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A0501 VP80/ KAN PROCESS FOR | NDUSTRI ALLY PRODUCI NG

AOSOHN\EBCMAN TY AROVATI C POLYCARBONATE Technical Field 5
The present invention relates to an industrial process
for the production of an aromatic pol ycarbonate. Mre

particularly, the present invention relates to a

process ri [ Y ' I n

SRR ar Eas FOR NP UBTRIAELY PR RGN HGHR VAL ITY

pol ycar bonat e havi n excel | ent mechanical properties

and no col or at i ARAMAIIE PELACARBEMNAGELO period of

time froma dial kyl carbonate and an aromatic

di hydroxy conpound. Background Art Aromatic

pol ycarbonates are widely used in many fields as 15
TechaiigahPeglidgng pl astics havi ng excel l ent heat resistance,

i npact resistance, transparency and so on. A variety

of mélgié§§?Hevrwm6nC@wt‘é%ﬂt@t#n ikd idwidl priotiess for the

proces or producing such aromatic carbonates, and

prodlfﬁgufc’tiotri1 of %’r} onﬂn%ttfg{légyc?érb NS fio?8 %ﬁ’ﬂﬁwgwﬁhé%resent

rocess between ene and aronmatic

: C ounds sych as 20 2,2-Dbj i nyl.)
inverfighetd|afes 16,k PipFeat;far JoakHaHiL WOHLEM G 1 L6R A ounts of
.industrialized, However, there are nan roblens with .
a highjqualify-anrd 3 m%miagfaﬁin&ﬁ BRMALIG ﬁa&ca#aﬂ‘@éss%?vmg
for exanple toxic phosgene nust be used, nethylene
excellenir neéshanicahprepeties andae celasat@matably for a prolonged
probl enms, nust be used as a pol ynerization solvent in
peried 2 fimegfrommaudialiyl sarbenate Ehd amearamaticodihyeyoxy
pol ycarbonate, the apparatus is corroded by
compblu@id_ne- cont ai ni ng conpounds such as 1 A0501
P80/ KAN net hyl ene chl ori de and by- produced hydrogen
chl ori de and sodi um

Background Art

Aromatic polycarbonates are widely used in 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 carbonates, and of

‘these, an interfacial condensation polymerization process between

phosgene and aromatic dihydroxy compo_unds 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 condensation polymerization 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 timeé that of the polycarbonate, the

apparatus is corroded by chlorine-containing compounds such as
' 1



chloride, separating out residual chlorinated

A0S0 WIR80AAN such as sodium chloride and net hyl ene
chloride that have an adverse effect on the polyner
properties is difficult, and treatnment of a |arge
amount of 5 process wastewater containing nethyl ene
chloride, upreacted bi sphengl and so on,is .

methyleBg-aipride anKebyrmad e hysdsogen: Shistide nd sodium
produci ng the aromatic pol ycarbonates fromthe .

chlotideysenaratingiouk yes sty ehiorinatechsnpupities such as sodium
carbonate, a nelt process in which, for exanple,

chiolidepard ahethylenel 6htbnpde ithiat derve aat adve s efffentt eul the
transesterification in a nolten state, and

polyRrypspenidLis defiout,i ed aréawheht of entaigegamount of
by- pr oduced phenol has been known fromhitherto. This

5 procb&@r\%%{@&biélcébh?é‘in'iﬁé?ﬁbﬂﬁ‘ylie?le.aﬁhlcﬁ‘i’&’é,‘ URFédBted bisphenol

react1 on, and noreover e equilibriumconstant is

l,0 e polynerization will not proceed
A angn%Scf;W?%gré%%%%atr )

enof"is renoved 15 efficiently fromthe
surfa of, the nol,.ten matter. | ike the interfacial.
o {Ba ot Gste AR AdroResp It odtingE pRGidisle
has advantages such as a sol vent not being, used, but. .
polygarkepatas &omdhe arpmaticadimedioxy camw?ﬁ# And the diphenyl
to the aromatic polycarbonates that once the
carbpolagerai malt pnocass pnovbiatsdforexample abispharek Atard
viscosity of the 20 polyner increases rapidly, and
10 diphbaytearbohatersre suibjeéctedtta transesterifivatipmédua@emolten state,
phenol and so on out of the polynerization system

and polyMietiEdtion Wertbied bubeemiie Temdpding byproduced phenol has
substantially increase the polynerization degree.

bee%%ﬁk&ﬁzfréﬁ hiiRer@se Thid BRard dWbiffcatish Yeachemaisean

ein t_he case of nolten condensati on _
cauiBHTE B8 0.0 e PAAHE o BB AR T oy, anc
nenge, 368 RptymraisATiananlll Bt Rrogaet fifdss Tof iiFhafis gmoved

a polynerization degree (n) of 15 X \
15 efficier?tly);’rom the surfacegof thg %’\olten matter. Unlike the interfacial

»

condensation polymerization process, the melt process has advantages
such as a solvent not being used, but on the other hand there has been a
problem intrinsic to the aromatic polycarbonates that once the
polymerization has proceeded to a certain extent the viscosity of the

20 polymer increases rapidly, and hence it becomes difficult to remove
by-produced phenol and so on out of the polymerization 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 condensation polymerization

25 to producé another condensation polymer such as a polyamide or a

polyester, the melt viscosity becomes extremely high even in a low
2




to 20, and hence surface renewal becones very
. AD501i YPBOMAN usi ng ordinary stirring. Renoval of phenol
fromthe polyner surface thus substantially stops
occurring, and hence a pol yner having a pol yneri zation
degree 5 required for a product (n approximately 35 to
65) cannot b roduced. This, is 1 kno ip_the -
molagiiaf et/ Sate nfanexampiesdt ppgimet2aiGn debfée (n) of 15
apparatuses for producing the aromatic , pol ycarhonat es
to 2Qsang Renee suftpce gehewal begpmas vs&vﬁgmﬁw%ng ordinary
appar at uses are known. A process using a vertical .
stirristg.r r Regnowak of pherial fsony teeipelymear sprface: thus subsgantially
a stirrer is wdely known. However, wth such a
stopsasdcuwraingt andi henteark poyymepdiaving a polymenipatianusegree
in the case of small scal e production, the volunetric
5 requifdd FOEBPrdduct @' apPidximaeély 85 toh85pdapnatdse Prodieed.
apparatus being sinple, and hence the pol ynerization
:aGi KRS nt f &g in the case of
Th'silgr\fv%gust ri gl msggé@%grgggu%ﬂtuﬁgﬁﬂ p‘? ?ﬂ:ﬁ fficult to
ef fjci ve fro t L h 1S ¢
oy A BEDE ERIE At atIFea el FTodbieing e Bhorsic
descri bed above, ari.ld hemie there is_t.he proB{I em.t hzi\l
P°'Wﬁé‘°%ﬁ%§#ﬁi’&9i% PNElt Broeess, ¥arioks PRYMEHzatiod
a large scale vertical stirring tank type . .
apppAtYELEi 38 KDAWIppafePlRCess USING abf/efﬂvﬁ'éal SH[ﬁ'BQv‘@I%Pe
to the evaporation 20 area is generally greater than
10 polymennationsappéaratusnhavirg al stirnends wistedy kredywy. sudawever,
that the so-called liquid depth is high. Consequently,

withesieeh iaf ve tHicaldsirrireg dhnkatypenp obyrhecizadived apparatus, in the
i ncrease the polynerization degree, because there is

caséoffistallistdie praddttion ! fite Volemelfict éliti@hcy 8 high, and
stirring tank, the polynerization takes place at a -

ther?iﬁi%ﬂbﬂ@{iﬁéﬁ%@e of (Y Egﬁ%‘ggﬂﬁé‘%eﬁﬁ ts*iﬁudol'?‘ﬂﬁngi A8Pick the

ceint er portron

poly 4B A o B8 15 Bt AR AR h PR Mo of

15 indusé%ﬁglss\ég et ip?'gldu%iiiornr, iiP ¥s td?m(cJIY kS é?ﬂlc}/enr?tliylr ngtni}g\s]e from the
system phenol that is by-produced as the polymerization proceeds as
described above, and hence there is the problem that the polymerization
rate is very low. Furthermore, for a large scale vertical stirring tank type
polymerization apparatus, a ratio of the liquid volume to the evaporation

20 area is generally greater than in the case of a small scale, the state
being such that the so-called liquid depth is high. Consequentiy, 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

25 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
3
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apparatus can thus only be used in the case of
AOSOANTBR/KAN a prepol yner. To attain the required
pol ynmeri zati on degree, a polynerization apparatus for
further subjecting this prepolynmer to condensation
pol ynerization is 5 essential. Various neans have
.. D€EN Used for efficiently.renmvin henol . or the. like
difficiifm & IATgR-S5ele U tUcal P Yirng JankLvPs Baifherization e
probl enms. Mst of these neans have related to
apparatie ganythyus oplyheused 1 thecase of produsing a pregplymer.
have been described a process using a screw type 10
To attelry theireguited pojymearizationidegree;enpalymenzation apparatus
Docunent 1: Japanese Patent Publication No. 50-19600
for fither esybjedting thisPrdpolmiemto chadeh@tRa? polymerization is
process using an interlocking type twin screw extruder
essenipl, Patent Docunent 2: Japanese Patent Publication
No. 52-36159), and a process using a thin film

CYSRRIY Fie 454 el BYED 7 SIS R IR UaR ol or

tho (R 580 i BARERE B3R SUEES 5814010 FEoRf frobtems.

u ernore there has beep,specifically disclosed _—
Most,phta888 TRy s euRdeHatad 1o gmaroving e gachannaf stiping.
evaporator and a horizontal biaxial stirring type
for exampie. i theredrave heen descsikeda BrACe?S b§iNdehsciew type
Japanese Patent Application Laid-open No. 2-153923).
polymerization apparatub having aaent (speitatent Rocyment 1.
stirring as the basis of the art, and hence there are

Japamgse PdtgntiPabli¢ation, Nend0: 0800 abespondinglterBrit. Patent
have not been solved. That is, there are l[imtations

No. 9007302)Rna Gilocdss’ ﬁénfq ahsitErioekikg Typeftwinl §6redlextruder
Y,

to handl'e ultra-high nelt 25 viscosi and hence

(seevrﬂéié’rﬂsn%g@hgﬁg 2" S i d ks d @dt@ﬁt%ﬁﬁcéﬂ'iﬁh NB! t52-36139),

Vi scosity arorati ¢ polycarbonates have renaine
and YR Osind LHIR i TlANGH T i€ RABXGE suhoqg @ screw
evapbglrator or a centrifugal thin film evaporator (see Patent Document 3:
Japanese Patent Publication No. 53-5718 (corresponding to U.S. Patent
No. 3,888,826)), and furthermore there has been specifically disclosed a
process using a combination of a centrifugal thin film evaporator and a
horizontal biaxial stirring type polymerizatibn apparatus (see Patent
Document 4: Japanese Patent Application Laid-open No. 2-153923).
These proceéses all have carrying out mechanical stirring as the basis of
the art, and hence there are naturally limitations, and thus the above
problems hav.e not bee.n solved.- That is, there are Iimitat‘ions on
mechanical stirring itself in terms of being able to handle ultra-high meit
viscosity, and hence various problems relating to the ultra-high melt

viscosity of the aromatic polycarbonates have remained unresolved.
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rai sing the tenperature so as to |ower the nelt
Aﬂ50§liM?<ANat least a little. That is, in these
processes, the nolten prepolyner is subjected to
pol yneri zation at a high tenperature of around 300 C
and under a high 5 vacuumwhile trying to bring about

. rfagce renewal thraugh ' L L
with e ApEvechiirastrt e AiEFRRIpETe rdgoNve Hfbeq Krables by
L hi g{h, and hence the extent of surfej e.renewal .cannot littl
raising theqternpgrature-se agte Iowes themelf Viscogty @l east a little.
pol ymeri zati on degree of polycarbonates that can be,
pr dhata8, imithgsenpeacansas s molte parepalymeards subjgcted to
produce a 10 hi gh nol ecul ar wei ght grade product. ]
polymeridetionrat, a kigh temeperatureestasound 10 SCaandnunder a high
deterioration in properties of the polyner obtained
vacuuin WRREaryihg €6 briry abloutt ierfaceatenswakting ugh mechanical
out at a high tenperature of around 300 C, and

stirrig%etﬁYteévéHﬁl ﬁ]igqgol Sidtdile The ARIIEVISEESitY s istill very high,

perties nmer 1s also liable to occur due

and b%@?&:ﬁ@% g%g&??:ﬁgﬁﬂ{g@é ¢EhdwaIcesh RSt b Hyo(éj?ﬂi ﬁ‘.mar;l;here

stirrer. ere are thus st
rob|.e to _be . solved .in order. to,prod
are il GIESYS R Jod RphEiEelinhyi#bfee o d§cguponates that
Beriod of -tinme. The present inveqtors haﬁf dis overgd
can beapraduced sipodhesenrocessespiideing Jificult 1§ produce a
devel opi ng a process in which nechanical stirring 20
highi moteculatrweightgrade producter Fudhemmosenith thgse
downf |l ow type pol yneri zati on apparatus is used in .
procelsisels, tdiecoldratiomoemeternmration upyepedies of the polymer
pol yneri zation while being made to fall down under its

obtafvéd ivdidtite fj oeeudd e to THelrerction Goingrearriad out at a high
previously filed patent applications (see, for

g, ey i RIS :
tem%ﬁ@éét?ﬁ#%%%ﬁ@ﬂbﬁ%@zsem, sifBhMacshoration or

sotolfFETE i B AU O 150 eGP e to i
or fo/?%?gl;ﬁcn@}ta\igrqaf ?@jgﬁi%%epn hl'?fou%hs‘%s\?ggtluﬁ\agggi orthd Etiirer.

There are thus still many problems to be solved in order to produce the
high-quatlity polycarbonate stably for a proionged 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 fali 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. 8-225641, Patent Document 6: Japanese

Patent Application Laid-open No. 8-225643, Patent Document 7:
5



8: WD 97-22650, Patent Docunment 9: Japanese Patent

. AO0S0ANIPBKANN  Lai d-open No. 10-81741, Patent Document
10: Japanese Patent Application Laid-open No.
10- 298279, Patent Docunent 11: WO 5 99/ 36457, Patent
Docunent 12: WD 99/64492). However, with such

processes, .there has bheen no_discl @s t g
sapaless Bt APPIIsaien tain-ghebuie: BidaPada, PR 08Bument

enabl es not less than 1 ton / hr of th ar?@ic .
-8: WRyB/c2r660atRatant Becyment 8y Japanass Ratent APRIIGRHRR

the aromati c pol ycarbonates on an 10 industrial scale
Laidtdpendhot I Bn82Td4, iRateatiRacumenighOplapapesepRateont

carbonate nust be procured in a | arge anobunt on an
Applicatich rizid-speheNo. A0RE827 &ji PatermixDocampenhdd : WEh

as high-purity bisphenol A are nmass-produced

5 99/3BA%UstpafiityDosiifthémN12aWly 9beeH492)r etowalen, with such
hi gh-purity diphenyl carbonate cannot be procured in

proc%s%@%ggpgp?gﬂgpsr ggﬁggn?@ﬂﬂc&tﬂle @:Ftéyfgg%&dn@ Idfsa Shegific

ecess - puri

: car . r S 0 [

indu§RigCRRducBphlsdssiinat bnBbRe FotIps I 1OH / hr of the
hosgene has been known frgm | agng ago, and has al so

arong%féﬁ%ﬂxcé-ab?aefe%m3’%{?3999& studies in recent
years. However, 20 this process has the probl em of
usifthacugeacto pradusestis aromalic palved RPNARS P28
that are difficult to separate out are present in the

10 industpaksgale thiousgh ¢ransestesification, arhighoputidy dipheayl

hence the di phenyl carbonate cannot be used as a

carbonaitei mustiiee pratufed inlzelargelaatoont oh am industral scale.
pol ycarbonate as is. The reason for this is that such

AromatiehdibiydiakgcdmpeundscsuBRr &€ Miyhipliity bispieenol A are

polynmerization reaction in the transesterification

. @] Is | a o _ R
mas TR RARFHTIY SR8 P ALY 66 pIRUIBER utha high-purity
diph%rﬁy @arrsg%l&es&%ﬂoﬁgg%%cﬂre% in a large amount on an industrial

15 scale. It is thus necessary to produce the high-purity diphenyl

carbonate.

As a process for producing the diphenyl carbonate,‘ a process of
reacting a phenol with phosgene has been known from long ago, and has
also been the subject of a variety of studies in recent years. However,

20 this process has the problem of using phosgene, and in addition
chlorinated impurities that are difficult to separate out are present in the
diphenyl carbonate produced using this process, and hence the diphenyl
carbonate cannot be used as a starting material for the production of an
aromatic polycarbonate as is. The reason for this is that such

25 chlorinated impurities markedly inhibit the polymerization reaction in the

transesterification method for producing the aromatic polycarbonate
6
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basi c catal yst; for exanple, even if such chlorinated
AOCS01 WIBO/KAN are present in an amount of only 1 ppm

the polynerization hardly proceeds at all. To nake

t he di phenyl carbonate capable of being used as the 5

starting material of a transesterificati on nethod

._ar.onptic pol ycarhonate a tr I 1t
whicBgg catried SutTh W Pissented 5@ Sy %haf'h%'?‘;%u"% of a
washi ng with a dil ute aquepus ne .solution,a
basigeatalitssi for gxample.avel & S °fma§FF| Hf%PPEJHea?nafe
SO on is t hus re?U|red Furthernnre the y
presestieanamount of prlydl ppr, mgwmmaﬂmmnahar&w Ryoceeds
| oss during this separation / purification process.
at allheiTe maket thes diphgnypcabbenate capabieiofgbeing uises as the
process economcally on the industrial scale. On the

startifig ehatexidl ofl aPfrapeestédficatiofumathodarematid polycarbonate,
car bonat es through transesterification reactions

a tro?ﬁl%@éﬂ‘né %%@iﬁé se?%r%ﬁb@ﬁ%h‘hﬂ’éﬁhéﬁ‘%r%@%%‘ involving

nown. transesterification

thoréﬁ@ﬁt\bggﬁ' ‘fmﬂjl' ﬁﬂgiée Xa?( %ﬁ?él'lﬁg h%n and hot water,

S b| ase t owar

A
Furt§arb20as e S HacSa bl i ETBAURR s R Shifvion

i mprove on the above difficulties, but nost of these

loss iduring dhis sepasationel ppridication prosessystThere afetbausemany
the reaction rate. Many netal conpounds have been

probe oEoRedarpdngasw this priomesshesonppeically on the industrial
transesterification reaction. However, the 25 problem

scaléf the di sadvantageous equilibrium cannot be resol ved
nmerely by devel oping a catal yst, and hence there are

Verdn gﬁ@’oﬂﬁ“ﬁénaoabﬁroges@@llpyga% thésél*o\fﬁdtlc
i nc ng t reaction systemin order 1o provid
carb¥ndt88%hr8lgh transesterification reactions between the dlalkyl
carbonate and the phenol 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 pro'posed
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
7
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i ndustrial production aimng for mass production.
AOSOAMREKAMNave al so been made to devise a reaction

systemso as to shift the equilibriumtoward the

product system as nuch as possible, 5 and thus

i nprove the aromatic carbonate yield. For exanple, for

the regction between. di nethyl carbonate and.

resolugh IGluging 28R reRcsiss 8Y I hBHIF b 1/ BV iR h Brgpess for

) produced as_ a by-product is distilled off by

industs it prsysiucting @iaying; for massRIUEHR or ni ng” agent
(see Patent Docunent 13: Japanese Patent Aeplication
LaiAdtemppts kavelglssybegromade te skpiae ajeastiphssystem so as
CGerman Patent Application Laid-Open No. 736063, and

to shiftIhePatiaillibmiom &War@the, product system asnwicklas possible,
met hanol produced as a by-product is renoved by being

and HHIsQIMPYoVB thedardMatid barbohates yiside PRbeeixampluTeiur the
4: Japanese Patent Application Laid-Open No.

1
reacﬁéhﬁﬁ?ﬁﬁéeﬁ%ﬂym%rﬁﬁn% Lérﬁ% ggﬁér%lt, there Wb pblen

eover, net’h as al so n proposed i n which,

using_an rat us. ' .St o) ) h® i
propfiSsdadieBRed i hic st Ehet SothlddRerd theptBByetle
. as y-product in the reaction,.is_separate ff fro _
distifled G Panokionx FedStiiar Wit A" eirbBRMmins flgnt (see

starting material that evaporates, is, sei)_ar_ t ed OfIQ by
Patemt P ocumanint $sdappaese: Patehdpplication @é@zﬁega 0.

Pat ent Application Laid-Qpen No. 56-123948 @ .
54-48382 teproespogding to. We staGenmam Patept Applicationd\aid-Open

these reaction systens are basically batch system or
No. 33606130\wid ). 8. ePateliti Nol #2527237F), anat a method in which the

limtation on how nuch the reaction rate can be

metH G PFAsH & ¢ @ HH aClsy-Prodiucl 9% aleddvad By beingadSormed onto a
transesterification reaction, and hence the reaction

mol%ﬁgg{ ﬁegé i(tL:JeeSbQ‘f\ént Pg%%rﬁéﬁt i1l4: hpsp HRE8e PR ADPAEation

stemis pre e to a 8 A0501 VP30/ KA

- Laid?@ﬁfﬁr{‘@%ﬁ?@ﬁ%}@ﬁg PLoHEEHondingd¥ UL Pardht'Nb 9 10464)).

Moreover, a method has also been proposed in which, using an
apparatus in which a distillation column is provided on top of a reactor,
an alcohol produced as a by-product in the reactioh 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. 4182728)).

However, these reaction systems are basically batch system or
switchover system. This is because there is a limitation onlhow 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
8 ,
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emin which a distillation colum is provided on

syst
A%Oﬂgﬂ:’@ﬂmé\” eactor has been proposed as a continuous

system but there are problens such as the reaction
rate being slow, and the gas-liquid interface in the
reactor 5 being small based on the volunme of the

conteis syble OV ToBBh A33) ok, { g sepctor c5TR

systm GowAten & ied IRt SOIRAY 45 uoXEH N 186 41§ regetar has

prol onged period of tine by means of the above
beempropdsed ama@ eantinucuscaystami but dhpse areopieblems such as
econoni cal industrial 10 inplenentation is possible.
the réactivresate beingrslows and the gas-tigedd rintenfage in the reactor
distillation nethods in which such a
beinganafishaséli omthervolaass igfrthiesiigaid.i ett suthusinat possible to
continuous nulti-stage distillation colum
i g S ' Visdd FFfil  aftainitle object
makg (FE COAGEISIoh Mg SRRy, RS eI Ba i e ol
: fj i.Sfd j A fiull 1af
of pidifdb8ile ¥Fofliatls, caPbenitey BoRiirputiy i targh Srms
istillation method in ich.a dial kyl r
stabfy.fo .iaIBnagt: Bepodhah dnf o3 MRy of (BRLAEEPRmRRgas.
a multi-stage distillation colu and reaction i,s .
and many dssues reaRIn iR B8 esolveddRetdre eepnRmIcAl (RdiAtral
catalyst is present, while continuously 20 wi thdraw ng
implpnentatian is pessibleow boi | i ng poi nt conponent
containing an al cohol produced as a by-product, and
comMheprasknt Wvéntarsi hgve develppeshteactivaidishifjation
produced al kyl phenyl carbonate froma |ower portion
metRbd$ if WRICHBuCheS tRMSadtdification ré@ctibrpineaeri@dteut in a
Application Laid-Open No. 3-291257), a reactive

conﬁ’ﬁ&%hé'rﬁhit?—%tggbrﬁigtiillfét' p’gg&rﬂnaé‘in@hhﬁheEG%WMith separation

carpbonate 1Is nti nuously into a nulti-stage

by ol o BV Boo el RELi0MS YL Ssline that such o

reaq\ﬁ‘hvitqiali%%gbyfsy}stia% L BR8P fIN5LEN R B AL Hication
reaction, for example, a reactive distillation method in which a dialkyl
carbonate and an aromatic hydroxy compound are continuously‘fed into a
multi-stage dist-illation column, and reaction is carried out continuously
inside the column in which a catalyst is present, while continuously

withdrawing by distillation a low boiling point component containing an

alcohol produced as a by-product, and continuously withdrawing a

component containing a produced alkyl phenyl carbonate from a lower
portion of the column (see Patent Document 16: Japanese Patent

Application Laid-Open No. 3-291257), a reactive distillation method in
which an alkyl phenyl carbonate is continuously fed into a multi-stage

distillation column, and reaction is carried out continuously inside the
‘ 9



10

16

20

25

distillation a | ow boiling point conponent containing
A0504 \PBOKAN car bonate produced as a by-product, and
conti nuously w thdrawi ng a conponent containing a
produced di phenyl carbonate froma | ower portion of
the 5 colum (see Patent Docunent 17: Japanese Patent

colu Ll SRR R BahE o et FEL cohyiFRLA wiparawing by

carried out using two continuous multj
distidlation| a dewohoiling paiat caﬁbpmﬂetecana?m@aﬁ dialkyl carponate
I's produced continuously while efficiently recycling
prodacedaagyd byap hadact W@Mﬁmwaywﬂbmgmng(%@@nmonent
Pat ent Docunent 18: Japanese Patent Application
conthiidgQegroduced didli€nyl ¢carborate itima lowed poirt@ssef the
Eur opean Patent No. 0461274, and U. S. Patent No.

cotuﬁﬂi@%&)%teﬂﬁ%échﬁ%ﬁt 1% dapardsy PatentApplidation

whi ch dlalkyl carbonate and an aromati c hydroxy

|
Latdceﬁg%ust age I sti d(g?la(é;{r%@% gi]llaww}ﬁbtﬁ?gUlﬂ&w{‘;éP tgtese

reac I&n| ?933215 l!&-goggg r?gnctgn}éff‘ggs t?g‘éﬁd%ﬂﬁﬂ\ff‘sﬂﬁ%ﬁﬂgﬁon
co R ARASHES T arb el sy wnie
_distillatigon colum so as to bring ab actio
efficiently secyehnore cialisd Farhonats pigd az§ 8ihY-Argplsy (see
inlet provided at a stage above the stage where the 20

Patemtt Dotument 36; dapandss Batent Anplication daidre@gesuNa.n
both the reactor and the distillation colum (see

4-2 1938 (coHnespording: to) Wone$ 0 FB32nEurdpphincRatent No. 0461274,
Lai d- Open No. 4-235951). These reactive distillation

and @@qdﬁté}itoﬂ%seﬁiz‘mwbﬂ RS ANteadtive liStilativa nethod in
first to enable the aromatic carbonates to be produced

whuc&ﬁact%’i‘%\tl glugé'ﬁh é‘f@aﬁfdféﬁ'%rhdnc Fre x??éﬁﬁfoﬂlﬁﬁ or the like

carbonate i's pro romthe

oo S B P MG A, O30 i
that%?c%g 'v?r%lt SF%S?\ Hme column is withdrawn from a side outlet
provided at a middie stage and / or a lowermost stage of the distillation
column, and is introduced into a reactor provided outside the distillation
column so as to bring about reaction, and is then introduced back in
through a circulating' inlet provided ét 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. 4-235951).

These reactive distillation methods proposed by the present
inventors are the first to enable the aromatic carbonates to be produced
continuously and efficiently, and processes in which the diphenyl

carbonate is produced from the dialkyl carbonate using two continuous
10
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been proposed thereafter (see, for exanple, Patent
AD50 KANO: Japanese Patent Application Laid-Open
No. 6-157424 (corresponding to European Patent No.
0582931, and U. S. Patent No. 5334742), Patent 5
Docunent -21: Japanese Patent Application Laid-COpen No.

oS ol ORI A SRR BladBaures have

Docunent 22: Japanese P tent tion Lai
beempropoaed therpafied:(sas emxé\-gﬁteaéateetbomﬁoﬁn? 20:
Application Laid-Open No. 9-59225, Patent Docune
Japahese) Radent Application d.aigpDpesx Nen ﬁ.—éﬁ?‘@&’e@MGSPONde to
9-176094, Patent Document 25: WO 00/18720
Eur  PaientiNg. 05898.1.%¢M.S\Id?a@ﬁ38¢2)5337h7@), Patent
cunent 26: Japanese Patent Application Laid-Qpen

Docd\'ﬁen%%l $4pahbse/Patent Applicutiot EhidIOpenNoy 6t €84058
the present applicants have further proposed, as a

(corl{@?ﬂ@%ﬁ?‘l% éﬁhbegmpggém RNY. 982930' @nd - & PariftsNo.

ra pro onged perlod of tine

it ho I r
53a4D44f Bafant @ﬁ%@ﬁ%ﬁﬂ?ﬁbéa&n@ﬁ%&‘% EARCbh 1¥d-Open
0 I Qi a al st onent is._r t Wit
No. §c40618. Bhseniécdmentiah Igpanate Fafa e Al1idalion
cat al yst conponent |s rec cl ed (s e Pat ent Docunent
Laids@pencNgz /9 §.cBateat %eﬂb 'b%%% ﬁi&"ént
No. 0855384, and U. S. Patent No. 5872275)),
Applhieatiod |caid-Ogxero o vﬁ-ﬂ@ﬂk%pl’ﬂgenhﬁlmlyﬁm rzﬁ |WQf0Qf13720

pol yhydric aromatic hydroxy conpound in the reaction

(cormspemding to thSal BateriteMol 6093842),PatenthBoczndent26:
Pat ent Docunent 28: Japanese Patent Application

Japdifese @Deﬁerttmop&ncaﬂéﬂ%eoompwl 2001 BERBHpean
Patent No. 1016648, 25 and U.S. Patent No. 6262210)).

le&ﬂ?@téﬁ ﬁ@%éﬁﬁﬁggn' ﬁ%é;ﬂ@mrgf.shhé‘iif@g%g\g?ﬁﬁi’cﬁts have
furtﬁ?é)ﬁ%ﬁ%gg 1 8%' %pggggogdj t@gbgé\?&géqﬂﬂmy pliré aromatic
carbonates to be produced stably for a prolonged period of time without a
large amount of a catalyst being required, a method in which high boiling
point material containing a catalyst component is reacted with an active
substance and then separated off, and the catalyst component is
recycled (see Patent Document 27: WO 97/11049 (cortesponding to
European Patent No. 0855384, and U.S. Patent No. 5872275)), and a
method carried out while keeping the weight ratio of a polyhydric
aromatic hydroxy compound in the reaction system to a catalyst metal at
not more than 2.0 (see Patent Document 28: Japanese Patent Application
Laid-Open No. 11-92429 (corresponding to European Patent No. 1016648,
and U.S. Patent No. 6262210)). Furthermore, the present inventors

have proposed a method in which 70 to 99 % by weight of phenol
11
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15

starting material, and di phenyl carbonate i s produced
AD503 MRRP active distillation method; this di phenyl

carbonate can be used as a starting material for

pol yneri zation to produce an aromatic pol ycar bonate

(see 5 Patent Docunent 29: Japanese Patent Application

prodgged #% & bVcpstiat T PV TEAAER, Bﬁo&e"%‘%%%%??as a

However, .in of these prior, art do
starting, matesil ansh AP haPyh R ROBISif TGS UGB joiny B teabtive
a,reactive distillation nmethod is 10 proposed, ther
distillatian miethpds this diphenyearhanatesgapibe Usad,assa saﬂrtmg
apparatus enabl i ng mass production on an industria
materéall for(polymérization tdproduce as aromatiampolycsthopatefsee
suggesting such a process or apparatus. For exanple,
Patehlnqme@ﬁferﬂtzsnSapam Patést opipdicatiombaidibpemiNo.
di aneters (DI and D2: cnm), nunbers of stages (n, and

9-25%3?72@#&;%&@3&1&3%% EBf6peah. Pa@htnlor YEo2061, and U.S.

reactive distillation colums
[ 0 roduci ng nmai nly. di phenyl carbonate
Pate?‘rb?‘g’ §%rﬂ6609)ﬁet hyl carbonate and phenol are as
su rized in_ Tab 1. Table AQ5 BLE
Sestt, talipchese bbreatdfed %a%fswéﬁr%“@%ﬁé\
206660025202318 350 2.8 - 0.2 gsiajt di
prodaigtingcef REomaie carbongtes ssing ageackva dististion msthod is

200 4 - 0.8 23 300 540 1.5- 5250.7 24 .
proposed, there is no disclosure whatsoever of a specific process or

apparatus enabling mass production on an industrial scale (e.g. 1 ton/
hr), nor is there any description suggesting such a process or apparatus.

For example, the descriptions regarding heights (H4 and Hz: cm),

“diameters (D4 and Dz: cm), numbers of stages (n; and ny), and starting

material feeding rates (Qq and Q2: kg/hr) for two reactive distillation
columns disclosed for producing mainly.dipheny! carbonate (DPC) from
dimethyl carbonate and phenol are as summarized in Table 1.

Table 1

12
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1200 20 40 86 600 25 20 31 27 28 600 - 20 66 600 - 20
A0502 VPBO/KAN ot her words, the biggest pairs of continuous
mul ti-stage distillation columms used when carryi ng
out this reaction using the 5 reactive distillation
system are those disclosed by the present applicants
i n Patent Documsnt 27, 9a(corresponding to

Eur opean Pat ent $WLE . S. Patent No.
5872275)) and Patent Docunent 28 (Japanese Pat ent
Application Laid-Open No. 11-92429 (corresponding to
aterng L IYIobdo a p. oS Fateft .
HBZIZ%U) )l. Rs car:'_&lo he "Feefl Fﬁ]’om Tabl"@ 1, |t he? DU%JBEEIITS
i vallues ofl the Mariouslcondilions dor——tho S

600ul|t i 28t dge2qli Jt i BBaT{oMo urds di scldsed fo‘-l3tr; 18
Qv rgacilony a ans 2 600|crgg D1 = 201
35§m %ZB: 25 cm| n 9— 1230& 5% (onf ?‘Ab%; ?ltl qn,

Patlent Ddcunent} 22 (Jhpanesé¢ Pate oﬁ ation

so2l|d- Goer] Ngg HP 6%613)mQ1 =g86|kg /sohr, |arie 4 = 32
—45—tpr—armdarr P pd gtagumg of Tt e g1 ny
'IOb bofat d has mf‘rg’xr‘ m Loate &PEH [ b 23

300hilch 5 s Jnogpar| amsun} prodyice@ onp an 25 nd§stQ-7 al 24
ql €on 14 AYRUY VRO Df S sdre theg leverqtion
12‘?‘? |32%n objagct ogéth presen’tciél),nquent_ iggn t g pﬁr}r(;vi de a27
spdcific | procelss thal enablles a i gh-qualilty an 28
s0d' dn- p.erforggnce gsonft'sgo % pal yqar b(mate haga2 ng 29
exceentrectranceat PropeT tTes g o ursT ot or at - on
to be produced industrially in a |large anount (e.g.
not less than 1 ton / hr) stably for a proI onged
period of tine . g, .nhot |ess thﬁ % hour s
pr éﬂeqmrywmm the bigansbped 81, con W%M‘é& stage
not |ess than 5000 hours) from a dial kyl carbonate
distillatiomcalwmasi used iwhenxgarrying out this réaction using the

Llc

reactive distillation system are those disclosed by the present applicants
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. 11-92429 (corresponding to
European Patent No. 1016648, and U.S. Patent No. 6262210)). As can
be seen from Table 1, the maximum values of the various conditions for
the continuous multi-stage distillation columns disclosed for the above
reaction are Hy = 1200 cm, H2 = 600 cm, D;y =20 ¢cm, D2 =25 cm, ny = ny
= 50 (only this condition, Patent Document 22 (Japanese Patent
Application Laid-Open No. H9-40616)), Q, = 86 kg / hr, and Q2 = 31 kg /
hr, and an produced amount of the diphenyl carbonate has not exceeded
approximately 6.7 kg / hr, which is not an amount produced on an

industrial scale.

