﬁethe top,
colum near to the 16 bottom at |east one third

a liquid eutiethavied an inbideidpemeder tdigr{candal acbottonricddhe
portion of the columm bel ow said gas outlet, and at

colur'rn%aéF |@'§I0\K!@de?tlb'h| &f tips @61 dath nearte tialbottam( tit deast
or the |ower portion of the colum above the

one EPQPW%B}'B@%W&%%;\%@? B%'rtibﬁ an&?. 08 mﬂi’dl/e g8ition of

respectl y satisfy the follow ng
the rrrul %@d&y‘%§ e éJé\%lo%g&fo%ﬁzaﬁ%@%ﬁp@%f&%:j ri'@@i?rowded

in thgom(ldd?e portion and / or the iower portion of the column above said
liquid outiet, wherein Ly, D1, L1/ D1, nq, D1/ d4y, and D4 / d42 respectively

satisfy the following formulae (1) to (6):

1500 <L, <8000 (1),
100 < D¢y <2000 (2),
2<lLy4/Dy<40 (3),
20 <nq <120 (4),
5<Dy/dyy <30 (5),
3<Dy/d2<20 (6); and

(b) said second continuous multi-stage distiliation column
comprises a structure having a cylindrical trunk portion having a length
L2 (cm) and an inside diameter Dz (cm), and having an internal with
number of stages n; thereinside, and has a gas outlet having an inside
diameter dz1 (cm) at a top of the column or in an upper portion of the
column near to the top, a liquid outlet having an inside diameter d22 (cm)

at a bottom of the column or in an lower portion of the column near to the
16
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10 2<D2/d21<15 (11), 5< D2/d22< 30 (12); and (c) said
gui de-contacti ng downfl ow type pol yneri zati on
apparatus conprises: (1) an apparatus having a nolten
prepol yner receiving port, a 15 perforated plate, a
pol ymeri zation reaction zone having a plurality of

bottcibi eesehbpbnextiard idevpavidédam ihal dpperfpuricat apldat er a
provided in a space surrounded by said perforated

middié i‘)to?tlo‘f‘i &t @'I‘i*e %‘—lhﬂ% dto éé‘l@egﬁg oPWét, AN ¢ aiti [B@st dne
nol'ten prepol ymer feeding zone for feeding a nolten

fOUI‘tHrI?\E)% iﬂg%vm\éldalr?ﬂllg Efcfl@r;%ﬁforﬂ’la?foe/ APt el I%%Qﬁpggﬁ?n of

nerlza I'on r'eac a vacuu
rrovi de rization reactio n
the cgiding ABoys frt%?aaﬁtit%i SRapfingen 2pP53?f3ed"?'nDa/dms
Iovverrmst portion of t eta ed bottom | a
and Redfaz tesRASRIyTaliS ydﬂs%ﬁ‘aﬁew'mrfﬁ fuiia c,(n,ScFOt @d?
sai d discharge port, wherein: 25 (2) an internal
secti onall580es LA ér&)oﬁ aken through a (fosi zont al
pl ane of the side casing in said polynerization
reacti on190ne Baki 300@s the 17 foll ow&jg formul a
(13), 0.7< A< 300 (13), (3) aratio between said A
(nR2) andzaﬂuzryt%nauosectl onal area B (g)p2) taken
through a horizontal plane of the aromatic
pol ycar b??agql25<cydscharge port sati sfl(eﬁ) t he follow ng

formul a A B <_ 1000 (14), 4) t he bottom
casi ng ig zﬁ /8 |zat|on reactlon ﬂne IS
connecte ah f"er angle C () to ¢ side casing

]Eglcelrg\z;\mbgé $am5regj§§al d angle C () s(alté)sfl &5 t he

(c) said guide-contacting downflow type polymerization apparatus
comprises:

(1) an apparatus having a molten prepolymer receiving port, a
perforated plate, a polymerization reaction zone having a plurality of
guides that extend downward from said perforated plate provided in a
space surrounded by said perforated plate, a side casing and a tapered
bottom casing, a molten prepolymer feeding zone for feeding a molten
prepolymer via said perforated plate onto the guides in the
polymerization reaction zone, a vacuum vent provided in said
polymerization reaction zone, an aromatic polycarbonate discharge port
provided in a lowermost portion of the tapered bottom casing, and an’
aromatic polycarbonate discharge pump connected to said discharge port,
wherein:

(2) an internal sectional area A (m?) taken through a horizontal

plane of the side casing in said polymerization reaction zone satisfies the
17
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10 120 <_ C <_ 165 (15), (5 a length h (cm of said
gui des satisfies the following fornula (16), 150 <_ h
< 5000 (16), and (6) a total external surface area S
(m2) of said guides satisfies the 15 follow ng
formula (17), 2 <_ S <_ 50000 (17), 2. the process

fo||o@q1:g)|f§|nﬁg|éq139em 1, wherein not less than 1 ton / hr
the aromatic polycarbonate is produced, 3. the

process CEQS item1 or 2, wher said d" and
sal d d126 ?SO' sa‘flsPS the foll ow ng for@uq)a (18), and

géj) Q%&%Bﬁ?gfgndggléﬁ tl@i)yihgﬂn/, déi'%\%fl %65’:?5@%1 é’r4ea B
o B B GE REIRS 3Y rble Blfedpoonat

dl2 for said flrst conti nuous nmulti-

dischargg ppst salisligsuthe falowing feyputa .(3&35/ 2000 <_ L, <_
6000, 150 < D1 < 1000, 18
3< L, /D, 2030308 &, K000, 8< D /d"<_25(Thd
5< D,/dl12< 18, and L2, D2, L2 / D2, n2, D2 / d2,, and
D2(4) ti biottormacalsineciomdaib pol ymerization reastiagezone is
distillation colum satisfy respectively 2000 <_ L2 <_

conn@RP8d alt58n intditral aﬁ%@ 8 ?36&21%_3(69 casing thereabove,
15<_n2< 60, 2. 5< and 7<_ D2 5/ d22 <_

t C [ | 1to
wher%?n ms%écrieef}ﬁgl%’r’@ g?ssaﬂ?é’ﬁ’ééjtﬁg fb?l’oﬁﬂ)‘lgoﬂﬁ’nf’t’lla (155175 /

dl2 for df ontinuous mul ti -st
distill a??gn cdolssui'ﬁgsat i sfy respectively 2500 < L, <

E??%)b %f@g;h I'b(cr/mootogaldzgmdﬁ]% s?tigl?ieﬁ tl;e Sﬁoym%f%rmula
(16),
150 < h < 5000 (16), and
(6) a total external surface area S (m?) of said guides satisfies the
following formula (17),
2 <8 < 50000 (17),
2. the process according to item 1, wherein not less than 1 ton / hr of
the aromatic polycarbonate is produced,
3. the process according to item 1 or 2, wherein said d41 and said dq2
satisfy the following formula (18), and said d;; and said d;; satisfy the
following formula (19),
1<diz/diy1 €5 (18)
1<dz/da2s6 (19),
4. the process according to any one of items 1 to 3, wherein Ly, D4, L4/
D4, nqy, D4/ dq4q, and D4/ d42 for said first continuous multi-stage

distillation column satisfy respectively 2000 < L, < 6000, 150 < D4 < 1000,
18
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10 and L2, D2, L2/ D2, n2, D2 / d2,, and D2 / d22 for
sai d second continuous nulti-stage distillation
colum satisfy respectively 2500 <_ L2 <_ 5000, 200

< D2 < 800, 5<_ L2/ D2 <_ 15, 20<_ n2:5 50, 3 <_

D2/d21 5 10, and 9 <_ D2/ d22 <_ 20, 6. the process
3 < 1350 & B9, 190 &Ny, a0l 8 LIDF/ U} & 35, WS 618 BAL49f< 18,
15 said first continuous nulti-stage distillation
ol gmm) andysahd gegofd LD id $e®@Md continuous
and %?’s[?ﬁ Fﬁ?ﬁ%ﬁ’ Q%’I %rzn? @%fﬁprl s:iajs2 geg?;(?ylg'?ati on col um
having a tray and / or a ckij . sal, & d al
multifiag sliltoB o R T B fluAY 2 ddh & P po00. 150
conti nuqus lti-stage_distillati cqlu co i ses
< D25 §D60e X s ihx 71 302 TBr% Bai%00- 56 FA hitea 3 14y A8 7 < D2
said internal, and said second continuous mnulti-stage
/ d22cfi @Dk 1 | ation colurm conprises a distillation colum
having both a packing and a tray as said internal, 8,
5. thieeppooess acacrding ig any onenb items 1 imdr, evheegiohl of D1, L1 /
said trays in said first continuous nmulti-stage
D4, rdi 941 Hat,i and dd| vmh ; fod sead dirst comdiboesmubistiage
multi-stage distillation colum is a sieve tray having

distifa bRV uRM AR sP AW QB 0PN Li an5009, 200 keD, < 800,
process according'to item8, wherein said sieve tray

5 < l{}ﬁgoloé’ 1igD 4(40509,1 hobgs 1p €D 7 éﬁiéjgfﬁ,eé’rﬁ:l okt en.d,30 15,

rocess according'to item8 o wherein a
and £3°B5 1572080 Rar Dratis b 4nd I 828 8L <3t SeReE cbifihuous
multE ST RBRLIALON CALABR ST TSae VOV 2 a0 Bombei S 8909: 200
distillation colum_ having, as said internal, the
< Dopa8Riohd isnLt hdd2ppks. BBrsinans &0.the Pal/Lden, < Hhaabfd < D2/
tray in the | ower portion of the columm, 12. the
do2 PBOcess according to any one of itenms 6 to 11, wherein
6. tthheeprocess according to any one of items 1 to 5, wherein each of
said first continuous multi-stage distillation column and said second
continuous multi-stage distillation column comprises a distillation column
having a tray and / or a packing as said internal,
7. the process according to item 6, wherein said first continuous
multi-stage distillation column comprises a plate type distiliation column
having a tray as said internal, and said second continuous multi-stage
distillation column comprises a distillation column having both a packing
and a tray as said internal,
8. the process according to item 6 or 7, wherein each of said trays in
said first continuous multi-stage distillation column and said second

continuous multi-stage distillation column is a sieve tray having a sieve

portion and a downcomer portion,
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10 packing as said internal in said second continuous
multi-stage distillation columm is one or a plurality
of sets of structured packings, 13. the process
according to item 12, wherein said structured packing
in said second continuous nmulti-stage distillation

9. teel pracess alccbeaRig edeterhydewhelrent edid rstové fteaghae 100 to
consi sting of Mell apak Gerrpak 15 Techno- pack,

1oooﬁHSP8éoﬁgrl g1§'é||&%ﬁ%9§;ﬂﬂr‘ﬂ&>n a Good roll packing, and

Gitsc ocess according to any one of

tﬁ'n% é)s ]al%co\mﬁ‘[gflls? itdls 8 Ur aé%vh‘é%ﬂ'?%%ﬁ*sa Is.ectlonal area

purl |ca|on Ste I'S carried out

15, roc ss. accprding to an 214,
permh&'wﬁ eV S %0‘55 %@fﬂ? o
reacti on zone conprises, a cylindri ortL with an
1. ithei RROGR SFBCEPTHNT Y 1HETR & Orehgt e[ef ﬁ&on
t apered bottom casing, which is connect ed to a | owner
contiporomisomuti- stta@%demtllbatsong:olumn compepesandistidation column
di scharge port, which is in a | owernost portion of
havirsgi ds s=odi inaern:aisithg,paskingl imthré cglp et partéon iofgheéecolumn,
di aneter d (cm, wherein D, L 25 and d satisfy the

and m h@fﬁ nothenowerepd2idn of 2kk, chlainand (23), 100 <_
800 (20), 20 5<D/d<_50 (21), 0.5 < L/ D 30

12. (t%%) Pr@é@ss Biccotfing fo an?yognézéﬁ itekfs 6 f® 1A QFKEFein the

according to any one of itens 1 to 15, wheréin said h

packa'g%g:ts' g%oeﬁ'ult%pﬁ?[]m QY %%Joq{dndbﬁtl%dgus ﬁﬂﬂtl s{bqj%dlstillation

e process according to an

Coluregm Sorecd 2 Hprgfihee I’T%Egdﬁaﬁauﬁ}éﬂ?%?ég%g'@ﬁch that

Bﬂqispgééfgﬁ&%zﬁowﬁw%arﬂnﬁ Wherein hs%rl SQ’rug\{utrgdaSacking
in said second continuous multi-stage distillation column is at least one
type selected from the group consisting of Mellapak, Gempak,
Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and
Glitschgrid,
14. the process according to any one of items 1 to 13, wherein the
diaryl carbonate purification step (ll) is carried out by distillation,
15. the process according to any one of items 1 to 14, wherein the side
casing in the polymerization reaction zone comprises a cylindrical portion
with an inside diameter D (cm) and a length L (cm), the tapered bottom
casing, which is connected to a lower portion of the side casing, is
conical, and the discharge port, which is in a lowermost portion of said
conical casing, is cylindrical with an inside diameter d (cm), wherein D, L
and d satisfy the following formulae (20), (21), (22) and (23),

100 < D < 1800 (20),
20




10

15

20

25

10 wherein r satisfies the followng formula (25), 0.1
<r<1l (25), 18. the process according to any one of
items | to 17, wherein the polynerization is carried
out using a plurality of said guide-contacting
downf | ow type pol yneri zati on apparatuses |inked

togetherg 49 1Y <td® process accordi ngpy one of
itenms 1 to 18, wherein the plurality of the

gui de- cogtact | ngndowg | ow type pol ymer .Zﬂt,ié}nj

apparatusés "according to Claim 18 conplise two

pol yneri zat i appar a s being a fi

gui de- coﬁt‘agﬁqﬁgl' égam"f b@@et ype pol yrrer(zzéa?t’i on

apparatus and a second gui de-coptacti d flow i) .
16. (IRG REPFO S 55 08 10 30 A1, SN G RbI G 1 T wBELeHf Eaid

~which a polynerization degree is increased in this

satisfiegethe following der@wal(24dr f ace area S1 (nR2) of the

guides in said first guide-contacting downflow type

pol yner i #80i erh <aphp@Pat us and a total €lernal surface
area S2 (nR2) of the guides in said second

17. oelpreostacidowdingnbl amy orpeopalemert zatlirwherein one of
apparatus satisfy 25 the followng fornula (26), 1 <-

said YhilleS4s_cy 1P (iéQ), or BilheXdhapdil ahditaldé Yo &re@sathcthat the

pol ycar bonat e produced in an amount of not |ess than

molt%péﬁnfsédlolph&ycéﬂgi!?%?ﬁéﬁhé o ‘ii/i_'t‘ﬁ 4P cd¥ide aidheter r (cm),

o 19. e high-quality aromatic

whefgin GafBRbR ERISWIh YR 2BLar oh e a "

compounds 5 in range of fromO0.1 to 01 ppmin
terms of ndtafISd el enents therein, aﬁ%s)a hal ogen

content of not nore than 1 ppb, .22. the high-qualit
18. SiEIPEoRS 3ReATBINAIS BRE T A (1MS| BAP AT oRNrein the

bei ng an aromatic pol ycarbonate havi ng a main chain
polytezizatiopdstdariried obit araingda phucalily ebeaidyguidaieracting

such as an ester |inkage or a ether
downflow type polymerization apparatuses linked together,
19. the process according any one of items 1 to 18, wherein the
plurality of the guide-contacting downflow type polymerization
apparatuses according to Claim 18 comprise two polymerization
apparatuses being a first guide-contacting downflow type polymerization
apparatus and a second guide-contacting downflow type polymerization
apparatus, wherein in a process in which a polymerization degree is
increased in this order, a total external surface area S1 (m?) of the
guides in said first guide-contacting downflow type polymerization
apparatus and a total external surface area S2 (m?) of the guides in said
second guide-contacting downflow type polymerization apparatus satisfy

the following formula (26),

1<81/82<20 (26),
21
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10 li nkage, and having a content of the foreign
linkage in a range of from 0.05 to 0.5 nol % based on
carbonat e |i nkage. Advantageous Effect of Invention
According to the present invention, it has been

di scovered that, 15 when producing the aromatic

20. @Ihygar@mmtyeafdsm@ttmpow@rlbsdnaiermmjcted amcart Aenount of not
aromati ¢ di hydroxy conpound, by carrying out the

less &GS on f?‘orﬁrobg'tﬂﬁ bRodds BEeBPAing FY &ty BReVHT RBms 1 to 18.

conprises the Steps; (I) producing a di'aryl carbonate
1
e
rb to 20 qbt ' I

o GRS 1 AL Sl S AR it ffouncs
n 2 BAdeBTEan Bt Thilod b (R el B ARl Rperein.

froma nolten re ol ymer obtained fromthe aromatic
and @.h@lag@nycemw&uaﬁn@mdn@r@thanghpmh,u ty diaryl

carbonate: and (I1V) recycling by-produced aromatic 25

22. niveohigh-gualityrgpraumdticrp ol ychaebenape @ocordimg do-iterl 20yor 21,
and high-performance aromati c pol ycarbonat e havi ng

beingxtehrematicpbiycslona2 haopry bi @aiarchain thereof partially
di scol oration can be produced on an industrial scale

bran@ﬁed%trohgﬁsfdrﬁﬁﬁ‘n }infkdyds Buchtag draabtéoliMRBYeZé# bosther
rate over, 1t has ~ been di scovered that a

; N I o
inkaf a&mowﬂ%g;ér SPTLGE LA RO Rk’ et from
han Q00_h qur s bly not |ess than
0. 053 éjZBPe‘f%r %/tept\ﬁt(gégsS t han 5000 hours,
vvlth I|ttIe varlatlon in nol ecul ar wei ght. The
present invention thus provides a process that
achi eves excel lent effects as an industrial process
Advardagens spkfeet tafomvemtiomi gh- qual ity aromatic
pol ycar bonate. 10
According to the present invention, it has been discovered that,
when producing the aromatic polycarbonate from the dialkyl carbonate
and the aromatic dihydroxy compound, by carrying out the process
according to the present invention which comprises the steps; ()
producing a diaryl carbonate using two reactive distillation columns each
having a specified structure; (1) purifying the diaryl carbonate so as to
obtain a high-purity diaryl carbonate; (l11) subsequently producing an
aromatic polycarbonate using a guide-contacting downflow type
polymerization apparatus having a specified structure from a molten
prepolymer obtained from the aromatic dihydroxy compound and the
high-purity diaryl carbonate: and (1V) recycling by-produced aromatic

monchydroxy compound into the step (1}, a high-quality and

high-performance aromatic polycarbonate having excellent mechanical
22
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Brief Description of Drawings FIG 1 illustrates a

schematic view of a first continuous reactive

distillation colum preferable for carrying out the

present invention, the distillation colum having

internals provided in a trunk portion thereof; 15 FIG
prop@rtiés wHd abedidcatbeatién can be pfodused erdancimdusirias scale of

reactive distillation colum preferable for carrying

not 188¢ thBR PtE8RSNAr AR\ RASOPolyherizativi Faf.i OMgrelow®?, it has
havi ng provided, in a trunK portion thereof, internals

oo BB LS LGSR A FOPH A 50 oo
prodbhAHEBTof "B RAPBLGL B FHEh: YuSBETEh Brmpieuayess

col u and the_secqond conti nyous, r tive

than G0Y FoliTs oRTEEARIY 1B LA RAOT, RS o Bl e Breferably
carrying_out the present invention; FIG 4 .

not Is$ (banasee0hetronkithditiiecvabationyln molessiacaight. The
downfl ow 25 type pol ynerization apparatus preferable

preséot irmeemtydo ndhoist prdddpses @rpcessvibrat achiesrs escallent effects
illustrates a schematic view of a guide-contacting

as aslopatibtal pypee $ofymehé zaiductappaf & highapialigyaaromatic
cylindrical side casing and a tapered bottom casing

poly®d@gtiaal e for carrying out the present invention. 5
Description of Reference Nunmerals (In Figures 1, 2 and
3) 1: gas outlet, 2: liquid outlet, 3 and 4: inlet, 5:
end plate, L1 and L2: length of trunk portion, Dl and

Bri f[ﬁ: insi.de di ter of trunk portion (cn), dll and
rief Jescripdiof O IIAWIBESsf gas outlet (cm), di2 and d22:

cofl Briloliuaiater. a sRfematie, 118 of gnfIER) GARINaGHS feactive
distillsaet(izggdcoclgmril r;])lf'glfjgrari)ulletfio_rséaar%indd %tuit ltll'lgtriaroensent invention, the
distillation column having internals provided in a trunk portion thereof;

FIG. 2 illustrate a schematic view of a second continuous reactive
distillation column preferable for carrying out the present invention, the
distillation column having provided, in a trunk portion thereof, internals
comprising a structured packing in an upper portion and a sieve tray in a
lower portion;

FIG. 3 illustrates a 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;

FIG. 4 illustrates a schematic view of a guide-contacting downflow

type polymerization apparatus preferable for carrying out the present

invention; and
23
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colum, 11, 12, and 21: inlet, 13 and 23: colum top

gas outlet, 14, 24, 18, and 28: heat exchanger, 17

and 27: colum bottomliquid outlet, 16 and 26:

colum top conponent outlet, 31: colum bottom

conponent 15 outlet of the second continuous

NUFIG: stifaeteitesi a lstiiematiol view of langbidrHoemtdcting Spwnflow
1: nmolten prepolymer receiving port, 2: perforated

type @'o@%ﬁer?zaﬁ@ﬁt amit§BH ARy éQﬁﬂid&l@aﬂ”@ideAfcagmgjénd a

ol ynmeri zat n reacti on Zone, 6: vacuum vent,

tapelgerqog%ttf p%ééﬁg trgbpéﬁc‘}nheégﬁlﬁﬁ;érlgt the B eggmgn%)ntlon.

ycar rge
port which is used accordlng to need, 10: side casing
of the polynerization reaction zone, 11: tapered

bott om casi ng of the pol ynerization reaction zone, 12:

Descsiptien foRﬁfo@dtqebW%%lsbonate 25 Best Mbde for
Carrying Qut the Invention In the follow ng, the

(In Figwesnt, 2ngedt3bn is described in detail. 24 In the
present invention, first, a step (lI) of continuously

1: gg¥ odtieitng 2:aliguit plutkﬁr bdhatne ém amléhdust eirdl pate,e L1 and
froma dial kyl carbonate and an aromatic nonohydr oxy

Lo: leegupwidiruakcportied, o, ahe Dk alnlsyd e cdiaipoetereof dseak portion
in step (1) is a conpound represented by general

(cm)fordrql and2 6y : InBRfE @ RBMERD) of WhBECLUtIBR (EGRNeselLSand dyy:

an al kyl group having 1 to 10 carbon atons, an

msnd@I Hﬁrﬁ%’lér %79 |'31a}5'u‘i‘l%t (tctrﬁ)lloﬁ)"’lIr boinrflt QHﬁtIB)%bu%”multl-stage

roup '0 carbon
dastllgqt(g%& | A éﬁﬁgrgl) 5}5& %%%%m;gg?f%%n%g?%lu%t %le distillation
coluéa'ai??ﬁ?.gomﬁ??tZ'c,«niq'ets"”‘ién%n@&%xﬁwyln?ﬁ?&o sgutiet, 14,
decyl (isoners) and cycl ohexyl net h7yﬁq|al icyclic grou

24, 1§Jca1ndg28 chenbsxspandesycl bb@nd 2 ttyqttom |IQUI% outlet,

cycl ohexyl and cycl oheptyl; and
16 and 26: column top component outlet, 31: column bottom component

outlet of the second continuous multi-stage distillation column,

(In Figures 4 and 5)

1: molten prepolymer receiving port, 2: perforated plate, 3: molten
prepolymer feeding zone, 4: guide, 5: polymerization reaction zone,
6: vacuum vent, 7: aromatic polycarbonate discharge port, 8: aromatic
polycarbonate discharge pump, 9: inert gas feeding port which is used
according to need, 10: side casing of the polymerization reaction zone,
11: tapered bottom casing of the polymerization reaction zone, 12:

outlet of aromatic polycarbonate.

Best Mode for Carrying Out the Invention

In the following, the present invention is described in detail.
24
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aral kyl groups such as benzyl, phenethyl (isoners),
phenyl propyl (isoners), phenylbutyl (isonmers) and

nmet hyl benzyl (isomers). These 15 al kyl groups,
alicyclic groups and aral kyl groups may be substituted
with other substituents such as | ower al kyl groups,

| opeth@lgres ndriaventions ame, arsteps(idrofhed widrocasbrproducing
and may al so contain unsaturated bonds. Exanples of

a dlaqwbléx Qfé’%‘?\aéﬁsln'@lg \StAgl %ﬁ‘éi’b 3fomda idis| kil adBonate and an
dr net y

car bonat e i ethyl carbonate, dipropyl

aromcgg[cggﬂ@ﬁtghw ?&%@}np 8' |lsyéa(:|gfé;)cg%g?ée THjé 'El‘a'éﬁ(yf'ca rbonate
s 5 ¥ R e BB o7

carbonat e héomsr di nonyl car bonat& somsrs)
di decyl (|soners) di cycl ope
car bonat e, dicycl ohexyl carbonate, dlcyclohept
whermnﬂ%?waearesim‘@wawalkyhglﬁeuatf@aw@uqﬂhéﬁeiﬂﬁar@&fbawﬂé an
(i soners), di(phenyl propyl) carbonate 25 (isoners),
alicydliecpdrenuyg batvwhgy I o dédhadeb¢n atoms,) or aun(amldwbmngpmavmg 6
carbonate (isoners), di(methoxybenzyl) carbonate

to 10 caPPBhSAtomél] (@tdmg]’é@ﬂiym iceludenatieyl groups such as
di (nmet hoxyet hyl) carbonate (isoners), di(chloroethyl)

metr@ﬁggm@g r(ngﬁ/‘? oﬁ?’nef‘é‘}]I ':ﬂ'l*lc ?(l@ﬂrﬁefﬁr ehgl Jisomers),

se dial kyl "car onates ones

por LIPS “‘ﬁ%-ﬁw&%r%‘a Sty U087 (UHler). nony
oo TRy RS RS EHT BPGH BERLP Fouos such
cycn@@%ﬂaica;aéqi&:‘yﬁ‘f Sup%br{e;%%&ie%?@a%s@%?ﬁrg% Grép ¥

carbonates produced in a state substantially not
arallydrgraiupimguahhas beanzylf phensthsb(isosmeEs ) RRRMEArePYim

an al kyl ene carbonate substantially not
(isomers), phenylbutyl (isomers) and methylbenzyl (isomers). These
alkyl groups, alicyclic groups and aralky!l groups may be substituted with
other substituents such as lower alkyl groups, lower alkoxy groups,
cyano groups or halogen atoms, and may also contain unsaturated
bonds.

Examples of dialkyl carbonates having such an R? include
dimethyl carbonate, diethyl carbonate, dipropyl carbonate (isomers},
diallyl carbonate, dibutenyl carbonate (isomers), dibutyl carbonate
(isomers), dipentyl carbonate {isomers), dihexyl carbonate (isomers),
diheptyl carbonate (isomers), dioctyl carbonate (isomers), dinonyl
carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl

carbonate, dicyclohexyl carbonate, dicyclohepty! carbonate, dibenzyl

carbonate, diphenethyl carbonate (isomers), di(phenylpropyl) carbonate
| 25
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contai ning a hal ogen and an al cohol substantially not
containing a halogen. 15 The aromati ¢ nonohydr oxy
compound used in step (I) is a conpound represented
by foll ow ng general fornula (28). The type of the
aromati ¢ nonohydr oxy conpound is not limted, so |ong

(isonders)neli( prveh Pty grsinbdrfatdi (iseirershodiehibmbernzyl)
aromatic group; Ar3CH fornula (28) 20 wherein Ar 3

carb8 FAETRBTIR) HRTRAGPBBHR, XA P0IBriaon
 havi eyl - . _
aim A AREHEN Mbhnate, ARIPMESEEV) LaIL AL Gsomers)
. ' , tri hyl ph [, (i
di(ehiefielRuD kG pheRele (1SBORErD) anddTiGY Bherthvy icashenafe
) propyl phenol (isoners), butyl phenol (isoners), 25
(isomeehyl phenol (i somers), nethyl ethyl phenol (isomers),
met hyl propyl phenol (isoners), dipropyl phenol
(i ©rthesp, diatkyhearyomatag, phreesprefewmhiysysed in the present
pent yl phenol (isoners), hexyl phenol (isoners) and

invercych clrexdialkehobrifo sates &) whiahi Riids arkakyylhgroi s havihg not
as net hoxyphenol (isoners) and ethoxyphenol

morel HIEPNEHE) carb¥had ot inot cosfainihg a halogen atom. A
phenyl propyl phenol (isoners); naphthol (isoners) and

- ' [ oSy et [
part MG BSR40 8 AR andibe) g vt

prefars BB Al SAEEAES TRV ireleflle pngg are dialkyl
carbdhafes Prodligsdod Actate o asiatbalvoRbl rRrRakita BeBoen. for
e XarAplgean Porb G AT ANSHANE (9T ORAR SO SRRl ot

Ar 3 is an aromatic group having 6 to 10 carbon atons.
cont#iméngla halpgeni znd &1 plerlsles abstantiail e aodrconiain nas @
halogen.

The aromatic monohydroxy compound used in step (l) is a
compound represented by following general formula (28). The type of
the aromatic monohydroxy compound is not limited, so long as the
hydroxyl group is directly bonded to the aromatic group;

Ar’OH formula (28)
wherein Ar® represents an aromatic group having 5 to 30 carbon atoms.
Examples of aromatic monohydroxy compounds having such an Ar®
include phenol; various alkylphenols such as cresol (isomers), xylenol
(isomers), trimethylphenol (isomers), tetramethylphenol (isomers),
ethylphenol (isomers), propylphenol (isomers), butylphenol (isomers),

diethylphenol (isomers), methylethylphenol {(isomers),

methylpropylphenol (isomers), dipropylphenoli (isomers),
26
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aromati ¢ nonohydr oxy conpounds, ones substantially not
containing a halogen are preferably used in the
present invention. The diaryl 15 carbonate in the
present invention is thus represented by follow ng
formula 1 as a general fornmula; 0 11 Ara-OCO Ar4

metiW1BUEyIpheah (Momeas RNge Afylphénal stk €)) th éxpiphldno!

group. Each of Ara and Ar4 represents a nonoval ent
) i el : . .
(isorgEFPaKe SiolBh oAy A SO EREmErd I s By AgRols such as
ti ' A
mottER8Bn AR, A8eME) A Sindk BnBRS omigh d §iahoifbnols
exanql e hal ogen t an al kyl oup. having 1 to 10
suchcds iienlgseryifiend dsogiass: nraithgt lisdietei apg darious
atonms, a phenyl graoup,. a phenox rou a vinyl 27
subsitutps narhihals oRBddetatoatematly BipnohydemxiEogiepnds such
a nitro group, or the like. Ara and Ar4 may be the
as hydrx ey ratia e fisome s oh ydiroxycedmarimyisemerax ansl es
of each of the nonoval ent aromatic groups Ara and Ar4
hydrorghuielin@l{esoyegs hup, a napht hyl group, a bi phenyl
group, and a pyridyl 5 group. Each of these may be

sulgeie fttRd s 4FomaticomohdH i dxiyt yomfpoumdbs imay ey (skd, or
as above. Preferable exanples of each of Ara and Ar4

a mii_(gfrb?%ﬁgt ﬂ’“‘%“%"”@%ﬁc&éb“f’wﬂg ct)ﬁ?&_ﬂ‘éé@_rﬁ?ti%n%droxy
compounds, ones preferably used in the present invention are aromatic
monohydroxy compounds in which Ar® is an aromatic group having 6 to
10 carbon atoms. Phenol is particularly preferable. Moreover, of these
aromatic monohydroxy compounds, ones substantially not containing a
halogen are preferably used in the present invention. The diaryl

carbonate in the present invention is thus represented by following

formula 1 as a general formula;
O
ArR—0CO—-Ar

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

Each of Ar® and Ar* represents a monovalent carbocyclic or
heterocyclic aromatic group, and in each of Ar® and Ar*, one or more bf
the hydrogen atoms may be substituted with another substituent that
does not have an adverse effect on the reaction, for example a halogen
atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, a phenyl group, a phenoxy group, a vinyl

27
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CH3 CH3 CH3 A particularly preferable diaryl carbonate
is optionally substituted 10 di phenyl carbonate
represented by following formula 3: 0 (R9)p Il (R )4
OCO ~ wherein each of RO and R10 i ndependently
represents a hydrogen atom an al kyl group having 1
group0aléy&a6 Rt R, UYF e sA8r Alrsapy 07 arfideaytdgp latritrolgroup, or
carbon atons, a cycloal Kyl group having 5 to 10 carbon
the I@(%O”BA#'mah'&e 6n§é§‘%etﬂ?é%‘éfme s Bnﬁh&%{héﬂ Wpdlfﬁﬂ@nt
qls anlnteger froml 5;
S S eRt3 4
Typlcgaﬁegx%ﬁ]gilﬁg df emcéargiv{i%nst dmnggcgqlfor@s m' h?'d Ar
be dlfferent one ano her Anong .
inclugian ARGHYgHH ReS rs@%hmtw% Sibkp ?nxﬁ%%&ﬂate"d §yriay
such_as unsubstltut ed d| phenyl car bonate or alo
groug) k\Fackafthessaay becsubsh |W¢t$+98ﬁa%as®lélﬁabl£v of
ditolyl carbonate or di-t- butyl phenyl carbonate.is
subspiteent(shias adioyeenyPretarablatexamplehoheadh chér and Ar
sinplest structure, being particularly preferable. One
incluglecthakeashlowre ém fotiawéngeprimulaszd al one, or a
plurality may be used in conbination. A nolar ratio
of the dial kyl carbonate to the aromati c nonohydroxy
conpound used in the starting material inChtsep (1) is

preferably‘/@i\ range fromO 1t§0.|0ﬂsidethis
range, an t of urHé eQHgt ar t C-Ciigri al
remaining b d on a prterm ned amednt |of the

desired diaryl carbonate produced beconesChzgh, which
is not efficient, and noreover nuch energy |s

required to recc&lelg the starting n@Hgrial CHzor such

reasons, th aboye polar ratig jore pr¢ferably in a
range of —@—c CHaG=CHy
CH3

CH3

A particularly preferable diaryl carbonate is optionally substituted

diphenyl carbonate represented by following formula 3:

@—OEO—Q/

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

(R%)p (R19)q

an alkyl group having 1 to 10 carbon atoms, an alkoxy group having 1 to
10 carbon atoms, a cycloalkyl group having 5 to 10 carbon atoms in the
ring thereof, or a phenyl group, and each of p and q is an integer from 1
to 5; in the case that p is 2 or more, the R®'s may be different to one
another, and in the case that q is 2 or more, the R'%'s may be different to

one another.
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0.5 to 5, yet nore preferably fromO0.8 to 3, stil

nore preferably froml1l to 15 2. In the present
invention, not less than 1 ton / hr of the aromatic

pol ycarbonate is continuously produced, and for this,

not less than approximately 0.85 ton / hr of

hi géng ithesel diatyl earbonatss " syrimeteieal idigpyistarbonate
produced. In step (1), the m ninmm anount of the

suchiaégw&ﬁﬁﬁuwgﬁ;xggﬂgytc%gﬂpﬁﬁﬁé dred @weqoakwuousl y

S thus genera r, preferably”13 P ton

. pLef I on/ Iy ..o o)
arougalihe MEARIPLE oo as apy Rt o1
., be produced. In a unore preferable cas this anmount

di-t-RuyTpaspibiearaonats K orefrmaiepdighenyl haroo3ate; Which has
di al kyl carbonate and the aronmatic _nonohydrgxy ,

the sipdeshatrugdece aBeine particulardy pgeéeraplein ‘gn@psww diaryl
may each be of high purity, or 29 may contain other

carbenatpumay be usedxalgiies omg plomakity maypeuHgeddn combination.
reacti on by-products produced in the first continuous
mulAt inoda agatioddfsthid dadlikyh cacbomatand theoaromatsesmmbhydroxy
continuous multi-stage distillation colum. In the

comp@sed Usdd i thel startinpl weRetial ii@ﬁstego(fi) id@referdblpdnba range
materi al, besides fresh dial kyl carbonate and aronatic

of fréMNGNY s ¥ ERTRRIEEh i%efﬁﬂgé,”hpoéjhh%%tidﬁ 9nFé‘§cted| Etarting

reaction system 1t is also preferable to use dialkyl

mateil ¥Raf iR Rl & BOPdoEIAREY i fRBEHIE desires

T T SN M L

moraar o hyerty bS5 oo e Pl hematarial. o
fromthe second continuous multi-stage distillation

suchcrgagansrihe abovet malae ratipsis menei prefesabiy in askange of from
distillation colum. In this case, the second col umm

0.5 tbady pet hove poeferabdpdtomn.8 to 3, still more preferably from 1 to

2.

