1 SPECI FI CATI ON Pol ycar bonate resins and nmethods for preparing the
sanme Technical Field The present invention relates to the

pol ycarbonate resins and nethods for preparing them nore
particularly the polycarbonate resins.reduced in content of volatile
inmpurities such as phenols, and proceSses for producing such

pol ycarbonate resins. Background Art The pol ycar bonate resins
have excel | ent nechani cal properties such as heat and i npact

resi stance, as well as high di mefigicaralasteki ity and transparency,
and have therefore been used for—a wde variety of purposes.

For the preparation of polycarbonate resins, there are known, nost
popul arly, nelting nethod (ester exchange nethod) and phosgene net hod
(interfacial p i L ) o Qﬁi% o] is
nmerely capabl eo%%ll pr""éﬁ%’?ﬁg g@%?ﬁ%eangg#%gggﬁsong#e r esian%\%ﬁi gﬁe

cont ai ns v%h@tile impurities such as unreacted starting materials,

| ow- mol ecdar wei ght products and reaction solvent. A typical exanple
of the said | ow nol ecul ar wei ght products is 2 phenols in the
melting method. In the nelting nethod, the phenols produced fromthe

ester exchange.reactjqn are evaporated away under reduced pressure,
but as ar HEC + i bration between the |liquid and gaseous

phases of the reaction, phenols are left in the reaction_solution and
consequent |y cohtiRrEF S PHEEBF%RRKﬁ§}ﬁ$8FyEQrBB%éR%;%QﬁﬁQQ?age

The foll ow ng met hods have been known for produci ng the pql ycarbonate
resins by §e&B¢i And tERmsisafrre PFaRRF 19 ddery W@FﬁoﬂaﬁﬁF4ﬁiQﬂ%KwﬁBﬁ,
for instance, a polycarbonate resin_is nelted and extruded into

pel | ets, malyegERoRA RIS redpped et tOREtNBE VPR E&i ng secti on
of the nmelt extruder to conduct treatnent under reduced pressure

(Pat ent DoidiR¥saties surh Bs rhepplhocaith RAFICENS8SsEPTrREQRCAINGp BRERC
hydr ocarbon or an aromatic hydrocarbon is added (Patent Docunents 3
and 4); a pmtygedbeonahingsidsr-bon dioxide is supplied in a pressurized
state and the treatnent is conducted under reduced pressure (Patent
docunent 5); and a nethod in which by using a nulti-stage vented nelt
extruder, a polycarbonate resin and water are m xed under a reduced
pressure dadkg3ohpdlBr#Pa to conduct treatnment under reduced pressure
(Patent Docunent 6). Patent Docunent 1: Japanese Patent Application
Lai d- Open ( KOKAThe Nooly@a®@daétPatent ndDdcavee eixc@l ldap amssmnRahént
Application Laid-Open (KORAI) No. 9-59368 3 Patent Docunment 3:
Japanese (jdphrkidle. s@ebdB3heat and impact resistance, as well as

high dimensional stability and transparency, and have
therefore been used for a wide variety of purposes.

For the preparation of polycarbonate resins, there are
known, most popularly, melting method (ester exchange
method) and phosgene method (interfacial polymerization
method), but any of these methods is merely capable of
producing a crude polycarbonate resin which contains
volatile impurities such as unreacted starting materials,
low-molecular weight products and reaction solvent. A

typical example of the said low-molecular weight products is



Pat ent Docunent 4: Japanese (KORAI) No. 9-157375 Patent Docunent b5:
Japanese (KOKAI) No. 2000-302879 Patent Docunent 6: Japanese ( KOKAI)
No. 2001-31753 Patent Application Laid-Open Patent Application
Lai d- Open Patent Application Laid-Open Patent Application Laid-Qpen
Di scl osure of the Invention Problemto be Solved by the Invention

An object of the present invention is to provide the polycarbonate
resi ns phenonenal ly reduced in content of volatile inpurities such as

phenol's, phRenPlOHCES AR ML LPhINELME SUCh PiRd eAIJiaganethed Nshe Means
for Solving the Problem In the course of studies for resolving

the above ppeddl €MBrddif el ¢geMt thd Vel exehlRge PASad S Wil | i ng
findings accounted below. (1) In the production of polycarbonate

resins ingepsrated aavﬂﬁll VBErf bbd@ted Sri¥EQUECp@E & EsL10f okhe

melt extruder in the pélletization step for the purpose of renoving

the forei ANGES Sif b ST LWES .o kN j t N Afeh t her
hand, phenougyggé rege%%#gggg F%%tﬁgﬁﬁgfSng%%$é§$%fé§%se%ugﬁ_%he

e R A L S
Lhe car b BByl FSES:8La! IF O YR RGN AR D, Wtle
renoving the volatile i uritie . the polyner filter _.is incapabl e of
ruly Ioerform_ni_' s?eéggm@ Izef%f&to&mfﬁa b%?féhﬂ‘dﬁoi’“mﬁPEhpféi‘?&f’te‘H as
volatile inpurities .in the product, making i ar ossible to
produce a{% be ¥‘B%ﬂ?ﬂné3ttee§gﬁlpéd%eﬁer‘?% ehBF ¥9 €to a

G hyalr oy LTBURREERA dh PO, SBATEL G IR o L08r LBy S eater excha

di hydr oxyl : r BBn i resPeér t%r exchange
Teast one RUACEEROMIP FEoieasE BRLLEIERLTEACE SRR RIS,
| east one t LIy 5 iHg-cets,
tenperatun%égondition is enployedaggéﬁ%gg#§$trgde[,%it,i§ poss%ble to
suppress t BERY CAF bifHdYe 1S SHAP i BACPEAR ITOFEUNE SPLGWOR
effective renoval of volatile inpurities, and noreover, there can be

obt ai ned ®héhel Mt \REIEEET £°r BRI h T EREHCHE WNGRTK FRFVCEA t he art

to date. The present invention has been attained as a result of
further stRifis€sren(fakeadiosumpnthel sl )i mdiagkod akitl whsicdnisodi ed
as follows. In a first aspect of the present invention, there

i s provi dexptarasednat irhaidloy badbonarkon ey mnwairehat e dinddarayben

is added (Patent Documents 3 and 4); a method in which
carbon dioxide is supplied in a pressurized state and the
treatment is conducted under reduced pressure (Patent
document 5); and a method in which by using a multi-stage
vented melt extruder, a polycarbonate resin and water are
mixed under a reduced pressure of 0.3 to 10 MPa to conduct
treatment under reduced pressure (Patent Document 6).
Patent Document 1l: Japanese Patent Application Laid-Open
(KOXAI) No. 9-59367

Patent Document 2: Japanese Patent Application Laid-Open

(KOKAI) No. 9-59368



5 froman ester exchange reaction of an aromatic di hydroxyl conpound
and a carbonic acid diester, and satisfies such the foll ow ng
conditions (1) to (3) that: (1) viscosity-average nol ecul ar wei ght
is 13,000 to 30,000; (2) the anpunt ¢of the residual aromatic
nmonohydr oxy conpound and the anpbunt of the residual aromatic

di hydroxyl conpound in the resin are each not nore than 20 ppm and
(3) the resin contains at |east one of the structural units of the
fol | owi ngphesrlimdeundhtt 9: (Spanksteh phlient oAbl @UBn DhiguOPen
structural units being 1,000 to 6,000 ppm 6 In a second
aspect of (kGamdr @eeny-snyention, there is provided a process for
produci ng a polycarbonate resin reduced in content of volatile

L mpuri ti esa04hS WolctgkbhR9s @ f@é&ﬂé@%@%ﬁﬂﬁ@ﬁ&&%ﬁi BRg-ygbati | e
inpurities to nelt devolatilization, said nelt devolatilization of
the resin ReiNg G.rgeds9gfsafter it has been passed through a
polymer filter. In a third aspect of the present invention
there is i, d Cess 0 i rhonat g_ in from
. di hydr oup kot nBRETEE oMl RAEkRY ApPRl AT ALA S

exchange in bonate resin produci ng appar at us
SRERED 4R " s BP0

conprisin east and at | east one extruder, in which
when the extrud inle esin tenperature s represen by Ti (O
And the. eSeFeosRelE PocrRetrarart Bt 18 et i per
t han 370C, and AT, gi b foll owi ng equation (1) is not higher
than 70C (¥ mﬂ%;B°T2$58*1¥%§£§%fect of the Invention Accor di ng
to the present invention, there are provided the polycarbonate resins

which are extrenely | essened in content of volatile inpurities such

as phenols, and the processes for producing such pol ycarbonate
resins. Disclosure of the Invention

Problem to be Solved by the Invention

An object of the present invention is to provide the
polycarbonate resins phenomenally reduced in content of
volatile impurities such as phenols, and processes for

producing such polycarbecnate resins.

Means for Solving the Problem

In the course of studies for resolving the above
problem, the present inventors came upon the surprising
findings accounted below.

(1) In the production of polycarbonate resins in general,
a polymer filter is provided at the exit of the melt
extruder in the pelletization step for the purpose of
removing the foreign substances such as fish eyes. In this

step, on the other hand, phenols are regenerated in the



Best Mbde for Carrying out the Invention A detailed account of the

present invention is given bel ow First, for the conveni ence of
expl anation, the processes for producing the polycarbonate resins
according to the present invention argq described. In the

present invention, a polycarbonate resin is produced by an ester
exchange nmethod from a di hydroxyl conpound and a carbonic acid
di'ester. Use of an ester exchange nethod makes it possible to obtain
the pol ycaohenat erinasins swglriRderatibe afmptindlk tier absatifdéd
groups. The di hydroxyl conpounds that can be used as a starting

nmaterial kAathhendr@santytipvastion dnanedeonpohetxaigilals of the
bi s(hydroxyaryl)al kanes such as 2, 2-bi s(4- hydroxyphenyl ) propane (aka

bi sphenol gﬁh_ymﬁr 2¢ 01243 ag @h@@é@b@s&@i@&%ysbe@u& )dHraRe qaka
t et r abr onobi Sphenol A), 8 bi s(4-hydroxyphenyl) net hane,

1 1-bis(4-1udtoxy iievl) SLAGREE By ZlattifyNKda Xy A Ipdijhane.
2, 2-bi s(4- hydroxyphenyl yoctane, 2, 2-bi g(4-hydroxy- 3-

t hyl ph I = bi - ter - = :
T S D Mretafani Al 15 BebVda e 1Y Guehery pxapere
YOr oxyPha LORGPANS s Soblet P Sl ahliate, s vl andinoay b ggane,

2, 2-bi g(3-phenyl- ydroxypnheny pane,” "2, -cyclohexyl-'4-
hyd h I el 1-bi sC4- hyd :1-. | et ,

by 5 4 bycroBRER S AN, PRECRERES 25 Capeciey R AN ANE

bi s(4- hyd 1)-1,1,1-trichl 2, 2-his(4-

ok oIS e L O BR ORI R 182, g prodct,

hydr oxypheny1)-1, 1,1, 3, 3, 3- hexaf | uor opr oapne; .

bi s( hydr oﬂ?ﬁﬁlgﬁ) t%é?%%qlﬁfaﬁé’?sggiﬁ £ %ﬁ‘%%&wlycarmﬂate resin
hydr oxyphenyl ) cycl opentane, 1,1-bis(4- h droxthenylgc cl ohexane, and
1,1-bis(4JﬁVHF8§yb%dﬁV¥¥ﬂ-§P§F89FrF?mﬁ AFEPEReXENES VS sphenol s
having a cardo structure such_as 9, 9-bi s(4-hydroxyphenyl)fl uorene,
and 9, 9- biD(IPhPEPHGATS PePRYFPRAERSRFHS UGitdfte ETBThY o BIAROSHH

et hers such as 4, 4'-di hydroxydi phenyl ether, and 4,4'-
dihydroxy-QngouHQn%¥¢nﬂ(HQ¥99$PCe9ﬁé$;d¥ﬁﬂﬁﬁ§r8?yéﬂa?§?e%Lﬁﬁqnﬂ§§esuch
as 4, 4' -di hydroxydi phenyl sulfide, and 4,4'- )

di hydr oxy - tgoddnaihd\a dgiyeaybosate i mrsininrpdbex)di aPBAL aMIf oxi des
such as 4, 4'-di hydroxydi phenyl sulf oxide, and 9

4, 4" -di hydrampyising -aft nedpH @npheagetendrkiade leghhyenexarh mudar,

sul fones such as 4, 4' -di hydr oxydi phenyl sul fone, and

4, 4' - di hyd¥bryspecif il resmpgraditphengdngitfaone:s kypgitoped nbre theesorcin,
4, 4" - di hydroxydi phenyl, and the like. O these conmpounds,

bi s( 4- hydresgrpleny| 3al immessabdeptef suppessardiebpspheavponeties resin
especially preferred in terns of inpact resistance. The conpounds
obt ai ned bjecopbsntbon oreaairiomte dtowadifdqiioephemoval saf f onat es

wi th the above-nentioned di hydroxyl conpounds can al so be used for

t he pur poselpft ilgpiopungtidsgmantdemar davney, thHeeese cdhhyerabiyd imaimaounds
may be used by conbining two or nore of them In the nelting
met hod, i tnewlppsivbiebdmrtebiraésinatbaancdedaenl yoknbenair tlesiartby
properly adjusting the reaction tenperature and the anount of the
catal yst usediatAl.so, as part of the di hydroxyl conpounds, there can
be used the pol yhydroxyl conpounds such as fl uoroglucine, 4,6-

di met hyl- 2, 4, 6- The sgederdr dxyphehyh ) heptianer aZtdifedi aetdyresult of
2,4,6-tris(4-hydroxyphenyl ) heptane, 2, 6-dinethyl-2, 4, 6-

tri s(4- hydfupenelrenytighept@nahedbhsdsSof riisd Abower axyabhegy| )drehznre,
and 1,1,1-tri(4- hydroxyphenyl) et hane;