13
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10 conpound. The present inventors have carried out
A0503 MRBYS med at discovering a specific process
enabl i ng the above object to be attained, and as a
result have reached to the present invention. That is,
according to the first aspect of the present
invention, there are provides: 15 1. an industrial
process for the production of a high-quality aronmatic
] ol ycarbonate i n which an aromatic pol ycarbonate is
DlSCE’(ﬁWEﬂ%ﬁ)U’&J"VﬁF‘BQﬂced froma dial kyl carbonate and an
aromati c di hydroxy conpound, the process conprisin
t hit ist apohject of theopresent nventioadei prpvidei dspagific
carbonate by taking the 20 dialkyl carbonate and a
processthiat &nablesaa thigh-quakity and bigh-perfarshgancecsdimatic
the starting material into a first continuous

polyé@ﬁﬂdnéﬁ@ﬁﬁvﬂi?@ﬂc@l@jrﬂﬁne@hhwmai propéstiesiand no
honogeneous catal yst i s present, carrying out reaction

discé\%‘??ﬁbﬁt id F%tb%lﬁéé@!"ih%@ﬂ‘i'?"y ihMa $@fdgb BMEUnt Pk Wnot less
continuously "wthdramng a first colum |ow boiling
. . it L )
than ¥ kh 41 R3retably b stpPaBRIYSY Btfed of e g5 hot less than
f ti | 1.4 hd i LISt

100580, RreteBRIY g 15serhan Sotic ROUEE, RikyBokhéfiiaphnnet

m xture containing a produced al kyl, phenyl carbonate,.
less tham 2008 hoursidrema dralkyl eafh?%?t%ananﬂ"iﬂ{ %Pﬁ&ﬂ'&‘vdroxv

form continuously feeding said first columm high
compoihdng point reaction nixture into a second

continuous nulti-stage distillation colum in which a

cafHe/ presenpimeemiorschaveicagried obit stadiésaimed at
distillation sinmultaneously in said second col um,

disc698tingua s ecifict précud s enablingotiie abdvgobfactoto biengttained,
poi nt ‘reaction 'm xture containing a produced di al kyl

and 5% 984U 05 AP hE'p G pertisecomhatay
accojgwgggztj NiPSY L5P8cPBF the' SARdd ANnVetitist fHule®ard Plovides:
1. an industrial process for the production of a high-quality aromatic
polycarbonate in which an aromatic polycarbonate is continuously
produced from a dialkyl carbonate and an aromatic dihydroxy compound,
the process comprising the steps of:

(1) continuously producing a diphenyl carbonate by taking the
dialkyl carbonate and a phenol as a stérting material, continuously
feeding the starting material into a first continuous multi-stage distillation
column in which a homogeneous catalyst is present, carrying out reaction
and distillation simultaneously in said first column, continuously
withdrawing a first column low boiling point reaction mixture containing a

produced alcohol from an upper portion of said first column in a gaseous

form, continuously withdrawing a first column high boiling point reaction
14
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10 di phenyl carbonate froma | ower portion of said
A050% um in a liquid form and continuously
feeding the second colum | ow boiling point reaction
m xture containing the dial kyl carbonate into the
first continuous nulti-stage distillation colum,;

mixtiia, FoRtainife % v fuceB gy s %&9%%°”&W%°W¥f

reaction mxture cont ai ni n .
portipniaf salfl GRSLERIMG Poniadis G cEeﬁsﬁgﬁsﬁﬁee i said
A, and continuously carrying out separ ation
first dolumnl bighoboiling poibbIreantiospmixiitigoindata A\econd continuous
cont ai ni ng the di phenyl carbonate and a col unm bottom
multicstare ehistindtionncalumngdnt Whichamatgtalystisi prasant, carrying out
conti nuously introducing 20 said colunm top conponent

reacﬁ'orn' ahQ distilatRVsirmaltapedusipini Saidngecondoolubn,
having a side cut outlet, and continuously carrying

cont@‘ifonfsqg fil:l?a\n}i’ﬂ éjhéfc'o' 'daEbFiﬂnhrlev b'&r#ﬁg QBIReeatsion

nmponent T, de cut conponent

S an u
m'xtaf%caﬁtﬁﬁﬁﬁb & gﬁi’ﬁ%@ @mggﬁgﬁzbéﬁa § 319 AR yFrbBirtion of
on nt [ r odu the a
Sa'dp?ﬂ haii [, = SaBepHg Toiy ¢ %ﬂﬁ{{ﬁ%'vgmmfwng a
rrpound and sai d_hi gh-purity diphen carb nat e
secons00IuReON IGANDONiRG IRIING seaEtI0D THY eccaRtaIR IR @ Broduced
pol ycarbonate nolten prepolymer, and said nolten
diphpnybcaybenatefremnadowes podioni efrsaidosrcend calumnin a liquid
gui des by using a guide-contacting downfl ow type
formpandreontirivicusly deedinguhe secandtcolporyiew beoilig goint
nol ten prepolyner while flowng 5 down; and (1V)

reactl%ﬁyﬁhkﬂﬁ'eacﬁﬁﬁélﬁhn@)thél d ik wit &8Ehb GhEe Intoytie st edntinuous
in step (11 back™into the di phenyl carbonate

multE%ﬁ?#&tdlgﬂ!ﬁE@% Eb%umwher ein: (a) said first

nuous nu age distillation colum conprises
(1) purifying the diphenyl carbonate by continuously introducing

the second column high boiling point reaction mixture containing the
diphenyl! carbonate into a high boiling point material separating column A,
and continuously carrying out separation by distillation into a column top
component At containing the diphenyl carbonate and a column bottom
component Ag containing the catalyst, and then continuously introducing
said column top component Ay into a dipheny! carbonate purifying column
B having a side cut outlet, and continuously carrying out separation by
distiilation into three components being a column top component B, a
side cut component Bs and a column bottom componeﬁt Bg, so as to
obtain a high-purity diphenyl carbonate as the side cut compohent;

(i) producing the aromatic polycarbonate by reacting said

aromatic dihydroxy compound and said high-purity diphenyl carbonate
- 15
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a structure having a cylindrical trunk portion

AO50H1A»(F?3CHKAN ength L1 (cm and an inside dianeter Di
(cm, and having an internal with nunber of stages nl

t herei nside, and conprises a gas outlet having an
inside dianmeter dii (cm at a top of the colum or in

ortiagn of the colum r
togethiay 5o an,fo aroﬁmanaerqrngt‘a&@%&@épa&%&ﬂ%ﬁ Grepplymer.
bottomof 15 the colum or in,a,Q ortio
and seidmpliRaPrepANBasReid made tadlew Sewn alng sptfaces of
provided in the upper portion and / or a mddle
guidesiyy usinga ghidesiantactsgodowallowdypeur e bimerzation
| east one second inlet provided in the mddle portion
appaatug, so dsto lpplgmerize isaid aholten poepolymenwhile fiawing
liquid outlet, wherein L1, D1, Li / D1, nl, D [/ dl11,
dowmngn®l / d12 20 respectively satisfy the follow ng
formul ae (1) to (6); 1500 <_Li <_ 8000 (1), 100 5
D' in ste
ﬁ/)z%élﬁ)%a ?hgnb]r by %c?lé‘t’@n% ﬁ%hera@lfl)bg ﬂbﬂ%e)@ p

() ﬁ%p?‘ﬁﬁgﬁgﬁfp‘@wb‘%ﬁ@?fﬁ% RSB EA8h B, et ur e

haV|Q§_a cylindrical trunk portion having a length L2
an inside diameter D2 (cm), and having an

|nternal with nupber of sta s n2 tﬂ i nsi d and .
cokd Baid Tirsy sominyaus multhstage siisHUptonFaltimB, Comprises
(cm at a top of the colum or in an upper portion of

a structuts having e cylindriealttopnk pantien baying & lepgimg: 4gm) and
i nside dianmeter d22 (cm at a bottom of the colum or .

an ingide diametgoDyi(@mpfanddavdhgnan iaternad withenbmbiesnef stages
at least one third inlet provided in the upper portion

n theltdinside, andicithpribesta gasobutlet eplingrahdhside diameter dqs
gas outlet, and at |east one

(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 dy; (cm) at a bottom of
the column or in a lower portion of the column near to the bottom, at
least one first inlet provided in the upper portion and / or a middle portion
of the column below 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 Ly, D4, Ly / Dy, ny, D1 / d41, and Dy / dy2

respectively satisfy the following formulae (1) to (6);

1500 < L4 < 8000 (1),
100 < D4 < 2000 (2),
2<Ly/Di 540 (3).
20 < ny <120 (4),
5<Dq/dyy <30 (5), and
3 <Dy /dyz<20 (6);

16
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10 fourth inlet provided in the mddle portion and /
A0500 VR8WKAMNwer portion of the columm above said |iquid

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

/ d22 respectively satisfy the follow ng fornulae (7)

to (12); 1500 5 L2 5 8000 (7), 100 <_ D2 <_ 2000 (8),

15 2512/ D2< 40 (9),..105n2580 2,102, éS[{Z(!JdtZR 15I

(16bh) said sontinyous multi-stags dishialigpiseiHn

point material separating colum Ais a 20 cont i_nuou?
compiises-a stictore thaviag asydindrisaltunkgpartien fiaving a length

(cm and an inside dianeter DA (cn), and having an
Lz (cm) andaanvinside dibmeter B ¢om), ahd having an trdernal with

wherein LA, DA, and nA satisfy the follow ng fornul ae
numbépofistagessns thefeinsidé) and0SOmMpries a5gdddutietthaving an

1000 (149, and- 20 <_ nA 5 100 (15), 17 A0501 VP801KAN

insid@‘diaﬁﬁb@eﬂhgmfiﬁ) ﬁtaé%%abfftﬁilérdcfl}[lhm otdhUaR tppér portion of

cont1 nuous -stage distillation colum having a
the ¢GOMA sig € Inf 3RS R 198|d But B Ho PR jhsHe daMidter dz.
i ddI t t he col . d i de.cut t]
(omi SuebR7 e the 45k 4Fn B0 bAFIGH 2t Bhufon near to
e SSkero g ne ShidE il nrdwidad ingheshbPsPiptpL B /o
the inlet 131 and the side cut outlet B2, number of
a migdigygortion of thacolumn belowpsaishgascoutlab and afleast one

82, and a total nunber of stages no nBl + nee + ne3),

fourtkhirrlet proBidéd,inrtBe, miédle pB3ticanandd enthegweneportion of
fol |l owi ng

the column above said liquid outlet, wherein Lz, D2, L2 / D2, nz, D2 / day,

and D3 / d2, respectively satisfy the following formulae (7) to (12);

1500 < L, < 8000 (7,

100 < D, < 2000 (8),
2<Ly/Dy2<40 ' (9),

10 < nz < 80 (10),
2<Dy/dy <15 (11), and
5<Dy/dz <30 (12);

(c) said high boiling point material separating column A is a
continuous multi-stage distillation column having a length La (cm) and an
inside diameter D4 (cm), and having an internal with number of stages na
thereinside, wherein La, Da, and na satisfy the following formulae (13) to

(15),

800 < La < 3000 (13),
100 < Dy < 1000 (14), and
20 <na<100 (15),

17



to fornulae (16) to (21); 1000 S LB <_ 5000 (16),
. AD5010R8MKAMNO0 (17), 5 5 no, < 20 (18), 12 5 n82 <_
40 (19), 15 3 < nB3 <_ 15 (20), and 20 :5 no <_ 70
(21); (d) said guide-contacting downfl ow type
pol ymeri zation apparatus conprises: (1) an appar at us

havi n [ten pre rec |V|n ort
vorner saicdtieny! akdgats pitiying Bolitnn g '?o‘ﬂe°°"“““°“s
having a plurality of guides that ext end down
multi-stage mhshuatlona@@wrpnah%vmgoa.Ieasth rl-m(cryba?dtd 3n inside
surrounded by the perforated plate, a side casing and
diameteaBy ¢cm)bbavimg casimternal thereinsidepbaying annfetPt at a
zone for feeding the nolten prepolyner via the
mndd@érétagét sfitme otuai, cahica sideleutioutidieBRobgptweenasaiahinlet
25 reaction zone, a vacuum vent provided in the

5 B1 aP.‘aq W 'cofdiirPBolie@t ! hAd hAQIy n¥mBEPBRIStages naq of the
pol ycarbonate di scharge port provided in a | ower nost

inter@%é%%%{i'e XIS@%@'\{BWO tdrﬁﬂef"f ftg{ APRLE gf hR tlﬂ'iérnal between

an aromati c Car nat e I SC

v FARCBE 54618 B o A G Mﬁ@ﬁs %J%Jah% A8 o the

hor i zont aI pl.ane of t

i de
mtermlﬁﬁ,lpwm &ﬂdeéaat¢'éﬂe§§?e an .%?&@é QLHB%es qfstages ns (=
(22), 0.7 < A5 300 (22), (3) aratio between A )f .
N1 AMbzah Nas) ewhareifedsi dhal Ner, deB NeseRnd alaeswattfrﬁvd(lm @llowing
hori zontal plane of the aromatic pol ycarbonate
10 formidilaehd®)eo (BtY, satisfies the formula (23),

1000 < Lg < 5000 (18),
100 < Dg < 1000 (17),
5 < ngy < 20 (18},
12 < np2 £ 40 (19),
16 3<ng3 <15 (20), and
| 20<ng <70 (21);

(d) said guide-cont.acting downflow type poiymerization apparatus
comprises:
(1) an apparatus having a molten prepolymer receiving port, a
20 perforated plate a polymerization reaction zone having a plurallty of
guides that extend downward from the perforated plate provuded in a
space surrounded by the perforated plate, a side casing a_nd a tapered
bottom casing, a molten prepclymer feeding zone for feeding the molten
prepolymer via the perforated piate onto the guides in the polymerization
25 reaction zone, a vacuum vent provided in the polymerization reaction

zone, an aromatic polycarbonate discharge port provided in a lowermost
18




10 20 5 A/ B <_ 1000 (23), (4) the tapered bottom

* A0S0 AL SYKAN t he pol yrmeri zation reaction zone is
' connected at an internal angle C () to the side casing
. t hereabove, wherein the angle C () satisfies the

formula (24), 120 5 C <_ 165 (24), 15 (5) a length h
. f h_gyid tisfi t f A
P°”'§%®’5@1ﬁﬁ%§8$'?‘9 Izmglt‘?% agsl{'fﬂs’a? n‘i)&rgrlaggwbstsﬁzi%%gcér e%ﬁ%te
f id gui i sfi he f
discha(frgm) pup 9Nhes st fa tae sfischaton Aot dmt?(ég e

wherein not less than 1 ton /[ hr, of the aromatic . .
polkanvinterral septionat @aeax’ (M takeretyosahadnagzeptal
item1 or 2, wherein said dl1 and said d12 satisfy
~ planthef fre sider ca2g inrthespolynidtizativrs seaction zone satisfies the

the formula (28); 25 1 5 di12 / dl11 < 5 (27); and 1

5 formuial422), d22 <_ 6 (28), 19 A0501 VP8O/KAN / 4. the
procesS according to any one of itens 1 to 3, wherein
Li, D1, ki 1 / dl1, and D1 / for said
first corl?lt'?%oAug%n% ti-stage distill at(jizio)n' col umm

5447 B OB G000 b e Bige® (nd
ke BSRrol1%5 Sorito 0 ing B 48 e ffne Wionarss

distillation colum satisfy respectively 2000 5 L2 5

portgadsfiesthedppmuiad@3dd. . 12/ D2< 30, 15
- n2560,2.5: D2/ d21: 12, and 75D2 /d22< 25,
10 20 <A /B < 1000 . (23),

(4) the tapered bottom casing in the polymerization reaction zone
is connected at an internal angie C (°) to the side casing thereabove,

wherein the angle C (°) satisfies the formula (24),

120 < C < 165 (24),
15 (5) a length h (cm) of each guide satisfies the formula (25),
150 < h £ 5000 (25), and

(6) a total external surface area S (m?) of said guide satisfies the
formula (26),
2<8<50000 (26),

20 2. the process according to item 1, wherein not le.ss than 1 ton / hr of
the aromatic polycarbonate is produced,
3. the process acdording to item 1 or 2, wherein said dq and said di:
satisfy the formula (27), and said d;y and said d;. satisfy the formula
(28);

25 - 1<d2/dy1 €5 (27); and

1<dz /d2 <6 ' (28),
19
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. the process according to any one of itens 1 to 4,
AOJ.SOM&QIKAN DL, L1/ 10 D1, nl, D1 / d11, and D1 /
d12 for said first continuous mul ti - stage
distillation colum satisfy respectively 2500 :_ L1 <_
5000, 200 :_ D1 <_ 800,
L1/ D1< 15, 40<.nl: 90, 10.< D1/d11: d .
. the BIPERSE asOrdig tpAnBIne of jfeps ﬁg" owhegeln Ly B L1/
D2 | d22 for said second continuous, nulti- E’ ?
D1, i D3 | Bati and 31 duehador isang fired santinupys mplistage.
5000, 200 15 !5 D2:5 800, 55L2/D2:5 15,
distilPation Zolamis:sadisfyrespertively 2000 /< Ld22 6000, 1580 < < 1000,
- process according to any one of itenms | to 5, wherein
3 < lgach,0f 330 < hy ¢t 10008 BUDYY dyylg 25ty § < Dy / dy2 < 18,
distillation colum and said second continuous

and ﬂyl bi,; $5,399, din5t Ugl PHLLrar@!DYY d,s far Gaididéedndcontinuous
1 um havi ng a tray and / or a packlng as said

multis-glfagéQ?lrigyﬁatlbti’lece?fﬁﬁﬁssqa d| S[yt?Pgﬁ < Wies 000, 150

cont 1 nuous tion colum

<012 B4 & LRIy 'g%f'a%esm"@oé;%m G 44TE t2.%na 7 <0

nmul ti-stage distillation colum is a dlstlllatlon
I d2265129m havi ng both the packing and 25 the tray as
said internal, . 8. the process according to item6 o
5. the precess aceerdingto anmnﬁ of itamsop taghowhesg) ?éAth Li/
conti nuous multi-stage distillation columm and said
D1, meddnd dapnandubud dmiari saidafiestaceniinbausomuditstege s
a sieve tray having a sieve portion and a downconer
distinatibnoge | uin ntdetiPhyoresise ctivelyd2 500t0 Li;t< G000, vbe0 el D4 < 800,
each sieve tray has 100 to 5 1000 holes / n2 in said

5< |§4 ﬂ:?, RO4 180 < H)- <'dte 10 QCPSY @C2rZE Nand 7 it BN/&d ¥ < 15,

9, wherein a cross-sectional area per hole of each

i eve trayp.s e t tifuous
and ifbggésl' a}éggmﬂ Dq?t {)ﬂ aﬁg |5£ 9;8:9\/\1‘%&%@ iglgenéé%%n
multi-stage distillation column satisfy respectively 2500 < Lz < 5000, 200
<D,<800, 5<L,/Dzx 15, 20<n;<50,3<D2/da £10, and 9 <D,/
ds.s < 20,

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

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

continuous muiti-stage distillation column is 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 is a plate type distillation column having
the tray as said internal, and said second continuous multi-stage
distiltation column is a diétillation column having both the packing and
the tray as said internal, .

8. the process according to item 6 or 7, wherein each tray in said first
20
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continuous mul ti -stage distillation colum is a
AO504 MRBY/KAN on col uim having, 10 as said internal, the

packing in the upper portion of the colum, and the
tray in the | ower portion of the columm, 12. the
process according to any one of itens 6 to 11, wherein

comtE BATE-Bdb 8RNSO Rl i i Fho soptinuous
o bbbl Rumha 4 SAVE AL’ s B onc o
p

acking in said second continuous nulti-stage

- downgemier petidN.col uim is at | east one type sel ected

fromthe group consisting of Mellapak, Genpak,

9. fhecproceaslacdordingdo, items8| mhereionleach siew@dnmryhas 100 to
packing, and ditschgrid, 20 14. the process

100 hoNESI/ A2 tin Sdid sieveopoitiens | to 13, wherein each of
said high boiling point material separating colum A

10. Kb ﬁpéegb%‘&qﬂding%bﬂeﬁi 8 610 Whékincs WrosB-dséctional area

distillation colum™having a tray and/or a packing as
i d_knt PO i kg o 14,
per (ifferof $eiLSleve oyt RSP ECgiRg MJ6M 055 16 3 B g

pQi nt _material separating cpl sal g di I
1. e prabeshatageigo dp Bem B ¢L7, MRS 4058H,,

VP80/ KAN 16. the process according to,.it.em.15, erein_ .
contirnows dpuitiystagg éjlﬂ'f'ailpu"r EBP‘HQE‘k'gnﬁ %FE'EQ}'P&&W‘HHB having,
type sel ected the group consisting of | | apak,
a{ﬁmte,rnaécth@p@m%ng Andhiepuppes partion opierigrjumn, and the
Goodrol |l packing, and Aitschgrid. 5 17. the process
tray d dhediawet poatipnarfethed colwmm®,1 to 16, wherein, the

side casing in the polynerization reaction zone is
12. Cthe ptoiceds atEbrding tisafg oné afeitemsD6 (ton] 1 awhexein said

length L (cm), the tapered bottom casing, whichis
paclﬁ@ﬁ{@fé%ﬁfﬁamtetrﬁgl i QWid R A P intid\foss FeuRR8tage distillation

as s

column is one or a plurality of sets of structured packings,

13. the process according to item 12, wherein the structured packing in
said second continuous multi-stage distillation column is at least one
type selected from the group consi_sting of Mellapak, Gempak,
Techno&-pack, Flexipac, a Sulzer paéking, a Goodroll packing, and
Glitschgrid,

14. the process according to any one of items 1 to 13, wherein each of
said high boiling point material separating column A and said diphenyl
carbonate purifying column B is a distillation column having a tray and/or
a packing as said internal,

15. the process according to item 14, wherein the internal of each of
said high boiling point material separating column A and said diphenyl

carbonate purifying column B is the packing,
21
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di scharge port, which is-in the | owernost portion of
A0503 \RB Nal bottom 10 casi ng, is cylindrical with an
i nside dianmeter d (cn), wherein D, L and d satisfy
the followi ng formulae (29), (30), (31) and (32) 100
D:_ 1800 (29), b5:_D/d<_50 (30), 0.5s

) S

steutsgo barkingCot RLiedst cBeath p8idefl th gfae dalfsing of

8, wherein each 20 gui de is c ndri cal
Mell@pp&r Gripeakatechnr-pasks &£ lexinas.h té'l‘F@"rRﬂ‘i'E'ng a Goodroll

prepol yner cannot enter therein, with an outside

- packingmanedr Glit¢chgrid. wherein r satisfies the formla

(34); 0.1 5r :_ 1 (34), 20. the process according to
17. athe precebsidcrordingtolanywres @friteme 230 16, wherein, the side
pol ymerization is carried out using two or nore of

casifgiifl B¢ PeIABIRGRIJID redenoh 2uné iscyindrical with an inside
appar atuses |inked together, 22 A0501 VP80/KAN 21. the

dlanﬁtulr g?s(c Cgpdtﬂ @ I'f"i‘_yg:on ) {fdtapefdd %Q)ttdmeé@élﬁgt Rghich is

act| ng dovvnf ow type

conf@%f%ﬁ?@%ﬁ%gﬁfa?ﬁﬁﬁt@ﬁﬁénea%@ S 4TI, pn,he
ek 5 Mo 8100 LRSAERH KE il botom

pe polynerization appar at us, Wwherei process
casmﬁ. mmmalrmﬂlyﬁﬁhu aninsidedigmetes d (Fd'f‘g-a!‘ e Dok and d
order, a total external surface area S1 (m of the
satisfyi thes followingl formelae 28 (30ht (Bch)i and SR | ow t ype
pol yneri zati on apparatus and a t ot al _

100 < D < 1800 (29),
5<D/d<50 (30),
0.5<L/D<30 (31), and
h-20<L<h+300 (32),

18. the process according to any one of items 1 to 17, wherein said h
satisfies the formula (33);

400 < h < 2500 (33),
19. the process according to any one of items 1 to 18, wherein each
guide 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 formula (34);

01<r<t ' (34),
20. the process according to any one of items 1 to 19, wherein the
polymerization is carried out using two or more of said guide-contacting

downflow type polymerization apparatuses linked together,
22
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external surface area S2 (m of the guides in said
A0504 ABBIKAN gui de- cont acti ng downfl ow type

pol ynmeri zati on apparatus satisfy the forrmula (35); 1

< S1/ S2 s 20 (35). In addition, according to the

second aspect of the present invention, there are

provided: 15 2. 2. .a high-qug ity a hC . .
21. DS piptenscacsniifieds fny Y ihtund Wr2howherein theplurality
1 ton !l hr, which.s erﬁggluced b the.ﬁr cess accotrdi n
of thecguide-sontacting dowsfiow tyge Relymeynation spparatuse
aromati c polycarbonate according to item 22, having a
accordingto ltsemaﬁammpﬂsa twapolyserzatipnriapraraty ses 89'"9 a
conpounds 20 in a range of fromO0.1 to 0.01 ppmin
first geride-cdntactialg dowa flowntype pelymnerizatibraapplargéus and a
content of not nore than 1 ppb, 24. the .high-quality

secoid GRid&-duntactiniPdawnfReowtypiengolymetizatioh appalatus,
bei ng an aromati c pol ycarbonate having a main chain

whe [1R!ifCh rfwaas@ imwrﬁ&ﬁ%ggﬂyﬁi&wtbﬁ d‘%r@'egrs Iridreased in

I'ncluding an ester |1 nka or an et her I'i nkage, and

. , Nt ant : . L kade g ) o
this BPYLE % Tt b imd) st dce A1 (B REr the dliseom Said first
.,A0501 VPBQO KAN Advani ageous. Ef fect,s of the lLnyentiqQn

guiderepatadiing, davalioll bibs Ry iAol Arnigti¥ANd ¥total

aromati c pol ycarbonate fromthe dial kyl carboaate and
exterpal supiang arem 848Xy ofsthe, gyides inSAIASReaRA i ng

the process according to the present invention which
guidesapntacting ownBow type polymesination appangius satisfy the

carbonate using two reactive distillation colums each
formhaai(3%)a specified structure; (I1) purifying the

di phenyl carbonate by using a high boiling point

materi al sepgRat R @Y utm A and a di phenyl ¢agponate
puri fying
In addition, according to the second aspect of the present

invention, there are provided:
22. a high-quality aromatic polycarbonate produced in an amount of not
less than 1 ton / hr, which is produced by the process according to any of
items-1 to 21, |
23. the high-quality afomatic polycarbonéte according to item 22,
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,
24. the high-quality aromatic polycarbonate according to item 22 or 23,
being an aromatic polycarbonate having a main chain thereof partially
branched through a foreign linkage including an ester linkage or an ether

linkage, and having a content of said foreign linkage in a range of from

0.05 to 0.5 mo!l% based on carbonate linkages.
23
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10 colum B each having a specified structure so as to
A0503 MPBKAMNi gh-purity di phenyl carbonate fromthe
di phenyl carbonate; (I11) subsequent producing an
aromati c pol ycarbonate by using a gui de-contacting
downfl ow type pol yneri zati on apparatus having a
specified structure froma nolten prepol yner obtai ned
froman aromati c di hydroxy conmpound and 15 the
hi gh- puri ty di phen I arbonate; and (I1V) recycling
AdvanjapesuscE g(e B ¥eRt@Nstep (1), a high-quality
hi gh- per f or mance arormtl c polycarbonate having
exltchasean diseovared tbpbrwhes nmﬂwngdtls%arem%n
can be produced on an industrial scale of not |ess
poly¢dvdroriatet from the diallyif estbgrateranidztite anometic dihydroxy
Moreover, it has been discovered 20 that a

com;swhdq inh ¥l 6th 8 ABINIGCt Y py 6 8ebe red co reing [te (reogresent
stably for a prolonged period of time of, for exanple

mve@ﬁ%g'ﬁﬁﬁ:ﬂ Eﬁ’ihp?ﬁ@@s '}? gtgzpsobﬁf GIP fthbﬂd&.‘?ﬁg'a?%pﬁéﬁw

hours, nore not [ess than 5000 hours,

ca rb&hég%tq sdﬁbettx%ﬁ%glfg lgti'i'i%'tleocﬁJ 'cﬁ'iun?ﬁl'sgaécn-rﬂ‘ﬁv iNgea HPecified

es a process that achieves

st LT 50 BBl e S LRTR R by Wi

24 A0501 VP80O/ KAN Bri ef Descrl tion of Drawin
poin mafesialsrpatating colugin Aandid dipLeRy| ﬁé%@ng%mwmg
distillation colum preferable for carrying out the .
colummeBeeachrivavinigoa specified structute se asitargpiainiafigh-purity
internals provided in a trunk portion thereof; 5 FIG
diph@nyb carbohetatfromditrediphenyl barisecated dHjtsubsaguent
reactive distillation colum preferable for carrying

prod@@:ﬁng e BF8ARitic polparsuhateBy uking & lq@lidercontasting
havi ng prOV|ded |n a trunk portlon thereof, internals

dowfflgW tﬁdé‘%& r'%ﬂﬁs'lfh\ﬁﬂ'guﬁ%ﬁﬁediﬁbﬂ &ftuebdre from

sl eve ‘trays OMET ortion 1S a

a mﬁ?@ﬁrmte'p%h\/hl%v?’ %talﬂgdaf%ﬁ{ AnUSréRERid diHIf%S Lomplound and
the high-purity diphenyl carbonate; and (IV) recycling by-produced
phenol into the step (1), a high-quality high-performance aromatic
polycarbonate having excellent mechanical properties and no
discoloration can be produced on an industrial scale of not less than 1
ton / hr at a fast polymerization rate. Moreover, it has been discovered
that a high-quality aromatic polycarbonate can be produced stably for a
prolonged period of time of, for example not less than 2000 hours,
preferably not less than 3000 hours, more preferably not less than 5000
hours, with little variation in molecular weight. The present invention
thus provides a process that achieves excellent effects as an industrial

process for the production of a high-quality aromatic polycarbonate.
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continuous reactive distillation colum and the second
AOS0d IPBOMMAN  reactive distillation colum Iinked

toget her preferable for carrying out the present

invention; FIG 4 is a schematic view of the apparatus

conprising a high 15 boiling point materi al

. parating celym A and a di phenyl carbonate

Br'eéﬁﬁsﬂ1m%a?ﬁﬁ?‘%"}Q§1ked t oget her preferable for

carrying, out the present inyention; FI.G 5.is a..

scRafnil ts o sehematitv i &l thenliEet baptiayets tractve

pol ymeri zati on apparatus preferable for carrying out
distilatiopresismn Jrafarable for carying Qutsthes psesentiryertion, the

vi ew of the guide-contacting downfl ow type
distihatipnece lumn dvavipgairtensalsaprovjdedein anttunkapodier thereof;

casing and a tapered bottom casing preferable for

CaF@E. M at séhemidt RS drawiny et thenseébnlessntintioas @factive
Ref erence Nunerals In Figures 1, 2 and 3 25 { A0501

distiVﬁﬁg@f@@zuﬁﬂ%fgtb'éei?ﬁl_forg%aHyﬁ@intﬁufﬂeebre§éni Ppheéntidn, the

_ ength of trunk
Y elo] AR 2 insi ' f & i
aist bl o Fan e\ LTRSSk oG 1Rt ternae
first continuoys nulti-stage distillation col.um, .
compising SEEHkFEEAPACKIRgS I AN.uphSt poriel Anfl iy trays in
columm, 11, 12, and 21: inlet, 13 and 23: columm top
lowegportiQni et, 14, 24, 18 and 28: heat exchanger, 17 and
27: colum bottom liquid outlet, 16 and 26: col um .
t off I imanschemalic viaw afothemappssatusncosmptising the first
outlet of the second continuous nulti-stage
continsous Iretictive didtillatiod @olunfri amdetive secamd ¢dntinuous
inlet, B2: outlet, 11: colum bottom conponent outl et
reactive distillation column linked together preferable for carrying out the
present invention; |

FI1G. 4 is a schematic view of the apparatus comprising a high
boiling point material separating column A and a diphenyl carbonate
purifying column B linked together preferable for carrying out the present
invention;

FIG. 5 is a schematic view of the guide-contacting downflow type
polymerization apparatus preferable for carrying out the present
invention; and

FIG. 6 is a schematic view of the guide-contacting downflow type
polymerization apparatus having a cylindrical side casing and a tapered

bottom casing preferable for carrying out the present invention.

Description of Reference Numerals

In Figures 1, 2 and 3
25



hi gh boiling point material separating colum A, 13

- A0S0ANMPBEKAMN| umm top gas outlet, 14, 24, 18, 28, and
38: heat exchanger, 15 and 25: reflux liquid inlet,
. 16: colum top conmponent outlet of high boiling point

15 material separating colum A, 17 and 27: columm

‘ bottom |iquid outlet, 2. .colum_ to onponen url et

1: gag OHﬁlﬁﬁen%: |&%‘1”l$’oﬂﬁ£'§tpu :f'yf?ltg %of'ﬂﬁﬁ' rETB%Oﬁn Pg?tﬁ'm L+ and
bot t om conponent. outl et of di phenyl carbonate .

L2: lgngtiy of dAgimdoip@rtiop, 381 andiDz inskdmsdariates af teungportion,
di phenyl carbonate purifying colum B 20 In Figures 5

dy1 aandd$,:linside tdianetesofygas outtel (¢mgy, pdd1: first continuous
perforated plate, 3: nolten prepolyner feeding zone,

muitéstaye dastifation yormaat i201 r sacohdrncamtiruous: multi+stage

- vent, 7: aromatic pol ycarbonate di scharge port, 8:

5 distifaQERIESIuniR! Y oI bpnakRID Fciifktle ABMARdR231 oelumpatop gas
eedi ng port which is used 25 according to need, 10:

outletsci,igel £254N9 §£nhhfngh§?P§¢cg§pdg§J r eqtd il 270 Golundn bottom

ered bbttom casin freri zation reaction
. .Z0N 12: , .26 _AQp01 VP | et tiGgaq.
iquif 31tef bonG:and git:cqfuieh 16P Ediefing UABR,' 31: column
I nvention Foll ow ng.i,s a detailed description of the .. ..
bottqmesempanarkeutiat of the secopd continyays mplli-stpgpdistillation
a step (lI) of continuously producing a diphenyl
colupdr,bonate on an industrial scale froma dialkyl
carbonate and a phenol is carried out. The dial kyl
10 In Figaireohate used in step (I) is a conpound represented

by the general fornula (36); 10 RaOCOORa (36) wherein
A1 afd Baprintetnt SBan caitlet, ot bupchawnrgpitorocompenénhoutlet of

atons, an alicyclic group having 3 to 10 carbon

high®&ilihg BbiftInidtariaY lsePtakintebNemh A, 13 and 23: column top
gas outlet, 14, 24, 18, 28, and 38: heat exchanger, 15 and 25: reflux
liquid inlet, 16: column top component outlet of high boiling point

15 material separating column A, 17 and 27: column bottom liquid outlet,
26: column top component outlet of diphenyl carbonate purifying
column B, 31: column bottom component outlet of diphenyl carbonate
purifying column B, 33: side cut corﬁponent outlet of diphenyl carbonaté
purifying column B |

20 In Figures 5 and 6
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 dischérge port, 8: aromatic
polycarbonate discharge pump, 9: inert gas feeding port which is used

25 according to need, 10: side casing of the polymerization reaction zone,

11: tapered bottom casing of the polymerization reaction zone, 12:
26
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to 10 carbon atons. Exanples of Ra include alkyl
AOSO4ARBKENNh as nmethyl, ethyl, propyl (isoners),

allyl, butyl (|soners), butenyl (isomers), 15 pentyl

(isoners), hexyl (isonmers), heptyl (isomers), octyl

(i somers), nonyl (isoners) decyl (isoners) and

ycl ohexyl net h icyclic groups such as

OUt’egﬂ:‘JI%'ﬁf?'H qc pe&ﬂadgl?ﬂﬁi cycl opentyl, cycl ohexyl and

cycl oheptyl; and aral kyl groups such as benzyl,

phenet hyl (isoners) phenyi propyl (i somners),

phenyl butyl (isoners) and nethyl benzyl (isoners).

BestTMede fur Garpyingr Gupthealnwentior groups and aral kyl
groups may be substituted with other substituents

suflplawing\s aadéddiledt deseriptioveiofahleoprespntupaention.
cyano groups or hal ogen atons, and may al so contain

U”thHéaﬁu%erhoiﬁ‘%nt@ﬁmiﬁs aOfstéb kot contipemalsty producing

havi ng such an Ra include 25 di methyl carbonate,

a dlpg'l&ﬁ]ﬂ 2 Can?%t'@ ﬁéﬁggtegﬂﬁafé / m(eé ?ﬁ’ﬁ(’rg)oarbonate and
27 A0501  VP8O/ KAN
a Ph&f‘ﬁiﬁ%ﬁ*ﬁﬁ‘ﬁBﬂ&t e (isomers), dihexyl (LZ?E‘;LZ% e

canthimdidyl SarBpopte Ginshin sie, AbIErcomagHid jepresented

di decyl carbonate %lsoners) dlcyclopentyl car bonat e,
by the gesienadformada €88t e, di cycl oheptyl carbonate,
di benzyl 5 carbonate, diphenethyl carbonate (isoners),

di (phenyIRA@BOQREar bonate (isomers), (38} phenyl butyl)

carbonate (isonmers), di(chlorobenzyl) carbonate

whefdiBORBrepredenteanoikyd wrplup havirmgadt to (li0scadyen atoms, an
di (rret hoxynmet hyl ) carbonate, di (nethoxyethyl)

ahcyf@?cb h(ahﬁﬁ $d. 10 EarbBhoatsthBY or &mEhaneiiegroup having 6

|so and cyanoethyl) carbonate 10 (isoners).

to 1§)(hc:atrﬁ‘3§|eafjc%tﬂlskyl Ef?ﬁ’ﬁﬂ@@tcﬁs R ﬁEﬁché %flﬁﬁlagl'du pEadcda

€ presen i nven are car tes 1n whic

rnetrﬁflI Setl';\‘yl 3l kc}/mrlg(fss “H-‘e*}%Y Qﬁypoﬁutyl (isomers), butenyl (isomers),

pentyl (isomers), hexyl (isomers), heptyl (isomers), octyl (isomers), nonyl
(isomers), decyl (isomers) and cyclohexylmethyl; alicyclic groups such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl; and
aralkyl groups such as benzyl, phenethyi (isomers), phenylpropy!
(isomers), phenylbutyl (isomers) and methylbenzyl (isomers). These
alkyl groups, alicyclic groups and aralkyl 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),

diphenyl carbonate, dibuteny! carbonate (isomers), dibutyl carbonate
27



nore than four carbon atons and not containing a

- AOSONArR8RIKAN om A particularly preferable one is
di met hyl carbonate. Moreover, of 15 preferable dialkyl
. carbonates, particularly preferable ones are dialkyl

car bonat es produced in a st ate substantial ly not

contai ni ng a hal ogen, for npl.e ones odu ed. from
(isoraars). iipenty aathenate GseImarth ;ﬂ ﬁy*MEFa Bﬂﬁg?ﬂrsr&}“&fs)

hal ogen and an al cohol substantially not containing
diheptylazaborateTtisomasisol dm@ttharboé\@tw()‘se@edﬁb- dmonvl

represented by followng general fornmula (37), being

carbenaver{isowiers) widectyl darbomate (Gsomerss3, dttiycdopl‘eyltyl .
bonded to a phenyl group (Ph). In sone cases, a

carbbragé! Hi’éﬁﬂoh%&?ﬂ@arbbnmCBI&MohbpmVl cartoomates dibenzyl

substituted with | ower al kyl group(s) or | ower al koxy

5 carbtghgl'g(ﬂ]pl‘i@ﬁe IUsiborat gﬁ’dn{& {rﬁhn @bpyﬁeélattfbnate

tesent | nvention prefeéerably subs tia Iy does

. 5
csortiyéh e BRI BhrFaRaR UshugreR A criefobemaTly |
t f
cars 16 AR50 Pl GEREET e
SNSRI S S ey ok e oo,
range, the amount of unreacted starting material
di(chleraethyly carbomatedisomerg) and di(avanpeathylheahonate
desi red di phenyl carbonate produced becones high,

10 (isomersh is not efficient, and noreover nuch 10 energy is
required to recover the starting material. For such

Siioes Yl i onigos) et pefrablp i v toe mosert
inveRtidn' 8ré didiky1 cdBonatesin @Rioh R©M® ant&kgl group having not
more than four carbon atoms and not containing a halogen atom. A
particularly preferable one is dimethyl carbonate. Moreover, of

15 preferable dialkyl carbonates, particularly preferable ones are dialkyl
carbonates produced in a state substantially not containing a halogen, for
example ones produced from an alkylene carbonate substantially not
containing a halogen and an alcohol substantially not containing a
halogen. |

20 ‘ The phenol used in step (l) is one represented by following
general formula (37), being a compound in which a hydroxyl group is
directly bonded to a phenyl group (Ph). in some cases, a substituted
phenol in which the phenyl group is substituted with lower alkyl group(s)
or lower alkoxy group(s) may be used.

25 PhOH (37)

The phenol used in the present invention preferably substantially does
28
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In the present invention, not less than 1 ton / hr of
ADSO{ MPEOEAM i ¢ pol ycarbonate is continuously produced,

and for this, not less than 15 approxinmately 0.85 ton

[ hr of high-purity di phenyl carbonate nust be

conti nuously produced. In step (lI), the m ni nrum anount

of .the pﬁepol fed in continuously is thus generally
not coptain g.halagen., ot eraply 13 P ton / hr, nore

preferably 10 P ton / hr, based .on,the anpu
r Shax dphanycataanate (afertad fop

“In a nore preferable case, this anobunt can be nmde to
one tapresenteddny gemeral formulai®8)di al kyl . carbonate and
t he phenol used in the starting material in step (1)
may eachPih®ODQ@PHh purity, or may con{3Bn ot her
conpounds, for exanple may contain conpounds or

r eACHicPar PAtiBr OUtHd amukgdtcraeﬁohme 20 the pheinol used in the
continuous multi-stage distillation colum and / or a

td ot 4 b i 1 10.
warEE AR T (P RIS e L o

I \ . | «
outsid¢ I FangbrehEHbH U yifiaded St TRl Rimaining
Lntroduced ipto the reactipn st A | SO, 1
relatiye te 2 predetermanad amovnt of IR Aesisd JirhelylGarbonate
recovered fromthe first contjnyous nulti-st age
prodyed; beaomas Bighawhish s Nt SHICISNEcaBHMEBRPYRE SUC
mul ti-stage distillation colum. In the process
energycsr iiqujred toneeqovayeihte stagding smatefialunmFepsuch reasons,
conmponents constituting a |ow boiling point reaction

the above meofaroratidnés seormgreferablydnsa mahge- of fpom 0.5 to 5, yet
distillation columm are fed into the first continuous

mordpréferdAgFraisDid tat3,ostill GROHEprefigrablytfrens dciong.
colum | ow boiling point reaction m xture nmay 10 be

o fcpidfot o] e 1087 4 o1ttt
poly?%ﬁ%ﬁfﬁié%ﬁ%ﬁ;@ﬁ%@mn } ddéﬁ‘ﬂlfiﬂr this, [ N6t PES BN
approximately 0.85 ton / hr of high-purity diphenyl carbonate must be
continuously produced.

