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I NVENTI ON Met hod For rodUC|ng An A{onatlc Polycarbonate Having | nproved
Mel &+ Stability 5 BACKG&CUND OF THE NVENTI ON Fi_eld of The Invention The
present invention relates t.o a method for producing an aromatic _
pol ycarbonate. Mre particular-'ty, the present mveﬂﬂl“lﬂﬂ‘“l“ﬁﬂﬁ'ﬁﬂﬂerned with
a method 10 for stably producing an aromef i c pol ycar | mpr oved
nel t stability at high tenperatures. The nethod of the pissent invention
conp¥|ses reacting a feedstock dialkyl carbonate with a feedstock phenol
‘the:presence of a catal yst trorpeodecendi pheryxirroar- 15 bonate, wherein
a phenol m xturé is used as the feed- stock phenol, and pol ynerizing the
pre oduced di phemyzltho@arFMnah@deﬂn@mrarﬁmmﬁamcdlW@mmm@vi@g pr o-
- duce an-aronatic pol ycarbonat.e while producing phenol as a by-product,
wheriei'n the byIppseyed pediolSteiidiited . 20 in the production of the
argnat.i ¢ pol ycarbonate is used as conponent phenol of the feedstock phenol
m'Xt'ure for produci ng di phenyl carbonate, and wherein the content of the
by-'gr oduct “phenol in the feedstock phenol nix- ture is controlled to a

level i® the range of from 7@ACKGROUND OF THE INVENTION

Field of The Invention

o ' The preeent invention relates to a method for
producing an aromatic polycarbonate. More particular-
1?, the present invention is concerned with a method
_10 for stably producing an aromatic polycarbonate having
improved melt stability at high temperatures. The
‘method of the present invention comprises: reacting a
feedstock dialkyl carbonate with a feedstock phenol in
" the presence of a catalyst to produce diphenyl car-
" 15 - bonate, wherein a phenol mixture is used as the feed-
:‘ stock phenol, ‘and polymerizing the produced diphenyl
carbonate with an aromatic dihydroxy compound to pro-
duce an aromatic polycarbonate while producing-phenoi
as a by-product, wherein the by-product phenol obtained
. 20 in the production of the aromatic polycarbonate is used
as component phenol of the feedstock phenol mixture for
producing diphenyl carbonate, .and wherein the content
of the by—product phenol in the feedstock phenol mix-
ture is controlled to a level in the range of from 70

25 to 99 % by weight. In the method of the present inven-
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25 to 99 o by weight. In the nethod of the present inven II1TI1I (111 11

TR L 1 it 1111l *@Q0002* 2 tion, a by-product phenol obtained in the

production of an aromatic polycarbonate is effectively utilized for

obt ai ni ng di phenyl carbonate used for producing an aromatic pol ycarbonate.
Therefore, the nethod of the 5 present invention is extrenely advantageous

especially for the production of an aromeic pol ycarbonate having

i nproved nelt stability on a |arge commercial scale. Prior Art In recent

years, aromatic pol ycarbonates have been 10 widely used in various fiel
as engi neering Pt @ byhrdHadycsx @dldrent deained|n aflee, pragaction of
resi stance and transparency Wth respect to nethods for grodUC|n
aromati c pol ycaPBoRaoss %RMHQ%X9%ﬁRﬂﬂ%§$Iﬂﬁu?ﬂﬁﬁ%ﬁ%¥e¥br%

t he net hods studled a process 15 utilizin rfacial condensat
between an aro &ﬁg%f gnﬁﬁﬂﬁHD thﬁER “£§H¥o§9-
phenyl ) propane (here ue r ferr dto S "b |, A",
phosgene has be(eaﬁoé“gmmr lIY %’(rg)acrﬁ cedﬁ & eif‘ trﬁ% %5 ?aE al

pol ycondgnsat i og o %&%san&%scl%{%gtse@{efgmgi A4 DRE505 AL NFE,

phosgene,” whi chii's pol sonous reacti on appara
for the production of an aromatic polycarbonate having

improved melt stability on a large commercial scale.
Prior Art
In recent years, aromatic polycarbonates have been
10 widely used in various fields as engineering plastics
having excellent heat resistance, impact resistance and
transparency. With respect to methods for producing
aromatic polycarbonates, wvarious studies have hereto-
fore been made. Of the methods studied, a process
15 ﬁtilizing an interfacial polycondensation between an
aromatic dihydroxy compound, such as 2,2-bis(4-hydroxy-

phenyl)propane (hereinafter, frequently referred to as

"bisphenol A"), and phosgene has been commercially
practiced.
20 However, the interfacial polycondensation process

has problems in that it is necessary to use phosgene,
which is poisonous, that a reaction apparatus is likely
to be corroded with chlorine-containing compounds, such
as hydrogen chloride and sodium chloride, which are

25 by-produced, and methylene chloride which is used as a
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to be corroded with chlorine-containing conmpounds, such as hydrogen
‘chloride and sodi um chl oride, which are 25 by-produced, and nethyl ene
chloride which is used as a 3 solvent in a large quantity, and that
difficulties are encountered in separating and renoving inpurities, such
as sodium chloride, and residual nethylene chloride, which adversely

af fect properties of a produced poly 5 ner3 For solving the above-nenti oned
probl ems, various methods for producing an aromatic polycarbonate by

using diallyl carbonate or dial kyl carbonate instead of phosgene have been
proposed. 10 ForSQrvddiciiny aanlaaﬁgzﬁmlq@‘b’onycaﬁ%n@t@t udifgicdl biky| are
carbonate, for exanple a method in which a _transesterification reaction
is effected bet REEPURTSHSH I IERIFH QQeﬁﬂpeﬁ?%ﬁYﬁﬁﬂl%WEWﬁyH%%ﬁy such

conpounds (Unexam ned Japanese Pat ent ation Laid-

Speci fication NG 55373 % ’i%? %%% uBe A5 Yla?f% ac%?ﬁb@et n whi cg

a transesterificat.ion.r nis..effected bexmeen a di al arb nate an
% ccfi dQ;ae(iIseQL affe&:%fcﬁo erties %nd% %\i%ﬁgﬁ

a fatty acid est er an aro Xy~ €ofpo
Japanese Patentnégpllcation Lai d- Open Specification No. 20 59_210938) have
been proﬁosed. I'n the case of the above-nentioned nmethods using a dialkyl

carbonate, during thed eratiiony @k AdRhAlddn tRY 45,801 SRIPOURH) ous
methods for producing an aromatic polycarbonate by
using diallyl carbonate or dialkyl carbonate instead of
phosgene have been proposed.

10 For producing an aromatic polycarbonate using
dialkyl carbonate, for example, a method in which a
transesterification reaction is effected between a
dialkyl carbonate and an aromatic dihydroxy compounds
(Unexamined Japanese Patent Application Laid-Open

15 Specification Nos. 57-2334, 60-169444 and 60-169445)
and a method in whiéh a transesterification reaction is
effected between a dialkyl carbonate and a fatty acid
ester of an aromatic dihydroxy compounds (Unexamined
Japanese Patent Applicétion Laid-Open Specification No.

20 59-210938) have been proposed. In the case of the
above-mentioned methods using a dialkyl carbonate,
during the reaction, an aliphatic monohydroxy compound -
and derivatives thereof, a dialkyl carbonate and the
like are distilled as a low boiling point fraction from

25 the system for the polymerization. Usually, the



and derivatives thereof, a dialkyl carbonate and the I|ike are distilled as
a low boiling point fraction from25 the systemfor the polynerization.
Usually, the 4 distillate is in aliquid state at anmbient tenperature, so
that the distillate can be easily handled as com pared to the distillate
obt ai ned during the reaction in the case of a nethod using a diaryl
carbonate. Howev 5 er, the nethod in whicht a transesterification reaction
is effected between a dial kyl carbonate and an aromatic hydroxy conpounds
has a problemin that the reaction_rate is solowthat it is difficult to
obtain a high Rés&ddilatendiSgin Follydarsbiftate Afe RIS | FeIRRERt@ra0
transesterification reaction.is effected between a fatty acid ester of an
aromatic hydroxfocé:ﬁﬁ&'urjfg‘ea sfildiddiaan % Gidey ?q{dl%n&?’%r%‘?‘&ﬂy
satisfactory becausge not onldry%._ ﬁ_u stabl.e an is.onOL{_ﬁ_t subst ances, . such
a I n

. d
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an
hydroxy compounds has a problem in that the reaction

rate is so low that it is difficult to obtain a high
molecular weight polycarbonate. The method in which a
10 transesterification reaction is effected between a
fatty acid ester of an aromatic hydroxy compound and a
dialkyl carbonate is not commercially satisfactory
because not only are unstable and poisonous substances,
such as ketene are formed during the production of the
15 starting material. In addition, in a method using a
dialkyl carbonate, the alkyl carbonate group is intro-
duced to the terminal of the aromatic polycarbonate
produced. Therefore, a problem arises such that the
obtained polycarbonate has poor thermal stability due
20 to the alkyl carbonate groups bonded to the terminals
of the polycarbonate.
On the other hand, a method for producing an
aromatic polycarbonate from an aromatic dihydroxy com-
pound and a diaryl carbonate by transesterification

25 reaction is well known. For example, an aromatic



aromati c pol ycarbonate froman aromatic di hydroxy com pound and a diaryl
carbonate by transesterification 25 reaction is well known. For exanple, an
aromatic 5 polycarbonate can be produced by pol ynerizing bi sphenol A wth
di phenyl carbonate in nolten state. In this nethod, a high polynerization
degree of the polycar- bonate cannot be achieved without distilling off an
5 aromati ¢ nonohydroxy conpound (such as phenol) produced as a by-product
fromthe highly viscous nolten polycar- bonate. Therefore, this nmethod has
various disadvan- tages in the followng points: (1) a high tenperature is
needed for a polBREYFIERIRALARED t PRrRFefuced  AvicPolomer§zang/ bi sphenol
crosslinking are h%hﬁly to occur as side reactions, so that it is

difficult to obthi H g e bl FR5P PR FRat BoRat EeBesbate: (3N GRdésirabl e
“bur asuchi kku ZA koS ToT ol TREBLABEE) SR 38 o oEbhr BOBFCPRRst i ¢
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Especial ly, in the $p8eldtsdid©NeLdm None RIGA P33P 1scbhE mBLEEANhoLQYERLOrs
have di scl osed a nmethod for producing
bonate. Therefore, this method has various disadvan-
tages in the following points: (1) a high temperature
is needed for a polymerization and, therefore, branch-

10 ing and/or crosslinking are likely to occur as side
reactions, so that it is difficult to obtain a high
quality polycarbonate because; (2) undesirable discol-
oration of the polymer cannot be avoided; and the like
[see "Purasuchikku Zairyo Koza [5], Porikaboneto Jushi

15 (Lecture of Plastic Materials [5], Polycarbonate res-
ins)", pages 62-67, written by Mikio Matsukane et al.
and published by Nikkan Kogyo Shinbunsha (1969)].

For solving the above-mentioned problems, wvarious
attempts have been made with respect to catalysts,

20 stabilizers, polymerization methods and the like.
Especially, in the specification of No. W095/03351, the
present inventors have disclosed a method for producing
an aromatic polycarbonate by conducting a polymeriza-

tion reaction in which a molten mixture of an aromatic

25 dihydroxy compound and a diaryl carbonate or a prepo-



.an aromatic pol ycarbonate by conducting a polyneriza- tion reaction in
which a nolten m xture of an aromatic 25 di hydroxy conpound and a di aryl
carbonate or a prepo 6 |ynmer obtained by the reaction of an aromatic

di hydroxy conpound with a diaryl carbonate is allowed to pass downwardly
through a perforated plate and fall freely, so that polynerization is
effected during the free 5 fall. By this nethod, a high quality aromatic
pol ycar- bonate with no discoloration can be obtai ned. The present
inventors have also proposed a nmethod for producing an aromatic

pol ycar bonat e bylxm#¥d°%ﬁ%5%9dp@Yyﬁ@$l§%§¢©ho@f0§ dnaﬁypméﬁﬂbodabydwpﬂm an
aromati ¢ 10 di hydroxy conpound (e, U. S. Patent Nos. 948, 871,

5,204, 377, 5, 21&%‘7%‘3”“%‘6%#@@%%%&’% h%%r*aOWEm ﬁﬁaﬁﬂ-lo‘t’?dai’iénﬁ?ﬁé
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Ja 20 panese Patent Application Laid-0Open ec |cat
respect to the rgRihock f@L P MUE N BoFb8l¥h can be obtained.

The present inventors have also proposed a method
for producing an aromatic polycarbonate by solid phase
polymerization of a diaryl carbonate with an aromatic

10 dihydroxy compound (e.g. U.S. Patent Nos. 4,948,871,
5,204,377, 5,214,073), and disclosed that a high quali-
ty aromatic polycarbonate can be obtained by the meth-
od. |

A method for producing an aromatic polycarbonate,

15 which comprises reacting a dialkyl carbonate with an
aromatic monohydroxy compound to obtain a diaryl car-
bonate, and polymerizing the obtained diaryl carbonate
with an aromatic dihydroxy compound, is already dis-
closed, for example, in Example 1 of Unexamined Ja-

20 panese Patent Application Laid-Open Specification No.
4-100824.

With respect to the method for producing a diaryl
carbonate from é dialkyl carbonate and an aromatic
monohydroxy compound, there have been proposed various

25 methods, such as (1) a method in which a diaryl car-



carbonate froma dial kyl carbonate and an aromatic nonohydroxy conpound,
t here have been proposed various 25 nethods, such as (1) a nethod in which
a diaryl car 7 bonate is produced by transesterification of a dialkyl
carbonate with an aromati ¢ nonohydroxy conpound, and (2) a nethod in which
an al kyl aryl carbonate is ob- tained by reacting a dialkyl carbonate with
an aromati c 5 nonohydroxy conmpound, and th& obtained al kyl aryl carbonate:
is subjected to disproportionation to obtain a diaryl carbonate. In
connection with these nethods vari ous proposal s_have, been_nmade with
respect to cataPIRRYR ’(%&?OC?‘b‘fe‘gx%p’f’égn ?%Fr’r%’eﬁaﬁhﬁﬁn‘@geanf'@ﬁ[‘Yio
Application Lai dc-a en %eec“i’firg:ae'gri1 on Nn(?a lSC} 10r?c91§2 ronS' OPaten%t;ll Nghd
4,182, 726, Unexam ned: st:ﬂérnan P LRt AE%|IC%?IOhYL%IﬁPEBg !
Speci fication o 2T, Q&g§1 . 5 70 i ned_JJapanese
Pat ent Appli - glgtzl )gnagLal -Océ)]elﬁ1 %@%@%%??%#}\Iﬁ%% -%’E@@g,é%%ngga%gw fined
Japanese Pat ent ppd£al) Afbddi e SPac{ | C2rbsh 0 Npi th72183745a LUcS:
Patent No. 4,410, 464, U@éxan} I ned Japanese Patent Appr?tapign La?§?cpgn
Speci fi c? ti on éhorAddoidB X mpRURIUCE h@ N KD AeSt a0k d h81 ki Keards
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preferre roducti on nodes for obtaining an aromati c 20 carbonate, the
present inventorcangsendtaisiy devipdopad o despesbdrtidhebiandial kpkain
carbonate and an aromatic hydroxy conpound are continuously fed to a
conti nuous a diaryl carbonate. In connection with these methods,
various proposals have been made with respect to cata-
lysts (see, for example, Unexamined Japanese Patent
10 Application Laid-Open Specification No. 51-105032, U.S.
Patent No. 4,182,726, Unexamined West German Patent
Application Laid-Open Specification No. 2736062, U.S.
Patent No. 4,552,704, Unexamined Japanese Patent Appli-
cation Laid-Open Specification No. 57-176932, Unexam-
15 ined Japanese Patent Application LaidjOpen Specifica-
tion No. 57-183745, U.S. Patent No. 4,410,464, Unexam-
ined Japahese Patent Application Laid-Open Specifica-
tion No. 61-172852), production modes and the like. As
preferred production modes for obtaining an aromatic
20 carbonate, the present inventors previously developed a
method in which a dialkyl carbonate and an aromatic
hydroxy compound are continuously fed to a continuous
multi-stage distillation column to effect a continuous

transesterification reaction in the distillation col-

25 umn, while continuously withdrawing a low boiling point



multi-stage distillation colum to effect a continuous transesterification
reaction in the distillation col 25 um, while continuously w thdrawi ng a
| ow boiling point 8 reaction mxture containing a by-produced al cohol from
an upper portion of the distillation colum by distil- lation and
continuously wi thdrawing a high boiling point reaction m xture containing
a produced al kyl aryl 5 carbonate froma |I®&wer portion of the distillation
colum, and a nethod in which a single type al kyl aryl carbonate is or two
dlfferent types of alkyl aryl carbonates are continuously fed to a
conti nuous nult|1e%ﬁ%&ﬂﬁcﬁ%ﬁﬁqq%u¢Qﬂ¢Q%ﬂlnﬁl4cbxﬁ@@%@uge@oﬂlcnhobsfreac 10
tion thereof in the distillation colum, while continu- ouslg W t hdrawi ng a
Y

produced di aryl TartRRER LIFGRT OF e P i birBror heolp®e | Py adishiidol um
(Unexam ned Jaﬁ? ese ;%%ﬁnt ﬁgﬁ{lcatlon Lai d- Open S eC|f|cat;on No.
3-291257, Unexa Bppri T HR 1% Y hiEdipka Eb@@lflcatlon
No. 4-211038, Unexaq!ned Japane 1fate j catlon gp
Speci fication NE-4Lt F56U47°% e&%rﬁ%ré#)%éb%e%ep]ﬁé‘?‘éﬂ? APPIY LafFBh
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carbonate is or two different types of alkyl aryl
carbonates are continuously fed to a continuous multi-
stage distillation column to effect a continuous reac-
10 tion thereof in' the distillation column, while continu-
ously withdrawing a produced diaryl carbonate from a
lower portion of the distillation column (Unexamined
Japanese Patent Application Laid-Open Specification No.
3-291257, Unexamined Japanese Patent Apblication Laid-
15 Open Specification No. 4-211038, Unexamined Japanese
Patent Application Laid-Open Specification No. 4-
230242, and Unekaﬁined Japanese Patent Application
Laid-Open Specification No. 4-235951). By these meth-
ods, efficient, continuous production of an aromatic
20 carbonate has for the first time been realized. There-
after, various methods for continuously producing an
aromatic carbonate have further been developed, based
on the above-mentioned methods developed by the present

inventors. Examples of these methods include a method

25 in which a catalytic transesterification reaction is



on the above-nentioned net hods devel oped by the present inventors.
Exanpl es of these nethods include a nethod 25 in which a catalytic
transesterification reaction is 9 perforned in a colum reactor (see
Unexam ned Japanese Patent Application Laid-Open Specification No.

6- 41022, Unexam ned Japanese Patent Application Laid-Open Speci- fication
No. 6-157424, Unexam ned Japanese Patent 5% Application Laid-Open

Speci fication No. 6-184058), a nmethod in which use is nade of a plurality

of reactors which are connected in series (Unexam ned Japanese Patent
Application Lai R cHT i A NFF=tIR4RTe UreprheRadi fieBaDapanese

Pat ent Application 10 Lai d- Open Specifjcation, No.. B 6-263694), a pnethod in
whi ch a bubbl e &Y e"aRRd]olr%oc‘i"s“iigét? %M%%%C%Jg%c?)‘ah%%e%at Brgl022,
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vertically el ongate reactor  vessel 15 u
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have been made for contin-"uously, stably producing rbonate

for a prolongedperi ok Qn tidi Aheh GUBERI £1 At 8621 6. yDLERHEs )t he

above- nemt i oned net hods are used. For exanple, 20 Unexam ned apahese
Pat ent Appl i cat in@tHed derOpaiictpete ifd GRdOHL NG SrdbIAHP, dbsClosesoAs

met hod for producing aromatic carbonates froma feedstock dialkyl

carbonat e which are connected in series (Unexamined Japanese
Patent Application Laid-Open Specification No. 6-
234707, and Unexamined Japanese Patent Application

10 Laid-Open Specification No. 6-263694), a method in
which a bubble tower reactor is used (Unexamined Ja-
panese Patent Application Laid-Open Specification No.
6-298700) and a method in which a vertically elongated
reactor vessel is used (Unexamined Japanese Patent

15 Application Laid-Open Specification No. 6-345697).

Also, various proposals have been made for contin-
uously, stably producing an aromatic carbonate for a
prolonged period of time on a commercial scale, wherein
the above-mentioned methods are used. For example,

20 Unexamined Japanese Patent Application Laid-Open Speci-
fication No. 6-157410 discloses a method for producing
aromatic carbonates from a feedstock dialkyl carbonate
and a feedstock aromatic hydroxy compound, which com-
prises continuously supplying a mixture of the feed-

25 stocks and a catalyst to a reactor provided with a



and a feedstock aromatic hydroxy conpound, which com prises continuously
supplying a m xture of the feed 25 stocks and a catalyst to a reactor
provided with a 10 distillation colum thereon to effect a transesterifi-
cation reaction in the reactor, while continuously wthdraw ng a

by- produced aliphatic alcohol fromthe reactor through the distillation
colum by distillation 5 so as to keep thel@liphatic al cohol concentration
of the reaction systemat 2 % by weight or less. This prior art docunent
descri bes that cont i nuous prgduction of an aromatic

carbonat e can bé£¥§7{3§%xkﬁﬁf?9}ﬁﬂP P RRARvEP | &1 f?ﬁtr@cEﬁ?n§@§F§Fl§i‘
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econom cally on a large conmerci al As nentione oVEe respect
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di al kyl 20 carbonate with an aromatic nonohydroxy conmpound, and the

obt ai ned di aryl twes hanaieids posyerragzezl nibP @@ight osRaL Lésgl hydh@éy
conmpound to produce an aromatic
prior art document describes that, by thls method, a
continuous production of an aromatic carbonate can be
stably performed.

10 Meanwhile, in recent years, a tendency has been
increased, an aromatic polycarbonate is molded under
high temperature conditions in order to impart as much
flowability as possible to the aromatic polycarbonate
so that high precision molding can be performed.