In the present invention, not less than 1 ton / hr of the aromatic
polycarbonate is continucusly produced, and for this, not less than
approximately 0.85 ton / hr of high-purity diaryl carbonate must be
continuously produced. In step (I), the minimum amount of the aromatic
monohydroxy compound fed in continuously is thus generally 15 P ton /
hr, preferably 13 P ton / hr, more preferably 10 P ton/hr, based on the
amount of the aromatic polycarbonate (P ton / hr) to be produced. In a
more preferable case, this amount can be made to be less than 8 P ton /
hr.

The dialkyl carbonate and the aromatic monohydroxy compound

used as the starting material in step (I) may each be of high purity, or
29
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m xture may be fed into the first continuous
multi-stage distillation 15 colum as is, or after
some of the conponents thereof have been separated
out. Accordingly, in the present invention, which is
i npl emented industrially, it is preferable for the

may 8bataimeth@t ebholifds] Fdoekamplerday 68RtdiAUGhpounds or
mul ti-stage distillation colum to contain any of an

reac%ﬁ%ﬁrgaﬂc?@gﬁképke@r?ﬂ tﬁ%‘fﬁ@f‘%bﬁftiﬁd?f‘usdhﬂilﬁtstage

carbon ,an aryl ether, and so on. T
aistiifd A5 AR SE] oF hbS6 cGRAI Ao gE i ETRUEE wiklination

rearrangenent products of .the alk aryl . carbopate
columfia A casenohiay siflimmemeitasiiin e Startfg
derivatives thereof, and so on can also be preferably
mategiad g besidehdresr ddatkyl carhonate and iafompatie J8anchydroxy
exanpl e, of producing net hyl phenyl carbonate and
comBy phe mewlyairdoodu eed snig thesteaatian syatemi dt is also preferable
containing dinethyl 30 carbonate as the dialkyl

to useadimikgl easponaterrld Asrtarensaticahoachyanoky drarmpound
compound, it is preferable for this starting materi al

recoV@red P th e BESt2E@htinaBd sTRIUM L stBgeny |sthRithom &lcgu Aitdand /
di phenyl carbonate, which are the reaction products,

or th8"sbdd¥ed %toﬁ‘{tml.ﬂgﬁjg‘?ﬁgﬁi-@l?ﬁgﬁiEHfIFﬂﬁ%rn eokAnhal rllnsfFPé brocess

amounts of ani so eny Icylate and nethy

of th§ e et LAl d 385 LARpBY BT S Ay W

ng poi n ucts om
.. Furthernore,, nost of the aromatic nohydr oxy conmpound
boilirid gt Reaph yx s PR e Mesany comnuais GRyHostioe
. _cogound by-produced in 10 step {,I I1) of the present = .

distillghiemadamnraire feg e diiectirsl eaating ogsnewytrehage distillation

conpound nust be circul ated back into step (I) through
columnep Il this case dite gecoadocoltrangowdbeding pasnepeaciion

I S obtained through
mixture may be fed into the first continuous multi-stage distiliation
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 aryl carbonate, the diaryl carbonate, an alkyl aryl ether, and so on.
The starting material further containing small amounts of high boiling
point by-products such as Fries rearrangement products of the alkyl aryl
carbonate and diaryl carbonate which are the products, derivatives
thereof, and so on can also be preferably used. In the present invention,

in the case, for example, of producing methylphenyl carbonate and

diphenyl carbonate using a starting material containing dimethyl
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transesterification reaction between the dialkyl

carbonate and the 15 aronmatic nonohydroxy conpound.

I ncl uded under this transesterification are a reaction

in which one or both of the al koxy groups of the

di al kyl carbonate is / are exchanged with the aryl oxy
carb8hat® asothé lada iy Rirbo nate e phenh aloap the da mmatio

aIcohoI |s ellmnated and a reaction in which two

monHﬁk éﬂﬁﬂahﬁg pﬁéﬁé'raﬁ?é epahRs Stanbinefrra@driilao

verte e diaryl carbonate and the dial kyl

cont%ﬁ'[er %"I’Hta%&lh'é?llépﬁé?thw grﬁ%?ﬁfl Hdr an‘ﬁ%ttboé‘nfl ‘%ﬁgﬁbﬂgl carbonate,

tweeh b ropor ionation reacti
1 f t
i 8 f %trpé?;u@aemé&Pw;aaﬁcwﬁsz%.rﬂﬁ ERARER ey furtne
cofy i e 56 o Bl oA EH 1 2 s,

carbonate and the dial kyl carbonate are nain
whicbbatg neactipnogtprodaictai apdopi@h beHing mmbgdrpmfiws
the al kyl aryl carbonate. The diary) 31 carbonate
derivedd dheesfrom.step (1) does not contain a hal ogen at
all, and hence is inportant as a starting materi al

whenriglthbré aldostps othes iargnidtic nasowohydroxy compound used
pol ycarbonate in the present invention. The reason for

in stﬁg ﬁ Ic%nténﬁhnl ArémBaIcOsRING Hy dHo3§L8b mgbude bﬁyt-FFéé!@Qed in

|a for the polynerization 5even in a sna

stepg(gﬁy%tf thle b?essseﬁpﬁﬂze]ntﬁpﬁn a8 g rrabg?oﬂ%ehn?ﬁdjrﬁaﬁ&e

meri zation reaction, thus | I ng st ab

o585 Sl AT AV S o on

the aromatic pol ycarbonate produced. As a catal yst
stepdi%& in the first continuous nulti-stage distillation
10 colum and / or the second continuous multi-s

di dttie dianybreardomate; proditags! (n stepdi) e's(shb;sa@ecathrgough

nmet al - cont ai ni ng conpound sel ected fromthe follow ng
transesterificsticareactivsebetweeadtteo dpalkyticarbonate and the
aromatic monohydroxy compound. Included under this
transesterification are a reaction in which one or both of the alkoxy
groups of the dialky! carbonate is / are exchanged with the aryloxy group
of the aromatic monohydroxy compound and an alcohol is eliminated,
and a reaction in which two molecules of the alkyl aryl carbonate
produced are converted into the diaryl carbonate and the dialkyl
carbonate through a transesterification reaction therebetween, i.e. a
disproportionation reaction. In step (I}, in the first continuous
multi-stage distillation column, the alkyl aryl carbonate is mainly obtained,
and in the second continuous multi-stage distillation column, the diaryl

carbonate and the dialkyl carbonate are mainly obtained through the

disproportionation reaction of the alkyl aryl carbonate. The diaryl
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| ead oxi des such as PbO, Pb02 and Pb304; 15 |ead
sul fi des such as PbS and Pb2S; |ead hydroxi des such as
Pb(COH) 2 and Pb202(OH)2; plunbites such as Na2PbQ2,
K2PbQ2, NaHPb®2 and KHPb(2; plunbates such as
Na2Pb(O3, Naz2H2PbO4, K2Pb(O3, K2[Pb(OH)6], K4PbO4,

carbérafdebtanedare8p (2P doeadnentbanaines Wéid)d%ﬁ'ﬁta@ asialdrsd
t hereof such as Pb and 2PbCCB8Pb(OH) 2; lead salts

henc%flsolrng BH‘énQ‘éLéj Qg? gaﬁrl%ﬂ@ﬁta@%m@ﬁ |Hﬁ§bﬁ|§ﬁgtpﬁ'oducmg the

her eo Suc

R ST S ey e

and Ph3PbO ,(wh eln ﬁu r eprese
%r

that gr%u OgeR 18P ees;ﬁ"bts'é"n iR @t[ea )tsorg‘fn p%‘ymerization

alkoxylead conpounds and aryl oxyl ead conpounds, suc
evenpp axsmal ameunt) Holegsnihaind PB%roﬁﬁ)ez‘ thignay m%Heaﬁw
such as Pb- I\Ia Pb- Ca, Pb-Ba, Pb-Sn and Pb-Sb; | ead
polymenieadian seaptias, gauerimpeding atallpapraduction wfdhe aromatic
of 5 such | ead conpounds; <Copper fam |y netal
polycanijonates »rsaat se andeteriptabies off theoppepefties lof, wet al s
such as CQuC, CuCl2, CuBr, CuBr2, Cul, Culz,

discdlBrEhenhof, @héaammanccp@n@rarbbﬁatt@ praamaed (CH3O) 2Cu,
AgNG3, AgBr silver picrate, AgC6H6CI (4,

[ AUt id U s d On aRE {.@t(ﬁﬁﬁﬁﬁbhé hwfs(ih@ea&@‘flilatlon

represents "an acetyl acetone chelate |igand);
coIurﬂﬁt%ﬁ%??@t@%ﬁé&g@ﬁ@béuﬁtﬁs IR St av&hllé‘ﬁon column in

step (I), for example, a metal-containing compound selected from the
following compounds can be used:
<Lead compounds>

lead oxides such as PbO, PbO; and Pb30,;

lead sulfides such as PbS and Pb2S;

lead hydroxides such as Pb(OH); and Pbz02;(OH)2;

plumbites such as Naz;PbQO,, K:PbO2, NaHPbO, and KHPbO;;

plumbates such as Na;PbOj3, Na;H;PbQy4, K:PbO3, K2[Pb{OH)s],
K4PbO,4, CazPbO4 and CaPbOg;

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

lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHj3)2, Pb(OCOCH3)4 and Pb(OCOCH;3),-PbO-3H,0,

organclead compounds such as BusPb, PhsPb, BusPbCl, PhsPbBr,
Ph3sPb (or PhsPbsz), BuzPbOH and Ph3sPbO (wherein Bu represents a buty!

group, and Ph represents a phenyl group);
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<Zi nc conpl exes> 15 zinc conpl exes such as Zn(acac) 2;
<Cadm um conpl exes> cadm um conpl exes such as
Cd(acac)?2; <lron famly netal conpounds> conpl exes of
iron famly nmetals such as Fe(CloH8) (CO 5, Fe(CO 5,

20 Fe(C4HB) (CO 3, Co(nesitylene)2, (PEt2Ph)2,
Coghdch{(yP&a d, coinpauid b biRd andokeldad edmpodhteosuctinas

conpl exes> zi rconi um conpl exes such as Zr(acac)4 and

Pb(%ﬁg%’?ggﬁmgwﬁt@m@_@ﬁﬂ @BWPhi&WQHBy?%&&Wa% Pb-Na,

W s acid-formng transition neta

0 S .Ti X3, Ti X4, VOX3, VX5, ZnX2,
Pb C%éggé@n%' E&Wﬁéré%’%@?( 33 represents a hal ogen

at an_acet ox roup, ,an_al kox roup Qr .an. .aryl ox

or Gt PiaRESle et et finiBBanend il dighed: o rYarated of

conpounds such as (CH3)3SnOCOCH3, 5 (C2H5) 3SnOCOC6HS,
suchgdgasnepBeN®H3SnOCOCH3, Bu2Sn( 000CH3) 2,

Bu2Sn(000C | H23) 2, Ph3SnOCH3, ( C2H5) 3SnGPh,
<Comersfarotynetal BapsWodsis) 2, Bu2Sn( OPh) 2,

Ph2Sn( OCH3) 2, (C2H5) 3SnOH, Ph3SnOH, Bu2SnO,

( C8ait} 28D cofup en@ 2 of o pResnianThly . mEtalls sdich ress€uCl, CuCly,
catal ysts may be a solid catalyst fixed inside the 10

CuBmeuBrst@ge, Giuss,i CuaDiam,cdu(amrac)s, coppbe olesatd uBLsCu,
catal yst that dissolves in the reaction system Each

(OB SR ELFAG8 SIPBSUEA L HNGE Pfe-beehonsl
and [EHEIRNEY S wNetdf acac represents an acetylacetone chelate
ligand);
<Alkali metal complexes>

alkali metal complexes such as Li(acac) and LiN(CsHg)2;
<Zinc complexes>

zinc complexes such as Zn(acac)s;
<Cadmium complexes>

- cadmium complexes such as Cd(acac);;

<lron family metal compounds>

complexes of iron family metals such as Fe(C1oHg)(CO)s, Fe(CO)s,
Fe(CsHe)}(CO)3, Co(mesitylene),, (PEt2Ph)z, CoCsF5(CO)7, Ni-n-CsHsNO
and ferrocene;
<Zirconium complexes>

zirconium complexes such as Zr{acac), and zircocnocene;
<Lewis acid type compounds>

lewis acids and Lewis acid-forming transition metal compounds

such as AlXs, TiXs, TiXs, VOX;3, VX5, ZnX2, FeXs and SnXs (wherein X
33
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as an aliphatic al cohol, the aromatic nonohydroxy
conpound, the al kyl 15 aryl carbonate, the diaryl
carbonate or the dial kyl carbonate, or may have been
subjected to heating treatnment with the starting
material or products prior to the reaction. In the
repressetsod Albgeimatem, 1 apetdyy \Wrbpa spaikdey grbapyst an
that dissolves in the reaction system the catal yst

aryld gf@uﬂa@ﬁd one having a 20 high solubility in the
action l1quid under the reaction conditions.

rable catalysts in this sense include
<Or£ﬁ@1’wﬁbf’%ﬁi§ arﬁélg Pb(OPh) 2: Ti Cl4, Ti (OMe) 4,

n Besapa TS remp et AR RO Wi o) o
(CzHgss%EochﬁéoﬁP RSB Rk 35??90{5 %ﬁv {[fiacH:)..

or the like. The catalyst used in the firs
Bu2SrdMC Rifoustzmd, t(RhsS 8@ s s (@2 HalsSatO BhI ﬁm%&pckh)z.he

catal yst used in the second continuous nulti-stage
Bu>Shi(€C 4 Hali, @u s (@R h)nelfhp8n{ € Hayae (GsHa S mObt,Neh; SnOH,
or different. The first continuous multi-stage

Bu,SHG! (ChAL I RS O] B Sweld amd BiEePnO(DHkonpri ses a
structure having a cylindrical trunk portion having a

EacH BR9hBse datalyss ﬁrécil 88 4 %%'Ii‘éiecgta?%i ﬁ"xe@lir{éifﬁe thand

havi ng an i1 nter nal wth nber of " st ages nl

multi Qﬁ‘:frff 'Eﬁé@lﬁtl?ﬂ gl%ﬁ‘nﬁ‘ 8?%8? t%(ﬁta 93 H18 @é’talﬂﬁ' ﬁ‘?at

a’'top o € CO unn or
rtion gf the colum near to the top, a liquid

disscg]?ft%lse'tn q/irﬁac AN, %%?tgéndl aneter di12 (cm at a bottom
of th | umm or ower portion of_ the colum ear

DEBD 06 thare GAtalNSY CRBIPaSANtSI May PhEERISR AR RS
thel‘m?hp portion and / or a mddle portion of the
reactas 661 BTgANRE gampaun@mresantdn theargagien sysierysuch

inlet provided in the mddle portion and / or the
as ah @igrhatic talcohof, thieharowialionmadmootey d rexy cqoipbwod | the alkyl
wherein L1, D1, L1/ D1, nl, D, / d11,
aryl carbonate, the diaryl carbonate or the dialkyl carbonate, or may have
been subjected to heating treatment with the starting material or products
prior to the reaction.

In the case of carrying out step (I) with a soluble catalyst that
dissolves in the reaction system, the catalyst is preferably one having a
high solubility in the reaction liquid under the reaction conditions.
Examples of preferable catalysts in this sense include PbO, Pb(OH); and
Pb(OPh)2; TiCls, Ti(OMe)s, (MeO)Ti(OPh);, (MeO)2Ti(OPh)2,
(MeO)3Ti(OPh) and Ti(OPh)4; SnCis, Sn(OPh)s, BuzSn0O and
Bu2Sn(OPh),; FeCl;, Fe(OH)s; and Fe(OPh)s; and such catalysts that

have been treated with phenol, the reaction liquid or the like. The

catalyst used in the first continuous multi-stage distillation column and
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and D1 / d12 nust satisfy the follow ng fornulae (1)
to (6) respectively: 15 1500 < L1 < 8000 (1), 100
< D1 52000 (2), 2<_L1/ DL 540 (3), 20 <_nl<_
120 (4), 5 D1 / d11 5 30 (5), and 20 3D1/d1220 (6).
Mor eover, the second continuous multi-stage
the dditatydtl @sé@ﬂnCthleuﬁchﬁdObcmtiﬁuens(mhlmrag'esa!istmation column
structure having a cylindrical trunk portion having a

may RN sletné @9 onedanbihdsisled Atavagiter D2 (cm), and

having an internal with nunber of stages n2

t heihgl ﬂ?étdgcin?@g)oﬂésm%lﬁaﬁag;g #ﬁénlﬁﬁ SR usBY Bestep (1)

di aneter d at a co um or I n an

comliBsh,o 85514 fPa e A A i b AT ngfi ¥idhor
g o R

provided in the upper portion and / or a niddle
numl@@f of siagestmetherainsidsl andihas @agaéLﬁ'-I”é@t hawing an inside
| east one fourth inlet provided in the m ddle portion
diamatdr dsor{ctrijeal aviop 6f poetdadumul ortia anlupperapotiéoned the
liquid outlet, wherein L2, D2, L2 / D2, n2, D2/ d21,

colummdn®ar fodh2 toysta safuidfyutiet hbeing@wimindidendiameten dq2 (cm)
to (12) respectively: 1500 < L2 < 8000 (7), 100 <_

at a B3ttam 280 d 8blumhOorirfa ledvér B3rtioAlo e cHlsm?<n8ar to the
(10), 2<D2/d21<15 (11),and 5< D2/d2230 (12).

bottom, at least one first inlet provided in the upper portion and / or a

middle portion of the column below the gas outlet, and at least one

second inlet provided in the middle portion and / or the lower portion of

the column above the liquid outlet, wherein L4, D4, Ly / D4, nq, Dq { d44,

and D4 / d12 must satisfy the following formulae (1) to (6) respectively:

1500 < Lq < 8000 (1),
100 < D4 < 2000 (2),
2 <Ly /Dy <40 (3),
20 < ny < 120 (4),
5<Dy/dy <30 (5), and
3 <Dy /d2<20 (6).

Moreover, the second continuous multi-stage distillation column
used in step (I) comprises a structure having a cylindrical trunk portion
having a length L, {(cm) and an inside diameter D; (cm), and having an
internal with number of stages n; thereinside, and has a gas outlet

having an inside diameter d2¢ (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
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It has been discovered that by using the first

continuous 15 nulti-stage distillation colum and the

second continuous multi-stage distillation colum

that sinultaneously satisfy the above fornmulae (1) to

(12), the diaryl carbonate can be produced fromthe
diameitat Kyb écm)b@natl@ottanﬂ of hRea¢slMin @ rpn@Ngdieryortion of the

compound on an industrial scale of not [less than

colurﬁﬂpﬁéél' "Y@ttﬁbybt@ttﬁf% tQﬂléaé‘trenérth‘H kY ;ﬁ@%d@éfintth@nupper
hr hi gh selectivity and high

port:?ﬁoéjﬁ‘&t/'é’r‘ éym&!d'ﬁ t;i’x?]n %fzggoeﬁﬂﬁﬂnp@él'o tﬂébcfa‘ié ﬁ%g)t”et’ and

e n ours, prefera

t han hours re,.pref.er not s h
at 'eggﬁénﬁo@rﬁﬁ RletrRtdeh i Fi8 ﬁ%}msﬁ? LB Hg tower
roduce such an aromati c .carbonate o an i ustri al
port'g t“ﬁw Pﬁf'ém@ha S?E@Iﬁt"@nl'qef sutietyyw ‘?ﬁﬂ'@”ﬁn ng-2 A2, Nz,
process of the 25 present invention is not clear, but
D2/ dm A1¢ Bap glos suusH SBE sfy she Joll ovepgptarmuelags fekto (12)
br ought about when the conditions of the fornmulae (1)
respectivéB:(12) are conbined. Preferable ranges for the

respective factors for the continuous nulti-stage

distill atpon €al,uggpomed in step (1) )e descri bed
below If L, (cm or L2 (cm is less than 1500, then

the convepsi oM p<degngases and hence '({8 i's not
possible to attain the desired product 3 anount .

Mor eover, t the equi pment cst while
securi ngzt‘hg k/e Ever5| on enabling the Sired

producti noun to be attained, L, S]r L2 rmust each
be made ?@ %tgzn% nore than 8000. Mre (nl eferabl e
ranges f and L2 (cnm) are respectively 2000
< L (2)6%&? éﬁleﬂ 019000 < L2 < d?i wernd 2500 <
L, < 5000 and 2500 < L2 <_ 5000 belng yet nore
preferabbes Do/ o2 &8P or D2 (cm) is - than 100,

then it is not possible to attain the desired
pr dchas beermdiscove nda Hoateby usinkethye fiosihcohtinuous

multi-stage distillation column and the second continuous multi-stage
distillation column that simultaneously satisfy the above formulae (1) to
(12), the diaryl carbonate can be produced from the dialky} carbonate
and the aromatic monohydroxy compound on an industrial scale of not
less than approximately 0.85 ton / hr, preferably not less than 1 ton / hr,
with high selectivity and high productivity stably for a prolonged period of
time, for example not less than 2000 hours, preferably not less than 3000
hours, more preferably not less than 5000 hours. The reason why it has
become possible to produce such an aromatic carbonate on an industrial
scale with such excellent effects by implementing the process of 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 (1) to
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equi pnent cost while attaining the desired production
anount, D, and D2 15 nust each be nade to be | ess than
2000. More preferable ranges for Db (cm and D2 (cm
are respectively 150 < D, < 1000 and 150 < D2 <_
1000, with 200 < D, < 800 and 200 <_ D2 <_ 800

(12) BeENbmMBin 88! € IVeFEPARIR PandBs gof IRE fed¥pddifid Fasfors for the
continuous multi-stage distillation colunn and the

¢ ol i st S . I .

contPRASIE A LIRS Y oR OB EN S o5 3 B dcriveo

beio@aCh of the colums may have the sane inside dianeter
fomthe upper portion thereof to the | ower portion

t her eof r the ,nside diajeter iffer for .

ai 1 ot ks (5 dR8) inoiessolap ot dhes fie sonvession

continuous nulti-stage distillation colums,_ the ,
decreaseaand Hencs iis pakPassHh eptst atigin dhet desiveduprpdnstion

be smaller than, 25 or larger than, the inside
amountneMaresiverhéo lkesgy dpern the exquipmerbtoshwhilé securing the

D, or L2/ D2 is less than 2 or greater than 40, then
converaldreenabliogethsd idesikedt produdtibh amdunt! to peraitaided, L1 and

if L1/ Dl or L2/ D2 is greater than 40, then the

L. mD6eeAsheb8i beleehts @ebrbYRedrd fitah OGN IS teP By &fe ralbte
col umm becones too great, and hence prol onged stable

rangQqu‘f‘tLi1°gbrﬁ2%9’l"83Eé‘ticH)itﬁlé’é ge?g%ﬁ%ﬁjzddo RECOEES000 and

necessar I ncréase nmperature i n"the| ower

nti t C an Sj reagt i .

200058 k840 WHHE 2588 or S b 680 E2 e R Q0 faping vet

t he fsel E?tivity. More preferable ranges for L1 |1 D1
MOTE,RFISIAPI® are respectively 3 < L1/ DI <_ 30 and 3

< 12/ D2 < 30, with 5 < L1/ D1 15 and 5 < L2/

D2!fD1 {sMepR P2 (0) hplespitban, L@V ethap it is petinpssible to

‘than 20, then the conversion decreases and it is not
attaipdbei desired praductioma@rdesnt.ed Morahnen, do kewptownrthe

the first continuous nulti-stage distillation colum.
equipoeedverst whilkeattailiwg thedegingthpndductioh avmdunt, D4 and D

securing the conversion enabling the desired
mustPé 86N Gd Piade to be less than 2000. More preferable ranges for Dy
(cm) and D2 (cm) are respectively 150 < Dy £ 1000 and 150 < D> < 1000,
with 200 < D1 £ 800 and 200 < D, < 800 being yet more preferable.
Note that for the first continuous multi-stage distillation column and the
second continuous multi-stage distillation column, so long as Dy and D»
are within the above ranges, each of the columns may have the same
inside diameter from the upper portion thereof to the lower portion
thereof, or the inside diameter may differ for different portions. For
example, for each of the continuous multi-stage distillation columns, the
inside diameter of the upper portion of the column may be smaller than,
or larger than, the inside diameter of the lower portion of the column.

if L1/ DjorlLz/ Dzis less than 2 or greater than 40, then stable
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amount to be attained, nl nust be nmade to be not nore

than 120. 15 Furthernore, if nl is greater than 120,

then the pressure difference between the top and

bottom of the colum becones too great, and hence

prol onged stabl e operation of the first continuous
operbtioin betagfedligstridulat | pN pateilcuar, hecqnen, @rflijhﬁllﬂzt is greater

Moreover, it becones necessary to increase the

t ' heal " t !
thanhmpﬁféﬂ YhE drasistfe! PiffereRel b@ﬁvggp the ﬁ:gﬂ WY bR m of the

ence side 20 reacti ons becone e to dccur,

ri Agi c LAt Lectd MLy
colufil BELERMEP 145 Pt SR fiehls oigiBed safielonar P
nl 9 eing yet nore preferable. Mreover, |f n2is
becodes ikt N, Maedbidre Tt BRCOMIP SN RASAITLD lnySase ihe
not possible to attain the desired production anpunt .
tempedatyip ik degdawerspethien fdhe aalumnsaiskhgnse sida remctions
colum. Moreover, to keep down the equi pnent cost
becone ll@bjecier pagut heriogingadict asesireaget inethe sielectivisg.
production anount to be attained, n2 nust be nade to
Morebpreferambe aaniges f&0L, F{ hadnb; ¢,.D4 Bre2espegtivalield < L, / Dy
than 80, then the pressure difference between the top

< 30aMt Boktiom of, &i3D cithn® DECINES & 99 SHEH < 12)f DILBCHS being
prol onged stabl e operation of the second conti nuous

yet Midtd ibréf&epie distillation colum beconmes difficult.
Moreover, it becones necessary to increase the

te r [ I ri f | , d, .
nonedt 8 1¥8s tHahifo, L B8 SdiVarRiob adiBdth o ig not
out a,decr.ease in the electivity. e .. .

possfiigta el 1R e s BptaradiiatiSe Amolint 4o ¥8 firsssontinuous

n2 < SO,Eei_n%e%at nore preferable. 10 If DI / dl1l1 is
multi-gtags gistidatipRerpiunen g prasetdstkeop damwnsthesequipment

continuous multi-stage distillation colum becones
cost whjle sesustngthe damssiomenabling jhecdesirednpadiation

are readily released to the outside of the system
amowamitdh dvec attat add e neaust benmafdd be e net monrd ithaaus20.
Furthermore, if ny is greater than 120, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation of the first continuous multi-stage distillation
column becomes difficult. Moreover, it becomes necessary to increase
the temperature in the lower portion of the column, and hence side
reactions become liable to occur, bringing about a decrease in the
selectivity. A more preferable range for nq is 30 < ny < 100, with 40 < ny4
< 90 being yet more preferable.