3, 3- bi s( 4-dnshdaxyaey! sexydwrdol e (aka isatinbi sphenol),
5-chloroisatin, 5,7-dichloroisatin, 5- brompisatin and the |like as a
branching agentin a firdAS adspeceabbomhe psdndi eabERE140, Dndised sas

provided an aromatic polycarbonate resin which is obtainable



10 follow ng general fornmula (a) can be cited as exanples. 0 Il A
t-OC0-A(a) In the above-shown fornmula (a), A is a linear,
branched or cyclic nonoval ent hydrocarbon group with a carbon nunber
of 1 to 10, which may be substituted.=The two A's may be identical or
different fromeach other. Exanples o? the substituents of A" are

hal ogen atons, Cl1_10 al kyl groups, O _n al koxy groups, phenyl groups,
phenoxy groups, vinyl groups, cyano groups, ester groups, anide
groups andr&m t4r0 e@h-etPexchange re@tHbar ¥foint toreadikodibyacodyl

di esters are di phenyl carbonate, substituted di phenyl carbonates such

as ditolytos d@d@wehe, adpdreb@l K cicauhenabes SmelEas sgii BBt Byth the
carbonate, diethyl carbonate and di-t-butyl carbonate. Anobng these

di esters, rdi RReMY coRERENSAE (Miweh (MY thecei nafter be abbreviated as
DPC) and substituted di phenyl carbonate are preferred. These carbonic

acid di eskﬁ?%f%bsti% U%@Qré’?e IndHeth =8 QE}.%H@ 25 TDIROkot BEMo0;
The sai d carbonic aC|d diesters may be parfially substituted wt h

not aﬁr??éyi %Znﬁﬁ%d%“&%ﬁ)tds?e BT SAY RPRRELS ps sy alibdfhe ¥
e eph ha Pet%*ii ﬁélm%?lélo aﬁfhaﬁ? Eféa%?d&? aghfeﬁ%‘%?@ AT Fahbhind S
Subst tut 6B T FATSE7R) AP DO T e LRl e S?G'd?éaféﬁidi ¢ acid

di t , t . b t b bt
exchange &35 i GPRRaIRS S ares BBLPE (i ciTIRtREaL uehéer

above- nentlo ¢$%t|tut d di arb ylic glds arb x Cld
esters, aﬁé Q¥§n§o BnFﬁ ut°tﬁ§ fof't c&ﬂ? PBﬂ
used in excess of the di hydrox conpoun Vor e ef|n|tely, t he ratlo
(ol ar raffofudh %WCE&FB%XE}N s RGP %YiladP8r t‘E’o‘gj't W @PRidr oxy
conmpound is usually in the range from1.00 to 1.30, preferably from
1.01 to 1.20, nore preferably from1.03 to 1.20. Wen this nolar
ratio is too small, there is seen a tendency for the term nal OH
groups of the produced ponca@bonate resin to increase, resulting in
deteriorationh of thernal st abi t he produced resin. On the

ot her hand, {i 3 nolas{ ratio ijs too high, there arises a

decr easi ng e@ reaction rate, making it
hard to produce Q p¢ Pnafe re havi ng a desired nol ecul ar

wei ght. Also)\ in this case, the resiflual amount of the carbonic acid
diester in the resin increases, which nmay cause issuance of offensive
snel | durlng nmol di ng of the re5|n or after it was nDIded into a

w/ SeoTv
\ o




Generally, it is possible to obtain a pol ycarbonate having a desired
nol ecul ar wei ght and a desired anmount of 12 term nal hydroxyl groups
by adjusting the carbonic acid diester and di hydroxy conpound m xi ng
ratio and the degree of reduction of pressure in the reaction. As a
nore positive nmethod, it is known to add a term nal stopper
separately in the course of the reaction. As such a term nal stopper,
nmonoval ent phenol s, nonoval ent carboxylic acids, carbonic acid

di esters and,the |like can be used. The anount of the term nal

hydr oxyl grqups exerts a great influence to therivgl stabhlity,

hydrol ytic § color tone and other qualitfe e product

pol ycar bonat e. e ==\ he t ermnal ‘ al t hough
vari abl e dejpegyndi @ : 3G odpet—i-s—usugkl)y
not nore th ) 2r abl y for

provi ding the pr practical properties. Usual Iy, an

ester exchan i@talyst is used in the ester exchange neyhod. The
ester exchange catal yst used in the present invention ig not
speci fically,defined, but the algaline metal conpounds axyd/or

am ne typea
catal ysts, ¢
vi ewpoi nt of \practicality. These ester exchange catal yst's may be used
as a conbination of two or nore of 13 them The ampbunt of the ester
exchange catal yst(s) used in the present invention is in the range
usually from1 x 10-9 to 1 x 10", preferably from1 x 10" to 1 x 10,
nor e preferabl yirf rsometoxdlspectl of TheSpresent ihvemlikal, i hkenet bs
conmpounds usabl e as the ester exchange catalyst in the present

i nvent i onprocideld 4 hadceesgaor Cpaddialiinge anpbapcatgoitedTresiah as
hydr oxi des, carbonates and hydrogencar bonates of al kaline netals, and
t he organiredat&dl imedmieakt 66npeLEiSies URPuadstias tisy Withealtdagoks (or
phenol s) and organocarboxylic acids of alkaline nmetals. The al kaline
met al s r efpenfedribcndi®l @leldinnebhdeiniy violataneeimpbdiiiss teofbuE)

pot assi um rubi diumand cesium O these al kaline nmetal conpounds,

t he cesi UuReeIROLNTStiRINECRAH] Me e HdbD1cRLDORAL Eon GESIHNE resin

hydrogencarbonate and cesium hydroxide are preferred. ~The ester
exchange el Oarofed chithkedeexyi € 0H Wednapdsde§abidh acid1ghest er
can be carried out according to the follow ng process. First,

as a step fiqrepreparing the starting mxture, a m xed nolten solution
of the starting materials is prepared in an atnosphere of an inert
gas such as nity00enQhra@he88cPYotISIHAI phBSehat ERd¥P®n, there is
hal f - bat ch-type or continuous agitators. Wen, for iInstance,
bi sphenol J Lhy GRITRO i :Ca ate
as the car@%?%ﬁ?o@%ﬁe??gtﬁggﬁ%ﬁ% m x?%gyteggn%%%%silgl Egpgct ed
from 14 the; qgh#% 0 2 . Rk 8f f 125 to
160C. yﬁ%ﬁ%ﬁ?&é};&sa S e|%)1 ?ofgh%o?y%:%r%gggata%ﬁ,ggﬁge%ﬁ gf?)?change
reaction e i C i | i - IS
carried oSgﬁﬁghggﬂg%F%¥q%%@%gnggpgggggﬁgﬁcggggégg%cggﬁﬁ%gﬁ%@%&%ﬁély,
usual 'y i S.+P ' 7 | $.J.=S e
schene. TE%&§%%€§??§; ég%?% nago%%%$§gﬁ%yf%%cggghgg%i%é&%ﬁaﬁgr%%%50 to
220 en ] WBlerhfef PO SRACHALN ChD Sl 1hade Bleif MbrbebBchnd

e I'me. n éaCch nuliT-sta or,

m nutes in average residence € reac

in order t, i Cient rempve, bhenol s, forned_as_a -product with

t he progrégg?%%k% %g%%¥§)on eﬁs i%ﬁ% EQSCfggﬁu Ut QﬁgaF%eF§§%Pen1_the
temperaturg, a0d. L% 4595° (9F) VARPYT 362 hOSRERELS LIRSSt "

given by the following equation (I) is not higher than 70°C:



15 conpounds capabl e of neutralizing the catal yst used, for exanple,

t he sul fur-containing acidic conpounds or their derivatives can be
used. The catal yst-neutralizing conpound is used in an anount of

usual ly 0.5 to 10 equivalents, preferably 1 to 5 equivalents to the
al kaline metal contained in the catalyst. Al so, the ratio of the
catal yst-neutralizing conpound to the polycarbonate is in the range
usually from1 to 100 ppm preferably from1 to 20 ppm The

vi scosi ty-aver age=mphecurnr wei ghy of the product polycarbonate
resins, though not specifically defined, usually falls within the
range from 13,000 to 30,000, preferably from 20,000 to 30,000, nore
preferably from 23,000 to 30,000. If the viscosity-average nol ecul ar
wei ght ex ) , el in the nolding operation nay
deteriora?gsgihéﬁigggtlﬁtg?gg%ythan 13,000, workability may be

i npai red. The vj LEy- l.ecu j aht re.ls:

val ue deterninég%%gggégdﬁyﬁﬂggggﬁﬁﬁﬁgnhg?%%gg%gyt%%%éﬂ?gg gﬁégﬁ%g?
usi ng nethyle l.ori 0 t.. ~<EiLS i og>

The b esentel RAiSRTArs ree i s, Wiisharkr b LA, R IRk ROt

pol ycarbonate resins with.a reduced content_of volatile i rities by
Sub) G0t i nGOPRRMalty SRLBERKE L PRI e o APE TR PUBI ST S BT € os 1o
melt devolatilization, characterized i tha% nelt devolatilization is
Conduct 60 PAPEEFSHmdGing AR HoT yRih §9AYEF BEFEES HGUH a. pol ymer
filter. 16 The polyner filter used in the present invention is
a filter capable of renoving the foreign substances existing in the
pol ycarbonate resins. It is possible to use yarious known types of
filter su®RShMddior Carpylng out (fheg INVRREIOR e type, etc., but a

| eaf disc type polyner filter is especially preferred. The | eaf disc
type usual ly cdﬁﬁ?ﬁ§%§§96n§c%9“WENQ§ HhecPEREPRY WP IRPr SgaH¥RR with
various wire sizes and openings, said wire gauzes being placed one
over anot ®eAo¥n |ayers. The types of weave usable in the present
invention include, for instance, plain weave, twlling, plain dutch
weave, and twi |Big$tdufer weeeonvendegaazel nexplanatddRovéne As for the
gauze material, usually stainless steel materials such as SUS- 316 and
SUS- 316L @recesswl inn predisiag stheasdivskesbppate eredimsepegondiays and
resins. The absolute filtration precision required in the present

i nvent i on tios the piesend. 3nvenshopmreprasiserabed.0.5 to 20 pm The
nmet hod for nelt devolatilization is not specified in the present

i nvention. varibusheephedsnar bneardiicahl @ polyeiamlypraier aesdn, i§or
exanple, a method using a vented nelt extruder, a nethod using a

t hi n-fi | mpeedpoedity san@s&emeehoiange weithodt iieostardilnginvstydri al s are
nelted and agitated in an agitator. In this invention, it is

pr ef er r ed doopenpd ;and lee crebhodc useid) dieseetred U tofexnr adeeror the
met hod using a thin-filmevaporator, particularly the forner. As the
vent ed nelaxchahge derthdadhentesabt beossidd e ftor obtdiexeanpl e, a vented
single or nultiple screw extruder, preferably an interneshing double
screw ext rapdgearddeatsc resdnsayehel dsudlivedhei tlaetnt nof hersdi@l OH
direction or in the opposite directions. Al so, the nunber of the
vents i s nafupestricted, but usually it is properly selected within
the range of 1 to 10. The resin tenperature in the extruder is

measur ed by thertiesiihyliRekpDnesmpcoriil thatt bencientitfedand at the exit
of each barrel of the extruder. The resin thernoneters are set to

i ndi cat e tfierbighesdtdranpeiat Yhe pesiaiteriedeniidheinpaicl, gor As the
t hernoneter, a thernocouple or infrared contact type is preferably

used. The_ef:@ﬁhnesm(i erFrbB?l%I}EéKE%F siey Be giihersdqL a molten
state or in the formof pellets. In the present invention, a

pol ycar bongiRok@shdhyigtbphas phkfashegireid1Pah | e i zad by a el t

dibromo~4-hydroxyphenyl)propane (aka tetrabromobisphenol A),

ek




It is preferable to use an extruder with its screws revolving in the
sanme direction for the first vented nelt extruder and an extruder
wWth its screws revolving in the opposite directions for the | ast
vented nelt extruder. Basically, the gype having the screws arranged
to revolve in the sanme direction is designed for facilitating the

m Xi ng operation while the type having the screws arranged to revol ve
in the opposite directions is purported for giving priority to the
kneadi ng Bpe(atHydiroxkipnerel )ymétiand, ha , 1i-Biv 04wty dfoxypiewgl ) ethane,
volatile inpurities, that is, fromthe aspect of devolatilization
effect, the20pRosIrueokoshe®yl SaitRMiel,€20bUbioM L ype extruder is
preferred as it excels in surtface renewability, especially a

partial | y nyRt S /RhRd yockake ! Y hiisNd-sghidopPsi- preferabl e.
General |y, "however, “since there are many cases where various types of