15 Therefore, it has been desired to produce an aromatic
polycarbonate having improved melt stability at high
temperatures economically on a large commercial scale.
As mentioned above, with respect to the method in which
a diaryl carbonate is obtained by reacting a dialkyl

20 carbonate with an aromatic monohydroxy compound, and
the obtained diaryl carbonate is polymerized with an
aromatic dihydroxy compound to produce an aromatic
polycarbonate, various proposals have been made for

improving the properties of the produced polycarbonate

25 and for rendering it possible to perform the polymer-



pol ycarbonate, various proposals have been made for inproving the
properties of the produced pol ycarbonate 25 and for rendering it possible
to performthe polyner 11 ization operation stably. However, no reports
have been nade with respect to the techni que of producing an aronmatic

pol ycarbonate, wherein the quality of a feed- stock aromati c nonohydroxy
conpound is appropriately 5 controlled so &% to obtain an aromatic

pol ycarbonate excellent nelt stability at high tenperatures and to render
it possible to produce such an excellent aromat- ic polycarbonate w thout

suffering di sadvhftBhRDuePehREHOeREaPiYich HSWRYBYHgi NG BEPPKESCHATG ts of
the 10 pol yneri zer_ appatat us,, SUMWARY T I lON I n_these situations,
for solving the %%%@égﬁé -w%F%nE%SB?ﬁBFEﬁBtE%cg%%gg§9ﬂﬁ PhePEPAYFLIRG: 3
connec- tion wt o} LNng_Aan_art i.C_po ar 15 bagnate,
whi ch conpri ses ?@%@??%g gg%f%?€é$g%g%bo%§ Eglﬁﬁ?ﬁepﬂgﬂ%¥%Vno h8 pPESénce
of a catalyst tospsodugeomsi PEeRYhoGAEPORA! ! LpRg L he produced
di - phenyl carbonate mﬁtﬁnan arona??géd?ﬁgdggx gggﬁp%gﬁébéaﬁgféépFQHUcing
phenol ass by- pr ashistrol 1ed PE€sE8t £3 0ok LY eAt Qﬁsabamgtﬁédsoﬁghs?%}é% and
intensive studies as to how the quality of a feedstock pheno useé in a
met hod for produskds] benaraabt | Stel yceybavakheghNtemperatures and to
render it possible to produce such an excellent aromat-
ic polycarbonate without suffering disadvantageous
phenomena, such as clogging of the conduits of the

10 polymerizer apparatus.

SUMMARY OF THE INVENTION

In these situations, for solving the above-men-
tioned problems aqcompanying the prior art in connec-
tion with a method for producing an aromatic polycar-

15 bonate, which comprises reacting a dialkyl carbonate
with phenol in the presence of a catalyst to produce
diphenyl carbonate and polymerizing the produced. di-
phenyl carbonate with an aromatic dihydroxy compound
while producing phenol as by-product, the present

20 inventors have made extensive and intensive studies as
to how the quality of a feedstock phenol used in a
method for producing an aromatic polycarbonate in-
fluences the quality of the produced aromatic polycar-
bonate énd influences the stability of an operation for

25 the production of the aromatic polycarbonate. As a



fluences the quality of the produced aromatic polycar bonate and influences
the stability of an operation for 25 the production of the aromatic

pol ycarbonate. As a 12 result, it has unexpectedly been found that, when a
m xture of phenols which are different in supply source is used for
produci ng a di phenyl carbonate, wherein a by-product phenol obtained in

t he above-nentioned 5 production of the arb#atic polycarbonate is used as
conponent phenol of the above-nentioned phenol m xture, and wherein the
content of the bé product henol in the enol m.xture is controlled to a

level in the ra oM TQF%@F@x%Q NP SRR f%ﬂngrBHﬁFrcWBSPyéarbonate
10 havi ng |npro%§q{ Jé 5¥ré¥ns Se%h{% h teq€e£g%%%§ gﬁnFHgglgfgbﬁgggtly

produced. The prese I nve ave also

b d t hydr oxy _conpound
T the " above: ot i ey ek S0y £ L Plefpy AAPBO e AR R
possible to stally. &ﬂx@@ phdlest r&se A1 oomt | ¢ up@'é(ﬁawoxﬂgh%i%glaout

suffering dlsadvantageous phenom ena, such as clogging o urts of the

appar at uss used grsaddiel g asitiCERONa Rimd P a5 OTPE A SoHRAYS AL Bopakg. aEurt her,
t he present inventors have al so made extensive 20 and intensive studies as

to the reason whyongrorasrotraitianoJpad § Cetid ofted ve haih BgohaPr pMEHoMeht xshiahki | ity
at high tenperatures can be efficiently produced by the
and wherein the content of the by-product phenol in the
phenol mixture is controlled to a level in the range of
from 70 to 99 % by weight, an aromatic polycarbonate
10 having improved melt stability at high temperatures can
be efficiently produced. The present inventors have
also found that, in the above-mentioned method, when
the content of an aromatic dihydroxy compound in the
above-mentioned phenol mixture is rendered low, it
15 becomes possible to stably produce a desired aromatic
polycarbonate without suffering disadvantageous phenom-
ena, such as clogging of conduits of the apparatus used
for the production of the aromatic polycarbonate.
Further, the present inventors have also made extensive
20 and intensive studies as to the reason why an aromatic
polycarbonate having improved melt stability at high
temperatures can be efficiently produced by the
above-mentioned method and, as a result, have found

that such an advantageous effect is attributed to the

25 fact that the by-product phenol obtained during the



above-nentioned nmethod and, as a result, have found that such an

advant ageous effect is attributed to the 25 fact that the by-product phenol
obtai ned during the 13 production of an aromatic pol ycarbonate has a | ow
content of cresol (isonmers) and/or xylenol (isoners), as conpared to a
commerci ally avail abl e phenol [hereinafter, cresol (isonmers) and xyl enol
(isonmers) 5 are referred. to sinply as "cré&sol" and "xyl enol ",
respectively]. The present invention has been nade, based on the above

findi ngs. Accordin %%, jt is gygrinar% object of the Eresent invention to
provi de a novel %E? GEFOP f PP y2PrBYELS BOLYRRTRANAFBNRBFCcapdPYcar bonat e

Whi chocomr i ses TERTThah T STah| CLEPRORAT R AE BRLABPLL bLoBRERR ),
di phenyl carbon , yoeri zi t al ned, di phenyl carbonate with
an aromatic dihs%gf% @édﬁ%ﬁdgﬁﬁ%d% . %%%f?gf%g%Y%bl%%geo?%%?ogbjects,

features and —advaniagessal: | he-scesen shauenl | 0y Wl o) appargnt  from

the follow ng detail ed description and appended cla

W th the_saccorrpagwé Nee £ 9Med 26b | H08p 1 PR EF DESCH PT4 LN q{zyil' OPR,’AW NGS In
t he draw ngs:
respectively]. The present invention has been made,
based on the above findings.
Accordingly, it is a primary object of the present
invention to pro&ide a novel method for stably produc-
10 ing an aromatic polycarbonate having improved melt
stability at high temperatures on a commercial scale,
which comprises reacting a dialkyl carbonate with
phenol to obtain diphenyl carbonate, and polymerizing
the obtained diphenyl carbonate with an aromatic dihy-
15 droxy compound.
The foregoing and other objects, features and
advantages of the present invention will be apparent
from the following detailed description and appended

claims taken in connection with the accompanying draw-

20 ings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:
Fig. 1 is a diagram showing an example of a system

25 for practicing the method of the present invention; and



Fig. 1 is a diagramshow ng an exanple of a system 25 for practicing the
nmet hod of the present invention; and 14 Fig. 2 is a diagram show ng

anot her exanple of a systemfor practicing the nethod of the present inven-
tion. 5 Description of Reference Nunerals 1: first continuous nulti-stage
distillation colum 2, 3, 4, 6, 7, 8, 9, 11, 12, 16, 19, 21, 23, 24, 25,
28, 29, 31, 32, 34, 35, 37, 38, 39, 40, 411443, 44, 10 46, 47, 48, 50, 51,
52, 56, 58, 59, 60, 62, 63, 64, 65, 67, 69, 69', 70, 70', 72, 74, 76, 78,
80, 81, 82, 85, 86, 87, 8% 89, 93, 94, 95, 96, 100, 101 103, 105, 106,
108, 109, 111, 112 1439~ 1 4lsc%n€|h?9r6m BReNERgepnekhsy, e3gmpds of6a 110
reboiler 10: eva ato 49, 57, 61, 77, 104: condenser 17, 26,

54: col um top f% é%r &6@Ctb5fﬁ§ntB%tT8ﬁp?6 586 thECBRESEHHt LRYSHS

nul ti-stage distj] t|on columm 33: first evaporator 42: second
evaporator 53: purification colum for diphenyl carbonate

5 Description of Reference Numerals
1: first continuous multi-stage distillation
column

2, 3, 4, 6, 7, 8, 9, 11, 12, 16, 19, 21, 23, 24,
25, 28, 29, 31, 32, 34, 35, 37, 38, 39, 40, 41, 43, 44,
10 46, 47, 48, 50, 51, 52, 56, 58, 59, 60, 62, 63, 64, 65,
67, 69, 69', 70, 70', 72, 74, 76, 78, 80, 81, 82, 85,
86, 87, 88, 89, 93, 94, 95, 96, 100, 101, 103, 105,
106, 108, 109, 111, 112, 113, 114: conduit
5: preheater .
15 30, 36, 45, 66, 110: reboiler
10: evaporator
13, 22, 49, 57, 61, 77, 104: condenser
17, 26, 54: column top

18, 27, 55, 109: column bottom

20 | 20: second continuous multi-stage diétillation
column
33: first evaporator
42: second evaporator

53: purification column for diphenyl carbonate

25 68: accumulation tank for purified diphenyl



25 68: accunmul ation tank for purified di phenyl 15 carbonate 71, 71': first
stage agitation type polynerizer vessel 73: second stage agitation type
pol ymerizer 5 vessel 75: distillation colum 79: gas-liquid separator

83: roots blower 84: liquid seal-type vacuum punp 10 90, 97: perforated
plate 91: free-fall polynerizer 92: nolten prepolynmer in the formof a
filament. 98: wire-wetting fall polynerizes 99: wre-type guide 15 102:
phenol recovering colum 107: accumul ation tank for phenol 115:
crystallization vessel 116: dryer 117: solid-state polynerization reactor
20 DETAI LED DESGR MA@ SF THE | NVENTION In the present invention, there is

provided a nethod for produciqg,an aromati c pol ycarbonate, which,
71, 71': irst stage agitation type polymerizer

conpri ses:
vessel
73: second stage agitation type polymerizer
5 vessel
75: distillation column
79: gas-liquid separator
83: roots blower
84: liquid seal-type vacuum pump
10 90, 97: perforated plate
91: free-fall polymerizer
92: molten prepolymer in the form of a filament.
98: wire-wetting fall polymerizer
99: wire-type guide
15 102: phenol recovering column
107: accumulation tank for phenol
115: crystallization vessel
116: dryer
117: solid-state polymerization reactor
20

DETAILED DESCRIPTION OF THE INVENTION

In the present invention, there is provided a
method for producing an aromatic polycarbonate, which
comprises:

25 feeding a feedstock dialkyl carbonate and a feed-



25 feeding a feedstock dial kyl carbonate and a feed 16 stock phenol

m xture of phenol (a) and phenol (b) which is different in supply source
fromthe phenol (a) to a reactor to effect a reaction between the
feedstock dial kyl carbonate and the feedstock phenol mxture in 5 the
presence of a catal yst, thereby produci ng di phenyl carbonate, and

pol ymeri zi ng the di phenyl carbonate with ahbaro- matic di hydroxy conpound
in a polynerizer to produce an aromatic polycarbonate whi | e produci ng

phenol as a by- 10 product, wherein t rod ct henol is_used as the
phenol (b), and iBPeIRL At ieHe o‘?‘g wie% %)‘d PhepRd fBaquhdek

h I f 70 99 % d d
bf “the prosent ITheHtaTTRNE b seug%%w.%?%%%t (R IERR  e
enmbodi nent s of t etgglapnr e&ynga @\553 pﬁjﬂoy 0 1 A net hod
ﬁ%flc po e, T % i e eﬁa ﬁﬁ a

for producing an aro ycar bona conpr I ses:

feedst ock di al ky; Lagponale syt 2 Jrﬁ?dthétf)&&iml HEXLEY & Rk, RReRR (a)
and phenol (b) which™ is different In supply source ?ron1the phenaol 8 to
a 25 reactor tar ifdsehdeL s iPEDRINRS, (et 8OHSEASkucing diphenyl
carbonate, and
polymerizing the diphenyl carbonate with an aro-
matic dihydroxy compound in a polymerizer to produce an
aromatic polycarbonate while producing phenol as a by-
10 product,
wherein the by-product phenol is used as the
phenol (b), and wherein the content of the phenol (b)
in the feedstock phenol mixture is from 70 to 99 % by
weight.
15 For an easy understanding of the present inven-
tion, the essential features and various preferred

embodiments of the present invention are enumerated

below.

20 1. A method for producing an aromatic polycarbonate,
which comprises:
feeding a feedstock dialkyl carbonate and a feed-
stock phenol mixture of phenol (a) and phenol (b) which
is different in supply source from the phenol (a) to a

25 reactor to effect a reaction between the feedstock



17 dial kyl carbonate and the feedstock phenol m xture in .the presence of
a catal yst, thereby producing di phenyl carbonate, and pol ynerizing the

di phenyl carbonate with an aro 5 matic di hydroxy conpound in ..a

pol ymeri zer to produce an aronatic pol ycarbonate while produci ng phenol as
a by- product, wherein the by-product phenol is used as the phenol (b),
and wherein the content of the phenol (b) 120 in the feedstock phenol

m xture is from70 to 99 % by weight. 2. The nethod according to item1

above, wherein the gy-product.ghenol used as_t he phenol gb)_contains an
15 i npurity conx%‘r?e]ﬂf kFamprnate and theste!dvtedhpdupacsehékteges ibm t he
group consisting.of cresol and.xyle- | ,. and wherein t%e content of the
inpurity conpongcn © BESSTIFT b%//-%?%&gﬁ%%t'ph%h%¥§?% BEPPRtDY REPRREYOr

| ess. 20 3. The accoyding to item1l or 2 above, wherein the

f eedst ock phenol mXxture contains an inpurity conponent (a) which is at

| east one conmpound seleGied-; §1.9mdhe @{Eﬁ‘g@?%@éﬁé%gw%{ﬁss%é) 3?5—18

xyl enol, and 25 wherein the content of urity conpon
5 matic dihydroxy compound in a polymerizer to produce an

aromatic polycarbonate while producing phenol as a by-
product,
wherein the by-product phenol is used as the

phenol (b), and wherein the content of the phenol (b)

10 in the feedstock phenol mixture is from 70 to 99 % by
weight.
2. The method according to item 1 above, wherein the

by-product phenol used as the phenol (b) contains an
15 impurity component (a) which is at least one compound
selected from the group consisting of cresol and xyle-
nol, and wherein the content of the impurity component
(a) in the by-product phenol is 50 ppm by weight or
less.
20
3. The method according to item 1 or 2 above, wherein
the feedstock phenol mixture contains an impurity
component (a) which is at least one compound selected
from the group consisting of cresol and xylenol, and

25 wherein the content of the impurity component (a) in



the feedstock phenol m xture is 130 ppm by weight or less. 4. The nethod
according toitem1 or 2 above, wherein 5 the by-product phenol used as
t he phenol (b) contains an inpurity conponent (R) which is an aromatic
di hy- droxy compound, and wherein the content of the inpurity conponent
(R) in the by-product phenol is 50 ppmby weight or less. 10 5. The net hod
according to item 3 above, wherein the byiproduct phenol used as the
phenol (b) contains an inpurity conponent (R) which is an aronmatic

di hydroxy conpound, and wherein the content of the inpurity 15 conponent
(R) in the by- pretRiciepheretk i shamepphi vyureeight30rpbesby 8eighs met hod
according to item1 or 2 above, wherein the feedstock phenol m xture
contains an i nput$¥$- 20 conponent (R) which is an aromatic di hydroxy
conmpound, and wherein the content of the inpurity conponent (R) in the
f eedst ock phenol is 90 ppm by weight or less. 7. The nethod according to

Lem s above wher ol kD, 20 Leegelock. ghenel L i1 CoMLAS 2 Lmyr! 1Y

conponent 19 whi ch™i's” an arona y Xy cO

' Bren cont ent oF oL IPUSLAdcORRORSE (Flal Bt R [REASOPK) PUBRRL:LS 0
' an impurity component (f) which is an aromatic dihy-
droxy compound, and wherein the content of the impurity
component () in the by-product phenol is 50 ppm by
weight or less.
10
5. The method according to item 3 above, wherein the
by-product phenol used as the phenol (b) contains an
impurity component (R) which is an aromatic dihydroxy
compound, and wherein the content of the impurity
15 component (B) in the by-product phenol is 50 ppm by

weight or less.

6. The method according to item 1 orb2 above, wherein
the feedstock phenol mixture contains an impurity

20 component (B) which is an aromatic dihydroxy compound,
and wherein the content of the impurity component (B)

in the feedstock phenol is 90 ppm by weight or less.

7. The method according to item 3 above, wherein the

25 feedstock phenol mixture contains an impurity component



5 8. The nmethod according to item 4 above, wherein the feedstock phenol
m xture contains, as inpurity conpon- ent (R), an aromatic di hydroxy
conmpound, and wherein the content of the inpurity conponent (R) in the
feed- stock phenol is 90 ppm by weight or less. 10 9. The nethod according
toitem1l or 2 above, wherein the reactor is a nulti-stage distillation
colum. 10. The nmethod according to item 31above, wherein the 15 reactor
is anulti-stage distillation. colum. 11. The nethod according to item4
above, wherein the reactor is a nulti-stage distillation colum. 20 12.
The met hod accor dB hgvhibcht &en 8napoowativhedéhypdrbey cempobuondi s aadnwhieir-st age
distillation colum. The present invention is described belowin de- tail.
25 As nentioned @bdvERe | eerERNFePhothef iMRBT hEEsepmpoDentny it ilon thehi ch
conprises reacting a feedstock dial kyl carbonate with a_feedstock phenol
m xture to produt ed%ﬁ?ﬁ%h@¢e%%}bbﬁa¥%,PaﬂdbboV?héPFzPﬁglFﬁé-produced di -
phenyl carbonate with an aromatic di hydroxy conpound to 5 produce an
aromati c pol ycarbonate while producing phenol as a by-product, use is nade
of a feedstock hen i C LRl N he. by- product phepol (pro- duced
during th pon&%?izg#?%h§égﬁﬁph%g%%ﬁgépgy£o 2 PEO8HSLe P "h8r(R Yhe
feedstock phenol mixture contains, as impurity compon-

ent (B), an aromatic dihydroxy compound, and wherein
the content of the impurity component (f) in the feed-

stock phenol is 90 ppm by weight or less.

10
9. The method according to item 1 or 2 above, wherein
the reactor is a multi-stage distillation column.
10. The method according to item 3 above, wherein the
15 reactor is a multi-stage distillation column.
1ll1. The method according to item 4 above, wherein the
reactor is a multi-stage distillation column.’
20 12. The method according to item 6 above, wherein the

reactor is a multi-stage distillation column.

The present invention is described below in de-
tail.

25 As mentioned above, in the method of the present



product phenol content of from70 to 99 % by weight. 10 By the nethod of
the present invention, it becones possible to stably produce an aromatic
pol ycarbonate having excellent nelt stability. Wth respect to the

by- product phenol content of the feedstock phenol mxture, it is preferred
that the by-product phenol 15 content be controlled to a level in the
range of from 90 to 98.5 % by wei ght. The2@eason for the above-nenti oned
excellent effect achieved by the use of the by-product phenol in the

f eedst ock phenol m xture is considered to reside in 20 that the by-product
phenol produced HirenpEiehe Polgheeomprisednreactpradacingdanocakodapiayl
pol ycarbonate has a |ow content of cresol and/or xylenol, each of which
adversely affectS2¥PRN@ERtWwitApt | fe5aoF s hePAPRRAL PEXtPERY EQr BEAGHERAt hi gh

tenperatures, as_ conpared to a 25 co rcially avail abl e phenol. Wen a
Commer o 8l 1y 21 GESAPRED| SERGNEFe naBT AR GRS E DAL B ChF BroasFednAfor

xyl enol is used e hen for_the prodyc: tion of a diphen
carbonate, the dﬁ%?%%%eggf%ﬁégF% wﬁ€+y%%r Bﬁg?gl?sgég Sed*YoCRAPEY Iﬁﬁge
amount of-5 term t byl . gr er.q nal _dj 1yl - phenyl
gr oups. I% is co %?%%?§d§¥h§€&@g#%€ggggﬁ%€ﬁ€§§%tésﬁgkﬂﬁe g?ﬁEEQXQ

group- cont ai Ni NAEKHL NAL FroPPSr &ALl Ngde 18 hBgeabeMat kecRQkYERr bonate

adversely affect the nelt
phenol mixture containing the by-product phenol (pro-
duced during the polymerization) and having a by-
product phenol content of from 70 to 99 % by weight.

10 By the method of the present invention, it becomes
possible to stably produce an aromatic polycarbonate
having excellent melt stability. With respect to the
by-product phenol content of the feedstock phenol
mixture, it is preferred that the by-product phenol

15 content be controlled to a level in the range of from
90 to 98.5 % by weight.

The reason for the above-mentioned excellenf
effect achieved by the use of the by-product phenol in
the feedstock phenol mixture is considered to reside in

20 that the by-product phenol produced during‘the polymer-
ization for producing an aromatic polycarbonate has a
low content of cresol and/or xylenol, each of which
adversely affects the melt stability of the aromatic

polycarbonate at high temperatures, as compared to a

25 commercially available phenol. When a commercially



stability of the aromatic pol ycarbonate at high tenper 10 atures. In the
‘present invention, it is preferred that the content of cresol and/or
xylenol in the feedstock phenol m xture be 130 ppm by weight or |ess. As
menti oned above, the nmethod of the present invention conprises the steps
of : reacting a feedstock 15 dial kyl carbonate with a feedstock phenol

m xture to obtain di phenyl carbonate and palyneri zi ng the obtai ned

di phenyl carbonate with an aromatic di hydroxy conpound to produce an
aromatic pol ycarbonate. Wen the nethod of the present invention is
practiced on a cdfiretePhe Pereh|kavingiBigheferEeatt Aat CFﬁéoﬁfetaﬁddOé‘f t he
present invention conprising the above-pentioned two steps

continuously corfATY Wheredh ?ﬁe rEQPREEPTE P%%E?}oﬁors§§Peﬁ§°ﬂH°rhe t Wo

steps are connected to eac }S% r oduct tes in the

dth
respective steps-are 28 c%%Pb?ﬂagﬁ t?ﬁs?gﬁb@a fh8ROPRE 1Cont ent

f 22 he b dst h ds 99 %
gy meigat? t%epkgﬁﬂy P%I|I% ?t$%u§§§|? %Vgagggéfg%xéﬁéscgrﬁ ﬁgtz at
hi gh t enper at ur %f;ﬁln&ﬁm In PV\EfﬁS’p Té‘ﬁdy&@s%r&x?ha&hhimg%iry'im yet

5 been elucidated, but is considered to ascribed to termna
structure of tfmpﬁg tgﬁb%FéyCaIQOﬂﬁt@bn§b&éi@@dtH§tnQ @aigédéhgﬁﬂtpg%n°|

m xt ure havi ng the product phenol content of nore than 99 % by wei ght
such methyl group-containing terminal groups contained
in the aromatic polycarbonate adversely affect the melt
stability of the aromatic polycarbonate at high temper-

10 atures. In the present invention, it is preferred that
the content of cresol and/or xylenol in the feedstock
phenol mixture be 130 ppm by weight or less.