In step (1), the minimum amount of the phenol fed in continuously
is thus generally 15 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 phenol used in the starting material
in step (1) may each be of high purity, or may contain other compounds,
for example may contain compounds or reaction by-products produced in

a first continuous multi-stage distillation column and / or a second

continuous multi-stage distillation column, described below. In the case
' 29
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industrially, it is preferable for the starting

AOS0AMRBG/KAN ed into the first continuous nulti-stage
distillation colum to contain any of an al cohol, an
15 al kyl phenyl carbonate, the di phenyl carbonate, an
al kyl phenyl ether, and so on. A starting materi al

of ifhiEL 3 8RR ok Bk B e 5 ¥ e

. .of the alkyl phenyl carbonate gnd di phenyl carbgnate
dialkhicarbanate and el heweinyaanees o the Fearioa ystem,
on can also be preferably used. In the 20 present
it is alsepretarable tohuse diglkyiwabansiecand:/ of phenalJecovered
nmet hyl phenyl carbonate and di phenyl carbonate usin
fromathat firét ogntimuenisamultirstzige distiltatien ooluomn ot erdde
t he di al kyl carbonate and unsubstituted phenol as the
secofeB6htinivouss mulet stjd distiNatibnscolumnni ndnnthiecpretess
contai n nethanol, and nethyl phenyl carbonate and

1 | . i H A .
accogpgrgﬁ%i th@%ﬁ@%ﬁﬁ@m%tf%%&idrﬁﬁ #p tBAfpoNents constituting a

cts, a e starting material may further

ow GBI 4o ROR LA Gh B BRIt stace
st G APt L SR bl g sstvaton

the phenol used in step (1), consists of . the henol .
colupin.pr btareedhersesend (cpmn'bfiowﬂéo@% BRINY @ mixture may
Thi s 5 by-produced phenol nust be circul ated back into
be fed dptq thetfinss apntinepus muilti-stage digkilagion: aphins as is, or
produced in step (1) is obtained through
aftet sanse of dhief componentst theae of heave bieleyl sepabatedd euwnd
t he phenol. Included under this transesterification
ar Adcdragiynithe présénvimvearitido! Whithds iipleaténted
groups of tThe dialkyl carbonate is / are exchanged

| indu;é'grtigwh& ispangéﬁgé{g% PoPLIE thmimg Pnatedadied ifla B first

'm nat'ed, an reaction
continuous multi-stage distillation column to contain any of an alcohol, an

alkyl phenyl carbonate, the diphenyl carbonate, an alky! phenyl ether,
and so on. A starting material further containing small amounts of high
boiling point by-products such as Fries rearrangement products of the
alkyt phenyl‘ carbonate and diphenyl carbonate which are the products,
derivatives thereof, and so on can also be preferably used. In the
present invention, in the case, for example, of producing methyl phenyl
carbonate and diphenyl carbonate using a starting material containing
dimethyl carbonaté as the dialkyl carbonate and unsubstituted phenol as
the phenol, it is preferable for this starting material to cohtain methanol,
and methyl phenyl carbonate and diphenyl carbonate, which are the
reaction products, and the starting material may further contain small

amounts of anisole, phenyl salicylate and methyl salicylate, which are
30 '
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in which two nol ecul es of the al kyl phenyl carbonate
AOSOHMRB/KAMNire converted into the di phenyl carbonate

and the dial kyl carbonate through a

transesterification reaction therebetween, i.e. a

di sproportionation 15 reaction. In step (lI), in the

reactipRy-RBAN EanBO-aaD PoTEs AYhbBYaPEduca yd ied o
second continuous nulti-stage distillation colum,

theraff@Myi phenyl carbonate and the dialkyl carbonate are
mai nl y obtai ned through the disproportionation

r eEertharmore henastiof t phﬁnodarswﬁé\m steprd) gopsisy of the
carbonate obtained 20 in step (1) does not contain a

phenudbgproduceld in steb (Hhcof theipreserdrinvention.st Ahis ng
mat eri al when industrially producing the aromatic

by-pRsdv6ed PHew 6l mustite dircidatéd ibackintonsteph¢l)rtbasagh step
for this is that if a halogen is present in the

(IV).St arting material for the polynerization even in a
smal | anmpbunt of less than 1 ppm then this may inpede

th 0 ' ' j : ' [ I
or SRC Ui b afod BRIGUERY dhyied 6! Breihdl hrough
deterioration qf the, properties. of rodi | o '
transgster|Eaion befwser she A g 8 dheohRpper
produced. As a catalyst _used in the first continuous
Includad uneerhisitsansestarication ahe afeactian imavighoARe o both
continuous nmulti-stage distillation colum in step
of thel alkoxy gesupdlaf, the 31allsvl canbanateds { @rgoaxahanged: with the
fromthe 5 foll owi ng conmpounds can be used: <Lead

phermmapguodp>of tesl ptveintdsarsdi@n atcdths) isPelmhinatedband; a reaction
| ead sul fides such as PbS and Pb2S; |ead hydroxides

in w1 We rﬁué&m%saaﬂt%%ﬂ@gpbhangl&mbunbite qroducediare
Na2Pb2, K2Pb(2, NaHPb®2 and KHPb(2; plunbates such

conV&tteH Rt Ene ipHeYPLarbeRatE afd tRB(&NIYI carbonate through

a transesterification reaction therebetween, i.e. a disproportionation
reaction. |n step (l), in the first continuous multi-stage distiliation
column, the alkyl pheny! carbonate is mainly obtained, and in the second
continuous multi-stage distillation column, the diphenyl carbonate and
the dialkyl carbonaté are hiainiy obtained through the disp.roportionat_ion
reaction of the alkyl phenyl carbonate. The diphenyl carbonate obtained
in step (1) does not contain a halogen at all, and hence is important as a
starting material when industrially producing the aromatic polycarbonate
in the present invention. The reason for this is that if a halogen is
present in the starting material for the polymerization even in a small
amount of less than 1 ppm, then this may impede the polymerization
reaction, thus impeding stable production of the aromatic polycarbonate,

or cause a deterioration of the properties of, or discoloration of, the
31
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K4PbOA. Ca2PbO4 and CaPb(3; | ead carbonates and basic
AD503 WPBOKAN eof such as PbCOB and 2PbCOB' Pb(OH) 2; 15

| ead salts of organic acids, and carbonates and basic

salts thereof, such as Pb(OCOCH3)2, Pb(OCOCH3)4 and

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

By4Phb, lPh4Pb u3PbCl . Ph3PbBr, Ph3Pb (or Ph6Pb2),
aro @Bﬁ—yﬁﬂ@% 6"(%%? in Bu represents a butyl

graoup, and Ph represents,a phenyl group);. .20 . .
al Réxg|caalyslweed 4 thefigst centiny scgfwetﬁ#ag%aﬁ"ééﬂon
Pb( OCH3) 2, (CH3O P&C}Dh) and Pb(OPh)2; |ead alloys )
columncands/ b the,seaonch comtimoupimsii-stagerdistliatiogggolumn in
m neral s such as gal ena and zi nc bl ende; and hydrates
step (1), sforre xample papraetals conainkag goampoanid yeleated from the
conpounds> salts and conpl exes of copper famly netals

folloWig§ cmpotndsCoéhbe used?0501 VP8O/ KAN CuBr, CuBr2,
Cul; Cul2, Cu(OAc)2, Cu(acac)2, copper ol eate, Bu2Cu,

<Leqd NP8 S ana [ qu(CriB) 14 (wher oin acac
oS RpRS KL PR BB BB b0 o
colprdhligR Puth AR BERA2d PBelin im conpl exeso. 10
ﬁg?g]ag M%@ééssusc%cgs%b%ﬁﬁ%%z ;szgzr(ta)rh;zz?m 'y |
plumbites such as Na;PbO;, K;PbO2, NaHPbO; and KHPbO3;
plumbates such as NaPbQj;, NaxH;Pb0O4, K:PbO3, Ko[Pb(OH)e], -
K4PbO4, CazPbO4 and CaPbOs3; |
lead carbonates and basic salts thereof such as PbCO; and
2PbCO3 Pb(OH)2;
lead salts of organic acids, and carbonates and basic salts thereof,
such as Pb(OCOCHj3)2, Pb(OCOCH3)4 and Pb(OCOCH3);-PbO-3H;0;
organolead compounds such as Bu.,Pb_, Ph4Pb, BustCI, PhsPbBr,
PhiPb (or PhgPb,), BusPbOH and PhiPbO (whérein'Bu represents é butyl
group, and Ph represents a phenyl group);
alkoxylead compounds and aryloxylead compounds such as
Pb(OCHz3)2, (CH30)Pb(OPh) and Pb{OPh)3;
lead alloys such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb;
lead minerals such as galena and zinc blende; and
hydrates of such lead compounds;

<Copper family metal compounds>

salts and complexes of copper family metals such as CuCl, CuCl,,
32
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conpl exes of iron famly netals such as
A0501 /KBN CO 5, Fe(CO)5, Fe(C4H6) (CO) 3,
Co(nesitylene)2, (PEt2Ph)2, CoC5F5(CO 7, N -n-C5H5NO
and ferrocene; . 15 <Zirconi um conpl exes> zirconi um
conpl exes such as Zr(acac)4 and zirconocene; <Lew s
acid_type co ungds> i s acids and Lew s
CuBEE U kg Cllan L P e CHH B Iau RGP EL ARALE: RURGU.
Ti X3, Ti X4, VOX3, VX5, ZnX2, FeX3 and Snx4 (wherej
(CHa) CuprAgNQs AGBE squar RioftonR BGateR D or ARC=GrC(CHa)In

al koxy group or an aryloxy group); and <Organo-tin
and [Ou{B¢HdCl]o whesein acasmepraseniscan acetylacetone chelate
(CH3) 3SnOCOCH3, ( C2H5) 3SnOCOC6HS, BU3SNnCQOOCHS3,
ligand)3SnOCOCH3, Bu2Sn(000CH3) 2, 25 Bu2Sn(000d I H23) 2,
Ph3SnOCH3, (C2H5)3SnOPh, Bu2Sn( OCH3) 21 Bu2Sn( OC2HS) 2,

<A|k5n2.§@&5Pebg-.&3u§§s(o&B)2, (C2H5) 3SnOH, Ph3SnOH, 33
A0501 VP80/ KAN Bu2SnQ, (C8H17)2SnO, Bu2SnCl 2 and

c Q?Q%‘gm?@?eﬁ?@%*gg%&p hg! ll/i?ééae)lahdbﬁns(ggﬁn e

ves, In the' reaction s
<Zinhom) eneouss>cat al yst). Each of these catalyst
80‘?1%%%?1?% may of course have been 5 reacted with an

organi c conpound present_in the reaction system such
as Hhcé;loi"ba%’ﬁ%" ﬁﬁesrﬂﬁ, r{(ﬁgaﬁﬁé-nol, the aronmatic
pol ycar bonate, the diphenyl carbonate or the dialkyl
<Cadmiyehepaplexesgy have been subjected to heating
treatment with the starting material or products prior
t o caldmium axnmplexdsd steh aatGd{acac)eed in step (1) is
preferably one having a high solubility in the
<lron faniilymeial ampouedstbhe reaction conditions.

Exanpl es '

complexes of iron family metals such as Fe(CoHs)(CO)s, Fe(CO)s,
Fe(C4He)(CO)s, Co(mesitylene)z, (PEt2Ph)z, CoCsFs(CO)7, Ni-n-CsHsNO
and ferrocene; .
<Zirconium complexes>

| zirconium complexes such as Zr(acac)4 and zirconocene;

<Lewis acid type compounds>

Lewis acidé and Lewis acid-forming transition metal compouhds
such as AlX3, TiXa, TiXs, VOX3, VXs, ZnXz2, FeX; and SnX,s (wherein X
represents a halog'en atom, an acetoxy group, an atkoxy group or an
aryloxy group); and

<0Organo-tin compounds>

organo-tin compounds such as (CH3)3SnOCOCH;,

- (C2H5)3SnOCOCgHs, BuzSnOCOCH3, Ph3SnOCOCH3, BuzSn(OCOCHs3)2,

BUzSﬂ(OCOCnHzg)g, PhaSﬂOCHa, (Csz)aSl‘lOPh, BU2SI’I(OCH3)2,

BUzSﬂ(OCsz)z, BLIzSﬂ(OPh)z, 'thsn(OCHs)z, (Csz)sSﬂOH, PhsSnOH,
33
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of preferable catalysts in this sense include PbQO,

AOSOPNREHBEAMNG Ph(OPh)2; Tid 4, Ti(Owe)4, (MO Ti(OPh)3,
(MeO) 2Ti (OPh) 2, (MeO) 3Ti (OPh) and Ti (OPh)4; Snd 4,
Sn(OPh) 4, Bu2SnO and Bu2Sn(OPh) 2; FeCl3i Fe(OH)3 15
and Fe(OPh)3; and such catal ysts that have been

reat ad, W { e , ' l4,quid or the |ike.

BUz%, ié@gll‘f/)szgrﬁ?eﬁo"léligg ?#ﬁgﬁiégg(pnlﬂ us nulti-stage

distjllation, colum d the tal yst ,us in the .
Eactt of dhesecepanisigunnes = saliba SFlalVaf thaf dlstavendy the

be the sane as one another, or different. 20 The
reactionssystemi(gubomaogeneous gatalyshdi | | ati on col unm used

in step (I) conprises a structure having a

cyBaulr bf dheseucataipst components maxnfceourse(haye iren

an inside dianeter D, (cm, and having internals with

reactediwith af o¥gaats compoandi prasemt iantherasaatigassysteinetsuch
having an inside dianeter dll (cn) at a top of the

i ' u heidll e Aroniatie Polyeansanats, tie
as af‘ﬁéelw@%ﬁ&aélpf)ggil'dﬂﬁﬁ et havi ﬁg ran i r:sic%evgi aneter dil2

diphEhf] cBrbBnBet ‘A EnHidiRGL %%'gygg%?é,ay‘ gy Qe BReEr SObjected

€ col um mear A0501

to hegfinadkeakment it thelgfartilar halRa) i hisHire HABEIts e

the gas outlet, and at | east one second inl et
reactiosyi ded in the nmiddle portion and / or the | ower

portion of the colum above the liquid outlet,

whdrhe satalyspiused in step () is preferably ongdaving g ok

must satisfy the fornulae (1) to (6) respectively;
solubfity i the Seaotion(liyuidl0aderbhesremttion ZonditionsD, skgamples

(3) 20 <_ni 5120 (4) 10 55 D / d11 5 30 (5) and
of prefer&bld caidlyst2Gn(this sense include PbO, Pb(OH)2 and Pb(OPh)2;
TiCls, Ti(OMe)s, (MeO)Ti(OPh)3, (MeO).Ti(OPh)z, (MeO);Ti(OPh) and
Ti(OPh)4;, SnCly, Sn(OPh)4, BuzSnO and Bu2Sn{OPh);; FeCls, Fe(OH)s
and Fe(OPh)s; and such catalysts that have been treated with phenol, the
reaction liquid or the like. The catalyst used in the first continuous
muiti-stage distillation column and the catalyst used in the second
continuous multi-stage distillation column may be the same as one
another, or different.

The first continuous multi-stage distillation column used in step (1)

comprises a structure .having a cylindrical trunk portion having a length
L4 (cm) and an inside diameter D4 (cm), and haVi-ng internals with number
of stages n, thereinside, and has a gas outlet having an inside diameter
dy1 (cm) at a top of the column or in an upper portion of the column near

to the top, a liquid outlet having an inside diameter d42 (cm) at a bottom

of the column or in a lower portion of the column near to the bottom, at
34
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Mor eover, the second continuous multi-stage

AOS0UNARBU/KAN on columm used in step (1) conprises a
structure having a cylindrical trunk portion having a
l ength L2 (cnm) and an inside dianeter D2 (cm, and
having 15 internals with nunber of stages n2

t her ej nsi.d and .has as out| et avin ninsid .
leastardirgt it prayidad i uParRopifY A7 hnd dhitidle portion
upper portion of the colum near to the top, a liguid
of thegolummberlew the gas gutlel; ang: at lepst pagysegond tﬁ'a@ttom
of the colum or in a |ower portion of the colum
provideat in thetmiddiet portion andiétorothe towed pattien of the kajumn
in the upper 20 portion and/or a middle portion of the

abov@oihemqbﬁﬂcwtﬂélﬁ wheéreint Let D,ahd /aD4, heabXy lode, fand Dy / dy2
inlet provided in the mddle portion and/or the | ower

T b@ie jwialyd outlet, wherein
mustP At T T e [ h22 st

satisfy rymu ) to (12) respegiy vely; 1500 5
L2 <_ 8083%{%% Lb%a%éﬁS D2 5 2000 (S)H)'2<_L2/ D2540
(9) 35 AQL0 P8O‘/E 10:5 n2:5 80 (1,2 : 5 (11)
and 550333’2%3?36 @bl It has been dP%)covered t hat
by using _the first continuous 5 nmulti -ﬁage

distill a?i%rhcbnjn% 4:91d t he second con uous

multi-stage distillation colum that sinmultaneously
satisfy e%esmrﬁm% (1) to (12), the(4) phenyl
carbonate can be produced fromthe dial kyl carbonate
and theSpkddpV dap £a80i ndustri al scal e(®f andt | ess
than approximately 0.85 ton | hr, preferably not |ess

than 1 tgn</Dhv.d,4id Rohi gh sel ectivity(@nd high 10
productivity stably for a prol onged period of tine,

FOMEred € thBlsd&ERd dditihkOPS Malti-stageadistinationmedlumn

| ess than 3000 hours, nore preferably
used in step (1) comprises a structure having a cylindrical trunk portion
having a length L2 (cm) and an inside diameter D2 (cm), and having
internais with number of stages n; thereinside, and has a gas outlet
having an inside diameter d2; {cm) at a top of the colufnn or in lan upper
portion of the column near to the top, a liquid outlet having an inside
diameter d,2 (cm) at a bottom of the column or in a lower portion of the
column near to the bottom, at least one third inlet provided in the upp.er |
portion and/or a midd!e portion of the column below the gas outlet, and at
least one fourth inlet provided in the middle portion and/or the lower

portion of the column above the liquid outiet, wherein Lz, D2, L2 / D2, na,

D2 / d2q, and Dz / dz2 must satisfy the formulae (7) to (12) respectively;

1500 < L, < 8000 (7)
100 < D, < 2000 (8)
2<l,/D,<40 : (9)
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not | ess than 5000 hours. The reason why it has becone
¢ A0S0304RBMAN 0  produce such an aromatic carbonate on an
i ndustrial scale with such excellent effects by
i npl enenting the process of the present invention is
15 not clear, but this is supposed to be due to a
conposite effect ought about when t ondi ti ons of
f or mul ae%P_Lf 'f?os( ) are conbined. Pr Efgfabl e ranges
for the respective f% tors for the conkwuou
mul ti - st Zg& 182 é21t1%dPon col ums used )s?é'a (1) are
described below If L, (cn) or L2 (cm is less than
1500, thénstDe/cbavelRd on 20 decreases(hdH hence it is
not possible to attain the desired production  anount.
Molehasrbeen disepvéoed that bygusing: thedirst aantiruous
securing the conversion enabling the desired

5 multRsedgéstdigtillatiwmeolumbeandtthiensdcohd eontinu8ususulistage
be made to be not nore than 8000. Modre preferable -

isti tHet g i righy 00O (12),
o308 il Yol saugsy secotmathe (190 (12)

the i b AR edn KeosPHilkeBSt P Lo A carponate and
is | h 00, . Pt | bl . '
the bighgEen SR pHlSubl Sheld O lasioRTAR shel Byudtalyia.s ton
I v, rgdeEAb bhnahss et hian oA Haish gl e Eataily ppdhioh
not nore than 2000. More preferable ranges 5 for D1
10 produstjvibhstally tona prelerged peniedohtime: fanexamphgmot less
and 150 5 D2 < 1000, with 200 5 D1 < 800 and 200 <

thanD2080806u b prefeeabhpnet pess dhainl 30 00Fwutshembirepreferably
continuous multi-stage distillation columm and the

not BR%OtHas BT heuss Ul The seagendwhlyi itlieds becoohepossible to
long as D1 and D2 are within the above ranges, each

proqlod SO MO BN oS USRS such
excellent effects by implementing the process of the present invention is

15 not clear, but this is supposed to be due to- a composite effect brought
about when the conditions of formulae (1) to (12) are combined. |
Preferable ranges for the respective factors for the con.tinuous
rr;ulti-stage distillation columns used in step (1) are described below.

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

20 decreases and hence it is not possible to attaih the desired production
amount. Moreover, to keep down the equipment cost while securing the
conversion enabling the desired production amount to be attained, Ly and
L; must each be made to be not more than 8000. More preferable
ranges for Ly (cm) and L, (cm) are respectively 2000 < L, < 6000 and

25 2000 < L, < 6000, with 2500 < Ly < 5000 and 2500 < L; < 5000 being yet

more preferable.
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thereof, or the inside diameter may differ for
A0504iVPBO/KAN port i ons. For exanple, for each of the

continuous multi-stage distillation columms, the

i nside diameter of the upper portion of the colum nay

be smal | er than, or | arger than, the inside dianeter

r .of the,cal i
o0 1t B (P 1480 18gbB5rRH 1B, shfn '%ﬂ#éﬁéf%'s to
oeratlon beconmes difficult. In particul.ar LFkl/ Rll
attai theodesied Brodustion ameatitso MpFasvenda keep fawn the
di fference between the top and bottom of the colum
equipmantecosbwhilecattaining the desired prfgductioabamount, Dy and D;
operation becones difficult. Moreover, it becones

musheaehsbhe ynadei tacbeaset mure2thare 200t umnmpteﬁerablerranges
portion of the colum, and hence side reactions

for DICEHF dridPP,&(drR) AFE Wespddiigiya SeUD mdwmaw 180 < D
or I:?he sel ectlvze‘ ) Mor e pkré:efera l e rangés for L1 D1 2=

‘°°°§E‘§§“2%Q9§mrgW‘?%Z‘f&{?)ﬁgsﬁandﬁéﬁﬁﬁ? fétoe sferabe
h‘ﬁﬁoﬁg ﬁi%b%s?agéégb i ?ﬂa‘*qieéf*‘f@%%?%#&ﬁ“‘ﬂ ?‘d “‘e
secafy a5 rltchisde ARHIRNAR et fﬁtue@%aaﬁ% 4ha

Moreover, to keep down the e(i pment cost \clw
are within ithg abeve sanpges. Aach | mgc?h@na'éénax ave the same
. _t&oductl on ampunt to be attained, n, nust be made to
insideedimmeter framdhelapper Rontion thereofi to the lewer norion

than 120, then the pressure difference 5 between the

theréofy enthddmside diambter atayndiffec Joedifferent partiorsd For
hence prolonged stable operation of the first

exarfifl,| f8{oddcRUfl feSEaAfindious Hlﬂtlhmgéﬁiﬁiﬂat@@ﬁm&mns the
difficult. Moreover, it becomes necessary to increase

msnoté@ %ﬁ\@?&l‘ %tfghﬁ uﬂpép‘i‘)drﬂw oP?ﬁé'cﬁﬂBﬁLn sy & Hmhuer than,

ence si reactions becone .l a t o occur

or R38BTy BRI el Bty thegumn.

40 If<t1 IID1 or Lo / D; is less than 2 or greater than 40, then stable

operation becomes difficult. In particular, if L1 / D1 or L2 / D2 is greater
than 40, then the pressure difference be';ween_ the top and bottom of the
column becomes too great, and hence prolonged stable operation
becomes difficult. Moreover, it becomes necessary to increase the
temperature in the lower portion of the column, and hence side reactions
become liable to occur, bringing about a decrease in the selectivity.
More preferable ranges for L/ Dy and L; / D; are respectively 3 < L4/ D4
<30and 3<L;/Dy<30,with5§<L{/Dy<15and 5 <Lz/ Dz <15 being
yet more preferable.

If ny is less than 20, then the conversion decreases and it is not

possible to attain the desired production amount for the first continuous
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< _ 90 being yet nore preferable. Mreover, if n2is
AOSOMALBA/KAN 10, then the conversion decreases and it is
not possible to attain the desired production anmount
for the second continuous nmulti-stage distillation
colum. Mbreover, to keep down the 15 equi pnment cost

Whil e sgcur, th vergi i h Sid £ ;
muitlSiade gt N PO1ERD: ~ MPEPRERF e, gk Eadfitig Sqyipment
be not nore than 80. Fuyrthernore, if n2 is greater,.
cost nhile s@curing, thRooREeEIPE Snaplnadhe dBsiiBgeRrédictiop
and bottom of the columm becones too great, and he %e
amoynbte heattaingde nopaustibe made e %%m#dn@@ﬁthhﬂ!bdg -
mul ti-stage 20 distillation colum becones difficult.
Furthermovey if ni ibgreater thearsk20 then thepressurerdifference
tenperature in the |lower portion of the colum, and
betweRiit the 1bgear @ asdttons ob ¢he oolumab bedomesdan, gheat)camg hence
about a decrease in the selectivity. A nore

I i b i ' distillati
prol S a gt PAIALH o e contiiuoydtnutidogg crstaton

colu*n‘???gtcgﬂf‘eé'diff i hﬂ&%ﬁfﬁf P%?:%ﬁ'né?rnéé{}sfé o increase

contrnuous mult1-stage atli on columm Dpecorres

hi gh. reave 38 A0501. VP8Q/, fo:
the t@rdBerAieg cihs aWaf patioll Y b8 BB, 8RB Gee e
- of the system .and hence stabl e operation of the .fi{st
reactions hacpge Hable tor ageutiRing|ng ABoU A dscraassHnthe
difficult. If DL / dl11 is greater _than 30, then the
selegtividgus A onpren prefatiatiarange feonants R sns <5100, with 40 < ny
relatively | ow, and hence stabl e operation becones

< 90dbéfng yket marel preferabler a decrease in the conversion

is brought about. A nore preferable range for D1 /

d1Méfedver, iPh,/isdéssStham 10 thehlthe Dbnveddibn<detPeases and
bei ng yet nore preferable. Furthernore, if D2 / d21 is

it is h@tddEBIE to I4ifdin iHE @i Prbdaetion’ @mdult firctiglsecond

continuous nmulti-stage distillation 10 col um becones

contih $8us YRLRPSage' distfiatiTH Bbiuh. 99 EBver, to keep down the
equipment cost while securing the conversion enabling the desired
production amount to be attained, n, must be made to be not more than
80. Furthermore, if n, is greater than 80, then the pressure difference
between the top and bottom of the column becomes too great, and hence
prolonged stable operation of the second continuous multi-stage
distillation column becomes difficult. Moreover, it becbmes 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 fange for n; is 15 < nz < 60, with 20 < n; <
50 being yet more preferable.

If Dy / d4q is less than 5, then the equipment cost for the first

continuous multi-stage distillation column becomes high. Moreover,
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conponents are readily rel eased to the outside of the
AD508 WH8OKAMd hence stable operation of the second
continuous multi-stage distillation colum becones
difficult. If D2/ d21 is greater than 15, then the
gaseous conmponent w t hdrawal anmount becones rel atively

and hence stable ratiaon 0 , :
largeaﬁwmf@ovﬁsaae&é@r e8mpanes a&%ﬁ%?iﬁ' 'f?%ageé’rt h{* outside
: Am)re preferablera ggfor gﬁ d '555
of the swzstem and ke pee stableypperadipnsof thedir, %?t'%?es
preferable. If D1 / d12 is less than 3, then t
multiestagerdistidationf colump biecamescaiffickifous)f i {|d1stlﬁg&reater
distillation colum beconmes high. Mreover, the 20
than|30juinenthé gasedus vampohendwithd cawal \mngvunt becomnes
hence stable operation of the first continuous

relatmél}t'low aed Heridé ls@ébmogelraﬂanbmems difffcudt) dnd | f
12 i's greater than 20, then the flow rate

morécWéWE'Hé{i‘%aféé ﬁ‘r“tﬁ’eg}ti] \Férs’%lﬁ Qiﬁl*dugorﬁeéﬁﬂﬁﬁ A more

excessi ve ence erosion "becones liable to
0c bringi ng, apqut . car 0 e U

preferaie At fof Biflyeis BE Bl Fls p8" WABRBIRY, f4A% 20

th75D1 di2 5 .15 belngy €

being yathmate Rreterable.  FItHETaLe &frﬁa’@% Jo RESCHHH 2. then
VP80/ KAN s then the equi pnent cost for tg’gase%gg .

the ewnpmastisostifer thespcond cantinueys rewltirsiage Yawlation
hi gh. Moreover, the liquid w thdrawal anount becones

columal becoaes Hiigh, dvoreeves kargsl amepntstofgaseouse

second continuous nulti-stage distillation colum

compenenes atef fdadily reldaded to dhd outsjdeanfethes system3@nd hence
then the flowrate through the liquid outlet and

stabfé BpatalispOsE the WAt Contifasis niidi-beige distilation column
becones liable to occur, bringing about corrosion of

becc%n@@ftmﬁ@&“sc]gﬂz@@é% %’r@?i‘% ?hé%znﬂ‘f igfézn ‘Fﬁez%é’@@ous

< bei ng

com%‘ﬁh{e gﬁéﬁé@%ﬁ%ﬁoygﬁa ?:{%hnqgé SeldfivORSIRE CAnliNEAce stable

operation becomes difficult, and moreover a decrease in the conversion
is brought about. A more preferable range for D2/ d21is 5 <Dz /dz1 <
12, with 3 < D2/ d2; £ 10 being yet more prefgrable.

If Dy / dy2 is less than 3, then the equiphent cost for the first
continuous multi-stage distillation column becomes high. Moreover, the
liquid withdrawal amount becomes relétively high,.and hence stable
operation of the first continuous multi-stage distillation column becomes
difficult. If Dy / dq; is greater than 20, then the flow rate through the
liquid outlet and piping becomes excessively fast, and hence erosion
becomes liable to occur, bringing about corrosion of the apparatus. A .
more preferable range for D4/ dy2is 5<D1/d12<18, with7 <Dy /dy2<

15 being yet more preferable. Furthermore, if D2 / d22 is less than 5,
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referable for the dii and the dl12 to satisfy the

10

¢ A050 O’M’Q?), and for the d21 and the d22 to satisfy
the forrmula (28); 15d12/d1ll55 (27) and 1<d2,/d2256

. (28). The term "prolonged stable operation” for step

(1) neans that 15 operati on can be carried out

thengtgn%%aﬁﬁglﬁinlehti ﬁ%%y?%%gl %@Sﬁﬂiﬁg? lﬁ%&l 0533 g3 4iMilation

er osi on or the ike for no
colupiruPerastgs e es'éomanerao@v figid Withdrawal arsupt pecomes
not | ess than 5000 hours, and a predeterm ned anount
relativelyhaigh, ré hence stable-operatienpbthe secand sontinuous
mai ntai ni ng high 20 selectivity. A characteristic
multi-stage aistitlatioepcélymnsbe tameashdifficpite ny|f Bar whmdsegreater
can be produced stably for a prolonged period of tine

5 thanv80 hithewhhesttbwcidte throagh thé hiquidi mitier addopipingbetomes
not less than | ton / hr, preferably not |ess than 2

excés%"‘vély(“'efastmyrﬁi Refice éF&éﬁoﬁ%ebBﬁﬁed hable tb%‘céuﬁfbrh?gmg

Mbr eo anot her characteristic feature for st ep

abolGb it SRR A freerBbe goflg 2 1
o7 SRR 28 A% BT bt B3GR B eersoe.
ribarsind el Sl S 550 s

d22 for the second continuous nulti-s

10 prefarablel foft thendeppngntheadis tg aaetwefctha/éwnglﬁmﬁ).mng for the
6000, 150D2<_1000, 3<_L2/ D2530, 155n2560, 2. 55D2/ d2i <_12,
da2s amditﬁeEd;Qth sdﬁ%fﬁtﬁé,fommulae(ﬁa)than 2 ton / hr,
preferably not less than 2.5 ton / hr, nore

pref erably<n®}, | dss<than 3 ton / hr of (Q'ﬂyachcphenyl
carbonat e can be produced. Furthernore, another
char act eryq gtg,ﬁ fl?{ ueg for step (1) IS(QBWZ in
The term “prolonged stable op_eration" for step (1) means that
15 operation can be carried out continuouély in a steady state based on the
operating conditions with no flooding, clogging of piping, erosion or the
like for not less than 1000 hours, preferably not less than 3000 hours,
more preferably not less than 5000 hours, and a predetermined amount
of the diphenyl carbonate can be produced while maintaining high
20 selectivity.

A characteristic feature for step (1) is that the diphenyl carbonate
can be produced stably for a prolonged period of time with high
selectivity and with a high productivity of not less than 1 ton / hr,
preferably not less than 2 ton / hr, more preferably not less than 3 ton /

256 hr. Moreover, another characteristic feature for step (1) is that in the

case that L4, Dy, L1/ Dy, ny, Dy / dy1, and D4 / dy2 for the first continuous
40




10 the e that Li, D1, L, / D, n,, D,/ dii, and Dr
A0501 \éﬂ@’@t he first continuous nmulti-stage

distillation colum satisfy respectively 2500 < L, <_
5000, 200 < D, <_ 800 55L1/ D 515, 405 ni 5
90, 10 5 D, / dii < and 7 <_ D, / di12 <_ 15, and

e b S oo 560 oo, 150
< 9123@9}2’5 8 ltfg‘llgBo—é'H %21/%5%- Pysh 9855 43 agd 5 < D

< 10, and9< D2 /| 422 < ss, th
I ot a9 Lo B ket Paoce. Tt 3 2andiBs A Torfiie Zgegnd
preferably not less than 4 ton / hr of the di phe
contrmrdus meltcstage distilation. calumnssatishy keapectively: 35900 Sla<
di phenyl carbonate in step (1) is based on 20 the
600MhE50I< DracttDO, 8 stey Di)s 38, HiSk sekedd) 2i% s B hdps < 12,
l ess than 95% can generally be attained, preferably

and 7% DFFY %@259?{& |BRESt AT RetoAD) Yir, préferadily tutrie®8%han 2.5
Each of t2 e first continuous multi-stage distillation

ton R} %rérk?réfa?a ?ﬁ@f‘i’e@@ﬁhﬂt@%nwm bf%hégdiiphenyi

dirstillation co used in (1) is 25 preferably
t t haV| ng trays and/or packi ngs as
carb?ﬁ%té %'léﬁﬁaﬁpo@ﬁ:égg‘gr “"internal” used in the present
on _means th AQ501 . VRS ' :
feqrihﬁfmaﬁecane erAbetagtarighig terhive ot Btef (fs fhat in
into contact wth ne anot
the @aﬁeet héH—n R, dete! D1, bt el 8ap ?PQ!B ACEX 353 t?'leaﬁmta
valve tray, a counterflow tray, a Superfrac tra
contimrdusamuitirstage distillation celumpl satisfy rm%ﬂkeﬁg%flo gl I <
include an 5 irregul ar packing such as a Raschig ring,

5000, 200s« My, xigQO, B £/ Diyngy 153 40Ber hy 28| 40 srD4 / dyq < 25,
Intal ox saddl e, a Di xon packing, a McMahon packi ng or

and b'eklai’%.%af 1%, Aid ELY rnep BAL B NS U/ ds Mahdabak. d 2, for the

echno- pack:  Fl’exi pac, a Sul zer packi ng, a

secoccrli’cg% tm%%‘g@ ItPEt?]% :&rggﬁ[!gglﬁ‘i'lacghﬁnﬁl’ééﬂlsﬁﬁ P&iEpectively
2500 < L, < 5000, 200 < D, <800, 5<L,/D2<10,20<n2<50,3<D3/
dz1 < 10, and 9 < D, / d32 < 20, not less than 3 ton / hr, preferably not
less than 3.5 ton / hr, more preferably not less than 4 ton / hr of the
diphenyl carbonate can be produced.

The “selectivity” for the diphenyl carbonate in step (l) is based on
the phenol reacted. In step (I), a high selectivity of not less than 95%
can generally be attained, preferably not less than 7%, more preferably
not less than 98%. |

Each of the first continuous mul.ti-stage distillation column and the
second continuous multi-stage distiliation column used in step (I) is

preferably a distillation column having trays and/or packings as the

internal. The term “internal” used in the present invention means the
41




10 portion and a portion packed W|th packi ngs can al so
A0S0 VRBQYHKAN Furt hernmore, the term "number of stages n of
the internal" used in the present invention neans the
nunber of trays in the case of the tray, and the
t heoreti cal nunber of stages in the case of packing. '
I n e case of mJIt -stage di s IIalonc
parts, g diaifiation oplyaonhedn Hhe A liyi a8 U&E&B&wght
wi th packings, nis thus_the sum of the nunper of
into ppas@ct with one anetharn i cExammigsrobthea teays inglyde g,
(I'), inthe first continuous nulti-stage distillation
bubldetcap tray, asievedraynawalve tray, al cgunisrélow tray, a Superfrac
carbonate is produced fromthe dialkyl carbonate and
tray, taMaxfracl trayj orthecike s. Endamplescfitbe pasking Biclude an
extrenely | ow equilibriumconstant, and the reaction

uregﬁﬂé?p‘a%kﬁ'lg"@udﬁ‘ds thlp hﬁg *&eﬁésdirﬁgﬁ@w el RaRLrireg, a

plate type distillation co having trays as the

Berl 1Balay Fnt%?tr;i sfasld{oqg % B ﬁrﬁéﬁlﬁnas Wﬁ:l\ﬁéﬁﬁg packing or

nUous agée di stl I I"at1 on unm use

Helix ?Sﬂf:: G5t ??'59@333'"8@ e §?V@%"@&“L’ﬁm@3"f&'l§k
Techg%n Ck@ﬁlgaﬁg ro%ﬁlt%g%éﬁggrrema ltci,cgg[@ﬂ Ef X
a | ow equll1orium const ant an a sl ow reaction

Glitsabmuid .vPddvecmultiastagedistillation colammhaviggoeth aefdav

that a distillation colum having both packings and
portionagndaa pdréiompacked withppackings cansalsocbedised.
continuous nmulti-stage distillation columm used in the

Furtheawioree thie terin aiumber dlustdyesrorof the internadtuosed in the
di scovered that a distillation colum having the 5

presBht ih08ntiohSidadmslthe ﬁd‘rﬁb@ﬁﬁﬂﬂrﬁ?‘stlhoﬂhd baseosf el tray, and
trays installed in the |ower porfion thereof is

e HSB1A 0Ly SRR, M4 BT oT s 03 e case o
e A9 0el B p @%‘aﬂx@wﬁ“ﬁe;fabfégmon
portf%n pac %d wﬂ% E)letungfs SIII rlg%ur etglepgﬁrkn' o?%he num%%r of ?rays
and the theoretical number of stages.

In step (l), in the first continuous multi-stage distillation column, a
reaction in which the alkyl phenyl carbonate is produced from the dialkyl
carbonate and the phenol mainly occurs. This reaction has an
extremely low equilibrium constant, and the reaction rate is siow, and
hence it has been discovered that a plate type distillation column having
trays as the internal is particularly preferable as the first continuous
multi-stage distillation column used in the reactive distiliation. Moreover,
in the second continuous multi-stage distillation column, it is mainly a

disproportionation reaction of the alkyl phenyl carbonate that occurs.

This reaction also has a low equilibrium constant, and a slow reaction
42
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10 particularly preferable. Furthernore, it has been
Aﬂ50&ﬂ§§ that, as each of the trays installed in
the first continuous nulti-stage distillation colum
and the second continuous nulti-stage distillation
colum, a sieve tray having a sieve portion and a

rate D EVEIED, HEBhbe0d AIBHOLEHH N 0Tt Bt having

bothtnwlabéfaﬁia?'ys?%@ss % I0lTGYGS iRTeLergblenss, tﬁetﬁecond
sieve portion. A nore referable nunber of holes i

contimpus m@lbestﬂﬂwlstlﬂggomeome wied dp atbpyremiw% deet;"atlon

holes / nR. Mdireover, it has been di scovered that the

" Furthemsrepitt hasdieen dispeverad that a distitations icelemuy having the

is preferably in a range of from0.5 to 5 cn2. A nore
packﬁ’ﬁg§qhﬁi&lﬂe@ﬁﬁfthesﬂpbeﬁmirt@hemm@oﬂmh@ tray$ installed in the
c yet nore preferably 0.9 3 cn2. Furthernore,

Ioweirtpc?g rgﬂ‘i‘@ré&ﬁi‘“so FéRfabletas ihé Secowd béHhﬂh'o)us multn -stage

pre le i f eac sieve tray has 100 to 1000 hol es

distlngtlbﬁo?ﬁpu‘?nﬁ' V£ hRAY bbeR: d&%%\f#?@ Clgl‘%stp%egébggi’dﬁ il 6Fﬁe

n-a range of

secalii cBf ﬁt?ﬂ%“‘é%lﬂ?hab%% HetligabAo SRR 8 GtateTaBYL°

- object of ., 43 A0O501 VP8 /KAN t he present tion can
struglalrag pAvkinO%orand et 91 SHktUGaH BACINGS: NelgPaK) 1S
t he di phenyl carbonate is continuously produced by
particoharlypeferableedi ng t he dial kyl carbonate and the
phenol constituting the starting material into the
fi Fairthermonepitshas been digeoveid that,cas @aatobiitheitnays
whi ch the catalyst is present, carrying out reaction

insteflsd @ thiel figt contihgblsanattistigendisitiglgtlors cotwnumand the
continuously wthdrawing a first colunmm |ow boiling

secd?fﬁ RontRAUL MiltxstdFe Ho8iAafibRIcEufh CdUsiRY etra9 Raving a

froman upper port| on of the first colum in a gaseous

smv%ﬁ:ﬁ?ﬂltlo‘ﬂ’'Q'i'm‘1 Wi dApaWio 18 JadtituIaPly §8o0l  idNterms of

ng pol n reacfl on
the relationship between performance and equipment cost. It has also

been discovered that each sieve tray preferably has 100 to 1000 holes /
m? in the sieve portion. A more breferable number of holes is 120 to
800 holes / m?, yet more preferably 150 to 800 holes / m2.

Moreover, it has been discoveréd that the cross-sectional area per
hole of each sieve tray is preferably in a range of from 0.5to 5 cm?. A

more preferable cross-sectional area per hole is 0.7 to 4 cm?, yet more

-preferably 0.9 to 3 cm?. Furthermore, it has been discovered that it is

“particularly preferable if each sieve tray has 100 to 1000 holes / m?

the sieve portion, and the cross-sectional area per hole is in a range of
from 0.5 to 5 cm?. It has been shown that by adding the above

conditions to the continuous multi-stage distillation columns, the object of
43 '



10 m xture containing a produced al kyl phenyl
A0SO MIPRBREAN from a | ower portion of the first colum in
aliquid form continuously feeding the first columm
. hi gh boiling point reaction mxture into the second
continuous nulti-stage distillation colum in which
the cat.alyst.is present,, .carryin Qut, reaction and
the Rresent iBvEBtion RRNER ARG MdBe8lva col im 15
conti nuously, withdraw ng a second co| u | ow, boi | i ng.
poVMbepLATTYHg omt,&taPe botheaﬂmhsns‘ ﬁgga%e&e amq{alnmusw
carbonate from an upper portion of the second colum
produged bysontingously &ﬁﬂmuﬂ'& djaliyl carbanade and tbadphenol
col um high boiling point reaction m xture containing
consditptiaguthexl st rtiveg yh atemi dloind o et hier firstac o otin uopisr mwdti-siage
: the second colum in a liquid 20 form and o
5 distitatibhne@mhi iheRHid the e atatystdiscoresant, @urpping ogt reaction
point reaction mxture containing the dialkyl
and gf’éth ﬁ_éimlﬂtéﬁéoﬁéfxzfn ﬂ?é‘?flr%t‘?é?urﬂﬁ{'éénﬁhégﬁsly
I st um. e he

| ation co ment | one arlier, t

with i h114'8 SR AT BB gl P 5l miitiebtlaining -
orod 8 AR R A U ne? Karyo b B Ml Sl 7 Baseous

-conpounds. Consi dering the, equi pnent d . cost 44 . '
formA@,ngﬁimwlyAwiMawigg ag}rsg&giu@tn Bamr}&p@?ﬁng point reaction
purification in other processes, when actually
10 mixturelcantaining aty alkyl\eienyhcarkrrate f19p a lewps
preferable for the starting material to contain snal
portismohthe dirst wdiunmmountiguid foeneofnitinuovwsly feeding the first
conti nuously feeding the dialkyl carbonate and 5 the

coluRiie htgh GUlihgt pbintorediticr afiktng iftcetheselcoind tbatinuous
first continuous- multi-stage distillation colum,

mu|t§j-i*§.g§?§ltcﬁ§hi||%9idgft:8!drﬁh W h?Eh 359 talalyéh s phéséht, carrying

atiron colum In a l1qui ormand J or a

out l%aaac?gﬁti{/n%mgﬁl?ﬂioh@iﬁ{dlfeiné){)@é‘i fithe o c@gtlg]rgn,

posttrons In the upper portion or

“»

15 conqn%tggggyo‘%ﬁjﬁ{ﬁgmﬁﬁgtg G§;<=.~fcio'rns’ cgilL‘?Hnl o‘% ib%r}iiﬁglﬁjgg?'ntbr%la%‘ﬁon
mixture containing a produced dialkyl carbonate from an upper portion of
the second column in a gaseous form, continuously withdrawing a second
column high boiling point reaction mixture containing a produced
dipheny!l carbonate from_a lower portion of the second colurh.n in a liquid

20 form, and continuously feeding the second column low boiling point
reaction mixture containing the dialkyl carbonate into the first continuous
multi-stage distillation column.

As mentioned earlier, the starting material may contain the alcohol,
th_e alkyl phenyl carbonate and the diphenyl carbonate that are reaction

256 products, and reaction by-products such as an alkyl phenyl ether and

high boiling point compounds. Considering the equipment and cost
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0 the upper portion of the first distillation colum.
AOSOHﬂﬂ?&DI preferable to feed the starting nateri al
containing a |large proportion of the phenol into the
first distillation colum in a liquid formfrom an
inlet provided in the upper portion of the first

el b R AT i R o
S 88 s e PSRy BB for o

the first distillation colum above the liquid outlet
starting materiahin cpotairoamsll amountssef such compands

colum. Mboreover, in step (1), the first colum high

boin istgpd}), mivheeacontinuonisky lﬁeedmttberdlagqlmawoqate and

phenyl carbonate continuously withdrawn 20 fromthe

the pleesl e@hktmﬁ\h@? theesfarting materiaddnto thbtfirsttegdinuous
distillation colum is continuously fed into the

o R el s o o
first Wl%‘ﬁl‘l’éﬁo

&h‘?ﬁﬁ riﬂkg ¥:qru“?8' fb?ltnoahﬁel ﬁﬁ%oggsgb?@ﬂdr
nali orm and / orm

e 16 el A5l .05y AASE o onps paion o

the Dud b prin ot S hirhlsaeh B &%wiﬁeemwﬂet n

VP80/ KAN S distillation colum. Mreover, in the cas
the uppespagtionsof the fusbdistidation| ¢elumn. cdt ismaise preferable to
distillation colum having a packing portion in the
feeduihecstanting omaterialezdntaining arlargpoptoportion ofidhegueenot into
portion thereof, which is a preferable enbodi nent of

the fifs diseisienion Bbﬁnhlnom ailiquid forp ¢femadh dnfetrpedvitiedsin the
one position where an inlet is provided to be between

uppérBoPAsk! dlgw@fl?ﬁeﬂts"tﬂf’aﬁ@ﬁ dalam P oahl FeedHe& @t&Fting N

t he case at t packi ngs conprise a plurality of
ot EShUFHIAG AR ion 5, ARRIFEATD GRS i the
first distillation column in a gaseous form from an inlet provided in the
lower portion of the first distillation column above the liquid outlet in the
lower portion of the first distillation column.