addi ti ves ppegch he Addedohant hey ’eiggiu_.,ctglr__l,tg%ggﬁ%@j rection screw

revol ution type extruder, which Is sna in variation of

di b L . te i i ent t _
o pers! Dbt b i Sk BARE AL 8 0 b UL ByRRNEI ANt L0 wse.
of the Ch%ﬁﬂ@%ﬁi&éﬁéﬂﬁ%)§%959§?{Q§Q?§%gﬁ?{%¥8ﬁ8L4§nd this makes it

possible to 0 a u ty pr The nolten resin

tenperature .in the | ast _vented t_.extruder | ef erably set |ower
t han thathgﬁr$*¥§b?q£; prfgaéght%;?THﬁ%ﬁ%é§F§ﬁ %?9£§Té§ nmol ten resin
tenperature .is preferably as |o possi bl e because it needs to
suppr ess F’é’&éﬂ’éf%ﬁ?n(yrﬁé’fr%ﬁfﬁgﬂ(ﬂg%‘ﬁ%st@'@ 88??36 Ttion of the pol ymer
or carbonic acid diester for effectively regoving the volatile

mpuri i eSYOFOXTRAGRY ETRBABA; HOARRSH -ENLOTRRELEE wher e a pol ymer
filter is provided in the first_vented |t extruder, if the resin

t enper at ur9F SXYRRRAE PELPEBE T vt {7 P1H (t%&ﬁomlﬁ%nlﬁds—ém eto
suppress deconposition_ of the polyner or carbonic acid diester, the
pressure APPPELEHIANG, PiedA-PRISFEPRINIIGHPRRRY Hotthafe f il €ar ri ses
sharply, which may cause danmage to the polyner filter. Al so, in case
wher e t he PaFdfrh %ﬁﬁ?e§ﬁﬂér?eﬁf¥TFQ#R?L9%PPHBE??ea.QK%Nqaééﬁﬁ
tenperature serves for worsening mscibility and/or dispersibility of
Lhe mat er ITSORYRNIRY I iindy 8ad ci I IOFOREEPERE « AEDRIRTBS (47 ho
nolten resin tenperature (Ti) in the first vented nelt extruder is
set at usd@EgxPRIEREL I400¢, 1psed ef XA IARErORre8PTE: whil e the nolten
resin tenperature (T2) in the |last vented nelt extruder is set at
usual |y 206 s by@sogamrlafcycdbhkangs 19138606, lwlthit e di fference
between Tl and T2 being usually 1 to 100C, preferably 1 to 50C.

The nol t erhydeskypheildeaysd openbalidl )l i rhilsd 4Fast vented nelt extruder
is preferably set shorter than the nolten resin residence tine (02)
in the firgdrosyphenmigicaycdrhendre, &b, tlhdivi éwppdmxyphenginval of
volatile 20 inmpurities, a shorter residence tinme of the nolten resin
i s nore adanbateoustiydcyciehdeeoepdsidphemodt haeisaia qealdpner or
carbonic acid diester. On the other hand, in case where various types
of additi\esuatersupplh ed 90 9this { 4 figtdnoxypeenpi) f lextemederendadsheor t
residence tinme worsens dispersibility. It is therefore preferable not
t o suppl y lemy 4adpdtexyes -aedhydphdny pfildrence sdfieydentydimriyl t he | ast
vented nmelt extruder so as to naxim ze the volatile inpurity renova
effect. Thechwost euch e @ ,desddepéeotydiphedd)l enhéhe dnd sf,vented nel t
extruder is usually 0.1 to 60 mnutes, preferably 1 to 30 m nutes,
whi | e t he ditlytieoxy-€3, 37 ~desedapteihempEl (Xer;ndihedtasidiartied nel t
extruder is usually 0.1 to 60 mnutes, preferably 0.5 to 20 m nutes,
with the divifesesceudietasean 401dangd A haiphenysushlFidh 1 4 304 -

m nutes, preferably 1 to 10 m nutes. Residence tine can be varied by

changi ng tdigyaaskel3 ) engtiheehylBeph@hyl @IFUAeE . dihydrodiRiiveRt

sulfoxides such as 4,4'-dihydroxydiphenyl sulfoxide, and



In the present invention, it is preferable to use water as a
devol atilization assistant. Water supplied to the extruder is not
subject to any specific restrictions as far as it does not exert any
influence to the quality of the produged polycarbonate resins, but
use of water with a low electric conductivity is preferred. Electric
conductivity of water used in the present invention is usually not
hi gher than 1 nS/cm preferably not higher than 1 pS/cm The primry
obj ect of 4i atsDidiyeiragyas gdev.ad aiddhyddtibhengssswlfoiides to expedite
devol atilization while pronoting diffusion of volatile inmpurities
fromthe gunfdeskydaner1byul hendLduethi as of 4 padiiyroxiasphesydf the
volatile inpurities incidental to the evaporation of the
devol ati | kgatd QN el ﬁt,@-ﬂf-dﬂﬂj{dﬁo%(y-%%3a28%é9rg}mi%ﬂfe%?!l- shifeheul d be
noted, however, that too small supply of the devolatilization
assi st ant niBYo R 1QReY naBLe & n Pr oV d-edi%y%%bkzﬁﬁﬁﬁ&ﬁﬁi EnRNGeENY Kaf,
devol atilization, while too nuch supply of the assi'stant may cause
hydr ol ysi g,¢0 TBhst Opd V4 t i ]{g}‘i gcyl.gr weight of
t he polyrrg;f %rrlé%gtdgr %)[Jr at: bn o%wl t@%rg’g%{i%ﬂ?kgg]hget of these facts,
t he anmoun r i ed .as il ' S] t is
peBte P aP, BEsBEI: 3 o s3oRE LR ' TRV

usual l'y i € Targe erably from 0. 05

to 2% by i b e u tr. d.resin.. The
devol ati | %a?‘?gbanCtaggi%gF g%?é%hy%g% gé%%%"il}é& togg%eaﬁl#{ %gr b{’ h‘g r&flfr}slt Yent ed
melt extruder or the.last d |t .extruder. or tq bo of, them
The pol ycaPBoTaronto e Rt an L EpLtabons i, RULFore e el Hirt “RT i der
is usually made intQq |l ets by a conventional nethod. .In case of

usi g coolthb Gt A rRSEREYE el CRRGSOR0 (e THECk RS BaS

pol ycarbonate resin for pelletjzation, such cooling water is

pr ef er abl PUOPR5%i ¢ 1JPEG E?e%}‘?ri‘ec TERAGERF Y t )?Z,he\ﬁ‘,%i gphydrerihl 1y not
hi gher than 1 nS/cm preferably not higher than 1 pS/cm as nentioned
before. ACCBPAHRY 3Y: RE Bﬁ%ge%( GRREAELNEN EWP t OF 958 SifpEBSMo produce
t he pol ycarbonate resins_remarkably reduced in content of volatile

i mpurities such I&s tPReABLSINFHCELREr ahbels tRRELEMICHP PP RIS in

t he produced pol ycarbonate resins according to the present_invention
is 23 usBPARPGIYDIPHIYSREPORALR DR PpMY PrePer il JAHmtimggkEe t han 15
ppm nore preferably not higher than 10 ppm A preferred

enbodi menttegftion RMPSEALturaverd i i aRNOY A§ Bhe CRrt@LlYSRcHARGe
process for producing a polycarbonate resin is a process featuring
use of a PépYcarbdiite ofeshf ftlfindny spparunds, corre sangbat usedst
one reactor and at |east one extruder, with at |east one of the
ext r uder s thei pel¥hyduexyd perpoends tiwh agsndluopedivumimel,i 4t € provi ded
at the inlet side of the vented nelt extruder (at the inlet side of
the | ast viémebllyhed t4 dxttrddés-nydrewyphsnyigohepbens- ribrie 6rdamethybtt
extruders are provided), wherein a hydroxyl conpound and a carbonic
aci d di est2gd, arer saibj-dytledxyphamy Edtegrt ameq hanfed irestdtyile ,kn6the
reactor, and nelt devolatilization for the renoval of volatile

i mpuriti exris(éerydmckyphenpy ) héptend+ uder. <Second producti on net hod>
The present invention also provides a process for producing a

pol ycar bordatle3 y st sf(reinydr dkyltkropdy) bearpeyndndnd, B, lcartigai-c aci d

di ester by their ester exchange, by using a polycarbonate resin

pr oduci ng hyppaxwthenydgrephiase ng3 A2 -bisgst-hgdeokeacy byoariddatiel eakk one
extruder, characterized in that when the extruder inlet resin

t enper at urieat $nledgpresedd ,b-FhléLHiswd i, h6 , @xdicldbsraiatan ,r esi n
tenperature by T2 (C), T2 is not higher than 370C, and AT given by

t he fol | owirdgotepinin Gmd( khei 3indtadighgfancB4nghagen0C. AT = T2 -

TI(1) In the case of the produci ng apparatus conprising one
extruder, Ti angk the Beirbahec tAeid MiREte@S PolBdMA WseahbtRet

starting material, the compounds represented by the



When the extruder outlet resin tenperature T2 exceeds 370C or AT is
over 70C, renoval of the volatile conponents beconmes difficult. This
is considered attributable to the pyrolysis of the polycarbonate
resin and/or deconposition of the stajjing materials. The extruder
outlet resin tenperature T2 is preferably in the range from250 to
350C, and AT given by the above-shown equation (1) is preferably not
hi gher than 50C. In the present invention, for the sane reason
as st at ed raboweing herdirbfiiefenael hetayeernnt be ohxédnas prxespiles.
tenperature (Trmax) and the mninmum preset tenperature (Tmn) of the
barrel in the said extruder is one that satisfies the follow ng
equation (Il): Tmax - Tmn = 40 - 120C(11) In the above equation
(1), Tmnis preferaply in the 25 range from 200 to 240C, and the
di fference between thd naxinyn1pre€e} tenperature (Tmax) and the

mi ni mum preset femfer&TPeA Tnin) V%) preferably in the range from 60
to 120C In the present invention, it is preferable that at

| east one of the extruders is a vented nelt extruder, and it is nore
preferable that the final one of the extruders is a vented nelt

ext ruder . Ifhéheypeowt-thvemyEnrrdlae(a) 't dder Linewt, dpweichieddori t
may be a single screw or nultiple screw type extruder, and it is also
possi bl e taycédpl mynevslarttablydrecasvon epmlupt Wwahht § peashwh nagber of
opposite-direction screw revolution type, partially internmeshed
opposi t e- di rect i prwisirlewayewel stbstityyesi. eThe e Aisnbey bé t he
vents is not restricted and may be properly selected fromthe range
from1l to idantical ofofifFrewntng@romteds totdetr. usEmmdfles of the

devol atilization by using a vented nelt extruder, the follow ng two
nodes of prastiegefts et (iark BABogesammded, (ialkyd gaS€pshear g, no
polymer filter treatnment is conducted after devolatilization nelt
extrusi on Ofkokhegreshd), FlRQLaGLbLES] | PHbBHyl gesupysi RIhYIS Edupsed
out under the conditions that the extruder outlet resin tenperature
T2 sati sfi@gnbhgrb@pdllésdel gratgst haﬁidéw@ﬂa@ggpaﬁaaﬁi@w&ﬁowsm n)
of the extruder "screw satisfies the fornmula (2). The peri pheral speed
of the screw gi ¥eompThiy @ @hBULArkic ?a@iusci&asteﬁélﬁaercabhéaggd at
the | argest outer dianéter portion of the screw. , 295 x [ér'000.1 5

T2 5 340 x{dho2kdD SudbiSiTAkdl & phihyt Nsaraboiee oOE L d Biechivh

indicates the intrinsic viscosity of the pol ycarbonate resin neasured

th ' i b i L 08
as a me yém%nﬁb%waﬂ& cgﬁéewolﬁgg(r%%%@é wa;;eag Qﬂ:ﬂéé@@@clem:ﬁ?ﬁé?é‘,

0.6 g/dL) at 20C by an U Vi sconet er . ofmul'a (1)

an enpiri C@iet‘;lrlgvpmdkﬁbm&‘ el la9es L f’@a{flbl%‘r‘r;x%tglﬂt 'zﬁﬁorfegﬁ?hiars]semi on

tenperature ( ten resin tenperature)” use the pres

by the extgider Qut ke %ésrgfﬂy%fg%gnsrcat s (T PRl E8h Re { AT At ur e)

and the intrinsic vis unction o cosity-average

mol ecul ar w&l bt )L, 0 L0RY LAAr B0BAE Pritd hiphhga ! QP &A% dehe

foll ow ng significance.

preferred. These carbonic acid diesters may be used as a
mixture of two or more of them.