As mentioned above, the method of the present
invention comprises the steps of: reacting a feedstock

15 dialkyl carbonate with a feedstock phenol mixture to
obtain diphenyl carbonate and polymerizing the obtained
diphenyl carbonate with an aromatic dihydroxy compound
to produce an aromatic polycarbonate. When the method
of the present invention is practiced on a commercial

20 scale, it is preferred that the method of the present
invention comprising the above-mentioned two steps be
continuously conducted, wherein the respective reaction
systems in the two steps are connected to each other,

and the production rates in the respective steps are

25 well-balanced. In this instance, when the content of



as expl ai ned bel ow. Wien the nmet hod of the present 10 invention is

conti nuously conducted, phenol (b) (i.e., the above-nentioned by-product
phenol produced in the polynerization step) is recycled to the reaction
system in the process for produci ng di phenyl carbonate. Therefore, the
anount of phenol (a) fed to the reaction 15 system corresponds to the total
of OO the anobunt of phenol converted to a2erm nal phenyl carbonate group
of the aromatic polycarbonate and OO the amount of phenol consumed in side
reactions or |led out of the reaction systens during the purification of
the pro 20 duct,tBRPYnRTPIRet BRpepolhéncEhechieedstork pheprddmdetugieenol

in the feedstocﬁﬁgheq&l g%x%ure exceeds 99 @6b¥ meighth t he content of
phenol (a) becon®&CFe<E Yhah BY P§i9RFghthe Rethi steRidit¥hed ithei s assuned

that the anount ) do not change jrrespective of the change in 25 the
content of phgndT£§%Sa§§ Theme h%g?% %cﬁﬁgﬂﬁ?%QSatnpkgﬂrE?mp &3ANEESt 180

becores extremel yngfBLLodlY CloulFags thaL thestesuliagh.arpmatio. oo

pol ycar bonat e has rmn aronatic car e grou

content agd has &L ORhe IMLEOXY| bGE OLSchls PalELA! Lxebgygxc%ggd‘:%te“t-

It is considered that such a high content of term nal roxyl —groups
adversel y affectgne tf&rmiBhdl séebhdtlve 0bst BRe a8 PARELECPBLYRLRBAALE A

hi gh tenperatures.
obtained using a feedstock phenol mixture having the
by-product phenol content of more than 99 % by weight,
as explained below. When the method of the present

1a invention is continuously conducted, phenol (b) (i.e.,
the above-mentioned by-product phenol produced in the
polymerization step) is recycled to the reaction system
in the process for producing diphenyl carbonate.
Therefore, the amount of phenol (a) fed to the reaction

15 system corresponds to the total of C) the amount of
phenol converted to a terminal phenyl carbonate group
of the aromatic polycarbonate and @ the amount of
phenol consumed in side reactions or led out of the
reaction systems during the purification of the pro-

20 duct, and the like. When the content of tﬁe by-product
phenol in the feedstock phenol mixture exceeds 99 % by
weight, the content of phenol (a) becomes less than 1 %
by weight. In this case, when it is assumed that the

amount @ does not change irrespective of the change in

25 the content of phenol (a) in the feedstock phenol



By the nethod of the present invention, wherein 10 the by-product phenol
obtained in the production of the aromatic polycarbonate is used as
conponent phenol of the feedsotck phenol m xture for the production of

di phenyl carbonate, and wherein the content of the by- produced phenol in
t he feedstock phenol mxture is 15 controlled to a level in the range of
from70 to 99 a by weight, it becones posaible to produce an aromatic
pol ycar bonat e havi ng excellent nelt stability at high tenperatures. Such
advant ageous effect achieved by the nethod of the present invention is
conpl etel y unexpegttuxe edthe rmquet tBcHrgeprss cfxttenety osmatl, Fhécdi al kyl
carbonate used as a starting material in the present invention is
represented by tMRENS oYhAT aEhE)TeSUOIFR 3rgmatiss (polycapeeepheched of R1

and R2 i ndependently represents an alkyl group having 1 to 10 carbon
atoms, an ali cycqqréyﬁﬁu&mﬁw £3 O%/Ebtecaﬁ St ofe bt Aval kykoyr oup

DS For o UL B0 s SR R A0 Tevghe, Ponded (0. pach
as net hy|5, et hyll’y H{icbqylccgr{tsé?{@.r S)It aJ.lé yédngj'géged that such a high
content of terminal hydroxyl groups adversely affects
the melt stability of the aromatic polycarbonate at
high temperatures.
By the method of the present invention, wherein

10 the by-product phenol obtained in the production of the
aromatic polycarbonate is used as component phenol of
the feedsotck phenol mixture for the production of
diphenyl carbonate, and wherein the content of the by-
produced phenol in the feedstock phenol mixture is

15 controlled to a level in the range of from 70 to 99 %
by weight, it becomes possible to produce an aromatic
polycarbonate having excellent melt stability at high
temperatures. Such advantageous effect achieved by the
method. of the present invention is completely unexpect-

20 ed from the techniques of the prior art.

The dialkyl carbonate used as a starting material
in the present invention is represented by the
formula (1):
RLoCORZ (1)
25 !



(isoners), butenyl (isoners), pentyl (isomers), hexyl 10 (isonmers), heptyl
(i soners), octyl (isomers), nonyl (isonmers), decyl (isoners) or

cycl ohexyl net hyl ; an alicyclic group, such as cyclopropyl, cyclobutyl,
cycl opentyl, cycl ohexyl or cycloheptyl; and an aral kyl group, such as
benzyl, phenethyl (isonmers), phenylpro 15 pyl (isoners), phenyl butyl

(i sonmers) or methyl benzyl (isonmers). The akove-nentioned al kyl group,
alicyclic group and aral kyl group may be substituted with a substituent,
such as a | ower al kyl group, a |ower | koxy group, a cyano group and a
hal ogen atom and naywéera#§oeé@htanRZnauds& utatiegebdrat s a di al kyl
carbonate having such Rl and R2, there may be nentioned for exanple,

di met hyl carbonate, HEFBFR§ENEAr BBnaLEYLldPpPYBYhavarBoRatte (iOsomers), dia-
| I'yl carbonate, dibuten%% car bonat e isoners{“ di butyl 25 carbonate

(i somers), dipentyl carbBR3t 8 PPSonBPsPiisBCldrngxpHPcRrNdRgt 8 Gsoners)),
di heptyl carbonate (iéon§£g% d%octyl carbona&g éisonersé, di nonyl car-
bonate (isomers), didecyroEarBoRaPES(PEoRBr 8F 3L1a¥ ¢y FF8YPpEAMHAI & bonat e,

dicyclohegyl carbonat g, gbcggkg?gpé¥%ggéﬁ§ﬁggggke?1dgg nﬁylg%?{2%£g£§5

di phenet hyl carbonate (1soners propyl ) carbonat

di (phenyl butyl) carbog@ﬁge&i§3n§gég,oghéghkgr@gggzgl}ingqrbonate (i somers),
di (net hoxybenzyl ) carbonate

Examples of Rl and R2 include an alkyl group, such
as methyl, ethyl, propyl (isomers), allyl, butyl
(isomers), butenyl (isomers), pentyl (isomers), hexyl

10 (isomers), heptyl (isomers), octyl (isomers), nonyl
(isomers), decyl (isomers) or cyclohexylmethyl; an
alicyclic group, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl or cycloheptyl; and an aralkyl
group, such as benzyl, phenethyl (isomers), phenylpro-

15 pyl (isomers), phenylbutyl (isomers) Qf'mééhylbenzyl
(isomers). The above-mentioned alkyl group, alicyclic
group and aralkyl group may be substituted with a
substituent, such as a lower alkyl group, a lower
alkoxy group, a cyano group and a halogen atom, and may

20 also contain an unsaturated bond.

As a dialkyl carbonate having such Rl and Rz,
there may be mentioned for example, dimethyl carbonate,
diethyl carbonate, dipropyl carbonate (isomers), dia-
llyl carbonate, dibutenyl carbonate (isomers), dibutyl

25 carbonate (isomers), dipentyl carbonate (isomers),



(isomers), di(nmethoxynethyl) carbonate, di(nmethox 10 yethyl) carbonate

(i sonmers), di(chloroethyl) carbonate (isoners), di(cyanoethyl) carbonate
(isomers), methyl ethyl carbonate, nethyl propyl carbonate (isoners),

met hyl butyl carbonate (isoners), ethyl propyl car- bonate (isomers), ethyl
butyl carbonate (isoners), 15 dibenzyl carbonate, ethylene carbonate and
propyl ene carbonate. O these dial kyl carBdnates, a dial kyl carbonate
containing as RlL and R2 a | ower al kyl group having 4 carbon atons or |ess
is preferred. Most preferred is 20 dineth carbonate. In the present

i nvention, the t%+¥?x§¥oﬁ%fp%naﬂ?h&H?%&?régnpéhﬂﬂptnée@aﬁBPéﬁﬁeneans a

conpound repre- sented bg $ OMAH% f or mul a: Ar-OH. 25 wherein Ar
represents a divar iﬁﬁeﬁ? el f%cﬁ% G0 %nﬂﬁ%lﬁbs??%ﬁ§$ t 81288Y¢aFBsn at ons.

carbon at oenéafrﬁl:‘fg St ReiBte f Fhned B CebBabrEr: LuoPRERS ent 8508, an
unsubsti tut ed 9ubshibuhed. naphLbyl she.0f oup:., BN, YESURSLLLYLED OF |

substituted blphen F ne group and an unsu ed or s

pyridyl ene groupafmbhdies, e&ﬁﬁ&k@yﬁ OfaSHERatdi VAL BALLBLATR LS BLAYURS

i ncl ude dival ent groups, each
(isomers), di(phenylpropyl) carbonate (isomers),

di(phenylbutyl) carbonate (isomers), di(chlorobenzyl)
carbonate (isomers), di(methoxybenzyl) carbonate
(isomers), di(methoxymethyl) carbonate, di(methox-

10 yethyl) carbonate (isomers), di(chloroethyl) carbonate
(isomers), di(cyanoethyl) carbonate (isomers), methyl
ethyl carbonate, methyl propyl carbonate (isomers),
methyl butyl carbonate (isomers), ethyl propyl car-
bonate (isomers), ethyl butyl carbonate (isomers),

15 dibenzyl carbonate, ethylene carbonate and propylene
carbonate.

Of these dialkyl carbonates, a dialkyl carbonate
containing as Rl and R? a lower alkyl group having 4
carbon:étoms or less is preferred. Most preferred is

20 dimethyl carbonate. |

In the present invention, the term "aromatic
dihydroxy compound" used herein means a compound repre-
sented by the following formula:

HO—Ar-—OH

25 wherein Ar represents a divalent aromatic



represented by the following fornmula: 10 -Arl-Y-Ar2- wherein each of Ar

and Ar2 independently represents a divalent carbocyclic or hetero- cyclic

aromatic group having fromb5 to 70 carbon atons, and Y represents a

di val ent 15 al kane group having from1l to 30 carbon atoms. In the dival ent

aromatic groups Arl and Ar2, at |east one hydrogen atom may be substituted

with a substituent which does not adversel2p affect the reac 20 tion, such

as a hal ogen atom an al kyl group having from1l to 10 carbon atons, an

al koxy group having from 1 to 10 carbon atons, a phenyl group, a phenoxy

group, a vinyl groupSTRUByRA¥igeodpomar &6t @O0ycaFporamtanisie group and a

nitro group. 25 Illustrative exangles of heterocyclic aromatic 27 groups

i ncl ude an aromatic gfOGPSRAGANG*aPPLESsPEoRd Vaterdr FTaMGRI G EPURS AT

ni trogen atom ap_oxyvgen_ato [ sul fur atom Exanples of dival ent.

aromati c groups ﬁ?yléﬁdgﬁfﬁ g%%Pn%?Bdgaﬁﬁoﬁng BES; fOCEY IS AUBDSURF e

phenyl ene group.,a05URSURSEELYL g r titut bi phenyl ene roup and an

unsubsti tut ed or_gugst?tuteé pyr? §?GR§HR %8&%.8'ﬁ%@ﬁifﬁ%ﬁP§W9§%Hﬁ¢%%ﬁm

Ar2 are as descrgpedubstituted naphthylene group, an unsubstituted or
substituted biphenylene group and an unsubstituted or
substituted pyridylene group. Further examples of such
divalent aromatic groups include divalent groups, each
represented by the following formula:

10 —Arl-y—ar2-

1 and Ar2

wherein each of Ar independently
represents a divalent carbocyclic or hetero-
cyclic aromatic group having from 5 to 70
carbon atoms, and Y represents a divalent
15 alkane group having from 1 to 30 carbon
atoms.
In the divalent aromatic groups arl and Arz, at
least one hydrogen atom may be substituted with a
substituent which does not adversely affect the reac-
20 tion, such as a halogen atom, an alkyl group having
from 1 to 10 carbon atoms, an alkoxy group having from
1 to 10 carbon atoms, a phenyl group, a phenoxy group,
a vinyl group, a cyano group, an ester group, an amide

group and a nitro group.

25 Illustrative examples of heterocyclic aromatic



above. 10 Exanpl es of dival ent al kane groups Y include organic groups
respectively represented by the follow ing formulae: CH R3 R R 11 1
-G -CGC and >C(X)k 1511 1 CH3 R4 R6 RB wherein each of R3, R4, RS
and R6 indepen- dently represents a hydrogen atom an al kyl group having
from1l to 10 carbon atons, an 20 al koxy group having from1l to 10 carbon
atons, a cycloal kyl group having from5 to2¥0 ring-form ng carbon atons, a
carbocyclic aronmatic group having from5 to 10 ring- form ng carbon atons

and a carbocyclic_aral lf group havi n from6 to 10 ri nﬁ-form ng 28
carbon atons; k ¥&P ?8§eh’f’§ g\ﬂel ﬁPeSEPmSFl r §hPUB PBVH‘,Q SdcHeRSeisent s a

carbon atom and Q@esrom gnd R8 bgnded t her et o; \% R7 i nde- g{)endently
represents a hyd ogeh°af 5iFor SHRP 58| R PL§F886nh3 Plg fRomM™ Y953 '8 58n

atons, and eachg uigggpgggﬁntly represents a hydro- gen atomor an al kyl
group having from1 1o )

Examples of divalent aromatic groups arl and Ar?
5 include an unsubstituted or substituted phenylene
group, an‘unsubstituted or substituted biphenylene

group and an unsubstituted or substituted pyridylene

1 2 are as described

group. Substituents for Ar~ and Ar
above.

10 Examples of divalent alkane groups Y include
organic groups respectively represented by the follow-

ing formulae:

CH, R® R?® R’
| ] TS
—C— . —C—C— and C (X))«
1s ! ! \ \_/ \
CH, R* R® » R?®
wherein each of R3, R4, R5 and R6 indepen-
dently represents a hydrogen atom, an alkyl
group having from 1 to 10 carbon atoms, an
20 alkoxy group having from 1 to 10 carbon

atoms, a cycloalkyl group having from 5 to 10
ring-forming carbon atoms, a carbocyclic
aromatic group having from 5 to 10 ring-
forming carbon atoms gnd a carbocyclic aral-

25 kyl group having from 6 to 10 ring-forming



carbon atons, wherein R7 and R8 are the sane or different; 10 wherein at
| east one hydrogen atom of each of R3, R4, R5, R6, R7 and R8 may be
i ndependent |y replaced by a substituent which does not adversely affect
the reaction, such as a halogen atom an alkyl group having from1l to 15
10 carbon atons, an al koxy group having from 1 to 10 carbon atons, a
phenyl group, a phenoxy group, a vinyl grz@ip, a cyano group, an ester
group, an amde group and a nitro group. 20 Specific exanples of divalent
aromatic groups Ar include groups respectively represented by the follow
ing fornulae: 25 29 QRPN (FPF (RIYepxFaOnys as taSr ¢RIFndbmCH3
(RlO)n(R9)mCI—I3(R103noc~~ CH3 100 (R m(RIO, ~p
to 11; each X represents a carbon atom and
has R’ and R® bonded thereto; each R’ inde-
pendently represents a hydrogen atom or an
5 alkyl group having from 1 to 6 carbon atoms,
and each R8 independently represents a hydro-
gen atom or an alkyl group having from 1 to 6
carbon atoms, wherein R7 and R8 are the same
or different;
10 wherein at least one hydrogen atom of each of
R3, R4, RS, R6, R7 and R8 may be independent-
ly replaced by a substituent which does not
adversely affect the reaction, such as a
halogen atom, an alkyl group having from 1 to
15 10 carbon atoms, an alkoxy group having from
1 to 10 carbon atoms, a phenyl group, a
phenoxy group, a vinyl group, a cyano group,
an ester group, an amide group and a nitro
group.
20 Specific examples of divalent aromatic groups Ar

include groups respectively represented by the follow-

ing formulae:

25



(R M(RO,, G CT 015 (RO MCF3 (RO. (R M(RO. ol " I CF3i'a CH3
CH3 CH3 R9), (RO. (R, O m(RRO. C-S-CH2-CH2 25 30 wherein each of
R9 and R1O i ndependently represents a hydrogen atom a hal ogen atom an

al kyl group having from1l to 10 carbon atons, an al koxy group having from
1 to 10 carbon atons, a cycloal kyl group having from5 5 to 10 ring-form ng
carbon atons, or an allyl group having frogp6 to 30 carbon atons; each of
m and n independently represents an integer of froml to 4, wth the
provi so that when mis an integer of from2 to 4, R9's are the sane or
different, and when n is an 10 integer of from2 to 4, R10's are the sane
or differ- ent. Further, exanples of divalent aromatic groups Ar also

i ncl ude those which are represented by the follow ing formula:

(R R10), (R R0,
|
CHs

(RQ)m CH3 (Rlo)n

l (R9>m CJ:Hs (R10)q
0=~  ~O<
CH3z

10
R (R10), R 10
9 @
15 Rz (l:pg (R19), (R (R10),
f ~O=O~
CF3 )in\CHs
CH; CHs
- (Rg)m (Rw)ﬂ
5 ) (RN (R0,
C CH:—CH: .

25



15 -Arl-Z-Ar2- wherein Arl
a single bond or a divalent

- COO-,

or -CON(R3) -,

wher ei

di val ent aromatic groups Ar

fol | ow
(R10),
(R10)Q
(R1O)"

ing fornul ae:
(R
R9

( §h110 0 )n

25 31
11 O

and Ar2 are as defined above; and Z. represents
group, such as -0-, -CO, -S, -S2, -SO,

n R3 is as defined 20 above. Exanples of such
i ncl ude groups respectively represented by the
(R9) (RO, (-P1 1) (RROO" 5 00-~0 (R)mM

(R10)n OS Oso 10 (R)m (R10BO (RgmM (RO, Sot Co O (R9)m

Coax OO O 15 (R9)m CH3 (RLO)0 o o (R9)m CH3

OO0OaC OO CH3 CH3 9

10

15

20

25

wherein each of R” and RO independently represents a
hydrogen atom, a halogen atom, an alkyl group having
from 1 to 10 carbon atoms, an alkoxy group having from
1 to 10 carbon atoms, a cycloalkyl group having from 5
to 10 ring-forming carbon atoms, or an allyl group
having from 6 to 30 carbon atoms; each of m and n
independently represents an integer of from 1 to 4,
with the proviso that when m is an integer of from 2 to
4, Rg's are the same or different, and when n is an
integer of from 2 to 4, R1O0's are the same or differ-
ent.

Further, examples of divalent aromatic groups Ar
also incluae those which are represented by the follow-
ing formula:

—Arl-z-ar2-

1 2

wherein Ar—- and Ar“ are as defined above; and

Z represents a single bond or a divalent

group, such as -0-, -CO-, -S-, -S0,5, -SO-,
-C00-, or -CON(R3)-, wherein R3 is as defined
above.

Examples of such divalent aromatic groups Ar
include groups respectively represented by the follow-

ing formulae:



20 wherein R9, R10, mand n are as defined above. In the nethod of the
present invention, the aro- 25 matic di hydroxy conpounds can be used
individually or 32 in conbination. Representative exanples of aromatic

di hydr oxy conpounds i ncl ude bi sphenol A As nentioned above, in the nethod
of the present invention, a feedstock dial kyl carbonate is reacted 5 with
a feedstock phenol mixture in the presence 3¥f a catalyst to obtain

di phenyl carbonate, and the obtained diphenyl carbonate is polynerized
with an aromatic dihydroxy conpound to produce an aromati c pol ycarbonate
whi | e produci ng phenol as by-product, wherein the 10 content of the

by- product phenol [phenol (b)] in the feedstock phenol m xture is from70
to 99 % by weight. It is preferred that the content of the by-product
phenol in the feedstock phenol mxture be controlled to a level in the
range of from90 to 98.5 &%ﬁ¥ wei Q%. 15 The by-product phenol obtained in
the production of an ar icp ar bonat e i SRgener al IR%ont ai ns at

| east one conpound sel e e group co o ting cresol and
€ss, . ba§§§§§hr® of the
of the at | one ound sel ected

xyl enol i® an anount of
by- product phenol. The 2

from
Ra (R10)q Ra R10),
OO~ ~O-so~O)—
10 ('RQ)m (‘R},())u (Rg)m (Rlo)n'
|
R9m (R10)q R o R19),
) o
R (|:H3 (R1%)q ?, 0 ®Racys R
~O~~Or-ot D)o~
CHs éHz

20

wherein R9, Rlo, m and n are as defined
above.
In the method of the present invention, the aro-

25 matic dihydroxy compounds can be used individually or



cresol and xylenol in the by-product phenol nmay be 40 ppm by wei ght or

| ess, or 30 ppm by weight or less. On the other hand, the other conponent
phenol of the feedstock phenol mxture [i.e., phenol (a) used in 25

m xture with a by-product phenol obtained in the pro 33 duction of an
aromati c polycarbonate] is not specifi- cally limted, as |ong as the other
conmponent phenol is a phenol other than pB&nol (b) which is a by-product
phenol obtained in the production of an aromatic poly 5 carbonate. Phenol
(a) may be obtaiped fromany supply source, and may be a mxture of a
plurality of |oti"of°mBhRABLORespREPFOERYtEEEHPNEHANPAATACS! BEANBL) Cof
supply sources. ver in general, a conmmercially available industrial
phenol is used. 4%€¥§Bﬂf%n?° °%?§§ofnigugﬁdeFpQ9P8ﬁoﬁ'in a comercially
avai l abl e industri al h Ny romr70 to 5 p weight. In the nethod
of the present invent%gnﬁg€%%6$%éd§?%3%'pﬁ%nggen$§%8¥8 OFstbﬁtBFﬁéénﬁy

m xi ng the by- prpduct . phgno i r e,_a,.co rciall vai | abl e
phenol for industrial 1§§bu%p%%%&sﬁé8ﬁeﬁ?§gggg S Bsg?gge é?oﬁﬁ%?ge%

pol ycarbonat e haykRda hiabasBbak spRbhbL ! ¥1 k2000t 1hecRDt Eoed phiepuse is

made of a feedstock phenol m xture containing a |arge anount O
and/ or xylenol . ¢dtabyptetersweain hatphdgycoshepbnoteCr 858! +ARALBE 2 KLENO!

in a feed 20 stock phenol nixture be 130 ppm by wei ght or |ess, nore
diphenyl carbonate is polymerized with an aromatic
dihydroxy compound to produce an aromatic polycarbonate
while producing phenol as by-product, wherein the

10 content of the by-product phenol [phenol (b)] in the
feedstock phenol mixture is from 70 to 99 % by weight.
It is preferred that the content of the by-product
phenol in the feedstock phenol mixture be controlled to
a level in the range of from 90 to 98.5 % by weight.