Moreover, in step (1), the first column high boiling point reaction
mixture containing the alkyl phenyl carbonate continuously withdrawn
from the lower portion of the first continuous mutti-stagg distillation
column is continuously fed into the second continuous multi-stage
distillation column. Here, the first column high boiling point reaction
mixture is preferably fed into the second distil|ati6n 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 central portion of the second

distillation column below the gas outlet in the upper portion of the second
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str packi ngs. 10 Moreover, in step (l), it is
A0504 ¥ é%bﬂé$§rable to carry out a reflux operation of
condensi ng the gaseous conponent w thdrawn fromthe
top of each of the first continuous nulti-stage
distillation colum and the second conti nuous
di ' PNirC (P11
distilghipn, S e’ 0%5%@%% i ¢ W cFBE vsiE, BE thETefond
ion co n.this,case, the [ ux

distiflgfion,eofrhg, ToifliatioR ShILE LER3R0 4 BAcKe P&{‘t%n h the

um is in arange of fromO to 10, and the re

upperappatlparthq«eogéd\sﬁa trayReRiRdn the: lowargertion ' ereof,

distillation colum is in a range of fromO0.01 to 10,
whigly if arpraferablamembediment ofdhe prasentainvertiom B.is to

2. For the first continuous nulti-stage distillation
preferdblenfomat least yhegpositicruntherer ahlinleid prevideidoto be

(i.e. reflux ratio = 0) 'is also a preferable
betvﬁé‘@t@‘ih%ckﬂn@ ﬁbﬁﬂi’oﬁ'énd the tﬂﬁ?fﬁ&tm‘n meMdredver, in the case

honogeneous catal yst be present in the fi rst

thatctﬂBtbgHQﬁH%s”Hb %éé‘%Pﬂk%It#{'é’&?‘ﬁeﬁ% yst ﬁﬁa Kngs it is

erable to feed cata

prefplafiie, M5k N R %'éq

case .a catalyst solution obtained by dlssoIV|ng
Sth?ﬂJe’edca?skm in the starting material or reaction
%I d may be introduced into 46 AQ501 VP80/ KAN t he

coI ﬁﬁeeugét estan (1, ihis alse pratprakiertoasarryronhy Iaftux

introduced into the colum froma different inlet to
opetation afreomdensing the gaseousrcomponent withdrawn from the top

used in the first continuous nmulti-stage distillation
of eachwithen firsheoptisaus muléirstaye disiikatidapeoldinmy amd the

the type of catalyst used, the 5 types and proportions

secénd idontPe s HHulfRseageld |§ﬂna@w?ﬁ§ouﬁnﬂ 6RE thef returning
condi tions such as the reaction tenperature and the

som'éeaﬁllnﬁncB it mtafl?:e?pgﬁ]ﬁﬁ) %r&iﬁ"rfg?%é tlﬂétlon column.

genera a range o)

In tﬁé’? e(fgge]é%'b CTERAR ratld P87 th 93t Lontth sy ﬂﬁl&ﬂg{agéqigtillation

column is in a range of from 0 to 10, and the reflux ratio for the second
continuous multi-stage distillation column is in a range of from 0.01 to 10,
preferably from 0.08 to 5, more preferably from 0.1 to 2. For the first
continuous multi-stage distillation column, not carrying out such a reflux
operation (i.e. refiux ratio = 0) is also a preferable embodiment.

In step (l), the method of making the homogeneous catalyst be
present in the first continuous muiti-stage distillation column may be any
method. It is preferable to feed the catalyst into the first distillation
column from a position above the middle portion of the first distillation
column. In this case, a catalyst solution obtained by dissolvin-g the

catalyst in the starting material or reaction liquid may be introduced into
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fromO0.001 to 1 % by wei ght, based on the total nass
AOS03{VRS/KANrti ng 10 material . Moreover, in step (1),
the net hod of making the catal yst be present in the
second continuous nulti-stage distillation colum may
be any nethod. In the case that the catalyst is a
hat

v i s A A b A B g o
the Galumaf frofa 8 URINE et dacI® AN '%'?fi@t%'?@l? figampunt o

colum or being installed in the formof a ng.

the aatatyst uaed inithe fissticoptinuens muticstage mﬁtﬂl ation Lolumn in
starting material or the reaction liquid, it is

the pregertadipiventior vadieshdependiggton the type ofseatml(yst used, the
distillation colum froma position above the central

typeBdnd Proplortibas2er ﬂﬁ@@mdrtﬁh%&nbtaﬁaboonmm'.a,! andhieaction
case, a catalyst solution obtained by dissolving the

cond%ﬂbﬂ'syéﬁch hd 9?% egﬂbh'o@ﬂté?ﬂb%"raﬂlreoénﬂel@@ r@@cilbﬂ%ﬂzssure

Intro into the colum together with the

e 3-3&6ﬁnv%ﬁﬁn&:&%@avsefresnﬁws;w B s Hni80001 10 30 %
by weie BhaPtaferahbo B H-000g 1§ ST R heaidtE. @ﬁf%&éﬁfab'y

in the present inveption varie ing on_,t

fromoP.QQ 4byt o6 b weiRb 59864 ormdns,1o38l Mass Oftheraidtiing
starting material 47 A0501 VP80/ KAN conpounds, and

materakti on conditions such as the reaction terrperature
and the reaction pressure. The anmount of the cat alty
i s Mereoweét,)ini step () ative méthodofonaking the3watmiyst be present
wei ght, preferably from0.0005 to 10 % by wei ght

 in th@sechhdf esntihYolisomulti tagleod istidtiomeiodbinn hesetheoany

the 5 total mass of the startlng material. In step

metﬁb?j tmeth%abag&% A€ eatatmt fd BSéoK@hbli€YAsoluble in the

ti-stage [ stl 'ati on colum and the catal yst used
readsfy . C I GReLEHY Tor Bk HEMrb it the
column by, for example, being installed on stages inside the second
_continuous multi-stage distillation lcolumn or being installed in the form of
a packing. In the case of a catalyst that dissoives in the starting
material or the reaction liquid, it is preferable to feed the catalyst into the
second distillation column from a position above the central portion of the |
second distillation column. In this case, a catalyst solution obtained by
dissolving the catallyst in the starting material or reaction liquid may be
introduced into the column together with the starting material, or may be
introduced into the column from a different inlet to the starting material.
The amount of the catalyst used in the second continuous multi-stage
distillation column in the present invention varies depending on the type

of catalyst used, the types and proportions of the starting material
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preferabl the sane. More preferably, the sane

A050d (2B KA’\YS used in both 10 colums, this catal yst
bei ng one that dissolves in the reaction liquid in
both colums. In this case, the catal yst dissolved in
the high boiling point reaction mxture in the first

comRHb A kel 0ol theh.fF nd bl omperaur

and e rpachianopiastutng IheoAmaiLating sataltidodnermlly in o
cont i nuous rrulti-stage distillation colunp as o

rangenotfriosn 0.008rleta 30 % byoweight, Preferaklystramy 0. §9P§ tg 10 %

the catalyst can be newy added into the second
by weight, move preferablyafreniG 001 ta 1ok byoveight, ased on the
reaction tinmes for the transesterification reactions

totalon@sisedf thé stafting material.) are considered to equate
to the average residence tinmes of the reaction

X ‘FH'ﬁiﬁgtq])tﬂﬁe fc'a'téFys‘iQIgéd“ﬂﬁl!ﬁeWﬂét'c:ﬁiﬁ*ﬂ@ous multi-stage

di sti on colum “and the second conti nuous

distilTdti #1 ﬂ?ﬁndér?é 'thleaéé@%gﬁgggg lgWsﬁi:oh@eéﬁnnHuous

reac nmes varil es ormo

[ na n.that ,distil] C u
multhBt8a8 RBthBie T el %w?ét*é% SattE 0B Yiete E?."E Bigre
into the colum, _the unt of t t.a
preferably e sATIP.coMta BHererARY < fante SatalE B HEbn both
in each of the first 48 A0501 VP801KAN r contj nuqQus
columns.i this aptalystibeing roe thatdissalves i thecgaction liquid in
continuous nulti-stage distillation colum is
bothgeakmhby iln this aape, dhe catalgstdissolved hothe high boiling
preferably fromO0.05 to 5 hours, nore preferably from

poinf réaktioh migture uﬁtlT@eflrsewntmuéwmm-staage distilation
first continuous nulti-stage distillation colum

cof 18I AR TS e puer me ke
distifidtdn Ebiunf fogether with the alkyl phenyl carbonate and so on,
and fed into the second continuous multi-stége distillation column as is;
this is a preferable embodiment. If necessary, more of the catalyst can
be newly added into the second continuous multi-stage distillation
column.

The reaction times for the transesterification reactions carried out
in step (l) are considered to equate to the average residence times of the
reaction liquids in the first continuous multi-stage distillation column and
the second continuous multi-stage distillation column. Each 6f these
reaction times varies depending on the form of the internals in that
distillation column and the number of stages, the amount of the starting

material fed into the column, the type and amount of the catalyst, fhe

reaction conditions, and so on. The reaction time in each of the first
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reaction tenperature is generally in a range of from
A0S0 MPBUKAMDC. 1t is preferable to increase the

reaction tenperature so as to increase the 10 reaction

rate. However, if the reaction tenperature is too

hi gh, then side reactions becone liable to occur, for

exanpl e product i hy- t

contifiElh Pultistiae Hisfliais, CORME and g, e tdtinuous
this reasqnp, ..the reaction te ature in th irs

multicstage disdilation collipn igiasnerally b & EARYS i frof 0.01 to 10
preferably in a r%ge of from15 130 tg 280C, rmrS.

hourgr prefenably from 9505 te Dboursy anorm psefpratly Ipep 051 &3
180 to 250C. The reaction tenperature in the second

hoursonti nuous nmulti-stage distillation colum varies
depending on the type of the starting materi al
compeursactiondengperatieetinptheafidshoontinuaug maslti-stage
catalyst. This 20 reaction tenperature is generally in

| distiﬁ'afiéﬂgc?oli’{n'r\]ﬁ \ARid® Uprding ohltheStypd ofehabsmrting material

Increase the reaction tenpérature so as to increase
0 I i
compdfindb 3fsd Rotltfe (YBRHY amountier tReativet,  This
dable to ogccur, for exanple productien of o :
reactiph tefaneratiibis a8hefaliinia BABAS oL Ihe 108, 40350:C. ttis
rearrangenent 25 produci.s of the startin terial
prefeaRIB I GIRASE- 1 F8AGHEN WRREFSILTe.S) tin i ancippse the
derivatives thereof increases, which is undesirahle.
reaction rate. AoHoweneyy/ikthe reaction tempenatuneis teehigh, then
tenperature in the second continuous nulti-stage
side diesictidret becomoeé Uiablestopoetur,duirye xample rgdustian o
130 to 280C, nore preferably from 150 to 260C, yet

by-ph®d @cty sliehads arf atky!fflenybefdGncrelsesowehich e
reaction pressure in the first continuous nulti-stage

und'ét’ﬂgéigitééﬂ IF%S tFrrnge% g?lﬁgfiﬁf tRe rdReivH femperaberd Yweheffirst
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 preférab!y
from 180 to 250"_0.

The reaction temperatﬂfe in the .second continupus 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 geﬁerally in a range of from 100 to 350°C. Itis
preferable to increase the reaction temperature so as to increase the
reaction rate. However, if the reaction temperature is too high, then
side reactions become liable to occur, for exampie production of
by-products such as an alkyl phenyl ether, and Fries rearrangement

products of the starting material compounds and the praduced diphenyl

carbonate, and derivatives thereof increases, which is undesirable. For
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C used and the conposition of the starting
AOSQ@‘égﬁﬂgéNt he reaction tenperature, and so on. The
first continuous nulti-stage distillation colum nay

be at any of a reduced pressure, normal pressure, 10
or an applied pressure. The pressure at the top of the

e AR M P Ot A

X X1 P T
SRR SRR AT DRI RN AL o0
200 SR B b BBt S HBBi o 1

material, the reaction tenperature, and so on. The
to 258@%@nd cont i nuous mul ti - st age distillation colum may
be at any of a reduced pressure, normal pressure, or
an Mppeoeer, tthes seactioipressaselinethe firskbcoopinafoushmulti-stage
colum is generally in a range of fromO0.1 to 2x107

distiHatiow ebRimbl Vafiesradpending on the Pppe rofr thepstdrtirap hyaterial
from5x103 to 105 Pa. Furthernore, as the first

comPIS?Mdéuﬂ édn%‘h& th%tétg gﬂﬁ‘i ibh! 6f tivg sQQHWi@ mbfbﬁélenhe

urality of atlon colums fray be used

re:ac{ti'(%wt P%@%p“eq'ﬁ?gr?tgﬁddéaﬂo' || af’hgr‘lesqléanBMsﬁullfl @iﬁﬁe

'i'es, Tn para a conbi nat
over as,the

. .0f ser e and
distifigsia colut Y. BeLgt agvool B Hquisd qiesdtrs. Mﬁ’a' pressure,
a Iurallt of _ distillation, colum
or at(ls%raphea RWS§w§se Theprgssure at thit eamrﬁn@y ceﬁﬂnesm
VP80/ KAN . may be linked together in series, i .
geneally irla ramge rofafrooni. h4oi 2n10f Rayrpeaferahly ﬁa-‘rmﬁféff to 10

The material constituting each of the first continuous

Pa, mote pséfeablyifsom 221080 t6h Rend t he second
continuous multi-stage distillation 5 colum . used in

st ephé IrkalcticBepeesélite i thé dddondrictitimioss dhultbstage

carbon steel or stainless steel. In terns of the
distifiadidd Yoim'Gafiee'@épEnding on the type of the starting material
compounds used and the composition of the starting material, the
reaction temperature, and so on. The second continuous multi-stage
distillation column may be at any of a reduced pressure, normal pressure,
or an applied pressure. The pressure at the top of the column is
generally in a range of from 0.1 to 2x107 Pa, preferably from 10° to 10°
Pa, more preferably from 5x10° to 10° Pa.

Furthermore, as the first continuous multi-stage distillation column
in step (1), a plurality of distillation columns may be used. in this case,
the distillation columns may be linked together in series, in parallel, or in
a combination of series and parallel. Moreover, as the second

continuous multi-stage distiliation column in step (), a plurality of

distillation columns may be used. In this case, the distillation columns
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car bonat es produced, stainless steel is preferable.
AOSOTNEPBYKAM col umm high boiling point reaction mxture

continuously withdrawn fromthe | ower portion of the
second continuous 10 nmulti-stage distillation colum
inaliquid formin step (1) has the diphenyl

ar hopat.e, as mai.n, conpo t eQf ;. QUL .in. . 1] ;
may 5§ [RBEH sk Pel b aRE: L BaralBLis) n & bolrbifdtidrl BF series
the catal yst conponent, unreacted starting material,
and paealleky| " phenyl carbonate, and by-products. As the
by-products, there are by-products having a relatively
| olWhsomategialgtonstititingpagh afi the Kinst sentinuus spulti-stage
and hi'gh boiling point by-products such as Fries
distilationacglementand ¢ble cecarid ontinkyus pheli-stage ishiatillation
and di phenyl carbonate and derivatives thereof, and
colufifgaBedain step(pdecgenaraliyea niktaiteyhateridiosatk. as-carbon
exanple, in the case of producing di phenyl carbonate

steel'dt 'Haﬂ'il@%%%eﬁ.ar AN <ABS tRBEG\PAlIGSof Hife draniatie
material,

O anisole, nethyl salicylate, phenyl

caroBAg &K tpRudsin Mand ERaL I BISIRIBR T e <o
it sBeoRd rofuninay RBiG Bett BadeudR mbai® | o

be produced through further reactj.on t hese .
continislynwisndsaun, fomit eg@a'éeapwllans%foﬁlﬁ]%%@& cggtinuous
It is thus necessary to carry out a purification step.
multi-stage istidatiamcalimnhinga-liguid form pastep dhhasthe diphenyl
fromthe second colum high 51 A0501 VP80/ KAN boiILn%
carbpoiate asachain componantitheseef, but jn auditionsts thediphenyl
could be used for obtaining the high-purity diphenyl

carbedenyendradly alto s6atainschie vatalystitompbnestpannéacted
reaction mixture include, for exanple, distillation

Stal'lgqug ﬁlat@fiai,eﬁ{éfﬁilﬁjl!éﬁﬁgpgarﬁ’é‘ﬁaﬁ, ARG By-pradhibss. As the

sent invention,” i ~been 5 di'scovered that _
oy-o§PAFKEbHe 6 Byt blaquSl Rafish B tdiatvenp 180088 point
suchh%Sé gﬁeaqkyl phenyl ether, and high boiling point by-products such as
Fries rearrangement products of the alkyl phenyl carbonate and diphenyl
carbonate and derivatives thereof, and degeneration products of the
diphenyl' carbonate. For example, in the case of producing diphenyl
carbonate using dimethyl carbonate and phehol as the starting material,
anisole, methy! salicylate, phenyl salicylate, xanthone, phenyl
methoxybenzoate, 1-phenoxycarbonyl-2-phenoxycarboxy-phenylene, and

s$0 on are present as reaction by-products, and a small amount of high

- boiling point by-products thought to be produced through further reaction

of these reaction by-products is generally also contained.
It is thus necessary to carry out a purification step (ll) for

obtaining a high-purity diphenyl carbonate from the second column high
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di scovered that by using two distillation colums in
AOSOJVIBY/KAN i . e. a high boiling point nateria
separating colum A, and a di phenyl carbonate
purifying columm B having a side cut outlet, the
high-purity di phenyl 10 carbonate can be obt ai ned
..effici wi th.a high yield side
boiligg At Apatriamutyter) . it AtSh IMnnTateafst iPgi could be used
boi | i ng point reaction mxture .is conglnu
for opiaINinadBe highs AUTLYABR eI SapqnAta: rheh She econd column
separating colum A, and separation is carried out
high ditingupoiityreactiom nistturs includes fosaxample adistillation and /
contai ni ng the di phenyl carbonate and a col unm bottom
or recoyptallinatidn, tutiof these cat the presend inventiont, dp has been
conponent AT is then continuously introduced into the

discévenahYhat aabmﬁg%@ustéwl(ng usthgnan ditstihatibnop tdess e

cut outlet, and Separation by distillation is carried

prefé’l‘gblecorffuﬁHﬁﬁgJ]dfe' '?ﬁqabh{)?‘smfén it-1as fbé“éﬂ urm

onent cut corrponent Bs, and

d'scéiéﬁé%#?%* WS B P 1%, o

an_anpunt of not t han 0.8
boilifg PR ra |*§P5ﬁsﬁr$'ﬁ99 GPLTE A.oRnA & ATPREnYE cREGanate
thls the high boiling point materajl = separatin
purityii@ aelummE having gh@wfn cah ons et éhsm'mpﬁgﬂwﬂaﬂ?ﬁ"a’
must 25 be used in conbination, each bei n? made to be
carbanatetdan besobtainedseffigientiyswith athigh yieldas aaside;cut
speci fied structure. 52 A0501 VP80/ KAN The second
compohen. hi gh boiling point reaction m xture obtained
fromstep (1) generally contains 50 to 80 % by wei ght

of fA&stép qun)the sécoRdadsIun higRsdiling Poiret readtion mixture
| ess than ton / hr of the hlgh purity di phenyl

is cAiMPOas Sllrﬂﬂgd Qt&ft g\eﬁﬁﬂlﬁ‘ 8@ ng H'faﬂenal separatlng

cont1 nuo uce |ng pol nt
coluff, 'ﬁt@%@@% Ao Blnus TR 903, s op
con'\ggo%en(ii AT containing the diphenyl carbonate and a column bottom
component Ag containing catalyst, the column top component Ay is then
continuously introduced into the diphenyl carbonate purifying column B.
having the side cut outlet, and separation by distillation is carried :o.ut
continuously into three components, i.e. a column top component By, a
side cut component Bs, and a column bottom component Bg, the
high-purity diphenyl carbonate being obtained continuously as the side
cut component Bs in an amount of not less than 0.85 ton / hr, preferably
not less than 1 ton / hr.  To achieve this, the high boiling point materail
separating column A and the diphenyl carbonate purifying column B must
be used in combination, each being made to be a continuous multi-stage

distillation column having a specified structure.
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on the di phenyl carbonate content. It is generally
ADSOMAMRBMANt 0 subject nore than approxi mately 2 ton /
hr of the reaction mxture to the separati on and
purification. 10 The high boiling point materi al
separating colunn A used in step (11) nust be a

nuous e d| SI] Il ation col ynmm havi
oS banderg umn e balling o f%@cmn(@mturgr&tamed
haV| n |nternals with nunber of stages nA
fromtﬂ@rpeﬂasgwra/uwc@mam 5040 8Adhnky weigdtyof the diphenyl
followng fornmulae (13) to (15); 15 8005LA53000 (13)
carbohabdsandohénde tandbtaid nét e than 118 ./ hboédherhigh-purity
t he di phenyl carbonate purifying colum B used in step
dlphéh}() cavbbon A te ative aiph ouAt Of tHbt ieddtiare mMibdure lcantimuously
um having a length 20 LB (cm and an inside

mtroa'u%%t HtolBd Aigh H?ﬂﬁhpgpbﬁﬁ%agéﬁat Qéb%'rﬁﬁhéecoﬂﬂﬁhw is not

an inlet 131 at e stage t he col um,;” and
less Jhf apbrotimtely el 9360 | BT, s Gmblhtdikr ngl"*@fd%%%"d'"g
I b f f ..
on thé g Pﬁ%‘e?hiﬁi’gﬁe@k&wﬁgt. Rt agfegﬁﬂvtriégémwcﬁ? Yubject
outl et B2, number of 25 si_'t%gfesi%nBS of. the i als
morg ihan aprraximately 2tpn dhrepf t aeacvenam'x the

stages nB (= nBl + nag + nB3), wherein LB, DB nB1,
sepafstiomand putificationn501 VP80O/ KAN nB satisfy fol |l owi ng

the fornmulae (16) to (21); 1000 5 LB <_ 5000 (16) 100

5 D&&hnmm;[lmg)poﬁltﬁnaﬁanal sepafatipgscalimn Ane@ wostep

(19) 3 5 nB3 5 15 (20) and

(i) must be a continuous multi-stage distillation column having a length

La (cm) and an inside diameter Dy (cm), and having internals with

| number of stages na thereinside, wherein La, Da, and n, satisfy the

following formulae (13) to (15);

800 < La < 3000 (13)
100 < Da < 1000 (14) and
20 < na < 100 (15).

Moreover, the diphenyl carbonate purifying column B used in step
(It) must be a continuous muiti-stage distillation column having a length
Le (cm) and an inside diameter Dg (cm), having internals thereinside,
having an inlet B1 at a middle stage of the column, and a side cut outlet
B2 between the inlet B1 and the column bottom, and having number of
stages ng¢ of the internals above the inlet B1, number of stages np> of
the internals between the inlet B1 and the side cut outiet B2, number of
stages ng; of the internals below the side cut outlet B2, and a total

number of stages N (= Ngq + N2 + nas), wherein Lg, Dg, npq, Ng2, Ng3, and
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205nB: 5 70 (21). It has ‘been discovered that by, using
AO505MP$W!§ANJO| ling point material separating colum A

and the di phenyl carbonate purifying colum B 10

simul taneously satisfying all of these conditions, the

hi gh- purity diphenyl carbonate can be produced on an

f t J h t abl
N S%ﬁf@qﬁ & 3(%’338@?5 @H« eggrrpl e rtots ?esg

t han 2000 hours preferably not Iess than 3000 hour s,
more prefl@0bELmst5088s than 5000 hol?8) from the

di phenyl carbonate-containing reaction m xture (the 15
second cdiD@ns Disgh1B60 i ng poi nt react {bA) mi xture from
step (1)) that has been obtai ned through

transest &r«figzagizdh with the dial kyl cét®pnate and

the phenol as the starting material in the presence of
a horroger-lgouq-, Latg yst. The reason whyq9} has becone
possi ble to produce the high-purity di phenyl

car bonat anciqElustrial scale with el | ent
20 effect%sgrh |rrpﬁgrrent| ng the process%ﬂacgor ing to

the pres on is not clear, his is
supposediﬁ)oS %3% to a conp05|te effe ir ought

enth condi ti the f ) to .
2Bt badiieen HiepBuersd dhat ?Jarnuém 2'931*”9?1 béiling P\?i%‘l haterial
factors are descri bed bel ow. is undesirable faor LA
sepa(raﬁmgr@obanne@r@rtdr&hesbghegwh&@rbneﬁt@rRém nges Htm"
over which internals can be installed in the hig
simultnéousiyosatisfyingeali af theser condijians uthe Almrnm@r diphenyl
limted and hence the separation 54 A0501 VP80/ KAN
carbehbitei care pedprodased .onareindustrial scedp oonot 1éss than 1 ton /
equi pnent cost while attaining the desired separation
hr stﬁfbﬁycrb?racbro q&tﬁ petpodredaire, ber examply ﬁot hess 3A8H. 2000
nore preferable range for LA’ (cm is 1000 LA s

hour%?i:?eréﬁﬁgyﬁgf e%A\'l?%ﬁ%m%oQﬁb”%dFé E’Bf&ably notI less than

I's less than 1 t hen
t sgible.to LD [
sood BpuB8E I SHEBAER HHbafiLFERREIEs R Hkare (the
second column high boiling point reaction mixture from step (1)) that has
been obtained through transesterification with the dialky! carbonate and

the phenol as the starting material in the presence of a homogeneous

catalyst. The reason why it has become possible to produce the

‘high-purity dipheny! carbonate on an industrial scale with such excellent

effects by implementing the process according to the present invention is
not clear, but this is supposed to be due to a composite effect brought
about when the conditions of the formulae (13) to (21) are combined.
Preferable ranges for the respective factors are described below.

Itis undesirablle for La (cm) to be less than 800, since then the
height over which internals can bé instailed in the high boiling point

material separating column A becomes limited and hence the separation
b4
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whi |l e attaining the desired production anount, DA nust
A0503cVRBAAKAN be not nore than 1000. A nore preferable
range for DA (cm is 200 < DA 5 600, with 250 < DA
< 450 being yet nore preferable. 10 If nAis |less
than 20, then the separation efficiency decreases and

. hence the desired .  high purjty _canpot be attaij. "
sfficigpan dacreasseeo MoraRNEt s KabPoiawn e Eaflipffbnt cost while

attaining the desired, separation efficiency, n t
attaigingthe §osi5ed sRPAEAUOR (GHHCIRRCY.Fu It"%'le!ﬂ‘rséeﬂ‘ai‘é fobe not

greater than 100, then the pressure difference
morédhaecd000e tAmarel preferablefrange far tal (e fed8B8s< La <

too great, and hence prol onged stable operation of the
2500\ @itHoaR0I0Ng RO 00O thEingl ystpeora prgferablen A

becones difficult. Moreover, it becones necessary to

| NGf ERS Eern §s ieBBahainun 80i, Rheheit igwrit posiblenodattairethe
colum, and hence side reactions becone liable to

_ . . osi
desif§d Hrpd Rt drighfiees METider TP Uik s 5 dEdRent cost
. yet . f . LS [ [ \1d
whitd et lig S28Red pfSqeabh:a Mo, F fist8 matg to be
in ste [ it is preferable for a col bot.t.0 -
not FbrBeHARO0M | 8 Ot PefeiAGle tange Jdr 10s (FENJ80200 < Da <
and a column top_ pressure PAto be in a range of from
8001 9uth 25028020 <450  heing vatisreraprefenabier TA to be
| ess than 185C, since then the colum top pressure
mudf rpeis lessutiean 24hdhieanthe separation eﬁ?cl_ﬁapm@em&@ses and
a high vacuum nust be 55 A0501 VP80/KAN used, and

hencertheveesired kigh poeity dammatabe sattainsidze. Mdneewedy toikeep
is undesirable for TA to be greater than 280C, since

dowglhﬂ{é Rigilip RNt fesP@inife abidi Ry tsé dasire@rsepmredion efficiency,

uring the distiltation. A nore preferable range for

e o Bl A8 o 00 PSR Dy greater
than 500, thah & PrE8sud Aifeldiile 'tétdfeen the top and bottom of the
column becomes too great, and hence prolonged stable bperation of the
high boiling point material separating column A becomes difficult.
Moreover, it becomes necessary to increase the temperature in the lower
portion of the column, and hence side reactions become liable to occur,
which is undesirable. A more preferable range for na is 30 < na < 70,
with 35 < na < 60 being yet more preferable.

As distillation conditions for the high boiling point material
separating column A in step (I1), it is preferable for a column bottom
temperature Ta to be in a range of from 185 to 280°C, and a column top
pressure Pa to be in a range of from 1000 to 20000 Pa. It is undesirable

for Ta to be less than 185°C, since then the column top pressure must be

reduced, and hence equipment for maintaining a high vacuum must be
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equi t enabling a high vacuumto be maintai ned nust
AO5053/E£&E_ N Moreover, it is undesirable for PA to be
greater than 20000 Pa, since then the distillation
tenmperature nust be increased and hence production of
10 by-products increases. A nore preferable range for

o g S b (5 e
ar TS5 o4 oabS0 e 268 TS rof 81T poi

carbonate purifying colum B becones |imted and
by-prreuets are @épauﬁﬁdoaumg the distilatigae r Adagre preferable
Moreover, to keep down the equi pnent cost while
ranget fioai T ig) framet Gadbr%ﬂ%@pa\ri& ifeemel 95402307 ClLieing yet more
be nmade to be not nore than 5000. A nore preferable
prefémtge. for LB (cm is 1500 <_ LB <_ 3000, with 1700 <_
LB < 2500 being yet nore preferable. If DB (cm is

| e5id lABekPAbIETRR PL th D Pés9IRAND BOO P AL sRide then large
20 desired production anount. Mreover, to keep down

_ . O i :

equip ferfehaBRAR £ fibhtikadrrid b hinldihetRldstbe used.
t han 1000. [ ref epahl e IS, 1

More\lr, 180 urideBiF iyl BreERdoob WEANEP Shek 400 P, Sfhee then
referable. If nBis |less than 20, then the separatign

the Gefilatian femperahus mishbe aeréased it hnga Btodugfin of
hence the desired high purity cannot be attai n$d.

by-predusteincressesep Adnererrefgrable-rangedor iy s from 2000 to

. attai ning the 56 A0501 VP80/ KAN desired separation

15000 Ra,i withyfronB 3000 tod 380 Ra being yetrmose tpraferable.
Furthernore, if nBis greater than 70, then the

pr é¢siBiuaddsifablenfor Lp¢cmeto bedesepthand 1000, @inoé them the
col utm becones too great, and hence prolonged stable

heighP@&h&ir WRicH infefnaldeany beGnsbanéd Gnite dipHenwlotaiBbivate
5 becones difficult. Mreover, it becones necessary to

puriyHig SIS BLEEHRG ol dhd S tnEYapetatin oMcioncy
decreases. Moreover, to keep down the equipment cost while attaining
the desired separation efficiency, Lg must be made to be not more than
5000. A more preferable range for Lg (cm) is 1500 < Lg < 3000, with
1700 < Lg < 2500 being yet more preferable.

If Ds (cm) is less than 100, then it is not possibie to attain the
desired production amount. Moreover, to keep down the equipment cost
while attaining the desired production amount, Dg must be made to be
not more than 1000. A more preferable range for Dg (cm) is 150 < Dg <
500, with 200 < Dg < 400 being yet more preferable.

If ng is less than 20, then the separation efficiency for the column

as a whole decreases and hence the desired high purity cannot be

attained. Moreover, to keep down the equipment cost while attaining the
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becone |iable to occur, which is undesirable. A nore
A0S0 \IP8Q/MAN: range for nBis 25 5 nB 5 55 wth 30 5 nB
< 50 being yet nore preferable. Furthernore, it has
been di scovered that to obtain the desired high-purity
10 di phenyl carbonate stably for a prol onged period of

dtipe, nB .. nB2... and nB3 nust ,be _in S
desitpdgepasationesticiaficyans BUst s midqs 18 BE HitTmyee h 70

More preferable ranges are 7 5. nB < 15 12 5 nB2 <
Furthermogedif:s ipgreater Faan; 24, then FBfé?l r{f&ﬁ&#{?&@%ﬂcf

t he di phenyl carbonate purifying 15 colum B in step
between the topsand diattam of the edlumppbeeemesttes great, and hence

tenperature TB to be in a range of from 185 to 280C,
prolemged stablenoperatioresf the diphenyl varbonatepukifyingfcoimmn B

1000 to 20000 Pa. It is undesirable for TB to be |ess

becdrias diffcultsi Merébeer,ibbesunes nefesssto inorsdsdthe
reduced, ~and hence equi pnent for nmaintaining a high

tempéyaitre 'THSthebI%vizr%FBorﬁBH @ptHEIJ'tE:%Wﬁlrn,t HHtidE 8 de reactions

I nCreases I n si Mbr eover, is undesirable for TB

; Y _ hi o .
vecde faffectd Soghh Wi Ta B RB "R bl raBid vange
f f TB i 190 to 240C  w.th 195

for Nac$;3B 881 20 W hosa S Par s Bibpeing yel aRaRrEra e

Furth3fmprentt B3eisen dSholaraa han o sainheide ec Hian-pury
be used. Moreover, it is undesirable for PB to be

diphgnyhcarbonate Xiably Far asprjongeshperiodoshtimegpsxanez, and
the distillation tenperature nust be increased and

nes Mestbeindhetianyed 5 HINRro@GtE2 ingeas4s, aAdBrengs < 15
preferable range for PBis from 2000 to 15000 Pa,

resp\gc‘lﬂeflj?.omhﬁ@@ préferztie Bndial Bee Bk Mg & 1S efigralmgs.< 30,

or the high boiling point material separating colum

and th 5 di phenyl carbonate purifying colum B, so
and I/:)’oﬁgpaéis*g’,g'and DB are within the above ranges, each

of AQiERNLIBR LBNaitHS FOF & WphERlPRarbonate purifying

column B in step (l}), it is preferable for the column bottom temperature
Ts to be in a range of from 185 to 280‘;0, and a column top pressure Pg
to be in a range of from 1000 to 20000 Pa. It is undesirable for Tg to be
less than 185°C, since then the column top pressure must be reduced,
and hence equipment for maintaining a high vacuum must be used, and
moreover the equipment increases in size. Mor.eover, it is undesirable
for T to be greater than 280°C, since then high boiling point by-products
are produced during the distillation. A more preferable range for Tg is
190 to 240°C, with 195 to 230°C being yet more preferable.

It is undesirable for Pg to be less than 1000 Pa, since then large
equipment enabling a high vacuum to be maintained must be used.

Moreover, it is undesirable for Pg to be greater than 20000 Pa, since then
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di aneter fromthe upper portion thereof to the | ower
AO506&(R$Q/Mereof, or the inside dianmeter may differ in
di fferent portions.. For exanple, for each of the

continuous multi-stage distillation columms, the
i nside 10 dianeter of the upper portion of the colum

be snpl ler than, _or I , i Nsi :

the dBtijiafioh Bamprch ik riis 0§ ifiEteds il arld Bet¥ Blogugtion of
the high boiling ppint material separatin ol ugm A

by-PERUEIINGTIRSAP cAIBBRRRISIEraIS IANGS (AR IS Fam 2000 to
step (1_1g is a_ distillation colum having trays

15006h Ragrwithdkormy 3089 tand 3000 Peabeing yet mofe preferable.
"internal" used in the present invention neans a part ‘
i nFolrehei bigh batling paintmatdréalksgparating|dajuimn & and the
actually brought into contact wth one another. As

diphéh?l tadbyonate paifyieg colberh B) sdtongds Da andsDgmre within
(1) are preferable. reover, the term "nunber of

the a%g?\ﬂ@%aﬁge%h%acrﬂ B:f'iﬁb"colli.‘ﬂ‘ﬁné hfta§ HEVE A SEmeSinside

defined above. 20 It has been disctovered that for step

. [

diamiehdt tri°iH ABeRh go o thafeof T Bhe oudiiedidd tnereo, or
.and. furthernmore structured . packings.are preferabl

the iRRfd, HiaMEHRE o e gl breifeteis B Birts, S B oS eRpfE, for
t he di phenyl carbonate purifying., colu B pref erabl

eachy gt thaaaniipugysmutirstassAistiation solmpsy thednsits

. 25 one set or a plurality of sets of structured

diamgtekiafdbe wpperinprtion of themplumn saay s smadier than, or
conti nuously withdrawn 58 A0501 VP80/KAN fromthe

fargerottiam, tife imsideedmmietenof the |dweri poeicnofdbleucnlwhn.

step (I) generally contains 0.05 to 2 % by wei ght of

t hE gbebk thectighobailing polint ndtetidlysepadtingicdiomn A and
phenol, 0.05 to 2 % by wei ght of an al kyl phenyl

the Oy RO Ry DM s il BNy @

aisfETGH A el gy BlaE o it e (8mae’ "t
termc'i?ﬁﬁel%satl” u%%% Pneﬁ'?g present invention means a part in the
distillation column where gas and liquid are actually brought into contact
with one another. As the tray, ones as described in the section on step
(1) are preferable. Moreover, the term “number of stages of the internal”
has the same meaning as defined above.

It has been discovered that for step (_H), the high boiling point
material separating column A preferably has the packings as the internal,
and furthermore structured packings are preferable as these packings.
Moreover, it has been discovered that the diphenyl carbonate purifying
column B preferably has packings as the internal, particularly preferably

one set or a plurality of sets of structured packings.

The high boiling point reaction mixture continuously withdrawn
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colugy) And

this continuously w thdrawn colum bottomliquid is

A0S0 \IPBOKAN  continuously fed as is into the high
boiling point material separating colum A of step
(I'l')y. 10 The conposition of the reaction mxture
varies depending on the conditions of the

transesterifigcation between. No/R

from, i3 BRLAEN ot i seBena-pantbin e ialith CFTRB @ )
so _on, but so_lan a he transesterif.ication, s

genarally entains it o 2% b weigli o1 she diaficxl SRR dhate, 1 to
m xture of ap roxinateu¥ constant conposition can be

20 %bydweight of thacphenck .85 to2p%sbyiwaight ehan alit irhenyl
m xture fed into the high boiling point material

ethesepartot 48 Pscoy weightiof thepatiylnphenyl cansonate, 50 to 80 % by -
Nevertheless, in step (Il), so long as the conposition

weight dfthe aashenpl carbenate,i 6. W6 15 % biyewebghveof higk boiling
then even if this conposition fluctuates sonewhat,

poin%%ﬁ;é?&@ﬂ?ﬁ,ﬁtﬁﬁ?oﬁﬁiﬂd 50% B¢waRMhtof té cataRst, and hence

X1 ma e sane separation‘efficiency. This is

tnis BRBtBuuckl¥fy WHOBRRNErSofitin ST Rallg 35 Fhefotdnl |
contirifudlctedf 8)\s Mipdfe BRpafg AdiRT e igr SHEarpting

boi | i nig oint material separating columm A this

BYR AW i quid nmay 25 be fed in as a liquid from
inlet(s) provided in one or a plurality of positions
belTdve somposiioroofithe reaatinn feixiuee vagiesodependingron the
it is also 59 A0501 VP80/KAN preferable to feed the

conditiomsnob thé drahsesietification Heetvesem theediatkylecarbonate and

distillation colum into the separating colum A via a

the pREADI ethetypdand antéant o9 thel caralyst, ranvd socondbiut so long
provi ded at” a | ower portion of the reboiler. The

as tREMHehs 8kt r'i‘ﬁc?ﬁbH.’TQ @é’rtr’éﬁnddtggid’elf tBRstdst 6AANGORS, a

reactive distiflation colum f into the high boiling
reac@@rfhg%h?la&&%%&gﬁ%ﬁﬁ%ﬁﬁ CoidEitiotCPEAB ' Produced,
and hence the composition of the reaction mixture fed into the high
boiling point material separating column A is approximately constant.
Nevertheless, in step (li), so long as the composition of the reaction
mixture is within the above range, then even if this compaosition
fluctuates somewhat, the separation can still be carried out with
approximately the same separation efficiency. This is one of the
characteristic features of step (Il) of the present invention.