The said carbonic acid diesters may be partially
substituted with dicarboxylic acids or dicarboxylic acid
esters at a rate of usually not more than 50 mol%,
preferably not more than 30 mol%., Typical examples of the
dicarboxylic acids and dicarboxylic acid esters are

terephthalic acid, isophthalic acid, diphenyl terephthalate



The extruder outlet resin tenperature needs to be properly sel ected
in accordance with intrinsic viscosity of the nolten resin flow ng

t hrough the extruder. It has been generally considered that by
setting the extruder outlet resin tenperature so that it will becone
hi gher proportionally to the viscosity, it would be possible to
better miscibility with the additives and to realize effective
renoval of the volatile conponents. The results of nmany experinents,

hovwever, naved bl iacpnexpested! ynbhethacdaritialict ReincaDyate s
vol atil e conmponents is rather 27 hindered when the extruder outl et

resin tenpepal W BXGee0% 1 anCehd il MiRihoxINis aSidP dered due to
pyrol ysis of the pol ycarbonate resin and/or deconposition of the

starting naLek 1Ot he bha At hg Jduder.Quiket resin
t enper aturﬁgL ?éﬁﬂ’éﬁolvﬁ accgr?glg%e%%v'e{@liyt@gnof only ecomgg1 dlb%fi cul t
to reaneGE?g-%giatile conponents as a result of a rise of nelt

Vi scosity O the Tesin, but there also takes place a hike of cylinder

| t i ti . ,Th . -
Formul ar (1) 1o Hh e ERr ) SR netoa Fra BRI RO e o

| ati bet t, | et int t d.t
7 nsi  PEERR: YT RETBOP CHP DN PECERGT <A P S Bhabor at ed
t he basj.s of [ .ph h ti d above. .
Formil a ( SLCARAPHEIE SHEE £HO DErTHIEIALCopetd P o Tnd ik iPifer

screw needs .to be properly selected in conformty to the extruder
out | ot r ediHIBeHRRA difiran gontathe nbel 1winge deSFRIPEIQM) Lanhsnd: AR
peri pheral speed V of the extruder screw is bel ow t he range defined
by the ford#eRas (2§, the PWEresY dFPrRind: t ¥oFe mRfEnifeyol 50f| e
conponents, while when it exceeds the range defined by the fornula
(2), the SH¢4Pi MPSY eddiolePEelibe CaTRO¥Yddrn apifl| dsetfiPeteddengl v,
resulting in a rise of resin tenperature to cause pyrolysis of the
pol ycar borflit@dresy rceprfueyd décyrpasiyi 6h 1o t1rast &remnd- ARt &P b 30,
like in the previous 28 case, rather hindering renoval of the
vol ati | e dugpenapts. from 1.00ntphe. ¢hsante prpigeskety baPmabows, tehe
preferred range of extruder outlet resin tenperature T2 (C) is as
defined byl +{2fe fildrowhig holanl zafiro)is srd shellbr dfhereedsr sage of
peri pheral speed V (nmimn) of extruder screwis as defined by the
formul a (2@ndepoy %Kof HHe teZmipal GROIneYpE ©f( 1Dy FPBECRIV 5
T2/ 5(20) (In the above formula (10), [1] has the same neaning as [1]
in the forpolyeaghddatd itegsinntoasecnbase, desollatingi atderemmiration
extrusion of resin is carried out plus a treatnent by a pol yner
filter, thef ¢hermal ngtadpdriatyi ofi the comutiictesld render  tdre thendthebnns
that the extruder outlet resin tenperature T2 satisfies the foll ow ng
formul a (Nandandfthiad gEard pldsal rapbedisV/ Hdonhighp) tivérd herisdsr ader
screw satisfies the fornula (4): 295 x+ 20 5 T2 5 340 x [1] + 20(3)
T2/ 40 5 v deck2hb({dy fdmddrivg alfovhefl @stelt &xchangkllebasidhe-Haye
meaning as [i] in the formula (1)). The techni cal meani ngs of
t he for nulmekiqd) iandatd)tapeodhieesanpobscdivenatel rében sl fr g own
formulae (1) and (2). It is necessary to elevate the extruder outlet
resin tenpdgsredemd DEcyllay erlighg .t IElgd, senothps eS8l e Hhessesidual
experienced in the polyner filter treatnent, and naturally

amount of the carbonic acid diester in the resin increases,

which may cause issuance of offensive smell during molding
of the resin or after it was molded into a product.
Generally, it is possible to obtain a polycarbonate

having a desired molecular weight and a desired amount of



29 the allowable conditions differ fromthose required in case where
no polynmer filter treatnent is conducted. In the case of (ii),
the preferred range of extruder outlet resin tenperature T2 (C) is as
defined by the following formula (30),,and the preferred range of

peri pheral speed V (nimn) of the extruder screwis as defined by the
formula (40): 310 x-1- 20 5 T2 5 340 x [1]0'" + 20(30) T2/30 = V
= T2/ 5(40) (In the above formula (30), NI has the same neaning as [n]
in the for@hdndil)dydroxyl gFO€pH Wy BRIjushlihgr tH6 eshidbriilke aprgsent
invention is a filter capagle of renoving the foreign substances

exi sting iglebPer PHY BHYARBLE ESRdIId MixlingPPaeidléhd @res@ek@bEOUS
known types of filter such as candle type, pleat type, |eaf disc

type, etc.or bug @tifcﬁ@!‘ofdip%%sgwe | e rrelicktigh. | Siseapasi-al |y
preferred. The ?ea disc"type usually conprises one or nore

di sc-shap i auze i i i i gyg% ni ngs,
said wi re%&gﬁggggbﬂ&%&%ﬂ gée s‘g%%%%’/gﬁrd %lr??t \#eﬁz@inﬁi%ers. p‘%%: types
of weave i, the pre in i i .ude, for.instance, plain
weave, tm#%%?%g?égxéﬁht%ﬁt%ﬁB%E%V%Eq%%gqfﬁﬁﬁhég'dﬁfbﬁuagaée. The
gauze may nopywoven. As for th auze terjal yal | tal nl.ess
st eel naté?ﬁg gagﬁﬁﬁPE£§r3U§8§ﬁ%a§% §%§?gﬁﬁt %§8°Yééﬁﬁ%t§%?%P%Y?%8a|so
possi bl e to.use sintered netal,s and resi The, 30 absol ut

PTtratt ot e SHUoHE, b aaataeet il Ene Thvervrb by ¢4euai R 0. 5
to 50 pm preferaply 0.5 tqQ 2 In the present invention,
wat or bah BEUBECA dhe thaORat RYSERFEh HOUPSt SHEFCR 1A WA suppl | ed
to the extruder is not subject to,any specjfic restrictions as_far as
it does nOMIIFFREE THETETIRe a8t Litt n ARy ekl EoREAR: g n O LBEl
use of water with a |low electric conductivity, usually not higher
than 1 nB/Re BP%f%ﬁ%ﬂﬂ)HQ%&ﬂtﬁﬁﬁh%F ¥4ENP?PdﬁSFcH?lY%§%§Qﬂﬁ§ﬁbed?the
amount of water to be supplied to the extruder is usually 5 tg 5,000
ppm  pref SBBRG of (thes tRITiBaM hHSFRX P SHTOURS!y aEtRUSh (T I3 based
on the polycarbonate resin. The pol ycarbonate resjin obtained
fromthe BE3NGfOR Hep PESBRES| Ab anig G itdeuprarst nelcfe Ysyed Ly
pellets by a conventional nmethod. In case of using cooling water in
cool i ng amPtcBerenghar L.HO0perpecapporiablyesiof TerefBran Py pem,
pellets, electric conductivity of such cooling water is preferably as
| ow as posEibPECVfiRh thes pradupt prdyimertdgae, prepestids .y not

hi gher than 1 nS/cm preferably not higher than 1 pS/cm

Accordi ng to thésyalesontan pebari exchangd sasedysbl &s tusgst ddutdet he

pol ycar bonate resins which are remarkably reduced in content of

vol ati |l e igRkeri exekange metdod. pdThe dieraeschasfnsatedytst used in
significantly, the content of aromatic nonohydroxy conmpounds and the
cont ent oftler presént Bivedithipdr dxynobngermids caléybde finsdialdut b nor e
than 20 ppm particularly the former being preferably not nore than
10 ppm <Arlkwitine petalardipoanhdsr esdfis> alkaline earth metal

compounds are preferably used. It is alsoc possible to use
therewith the basic compounds such as basic boron compounds,
basic phosphorus compounds, basic ammonium compounds and
amine type compounds as an adjunct. Of these ester exchange
catalysts, the alkaline metal compounds are preferred from
the viewpoint of practicality. These ester exchange

catalysts may be used as a combination of two or more of



Now, the aromatic pol ycarbonate resins of the present invention are
expl ai ned. The aromatic pol ycarbonate resins of the present

i nvention are produced by an ester exchange reaction of aromatic
di-hydr oxy conpounds and carbonic acid;gliesters, and satisfies such
the follow ng conditions that: (1) t%e Vi scosi ty-average nol ecul ar
wei ght is 13,000 to 30,000; (2) the amount of the aromatic
monohydr oxy conpound and the anmount of the aromatic di hydroxy
conpound ligfeh. i midhempuadusedtiedsterabgchante Neitalyse (shaas@Q ppm
and (3) they contain at |east one of the structural units of the

fol I owi ng drer préaend lindedhtloh, 1w {h dme ﬁaaigal uBaRULY ﬁonsu_ch: 10”°
structural units being 1,000 to 6, 000:

vi scosi ty-@yver a0€o D! el AapiQl ¢Rbmol % hﬁ) argyrat ixC wGI yfaafaonat e
resins of the present |nvent|on is 13,000 to 30, 000, preferably

20, 000 toﬁﬁgﬁQQle POforPreen @bl ¥528, POyt o 30, 000. The nethod for

determ ni he viscosity-average nol ecul ar wei ght and the neani ng of

the defined range ofy RAESnEE) UGS AR ARagh etk MIOBeer TN

resi dues of the arona I"C nono roxy conpound and the aromatic

.15 SO G5 B B, S 0 P

particul ar 1S pre nore t
t hese conthl nglg i§ i the 18L8 (gd@%arQoHﬁé§6$f§ggw of t he
present in eheron” afe pro ?ﬁ£€$ roper i es?suc r

unt of the sald

t her mal stablllt )

structur al P peter i *afrcﬁ%ﬁlsaﬁla?g}@m&%a&?ﬂgggvﬁ 5 Besen

i nvention |s 000 to_6, Q00 referably 2,500 to 500

pr ef er abl y*1§ 8663{1{)0 Sanfﬁ()lL ’\%%?ﬁec?%?%‘fn%&? gf ?%]e Stk ur aI
units is less than 000 m th t ake ace, i hst

dr ool i ng |§?Qﬂm%%snb?ﬁl9ﬁf OF?a 9&ﬁ§§ﬁ¥%%1606°bé%n &Gced
resins prove unsatisfactory in fIU|d|t The net hod for deternlnlng
the said ﬂ%&@&@uraihmlt@l&mm%%a@m%ﬁ%é&d. ROt PrRr ety hcd 89g v ERT

| at er. The aromatic pol ycarbonate resins of the present,

i nvention H&ﬁ*aﬁé%b%ﬁ?%ﬁ“mﬁ%é‘mabﬁVéamn FaEL e iR ot I q T -

pol ycarbonate resin rodu0|n apparatus conprising at |east one
reactor anf a*-thelséa% dhEne e gompounds THh G8EAHE PR d
structural units_in the aromatic polycarbonate resins of the present

i nvent i on eRFCHEL1AH| 68% By BATRosgERl yCaRl W thufy corecaskeRat A Dhf t he
ester exchange reaction of an aromatic di hydroxy compound and a

car boni ¢ aeseludli bydeexidhareparfenged. conditi ons of the ester

exchange reaction are as stated bel ow
The ester exchange reaction of a dihydroxy compound

and a carbonic acid diester can be carried out according to
the following process.

First, as a step for preparing the starting mixture, a
mixed molten solution of the starting materials is prepared
in an atmosphere of an inert gas such as nitrogen or argon
by using the batch-type, half-batch-type or continuous
agitators. When, for instance, bisphenol A is used as the
dihydroxy compound and diphenyl carbonate as the carbonic

acid diester, the melt mixing temperature is selected from



The amount of the catal yst used in ester exchange and 34 the
tenperature (internal tenperature) of the final reactor are the
inportant factors in formng a specified anmount of any of the
structural units (1) to (5). The anouy} of the catalyst is selected
fromthe range of usually 1 x 10 to 1 x 10" noles, preferably 1 x 10"
to 1 x 10" noles, to one nole of the di hydroxy conpound. The
tenperature of the final reactor is selected fromthe range of
usual |y 2@8et LardR0Gsupneieradhyl 2y d 1839 . preferablefobhal n®dua esi n
is supplied to an extruder and therein subjected to nelt extrusion
for renovakpaf., vol atiles. By conducting this devolatilization nelt
extrusion at a specific tenperature according to the present
invention, it ighepOsaisbhestOpr PR IvRenvehabtisn) Mkstiees al one,
and the structural units forhed in the ester exchange reaction can be
mai nt ai nedycRatdle RRRNS oAb Rt Aty 0% 9NESRboWA NI & NCurTing
any substanti al” damage. I'n the pol ycarbonate resins according
to the Presehbnldupitly QlestBE! oScaliily B0MLUIMEAS StHeh 8R-Rhisd
types of thernmoplastic resin, ame retardant, | npact resistance
i nprover, i tic | ] tl.z i ent.,
| ubr i oant “oArEEoR it R tikred bBaPARNuetdy blabRY 09 BRFYr move
organic filler, inorganic fi.ller, £ , o) in por at ed
accordi ng sttgg?ﬁé lger)%orjsygigf lbsg ?)f% tc17e méig Jggagéesi&%g e £Ré
pol ycarbonate.resins according.to the. present 35 jnventi find
Usel ol apRPreAFForass Ll CONOLFORET Goameeer APLCatioh S omdetfng,
cont ai ner h as ter bottle, head |a | ens_for auto iles
optical | g'r?iju(fg'ornodﬁvﬁsﬁg, 3] ‘E‘f%%Pl‘reé*@BF&inR&-ﬁﬂt%?% géu?ﬁ 4s38Pt? cal
di sc, photoconguctive |.ates such as Jjquid crystal display, and
such. EXANSLESV minutesrin avelade FeSEHISH "W'Pr be described in
further detail with reference to the enbodLnentg there%{, hut it
shoul d be under&t RRFY MR EARELAPRSERAC Vet BRIPE tREITIGEBH o
t hese enbodi nents but can as well be enbodied in other forns w thout
depar t i ng F9T5FRt RReRRh & BFeChaspreREMIIMFEN MR, The RIRITESAS Ghi ng
Exanpl es, those_having the letter A affixed thereto, such as Exanple
1A, cor r esE¥h@OLBCOPRETH SO FEAGELPBPHetHfodhea RS EoBs et iavi ng t he
letter B affixed thereto, such as Exanple 1B, correspond to the
second pr oERRPEF8RURRt#HH. thenhdegses of VaRI'PblaFealBoRaRees exiaryiner e
made in the followi ng way. (1) Viscosity-average nol ecul ar wei ght
(M) : wighdnr thej sbenesdsfiined] IpngR o heagtaeni acadeiond endth
chl oride solution at 20C using a Ubbel | ohde vi sconeter, and
vi scosi t y-Hwefagelngeaeas @t weicghn fesghivs 2d&osni( Ake. @ckdr dithg to
the follow ng equation. [1] = 1.23 x 10" x 36

below. This makes it possible to carry out the melt

polycondensation reaction while removing the by-products
such as the aromatic hydrexyl compounds. For preventing
degradation of quality such as hue of the produced
polycarbonate resin, it is expedient to keep the temperature
as low and residence time as short as they can be within the
above~defined limitation.