Moreover, if nz is less than 10, then the conversion decreases and

it is not possible to attain the desired production amount for the second

continuous multi-stage distillation column. Moreover, to keep down the

equipment cost while securing the conversion enabling the desired
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mul ti-stage distillation columm becones difficult. If

D1 / dl11 is greater 15 than 30, then the gaseous

conmponent wi t hdrawal anmount becones relatively |ow,

and hence stabl e operation becones difficult, and

noreover a decrease in the conversion is brought
prodabtioh. alyomrtteto beeditamBd nanpest be ade thlbei soBmore than

DL / di11 < 25, with 10 < D1/ d11 5 20 being yet

80. PLEhRTRIdHeALT @, iEUSAREFRREN 80, Hien tH3IpiesdResdiffiience
2, then 20 the equipnment cost for the second

betw%igglthiilﬂ*'/gb'ﬁ 4Ad tbiq’tﬁsr‘ﬁg&f ﬂ'ﬁ(—?tcio'h'l@'ﬁ choﬁ?éé”[’Bg ; t%gd hence

reover, arge anounts aseous C onen

orol el 4 B FERE o1 fhd BB e i o™

distifgtion gt desare Sl 48, “Merrovar. dhsesanss necessary to
] conponent w t hdrawal anmount becones relatively | ow,
incregs® Humdemnenature dpdhatlicyrebpesies & the salumna@nd hence
noreover a decrease in the conversion 39 is brought
side abagtion& bheceme thblallbeocanydringinglabout s decteasein the
/[ d21 12, with 3 < D2 / d21 <_ 10 being yet nore

seledtiviter apl morkf pRiferable rafgkees nhmn18, <thed 8tewith 20 < np <
equi pnent cost for the first continuous nulti-stage

50 béird vkt #hopn peeferapleecomes high. Mreover, the 5
[iquid withdrawal anmount becones relatively high, and

H bl ! . . .
m‘il'ffl% g (ﬁgégdi%&%.rﬁdrpﬁ hehpd bgﬁﬁpﬁl‘é‘ﬁt'%@gutlhte. fllr?t

-sta | ation col umm becones

cont{fhcs fyEs g bt Ao ST b inps IS Morsover,

excessivelﬁ fast, and hence erosion Beco S Ilatblﬁ]to .
large,ampUnts Phgase CMSLEP MRANRRISATG feaAl Y islaraedsto Wa gutside
nore preferable rag&e for DL / dl2 is 5 < D1/ dl2 <_

of thegsysierh and hange glable operationgof the fyst comndinitews e
Furthermore, if D2/ d22 is less than 5, then the
multiegts gardistidationf eelunme bbamesodifficalioudf @y £ d1singeeater
distillation columm becones high. Moreover, the
than I3 Oy utihek nvt b da dyersisd u scoump o henbrEthdrawal amount becomes
relatively low, and hence stable operation becomes difficult, and
moreover a decrease in the conversion is brought about. A more
preferable range for D, /dq1 is 8 < D¢/ dqy <25, with 10 < D¢/ dyy £20
being yet more preferable. Furthermore, if D2 / dz4 is less than 2, then
the equipment cost for the second continuous multi-stage distillation
column becomes high. Moreover, large amounts of gaseous
components are readily released to the outside of the system, and hence
stable operation of the second continuous multi-stage distillation column
becomes difficult. If Dy / da4 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
39




10

15

20

25

rel atively high, and hence stabl e operation of the
second continuous 15 nmulti-stage distillation columm
becomes difficult. If D2 / d22 is greater than 30,
then the flowrate through the liquid outlet and

pi pi ng becones excessively fast, and hence erosion

is breagafRbditabl rh@r@‘iﬁé'feraﬂflbn@rfﬁb fapout/ GQE&Q@ §VDP? daq <
thé apparatus. A nore preferable range for

12, Wﬁh73 £ DD d,,022 be%g% %thﬁ“g?%@*efa%z <_ 20 bei ng

nor e pre erab It has been f ound

f A h
9“?6” i B P a3 m e, BTl Costforthe B4t
n d22t tISf formul a
contilly ull-3agy stfltiof s gfﬁ@mfgﬂglﬁés ageover, e
rm " prol onged st abI e operatl on" for ste gll nmeans
Ilqw@ w&%hétﬁwa{ agnoeahbesomes iretatbye!ychiah. rﬁ!g@ Gey skable
steady state based on the 40 operating conditions
operation abthe dost egntinwyes mguldsf-spa@e r¢b$tlgab§no©ol¢xmnrtmecomes
like for not | ess than 1000 hours, preferably not |ess
difficuitn HODO /robyr is, grewtes thiasf Eﬁa!bhgnrthte flewsrdteathroQ@h the
hours, and a predeterm ned anount of the diaryl

||qu|@anhoe’taéﬁdcapubg b criveedte xbe s Sively fasi, amg Herede Brosion

selectivity. A characteristic feature for step (I) is

beconh@s Iieflﬂeq'oabk!éu?%ﬁﬁ@ﬁ{%a%ht é@rrB%RﬂV%@FC{hﬁt é?b&réﬂiés. A

a prolonged period of “ti wi th high selectivi

m°r3“19t$ stadi g ROt HECD i S5 02 %T%vlee{@?&a@?w dre <

s than reover

angt her
15 biftla YE inots .paef%ra'h!ﬁe foll‘rlYEFéBm(rP) if Do Riagtnan 5
gse that L1 nl, D1 dill, and D1
thenthe eauinmest c&@ﬁtfpﬁabassww CQ'HQH-'OW ﬁ'ﬁﬂtl'&tt@@ﬂ d'St'”at'O”
colum satisfy respectively 2000 : L1 :_ 6000, 150 :
column begoomws high. Moremers the, ligaid withdyavom, amour[blﬁq;comes
dl1l :525, and 55 D1 / d12 : 18,

retatively high, and hence stable operation of the second continuous
multi-stage distillation column becomes difficult. [|f D2/ d22 is greater
than 30, then the flow rate through the liquid outlet and piping becomes
excessively fast, and hence erosion becomes liable to occur, bringing
about corrosion of the apparatus. A more preferable range for Dy / da2
is 7 < Da/dy; £25, with 9 < D2/ d22 £ 20 being yet more preferable.
Furthermore, it has been found that in step (l) it is further
preferable for dy1 and d42 to satisfy the following formula (18), and for da»4
and dg; to satisfy the following formula (19).
1<dy2/di1 €5 (18), and
1<dy1/d2<6 (19).
The term “prolonged stable operation” for step (/) means that

operation can be carried out continuously in a steady state based on the
40
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and L2, D2, L2 / D2, n2, D2 / d21, and D2 / d22 for
the second continuous 15 nulti-stage distillation
colum satisfy respectively 2000 5 L2 : 6000, 150
50251000, 3<_L2/D2:5 30,15 :_ n2:_60, 2. 5<_

D2/ d21: _12,and 7: _D2 [/ d2225, not less than 2 ton /
operatin fgof:@halit@@hy wWith nesipddia %Ié_’g%ﬁﬂ] of pip m(?"méﬁasmn or the
e

preferably not |ess than 3 r ‘of the

like ﬂﬁ;ﬁaﬂ?é& $R8nPEOOGT I‘}:ra?&refmp;ﬁ&f l@isethl ] r{tﬁtﬁehours,

racteristic teature ste

morg §?3I4nm%'¥”"’9t et é@?%ﬁﬂw.@?gai&hf&?’%‘??ﬁfﬂ-'%%9]a%munt

col,unn sat |veI 25 00 .
of thi iR 33rbankté Bl By P dieced giire, faintggingoiah oy
/ d11 : 25, and 75 D11 dl2 : 15 and L2, D2, L2 /
selegpvityyp, "D2 / d21, and D2 | d22 for the 25 second
continuous multi-stage distillation colum satisfy
r edpebaraeteyistisf@atureLfor: stepo(l) is 2bat3hpdimrgboarisobate can
L2/ D2 :_ 10, 20 :_n2 :_ 50, 3: D2/ 41 d21 <_
be pidduead stably P3r & paRongeDpeniaid besimé vaith higbns éldutivity
preferably not less than 3.5 ton / hr, nore
and i€ arleighy predutBeRytdRRot 49 thah @cﬁntmﬁ phefebably not less

carbonate can be produced. The "selectivity” for theé

than® 86!/ ﬁnarrHBFﬁﬁe'eréﬁl pnéf le désstlki’a?‘ﬁe&jté?ﬁ‘ /'Hye I@&rs—:over

aronmat i ¢ ‘'nonohydroxy conpound reacted. In sfe

Y4 n % C y
anotfef &t aRia il patlns 1o 5868 LLAT gt ?rb@?ﬁ %%% g fHav'L., D,
ref er apl y ,not n 98 ach of the fi
L 1 Bonbini e noiand §1a§51a.fef. rsar?%fmumuuhétage
second continuous nulti-stage distillation colum d
dlSt"u'%“@ﬂéiPlymn e AP Eh Glad M‘p?@@;@é &1t §tQQQ,a15@r$ D1 <1000,
colum having a tray and / or a packing as the
< Lt Brnal30, 3@ < 86 8 106t & sdDy /ubedk 2%, tared r sdant dq2 < 18,
i nvention nmeans the parts in the distillation colum
and bkeDe, gay Badnbj Oui/dd, grand@ualdLy for tha@hsedond continuous

contact with one another. Preferable exanples
multi-stage distillation column satisfy respectively 2000 < L, < 6000, 150
<£D2<1000,3<L,/D2<30,15<n,<60,2.5<D2/dz1<12,and 7 <D,
{ d22 < 25, not less than 2 ton / hr, preferably not less than 2.5 ton / hr,
more preferably not less than 3 ton / hr of the diaryl carbonate can be
produced.

Furthermore, another characteristic feature for step (1) is that in
the case that Ly, D4, L1/ D4, nq, D1/ dy4, and D4 / d4» for the first
continuous multi-stage distillation column satisfy respectively 2500 < L4 <
5000, 200 <Dy <800,5<L:/Dy<15,40<n,<90,10< Dy /dq <25,
and 7 < D4 /dy2 <15, and Lz, Dz, Lo / D», no, D2/ dpq, and D, / das for the

second continuous multi-stage distillation column satisfy respectively

2500 < L, £ 5000, 200 < D, < 800, 5<Ll2/D2<10,20<n,<50,3<D5/
41
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of the tray include a bubble-cap tray, a sieve tray, a
valve tray, a 15 counterflow tray, a Superfrac tray, a
Maxfrac tray, or the like. Preferable exanples of the
packi ng i ncl ude a random packi ng such as a Raschig
ring, a Lessing ring, a Pall ring, a Berl saddle, a

dos <l NO2bAY saddief da, R X0NnoPagks tBana3 NeNBhRR prsflerablyonot
Hel i - Pak, or a structured packi ng such as Mel | apak,

less ﬁ%ﬁ'ﬁ’%‘s fBQFh'PI‘P RfSe pFoRrbBRE not. I@B'szt%moﬂctb'nnﬂhr%f the
Goodrol | 20 packi ng or Gitschgrid. A nmulti-stage

I Iu g both a tray portion and a
dlary‘ﬁ C%trlbct))H%tpt)gc ed%vm ﬁﬂ)(?@eégackl ng can al so be used.
he‘r t.he .ter unmb
i bPnaereguuliyY sof e JRENERafioRaf R steliil ¥ hased on the
nurrber of thetra in the casegf the tra nd t he .
aromaiiomaneiyd er}ﬁbGP"IﬂO'é'i"ad§§C|t‘ﬁ t hdNcieP éfm ?ﬁ'@'gh selectivity
packi n% In the 25 case of the nulti-sta ?
of nOdulgssN han 8f% samgensvally bsoattaineds pagTerahlydiot ess than
the portion packed with the packing, n is thus the sum
97 % ofmareeprefevrably aAdtdéss thana®8d%.he t heoreti cal nunber
of stages. In step (1) in the first continuous
nuERichst Btiee dirst icolninuu € ahuitinst@ge deéstiliationi coldmeand the
the al kyl aryl carbonate is produced fromthe dialkyl

secofdl EoRahBoa8dmiug- ﬁb@@&is‘iulf&tmﬁ%@i@ﬁ% EQEHOi%thé”ﬁil(rﬂ y
occurs 5 This reaction has an extrenely | ow

prefe‘?gg'l c%rrﬁHFl%%g”éHfi‘QEana B LGk qﬁ] ﬁa artféafa'n% ?lopv4

ence been |scovere e type
n _co as ,t.he.i nterna

packﬂ'}ﬁ’H Rl of it s igehafY g%GﬁdHtﬁ%Bugse*‘t

ti-stage distillatjon ¢o in the reactive
'n‘fefbtu'%'ﬂufl"ﬁﬁﬂ oWe RBFiSoifethe dﬁsk'ﬂ@t'%c él'"&'&ﬁ’t’hﬁﬂ%%s and liquid

mul ti-stage 10 distillation colum, it is mainly a
are agitypHypiau gainitorcontact iveith sine lanatheyl  Paeferable examples

carbonate that occurs. This reaction also has a | ow
of theduayiibciude acbubbbscapatrdya askimve trat, icomahat drayg\vaen

so, it has been discovered that a distillation colum
counbénflow tbay hatSepeefest ngapnd Marfriacatrays orltbel ker ndreferable
examples of the packing include a random packing such as a Raschig
ring, a Lessing ring, a Pall ring, a Berl saddle, a 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 distillation column having both a
tray portion and a portion packed with the packing can also be used.
Furthermore, the term “number of stages n of the internal” used in the
present invention means the number of the tray in the case of the tray,
and the theoretical number of stages in the case of the packing. In the

case of the multi-stage distillation column having both the tray portion

and the portion packed with the packing, n is thus the sum of the number
42
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is preferable as the second continuous nulti-stage
distillation colum 15 used in the reactive
distillation. Furthernore, it has been di scovered
that a distillation colum having the packing
installed in the upper portion thereof and the tray
of traysiml tiesl theorétichbwamiper bf etagbsr eof is preferabl e
as the second continuous nmulti-stage distillation

co|pFRep!(t) hﬁhé%t@oﬁﬂﬁ\’@é@@' rhOR}- siéﬁ'?eﬂﬂ@h’llﬁglo'mcbhﬁnn a
second contl nuous mul ti-st age 20 distiTlation colum

reach?npi'h @?'tMe |rk>‘{13‘a‘|‘f(gﬁﬁa akéf@w gﬁ’ﬁdhE Y HBm the dialkyl

ructur |cu
has been dlscovere t hat

b Furt her.mor
Cafbﬁegﬁia?‘doﬁ‘%aﬁfawm thShoblerBRy REFPRBURATGEIAT bERlrs.
cont i nuouys multi-sta istillarion colu nd t :
This F8BGHP R BAR BGSTaBY TavsgeuRitutym cofalprileiasih (he reaction
sieve tray having a 25 sieve portion and a downconer
rate pﬁﬁ{Wnaung bapeedtinas hegaodisicoviesedsthat a phate type
rel ati onshi p between perfornmance and equi pnent cost.
distillatibpasccuson dribgdhedirayoasitbd inhetnalaishpaitéod arhyay
preferably has from 100 to 1000 holes / nR2 in the

prefeviatne gwothié dirst Somirauidueiheurbseagedistillationotekima used in
from 120 to 900 holes / n2, yet nore preferably from

the réd@tive SRAIINASS. / MOfeoveVihapeesecbhd B tPeeous multi-stage

di scovered that the cross-sectional area per hol e of

dlStIl%@ﬂ Sdo%ﬁkﬁ rﬁyis'rﬁaﬂﬁl&fSrcf)}Péy%;?@rstiori%‘t’g?I % thcﬂ*rb? tﬁe alkyl

nore prerera area

aryl ERordte HRY Sefpldre, THVE fe%?"ﬁgs”?[?eoeﬁ o5 €5Y:FahIPum

articul arl rable i f each sieve tr
constagt (e B e ao8oM ARl cEVPAEO; it fag Rean £scovered that

portion, and the cross-sectional area per hole is in
a dlSéllllaéwgb celumohaving beth theppackingagngethe tteanastthat internal
by addi ng the above conditions to the continuous
is pretdnaibletasy thelisstddr chcooti nam usmy Iti-stage i still atbnt delumn
present invention can be attained nore easily.
used in the reactive distillation. Furthermore, it has been discovered
that a distillation column having the packing installed in the upper portion
thereof and the tray installed in the lower portion thereof is preferable as
the second continuous multi-stage distillation column. It has been
discovered that the packing in the second continuous multi-stage
distillation column is preferably structured packing, and that of structured
packing, Mellapak is particularly preferable.
Furthermore, it has been discovered that, as each of said tray
installed in the first continuous multi-stage distillation column and the
second continuous multi-stage distillation column, a sieve tray having a

sieve portion and a downcomer portion is particularly good in terms of

the relationship between performance and equipment cost. It has also
43




10

15

20

25

When carrying out step (lI), the diaryl carbonate is

continuously 15 produced by continuously feeding the

di al kyl carbonate and the aronmatic nonohydroxy

conmpound as the starting material into the first

continuous nulti-stage distillation colum in which a
beercdisdodreldsthiutesgoh.sieqeriyappreferablgaias Fromnd00 to 1000

distillation simultaneously in the first colum,

hole§ 9P THAWS! Yievdd bBRIIGN NA ndid PrefctalT® dWLRRIdf RSles is
poi nt reaction xture contalning a 20 produced
I uppe i fd I hn
from A £G18.900 HBIES /AT el hbLE hrBledlily o 150, 1BOD Ges /
2 high boiling point reaction mxture containing a
m-=. produced al kyl aryl carbonate froma | ower portion of

the first colum in a Jiquid for onti nuously,,
t oBtgriapviete RS een dinconsred kbt TRG Gi0sArSeUienabarea per
m xture into the second continuous nulti-stage 25 9

hole gifseach sieve teay usnprefe @b lyninaa gangey of frampld &t cm”. A
carrying out reaction and distillation sinultaneously

mored preferabde ardssesectionabareaypershygletis fidamd Fnvtag am?, yet
second columm | ow boiling point reaction m xture

morecphéfiraibhg fromr odueed dindl. kyiF u atvelamares if he® baenpgistovered
portion of the second columm in a gaseous form

that ROBpAHUPLYIWVDISEBM A Bashcsiede GaUNRSs Fr&h POD!toh9000
poi nt reaction m xture containing a produced diaryl 5

I
f i d i P
nolo§ T SEERHPHES BRG0P IV ARSHRCFaL VIR Hele i i

colu | ow.boi, | i ing creaction ,mxture contaijnin
a rarigs SFTeo Ry P Rap L REe | HbRs mea soBWib b EhBY RGN the
mul ti-stage distillation colunn. As ntioned earlier,
abov@h%"@ﬁ’ﬁi?'%ﬁéo the: ePNHNURKY wHti 28t 9end st lirn SOlumns, the
_al k¥l aryl carbonate and the diary) 10 carbonate that
objeel ef thadresentriodestion ean be adtaibgdongieceidasty such
as an al kyl aryl ether and high boiling point
coMplhendsarrdog odésiiep ( hetheedidamyhearbandtedstcontinuously
required for separation and purification in other

prodpeedesy epntiMesuslgt ledddivigi thidd dieRy| carbbrats esenthe aromatic
invention industrially,

monohydroxy compound as the starting material into the first continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in the first column, continuously
withdrawing a first column low boiling point reaction mixture containing a
produced alcohol from an upper portion of the first column in a gaseous
form, continuously withdrawing a first column high boiling point reaction
mixture containing a produced alkyl aryl carbonate from a lower portion
of the first column in a liquid form, continuously feeding the first column
high boiling point reaction mixture into the second continuous multi-stage

distillation column in which a catalyst is present, carrying out reaction

and distillation simultaneously in the second column, continuously
44
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it is preferable for the starting material to contain
smal | anmounts of such 15 conpounds. In step (1), when
conti nuously feeding the dialkyl carbonate and the
aromati ¢ nonohydr oxy conpound as the starting materi al
into the first continuous nulti-stage distillation

with@dwing atdesosd aidlufth IBWebdRing PBintore ddtdon Mhixtl he
first distillation colum in aliquid formand / or a

nt i
conttREIY P eSHOSRLIIARYL Eapbofatg KRS UeihdiiBoRiof of the
' ri Qr h pLst, dicstil] ati I
secofi ORI Rhteddf ol sHEId LY BpEfa g i sBEone
istillation colum. lt.is also referable to feed a,.
coluigirihlgn, Foififarraitesaction mixae.fostaihiiua pladdFediary
aromati ¢ nonoh droxy_conpound into the first L
carbgnate from; 3dowsriertion 2t25e seeendicalimn dmankauig derm, and
provided in the upper portion of the first .
contuiuny sly feiesting dhenpecand caumnm lewabeiling peirk reaction
containing a large 45 proportion of the dialkyl
mixteer bonddmingtthet Hmlkyl sarblosate irtio the doktconitimuwous
gaseous formfroman inlet provided in the | ower
multipstdgenisfillationf tssimndi K ImehiioRedot e ahpeestialiting
liquid outlet in the | ower portion of the first

mate# St inlalyaé b AthifOINEBIcchdR' Qﬁ;‘éeélkyi %r?? garbdnatd Bgnd the diaryl

first ¢olumm high boiling point feaction m xtur

it R r Lou
carbGRGHaNre SR ARl pRodlofs ARG TEE R bPtEHdots such as
ontj nuo multj-stage.distillation colum i s
an afi§Ria§ 818e 0 dridhif §aifind sieipd CBRBRAISGs Considering the
nulti-stage distillation colum. Here, the first
equighaitham gw%qq%eéépﬁtsep@aaflp@nanﬂw@cagomm other
preferably fed into the second distillation colum in
procgssegunherpastaady implementiggdhe prasant imentian (rdustrially,
provided in one or a plurality of positions in the
it is ppgferapte footherstahéngirddteriabte icomtain sheals @cwodnts of such
distillation colum below the gas outlet in the upper
compoihden of the second distillation colum.

In step (I), when continuously feeding the dialkyl carbonate and
the aromatic monohydroxy compound as the starting material into the
first continuous multi-stage distillation column, this starting material may
be fed into the first distillation column in a liquid form and / or a gaseous
form from inlet(s) provided in one or a plurality of positions 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. It is also
preferable to feed a starting material containing a large proportion of the
aromatic monohydroxy compound into the first distillation column in a
liquid form from an inlet provided in the upper portion of the first

distillation column, and feed a starting material containing a large
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Mor eover, in the case of using, as the second
distillation colum, a 15 distillation columm havi ng
t he packing portion in the upper portion thereof and
the tray portion in the | ower portion thereof, which
Is a preferable enbodinent of the present invention,
propbftids dirdfectrdlkgl Eatbahateasto e firepdidtilvativhecd uain in a
inlet is provided to be between the packing portion
y. ' e [ ; t
gaseB0 (0rif i MR 0l o IR e IwblpdrEh bhthe et
1 [DAG [ r rabl: 1
distiPRiSh Y, A STEUE SN €, b Toped
.t1f§9kin . Moreover, in step (1), it is also preferable
distilfalieR CRJUMR- a refiux operation of condensing the
gaseous conponent withdrawn fromthe top . of each of .
t hMarepyercihsteRdls the tirstsealyena; ign 'Fﬁt'ifkih PeyMuFRACtion
. and the 25 second continuous nmulti-stage distillation
mixtwrel aantaiamig thenalkyl @aryl sgroenate sontinupusypitbdrawn from
into the upper portion of the respective 46
the lowsripdraiaroof dbeuiirst dontimisus analti-atagél distillatiom £ofumn is
the first continuous nulti-stage distillation colum

contingious| @ fednigto thef §86bAdtcbrithudnd raultelsiage distillatica
the second continuous nulti-stage distillation colum

L | r . i . . . f .
colufhy Ni8re HEFLS! cOIMONRh binfl jRE Segelise ifture is
S - di_s i.an
preferabfy, 48516 8834 A fibQAGHESE o llrthi iRCe SRR TrprAPand / or

ratio.= 0).is al referabl e enbodi nent ... 1 n_step,. .
2 6a{d9U8 fReMhizoin dn B urFRg BT 88 68 BLTalL Sipeeitions in
the first continuqus nmulti-stage distillation colum
the upRerROERN At isumidale porting eﬁ&@eﬁ%ﬁon gigtiifatigatcolumn
is asolidthat is insoluble in the reaction |iquid,
belowtthiesgps efutiebire therupper partiopsaf the secbindedistiliatien column.
the colum by, for exanple, being installed on stages
Moreioveirden the dasebfamihgnasutherskeconst digdillaticn iddlammna
colum or being installed in the formof a packing. In
distillaton column having the packing portion in the upper portion thereof

ion of the first
{ured

and the tray portion in the lower portion thereof, which is a preferable
embodiment of the present invention, it is preferable for at least one
position where an inlet is provided to be between the packing portion and
the tray portion. Moreover, in the case that the packings comprise a
plurality of sets of structured packings, it is preferable for an inlet to be
installed in a space between the sets of structured packings.

Moreover, in step (1), it is also preferable to carry out a reflux
ocperation of condensing the gaseous component withdrawn from the top
of each of the first continuous multi-stage distillation column and the
second continuous multi-stage distillation column, and then returning

some of this component into the upper portion of the respective
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case of a catalyst that dissolves in the starting

material or the reaction 15 liquid, it is preferable

to feed the catalyst into the first distillation

colum froma position above the m ddle portion of

the first distillation colum. |In this case, a
distikatiehysdlusen ut ilanthtdtcaiseed befldksestlo/ fagthddirebicantiiuous

in the starting material or reaction liquid may be

multi-Btd@6l\iedI bfibn EHRIARIYT araagiehsf fMrh D 1681 G ahdid19eflux
material, or may be introduced into the columm 20 from

_ T . : . .
rat.ogffo‘#'tthgeggggpygc%uﬁ&ghféemn @Ltzrét?p% dR4ftdtAn cONEmARUMN a

use St conti huous

rang et e AP 9arteEe o braihng RO 005 B8 &1 FEiBapypgpravty from

used, the types, and, proportions of the. startin
0.1 thafer AT LHEShASMtANGUSoE flohtadisnBiRHIAGON SRIHMA, not
the reaction tenperature and the reaction pressure.
carrying owt ghehr refluxnepeeativy di.ei. Seflaneratio v On is laag
of fromO0.0001 to 30 %by weight, preferably from
preferaidoz=mbotinterdy wei ght, nore preferably from 47
0.001 to I % by weight, based on the total weight of

t hén stapt(l haheahesthald of Mdleiagethe catatyep Hd pregbat in the
nmet hod of making the catal yst be present in the second

first €BRAtINUOUS Mkt stadaaesliatibh! @8 lupthn GRAYBE BRY RRtABYA. In
nmethod. In the case that the catalyst IS a solid that

the dgfsg'f g?gﬂbrfgé ?gitﬁltfstﬂ‘?s 2 shfdCiH ANl iingild)';l(ggle% fn !t@e reaction liquid,

he catalyst to be nsi de the
o e |l e, . bei | ast al | ed on _stage
tis SRR ot Be BB to- BB a8 To IS T el B Py fan
col umm .or being installed in the formof a. packing. .
oxanfile; (ReipgsBashligtdoh Btogestinaidatbedimcamifgeus Multi-stage
, _starti&g material or the reaction liquid, it is
distillaties cuen erikeing instaled ipsthe feemtoka mackisgnd In the
distillation colum froma position above the m ddle
casepaf aieatadyst that dissohdesliistthiel siartingcmlaienial lar thie seaction
case, a catal yst solution obtained by dissolving the
liquidaitabystefenablets faedithe catalystinter thediest distiliatiod column
may be introduced into the colum together with the
fromsd polsitien BB &Vé 2he MiddRYpBRtion of the first distillation column.
In this case, a catalyst solution obtained by dissolving the catalyst in the
starting material or reaction liquid may be introduced into the column
together with the starting material, or may be introduced into the column
from a different inlet to the starting material. The amount of the catalyst
used in the first continuous multi-stage distillation column in the present
invention varies depending on the type of catalyst used, the types and
proportions of the starting material compounds, and reaction conditions
such as the reaction temperature and the reaction pressure. The
amount of the catalyst is generally in a range of from 0.0001 to 30 % by

weight, preferably from 0.0005 to 10 % by weight, more preferably from
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introduced into the colum froma different inlet to
the starting material. 15 The anount of the catal yst
used in the second continuous multi-stage

distillation colum in the present invention varies
depending on the type of catalyst used, the types and

0.00 HthGIOPF%i Wﬁivéibh!t,hﬁagbaréh ne en/ytal Mﬁéigh@%ﬁﬁ@n%rtiﬂ@dmaterial.
reacti on condi'ti ons such as the reaction tenperature

angydradvietaf isedp F{ggsﬁﬂér F‘netﬁpﬂf ?g?nﬁ‘%ﬁigggtﬂé‘ %ag%lty%lt %())y% present

IS generalf%/lna range o 1to %
. ' Q10 % '
in thi¥Seind BRI phahtde Ssfifeifn ottt halde apy

th otal mass,of, the starting material. JIn st |
metnadf TS SEGE et 1 o8 a8 B Rpfid Bt iinSeiplg dn the
distillation colum and the catal yst used_in the,
reacl@pdifMiderit inpsaterableforithe; eaialnskio beafixed insidenthe
may be the same or different, but are preferably the
columsanky, rexamgrler bieling inatalbedwncatagegs insideuthe siegond
both 48 columms, this catal yst being one that
contidiuears wadticstade distiicaiion dolgmnl drrbeimgt mstalleonin tHe form of
this case, the catal yst dissolved in the high boiling

a pa®dingl rRREié YagP ¥f W €atdlythehal Bids19BbIiIAUPS starting
mul ti-stage distillation columm is generally

. he.| _ . . _
mateW 1 v ré A ebhhieg LAt |ﬁgrb\\;mé’ﬁmt@htghfg{cg/rtﬁgr%talyst into the

distillation colu t oget

secoﬁgr{l’@‘?ﬂlta?i&{”@f)?@m nfro?ﬁ‘g-)l g{)?ﬁféﬁ‘%@)&@ﬁ%ﬁﬂ@dlpggoEtiﬁ% of the

nti nuous milt1-st age ation colu

i referabl e enbodj npnt. Note that, if necessary,.

secong, dsthlatian colmiy e I Blsisanewp,callest satiian obtained by
. second continuous nulti-stage distillation colum. 10

dissofying éheGadalystnpsthe staning maakasialees reaatippriquid may be
_ reactions carried out in step (I) are considered to
introggoaddnte theecalumadogetiedwithe theraiarvngtmateriahoot oray be

liquids in the first continuous nmulti-stage
introdissed|inéo itbe cwnlunnm feom atdiéfesentinl et dot theustsrting material.

mul ti-stage distillation colum. Each of these
The amount of the catalyst used in the second continuous multi-stage
distillation column in the present invention varies depending on the type
of catalyst used, the types and proportions of the starting material
compounds, and reaction conditions such as the reaction temperature
and the reaction pressure. The amount of the catalyst is generally in a
range of from 0.0001 to 30 % by weight, preferably from 0.0005 to 10 %
by weight, more preferably from 0.001 to 1 % by weight, based on the
total mass of the starting material.

In step (1), the catalyst used in the first continuous muiti-stage

distillation column and the catalyst used in the second continuous
multi-stage distillation column may be the same or different, but are

preferably the same. More preferably, the same catalyst is used in both
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reaction tinmes varies depending on the formof the
internal in that 15 distillation colum and the nunber
of stages, the anobunt of the starting material fed
into the columm, the type and anount of the catalyst,
the reaction conditions, and so on. The reaction tine

colum'ﬁse?%ﬁib ehtaetbdiak oK@NhalWIESoRds i B@gBaction liquid in
distillation colum~and the second conti nuous

both 'E‘thh'lrg&* agfn %@t B%Qt 'tqg %E A GESQJ‘W?EI 3hlthe plg% boiling

Bagge from rs, preferably from
poinf1 B8 iU &p IR TPECEAH RHS BPIE: stk fsehticn

sta di, illation colu vari es, dep
coluippiels, §BBSLRllY HATaS FA N (GOadies TameT RRRIAGL tHecdrstand
the type and anount of the catal yst. Thls 25 reaction
distiatiperealumn iteggther with the, adkvlaﬁgsé eArFamkerapdigp on, and
350C. It is preferable to increase the reaction
fed intpee stacond comdinuou s onglaisetage distilationi epluranas is; this
However, if the reaction tenperature is too high, then

is a pieferabbmaimhedhﬁentne Natel ghdto ibnesesstoy, ecaepbethe
production of by-products such as an al kyl aryl ether

catalyR¢cRas B8, ndl ¢ Rdded MRStHa kle@ondrebntifu® usearafl -stalte
reacti on terrperat ure in the first conti nuous 5

; distillation colum is preferably in a
dismwlbh ﬁ'a?‘?%m 130 to 280C, nore preferably from 150

O fer 10
t%. e dFhBsret e sasiltEdom didiond Karried out
st age ation c vari es depepdi n
in St?ﬂe( | 9fe n%lﬂ@f%@&mmatﬁwﬂgl Va3 if B{Kic BRes of the
t he type and anmount of the cataly Th| S reactjon
reactl@ﬁdeqlandﬁrw the j@ﬁé.cgln|twuqu%mtalﬁ'g§taﬁe figtlatignt golumn and
350C. It is preferable to increase the reaction
the sesrqret spotinuu ssulbi-stagedistilationreecivmpn aeh of these
However, if the reaction tenperature is too high, then
reaction times varies depending on the form of the internal in that
distillation column and the number of stages, the amount of the starting
material fed into the column, the type and amount of the catalyst, the
reaction conditions, and sc on. The reaction time in each of the first
continuous multi-stage distillation column and the second continuous
multi-stage distillation column is generally in a range of from 0.01 to 10
hours, preferably from 0.05 to 5 hours, more preferably from 0.1 to 3
hours.
The reaction temperature in the first continuous multi-stage
distillation column varies depending on the type of the starting material
compounds used, and the type and amount of the catalyst. This

reaction temperature is generally in a range of from 100 to 350°C. ltis

preferable to increase the reaction temperature so as to increase the
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si de reactions becone |iable to occur, for exanple
production of 15 by-products such as an al kyl aryl
ether, and Fries rearrangenent products of the
starting material conmpounds and the produced diary)
carbonate, and derivatives thereof increases, which is

reactioflegiteabl ldowrenier, ihitfe Fea6tion tdvpepfkireos too high, then
tenperature in the second continuous multi-st age

side ‘i'éébhb'n%t b@Boﬁﬂi HaBIé ToR EE8, %Hé)ddh?lé @?Sﬁu%o’hr@m
280C, nore preferabl from to 260C, yet
r ef f
reac?t%o%ugﬁzégsépeé&ylﬁgl FIE % con %%%ﬁnu ﬁg]%ndes(érable.
|st|IIat| colu ries dependin the t
For (hig renspry fenaston Thiraiite s iy GontREols
[ SItIQ Qf the starting material, the 25 reacti
muitie %Fﬁpﬁ.ﬁ sishillatign.calyron IS BEferakly Woarmanasuef from 130 to
nultl-stage distillation colum may be at aty of a
280°Cadnece prederakly, frasr 480 1o 2605Cs, yeismcme prefeppbletrom 180
pressure. The pressure at the top of the colum is
to 25¥ierally in a range of fromO0.1 to 2x107 Pa,
preferably from 105 to 107 Pa, nore preferably from
2xThe tendtidlbehtperbiare eacthieose po RESEORinobBenaRE®Idge
continuous nulti-stage 5 distillation colum varies

distilfeReALddnth viatiod ¥BPeMdih ng%ﬁ&ﬁétty @Hfiiﬁéls%rtm material
conpounds used and the conposition the starti n%

comﬁ@ﬁﬁ&%%set{ h§ndrtﬂ%nfl})l L ?.%”Bﬁ{oq}c[ﬂsﬁ fffé;%aqglm s

second cont'i nuous stage thon ‘col um may

f a .reduced pressure, nor r .
’ea"téﬂ"afﬁ éaa"wsg&s%new 7 et A FrePIB0H Sanst. s
Tm% i.s 10 ?] %%tl a range of from0.1 to 2x107
prequgb Br efiBCESR ef &nfeRetien tepremiure i as g icigpge the
from5x103 to 105 Pa. As the first continuous
reactipniratet addowieyeir! ifatheoreactiomieimpetatprelip tog high, then
plurality of distillation colums may be used. In this
side ceastionkebecome liable to occur, for example production of

by-p

by-products such as an alkyl aryl ether, and Fries rearrangement
products of the starting material compounds and the produced diaryl
carbonate, and derivatives thereof increases, which is undesirable. For
this reason, the reaction temperature in the second continuous
multi-stage distillation column is preferably in a range of from 130 to
280°C, more preferably from 150 to 260°C, yet more preferably from 180
to 250°C.