In step (I1), when continuously feeding the column bottom liquid
from the second reactive distillation column of step (l) into the high
boiling point material separating column A, this column bottom liquid may
be fed in as a liquid from inlet(s) provided in one or a plurality of

positions below a middle portion of the separating column A, or it is also
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di phenyl carbonate to be produced, the concentration
A°503fvﬁm%henyl carbonate in the reaction m xture,
the separation conditions for the separating colum
A, and so on, but is generally not |ess than 10
approximately 2 ton / hr, preferably not |ess than

' { { 4 I .
orer A1 Yob 0ot HiprodRl Bl HelaEbnli hotie
distiliaGODI FULTEA 614 ShA SRRAASTIS AAUUETVA PR RROfleg P the

boiling point material separating colum Ais |
sepasapagacetumnptA feomon mndtug pronided @t 3 lawerportion of the
cont ai ni ng nost of the di phenyl carbonate and nost of

" reboitenpodites anmawnh of dheovedunboibotbempbiguid frem thieesecond

di phenyl carbonate such as unreacted starting

reactiveedistiliation okymnofedyhtcetihehighdbsilingapbint mateyial
carbonate, and a columm bottom conmponent (AB)

sepat@fihy EbNmhE veied YependinghoRdhlel asdulitnéf the high-purity
by-products and a small anount of the diphenyl 20

diph%@kfﬁﬁ%&na@?P%mﬁpﬁgb?{fhgogﬁﬁ%mra({ ofike di henyl

alrn a snal phenyl carbon

b_argani terial .in t . ho
carbpfale Sh YR, FenhiGh sRixtule s My Aot EDBRYHE 18 the
conponent and, thus maintainjng a liguid state. Al or
sepalatpdFoluRn AoRlRr B it sanaraly st eSS thanall
reused by being circulated 25 back into the first
approximately diton I it pseferablynaintess than rppyeximately 6 ton / hr,
reactive distillation colum of step (Il) as is as a
more paeferabdyirndtclessothar approximaials00 teaPsO hKAN
cat al yst conmponent, but in sone cases the catal yst may

be Thas Wig e baifihgrpoimtireactiymmsiktdrd fromtthe segandaeactive
matter in a catal yst recovery process, and then

distiN8teRdeHurRAi fed EbhaRUBLATY PRFK the tHighhSoilingSpoint material
reactive distillation colum and / or the second

sepdARfi ¥E10H Al Saitsieh ol ) Idp canidehdnfi(po
cont%f}ﬁﬁﬁfﬁﬁgf’c};fn@ceggfﬁt?gﬁ ﬁgﬁgﬁb@{ afd ARE ot 88nfpounds
having a lower boiling point than the diphenyl carbonate such as
unreacted starting material, an alkyl phenyl ether and the alkyl phenyl
carbonate, and a column bottom componérit (Ag) containing the catalys-f;
high boiling point by-products and a small amount of the diphenyl
carbonate. The column bottom component (Ag) may contain a small
amount of the alkyl phenyl carbonate. Subh organic material in the
column bottom component plays a useful role in dissolving the catalyst
component and thus maintaining a liquid state. All or some of the
column bottom component (Ag) is generally reused by being circulated
back into the first reactive distillation column and / or the second reactive

distillation column of step (Il) as is as a transesterification reaction
60



dlphenyl carbonate such as phenyl salicyl ate,
A0SOEMPBOAGANphenyl  net hoxybenzoat e and

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene are
al nrost conpletely separated off as the col um bottom
conponent 10 (AB) in the high boiling point materia

arati ng col it being eas o) ke the
catalys GAMAGA T DL ﬁe%r@ﬁ%st i caldyat ifay B rpgvcled after
generally not nore than 200 m . preferably not nore
beinghsepatateshfiom thecorganis amt UI aneatalys ﬁeggvgaﬁprocess
It is another characteristic feature of step
and then waused dbynbeing cincstlated badointodheofiest rqmvesﬂstlllatlon
hardly contain any such high boiling point

colubyn prmdiv grsthesetontl teuctivie istillatioar colume ofnstepe(l).
reaction mxture introduced into the high 'boiling

pOImtis @bﬁh\'é‘btm aéamw of $18p AlDahNanvétepd(id)the catalyst
fromthe top of the co um. In step (I1), not less

o
compBher a%?d‘ﬂf%‘?f’égéyﬁ RRvibg3F Highey bdiithg Bt than the
[ d

drph"%ﬁ"”% e’ S s BRE T Salleiidest f%#”;%".“ﬁé*n@?
metfBriBoarosls A -phenoxycarBagK-aspBRAGHYCAROPRY-Prenylene

composi tion of the high boiling point reaction
are pimost campletety sepasated &ff as theiicolymmpetiore gamponent

fed into the separating colum A in general 90 to 97
(AB)V\% the thigh|bajling néiMO!muateuamﬁqpsfra&mgqcomen A, it being easy

conti nuously withdrawn fromthe top of the colum as

to midiee the Wwontent therpohémitheAddlumn ttbpl€ompohewt (Rerf)nbe
conti nuously 61 A0501 VP80/ KAN wi t hdrawn fromthe

gena%w'noqubhé tHANUPD03Sp ) prefb ablyoRbt ATdres ENES N0 pp
. The conposition of the colum top conponent ( AT)

mork eSS 910 ) S0t i e
reatlyS af Bk T P Plepie ﬁéwr%ae@réosﬁwﬁh By tdatian
hartﬂy %mﬁh?%y%&%ﬁlg%% InXg ﬁ:oairn?%naprbduc Cl%%ts ft?\f

diphenyl carbonate in the reaction mixture introduced into the high
boiling point material separating column A can be withdrawn from the top
of the column. In step (Il), not less than 95%, preferably not less than
96%, more preferably not less than 98%, of the diphenyl carbonate in the
reaction mixture continuously fed into the high boiling point material
separating column A can be withdrawn from the top of the column.
Moreover, in step (1), although dependent on the composition of the high
boiling point reaction mixture from the second reactive distillation column
fed into the separating column A, in general 90 to 97 w% of the liquid
cdntinuously fed in is continuously withdrawn from the top of the column

as the column top component (Ar), with 10 to 3 w% being continuously
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roducts is generally not nore than 200 ppm
AOSO@MF? BO/KAN not nore than 100 ppm nore preferably not
nore than 50 ppm In step (I1), the reflux ratio for
the high boiling point material 10 separating colum A
isin arange of from0.01 to 10, preferably from 0. 08

. o 5, .nore,.pr abl fromO0.1 to 3. Ass t ve,
withd vt (5 1 BOTOTBL i Eg0 m@a@m cwbﬁ 56BRY
contlnuously V\nthdravvnfrom he top of the
compenenhéApbi nil hﬁﬁemmﬂt%bﬂ sheplumn, ﬁﬂPAF?'g'PO"e“t (A7) is
generally approximately from90 to 97% of the 15 hlé]
generailyi A 5te it % bycwieightrof theslinlkyh cabanatend to 10 % by
reactive distillation colum fed into the separating

weight/ofitheAphéhio$, 00050 0.5p0%: bypwedght of an) alky! pheny! ether, 20
continuously fed as is into the di phenyl carbonate

to 4m%la‘ww&gh@@mﬁe HKyl PREMA cavirindte, R i5¢etb 80 % by
I"'e stage of the purlfyl ng colum B, and is

welgSnS'Hggﬁ'hu‘éonﬁ'ﬁé%%ﬁ@pééf’ﬁ&‘i’aié(‘,gq%ef E&ﬁ?eﬁpﬂph”ﬁﬂttﬁolllhgepomt

onponent si de cut” conponént

v Egﬁg%n%%ﬂghofﬁfﬁg%“ﬂﬁﬁ‘?‘fﬁé"‘ Phibighet por
ma i o B LA i SRR T T
t he uri % colum B are contjnuo
b

fr dmatee (b the M@J)plﬁatipyimdh@ohmﬁ]%ﬂym&%@ate"a'

colum top conponent (BT), and a small anoun
separmmgjcommuohtlsnuwsraygm ofiframarD.Orlota e M@tfebﬂbmfmm 0.08
the purifying colum B. A 62 A0501 VP80/KAN snal |
to 5.anforet préferablyfiomryM1 ttmBbonate is contained in the
colum top conponent (BT), this anpbunt generally

beiAy stat@d hbbVed¥hePaRictiritbdt/thd cotumri o Yorhpeaent(Ar)
t he di phenyl carbonate fed |n The di phenyl carbonate

contﬁrﬁu Ggwcwﬁm gﬁpum il anot er the! ﬁl BRjIM & P dint n@Qténal

recover IStI ation colunn or

sop R HEIPDR S 44T peRBRRR iy, 0 o 57 of he

high boiling point reaction mixture from the second reactive distillation
column fed into the separating column A. This column top component
(A7) is continuously fed as ié into the diphenyl carbonatg purifying
column B from the inlet B1 provided at a middle stage of thé purifying
column B, and is continuously separated into three components, i.e. a
column top component (Br), a side cut component (Bs), and a column
bottom component (Bg). All of components having a lower boiling point
than that of the diphenyl carbonate contained in the column top
component (A7) from the separating column A fed into the purifying
column B are continuously withdrawn from the top of the purifying column
B as the column top component (By), and a smail amount of liquid is

continuously withdrawn from the bottom of the purifying column B. A
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carbonate is separated off as the colunn bot t om
AOSQGLWEBRA8ANTf rom this other distillation colum, and is

then recovered by being returned into the high

boi ling point material separating colum A and | or

t he di phenyl 10 carbonate purifying colum B is also

smafl amg elf G e EBRATT catboRTte JR SR TS oA top
compQRent e YIS TRk, GPRBFRIY HRINAOBh ) 1R 0% Erpferably

feature of step (Il) is that the anmount o
fromiBptec=B%, basedr@m dhprdipheny | earbonsat teoiﬂd:mrpoﬁm d(mnvl

wi t hdrawn 15 fromthe bottom of the purifying colum
carbxaratiecirktipé codupnn bop componamd(Bir)iis sppanatedyoat and thus
0.05 to 0.5% based on the di phenyl carbonate fed in.

recoﬂ”é?rebl Gbrﬁqihlnb)théi' phistilhtioar bonane fos sepanatingshg column top
w thdrawn Trom the side cut outlet B2 at a flowrate

| . .
ooy IS Aferhaspel ¥ ot g ysiapreri:
5. |
car oy B B EDBRP el ordspneafargg i
to .1 i f I
otnef ke {Fi SR aiaTe St A Mg Eoblad by Bt retuned into the
(B t [ ] t.h
h-glbbsé)ﬂle'ag”lmsq;re:?matmaf sdearaunatsiooy Aard Pcite dipheny!
not |ess than 99.999% The contents of high boiling
carhpnate pupifying solumn Beishaigie preferabie ph cogmapsettom
VP80/ KAN car bonat e obt ai ned when carrying out step (1)

conmpuhentie(B4) thntains therdiplyénykaathonate zandhemall amount of
the starting material are not nore than 30 ppm

hsgrpbexﬁﬁ‘ﬁ%tﬁcwnlﬂ(ﬂy -pP6Qu R BohCeptratetote appebrimatelynatfew
nore t ppm for phenyl salicylate, not nore than

peré@nifop”hg@tﬁé?rcf?ﬁrécﬂé’ﬁsﬂerf@a*tﬂ?é‘ ot &tBpPAM igHidt the amount of

preferably not nore than 1 ppmfor xant one, not nore

the #éﬁgnggrzgpﬁgpgmrngrtf\%' dolf %n%ﬁo%éﬁﬂ&oﬁgm (BBY Withdrawn

from the bottom of the purifying column B cén be kept very low. This
amount is generally from 0.05 to 0.5%, based on the diphenyl carbonate
fed in.

The high-purity diphenyl carbonate is continuously withdrawn from
the side cut outlet B2 at a flow rate of generally not less than 1 ton / hr,
preferably not less than 3 ton / hr, more preferably not less than 5 tbn /
hr; this amount generally corresponds to approximately 90 to 96% of the
diphenyl carbonate fed into the purifying column B.

The purity of the diphenyl carbonate ohtained as the side cut
component (Bsg) in step (I}) is generally not less than 99.9%, preferably
not less than 99.99%, more preferably not less than 99.898%. The

contents of high boiling point impurities in the high-purity diphenyl
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m for phenyl nmethoxybenzoate, and not nore than 30
AOSOM{F? 80/KAN er abl y not nore than 10 ppm nore preferably
not nore than 5 ppm for

1- phenoxycar bonyl - 2- phenoxycar boxy- phenyl ene.
Moreover, the 10 total content of these high boiling

i nt - { I h
carb§fafe chipfadviion Saiing8uf siepidl ang BB L pith dimety!
nore than 10 ppm Moreover, in the Present i nventi on
carbppateand phenalias the siarting matedal ase nef marg; than, 30 ppm,

hal ogen are generally used, and hence the 15 hal ogen
preferaitly motoareethdimASnp s anvse nreferablyaat morﬁ)thﬁarb ppm
than 0.1 ppm preferably not nore than 10 ppb, nore
for phieeiyersdiioylaté, not endifeathdn Appphoupseferably nidtreoredthan 10
l[imt for the ion chromatography). In step (11), the

pmr ﬁféﬂé(pféiér%bfly’rndthﬁo%ﬂh%wh PRnbfutaknthoné yhot more than
lum B is in arange of fromO0.01 to 10, preferably

20 T b ﬁém frbEBEIeay moire than

ol e B O S,

prefmwric?e&iw#”éig%é?loahﬁg?%&ereﬁweé’fpa?hreee fdrs thp 5 ppm
terns of the 25 quality of the di pheny| carbgpate

for 1ppbsm,cagbanml%sahgm@équagbsmmhaavtene NeMoreqysy, the
(I'11) is carried out. This is a step of reactlng an 64

totalrosnteniRsDihese haghrhwilingepdimyby-aprpdisia dsmptamerenthan 100
hi gh-purity di phenyl carbonate together so as to.

ppmppedfembdy motomusrectan $Oap pomaneregiieferablpoby mote than 10
and producing an aromati c pol ycarbonate using a
pp"@uide-contacting downf | ow type pol yneri zati on
apparatus in which the nolten prepolyner ‘5 is nade to

1 Qo Fse Al iANthes Bré8&hf irffelib A Sthe 31drting MAtéMRAl and
catalyst not containing a halogen are generally used, and hence the
halogen content of the diphenyl carbonate obtained is not more than 0.1
ppm, preferably not more than 10 ppb, more preferably not more than 1
ppb (outside the detection limit for the ion chromatography).

.In step (I1), the reflux ratio for the diphenyl carbonate purifying
column B is in a range of from 0.01 to 10, preferably from 0.1 to 8, more
preferably from 0.5 to 5.

The material constituting the high boiling point material separating
column A, the diphenyl carbonate purifying column B, and other
liquid-contacting parts used in the present invention is generally a
metallic material such as carbon steel or stainless steel. In terms of the
quality of the diphenyl carbonate produced, siainiesé steel is preferable.

Next, step (Ill) is carried out. This is a step of reacting an
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repol ymer is polynerized while flow ng down. The
Aos’@%r‘éﬁﬁ Ni hydr oxy conpound used in step (II1l) is a
conmpound represented by the followi ng general formula
(39); HOAr-OH (39). 10 In formula ¢39), Ar
represents a bival ent aromatic group. The bival ent

SRR a8 o PR one
-Ar'-Y- Are- (40), i ' Ar
togefhae 6ras 101 B adiise Bb-poRatic, Rolrarberiate Balan prepolymer.

het erocyclic aromatic group having 5 to 70, carbon

and producinguan sromaticspalycarbanatecusing pyguide-gepigcting

having | to 30 carbon atonms. In each of the bivalent
downfiomatype polyperizationdapparatusanowhiclhpitbeanoiteroprepelymer
hydr ogen atons nay be substituted w th anot her

is madestd leHoﬁﬁtﬁhldﬁg%Mécbe\cﬁ %uidﬁb/,&lm thef moltem
the reaction, for 20 exanple a hal ogen atom an al kyl

prepgig'eﬁ%'hi?véaﬁjrﬂeFiﬁea%ﬁﬂ%bﬂﬁvﬁﬁg'EFowﬁ'.ﬂ al koxy group

0 10 carbon atons, a phenyl group, a phenoxy

1 ol 150U BT g 3 8018788 compouna

roup,
referahl e, speci,fic ex e o t cyclic

reprgsgnled b3 30) oWing FERat oMl HDT g one or a

plurality of 25 ring-formng nitrogen s), oxygen

aton(s), BRRTA-&Hsul fur aton(s). Eacﬂagg'(t he

bi val ent aromatic groups Ar' and Ar 2 may represent,
In farmules(3IP6Ar repEsens a bivalgntcaramatisu@roirh as

optionally substituted phenyl ene, optionally

subBhe thivakert alematiengroup Agpisi preferabbuforiaxarsple, one

pyridyl ene. Here, substituents are defined above. The
représeatedtbytkyfellowdnguperversl, fdraiulaxgdly;e, an organic

group

~Arl-Y-Ar- (40),
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 alkylene group having 1 to 30 carbon atoms.
In each of the bivalent aromatic groups Ar' and Ar?, one or a

piurality 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 havin'g 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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nted by followwng formula: CH3 R R3 R5 rte.

AOSO& V'?%’ Xk / R8 CH3 RZ R+ wherein each of Rl, R2,
R3, and R4 independently represents a hydrogen atom
an al kyl group having 1 to 10 carbon atons, an al koxy
group having 1 to 10 carbon atons, a cycloalkyl group

exanﬁéf%”%yciphﬁ 4FaR AP BB AN S A ety
subsg ﬁgyger? OBES; m%lfi: Gy fte JCl ' gcg@ﬁﬁl kylHrezre

nt eger from3 to 11, R5 and R6 are sel ect ed
SUbsélitH&ﬂiﬁ are defingdc@bXveeach i ndependent |y representing
a hydrogen atomor an al kyl group having 1 to 6 carbon
at drie bivalead @kylens groppe¥dat fonexample, Am@rganic group
Moreover, in each of R, R2, R3, R4, R5, and R6, one
represemﬁdabyffdltmvmgif@gnulatorrs may be substituted with
anot her substituent that does not have an adverse
H‘ect on the reaction, for exanple a halog atom
n-al kyl group!'hawng 1 to 10 carbon atons, al koxy
aroup havi ng to |10 carbon atons.—a~phenyl group, a
20 _agrgup. ~a vinyl groupg a cyanqxgy oup, an
ter group, dn ar de group, M~L.o~gr 0 or the
elske Exanpl ed_of Isuch a bival ent aromatic grRép Ar
ﬁ shovvn i n Rfol IRwi ng formula: 66 A0501 VP80/ KAN CH
BO))- oH (R)a ~Ha ( Oa (RT- 2 ( )a

‘wherein each of R', R%, R, and R* independently represents a hydrogen

atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy group
having 1 to 10 carbon atoms, a cycloalkyl group having 5 to 10 carbon
atoms in the ring thereof, a carbocyclic aromatic group having 5 to 10
carbon atoms in thé 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 6 carbon atoms, and each X
represents a carbon atom. Moreover, in each of R', R?, R®, R* RS, 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 pheny! 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

following formula:
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% R)nH C G ~CCH CF C'" CH On7)0

1A05ﬂmdfﬁ erein each of R7 and R8 i ndependently
represents a hydrogen atom a hal ogen atom an al kyl
group having I to 10 carbon atons, an al koxy group
having 1 to 10 carbon atoms, a cycloal kyl group having
5 to 10 5 carbon atons in the ring thereof, or a

phenykv roup, anglgeyach of mand
to

1 nthec that mis in range of m2 to

3{ t he, sane as % ne
ano case 67 A0 P8 that n
|S|narange of rom2 to 4, the Re's y be the sane
as or different to one another. Furth re, the

bi val ent aromatic group Ar may be one represent ed by
5 -Ar'-2Z- R’é.

’, andZ|s |n
-0-,
vvherel n Rl defqi ned

(ﬁ'i, TH. (R") |

(R*)

CH,—-C

wherein each of R” and R® independently represents a hydrogen atom, a
halogen atom, an alkyl group having 1 to 10 carbon atoms, an alkoxy
group having 1 to 10 carbon atoms, a cycloalkyi group having 5 to 10

5 carbon atoms in the ring thereof, or a phenyl group, and each of m and n
is an integer from 1 to 4; in the case that m is in a range of from 2 to 4,

the R”’s may be the same as or different to one another, and in the case
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: AOSO?%JJ/F@[&)]C such a bivalent aromatic group Ar are

10 followng formula; a ( )n O (')n ( ~ S
SO &S of CO CONK-(( )}- COO 44&oco-booro 40 CH,
CH, 68 A0501 VP80O/KAN t wherein R7, R8, mand n are
defi ned above. Furthernore, specific exanples of the
i al ept [ r ' , [ d.or
that 8§ R o 218 £ the M HiaY 1 Wb sdthBl e dier
diff nalsJF h)él eneh ? d unsubstituted or substituted
! eb?/ L@I QG ANQINET. e present invention, one such
argmat i ¢ di hydroxy conpound may be used, or a
pl Gusthesmess. the hivalent argmabic graup s Ay e one
aromati ¢ di hydroxy conpound is bi sphenol A Moreover,
représented pycthenfollowingtfoomulahe aromati ¢ di hydr oxy
conpound may be used together with an aromatic
5 tri hydr oxArdeEpodirdd- f or i ntroduci ng a branched
structure so 10 long as this is within a range such as

-wheitdh AS aABA R 4Re delfirRsd abbvielandZReatsingléBdmd or a
The rati o between the aromati c di hydroxy conpound and

biva ré?ﬁ_ge.'a@]-sa%i Ly dhohepyh_cardonagg usedspl stepdLl! bt
variles e

pendi ng on the type of the aromati'c

~CONRIRoMHBIR fs BfralfsRETL and orner - T

PO yxréenralplzeast Io?rl'-'.uch a bivalent aromatic group Ar are shown in

10 following formula;

( 15. (R")y (R {(R*)
56 00

(R (B : (R') (2%
‘é—.s—é- —@SO -

R ' ("' R
—é—so.@- . @VCO |

SLELoLELS

CH, c
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conditions, but the di phenyl carbonate is generally
A05cﬂéﬂaagﬂuﬂqproportion in arange of from0.9 to 2.5

nol, preferably fromO0.95 to 2.0 nol, nore preferably
from0.98 to 1.5 nol, based on 1 nol of the aromatic
di hydr oxy conmpound. 20 The prepolyner in a nolten

whe%‘@ﬁﬁiijdﬁ ) Zﬂﬁiﬂ&ﬁ&‘é%i’??@%‘ﬁ %‘2’:2'%%2? ¢ af hydr oxy
N n n n r ben in [ ]
o iRatharmie; sPEsibExaranled, 87 1Bk RiAIh CRramat(r. grour Ar

. fromthe aromatic di hydroxy conpound and t e, d&ﬁgenyl
incluge yesatbstituted prasubstituted phepy %HnaHEFB&U' Rf
the 25 aromatic polycarbonate having the desired |
substituyed maphihyledegand uasubstidyted areubstindedrpyridylene.
ol igoner. The nolten prepolyner used in step (II11) 69
AOBA thePBraseMt muerittompbaiensuich laromgatiardihgdbbxy lcompound
known process. For exanple, the nolten prepol yner can

may e gféamctﬁdagylu?aiiw gnug,g peDkeAN TAtYpical @enndleicfothe

predet erm ned anopunt the aromati c di hydroxy

arorﬁ?ﬁ@%ﬁgdragﬁ /éc{)i'ﬁp%%eféybi SPSPAC YNEPEoTEF, W the present

Ssu an r-a reduce pressure at a

.ot erature in.a | i
inveb TG P op s ERGBORY CREMARS SeTHS Lselrtodethr with
vertical stirring tank(s), ., Wile, renovi heno
an aEgMARSEBYIr ARG SamPAY THIan TSFSAETR) p JE M TEY strypture so
a plurality of vertical stirri n% t anks |inked to%:thr
longi as 4bis is within agamgeastchirs pattecimpatr i ablpeteof the
progressively increased so as to 10 conti nuously
presemidnverdiomnl t en prepol yner having a required .
pol yneri zation degree is particularly preferable. In
st €thé Tatio behwesn! thenaps ety dihiyd oxyocompaursd yarfce the
into a guide-contacting downfl ow type pol ymerization

SHEBE] QIher Barb8ete iy s 4p/ (4o dupming on the
typel6PtRE arbifiaflt! difiyaPak# Cdhp otindhha e/ Bfbhenyl carbonate
used, and the polymerization temperature and other polymerization
conditions, but the diphenyl carbonate is generally used in a proportion
in a range of from 0.9 to 2.5 mal, preferably from 0.95 to 2.0 mbl, more
preferably from 0.98 to 1.5 mol, based on 1 mol of the aromatic
dihydroxy compound.

The prepolymer in a molten state (hereinafter referred to as the
“molten prepolymer”) produced from the aromatic dihydroxy compound
and the diphenyl carbonate in step (lll) means partially polymerized
molteh material produced from the aromatic dihydroxy compound and the
diphenyl carbonate haviﬁg 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 (lll)
€9
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tion apparatus is a polynerization apparatus
A05qq%éﬁ5m prepol yner is subjected to

polyrrerlzatlon whil e being made to flow down in a
nolten state al ong guides, and is such that not |ess
than 1 ton / hr of the aromatic polycarbonate can be

may g%gog#g?ﬂm T?ﬁf%par Ehﬁ?itc Sﬂbn%%f%%%gw U yPGr example, the

I'Zatl on an appar at

a_t avin ten £ receivi

mottBp, BEna el s Be RiBASiER bk i e 8 Helfen Eﬁé‘urea
having a plurality of gui des t hat extend downwa

conta g naecgaeﬂmiapydam%f&tspeémedomﬁ%c difyd 5y Compound
surrounded by the perforated plate, a side casing and

and the alipheayb sasbonate ainderynosmal ipresspire g dear a reduced
feeding zone for feeding the nolten prepolyner via

presshee pxir 4 deniparaiuse én@trangbeogiﬂmsapprmdhmately 120 °C to
pol yneri zation 70 A0501 VP80/KAN reaction zone, a

‘approXiiaTe e RBOPTOMISIAG bAetdicansiurakity ofivieeticabatirring tank(s),

zone, an aromatic pol ycarbonate di scharge port

whllé’rrﬁ)‘r'l@ﬁ‘ﬁ nghgﬂbg‘b‘yngi;‘é&uc@ﬁrﬂirgﬂ ﬁftﬂé“?eéé‘ﬁﬁh?d RQYroedss in

casl ng, tic polycarb nate di scharge punp
wichoRIF B ARG i IRRE i e e
ori t al ane e S|de cas in the
useC{J £,8p18 eF'éQg'H"o So3e Tscradtpes el incgeaged so as to

; 0.7 < :1g 300 (22), (3) a ratio between A
°°“t(ﬂhﬁ9uéﬂ¥dp&#ﬂl$@ & HEQ'*%%&TP&%Y"W&?“B"M reqiuiEgRe n
t hrough a horizontal plane of the aromatic
polymeryzatioordegras is partjicutardy tpreferabilees the fornul a
(23); 20:5 A/ B 5 1000 (23), (4) the tapered bottom

casiingtep {IHg, plméynattienaprennllymt incontimiously fed into a
connected at an internal angle C () to the side casing

gmdfbg}@dﬁrﬁlﬁdgﬁz’ﬁg diwiflghetypd polpm@rizdtidn appdraftiies sbhas to
continuously produce an aromatic polycarbonate having a desired
polymerization degree. The guide-contacting downflow type
polymerization apparatus is a polymerization apparatus in which the
prepolymer is subjected to polymerization while being made to flow down
in a molten state along guides, and is such that not less than 1 ton / hr of
the aromatic polycarbonate can be produced. The guide-contacting
downflow type polymerization apparatus must be:

(1) an apparatus of a type having a molten prepolymer receiving
port, a perforated plate, a polymerization reaction zone having a plurality
of guides that extend downward from the perforated plate 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 moiten

prepolymer via the perforated plate onto the guides in the polymerization
70
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5 165 (24), (5) a length h (cn) of each of -the
A°5<%15\98§9ﬁ%%h‘i sfies the formula (25), 150 <_ h 5 5000
(25), and (6) a total external surface area S (m of
the guides satisfies the 20 formula (26), 2 5 S5
50000 (26). To produce a high-quality
1 - f t] . ( .
reachiof} 33y ¥ TRBGGNT VAR AroyigRu AR B} el ation Peattion
nol ecul ar i ght in an_amunt, on an | ' .scal
zondy af iroraatic,blycetoSRafd diREnatad BBy iad i Fidwermost
apparatus satisfying varioQus conditions i required;
portian phahgtapated Bottem Sasinge 88030 ATaMALC RV CALRANate
di scovered. 71 A0501 VP80/ KAN Note that in the present

dischavgetpunp conneateditodhei disahargel pertwavh@tein: neans

that the variation in the nunber average nol ecul ar
wei(@htan nteshal sectidriairarzG0A (m?) taken ¢seough a horizontal
i nvention, the aromatic pol ycarbonate can be produced

plangt 8Ptie fstde acaNingooate W}lﬁférﬁaﬁéme\dctibmﬂbhets@ﬂsfies the
in 5 the nunber average nol ecul ar wei ght being

f bly not nore than 150, nore preferably not
fomﬁfolrse@mén 100. More specifically, the internal

sectionaloazggzsgé ) taken through arqaggi zont al

pl ane (pl f side casing 10 i ymerization

re ion zone 5 as Wi, i n fhe schematic wuiew, of FlI 2

1700 Eafif Hotwéen R, shd A5, RIPEIRLSSctiphlikEred B (m?)

|l ess than 0.7 nR2, then the desired pr.oduction armt{nt ,
takepothioughoa hetizeptal phaneefdhe aromatis; polysarbgnate discharge

production anount while keeping down the equi pment
portcsatisfigs thetfasmuwad®23)o be not nore than 300 nR2. 15

Furthernore, the ratio between A (nR) and the internal

sectional20 <A/ B < 1000 (23),

(4) the tapered bottom casing in the polymerization reaction zone
is connected at an internal angle C (°) to the side casing thereabove,
wherein the angle C (°) satisfies the formula (24),

120 < C < 165 (24),
(5) a length h (cm) of each of the guides satisfies the formula (25),
150 < h < 5000 (25), and

(6) a total external surface area S (m?) of the guides satisfies the
formula (26),

2 <8 <50000 (26).

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.
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area B (m taken through a horizontal plane (plane
A0S0 \PBO/BANr onati ¢ pol ycar bonat e di scharge port 7 nust
satisfy the above fornula (23). A1l B nust satisfy the
above formula (23) so that the nolten material of
high nmelt viscosity containing the produced aromatic
2 ol ycar bonat e, or aramati,c_pol ycarbonate nr »
Note ghdiria! e BrespBt heenBafs cAolierialoBa o BEORFL WoTght
wi t hout causing a drop in the quality of this nolten, .
meangthal thedvariatiepr & theauraber dyasagecmalashlay weight is not
pol ynmeri zation reaction zone 5 is provided at an
more than200.anghdhe piesent inventinn cthe agomatia polycarbonate
t hereabove, wherein the angle C () nust satisfy the
can bbpoduredistab RAfor apriodengedvpetibd ef;tinpenwith a@riation in
is preferably as close as 72 A0501 VP80/ KAN possi bl e
the AEmder Prérdde MYRJNAr Weight bEihg' préferably alotmbte than 150,

viscosity containing the aromatic pol ycarbonate or

moré pPET{efbI) HACAIIR e 1ROl yrer of | ner eased
pol

ymeri zation degree talling down fromthe | ower

en f [ t ' r rl oo W
or Mot 5Bstiat.cthe Hitefh3T Sc¥arkA Arah 1 (P} aken through
nol t en tter,, ., C nust ,sati sty the abpve farnula 4).
a hofzanial MARS (IR Gy hoh sidshcarng.t ine S iedzatich,
must satisfy the above formula (25). It is .
reactiofezenats @s Shown i Bee Sritameaticniew pid IGn 4 st satisfy the
then the pol ymerizati on degree of the nolten '
abovs fpunylae(220. cannot be increased sufficiently, and
noreover the variation in the polynerization degree
mayf Beisokss sotteat @. 7 trhdnthepthei desieey @@aluction @ameuot cannot
t he nunber average nol ecul ar weight. It is undesirable

be at@inédt 0 MBeebeBdcto hbRiin Hiith anprad étio h Anoume while
difference in the nelt viscosity of the nolten

Koo BEAbYEPSBAEBIARCLEp AT B RO beeAst more than
300}#@' pol yneri zati on degree '

Furthermore, the ratio between A (m?) and the internal sectional
area B (m?) taken through a horizontal piane {(plane b-b’) of aromatic
polycarbonate discharge port 7 must satisfy the above formula (23).

A / B must satisfy the above formula (23) so that the moiten
material of high melt viscosity containing the produced aromatic
polycarbonate or aromatic bolycarbonate prepolymer of increased
polymerization degree can bé discharged without causing a drop in the
quality of this molten matter.

Furthermore, the tapered bottom casing 11 in 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

(24). To keep down the equipment cost, C is preferably as close as
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becomes greater than approximately 300. (in sone cases

A0509r¥BB8eMKAMan approximately 500) in terms of the
nunber average nol ecul ar wei ght, and hence variation
arises in the properties of the aromatic pol ycarbonate
obtai ned. Note that the variation in the

possila R 46 et maye 168 mpudh fsiBlial of BT pidf Uigcosity

such that there is a difference of nor e
contappngxthmaspmatio@olycathopate of t%omu%erp@vsﬁalgenate

nmol ecul ar weight. ‘Furthernore;, the total externa
prepnlyrﬂmeoiameﬁs@@pohfmehzagmm degreenfialtingdownyfrome the

above formula (26). 1f Sis less than 2 n2, then the

lowe?%en@s iofeguidexld ol the dischargempoot 7owithiowti brnging about a
Moreover, to attain such a production anmount while

redulé@i%m 19 tHEVUAING SFIVhIRTAVIIter? HiattaRiCt mubl SHRFY the above
VP80/ KAN el im nate variation in propert| es, S nust be

for ge(2t4 be not nore than 50000 n2. It has been
I Scover ed that by using a guide-contacting downfl ow

o2 FuRGeilern. the TRpBRE W 845,07 GHsh Y BHE blides 4 mpst
satisfy e, abpyeniardtuti (78| e Sudpéisabie fan i be shorter than

excel | ent mechanical properties and no discol oration
150 e¢am. nge taendhe polymearizatiorodegsee aisthe maplten Rrapqlvmer
- hr for a prolonged period of tine of not |ess than
cannsalvbedncreasedssufficiently, aod moxapveritbe vagatiomin the
5,000 hours, stably with no 10 variation in the

polyrpddzation d\@g&é may bduomeasgreater thaesappooximately 200 in
are not simultaneously satisfied, problens occur such

termSof the ARFbRY aﬁ%@?ﬁ&%c@!@ﬂﬂielgm bei o upldlediingsle for h to
a variation in the nunber average nol ecul ar wei ght of

ve 1558 4130, 5900 4 H5L (E0R e 8irapiioh the et viscosity of
the mo‘cifé)rlx %rr%tp'o?ymté?' n&twleer? tﬂeetotpoaﬂﬁctlﬁre bottom of each guide
becomes too great, and hence the variation in the polymerization degree
becomes greater than approximately 300 (in some cases greater than
approximately 500) in terms of the number average molecular weight,
and hence variation arises in the properties of the aromatic
polycarbonate obtained. Note that the variation in the polymerization
degree being great in the present invention means, for example, the case
of variation such thét 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 the above fdrmula (26). If S is less than 2 m?, then the

desired production amount cannot be attained. Moreover, to attain such

a production amount while keeping down the equipment cost, and to
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The reason why it has becone possible to produce the
AD504 \INBR/KAN pol ycarbonate on an industrial scale with
such excellent effects in step (Ill) is not clear,
but this is supposed to be that, in addition to the
reasons descri bed above, a conposite effect arises

. when the above 20 conditigns are ¢ ' .
etimiiaif yaiiafigh B Benediss . fafuihhe PRAEIE pe Hatmage than
ui des having a high surface area satisfying the
500G Ml ae (25) and (26) are used, then the nolten
prepol ymer can be polynerized at a relatively | ow
t ehpbaatheen dingovered gbatbyuusing angyidercantagting downflow
aromati ¢ pol ycarbonate havi ng a desired nol ecul ar '
typewolgherizatiba 2pparatliscsinutaneously setisfyigthe formulae
bott om casing satisfying the formula (24) nmakes it
22) pez3) izt q28h e (26Nesliiprs aflight-geality and
( )'lzca)l%u)ntbd of) ce74|)]A050$ \/E’SO/ N i?E’::?’Brodgceg hi gyh-qual ity
igh€ ical
high?%@ﬁggm‘?r?%eég?gﬁgggli)@éﬂb%g?g%yfqi@xb%erﬂtkh%han a

ort, e heat history

orosBlHcan 8 FERBHABY ColU AARERIERR Shoun of ot ess
ar, P353LL e o SRRl of G567 B3LIHhA PRH Govera
hou BT, FoCexecant i b5 BBl B35 no

that nust be taken into consideration. Another effect
variationtin thecmieculaewsiight.i sin ihe cage thatithesatcanditions are
of the industrial production equi pnent can be reduced
not siynultanesusty satisfidd]problens ocgudsudh aw thepdesired
pol yneri zati on apparatus satisfying the fornul ae (22),

produdtion aAfdunf Adt bHg(@StaineBaroeariativn frethé atumber average
di mensi ons, angles and so on for the guide-contacting

oIS iR AT ARy 20guadii St
orod AT 2 g bR Yoy 1ot el GF ek ot Being

prone to occur.

The reason why it has become possible to produce the aromatic
polycarbonate on an industrial scale with such exceilent effects in step
(1t1). is not clear, but this is supposed to be that, in addition to the
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 a high surface area satisfying the formuiae
(25) and (26) are used, then the molten prepolymer can be polymerized
at a relatively low temperature, and a large amount of high-quality
aromatic polycarbonate having a desired molecular weight can be
produced; moreover, the tapered bottom casing satisfying the formula

(24) makes it possible to shorten the time taken for the large amount of
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t aken through a horizontal plane of the side casing in
AOS0INPBOMKAN T i zati on reaction zone is 0.8 5 A:9 250,

with-1 < A5 200 being yet nore preferable.

Moreover, a nore preferable.range for the ratio

between A (m 20 and the internal sectional area B (m

taken through a horizontal plane of _thee ar '
the prdydiiaad i o U af s Polliabondi8/raliiBEefn, from the
..30 < A/ B <. 800 being yet nore preferaghle.
guidgsteoteach thadfischacge Rdite Wheraby Bie ieat hisgersof the
angle C () of the tapered bottomcasing in the
produsiegharomatiopolycanbanateceanthe redusede 25 casing
t hereabove is 125 < C < 160, with 135 < C <_ 165
beiNgteytiatniris ant €beproldeictidet ent antindusttial seate can only be
progressively increasing the 75 = A0501 VP801KAN

estaBAHER tHrRUg pASmfed dptration Usiid largd-scale production
gui de-contacti ng downfl ow type pol ynerization

. t 1 .
equrgﬁli’éaﬁﬁ AV 9?)%‘9&' W g%u? sgévywstﬁﬂrt'@&ost of the production

e-'cont ac I pe pol ymerization

: t ( . ty i d i's
oquiBfEGhT hHFE s st ippckiat tadtdr that hESPBR {aEA intd
t.he requiregd | ength C of each of the.gui.
congjrafan,, cAnpligheuectaP e prsdnl imaudh i hat dhe.
of the starting material prepo]ymner, the
equipmentepshof she industeal produstianeguipment sambe reduced by
pol ynmeri zati on degree and anount of the aromatic
usingaihec guidersmantacting: dpuinflaw typeopoiymeanization apgaratus
pol ynmeri zati on apparatus, but 10 generally a nore
satigfybigthbl fornmuige (22)2023), (245 @B)andi (26)250 <_ h <_
2500 being yet nore preferable. It is particularly

Pr R2hrgekaeliiréd For Yeifdionshaniglesdrid 633dh 49Ghe h
5 2500 (33). Moreover, the required total external

ouidBLER AR ABY Bpd FolyfiorHaton qhparata! seeuinsten
(1) have been described above, but more preferable ranges are as
follows. A more preferable range for the internal sectionat.area A (m?)
taken through a horizontal plane of the side casing in the polymerization
reaction zone is 0.8 < A < 250, with 1 < A < 200 being yet more
preferable.