As the deactivator of the catalyst in the

polycarbonate obtained from the ester exchange reaction, the



(2) Concentration of term nal hydroxyl groups: 0.1 g of resin
was dissolved in 10 mM of nethylene chloride, to which 5 mM of a 5%
nmet hyl ene chl oride solution of acetic acid (special grade, produced
by Wako Pure Chenmicals Co., Ltd.) andiglO nl of a 2.5% nethyl ene
chl oride solution of titaniumtet rach]f oride (special grade, produced
by  Wako Pure Chemi cals) to devel op color, and the absorbance was
determ ned at 546 nm using a spectrophotoneter (Mdel UV160 nfd. by
H tachi Cebppdundiepaipabekyof r oauthel iadioe thexe atalyan useef,f ifekrent was
determ ned using a nethylene chloride solution of dival ent phenol
used in predusidag dike siegul-cbhommitic hciieccoospnindgd ioan ok ieH
groups in the sanple was determ ned. (3) Amount of residual nononers:
1.2 g of ek PatBredlicesobiedstd. 7 1He ehtABySyl@na@hliohihgecohSoimt ch
23 nl of acetone was added with stirring to cause reprecipitation.
The super nat gakq Was asy%%ﬁh%dokouéaméﬁ oCRr epat 9ok APNYA 1EaEs10AT nfd.
by Shi madzu Corp.; colum: M GEL ODS (5 gm), 4.6 nmm D x 150 mi;
detector: , uent, 1o d rdd ehwalef o i dfd Gudigvol une) to
det erm ne ptlfr}]%@%é’n% tng ?’e%ggggﬁ %E‘l’eén(ﬁ , %ihhe arr%ulnt gl} resi dual
bi sphenol e of jresid We! r DPC)
d%ﬁ@?ﬁ%d Zir“rfg l}-#% 8???%?%}:. A183 H%Tﬁé&@’&f’ tﬁ@l PQEé‘iﬁ%ée

in the resi gn matfer: e resin pellets

wor ked | nts ke b OEhd BRPBARR g W o R Rhe R £o AT el HAHGE O
(oout 4 reparCfi Eaal Sarpl 320 By PRt PRAREL S BB -na  ney
For oi on mat Ler TH% SHOGyBAF AU P GUIEERLaE, “IRE hotn&r SoPEPRECH sh
unbor - of HRIVEREASRRENS SEBBF /gFAPNGh %o SHECRALC b)Y DA Iat | on of

structural units (1). to (5).: 0.5 of _polycarbopat e was
preci sely ‘Wé’iagh%dé‘?iﬁ% ‘%&?‘ngﬁh‘én’aa‘b‘?%sfgq%&%ifﬂxé i %q'qpé)t'hyl ene
chloride. To this solution, 45 m of nmethanol and 5 nml_of_ a 25 W%
sodi um hy d&SEPERPLYI (R F 0P8 5adel 0%hd MoRE RrSEEFRP WL rred at
70C for 30 mnutes while conducting dry distillation_by a condenser.
After all A0t ke 3B -onlf ot RO IIBYSILEYsRYST 3R NI FFUASEr WRASHT
washed with 5 ml of nethanol and the washings were added into the
above sol RFERIS THE i Gee f LYAREEY ofD vidhe RF1GIPEJOPBL &L P Fa¥about 2
with 7 m of 6N hydrochloric acid and then pure water was added to
make the ttgrigrdeme a¥d e 1ok et 198 1WHEMI13 A0, 10erkabidditynBeyi c
flask. 20 pl of this solution was subjected to |iquid
chr omat ogriagpAreLced O ABhaT Wi segs SHwwgrageorpl ec el vel gvCPAeRTDS- AM
AM 307-3, 4.6 mm D x 75 mr; detector: UV 280 nm 38 eluent: (A
0. 05% TFA hayteyiFohit¢ Bjalnst Wenermipedddasand o wha 8letUPYviasdsisyni n
(B =95%) to determ ne the anmount of the structural units (1) to
(5). Regarmtiasgrefieast2Qi€t usahyg umithy (el ahdofide as salwwas.i npossi bl e
to make their perfectly independent determ nation because of
over | appi i{Fightt hedduplsiaks metthey>wer e det ermi ned as a conbi ned
content of the two. Exanple 1A

The present invention provides a process for producing

the polycarbonate resins with a reduced content of volatile
impurities by subjecting the polycarbonate resins containing
volatile impurities to melt devolatilization, characterized
in that melt deveolatilization is conducted after passing the

polycarbonate resin through a polymer filter.



A 140C nolten m xture prepared by m xi ng bi sphenol A and di phenyl
carbonate at a fixed nolar ratio (DPC/BPA nolar ratio = 1.103) under
a nitrogen gas atnosphere was supplied continuously into a first
vertical stirring polynerizer controH%ed at 210C and norrmal pressure
under a nitrogen atnosphere, with the’liquid | evel being naintained
constant by controlling the opening of the valve provided in the

pol ymer discharge line at the bottom of the polynerizer so that the
average resi defgg bbiBmae Ut 0 +29C QERA60n M KM% seRXNEAYERPUSH Yidid h
the start of the supply of the said starting naterials, a cesium
carbonat es$p{dil iQB0AE SHPRAMSA P HheNYBHS! ¥n AsuryteRbakyakistigg f | ow
rate of 0.5 x 10" "nole to 1 nol e "of bisphendl A. The produced
distillat i quef i AUuous! Vep e 3
condenser (o B s ¥eA-E05nEe (RS Bl ¥ SEARHEINCHS ook ion
recovered such. _The ¢ LO ol ution.dis g f O e first

39 pol yrre%cﬁé%nr uc\??%’s‘escclgj(r%u F%g‘g%élgjmﬁinta%o ggcei Jei‘%ﬂg‘!‘['t ﬁgefﬁdg&ggﬂ %%é 4t h
vertical polynerizers and then jnto 5th horizontal l.yneri zer
successt vEESY BHRE 8Esact PUE DAGHIe L6y SYRE &0 DR AA TBRASE ¢ he
condi ti ons _shown .bel ow_in_a way,t hat j gher tenperature and a

i gher doBPRE AL ISRBTEERBRRY HBCpL60F GOLET FHRss SeHRL LR HEpE Laes

pol ymerizers with the progress.of the reaction. X Speci fically,

t he oper aPPRgPT it F‘&Eg' FRED fRFeD Y1880 PAZSH IVt VARAPEr ¥1HR 2nd
pol ymeri zer, 240C, 1,995 Pa and 75 rpmfor the 3rd polynerizer, 260C
67 Pa andS#5%% parﬂ‘-* SPenRBIFY hSH YHEE gapzes nbe g @ Lagrdpangngver r pm
for the fifth polymerizer. Throughout the reaction, the liquid |evel
was cont r 6PPERES G HEYerRe RRS 4J@ePeST JERRYES (USAPLIENiBakRe pTSARTG zer
woul d beconme 60 minutes, and at the sanme tinme the by-product phenol
was evaporavertifinyincitdepof 9F akhiaice ,r B4ARN WA was’ 1334 1RG4 hr .

The nolten pol yner discharged fromthe 5th pol ynerizer was introduced
into a dowBRén stuteh eepvadernd ywidiled duhrbteeavals RRP g'R28Y Maihe:
partially intermeshed; both screws revolving in the sane direction)
havi ng t h@e3nerwgrenendts hipesiwngagzet ageerild povedlyantaimkesut yl
pt ol uenesul fonate and tris(2,4-di-tert-butypphenyl) phosphate were
suppl i ed isteahvuaterighl s18uppnaainl Sk 0G0 apgnPUEesPdctareegedhabetl on
the resin. After devolatilization through the vents, the nolten
product was$ paszkib tdussiyheato 40s¢ erinteired mgpalpandeesinist erThe
(conprising 135 | eaf discs nade of woven wire gauzes with absolute
filtrati ombprbecisifitofatddnppretiwial segubeedginotint edasenttayers on a
center post; hereinafter referred to as P/F), then cooled with water
and pel | etinrention is uBmenlyhe. peltoets, uaf t@re ftbiaddyad . 120€ fadr ufi.
hours, were introduced into a double screw extruder-2 (screw

di anmeter: 46 mmhesaredhotlyper mald ideviolattiléeaesded;s hotch specetsed
revolving in the sane direction) having a water inlet disposed

bet ween tHea the pwidertoliasentbef ebyamebtednetitbdeneadedyat heplaf s
devol atilized through the vents, cooled with water and pelletized

W t hout passkngpdriutalglh) BbE. ety Dperatehdodonsiid ansredfted@xmeuder - 1
and extruder-2 are shown in Table 1. Average residence tinme was

det er m nedxtrodet hea igthotakeind ronaddiftilANe 0hpSr Hrdr @inda abhetRE
agent through an extruder resin feed port till 1t is discharged from
the die. Thevheshliie cftaptopgrhytevial tatarenmel tédeark Rditlagkdr @i n
and P/F outlet resin (pellets) of the double screw extruder-1 and the

doubl e screwagxtatiier - 2nouki £tifRSitiohpelt ei$)pA @ ryiaWiol @m%rp@e 2.
Exanpl e 2A: The sane procedure as defined in Exanple T A was

conduct ed gxCgPEnddals inde aPebhed$ ere KR TRArbYr Ui\ Gethod using
devol atilization extruder having a double screw extruder-1 41

(provi ded qwichbn B fim abpRrdRUP! €S0 R 194t LULRE - fokiiy P/ F) connect ed

As the vented melt extruder, there can be used, for



conduct ed except that no double screw extruder-2 was used 42 and the
operating conditions of the double screw extruder-1 were changed as
shown in Table 1 to produce the aromatic pol ycarbonate resins, and
their properties were evaluated. The sults are shown in Table 2.
Conpar ati ve Exanpl e 3A: The sa procedure as defined in
Exanmpl e 2A was conducted except that no doubl e screw extruder-2 was
used and the operating conditions of the double screw extruder-1 were

changed aéx&ﬂgﬁﬂié1f£%Q58 di 4 QL PrRdURA +aph8l ¥eAEPMalRdeand its

properties were evaluated, obtaining the results shown in Table 2.
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screws may be revolved either in the same direction or in
the opposite directions. BAlso, the number of the vents is
not restricted, but usually it is properly selected within
the range of 1 to 10. The resin temperature in the extruder
is measured by the resin thermometers set in the center and
at the exit of each barrel of the extruder. The resin
thermometers are set to indicate the highest temperature
registered in the operation. As the thermometer, a
thermocouple or infrared contact type is preferably used.
The resin supplied to the extruder may be either in a molten
state or in the form of pellets.

In the present invention, a polycarbonate resin which
has already been pelletized by a melt extruder provided with
a polymer filter at its outlet may be used as the starting
material, and it may be melt extruded for devolatilization
before molding. It is, however, preferable to carry out
melt extrusion for devolatilization by using a system having
a polymer filter disposed between a pair of vented melt
extruders connected in series to each other by piping. 1In
this case, the location of the polymer filter is not
restricted; it may be disposed, for example, at the ocutlet
of the first vented melt extruder, halfway in the extruder-

connecting pipe or at the inlet of the last vented melt
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extruder.

It is preferable to use an extruder with its screws
revolving in the same direction for the first vented melt
extruder and an extruder with its screws revolving in the
opposite directions for the last vented melt extruder.
Basically, the type having the screws arranged to revolve in
the same direction is designed for facilitating the mixing
operation while the type having the screws arranged to
revolve in the opposite airections is purported for giving
priority to the kneading operation. However, from the
viewpoint of removal of volatile impurities, that is, from
the aspect of devolatilization effect, the opposite-
direction screw revolution type extruder is preferred as it
excels in surface renewability, especially a partially
intermeshed screw type being said most preferable.
Generally, however, since there are many cases where various
types of additives need be added to the extruder, the same-
direction screw revolution type extruder, which is smaller
in variation of dispersibility or extrusion rate, is more
convenient to use. Therefore, it is important to adopt a
structure which makes best use of the characteristics of the
respective types, and this makes it possible to obtain a
high-quality product.