Moreover, the reaction pressure in the first continuous multi-stage
distillation column varies depending on the type of the starting material
compounds used and the composition of the starting material, the
reaction temperature, and so on. The first continuous multi-stage

distillation column may be at any of a reduced pressure, normal pressure,
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distillation colums may be |inked together in series,
in parallel, or in a 15 conbination of series and
paral l el . Modreover, as the second continuous
mul ti-stage distillation columm in step (1), a
plurality of distillation colums may be used. In

or an Ripplias presSeardli sTihd préssurpbtinhe topyoPehelddlkipth is
together in series, in parallel, or in a conbination

gené?fali g}&%ﬁ?\% oP‘I‘F&H@H 9 Htf PR ?rb?éra‘bﬂ?sﬁbwtib.ﬁ% 107

ealc rst continuous nmulti -I strllation
Pa, @%r#rﬁheggf'%lél f% ?r%dlﬁmg)tl n Zpg?l ;I |§t Sgﬁeral ly a

i. ter al such carb steF or stalltnl etss
3@ rgac %’P ﬁtreéﬁufﬁé”a@‘aﬁ P?€7‘°BF’ CHRUAVBHE Y-S 395‘
ar bonat es produced, staj.nless steel is referab
distihgton LI yafigs Fhe@r? ngj &g t Bs.trytpere 'E?oﬂaﬁ’i'&ng@te”m
continuously withdrawn from the | ower FOI‘tI on of the
compednds ussd iansbthe cdmMpositionscigbedstartingamadariadl the

inaliquid formin step (1) has the diaryl carbonate
reactenatempearaturpomard sohem eofThdsecgavecahtinualusomulti-stage
contains unreacted al kyl aryl carbonate, a snall

distikandntcalummmagtiesl st iy iofda redueedapress e hoaialpressure,
of high boiling point by-products and so on, and 5

or afTRpRINR prdsélife CaThd E?ésﬁn@ﬁ?@ﬁ@ec% of?ﬁ’ié"db%nhﬁls

used, al so contains I's catalyst conponent.

cond 15 JERTREP 01 4 A SR Sk 10
o, WAL ARl S P 01T,
BB S P S LA T e ),

nples include distillation and / or

PIUFar|équ1fsdtﬂtl|laztmn colamhsmaibel usads Hoeihis diassovidheed

that, of these, in the present invention, it is
distilﬂmhiohmﬂlamnrys npayeﬂm tinkedt mgathey inusersNaepir( plarallsl,ngr in a

a distillation process.
combination of series and parallel. Moreover, as the second continuous
multi-stage distillation column in step (I}, a plurality of distillation
columns may be used. |In this case, the distillation columns may be
linked together in series, in parallel, or in a combination of series and
parallel.

The material constituting each of the first continuous multi-stage
distillation column and the second continuous multi-stage distillation
column used in step (l) is generally a metallic material such as carbon
steel or stainless steel. In terms of the quality of the aromatic
carbonates produced, stainless steel is preferable.

The second column high boiling point reaction mixture

continuously withdrawn from the lower portion of the second continuous
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Furthernore, in the present invention, it has been

di scovered that 15 it is further preferable for step

(11) to adopt a distillation separation process in

which two distillation colums (a high boiling point

material separating colum, and a diaryl carbonate
multpetadeidigtilativhncdiihAdnaa Siglad fown Mistep (| phasuseddiaryl

separation is carried out continuously in the high

carbBAkté % BGhAlN %ﬁbﬁ%nﬁﬁ@f’@éﬁ%?@%@%"? ét:'ﬁa taifs

top component aving as a nmaln conponen ereo

un reéﬁgefgiagﬁgll ?Fﬁr@é) tel™ gﬁﬁ'ﬁ%"@{’ﬁﬂ Iog‘]gfryljea%%aoé}ggﬁag

anopunt of unreac materral’,
a._,col unn.,bott om copponent .havi ng. a _nmmi,n _conpopent
mateFialy & ML A SO E AT ARG Rcho g Bl e g BesEs And S0 on, and
by- prodycts and so on and / or a catal yst conponent, ]
morq‘%@prc'cﬂ H’fﬁ] cags thapd OgeHRAUTCAIRNSh oS USRS plspr contains

25 material separating columm is continuously fed into
this eatalyshepmpendahat # ispihu g nesgssarvtn, camy ewparpuiitieation
is carried out continuously in the diaryl 52
step dHr) fonaittapninigt @i highepLivity diaty ¢dwrbem atenfronethe, secend
a colum top conponent, a side cut conponent, and a

colum@l high beiliwg prsinpesactiont Mextutedh-pustdy (d) 284l process may
carbonate being obtained as the side cut conponent.

be uS&d!t Ber Lasithe ﬁidlf-?fﬁft?béi%rkp?ﬁgﬂ)?nﬁfe %ﬂ!ﬁFb@fOBﬂé@n?d from

col um bottom 5 conponent fro 1 gh boiling poin

raf I : i.r.cul: b '
the BRI cBRRRHIAIE LR IRdiRt PEAckiGRCHiRhES, o EkahTHids
\ nd,/ t he segond conti us,.mul ti-stage
incluge distilaticm atel fion ravavstlleationsand e P& Brhambsen
. in step (l). Mreover, the colum top conponent  from
discovpred Hat fthesntatie the Prosagt dbrentiogesfeisapaiticularly
contains a small 10 anount of the diaryl carbonate,
prefefabladacearymeehstep fll\wising andistiliationqaionesst.op
conponent as is or after carrying out other

di Burthermoire, isethee présantinvémrtionywibbbakibeepdistovered that
conmponents containing in said colum top conponent

it is ﬁggrrﬂlgnrr]pﬂ@témblGcfbhrmepS(CN‘thoOéd@'p*t PHisangtignddRiration
process in which two distillation columns (a high boiling point material
separating column, and a diaryl carbonate purifying column having a side
cut outlet) are used, separation is carried out continuously in the high
boiling point material separating column into a column top component
having as a main component thereof the diaryl carbonate, unreacted alkyl
aryl carbonate, and a small amount of unreacted starting material, and a
column bottom component having as a main component thereof a small
amount of high boiling point by-products and sc on and / or a catalyst
component, the column top component from the high boiling point

material separating column is continuously fed into the diaryl carbonate

purifying column, and separation is carried out continuously in the diaryl
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bott om conponent is returned into the high boiling
point matter 15 separating colum and / or the diary)
carbonate purifying colum, so as to be recovered as
hi gh-purity diaryl carbonate is also preferable. In
step (II) a high-purity diaryl carbonate of purity

carbgraes Pury gﬁ@g cdleftn it to i e entdlive natcdiadpsn top
than 99.9 i s obtained. The content of hi gh boi ling

b [ n
oL A PRI, g %%*g@fnﬁs

[
“'ghﬁﬂ‘ 1], 3Ry b ofRRE KRR didiRB SPHAR Fus ¥ bBRRapent
t ai ni ng..,a_hal eperally u
E&‘ém?{é“ﬂ‘éﬁn I st BERR R ol S snthstip f?peoqoipym bottom
car bon ot‘%&hned IS not nmore than 0.1
Gomfb%?alé et Bodking mnbmatt%r%ﬁﬁr@ﬁmgaspwmﬂsto be
not nore than 1 Pb Next, step (111) is carried out.
circutated back integher firstacontiguens M ltiratagei disdiltatibmoplumn
conpound and the high-purity diaryl carbonate
and t ogébkesesondardinpuods ceulinséagewdistiliptioncachmmat 2nd reused
nol ten prepolynmer, and producing an aromatic

as cplalysacbaed et imatep qU). deMurabael] fite cdouair evp totBponent
pol yneri zati on apparatus in which the nolten

fromnh@p@iafwba$bbﬁai@(iﬁnif%¢%l M g@ 'n%fisu?%ﬁt%f?ﬁsq small

gui des, "and the nol pT epo yne i's pofynerized

amoU‘Hf é?tﬁb%?ﬁl ??Ylgbnﬂbe ﬁ@g’aértcge g &% ﬁgé We\&iq@@‘fn%lth the
°°'“¢q§p O@SERETi’ﬁérH'%ﬁbéﬁe%i ATiceE i f@ﬂujfﬂgg&cﬁﬁp Qﬁt'on

ar gmat | up Ar referably, for exanmple, on
sepafafipacifiaI 8 bRIBGPoH FomPqnRts CoptaiRingyB Saidgolumn

top component using another column, some or all of said another column
bottom component is returned into the high boiling point matter
separating column and / or the diaryl carbonate purifying column, so as
to be recovered as high-purity diaryl carbonate is also preferable.

In step (1), a high-purity diaryl carbonate of purity generally not
less than 99.9%, preferably not less than 99.99%, is obtained. The
content of high boiling point by-products therein is generalily not more
than 100 ppm, preferably not more than 50 ppm, more preferably not
more than 10 ppm. Moreover, in the present invention, the starting
material and catalyst not containing a halogen are generally used, and
hence the halogen content of the high-purity diaryl carbonate obtained is
not more than 0.1 ppm, preferably not more than ‘fO ppb, more preferably
not more than 1 ppb.

Next, step (lil) is carried out. This is a step of reacting an
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wherein each of Art and Ar 2 independently represents
a bivalent 15 carbocyclic or heterocyclic aromatic

group having 5 to 70 carbon atons, and Y represents a
bi val ent al kane group having I to 30 carbon atons. In
each of the bivalent aromatic groups Ar' and Ar2, one

aronfiti dih Yl Ry ¥ofipdiied i @98 highoparitpXideyl carbonate
subst i t%dt] ed ){NI th Fgalnot her subst |gt ugﬁt tlgtahat ﬁydoes not

togeﬂﬁ%r%@%&f’é{ Bﬁu%fefﬁ tar‘b‘?néﬂ@pdcﬁgﬁb'r%nafé’rmgﬁeﬁw&ymer,

ogenaom an al kyl grou ving 1 to 10 ca
0)
and BETTeingl ana i RHE A o33 BliRte sndyp @%B@"’*%g‘
dowrgowilype R s}rﬁ%ﬂ%@?@ﬁsapgagﬁbﬁ if afbnfhe gtten Bretolymer
heterocyclic aromatic group is an aromatic group
is madgitaglowedewnaalang sur Qﬁoﬁﬂgl#'ﬁﬁg Aadnthe) MekeBgen
aton(s), oxygen aton(s), and / or sulfur aton(s)
prepehunesiis prdypiarizedwhile flawingdowss Art and Ar 2 may
represent, for 54 exanple, a group such as optionally

subbiel acdmatichdinydrosy opmipanaid ysesubsstapt{HY) is a compound
bi phenyl ene, or optionally substituted pyridyl ene.

repré®dted BYRSdné HEMoTAlle @ad); ned as above. The bival ent
al kane group Y is, for exarrpl e, an organl c group 5

represen | ow ng formul a; R3 RS -C
-GG kRYRQquZ R4 CH3 f wherein @c)h of R1, Rz,

i AT B LS o den s om

grgﬁﬁ ﬁléf\ﬂffﬁai ggpl ttgc bgpﬁﬁr Pps %rgpsl’ab?y,cyc?rl 8§£h¥ple one
represented by general formula (30);

~Arl-Y- Ar’— (30)
wherein each of Ar' and Ar? independently represents a bivalent
carbocyclic or heterocyclic aromatic group having 5 to 70 carbon atoms,
and Y represents a bivalent alkane group having 1 to 30 carbon atoms.
In each of the bivalent aromatic groups Ar' and Ar?, one or a

plurality of the hydrogen atoms may be substituted with another
substituent that does not have an adverse effect on the reaction, for
example a halogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an amide group, a
nitro group, or the like. A preferable specific example of a heterocyclic
aromatic group is an aromatic group having one or a plurality of
ring-forming nitrogen atom(s), oxygen atom(s), and / or sulfur atom(s).

Each of the bivalent aromatic groups Ar' and Ar? may represent, for
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atons in the ring thereof, a carbocyclic aromatic
group having 5 to 10 carbon atons in the ring
thereof, or a carbocyclic aral kyl group having 6 to
10 carbon atons, k represents an integer from3 to 11,
R5 and R6 are selected separately for each X, each

examplspergtenp yuchsoptionlyvsibshiydied ph et aﬁP@hér opitionally
al kyl group having 1 to 6 carbon atons, eac

subsftﬁtlélt@é%"igﬁeﬁg%’ﬁ@oﬂr %gﬂfﬁné\{w %Ql‘b%“trtut Bjrsﬂéngl Fére,

ne or nore of t ogen at ons

subs'fﬁﬁeﬂ?s sithsgbf Héadag"'a;tlfb 10t her substlltuent t hat does

ave an ? Verse or tPe reacthon for
1
oaTin BihlaDt RAnB' QB B &0 SRS Eh ezt adwe
h I
fePf%?%ﬁf?d Byl st bl Dot or or oupan a de gr oup.

nitro group, or the like. Exanples of such a

blvalent aromatic group Ar are shown in 55 follow ng
formula;, (Rm(R8)n (R7)m(R8)n -6-CH3--6 CH -6 CH3

CR;m CH3 (R8)n (R7)m CH3 (R8)n C -6- C CH3 n,5 (Rim
(P—B (R8)n (R7RM (R8)n -- - \CH (R7)m C F3 a();}gin (R m
(R8) n @3(}5 CI-}ISCI—B(Rim\(\l,ERS)-n\(()%?m(RS)n
C C—C C k
S——
N
‘ ||22 F|24 / R6

CH3 * ]

wherein each of R', R?, R?, and R* independently represents a hydrogen
atom, an alky! group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, a cycloalkyl group having 5 to 10 carbon
atoms in the ring thereof, a carbocyclic aromatic group having 5 to 10
carbon atoms in the ring thereof, or a carbocyclic aralkyl group having 6
to 10 carbon atoms, k represents an integer from 3 to 11, R® and R% are
selected separately for each X, each independently representing a
hydrogen atom or an alkyl group having 1 to 8 carbon atoms, and each X
represents a carbon atom. Moreover, in sach of R, R?, R®, R* R®, and
R®, one or more of the hydrogen atoms may be substituted with another
substituent that does not have an adverse effect on the reaction, for
example a halogen atom, an alkyl group having 1 to 10 carbon atoms, an
alkoxy group having 1 to 10 carbon atoms, a phenyl group, a phenoxy
group, a vinyl group, a cyano group, an ester group, an amide group, a
nitro group, or the like.

Examples of such a bivalent aromatic group Ar are shown in
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-a--- ICG a- -(t Jr-CH3-CH3 b ~J wherein each of R7
and R8 i ndependently represents a hydrogen atom a 5
hal ogen atom an al kyl group having 1 to 10 carbon
atons, an al koxy 56 group having 1 to 10 carbon at ons,
a cycl oal kyl group having 5 to 10 carbon atons in the
following fdravidaf, or a phenyl group, and each of mand n
is an integer from1l to 4; in the case that mis in a
range of from2 to 4, the R7's may be the same as or

di f ferenfRAq one ano(Fk&),q and in tRE)fase 5 t{RY,n is

inara 8\ 4, the R8' d-may be th ane as
or di @ jot her. F CH
bi val ent l \odh Ar may be rjepre ed by

thefollovvlngforrrula -Art-Z- Ar2 10 ein Ar' and
Ar 2 are defined as above, and Z is a si ng:fe bond or a
bi val ent group such as -0-, -CO, -S, -S@2-, -SO,

ere| n Rl | ef| d a bove.
Exan'pl eg(ho-qm ent ar omatl
shovvnl ol | vvlng mul a; 57( m (R)n
-6--6 - (R7)m( -6
(R7)m (R8)n ( 7)m(R8n--802 7)m
(R7)m (R8) n

(R"m CH3 (R8)n (R7)m (R®)n
@—@—@ @ g@

(R)m <|3F3 (B%)n (R7)m (R%)n
OO0 OO
CF3 CH3
CHs CHs

(R7)m @ (R8)n (R)m (R8)n
@ Bron-on->-

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

5 halogen atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy
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- 6CONH- -6 COO-6 (R7)mi CH3 (R8)n 0 O (R7)mi CH3
(R8)n CH3 CH3 wherein R7, R8, mand n are defined as
before. Furthernore, specific exanples of the bivalent
aromatic group Ar 5 include unsubstituted or
substituted phenyl ene, unsubstituted or substituted

groupabltving dni ‘1en@alttftﬁnlbitbhfslﬂa?@yeloﬁllkl%@rbubeﬁiawng 51to 10
pyridylene. In the present invention, one such

bahoa&;mg iRl TRE Fipvgy t BT UIBY
car plurali tyI may blg‘)%sed A typ"‘.‘ ?%"@Qanp@ oa?*cti I%é%h of m and n

is arﬁfrﬂ'@#ércfﬂ}hhﬁ?tro‘l’ i IAROLAE, 'tﬁﬁp'n?r?g‘?ﬂoal réap%(béieﬂ\é?ﬁ 2 to 4,

"invention, aromat1 C
ﬂnpound be used to th a 58 trivale
the PRI DS 50 Yo' AU RET i 'oRe Aalar 0 the case
branched stru ture o Ion dhis is within a range
that gishima radtdg oFifrea %b‘; tS Bayife the same as or
invention. Aratio betmeen t he aronatlc di hydr oxy
dfﬁe&%ﬂbb&ﬁﬂ“ﬁﬁﬂoﬂhQFS hi gh-purity diaryl carbonate used
in step (Il1l1) varies depending on the type of the
ar Ermtfhe;rrdbhq,dthﬂjoi‘wlrmﬂmmmatictgm@' Aryhaydrd o e
which are used, and the polynerization tenperature
représentadely (e yomowisg ifermu¢gndi tions, but the diaryl
carbonate is generally used in a range of from 0.9 to

2.5 mol, pyrefgrakly fromO0.95 to 2.0 nol, nore
preferably from0.98 10 to 1 5 nol, based on 1 nol of

whertehﬁ /?rmé]ﬁ&iﬁ?rz?%]ltygb?ﬁ%togrg 4 er e eéﬂ? frig%%}'@r bﬁ{lﬂ or a

nmol ten state (hererna 0 as
. rep " )..prod mthe ar tic hyd
bwal%(;ﬁ,paﬂ&y%g)esgﬁg he |arEwJ(90ar onatg&n st%? ﬁy%'a%
i al ol, {lz d_nolfen materi al produced from
_CO&?B; Hé’terp i 3 SUARCY¥Rd the diaryl 15
carbonat e havi ng a | ower polynerization degree than
t hExanepkas ef such a bivalent aromatic group Ar are shown in

following formula;
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pol ycar bonat e having the desired polynerization
degree, and may of course be an oligoner. The nolten
prepol yner used in step (I11) may be obtained through
any publicly known process. For exanple, the nolten
prepol yner can be produced by stirring a nolten

m xt ur ont ng 20 predeter ed anmpynts of the
-F) SJ'xy compound an&ﬁﬁ dil

ar onat car bonat e
under sure and / or educ ressure at a
t enp ange of fr R 120 C to
approximatel y 80 C using one a plu ity of the

vertical stirring tank(s), while renoving aromatic
nonohydr oxy conpound by- produced through the 25

reactl A pr s in which a ality t he
vertlc |rrﬂ  anks I|nkedpvggether(ﬁ%h3eries are
used nerization d rﬁé

progr eased so as

t he nDIten prepolyner haV|ng the require
pol yneri zati on degree is particularly preferable. In
step (I1l), the nolten prepolyner is continuously fed

into a‘R{j gui de act| ng dowgi:{ w type

8
pol yneti Z%tion a 'htus a cont i ubusly
pr odu n 0 oncarb Ny esired
pol y at$§ﬁ’%@5 The glﬂ@_m@ct downf | ow

type polynerization apparatus 1s a polynerization
apparatus in which the prepolyner is subjected to
pol yneri zati on while being nade to fall down 10 in a

y produce

nol t en te along R&e gui des, i's suchigdiat not
IesstRm)'% (h)sf t he ar( ni'ic pol y d)onate
* can i de-c type
pol y atlon ap tus nust . ?%? an arat us

having a nolten prepol yner receiving port, a 15
perforated plate, a polynerization reaction zone
having a plurality of

(R")m CH3 R O 0  (BRm CH3 (R8)n

ELELotELE

wherein R’, R®, m and n are defined as before.

Furthermore, specific examples of the bivalent aromatic group Ar
include unsubstituted or substituted phenylene, unsubstituted or
substituted naphthylene, and unsubstituted or substituted pyridylene.

In the present invention, one such aromatic dihydroxy compound
may be used, or a plurality may be used. A typical example of the
aromatic dihydroxy compound is bisphenol A. Moreover, in the present
invention, the aromatic dihydroxy compound may be used together with a
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gui des that extend downward fromthe perforated plate
provided in a space surrounded by the perforated
plate, a side casing and a tapered bottom casing, a
nol ten prepol yner feeding zone for feeding the nolten
prepol yner via the perforated plate onto the guides in

trivalémet apdyaRid 2l y@rodP coafsduRd faeNAtrod Asy Wbr&Athed
provided in the polynerization reaction zone, an

stru@th@é‘%d %lﬁ’@'é’é?ﬁﬁléol'%aﬁvﬁh@h%cpéﬁgsdﬂgfﬁ aldl Ryt @@‘#rﬂd’élf"éhe object

| ower nost “portion of the tapefe ttom casi ng,

of th"énp?édQé'ﬁlf] Ifvdiiygarbonate di scharge punp connected to

I scharge port, wherein: (2) an internal sectional

ar a, ken hrou a ri,zontal 25 f,.the
Cr4U6 BT fnd R PFZJQIBNQHO%‘%&&W‘BHBE' n@ng the
satl fies the follown formJIa 13 60 0.7 :
high -3ty §ary2'®ar90m@ttwvg@ Weatepnd!l szafms depasding on the
internal sectional area B (nR) taken through a
typedrihoaramaiiadéh ydraonecampaund g yhardiangt earbonate which
di scharge port satisfies the followng fornmula (14), 5
are \p9ed AaBd_theOpolymprization témpeapéu ez abat btivecpsiyrgerization
the polynerization reaction zone is connected at an

conditibaspalutahel ¢ily( tarbohhte $¢ ¢ riadilusBEriAaRHFYAge of from
wherein the angle C () satisfies the followi ng fornula

0.9 t612)5 mMicAQ prefératily 486 %95 téoz 0Sindf, 'n%‘r%tB %&ég)%'a%%om 0.98

t he gui des satisfies the followi ng formula
o 15 a1l Chogif S e AgE

fo"l'Wél Sre( I)ymc:elrf’m2 a mottén S atoe (Igergmafter referred to as the
“molten prepolymer”) produced from the aromatic dihydroxy compound
and the diaryl carbonate in step (I1l) means partially polymerized molten
material produced from the aromatic dihydroxy compound and the diary!
carbonate having a lower polymerization degree than the aromatic
polycarbonate having the desired polymerization degree, and may of
course be an oligomer. The molten prepolymer used in step (Ill) may be
obtained through any publicly known process. For example, the molten
prepolymer can be produced by stirring a molten mixture containing
predetermined amounts of the aromatic dihydroxy compound and the
diaryl carbonate under normal pressure and / or a reduced pressure at a
temperature in a range of from approximately 120 °C to approximately
280 °C using one or a plurality of the vertical stirring tank(s), while
removing aromatic monohydroxy compound by-produced through the
reaction. A process in which a plurality of the vertical stirring tanks

linked together in series are used, and the polymerization degree is
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To produce a high-quality high-performance aromatic
pol ycarbonate stably for a prol onged period of tine
with no variation in nolecular weight in an anount on
an industrial scale of not less than 1 ton / hr, a
pol yneri zati on apparatus satisfying various conditions

progresgivegigdntresised sd Be tor @éﬁﬂhuiofﬂl\é?*‘tdreﬂucbhﬁfee molten
condi tions have been discovered. (1n the present

' [ ingn halredni =Yoxmy W)l
P el Bl e BB 80 Up P Gularly

refdeigt is not nmore than 200.) In the present
P %’Aﬁdventl on, the aromatic polycarbonate can be produced

stably fo rolonged periqd of tine with variati.on
T stebaiud. Bi6 RplRn BERd Ve b SEnDnubusly eiak o
..150, nore preferably not nore than, 100. 61 Mre
gu'dgp%%'?fﬁcémé) gownflowriypennp\gBerizgiian apearatyswso s im
through a horizontal plane (plane a-a') of the side
contindk 4 Y radi aehe@nparamaticzpe lysarboaateikavingna desised
shown in the schematic view of FIG 4 nust satisfy the
polymissization wegregel3) The guide-tentastng bowAfldwrBypé hen
the desired production anount cannot be attai ned.

polyieriatésn apparatas s s eblymerREidh eppHrasns iMhRh the

keepi ng down the equi prent cost, A nust be made to be
propSEmEptS gt foly UG TRy 5o ) RRd 3R] gown
n o KR SR B o ARSIt s nar, ton
v of 5 BPHRL BB Bk n BB RhaRE Y e, bl
bof B:4 b nbACting RN E cRblyeR SN 57 6aBI SpReratus
i ncreased pol ynerization degree 15 can be di scharged
mustW@hout causing a deterioration in the quality of this
(1) an apparatus having a molten prepolymer receiving port, a
perforated plate, a polymerization reaction zone having a plurality of
guides that extend downward from the perforated piate provided in a
space surrounded by the perforated plate, a side casing and a tapered
bottom casing, a molten prepolymer feeding zone for feeding the molten
prepolymer via the perforated plate onto the guides in the polymerization
reaction zone, a vacuum vent provided in the polymerization reaction
zone, an aromatic polycarbonate discharge port provided in a lowermost
portion of the tapered bottom casing, and an aromatic polycarbonate
discharge pump connected to the discharge port, wherein:
(2) an internal sectional area A (m?) taken through a horizontal

plane of the side casing in the polymerization reaction zone satisfies the

following formula (13),
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nolten matter. Furthernore, the tapered bottom casing
11 in the polynerization reaction zone 5 is provided
at an internal angle C () to the side casing 10

t her eabove, wherein the angle C () nust satisfy the
above formula 20 (15). To keep down the equi pnent
cost, C ps7rrAfersgyy as close as pos 'jpj’e to 90, but
to nove the nolten nmatter of high nmelt vi'scosity

ggpé)ahnﬂama HRIWEH RS A p*/%ﬂ'dbgﬁ%?eﬁfalaéé’é%ﬁél area B

ycarbonate prepolyner of 1ncreased polynerization

2 fallin r '

(m*) FERERRNTBLchad B Ben (I Rl L A8 HTGrRafa sl vy S6Tate

. reductiop in the guali of this nmolten matter, C nust

dischEiGE ot ralistisseh sondping 08/ 1&): her mor e, ¢ he
l ength h E)crr) of  each of the guides 4 nust satisfy
the abov@OffiIBa<(1@9% 1t is undesirabl®.for h to be
shorter than 150 cm since then the pol ynerization
de{t ethetapaeeddiatéampeapisly inethe palymenizabonmeasivgt zone
sufficiently, and noreover the variation in the

is copolextediatad h dntelegyleengley Cofd awethgy sidercatshimg thereabove,
approximately 200 in terns of the nunber average

whe réh ehel & gMeiCg 8 sdfisfies theemlIabing famibild p15)e
| onger than 50 cm since then the difference in the

melt visgegi Lty of he nol ten prepol yngreyoet ween t he
top and tgg B)ott:t_o‘rlnsgf each guide 4 1On€|e5 ones too

gr t I.at i 112 LZaL

def7ha BRDLILEE) I8, ¥ bRASS safisil¥ s YOUBlAh, fotmula
some cases greater than approxinmately 500) in terns

'‘of the nunber average nol ecul ar wei ght, and hence
variation _arises in the properties of the aromatic

pol ycar bdABt® NoBtBP®@d. Note that the W&k &nbn in the

pol ynmeri zation 15 degree being great in the present

i nEenaitotahexternal auréseemrea St{en%)agéthe guides satisfies the

(16)

following formula (17),
2 <8 <£50000 (17).

To produce a high-quality high-performance aromatic
polycarbonate stably for a prolonged period of time with no variation in
molecular weight in an amount on an industrial scale of not less than 1
ton / hr, a polymerization apparatus satisfying various conditions is
required; in the present invention, these conditions have been discovered.
(In the present invention, “no variation in molecular weight” means that
the variation in the number average molecular weight is not more than
200.) In the present invention, the aromatic polycarbonate can be
produced stably for a prolonged period of time with variation in molecular
weight being preferably no more than 150, more preferably not more than

100. |
61




10

15

20

25

of variation such that there is a difference of nore
than approximately 200 in terns of the nunber average
nol ecul ar weight. Furthernore, the total external
surface area S (n2) of the guides 4 nust satisfy
formula (16). If Sis less than 2 n2, then the desired

20 M el epeicHic AP UiHe fReRahl Bechibihall naea MpsVveikert through
attain such a productl on amount whil e keepi ng down

a hofi28nealpRIFe {p Q")doF Phe &id 8 QiR P@'lﬁtt'h%”pb rization
08

properties, rrust made to be not re t han

reacﬂ%n 1hn8ap Reghod) ﬁggﬁmélg%hter}ﬁéhengﬁyﬂg FtIE'Ee 4 must satisfy the

I de-con act I ng heri Zati o
arat us Itaneousl y satisfying the above
abo"%of%%{ga i§§m (14), (15), (16) and (17),
|S|n the 63 |ﬁ&-nqual|ty hi gh- per f or mance
t'ﬁdeg&tﬁ@zﬂg%aﬁe desired mrodgstipmagunt cannot

ropertles and no dlscoloratlon can be produced in an
be agﬂmuﬁ@ ofMatroyes dot atfain sush a produsticn pmoywnywdile
period of tinme of not |ess than several thousand
keephogrdgwhdhece quipmemdtcdsts & mhast [be 0@dador be rotsalveythan
with no variation in the nol ecular weight. In the case
300 tifat these conditions are not sinultaneously
satisfied, problens occur such as the desired

pr F@lﬁﬂ{ér‘i’ﬁ‘omﬂg r&fb ?ﬁﬂ%@ﬂ@gﬁ%n@tﬁ@ﬁh?&@%ﬂ ) ddttional

t he nunmber  average no nor e

oo BRI NS Sonali e OIS g gt

polys §’° 18 4B Ccﬁr&cewﬁérfﬁﬁgﬁa@*’%}‘v5%?@3%%39{@% A#)

érl al scale with such excellent effects in

(| |/§ aussisatjsfyrtheyapoyvgi lormula piibsee hatﬁaetmadten matter
in addition to the reasons described above, a

of highrmedi viscemityceontaining therproshicashaco nmtio poilycaronate or
are conbi ned. For exanple, it is supposed that this is

aromatic polycarbonate prepoiymer of increased polymerization degree

can be discharged without causing a deterioration in the quality of this
molten matter.

Furthermore, the tapered bottom casing 11 in the polymerization
reaction zone 5 is provided at an internal angle C (°) to the side casing
10 thereabove, wherein the angle C (°) must satisfy the above formula
(15).

To keep down the equipment cost, C is preferably as close as
possible to 80°, but to move the molten matter of high melt viscosity
containing the aromatic polycarbonate or aromatic polycarbonate
prepolymer of increased polymerization degree falling down from the
lower ends of guides 4 to the discharge port 7 without bringing about a

reduction in the quality of this molten matter, C must satisfy the above
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because if the guides having the high surface area
sati sfying the above fornmulae (16) and (17) are used,
then the nolten prepolynmer can be polynerized at a
relatively |ow tenperature, and a | arge anount of the
hi gh-qual ity aromatic pol ycarbonate having a desired
formobd €d¢8l)ar wei ght 20 can be produced; noreover, the
tapered bottom casing satisfying the above formula

1 . . tai . f
(1Purtm&efiord, BRSSéhbth h%c?ﬁ?bﬁ‘éﬂﬂac%lﬂgflqtpgﬁg%ﬁfﬁ#yrﬂﬁst

the large Iarmunt of thefplro_duc _
sau B AG0DR SEIRING.  UFIL RGO B 15, O dRfgr thar
150 8R! 4K e BBl Gr B0 RO BE BT iS5 Sy mor

iQEHJStH al scale ﬁan j)nl be established through
canngl & hge® Suftiaiant mgéyriqhénpa%\éersm &argion in the
producti on equi pnent, and it goes wi thout saying that
polymesizatian slegrese maohesomm asgatentvan lapproximately 200 in
i nportant factor that nust be taken into
termg @isihde nanmber axeoagermel é ealiaroketgtet. prikgssnind ewieableofor h to
is that the equipnent cost of the industrial

be |oqmgeiuitta o8 0OQucaTEsThceathdre th @ diffede A e Snudid tndlPSiscosity of
gui de-contacti ng downfl ow type pol yneri zati on

ng d | _
the n??rsl)é’ha%ﬁ%ol?%é?%%tﬁ@e&ahﬁeapé’;y%rfd)m@ Etércdf cath) quide 4

nges required for di nension

becofds ‘iéofc\ﬁ;\%easto ai E%Ctehﬁ'negUiapl%'tWﬁﬁ?ﬁé{}&l%{?{i@%gﬁegree

type po rization apparatus used in

vecoled g15aFet s 3R Bl SB0RLF 54 Epb R8T 7 tran

i nt erpal tonal area A (nP taken through the )
appf%wag‘ﬂyaﬁ@f ip dobS afothg Siyr%laer ﬁ@{eiFEQ?HQO?GCUIE"' weight,

pol ymerization reaction zone is 0.8 < A <_ 250, wth
and Rence yasiation ajdsesy ipdhe piopeias of Abeaarawatiover, a

nore preferable range for the ratio between A (n) 15
polycardoratei obined. seoteothat theaaBigti®) ihakenpblymagilzation

the horizontal plane
degree being great in the present invention means, for example, the case
of variation such that there is a difference of more than approximately
200 in terms of the number average molecular weight.