15 The by-product phenol obtained in the pfoduction
of an aromatic polycarbonate is generally contéins at
least one compouhd selected from the group consisting
of cresol and xylenol in an amount of 50 ppm or less,
based on the weight of the by-product phenol. Thé

20 content of the at least oné compound selected from
cresol and xylenol in the by-product phenol may be 40
ppm by weight or less, or 30 ppm by weight or less.

On the other hand, the other component phenol of

the feedstock phenol mixture [i.e., phenol (a) used in

25 mixture with a by-product phenol obtained in the pro-



preferably 110 ppm by weight or less, still nore pre- ferably 90 by wei ght
ppm or |ess. Further, because of the reason described below, it 1is
preferred that the content of an aromatic di hydroxy 25 conpound in a

by- product phenol obtained in the produc 34 tion of an aromatic

pol ycar bonate be 50 ppm by weight or less, nore preferably 40 ppmor |ess,
still nore preferably 30 ppmor less. The&romatic di hydroxy conpound
mentioned here is the sane as the aromatic 5 di hydroxy conpound defi ned
above. Exanples of nethods for controlling the content of an aromatic

di hydroxy conpdtHtial £y hrFRRat Ish Y RRETRER T s mebreRReititon of

tic polycarhonate to a |evel in th f 50 by, wei ght
ess i nol ude a HECHOA T i th 20 AT 110 1SN 0| HIPTCRbrIRERR 15 t he

vent of a pol y;gﬁr' q{olusoegﬁdé'xn 4*{]‘% %rhoedr}t;oclti ) Qfn A, A0 }1%:196?5?/%?%§y

pol ycar bonat e, phenol , ~di phenyl “carbonate, an ~arona

conpound and the{dde Brddid&d fd ARe cﬂﬁ?&/{@{i&@rar@r&&hé@%'eé!%%ﬁol

introduced to the distil 15 lation col um, ereby recovering t

fromthes top ofcddsortiedi | ImidrdL qol untay &Kl Shelidd #romhdsd sépply
by- product phenol and the like obtained in the pro- duction of” an aromatic

pol ycar bonat e arsowanglensell st N & aundanserof antbInea 1 £6¢l danfocongdensat e
m xture 20 containing the phenol is recovered and subjected to
phenol respectively obtained from a plurality of supply
sources. However in general, a commercially available
industrial phenol is used. The content of cresol

10 and/or xylenol in a commercially available industrial
phenol is from 70 to 500 ppm by weight. In the method
of the present invention, the feedstock phenol mixture
is obtained by mixing the by-product phenol with, for
example, a commercially available phenol for industrial

15 purpose. As mentioned above, an aromatic polycarbonate
having high melt stability cannot be obtained when use
is made of a feedstock phenol mixture containing a
large amount of cresol and/or xylenol. It is preferred
that the content of cresol and/or xylenol in a feed-

20 -stock phenol mixture be 130 ppm by weight or less, more
preferably 110 ppm by weight or less, still more pre-
ferably 90 by weight ppm or less.

Further, because of the reason described below, it

is preferred that the content of an aromatic dihydroxy

25 compound in a by-product phenol obtained in the produc-



distillation-separation. It is preferred that the content of an aromatic
di hydroxy conpound in the feed- stock phenol m xture be 90 ppm by wei ght or
| ess, nore preferably 70 ppm by weight or less, still nore prefer 25 ably
50 ppm by weight or less. 35 Wen the content of an aronmatic di hydroxy
compound in the feedstock phenol mxture is nore than 90 ppm by weight,

di sadvant ageous phenonena, such as cloggin%4of conduits, are likely to
occur during the operation for 5 producing di phenyl carbonate, so that it

above. - accor di ng 147 (76 HorMRIVB € o> HFBanie et s OrbPAnoRr BRABIE.
I bonat e hayi ' P pAt t_hi . b
10 br oduced by W e T QR G RO % 88 Sbnfar il n it P58 amount

(70 to 99 % by weigfldafy BV chizucfe%Qhe e OB ShRed | @iﬁggrm{ duction

of an aromatic poly- carbonate.” The nethod of the present invention, which
utilizes a by-pré&gﬁurﬂi‘%@ﬁid@d bee i acd | eedl damd 49 €RBt LpYRYE RN OCess

wherein the by-product phenol is continuously recycled, or in a batchw se
process wher- eidiljerddyy pdatbinPBnines sboved iExamslosage havkodRri or

to the use. In either process, the nethod of the present invention is much
advant ageousl y epecaltyo Z0ivherthan-arosmt | ef poh yeeshotnatediBydesryprci al |y
produced compound in a by-product phenol obtained in the produc-
tion of an aromatic polycarbonate to a level in the
range of 50 ppm by weight or less include a method in
10 which a distillation column is connected to the vent of
a polymerizer used in the production of an aromatic
polycarbonate, and phenol, diphenyl carbonéte, an
aromatic dihydroxy compound and the like distilled from
the polymerizer areﬁdirectly introduced to the distil-
15 lation column, thereby recovering theﬁphenol from the
top of the distillation column, and a method in which
a by-product phenol and the like obtained in the pro-
duction of an aromatic polycarbonate are condensed
using a condenser, and the resultant condensate mixture
20 containing the phenol is recovered and subjécted to
distillation-separation. It is preferred that the
content of an aromatic dihydroxy compdund in the feed-
stock phenol mixture be 90 ppm by weight or less, more

preferably 70 ppm by weight or less, still more prefer-

25 ably 50 ppm by weight or less.



on arelatively large commercial scale. It is pre- ferred that the
production capacity of the production apparatus used in practicing the
nmet hod of the present invention be 1,000 tons or. nmore per year, nore
prefer 25 ably 5,000 tons or nore per year in terns of the weight 36 of
the aromatic pol ycarbonate produced. In the nethod of the present

i nvention, the reac- tion node for prodUC|ﬁé di phenyl carbonate may be any
of the follomnng nodes: (1) a node in which di phenyl 5 carbonate is
obtained in one step carbonate wi_th phenol while

[ i al kyl
wi t hdrawi ng a by- prodﬁ%%geggébﬁg?g%gﬁl§5h8P fFBWPFﬁE Pé&@FFBﬁYé§§W§ﬁPn@2) a
t reacting a
i al kyl "carbonat S arth SReagr Gk, PICHCt S CUF Bai-Tg R By (FPBIIceta .hgﬁﬁt. c
| cohol f h | _.carhaonat.e is t en
glggrgpor{?gkgtgﬁéggﬁg g?gﬁ%%i?ﬁgg%%onatéﬂ gkéX% pgg?ﬁdﬁ%e 989§|Q€

carbonate whil e ¥bsddiawi ngréhe: by1yPegdyeed - dialky b md he
reaction system 15 and (S)ra n% de ?n whi ch g nlxtuée o% BE%E% pﬁgﬁ

carbonat es and di phedytisgr opréLyl Sc@bbahaed, byor eagt- 1%”9e@o§b§|%¥%fl
carbonate with phenol, and di spropor- tionation of the alkyl phenyl

carbonate in theculxttoestaslygopdoeted dopnbhglncdirpbaayk.carbonate. [Wth
20 respect to the above-nentioned nodes (1) to (3), refer-

As mentioned above, according to the method of the
present invention, an aromatic polycarbonate having
improved melt stability at high temperatures can be

10 produced by using a feedstock phenol mixture containing
a large amount (70 to 99 % by weight) of a by-product
phenol obtained in the production of an aromatic poly-
carbonate. The method of the present invention, which
utilizes a by-product phenol, may be practiced in a

15 continuous process wherein the by-product phenol is
continuously redycled, or in a batchwise process wher-
ein the by-product phenol is stored in a storage tank
prior to the use. 1In either process, the method of the
present invention is much advantageously especially

20 when an aromatic polycarbonate is commercially produced
on a relatively large commercial scale. It is pre-
ferred that the production capacity of the production
apparatus used in practicing the method of the present

invention be 1,000 tons or. more per year, more prefer-

25 ably 5,000 tons or more per year in terms of the weight



ence can be nmade to U S. Patent No. 4,948,871.] In the present invention,
there is no particular limtation with respect to the type of the reactor
to be used for producing di phenyl carbonate by reacting a 25 dial kyl
carbonate w th phenol, and various types of 37 conventional reactors, such
as an agitation type reac- tor, a nulti-stage agitation type reactor and a
multi- stage distillation colum, can be uséed. These types of reactors can
be used individually or in conbination, 5 and may be used either in a

bat chwi se process_or a continuous_ process. Fromthe viewdoint of
efficiently bi &2 ngh® RFUMRFIF PPLYT2ERRRALE TPl eaRet system a

mul ti-stage distillatjon_colu i eferred, and a continuous process
using a nul ti-stage d#%t?rlmf af?%ho‘ioggOFGW?%S%%Be’c?‘é‘F‘WlﬁPef EhPedeather e
is no particular_,lim ign with respect.to the nmulti-stage distillation
colum to be use%lclgxknrﬁki%é Pr &5 Rt OTHY ﬁ?i%hp%%n?'gnﬁaﬁgon? ©j gy ngFPIYI ation
colum having a t4 .S e istillation,of t or
nore and whi ch é%ﬁegggﬁggggggHﬁgﬁﬁﬂgg%brﬁfgggéﬁ%??ﬁﬂﬁdghh?étBFPnggﬁ. Exam

ples of siich nulddrisdages di stobtAAon f&'&@@ss{%'rﬂé’fgﬁe%@lﬁgt XEsﬁgg&“m‘S

using a tray, such as a bubble-cap tray, a per ray,-ava tray
and a counterfl| ayaridradce antkRaskatbl e Lol wWsaPacked Wi bh_yarkgus 20

packi ngs, such as a Raschig ring, a Lessing ring, a
aliphatic alcohol from the reaction system, (2) a mode
in which an alkyl phenyl carbonate is first obtained by
reacting a dialkyl carbonate with phenol while with-

10 drawing a by-produced aliphatic alcohol from the reac-
tion system, and the alkyl phenyl carbonate is then
disproportionated into diphenyl carbonate and a by-
produced dialkyl carbonate while withdrawing the by-
produced dialkyl carbonate from the reaction system,

15 and (3) a mode in which a mixture bf an alkyl phenyl
carbonate and diphenyl carbonate is obtained by react-
ing a dialkyl carbonate with phenol, and dispropor-
tionation of the alkyl phenyl carbonate in the mixture
is conducted to obtain diphenyl carbonate. [With

20 respect to the above-mentioned modes (1) to.(3), refer-
ence can be made to U.S. Patent No. 4,948,871.]

In the present invention, there is no particular
limitation with respect to the type of the reactor to

be used for producing diphenyl carbonate by reacting a

25 dialkyl carbonate with phenol, and various types of



Pall ring, a Berl saddle, an Intel ox saddl e, a D xon packing, a McMahon
‘packing, a Heli pack, a Sulzer packing and Mellapak. In the present
invention, any of the columms which are generally used as a multi-stage 25
distillation colum can be utilized. Further, a mxed 38 type of plate
colum and packed columm conprising both a plate portion and a portion
packed wi th packings, can also be preferaBVy used. In the present

i nvention, the continuous produc- 5 tion of an aromatic carbonate using a
mul ti-stage distillation colum can be conducted by a method in which the
starting and reatPRRehhPRRt aFR2FFOES,; guchi afkyn edibaHace AHESpEEss:- in
the case of reaction nnﬁﬁ £1g above, ~and a dial kyl carbonate and phenol in
10 the case of r&3tti dn"HbbesSF2Ye and F3F13BovEPSaF 82<EBRt PRA0AsMPLftdd to

t he conti nuous i-stage.dispil- lLation colu to _effect, a
transesterifica?%%%g?e%%g?%gigﬁé?ﬁe%%i?%%’s?%???ﬁguﬁﬁa'reggFﬁﬁtt%ﬁ?@r?&ls
inaliquid h =L gui h ] resence qf . a tal 15
contain?ng ca?aﬁi%??éo |Pgé%o%%?%%%%s?égﬁ#?ﬁﬁggﬁfn§§a98hféﬂb68gﬁﬁﬁﬁ’point

reaction 4 xt Ur ea§@nhay Nba0uded’ O1 tibE e ak kish PREDYL gé&éagétsr.giphe“y'
carbonate or a mxture thereof in liquid formfroma Tower portion of the

distillation col&smtinieusoptodeoss! yrinbh hehaw D8wao20t! 8 Beick LagnRALN
reaction mxture contalning a by-

biasing the equilibrium toward the product system, a
multi~stage distillation column is preferred, and a
continuous process using a multi-stage distillation

10 column is especially preferred. There is no particular
limitation with respect to the multi-stage distillation
column to be used in the present invention as long as
it is a distillation column having a theoretical number
of stages of distillation of two or more and which can

15 be used for performing continuous distillation. Exam-
ples of such multi-stage distillation columnsvinclude
plate type columns using a tray, such as a bubble-cap
tray, a perforated tray, a valve tray and a counterflow
tray, and paéked type columns packed with various

20 packings, such as a Raschig ring, a Lessing ring, a
Pall ring, a Berl saddle, an Intelox saddle, a Dixon
packing, a McMahon packing, a Heli pack, a Sulzer
packing and Mellapak. In the present invention, any of
the columns which are generally used as a multi-stage

25 distillation column can be utilized. Further, a mixed



product in gaseous formfroman upper portion of the distillation colum
by distillation. In this instance, a single continuous nmulti-stage
distillation colum may be used alone, or a plurality of continuous
multi-stage 25 distillation colums may be used in conbination. As a 39
specific exanple of the nmethod in which a plurality of continuous

mul ti-stage distillation colums are used,38there can be nentioned a net hod
in which a dialkyl carbonate is reacted with phenol in a first nulti-stage
5 distillation colum to obtain a reaction m xture con- taining an al kyl
phenyl carbonat &¥Re tIfe HcttDAVfURTheand draghed wiftlummi eemipais hgg apoth
aliphatic alcohol fromthe ¢top of_the columm, and the reaction m xture
obtained at thé& @&@t‘iﬂn&ﬁrﬁw @i BT QN RAGkask ¢bieh RAERIBgAgecan o

distillation COlglft | rti onat t he al kyl phenyl carbonate into

di phenyl car bon&t€® a I%(r)‘b]ti’ aI kyl carbonate, while w thdraw ng
a reac- tion mxt ured,Lc tal ni ng nhce henyl car bonat & fromthe bottom of
the col urm, and wit hdFawiig pt’:n pro uce]tPrfLS I T P PIRRECF ST t he

top of the colu t ct bet ween a
di al kyl rg’ar bona{%goartlngth r%lg‘lno 10 o a| n é&p%}:eny“{g%r{aﬂ?% "lbu(rjli;? "3 9Rrformed in
the presence of d@.s‘%ﬁthja)tito BRI i bP U@ | n; {he type
of cata 20 |yst used, but e?s ccat al ysts, there nay be Brg‘e%?r{i)%ﬁgo&’ 4

which the starting and reactant materials [i.e., a
dialkyl carbonate and phenol in the case of reaction
mode (1) abqve, and a dialkyl carbonate and phenol in
10 the case of reaction modes (2) and (3) above] are
continuously fed to the continuous multi-stage distil-
lation column to effect a transesterification reaction
between the starting and reactant materials in a liquid
phase or a gas-liquid phase in the presence of a metal-
15 containing catalyst, while continuously withdrawing a
high boiling point reaction mixture containing a pro-
duced alkyl phenyl carbonate, diphenyl carbonate or a
mixture thereof in liquid form from a lower portion of
the distillation column, and continuously withdrawing a
20 low boiling point reaction mixture containing a by-
product in gaseous form from an upper portion of the
distillation column by distillation. In this instance,
a single continuous multi-stage distillation column may
be used alone, or a plurality of continuous multi-stage

25 distillation columns may be used in combination. As a



for exanple: (lead conpounds) |ead oxides, such as PbO Pb02 and Pb304;
| ead sulfides, such as PbS and Pb2S; |ead hydroxides, such 25 as Pb(OH)2
and Pb202(OH)2; plunbites, such as Na2Pb(2, 40 K2Pb(2, NaHPbQ2 and KHPbQ2;
pl unmbat es, such as Na2Pb(C3, Na2H2PbO4, K2Pb(3, K2[ Pb(OH)6], K4PbO4,
Ca2PbOX4 and CaPbQ3; |ead carbonates and basic salts thereof, such as
PbCO3 and 2PbCO3Pb(OH)2; lead salts of orgd%ic 5 acids, and carbonates and
basic salts thereof, such as Pb(OCOCH3)2, Pb(0OCOCH3)4 and
Pb( OCOCH3) 2PbO. 3H20; ~_organol ead conpounds, such as Bu4Pb, Ph4Pb, Bu3Pbd,
Ph3PbBr, Ph3Pb (¥RePhEFp2gxamrbPheH Eirl ™pBred Whevliah Bupleprésitnt 9fa
butyl group and Ph represents a phenyl 10 group' _al k%ﬁl ead conpounds and
aryl oxyl ead conpoRMEEIUCEE R LEL PhYRY$3Y S T EHRE) PB(EPhYMRRd2PE( BPAY2: | ead
al I oys, such as Pb-Na, Pb-Ca, Pb-Ba b-Sn and. Pb-Sh;. |ead_m nerals, such
as gal ena and zi HeSHT ecﬁ%lré;b%anH/%'?%cFe% ’B?a??\%sbnl‘é%ﬂcgo‘ﬁpgbﬁ%}’lw
(copper famly %%rg o] ggB S of, C es_of co r famly, netals,
such as Qud, g ?%ﬁ%ﬁyg ?é@%ﬂ%éwlj‘%ﬁ(&ci‘Z?IP%g(lgﬁgg]}Z,gtegﬁper
ol eate, Bu2Cu, (L8O P i SHING umd' GBS o154 VST 2 PE Ad 108,
Ag(bul |l val ene) 3N03, 20 [AuC=C-C(CH3) 3] n and“FC?J(Cg;%%?T4 %g\?g?ncgléac
repre- taining an alkyl phenyl carbonate at the bottom of the
column, while withdrawing an aliphatic alcohol from the
top of the column, and the reaction mixture obtained at
the bottom of the column is fed to a second multi-stage
10 distillation column to disproportionate the alkyl
phenyl carbonate into diphenyl carbonate and a by-
produced dialkyl carbonate, while withdrawing a reac-
tion mixture containing the diphenyl carbonate from the
bottom of the column, and withdrawing the by-produced
15 dialkyl carbonate from the top of the column.

In the present invention, the reaction between a
dialkyl carbonate and phenol to obtain diphenyl car-
bonate is performed in the presence of a catalyst.

There is no particular limitation on the type of cata-
20 lyst used, but as catalysts, there may be mentioned,

for example:

(lead compounds)

lead oxides, such as PbO, PbO, and Pb304; lead
sulfides, such as PbS and Pb,S; lead hydroxides, such

25 as Pb(OH)z and szOz(OH)Z; plumbites, such as NaszOZ,



sents an acetyl acetone chelate |igand; (alkali netal conplexes) alkal

nmet al conpl exes, such as Li(acac) and LiN(C4H9)2; 25 41 (zinc conpl exes)
zi nc conpl exes, such as Zn(acac)?2; (cadm um conpl exes) cadm um conpl exes,
such as Cd(acac)2; 5 _ (iron famly nmetal conpounds) iron famly netal
conpl exes, such as Fe(Cl0H8)(CO 5, Fe(CO5, Fe(C4AH6) (CO 3, Co(nesi-

tyl ene) 2( PEt 2Ph) 2, CoC5F5(CO) 7, N -n- C5HSN®® and ferro- cene; 10 (zirconium
conpl exes) zirconi um conpl exes, such as Zr(acac)4 and zirco- nocene; (Lew s
acids and Lewis acid-form ng conpounds) Lewis acids and Lew s acid-form ng
transition 15 #PROxo anft Kby XP Lumba@tesj x@uch/oxs, NgBbOZn X2,
FeX3 and SnX4 wherein X represents a hal ogen . atom -an acetoxy group, an

al koxy group or "aeHaRR%y KafiRfiny; %@?@bb&\b{i% ou@rﬂz?bé@ 8Rganotin

conpounds, SUChd§%Ab3:)fggh carbdnates and basic salts thereof, such

as PbCO3 and 2PbCO3-Pb(OH)2; lead salts of organic
5 acids, and carbonates and basic salts thereof, such as
Pb(OCOCH3),, Pb(OCOCH3)4 and Pb(OCOCH3),-PbO-3H,0;
organolead compounds, such as Bu,Pb, PhyPb, Bu3PbC1,
Ph3PbBr, PhgPb (or PhgPb, ), BuzPbOH and Ph4PbO wherein
Bu represents a butyl group and Ph represents a phenyl
10 group; alkoxylead compounds and aryloxylead compounds,
such as Pb(OCH3)2, (CH3O)Pb(OPh) and Pb(OPh)z; 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 these lead compounds;
15 (copper family metal compounds)
salts or complexes of copper family metals, such
as CuCl, CuCl,, CuBr, CuBrz, CuIl, Cul,, Cu(OAc),,
Cu(acac),, copper oleate, BuyCu, (CH30),Cu, AgNOj3,
AgBr, silver picrate, AgCgHgClOy4, Ag(bullvalene)3NO3,
20 [AuCEC—C(CH3)3]n and [Cu(C7H8)Cl]4 wherein écac repre-
sents an acetylacetone chelate ligand;
(alkali metal complexes)
alkali metal complexes, such as Li(acac) and
LiN(C4H9)2;

25



(C2H5) 3Sn00C6H5, Bu3SnOCOCH3, Ph3SnCO0CH3, Bu2Sn( OCOCH3) 2,

Bu2Sn( 000C11H23) 2, Ph3SnOCH3, (C2H5)3SnOPh, Bu2Sn(OCH3) 2, Bu2Sn( OC2H5) 2,
Bu2Sn(OPh) 2, Ph2Sn(OCH3) 2, (C2H5)3SnCH, : Ph3SnOH, Bu2SnO, 25 (C8H17)2SnO,
Bu2SnCl12 and BuSnO(OH). 42 These catalysts are effective even when they
are reacted with an organic conpound present in the reac- tion system such
as an aliphatic alcohol, an aromatic nono#éydroxy conpound, an al kyl aryl
carbonate, a diaryl 5 carbonate and a dial kyl carbonate. Those which are
obt ai ned by heat-treating these catalysts together with a starting
material, a reactZic fRFRYe%LTkaction product thereof prior to the use in
the process of the present invention can also be used. 10 It is preferred

t hat the catal yst haV@Jﬁ?dﬁmﬁﬂﬁﬁﬂﬁ4|?%F?rﬁ?rﬁpq??ﬁﬁhnphase of the reaction

system Preferred exa Ies f cat Iysts i ncl ude Pb conpounds, such as
PbO, Pb(OH)2 an ‘f q? unds such as TiCl4 and Ti (OPh.)4; Sn

conpounds, such as S CPh)2 Fe

conmpounds, such as QQ%#§A$EC?%&$§ and’ﬁg% %qﬂi dg g%tlon products of

the above; metal comoungds: W tﬂbggyﬂggTég ﬁ@$yt|on m xture. In the present
cata

invention, it is p055|ble to use a 2 yst which is not conpletely
soluble in the |iquidiron family metal complexes, such as

Fe(ClOHS)(CO)S, Fe(CO)S, Fe(C4H6)(CO)3, Co(mesi-
tylene),(PEtyPh),, CoCg5F5(CO)y, Ni-n-CsHgNO and ferro-
cene;

10 (zirconium complexes)

zirconium complexes, such as Zr(acac)4»and zirco-
nocene; |
(Lewis acids and Lewis acid-forming compounds)

Lewis acids and Lewis acid-forming transition

15 metal compounds, such as A1X3, Tix3, Tix4, VOX3, VXg,
ZnX,, FeX3 and SnXy wherein X represents a halogen
atom, an acetoxy group, an alkoxy group or an aryloxy
group; and
(organotin compounds)

20 organotin compounds, such as (CH3)3SnOCOCH3,
(C2Hg)3Sn0OCOC4H5, BuzSnOCOCH3, Ph3SnOCOCHj,
BuySn(0OCOCH3),, BuySn(OCOC;1Hy3),, Ph3SnOCHj,
(C2H5)3SnOPh, BuZSn(OCH3)2, Bu,Sn(0C,oHg ) 5, Bu,Sn(0OPh),,
PhZSn(OCH3)2, (C2H5)3SnOH,:Ph3SnOH, Bu,SnoO,

25 (C8Hl7)2SnO, Bu,SnCl, and BuSnO(OH).



phase of the reaction system In this case, froma practical viewpoint, it
is inportant that the catalyst be in a form (for exanple, a slurry form
such that the catalyst can exert satisfactory catalyst activity in 25 the
reaction system 43 The amount of the catalyst used in the present

i nvention varies depending on the type thereof, the types of dialkyl
carbonate and weight ratio of a dialkyl cgbonate to phenol, the reaction
conditions, 5 such as reaction tenperature and reaction pressure, and the
| i ke. Generally, the anount of the catalyst is in the range of from 0.0001
to 30 % by wei ght, bdSwseprcatadiy st adrenved ffecoive heveh allkgh theboamee and
phenol. In the present invention, the ratio of a dialkyl 10 carbonate to
phenol is not sp@aTFHeshIWith afi (P aHE iqomprind RS IRIPenti nghenrede-t ype
and anmount of a catalyst and the reaction conditions, however in general,
the nmolar rati &G FHSEETt SURRIAF 1Rt S PRTRE G LIFPh 2he2FaRgbief
from0. 01 to 1, 000. In the present invention, the reaction tine (or

the residence tWHEQHgH%Qﬁﬁaqgﬂééq i Y st ARt edd FhRTYhe
reacti on betwee i | _cay honat nd enol, is t specificall
linmited, but it r(]:la%b%éganktyéar }eﬁnl%{/ 3 n%a e"'é‘ Yralar?ga{;r%o?n?treo‘m 0. gt%hﬁﬁhh?)ﬁ¥s, 20

preferably fromdgaQl 4 19, BULS ¢ BUE Y AP ¥ dd Q8 ts together with

a starting material, a reactant and/or a reaction
product thereof prior to the use in the process of the
present invention can also be used.