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

Moreover, a more preferable range for the internal angie 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
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preferable range is 4 <_ S <_ 40000, with 10 < S 5
ADS030(RO/KAMg yet nore preferable. A particularly
preferable range is 15 < S 5 20000. In the present
invention, the "total external surface area of the
gui des” neans the total surface area of the guides

W th ich the nolien _pr YIEL 0 .
polyiiestzatiptdingtaeonstng ap oY Bl SlgecehREcig Hbwntipw type
as . a pipe, this neans the urfac? area Bf t he outsider
polymerization appanaiuses, fakina.the angles foL the guidgrcontacting
the pipe over which the nolten prepolynmer does, not
dowiiflow t¥penpoty mesizajiomappresatuses tpd e teCdorfedcti ng
downf | ow type pol yneri zati on apparatus 25 used in
respattipely,litis pre€erdbipetoomake G hsi 62 sd@8ion.t aken
through a horizontal plane of the side casing in the
POMGRIGVEY, itR8 rerpitédnengtie h7 fcrA) Tfle MW BftNE guidey varies
be any shape, for exanple polygonal, elliptical or

with ?EF%Fsaéuch REtRE ?ﬁlyhﬁer@f&‘ﬁbﬁ'dé’ &8 bf SHeCstartinghnidterial
poly ct

merization re on zone under a reduced

oros B3R L SR ARG B iR PR e mpes
ooy e Bl AP mB S L8 AR b Thee o

the present invention i.s thus &r efer,abg cyli ndr{' cal
prepplymesito baRroducad; using dhggprelymeriza \t/’f'a ppagatus, but
coni cal bottom casing to be connected to a |ower
generallyl armore tpreferabledrange isi2R0 <aBid00Q. twith 250 < h < 2500
cylindrical aromatic pol ycarbonate di scharge port
beinheyeignurevpreférablé.ne ItLs pavticutzrly poeférablefforth $o satisfy
bott om casi ng. Taking the cylindrical portion of the
the frffulaa@3w to have an inside diameter D (cm and a
| engt h (cm, and taking the discharge port to have

an insid ' t cm, D L and d ferably
satisfy ﬁ%ﬁ fQo Isg\?visglg(forrml ae (29), (198)35e (31) and

(33hordd¥er, 1nB reqdi?l {otal external surface area S (m?) of the
guides also varies with factors such as the above, but generally a more
preferable range is 4 < S < 40000, with 10 < 8 < 30000 being yet more
preferablé. A particularly preferable range is 15 < S < 20000. In the
present invention, the “total external surface area of the guides” means
the total surface area of the guides with which the molten prepolymer

contacts when flowing down; for example, in the case of a 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 (lll), the shape of the inside section taken through a

horizontal plane of the side casing in the polymerization reaction zone
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15 5<p/ d550 (30) 0.5:5L/D<30 (31) and h-20L<h+300
A050(1 APBO/KAN t he gui de-contacting downfl ow type
pol ynmeri zati on apparatus, a nore preferable range for
D(cm is 150 - D <_ 1500, with 200 < D < 20 1200
bei ng yet nore preferable. Mreover, a nore preferable
range for D/ dis 6 5D/ d:5 MMih 7.5 L d <
may b% Sovehane. for exarale; bpaonal sliatfal gr fifedlar.
preferable range for L/ Dis 0.6 < L/ D< 25 wth
Opermation §s genemlly carnied utywithihe pelwneriaation reaction zone
Moreover, a nore preferable range for L (cm is h -
underCa seducedhpresire, vand ence Bny shapeds ac¢eptaple sedong as
nore preferable. The precise reason why the
this Fedifceid Pressuretan Pe witifstoodndait & Girodlae shaedbkaNshape
aromati ¢ pol ycarbonate having excel |l ent nechani cal

closé’rtﬁgféfd Fssﬁ‘\“éfé\'arﬁle. diTelspd@ld4¥ingan fio podpwesization
stably wth no varration in nolecular weight for a ‘
| . : . i . oy
reacigh 2545/In1 e BrefEnt iifertioRls MetbaRirabRF LT lindrieal. In
. but is, thought e fal | That, | E:Te '
this gg5en 1t 5 ratarahledtr HedartrefiFonikd stfonEeRsiiYy 86 be
process used in step (IJ)), the,starting nat.erial.
conngatednto Br'@ﬁ‘lﬂ'&ﬁﬁf“gg ‘ije@?q FUPH"FHQ# éd@g\ﬁ%'dnﬂor"f'ﬂl a
via the feeding zone 3 and the perforated plate 2 to,
cylindricajiamatic pelycaibanaie dischpsggmort ﬂ%ﬁmsnw%{ééﬁé‘e'" the
thereof increased while flow ng down along the guides.
loweEhfastt portidid ofrthés battemi casing. anfaking the q%w'@i%malwortlon of
the nolten prepolynmer are carried out as the nolten
the sﬁd%p@byn‘fg; to heive davimsiderdianieteguDdem) and allength L (cm),
renoval of phenol or the like is carried out

and f&lﬁﬁ@ 'twé'ous%rgaﬁ%f%d h8 ha\R Wielisidei dametsreadensy, B, L and

ast rate. T t viscosity Increases as t he

d prgfér&sgi}iﬁzagﬁfﬂgth%r fSIfSHThg F0fmfEE 20 e (A6 6@ VNaha'(32);

100<D < .1800 - {29)
5<D/d <50 | (30)
0.5<L/D<30 (31) and
h-20<L<h+300 (32),

For the guide-contacting downflow type polymerization apparatus,
a more preferable range for D (cm) is 150 <D < 1500, with 200 <D <
1200 being yet more preferable. 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-q-uality and high-performance
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15 down nelt material to the guides increases, and
AO0508 MRBA/KANnpunt of the nolten material stuck to each
gui de increases toward the bottom of the guide. This
means that the residence tinme of the nolten prepol yner
on the guide, i.e. the poI ymeri zation reaction tine,

sroria SEARar R Fhind Bk hRERGEACh dErid0 it no

discaiorBion; Gan dig Prafledisiabiy Wl HarY éaém?%cu'ar

carried out efficiently. Increase of nolecular weig

~weighh fona peelongechperisrd péitimeror &n indushialscale !\!éféha ‘fast

i npossi ble with prior nechanical stirring type
polymeirization aatennagippr llydsmot ciear; bug isdhaughittedbe as
easily. This is one of the excellent characteristic 25

fouomat UTR&t ¥, Ab6oRfing "Ry tli@tglﬂﬂea@@ﬂtattmg dosinflowstygre
(I'11). The only reason that the anount the nolten

poly WalrfZdtfon -Hr%'és% sdd i ({t@ ﬂ?%l‘fé\“&tb?ﬁnﬁ%ﬁf@nal molten

I ncreases i n the atter the pol yneri zation

prepgmgr% Iﬁ‘gdﬂbﬁbﬁ? ‘é}%l%.geﬁﬁptcgi\pégﬁso%?éﬁﬁlq %ohget? and the
perfqtioncp itk Zdp 4F%2$%£€ﬁ“°%‘? Miﬁ@grﬁ“@vﬁﬂ%@%ﬁﬁ
5 viscosity is supported at the sarre hei ght on, t‘:lses gffective

degregcthpreafdncreaaadiwhie fowingdawn alppgthe pui

continuously fed onto the guides from the to .
interniad sdsringaandhendaceoranawahoéthel m@dtamareag&mer are carried
pol ynmeri zati on degree having approxi mately the sane
out aelthe whettesi pyepolymer flowsy dicavh aiodgvthe guidesieand thus
bottom portion of the casing fromthe | ower ends of.

remdévl dPpaendt or tHrlikesis Gd@Ted ioutistfgetvennayRendby the
approxi mately the sane polynerization degree produced

polyﬁ‘l’étrlifatﬁ r'?ﬂ:é&*!“tag&efé&{' 48, Cofﬁﬁcrhélt' Viscblfty! meeades as

tom pOftI on e casing, and hence aromatic

the rgllﬁ\‘ﬁgﬁp_gﬁ B%é%‘ 49 gﬁguceﬁ‘ggw‘h?ﬁ%sg%’?%% @flthe flowing

dowﬁxrﬁg&tl l%gte(r::g 16% %“gtsﬁ é:s Eﬁgrte%rsees?faﬁd $hus the amount of the

molten material stuck to each guide increases toward the bottom of the
guide. This means that the residence timé of the molten prepolymer on
the guide, i.e. the polymerization reaction time, increases. Moreover,

for the molten prepolymer, which flov;'.s down under its own weight while
being supported on the 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 mechanicatl stirring type polymerization apparatuses,
can thus be attained easily. This is one of the excellent characteristic
features of the polymerization apparatus used in step (lil).

The only reason that the amount of the moiten material stuck to
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15 pol ynerization apparatus used in the present
A050ﬂﬁﬂgﬂykﬁﬁ! The aromatic pol ycarbonate collected in
the tapered bottom portion of the casing is

conti nuously w thdrawn through the di scharge port 7 by
a discharging punp 8, and is then generally

the b5 "H34ehbeBnL e et WAy Ry & iBipp i Sotow
el s SPas, B0 b Ao , SE Bin0 g uhien

downfl ow type pol yneri zation apparatus used ip st ep
corrqapands sodbeemelt yiseosity,cand henee apprexynalely the same
corrugated plates, and plates that are thickened in a
amouhtiof ¢hepmoifemmdterizdfhaving apppexiotateiy ther same melt
plate is generally selected 25 from shapes such as

viscodify i %rupfpméd dtrihengahee height po ggohadf tHenguidespe
of 'each of the holes in the perforated plate is

Meagﬁ?ﬁfea'thé afdIfen ShlatetPaleo8anNREQUSNNfed dritontisd guddes from

as circular, oval, triangular, slit-shaped,

the tgglcﬁﬁeg%ﬂfh g?ﬁfépgﬁb@rmwgq?tyfﬁsglcfﬂrdg%%e@ Sglr%iﬁ]erization

SI's dgener nge of

0.01 tp 100 cn® ef eably fr . 10
degrge, haund ARPTERUPBIERTIY shme e R kS adilfinygusly fatls

bet ween holes, 5 specifjcally the _distance betwee
dowmdnto gaeihatiom Boglingief he cAsing £ferd e Tqwsrands, of the

- 500 mm preferably from25 to 100 nm The holes in the

guidper f oTraaEts,pammanﬁyp@hrmbegamanf @enmimﬁmbegwme

the perforated plate, or alternatively pipes my be

polymerizatien degtew ppedioedtwhilpl iowingidawndhe guides collects in
hol es may be tapered. 10 The "guides" in the

the t@ipetedcaotiant ipurtidanef ke dagingpandrhencet aromatic
apparatus used in step (I11) indicate nenbers for each

poiyeért‘i\@hgﬂa th ' bﬂriﬁgfoﬁ e m at Welght 'ciit bencontinuously

perpendi cular to a rizontal section relative to the

pro ‘é:%raageTh?Q% r%n‘?:fth"e:'r‘:e:n&HsII?éntp@ﬁénPé\‘?t"eYis‘ifc fddfure of the

r1zZontal sSectlon

polymerization apparatus used in the present invention. The aromatic
polycarbonate collected in the tapered bottom portion of the casing is
continuously withdrawn through the discharge port 7 by a discharging
pump 8, and is then generally continuously pelletizéd via an extruder.
In this case, additives such as a stabilizer and a wea_therpfoofing agent
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 flat
plates, corrugated plates, and plates that are 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
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ver [ gh, This ratio is generallyinarange of from
A05°10"%(Q€’@6b0, 000, 15 preferably from50 to 100, 000. The
shape of the horizontal section is generally selected

from shapes such as circular, oval, triangular,
square, polygonal, and star-shaped. The shape of this

rom FAAEF 1 B8 SRRy i Rl YUt BBRnal, ano
star-SFgae SRRkl Bofe SR B LRI 1E il n

that the nmolten prepolyner cannot enter._theyein,,or
rangerfal f1oRe, 0.0 t A0 GME: PrefeiaRIN fEamB05g HE o,

combi ned using a nethod such as tw sting together.
partivulasby greferablydirans Onhytofpama  Thensparing betweanholes,

or a punching plate-like structure. The surface of 25
spectfichllythdedistanbe atwddn holencentersyisgemerably irap range of

have projections or the like in places. Preferable

from% t8 SO RE YpreTarals B frone 25 ts N 06 nfid. AOPRd H&18Y ik the
wWres or thin rods, thin pipes as described above,

d | i L {HAS ' rfdrated Iate,.
PerfdiEigy olfiedeice Al telcpofiohaty INFOIGNINE pertdiated p
e ource h.as: h ' '

or alfHatifePbleids By K ufstatlt W Sngak B HedPlate;  Moreover
such a heating source therein are particularly

the holes.may Sesﬁaﬂ’@éeﬁhen there is no risk of thernml
deterioration of the prepolyner, or aronﬁttéi C N
poiftearaeidiass intherguidercrutasting, doynfley type prlymerization
gui de-cont acti ng downfl ow type pol yneri zati on ) _

appanabus atsed imsdepi (il1) indpateemembernfooeachhot which the ratio
enabl es production of the 10 high-quality aromatic

of theolemgthbisnatdirectibheperpbrsdicudar $o @ hotizontat sectibn relative
producti on amount, prolonged stable production, etc.),

o % 864G SHM o 1 PEREpBery ot myitonts, giceo i
veryg‘éj?ﬁ.iogggié"’iréﬁo% geh8tdlly ¢ & Fafgé BiFrBhPa (Pfo 1,000,0-00,
preferably from 50 to 100,000. The shape of the horizontal section is
generally selected from shapes such as circular, oval, triangular, square,
polygonal, and star-shaped. The shape of this section may be constant,
or may vary, in the length direction. More'over, each of the guides may
be hollow. |

Each of the guides may be a single wire, a single thin rod, a single
thin pipe made to be such that the mblten prepolymer cannot enter
therein, or the like, or a piurality of such guides may be combined using
a method such as twisting together. Moréover, the guides may form a
mesh-like structufe, or a punching plate-like structure. The surface of

each guide may be smooth, or may be uneven, and may have projections

or the tike in places. Preferable guides are cylindrical ones such as
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above are joined together at suitable vertical
AOSQINVEBOAAN usi ng transverse 15 supports fromthe top to

the bottom of the guides. Exanples are nmesh-Iike

gui de structures in which a plurality of guides each

having the formof a wire or a_thin rod or a thin

. i pe.as descr,ibed .above are fixe t Qget her (US| .
W'fegr n@@rr@s%dﬂ%rﬂ'geﬁr%% r{%%éjta@q({%e 'E%ts 6ﬁ1k§fgglt"ﬁ(§
gui des at suitable vertical intervals, for exanple
strugtyresy angl punghing plate-like grige stEYLHEesS.m a
t hr ee- di nensi onal guide structure in which a plurajity
of Thelguides-maydheumselvas haveraheating sourgegsyeh as a
front of and behind one another and joined together
heatisg oetivmsye ascelaqtpical hestes theadine buegtiidas not having
intervals, for exanple intervals in a range of from!|l

sucH 9 RQQtiﬁ§ s&urcé therdinca sy partikaldry ereterabie sinde then there
gui de stfucture in which a plurality of 25 gui des each

is ng?}’éwgfttﬂé[)@%ﬁaéiﬁri%rwitib 8f tRe (grem ol P et oRarhatit Pe

s descri ove are fixed together in front of and

polygRibBRatd i e myien HARINIET S5 St

vertical intervals,. for, ex le intervals .

of Itk guide satagting, downtiow e saliingriedtibn, dfparatus

only useful for keeping the intervals between e
usedindbe prRF W@tW%oM'ﬁth"WsaP@iFéﬁoﬂég{:{he for

increasing the 5 overall strength of flat or curved
highgquatity asomaticgolyoanonate onthe indusitialseale (in terms of

structure. The supports nmay be of the same materi al
prodiictide agnbdeas, prolongiid Seakle predeciiah, eftor), ehparticularly

gui de-contacti ng downflow type pol ymerization

preféPABléiguide dtPuétifeCiRSEnéeH aet?pb ipuivtiéch @ plurality of guides
cylindfical, or has the formof a pipe made 10 to be

cacfFilPind W5yt ETuReCoPREC Ganae ilhipehasciancrived
above'd’d jioel?netdhfeoéeqlhle‘?vwgu{t%fg‘%r{iéé? intePvals-USirg tPdhsverse
supports from the top to the bottom of the guides. Examples are
mesh-like guide structures 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 using transverse supports from the top to the bottom of the
guides at suitable vertical intervals, for example intervals in a range of
from 1 to 200 cm, a three-dimensional guide structure in which a plurality
of such mesh-like guide structures are arranged in front of and behind
one anothef 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
81



_ The gui des pronote pol ynerization of the nolten
A050ﬂﬁ6680 as the nolten prepol ymer flows down the

gui des, and al so have a function 15 of holding the
nolten prepolyner for a certain period of tinme. This
holding tinme is related to the polynerization reaction

. tiyre. As described bove, as the Ly, i ' .

right ot anathenrns, fansver 58 sukpdtndt tlitahl€ derticel

. progressively increases,, and hence %he hgldif@%tiwe Th

interypis .+ far exaiRle indetvalsdgrasangs of frpmpehde 2¢¢cm. The
given nelt viscosity, the 20 anmpunt of the nplten

trangvese supponts areynathenbuugetubtan keepintthedntervals between
external surface area of the guides, i.e. in the case

the giides apgroxiahately copstasitaped are disg useful foreincreasing the
out si de di aneter. Myreover, the guides installed in

overafiesPEhytRdfZPat o dnvedaguilesisedguidéddormbng
i nventi on nmust be strong enough to support their own

thre%-g:f i\r‘]}géﬁﬁbn‘%ﬁ 'L__k()?rrﬁé?ﬁ.i rgei gfﬁecgu;?;ﬂgrt@h*a?nb@rtﬁpﬂb’ §Bfme material

held. S reason, t hi ckness of the

[ .S . it he case of 82 A0501
as ﬂ%ggﬁaﬁﬁl' 8);{29%&?2%“0 &r%ellshaped gui des, the
formula (34),is preferably satisfied. for i ;
i EPithe ditigs et ooviTi oW dyB. prlymBiZtidit dpparatus,
. difficult in ternms of the strepgth mh?éggf if r is d
in ther easerthatgach auide isneylinddeal, embasdha-toimw af R pipe made
very heavy, and hence there are problens such as 5,
to baauatythat théanoltenpprapelymer pannet\anteritheerinsovdh an
to hold the guides in the polynerization apparatus,
outside dinnastesrr (dmi er ipseferabiyremtisfies tharfodlowing formigla (34);
amount of the nolten prepolynmer held is too high,

resul ting ing peopl ens such as variati qa4)hn the
nol ecul ar wei ght | ncreasing. For such reasons, a nore

fr jﬁ%i@]iﬁf&aﬁ&ﬁnf)i’éé{olk@é}ﬁéﬁ n df é)n?blté\htﬂ}e‘boﬁyﬁrer as

( erng \ ore preferable. A preferable

the BRUFEA Brepiyiaf A4picowd, U qRE46E! S50 (' runction
of hgi&rlﬁgl 1?het in%o r'gziell'frEtr'epoEymt.ar for a certain period of time. This
holding time is related to the polymerization reaction time. As described
above, as the polymerization proceeds, the melt viscosity of the molten
prepdlymer progreésively increases, and hence the holding time and the
amount held progressively increase. For a given melt viscosity, the
amount of the molten prepolymer held by the guides varies with the
external surface area of the 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
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chrom um alum num and other alloys, highly
AOD50HVIPBOANt ant pol yneric materials, and so on.

Stainless steel is particularly preferable. 15
Mor eover, surfaces of the guides may be subjected to
any of various treatnents as necessary such as

ext 8k pipiHin A0 U84, e P o RO eAPRBI Hatisioa
1 B LB A0 38704 bl B AT RS Bt i

relationship 20 between the guides and the holes in
termshef the fsérength,pvheseas if &iig greatae than: tnther tbeygrides

can contact and flow down the guides. The guides and
themselvesr becatrss veryptheansy, drd iencentbete arelprabdems such as

another, or not in contact with one another. Although

havihBeice midke ehé Ysérfbraliddpiate vety thickosefas tblhmlticthe guides in
install the guides in correspondence with the holes in

the %@grﬁgriggyfoﬁ]ghﬁﬁrﬂi@é,eangt}ﬁo?ééﬁéf‘ thefe i§igh ifciididle in parts

be carrie out such that the nolten
I r j f : F S
whef 368 difBrisiey (e ARl i fp g, #88Hking in
ositions. Specifilc prefterable xampl. jnstalli
profigis,5igB.as yatiatSn b inendp Gru AT WBIGH: Hordhdify: ' For such
perforated plate include: (1) a nethod in ich. the
reasgisora apere preferablguiange gOlf ried 48 ad %@pwgr w*mbz <r<06
~wall of the polynerization apparatus, and 5 the guides
beingr yebrmmnelpoetarablehat each gui de penetrates through
the wvicinity of a nearly central portion of a hole in
t heA peeferabledmaltatial fo2the guidesod onevseleicted dropparetals
end of each guide is fixed to a peripheral portion at

suclRAasUPRARIEEY sbéep dirbon Btddle aritelby! aicke R ititantumh,
the guides are provided such that each guide

- } h - . -
chrogﬁgﬁ'%g%ﬁ@ﬁlﬁ{]ﬁggﬁﬁ%%\l\tﬁ@r%lgﬁé,u@ i y Hddtoradistant poymeric

_ (3) ane i'ch e rend of each guide
matglt e fo i SEAPTHEE sféel IERBREEAIHS Bratatabte
Morgggar, sqrfaces of the guides may be subjected to any of various
treatments as necessary such as plating, lining, passivation treatment,
acid washing, or washing with phenol.

There are no particular limitations on the positional relationship
between the guides and the perforated plate or the positional relationship
between the guides aﬁd the holes in the perforated plate so long as 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 falling down from the perforated
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t hrough the perforated pl ate and fl ow down al ong the
AO50QNR&& method in which the nolten prepolyner is
all owed to f|OMIdOMM through 15 its own weight or the
liquid head, and a nethod in which the nolten

prepol yner has pressure applied thereto using a punp

and,i thu trud om r
plateppantacts fiie Bllides dnrifelid Rglond UGG prERMEBle
predet erm ned anmpunt of the startln materl %ri h
examhpigsop) iBH1aI 1031 BE SHIARS e AIERRRNgERCS W Ie holes in the
pol ymeri zati on apparatus under. 20 pressure using

perfaradedpplate incdude=(1) pemesheddnpwhieh theruppes elné*dof each
onto the guides via the perforated plate fl ows down

guidelisrigxétheogan despenimeer wadl ofvheg alymerirationl apparatus, and
prepolyner is generally continuously fed into the

he gIides SR8 previded QUUN teat &iBh guidepenadtates through the
apparatus after having been heated to a predeterm ned

wcnn@fy iﬁer ag%ﬁ?%ﬁeﬁﬁ'gﬁ’?&h%rneof 2onble i thBYse F6r&led bYate; (2) a

r a ket or the I1ke to be installed on

et 3830l Pht wewgaﬁﬁw BB athéifphers
portigisaf a) UPRELSTH) o %éﬁ“rera%ga%%%iaﬂé +hid the guides
are BroviHeBREa NG GRA ”%wdg?ﬁéﬁ%ﬁgg%%hﬁ ‘Sgﬁf ofg 1odhe

and the perforated plate, and maintaining t

perfoeates plates @adi(3) memeshpeiein Mlcbﬁhﬁedﬁﬂﬁbﬁ%ﬁé eaqf guide

side casing and the tapered bottomcasing. In step
is fiXed itd thehantierpidendfitke gerfoeatezhplaten i n which the
nolten prepol ynmer obtained fromthe aromatic

di iEsekipte § GTPMetHodB o Aakihg tRehot@rbprepelymer pass
subjected to the polynerization in the 10

throgggg@fggﬁ'ﬂﬁ%&@& ﬂ%‘f@fdrgi"’ﬂtoW%oWh MIBhigZiNe ?'ﬂldes are a

S SO0 as ce the arorratl c polycarbonate

methdd IR Whith ¥her}ngltre?1n8?e;9cglyfrﬁgm53%lFo%ved to fiow down through

its own weight or the liquid head, and a method in which the molten
prepolymer has pressure applied thereto using a pump or the like and is
thus extruded from the perforated plate. A preferable method is one in
which a predetermined amount of the starting material molten prepolymer
is fed into the feeding zone of the polymeri'zation apparatus under
pressure using a feed pump, and then the molten prepolymer thus led
onto the guides \)ia 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 generally preferable for a jacket or the like to be installed on an

outer wall of the guide-contacting downflow type polymerization
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However, according to the pol ynerization
AOSO&M&&M used in the present invention, efficient
surface renewal is carried out accorrpanyi ng internal
stirring,. and hence the polynerization reaction can be
made to 15 proceed at a relatively | ow tenperature.

sop 4816t S Sl AT S Byl toh Bt by
a4 o 5 1 8510 B or

conventi onal polynerization apparatus, it ha
mainjeinting the temperatets of theomalien mepglyrnerpthﬂ Mige@lymer
period of tinme at a high tenperature of not |ess than
feeddty zOne add the pegforateduplate, amd maintaining 1be temperature
Moreover, it has not been possible to avoid yell ow ng

of theu olﬁnbﬁiﬁﬂtm reabfion Zon@ thé rjdessasihg 4nd dhentapered
matter, through a stirring shaft seal. However, with

boﬂéﬁpcagﬂ%¥nerlzatlon apparatus used in the present
nvent | because there is 25 no nechanical stirring,

t h‘fﬁeﬁteﬁ{lgl)sglié t%HﬁéFJty?g%f' tH'fe AERGA |bh\‘§!1§cl‘| ?he molten

very In or air and SO on.

prepdimi atiain SRk B lchcﬁb?f@s? St g

be carrjed out, adequately erature Lo r by

diphgpy|! sarkenate is aubjgcted éot% ﬁélZ@éw # thee
conventional horizontal biaxial stirring type reactor

guideegontactingidgwnflovotyne pedymesization apparatusiie as tp
factor 5 in it being possible to produce the

prodhicghthye aronyatic polycarkpoh ataid geaterally inharange of from 80 to
di scol oration or deterioration in properties in the

350 pCeserowe Ve HdcuTdingteotey potymeriZatidie bhs arsdd in the
hori zontal bi axi al stirring type reactor for

pres*é'ﬁtﬁﬁVB'n@fbﬁ"éﬁR?;car gﬁfﬁﬂf? hé@qg’cﬁwﬁh?%c@bmpanymg

aromatic 10 po um vi scosity grade

inteHalAfnd SahBPEsE8 theWSiynlerization reaction can be made to

proceed at a relatively low temperature. A preferable reaction
temperature is thus in a range of from 100 {o 290°C, more preferably
from 150 to 270°C. W.ith a horizontal biaxial stirring type reaction for
ultra-high viscosity polymer, which reactor is a conventiohal»
polymerization apparatus, it has generally been necessary to stir for a
prolonged period of time at a high temperature 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 stirrer seal, and hence there is

very little leaking in of air and so on. Furthermore, another
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the ultra-high viscosity of the aromatic
ADSQIoVy8RIKARMhat e, but with the guide-contacting downflow

type polynerization apparatus used in the present

i nvention, even a high viscosity grade aronmatic

pol ycarbonate can be produced easily. That is, with

th uj.de- cont act.i downf | ow 15 .tvpe [ ' o b
charasﬁ%ﬁainaife te B PP R Pvehylalf e IRa g ity rférization
B ycarbonates of all grades froma dISk%I‘ de havi ﬁ1 tel
can perearied au} amuartﬁlxc%ﬂ artefpperaturs low gﬁPPf“' ately
viscosity grade can be produced. This is _also a bi
20 te 5 SCttharsin the ase of dhet eenyeational herizantah. blaxlal stirring
step (Ill), as the polynerization reaction proceeds,
typepiesmabr ifer ubraphighuvistosity potymeirs ridvisvigcan otmen Img factor
reacti on system whereby the reaction rate can be

in it ib%%g IFessibfe 1BigIedude Yhé Highnquakity agemdtimpolyearbonate
not have an adverse effect on the reaction such as

- with rH& H?Q@@Iorﬁfl%”cr d%"ibh% tiofR’ i r&ﬁ@ﬁi@?nﬂ&hé pre%Ent

car bon introduced 1hto th pol yneri zati on
mveﬁﬁ% rat us, and the phenol produced is entrai ned by
*25 gas and thus rermved a met hod in which the

regction is carri out un edu
{ ndipreaves e IEfhe Sonyififind %@Zﬁﬁ%‘p bizpag) Khixfih type
Alternatlvely, a nmethod in which these net hods are
reactgedot yifsarhigh E&?O&'%Pﬁéymﬁéf'ﬁrlh‘-’tﬁ@- 1Icig ap-aromatic
case, there is no need to introduce a |arge anount of
polychebonate ajaedium vissosity geade aar aboveigampessibladue to
rat her just enough to naintain an inert gas atnosphere
the Gltradiigh viseosjtyashthes arsnsafi¢ ipoiyoarbduatehcbubwith the
method in which the inert gas is absorbed into the

guidERtbaladtig U WRflow tysk pulgniEisioh epparddtas used in the
prepolyner is fed into the guide-contacting downfl ow

preste\fﬂ%l yrre’r&[‘la%/‘?éng %{‘n?@ﬁ’%é‘éb‘éﬁ Eﬂ?ﬁd"ehgfb ‘gt pely&irbonate

prepo € i nert g absor therein is

can Y¥hP64Gded B ddiy. "eTRAIEEWiAT th Y dide2LERtAETH G W Aflow

type polymerization apparatus used in the present invention, aromatic
polycarbonates of all grades from a disk grade having a relatively low
molecular weight up to a high viscosity grade can be produced. This is
also a big characteristic feature of the present invention.

In step (I11), as the polymerization reaction proceeds, phenol is
produced, but this is removed from the reaction system, whereby the
reactio_n 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 phenol 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.
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A preferable reaction pressure in the polynerization

AOSOAMRBOIKAN in step (111) varies depending on the type .
and nol ecul ar wei ght of the aromatic polycarbonate to
be produced, the polynerization tenperature, and so
on, but in the case, for exanple, of producing an

t 15 b te f th {
el roff S5 hIAH oed it SARASaFh 3G Eppiner
the case of a nunber average m)I ecul af wei
can glsanbe purferably ueeg: i o pHEB A CASEs tbPéPéP%b‘P i

range of from400 to 3,000 Pa, and in the case of a

introduckea lavge sgaouolt afuher inagi iggs inte the M\gn'@fnzaw
5,000 to 10,000, the reaction pressure is 20

apparache! Bbly‘atmela}uangncughfnoomﬁﬁtam andneat gas atmosphere
case of a nunber average nol ecul ar wei ght greater

tus 8 JuFfeieRn pressure is preferably |ess
msnﬁﬂﬂe %8’(?%2 particularly preferably in .a range of

e fler r{18 &°8 @%th%melﬁ \ﬁﬁféﬁl't iRt gh@pis(éb’sbrbé@qmo the

aromati ¢ po ycar Oona avi ng the esired
monbf /S5 FACI 8 @*Wgsﬁgfz@g&ﬂ%@g% ¥tea into
tne G EbiTaceh ASFDERS4 o TR BRh FihalatB, W then

the starting rraterlal t he produced a t he .
the modien pEepolyroer haidng, theampr&sftﬁnab& "Bgﬂemqrﬁrw &yibjected
a plurality of such guide-contacting downflow type
to theopphgmerization ippdsatpreferable.| i nked together so that
the 5 polynerization degree is progressively increased )
M peefdraitte aelaetiom préssore iis ¢hegpolyesededtiomappanatus in
~conditions suitable for the pol ynerization degree of

{ WEerdindy SABthieCtypd worr Rglacaldowedght of the
step {lﬁgluced are epreferably adopted for each of t%e

aronl‘?%{ %ﬁ@lgé%b%a?@%r e:ﬁﬁﬁuwﬁﬁ' ‘th@“@bwel’_’%ti@fﬁf&hﬁerature.

ase 0 Sys ¢h a
and so on, but in the case, for example, of producing an aromatic

polycarbonate from the molten prepolymer produced from bisphenol A
and diphenyl carbonate, in the case of a number average molecular
weight of less than 5,000, the reaction pressure is preferably in a range

of from 400 to 3,000 Pa, and 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 less than 300 Pa, particularly preferably in a range of from 20
to 250 Pa.

When carrying out step (Il), the aromatic polycarbonate having
the desired polymerization degree can be produced using only one such

guide-contacting downflow type polymerization apparatus, but depending
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10 gui de-contacti ng downfl ow type pol ynmerization

AQS03MFBOKMN a second guide-contacting downflow type
pol ynmeri zati on apparatus, a third guide-contacting
downf | ow type pol yneri zati on apparatus, a fourth
gui de-contacti ng downfl ow type pol ymerization

apparatus,..,. arge used t hat, the pol yneri zati
on thib poemerizatiof dadrea of he Balien PraReliiehiles dp the
external surface areas of the gui ?‘es Poss?ssed b %he
starting yneterial itbe peogused ameung afthearema @POMI@F onate,
respectively, the systemcan be nade to be such that
and §& on, 85ysteds in vikich a plurality ebsaich gnide-contacting
pol yneri zation tenperature may be the sane in each of
downfiewrgipeTpol ymigrizatipn aipparatasesrare linkedttogethenspo that the
be 20 progressively increased. Furthernore, the

poly RRIrYZHib A ld groed i prug Peddivel P indrexerd thagibe pedfmable. In
In the polynerization apparatuses. In this sense, in

this %gssﬁgﬁ.ﬁge%oénﬁgﬁ%ltﬁn QBantt?c\?\ﬁf%yitﬁHné_ fo1heApbREmErRation

ation degree using yneri zation

appar at uses, i.,.e. th | [st.. i de- {J d I

deorBfbaF Fhe idinc)ufien ot abafiin PELASH AN I BochreuLEY are
ui de-cont acti_ng downflow type pol. rization

preigmiilyAqQptad DL A%y af 1he SOWBIRHEAHANARP SIRSEE
. the total external surface area S1 (m, of the 88 AQL0
indivigeellxaN Fer gxpmple;, intthe easatofyd sysdem h wiych a Tirs

apparatus and the total external surface area S2 (m
guidefcohtactinglaownflohetype pody merization apnandugoanseeond

type polynerization apparatus satisfy the follow ng
guideosstitact{Rg)dovinflodl typ&Spdiy@eriZition appgaratus, &2thisd

| ess than 1, then problens arise such as variation in

guidth%nf@étﬁQ%'cﬂwaﬂbWiyﬂé“Hnﬁ?ﬁié“rﬂzﬂ%ﬁ hippararlisn@efburth
st abl e production beconmes difficult, and it becones

' guid%}r%éhfé"ét&%é%mﬁﬂbwsi\ufé ‘ggﬂ?ﬁféﬁimoﬂr i dztgg ... are used so

reas |

S greater t t hen
thattt & Eula yvr\ﬁélaitzgti%fn EQSree is progressively increased, taking the total

external surface areas of the guides possessed by the polymerization
apparatuses to bé S1, 82, 83, S4 ... respectively, the system can be
made to be such that S1>822>832>S84 2> ....

Mofeover, the pdlymerization temperature may be the same in
each of the polymerization apparatuses, or alternatively may be
progressively 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
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nmol t en prepolyner flow ng down the guides in the

A0504 Ag8 ymeri zation | o apparatus becones high, and
as a result problens arise such as the residence tine
of the nolten prepol yner becom ng short so that it
becomes difficult to obtain the aromatic pol ycarbonate

., of .1 r ire mol ecul a [ = .
guid in HeLFELaSl mERzETEL" drlBale prtlyTe 1ot 3031 Ral Surface
ste Il not less than 1 ton / hr of the,.aropati
area 87 (s ehiie QuIgeR ke ascand gutlardontAgtifReABTiow type
by-produced in the polynerization reaction is
polymiestzatioe @ pparatpstsatisfysthenfolawing feEmuba gy ner
must be fed into the polynerization apparatus in an
amount grlegt®t /t$2x 20ton / hr. The af®dnt of the
nol ten prepolyner fed into the polynerization 20

If S12PISY i Ussd vanVRrimsh peoblehsoadse t\echpalsyvariatian inthe
degree thereof and the polynerization degree of the

moIe%&EP'g??iﬁ'iﬁ%?é@Q@? g?ttﬁak!%rd%ﬁﬂéﬂeﬁabbétpﬁo'iiuction becomes

gener n a ran from1l.017to 1.5 ton / hr per

- (o) /., lAr .ad t.l.C . I .
ity Rt Becm RSy QAT 1oCq YN ERBRAEI S production
ol ycar bonat.e J duced fr 2 h t
amof Pk SRR T RS ot er TraR O SRy rat ot the
(I'11) can be_carried out, w thout adding a catal yst e
moltga: piRgolyaekflomingewn the gides 10H8e sarenf Relymerization
presence of a catalyst as required so as tq increase
appanatus e gomeszhighrandias amesut preblgmgaatise sygh as the
limtations on such a catalyst, which may be any used

residentédirhecofithe nyokie hi prepdiyemen becominghshaerdt 30 fbat it
include alkali netal and al kaline earth netal

becdmeésodiffleaitsiecBbbainstHe thbmathy podycarborsate ofrthe required
hydr oxi de, potassi um hydroxi de and cal ci um hydroxi de;

molé’éd‘l%'riwgﬁ/lﬁ'. bt Such! %é;&%,eﬁrﬁmar%rglfe%ibsraﬁ{gb is1.5<

guatern anmoni um s oron al um num

S1 ,thQ q%s such as lithium |

In step (1), not tess than 1 ton / hr of the aromatic polycarbonate
is produced; but because the phenol by-produced in the polymerization
reaction is discharged out of the system, the molten prepolymer must be
fed into the polymerization 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 diphenyl carbonate in step (Ill)

can be carried out without adding a catalyst, but may be carried out in
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al um num hydri de, sodi um borohydri de and
AO0501YPBR%AN | anmoni um  bor ohydri de; al kali netal and
al kaline earth nmetal hydrides such as 10 lithium
hydri de, sodi um hydri de and cal ci um hydri de; al kal
nmetal and al kaline earth netal al koxi des such as

[ ithium nmethoxide., .sodium. ethoxi de '
the prasridaBF S,RRLAIYst AR dhisl a4t e 1
aryl oxi des such_as |ithium phe OXLﬁ('j{e' s%cilum h
polymesization ratagnddiens apedippaquculailimi@tiensgn gygh a
NaO-Ar- ONa (wherein Ar represents an 15 aryl group);
catalystamwhight miayahe ank aseskinthe figld: in quegtion: akxamples of
salts such as lithiumacetate, calcium acetate and
the catdilyst hwindet atkati metat angbaticalineiearts metal hyd axides such
zinc acetate and zi nc phenoxi de; boron conpounds such

as liflsiub® it rexidls, sbdium iagd bxidedipotabsihehydraxidehahd calcium
borate, tributyl borate, triphenyl borate, and

i ¥ metal salt d quaternar
hydrBXS, AIRAPTIEE FEitd CABIRY BArit metal salts and qu Y

am@%ﬁ@%&gpg%oﬁpﬁ%@%ﬁhﬁﬁ%ﬁnﬁq{%ﬂj@?é WRIHERE IRhiuf?:

as above); on conpounds

such as silicon oxide odi u siki.cat .
aluriggim ydfids ¢ SediimRomivATide and tefiarethylgmmonium
- conpounds, and di phenyl - et hyl - et hoxysi | i con;. .gernmanji um
borafudsipiaaIkal mekal gndraikaiite Sarth astalhyatides such as
_tetrachl oride, germani um et hoxi de and ger mani um
lithipmehydride, sadiupy hydaids angcaaleium hydrides alkadi matal and
oxi des, dialkyltin 90 A0501 VP80/KAN car boxyl at es,
alkaline eadthamstat altkaxidesusdehias Wbhicim ahtxgxigeo igediom
aryl oxy groups are bonded to tin such as ethyltin

ethdxid & WK icdgcivan dneth @adet ialkalimpetadand sikalineeavitimetal
such as | ead oxide, |ead acetate, |ead carbonate,

aryl@ﬁ?é’s éﬁ@ﬂ &SI RRNAR D h ERGxIRACs Gt n? ‘Pl 6ideé, magnesium

al koxi des 5 and aryl oxi des; onium cornpounds such as

phefF i (ICTRY-F) 4 g QUAENBTIREANF Fepasents an
aryl %&ﬁg&ﬂgd kall Crﬁe?éc'l & iawgﬁngxégﬁhaﬁ%tgptoirggm’c %%ﬁi afts such
as lithium acetate, calcium acetate and sodium benzoate; zinc
compounds such as zinc oxide, zinc acetate and zinc phenoxide; boron
compounds such as boron oxide, boric acid, sodium boréte, trimethyl
borate, tributyl borate, triphenyl borate, and ammonium borates
represented by (R'R’R®R*)NB(R'R?R3R*) and phosphonium borates
represented by (R'RZR*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
20 '
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conpounds such as nanganese acetate, nanganese

A050%éﬂgﬂugﬁéland manganese borate; titani um conpounds
such as titanium oxide, and 10 titanium al koxi des and
titani um aryl oxi des; and zirconi um conpounds such as
zi rconium acetate, zirconium oxide, zirconium

| koxi des. and lLoxi A |
carb§i@pa IrAtetdie! K cEipoBRdsdn BTt Bkoxy aroups or

one such cat al yst e used, 0 .ol yukalj f
aryloxy: arquRs ﬂ{ﬁ&’%@dﬁg% fiR %lbﬁﬁtbi%?f'lﬁﬂ.t'?ﬁﬁ@"’fé‘\‘%ﬁb&ﬁbe
used of the catalyst is generally selecte frpan tat
organatigecompoundsiolend compoyags,sugh: as leedHxide, Ippd acetate,
10-9 to 10-1 % by wei ght, nDremEreferablyfromlo-6 .
lead toarb@nate; basieilgad, carbanaten and: leadand graanslead aikoxides
aromati ¢ di hydroxy conmpound. In the case of the nelt .
and BFfoXeGéss bhiwat ¢ompinds! sucheag quaternasy imnmonium salts,
catal yst used remains in 20 the product aromatic
quatBPﬁdﬁéPH nighf salfscanfaguaieradygrarsonliiecsalts; antimony
poly properties. It is thus preferable to reduce
ed nti ' t tat@s H nese
comﬁ@@ggg}#ﬁ‘g&? (L)é%t gnnﬂioﬁg%ﬁa{aaﬁg arﬂﬁnﬁh?{‘aé‘étdtﬁ. yhihga

- | ( € process o e present invention,
compgioB: #ich i mettudfhss Sodleter Tgfihaicne nbidnetedic

This is one of 25 .the characteristic feature .t he
mangRBSsm bprAtE 1B ILARGAMIROURGS SHahas g, Bxids s and
pol ycarbonate to be produced. 91 A0501 VP8Q KAN There
titanium atkoxides and titanimaardayides;: aed Zifeeniym gompounds
gui de-contacti ng downfl ow type pol yneri zation ]
suchapsaziatoniumacetade; zircomduth pride epirconiym alikoxides and
material is generally selected fromnetals such as
aryl6xided, eftd 2irdniunnaketylsicetbnehast el | oy, ni ckel ,
titanium chromium 5 and other alloys, highly
he%'ﬂ':“‘esbét&ﬁrﬁf G8Ing BUCH ARAEIALS ondJush cutalyst may be

Mor eover , e surface of the material may be subj ected

use%ﬁg?%amr iYinr | e Eé?ﬁgﬁmf%éﬁgéﬁﬁﬂr&‘o%lﬂaﬁ%n. The

ng, passiv eat ment,

amount used of the catalyst is ‘generaliy selected from a range of from
1071 to 1 % by weight, preferably from 10~° to 107" % by weight, more
preferably from 1078 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 pref_erable‘to reduce the amount used
of the catalyst as much as possible. According to the process of the
present invention, the polymerizatibn 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.
' 91
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aci d washi ng, or washing with phenol. Stainless steel,
A0S0 VIRBY/KAMI a glass lining are particularly

preferable. 10 In step (I111), when producing the

prepol yner, and during the polynerization in the

gui de- cont acti ng downfl ow type pol yneri zation

ratus of..
suatenq BaRTRE diniBtidry pBORE b%f%ﬂ %’”ﬁ
gaseous form a condensed intp .a d forma .
gwdmeniiaecemﬂ@amf?ﬂwt*rv&qapeiwriwgm. ét B Ci?é‘d“'ts
recycli g step &h of circulating the hen
usecbin steptld)i but thispmateripl jagenenally sa t'dpghfs'ﬁw metals such
carbonate production step (1) nust be carried out. In

as stainleskisteebl carbadustealn hastetsy, nickel ditanjus, [choomium,

the by-produced phenol or as nuch as possible thereof

and Wthér atliolyist Highly heatsrazisim! polyamericanaterials, nandaxkon.
and thus reusing this phenol is inportant. The 20

Morddvér, Qﬁ%@@rf@&%ne* thY TRAfSIISFfhdy bat Wbﬁdtbh ﬁ{‘dner of various

recover ed present 1 nventl on genera y con ai ns

e il | S t
frea%ﬁgﬁhsdh;%eﬁéé%s% »E%‘P%Ln 3 Hiefiy inifg: pRls¥iyatioh eatment,
car bonat e_pr.od c:tlon d
acid maﬁﬁw%aeﬁ %Pﬁ%ﬂ%ﬁﬁ&nr‘éﬁsé?%i il ang @
ompound or a trace am)LfJnt of 25 oligomer is contained
9|asﬁﬂlﬂ*ﬁ8 pee pastisylgmurelerables preferable to remve
this high boiling point material by further carry |n%
outinditepi (1 mhemerodecing thesorepmymemnand during the
circulating the phenol back into the diphenyl ‘
polynseripation iprtink guide-cardactinlg dbamfiewsypeTpelymenization
pol ycar bonat e produced by inplenenting the system of
appérﬁﬂuﬁf @s gel Qﬁﬁunm%ﬂ@é phe rigleley -proiducezbire skotredction is

fol |l owi ng f or mul a:
generally continuously withdrawn in a gaseous form, and condensed into
a liquid form and thus recovered. in the present invention, a phenol
recycling step (IV) of circulating the phenol by-produced in 'stép (H1) back
into the diphenyl carbonate production step (1) must be carried out. In
an industrial production process, recovering all of the by-produced
phenol or as much as possible thereof with as little loss as possible, and
circulating back and thus reusing this phenol is important. The
by-produced phenol by-produced in step (lll) and recovered in the
present in'vention generally contains some diphenyl carbonate but still
has high purity, and hence can be circulated back into the diphenyl
carbonate production step (I) and thus reused as is. In the case that a
small amount of aromatic dihydroxy compound or a trace amount of

oligomer is contained in the recovered phenol, it is preferable to remove

this high boiling point material by further carrying out distillation before
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-4, OCOAT 4-- wherein Ar is defined as before. A
A0S0 VP8QMAN | y preferabl e aromatic pol ycarbonate is one
containing not |ess than 85 nol % of the repeat unit
represented by following fornula 10 out of all the
repeat units; CH9 (Lo++ CE Moreover, termnal groups

. f..the aromati ol ycar bgnat I i
cireulagingritin Phg i B iaes it e R RS E5Tonblts rgguetion step
i nvention are generally hydroxy groups and | or
() fofnk@Hse.car bonat e groups (or 15 substituted pheny
carbonate groups). There are no particular limtations
on Titee aramatio polycathonateoppeduced e ipplemeanting dhe system
groups (or substituted phenyl carbonate groups), but
of thiehpreseni mventjencas hyrépeat unitgepresendeddsy Jotlowing
5:95, preferably from 90:10 to 10:90, nore preferably
formiyi@m 80: 20 to 20: 80. An aromatic 20 pol ycarbonate in
whi ch the proportion of phenyl carbonate groups (or
substituted phenyl carbonate groups) anong the
term na@ groups is not 93 A0501 VP80/KAN | ess than
60 nol %lli s particularly preferable. The aromatic

pol-yEdy gpniae gdoduced by inplenmenting the process
according to the present invention nmay have a main
chain thereof partially branched through foreign
wheteinkagés defiedascbeforeh | i nkages or ether |inkages.
The armount of such foreign |inkages is generally in a

r angy eaeficliy G rééérdisieZa rorhiticrpefyayarbonalte de éné antaining
1 nmol% nore preferably from0.05 to 0.5 nol % based
not 3¢ {iaf ¥ HEE of the repeat unit represented by following formula

out of all the repeat units;
0 CHs
Lo 0O
0 :
|
CHs
Moreover, terminal groups of the aromatic polycarbonate produced
by implementing the process according to the present invention are
generally hydroxy groups and / or phenyl carbonate groups (or

substituted phenyl carbonate groups).