Furthermore, the total external surface area S (m?) of the guides 4
must satisfy formula (16). If S is less than 2 m?, then the desired
produbtion amount cannot be attained. Moreover, to attain such a
production amount while keeping down the equipment cost, and to
eliminate variation in properties, S must be made to be not more than
50000 m?,

It has been discovered that by using the guide-contacting

downflow type polymerization apparatus simultaneously satisfying the

above formulae (13), (14), (15), (16) and (17), surprisingly, the
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of the aromatic pol ycarbonate discharge port is 25 <_
A/ B< 900, wwith 30 < A/ B 5 800 being yet nore
preferable. Mreover, a nore preferable range for the
internal angle C () of the tapered bottomcasing in
t he polynerization reaction zone to the side 20

highQARINY hikgi-pabforenancd 2rofalic pdlfBarbohatel Baving dxcellent
165 being yet nore preferable. Note that in the case

mecH’én|%%‘Pgir%%%'rt’%yah&"H&ﬁ%&ﬂo*rﬁﬂoﬁo&é{ﬁffﬁé é%ﬂ@ﬂeﬁei@lr 8A

usi ng plurality of guide-contacting downflow type

amo%’r‘lﬂil éf“ﬁrdﬂ?%bocﬂa"i‘f’ﬁ’g‘omf ?%{taaél-é‘!%nﬁ@ F}gg oeosoff‘?fmér@f not

e-contactin
ar at use Cti
oss BEGR G tﬁoysaﬁlﬁk@%ié,5f%3éze>&amées*3tp'eessnﬁve%ée¢5° hours,
required | ength h each of t ui des
Stab'x)’a‘ﬁ’it@snoGl@r\!\ﬂ'ﬁ“f'actth&r é"épGEH aswedghpol ﬂ?@ﬁeﬁs%ﬁhat these

degree of the starting material prepolyner, the
condgivya@rezact §nnuétﬁp'@<waJVesmtrﬁflweas@bl@mamﬁqmesuch as the
pol yneri zati on degree and anount of the aromatic
desinza peadbotiaheamounirrepiobgiteg obdairedradareatiosiinghiehrumber
pol ymeri zati on apparatus, but a 5 nore preferable

aversigedaolsca? ﬁelgtﬁ_oﬁﬁﬁﬂ'e Mah appPoRimately2200 Hesing, stable

yet nore preferable. It is particularly preferable

prodﬁ@floh r‘ié’t Béir‘@fp\bstshSIe f& h oo hdirsMdradicedloratidh ‘bel?ng

Moreover, the required total external
f reaS(nQ) of the 10 guides also varies with
pronégétggguguch as the above, but a nore preferabl e

e is 4 < 40000, with 10. 0000, bei n .
?ﬂﬁofeeasp%mssﬁasoﬂ esnile, Bar sl 6, Ry Sh atic
15 < S < (i Inthe pbﬁsent |nven|on
po!y@qr@lcmatgx@@%pn ustrialescaleawith sueh g%)fQ?é e'?ﬁe%ﬁ@‘?ﬁén step
surface area of the (gw des with which the
(1) Iﬁommeﬁlqﬂremtymms ig supRased so i that,on additiam tofthe
exanple, in the case of the guide such as a pipe,
reasons described above, a composite effect arises when the above
conditions are combined. For example, it is supposed that this is
because if the guides having the high surface area satisfying the above
formulae (16) and (17) are used, then the molten prepolymer can be
polymerized at a relatively low temperature, and a large amount of the
high-quality aromatic polycarbonate having a desired molecular weight
can be produced; moreover, the tapered bottom casing satisfying the
above formula {15) makes it possible to shorten the time taken for the
large amount of the produced the high-quality aromatic polycarbonate
falling down from the guides to reach the discharge port, whereby the
heat history of the produced aromatic polycarbonate can be reduced.

Note that this technology for production on an industrial scale can

only be established through prolonged operation using the large-scale
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this nmeans the surface area of the outside of the

pi pe, the surface area of the surface inside the pipe
over which the nolten prepol yner does not flow down
not being included. In the guide-contacting downfl ow
type polynerization apparatus 20 used in step (I11),

produbtioshegeimhehieandsit o dititdut 8kfmg Mauthe [doet of the
hori zontal plane of the side casing in the

pron@hbﬁEéQﬁﬁim@ﬂtr@@ isoﬂnqlﬁ’grg?rtﬁﬁl/ fgétc?rnbhasthﬁ%%t HePtaken into

exanpl e pol ygonal, ellipt or circular eration

consiide B al 'Nn&ﬁ\rerrdél‘ri‘eeybf Lbcfe & MY ERt AR énﬂl?at the

reaction zone ressure€, and ‘hence any

a as 25 this red
equ'%ﬁ%ﬁ‘?ﬁst 6, 5 Tn inbabBRoRiRtioR & dhibeiFal SBRahe rgruced by
. g %pe cl se tagieto |s referable The side
US'"% PrigHide- Pﬁs GWRFIP¥h tY % RAIMPNGTi#A R @ RRARATLS
pr esent |nvent|on is thus preferably cylindrical. In

satlsmng the @abave fermulgef48).e( bk (183, (tdkaad tbh).cal

bottom casing to be connected to the |ower portion of

t hRangemoeqeedsiated icasnsipnsy amgleseandydo mar farathe

aromati ¢ pol ycarbonate di scharge port being provi ded

guidestdritachinigodewnfiiw gplel polyehetiRasioPoabparsAs 08ed in step
Taking the cylindrical portion of the side casing to

(1) have baen stk /e [blﬁlcﬁ%l%”ﬁréférﬁﬂgé 'Fahg%%“ﬁre as

and t aki ng the di scharge port to have an 1 nsi

a I '
follosiTA fiofe BiElardbie st 1k ME 1AL A3l 3% Aym™)
10_5< d< 50 L / < 30

*ake'fﬁéfg@%'ﬁﬁ%hhf’"%a"? | BlBnt of hb sidassasing in fhe-

ui de-contacting downfl ow type polynerization .
poly HBpEEAIaTe reSelinfr 20 mh b 1 Bof & FoRBR, PO b % g 200 bxing et

< D < 1500, with 200 <- D <_ 15 1200 being yet nore
moreppegferabl®. Mreover, a nore preferable range for

Moreover, a more preferable range for the ratio between A (m?)
and the internal sectional area B (m?) taken through the horizontal plane
of the aromatic polycarbonate discharge port is 25 < A/ B < 900, with 30
<A/ B <800 being yet more preferable.

Moreover, a more preferable range for the internal angle C (°) of
the tapered bottom casing in the polymerization reaction zone to the side
casing thereabove is 125 < C < 160, with 135 < C < 165 being yet more
preferable. Note that in the case of progressively increasing the
polymerization degree using a plurality of guide-contacting downflow type
polymerization apparatuses, taking the angles for the guide-contacting
downflow type polymerization apparatuses to be C1, C2, C3 ...
respectively, it is preferable to make C1 <C2<C3 < ....

Moreover, the required length h (cm) of each of the guides varies
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Ddis 6<_Dd<_45 with 7<_D/d<_40bei ng yet nore

preferable. Mreover, a nore preferable range for L /

Dis 0.6 5L/ D<- 25 wth0.7<_ L/ D<_ 20 being

yet nore preferable. Moreover, a nore preferable

range for L (cm is h- 10 <L <h + 250, with h < L
with factbrs SWéh BeJ ik polyd@ rildifo PRiedbb e thd RRaPlie§irfaterial

reason why the high-quality high-performance aromatic

prepBRIMEAT RN BbPy MRY 24 & ¢8H i tat TRE BMY pRés IPCARH GRe
W'th I y Wwth no

no discoloration can be produced’ sta
At i I I [ 0 [,qd
poly B dobrBR Gl fhout] Jfthe, Aol bpIE oFdE or
| ymerization rate in. st [11) is not clear, but i
prepBRitgRto (5 pEOLLEsR N Fist Hatnalvinerizalitn Aniaiastshoul a
gui de- cont acti ng, downf | ow tg/é)e 67 polynerization
moreppriesablg sanoe kst 280(T ih 5, 3Q0Q, witdy 26R< tace?5@P being yet
molten prepolymer is led fromthe receiving port 1
moreypeefeieblieedilhis panticalanhy prateraiderforh éol satiafy thet o
the guides 4, and then has the polynerization degree

followheg éofmuiz{2d43ed while flowi ng down al ong the guides.
Effective 5 internal stirring and surface renewal of

t he nol t goope epelymmy are carried out ‘the nolten
prepol yner flows down al ong the guides, and thus

r eg¢abvet, H‘i@@@hg@;ec{ E@a‘l gégfieI'ﬁaFﬁﬁfﬂa%‘é qHa s éguz()ﬂof the

effectively, wher ymerization procee a
: o Vi.S Lty hher, S t
auiad €3 UaFiod WieTALNEZE0Sh o EBERTAS el e qrpterable
of. the £l ow 0 nel.t jal to the guides
rangd g b 5s8e A0 G Pt ha Sbsro 690 BainGutet afbrpabaserable.
stuck to each gui de increases toward the bottom of the
A pagiisiearlyrpreferaie range ishtd reSi §4RQ0Q méndhet peesent
) nol ten prepolyner on the guide, i.e. the
inverginynthe Ziatabexteenali surfaceearaaof dheeguidedrmeans, the total
for th the nolten prepolynmer, which flows down under
surfaicesaowym ofghghguided eith which the molten prepolymer contacts
when flowing down; for example, in the case of the guide such as a pipe,
this means the surface area of the outside of the pipe, the surface area
of the surface inside the pipe over which the molten prepolymer does not
flow down not being included.

In the guide-contacting downflow type polymerization apparatus
used in step (I!1), the shape of the inside section taken through the
horizontal plane of the side casing in the polymerization reaction zone
may be any shape, for example polygonal, elliptical or circular.
Operation is generally carried out with the polymerization reaction zone
under a reduced pressure, and hence any shape is acceptable so long as

this reduced pressure can be withstood, but the circular shape or the

shape close thereto is preferable. The side casing in the polymerization
66




10

15

20

25

15 being supported on the guide, the surface area per
unit weirght is very high, and hence surface renewal
is carried out efficiently. Increase of nolecular
weight in the latter half of polynerization, which has
been inpossible with prior mechanical stirring type

reacfl8hyZ&hé Zatthenp b Binisaftion 68NhuBYUsSrdierabhacPifdrical. In
easily. This is one of the excellent characteristic 20

I
i uf4e j ' ' {
this (785 5 BreferanRe 4F Mhe HaPefRd WHACE) SotiRleading & be
r. Stuc t . QUi [ Lt t
conriFtb8oto "tk Koy ol bE T DAIRITER e’ EalfY.offtpythe
. each of the, quides is th dhesi ve hol ding force, .
cylinghical aroe e Ralyear BobAte Aupehaias St potagdrided in the
approximately the sane 25 anount of the nolten matter
lowerast PRl Hatebptiane casiagrel takingsts cylindsical portion of
supported at the sane height on each of the guides.
the fideMasing lchavieeanvhside diamatar D {cograndwisngthf bdcm),
onto the guides from the top thereof, and hence
and takihgntheatsdradrge ponctehseed pnlinsidée Zhbhaterdkgemg, D, L and
havi ng approximately the sanme nelt viscosity

d préfenbhbRy8dsisyy ftRk! foll odPng fd‘rhﬁ’ulta*ée(i’@},t(?’ﬁ)PQQQD%Tgﬁg%'S);

the casing fromthe | ower ends of the gui des.

is, aro InC<R9lY onat e of approxi y the sane
pol ymaringgl){oiT)rilﬁd'ez:i;rﬁglea produced while ftowi ng down the

gui des cegl Lect,s, in.~the tapered botto rtion of the
casi ng, gnﬁ%ﬁérgcé %Qormti c polycar bo%@ Wi th no
variation in | ecul gr wei ght can be c i nuously
producedB-é’tﬁ goli § %@g)( her excel | ent ch%ctaéﬁjsti c
feature of the 10 polynerization apparatus used in the
present hnved® Edn= e 3Gbnatic  pol yctddonat e
collected in the tapered bottom portion of the casing
i sFo¢dhei guislesicp nia ctidgasewnhliosw yp € molgnsetizatienpapparatus,
7 by a discharging punp 8, and is then generally

a morenptefaoable/ rantbeorBd ot Risan50xt Mudel 500 withi200 < D <

case, additives such as a stabilizer and a
1200/88IAE vt GAbr& Hred6fdble. Moreover, a more preferable range for
D/dis6<D/d<45, with7 <D /d <40 being yet more preferable.
Moreover, a more preferable range for L/ D is 0.6 <L/ D <25, with 0.7 <
L /D < 20 being yet more preferable. Moreover, a more preferable
range for L (cm)is h - 10 <L <h + 250, with h <L < h + 200 being yet
more preferable.

The precise reason why the high-quality high-performance
aromatic polycarbonate having excellent mechanical properties with no
discoloration can be produced stably with no variation in molecular
weight for a prolonged period of time on an industrial scale with a fast

polymerization rate in step (lil) is not clear, but is thought to be as

follows. That is, according to the guide-contacting downflow type
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15 may be added in the extruder. The perforated pl ate
in the guide-contacting downflow type polynerization
apparatus used in step (lII1l1) is generally selected
froma flat plates, a corrugated plate, and a plate
that is thickened in a mddle portion thereof; the

polymeap@tidin pheceesfisad ¢ spept@ll) stloereamingy rﬁéteﬁ(?élemoﬂfbn
from shapes such as circular, oval, triangular, and

prepgg)rMGP”@IedWSm Prlf@l‘i’éc@fwﬁ ﬁf tvh§ tﬂ@'f@%dlﬂ tﬂfhe 3 and the

forated plate is genera ecte from hapes
I
perfo&%ﬁgg }Sla?é rﬂ;ﬁ%?ﬁe @%‘3 béﬂ'a.l.ﬂ'l sec%ﬁ fc)li]eaﬁla?fﬁ%rlzratlon

oor SRR A TG 1 By, e
e S D B e B

centers, is generally in a range of 69 from1l to 500
out asnthe meskenmre Folgmersilowsidowmalong thel geidies, and thus
perforated plate may be hol es that penetrate through
removad gfeplienat ed thedilke is waraileideonaeffegdtivalypesh erepybthe
installed in the perforated plate. Mreover, the

polymereatidy phectaper£da fasthaté gumirs méin vﬁ@@osnty increases as
gui de-contacti ng downfl ow type pol yneri zati on

the p@ﬂ?ﬂféﬁi@tlé’ﬁ%dc@zeﬂs‘s%ﬁd IHondE e 1 HENBA fdree &afle flowing
which the ratio of the length in a direction

dowrPﬁ{é’l?'?HéréeFﬁg{ }]6 thé, beEORl?h a8 gs! 'a% flﬁ.'u{“théeamb% Yt the

aver age ( € o0t & perlph
o uP B ik o b b Tl 48 Sdipm of he
ably from 50 to 100, 000. . . The shape of
Qu'dgorﬂ' iBtraPagschadthiesregjdeacs I'?‘%Qﬁébﬁéa'oﬂﬁedhpéﬁaﬁbﬁnef on

such as circular, oval, triangular, square,
the qwd9g¢>@altheanqlmarlzghmbﬂeaqmnénape inereases seMorgover,
may be constant, or may vary, in the length
for thi mmlltenrpremmlgmmc wheigbhflotvst dewguudder ritsy owbe weight while
hol I ow. Each of the guides may be a single wire, a
beingisugpbrtéd ron ehe guide, the surface area per unit weight is very
high, and hence surface renewal is carried out efficiently. Increase of
molecular weight in the latter half of polymerization, which has been
impossible with prior mechanical stirring type polymerization apparatuses,
can thus be attained easily. This is one of the excellent characteristic
features of the polymerization apparatus used in step (lli).

The only reason that the amount of the molten matter stuck to the
guides increases in the latter half of the polymerization below a middle
portion of each of the guides is the adhesive holding force, which
corresponds to the melt viscosity, and hence approximately the same

amount of the molten matter having approximately the same melt

viscosity is supported at the same height on each of the guides.
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15 single thin pipe made to be such that the nolten
prepol yner cannot enter therein, or the like, or a
plurality of such guides may be conbined using a
met hod such as twi sting together. Mreover, the guides
may forma nmesh-like structure, or a punching

Mea pWaili ke, |thiseml tie i oridinie somfiraeuely fe@adntauiHEe gilides from
be snmooth, or may be uneven, and nay have projections

the t8B MHerkhs, bh'ﬂehéﬂcgllﬂﬁﬁ%n RiEPA CindyEd8 daﬁﬁlﬁi_merization
I as s, thin

n
cylindrical ones suc wres or thinro

oeorBEERa Y HRRPSKITAAOREE, sBE S, S8 D A v
sowfBlc IEERGHITH 545 158 BAa 5ol ongirof tho

..gui des not having ., 25 such a heating source therein are
gu'd%&t iThatis), arereatic Anlycarbepate gf appioximaiehythe sgame
of thermal deterioration of the prepolyner or aromatic
polymerizationdsgreeep toduted sviladowing Hewjuitheguidest ¢ellects in
gui de-cont acti ng downfl ow type pol yneri zati on
the tappaedthsttoms pdriiontdfethe easing, andrténce arvoinchtic
enabl es production of the high-quality aromatic

poly¢iboredteowdthenenvamgtibAdusindlebukrakveighhchArt® cdinthhuously
production anount, prolonged stable production, etc.),

prodaceart i'FHi'S?‘@héinoﬂ'iéf @?(EﬁiI%n?‘éh%?g%iéHEfiHrf%aitﬁré’%‘f tﬁfg a

type in which a plurality of guides each having t

pory Bl MioBl 80t 1y 48 b SRR, 57 aromati

ove ar€ join
vertical intervals [ transver.se supports . fromthe.
polyqfdite EShSEtR T fhe fErstP i St Bh pv BB RO the EReing is
mesh-1i ke, ﬁui de structures in which a plurality_ of .
contiguicysly widRAFRYNHG reHeh tha disghards petbr BY ehidisgharging
or a thin gipe as described above are fixed together
pumpd, N4 isibeargenetg@hp continwmsiiepeldptizediia doexdmder.
of the guides at suitable vertical intervals, for
In thisxaapée aidditivealsudhmas a atgbilider Andm Wweath20Proofing agent
t hr ee- di nensi onal guide structure in which a plurality
may be added in the extruder.

The perforated plate in the guide-contacting downflow type
polymerization apparatus used in step'(lll) is generally selected from a
flat plates, a corrugated piate, and a plate that is thickened in a middle
portion thereof; the shape of the perforated plate is generally selected
from shapes such as circular, oval, triangular, and polygonal. The
shape of each of the holes in the perforated plate is generally selected
from shapes such as circular, oval, triangular, slit-shaped, polygonal, and
star-shaped. The sectional area of each of the holes is generally in a
range of from 0.01 to 100 cm?, preferably from 0.05 to 10 cm?,
particularly preferably from 0.1 to 5 cm?. The spacing between holes,

specifically the distance between hole centers, is generally in a range of
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15 of such nesh-like guide structures are arranged in
front of and behind one another and joi ned together
usi ng transverse supports at suitable vertica
intervals, for exanple intervals in a range of froml
to 200 cm or a jungle-gymlike three-di nensiona

fromOUtd SO0 e, Wrefér bW fbnd 28 to 200t href  The tedesahthe
havi ng t he formof awire or a thin rod or a thin pipe

perfcﬁ%é@@ ;ﬂ E@drrhgggn?‘wgsﬁg%tfﬁégﬁé’t thﬁ.ﬁ hRhE’ PBEfoPhted plate,

eft a one not her u3| ng

o o NHRRARTL AP .M B A oroover

'153 tra rse sypports are not only useful for
the Eﬁlrﬁé‘yt F”R?é? al s between the guides
roxi mately constant, but are also useful for
| n h@asQLHQetshén2*9%9@?‘5&9100&"?%59@%‘?"“1“!0& typepplymerization
guides, or guides formng a three-dinensional )
appasatus uses imesteg {pppmeamayg teerober for saah ehtvwhichl the ratio
71 as the guides, or a different material. For the
of thguedegtbdntadiregicowdrbendigpkarpa sresiizantainsection relative
apparatus, in the case that each guide is

to théyé\Jrék(éfgeWén o ohdhetd\eterqieniphedy PIfRRISRARIzAMaPRection is
such that the nol t en prepol yner cannot enter therein,

very \Hh@ﬁ a”l'lﬁsotlﬁt&# @fg‘@rﬂﬁ%ﬁl mfa(r%fﬁ(gze bf Wc%ei 6%3/1 000,000,

Isfies th Fow ng formula

prefarably (A, S48 TRB i J‘ﬁ%ﬁ iEPyEl “?%‘M'%J*?‘ﬁ”%%" s

des d,al so ve a ction n
genely|Iy e pPLas oo Sheped sl e Claefasa Sypls riandviars square.
10h|d|ngt|rrE|srelatedtothe ol ynmeri zation
polygenghiaid statshapesbsclhgeshapgicth '§§Qfﬁé0n may be constant,
pol ynmeri zation proceeds, the nmelt viscosity of the
or maylvary, iptbpdeygth queg'ﬂensi Wbyeovier,caaels ofdhe guites may
the holding tinme and the anount held progressively
be holioweasEachasf thegguédeswhay\be @osinigle wire, aagimyie tbfin rod, a
the nolten prepolynmer held by the guides varies with
singleh@in pipe made to be such that the molten prepolymer cannot enter
therein, or the like, or a plurality of such guides may be combined using
a method such as twisting together. Moreover, the guides may form a
mesh-like structure, or a punching plate-like structure. The surface of
each guide may be smooth, or may be uneven, and may have projections
or the like in places. Preferable guides are cylindrical ones such as
wires or thin rods, thin pipes as described above, mesh-like guide
structures, and punching plate-like guide structures.
The guides may themselves have a heating source such as a
heating medium or an electrical heater therein, but guides not having

such a heating source therein are particularly preferable since then there

~ is no risk of thermal deterioration of the prepolymer or aromatic
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15 external surface area of the guides, i.e. in the

case of cylindrical or pipe-shaped guides, with the

out si de dianmeter. Mreover, the guides installed in

the pol ynerization apparatus used in the present

i nvention nust be strong enough to support their own
polyverighmate bs thee suefagie obftthéhguidielst en prepol ymer bei ng

hel d. For this 20 reason, the thickness of the guides

| S |h{Rer§@ife- céﬂ@'abﬂn%hdbﬁﬁﬂ%v@iyp&ﬂdl?ﬁféﬁﬁéh@h apparatus
pi pe- shaped gui des e above fornul 25) is

usedlIEHRE ekort AniBhLBH, Which LRSS dBaRcich of iR,

t abl e "oper dati on becones

o S eS8t RS T E dn Re o

robl ens 25 such ,as having to nmake t
Pfodb'&f'%‘r afr&tﬂbﬁ :ﬁr@'%sa?d HHADIS QIOMAB ™ FE - 1 pagullca'é@rly
in the pol ynerization apparatus, and noreover there is

prefenabie gtﬁl@.eeab'élthqaas paepk et inwish aPlurelityoof gnides
prepolyner held is too high, resulting in problens

eachshaming tharfoam of ai witeher mptidouted onea giin pipe esadesgribed
For such reasons, a nore preferable range for r is

abov@ &be Jomedtofethemat Butadls vertical InfeMelousing th@nsverse
preferable. 5 A preferable material for the guides is

suppdtes SRIMAGhAtdp e thet %ﬁoﬁ%@ﬁhésgéfo%sf” eE%a?ﬁﬁl@s are metal
carbon steel, hastell oy, nickel Itanium chrom um

mest"I n@\:ﬁﬂe %@HJ&M'FS |ﬂ| JvﬂY Soh%ﬂnlaﬁtt)é ﬁlﬁ%’ SEQPHhavmg the

ric nraterla LLTeE 38
0 L Mor.eqver, surfac s ,of the
formgcgl’: *ﬁ%raaty % t@n Sgc$|é§ 'rlhdnaqweoﬁas\gae;sfcd&e @bove afe fixed
eat nent S necessar suc | ati ng,
toge%h%rsvmg irmsfveearﬁﬁewp Hs GoRshe AgP & thRBAMt e
phenol .. There are no parti cuI ar limtations on the
QU'd‘b%sﬂttSlbh%\lPIer ¥pHicankiepvalsetfae exampl gy intesyakmin eheange of
perforated plate or the positional relationship
frompetosdt) che, guthdes-dinuensionz@sidenstrbetyes frometiett a plurality
plate so | ong as the
of such mesh-like guide structures are arranged in front of and behind
one another and joined together using transverse supports at suitable
vertical intervals, for example intervals in a range of from 1 to 200 cm, or
a jungle-gym-like three-dimensional guide structure in which a plurality of
guides each having the form of a wire or a thin rod or a thin pipe as
described above are fixed together in front of and behind, and left and
right of, one another using transverse supports at suitable vertical
intervals, for example intervais in a range of from 1 to 200 cm. The
transverse supports are not only useful for keeping the intervals between
the guides approximately constant, but are also useful for increasing the

overall strength of fiat or curved guides, or guides forming a

three-dimensional structure. The supports may be of the same material
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15 nol ten prepol ymer can contact and fl ow down the
gui des. The guides and the perforated plate may be in
contact with one another, or not in contact with one
anot her. Although there is no such Iimtation, it is
preferable to install the guides in correspondence

as thé iuitiee, el #9iffaréMematerfar ated plate. The reason
for this is that design may then be carried 20 out

SUGyt frat gh*i‘&;?fﬁﬂﬁt%'&tﬁfgee witdhle aslﬁgwﬂzfa&@ bpparatus,

perforate ate contdcts the gurdes | ultab

in thEnEaEhRL <R gide I8 Tl € FTHES RBellorm B i mace
o OESHH TP R LRSHAG s alROLS RS, i

wal | of the polynerization apparatus, and 25 the

outsiflg ddamater 5r (G heuPEeiarabhw s adisdie g theidofemdngdosmula (25);
through the vicinity of a nearly central portion of a
hole in thé perfdrated plate; (2f28). 73 nmethod in
whi ch the upper end of each guide is fixed to a
perMhehguidies poromote pblynenigatioreind the matere prapbhaner as
perforated plate, and the guides are provided such

the middierepe8p8IlYABr FRIPS IS thBr guifes? 4wl %168 Rd\e a function
perforated plate; and (3) a nethod in which the upper

f i ' ' e t hen:
of hEUh 8 thEaFfeIRA EPePolinbt 18P A elidi ARSI HRifle, 1 Tnis
| t. . h . per, at e .
noldls ol 1§ ePSERE L ARG B Toali B iblce A HiATalRE™ s Msporibed
in which the nolte r epol r j,s allowed to, flow down
abovg, 39 e RN MRHZALPYRI e e dR ey HeagoSitPTatne molten
thod in which the nolten 10 prepol yner has pressure
prepgﬁamieécprﬂﬂe'eéﬁbvmi inRgraapefpabd haaceithe hatding timpiand the
extruded fromthe perforated plate. A preferable
amoysdt hedd iprogressivelytincheaser edaarcargivet medtnisadfsithehe
starting material nolten prepolyner is fed into the
amobntdifrthezmadterf propobahendreldahy the apnideat vsriggdeithathe

pressure using a feed punp, and then the nolten
exte AT EIPOl AR AF8s ofefle guides, i.e. in the case of cylindrical or
pipe-shaped guides, with the outside diameter.

Moreover, the guides installed in the polymerization apparatus
used in the present invention must be strong enough to support their own
weight plus the weight of the molten prepolymer being held. For this
reason, the thickness of the guides is important, and in the case of
cylindrical or pipe-shaped guides, the above formula (25) is preferably
satisfied. If r is less than 0.1, then prolonged stable operation becomes
difficuit in terms of the strength, whereas if r is greater than 1, then the
guides themselves become very heavy, and hence there are problems

such as having to make the perforated plate very thick so as to hold the

guides in the polymerization apparatus, and moreover there is an
72
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15 onto the guides via the perforated plate fl ows down
along the guides under its own weight. The nolten
prepol yner is generally continuously fed into the

gui de- contacti ng downfl ow type pol ynmerization
apparatus after having been heated to a predeterm ned

incrade/ IR pared miie fee i@ aAh B At ofithel MdItEIP p@épbﬂirﬂ@rfhélﬁfls too
a jacket or the like to be installed on an outer 20

hlgh;@%éuﬁfndzh‘? Hbﬁj@m%oé‘ﬁ@ﬁtdéqgggi‘é‘ﬁ?fﬂ PthﬁééFiﬁol%eular weight

ol ynerizati on appar at us to carry out ating t

ey FSERUER ARG oR SIS P 45 0

a ng erature of the | ten prepolyner,
< 0.4 b b Bor s o b Vféﬁeoawre?ﬂ@'%@rforat ed plate
and mai ntajning the tenperature of the
pofyRisfierablie Matelial (o theneuideg isiane @3&%@%H@r@ Haetals
tapered bottom casing. 74 In step (IIl), the
sucht agdainless siealhearkantsterl, hasteloy,.tmickebl titanium,
prepol yner obtained fromthe aromatic di hydroxy
chromiopuald mimlmhandlothigt ataybpmdgkly heatdrestdtacht tpplyheeric
pol ynmeri zation in the guide-contacting downflow type

matdtflI$N R abi on. aBandeds §t@e¢ﬁst;$ar5|dﬁzn9ﬂ90@réfb¢able
aromati c pol ycarbonate is generally in a"range of from

Mor&cbérosu?r?é)c&éh'q ﬁﬁnd@s‘:ﬁ% 'brégsElB ddiedPRd %ﬁ?i‘?rbiz@éh%

appar at us use pr esent |nve tion, cl ent
ce.r r a a
treatRbn e 85 TRl 66k i Brtihe HERTE PAaRRatish ifén‘%ent
roce | atively | ow tenperature.
acid H\‘%ﬁﬁ?e'l”z‘i’ol Vas n%ﬁ”‘% fré‘?r‘b bature is thus in a range
of _from 100 to 290C, nore preferabl¥| from150 to )
278bergyane poneartiaHes limitakions apithe pgsttignalr ealationship
for wultra-high viscosity polyner, which reactor is a

betweemvthe igoides pud yherperforate pimtmouiheiposiai@nal relationship
general ly been necessary to stir for a prolonged

betwgg(n;i téub gluitlesmmd therhale st ienttes plerferatbdnplateess Ioh@ras the
molten prepolymer can contact and flow down the guides. The guides
and the perforated plate may be in contact with one another, or not in
contact with one another. Although there is no such limitation, it is
preferable to install the guides in correspondence with the holes in the
perforated plate. The reason for this is that design may then be carried
out such that the molten prepolymer faliing down from the perforated
plate contacts the guides in suitable positions. Specific preferable
examples of installing the guides in correspondence with the holes in the
perforated plate include: (1) a method in which the upper end of each
guide is fixed to an upper inner wall of the polymerization apparatus, and

the guides are provided such that each guide penetrates through the

vicinity of a nearly central portion of a hole in the perforated plate; (2) a
73
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15 under a high vacuum of not nore than 133 Pa.
Moreover, it has not been possible to avoid yell ow ng
due to leaking in of air, and ingress of foreign
matter, through a stirring shaft seal. However, wth
the polynerization apparatus used in the present
methoy entwRith bes apgserd BAdef sachqguiegiehrnfiral & arperfipheral
there is no such stirring seal, and hence there is 20
portio¥ %t laint hbﬁe'r%%d g 4 ﬂo@% iﬁ'theaﬂgp%?ﬁ% lp'f&fé,hﬁﬁﬂnch%’ guides
anot her characteristic feature of the present
j 0L, ] t i ' I
are pRARELCRIEA haf edcl gBY TRIEARICT AR BR1C 1Fdne
onventiona

perfGitedoRat: Al LPtppagn v B8N ERor 8 of each guide
s fife o thetingiersidgerh oaaToiatedobieduce a -

hi gh-qual ity aromatic pol ycarbonate with no
di ropies o tbe ensxtbpdsrigari waking $hepwoliess prapehwmer pass
present invention. 75 Moreover, even if the

throegh\vbet perfalrabed ipdate aindoflaxw dowst alongdheypeidesautiade a
for ultra-high viscosity polynmer is used, producing an

metrecs@mntmicrpﬂiefmheh?mpﬁlymi i Hbeb td fidw aftawRrthrough
above is inpossible due to the ultra-high viscosity

its oWn WBgRt ¥FRhieClifGld hRRRP & a RithWd th WHick the molten
gui de-cont acti ng downfl ow type pol ynmerization

orecERERAR 13 4985000 W48 5811 DAFL #Bugfy 57 ol ana s

aro ycar
produge asily. That is, wth th ui.de- cont agti ng. ,
thusRARHARE B0 eNs Ageratia Plateap ataiS aiemithy &is one in
. the present invention, the aromatic polycarbonates of
wh|c§| 2 Ryesdedermingd Ampsint e Atafting ﬁqf@rraé|rapi!\%1 prepolymer
. | ow nol ecul ar, wei ght up to a high viscosity grade can
is fegdntptbeuaadinghzene pidihcopalyngrigadian appasates under a
feature of the present invention. In step (Ill), as
presshee pdingea ifeadi pumpeaantd dheprtheceudie apoepoilgmer thus led
nonohydr oxy conpound i s produced, but this is renoved
ontoftheyuittes via the perforated plate flows down along the guides
under its own weight. The molten prepolymer is generally continuously
fed into the guide-contacting downflow type polymerization apparatus
after having been heated to a predetermined polymerization temperature.
It is thus preferable for a jacket or the like to be installed on an outer
wall of the guide-contacting downflow type polymerization apparatus, and
to carry out heating to a predetermined temperature by passing a heating
medium or the like through the jacket, thus heating or maintaining the
temperature of the molten prepolymer, the prepolymer feeding zone and
the perforated plate, and maintaining the temperature of the

polymerization reaction zone, the side casing and the tapered bottom

casing.
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15 reaction system whereby the reaction rate can be
increased. A nethod in which an inert gas that does
not have an adverse effect on the reaction such as
ni trogen, argon, helium carbon dioxide or a | ower
hydr ocarbon gas is introduced into the pol ynerization

apparsteps(lignthé e m s aitare CMHORYAEBSH ih
producegsg sqentrai ne@déby this gas and 20 lt ﬁﬁg%ﬁ%‘\?eﬂ?lten

roc] : : i : c , q
Pre e aootelne Ont Mip SFRFHABE Jify BR6ky SrbbulA Ehq the
i e : h I ' A t.wo,, et hods
diarf} CETAEEIS s pBle SBE AT 118 SOV Fib RGN,
. su se,.there is no need tp introduce | ar ge
guid§EohfEINE Howiliw Gt pRTGMerasti FaRaratus $o as to
apparatus, but rather just 25 enough to naintain an
pr Odiuﬁ@r{heg§§0maﬁfsﬁwéy%awl}%w@ tneeagpalixtiosairgnge of from 80 to
sufficient. 76 Furthernmore, a method in which the
350 'er tHgwevey, sosording itattbet pelymetizatiopr epplayatirs used in the
advance before the nolten prepolyner is fed into the
presgot deveotivactaffigientvad Hfawet ngreewal jereairziadi ot accompanying
apparatus, and then the nolten prepol yner having the

internaé¢mstirgiag, arsdheartd H%Qid]}/h’%&@lii@ﬁﬁ%%d%ﬂ eanlSe made to

pol yneri zation is also preferable. A preferable

procéeacat 8NrePAATEH fowtehiSe PRLYEET i%%#’b?é}aao‘igﬁf%dfﬁo jn

step (I1l') vari‘es depending on the type an ecul ar
Lgh : I.C rhonat be produced

tempttathte S hIS i Rafbeel Rl YO IR A Bl Prsferably

C wf a of pr.oduci the aromtic 10
f“’mpﬁ?s@ésr&%ﬁ?e%ﬁm BINSTEPR A Hasia) Shing tRaceaatps for