10 It is preferred that the catalyst have high
solubility in the liquid phase of the reaction system.
Preferred examples of catalysts include Pb compounds,
such as PbO, Pb(OH)2 and Pb(OPh)z; Ti compounds, such
as TiCl, and Ti(OPh)4; Sn compounds, such as SnCl,,

15 Sn(OPh)y, Bu,ySnO and Bu,Sn(OPh),; Fe compounds, such as
FeCl3, Fe(OH)3 and Fe(OPh)3; and reaction products of
the above metal compounds with phenol or reaction
mixture.

In the present invention, it is possible to use a

20 catalyst which is not completely soluble in the liquid
phase of the reaction system. In this case, from a
practical viewpoint, it is important that the catalyst
be in a form (for example, a slurry form) such that the
catalyst can exert satisfactory catalyst activity in

25 the reaction sysfem.



0.05 to 5 hours. The reaction tenperature may vary depending on the type
‘of dialkyl carbonate to be used, but is generally in the range of from 50
to 350 C, preferably from 100 to 280..C. The reaction pressure 25 nmay vary
depending on the type of dialkyl carbonate and 44 +the reaction
tenperature, and it nmay be any of a re- duced pressure, an atnospheric
pressure and a superat- nospheric pressureq3However, the reaction pressure
is generally in the range of from13.3 Pa (0.1 mmHg) to 5 19.7 MPa (200
kg/cm2. G . .In producing a di phenyl carbonate, use of a solvent is not

requi red. However, f{The tdmoynit pofetiod ¢atalystitusgdt he tbacbreseoperati on
an inert solvent, such as an ether, an aliphatic hydro- carbon, an aronmatic
hydr ocarbon or ariegnyerrateartes depending hyarbear bype thgrbefussbeas a
reaction solvent. Hereinbelow an explanation will be nmade on the nethod
for produci ng arF¥ReTeRt Chdichrevhaeeate ornd dipheny| TehiBoAit @ and an
aromati c di hydroxy conmpound. There is no particular limtation wth respect
to 15 the node #a]dfﬁ%)n%?7 R hH 'F%a%?‘?%‘glt othe EFPFHYRD. Corfy tdPrRnown
pol yneri zers for_use in producin aromat i ol ycarbonate b

transestetificatio %ﬁod%?%tﬁﬁﬁgﬁggﬂ%ﬁﬁt?ﬁet%%gnﬁ el mieln Pﬁ@s%P%ggn?nd
Lgfﬁga E}O?heEX%m%‘ﬁié%.‘“ﬁé&%@éf W f £aghb Qe "BEeEnYSaREE1 00+ st B]
present 1 nvention 1 n udé a reac
the range of from 0.0001 to 30 % by weight, based on
the total weight of the dialkyl carbonate and phenol.
In the present invention, the ratio of a dialkyl

10 carbonate to phenol is not specifically limited and it
may vary depending on the type and amount of a catalyst
and the reaction conditions, however in general, the
molar ratio of phenol to dialkyl carbonate is within
the range of from 0.01 to 1,000.

15 In the present invention, the reaction time (or
the residence time when the reaction is continuously
conducted) for the reaction between a diakyl carbonate
and phenol is not specifically limited, but it is
generally in the range of from 0.001 to 50 hours,

20 preferably from 0.0l to 10 hours, more preferably from
0.05 to S hours. The reaction temperature may vary
depending on the type of dialkyl carbonate to be used,
but is generally in the range of from 50 to 350 °C,
preferably from 100 to 280.°C. The reaction pressure

25 may vary depending on the type of dialkyl carbonate and



tion node in which an agitation type polynerizer, a thin-filmevaporation
type polynerizer, a screw type polynerizer or the like is used, a reaction
node in which a polynerizing material is allowed to pass down 25 wardly
through a perforated plate and fall freely to 45 thereby effect a

pol ymeri zation during the free-fall, a reaction node in which a
polynerizing material is allowed to pass 4ownwardly through a perforated
pl ate having a guide extendi ng downwardly therefromand fall 5 along and
in contact wwth the guide to thereby effect a polynerization during the
fall along and itheorfartion tempdreatyuiele, arnddl b maxnche oanyod€ a&nrehich a
solid state polynerization is effected. For producing a high quality
aromatic pol ycar ePr%ﬁﬁHﬁﬁéﬂ4%/1%@9%99%%?0]RF?%%&%?O@“%D@e§UH?Ea§‘
reacti on node in which a pol yner- '2539 naterlal is all owed to pass

downvar dl y t hr olRfIFPRISTET IRFRTBF D1 at E¥ al th ?r%ﬁﬂ%ﬁf?Ptﬂﬁ?%ﬁyr%f%éct a
I t d the f fall U P t

Aop! | cati on La ”“eerﬂalgaicﬁ? i {PSD. 08 SR Borbo7)S st b PG B mode
which a sol tat 2 f d

Ilgpanlege PZ?elnt 9:\p?m;;lll\llﬁizalto odlndTg{ Ilca&Q)C)lrlsl\lgrt &é‘%’gﬁgi %‘n%ﬁ%x%ﬁfflened _

Japanese Patent Appldcatd Orhé.@|(pf QedbRpest f ganogll(c%g‘gpfeg;_ Zﬁ?§§%| ot IS

al so preferred that these 20 reaction nodes be enpl n co
for the purpose of facilitating the reaction operation,

an inert solvent, such as an ether, an aliphatic hydro-
carbon, an aromatic hydrocarbon or a halogenated aro-
10 matic hydrocarbon, may be used as a reaction solvent.
Hereinbelow, an explanation will be made on the
method for producing an aromatic polycarbonate from
diphenyl carbonate and an aromatic dihydroxy compound.
There is no particular limitation with respect fo
15 the mode of polymerization reaction to be employed.
Any of known polymerizers for use in producing an
aromatic polycarbonate by the transesterification
process can be used in the method of the present inven-
tion. Examples of various known reaction modes usable
20 in the method of the present invention include a reac-
tion mode in which an agitation type polymerizer, a
thin-film evaporation type polymerizer, a screw type
polymerizer or the like is used, a reaction mode in
which a polymerizing material is allowed to pass down-

25 wardly through a perforated plate and fall freely to



The ratio in which the aromatic di hydroxy conpound and the di phenyl
carbonate are used (i.e., a charging ratio) may vary depending on the type
of the aromatic dihydroxy conpound enpl oyed, the polynerization tenper 25
ature and ot her polynerization conditions. The di 46 phenyl carbonate is
generally used in an ampbunt of from 0.9 to 2.5 noles, preferably fromO0.95
to 2.0 noles, nore preferably fromO0.98 tasl1.5 noles, per nole of the
aromati ¢ di hydroxy conpound. 5 The nunber average nol ecul ar wei ght of the
aromat - ic polycarbonate obtained according to the method of the present
invention is gentharehyfedhesboat polpoegdeatipneflierabby theodreeg@alilo a
30,000. In the present invention, the reaction tenperature 10 for reactlng
the aromatic d|h?%?%??oﬁoﬂﬁﬁﬁnﬁnmﬁ?thhé PGF&W?FléaPEoﬁéﬁérﬂélgéﬁeraIIy in
t he range of fron1§ % referabl from100 to 290 C. t he
reaction proceedd pHEA0FCi 8a5§ g?%ﬂﬁ@ﬁﬁ EQrPﬁﬁBanQeﬁﬁéﬁéFe@r@%ﬁﬁﬁe

reaction system the reac- 1 n.be i ed. Therefare, .in the
oLLop gerees

met hod of the pradehtdiRvERtTRne ?ngén%r PEPYBF ﬁﬁ?5§°5 aﬁﬁtﬁ@&
wht ch an snert 98Pol) £hapRcARta2EVALSR) ¥nodbfical the ggg;gg%fgg as

ni trogen, argon, car IOXI e an ower

intro 20 duced Sﬁoiyﬂériggtpanp&@ﬂﬂﬁgdtﬁéoggiiCaﬂBHShXHﬁoéx contact

with the guide, and a reaction mode in which a solid
state polymerization is effected. For producing a high
quality aromatic polycarbonate, especially preferred
10 reaction modes are a reaction mode in which a polymer-
izing material is allowed to pass downwardly through a
perforated plate and fall freely to thereby effect a
polymerization during the free-fall (see Unexamined
Japanese Patent Application Laid-Open Specification No.
15 7-292097), and a reaction mode in which a solid state
polymerization is effected (see in Examined Japanese
Patent Application Publication No. 7-94546 and Unexam-
ined Japanese Patent Application Laid-Open Specifica-
tion No. 3-223330). It is also preferred that these
20 reaction modes be employed in combination.

The ratio in which the aromatic dihydroxy compound
and the diphenyl carbonate are used (i.e., a charging
ratio) may vary depending on the type of the aromatic
dihydroxy compound employed, the polymerization temper-

25 ature and other polymerization conditions. The di-



conpound is entrained by the inert gas, and the inert gas entraining the
‘aromati ¢ monohydroxy compound is wthdrawn to renove the aromatic
nonohydr oxy conpound, or a nethod in which the reaction is carried out
under 25 reduced pressure. The preferred reaction pressure may 47 vary
depending on the type and the nol ecul ar weight of the aromatic

pol ycarbonate to be produced, and the pol4®erization tenperature. For
exanple, in the case of a reaction in which an aromatic pol ycarbonate is 5
produced from bi sphenol A and di phenyl carbonate, when the nunber average
nol ecul ar wei ghtPIIN¥heEarRprA TR 1pIsRFdbhatesed fosant aaAuRtood, frae

pressure. 1 thid o S vhato L7 (RADET S BF g ol clo boufad TRLBRY | <
h [ - ' bly f 40Q Pa (3
i) fo 6, 665 PSP IET Vhert Thed ribEr byl HgLonol BEEI BPLRopOhEAPs |
' i f bl 2,666 Pa (20 mmtHg
o Toss, more prerarin g SeSsE B IR Or %l Bas. oSt prof er abl y
267. Pa (2 nmmHg) or ’h@§§uﬂﬁef5%4%f%§%rﬁﬁhéé@ﬁafrWéﬁgﬁ?tBQHBHQ 8§§$8£HEd

under reduced pressure while introducing the above- i oned I'nert gas.

When the by- prodiugtpdihpiotb s ©d nesled hd dea e Osliing 2001 08 RE+LBg agomatic
pol ycarbonate is renmoved fromthe -

the present invention is generally from 500 to 100, 000,
preferably from 2,000 to 30,00C.
In the present invention, the reaction temperature
10 for réacting the aromatic dihydroxy compound with the
diaryl carbonate is generally in the range of from 50
to 350 °C, preferably from 100 to 290 °C.
As the reaction proceeds, phenol is by-produced.
By removing phenol_from the reaction system, the reac-
15 tion rate can be increased. Thereforg, in the method
of the present invention, it is preferable to employ a
method in which an inert gas which does not adversely
affect the reaction, such as nitrogen, argon, helium,
carbon dioxide and a lower hydrocarbon gas, is intro-
20 duced so that the by-produced aromatic monohydroxy
compound is entrained by the inert gas, and the inert
gas entraining the aromatic monohydroxy compound is
withdrawn to remove the aromatic monohydroxy compound,
or a method in which the reaction is carried out under

25 reduced pressure. The preferred reaction pressure may



reaction system the by-product phenol may be acconpa- nied with di phenyl
carbonate, an aromatic di hydroxy conpound, an oligonmer and the I|ike.
However, as de- scribed above, it is preferred that the content of an 25
aromati ¢ di hydroxy conpound in the by-product phenol 48 wused in the
present invention be 50 ppm by weight or |ess. The content of an aromatic
di hydroxy conmpound in the by-product phen®l can be controlled to a | evel
in the range of 50 ppm by weight or less by distillation 5 or the |ike. By
distillation or the Ijke, not only the aromatic di hydroxy conpound but

al so the di pheny2T% ASRSTAET (He 1S Joms 2l T 1l beesghhraf ed
fromthe by-proq§§% henol. It Jis preferred tﬂg% t he., di phenyl carbonate,
the aromatic di hytto WﬁﬁﬁﬁnﬁﬁﬁYQé%QQR?qﬁiEﬁ) Qﬁﬂ?%?ﬁéﬁi%%@mﬁ?%h have
been separat ed ' - nol by.distillation or_the like to
reduce the cont g\%l%él{lﬁze%og{mq%ﬁr%ed‘lp %@’dfr)eo'xy 1?:oormexpaomLP?\]oe’i % hEPBYERFDduct
phenol to 50 pprady, welght; id 685i 1 0. merizer used in
the produc 15 tion of theléﬁgﬁhtic po ;%gréﬁéﬁ%iéygéggﬁééé;%ﬁ%?i%%tion

reaction £an be frydURE Q¥n i¥L MRS e GhPla B rfatAl yéérbé‘#?%‘fgerwrléz‘i It

is desired to accelerate the polynerization, the polymeri- zafion. can be
effected in the yresrntrRoflaweajalnsliec2 T e Ry B | @&l | Dokt AL yst s

whi ch are custonmarily used

polycarbonate is less than 1,000, the reaction pressure
is preferably from 6,665 Pa (50 mmHg) to afmospheric
pressure. In this case, when the number average molec-

10 ular weight is from 1,000 to 2,600, the reaction pres-
sure is preferably from 400 Pa (3 mmHg) to 6,665 Pa
(50 mmHg). When the number average molecular weight is
greater than 2,000, the reaction pressure is preferably
2,666 Pa (20 mmHg) or less, more preferably 1,333 Pa

15 (10 mmHg) or less, most preferably 267 Pa (2 mmHg) or
less. It is preferred that the reaction be performed
under reduced pressure while introducing the above-
mentioned inert gas.

When the by-product phenol obtained in the produc-

20 tion of the aromatic polycarbonate is removed from the
reaction system, the by-product phenol may be accompa-
nied with diphenyl carbonate, an.aromatic dihydroxy
compound, an oligomer and the like. However, as de-

scribed above, it is preferred that the content of an

25 aromatic dihydroxy compound in the by-product phenol



in the art can be used without particular limtation. Exanples of such
catal ysts include hydroxides of an alkali nmetal and of an alkaline earth
metal, such as [|ithium hydroxide, sodi um hydroxide, potassium hydrox 25

i de and cal ci um hydroxi de; alkali nmetal salts of, 49 alkaline earth netal
salts of and quaternary ammonium salts of boron hydride and of al um num

hydride, such as |ithium al um num hydri deggsodi um boron hydri de and
tetramet hyl amoni um boron hydri de; hydrides of an 5 alkali metal and of an
al kaline earth netal, such as I|ithium hydride, sodium hydride and cal ci um

hydri de; al koxiwesd ofnavhal keésenet shvandioh Ba' 5al kphi Bg Raight Betal ,
such as |ithium nmet hoxi de, sodi um et hoxi de and cal ci um net hoxi de;

aryl oxi des of anleskal i Thetabnbent obf 18naarahabicnéibpdtrbxpetahposndhias

| i thi um phenoxi de, sodi um phenoxi de, magnesi um phenoxi de, Li O Ar-OLi
wherein Ar repreSkaitRY aPredyst gpepol apan Ne® epntallefietei a Aeved as
defined above; organic acid salts of an alkali netal and. of an al kaline
earth metal, suct@sramd¢ihidn RRBLRY evetati o heefabe dhdtiddrtion

benzoa_te;5 zinc son ouEﬂs e:sua}g%a .Szi nf oxide, zipnc acetate and zinc
phenoxi de? bor ori ’Egﬁb% e s T5Eh PACDIP AR TBBrttkaci BOtsealunthe
I RS T TR SN
carbonate, the oligomer and the like can be separated
from the by-product phenol. It is preferred that the
diphenyl carbonate, the aromatic dihydroxy compound,
lQ the oligomer and the like which have been separated
from the by-product phenol by distillation or the like
to reduce the content of the aromatic dihydroxy com-
pound in the by—product phenol to 50 ppm by weight or
less be recycled to the polymerizer used in the produc-
15 tion of the aromatic polycarbonate.
A transesterification reaction can be carried
out in the absence of a catalyst. However, if it is
desired to accelerate the polymerization, the polymeri-
zation can be effected in the presence of a catalyst.
20 The polymerization catalysts which are customarily used
in the art can be used without particular limitation.
Examples of such catalysts include hydroxides of an
alkali metai and of an alkaline earth metal, such as
iithium hydroxide, sodium hydréxide, poféssium hydrox-

25 ide and calcium hydroxide; alkali metal salts of,



_phosphoni um borates represented by the formnula:

R6), wherein R3 R4 R5 and R6 are as defined above; silicon conpounds,

as si

i- con ox

ide, sodiumsilicate.; tetraal kylsilicon, tetraar 25

yl silicon and di phenyl -et hyl - et hoxysilicon; germanium 50 conpounds, Ssu
as germani um oxi de, germaniumtetrach- |oride, germani um et hoxi de and

ger mani um phenoxi de; tin conpounds, such 48 tin oxide, dialkyltin oxid
dia- Ikyltin carboxylate, tin acetate, tin conpounds having 5 an al koxy

group or aryl oxy

such as thyltin tributoxide, an

ro bonded to tin,
organotin conpou%g§ ff% deaEBﬂp%%ﬁﬂ§ sa4Em 2k ?%% BRFRENAF Ba @M REOBE B,

| ead

|l ead o
a quat
com p
compou
bor at e;

car bonat e,
r organol
ernary ph
ounds, su
nds, such
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as anti nony oxi I nony ace ate
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m com 15 pounds, such as Eltani um oki ani-um

c

al koxi dess and tiiediymmatyl oxhdeorand 2iksPDhaMLLPPROHOLS: SUGRL a8
zirconium acetate, zirconium oxide, zirconium al kox- ide, 2|rcon|um

aryl oxi de and ZIIﬁﬁmiwm1H@@fya@pe§©@eumThﬁdﬁﬁ@@|aﬁascéﬁalﬁﬁ H$@E1ide;
individually or in 20 conbination. The ambunt of the catal ysts to be us

is

10

15

20

25

alkoxides of an alkali metal and of an alkaline earth
metal, such as lithium methoxide, sodium ethoxide and
calcium methoxide; aryloxides of an alkali metal and of
an alkaline earth metal, such as lithium phenoxide,
sodium phenoxide, magnesium phenoxide, LiO-Ar-OLi
wherein Ar represents an aryl group, and NaO-Ar-ONa
wherein Ar is as defined above; organic acid salts of
an alkali metal and.of an alkaline earth metal, 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 borate, trimethyl borate, tributyl
borate, triphenyl borate, ammonium borates represented
by the formula: (RS R? RS RO)NB(R3 R? RS R®), and
phosphonium borates represented by the formula:

(R3 r? R® R®)PB(R3 R% RS R®), wherein R3 R? RS ang R
are as defined above; silicon compounds, such as sili-
con oxide, sodium silicate; tetraalkylsilicon, tetraar-

ylsilicon and diphenyl-ethyl-ethoxysilicon; germanium

(R3 R4 R5 R6)PB(R3 R4 R5

such
ch
e1

d

alt,

se

ed



generally in the range of from10-8 to 1 % by weight, preferably from 10-7
to 10-1 % by weight, based on the weight of the aromatic di hydroxy
conpound. Wth respect to materials for constructing the 25 polynerizers
to be used in the nmethod of the present 51 invention, there is no '
particular limtation. Mreo- ver, stainless steel, nickel or glass is
generally used as a material for at |eastsonner wall portions of
polynerizers. 5 10 15 20 25 52 BEST MODE FOR CARRYI NG OQUT THE

| NVENTI ON Her ei nbel ow, the present invention will be de- scribed in nore
detail with refesempeundst heuth| aswyagmaskanpbesdandgConpaiami retErahpl es,
but they should not 5 be construed as Ilimting the scope of the present
invention. |In t¥eride] cIRFHIREHRPE EROKAAe CANPagarngeimanheppaddevarious

properties were neasured as follows. (1) Measurenent of the purity of
phenol : 10 The ptRTRURAS phetch IdsthRaetiidd. byl alknl penf ride, dia-

lkyltin carboxylate, tin acetate, tin compounds having
5 an alkoxy group or aryloxy group bonded to tin, such as
ethyltin tributoxide, and organotin compounds; lead
compounds, such as lead oxide, lead acetate, lead
carbonate, basic lead carbonate, and alkoxides and
aryloxides of lead or organolead; onium compounds, such

10 as a quaternary ammonium salt, a quaternary phosphonium
salt and a quaternary arsonium salt; antimony com-
pounds, such as antimony oxide and antimony acetate;
manganese compounds, such as manganese acetate, manga-
nese carbonate and manganese borate; titanium com-

15 pounds, such as titahium oxide and titanium alkoxides
and titanium aryloxide; and zirconium compounds, such
as zirconium acetate, zirconium oxide, zirconium alkox-
ide, zirconium aryloxide and zirconium acetYlacetone.