The molten resin temperature in the last vented melt

extruder is preferably set lower than that in the first
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vented melt extruder. The molten resin temperature is
preferably as low as possible because it needs to suppress
regeneration of phenols due to decomposition of the polymer
or carbonic acid diester for effectively removing the
volatile impurities. It is to be noted, however, that in
case where a polymer filter is provided in the first vented
melt extruder, if the resin temperature is lowered
excessively, although it is possible to suppress
decomposition of the polymer or carbonic acid diester, the
pressure differential after passage through the polymer
filter rises sharply, which may cause damage to the polymer
filter. Also, in case where the additives are supplied to
the extruder, a low resin temperature serves for worsening
miscibility and/or dispersibility of the materials due to
the increased resin viscosity. Accordingly, the molten
resin temperature (Tl) in the first vented melt extruder is
set at usually 200 to 400°C, preferably 250 to 380°C, while
the molten resin temperature (T2) in the last vented melt
extruder is set at usually 200 to 350°C, preferably 220 to
330°C, with the difference between Tl and T2 being usually 1
to 100°C, preferably 1 to 50°C.

The molten resin residence time (61) in the last
vented melt extruder is preferably set shorter than the
molten resin residence time (062) in the first vented melt

extruder. From the viewpoint of removal of volatile
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impurities, a shorter residence time of the molten resin is
more advantageous for the decomposition of the said polymer
or carbonic acid diester. On the other hand, in case where
various types of additives are supplied to the first vented
melt extruder, a short residence time worsens dispersibility.
It is therefore preferable not to supply any additives and

to shorten the residence time in the last vented melt
extruder so as to maximize the volatile impurity removal
effect. The molten resin residence time (61) in the first
vented melt extruder is usually 0.1 to 60 minutes,

preferably 1 to 30 minutes, while the molten resin residence
time (82) in the last vented melt extruder is usually 0.1 to
60 minutes, preferably 0.5 to 20 minutes, with the

difference between 61 and 62 being usually 0.1 to 30 minutes,
preferably 1 to 10 minutes. Residence time can be varied by
changing the barrel length of the melt extruder.

The vent pressure in the last vented melt extruder is
preferably set to be lower than that in the first vented
melt extruder. It has been considered that a lower wvent
pressure was preferable for the removal of volatile
impurities, that is, for the betterment of devolatilization
efficiency. It was found, however, that the removal of
phenols in particular is greatly dependent on the molten
resin temperature, and even if the wvent pressure is lowered

in a state of high resin temperature, although the content
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of carbonic acid diester can be lowered, the content of
phenols is rather increased. Therefore, by lowering the
molten resin temperature as well as vent pressure in the
last vented melt extruder, it is possible to elevate the
phenol removing efficiency. The vent pressure (Pl) in the
first vented melt extruder is usually in the range from
0.01 to 100 kPa, preferably from 0.1 to 70 kPa, while the
vent pressure (P2) in the last vented melt extruder is
usually in ﬁhe range from 0.001 to 80 kPa, preferably from
0.01 to 50 kPa, with the difference between Pl and P2 being
usually in the range from 0.0l to 100 kPa, preferably from
0.1 to 80 kPa.

In the present invention, it is preferable to use
water as a devolatilization assistant. Water supplied to
the extruder is not subject to any specific restrictions as
far as it does not exert any influence to the gquality of the
produced polycarbonate resinsg, but use of water with a low
electric conductivity is preferred. Electric conductivity
of water used in the present invention is usually not higher
than 1 mS8/cm, preferably not higher than 1 uS/cm. The
primary object of introducing a deveolatilization assistant
is to expedite devolatilization while promoting diffusion of
volatile impurities from the surface layer by the reductiocn
of partial pressure of the volatile impurities incidental to

the evaporation of the devolatilization assistant or its
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azeotropic effect. It should be noted, however, that too
small supply of the devolatilization assistant may prove
unable to provide a satisfactory enhancement of
devolatilization, while too much supply of the assistant may
cause hydrolysis of the polymer to invite reduction of
molecular weight of the polymer or deterioration of its hue.
In the light of these facts, the amount of water to be
supplied as a devolatilization assistant is usually in the
range from 0.01 to 5% by weight, preferably from 0.05 to 2%
by weight, based on the amount of the extruded resin. The
devolatilization assistant may be supplied to either the
first vented melt extruder or the last vented melt extruder,
or to both of them.

The polycarbonate resin discharged from the last
vented melt extruder is usually made into pellets by a
conventional method. In case of using coocling water in
cooling and cutting of the discharged polycarbonate resin
for pelletization, such cooling water is preferably one with
a low electric conductivity, which is usually not higher
than 1 mS/cm, preferably not higher than 1 pS/cm as
mentioned before. According to the present invention, it is
possible to produce the polycarbonate resins remarkably
reduced in content of volatile impurities such as phenols.
For instance, the content of phencls in the produced

polycarbonate resins according to the present invention is
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usually not higher than 20 ppm, preferably not higher than
15 ppm, more preferably not higher than 10 ppm.

A preferred embodiment of the present invention
employing an ester exchange process for producing a
polycarbonate resin is a process featuring use of a
polycarbonate resin producing apparatus comprising at least
one reactor and at least one extruder, with at least one of
the extruders being a vented melt extruder, and a polymer
filter provided at the inlet side of the vented melt
extruder (at the inlet side of the last vented melt extruder
in case where two or more vented melt extruders are
provided), wherein a hydroxyl compound and a carbonic acid
diester are subjected to an ester exchange reaction in the
reactor, and mel:t devolatilization for the removal of
volatile impurities is carried out by the extruder.
<Second production method>

The present invention alsc provides a process for
producing a polycarbonate resin from a dihydroxy compound
and a carbonic acid diester by their ester exchange, by
using a polycarbonate resin producing apparatus comprising
at least one reactor and at least one extruder,
characterized in that when the extruder inlet resin
temperature is expressed by T1 {(°C) and the extruder outlet
resin temperature by T2 (°C), T2 is not higher than 370°C,

and AT given by the following equation (I} is not higher
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than 70°C:
AT = T2 — T1 {1}

In the case of the producing apparatus comprising one
extruder, Tl and T2 indicate the inlet resin temperature
(final reactor outlet resin temperature) and the outlet
resin temperature, respectively, of that one extruder, and
in the case of the producing apparatus comprising two
extruders, Tl and T2 indicate the first extruder inlet resin
temperature (final reactor outlet resin temperature) and the
second extruder outlet resin temperature, respectively.

When the extruder outlet resin temperature T2 exceeds
370°C or AT is over 70°C, removal of the volatile components
becomes difficult. This is considered attributable to the
pyrolysis of the polycarbonate resin and/or decomposition of
the starting materials. The extruder cutlet resin
temperature T2 is preferably in the range from 250 to 350°C,
and AT given by the above-shown equation (I) is preferably
not higher than 50°C.

In the present invention, for the same reason as
stated above, the difference between the maximum preset
temperature (Tmax) and the minimum preset temperature (Tmin)
of the barrel in the said extruder is one that satisfies the
following equation (II):

Tmax — Tmin = 40 - 120°C (IT)

In the above equation (II), Tmin is preferably in the
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range from 200 to 240°C, and the difference between the
maximum preset temperature (Tmax) and the minimum preset
temperature (Tmin) is preferably in the range from 60 to
120°C.

In the present invention, it is preferable that at
least one of the extruders lis a vented melt extruder, and it
is more preferable that the final one of the extruders is a
vented melt extruder. The type of the vented melt extruder
is not specified; it may be a single screw or multiple screw
type extruder, and it is also possible to employ a suitable
screw revolution type such as opposite-direction screw
revolution type, partially intermeshed opposite-direction
screw revolution type, etc. The number of the vents is not
restricted and may be properly selected from the range from
1 to 10.

For carrying out melt extrusion for devolatilization
by using a vented melt extruder, the following two modes of
practice (i) and (ili) are recommended.

(i} In case where no polymer filter treatment is conducted
after devolatilization melt extrusion of the resin,
devolatilization melt extrusion is carried out under the
conditions that the extruder outlet resin temperature T2
satisfies the formula {1), and that the peripheral speed
(m/min) of the extruder screw satisfies the formula (2).

The peripheral speed of the screw given in the formula (2)
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is the peripheral speed at the largest outer diameter
porticon of the screw.

295 x [n]° = T2 = 340 x [n]°} (1)

T2/40 = V = T2/5 (2)

{In the above formula (1), [n] indicates the intrinsic
viscosity of the polycarbonate resin measured as a methylene
chloride solution (polycarbonate resin concentration: 0.6
g/dL) at 20°C by an Ubbellohde viscometer.)

Formula (1) is an empirical formula which defines the
extruder outlet resin temperature {(molten resin temperature)
used in the present invention by the extruder cutlet resin
temperature (molten resin temperature) and the intrinsic
viscosity (a function of viscosity-average molecular weight)
of the polycarbonate resin. This formula has the following
significance.

The extruder outlet resin temperature needs to be
properly selected in accordance with intrinsic viscosity of
the molten resin flowing through the extruder. It has been
generally considered that by setting the extruder outlet
resin temperature so that it will become higher
proportionally to the viscosity, it would be possible to
better miscibility with the additives and to realize
effective removal of the volatile components. The results
of many experiments, however, revealed guite unexpectedly

the fact that the removal of volatile components is rather
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hindered when the extruder outlet resin temperature exceeds
a certain mark. This is considered due to pyrolysis of the
polycarbonate resin and/or decomposition of the starting
materials. On the other hand, when the extruder outlet
resin temperature is below a certain level, it not only
becomes difficult to remove the volatile components as a
result of a rise of melt viscosity of the resin, but there
also takes place a hike of c¢ylinder supply pressure or even
crystallization. Thus, the above-shown formula (1) is an
empirical formula indicating the optimal range of relation
between the extruder outlet resin temperature and the
intrinsic viscosity of the polycarbonate resins, which was
elaborated on the basis of various phenomena such as
mentioned above.

Formula (2) indicates that the peripheral speed V of
the extruder screw needs to be properly selected in
conformity to the extruder outlet resin temperature (T)
defined by the formula (1). When the peripheral speed V of
the extruder screw is below the range defined by the formula
{(2), it becomes difficult to remove the volatile components,
while when it exceeds the range defined by the formula (2},
the shearing stress exerted to the resin builds up
exceedingly, resulting in a rise of resin temperature to
cause pyrolysis of the polycarbonate resin and/or

decomposition of the starting materials like in the previous
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case, rather hindering removal of the volatile components.

In the case of (i) described above, the preferred
range of extruder outlet resin temperature T2 (°C) is as
defined by the following formula (10), and the preferred
range of peripheral speed V (m/min) of extruder screw is as
defined by the formula (20):

295 x [n]°' = T2 = 320 x [n]°! (10)

T2/30 = V = T2/5 (20)
(In the above formula (10), [n] has the same meaning as [n]
in the formula (1)).
{ii} In case where devolatilization melt extrusion of
resin is carried out plus a treatment by a polymer filter,
the extruding operation is condgcted under the conditions
that the extruder outlet resin temperature T2 satisfies the
following formula (3), and that peripheral speed V {(m/min)
of the extruder screw satisfies the formula (4):

295 x [n]°* + 20 s T2 = 340 x [n]"' + 20 (3)

T2/40 € V = T2/5 (4)
{In the above formula (3), [n] has the same meaning as [n]
in the formula (1))}.

The technical meanings of the formulae (3) and (4) are
the same as those of the afore-shown formulae (1) and (2).
It is necessary to elevate the extruder outlet resin
temperature for preventing the rise of pressure loss

experienced in the polymer filter treatment, and naturally
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the allowable conditions differ from those regquired in case
where no polymer filter treatment is conducted.

In the case of (ii}, the preferred range of extruder
outlet resin temperature T2 (°C} is as defined by the
following formula (30), and the preferred range of
peripheral speed V (m/min) of the extruder screw is as
defined by the formula (40):

310 x [n]°! + 20 s T2 < 340 x [n]°' + 20 {30}

T2/30 = V s T2/5 (40)
(In the above formula (30), [n] has the same meaning as [1]
in the formula (1)}.

The polymer filter used in the present invention is a
filter capable of removing the foreign substances existing
in the polycarbonate resins. It is possible to use various
known types of filter such as candle type, pleat type, leaf
disc type, etc., but a leaf disc type polymer filter is
especially preferred. The leaf disc type usually comprises
one or more disc-shaped woven wire gauzes with various wire
sizes and openings, sald wire gauzes being placed one over
another in lavers. The types of weave usable in the present
invention include, for instance, plain weave, twilling,
plain dutech weave, and twilled dutch weave. The gauze may
be nonwoven. As for the gauze material, usually stainless
steel materials such as SUS-316 and SUS-316L are used, but

it is also possible to use sintered metals and resins. The
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absolute filtration precision required in the present
invention is usually 0.5 to 50 um, preferably 0.5 to 20 um.

In the present invention, water can be used as a
develatilization éssistant. The water supplied to the
extruder is not subject to any specific restrictions as far
as it does not affect the properties of the polycarbonate
resins, but use of water with a low electric conductivity,
usually not higher than 1 mS/cm, preferably not higher than
1 u8/cm, is preferred. The amount of water to be supplied
to the extruder is usually 5 to 5,000 ppm, preferably 5 to
3,000 ppm, more preferably 5 to 2,000 ppm, based on the
polycarbonate resin.