There are no particular limitations on the ratio of hydroxy groups

to phenyl carbonate groups (or substituted phenyl carbonate groups), but

this ratio is generally in a range of from 95:5 to 5:95, preferably from
80:10 to 10:90, more preferably from 80:20 to 20:80. An aromatic
polycarbonate in which the proportion of phenyl carbonate groups (or
substituted phenyl carbonate groups) among the terminal groups is not

93



| i nkages. Such an anmount of foreign |linkages is
AOS03 VP8MMKAN or precision molding since the flow
characteristics during nelt nolding can be 10 i nproved
wi t hout ot her polynmer properties being worsened,
nol ding can be carried out even at a relatively | ow
t erat ur and a.nol ded i.cl havi ng excel | ent
less ﬁEgBoéﬁdneg%c'énpﬁa'?)w&EfYcBg.&él'%éﬁﬁbl di ng cycle can
al so be shortened, contributing to ener savi
Ui, aramais Bolica RNl RiSTLCRY B ipSRAThg the
produced by inplementing the 15 process accordipg to,
procese acearding tovthe ipseseat dnyeptipnamay hayei agualn £B8ain
it being possible to produce an aromatic pol ycar bonat e
thereofipairtiatiy traiched thioygpimfofeigrktinkagesasuehas ester
al kaline earth netal conpounds in terns of the
5 linkdfdflori sthRdralifkages he e anfount of Wuoh foreigndirkagey is
in arange of fromO0.005 to 0.5 ppm nore preferably
genér;aqg? ﬂhglréﬁ’??-o"f fPBM 000518 ZMn6RRS preférddly feoni 6N01 to 1
0 uch neta

ic elenents is not nore than | ppm

mo-l'%rgﬁ]%f%gréfgféebl&?rSn{ Beds Yo %Oﬁcg”%aecf%&f Irihe darbonate

advérse effe e properties

. of the arqmatic _pol ycarbonate pr . n -

link 8§ efms S AR AP 8F BB Ead St dn SUtaRIECtd précision
invention is of high quality. 25 .The aronati.c

moldiggy slasthe Sow sharagteristics dudng me't meldng canbe
according to the present invention is particularly

10 improveicwithgubatheopohoper pregeriias et warsgsedy melding can

aromati ¢ di hydroxy conpound and the di phenyl ‘ .

be caarieadheut exarhabat relativelyiloy terhpeoature, tand damsjded article
content generally being not nore than 10 ppb.

havifgcexdelent pdrierraneescanbe peodueednt Thevmoldiag, cycle can
even an aromati c pol ycarbonate having a hal ogen
cpat i , friy @hé YmBRing.

sictB8.8318he, int AL ) iy oA Burhy 4 maRing

_ _ can | pro nd hence a product
fr oeiEeals A K EE rB B e bR dhishehfing e

15 proc?ersoscgséséording to 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 préferably in a range of
from 0.005 to 0.5 ppm, more preferably from 0.01 to 0.1 ppm. In the

20 case that the content of such metallic elements is not more than 1 ppm,

| preferably nof more than 0.5 ppm, more preferably 0.1 ppm, there are no
adverse effects on the properties of the aromatic polycarbonate product,
and hence the aromatic polycarbonate produced through the present
invention is of high gquality.

25 The aromatic polycarbonate produced by implementing the

process according to the present invention is particularly preferably one
94
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according to the present invention, it is because the
A05Q§ﬂdeﬂﬂﬂﬁﬂNpolynerization apparatus is used that the
aromati c pol ycarbonate can be 10 produced stably for
a prolonged period of time with no variation in
nol ecul ar wei ght. Exanples Following is a nore

detaj | ed descriptiop of. th resent inventio o
prodiiced] YR ing Iie) abmabecdibydoRy SiBanhe Abihthe, Apteny!
not limted to the, follow pg Exanpl es.. Number
carbgpateeagh natsentaipinga Y‘Mﬂge%%MQF"v%“@trQ%Be'any
out by a gel perneation chromatography (GPC) nethod
beingshotymere thanrid ppn  Aocasding taibpprocesssof faatpresent
and the nunber average nol ecul ar wei ght (M) was
invedtioer, vl ars angmatio potydanb omatechauingvai balogen content of
calibration curve given by the follow ng formula

not Wdral fiRth Eﬁp'sﬁﬂ, o Gl préfaramtyirdtemyte thany $tppiepeanibis
= 0.3591 losss 25 wherein Moc represents the

: i ’ _
prodfieht il HENGE a Brod et ARSI ory PN 3Rt g kan B8 obtained.

VP8PL t eilSi |8 Ghl

ot g et (R e Faptess YHcrioBleiBY. thetih e process

thickness 3.2 mmtest pj.ece.was,continugusly nolded
accqrdifig ipethe.pgagent iy GliShn itk beaause e sHetTied

tenmperature of 290 C and a nmold 5 tenperature of 90 C.
polymerization apparatus igcusedithatdhe arematiypaiycarbonate can be

measured in accordance with the ClELAB nethod = =
produtedristablynfon atpnotangedaperiad of imewith @ ol vasiatiadr by

D agran), the yell owness being given by the b* val ue.
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 6btained using standard monodisperse
polystyrene;

Mpc = 0.3591 Mps'-088
wherein Mec represents the molecular weight of the aromatic

polycarbonate, and Mpg represents the molecuiar weight of the
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Tensil e el ongation: Using an injection nolding
AO50H¥RBAKANhe aromatic 10 pol ycar bonat e was
i njection-nolded at a cylinder tenperature of 290 C
and a nold tenperature of 90 C. The tensile el ongation
(%9 of the 3.2 mmthick test piece obtained was
I asured in accordance with ASTM D638. An anount of
polyp rgqﬁ1llnkages was neasured using the nethod 15
descri bed in W97/32916,. the alkali Ikallne
Colti; {4sig: an IDipcAR mAinGmariAcy RGH Rt 50
and t he hal ogen content was neasured u3|ng an
mm zhthiekness hRymmitest pierawas cpntz@uwtilvwwdeﬂ) fr@fm the
conti nuously produci ng di phenyl - carbonate <First
arorcaticipoiycarbohate stzaeydinser teanperattsewh28013C and a mold
continuous nulti-stage distillation columm as shown in

temféﬁtule g0 L1 Theddolocton®bfthelfestrpielce 6bfained was
nl =80, D1 / dl11 = 17, and D1 / d12 = 9 was

mea%%‘?éd |h”a&8bﬁdé:1¥é’érﬁh9h tﬁbeGﬁELAE’ﬁ':m (eBimaigsidh

cross-sectional area per hole of apprOX|nater 1.5 cn®

ot e BHRE | € ibEb 6 S1o TR TRyl oW being

Uous | I ti-stage distillation colum 201> A

gNEgoﬁytﬁgo sV V?1-stage distillation colum as shown in
FIG 2 havjn = 3100 .c D2 =500 c .

- Tepsije glongatign nising;an mlsc jon molding rg%hz@ez the 3 afomat'c

was used. In this Exanp as the internals, two set o

polysasbonete sax Iompttometdeetalatsa gytindes ttammatwéﬁeof 290 °C
installed in the upper portion, and sieve trays each

and mwniocld teropesaturecof 86atCar cehedensilecelomgation (%) of the 3.2
approximately 1.3 cnR and a nunber of hol es of

mmapRtloteseprice dbfaine® wae neeasered in duzdrdance with ASTM

portion.
DE&38.
- An amount of foreign linkages was measured using the method
described in WO97/32916, 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 multi-stage distillation column 101>

A continuous multi-stage distillation column as shown in FIG. 1
having Ly = 3300 cm, D, =500 cm, L1/ Dy =6.6, ny = 80, Dy /dqy; =17,
and Dy / dy2 = 9 was used. In this Example, sieve trays each having a
cross-sectional area per hole of approximately 1.5 cm? and a number of

holes of approximately 250 / m? were used as the internals.
96



A1

10

15

20

25

<Reactive distillation> 10 D phenyl carbonate was
AOSOPNRBAKAN)Y carrying out reactive distillation using

an apparatus in which the first continuous nulti-stage

distillation colum 101 and the second conti nuous

mul ti-stage distillation colum 201 were connected
toget her, as shown in

) FI G,.3,. /A, Start] ial |
<Seqalid sontinpoNs fultiatags sstyatRn sehifi 1 2
wei ght ratio of phenol / dinet hzl CqT bonate = 1.9, WﬁG 2
i nfr contipyousomu lticelaas, distillation salump As,shgwn g FiG.
rate of 50 ton / hr froman upper inlet 11 of the
havifigrlsi =100 emyD 181500 cragk, diBs A 6a2, ba <80uBe Ader = 3.85,
On the other hand, a starting rmaterial 2 containing
and O,"Edbyk tRrwzs asedd iphthisl Exampleciaghthe intesnals, two sets
di net hyl carbonate / phenol = 3.6 was 20 introduced
' ' RS §918tA) weid nstadledl irf tH6 upper
of Mtsg‘%bl/ﬂﬁ W%%F%ﬁ?gﬁgr inlet 12 1(’)f the first
ort B AN r g 'd 8k Brehole of
portigh 4 3iBySitials Bef hving d Elose. detutiial 4fa peihole of
the first ont $ nuO i -S | Ski ' 2
appra¥imaseltt i) A BondrerofiBies St 4P ithsely 250 / m
starting materials substantially did not contain 25
were asggeit the lewedPORPRtet ection Iinmit for the ion

chromat ography, i.e. not nore than 1 ppb). Pb(GOPh)2
<Reastiyecaistilladion®s i ntroduced fromthe 97 A0501

VP80/ KAN upper inlet 11 of the first continuous ]

mul Diptemy ecatibtrid teawiasnp radueed byl casiyingtouk reactive

concentration thereof in the reaction Iiquid would be
distifRRIo USH §lan apPapatas Reachicheths first cantionuous multi-stage

carried ou conti nuously under conditions of a

distfl bWimrA0Y _hfulia%b%@éna heoritingéus mattiistagesdistillation
|

mul'ti -stage di st ation colum 101 of 225 C, a
coniF1 Sut,cb gt toptift pBRofin FLE 3 and

SR g S Al TEbRIRY ot ) sprmgpate
a wéi%hat r%atlisoe%lfsphenoi / 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 ina 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 distiliaﬁon column 101 was dimethyl carbonate /
phenol = 1.35. The starting materials substantially did not contain

ha!ogens (outside the detection limit for the ion chromatography, i.e. not

more than 1 ppb). Pb(OPh), as a catalyst was introduced from the
97
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formfromthe top 13 of the first colum, was passed
A0S01 MRBA/KAN heat 10 exchanger 14, and was withdrawn at a

flowrate of 34 ton / hr froman outlet 16. On the

ot her hand, a first colum high boiling point reaction

m xture contai ni ng nmet hyl phenyl carbonate, dinethyl

.« QN I diph | b the. &
uppeifareh 18,0t e Eat ebRURPSPTREP SIS nistfipfighpfimn 101
fromthe bottom, 17 of the first col unn..lSAst;ixglee

suchsthadod @W%Hoat%fﬁe 'Bft}@r reaction iduidhwopld §

col um hi gh boiling point reaction m xture was thliIS

approkimately $68tppoousReaciive distilationwas gafgied ou
continuous nulti-stage distillation colum 201 at a i

contfrhmusugt@ndér ¢onditiohshof artemperatureiatthmbetiam of the first
inlet 21 installed between the Mellapak and the sieve

i-stayb ik afativrocbiimaeto1bf2025 *C, apressure at
°°“t%ﬁ¢?§ggébgﬁn III at iaotn colum 201 contained 18.2 %

the % amﬁgg%ﬁmﬁ@fhﬁ’h@hg@’hnﬂ% hapeberatid oF @. YAbfirst column

. enyl carbonate. Reactive distillation

was. carri.e . A S ] us
low Birid poif raRbiiBA pRIRECeTntlintlel medfiY, Sitethyl

of a tenpergture at the_bhottom of f;
carbangtes SHandl, a88. 80 98 Was eantmgousiitigriive in Fgeseous

and a reflux ratio of  0.3. It was possi bl to attain i
formsframn dhet tamiyl 3setithe disst golymnarwa Pﬁ?%‘f#@!" at_!,é"cbﬁ&

col uim 98 A0501 VP80/ KAN | ow bai | i ng, poi nt reactAo?
exchanger 44c andwaswitsimawy ata flaw sateiafedjon / hr from an

carbonate and 56 % by wei ght of phenol was

outléPNBi nUOnsihe vthérhawd, § fiost chlumophigh boiling paindreaction
colum, the flowrate at an outlet 26 being 55.6 ton

mixtur8'coMainih ¢ Arethy | gHeny dudoutel, idingtbiyhicarbeaatenphenol,
m xture 5 containi'ng 38.4 % by wei ght of nethyl phenyl

ot S e el 4R o o mnup v i
a NGB e BLORE o BRU T RO 2

Conl& Isr’gggﬂas 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 coiumn 201 at a
flow rate of 66 ton / hr from a starting material inlet 21 installed between
the Mellapak and the sieve trays. The liquid fed into the second
continuous multi-stage distillation column 201 contained 18.2 % by
weight of methyl phenyl carbonate and 0.8 % by weight of diphenyl
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under conditions of
a temperature at the bottom of the column of 210°C, a pressure at the

top of the column of 3x10* Pa, and a reflux ratio of 0.3. It was 'possible

to attain stable steady state operation after 24 hours. A second column
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multi-stage distillation colum 101 fromthe inlet 11.
AO050ANVRE0 me, the 10 amounts of fresh di methyl
- carbonate and phenol newy fed into the first
continuous multi-stage distillation columm 101 were
adjusted so as to mmintain the above conpositions and

low migmg ﬁp?rfkt, }Qé%?%@rﬁhqgrg?ﬁg{th@#igh gﬁnﬁh%?%é i stitt%i‘i”gir]methyl
a3 0, eSS ST S g

anount of di phenyl carbonate per hour was ?.74 ion. bei
fromTthe top @3 plithe segondealupsrthe Haw rata at @ outigt 26 being
the phenol reacted was 98% Prol onged continuous
55.60er Ahiroandes seworiddobumnuhigh bioiiag peishdeachien mikture
produced anounts of di phenyl carbonate per hour after
contdfhing038%!05 by Alighp of mettdf0phenyb cabbonateand 5808 % by
6000 "hours (eXcluding the di phenyl carbonate contai ned

weid A ity A e eIVl y, anc
bott§ 22 P4 YeLofiy LRl A% TRE Yeckia c¥ilinreitsh FBiiing point

' ence’'t he oper ati on was ver Yy
table. M h ' . d -
reackiginmixtucs wasPantiBaoiisly ThH infd shE AR CoRIRLORECD]
| b). 99 A0501 VP80/KAN . b St | f.o.o. ..
multhistagk; g tinaamaolum i BRdrom She gl 1. LAt shis time, the

boiling point material separating colum A> A . .
amounis iof reshndimethytl aarbeinate and ipherel nawlydedpin the first
FIG 4 having LA = 1700 cmand DA = 340 cm_and -
contianbng mvaltiatalgevdisthiliation solun ASfaweee adjusted sosas to
internals was used as the separating colum A

mairridiA#ey hbevebommipdsniohsyang ambunts B thecsiartingomsaterial 1
multi-stage distillation colum as shown in FIG .4

and the starting material 2, taking into consideration the composition and

amount of the second column low boiling' point reaction mixture. It was

found that the produced amount of diphenyl carbonate per hour was 5.74

ton. The selectivity for the diphenyl carbonate based on the phenol

 reacted was 98%.

Prolonged continuous operation was carried out under these
conditions. The produced amounts of diphenyl carbonate per hour after
500 hours, 2000 hours, 4000 hours, 5000 hours, and 6000 hours
(excluding the diphenyl carbonate rcontained 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 qperation was very stable. Moreover, the aromatic
carbonates produced substantially did not contain halogens (not more

than 1 ppb).
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.having LB = 2200 cmand Ds = 280 cm and having three
A0504a/R8 |lapak with nB, = 12, nB2 = 18, and nB3 = 5
installed therein as internals was 10 used as the
purifying columm B. Using an apparatus conprising the
hi gh boiling point material separating colum A and

the diphenyl carbanate purifyi I shown in
(2) Stee b OFﬁﬁtNrﬂﬂga'b'ph‘Hg“ﬁgi%f’ﬂ%@%ﬁ%gﬁoﬁaiéure from
. the second_ reactive distillati 00? col ymm obt ained in
<High bpiling paial makesid SRPARIRG COIYMhBroduced at 13.1
ton / hr into the separating colum A froman inlet
Al A cThtincolusimultitstage digtédationcqlumn assshawn i RIG. 4
206C and the colum top pressure (PA) was nade to be
haviR§00s Pa1700térm anddDats 840 coi,and AawingtMellapiadnwitisna = 30
carried out continuously with a reflux ratio of 0.6,

instad| &P tHEFe fn0Rs GATEINABIwaS Us e asCtHY separatingncohunavhk.
at 12.5 ton 20 / hr via a conduit 16, and a colum -

<D g B ol lrm top
ek FORtyidhR nilifRfits AElitionLomiMERs dhown G 4

a3 Lo BRELE 08 TSR M ol 1 o2l BF etapak

. the purifying colum B, disgtil I%tllgr{ was, carr.i Sd oult
withgeext rilduBby =il Bh aad: Bes FxOripstalled thegein,asnigmalgwas
conmponent (BT) was 100 A0501 VP80/ KAN conti nuously

usediashthenpurifying odemn Bar via a conduit 26, a col um
bottom conponent (BB) was continuously withdrawn at
0. 03singnah appsratus conmprisingsthe high bailing paint material
conmponent (Bss) was continuously withdrawn at 7.17

sepa ARG cblanih ACARYIthe3dipHerylecaarstet parifyiolg tolumn B as
conmpohents 24 hours after the system had becone

smogf L FISL 4, hELNH SRy k! PRcHdh by Mg econt
reactive distillation column obtained in step (I) above was continuously
introduced at 13.1 ton / hr into the separating column A from an inlet A1.
The column bottom temperature (Ta) was made to be 206°C and the
column top pressure (P,) was made to be 3800 Pa in the separating
column A, distillation was carried out continuously with a reflux ratio of
0.6, a column top component (A7) was continuously withdrawn at 12.5 ton
/ hr via a conduit 16, and a column bottom component (Ag) was
continuously withdrawn at 0.6 ton / hr via a conduit 11. The column top
component (A1) was continuously introduced as is into the purifying
column B from the inlet B1. The column bottom temperature (Tg) was
made to be 213°C and the column top pressure (Pp) was made to be

5000 Pa in the purifying column B, distillation was carried out

continuously with a reflux ratio of 1.5, a column top component (By) was
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phenyl carbonate (0.1 % by wei ght of di net hyl
AOSQIVYBBOAMAN 0.1 % by weight of anisole, 6.6 % by

wei ght of phenol), 33.8 % by weight of nethyl 10

phenyl -carbonate, 59.4 % by wei ght of diphenyl

carbonate AB: 41.0 % by wei ght of di phenyl carbonate,

59.0 9% by.wei ght 0 Lah il [ . er, ,
contiiiguslyryithdsann 3t.8 30mmon BrVia CBy b Rss A Eofumn pottom
a higher. boiling point than. di phenyl onat e .such as .
comppamt (Bsa\|we§mrtt,lnstfauﬁwOWét%fﬁ'ﬂé‘f@PtﬁﬁbﬂoﬁmZMo‘Q@ea conduit
and 15 1-p henoxycarbonyl - 2- phenoxycar boxy- phenyl ene
31, and 2 site wut\campemerdi (Bs)nwasygontinyeughewithdriawg @t 7.17
wei ght of anisole, 15.6 % by weight of phenol, 79.6 %
ton/hy vieiagbdndbitn®8hy! phenyl carbonate, 4.3 % by wei ght
of di phenyl carbonate BB: 95.0 % by wei ght of di phenyl
Cam%b?nﬁésﬂ_i&ﬁé’bf\@ﬁe%%nﬁoﬁémb 22 hdunis! after thersystem

mat er i al e content of each of phenyl salicylate,

[ h i d
had %ngﬁ?m@é@%?ﬂtab@m%%@%.' n the side cut

one nor e 1 ppm and the content of
s SRR VRTa R AL AT e 01 AE R iy et
pheBYbiainenate Barhoe bantveigatiof iRt catlaRate. Bul %
weigiooh RS QIe0 18c% by WRIGHtPER E@%Tﬁgf%ieé%m‘\%%‘?&ht of methyt

carbonate was 7.17 ton | hr. Pr ol onged conti nuous

pheoypkcathonatenss8# 4 &y weighheédiphesyl casharatens. The

anmount of di phenyl carbonate produced and the purity

Ag: 9a1@ % Ups warightl dfyd iphereyl gratbainate, 5800 Hbuby weight of high

~ hours; 4000 hours, 5 5000 hours, and 6000 hours. The
boiltHgd po hiéte@'!d?hﬁﬁlﬂdiﬁgf haratysthé@inpehdmt andsbyproducts

was - tenporarily stored in a nolten state in a storage

havﬁ-@”%-higher boiling point than diphenyl carbonate such as phenyl
salicylate, xanthone, phenyl methoxybenzoate and
1-phenoxycarbonyl-2-phenoxycarboxy-phenylene
Br: 0.25 % by weight of dimethyl carbonate, 0.25 % by weight of anisole,
15.6 % by weight of phenol, 79.6 % by weight of methyl phenyl carbonate,
4.3 % by weight of diphenyl carbonate |
Bg: 95.0 % by weight of diphenyl carbonate, 5.0 % by weight of hig-h
boiling point material

The content of each of phenyl salicylate, xanthone and phenyl
methoxybenzoate in the side cut component was not more than 1 ppm,
and the content of 1-phenoxycarbonyl-2-pﬁenoxycarboxy-phenylene was
4 ppm. Moreover, the halogen content was not more than 1 ppb. It

was thus found that the purity of the diphenyl carbonate obtained from

the side cut was not less than 99.999%. Moreover, the amount
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(3) Step (I11) of producing high-quality polycarbonate
A0S0 VIRBOKAN ol ycar bonat e production was carried out

using a 10 gui de-contacti ng downfl ow type

pol ymeri zati on apparatus as shown in FIG 6. The

material of the polynerization apparatus was all

stainless, steel. The I ri zation apparatus,h
produgRaf fais Hanrp Uy, HPRAY £arBasevER T i 98¢

portion, and was such that L = 1,000 cm,6 h = 9% m

D Prodanged epriinnous opeeationwas fareegsgubpin theise

polynmer 15 fed in froma feeding port 1 was .
conditisnsi buTkd amicuntrofydiphenyletdrbanate produeed angd the purity

guides 4. An inert gas feeding port 9 was provided in

weréisLpetantiallytumechahgeteaftet $0O hoars 0B080phoarsis4088dhours,
a vacuumvent 6 was provided in an upper portion.

5 500%&%{/&3\/\@?\@61}@@(55”9@_ the outside of the

I'ymerization apparatus, heating being carried out
usi . [ .
ot Mg i AR HERY L Chr i S BRAMARE o HA(E Y e
Mh =.4 000) produced fro [ enaql he
temiPﬁ"’gﬁf—'lb’uﬂqrédd'i'bﬁéﬂﬁ?‘e&ﬁ%ﬁaﬁggpﬁg’aﬁgg%?‘# “steps (1)
and (11) (nolar ratio  based on bisphenol A = 1.05)
(3) SUew bé!)dOéPf%B@%E"Q%Tﬂ# MUE?B’C[QE’BOE'S“Pm 0 a
feeding zone 3 fromthe feeding port 1 by a feed punp.
ThéAramaticrpelysasbpnate poedsetinn was carlisdspyt Pé§19 a
into a polynerization 102 A0501 VP801KAN reaction .
10 guidescentacting idewpélohotype polymerizaliontagparatus as shown in

pol ynmeri zati on apparatus, was subjected to

FIGPE! Y e aateriaMbf tite ipolyimarizetion 2 mpardtos wasoal stainless
The pol ynerization reaction zone 5 was held at 80 Pa

steey! afﬂ?g\gﬁgh'wﬂzmﬁ dbpataldsassd & eyRhdtical side casin% and a

pol ycar te entering the tapered bottom5 portion 1

tapetid! E‘g'& Rl BEbAP bbPfloAPBRIAIAS SUERthAR Ll 2VPI0GWE Oh = 900

was' cont i huousl'y awmn at a flow
o, 50, & 20 o, L1 o CRENSLS 8P T Moifon potymer
15 fed in from a feeding port 1 was distributed uniformly by a perforated
plate 2 to guides 4. An inert gas feeding port 9 was provided in é lower
portion of the polymerization apparatus, and a vacuum vent 6 was
provided in an upper portion. Theré was a jacket on the outside of the
polymerization apparatus, heating being carried out using a heating
20 medium.

An aromatic polycarbonate molten prepolymer (number average
molecular weight Mn = 4,000) produced from bisphenoi A and the
high-purity diphenyl carbonate produced in steps (I) and (i) (molar ratio
based on bisphenol A = 1.05) and held at 260°C was continuously fed

25 into a feeding zone 3 from the feeding port 1 by a feed pump. The

molten prepolymer, which was continuously fed into a polymerization
102




aromati ¢ pol ycarbonate residing in the bottom portion
A050124P constant. 10 The number average mol ecul ar
wei ght Mh of the aromatic pol ycarbonate w t hdrawn
froman outlet 12 after 50 hours from conmencenent of
operation was 10,500, and the aromatic pol ycarbonate

d | * = e . .
roacl 70 88% i RpohS0BcAR P2 LHHED U mckiagion apparatus.
was Sk RS WS ES ol hEs g Ul e buddes 4
~ 2,000 hours, 3,000 hours, 4,000 hours aﬂd 5,%8%
The polymerizaticn reastioncaenerS waghaldat 8RRa Madhe vacuum
10, 550, 10,500, 10,550, 10,500, 10,500, 10,550, and

ventlf., 5Grodexyeet aromatic polycarkanaiscenterngthe tangyned bottom
The aromati ¢ pol ycarbonate produced as. above had a

portiedNt ¢16f tHe pdlymidtidatiomtapparadus foomathellowerends of the
nmet al conmpounds of 0.04 to 0.05 ppm in ternms of the

 guidBB #aS RIS Ish@ithidiawan dta flowpratee of 16coin Hhr from a
not nore than 1 ppb (outside the detection limt).

dlscggggg\r%#q% 7 ?&) Qgpégﬂ%f@;ngo?%% @thﬁwqméﬂgg{bdr& &Pthe

recycling phenol A
n

henol sol ution,contai.ni n nQ%i Bt - 1.0¢
aroriafiRargcafbpBatarE- TRt R LBHAR folucdihds nearly

by- produced in step (111) 103 A0501 VP80/KAN i and
constaidvered in a liquid formwas continuously fed into a

phenol purifying colum (length 1500 .cm_inside .

di dhiee srurpber@averaga mplepulapwaight SM'&T thesarematic

out continuously with a tenperature at the bottom of
polycaeboolaterwithdi&wndrom ancoutiet 12 aftes 30 hasirs; iem

col um of 2000 Pa, 5 and a reflux ratio of 0.9. Phenol

a bt ot bt stk
had(d bood color tone (b* = 3.2). Moreover, the tensile elongation was
98%. The values of Mn for the aromatic polycarbonat-e 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 hdurs from commencement of
operation were 10,500, 10,550, 10,500, 10,550, 10,500, 10,500, 10,550,
and 10,500 respectively, and hence operation was stable.

The aromatic polycarbonate produced as above had a content of
alkali metal and / or alkaline earth metal compounds of 0.04 to 0.05 ppm
in terms of the metallic elements therein, and a chlorine content of not
more than 1 ppb (outside the detection limit). Moreover, the content of
foreign linkages was 0.12 to 0.15 mol%.

(4) Step (IV) of recycling phenol
A phenol solution containing approximately 10% of diphenyl

carbonate and a trace amount of bisphenol A by-produced in step (lil)
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Di phe a/@car bonate recovered froma side cut was fed
AO0SG1WBBOMAMi gh boiling point material separating

colum of step (Il1), and thus recovered in the form
of high-purity Bi phenyl carbonate. 10 Exanple 2: (1)
Step (1) of continuously producing di phenyl car bonat e

e T
ouriA8 b e D SIS A B, AL SiRbe).

di net hyl carbonate = 1.1 was |ntroduced contlnugaﬁhy

Distillation was argeh eut gontioyausly with & temperature e bottom
the upper inlet 11 of the first continuous

of theutblumnagk 185stC) bapiessure atrbhedop dhthe golemmepf 2000 Pa,
hand, a starting material 2 containing dinethyl

and eafémuRirationsf 800 ph@HEno Nrecowemsd fromitheofopliofihbytolumn
car bonate / phenol 3.9 was introduced continuously

wasitﬁgi’?&n%ﬁﬂ?ﬁﬁd‘reﬂ%aé tank! @d @ﬁén%c‘%lé@mdcmtntof 3¢:10] (I.)

ower et 12 of the first continuous nulti-stage

. [ r 0

Dlph(%nyl #%@dﬁ%}er% AL ntro ceds;@% Fut \ﬁé‘s(ﬁeﬁ intb e high
.cont i nyous , mul st age. dj t

boilignae Yl masstal s5p r%?wgpﬁéhhhﬂ SE8ES (et At recovered
materi al s substanti h B ciont ai n hal ogens

in theofpn f high-gurdy diphe ’Wllnqa" GN&ife i on
chr omat ogr aphy, 104 A0501 VP80/KAN i.e. not nore than
I ppb). Pb(OPh)2 as a catal yst was introduced from
the upper inlet 11 of the first continuous nulti-stage

Exaipdei2l ati on colum 101 such that a concentration
thereof in the reaction liquid would be approximtely

(1) Sfd PRdf Beatinucristy Prodiudingdiphenyircarbdnate 5

continuously under conditions of a tenperature at the
3°t$eﬁbﬁﬁf_et@i%tif11art§$n v@é&‘bh?ﬂéﬂsoﬁvhhHe‘itthﬁefoHowmg conditions
i st

[lation columm 101 of 235C, a pressure at t he

using the same apparatus as in Example 1.

A starting material 1 containing phenol and dimethyl carbonate in
a weight ratio of phenol / dimethyl carbonate = 1.1 was introduced
éontinuousiy. in a liquid form at a flow rate of 40 ton / hr from the upper
inlet 11 of the first continuous muiti-stage distillation column 101. On
the other hand, a starting material 2 containing dimethyl carbonate and
phenol in a weight ratio of dimethyl carbonate / phenol = 3.9 was
introduced contin_uously in a gaseous form at a flow rate of 43 ton / hr
from the lower inlet 12 of the first continuous muliti-stage distillation
column 101. The molar ratio for the starting materials introduced into
the first continuous muiti-stage distillation column 101 was dimethyl

carbonate / phenol = 1.87. The starting materials substantially did not

contain halogens (outside the detection limit for the ion chromatography,
104
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top of the colum of 9x105 Pa and a reflux ratio of O.
A050A YP8OAKAMN| um | ow boiling point reaction mxture
cont ai ni ng net hanol, dinethyl carbonate, phenol and
so on was continuously withdrawn in a gaseous form
fromthe 10 top 13 of the first columm, was passed

t hrough the heat k exchgn 4 and s wWih

L. NOLUaTE i JaBPbEn PP himasr catena was IpfHfed from
other_hand, a first columm high boili ng goi,ntt, ‘r action

the upreuinletbhofithedirstaontinyaus multiaidgs aistilatian,golumn
car bonate, phenol, diphenyl carbonate, the catalyst

101 suchsthatra wancentratiooutheresif indhewreactian liquidgwpyld be
formfromthe bottom 17 of the first colum. A stable

approbémditeh) 260 ppm.at Reactivedistilidtiohowas. caitreed iowdt
columm high boiling point reaction m xture was thus

contﬁﬁ\f@uéﬁduﬁﬂéﬂd&iﬁiﬁbﬁs 8f al terhpepatute actiw@bottom of the first
conti ndous multi-stage distillation columm 201 at a

con( 4418 3hE 4 oshaly BB 1P 238-C pprabaure at the
top Sb 8 AU T A0 ahs FBHRA i DI S8 st cotumn tow

QR A e T T e T

distillation was carried out continuously in the

pheretand somn wasisoptinuouslyjuithAsawn i 2 gAsYPUs fosey from the
under conditions of 25 a tenperature at the bottom of

top 1BeofcthafinsbtohnBa, wappessed through thedpeat exgbanger 14,
col um of 2x104 Pa, and a reflux ratio of 0.5. It was

and wasiwitedrdRh #O2Flow\2R81683 toh 1 hr fromi thespaltlet 16. On
steady state operation after 24 hours. A second col um

A ' L ' eabtioAusiRiur
the m%ﬂhhu,% RPN Eo ARG hrzzgm BloXiing HoIns readti e

rawn fromthe top of the second colum, and a
L e L G
diphcs’edfﬂqidqﬁﬁ' o {fe&*p\ﬁﬁ#%ﬁyg{ afldPis o wHY RBRAhGI0Ty 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 40 ton / hr from the starting material inlet 21 installed
between the Mellapak and the sieve trays. The liquid fed into the
second continuous multi-stage distillation column 201 contained 20.7 %
by weight of methyl phenyl carbonate and 1.0 % by weight of dipheny!
carbonate. Reactive distillation was carried out continuously in the
second continuous multi-stage distillation column 201 under conditions of
a temperature at the bottom of the column of 205°C, a pressure at the

top of the column of 2x10* Pa, and a reflux ratio of 0.5. It was possible
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fromthe bottom 27 of the second colum. The second
A050dVRB&YKANY boili ng point reaction mxture was

continuously fed into the first continuous
mul ti-stage distillation colum 101 fromthe inlet 11.
At this tinme, the amounts of fresh di nmethyl carbonate

and phenol ne fed into 10 the fi.r cont i
to atfain FaRigiandy stath PBRTEBPDA 20 24,apEPLy; A BHGopg column
as to maintain the above conpositions and ajounts ?f
low boiding poinheactionrmixture Mas¢rRNUAEAHEIY %ﬁ\'ﬂ? pom the
taking into consideration the conposition and anount
top 23 dffthessecoddocdlumn| andoaisecangsiohumrehigh doiling point
- mxture. It was found that the produced anount of

reactioPaTIXtureatbataining 136 .2c% byuveighst ¢f btethyl plienyl| carbonate
selectivity for the di phenyl carbonate based on the

and BOC8, Ef%%ﬂ@sd&ﬁ%nﬁf%me@w suAtinuoRSIVWiohdrawn

was carried under these conditions. The produced
ronf Bt IR0 aREEARGuRE, 1 i ity o

- 4.Q4 20 [ .
woilipgy et o Rubiles WAEEPYFnERIeSl P, the B

97% and 97% resp

C [ ctively, and hen he er.at i,0n, Wwa .
contingus dnuBi-stags astwiatdr colimini b tramIRG Bl 1" At this
produced substantially did not contain hal O(n;eps mot .
timendhe amauntspphfreshogireety) ¢anbagiatgpandphgnol newly fed into
hi gh-purity di phenyl carbonate 25 This was carried out

the fisstngontinusasermuiticstagendistillatiangadumn 103) werepadjusted so
(1'11) of producing high-quality polycarbonate 106

as t6Gh8intdAe GhAkb bsé brmbositions mrd mmoants of thppstasting

as in Exanple 1, an aromatic pol ycarbonate nolten

TYile] r I rintd&ighygidipation th
matgfighd) ¥B/tHe SEnHARIRIT RihgIntoRidHisidbRation the

comfiGhHFN, a8 FHBELT o P SEEon8, S0 (ph BoMdy boint reaction
mixtiral ' TWSs Yol {HEt%ne Bro8Gdb%mAtntdf GiPREMA carbonate
per hour was 4.03 fon. The selectivity for the diphenyl carbonate based
on the phenol reacted was 97%.

Prolonged continuous operation was carried out under these
conditions. The produced amounts of diphenyl carbonate per hour after
500 hours, 1000 hours, and 2000 hours were 4.03 ton, 4.03 ton, and 4.04
ton respectively, and the selectivities based on the reacted phenol were
97%, 97%, and 97% respectively, and hence the operation was very
stable. Moreover, the aromatic carbonates produced substantially did
not contain halogens (not more than 1 ppb).

(2) Step (l1) of obtaining high-purity diphenyl carbonate
This was carried out using the same process as in Example 1.

(3) Step (l11) of producing high-quality polycarbonéte
106
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feeding port 1 by the feed punp. Polynerization was
AQS0tMRB#MADUt to produce an aromatic pol ycarbonate

using the sanme process as in Exanple 1, except that

the pressure in the polynerization reaction zone 5

was held at 100 Pa. The values of M1 for the aromatic

pol ycarbonate 10 dj scharged from.a_di schar

P Ubnadhacaame pobmenration apratatls B (DEA3NblE 4. an

2,000 hours, 3,000 hours, 4,000 hours, and 5,000.ho%rs
aromiatisrpolysahanate: msiterp dreppiymes (Bumbep averggg molecular

7,650, 7,600, 7,650, 7,650, 7,600, and 7,600 )
weightdbect ByB09) producedctroopdisphenohdsapdatiiechighpurity

aromati ¢ pol ycarbonate produced as above had a content
diphéhyl darrdkate predatednith steps ¢l)kand (dl)eanolarnmtio based on

.conmpounds of 0.03 to 0.04 ppm in terns of the

bispREh&! Al £ ﬁbSZ‘W£§ ddiftiMidus RNEe it fié Heediiy @oneoB from the
not e than

nor 1 ppb (outside the detection limt).
roealfL BRI of 1iochB Phogh,, G bORIE Gy g urce
prodiE 45 arpriatl nelicatoani HbindRE S in® pidortd ™,
Exargggha:ql}gcégtl 4%?%?@35_&'@?@@593?@%@%@:5@% reaction zone

cross-sectional area per hole of each of the sieve
5 wasr bgld ab %0 Psscofbe valwasobMn for thesargypatic polycarbonate
distillation colum 201 was nmade to be 107 A0501
dischPRfskAtdmda dipphargesartyl 2 aftamB80 hourtsart@Gdours, 500 hours,
material | containing phenol and di nmethyl carbonate in

1,000 NELE2 00 BiodirsP3e000 Howis1e4 00 haursnand 5,000 hours
was introduced continuously inaliquid format a

from| gamfuﬁéheeﬂ{eﬁ@o? Qbdraltior] Waitel PBOWPPI660] 7|6501¥,600, 7,650,
the first continuous nulti-stage di stiflation colum
7,656917,696, and 7,800 respectively, and hence operation was stable.
The aromatic polycarbonate produced as above had a content of
alkali metal and / or alkaline earth metal compounds of 0.03 to 0.04 ppm
in terms of the metallic elements therein, and a chlorine content of not

more than 1 ppb (outside the detection limit). Moreover, the content of

foreign linkages was 0.08 to 0.1 mol%.

| (4) Step (1V) of recycling phenol

This was carried out using the same process as in Exampie 1.