The catalysts can be used individually or in

20 combination. The amount of the catalyéts to be used is
generally in the range of from 1078 to 1 % by weight,
preferably from 1077 to 1071 g by weight, based on the
weight of the aromatic dihydroxy compound.

With respect to materials for constructing the

25 polymerizers to be used in the méthod of the present



mance |iquid chromatography (HPLC) (SCL-6B, manufac- tured and sold by

Shi madzu Corporation., Japan). (2) Measurenent of the wei ght average

nol ecul ar wei ght of a polycarbonate: 15 The wei ght average nol ecul ar

wei ght of an aromatic polycarbonate were neasured by gel perneation
chromat o- graphy (GPC) (columm: TSK-GEL, manufactured and sold by Tosoh
Corp., Japan; and solvent: THF). (3) Evalugtiion of the color of an aromatic
pol ycar- 20 bonate: An aromatic pol ycarbonate was subjected to nold- ing,
by neans of an injection nolding machi ne (J100E, nmanufactured and sold by
THE JAPAN STEEL WWORKSEiddD. thedeiphd)no gpantiyhiadetimtnpeiahur eMoked®0 C
and a nold 25 tenperature of 90 Cto obtain a test specinen having 53 a 50
mm | ength, a 50 V@¥wi gtdinirsa Steehm nitkihess. glahe tol genefraflly asedatic
pol ycar bonate was eval uated, using the specinen, in accordance with the
ClELAB nethod (¥dnf sBRERridt ebatdFbnk@2SHel PREE| Wt hgeoTh¥ens pfa* b+
Diagram, and the yell owness of the specinen is expressed in terns of the
b*-val ue. The | & ¢He*$™*S- val ue of the specinen, the higher the
yel | owmness of the specinen. (4) Evaluation of the nelt stability of an
aromatic ~ 10 pol ycarbonate at high tenperatures:

10

15

20

25



An aromatic pol ycarbonate was subjected to contin- uous nolding, by neans
of an injection nolding machine (J100E, manufactured and sold by THE JAPAN
STEEL WORKS. LTD., Japan), at a cylinder tenperature of 350 C and 15 a
nol d tenperature of 90 C, and at a.. nolding cycle of 45 seconds, to
t hereby obtain 20 test specinens each havin% a 216 mmlength, a 12.6 mm
width and a 3.2 mm thickness (specinmen a).%%he aromatic pol ycarbonate
remai ning in the nol ding machine was all owed to stand 20 at 350 C for 60
m nut es. Subsequently, t aromat i ¢ pol ycarbonat e was subjected to nol ding
at a cylinder tenperat £§é QA"- 2BAY :ﬁ ] : Y E“I?b C to
t hereby obtain a 60- nmy ed ecinen (speci- men b). Suybstantially
t he; same procedure asg#%q?ﬁgﬁgg’pfgpa gﬁ%ﬁ%ﬁﬁlﬁﬁﬁﬁﬁﬁﬁﬂugﬁikéh?ﬁﬂ%éated,
to thereby 54 obtaiined0 ifPkded RLRAYGH §5GQ T 199 L0 Shecl e a
(whi ch ol ded products were not used in fﬁé é%%%ﬁggf%ﬁthgﬂé(ﬁ? BETE)
Then, the aronmat Egxapelyreatbanabfpakai@iai R amdithe Rl di |18 Vas
allowed to stand 5 in the nol ding machi ne fgéﬁﬁo ﬁinute§£§L|Jb§gﬁg%}nq%ﬁ
the aromati ¢ pol peacbasatreedaassibjpetiod theMRlcdpag o fUNGRS
conditions as in the preparation of specinmen b, to thereby obtain a
30- mi nut es heat ednvep&dbmen (specinmen c). The color of the aromatic poly 10
carbonate was evaluated with respect to specinens a, b

In the following Examples and Comparative Exam-

L1 2V¥ava asa alaaal= = El 2 a

ples, various properties were measured as follows.
(1) Measurement of the purity of phenol:

10 The purity of phenol was measured by high perfor-
mance liquid chromatography (HPLC) (SCL—6B,_manufac—
tured and sold by Shimadzu Corporation., Japan).

(2) Measurement of fhe weight average molecular weight
of a polycarbonate:.

15 The weight average molecular weight of an aromatic
polycarbonate were measured by gel permeation chromato-

‘graphy (GPC) (column: TSK-GEL, manufactured and sold by
Tosoh Corp., Japan; and solvent: THF).
(3) Evaluation of the color of an aromatic polycar-

20 bonate:

An aromatic polycarbonate was subjected to mold-
ing, by means of an injection molding machine (J100E,
manufactured and sold by THE JAPAN STEEL WORKS. LTD.,

Japan), at a cylinder temperature of 290 °C and a moid

25 temperature of 90 °C to obtain a test specimen héving_



.and c, in accordance with the Cl ELAB nethod (Conmm ssion Internationale de
| " Ecl ai rage 1976 L*a*b* Diagran), and the yell owness of the specinen is
expressed in terns of the b*-value (the b.*-value of specinmen a is average
15 value of ten specinen a's). The difference in yellow ness (which
difference is expressed in terns of the b*60) between specinen a and
specinen b was taken as an index of the tB& nmal stability (nmelt stability)
of the aromatic pol ycarbonate. The difference in yell ow 20 ness (which
difference is expregssed in terns of the b*30) between specinen a and
speci men ¢ was s%? PRt PP HRd 00 e rwiteh an@ a3ndt f ePmt Heicknesgal ue of
t he specinen, t hi hfr the thernmal stability in nolten state of the
aromatic pol ycar eﬁa"?%.O?SO | FFAEELC (B YRR ERPRATS WSt av§iugted,

ixture of 20 kg, of phenol and. 4 kg of |ead i d heat ed_t d
i ntained at 180 07 of 10O HOIE  (HerREY FEIIGE iYhGP athedet FEAB Af ¢ er
that 5 period ofyd e, . tant. mi istilled
of 1 togbther wi (K Grpbanred pharor o Rt ERee o ot bt ratary T

(Productin of afeqmi+ ool y&Ry bonad eehé’*fy@ﬂ)&%ﬁ&s POE YERL b%ﬁéﬁﬁméﬂﬁsi
produced in accor- 10 dance with a systemas shown in Fig. 1T e sys?en1of
expressed in terms of the b*-value. The larger the b*-
value of the specimen, the higher the yellowness of the
épecimen.
(4) Evaluation of the melt stability of an aromatic
10 polycarbonate at high temperatures:
An aromatic polycarbonate was subjected to contin-
uous molding, by means of an injection molding machine
(J100E, manufactured and sold by THE JAPAN STEEL WORKS.
LTD., Japan), at a cylinder temperature of 350 °C and
15 a mold temperature of 90 °C, and at a.molding cycle of
45 seconds, to thereby obtain 20 test specimens each
having a 216 mm length, a 12.6 mm width and a 3.2 mm
thickness (specimen a). The aromatic polycarbonate
remaining in the molding machine was allowed to stand
20 at 350 °C for 60 minutes. Subsequently, the aromatic
polycarbonate was subjected to molding at a cylinder
temperature of 350 °C and a mold temperature of 90 °C,
to thereby obtain a 60-minutes heated specimen (speci-
men b). Substantially the.same procedure as in the

25 preparation of specimens a was repeated, to thereby



Fig. 1 conprises (i) a first stage and a second stage reactive
distillation (conducted using continuous nulti-stage distillation colums 1
and 20, respective- ly) for producing diphenyl carbonate, (ii) a first 15
stage and a second stage agitation polymerization [conducted using _
agitation type polynerizer vessels 71, 71' and agitation type polymerizer
vessel 73, respec- tively] for producing a3 epol ymer while by-producing
phenol .. which is recycled to the above-nentioned contin 20 uous
mul ti-stage distillation colum 1, (iii) a free- fall polynerization
(conduct ed usi ngPBF2ER {40 | Mpbigdepro ‘2@?;9@91”#3%39??4@;@%51:4?4lgsm_elﬁe_gr ee of
ol ynerization o t he prepol yner while by-producing pheno ichis
Pecgcled to the QHEV§3ﬁ@ﬁVﬁﬁﬁéﬂr%%W$Fﬁu%%§enﬁ??iU%@%gbn pBedp¥RILURALPBN

I 1, d (i . qui de-wetting fall 56 polynerization (conducted using
gaigg?mettﬁzg §g¥ néﬁéﬁ%§§§¥féw5gg)T?%?»FF%%U%¥ haEhchBﬁﬁF?E?ﬁBP§garbonate
whi | e by- duci n igh is cycled to the a e-nenti one
cont ??pgug "l t .l“%?%%%ﬁ is}tly{D i i“(‘)%ifl%%l ’_&ir‘ﬁhﬂf}e A‘féz h%ifﬂzggggo;faag:% K he

rationg a m xgur Rhan .
8?6 the total ofiﬁrgg%lcaﬁgﬁi€lenolz 3Ogg%p%93§9§%#g%t; SABRTERE 5 Yan

aromat i ¢ _di hydr ouye cormpunc S0L RSB0 Weh 9Nt )i S5 ESH HbMRLIYL ngar bonat e

and t he above- nen-
under the same conditions as in the preparation of

specimen b, to therebf obtain a 30-minutes heated
specimen (specimen c). The color of the aromatic poly-

10 carbonate was evaluated with respect to specimens a, b
and ¢, in accordance with the CIELAB method (Commission
Internationale de 1'Eclairage 1976 L¥*a*b* Diagram), and
the yellowness of the specimen is expressed in terms of
the b*-value (the b*-value of specimen a is average

15 value of ten specimen a's). The difference in yellow-
ness (which difference is expressed in terms of the
Ab*60) between specimen a and specimen b was taken as
an index of the thermal stability (melt stability) of
the aromatic polycarbonate. The difference in vellow-

20 ness (which difference is expressed in terms of the
Ab*30) between specimen a and specimen ¢ was also
determined as reference. The smaller the Ab*-value of
the specimen, the higher the thermal stability in

molten state of the aromatic polycarbonate.

25 Example 1



tioned |l ead catalyst was fed froman inlet provided on conduit 39 (not
shown) to first continuous nulti-stage distillation colum 1 (conprised of
a plate columm having a height of 6 mand equi pped with 20 sieve 15 trays)
at a position of 0.5 mbelowthe top 17 thereof at a flowrate of 23.8
kg/ hr through conduit 6, thereby allowng the m xture to flow down inside
multi-stage distillation colunmm 1 so as t@&5Sperforma reaction. The
conposition of the mxture fed fromconduit 6 during 20 the initial stage
of the operation was as follows: fresh dinmethyl carbonate: 54.6 % by

wei ght; fresh phenol (PZRRIrat N vof gmtaJaY}%ltPead catal yst: 0.43 % by
weight, in ternms of the Pb concentration in the mx- ture. Further fresh
di met hyl carbonate vvaf% LR %e£§529I’Eﬂv9%t%h%¢°hzank6/%9 6Pfo#@éﬂ@ndwt 8

to bottom 18 of 57 st co uosrrultl-staedlstlllatlon col um
Wien the feedind oé?o’é % i Eﬁf?dt‘?e ke Tﬁ‘b‘iﬁ%‘ﬁ At ohlei tCSQOEnHOa

I d led 4 its 24 25. 3 an to co
s!tglrjlt ed’re%g ?ee ng of Iﬁg{]%y rﬁ%&fuc?remfn%n?tﬂ%a?ﬁ%? pr‘ggF‘BEdtBﬁtconduit 39

was st opped. S [ e_s phenol as the
above- nent i oned fres %e%to r§é %?ré)gn@co#ndtt?? ﬁe?ufgeﬂauﬁnfx U5E a
flowrate of 3.4ms ko i t t i temof 10
Fig. 1, by-products phes%l]%lll%lﬁtcg%( 1 (Whllac‘jfljpi\g/\h/agﬂjr"!lt"lggc&Q(E bfiefid?) °b

thereby obtain lead catalyst.
(Production of aromatic polycarbonate)
An aromatic polycarbonate was produced in accor-
10 dance with a system as shown in Fig. 1. The system of
Fig. 1 comprises (i) a first stage and a second stage
reactive distillation (conducted using continuous
multi-stage distillation columns 1 and 20, respective-
ly) for producing diphenyl carbonate, (ii) a first
15 stage and a second stage agitation polymerization
[conducted using agitation type polymerizer vessels 71,
71" and agitation type polymerizer vessel 73, respec-
tively] for producing a prepolymer while by-producing
phenol which is recycled to the above-mentioned contin-
20 uous multi-stage distillation column 1 , (iii) a free-
fall polymerization (conducted using free-fall polymer-
izer 91) for increasing the degree of polymerization of
the prepolymer while by-producing phenol which is

recycled to the above-mentioned continuous multi-stage .

25 distillation column 1, and (iv) a guide-wetting fall



by-product phen

the systemof Fig. 1) was |ed

ol whithdrawn fromthe pol ynerization reaction systens of
t hrough conduits 108 to conduit 2 at a flow

rate of 3.3 kg/hr and the fresh.. phenol was fed fromconduit 9 to 15
flowrate of 0.15 kg/hr, so that a liquid in conduit 2 was

conduit 2 at a
a mxture of th
content of the

conduit 2 becane 96 % by wei ght.

state (i.e., 20
conduit 6 had
di met hyl car bon

concentration o
a liquidintro
and the by-prod
mul ti-stage dis
liquid r§$ycled
content of each

in the above m xturent ayik tiye O tye

measured by hig

10

15

20

25

e fresh phenol and the by-product phenol, in which the
by- product phenol in the m>ture (flowed at 3.45 kg/ hr)

RRLIRA T iR HP® orgnndus el phino| guide 6wes byngefght ;

ate: 49.8 % by wei ght; nethyl phenyl carbonate: 4.8 % by
wei ght: and | ead Ty e d%lBAf

3 8RB PERA et Rt a0 | HT B3 FEC POt gaphonate

After the opera 20 tion reached a steady
0O hours after the start of the operation), the mxture in

in

re in conduit 6 _was conprised of

f .t 8 i e [t i Xt ure
d"u}%lgjgef %’rﬁngc% ur_qu ?q?e‘?rgn%f,wu’él?ﬁlx{%r%e%YCl?@\et?rEEﬁ phenol

) ) i quid. led, f d ir
R E o] B O i erY L AR eS Shec5EIaRaSS S and a

ddamevaporator 33 through conduits 34 and 38]. The

of phenol, dinmethyl carbonate and nethyl phenyl carbonate

h performance |iquid chromatography
of fresh phenol having a purity of 99.97 % (content of

the total of cresol and xylenol: 200 ppm by weight;
content of an aromatic dihydroxy compound: 80 ppm by
weight), fresh dimethyl carbonate and the above-men-
tioned lead catalyst was fed from an inlet provided on
conduit 39 (not shown) to first continuous multi-stage
distillation column 1 (comprised of a plate column
having a height of 6 m and equipped with 20 sieve
trays) at a position of 0.5 m below the top 17 thereof
at a flow rate of 23.8 kg/hr through conduit 6, thereby
allowing the mixture to flow down inside multi-stage
distillation column 1 so as to perform a reaction. The
composition of the mixture fed from conduit 6 during
the initial stage of the operation was as follows:
fresh dimethyl carbonate: 54.6 % by weight; fresh
phenol: 44.6 % by weight; and lead catalyst: 0.43 $ by
weight, in terms of the Pb concentration in the mix-
ture. Further fresh dimethyl carbonate was fed at a

flow rate of 42.2 kg/hr from conduit 8 to bottom 18 of

e lHe BheNQletDeille M XEYLE,LQ were



(SCL-6B, manufactured and sold by Shimadzu Corporation, Japan). The
content of the lead catalyst in the above- m xture was neasured by an I CP
(i ndustry coupl ed plasnma em ssion spectral analyzer), using JY38PI
(manufac 15 tured and sold by Seiko Electronics Co., Ltd., Japan). First
continuous multi-stage distillation colum 1 was operated under conditions
such that the tenperature at the colum boiTom was 203 C, the pressure at
the colum top was 6.5 kg/cn2-G and the reflux ratio was 20 0. In first
continuous nmulti-stage distillation colum 1, a heat necessary for
perform ng the ré&AEBFoRONEABUERSt MHLALFShaaes ddafplliled ionomod umrxtlur e of
the fresh dinmethyl carbonate fed fromconduit 8 and a 25 portion of a | ow
boiling point re %?Poﬁhﬁif?ﬁ?énﬁoﬁfSQaCPaPﬁiﬁgl&ﬁﬂé§CF€§Y@ﬂ#§tWﬂrqyﬁﬁbonate
wi t hdr awn fron1t0ﬁ 26 oé secand Eontlnuous mul ti-stage distillation colum
20 and recycl ed FRPOUGH 2BnaRAs8r 129uiAdTesxgtrts thgoughs candui tsuidsh

m xture was heat iR evaporator 1Q. . s distilled fromtop 17 of first
conti nuous nult?-gStag%n igt?Plg?P ngosgnﬁaf FE8rIred i A6 Eerddms ofr 13

ieodh SO He SO HILELCLOR, U8R 18500 BRPR e e R o 10
conduit 16 at a flLgypéate 8findqdek9LY’ - fresh phenol (which is the same
phenol as the above-mentioned fresh phenol) was fed
from conduit 9 to conduit 2 at a flow rate of 3.45
kg/hr. During the operation of the entire system of
10 Fig. 1, by-product phenol in tank 107 (which was the
by-product phenol whithdrawn from the polymerization
reaction systems of the system of Fig. 1) was led
through conduits 108 to conduit 2 at a flow rate of 3.3
kg/hr and the fresh phenol was fed from conduit 9 to
15 conduit 2 at a flow rate of 0.15 kg/hr, so that a
liquid in conduit 2 was a mixture of the fresh phenol
and the by-product phenol, in which the content of the
by-product phenol in the mixture (flowed at 3.45 kg/hr)
in conduit 2 became 96 % by weight. After the opera-
20 tion reached a steady state (i.e., 200 hoﬁfs after the
start of the operation), the mixture in conduit 6 had
the following composition: phenol: 44.6 % by weight;

dimethyl carbonate: 49.8 % by weight; methyl phenyl

oe

carbonate: 4.8 % by weight; and lead catalyst: 0.43

25 by weight, in terms of the Pb concentration of the



A reaction mxture was continuously withdrawn from bottom 18 of first
continuous nulti-stage distillation colum 1 at a flowrate of 23.6 kg/hr
and led into first evaporator 33 through conduit 19. In first 15
evaporator 33, an evaporation-concentrated liquid containing the |ead
catal yst was forned. A portion of the concentrated liquid was led into
preheater 5 through conduits 34, 38 and 3%gnd recycled to first
continuous multi-stage distillation colum 1 through 20 conduit 6. The rest
of the concentrated liquid was recycled to first evaporator 33 through
conduit 35, rebolkeur86(and eoxtuié B7.cdndevaper ahedceasreaBhiabri AY

net hyl phenyl car- bonate w thdrawn through conduit 40 at a flow rate of

25 22.3 kg/ hr wabigendi hobusiycéddf fooncondditt 241ite.6la hiamueenddit 40,
an evaporation concentrated liquid fornmed in second evaporator 42 and

wi t hdr awn t hr ougbhe céngaht pagnohneind theubd-peddubtenghnodnduiat 15duwnki ch
was formed by condensation in condenser 58 of a gas 5 distilled from
purification coltRfYSRefofref pPRFgNd carbbhaPes Wetbhdstagei disyslla-

mul ti-stage disti|lation col 20 was operated under conditions such that
the tenpeta- ture"&® ?ﬂgu%BI%ﬁgt%ﬁﬁ?Qﬁnﬁﬁ&d&EESC?4th%Spﬁégsﬁveaad 20 the

columm top was 2§9q3¥3@re§§91é39f£§ﬁ'é@aég%é€o¥ﬂ§3 through conduits 34

and 38]. The content of each of phenol, dimethyl
carbonate and methyl phenyl carbonate in the above
mixture, and the purity of the phenol in the mixture
10 were measured by high performance liquid chromatography
(SCL-6B, manufactured and sold by Shimadzu Corporation,
Japan). The content of the lead catalyst in the above-
mixture was measured by an ICP (industry coupled plasma
emission spectral analyzerj, usiﬁg JY38PII (manufac-
15 tured and sold by Seiko Electronics Co., Ltd., Japaﬁ).
First continuous multi-stage distillation column 1
was operated under conditions such that the temperature
at the column bottom was 203 °C, the pressure at the
column top was 6.5 kg/cmZ—G, and the reflux ratio was
20 0.
In first continuous multi-stage distillation
column 1, a heat necessary for performing the reaction
and distillation was supplied from a mixture of the

fresh dimethyl carbonate fed from conduit 8 and a

25 portion of a low boiling point reaction mixture con-



1.5. A heat necessary for performing the reaction and distillation was
supplied froma colum bottomliquid heated by neans of reboiler 30. A
gaseous | ow boiling point reaction mxture 15 contai ni ng di et hyl
carbonate, which was distilled from top 26 of second continuous
multi-stage distillation colum 20, was |led into condenser 22 through
conduit 21, in which the gaseous m xture was condensed. A portion of the
resul tant condensate was refluxed to 20 se®¥d continuous nul ti-stage
distillation colum 20 through conduit 23 and 24. The rest of the
condensate in condenser 22 was %o tin ousl w t hdrawn t hrough conduit 23

and 25, and recycttd?9 YITSICTY PEPORRBGeVHFREFPMAL F5ATCEPEMN 1
th h heat 5 5 duit 6. f th sat

Condut B2 o5 vas PEcrarSht Kt in g RS R edde RErRaDUS tadie Fo lumage
distillat | 1 d d 11. A
i gh bov 111G poi e 3t onTed MBIl cEXARRLET 191 a8, 888aERES tP Bneny

carbonate 5 Vas £NLARUPUS); Ak t,mzmmggn hetem 21 aloseegnd, cgnt i nuous

mul ti-stage distillation colum 20 and into secon
through conduit 28 anch323istil S&EOMELERVERST 8 O£ 42i r@P continuous

evaporation-concentrated |liquid containing the |ead catalyst was forned. A
10 portion of theuTohcetdgatdistionb€hiomscérens! 8ded® led into condens-
er 13 through conduit 12, in which the gas was con-
densed. A low boiling point mixture containing by-
produced methanol was continuously withdrawn from
10 conduit 16 at a flow rate of 42.3 kg/hr.

A reaction mixture was continuously withdrawn from
bottom 18 of first continuous multi-stage distillation
column lvat a flow rate of 23.6 kg/hr and led into
first evaporator 331through conduit 19. In first

15 evaporator 33, an evaporation-concentrated liquid
containing the lead catalyst was formed. A portion of
the concentrated liquid was led into preheater 5
through conduits 34, 38 and 39 and recycled to first
continuous multi-stage distillation column 1 through

20 conduit 6. The rest of the concentrated liquid was
recycled to first evaporator 33 through conduit 35,
reboiler 36 and conduit 37.