It ﬁﬁs henol A an dighenyl carbonate, in the case of a

witrapigineY 15698 WyRORENEEUWVAICh epgher bF al e@RVeRtANS] 000,

the reaction pressure is preferably in a range of
polymesiratonn apparedes Pi, hasgeneratly beep mécassambts stir for a

average nol ecular weight in a range of from5,000 to
prolongeadPeridd of damei anadrighsiempesature of not less than 300 °C
under a high vacuum of not more than 133 Pa. Moreover, it has not
been possible to avoid yellowing due to leaking in of air, and ingress of
foreign matter, through a stirring shaft seal. However, with the
polymerization apparatus used in the present invention, because there is
no mechanical stirring, there is no such stirring seal, and hence there is
very little leaking in of air and so on. Furthermore, another
characteristic feature of the present invention is that the polymerization
can be carried out adequately at a temperature lower by approximately
20 to 50 °C than in the case of the conventional horizontal biaxial stirring
type reactor for ultra-high viscosity polymer. This is another big factor

in it being possible to produce a high-quality aromatic polycarbonate with

no discoloration or deterioration in properties in the present invention.
75



10

15

20

25

15 preferably in a range of from50 to 500 Pa. In the

case of a nunber average nol ecul ar wei ght greater

than 10,000, the reaction pressure is preferably not

nore than 300 Pa, particularly preferably in a range

of from20 to 250 Pa. Wen carrying out step (II1),

an M i@itd e en@ry fatheoBaheeRdiond HoriZénttashiagtal stirring type
pol yneri zati on degree can be produced using only one

reacfiCior GHF&ATIERANBEDLY oMM EPYS %@%I,Hfﬂo)ﬂ[ﬁfihgaéﬁ Htomatic

apparatus, bUt depending “on the polymerizati on degree

ol gl afPbf SReUEASBE SRS o Moo rbasivi due t
tne R HRIE Sy BeRSanalHE AR Bl wipare

..pol yneri zati on apparatuses are |inked together so that
gu'dgrregnt;?&tmgeﬂpz\m oW Yeg Balyraepizadiors apparatusysessty the
mag_be preferable. In 77 this case, guides and
preseahényentieondiveinoashigh vissiosifograte greinyateipelycenbonate

degree of the prepolynmer or aronmatic pol ycarbonate to
can bhe pnoadicest earsély. prEfiet )l withdidet gdidercordabtiolg downflow
pol yneri zati on apparatuses individually. For exanple,

type ipolyhrertasonfapp sttuenattordihghtd tite fpresent Invention, the
gui de-contacti ng downfl ow type pol yneri zati on

aronﬁ%ﬁ??@?*@arﬂ&%ﬁa@@f“éll g#ﬁﬁse?ftﬂlﬁ'uf‘%tdigﬂ gg'g\él'éf haVidy &

pol y zatl on apparatu gui~de- cont act ng
¢ . . .
rolatffH 18 nidiBELRE WETBRE B 5 o2FRA Slehul{ Brg8¥/ddh be
tys. ... d that th I Lzati
prodiBBRLE 1Ris is,aRd e B R ArrERiale TeBRiroot HAS mrBiento
) external surface areas of the guides possessed by the
INVeR{Phneri zati on apparatuses to be S1, S2, S3, S4 ..

respectively, the systemcan be nmade to be such that
s1in-step (Hly,sgs thepelymerizationetrastion proceeds, aromatic

pol yneri zation tenperature may be the sane in each of
monolhedrqol vompaahdds proabraddisiest this @ temoaeidvirom ithy

be progressively
reaction system, whereby the reaction rate can be increased. A method
in which an inert gas that does not have an adverse effect on the
reaction such as nitrogen, argon, helium, carbon dioxide or a lower
hydrocarbon gas is introduced into the polymerization apparatus, and the
aromatic monohydroxy compound produced is entrained by this gas and
thus removed, a method in which the reaction is carried out under a
reduced pressure or the like is thus preferably used. Alternatively, a
method in which these two methods are used together can also be
preferably used. In such a case, there is no need to introduce a large
amount of the inert gas into the polymerization apparatus, but rather just

enough to maintain an inert gas atmosphere inside the apparatus is

sufficient.
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15 increased. Furthernore, the polynerization pressure
may be progressively reduced in the polynerization
apparatuses. In this sense, in the case, for exanple,
of progressively increasing the polynerization degree
using two polynerization apparatuses, i.e. the first

guiFdetermace] aomeéahotl imwhydle thel ineRt gaat isc8bsorbed into the
apparatus and the 20 second gui de-contacting downfl ow

MolteYiDSra1sd [y fRé i ?rﬁfaidQ/'én%%OBb?él"éSthétmbﬁenpﬁ@{ﬁlgm@r fsoged into

use guidés such that the total external face are
. 1 . n A 1 QN
the GHATEbNSEHATTIENDERY i SRz R4S ang) then
f e i i.n.the second i de-contacti downf | ow, .
the BoUH Pk ERaT naYingihrant aas aBSorhed ersiy ig SUbjected
fornula 25 (26); < Sl / S2 < 20 (26). 78 If S1/
to th§2p$l;ym€§’§att§?§hgsl?}ﬁ%@ﬁefﬁrﬁﬂlém ari se such as
variation in the nol ecul ar weight increasing so that
pr &\ BrRfedablespachpsdoees e ethenmolymdrnization appiatatus in
becom ng difficult to obtain a predeterm ned

stepdilldpveriemdependingvwretbastyipfe Shd/ mélecslagrweight dhame
20, then the flow 5 rate of the nolten prepol yner

aronfdtoipady cdarpoidie golibdeprodueba, 8186 PuslynidtiyaBohzeinh @8rature,
appar at us becones high, and as result problens arise

i+ PR R e A DR S
Poly B R AR ot SO b e B REr hBRUCER e R 8b Ropor A
an [P REA AR o BB bt PR i e Sl
e 553 RAnE TR0 I FRRE et S iy o e
the system the nolten prepolymer nust be fed into
of frameA88itendA0iHanand in the case of a number average molecular
weight in a range of from 5,000 to 10,000, the reaction pressure is
preferably in a range of from 50 to 500 Pa. In the case of a number
average molecular weight greater than 10,000, the reaction pressure is
preferably not more than 300 Pa, particularly preferably in a range of
from 20 to 250 Pa.

When carrying out step (ll), an aromatic polycarbonate having a
desired polymerization degree can be produced using only one such
guide-contacting downflow type polymerization apparatus, but depending
on the polymerization degree of the molten prepolymer used as the
starting material, the produced amount of the aromatic polycarbonate,
and so on, a system in which a plurality of such guide-contacting

downflow type polymerization apparatuses are linked together so that the

polymerization degree is progressively increased may be preferable. In
77
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15 apparatus in an anount greater than | ton / hr. The
anount of the nolten prepolyner fed into the

pol ymeri zati on apparatus thus varies depending on the
pol ynmeri zati on degree thereof and the pol ynerization
degree of the aromatic pol ycarbonate to be produced,

this 84sel uidseraAld YehBtion édMIRIoHs sudtable GrtRelpSlyinddrization
hr per 1 ton / hr of the aromatic 20 pol ycarbonate to

. : . : .
degras, & e Biepolyifier Wil dati BOIRrbBRAL B b4 produced are
c oun n he _di ar carbonate.in.ste [ an
prefqiaty Ao 196 BRB UiR PRIV R idliGL e thesShe
... carrjed t in the presence of _.a catalyst as.required
indiviGUalyy o Birs Eamilentn 380 Asaal & SUsiRM, iy Whighdhe first
..are no particular Iimtations on such a catalyst,
guidetiarHaghlp e omiflowdy penpehemerizadiomagpasefush. the second
Exanpl es of 79 the catal yst include alkali netal and
guideddan tiasdi ngpdow nfbewl typedpokirdesizatiom apgpalratus,uthe third
hydr oxi de, sodi um hydr oxi de, potassi um hydr oxi de and

guid eatan tantinty doowifitew tepleabolymeeilzatidi appalrktl s nthecfodirth
netal salts and quaternary anmonium salts of boron

guidélrbfbrﬂ'alé'ﬁiin'ﬁlﬂbwmé\ﬂet?p%euﬁbIﬁﬁeh&b'ﬂiﬂ%ﬁp%‘r&fﬁé‘l.Jmare used so

hydride, sodi um borohydride and tetranethyl anmoni um

at 5 SFIAEo bl dgres  pROG BRI R Iting e tota
o] dride. alkal] .neta | i e s

exte il PHTREE S ofHeLd BESboRPias R SPLLRE 55 hrizarion

et hoxi d nd cal gj.u hoxi de; al kal | tal and
apPaEPRR PhE0 BE el aS RS Aryt R REGT o 1BE FY St Gan be

phenoxi de, sodi um phenoxi de, magnesi um phenoxi de, and
made¢ ito-r¢ soch trat R4 A2 eNg3(mEt @ n- Ar Mergewenitiean

aryl group); alkali nmetal and al kaline earth netal
polymegimatoradeohpmiatsre mehy besthé tssimeniaceaah exf e ci um

acetate and sodi um benzoate; zinc conpounds such as
polymeenizatidrdappziratuses] ot altndativety phagpaxé deogbessively
increased. Furthermore, the polymerization pressure may be
progressively reduced in the polymerization apparatuses.

In this sense, in the case, for example, of progressively increasing
the polymerization degree using two polymerization apparatuses, i.e. the
first guide-contacting downflow type polymerization apparatus and the
second guide-contacting downflow type polymerization apparatus, it is
preferable to use guides such that the total external surface area S1 (m?)
of the guides in the first polymerization apparatus and the total external
surface area S2 (m?) of the guides in the second guide-contacting
downflow type polymerization apparatus satisfy the following formula

(26);

1<81/82<20 (26).
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15 conpounds such as boron oxide, boric acid, sodium
borate, trinmethyl borate, tributyl borate, triphenyl
borat e, and anmoni um borates represented by

(R R2R3R4) NB(R R2ZR3R4) and phosphoni um bor at es

represented by (R R2ZR3R4) PB(R R2R3R4) (wherein Rl1, R2,

R3 1agd RE2ieiesethaft ateaP@reblemt! 4698 sigagn@sriation in
such as silicon oxide, sodium 20 silicate,

the heléedarei F%r%ﬁ%ﬂ%‘%@stnaﬁ Ldlﬁﬂrg}(ﬁlae'b{élﬁ:l%n%roduction

conpounds an di phenyl=ethyl - et hoxysili con; gernmani um

oo BRIy 8 AEATINTRURTa G0 Hifhgpromine
orodh Aot I GRTBSS IS5l  BS e il b 1 o

g&ngounds i n which al koxy groups or 25 aryl oxy groups

rate of dhgom@dien prepp!wnen flawiig dowmn thegiidesi dethesgcond
organotin conpounds; |ead conpounds, such as | ead

polymdrizatior appastusdyeca@ndsehitaandras eesbigiroblems arise
carbonate, and | ead and organol ead al koxi des and

suchaaylthei dsid eagieutimeo op dbiadaotterhpeepayaher bacoming short so
amoni um salts, quaternary phosphonium salts and

that quBéed sy dAfiRRIM toNobah s anda@fd MRl p6RRBoHate UsShtRS
anti nony oxi de and antinony acetate; nanganese 5

requﬁ@ﬁ’ﬁiﬁl@%uwﬁﬂreﬁghﬂangwe%gcﬁ?%%ﬁs @Hﬂﬁ%eﬁffefeﬁggle range

car bonat e and nganese ate; titanium comnpou

is 1.§ug%1aﬁ§éa%yaﬁﬂgum oxide, and titanium al koxi des and

iTani Xi des; and zirconi um conpounds such as

zirconiumaceta zi.yconj um oxj de i rconiu

21 UEeRd BanLies S habel taha b Prsfieiaromatic polycarbonate
) acetyl acetone. 10 In the case of using such the
is predugpgsibutiprcausa thg: argreaticananohydiexy eempound

plurality may be used in conbination. The anmpunt used
by-puiduced indhgl petymerigatiorarégctiendstdis chaoged ouhgé tbé

from10-10 to 1 % by weight, preferably from10-9 to
systdid; Tthéoroplteri ghépolymer pnesebebied fritomhel pody e riatib o

by wei ght, based on the starting nmaterial aromatic
apparatus in an amount greater than 1 ton / hr. The amount of the
molten prepolymer fed into the polymerization apparatus thus varies
depending on the polymerization degree thereof and the polymerization
degree of the aromatic polycarbonate to be produced, but is generally in
a range of from 1.01 to 1.5 ton / hr per 1 ton / hr of the aromatic
polycarbonate to be produced.

The reaction in which the aromatic polycarbonate is produced from
the aromatic dihydroxy compound and the diaryl carbonate in step (l1l)
can be carried out without adding a catalyst, but may be carried out in
the presence of a catalyst as required so as to increase the

polymerization rate. There are no particular limitations on such a

catalyst, which may be any used in the field in question. Examples of
79
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15 di hydroxy conmpound. In the case of the nelt
transesterification nethod, the polynerization

catal yst used renmains in the product aronatic

pol ycar bonate, and often has an adverse effect on the
pol ynmer properties. It is thus preferable to reduce

the E4R1PEPIHEILERLAIK i itat ARl ¥Pkalite BHrih R RASKYPldkides such
According to the process of the present |nvent| on, the

t
as IlﬁMUFPﬁ"WHErU My QBdgl?rQ I*i’g?&ﬁﬁ gg}dgﬁgsﬁf can FH)!M% &R calcium

ence t'he anouht u

nydroRfdey 2lial) %ﬁ@inﬁ'a%h%w%ﬁ F§eFliL Mo sl #h§"afaternary

aromatlc car bonat.e to be produced. Th
ammiii, st B Han nd ZHRDTRAVETSRS SHags 4nil
gui de-cont act i ng downf | ow t ype pol ){meri zation )
a'“”HBHé’ﬂ Sy idmase mmgbowwn%eﬁrub eiremethpliammpgium
material is generally selected fromnetals such 81 as
borodtyairid esslkstleaietat @ribalkaline edrilstrebtalyhydiideslsuch as
titanium chromum and other alloys, highly

lithidvealt yd ddies tsaiakiu po hydeidec ap@t eslicid m h?ddid%q #lRali metal and
Mor eover, the surface of the material may be subjected

alkatlﬁea@yrtﬁfm‘éﬂél a0 xitle8as HER (o RAthiDAT FMEBTOXIARC Fofium
plating, lining, passivation treatment, 5 aci d

ethoWRd g?ﬂi c%TmW"ﬁ? LOthdYikB: %Wﬁé‘ﬁlmeﬁilaéﬁbeéﬁﬁﬁﬁ%eéarth metal

nic ass |ni’ng are partrcular

roduci ng I
aryIgiges] %ﬁé‘? ol I A oy Sl et E—
on [ ownfl o pe rization
Phefg?fﬂg.eaﬁr@ féb-g?g&aﬁﬂ@nwad Arnﬁwfwé}qr@'%&{ofﬁm@&ants an
onmpound 10 by-produced in the reaction is generally

aryl @6ﬁuphuatlf§nly me tah @ndvalkaline eprdbonsetaloprgamigdacid salts such

condensed into a liquid formand thus recovered. In
as lithanpaesdate i cakoiuioacetateaandes ddiumo rbETyzibabey zinc

compound recycling step (1V) of circulating the
compoandsi suorEhyihooxidepimmdceyater addcsiac pheavkide; boron

(I'1'l) back into the diaryl carbonate production step
compbln@eséudk as boron oxide, boric acid, sodium borate, trimethyl
borate, tributyl borate, triphenyl borate, and ammonium borates
represented by (R'R?R3R*)NB(R'R2R3R*) and phosphonium borates
represented by (R'R?’R*R*)PB(R'R*R®R*) (wherein R', R?, R® and R* are
defined as above); silicon compounds such as silicon oxide, sodium
silicate, tetraalkylsilicon compounds , tetraarylsilicon compounds and
diphenyl-ethyl-ethoxysilicon; germanium compounds such as germanium
oxide, germanium tetrachloride, germanium ethoxide and germanium
phenoxide; tin compounds such as tin oxide, dialkyltin oxides, dialkyltin
carboxylates, tin acetate, tin compounds in which alkoxy groups or

aryloxy groups are bonded to tin such as ethyltin tributoxide, and

organotin compounds; lead compounds, such as lead oxide, lead acetate,
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15 carried out. In an industrial production process,
recovering all of the by-produced aromatic
nonohydr oxy conpound or as nuch as possible thereof
with as little |oss as possible, and circul ati ng back
and thus reusing this aromatic nonohydroxy conpound

leadi carbureateatiasidhe adoyaiarsuiee tid 98841 SndrebndI %Y alkoxides
compound by-produced in step (I11) 20 and recovered In

and hPPIOXI@E8Nb i @MGE{) Wa%?ﬁ%'clhyag%Uﬁgmaﬁg@nmcﬂ{m& salts,

carbonate but sti gh DU{I nce can
[ [ t ' > pr ction.
quatErASH PresRiRiubT salts AR Fa¥maPy A SBhRuRY BRLE! sRtimony
mall,_amount of aromatic.di hydr oxy. conpound. qr a trace
comgflinrs e s anbimony oiids i antinAeY acekadpednanganese
aromgti c nohydroxy 25 conpound, it is preferable to
ComP%Hﬁnaé YR &S é}?rtgﬁm%@ assitate neranganess carbenade and
carrying out distillation before circulating the
mangagaaei kostenditanjumosgmpairuds s uichcas ititaoiwmeoride,yand
carbonate production step (I) for reuse. The aronatic
titanpohyalkokides engt tidaciedn ryi opidese rdn dgitduniays cempolinds
the present invention has a repeat unit represented by

suchf @ |z0rdargiutn fagetatdl: zPcoh fum-é QA ircawiensidlkdkidés and
defined as before. A particularly preferable aromatic

al’y|09@@¥§.ahh@ln2ﬁ§ohﬁ4rﬁ%ﬁ}fﬂéébfﬂﬁ‘& not |ess than 85 nol %
of the repeat unit represented by follow ng fornul a

1010 e Yad bf UNIng RN tHE' dataly2t, 'She Sueh@dRiyst may be

used, or a plurality may be used in combination. The amount used of
the catalyst is generaily selected from a range of from 107'° to 1 % by
weight, preferably from 107° to 10~ % by weight, more preferably from
108 to 1072 % by weight, based on the starting material aromatic
dihydroxy compound. In the case of the melt transesterification method,
the polymerization catalyst used remains in the product aromatic
polycarbonate, and often has an adverse effect on the polymer properties.
It is thus preferable to reduce the amount used of the catalyst as much
as possible. According to the process of the present invention, the
polymerization can be carried out efficiently, and hence the amount used
of the catalyst can be made low. This is one of the characteristic
features of the present invention enabling the high-quality aromatic
polycarbonate to be produced.

There are no particular limitations on the material of the
guide-contacting downflow type polymerization apparatus and piping

used in step (lll), but this materiai is generally selected from metals such
81



10

15

20

25

CH3 Moreover, a termnal group of the aromatic

pol ycarbonate produced by inplenenting the process of
the present invention is generally a hydroxy group or
an aryl carbonate group represented by 15 foll ow ng
formula; O I! -OCOAr5 wherein Ar5 is the sane as Ar

as sthiffed¥ 4telek cwaderh atswie.haktelloyahecke!, RRahI @k, hromium,
l[imtations on the ratio of hydroxy groups to aryl

M - el teh Qv iXM1d
sn SRECANALINLAR, i SR BETAISOL S GE RS T 2 on

Mord@veD 1A% %lgﬁ?%ep%ﬂﬁ% gﬁ%\ﬁe%fﬁ]a%&ohéo%f oj%c%gf':i%%' %ﬁ{) of various

aromati c car bona por
henyl . _carbonate groups_ a the.term_nal qgrouRs
treafiaghis, 5 HRGre 5o HBHM 25 Hial 9e Inipgy PassiuFtgl dreafment,
.. The aromati c pol ycarbonate produced by inplenenting
aC'dMﬁ%shmg)c%wa@rhl%aewﬁheeféﬂml-nv§ﬁamﬂsweﬁ5\/@%%aﬁd a
chain thereof partially branched through foreign
glassiliiinge’res pentigulasty preferabiges or ether i nkages.
The anobunt of such foreign linkages is generally in a

r ahigestep (I1fl) omhe ropSod ochhgrbhéop neped emady| anid daribugOthe
to 1 nol% nore preferably 10 from0.05 to 0.5 nol %

polyhrseth toon tiheheag bidice nth Blagedowhiiiw APpe iBlythe Ak ation
foreign linkages is suitable for precision nolding

apparafigs, Eh%r?b%o@hﬁrﬁcfﬁ '&lﬁéfrrfasuéj 6ﬁ‘8hg§t%><e)fr7eb%|5‘8und

can be inpFoved w thout ot pol ymer ties
oy-pPE e MRS o A A% SR8 SR RHY HERg b o
gase@vsgfﬂrﬁéégldggaéqtleglsggrif B@Ti%%iga*grlpnea d% lf:%epécg\pgred. In
the present invention, an aromatic monohydroxy compound recycling
step (IV) of circulating the aromatic monohydroxy compound by-produced
in step (lIl) back into the diaryl carbonate production step (I) must be
carried out. In an industriai production process, recovering all of the
by-produced aromatic monohydroxy compound or as much as possible
thereof with as little loss as possible, and circulating back and thus
reusing this aromatic monohydroxy compound is important. The
by-produced aromatic monohydroxy compound by-produced in step (lil)
and recovered in the present invention generally contains some diaryl
carbonate but still has high purity, and hence can be circulated back into
the diaryl carbonate production step () and thus reused as is. |n the
case that a small amount of aromatic dihydroxy compound or a trace
amount of oligomer is contained in the recovered aromatic monohydroxy
compound, it is preferabie to remove this high boiling point material by

further carrying out distillation before circulating the aromatic
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shortened, contributing to energy saving during the
nmol di ng. The aromatic pol ycarbonate produced by
i mpl enenting the process of the present invention
hardly contains any inpurities, it being possible to
produce an aromati c pol ycarbonate containing 0.001 to
monthydm 29 cafmpbkiald baekdhta e/ digryREY A 6 et prdBuBEbAl step
compounds in terns of the netallic elenments therein.
(1) fohtgug@ntent is preferably in a range of from 0.005
to 0.5 ppm nore preferably fromO0.01 to 0.1 ppm In

e SPorkd g S e o ERy T PRl Ag svstom
of B BRE TR B & BB oh Bt B L5045

formB'?charbonate, and hence the aromatic pol ycarbonate

dduced t hrough the present 84 invention is of high
quality. The aromatic pol ycarbonate produced by
i mpl ementing the process the present invention is
particularly preferably on 'produced usi ng the
aromati ¢ di hydroxy conpoun n he di aryl carbonate
each 5 not containing‘ﬁggh d@éﬂf e hal ogen content
generally being not nore than 10 ppb. According to

Whellefﬂﬁpprf%gggﬁﬂ%ga%gg%%r esent invention, even an

ar onat PdChavi ng a hal ogen content of not

nore than 5 b, . no preferably not nore than 1 ppb, .
caft RRr b?%&ﬁ’ggafefé’ﬁagﬁ%ﬁée%ﬁt'%rp&i%@f%@@#ﬁgIS/@WB apgkaining
guality can be obtained. 10 It is clear fromthe

not legatprBs85 qastti ekthespprat unit representadbystollatingréormula
present invention, it is because the specified

out giAl teeirepeiadrunidppar at us is used that the aromatic
pol ycarbonate can be produced stably for a prol onged
period of time with no variation in nolecular weight.

15
L Al
{oo-0-¢-Or)
CHs

Moreover, a terminal group of the aromatic polycarbonate
produced by implementing the process of the present invention is
generally a hydroxy group or an aryl carbonate group represented by

following formula;

I
—OCOATrS

wherein Ar® is the same as Ar® or Ar* described above.
There are no particular limitations on the ratio of hydroxy groups

to aryl carbonate groups, but this ratio is generally in a range of from
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Exanples Following is a nore detail ed description of
the present invention through Exanpl es. However, the
present invention is not limted to the follow ng
Exanpl es. 20 Nunmber average nol ecul ar wei ght (M):
Measurenent was carried out by a gel perneation

95:5cto 605 o greafEra bl P mne0 hddl toisi g0, trebraiprdfefalsignfrem 80:20
a transporting solvent, and the nunber average

to 200 EC U a¥&ingitic bMVcé/}%%thﬁtbeirn"W%% Hﬁb@roﬁ:&@mfﬁbﬁ’%enyl

nol ecul ar  wei ght calibration curve given

car e "S"é#“ss‘é""%“*‘%"“%““P?r?iﬁ“"%pg"’%ﬁs%ﬁ%ﬁ%% g 6Q ol is
pa’”‘?@iﬁ@#’ﬂ#@%ﬁ@ esents the nol ecul ar wei ght of the

ycdr bonat e, and MPs represents t he

niTatA FBATIAC PR PR TATE BIORHEEN b RIamart gt Re

50 nm x thickness 3.2 mﬂtest |ece vvas cont i nuousl
procgssdelithe pspsent iavertioncmay peaeb%matn ghain épare@fépartlally
tenperature of 290 C and a nold tenperature of 90 C
branThed throughferaint lekages suictasobsiiriinkages or ether
measured in accordance with the Cl ELAB net hod

linkdd&sum Fhicoamdumiteohsuchnreigie linkaged (ngenkta@yLinaalrange of
Di agram), the yell owness being 10 given by the b*

fromvel0ds td e shd 186 EpPeErabiy frésl 0D Bio INhfsI®h Ofdre! fid@rably
machi ne, the aromatic pol ycarbonate was

rom OIS 6 1 Hicof, BasheF ¥ dlhalGEREIENMIAR, 80eF o
amo%gﬁ{f&a&&ﬁu i@i‘@:&?ﬁn@eg t?ﬁ?ﬁégl ?g%%p%gtggl rrﬁ%?dmg since the flow
characteristics during melt molding can be improved without other
polymer properties being worsened; molding can be carried out even at a
relatively low temperature, and a molded article having excellent
performance can be produced. The molding cycle can ailso be
shortened, contributing to energy saving during the molding.

The aromatic polycarbonate produced by implementing the
process of the present invention hardly contains any impurities, it being
possible to produce an aromatic polycarbonate containing 0.001 to 1 ppm
of alkali metal and / or alkaline earth metal compounds in terms of the
metallic elements therein. This content is preferably in a range of from
0.005 to 0.5 ppm, more preferably from 0.01 to 0.1 ppm. In the case
that the content of such metallic elements is not more than 1 ppm,
preferably not more than 0.5 ppm, more preferably 0.1 ppm, there are no
adverse effects on the properties of the product arofnatic polycarbonate,

and hence the aromatic polycarbonate produced through the present
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An anount of foreign Iinkages was neasured using the
met hod described in W97/32916, the al kali netal /
al kaline earth metal content was neasured using an

| CP net hod, and the hal ogen content was mneasured

usi ng an ion chromat ography nethod. 20 Exanple 1: (1)

invehtiem (9 bf dlighafialityous! y produci ng di phenyl carbonate
<First continuous nulti-stage distillation columm 101>

A Cid i aiistieWdIyc aHRRa g%hheéa%wm' Sﬁeﬁﬁiﬁq“?%
in FIG 1 25 having L1 = 3300 cm DI' = 500 cm L1 /

roche iy iy gl Bl oo
oo ST B A SR B Ao

wer e used a he internals. <Second continuous .
not %qum%@eﬁaf%w the Salegenngeniend %%%Fﬁﬂﬂha@mgg not more

multi-stage distillation colum as shown in FIG 2 5
thanhQipnp L2 Accarding ip the preceseef the present Bvaention—even an
30, D2 / d2I = 3.85, and D2 / d22 = 11.1 was used. In
aromaliis fedgoprieonate hiaevingta hadd gentoentesitsof nbt Mediteapakn 5 ppb,
(11 theoretical stages in total) were installed in the

morelmtrelferaiﬂytmommcﬂ‘@dtrﬁéreweﬂbbab%reaéfpmm,aand hence a
cross-sectional area per hole of approximately 1.3

produid? FAng @é‘fﬁ’ﬁi%l‘i’fql.mﬂt?scé’ﬁ bRPBbeXingRf.el y 250 / ne
10 were used’in the | ower portion. <Reactive

di §f id 'c?éépf%nqm?e@%nﬁf]%??ﬁ%tas%r\%d BeRGHE§HaPYn the process

carrying out reactive tion using an appara
in which, the first.continuous

I ti- ) ]
of thel'ofe3 ¢t [iifentid§nit Boaebutise Be.seafifef na ymasization

nmul ti-stage djstillation 15 colum 201 were connect ed
apparaduersrusad dhalihe Anarnaatig polycarbonate can be produced

stably for a prolonged period of time with no variation in molecular

weight.

Examples

Following is a more detailed description of the present invention
through Examples. However, the present invention is not limited to the
following Examples.

Number average molecular weight (Mn): Measurement was carried
out by a gel permeation chromatography (GPC) method using
tetrahydrofuran as a transporting solvent, and the number average
molecular weight (Mn) was determined using a converted molecular
weight calibration curve given by the following formula obtained using
standard monodisperse polystyrene;

Mpe = 0.3591 Mpg' 0368
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A starting material 1 containing phenol and dinethyl
carbonate in a weight ratio of phenol / dinethyl
carbonate = 1.9 was introduced continuously in a
liquid format a flowrate of 50 ton / hr from an
upper inlet 11 of the first continuous nulti-stage
whe st Mplootd fre sets TR el bl e 111 0w gh Ob 8he HiREna fic
starting material 2 containing ditrethyl carbonate and
olyBARHOhatd andaligltepfb! ' i g
polyEiRRghate AptEl rokRbstnt o TRbIRCHEE et the o
{ aflowrate of 50 ton / hr froma |ower inlet
pOIy%gl?p%[.he first continuous nulti-stage distillation
e nmplar ratio for the starting

col nn_b)l. The .m i

mat@? 04 Y9IRgradeiastion Mekkng machime canein@ib B0 mm x
. multi-stage distillation colum 101 was di net hyl

width frhonat v thicknes®B.2 mneiestrpieca was sgntimuati sy snolded
substantially did not contain 87 hal ogens (outside the

fromdidrecarooratic giol yéarbaratel ath actylomde o be mperatiree of 280 °C and
nore than 1 ppb). Pb(OPh)2 as a catal yst was

a moldttesdpeegitureont 00e°C upTiie icol®t tdde &ff thizetddtr silece obtained
continuous multi-stage distillation columm 101 such

was hi@asared s Yudardadite Wate e IC1EINER!MAEHHANCdMhidsion

woul d be 5 approximately 100 ppm Reactive

Inter%iafigi;r{él@tcﬂeq’é@i%i éH@‘*ﬁOEKa*E‘DPgEgz?ﬂtf@w%#”l{jﬂo%ﬁgss being

conditions of a termperature at t

; [ ntinuous nulti-stage distillation colum 101
glve%ftﬂé%gé \églglreessure at the top of the columm of

7x:l]_05 Pa ard a refl ratio.of 0, Afirst colum |ow

boil B4 Sp8IANa3HAR: Msingiaa iniedinh Mmelding reashing, the
di et h){l 10 carbonate, phenol and so on was

aromagit PRlyvearionatenwasnnieatiangadded at arowlinden temwpespture of
13 of the first colunmm, was passed through a heat

290 ehomnthgemald, tempevakire 0h80aYD. atT hee ténsilealengfativh (%) of
ton / hr froman outlet 16. On the other hand, a

the J.Rrsimabicktedi gledwobitathdbwis heegé i @Y imadddr@ance with
cont ai ni ng nmet hyl phenyl carbonate, dinethyl

ASTNaDeamat e, phenol, 15 di phenyl carbonate, the catal yst
and so on was continuously withdrawn in

An amount of foreign linkages was measured using the method
described in W097/32916, the alkali metal / alkaline earth metal content
was measured using an ICP method, and the halogen content was

measured using an ion chromatography method.