Exampie 3:

- Reactive distillation was carried out under the following conditions
using the same apparatus as in Example 1 except that the
cross-sectional area per hole of each of the sieve trays in the second

continuous multi-stage distillation column 201 was made to be
107



t he other hand, a starting material 2 containing

AO504iVRR8OAMAN ar bonat e and phenol in a weight ratio of
di met hyl carbonate / phenol = 3.5 was introduced
continuously in a gaseous format a flowrate of 90
ton / hr fromthe lower inlet 12 of the first

' cont i nu&qoéml tj3-stage distillation 10 columm 101. The
apprR¥imately ' B LM -t he starting materials introduced into

the first continuous nultj-sta distil] gtion col .
108 stasting-matpnalchamtaining Bhenst and; di8thgCesMonate in
starting materials substantially did not contain
a weighbtgatio ¢bpheinad /idimetdyd aarbenateit 1. §rwagdntigduced
chromat ography, i.e. not nore than 1 ppb). Pb(CPh)2
conthfudusht i rsliquiisfonm ratca Eliv frabencf586 enupbefram|tée upper
11 of the first continuous nulti-stage distillation

inletcf WMhelflistSe6htihbausamuttiostaigetistillation adiumm tilfd.  On
reaction liquid would be approxinmately 150 ppm

the hﬁﬁddiééiér’tﬁg R tedfal R omdifing divesttiyllsaionhate and

under conditions a tenperature at the bottom of the
first ¢ ' 4= | Sidilsl Ak (o]

pherie! 5% g R8IB{ RS, oF imefiytdprtidie' FRheRof & 33 was

_ 8x105,Pa and a reflux ratio of. O L Lu

intragigad FomIHOV Y 3 8dRedus dobmeh e figly fllendhgon / br

di met hyl carbonate phenol and so on %o\gr}tipnuﬁ(i@s{.g

fromithedewes inteta13ekthe first poptinaus multi;stage digtiflation
first colum, was passed through the heat exchanger .

colutdn 10thd The malagratio tor the sga\rtrrw enateriglsigiyeguced into
fromthe outlet 16. On the 25 other hand, a first

the fistuoontingio usoi lltigstagendistéiationrcolummrid twasadimeghy!

nmet hyl  phenyl carbonate, dinethyl carbonate, phenol,

cardiARY bheddianat 44, 0ve ARaAInyMRatdvibld bebstantighy did not
and so on was continuously withdrawn in a liquid form

n
conld g 448 e et faine'st shkamatosraphy
. FRUBLEBAT RS, PPEOPIRE RoRQ Sttt Staced from
the El%%teirnllrj\?gtsﬂu c|>fI iﬁes%i?gte cgin |tniu|c:|i.:‘r’lst %qutigg{aug@ d%&hlgfioﬁ column
101 such that a concentration thereof in the reaction liquid would be
approximately 150 ppm. Reactive distillatioh was carried out
continuously under conditions of a temperatdre at the bottom of the first
continuous multi-stage distiliation column 101 of 220°C, a pressure at the
top of the column of 8x10° Pa and a reflux ratio of 0. A first column low
boiling point reaction mixture containing methanol, dimethyi carbonate,
phenol and so on was continuously withdrawn in a gaseous form from the
top 13 of the first column, waé passed through the heat exchanger 14,
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,
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flowrate of 94 ton / hr fromthe starting nmateri al
AD501NVEBOMKANNSt al | ed between the Mellapak and the ‘sieve

trays. The liquid fed into the second conti nuous

mul ti-stage distillation colum 201 contained 16.0 %

by wei ght of nmethyl phenyl carbonate and 0.5 % by

wei ght, of .di phenyl 10 carbonat.e. ctive. distil.ati

the Gataliat ANSE® AN Wan cAOLRLIGUATY witBarawscina gyt tArR from
mul ti-stage distillation colum 201 under. conditions

the bettogm ek the first SOl .bot t om of the col umm of 215C,
a pressure at the top of the colum of 2.5x104 _Pa,
and staklel steady state wastattainedaften24i hours.o dthefifst
stabl e steady state operation after 24 hours. A second

colufrn tghviling point reaqtiommix¢ars was thus thenvwfed continuously
: continuously withdrawn fromthe top 23 of the second

as i€ MtyTthe 3déond B6ANIALNAIS UI-stadw distilationi column 201 at a
reaction m xture containing 35:5 % by wei ght of nethyl

flow%?gyéf ?EQUFIOPF}F ?ré\ﬂdt@isﬁa%iﬂq Sl Hefi2RhRRthlIed
car bonat e VoW

Wwas contl nuous hdrawn from the bottom

7. 0of | . ond -
vetul b sTRBYK 2R 60 s o ARG THS At Tob b the
secail gantnmoys Shfiratags lisullatign ShfEn2G1 corfaiféa 16.0
amounts of fresh dinet hgl carbonat e_and phenol neV\A?/
by waightiofimethyl phesy! casbpnate and0: 5 -%; by weight of diphenyl
distillation colum 101 were adjusted so as to )
carbegiateai nRehetixeodisti ation iwas carded aubcontirdafously in the
starting 25 material 1 and the starting material 2,

secdrd iothtimious meltiletage aistiliatioroophanni 201 amdenconditions of
of the second columm | ow boiling point reaction 109

a teﬁ{b'ié}%tﬂﬂg(yé%@ Bbitow &f thie ¥8RirhAled28BagC, tdﬂp;gégawed the

amount of di phenyl carbonate per hour was 7 t on.

op ARG % S SR PiNELE B 0o

pos 16 . LR bER B RpedEPR AL T PoRfE; A secona
colu%ﬁ%w boiling point reaction mixture was continuously withdrawn
from the top 23 of the second column, and a second column high boiling
point reaction mixture containing 35.5 % by weight of methyl phenyl
carbonate and 59.5 % by weight of diphenyl carbonate was continuously
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 dimethyl carbonate and phehol newly fed
into the first continuous muiti-stage distillation column 101 were adjusted
so as to maintain the above compositions and amounts of the starting |

material 1 and the starting material 2, taking into consideration the

composition and amount of the second column low boiling point reaction
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500 hours, 1000 hours, and 2000 hours were 7.28 ton,

A0501 YB8P#ANand 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. Mreover, the aromatic carbonates

.produged. substaptially did 10 net contai al.ogens
mixtBEET 6 ke FERAY thik the( Do dedd arBUb ' AIBHEAY] barbonate
i gh-purity. di phen car bonate Thi s carrjed out
per fofinyiang' $8Hen of becsal ot darpte diphonyl Secionate based
~ (111) of producing high-quality polycarbonate Aromatic
on t%@lﬁt@?%bm@e&WQg&h was carried out using a 15
"~ polynerization apparatus in which two gui de-contacting
doRrdiongéedpeoniinupusr o patatoon apas carokess oat widemthese
FIG 6 were arranged in series. The material of each

conditiohize PPhenFrddiied ameoatfiofitiphenyl darbshate!psishour after
steel. The first guide-contacting downfl ow type

500 gn‘re]ié»fg?ﬁiow hg@.répaaaazaeowu?s %@ﬂrzs%gﬁgdzs%w, %ﬁw 7.29

a’ tapered conical bottom 20 portion, was suc
ton [E¥iagtively r g spicetyis Bszsd An(fls fodetell phat were
o ARNREY, h I ' el
08%; Mo st 989 reapeciieiE ahdhdted TRel E85tallan was ary

stanll' Hofb ol iBeioate sotrtion resusedasbedntal did
hi gh-purity di phenyl carbonate produced in steps (I)

not egrtain halogsans (net morevthan loppb)sphenol A = 1. 06)
was continuously fed into the feeding zone 110 A0501

(2) StepOo(IKANF abtaidingnhidte plurityi dig heoytl carblontate fir st
pol ymeri zati on apparatus by the feed punp. The nolten

pr amibywas, cartied olAugingt thasame prodesstas iMExample 1.
pol ynmeri zation reaction zone via the perforated plate

(3) S PEQuehRL MBS (G p PR BEHate o

Aromatic polycarbonate production was carried out using a

polymerization apparatus in which two guide-contacting downflow type
polymerization apparatuses as shown in FIG. 6 were arranged in series.
The material of each of the polymerization app.aratuses was all stainless
steel. The first guide-contacting downflow type polymerizatioh
apparatus had a cylindrical side casing and a tapered conical bottom
portion, and was such that L =950 cm, h=850cm, D =400 cm, d = 20
cm, C = 150°, and S = 750 m>. The second polymerization apparatus
was the same as the polymerization apparatus used in Example 1.

An aromatic polycarbonate molten prepolymer (number average
molecular weight Mn = 2,500) produced from bisphenol A and the
high-purity diphenyl carbonate produced in steps (1) and (ll) (molar ratio

based on bisphenol A = 1.06) was continuously fed into the feeding zone
110



down al ong the guides 4. The pol ynerization reaction
A050]vies Me first pol yneri zati on apparatus was hel d
at a pressure of 800 Pa via the vacuumvent 6.
Aromati ¢ pol ycarbonate nolten prepol yner of increased
pol yneri zati on degree (nunber average nol ecul ar wei ght

> o PRI 30 AP BEER PR oo
[ 4 i W
pumb Pl 5tk BB S, W SRRty SRR e

punp 8 such that the apount of .the aromgtic. .
polymarjzatienreastian Zeneny et Rarforateddpiaje; % inibe first
bottom porti on was nearly constant. This nolten ] .
polymenizationrapparatus: iwas subjectad tarplymenzatipngvhigflowing
3 fromthe feeding 15 port 1 of the second )
downdipng tiregutdesphar Thespbjymefizadigruneactioe zometafrthe first
prepolynmer, which was continuously fed into the

polyR&N#BfibAdp ParatitowaisoRe kPR & preddrepef BORPaIvid the
2 in the second polynerization apparatus, was

vac@ﬁ@j \‘Féﬁfagégoﬁ%ﬁ?ﬁggﬁyéﬂﬁo‘ﬂatb%ﬁt@ﬂ peepomat 1:QJi‘thIRgreased

gul e meri zatl on reaction zone o

polyFFEAZEER FSLHFR PSS a90RRGE riol8E R iy fin - 5,500

entesisid the tabesta,nattom Besip y i e pERTERZRIIA L Bpparatus
the | ower ends of the guides 4 was continuoysl

fromithedews ends of the gdides waﬁofipmt"ﬂuoﬂﬁg\fnw'mfawn ata

di scharge port 7 by the discharging punp 8 such that
constantfiwamateffrom the discharge psit ychydbeadischargingpump 8
in the bottomportion was nearly constant. 111 A0501
sucVPRat hel armolimt ofulhiee aramatig p oiyd et reateveriodtenvprepolymer
the aromatic polycarbonate withdrawn fromthe outl et

residthdin the S6RBRT peetivABWhsaiéarly custantus FHisemaiten
hours from comencenent of operation was 11, 500,
prepolymer was continuously fed into the feeding zone 3 from the feeding
port 1 of the s.econd polymerization apparatus by a feed pump. The
molten prepolymer, which was continuously fed into the polymerization
reaction zone via the perforated plate 2 in the second polymerization
apparatus, was subjected to polymerization while flowing down along the
guides 4. The polymerization reaction zone of the second
polymerization apparatus was held at a pressure of 50 Pa via the vacuum
vent 6. Produced aromatic pqucarbonéte entering the tapered bottom
pb_rtion 11 of the second polymerization apparatus from the lower ends of
the guides 4 was continuously withdrawn at a flow 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.
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and the aromati c pol ycarbonate had a good col or tone
A0SQIbYPBOKAN. 5 Moreover, the tensile elongation was

99% The values of Mh for the aromatic polycarbonate
wi thdrawn fromthe outlet 12 after 60 hours, 100
hours, 500 hours, 1,000 hours, 2,000 hours, 3,000

o7 i iR R RidiSae 8oy RiIOuBTaNE yir 87 1R BRIRER

11,500, 11,500, 11,550, .and 11,5 respectivel nd_ . _..
polycarhengte yithdtawn fram taqiletrhd of mepcond polYierization
pol ycar bonat e produced as above had a content, of
appaiatusi after 50 hours feomacammencemant atoperaliopowass11.500,
of 0.03 to 0.05 ppm in terns of the netallic el enents
and therariomatictpalycarbonate dad angootl color tomwee(hhand |2).
ppb (outside the detection [imt). Mreover, the

Mor&8vkeNthePtendite flbagation Wexoeo%Was Thel valwed ofMnoldrbthe
(4) Step (1V) of recycling phenol This was carried out

) . | .
arorﬂégfi?%%l&%la?tﬁ;gﬁggé ﬁfﬁﬁggé\gn'ﬁoﬁi(% dutiet 12rakst & nh'aurs, 100

een di scovered that, whe

. h . : .
nouf 0 e, 3. DR b bfs., PO HFARSEFOD0BLIE £\ Hours.
' | ti th dj tQ..th
and DU Fahrah B eaEe M 8 BRevarbhcuBrE 0, 11,50
1180 PR 1 BORTS Bol A6BIG 458 3B a5 ane
purifying the di phenyl carbonate by using a high
henteidpenatiqgppiwas séakla.al separating colum A and a
di phenyl carbonate purifying 112 A0501 VP80/ KAN

col Thve &omaticipolycarbosate iproddced astabeve diagh at gontent of
obtain a high-purity diphenyl carbonate fromthe

alkali RTEtBY larcpy Berdkaline! éathsmutateenpoandsdusi 0@3uo 0.05 ppm
aromati c pol ycarbonate by using a guide-contacting

in tél‘?ﬂ‘é‘fdf.ct\f‘{gt R aRfe bﬁ@ﬁeﬁﬁ&itﬁ%réﬁﬂ%ﬁ&%chwﬁﬁé @ontent of not
specified structure from

more than 1 ppb (outside the detection limit). Moreover, the content of
foreign linkages was 0.11 to 0.16 mol%.

(4) Step (1V) of recycling phenol

This was carried out using the same process as in Example 1.

Industrial Applicability |

It has been discovered that, when producing the aromatic
polycarbonate from the dialkyl carbonaté and the aromatic dihydroxy
compound, by implementin'g the process according to the present
invention which comprises the steps of: (I) producing a diphenyl
carbonate using two reactive‘distillation columns each having a specified
structure; (l) purifying the diphenyl carbonate by using a high boiling

point material separating column A and a diphenyl carbonate purifying
112
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15

5 a nmplten prepol yner obtained froman aromatic
Aosodimﬁ‘P’Wconpound and the high-purity diphenyl
carbonate; and (1V) recycling by-produced phenol into
the step (1)"a high-quality high-performance aromatic
pol ycar bonat e havi ng excel | ent mechani cal properties

andno_cpl [ n [ IShrA &b nigri
coluGRE AR BNl Srgllres BiRARE sB'a8 Tg §8teih'a High-purity
. . polynerjzation ratg. Noreove it has bgen di
diphBpyl Tarbangks dram (e STRRAUVcaEPoRaTHofLY & UNTEIRE
produced stably for a prolonged period of tine, of.
produsingammaremafic IP&!!C.@M@WSY%%PQ, a gyidesFapt3cting
| ess than 3000 hours, nore preferably not |ess than
downflow type polymerization appaiatusdnaving el specified strygture from
The present invention 15 thus provides a process that
a maltéh prepotynr ebtainbticrdbm an aromadicsditiydroxy comgpound and
for the production of a high-quality aromatic

the ﬁfdﬁﬁ%@?rh@%?ﬁen%%a%%t&?%@/&ﬁw) tedyeNnPbyVprodaced
1. in ys.rlal process for the production pf a
pheﬁ‘épfﬁtglﬂé E}’% I)g,ré?ﬁi’%ﬁﬁtf@itﬁﬁfd?ﬂg@ffoﬂnﬁ‘aﬂeé droMiatic

afonat’i ¢ po r‘bona ti"nudusly produced from
polyggﬁfaghlﬁ@ !fﬁfgggrﬁt‘:%lzg@to%ﬁ#’@ta{i bro 'te'e?ﬁg.%%r?(d n9 Foloration
can Bropres AFRYI Ok AL ErR A Iprshapt 1854 thln Y th Y RPat 2

material, continuously 10 feeding the startin
fast palymerization rate; rsrﬂoe@qvew&lr@s]}epﬁn Qtsa‘gé'egred that a

distillation colum in which a honbgeneous cat al yst

highi-quplity atomatic pdlygachonataacanobe prediugiesd stably; éﬂ a
si mul taneously in said first columm, continuously

prolhgledr period of timeétof¢ fbrexanopleonot ilegs fthant208@diowrs,
m Xture containing a produced al cohol from an upper

prefefabiyyRoflleggithahi 360000 WAE) mbré mreTerably not less than 5000
hours, with little variation in molecular weight. The present invention

thus provides a process that achieves excellent effects as an industrial

process for the production of a high-quality aromatic polycarbonate.

113



10

15

20

25

15 form.  continuously wthdraw ng a first colum high

A0503.¥P8 int reaction mxture containing a produced
al kyl phenyl carbonate froma |lower portion of said
first colum in a liquid form continuously feeding
said first colum high boiling point reaction mxture
into a second conti nuous mlusst age distillation
colum in vihich a catal ys? S present, carrying out 20
reaction and distillation sinultaneously in said

We claidig colurm, continuously withdrawing a second
columm | ow-boi ling point reaction mxture containing
a produced di al kyl carbonate from an upper portion of

saiqd secqW ifQLSTAal Procdds #6H $hé Produxtivn bfabigh-quality
wi thdrawing a second col um hi gh boiling point

aror@%ﬁggﬂnéa’l gg}‘_BBHE?e R %ﬁicgforﬁtﬂ. é‘rdlﬁ?%cﬁgty%irﬂb%%%

Froma | ower ion of sald 'second col umm

Lnoa liqui for i N eeding.t nd

contifly s BroaubeRTiofh 8 fiahy aH Al BHY W rorate
.. reaction m xture, containi ng t he .dj al lg%/l ctarbon,te into

dihydraxy campeynd, theurrocrss rcompyaing the | StePPR col um:

(11) purifying the di phenyl carbonate by continuqusly

i nt{ beoatingiousiy pregueingA aﬂmhﬁnyhcaabznﬁbe bd. ﬁi%ng the

reaction mxture containing the 5 di phenyl carbonate
dialkyit carbdnate aod a pherwinas mastanting septariali sgndinuously

A, and continuously carrying out separation by )
feedihgttihd starting Materiaidhtoma fiest contipaoerst millti-stage distillation

contai ni ng the diphenyl carbonate and a colum bottom

coluhPAMAGRIcH B KORGHeNeGus Ratapist! isSpresunt, icarrying out reaction

continuously introducing said colum top conponent AT

and dikf g%ti@f@%%ﬁ}tgﬁ%w&m it Gl Ao IEmh N TBoABnBdIANY O

e cu and” cont1 nuously carrying ou
withazg%%tgi Y gpgﬁﬁoﬂg@ﬁ{c H@%ﬁﬂpb%&n&We@%&@W%@% gontaining a
pro L?cggglgoﬁgk %”mbé’rﬁ tu%rBeCrogB?t?gRtost?éidsﬁrsatscél%mn in a gaseous
form, continuously withdrawing a first column high boiling point reaction
mixture containing a produced alkyl phenyl carbonate from a lower
portion of said first column in a liquid form, continuously feeding said
first column high boiling point reaction mixture into a second continuous
multi-stage distillation column in which a catalyst is present, carrying out
reaction and distillation simultaneously in said second column,
continuously withdrawing a second column low boiling point reaction
mixture containing a produced dialky! 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

'diphenyl carbonate from a lower portion of said second column in a liquid

form, and continuously feeding the second column low boiling point
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obtain a high-purity di phenyl carbonate as the side
A05Cb‘|uvpﬁement (111) producing the aromatic

pol ycarbonate by reacting said 15 aronmatic di hydroxy
conmpound and said high-purity di phenyl carbonate
t oget her so as to produce an aronmatic polycarbonate

s R b ing b ARy BRHSBORIE Y G i Bortinuous

gui de- cont act| downf| ow type pol yneri zati on
mu'@ﬁiﬁﬂﬁt@]@ i} 95!%093“ By ner | ze sal d mol ten prepol yrrer

while flowing 20 down; and recycling a gé E%
Ci r(&l)mmﬁgngrimommpquar}ymﬂe bVe‘-’EP“f(‘WP}'s introducing
into the di phenyl carbonate production step (

the sbeontincolupan tighdbéiling poimt reactien rmhtturetqydalmng the
distillation colum conprises 25 a structure having a

diph@dylrskifbotiater iml @dighdsoiting poirt trateriallsegaratirgaoiumn A,
an’inside diameter D, (cnm), and having an internal

and) I drtidet Ié/ Ehr rg‘iﬁg‘?fut ddparithed bPamtifdtion into a column top

ereinsid nprlses a gas outlet having an

dii |
comg%ﬂ?ﬂﬁeﬂ %%‘?itg Iniflgi the, ERnehuFcrffofatd 3R cinth Bottom
utl et having an_in e_di ter .
compstheh Bs cantaitiga,fhe Satalsl Pﬂ&%ﬁﬁ?%ﬁ‘l‘&@'x%%duc'"g
colum near to the botto at 5 Ieast 0 e fi q |
saidoeelumadam compenpat Asdite shdiphenyhra ; purityfig column
portion of the col um bel ow sai d gas outlet and at
B hawing acsidesetbnutiet) and peatinyeysiy caneyingsaut sgparatipn by
and / or the |l ower portion of the colunm above-said

distlilationl intd tetee coeponents beingla colbnp top compouoent Br, a
and DI / die respectively satisfy the foll ow ng

sidd @Ut%lo@ﬁpéﬁ%n; By ﬁhd éQ:ol/Eﬁﬂw ﬁftto4n85czcgﬁ%r(eﬁt Bg166 &s to
obtain a high-purity dlphenyl carbonate as the side cut component;

(11 producing the aromatic polycarbonate by reacting said
aromatic dihydroxy compound and said high-purity diphenyl carbonate
together so as to produce an aromatic polycarbonate molten prepolymer,
and said molten prepolymer being made to flow down along surfaces of
guides by using a guide-contacting downflow type polymerization
apparatus, so as to polymerize said molten prepolymer while flowing
down; and

| (IV) recycling a phenol by circulating phenol by-produced in step
(1) back into the diphenyl carbonate production step (1),
wherein:
(a) said first continuous multi-stage distillation column cbmprises

a structure having a cylindrical trunk portion having a length L4 {cm) and

an inside diameter D4 (cm), and having an internal with number of stages
' 1156



nl 120 (4), 55D, /d11530 (5),and 15 35D
A05Q1dVB§QMN) (b) said second continuous nulti-stage
distillation colum conprises a structure having a
cylindrical trunk portion having a length L2 (cm and
an insi de dianmeter D2 (cm), and having an internal

nmber ,of stages n2 ther i de. and .cao
n+ thifetaatie and normPEeid ors autldthAfing 321'"(3”% ‘diydter dyy
of the colunn or in _an upper portion

(cm)cef antPhedtheccelump gy, inyan, uﬁpar S@rtien ﬂgWﬂé’Ome" near to
i nside dianeter d22 (cm at a bottomof the colum

the top.ca lliguid putlet bavingiar insidendiaraater d12 (om0t admttom of
at least one third inlet provided in the upper portion

the eslimnasr ireaniodviée ppotiohoof tHe cobumal nearliel the battbm, at
gas outlet, and at |east one 25 fourth inlet provided

| Ieast%ﬁé‘ﬁr@i fiflee providéd iathe uppet portioeandor br @nitidle portion
the columm above said liquid outlet, wherein L2, D2,

of tI'I(?2 Ebllﬂ%’n B%Imp?sé d%&s od'ti%l #ﬂf@l I¥5§9/0Wsé%n?25rﬂet

respectively s 'om ng fornul ae

S L
amof 8 oA PR P B 01/

mul ti-stage dlstlllatlon col uim having a Iength LA
respegtjvelisatistyithe fellawing fesmadae 1)d®) (8)and havi ng an

internal with nunber of stages nA thereinside,

wher ei n L6004 Largi 8080%ati sfy the fol I{dW ng fornul ae

(13) to (15);

100 < D, < 2000 (2),

2<Ly/Dy<40 - (3),

20 <n; <120 (4),
.5<D4y/dq; £30 (5), and

3 <Dy /dsz<20 | (8);

(b) said second continuous'multi-sfage distillation column
comprises a structure having a cylindrical trunk portion having a length
Lz (cm} and an inside diameter D, (cm)r, and having an internal with |
number of stages n; thereinside, and comprises a gas outlet having an
inside diameter dzs (cm) at a top of the column or in an upper portion of
the column near to the top, a quﬁid outlet having an inside diameter d22
(cm) at a bottom of the column or in a lower portion of the column near to
the bottom, at least one 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 said liquid outlet, wherein Lz, D2, L2 / D2, n2, D2 / d2y,
116



800 < LAS 3000 (13), 100 <_ DA S 1000 (14), and 15
- A05030¢RADMANO (15), and said di phenyl carbonate
purifying colum B is a continuous nulti-stage
distillation colum. having a length Ls (cn) and an
inside dianeter DB (cn), having an internal

' hey ei nsi de avin n.inlet qt j : Qf
and b e bnspeahiuely Selar dhe elibbya, forrf e, LG i 2,

inlet 20 131 and the_cgl um bottom ang avi ng nunber
of staged TR ok2 £8000nt ernal” above thé)inlet BI,
nunber of stages ns2 of the internal between the
inlet 61 HHH<tDPe $R28OCut outlet B2, ndBber of stages
nB3 of the internal below the side cut outlet B2, and
a total rughes /@, st4@es nB nBl + ns2 {9hB3), wherein
LB, DB, nBl, nB2, nB3, and nB satisfy the foll ow ng

5 25 formilae<ASk 80 (21); 1000 5 LB S 409, (16), 117
A0501 VP80/ KAN 100 5 DB 5 1000 (17), 5:r, nBl 5 20

(18), 1%%%?;@%&0@ 19), 3 5 nB3 5 ¥§4§2@hd and 5

20:5 nB5 sai d gui de-contacting downf| ow

type pol ygrg;@g%&"%nﬁoa_ﬁ)ar atus conpri sgégi)( 1) an

appar at us en prepol ymer r Ving port, a
perforated .plate..a pol ri,zati,on r ' e
PaFhGeid Brap Bl PO ORiAERA Yandriind ks afh Ae.2
fromthe perforated ate provided in a spac
contémju%aﬂneultﬁtagﬁegﬁémeém @e?ﬁbm S?Vm@dﬁeftﬁa by (gmy and an
a tapered bottom casing, a nolten prepal ymer feedi n%
10 insidediameter Dgi(am) Rndbavéng an internal with number of stages na

thereinside, wherein La, Da, and na satisfy the following formulae (13) to

(15);
800 < La < 3000 (13),
100 < Da < 1000 | (14), and
15 - 20 < na < 100 (15),

and said diphenyl_carbonate purifying column B is a continuous
multi-stage distiliation column having a length Lg (cm) .and an i.nside
diameter D (cm), having an internal thereinside, ha\éing aninlet B1 at a
middle stage of the column, and a side cut outiet B2 between said inlet
20 B1 and the column bottom, and having number of stages ng¢ of the
internal above the inlet B1, number of stéges ng2 of the internal between
the inlet B1 and the side cut outlet B2, number of sfages nga of the
internal below the side cut outlet B2, and a total number of stages ng (=
ng1 .+ ng2 + Np3), wherein Lg, D, Ng1, Ngz2, Ngs, and ng satisfy the following
25 formuiae (16) to (21);

1000 < Lg < 5000 (18),
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repol ymer via the perforated plate onto the guides in
A°5(ﬁh\§8§9¥ rization reaction zone, a vacuum vent

provided in the polynerization reaction 15 zone, an
aromati ¢ pol ycarbonate di scharge port provided in a

- lowernost portion of the tapered bottom casing, and
an ar omat, olycar, te discharge p connected to
t he di schﬁf%% bgr$,1mrei n: (2) an i n;{g??fal sect i onal
area A (nR) taken through a horizontal bﬁane of the
si de casihg e &re’ pol yneri zati on react(fig » zone
satisfies the 20 formula (22), 0.7 5 A5, 300 (22),
(3) a ratidbeense#0A (m and an i nt er 3B)sect i onal
area B (n2) taken through a horizontal plane of the
aromat i ¢ el ggagbthat e di scharge port (289 shides t he
formula (23), 25 20 <_ A/ 13:5 1000 (23), (4) the
t aper ed g kopp GAYONg i n the pol ynerizgRidn reaction
zone 118 A0501 VP80/KAN is connected at an internal

ZESPZ s%i?%gﬁﬂé—ﬁ&n%éﬁnﬁ%Wﬁflbb@&gg??)qggdﬂﬁﬁbﬁ é@paratus

satisfies the fornula ( < C516
?@e .(5) alength h (cm of each guide satisfies the

°°mF’o'r Mi'a (25), 5 150 5 h s 5000 (25), and (6) a total

5

End it abarBsEs Hang 4 FoughBRSRIMeErattil ort. o
perfBERtad plat, 1 RolmsTARtORpeliaTAape Ravisioaeuialy of

The process according to CGaiml or 2, wherein said, .
guidesithainextend dewnward Srgm the perferatedpiate provided in a

d21 and said d22 satisfy the
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 cornnected 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
formula (22),

0.7 <A <300 (22),

(3) a ratio between A (m?) and an internal sectional area B (m?)
taken through a horizontal plane of the aromatic polycarbonate discharge
port satisfies the formula (23),

20<A/B <1000 (23),

{4) the tapered bottom casing in the polymerization reaction zone
118
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15 fornula (28); 1 < di12 / dl11 _< 5 (27); and 1 5d21
). 4. The process according to any one of

Cains 1 to 3, wherein 20 L1, D, L1/ D1, n1, D1 /

dl,, and DI / d12 for said first continuous

mul ti-stage distillation colum satisfy respectively

is e Beat 3o MmdEngle G () to thesifs qasing thereabgue.
whefein he anls, G (2% sBHaTes e IRUIVAPE stage

distillation colum satisfy respectively 2000 <, L2 25
6000, 15091251609 ,1858 2/ D2<” 30, 155n2<_60, 2. 5568#%21512,

and 7<_D21d22525. 119 A0501: VP80/KAN 5. The process
acdb) & lenpgth brigmhof sfach guide satisfigs e formula;(25),

Di, Li I D1, nl, DO / dl1, and D1 | di12 for said first
conti nuous0 RUhtd 590Qge distillation col um £26)sand
respectively 2500 <_ L1 5 5000, 200 5

; 5?37339&3554-)&6%&%&%6 E@Q,QQEﬂ)/&%gﬁlﬂb atfdfles the
di2 < 15, and L2, D2, L2 | D2, n2, D2 | d21, and D2 /

o said second continuous multi- st age
fomﬂ'ﬁét(ifzﬁ)éti on columm satisfy respectively 2500 5 L2 5

5000, 200: 80Q .5 B | 2/D2:5 15, 20Sn25550, 35 21510,
and 9:5 é%ngg%(ﬁ’%u%b 6. The process accordi ﬁgb?'o any
one of Clains | to 5, wherein each of said first

conti nuous multi-stage distillation columm and said
second caontinuous nmulti-stage distjllati ﬂn colum i s a¥
di R | | at{ @ precess aseQidigdata Clgindy wherein potipsg than 1
as said internal. 15 7. The process according to Claim
ton shrwifahe aremiadic potycarbonate is produced.

3. The process according to Claim 1 or 2, wherein said dy4
and said dq; satisfy the formula (27), and said d21 and said dz. satisfy the

formula (28);

1<dia/di11 <5 (27); and
1<dy1/d2256 (28).
4. The process according to any one of Claims 1 to 3, wherein

Ly, D4, L1/ Dq, nq, D4/ d44, and D¢ / dq3 for said first continuous
multi-stage distillation column satisfy respectively 2000 < L, < 6000, 150
<Dy<1000,3<L,/Dy<30,30<n,<100,8<D4/dy1 <25,and 5 <D,
{dy2 <18, and L2, D2, L2 / D2, na, Dz / d24, and D; / dj2 for said second
continuous multi-stage distillation column satisfy respectively 2000 < L; <
6000, 150 <D, <1000, 3 <L,/ D><30,15<n,<860, 25 <D;/d2 <12,

and 7 <D, / dys < 25.
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RS o
CONL i mul ti-stage distillation colum is a plate

A05Q1y\2é8§4“&ﬁ| [ ation cgl um having the tray as saig
internal, and said second continuous nulti-stage
distillation colum is a distillation colum having
both the 20 packing and the tray as said internal. 8.
The process according to Caimé6 or 7, wherein each
tray in said first continuous nulti-stage

0 81 L8 B HER A A SRL S S BN 1004, yherer

a sieve 25 portion an oywnconer .portion. 120
L1, Bodor! Prechuciis bdrmnang: Bed Szt aait iratooentifpions
wherein each sieve tray has 100 to 1000 holes / n2 in
multéstagei distillatian column. satiefyprespestiveln 20 <tler &30, 200
8 or 9, wherein a 5 cross-sectional area per hol e of
< D€e@00; Bvely /a), is 16 40 kamge 90, fl0oDy bdqi < B5crand 7 < Dy /
11. The process according to Caimé6 or 7, wherein

d,, S5 aﬁ@l%cbdﬁq_"} F DRUS, DY Vid,s! asd DLtdi) for eaid second
colum is a distillation colum 10 having, as said

confé@@ﬁprg%gﬁé—@?ﬁ@@%ﬂﬁﬂ%d&fh&E:%llﬁ‘ﬁﬁreéaﬂgfﬁ 'raapfef:ytﬁgw 2500 < L <

ower portilon o

o] . mL2. roges ceqredi angno i

50082007 B2 808, B3 Backi g o e & BT sop=f " 10,

sai d.second tinuous 15 nulti-stage distillation
a“d&ﬁﬂ;’r‘h?i 2 é r a plurality of sets of structured

packi ngs. 13. The process according to Caim12,

wherein the structured packing in said second

continuous nmulti-stage distillation colum is at 20 .

| et onel hgmyoseisscaedording thanyreng afcqtaics dgta . wherein

Mel | apak, Genpak, Techno-pack, Fl exipac, a Sul zer i
eacharfks aig, fies tGoontinubusamitlticstageddistillatiamgaldmn and said
second continuous multi-stage distillation column is a distiflation column

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

7. The process according to Claim 6, wherein said first
continuous multi-stage distillation column is a plate type distillation
column having the tray as said internal, and said second continuous
multi-stage distillation column is a distillation column having both the

packing and the tray as said internal.

8. The process according to Claim 6 or 7, wherein each tray
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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4. rocess accor di ng to any one of lainms 1 to
A050}|3\,’P§erei n each of said high boiling point
mat eri al separating columm A and said di phenyl

carbonate purifying colum B is a distillation colum
having 121 A0501 VP801KAN a tray and/ or a packing as

hd . ISR RES AR S el B e ey
nas A0t JE0T bites 6" 38,4 5“?"?&%@?‘8@&?%3. *16. "The

process according to Caim 15, wherein the packing is

a structured packing of at Ieast one type selected the

group consisting of Ml apak, npak, Techno- pack,

FI éb0.pac, Traewpmspammngatoe%amé or @ wherekya

and Gitschgrid. 17. The process according to any one
crossts€tdonal Area pér holdafeeach tsieveitday dadnra rangehef from 0.5

pol ymeri zation reaction zone is cylindrical wth an
to 5igmfde dianeter D (cn) and a length L (cn), the

tapered bottom 15 casing, which is connected to the

| ower portion of the side casing, is conical, and the

di scharge port, which is in the | owernost portion of

sa| aaaff}léégar%gz@s% %c@%ﬂiﬂg‘ ﬁ‘@l% é%rc')"' %@réﬁ?éaid |
secqr@é')csofrégw%ldéor}% sigg |§§§Ia‘?lcé'é%;>l}g§§0%33(£iallla?ﬁ% column

0.5< L/D<, 30 (31),and h-205Lsh+300 s?be é . 'Ir; e |
haV'yB‘rro%§aé¢dBFQm?d the packing iprthe HPRSTP 'qnz,of the column,

wherein said h satisfies the fornula (33); 122
and the tray in the lower portion of the column.

12. The process according to any one of Claims 6 to 11,
wherein said packing of said internal in said second continuous
multi-stage distitlation column is one or a plurality of sets of structured

packings.

13. The process according to Claim 12, wherein the 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 Goodroli packing, and

Glitschgrid.

14, The process according to any one of Claims 1 to 13,
wherein each of said high boiling point material separating column A and

said diphenyl carbonate purifying column B is a distillation column having
121
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A0501 VP80/ KAN 400 < h 2500 (33). 19. The process
AOSQHCVBBAMKANt 0 any one of Clains 1 to 18, wherein each

guide is cylindrical, or pipe-shaped and made to be

such 5 that the nolten prepol yner cannot enter

therein, wth an outside dianmeter r (cm, whereinr

satisfies the fornula .(34); < r 51 (34). 20. The
a tra; BpBLer BRBRHITL TS MRETE ol e 1 to 10, 10

wherein the polynerization is carried out using two or

" nmore of said guide-contacting downflow type

pol yneri zati on apparatuses |inked  together. 21. The

prddess dhe prosgssaesgrdingdoaClaim 14, whergHethe jnternal of

15 the plurality of the guide-contacting downflow type
eachpofys=idi bigh boiling paint osaterialcseparating cglumn Avand said

conprise two pol.ynerization apparatuses being a first

~ diphawydearbeinte pariflangf colunio B ipahgnpacking. on

apparatus and a second gui de-contacting downfl ow type
pol ymeri zati on apparatus, wherein in a process in
whi ch a polynerization degree is 20 increased in this

oui et | ot G HrcsE; A8coRHhoe Claf 13, whBrefl thEpacking is

a stﬁféﬁ%éifﬁ%i%& of ﬁg?é%%ﬁég%-rfypg%%gﬁgétg?éhﬁé %Buf)uééﬁgfsting of
Melidpak, £oa91aak, L6GNRErRacl: EIIPBSsE SsiZar backing, aSoodrol

< 20 (35). 123 A0501 VP8O/KAN vy 22. A high-quality
packingreand Glitsgh@rithnat e produced in an anpunt of not
less than 1 ton / hr, which is produced by the process

17. The process according to any one of Claims 1 to 16,
wherein, the side casing in the polymerization reaction zone is cylindrical
with an inside diameter D (cm) and a length L (cm), the tapered bbttom
casing, which is connected to the lower portion of the side casing, is
conical, and the discharge port, which is in the lowermost portion of said
tapered conical bottom casing, is cylindrical with an inside diameter d

(cm), wherein D, L and d satisfy the following formulae (29), (30), (31)

and (32);
100 < D < 1800 (29),
5<D/d <50 - (30),
0.5<L/D <30 | (31), and
h-20<L<h+ 300 (32).
18. The process according to any one of Claims 1 to 17,

wherein said h satisfies the formula (33);
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ccording to any of Clains | to 21. 5 23. The
A05 1&%5@U$RNW aromati ¢ polycarbonate according to Caim
22, having a content of alkali nmetal and / or al kaline

earth netal conpounds in a range of fromO0.1 to 0.01
ppmin ternms of netallic elenents therein, and a

hal ogen c e f nmore than 1 ppb. 10 2 he
hi gh- qual gbd‘%&t@ pol ycar bonat e accor di ngsf'% Claim
22 or 23, being an aromatic pol ycarbonate having a

mai n chain thereof partially branched through a
foreign |inkage including an ester |inkage or

) an
et HE9- | i nkB@Progessnaceadingchaay one afblaims di th 18,
linkage in a range of fromO0.05 to 0.5 nol % based on
wheteirbeasheguidek igyeylindsicedaor pipe-shaped and made to be such
that the molten prepolymer cannot enter therein, with an outside diameter
r (cm), wherein r satisfies the formula (34);

0.1<r<1 (34).

20. The process according to any one of Claims 1 to 19,
wherein the polymerization is carried out using two or more of said
guide-contacting downflow type polymerization apparatuses linked

together.

21. The process according to any of Claims 1 to 20, wherein
the plurality of the guide-contacting downfiow type polymerization
apparatuses according to claim 17 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 (mz) of the guides in said
second guide-contacting downfiow type polymerization apparatus Satisfy
the formula (35);

1<81/82<20 (35).
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22, A high-quality aromatic polyéarbanate.prod-uced in-an
amount of not less than 1 ton / hr, which is produced by the process

according to any of Claims 1 to 21.

23. The high-quality aromatic polycarbonate according to Claim
22, 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

eilements therein, and a halogen content of not more than 1 ppb.

24, The high-quality aromatic polycarbonate according to Claim
22 or 23, being an aromatic polycarbonate having a main chain thereof
partially branched through a foreign linkage including an ester linkage or
an ether linkage, and having a content of said foreign linkage in a range

of from 0.05 to 0.5 mol% based on carbonate linkages.

124