An evaporated gas containing methyl phenyl car-
bonate withdrawn through conduit 40 at a flow rate of

25 22.3 kg/hr was continuously fed from conduit 41 to



second evaporator 42 through conduit 44, reboiler 45 and conduit 46. The
Test of the concentrated liquid w thdrawn was recycled to second
continuous multi-stage distillation colum 20 through conduits 43, 47, and
48. 15 On the other hand, an evaporated gas (having a diphenyl carbonate
content of 98.3 %by weight) formed in second evaporator 42 was led into
condenser 49 at a flowrate of 4 kg/hr through conduit 52, in which the
gas was condensed. The resultant condensateb@as fed into 20 purification
colum 53 for diphenyl carbonate through conduit 50. In purification
colum 53, a heat needed conduct _distillation was supplied fromthe

colum bottom | PGEPEnERT g“B?“ﬁegH%tést@SSiF&Ftéé;fﬂigéséfﬂéﬂglJaﬂﬂ(a

boi | i int m t ai ni h | and 25. t hyl, phenyl carbonate

Grstil Dot romt opthincRakEND' A9-BIERS o318 BV fies das CERpERRT ©
duit 56 int T o Lech.the,gas .was condensed. or- tion

g?ntﬁgtresu:?agtpgggggﬁggFggmgghggﬁeglQéE?ozgu%ﬁ?vFigﬁ?Vg @%I&W# -

t hr ough conduitst5§namd55a.bgmgw5t5??F60EhgggogoannggE?Hw%%s%e%xphﬁf to

second continu- ous multi-stage dis | 'ati on col'um rough con % s

58, 51, 48§ and 4detAyPophéAdlOkatbhenkeackban thirbhhe codlud et hgmwéé of
purification colum 53 was wi thdrawn through conduit 63 and 64, and the

rest of the reactibowdd mbxtLoe wesnreaychqditio reehUrRshabt a@B54 hr ough

con- continuous multi-stage distillation column 20, thereby
performing a reaction in the presence of the above-
mentioned lead catalyst which was fed to second contin-

10 uous multi-stage distillation column 20 from a nozzle
(not shown) provided on conduit 47 through conduits 48
and 41. The lead catalyst was used in an amount such
that the Pb concentration of a mixture in conduit 41
was maintained at 0.8 $ by weight. After the operation

15 reached a steady state (i.e., 200 hours after the start
of the operation), the the mixture in conduit 41 was
fed to second continuous multi-stage distillation
column 20 at a flow rate of 23.6 kg/hr. The composi-
tion of the mixture in conduit 41 was as follows;

20 dimethyl carbonate: 43.1 % by weight; phenol 24.5 % by
weight; methyl phenyl carbonate: 27.1 % by weight; and
lead catalyst: 0.80 % by weight, in terms of the Pb
concentration of the mixture in conduit 41. The above-

mentioned mixture in conduit 41 was comprised of the

25 evaporated gas containing methyl phenyl carbonate fed



duits 63, 65, reboiler 66, and conduit 67. Purified diphenyl carbonate was -

‘withdrawn frompurification colum 53 at middle portion thereof and | ed at
a flow rate of 3.9 kg/hr through conduit 60, condenser 61 and 15 conduit
62 into accunmul ation tank 68 for purified diphenyl carbonate. The first
stage agitation type polynerization was batchw se conducted in first
agitation type polynerizer vessels 71 and 71'. The polynerization reaction
condi- 20 tions in both of first agitationdilype polynerizer vessels 71 and
71' were as follows: the reaction tem perature was 180 C, the reaction
pressure was at- nospheric pressure, and the flow rate of nitrogen gas was
1 liter/hr. 25 |froperendont 40, kgnoévdpphehybncaobhoanteaitrd64iquid
accurrul ati on tank 68 was batchwi se charged into first agitation type

pol yneri zer vessEPrmad ¢ hp osgpordnaufPor89or TA2nandOwkghdfamnsphenaghA was
bat chwi se charged into first agitation type polynerizer vessel 71 through
5 conduit .70. THPR¥&HFtaht #dRoRetigiifufedi Rhporgheroniydt 31 wasch

pol ynmerized in a nolien %iaée while a itat-,in% for 4 hours to obtain a
nol t en prepolynfﬂaia§9r BOEIFNRUSADEPRN Prepof§nErT (AP Résaceasi nuously

o e Bon SSAEH 00 e TR et ol a9 G ghenl - ®
carbonate.
Second continuous multi-stage distillation column
20 was operated under conditions such that the tempera-
ture at the column bottom was 198 °C, the pressure at
10 the column top was 280 mmHg, and the reflux ratio was
1.5. A heat necessary for performing the reaction and
distillation was supplied from a column bottom liquid
heated by means of reboiler 30.
A gaseous low boiling point reaction mixture
15 containing dimethyl carbonate, which Was distilled from
top 26 of second continuous multi-stage distillation
column 20, was led into condenser 22 through conduit
21, in which the gaseous mixture was condensed. A
portioh of the resultant condensate was refluxed to
20 second cohtinuous multi-stage distillation column 20
through conduit 23 and 24. The rest of the condensate
in condenser 22 was continuously withdrawn through
conduit 23 and 25, and recycled to first continuous
multi-stage distillation célumn 1 through preheater 5

25 and conduit 6. A portion of the condensate in conduit



prepolyner (a) obtained in first agitation type polym erizer vessel 7Ll to™"""*
second agitation type polynerizer vessel 73, 40 kg of diphenyl carbonate
in accunul ation tank 68 was batchw se charged into first agitation type is
pol ynmeri zer vessels 71' through conduit 69 and then, 40 kg of bisphenol A
was batchw se charged into first agitation type polynerizer vessel 71

t hrough conduit 70", whereupon first agitation type polynerizer vessel

71" was operated to polymerize the resultarg2 nononer 20 mixture in the same
manner as in the agitation polyner- ization in first agitation type

pol yneri zer vessel 71, to thereby obtain a nolten prepolyner (b). Wen
first agitati on? ypRs pbe§yeteeeroveetstepm718hetafitretpryn titheouteediling -of
nolten prepolyner (b) fromfirst agitation 25 type pol ynerizer vessel 71
to second agitat$o#0¢ ypESbEL1pbi9RerPrernybsEbrogghwgenguatt @d, exagomal-t en
prepolym er (b)_was, continuously fed to second agitation type polynerizer
at a flowrate cﬁoﬁl%ﬁkﬁ?ér?oﬁg?%tr%%pec% hf%htﬁ%gﬁaﬁﬁhﬁpéétpéﬁ?ﬁﬁﬂbmation
in first agitati | ynerizer vessels 70 and_70' and to the

al ternate feedirﬁ%%{%fgrr% rt?%rﬁ%%%%o? ?re?%g?ggsﬁnﬂn?b‘?lPPSﬁi’bopﬁlﬁpoéﬁﬁ?zer s
70 and 70., the salg. I . I one above werge_repeated, so that
the prepol ymer [elthé§9€%D ?gﬁ 325@%@%%§H(gfo%rbﬁgF?@nSBr8 ofF§RERI( b) ,

alter 10 natel ylcdyae: c@itd oS! Vs £ 56 19 SEEPNS 2L ALL ORR ¥BCang 1eq

into second evaporator 42 through conduit 28 and 32.
In second evaporator 42, an evaporation-concentrated
liquid containing the lead catalyst was formed. A

10 portion of the concentrated liquid was recycled to
second evaporator 42 through conduit 44, reboiler 45
and conduit 46. The rest of fhe concentrated liquid
withdrawn was recycled to second continuous multi-stage
distillation columd_ZO through conduits 43, 47, and 48.

15 On the other hand, an evaporated gas (having a diphenyl
carbonate content of 98.3 %-by weight) formed in éecond
evaporator 42 was led into condenser 49 at a flow rate
of 4 kg/hr through conduit 52, in which the gas was
condensed. The resultant condensate was fed into

20 purification column 53 for diphenyl carbonate through
conduit 50. In purification column 53, a heat needed
.to conduct distillation was supplied from the column
bottom liquid heated by meané of reboiler 66. A gase-
ous low boiling point mixtﬁre containing phenol and

25 methyl phenyl carbonate distilled from top 54 of puri-



pol ynmeri zer vessel 73. In second agitation type polynerizer vessel 73, a

further agitation polynerization of nolten prepolyners (a) and (b),
alternately fed fromfirst agitation 15 polynerizer vessels 71 and 71', was
continuously car- ried out under polynerization reaction conditions such
that the reaction tenperature was 240 C, and the reaction pressure was 70
nmHg, thereby obtaining prepo- lyner (c). 20 Wien the vol une of prepol yner
(c) in second agita- tion type polynerizer ggessel 73 reached 20 liters, a
portion of prepolyner (c) was continuously fed to free- fall polynerizer 91
t hrough conduits 88 and 89 at a rate such that the vol une of prepol yner
(c) in second 25tiacptiatn orolype POl wasrieerthessgh ISnaastcoasianbly 66

mai ntained at 20 liters. An evaporated gas (containing phenol by-produced
during the pol yreendensen)Sdi sinlveich rone seggondast agedeagedat i Anpbype

pol ynmeri zer vessel 73 was fed to distil 5 lation colum 75 through conduit
74, and a col unmti®dteonthe e Eorpt | cerdemsaty ois dietenyédcaobpnate was
recycl ed fron1tg§#botton1of distillation colum 75 to second stage

agitation type potSHEITRTOVERREP3 ERFRUGH eomdiui €S 878 amdebApor hed gas

distilled from 10 the col.um tqg of distillation colum 75, which was
5 rest of the condensate was recycled to second continu-

Ous multi-stage distillation column 20 through conduits
58, 51, 48 and 41. A portion of the reacfion mixture
at bottom 55 of purification column 53 was withdrawn
through conduit 63 and 64, and the rest of the reaction

10 mixture was recycled to column bottom 55 through con-
duits 63, 65, reboiler 66, and conduit 67. Purified
diphenyl carbonate was withdrawn from purification
column 53 at middle portion thereof and led at a flow
rate of 3.9 kg/hr through conduit 60, condenser 61 and

15 conduit 62 into accumulation tank 68 for purified
diphenyl carbonate.

The first stage agitation type polymerization was
batchwise conducted in first agitation type polymerizer
vessels 71 and 71'. The polymerization reaction condi-

20 .tions in both of first agitation type polymerizer
vessels 71 and 71' were as follows: the reaction tem-
perature was 180 °C, the reaction pressure was at-
mospheric pressure, and the flow rate of nitrogen gas
was 1 liter/hr.

25 In operation, 40 kg of diphenyl carbonate in



conprised mainly of phenol, was led into condenser 77 through conduit 76,
in which the gas was condensed, and the resultant condensate was led into
gas-liquid sepa- rator 79 through conduit 78. A portion of the liquid 15
formed in gas-liquid separator 79 was refluxed to distillation colum 75

t hrough conduit 80. The rest of the liquid was fed to phenol recovering
colum 102 through conduit 81 and 86. (Gas separated in gas-liquid
separator was led into roots blower 83 thrdfgh conduit 20 82 and was | ed
into liquid seal -type vacuum punp 84, in which a sealing liquid is
conprised mainly of phenol. In free-fall polynerization of prepolynmer (c),
free-fall pol yneRFeeRud2tHas tael. 6frwast hprcpyigrecharged dntvafizst

perforated plate_ 90 which has 80 hol es 25 having a_dianeter of 5 mm The
free-fall distant@*F8t4°B7 YRe PALYPRELIFSFI VBSFGher Lz éPToughpcopdiuiter (c)

2l 1 oved 10 pass PAToUBNCBer For AR eRe pPaFEr a8 and Pal PoFFBBiy: A7ERGSFor m of
R s L R AW o
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and 89 at a flowizate70f w9 K8iPherPe8VRROLALBHten state while agitat-
ing for 4 hours to obtain a molten prepolymer (a). The
obtained molten prepolymer (a) was continuously fed to
second agitation type polymerizer 73 at a flow rate of
10 7.8 kg/hr through conduit 72. While feeding molten
prepolymer (a) obtained in first agitation type polym-
erizer vessel 71 to second agitation type polymerizer
vessel 73, 40 kg of diphenyl carbonate in accumulation
tank 68 was batchwiée charged into first agitation type
15 polymerizer vessels 71' through conduit 69 and then, 40
kg of bisphenol A was batchwise charged into first
agitation type polymerizer vessel 71' through conduit
70", whereupon first agitation type polymerizer vessel
71" waé operated to polymerize the resultant monomer
20 mixture in the same manner as in the agitation polymer-
ization in first agitation type polymerizer vessel 71,
to thereby obtain a molten prepolymer (b). When first
agitation type polymerizer vessel 71 became empty, the

feeding of molten prepolymer (b) from first agitation

25 type polymerizer vessel 71' to second agitation type



gas (containing phenol by-produced during polyneriza- tion) distilled from

the top of first free-fall polym erizer 91 was led into |iquid-seal type

vacuum punp 84 through conduits 95 and 96, and roots bl ower 83. Wen 15

t he vol une of prepolynmer at the bottomof free-fall polynerizer 91 reached

a predetermned level, a portion of prepolynmer (d) was continuously fed to

wre-wetting fall polynerizer 98 at a rate such that the vol une of

prepol yner (d) in free-fall polynerizer (d)ésvas con 20 stantly maintained

at the predetermned level. Wre-wetting fall polynerizer 98 has a

perforated plate 97 which has 80 hol es having a dianeter of 5 mMmm In

W re-wetting falPoppRoreERFeresgel 8f3svpandsasted, nandSHS13e6 prappéym99

are hung vertically fromthe 25 respective holes of perforated plate 97 to

the reser 68 votF pBItVBR GPnthBUBBELBNEef WPreedendi agitaltiopoltype eri zer

98 so that a po;%nfrizin% material_will not fall freely (i.e., free fall)
L £

but fall along afI'YASEDABACE® ®i fhOYhE2hPres 698(k9éhrwi Métheresngotal | ).
e wire © velting Lall dLshanee, b full Licoesuett g fall polunert zer
265 C and’ the r doerTha breesirs Tb ad B9 tRgT i be Pt R aAPAG ot he
produced arOma-tiﬁeedings of molten prepolymers (a) and (b) from polym-
erizers 70 and 70', fhe same operations as mentioned
above were repeated, so that the prepolymer [either
molten prepolymer (a) or molten prepolymer (b), alter-
10 nately] was continuously fed to second agitation type
polymerizer vessel 73.
'In second agitation type polymerizer vessel 73, a
further agitation polymerization of molten prepolymers
(a) and (b), alterﬁately fed from first agitation
15 polymerizer vessels 71 and 71', was cbntinuously car-
ried out under polymerization reaction conditions>sﬁch
that the reaction temperature was 240 °C, and the
reaction pressure was 70 mmHg, thereby obtaining prepo-
lymer (c).
20 When the volume of prepolymer (c) in second agita-
tion type polymerizer vessel 73 reached 20 liters, a
portion of prepolymer (c) was continuously féd to free-
fall polymerizer 91 through conduits 88 and 89 at a

rate such that the volume 6f prepolymer (c) in second

25 agitation type polymerizer vessel 73 was constantly

Y



pol ycarbonate fromthe bottomof wire-wetting polyner- izer 98 at a flow

rate of 4.3 kg/hr. An evaporated gas (containing phenol by-produced during
the pol ynerization) distilled fromthe top of 15 wire-wetting polynerizer
98 was led into liquid seal type vacuum punp 84 through conduits 101, 96
and roots blower 83. Sealing liquid in liquid seal-type vacuum punp 84
was w thdrawn through conduit 85 so as to constantly nmaintain the anmount
of the liquid in punp 84 20 at a predeterméged | evel, and the w t hdrawn
liquid was fed into phenol recovering colum 102 through conduit 86. In
phenol recovering colum 102,.a heat needed to conduct distillation was
suppl i ed from t FR2EHIAHRPDAE off | 1 EE8®S heat ed by nmeans of reboiler 110.

Phenol 25 distilled fromtop of phenol recovering colunn was |ed 69
t hrough condui t 103iﬁﬂ(?%ﬁﬁékﬁ1 997, (FenGRiehng hehenal REspeeduerded. A
portion of the condensate was ref)uxed to ghenol recovering colum 102

t hrough con- duit*1d¥ %{QQ%Xm?ﬁl??ﬁﬁ%%h GtelGAstFen aecandl sfagerate
. S YO SO o o UG L L L 0T Lo ot
55 5o o0y, e i ofs Uikl calosl ol S By 0. oo o
portion of the'ﬂdﬂﬂdﬁfﬂiéJﬁﬁ comprised mainly of diphenyl carbonate
was recycled from the bottom of distillation column 75
to second stage agitation type polymerizer vessel
through conduit 87. An evaporated gas distilled from
10 the column top of distillation column 75, which was
comprised mainly of phenol, was led into condenser 77
through conduit 76, in which the gas was condensed, and
the resultant condensate was led into gas-liquid sepa-
rator 79 through conduit 78. A portion of the liquid
15 formed in gas-liquid separator 79 was refluxed to
distillation column 75 through conduit 80. The rest of
the liquid was fed to phenol recovering column 102
through conduit 81 and 86. Gas separated in gas-liquid
separator was led into roots blower 83 through conduit
20 82 and was led into liquid seal-type vacuum pump 84, in
which a sealing liquid is comprised mainly of phenol.
In free-fall polymerization of prepolymer (c),
free-fall polymerizer 91 was used. Free-fall polymer-
izer 91 has a perforated piate 90 which has 80 holes

25 having a diameter of 5 mm. The free-fall distance is 4



bottom of phenol recovering colum 102 was wi thdrawn out of the system =~

t hrough conduits 109 and 111. The above operation using the systemof Fig.
1 was continuously carried out for 700 hours to obtain an 15 aromatic

pol ycarbonate. The aromati c pol ycarbonate obtai ned 700 hours after the
start of the operation had a wei ght average nvolecul ar weight of 30, 000.
Wth respect to the ob- tained aromatic pol ycarbonate, the color and nelt
20 stability at high tenperatures were evabldated. As a result, it was
found that the specinen of the aromatic pol ycarbonate was col orl ess
transparent (b*-value: 3.3) and the nsb*60 value and the Cb*30 val ue were
1.2 and 0.5, rd&spedtifirasrfatde adsMasizee ShowrerPiare®e (S) 2824 ofet her

with the purity of the phenols in conduits 2, 70 9, and 108 During 700
hours of the opet&’eﬁi%’?qolir}?e Z3G HPING SRR PIRth T%e BHeRation for

A LRk R R Tt e
cach condult Wer Sk s £ T4 oKl ageg Lo ppnomena,
and cl oggd ng of gdherandidrecandtingdikferi zdion under conditions
such that the reaction temperature was 250 #C and the
reaction pressure was 5 mmHg, thereby obtaining prepo-
lymer (d), while recycling a portion of prepolymer (4)
to the feeding zone of polymerizer 91 through conduit
10 93 and 89 at a flow rate of 50 kg/hr. An evaporated
gas (containing phenol by-produced during polymeriza-
tion) distilled from the top of first free-fall polym-
erizer 91 was led into liquid-seal type vacuum pump 84
through conduits 95 . and 96, and roots blower 83. When
15 the volume of prepolymer at the bottom of free-fall
polymerizer 91 reached a predetermined level, a portion
of prepolymer (d) was continuously fed to wire-wetting
fall polymerizer 98 at a rate such that the volume of
prepolYmer (d) in free-fall polymerizer (d) was con-
20 stantly maintained at tﬁé predetermined level.
Wire-wetting fall polymerizer 98 has a perforated
plate 97 which has 80 holes having a diameter of 5 mm.
In wire-wetting fall polymerizer 98, 80 strands of

1 mm gSUS 316 L wires 99 afe hung vertically from the

25 respective holes of perforated plate 97 to the reser-
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Exanples 2 to 6 Aromatic polycarbonates were individually produced in
substantially the sane manner as in Exanple 1, except that the conposition
of the m xture fed from 15 conduit 2 at a flow rate of 3.45 kg/hr (which
was a mxture of fresh phenol and by-product phenol) and the purity of
fresh phenol fed fromconduit 9 were varied as shown in Table 1. Results
are shown in Table 1. In each of Exanples 2 to 6, during 700 hours of 20
the operation time of the systemof Fig.1, &bth the operation for
produci ng di phenyl carbonate and the operation for the polynerization were
stably conducted (for exanple, both of the flow and the conposition in
each conduit werBO5taBPEFLIANt ABuENSUPPEEPRgOSi YhaEaSanesting §adds peReRonena,
such as deposition, of tﬁg cat %gt on the inner wall of the apparatuses
u

1 the. | _of
and cl oggi ng of Th&Z€EondufPs! nﬁaPQZYWErEiéHBI@@tﬁrPBlBWSlAréﬁ§t¢@ll
pol ycar bonat es i pdj vi dual rod d_in_substantially the sane manner
as in Exanpl e 1Y§£§§%thlf at %%%gcgﬁ%ggiPP%nf8¥ t Ae°RPxEiFe e FoPrEmt
conduit 2 at a f r 45qkgl hr (wWhich_ m.xture of . fresh
phenol and by-pr%gﬁ%t@%ﬁeﬁ%fgsagg ?%éélomghggt?ggFngegﬁ&gﬁéno&hFeHlFFGm
conduit 9swere vetedngasashoddstandable &. pResults are shown in Table 1.

In wire-wetting fall polymerizer 98, a wire-wet-
ting polymerization was continuously carried out under
polymerization reaction conditions such that the reac-
tion temperature was 265 °C and the reaction pressure

10 was 0.3 mmHg, while withdrawing the produced aromatic
polycarbonate from the bottom of wire-wetting polymer-
izer 98 at a flow rate of 4.3 kg/hr.