Example 1:
(1) Step (1) of continuously producing diphenyl carbonate
<First continuous muiti-stage distillation column 101>
A continuous multi-stage distillation column as shown in FiG. 1
having L1 = 3300 cm, Dy = 500 ¢cm, L1/ D4 = 6.6, ny = 80, D¢/ dqq = 17,

and D1/ di2 = 9 was used. In this Example, sieve trays each having a
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aliquid formfromthe bottom 17 of the first col um.

A stable steady state was attained after 24 hours. The

first colum high boiling point reaction mxture was

thus then fed continuously as is into the second

continuous nmulti-stage distillation colum 201 at a 20
crosklesctiehal afreGpéonole B dpPantdtely NS dmMt &idb number of

inlet 21 installed between the Mellapak and the sieve

hole%f@ﬁ’_éppwﬁiméfélwﬁ@q ﬁatv?efé”%s%gigﬁgqheci‘?l'?é'h'i‘é'f%us

mul ti-stage dis ation colum contal ned 18.2 %

el | nys f d % by
<SeClnd 8 Ayl U s BOR st R RENERR N8I, oY on
was, carried out ntj nuously in the 25 secon ,
cont FROMRLHE mUEFstabq clstiipliondro e @ SbewmineFIG. 2
.t he gog%éi ons of a tenperature at the bottom of the
havipg| ka7 198, De =g80Qe8sbied Re T et Bp B0 e / d21 = 3.85,
colum of 3x104 Pa, and a reflux ratio of 0.3. It was
and pusisfipt & 16. lawmas nsedabl ko thisddyastdee asptivenint@rnals etwo sets
24 hours. A second colum | ow boiling point reaction
of Medaparke( tobhadrétiga BStagds in wetajhtwerfe thatalleyl in the upper
carbonate and 56 % by wei ght of phenol was 5

portioentandiGisly vy &M hbviig therd S sedtidndl ft@re%eg@%ole of

colum, the flow rate at an outlet 26 being 55.6 ton

approxithatéRd1a3 %?ﬁ@%ﬁd%%!%b@r% I?@Le{é g? a@?h&fm%ﬁg%%gﬁ / m?

m xture “cont ai ni ng o by wei g

werecé}geani@,tﬁ]gﬁg\mgﬁ.p%r%ohw wei ght of di phenyl carbonate
was \Y

cont I nuous W thdrawn fromthe bottom 27 of the

cond,.cal.uom. The second 10 col umm | ow boiling point

<Re$§té‘é?iddﬁﬂhﬁg'{&lﬂ>e was continuously fed into the first

cog_i uouTc, mul ti -stg‘?e distillation colum 101 from

t he'PRe8Y! £arbapate Was nred ucekkby Ay ndbput regetive
. .dinmethyl carbonate and phenol newy fed into the
distilatien ¢wing ancappaiatuis-ist wikchiitbei fitstt¢anticobusTmultl-stage

were adjusted so as to maintain the above
distiltatiposidluoms 17 amabthe secbnidheontiaubuzgmiftingiiarye distillation

and the starting material 2, taking into consideration

colutine201 were connected together as shown in FIG. 3.
A starting material 1 containing phenol and dimethyl carbonate in

a weight ratio of phenaol / dimethyl carbonate = 1.9 was introduced
continuously in a liquid form at a flow rate of 50 ton / hr from an upper
inlet 11 of the first continuous multi-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.6 was
introduced continuously in a gaseous form at a flow rate of 50 ton / hr
from a lower inlet 12 of the first continuous multi-stage distillation column
101. The molar ratio for the starting materials introduced into the first

continuous multi-stage distillation column 101 was dimethyl carbonate /

phenol = 1.35. The starting materials substantially did not contain
87



10

15

20

25

conposition and anmount of the second colum | ow
boiling point reaction mxture. It was found that the
anmount of di phenyl carbonate produced per hour was
5.74 ton. The selectivity for the di phenyl carbonate
based on the phenol reacted was 98% 20 Prol onged

halogenmnis (Bifte$d @ RABAY &tETHIES |ieit foedheUbnushRsmakegraphy, i.e. not
condi tions. The am)unts of di phenyl carbonate produced

oyr, ter r
mor@é%ﬁghhgﬁr@) anlg OOO (L)%srsg %echﬁya?glrﬂﬁggngHeﬁgp the

upp%a[)ﬁgp%eogﬂﬁ}%q r@?%oﬁgﬂif&ﬂfu H@ﬁ%g%fg@tﬁrshghgoy\g@{)ﬁlmn 101
sucr P SisPhduo Ao BB HAHSRIIELR FBta B
bI h 89
appriaEed Ofr eé&édﬁiq%g%%’éﬁ 30 RS RPN
hal ogens (not nore than 1 ppbz. (2) Step (I1) of
contibt el siyngndegbgueengitiansmeny e;rap@@abur@ Fhéhedtam of the
columm hi gh boiling point reaction m xture w thdrawn

first sontomdibe nbolti-stagé dibdlladomndormmhi thibws 225 t4G,s4 ggessure
distillation colum was continuously fed into a high

at theotdp od thei 86|umhter 72 ¢0ARR iahdl aolefnix rélignsr &. 106 rst
cm inside dianeter 340 cm 30 stages), and

colufirs i 156119 kﬁ@fﬂt FH EtiGH rﬁH@tuF@errﬂHﬂﬂﬁbym\MthQnél dlmethyl
tenperature at the bottom of the colum

carbBﬁ'ﬁi T1 rat:.ﬂ‘?d %%DBwaég%&ﬂlﬂﬂayglé/ %% r%%vl? (f‘ﬁ'da aaseous
f°fmbﬁ<”>fn'1 A8 Bt S (i Y] PRy s Ay lpg“* a heat

ontln sly, fed as s into an inlet of a dia
ige Wﬁﬁ wg theray aﬁé\/flﬁd\’ sate of @4 &Q@ /d'U't frem an
(I ength 2200 cm inside dianmeter 280 cm 12 stages
outleibbbe O@nitbe otlershapds abrskeealumndiiganboding paunt reaction
outlet installed therebelow, 5 15 stages bel ow side
mixtare cautthiting mrethigk ptiearyy Icachonates dimethly cagbooatemphenol,

diphenyl carbonate, the catalyst and so on was continuously withdrawn in
a liquid form from the bottom 17 of the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed continuously
as is into the second continuous multi-stage distillation column 201 at a
flow rate of 66 ton / hr from a starting material inlet 21 installed between
the Mellapak and the sieve trays. The liquid fed into the second
continuous multi-stage distillation column 201 contained 18.2 % by
weight of methyl phenyl carbonate and 0.8 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under the

conditions of a temperature at the bottom of the column of 210°C, a
88
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distillation was carried out continuously with a

tenperature at the bottom of the colum of 213 C, a
pressure at the top of the colum of 5000 Pa, and a
reflux ratio of 1.5. The purity of diphenyl carbonate
continuously wthdrawn fromthe side cut outlet was

pressairel #isthd bap FAHPL8Hurandot BR102P Aabnades resberdtivass 0.3.
not nore than 1 ppb. The high-purity di phenyl

It wERhRRRMR APEMAIAGHDIE @téaggysﬂéﬁlé oﬁ@r‘egiﬂfsr?g'ﬂé’r chﬁgrs.

ina nolten state in a storage tank (rrn)

seccm el % Ll:i\grbc‘rﬂggb [{)é‘lrﬂoﬂe\éccqr&?%&?uﬂ %%‘téﬁlng 35 % by

ycar bon on Was carri éd out

We'@ppargﬁﬁghﬁlt ,gwovrr;?fgggégnf@ﬁ érq ;ﬁl’ﬁg?olﬂ’@s

neriz n a arat [ stalnless
Contmglﬁ%'wywﬁt’\d?aw@ﬁr%a Eal QR 238f the,aeqand Bttty @&lthg flow
and a tapered conical bottom portion, and was such
rate@{an pm!q 20being 56 ¢on / himaml & 5ggoo¢h cejumndighboiling
C =155, and S = 250 n2. Molten polyner fed in froma
point eedbtignpmﬁxtUreV\asntéiaing (38. 4 euby fvoeight dfymeethyl phenyl
perforated 5 plate 2 to guides 4. An inert gas feeding

carbperte angS60% BedveiyHt tbﬂngherﬁ)ﬂféaﬂjbmétet Wais continuously
pol yneri zati on appar at us, a vacuum vent 6 was

with@FWh i PhélboteeRy 2p%ﬂrfmseEB%ec&\ﬂﬁnﬂ | apfelseibnd
the outside of the polynerization apparatus, heating

coluhfi %%ﬁlnﬁﬁg&’rﬁ} %&%ﬁ nt?ﬁ@l‘lt.ll'é'%a 'ntmi Jl.pr%grfed into the

aromati c po e noltén prepoly

frst %@5&&%@%’1@ et Uielhe %P.}é‘ Ooo’ktﬁi?f"%“%fﬁm"'st 1. A

. ed in the ste (1 (molar ratio
this ﬁm%tﬁ\ﬁeamowgﬁ)ﬁéﬁg? d?imﬁtbsf caﬁlaon@tejaatd phenalpnewly fed
_ continuously fed into a feeding zone 3 fromthe
into m@duﬁg CesH N UOo By r@uhegaag;@rqj_stlﬁtatjonscmmem 01 were adjusted

prepol yner, which was continuously fed into a

so apdbymaintzinitbre 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 amount of diphenyl carbonate produced
per hour was 5.74 ton. The selectivity for the diphenyl carbonate based
on the phenol reacted was 98%.

Prolonged continuous operation was carried out under these
conditions. The amounts of diphenyl carbonate produced per hour after
500 hours, 2000 hours, 4000 hours, 5000 hours, and 6000 hours
(excluding the diphenyl carbonate contained in the starting material)
were 5.74 ton, 5.75 ton, 5.74 ton, 5.74 ton, and 5.75 ton respectively,

and the selectivities were 98%, 98%, 98%, 98%, and 98% respectively,

and hence the operation was very stable. Moreover, the aromatic
89
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reaction zone 5 via the perforated plate 2 in the

pol yneri zati on apparatus, was subjected to

pol ymeri zation while flow ng down al ong the guides 4.
The pol ynerization reaction zone 5 was held at 80 Pa
via the vacuum vent 6. Produced aromatic

carbR@atesr prathice @ Rudstaatiang didPRbEEonRairPRaldy @RS (hef more
11 of the polynerization apparatus fromthe Tower ends

than®f ghy). guides 4 was continuously wi thdrawn at a flow
rate of 5.5 ton / hr froma discharge port 7 by a

[
@) e 2> fe %&t@t@fﬁ gonBHERLT A RSB ATR bo b port on
near tant,.. 25 The nunbe aver.age nol ecu
I Seicbord BREiARgh boig PeiRh sach mmmnw%drawn
om an outlet 12 after 50 hours from 91 comencene
fronb’th),g@,tt&grpoq, the sesonshcoptauows Rrihestage distillation column
pol ycarbonate had a good color tone (b* = 3.2).
was iapndbwee ushyhked anto aélelhohgdtngmomtsmalse/ﬁ sgparatingesolumn
of Mh for the aromatic pol ycarbonate w thdrawn from

(lengthe 1300 etn, iAsidd diabdtbo B4 chd030mtagesIOankodistillation was
1, 000 hours 2,000 5 hours, 3,000 hours, 4,000 hours,

carr@dofit QA thausss| rmhcart‘éﬁwﬂmme@‘t tHRPBb b e column
10, 500, 10,550, 10,500, 10,550, 10,500, 10,500

of 288. ‘%50 gr@%;{% a%hd F&;P%?tt'h‘éew%:rﬂﬂ%ﬂ“ﬁﬁﬁgu@ee%ﬂﬂ ?r}eflux

was sta e aronmatic polycarbonate pro i as

abpwe, ha e
fat'oeéifp O mathEo @%ﬁb ﬁ%ggﬁsqﬁé#%h* pRu sty \@sﬁbnd?%wﬁetrﬁin the

tallic el e t herein,, . and chl ori

top oL RiTBEaIlpGSP L Ratter SRR ARG GouEM fas Continuously

detection limt) I\/breover the ~content of foreign
fed 2% hk 4B aRain 6t 92 & elafyiyaﬁbpwt@zgumiyeag(qq}yrw having an

recycling aromati ¢ nmonohydr oxy conpound A phenol
sidegtupuidat (engthn2 290appr onsidet diametes @80dcphetd Istages above

carbonate and a trace anount of bisphenol A
inlethyl Spstay e thetwestreinlét land side cut outlet installed therebelow, 5
stages below side cut outlet). In the diaryl carbonate purifying column,
distillation was carried out continuously with a temperature at the bottom
of the column of 213 °C, a pressure at the top of the column of 5000 Pa,
and a reflux ratio of 1.5. The purity of diphenyl carbonate continuously
withdrawn from the side cut outlet was not less than 99.999%, and the
halogen content was not more than 1 ppb.

The high-purity dipheny! carbonate obtained in this way was
temporarily stored in a molten state in a storage tank.
(3) Step (I11) of producing high-quality polycarbonate
Aromatic polycarbonate production was carried out using a

guide-contacting downflow type polymerization apparatus as shown in

FIG. 5. The material of the polymerization apparatus was all stainless
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and recovered in a liquid formwas continuously fed

into a phenol purifying colum (length 1500 cm

i nside dianmeter 270 cm 9 stages). Distillation was

carried out continuously with a tenperature at the

bottom of the colum of 185 C, a pressure at the top
steedf e polyieridfatiiVapharal®s dixl a ¢@indvcabtasing and a

0.9. Phenol recovered fromthe top of the colum was

tap etrsmr%'a'nboﬁi&m Dgoft'ﬂoﬁ hABkwadnshidMeRat ¥ BdbERK h = 900
into step ( phenyl “car bonate recovered from a

cm, B 48564%c %l Legh ig °Cthe‘|§‘:*|> and-'tggopn‘h'mt Bl %‘?{ polymer

separ a |ng colum "o us recovere

fed i Frgly? ) S 49 g BpPt 3 %afd'gﬂreﬁﬁ&@ar i A Bﬁé@a‘?ed

rbonate Reactive dlstlll n was carried out, unde
5 platg %etq SUIQGE fYy couingrdgas u@? g ﬁ@fggn‘ﬁaﬁp?)’é%"dﬁjﬁg igsa lower
in Exanple 1. A starting material | containing phenol
portigndofiithetpylyeerisatianea pparatus, g ia vaguum yenpewss
/ dimethyl carbonate = 1.1 was introduced
provided iinumuisippempartioqui I Heremwais a jacaet cat thefowtdide of the
ton/hr fromthe upper inlet 11 of the first

polyafeTiz MioHSa b fatust agratin g tbdihgt damiadloutrusifg. a Greating
the other hand, a starting material 2 containing

medflimet hyl car bonate and phenol in a weight ratio of
di met hyl carbonate / phenol 3.9 vvas 10 i ntroduced

10 t on%j %EBHTC%t l%%lﬁcgﬂ%%#t% hf’d P%ri‘i) Iﬁme;r%n‘?{rﬂﬁef'%verage
tlnuou i on ,.colum 1. The
moldiilar e Vo - @b@ﬁm%%ﬁ%&ma@g hAd e PR o
e first con |nuous mul ti-stage distillati n col tj
h'ghllé'ir'!}\)ég‘lah?r@v ¢garbenaly pipduce h'éhHTe stepg )?Hé’ 11} (molar
starting materials substanti al |¥| di d not 15 contain_
ratioheglagieestq bigpherot Ac= dePéd tansh hieldiat 260° €hsasgrontinuously
chr omat ogr aphy,
fed into a feeding zone 3 from the feeding port 1 by a feed pump. The
15 molten prepolymer, which was continuously fed into a polymerization
reaction zone 5 via the perforated plate 2 in the polymerization apparatus,
was subjected to polymerization while flowing down along the guides 4.
The polymerization reaction zone 5 was held at 80 Pa via the vacuum
vent 6. Produced aromatic polycarbonate entering the tapered bottom
20 portion 11 of the polymerization apparatus from the lower ends of the
guides 4 was continuously withdrawn at a flow rate of 5.5 ton / hr from a
discharge port 7 by a discharging pump 8 such that the amount of the
aromatic polycarbonate residing in the bottom portion was nearly
constant.

25 The number average molecular weight Mn of the aromatic

polycarbonate withdrawn from an outlet 12 after 50 hours from
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i.e. not nore than 1 ppb). Pb(OPh)2 as a catal yst was
i ntroduced from the upper inlet 11 of the first
continuous multi-stage distillation columm 101 such
that a concentration thereof in the reaction liquid
woul d be approximately 250 ppm Reactive distillation

comwesn e@mieing hfogib e P4 60 & S U SI0Y , e the andinatiopoifycarbonate
tenperature at the bottom of the first continuous

had BU§bbUSEAS? tdinet (B4 atd on CQUI%'FEO@QEL He Zvsile %Iongation was

préssure at the "top of ‘the colum 'of 9x105 Pa an

98 %!, efWé vAlLS 6f Mh f&E EﬁéSéro‘ﬁ%lii'ﬁrabdlﬁ%g?ghﬂ]é‘gwmdfgwn from

m Xture contalnin

the % ﬁﬁq?mﬁfteﬁpéﬁ&gyéauﬁ@°Pﬁﬂmﬁ?@°€t LR ﬂ%’qﬂs "5 TEn2-000

irs 0 ssed t hroug hea exchan
hourf4 3 E’Qﬁ?dll‘ﬁidgsw\ﬂw r& a&'dfg ‘5]\9552'!%‘”& f@@‘tc@rﬁn erﬂceme”t of
fromthe outlet 16. On 93 the other hand
opergdiamiweneghOdR0i 8, 9o nd 0: 208t |1Qn5ﬁﬂxt1@r.600cd|9t éﬂﬁb @,550,
nmet hyl phenyl carbonate, dinethyl carbonate, phenol,
and diOpﬁ@Bynesqmd:tbniiyeanﬂhbenaead:getatmm veas sitables
continuously withdrawn in a liquid formfromthe

botTthematdnidtid polytadorrdlelprodocédd dsibhe ai®@ashast ateontent
was attained after 24 hours. The first columm high

of alR@ill M&apaln@t/ beaflkhARend XiHr Metap cbRitfolngs dreg.04 to 0.05
continuously as Is |nto t he second conti nuous

ppm[m' t{e‘rn?s[, %Qelhg r°nte't%|L %ﬂ'té”mefe“ 2 nd fa Eb@‘lﬁé‘tc%rﬁfent of

tlng ma

o WGBS PO AP L cBta. e

-contewmlfémaf’w Tinkaas pamng | 1 APBbAR WA 1 0 % by

ght of di phenyl carbonate. Reactive distillation

(4) &t@@ danrofeteexgling arpmatic Iponahydeoxy S&EMBCBHAL | nuous

mul ti-stage distillation colum 201 under conditions

of A pheanpecdutioa aodntdiaingy tappmosi mahelyc 60 imofadiphesel

a pressure at the 15 top of the colum of 2x104 Pa,
carben@te aed lalracd am@inOobbidph@asl pdspigrbeuced in step (I11)
and recovered in a liquid form was continuously fed into a phenol
purifying column (length 1500 cm, inside diameter 270 cm, 9 stages).
Distillation was carried out continuously with a temperature at the bottom
of the column of 185 °C, a pressure at the top of the column of 2000 Pa,
and a reflux ratio of 0.9. Phenol recovered from the top of the column
was temporarily stored in a tank, and then recycled back into step (l).
Diphenyl carbonate recovered from a side cut was fed into the high

boiling point matter separating column of step (l1), and thus recovered in

the form of high-purity diphenyl carbonate.

Example 2:
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to attain stable steady state operation after 24

hours. A second colum | ow boiling point reaction

m xture was continuously withdrawmm fromthe top 23 of

t he second columm, and a second col umm hi gh boiling

point reaction m xture containing 36.2 % by wei ght of
(1) Swiphyl) piheostinoaulstypiredi@ingdifhedyVchybvaagdt of

di phenyl carbonate was continuously wthdrawn from

t hR 8ELI 0B di&tidlatidtE waRCRAFFi 68! WU n dBE tRECRINWiRlgUBBnditions
low boiling point reaction m xture was conti nuously

: ' | LSt i [ti-stage

usingthd Frthd Spriirlis SOM EMABIT ni o 107wt this
ti e a ts of fresh dinmethyl carpgnate and ,
pnenstaning Rt Tant £oamEd Bhafio diid Aifth T €aronate in
nmul ti-sta istillatio ol unm 101 were adjusted so

a wlght sahia §F aenald GEne Y SRISSNGTEE afdWaRdaMaduged
the starting 94 material 1 and the starting materi al

continuedginty Ankiauisofeimnata ifw rate ofohpdentihicfromdhe upper
anount of the second columm | ow boiling point reaction

inletnd ktadrtde firstwasntioundst madtit$tagandistillationliggiemn 101.  On
carbonat e produced per hour was 4.03 ton. The

the stHeachand{ v $turtinfenditelieny2 coatdimiagadinesd/! darboridie and
phenol reacted was 97% Prol onged conti nuous operation

pheM@lSirFaerﬁ_:fhtoﬁétié”Hedirﬁ caTBRNtE MNShefBE =28 Qs
of di phenyl carbonate produced per hour after 500

introiRi¥ed céggﬁ%!ghin?% f &Wﬁﬁ é(’@éefhciwg'gltégcﬁ %léitlgés/ hr

ton, an ctive and t
rromP3E By e BRI ko BB AUlicsthle, B4 P81

st ahl e. eover, the omat i c. car bonat es, prqduced )
coluFlhdthe | AheyTaIar e Tog g SaiinGaiaserias Roduasshinto

| ppb). (2) Step (Il1) of obtaining high-purity
the fifsireantineauponiité-stage disdiliedian eolwmn 18 nyashdinelihyi

process as in Exanmple 1. 15 (3) Step (I11) of
carbpnadedi plgehobF tuld.i t W hmobterdintpneterials substantially did not
contain halogens (outside the detection limit for the ion chromatography,
i.e. not more than 1 ppb). Pb(OPh), as a catalyst was introduced from
the upper inlet 11 of the first continuous multi-stage distillation column
101 such that a concentration thereof in the reaction liquid would be
approximately 250 ppm. Reactive distillation was carried out
continuously under conditions of a temperature at the bottom of the first
continuous multi-stage distillation column 101 of 235°C, a pressure at the
top of the column of 9x10° Pa and a reflux ratio of 0. A first column low
boiling point reaction mixture containing methanol, dimethyl carbonate,
phenol and so on was continuousiy withdrawn in a gaseous form from the

top 13 of the first column, was passed through the heat exchanger 14,

and was withdrawn at a flow rate of 43 ton / hr from the outlet 16. On
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Usi ng the sanme pol yneri zation apparatus as in Exanple
1, an aromatic polycarbonate nolten prepol yner
(nunber average nol ecul ar weight Mh = 3,500) produced
from bi sphenol A and the high-purity diphenyl
carbonate produced in the steps (1) and (I1) (nolar
the 6BidronaRbald fipst28olumAisighepalliny polnDbeat®sn mixture
continuously fed into the feeding zone 3 from the

co nt%l%‘ill!gn@égﬁw tpiﬂé?‘&ltéﬁrbfo?%eP%etﬁgi ¥aAPhbAaLE OBhYADI,

carrie oduce an aromati C pol ycarbonate

aiphly 1A BBnSR07 RE QRSN %0d s BAWLS donfHGBAkY Wiindrawn in

pressure I n neri Zatron réacti on zon
. helld at 100 Pa. The val ues, of or ,the aromatic

a lia)is ol BR% Ehadraatmarcatite ditek SiMi he or i 12

after 50 hours, 100 hours, 500 hours, 1,000 hours, .

2, dostaler steadnstatemas attadped ite s 24ahauss.0o0d heoliFst

95 from comrencenent of operation were 7,600, 7,600,
colummebhigh hatiog poBBOeacti@omixiupwasbhiug theo fed continuously

respectively, and hence operation was stable. The
as isinath & seelonchcbatiate Uy ottiestaare tistildbiion deldnen 201 at a

content of alkali netal and / or al kaline earth netal

flow @t®BM4g toh OhP3rd@ ﬂ}@ététﬁ?’ﬂ'ﬁé‘térﬁlﬁﬁl@f 2t hastalled
nd a

metallic elenents therein, a chl ori ne content of

betwt¥n rmé%p%@ak BRY thevsRdvie eyt hleTHEtl“r‘ciﬁiidofbd 15'5“6%“%%

Mor eover, content of forei'gn |inkages was

seodhh s sRAIASE, L LEFKD, S BRAR AT hngaings 20.7 %

oy WL BTeBRIR ey EAtRRER T A A SF bhmkight o QiBheny
Reactive _distillation was carried qut under, the ,

carbpgiatew yeasHuptdighislatian was Raryafecbppantinyouslyiif the

Exanpl e 1 except that the 15 cross-sectional area per
secdryl eootinamis olultinetage distitationi columen sHtbmader conditions of

a temperature at the bottom of the column of 205°C, a pressure at the
top of the column of 2x10* Pa, and a reflux ratio of 0.5. 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 36.2 % by weight of methyl phenyl carbonate
and 60.8 % 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 continuously fed into the first
continuous multi-stage distillation column 101 from the inlet 11. At this
time, the amounts of fresh dimethy! carbonate and phenol newly fed into
the first continuous multi-stage distillation column 101 were adjusted so

as to maintain the above compositions and amounts of the starting
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conti nuous multi-stage distillation colum 201 was
made to be approximately 1.8 cnR2. A starting materi al
| containing phenol and di nethyl carbonate in a

wei ght ratio of phenol / dinmethyl carbonate = 1.7 was
i ntroduced 20 continuously in a liquid format a flow

matérdée1dnd&heostartiRg ﬁfa@ﬁ?ibh@,&ﬁkﬁﬁ? ihtd ebnkidefatide the
first continuous nulti-stage distillation colum 101.

comglﬁrsrgﬁrila‘ﬂd“%h&@ﬁ‘?of @gétﬁ%%ﬁﬁ oot Latls) Péwzo&ﬂﬂpf‘gﬁg Jreaction

car bonat e an In a wlight ra
dioeth te |/ engl.  =.3 [t

mix T et ST 4Rah B8 Rount bty (4Hiftegproduced
ton /[ hr fromihe lower. inlgt 12 of the first

per R3fiE A dsORutor - f B ectvifafirotie BiptivhsaMbanate based
nmol ar ratio for the stg\rti ng materials introduced into

on thy rhangel reactednwasu® i nul ti - stage distillation
colum 101 was dinethyl carbonate/ phenol = 1.44. The
st atrolagyadieentingoysepearaticn waslicarried oubuingear these
hal ogens (outside the detection limt for the ion

conditivosat oOhepdyounts eof digth eyl ecd ibam atteppind u diod @) lRour after
as a catalyst was introduced from5 the upper inlet 11

500 @burbe 1000 hot?s! BRAMORSO0Wdirshvade 408 toh ABi@F ton, and 4.04
colum 101 such that a concentration thereof in the

ton %gs?ﬁdt%ug! %!oﬂrvp%@e@ﬁvit%@baéga%ﬁ'thelﬁéh&e@ phenol were

Ive distl ation was carried out cont1 nuously

oz U htb : nmp t
97 % Hick. S oT R ShsBRePvERLTENE i ded nk el iR 43y
f 220C a pressure at .the 10 tgp of the colu of .. :
stabf b eyl TFRdmmatis cartan Sespradacd sibansally did
boi l i ng point reaction mxture containing nethanol,
not %Prﬂﬁ'ﬂ%al@élﬁ&ﬁwﬁi@, mayeethan dnBPBY on was conti nuously
wi thdrawn in a gaseous formfromthe top 13 of the
(2) Steps(lzof eitaining pigtepdritirdiphenyhearbanadgchanger
14, and was withdrawn at a flowrate of 82 ton / hr
frdmisheasuidreiedl6ut Qsing thigesatteproeess as fn Exdample 1.

col um high boiling point reaction m xture

(3) Step (lll) of producing high-quality polycarbonate
~Using the same polymerization apparatus as in Example 1, an

aromatic polycarbonate molten prepolymer (number average molecular
weight Mn = 3,500) produced from bisphenol A and the high-purity
diphenyl carbonate produced in the steps (I) and (ll) (molar ratio relative
to bisphenol A = 1.05) was continuously fed into the feeding zone 3 from
the feeding port 1 by the feed pump. Polymerization was carried out to
produce an aromatic polycarbonate using the same process as in
Example 1, except that the pressure in the polymerization reaction zone
was held at 100 Pa. The values of Mn for the aromatic polycarbonate

discharged from a discharge port 12 after 50 hours, 100 hours, 500 hours,

1,000 hours, 2,000 hours, 3,000 hours, 4,000 hours, and 5,000 hours
95



10

15

20

25

cont ai ni ng nmet hyl phenyl carbonate, dinethyl
carbonate, phenol, diphenyl carbonate, the catal yst
and so on was continuously withdrawn in a liquid form
fromthe bottom 17 of the first colum. A stable
steady state was attained after 24 hours. The first 20

front ebHif chicaémdat bif tpaitiin Wene 7os00] X{E0e, Wa650hT$600, 7,650,
then fed continuously as is into the second

7,65@9@,%@%9%@1#9%05#%&5%81 Ldld ABnes! 4PBrAAPdn Aad stable.

fllow rate o 4 ton r fromthe starting materia

i nl instal | I i av
tr dte SHRERIE Tl HEE phodulbl FE M S hat 8 Content
mul ti-stage distillat.ion cglum 2Pl contained 16.0 %
of alkgibrgial S b alkAlnerein MetrbsaitRo ShBSRES (8 0.04
wei ght of di phenyl  carbonate. Reactive distillation
ppmyasterms iod dheumedaHic slemenssitheram. ayd &ehirrine content of
continuous nulti-stage distillation colum 201 under
not mege k@it pphdostside eimphedetestion tindthot Maresivernhthe
colum of 215C, a pressure at the top of the colum
conteint 2f5or@4girdin kegksawasd OU8 tat@.d ofol®%.4. It was
possible to attain stable steady state operation after
(4) Sephounsof febysiasgrtod®atieTmbAvhRarbk P& dmpBlUndeact i on
m xture was continuously wthdrawn fromthe top 23 of
th : I iohibai
poi T g, (e o bR g e e p BB 8 i ot B .
nmet hyl phenyl carbonate and 59.5 % by wei ght of
di phenyl carbonate was continuously w thdrawn from
E th(? )ttom 27 of the second columm. The 10 second
Xal& G | ow boi ling point reaction mxture was
continuously fed into the first continuous
(1) Sten (D afagentingoushwpredusiaisiPhenyt £arPeRate ni et
11. At this tine, the anobunts of fresh dinethyl
carfb@aatiee aligtipatioo Wa‘se(AB\;A'ieéchltnludehéh&ifDéﬁéWing conditions
continuous multi-stage distillation colum 101 were
usingdihes s athe apsa radu s snimiBxamplealogeceptithvsi theons and
anounts of 15 the starting nmaterial 1 and the starting

crosBeé8tiidhalarbalpehbld @f each of the sieve trays in the second
continuous multi-stage distillation cclumn 201 was made to be
approximately 1.8 cm?,

A starting material 1 containing phenol and dimethyl carbonate in
a weight ratio of phenol / dimethyl carbonate = 1.7 was introduced
continuously in a liquid form at a flow rate of 86 ton / hr from the upper
inlet 11 of the first continuous multi-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.5 was
introduced continuously in a gaseous form at a flow rate of 80 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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consi deration the conposition and anmount of the second
colum |low boiling point reaction mxture. It was
found that the amount of di phenyl carbonate produced
per hour was 7.28 ton. The selectivity for the

di phenyl carbonate based on the reacted phenol was

the 6896 c@ftiflsLangrdti cstagieNd A | ARSH ol @M NNAD 1CHials it 8tHyl
under these conditions. The anmounts of di phenyl

carboMt8NAhReRbPEU G efly PEFrHO da Al mateitthiBosi SstaHil Iy did not
ang 5)8 SC'Fton, 7.29 t

hour's, 00 hours were 7. on, an

contbif 8By EREGIAY St o BRI 3PN T5F LBy ocRAIAABBrapny,
o AGERTEY Yohn, BRI 88, 2B ARy fpcea rom

substantially did not contain halogens (not nore than
the yppgpynleda! 1 of thechirsti ¢ontinuepsantitingtaggrdistiiation column
di phenyl carbonate This was carried out using the sane
101 sushetiatas dan@ntnptionitheresf isttbe (aactionfliquiddwouhd) be
hi gh-qual ity pol ycarbonate Aronatic pol ycarbonate
appmnochateiyyr SGappear r Rehctive déstidatioh wakyeanriedioiugn
apparatus in which two gui de-contacting downfl ow type

contPPlyaBIY datePtAEbAUSES RmpBeaTurenat-tHe botv®heof the first
arranged in series. The material of each of the

| ain _ kst
contﬁr’rﬁ.éé’gﬁrg?ﬂi-‘s?%g@&ﬂ%‘hﬂta‘ﬂﬁﬁ? cmnﬁ ’(I)gvﬁft@fpgﬁﬁsé, bFEsure at the

gui contacti ng
rivzati t.u d [ jnpdri Casy
top GPITEAIGRYL P ERELPECINIE BURK 1alY of -, cB R mn 0w
..that L=950cm h=850 D=400cm.d=20cm C 150, apd S =
boilingoP AL FARE L RS SABLA T I SARRAPh: Bin G Garbonate,
same as the polynerization ap_ﬁgr atus used in Exanple
phenol apd 5 ed WasHeP)HALBYSAY Wik FasMn JPep @aAERIUS Fafmdrom the
average nolecular weight M = 2,500) produced from
top b3 Yfhdveofirgt aatimhe wss piagisesuth nopgh pimemeaatcexehanger 14,
produced in the steps (I) and (11) (nolar
and was withdrawn at a flow rate of 82 ton / hr from the outlet 16. On
the other hand, a first column high boiling point reaction mixture
containing methyl phenyl carbonate, dimethyl carbonate, phenol,
diphenyl carbonate, the catalyst and so on was continuously withdrawn in
a liquid form from the bottom 17 of the first column.