The polycarbonate resin obtained from the process of
the present invention is usually made into pellets by a
conventional method. In case of using cooling water in
cooling and cutting of the polycarbonate resin for forming
its pellets, electric conductivity of such cooling water is
preferably as low as possible, which, as in the previous
case, is usually not higher than 1 mS/cm, preferably not
higher than 1 uS/cm.

According to the present invention, it is possible to
produce the polycarbonate resins which are remarkably
reduced in content of volatile impurities. In these
polycarbonate resins, most significantly, the content of

aromatic monohydroxy compounds and the content of aromatic
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dihydroxy compounds are both usually not more than 20 ppm,
particularly the former being preferably not more than 10
ppm.

<Aromatic polycarbonate resins>

Now, the aromatic polycarbonate resins of the present
invention are explained.

The aromatic polycarbonate resins of the present
invention are produced by an ester exchange reaction of
aromatic dihydroxy compounds and carbonic acid diesters, and
satisfies such the following conditions that:

(1) the viscosity-average molecular weight is 13,000 to
30,000;

(2) the amount of the aromatic monohydroxy compound and the
amount of the aromatic dihydroxy compound left in the
produced resins are each not more than 20 ppm; and

(3) they contain at least one of the structural units of the
following formulae (1} to (5), with the total amount of such

structural units being 1,000 to 6,000:

0
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The viscosity-average molecular weight of the aromatic
polycarbonate resins of the present invention is 13,000 to
30,000, preferably 20,000 to 30,000, more preferably 23,000
to 30,000. The method for determining the viscosity-average
molecular weight and the meaning of the defined range of
values are the same as stated before.

The residues of the aromatic monohydroxy compound and

the aromatic dihydroxy compound in the resins are each not
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more than 20 ppm, particularly the former is preferably not
more than 10 ppm. With these conditions satisfied, the
aromatic polycarbonate resins of the present invention are
provided with good properties such as high thermal stability
in molding.

The total amount of the said structural units in the
aromatic polycarbonate resins of the present invention is
1,000 to 6,000 ppm, preferably 2,500 to 5,500, more
preferably 3,000 to 5,500. When the total amount of the
structural units is less than 1,000 ppm, there may take
place, for instance, drooling in blow molding, and when it
exceeds 6,000 ppm, the produced resins prove unsatisfactory
in fluidity. The method for determining the said structural
units will be explained in the Examples given later.

The aromatic polycarbonate resins of the present
invention can be cobtained by the above-described method
using a polycarbonate resin producing apparatus comprising
at least one reactor and at least one extruder.

The content of the said structural units in the
aromatic polycarbonate resins of the present invention can
be adjusted by properly selecting the conditions of the
ester exchange reaction of an aromatic dihydroxy compound
and a carbonic acid diester. .The recommended conditions of
the ester exchange reaction are as stated below.

The amount of the catalyst used in ester exchange and
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the temperature (internal temperature) of the final reactor
are the important factors in forming a specified amount of
any of the structural units (1) to (5). The amount of the
catalyst is selected from the range of usually 1 x 107 to 1
x 107 moles, preferably 1 x 107 to 1 x 10”° moles, to one
mole of the dihydroxy compound. The temperature of the
final reactor is selected from the range of usually 260 to
300°C, preferably 2790 to 290°C.

The obtained resin is supplied to an extruder and
therein subjected to melt extrusion for removal of volatiles.
By conducting this devolatilization melt extrusion at a
specific temperature according t¢ the present invention, it
is possible to remove the volatile impurities alone, and the
structural units formed in the ester exchange reaction can
be maintained in the above-defined ranges of content without
incurring any substantial damage.

In the polycarbonate resinsg according to the present
invention, various known additives, such as other types of
thermoplastic resin, flame retardant, impact resistance
improver, antistatic agent, slip agent, anti-blocking agent,
lubricant, anti-fogging agent, natural oil, synthetic oil,
wax, organic filler, inorganic filler, etc., may be properly
incorporated according to the purpose of use of the product

resin,

The polycarbonate resins according to the present
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invention find useful application to the construction
materials such as sheeting, containers such as water bottle,
head lamp lens for automobiles, optical lens for glasses,
optical recording materials such as optical disc,

photoconductive plates such as liquid crystal display, and

such.,

EXAMPLES

The present invention will be described in further
detail with reference to the embodiments thereof, but it
should be understood that the present invention is not
limited to these embodiments but can as well be embodied in
other forms without departing from the scope of the present
invention. In the following Examples, those having the
letter A affixed thereto, such as Example 1A, correspond to
the first production method, and those having the letter B
affixed thereto, such as Example 1B, correspond to the
second production method. BAnalyses of the polycarbonate
resins were made in the following way.

(1) Viscosity-average molecular weight (Mv):

Intrinsic viscosity [n] was measured in a methylene
chloride solution at 20°C using a Ubbellohde viscometer, and
viscosity-average molecular weight (Mv) was determined
according to the following equation.

] = 1.23 x 107 x (Mv)®®®



SPA resi due(ppm 8 7 DPC residue(ppm 103 58 Foreign
matt er (pi eces/g) 5 6

36

(2) Concentration of terminal hydroxyl groups:

0.1 g of resin was dissolved in 10 ml of methylene
chloride, to which 5 ml of a 5% methylene chloride solution
of acetic acid (special grade, produced by Wako Pure
Chemicals Co., Ltd.) and 10 ml of a 2.5% methylene chloride
solution of titanium tetrachloride (special grade, produced
by Wako Pure Chemicals) to develop color, and the absorbance
was determined at 546 nm using a spectrophotometer (Model
Uv160 mfd. by Hitachi Corp.). Separately from the above,
extinection coefficient was determined using a methylene
chloride solution of divalent phenol used in producing the
resin, from which the concentration of OH groups in the
sample was determined.

(3) Amount of residual monomers:

1.2 g of resin was dissolved in 7 ml of methylene
chloride, to which 23 ml of acetone was added with stirring
to cause reprecipitation. The supernatant was subjected to
liguid chromatography (LC-~10AT mfd. by Shimadzu Corp.;
column: MCI GEL ODS (5 um), 4.6 mmID x 150 mmL; detector: UV
219 nm; eluent: acetonitrile/water = 4/6 by volume) to
determine the amount of residual phencl, the amount of
residual bisphenol A (BPA) and the amount of residual
diphenyl carbonate (DPC) in the resin.

{4) Amount of foreign matter:

The resin pellets were dried in a nitrogen atmosphere
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at 120°C for more than 6 hours and worked into a 70 um thick
film by a 30 mm single crew extruder (mfd. by Isuzu
Chemical Industries Co., Ltd.). The 90 cm x 50 cm pieces
(about 4 g per piece) were cut out from the film as samples,
and they were observed under a stereo microscope, marking
the transparent foreign matter {(fish eyes) having no nucleus.
The number of the fish eyes having a size of 10 ym or
greater was counted and shown as the number of foreign
matter per gram of the resin.

(5) Determination of structural units (1) to (5):

0.5 g of polycarbonate was precisely weighed into a
flask and dissolved in 5 ml of methylene chloride. To this
solution, 45 ml of methanol and 5 ml of a 25 wt% sodium
hydroxide solution were added, and the mixture was stirred
at 70°C for 30 minutes while conducting dry distillation by
a condenser. After allowing the solution to cool by itself,
the condenser was washed with 5 ml of methanol and the
washings were added into the above solution. The mixed
solution was adjusted to a pH of about 2 with 7 ml of 6N
hydrochloric¢ acid and then pure water was added to make the
total amount of the solution 100 ml in a 100 ml wvolumetric
flask.

20 pl of this solution was subjected to liquid
chromatography (LC-10AD mfd. by Shimadzu Corp.; column: YMC-

PackODS~AM AM-307-3, 4.6 mmID x 75 mml; detector: UV 280 nm;
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eluent: (A) 0.05% TFA solution/(B) methanol; gradient: 0 min
(B = 40%) and 25 min (B = 95%)) to determine the amount of
the structural units (1) to (5). Regarding the structural
units {3) and (4), as it was impossible to make their
perfectly independent determination because of overlapping
of their peaks, they were determined as a combined content

0f the two.

Example 1A:

A 140°C molten mixture prepared by mixing bisphencl A
and diphenyl carbonate at a fixed molar ratio (DPC/BPA molar
ratio = 1.103) under a nitrogen gas atmosphere was supplied
continuously into a first vertical stirring polymerizer
controlled at 210°C and normal pressure under a nitrogen
atmosphere, with the liguid level being maintained constant
by controlling the opening of the valve provided in the
polymer discharge line at the bottom of the polymerizer so
that the average residence time would become 60 minutes.
Synchronously with the start of the supply of the said
starting materials, a cesium carbonate solution was supplied
continuocusly as a catalyst at a flow rate of 0.5 x 10°° mole
to 1 mole of bisphenol A. The produced distillates such as
phenols were liquefied continuously by a condenser provided
in a distillation line of the polymerizer and recovered as

such. The reaction solution discharged from the first
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polymerizer was continuously introduced into the 2nd, 3rd and
4thvertical polymerizers and then into 5th horizontal
polymerizer successively. The respective polymerizers were
operated under the conditions shown below in a way that a
higher temperature and a higher degree of vacuum would be
provided in the succeeding polymerizers with the progress of
the reaction.

Specifically, the operating conditions were 210°C,
13,300 Pa and 110 rpm for the 2nd polymerizer, 240°C, 1,995
Pa and 75 rpm for the 3rd polymerizer, 260°C, 67-Pa and 75
rpm for the 4th polymerizer, and 265°C, 67 Pa and 5 rpm for
the fifth polymerizer. Throughout the reaction, the liquid
level was controlled so that the average residence time in
each polymerizer would become 60 minutes, and at the same
time the by-product phenol was evaporated away. The
polycarbonate resin yield was 50 kg/hr.

The molten polymer discharged from the 5th polymerizer
was introduced into a double screw extruder-1 (screw
diameter: 46 mm; screw type: partially intermeshed; both
screws revolving in the same direction) having the 3-stage
vent holes and 3-stage feed ports, and then butyl p-
toluenesulfonate and tris(2,4-di-tert-butypphenyl) phosphate
were supplied in amounts of 10 ppm and 1,000 ppm,
respectively, based on the resin. After devolatilization

through the vents, the molten product was passed through a
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leaf disc type polymer filter (comprising 135 leaf discs
made of woven wire gauzes with absolute filtration precision
of 40 pum, the discs being mounted in layers on a center
post; hereinafter referred to as P/F), then cooled with
water and pelletized.

Then the pellets, after dried at 120°C for & hours,
were introduced into a double screw extruder-2 (screw
diameter: 46 mm; screw type: partially intermeshed; both
screws revolving in the same direction) having a water inlet
disposed between the two vent holes, thereby melted and
kneaded, then after devolatilized through the vents, cooled
with water and pelletized without passing through P/F. The
operating conditions of extruder-1 and extruder-2 are shown
in Table 1. BAverage residence time was determined from the
time taken from addition of 0.5 g of a bluing agent through
an extruder resin feed port till it is discharged from the
die. The results of property evaluation of the P/F inlet
resin and P/F outlet resin (pellets) of the double screw
extruder-1 and the double screw extruder-2 outlet resin

(pellets) are shown in Table 2.

Example 2A:

The same procedure as defined in Example 1A was
conducted except that the pellets were formed by using a

devolatilization extruder having a double screw extruder-1
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(provided with P/F) and a double screw extruder-2 (no P/F}
connected in series to each other by a pipe to produce an
aromatic polycarbonate resin, and the properties of the
obtained resin were evaluated. The operating conditions of
the double screw extruder-2 and the results of property

evaluations are shown in Table 1 and Table 2.

Example 3A and Example 4A:

The same procedure as defined in Example 22 was
conducted except that the bisphenol A to diphenyl carbonate
molar ratio (DPC/BPA molar ratio) was adjusted to 1.065,
that the opening of P/F was made 40 uym, that the double
screw extruder-2 was replaced by an “extruder having 3-stage
vent holes and 2-stage feed ports” (screw diameter: 30 mm;
screw type: partially intermeshed; two screws revolving in
the opposite directions), and that the operating conditions
of the double screw extruder-1 and double screw extruder-2
were changed as shown in Table 1 to produce the aromatic
polycarbonate resins, and the properties of the obtained
resins were evaluated. Average residence time was
determined by adjusting the resin feed into the extruders.
The results of property evaluation are shown in Table 2.
Comparative Example 1A and Comparative Example 2A

The same procedure as defined in Example 1A was

conducted except that no double screw extruder-2 was used
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and the operating conditions of the double screw extruder-1
were changed as shown in Table 1 to produce the aromatic
polycarbonate resins, and their properties were evaluated.

The results are shown in Table 2.