An evaporated gas (containing phenol by-produced
during the polymerization) distilled from the top of

15 wire-wetting polymerizer 98 was led into liquid seal-
type vacuum pump 84 through conduits 101, 96 and roots
blower 83. Sealing liquid in liquid seal-type vacuum
pump 84 was withdrawn through conduit 85 so as to |
constahtly maintain the amount of the liquid in pump 84

20 at a predetermined level, and the withdrawn liquid was
fed into phenol recovering column 102 through conduit
86. In phenol recovering column 102, a heat needed to
conduct distillation was supplied from the column
bottom liquid heated by means of reboiler ‘110. . Phenol

25 distilled from top of phenol recovering column was led



I'n Conparative Exanple 2, deposition of the cata- |yst on the inner wall of" "~
first evaporator 33 occurred. Therefore, it was necessary to repeatedly
conduct a 15 bl ow down operation, so as to avoid occurrence of clogging of
conduit 34.. During the bl ow down opera- tion, an additional catalyst was
introduced to the systemto continue the operation. In each of Conpara-
tive Exanples 1 and 3, during 700 hours of the opera 20 tion tinme of the
systemof Fig.1l, both the operation for p&duci ng di phenyl carbonate and
the operation for the polynerization were stably conducted (for exanple,
both of the flow and the conposition in each conduit were stable) w thout
suffering di sadvdmAgEdECHiehbnECD5inte cerderserepdsi t ionwbichhéheat al yst
on the inner 72 wall of thcg a drparat uses and cl oggi ng of the conduits.
Conpar ati ve Exarfii® R FH ¢- pof yRAF BHPfat o welke proaderdats wab 5
stantially the sang man eroas!?i n an le 1, except the _anount of bisphenol
A charged at one TimETht o fRPERCL sTRERY St 1t Foh S peO poF YRBrEReFORes sel
71 was changed étPiM][d%? aﬂ? tp the flowrate of the pr | yner
. . . £ 2 : :
obtained in first agitation %pe%o%l%fretrl?%e?or\‘/ %’é%?t‘?’l‘?’agoggﬁl %ﬁ fasleed to
second stage agidld ol LYPe ROIMITBIAZSLSE Johadfe £HRNIRA. OB, 5 KALL, A
the result, the flowrate o }by-prolczi%%%p eno ef ?ogrég Nivix:ias %tf‘aﬂk
tank 107 for by-product phenol. The purity of phenol
in accumulation tank 107 for phenol was 99.995 % by
weight (content of the total of cresol and xylenol: 30
ppm by weight; content of aromatic dihydroxy compound:
10 20 ppm by weight.) A portion of the liquid at the
bottom of phenol recovering column 102 was withdrawn
out of the system through conduits 109 and 111.
The above operation using the system of Fig. 1 was
continuously carriéd out for 700 hours to obtain an
15 aromatic polycarbonate.
The aromatic polycarbonate obtained 700 hours
after the start of the operation had a weight average
molecular weight of 30,000. With respect to the ob-
tained aromatic polycarbonate, the color and melt
20 stability at high temperatures were evaluated. As a
result, it was found that the specimen of the aromatic
polycarbonate was colorless transparent (b*-value: 3.3)
and the Ab*60 value and the Ab*30 value were 1.2 and

0.5, respectively. The results are shown in Table 1,

25 together with the purity of the phenols in conduits 2,



107 through conduit 106 becane 3.42 kg/hr, and the flow rate of ‘the = i

by- product phenol fed fromaccunulation 15 tank 107 to conduit 2 through
conduit. 108 becane 3.42 kg/hr (content of the by-product phenol in the

m xture in conduit 2: 99.1 9% . The aromati c pol ycarbonate obtained 700
hours after the start of the operation had a weight average nol ecul ar

wei ght of 27,000. Wth 20 respect to the obtai ned aromatic pol ycarbonate,
the color and nelt stability at high tenperatures were evaluated in
accordance with the above-nentioned neth- od. As a result, it was found
that the specinmen of the aromatic pol ycarbonate was col orl ess transparent
(b* 25 val ue: 3.3);2m@dwe¥&r, the 60-ni nutes heated speci nen 73 was

mar kedly col ored (/fib*60 value was as high as 6.8) and Ab*30 was al so as
hi gh as 2.5. Exanpl e BuBing AP@naewes pefytheboparetias pimducédthe substan-
tially the same manner as in Exanple 1, except that the liquid in conduit
86 was directly TEU*ED %%n%ﬂ? l1g§°t?hFBﬁgﬂP%E%EhﬁpafPénPF@ Kciog, wit hout

usi ng phenol regovering colum_ 102. The liquid in conduit 108 was a 10
m xture of pheno fg%ﬁn gﬁ@?r%%?%%%a?%g b€ pABRBR tROBNHOT t RRLYTMRELZRELAN

and xyl enol  vas S0 Pk war T2 FHE EBRRER: - crobR af orei E1arhydr oxy
and the_composition in each conduit were stable) with-
out suffering disadvantageous phenomena, such as de-
positioﬁ of the catalyst on the inner wall of the
apparatuses and clogging of the conduits and the like.
10

Examples 2 to 6

Aromatic polycarbonates were individually produced
in substantially the same manner as in Example 1,
except that the coﬁposition of the mixture fed from
15 conduit 2 at a flow rate of 3.45 kg/ht (which was a
mixture of fresh phenol and by-product phenol) and>the
purity of fresh phenol fed from conduit 9 were varied
as shown in Table 1. Results are shown in Table 1.
In each of Examples 2 to 6, during 700 hours of
20 the operation time of the system of Fig.1l, both the
operation for producing diphenyl carbonate and the
operation for the polymerization were stably conducted
(for example, both of the flow and the composition in
each conduit were stable) Qithout suffering disadvanta-

25 geous phenomena, such as deposition of the catalyst on



conpounds was 110 ppm by wei ght. The aromatic polycar 15 bonate obtained ~

700 hours after the start of the opera- tion had a wei ght average nol ecul ar
wei ght of 30,000. Wth respect to the obtained aromatic pol ycarbonate,

the color and nmelt stability at high tenperatures were evaluated. As a
result, it was found that the speci 20 nen of the aromatic pol ycarbonate
was col orless trans- parent (b*-value: 3.4) and the b*60 val ue and the
Ab*30 val ue were advantageously low (1.5 afid 0.7, respectively). The
results are shown in Table 1. During 700 hours of the operation time of the
25 system of Figfl, deposition of the catalyst on the 74 inner wall of
first evaporat orcts3 Q&K ekl Rierdivrapraratyges medsebegdingrepethed! y
conduct a bl ow down, operation, so as to avoid occurrence of cloggi ng of
conduit 34. DuriFR'YHe"$ ow down operation, an addi 5 tional catalyst was
introduced to the systemto contin- ue the operation. Exanple 8 An aromatic
pol ycarbonate was produced in accor- 10 dance with a systemas shown in

Fig. 2. The sys%gﬁg%%¥¥§bg%ﬁﬁ¥%@£p%;sﬁsugig a first stage and a second

stage reactive ng continuous mnulti-stage

distillatgon colums al-and ;20.0d18REHdVeeed WedOT: I QUG 20, 1 pheayl . 4

carbonate, (ii) a first
in substantially the same manner as in Example 1,

except that the composition of the mixture fed from
conduit 2 at a flow rate of 3.45 kg/hr (which was a
mixture of fresh phenol and by-product phenol) and the

10 purity of fresh phenol fed from conduit 9 were varied
as shown in Table 1. Results are shown in Table 1.

In Comparative Example 2, deposition of the éata—
lyst on the inner wall of first evaporator 33 occurred.
Therefore, it was nécessary to repeatedly conduct a

15 blow down operation, so as to avoid occurrence of
clogging of conduit 34. During the blow down operé—
tion, an additional catalyst was introduced to the
system to continue the operation. In each of Compara-
tive Ekamples 1 and 3, during 700 hours of the opera-

20 tion time of the system of Fig.l, both the operation
for producing diphenyl carbonate and the operation for
the polymerization were stably conducted (for example,
both of the flow and the composition in each conduit
were stable) without suffefing disadvantageous phenome-

25 na, such as deposition of the catalyst on the inner

—.



15 stage and a second stage agitation polymerization [conducted using
agitation type polynerizer vessels 71, 71' and agitation type pol yneri zer
vessel 73, respec- tively] for producing a prepol yner while by-producing
phenol which is recycled to the above-nentioned contin 20 uous nulti-stage
distillation colum 1, (iii) a crys- tallization (conducted using
crystallization vessel 115) for crystallizing a prepolyner, and (iv) a
solid state polynerization (conducted using solid-state polynerization
reactor 117) for producing an aromatic 25 pol ycarbonate whil e by-producing

henol whi ch i 75 .cled to t boye-ment i oned cont | It -st
Gi <1111 ati on col Tt 157 OF iR oAGPSE& RoRat B tae pPOTECAL: fPEUBCPANTE 5

the sane manner as in Exanple 1, and the first stage 5 and the second
stage agitation polynerization (using first agitation type polynerizer

vessel 71 and 7L§&m¥%§atgggdg§5ﬁ€lén4substantiaIIy the sanme manner as in
Exam ple 1, to eret brai prepolyner (c'). Prepolymer (c')
obtai ned in second agiAatiesmb¥PE é@ly§§§§6n5§e“@§§EEQ?89cﬁﬁy§Ba%hb§at'On

vessel 115 (con- taining acetone) through conduit n crystalliza- tion

vessel 115, prepotymeially)tnassagetmnsefletNadcen EQBRpAL 25 ExbepRerharm
crystallization of prepolym er (c'). The resultant m xture containing a
crys amount of bisphenol A charged at one time into first
stage agitation type polymerizer vessel 71 was changed
to 44 kg, and that the flow rate of the prepolymer
obtained in first agitation type polymerizer vessel 71,
10 which was fed to second stage agitation type polymeriz-
er 73, was changed to 8.2 kg/hr. As the result, the
flow rate of by-product phenol fed to accumulation tank
107 through conduit 106 became 3.42 kg/hr, and the flow
rate of the by-product phenol fed from accumulation
15 tank 107 to conduit 2 through conduit 108 became 3.42
kg/hr (content of the by-product phenol in the mixture
in conduit 2: 99.1 %). The aromatic polycarbonate
-obtained 700 hours after the start of the operation had
a weight average molecular weight of 27,000. With
20 respect to the obtained aromatic polycarbonate, the
color and melt stability at high temperatures were
evaluated in accordance with the above—mentioned meth-
od. As a result, it was found that the specimen of the
aromatic polycarbonate was .colorless transparent (b*-

25 value: 3.3); however, the 60-minutes heated specimen



15 tallized prepolymer and acetone was led into dryer 112 to dry the =~~~

m xture at 120 C. The resultant residue containing the crystallized

prepol yner was fed to solid-state polynerization reactor 117 through
conduit 113. In solid-state polynerization reactor 117, a 20 solid-state
pol yneri zation was carried out under condi- tions such that the reaction
tenperature was 220 C, the reaction pressure was 0.4 mHg, and the
residence tine was 8 hours. An evaporated78as (containing phenol by
produced during the polynerization) distilled from25 the top of .
solid-state polynerization reactor 117 was 76 led into liquid seal -type
vacuum punp 84 tHASIRFRSHY dntareb GRE*PEoteevias 885 Iskahiag 6idlid in

liquid seal-type vacuum pu 84 was wi thdrawn through conduit 85 so as to
constantly mai nt%%%g?eggnd% S i PIFYAY TP punp 84 at a

predeterm ned level, and the wthdrawn Iiquid was fed to phenol recovering
colum 102 through conduit 86. In phenol recovering colum 102, a heat

needed to condugt, distd |4 ation was supplied fromthe colum bottomliquid
heat ed by neanS‘Uﬁﬂé}§K¢boiler 110. Phenol distilled fromthe top of

phenol  recovering colingrchi Mesd 8 4o ﬁ%glﬂtxf?é@ée&”{ SOONEENSer

104, in which the gas was condensed.” A portio e condens
refluxed to phenaalngcatre &fdney reMidm D2 4 Leugh Londuit-J05. cJhe st of

h
the liquid in conduit 86 was directly led to conduit 108

through accumulation tank 107, without using phenol
récovering column 102. The liquid in conduit 108 was a

10 mixture of phenol, diphenyl carbonate, bisphenol A and
the like. With respect to the liquid in conduit 108,
the content of the total of cresol and xylenol was 30
ppm by weight, and the content of an arohatic dihydroxy
compounds was 110 ppm by weight. The aromatic polycar-

15 bonate obtained 700 hours after the start of the opera-
tion had a weight average molecular weight of 30,006.
With respect to the obtained aromatic polycarbonate,
the color and melt stability at high temperatures were
evaluated. As a result, it was found that the speci-

20 men of the aromatic polycarbonate was colorless trans-
parent (b*-value: 3.4) and the Ab*60 value and the
AOb*30 value were advantageously low (1.5 and 0.7,
respectively). The results are shown in Table 1.

During 700 hours of the operation time of the

25 system of Fig.l, deposition of the catalyst on the



15 condensate was fed through conduit 106 into accunula- tion tank 107 for
by- product phenol at a flowrate of 3.3 kg/hr. The purity of phenol in
accurrul ation tank 107 was 99.995 a by weight (content of the total of
cresol and xylenol: 25 ppm by wei ght; content of an 20 aronmatic di hydroxy
conpound: 25 ppm by weight). A portion of the liquid at the bottom of
phenol recover- ing colum 102 was w thdrawn out of the systemthrough
conduits 109 and 111. During the operation76f the entire systemof Fig. 2,
the content of the by-product 25 phenol in the mxture fed fromconduit 2

to first 77 1] | ti-st distillation, colum 1. at flo rate
of 3.45 kgl hr (WAIEH (L0 E e oro HROTIERh S hHeror: 578- t ePBYepPBRuct

h | fed f By % i T b tion usin
Phe oyst om of R Mg dodiesr b oy, oA B S BB A8 O bt i

an” aromt ¢ poloyeardonsh ¢-sdes MRt 1 RaLearbonal s 0bi gLged 708 hour s

after the start of the operation, which was wthdrawmn 1 Id-state

pol ynmeri zation rescdort 134, t hrmuging osllig1 dd dohiatoge Wet 984 aNET 388 -
nol ecul ar wei ght of 29,500. Wth respect to the obtained aromatic pol ycar -
bonate, tse col oricamd medtaltdbivdd yiretrddghed efpethe abys€5mWeseceNal 4at ed
in accordance with the above

ue the operation.

Example 8

An aromatic polycarbonate was produced in accor-

10 dance with a system as shown in Fig. 2. The system of
Fig. 2 comprises (i) a first stage and a second stage
reactive distillation (conducted using continuous
multi-stage distillation columns 1 and 20, respective-
ly) for producing diphenyl carbonate, (ii) a first

15 stage and a second stage agitation polymerization
[conducted using agitation type polymerizer vessels 71,
71' and agitation type polymerizer vessel 73, respec-
tively] for producing a prepolymer while by-producing
phenol which is recycled to the above-mentioned contin-

20 uous multi-stage distillation column 1, (iii) a Crys-
tallization (conducted using crystallization vessel
115) for crystallizing a prepolymer, and (iv) a solid
state polymerization (conducted using solid-state
polymerization reactor 117) for producing an aromatic

25 polycarbonate while by-producing phenol which is recy-



15 nentioned nethod. As a result, it was found that the specinen of the
‘aromatic pol ycarbonate was col orl ess transparent (b*-value: 3.3) and the
b*60 value and the ,Lb*30 value were 1.1 and 0.4, respectively. The re-
sults are shown in Table 1. 20 During 700 hours of the operation tine of
the systemof Fig.2, both the operation for producing diphenyl carbonate
and the operation for the polymer- ization were stably conducted (for
exanpl e, both of the flow and the conposi ¥Pon in each conduit were stabl e)
25 without suffering di sadvant ageous phenonena, such as 78 deposition of

e R
rco OL 4 ad%é%filé%ﬂo&“ééﬂuAQ-fi)\c ri\or- Mco
Diphenyl carbonate was produced in substantially

the same manner as in Example 1, and the first stage

5 and the second stage agitation polymerization (using
first agitation type polymerizer vessel 71 and 71') was
conducted in substantially the same manner as in Exam-
ple 1, to thereby obtain molten prepolymer (c').
Prepolymer (c') obtained in second agitation type

10 - vessel 73 was fed to crystallization vessel 115 (con-
taining acetone) through conduit 88. 1In crystalliza-
tion vessel 115, prepolymer (c') was agitafed in ace-
tone at 25 °C to perform crystallization of prepolym-
er (c'). The resultant mixture containing a crys-

15 tallized prepolymer and acetone was led iﬁto dryer 112
to dry the mixture at 120 °C. The resultant residue
containing the crystallized prepolymer was fed to
solid-state polymerization reactor 117 through conduit
113. In solid-state polymerization reactor 117, a

20 solid-state polymerization was carried out under condi-
tions sudh that the reaction temperature was 220 °C,
the reaction pressure was 0.4 mmHg, and the residence
time was 8 hours. An evaporated gas (containing phenol
by produced during the polymerization) distilled from

25 the top of solid-state polymerization reactor 117 was
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led into liquid seal-type vacuum pump 84 through con-
duits 96 and roots blower 83. Sealing liquid in liquid
seal-type vacuum pump 84 was withdrawn through conduit
85 so as to constantly maintain the amount of the

5 liquid in pump 84 at a predetermined level, and the
withdrawn liquid was fed to phenol recovering column
102 through conduit 86. In phenol recovering column
102, a heat needed to conduct distillation was supplied
from the column bottom liquid heated by means of re-

10 boiler 110. Phenol distilled from the top of phenol
recovering column 102 was led through conduit 103 into
condenser 104, in which the gas was condensed. A
portion of the cohdensate was refluxed to phenol recov-
ering column 102 through conduit 105. The rest of the

15 condensate was fed through conduit 106 into accumula-
tion tank 107 for by-product phenol at a flow rate of
3.3 kg/hr. The purity of phenol in accumulation tank
107 was 99.995 % by weight (content of the total of
cresol. and xylenol: 25 ppm by weight; content of an

20 aromatic dihydroxy compound: 25 ppm by weight). A
portion of the liquid at the bottom of phenol recover-
ing column 102 was withdrawn out of the system through
conduits 109 and 111. During the operation of the
entire system of Fig. 2, the content of the by-product

25 phenol in the mixture fed from conduit 2 to first
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continuous multi-stage distillation column 1 at a flow
rate of 3.45 kg/hr (which is a mixture of the fresh
phenol and the by-product phenol fed from tank 107) was
96 ¥ by weight.

The above operation using the system of Fig. 2 was
continuously carried out for 700 hours to obtain an
aromatic polycarbonate.

The aromatic polycarbonate obtained 700 hours
after the start of the operation, which was withdrawn
from solid-state polymerization reactor 117 through
conduit 114, had a weight average molecular weight of
29,500. With respect to the obtained aromatic polycar-
bonate, the color and melt stability at high temper-
atures were evaluated in accordance with the above-
mentioned method. As a result, it was found that the
specimen of theAa;omatic polycarbonate was colorless
transparent (b*-value: 3.3) and the Ab*60 value and the
Ab*30 value were 1.1 and 0.4, respectively. The re-
sults are shown in Table 1.

During 700 hours of the operation time of the
system of Fig.2, both the operation for producing
diphenyl carbonate and the operation for the polymer-
ization were stably conducted (for example, both of the
flow and the composition in each conduit were stable)

without suffering disadvantageous phenomena, such as
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deposition of the catalyst on the inner wall of the

t he present

apparatuses and clogging of the conduits.
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an aromati c pol ycarbonate having inproved nelt stabili- ty at high

t enperatures can be stably produced. In the 5 nethod of the present

i nvention, a by-product phenol obtained in the production of an aronmatic
pol ycarbonate is effectively utilized for obtaining di phenyl car- bonate
used for producing an aromati c pol ycarbonate. Therefore, the nethod of the
present invention is 10 extrenely advantageggs especially for the
production of an aromatic pol ycarbonate having excellent nelt stabil- ity
at high tenperatures on a large commercial scale. 15 20 25 81 CLAINM 1.
A nmet hod for producing an aromatic pol ycarbonate, which conprises: 5

feedi ng a feedst ock diatkyls;—earbenate—and—-a—feed-—stock phenol nixture of
phenol (a) and phenol £b)| Which is|diffefrent=in suppky souxce Kraom.saj d
phenol (a) to a reamoﬁt effect a Teactrdmr bet ween—~gatd fegdst ock
di al kyl carbonate andg;&giid feedstock phenpl |m xture |in| 10 thg presence of
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.an aromatic pol ycarbonate while produci ng phenol as a 15 by-product,
wherein said by-product phenol is used as said phenol (b), and wherein the
content of said phenol (b) in said feedstock phenol nmixture is from70 to
99 % by weight. 20 2. The nethod according to claim1, wherein said by-
product phenol used as said phenol (b) contains an inpurity conponent (a)
which is at | east one conpound selected frggnthe group consisting of

cresol and xyle 25 nol, and wherein the content of said inpurity conponent
82 (a) in said by-product phenol is 50 ppmby weight or I|ess. 3. The

met hod according to claim1l or ZNDMSIIRIAL prL.ICGABHeMst ock phenol m xture
contains an inpurity conponent (a) which is at |east one conpound sel ected
fromthe group consi®¢tagddngcrestheandthptiendl thandrekenti invbatieant ent
of said inpurity conponent (a)_in said feed- stock phenol mxture is 130
ppm by wei ght or@fe3%5°mapia pqhecasbapatacbavidnagimprangdomelsf schaiids-1 to
3, wherein said by-product ghenol used as said phenol (b) contains an

i npurity componeh¥ ?E%hhﬁ?cﬁ TESLAtYFBfafRR PEi AYabbxypEedpeedd, . Ianghe

wherein the contenf. of s
5 me%hoé o? ghe present invention, a by-product phenol

obtained in the production of an aromatic polycarbonate
is effectively utilized for obtaining diphenyl car-
bonate used for producing an aromatic polycarbonate.
Therefore, the method of the present invention is

10 extremely advantageous especially for the production of
an aromatic polycarbonate having excellent melt stabil-

ity at high temperatures on a large commercial scale.
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15 inpurity conponent (R) in said by-product phenol is 50 ppm by weight or
less. 5. The nmethod according to any one of claims 1 to 4, wher ei n said

f eedst ock phenol nixture contains an 20 inpurity conponent (R) which is an
aromatic di hydroxy conpound, and wherein the content of said inpurity
conponent (R) in said feedstock phenol is 90 ppmby weight or less. 25 6.
The met hod according to any one of clainsgh to 5, 83 wherein said reactor
is a multi-stage distillation colum. 5 10 15 20 25

CLAIMS
1. A method for producing an aromatic polycarbonate,
which comprises:
5 feeding a feedstock dialkyl carbonate and a feed-

stock phenol mixture of phenol (a) and phenol (b) which
is different in supply source from said phenol (a) to a
reactor to effect a reaction between said feedstock
dialkyl carbonate and said feedstock phenol mixture in
10 the presence of a catalyst, thereby producing diphenyl
carbonate, and
polymerizing said diphenyl carbonate with an
aromatic dihydroxy compound in a polymerizer to produce
an aromatic polycarbonate while producing phenol as a
15 by-product,
wherein said by-product phenol is used as said
phenol (b), and wherein the content of said pheﬁol (b)
in said feedstock phenol mixture is from 70 to 99 % by
weight.
20 |
2. The method according to claim 1, wherein said by~
product phenol used as said phenol (b) contains an
impurity component (a) which is at least one compound
selected from the group consisting of cresol and xyle-

25 nol, and wherein the content of said impurity component
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82

(a) in said by-product phenol is 50 ppm by weight or

less.

3. The method according to claim 1 or 2, wherein said
feedstock phenol mixture contains an impurity component
(a) which is at least one compouﬁd selected from the
group consisting of cresol and xylenol, and wherein the
content of said impurity component (a) in said feed-

stock phenol mixture is 130 ppm by weight or less.

4. The method according to any one of claims 1 to 3,
whereiﬁ‘said by-product phenol used as said phenol (b)
contains an imﬁurity component (B) which is an aromatid
dihydroxy compound, and wherein the content of said
impurity component (B) in said by-product phencl is 50

ppm by weight or less.

5. The method according to any one of claims 1 to 4,
wherein said feedstock phenol mixture contains an
impurity component (B) which is an aromatic dihydroxy
compound, and wherein the content of said impurity
component (B) in said feedstock phenol is 90 ppm by

weight or less.

6. The method according to any one of claims 1 to 5,



83

wherein said reactor is a multi-stage distillation

column.

10.
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