A stable steady state was attained after 24 hours. The first
column high boiling point reaction mixture was thus then fed continuously
as is into the second continuous multi-stage distillation column 201 at a
flow rate of 94 ton / hr from the starting material inlet 21 installed
between the Mellapak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation column 201 contained 16.0 %

by weight of methyl phenyl carbonate and 0.5 % by weight of diphenyl

carbonate. Reactive distillation was carried out continuously in the
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ratio relative to bisphenol A = 1.06) was continuously
fed into the feeding zone 3 fromthe feeding port |

of the first polynerization apparatus by the feed
punp. The nolten prepol ynmer, which was continuously
fed into the polynerization reaction zone via the

secdd tomirb M@It?sta’gt;é Resfiilasbn28oReh K BT 1 1aidéMthe

apparatus, was subjected to polynerization while

conditiONs gt ad@’fﬂpéké’ﬂﬁe ??trgé'bQﬁ @ of te RYIY AR bfB18¥E, a

reactl on zone O Irst yrrerl zat i on appar at us

o8, lof 57Kl 402, 000 B Epg SEHTNORo or 0.4
SRS BB oS BRI S . A

bottom portion 11 of the polynerization apparatus
secqng ol wanplaw hRilRg BP'QW@%GI%@'&% Ve CPALIGWAYETY
withdrawn at a 99 constant flowrate fromthe
withdrawnairgen poettop 33 afhihealsechadgtolymponpng assgtontgolumn
t he anobunt of the aromatic pol ycarbonate nolten
highpbepivlgy peint resctiongnixturéeddbinimgpdbtd §6 byasraight lof methyl
constant. This nolten prepol ynmer was continuously fed

phemyit SakdthdRedhAosg 19, by W@nghh@ffdepﬁengl carbehttd wds
the second pol yneri zati on apparatus by a feed punp.

cont-'_r'i‘l.‘?ou§‘Iﬁ/I W?\&%W'fbﬁ?ﬁrthe""ﬁb&%rﬁ@? B?rﬂhbr’é@é@ﬁd dimn. The
Into t

pol'ymeri zation reaction zone via

socdAGHTF A1 B BT AR ﬁmﬂguousw
s@gzﬂrszmms%@nzgeaa'a%fsﬁﬁatT“e BRI 68

appar at us was held at a pressure of 50 Pa via
- vadihis timey the aum%nsé@f5r%ﬁlmeﬁbwgarbeﬁat% Hh phenol
entering the tapered bottom portion 11 of the second

newlyofgdriniar the ditshcomtinusus mult-stagewdstidationogolume 101
gui des 4 was continuously wthdrawn at a flow rate of

were adjusfechsof aeito mhintdiis ther geoperdompbgitides and amounts of
di schargi ng punp 8 such that the anobunt of 15 the

the QIR ﬁwﬁehmair BAdafH: EesitiHdehateridie2 PRIKIAE @bt | on

was nearly
consideration the composition and amount of the second column low
boiling point reaction mixture. It was found that the amount of diphenyl
carbonate produced per hour was 7.28 ton. The selectivity for the
diphenyl carbonate based on the reacted phenol was 98%.

Prolonged continuous operation was carried out under these
conditions. The amounts of diphenyl carbonate produced per hour after
500 hours, 1000 hours, and 2000 hours were 7.28 ton, 7.29 ton, and 7.29
ton respectively, and the selectivities based on the reacted phenol were
98%, 98%, and 98% respectively, and hence the operation was very

stable. Moreover, the aromatic carbonates produced substantially did

not contain halogens (not more than 1 ppb).
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constant. The nunber average nol ecul ar wei ght M of
the aromatic polycarbonate withdrawn fromthe outl et
12 of the second polynerization apparatus after 50
hours from commencenent of operation was 11,500, 20
and the aromatic pol ycarbonate had a good col or tone

(2) s(Tt%*b ﬁ|fo?’;)obtai\mhggw@’h-ﬁgfﬂﬁytcﬁwdr@fQiam%tdt@n was 99%

e values of WMhfor t aromati ¢ pol ycarbonat e
Wi t f : S i
nourts 35 ST Sy utsifh e, Sab¥ pORBRE e it fpmete 1.
Qur 4. 000 hours, . . 5.,Q00 I conmencenment
(3) BY AL b Ao it ol 20 b8 " T eco.
11,500, 11,500, 11, 55%), ang 11, 500 resgectivelty, and
hedt@TBRUEF RGIYFARRSN @ PradushionTi@s Fafred out using a
pol ycar bonat e produced as the above had a content of
polymerazatigatapparatus isr which tweeguidewandestingoapwuritew type
of 0.03 to 0.05 ppmin terns of the netallic el enents
polytianization aagp arathisesi ag stmwerin PIG. Dovermasramged in series.
ppb (outside of the detection [imt). Mreover, the 5

The eoateridl of ebehedfthé ipiiaorsizatdon . dipaatlsé6 wak%ll G4ainless
Step (1V) of recycling aromatic nonohydroxy conpound

steelNl Theafireoghi RSl OHtabBhBod SWva fRARy pe @szhtion
Exanple 1. “Industrial Applicability 10 ACcording to

appaRuB FE M ol Aol basififidnd 5 R cBresCbolEm portion,
ti (VZo¥ hav L hanij -
and S RhER R R AB80GRC 5 38R0 S B eRBp dific - 2D om. € =
j ndustri [ t . g, t | h 1
150%, GG S 7 S0y TR0 Sa5abRGMIMBEIZA PR £ Anaretys wes the
not | ess than 15 1000 hours, preferably not |ess than
samg® the wely e satipef apparatusouseddasExamr!sobo hour s)

froma dial kyl carbonate and an aromati c di hydroxy
An aromatic polycarbonate molten prepolymer (number average

molecular weight Mn = 2,500) produced from bisphenol A and the
high-purity diphenyl carbonate produced in the steps (1) and (ll} (molar
ratio relative to bisphenol A = 1.06) was continuously fed into the feeding
zone 3 from the feeding port 1 of the first polymerization apparatus by
the feed pump. The molten prepolymer, which was continuously fed into
the polymerization reaction zone via the perforated plate 2 in the first
polymerization apparatus, was subjected to polymerization while flowing
down along the guides 4. The polymerization reaction zone of the first
polymerization apparatus was held at a pressure of 800 Pa via the
vacuum vent 6. Aromatic polycarbonate molten prepolymer of increased
polymerization degree (number average molecular weight Mn = 5,500)
entering the tapered bottom portion 11 of the polymerization apparatus

from the bottom end of the guides 4 was continuously withdrawn at a
99
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conmpound. 101 CLAIMS W claim 1. An industrial

process for the production of a high-quality aronmatic

pol ycarbonate in which an aronmatic pol ycarbonate is 5

conti nuously produced from a dial kyl carbonate and an

aromati c di hydroxy conpound, the process conprising
condthat Steapgadtd frdm) thoalis chiarigd popt Fdbigitheg disdharging pump 8

carbonate by taking the dial kyl carbonate and the

suchriaBiRE aMROQRY T ANE SRSTARLRID 8Fychrbbals ol tEM BFéSblymer
conti nuously feeding the starting material into a

res%{gﬁ@ ﬂ?@%&r@@fpaﬂi&wv&égn t%{eaagg,{ ;&w}g&éhﬁ“ hi§ BB N

a cata IS prese ouit reacti on

n istillation sinyltaneous ign said firs ol um .
prendifiriokas PHIRRRRIEE TRHT e BedMig7ara iR e feeding
[oYe]] reaction m xture containing . a roduced al coho
port i Blthf SRARIG RoHY T 240 QB 4P R4 LS Y Gnipath PUmp.  The
gaseous form continuously withdrawing a first colum
moltgnghraRelymeyr, pyhiah Wé’@cPOB%WQW’ﬁl)ﬁtfaﬂemé@ﬁhQi pehygnerization
produced al kyl aryl carbonate froma | ower portion of
reactigindzé hestiacihieuperforatetipjate & i the ceedmlipudymerization
feeding said first columm high boiling point reaction

appavatty| &asnsabjestecoty podpinierization mhilé fRiveig’) down along the
distillation colum in which a catalyst is present,

guidear4yi Mhepblymatiz=Albmidabtidhi 26Ré i Fthd sEkbaeously
in said second columm, 20 continuously w thdrawi ng a

Lol o it Lo . . |
I:mlycont al rlﬁsﬁg prtéggaggggmldﬁ% QC%{ EgsoénlLa| rJtee8¥ r5 ?mpgnu\’@ptpheer vacuum
rti f ' cond,.col unn. i.n a_gaseo f.or

ventR L PR ke B oo PRIy A EBhasR SRS e g HBser hgttom
point reaction mXxture containing a produced  diaryl

portipg, ﬂ)ir%ft & PBRPAC) BW:W“%UF? 9 BPPaERHIS BAMdheoloyer ends of
ina liquid 25 form and continuously feeding the

the gHEGSI4 WA B AP NI OWS Y withsoamen at a ¥Iow rate of 6 ton / hr from

the discharge port 7 by the discharging pump 8 such that the amount of
the aromatic polycarbonate residing in the bottom portion was nearly
constant.

The number average molecular weight Mn of the aromatic
polycarbonate withdrawn from the outlet 12 of the second polymerization
apparatus after 50 hours from commencement of operation was 11,500,
and the aromatic polycarbonate had a good color tone (b* = 3.2).
Moreover, the tensile elongation was 99%. The values of Mn for the
aromatic polycarbonate withdrawn from the outlet 12 after 60 hours, 100
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000 hours, 4,000 hours,
and 5,000 hours from commencement of operation were 11,500, 11,550,
11,500, 11,550, 11,500, 11,500, 11,550, and 11,500 respectively, and

hence operation was stable.
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reaction m xture containing the dial kyl carbonate into

the first continuous 102 nulti-stage distillation

colum; (Il) purifying said diaryl carbonate so as to
obtain a high-purity diaryl carbonate; (lI11) reacting

said aromati c di hydroxy conpound and said 5

hi gtheurbinatid oy caesdeaRt prédgetlieds sive athdwe Praribbaceontent
an aromatic polycarbonate nolten prepol ynmer, and

of alRaPIHEtas adl Pb?'%khﬁpe@ébtﬁ%@@ﬁf&@n#ﬁé@ﬂd@ of 0.03 to 0.05
gui de-contacti ng downfl ow type pol ynmerization
ppm?ﬁplaerrgﬁéjﬁf't e%'e‘iﬁuﬁfbijeﬁ{‘é'n EMnBLERC! IE bﬁW$ ddhtent of
ow down al ong ~'sSurfaces of guirdes, and ‘sal d nolten
repolyner is polyneriz while .to flaw ng,  down: an
not At AR U Ak AR, PE the e Boniahy il "M HRva™ the
bé-produc_ed in step (111) back into the diaryl
5 contelt sifareign dmkagesnwaseB. {1 1o db18smed%.r ecycie the
aromat i ¢ nonohydroxy conpound; wherein: 15 (a) said
(4) StepstIVooeit recielingnaromatiagecapbydroxy icompolngn
conprises a structure having a cylindrical trunk
porithisrwaswawiex! bemgtdinglthecshmengroeassras tte Example 1.
di aneter D1 (cn), and having an internal w th nunber
of stages nl thereinside, and has a gas outl et having
an inside dianeter d11 (cn) at a top of the columm or

IndulsBri@NAYPPRaBIGRE | on of the colum near to the top, 20
a lrquid outlet” having an inside dianeter d12 (cm at

10 2098‘%0‘?4@{1 (bt BPREPRL R valttn, HSFe RETbIN G pfeitic
rovyi 1 N

he per portion and /. or a midd e ..

procBsB et erablakadbbiAlauts gl ke almahdtarofiaiic

| east one second inlet provided in the mddle portion
polygatbonate hayingaxceltant mechanigal psrparties@nd 88 d 25

~liquid outlet, wherein L1, D1, L1 / D1, nl, D1 / d1l1,
discelpfatipr taibe peepecedisdystrially in a large amount (e.g. not less
than 1 ton / hr) stably for a prolonged period of time (e.g. not less than
15 1000 hours, preferably not less than 3000 hours, more preferably not

less than 5000 hours) from a dialkyl carbonate and an aromatic dihydroxy

compound.
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satisfy the following formulae (1) to (6): 103 1500 <
L1 < 8000 (1), 100 < D1 < 2000 (2), 2 < L1/ D
< 40 (3), 20 < nl <_ 120 (4), 55 D1/ d11 5 30
(5), 3 <Dl / di12 20 (6); and (b) said second
continuous multi-stage distillation columm conprises
a structure having a cyligd®ipg trunk portion having
a length L2 (cm and an inside diameter D2 (cm, and

We B@Nig an internal with 10 nunber of stages n2

— thereinside, and has a gas outlet having an inside

di yret er ﬁ?r"r]rnélﬁg?rtiﬁltp?oé?& 9br thE pfrg'dt%io‘ﬁ o' ﬁ"qh- uglity

upp€r portion o urm near

out.l et havi i.nside di amet er ttom
aronggticiiolJZRERngRe i1 %ﬁ'qhoa@rar&!r‘?? S rshetel

near to the, bottom at |east one third inlet provjded
Con'fu'mU?H%WuBBé‘#U%@th%W arifiatkyrcarbonateqand R areHaiie

t he col umm bel ow said gas outlet, and at | east one
dihyglsoxy ieampeungr dhededess Remprsing the stepsafd / or

the |l ower portion of the colum above the liquid

out(l etontiheeisty lptodDZing 2 did%| csrhobaté i takingnth®ziialkyl

/| d22 respectively satisfy the follow ng fornulae (7)

carblodaté2and 1he0arembicSm@h diox g eOmMPALrrd ald2a sta?ing
(8), 2<Ll2/ D2 < 40(9) < n2< 80 (10),

mat@TaP iAo L3N feeding. tlﬂgs/taﬁ %a(éﬁéhrﬁﬁ%?ﬁs(@ontmuous

sal d gui de-cont’acti ng dovvn | ow type pol ynmerization
multfRB58 &3 tillation column in which a catalyst is present, carrying out

reaction and distillation simultaneously in said first column, continuously
withdrawing a first column low boiling point reaction mixture containing a
produced alcohol from an upper portion of said first column in a gaseous
form, continuously withdrawing a first column high boiling point reaction
mixture containing a produced alkyl aryl carbonate from a lower portion
of said first column in a liquid form, continuously feeding said first
column high boiling point reaction mixture into a second continuous
multi-étage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said second column,
continuously withdrawing a second column low boiling point reaction
mixture containing a produced dialkyl carbonate from an upper portion of
said second column in a gaseous form, continuously withdrawing a
second column high boiling point reaction mixture containing a produced
diaryl carbonate from a lower portion of said second column in a liquid
form, and continuously feeding the second column low boiling point

reaction mixture containing the dialkyl carbonate into the first continuous
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conprises: 104 (1) an apparatus having a nolten

prepol yner receiving port, a perforated plate, a

pol ynmeri zation reaction zone having a plurality of

gui des that extend downward from said perforated plate
provided in a space surrounded by said perforated

multPlstage dissilldeictrebnemand a tapered 5 bottom casing, a
nol ten prepol yner feeding zone for feeding a nolten

pr I g i gk t t i i
R DU G Bl LaIS0FE 8 & 10 hidif FMigfpurity
; r Oy jn said polynerization reaction zone, an
dlarﬁrcg%ia I'C 1'J|c‘)adl ycar bonat e di scharge port provided in a
|l o nost _portian of the tapered bottom casjng,, and, an
10 (0 Breaefing 398 tmalic HTdaxyComRs Wit ADG: 88'd o
. .said discharge port, wherein: (2) an internal .
hlghs%'é'f'ﬂbﬂé@Wdr(@i'bﬁ?"(alﬁ)mt%ﬁi@ﬁrt%ﬂ a8d® BredWEe &t aromatic
pl ane of the side casing in said polynerization
polycathonate moken qrepfdlggarh@nd producing foratpmatics) |
15 0. 75A5300 (13), (3) a ratio between said A (nR)
polyaartbamatenusimgla geide-amaitasting BownfRwttzpenpolyweghkation
hori zontal plane of the aromatic pol ycarbonate

appdtiatghangehiel sasdtrhefteaspidolyeréoid Atadetaflew(déwn along
205 A/ B 5 1000 (14), 20 (4) the tapered bottom

surf4684 9 diidedl b P LYi® hEREhOPrd AT NI L BBRYmbkSized while
angle C ()

connected at an I nterna to the 'side casing

fowp i BERiEpg, Wier el 5 ¢ anoe D) satishies the
:c g?ﬁt}hgncg%a"?(i ﬂggtp%agpo%%it%er%osnagﬁf rio%<sy E:glengoot.llrlwgvgyrlgroduced

in step (Il1) back into the diaryl carbonate production step (l) so as to
recycle the aromatic monohydroxy compound;

wherein:

(a) said first continuous multi-stage distiliation column comprises
a structure having a cylindrical trunk portion having a length Ly (¢m) and
an inside diameter Dy (cm), and having an internal with number of stages
nq thereinside, and has a gas outlet having an inside diameter d4¢ (cm) at
a top of the column or in an upper portion of the column near to the top,
a liquid outlet having an inside diameter d4> (cm) at a bottom of the
column or in a lower portion of the column near to the bottom, at least
one first inlet provided in the upper portion and / or a middie portion of
the column below said gas outlet, and at least one second inlet provided
in the middle portion and / or the lower portion of the column above said
liquid outlet, wherein L4, D4, L4 / D4, nq, D1/ d4q, and D4 / d4; respectively

satisfy the following formulae (1) to (6):
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150<_h<_5000 (16),and 105 (6) a total external
surface area S (nR) of said guides satisfies the
following formula (17), 2 5 S 5 50000 (17). 5 2. The
process according to Claim1l, wherein not |ess than 1
ton / hr of the aromatic polycarbonate is produced. 3.
The procesp®mechfd 8gopo Caim 1l or 2, (Mperein said
dil and said d12 satisfy the followi ng formula (18),
and sai d q@jl <apd saippd22 10 satisfy yhg fol I ow ng
fornula (19), 1 <dI2/d11 <5 (18) 1 < d21/ d22 <_ 6

(19). 4. TQ ess ccording to any of Clainms 1
to 3, V\/nereleLPF% E1461D1 L1 / D1, ni, ?ﬁ/ dil, and

D1 / di12 r. sai d rst continuous nulti-stage
distill aé‘gn bl-uhéubsat i sfy respecti vel({llﬁ'ZOOO < L1 <_
6000, 150 < D11000,

3501/ D13®, 5021 A 119808< D1/ d11<_ 25, anéSb< D1 / d12
18, and L2, D2, L2 / D2, n2, D2 / d21, and D2 / d22
for said3&ddnd diecn@bhuous mul ti-stagébhiandl | ation
colum satisfy respectively 2000 5 L2 < 20 6000, 150 5
D2 (b) 5200,seond cpntird s dyltitStage nidskllaon eolmmn
D2 / d21 <_ 12, and 7<_D21d22< 25. 5. The process

comprisesda mjrd@tu&é)’h@ﬂﬁg)é "6 Iridwcad! trank, pwl‘t%ﬁlrfavuh? ,a length
D1, L1 1 D1, nl, D1 | di11, and D1 | d12 for said first

Lo (diﬁPta'n@JQHsm%%@thi‘néﬂéﬁ‘Qz ‘ébfng lalrRd hQR}lr?é"aLHTTht%@ﬁbﬁWth
respectively 2500 < < 0, 200 < <

numgégd;]sljag?s/ ﬁgflgiimzsl%e g?lgl éQLazgaggoﬂtg%)wa&na%n inside

ald second continu

sianflielr el b Kidp S anktafiih SRR, 08 AR, of the

cqu%SnonearLto t%e top, a liquid outlet having an inside diameter dzz (cm}
at a bottom of the column or in an 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 said gas outlet, and at least one
fourth inlet provided in the middle portion and / or the lower portion of
the column above the liquid outlet, wherein Ly, D2, Lo / D2, nz, D2/ daq,

and D, / d22 respectively satisfy the following formulae (7) to {(12):

1500 < L; < 8000 (7).

100 < Dz £ 2000 (8),
2<L;/D2<40 (),

10 < np < 80 (10),
2<D;/dy <15 (11),

9 <Dy/dy <30 (12); and

(c) said guide-contacting downflow type polymerization apparatus

comprises:
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5000, 200 :5 D2 .5 800, 5:5L2/ D2 <15, 20 :5n2 :5
50, 3 < D2/ d21 _ 10, and 9 < D2/ d22 < 20. 5 6.
The process according to any one of Clainms 1 to 5,
wherein each of said first continuous nulti-stage
distillation colum and said second continuous
mu(1) ast agparatild hbein@®a ARIItEM prepplyPes r_Rceiving port, a
distillation colum having a tray and / or a packing
i ghotat ar i hGl '
Perf oS! & palymelzatiol fedeaoa o FRh g PRy
oAb stillaLi g _ .
guigs et i8R GOMTRRETRM e hghBadd Bfata arayied in a
and sai d second _continuous lti-stage distillation
spacEop i i PYese & HPLRPISH Riateof oo 5ian Afd R dapered
a packi ng and a trary as said internal. 8. The process
bottopcAtingy & faiten Rrepsiymendeading zenre fer feeding @& mealten
in said first continuous nulti-stage distillation
prepebimen viacaidi perfosatard ptatet phtedberguidessimifee
distillation colum is a sieve tray having a 20 sieve
polymertdativrand agtiooveonera pacuummvett proeigeddiesaid
according to Claim8, wherein said sieve tray has 100
polyiheriZfitbhmekastionEoh8, 3¢ dremetie penidarbonfieldischid®ge port
process according to Claim8 or 9, wherein a
I g r
PrOVRIAE In P ENRDSE RTON 0F e J8p8rEl SRMOTLaYMI  Bd an
. l i
aronfiRe BRI Tl A AR Bu comnipR, b §8id giscnarge port
conprises a distillation 5 colum having, as said
Eernal, the packing in the upper portion of the

colum, and the tray in the | ower portion of the
Co(ﬂ)nﬁn nternal sectional area A (}An%) tgken through a horizontal

whe

plane of the side casing in said polymerization reaction zone satisfies the
following formula (13),
0.7 <A <300 (13),
(3) a ratio between said A {m?) and an internal sectional area B

(m?) taken through a horizontal plane of the aromatic polycarbonate

discharge port satisfies the following formula (14),

20<A/B <1000 (14),

(4) the tapered bottom casing in said polymerization reaction zone
is connected at an internal angle C (°) to the side casing thereabove,
wherein said angle C (°) satisfies the following formula (15),

120 < C £ 165 (15),

(5) a length h (cm) of said guides satisfies the following formula

(16).

150 < h £ 5000 (16), and
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12. The process according to any one of Clains 6 to
11, wherein the packing as said internal in said
second continuous 10 nulti-stage distillation colum
is one or a plurality of sets of structured packings.
13. The process according to Caim 12, wherein said

st (e¥luted| ebaskhalsiFfagel 8red ® (6§ oTtddidoySides satisfies the
mul'ti-stage distillation colum is at 15 | east one

folloWlRE RehfiAked Ay om the group consisting of Mell apak,
Gen'gak, Teiﬂnc?- pack, Flexipac, a Sul zer packing, a

Goodr ol | i Aitschgrid. 14 e process
accordinépgggéﬂgogﬁgpof Claims 1 to 13;1;20 wherein
the diaryl carbonate purification step (I1) is carried
out by distillation. 15. The process according to any
on& of Cains 1 to 14, wherein_the side casing in the
polymer i 2414 BROFBEE1AGHPTEIMG tedhiRiNMds wherejn not less than 1
cylindrical portion with an inside dianeter D (cm and
ton /ahr efidhe arqroajic pokycaapenade hstpromused.ng, which is
connected to a |l ower portion of the 108 side casing,
is conical, and the discharge port, whichis in a
| ower nost portion of said conical casing, is

cyBi.ndri qHe prbbed® ddvurdengitanifim d of SMwhekAResdid d4;
D, L and d satisfy the followi ng fornulae (20), (21),

one 4510 90 SO 5598 458 ffpins s oz

sati%%gSﬁﬂMﬁ{qﬂ@gﬁl% Ifug%‘)one of Claims 1 to 15,

erein sard '‘the following fornula (24),

1<dy2/dy1 £5 (18)
1<ds1/ds 26 (19).
4. The process according to any one of Claims 1 to 3, wherein

L1, Dy, L1/ Dy, nq, D4/ d4q, and D4 / d4, for said first continuous
multi-stage distillation column satisfy respectively 2000 < L4 < 6000, 150
<Dy<1000,3<L1/Dy<30,30<n,<100,8<D,y/dqy <25, and 5 < Dy
{di2 <18, and Ly, D2, L2/ Dz, nz, D2 / dzq, and D3 / dz; for said second
continuous multi-stage distillation column satisfy respectively 2000 < L, <
6000, 150 < D; < 1000,3 <L,/ D2<30,15<n,<60, 2.5<D,/d2 <12,

and 7 < D5/ djy < 25.

5. The process according to any one of Claims 1 to 4, wherein
L1, D1, L1/ D4, nq, D1/ dq1, and D4 / d42 for said first continuous
multi-stage distillation column satisfy respectively 2500 < L; < 5000, 200

SD15800,5SL1/D1S15,40$ﬂ1$90,10SD1/d11S25,andTSD1/
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400 < h <_ 2500 (24). 17. The process according to any

one of Clains 1 to 16, 15 wherein one of said guides

is cylindrical, or pipe-shaped and nade to be such

that the nolten prepolymer cannot enter therein, with

an outside diameter r (cnm), wherein r satisfies the
diz & 0Bl @M, f @omula/ D35h,, O/ d24,<dnd D) / 2Q f68-saliiesecond

process according to any one of Cains 1 to 17,
contiMiRd8d rﬁn&l*ﬁﬁs%wméhﬁahbﬂncbm AT d Pk d@étﬂﬂelg 2500 < Lg <

plurality of said guide- cont actl ng down ow yp

at atyses | ogethe .
5Oodlj‘oi(wr}rirocl:jzss ggzbc:g?%a% aUt% one 5 ClrE Fr?’él]’ ?o‘ %%/1821 =10,
I lurality of the guide-contacting

and ghcgw;fq o2e y{%epol yneri zation 109 apparatuses accordi ng

to Claim18 conprise two pol ynerization apparatuses

being a first guide-contacting downfl ow type

pol yneri zation apparatus and a second

guPde- colthicprogesdasdcsding ge oy pmer pE &labms 1 to 5, wherein

apparatus, wherein in a process in which a
eachpof paid ifirat icomtiamrwes mgltbstage elstitationt tbdlirndend said

total external surface area S1 (nR) of the guides in
secosd dohtinsbuguimldticobaigec tistilisidenfdalunmirygemprises a distillation

pol yneri zati on apparatus and a total external surface
columheBaPhd &2ragfahlg @Mbqfécmmsas%a.a%@@ﬂ]al

gui de- contacting downfl ow typé& pol ymerization

apparatus satisfy the followng formula (26), 10 1

< S1 /S2< 20 (26). 20. A high-quality aromatic

pokycarb roduced in.an unt ,of not .l ess t

ore, Eﬁ%‘éf Ges ptestid (oI po wiiran R i

CI li t1 15 .. ..
contlnuous mul i-stage distillation column comprises a plate type
distillation column having a tray as said internal, and said second
continuous multi-stage distillation column comprises a distillation column

having both a packing and a tray as said internal.

8. The process according to Claim 6 or 7, wherein each of
said trays in said first continuous multi-stage distillation column and said
second continuous multi-stage distillation column is a sieve tray having a

sieve portion and a downcomer portion.

9. The process according to Claim 8, wherein said sieve tray

has 100 to 1000 holes / m? in said sieve portion.

10. The process according to Claim 8 or 9, wherein a

cross-sectional area per one hole of said sieve tray is in a range of from
107
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21. The high-quality aromatic pol ycarbonate accordi ng
to claim 20, having a content of alkali netal and /
or alkaline earth netal conpounds in a range of from
0.1 to 0.01 ppmin terns of netallic elenents
therein, and a hal ogen content of not nore than 1 ppb.
0.5 t805Z2#n2The high-quality aromatic pol ycarbonate
according to claim 20 or 21, being an aronatic
pol ycar bonate having a main chain thereof partially
branched through foreign |inkages such as an ester

i : . _
thd ror e O1F Prikage 9eaeia 8 GIIR S 9t 3. BB ETh Saics
no| % based on c r_bopate L, i nlfatqe. 1]]0 , T
second continuous multi-stage distillation column comprises 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.

12. The process according to any one of Claims 6 to 11,
wherein the packing as said internal in said second continuous
multi-stage distillation column is one or a plurality of sets of structured

packings.

13. The process according to Claim 12, wherein said structured
packing in said second continuous multi-stage distillation column is at
least one type selected from the group consisting of Mellapak, Gempak,
Techno-pack, Flexipac, a Sulzer packing, a Goodroll packing, and

Glitschgrid.

14. The process according to any one of Claims 1 to 13,
wherein the diaryl carbonate purification step (ll) is carried out by

distillation.

15. The process according to any one of Claims 1 to 14,
wherein the side casing in the polymerization reaction zone comprises a
cylindrical portion with an inside diameter D (cm) and a length L {(cm),

the tapered bottom casing, which is connected to a lower portion of the
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side casing, is conical, and the discharge port, which is in a lowermost
portion of said conical casing, is cylindrical with an inside diameter d

(cm), wherein D, L and d satisfy the following formulae (20}, (21), (22)

and (23),
100 < D <1800 (20),
5<D/d<50 (21),
0.5<L/D<30 (22), and
h-20<L<h+300 (23).

16. The process according to any one of Claims 1 to 15,
wherein said h satisfies the folowing formula (24), |

400 < h < 2500 (24).

17. The process according to any one of Claims 1 to 16,
wherein one of said guides is cylindrical, or pipe-shaped and made to be
such that the molten prepolymer cannot enter therein, with an outside
diameter r (cm), wherein r satisfies the following formula (25),

0.1<r=<1 (25).

18. The process according to any one of Claims 1 to 17,
wherein the polymerization is carried out using a plurality of said
guide-contacting downflow type polymerization apparatuses linked

together.

19. The process according any one of Claims 1 to 18, wherein

the plurality of the guide-contacting downflow type polymerization
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apparatuses according to Claim 18 comprise two polymerization
apparatuses being a first guide-contacting downflow type polymerization
apparatus and a second guide-contacting downflow type polymerization
apparatus, wherein in a process in which a polymerization degree is
increased in this order, a total external surface area S1 (m?) of the
guides in said first guide-contacting downflow type polymerization
apparatus and a total external surface area $2 (m?) of the guides in said
second guide-contacting downflow type polymerization apparatus satisfy
the following formula (26),

1<81/82<20 (26).

20. A high-quality aromatic polycarbonate produced in an
amount of not less than 1 ton / hr by the process according to any one of

Claims 1 to 19.

21. The high-quality aromatic polycarbonate according to claim
20, having a content of alkali metal and / or alkaline earth metal
compounds in a range of from 0.1 to 0.01 ppm in terms of metallic

elements therein, and a halogen content of not more than 1 ppb.

22. The high-quality aromatic polycarbonate according to claim
20 or 21, being an aromatic polycarbonate having a main chain thereof
partially branched through foreign linkages such as an ester linkage or a
ether linkage, and having a content of the foreign linkage in a range of

from 0.05 to 0.5 mol% based on carbonate linkage.
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