Comparative Example 3A:

The same procedure as defined in Example 23 was
conducted except that no double screw extruder-2 was used
and the operating conditions of the double screw extruder-1
were changed as shown in Table 1 to produce a polycarbonate,

and its properties were evaluated, obtaining the results

shown in Table 2.
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Table 1
Example 1A Example 234

?2§;n temperature 320 320
Regldence time 4.7 4.7
(min)
Vint pressure 370 370

DPouble (Pa) 7

sScrew AmounF of water 0 0

extruder supplied (wt%)

(1) Partially Partially
Screw type intermeshed intermeshed
Screw revolving Same Same
direction direction direction
B/F Provided Provided

(20 pm) (20 pm)

?2?;n temperature 330 320
Regldence time 5.9 2.3
(min)
Vent pressure 400 50
(Pa)

Douhle Amount of water

screw supplied (wt%)

extruder | (Electric 0.1 0

{(2) conductivity of
water:0.5 uS/cm)

Wholly Wholly

Screw type intermeshed intermeshed
Screw revolving Same Same
direction direction direction
P/F None None
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Table 1 {(Continued)

resin Viscosity-average nol ecul ar wei ght

Example 332 Example 4A
Resin temperature 350 350
(°c)
Residence time 4.7 4.7
(min) ) i
Vent pressure 200 200
Double |{P2)
serew Amoun? of water 0.2 0.2
extruder supplied {wt%)
(1) Partially Partially
Screw type intermeshed intermeshed
Screw revolving Same Same
direction direction direction
P/F Provided Provided
(40 pm) (40 pm)
Resin temperature
(°c) 343 348
Regidence time 9.3 1.9
(min} * :
Vent pressure
(Pa) 50 50
Double Amount of water
screv supplied (wt%)
extruder | (Electric 0 0.1
(2) conductivity of
water: 0.5 uS/cm)
Wholly Partially
Screw type intermeshed intermeshed
Screw revolving Same Opposite
direction direction direction
P/F None None
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Table 1 (Continued)
Comp. Comp. Comp.
Example 1A | Example 24 | Example 3A
Resin
temperature 280 330 350
(°C)
Re§1dence time 4.7 4.7 4.7
(min)
Vent pressure 200 200 30
(Pa)
Double Amount of
sSCrew water supplied 0.2 0.5 0.2
extruder | (wt%)
(1) Partially | Partially | Partially
Screw type inter- inter- inter-
meshed meshed meshed
screw . Same Same Same
revolving . . , . . .
. . direction | direction | direction
directiocn
B/F Provided Provided Provided
(20 pm) (20 pm) (40 pm)
Resin
temperature - - -
(°C)
Residence time
(min) B B -
Vent pressure
(Pa) B - -
Double Amount of .
screw water supplied
(wt$)
extruder .
(2) (Electr}c. - - -
conductivity
of water: 0.5
uS/cm)
Screw type - - -
Screw
revolving - - -
direction

B/F
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The sane procedure as defined in Exanple 1B was conducted except for

the changes of the resin feed to the



52 extruder to 15 kg/hr, extruder outlet resin tenperature to 342C,
screw revolution to 150 rpm (peripheral speed : 14 mimn) and the
degree of vacuumto 90 Pa. The obtained resin pellets had a phenol
content of 24 ppm and a bi sphenol A cggtent of 18 ppm The
results of the above-described Exanples 1B and 2B and Conparative
Exanpl e 18 are shown collectively in Table 3 along with the nelt

extrusion conditions. 53 Table 3 Exanpl e 1B Exanpl e 28 Conp.
Exanpl e 18 Extruder inlet resin tenperature(C 270
Table 2 (Continued)
Comp. Comp. Comp.
Example | Example | Example
12 23 32
Viscosity-averade | .y no0 | 21,000 | 26,300
Extrad molecular weight
(’1‘)1’3/? Terminal OH (ppm) 358 361 734
inlet PhOH residue 34 38 46
resin (ppm)
BPA residue {(ppm) 9 10 20
DPC residue (ppm) 165 229 21
Viscosity-average
molecular weight 21,000 20,400 25,800
Extruder g;gglial.gge(ppm) 360 388 751
(1) B/F o est 47 51 58
outlet (ppm) :
resin BPA residue {ppm) 13 16 22
DPC residue(ppm) 172 257 36
Fo;elgn matter 5 8 11
(pieces/q)
Viscosity-average _ _ _
molecular weight
Terminal OH (ppm) - - -
?;?r:?ir PhOE residue _ _ B
{ppm)
outlet :
. BPA residue {ppm) - - -
resin -
DPC residue {ppm) - - -
Foreign matter _ _ _
(pieces/q)
Example 1B:

An arcmatic polycarbonate

resin was produced by a

continuous production apparatus comprising four vertical
stirring reactors and one horizontal stirring reactor which
were operated under the conditions shown below:

First vertical stirring reactor: 220°C, 13.3 kPa

Second vertical stirring reactor: 240°C, 2 kPa

Third vertical stirring reactor: 270°C, 67 Pa



270 270 Extruder outlet resin tenperature(C) 284 314 342 Range of
tenperature (C) of forrmula (1) specified in the specification 279 -
321 Tenperature applied (C

49

Fourth vertical stirring reactor: 270°C, €7 Pa
Fifth horizontal stirring reactor: 270°C, 67 Pa

Pirst, in the starting material preparation step,
bisphenol A (BPA) and diphenyl carbonate (DPC) were mixed at
a specified molar ratio (DPC/BPA = 1.030) and heated at
140°C under a nitrogen gas atmosphere to obtain a mixed
molten solution of starting materials. Then this solution
was supplied continuously into the first stirring reactor
through a starting material feed pipe heated to 140°C. The
liquid level was maintained constant while contreolling the
opening of the valve provided in the polymer discharge line
at the bottom of the reactor so that the average residence
time would stay at 60 minutes. Simultanecusly with start of
the supply of said mixed solution of starting materials, a
cesium carbonate solution was supplied continuously as a
catalyst into the first vertical stirring reactor from a
catalyst feed pipe at a rate of 1 uymol to one mole of
bisphenol A.

The polymerization reaction solution discharged from
the bottom of the first wvertical stirring reactor was
successively supplied into the second vertical stirring
reactor, the third vertical stirring reactor, the fourth
vertical stirring reactor and the fifth horizontal stirring
reactor. During the polymerization reaction, the liquid

level was controlled so that the average residence time in



284 314 342 Range of peripheral speed (mhnin) of formula (2)

specified in the specification 7 - 57 8 - 63 9 - 68 Peripheral speed
applied (nUnin) 9 14
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each reactor would become 60 minutes, and the phenols formed
as by-products in the polymerization reaction were
evaporated away. The production rate of the aromatic
polycarbonate resin was 15 kg/hr. The thus obtained
aromatic polycarbonate resin had the following
specificities: viscosity-average molecular weight = 25,800;
content of bisphenol A = 24 ppm; content of diphenyl
carbonate = 39 ppm: content of phenol = 33 ppm; content of

structural unit (1) = 1,754 ppm; content of structural unit

il

(2) 1,286 ppm, total content of structural units (3) and

{4) 1,092 ppm; content of structural unit (5) = 145 ppm.
Then the above aromatic polycarbonate resin was
supplied to an extruder connected to the fifth horizontal
stirring reactor and subjected to devolatilization melt
extrusion in the manner specified below.

The above aromatic polycarbonate resin was supplied to
a double screw extruder JSW TEX30 mfd. by Japan Steel Works,
Ltd. (the largest diameter portion of the screw: 30 mm) at a
rate of 12.5 kg/hr and pelletized. The extruder operating

conditions were as follows: extruder inlet (fifth horizontal

reactor outlet) resin temperature = 270°C; extruder outlet

resin temperature 284°C; screw revolution = 100 rpm

(peripheral speed 9 m/min);: degree of vacuum = 60 Pa. The
strand of resin discharged from the extruder die was cooled

and cut into pellets. The thus obtained resin pellets had a



14 Degree of vacuum (Pa) 60 90 90 Phenol content (ppm) 4 14 24
Bi sphenol A content (ppm 18
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phenol content of 4 ppm and a bisphenol A content of 18 ppm.
The contents of the structural units (1) to (5) were the
same as mentioned before.

The amount of the monomers was determined in the
following way. 1.2 g of the polymer was dissolved in 7 ml
of methylene chloride, to which 23 ml of acetone was added
with stirring to cause reprecipitation, and the supernatant
solution was subjected to liquid chromatography (LC-10AT mfd.
by Shimadzu Corp.; column: MCI GEL ODS, 5 um, 4.6 mmID x 150
mml; detector: UV 219 nm; eluent: acetonitrile/water = 4/6)
to thereby determine the amount of phenol and the amount of

bisphencl A in the polymer.

Example 2B:

The same procedure as defined in Example 1B was
conducted except for the changes of the resin feed to the
extruder to 15 kg/hr, extruder ocutlet resin temperature to
314°C, screw revolution to 150 rpm (peripheral speed: 14
m/min) and the degree of vacuum to 90 Pa. The phenol
content and the bisphenol A content in the obtained resin

pellets were 14 ppm and 17 ppm, respectively.

Comparative Example 1B:

The same procedure as defined in Example 1B was

conducted except for the changes of the resin feed to the



17 18 Content of structural unit (1) (PPm 1754 Content of
structural unit (2) (PPm 1286 Total content of structural
units(3) and (4) (ppmM
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extruder to 15 kg/hr, extruder outlet resin temperature to
342°C, screw revolution to 150 rpm (peripheral speed : 14
m/min) and the degree of vacuum to 90 Pa. The obtained
resin pellets had a phenol content of 24 ppm and a bisphenol
A content of 18 ppm.

The results of the above-described Examples 1B and 2B
and Comparative Example 1B are shown collectively in Table 3

along with the melt extrusion conditions.



1092 Content of structural unit (5)(PPmM 145 Exanpl e 38:
The sane procedure as defined in Exanple 18 was conducted except that
4 pieces of leaf disc type polyner filter nfd. by Japan Pole Co.,

Ltd. (absolute filtration precision: 29 pm) were set at the outlet of
the extruder, that the resin feed was changed to 15 kg/hr, that the
extruder outlet resin tenperature was changed to 340C, that the screw
revol ution was changed to 150 rpm (peri pheral 54 speed: 14 nmimn),
that the degree of vacuum was changed to 60 Pa, and that water with
an electric conductivity of 0.5 pS/mgsmas3supplied to the extruder as
a devol atilization assistant in an anmount of 2,000 ppm based on the
resin. Thd obrained Tesin pelTets hadlag cgﬁgﬁﬁgeoﬁ BdmpRM @and
a bi sphendl A content of 24 ppm Conparatijge Exanplxg 2 ExamplBe
sane procedure as defined in Exanple 1B was conduct ed exceptl hat |4

pi eces of C mer frter—mfd—by—JapanPoye CoLtd.
(absol ute Kg E ;Pi%e‘tgeﬂfs% %ln 20 pm wet® set| at 2¥he extr ddér
outlet, t LII ‘UUU was L,Houlgtu to—15 Ir\g/ill —that—the

ext r uder o% Es?% } ferdture was |chabged tlo 335@, that 3e s¢rew
revol uti Or1 Hg fl .I.\J\.I I rJIlCl Al JPCCU LI} m ||l all\.
that the djgggg DSRRRAAS éhghggg to 90 Pa. éﬁ fained resif
pell ets hg Bnbi) cTRRE L%9f127 B%ﬁland a bi $fefo content ¢
30 ppm spe ACRBEQRt s of the abové-descri hpd_@(_a_n:p_l_g__gg_a_n_d__
Conpar at i vﬁ@@ﬁﬁﬁpﬂrgﬁgﬂh%(‘(mﬁ)ﬁnl | ect i&%Ly iln TaRke 4! a] r$r4@ wit h

the nelt ex@3096i 8 BoRtPRexHls speed
(m/min) of formula (2)

specified in the

f 150 rnm { npy nhaor al lnAand-
T

D
o8-
—

7 - 57 8 - 63 9 ~ 68

specification
Per;gheral speed applied g 14 14
(m/min)
Degree of vacuum (Pa) 60 90 990
Phenol content (ppm) 4 14 24
Bisphenol A content ({(ppm) 18 17 18
Content of structural unit 1
754
(1) (ppm)
Content of structural unit
1286
{2) (ppm)
Total content of structural 1092
units (3) and (4) (ppm)
Content of structural unit
145
(5) (ppm)
Example 38B:

The same procedure as defined in Example 1B was
conducted except that 4 pieces of leaf disc type polymer
filter mfd. by Japan Pole Co., Ltd. (absolute filtration
precision: 20 um) were set at the outlet of the extruder,
that the resin feed was changed to 15 kg/hr, that the
extruder outlet resin temperature was changed to 340°C, that

the screw revolution was changed to 150 rpm (peripheral



55 Table 4 Exanpl e 3B Conp. Exanple 2B Extruder inlet resin
tenperature (C) 270 270 Extruder outlet resin tenperature (C 340

54

speed: 14 m/min), that the degree of vacuum was changed to
60 Pa, and that water with an electric conductivity of 0.5
uS/em was supplied to the extruder as a devolatilization
assistant in an amount of 2,000 ppm based on the resin. The
obtained resin pellets had a phenol content of 19 ppm and a
bisphenol A content of 24 ppm.
Comparative Example 2B

The same procedure as defined in Example 1B was
conducted except that 4 pieces of leaf disc type polymer
filter mfd. by Japan Pole Co., Ltd. (absolute filtration
precision: 20 um) were set at the extruder outlet, that the
resin feed was changed to 15 kg/hr, that the extruder outlet
resin temperature was changed to 355°C, that the screw
revelution was changed to 150 rpm (peripheral speed: 14
m/min) and that the degree of vacuum was changed to 90 Pa.
The obtained resin pellets had a phenol content of 27 ppm
and a bisphenol A content of 30 ppm.

The results of the above~described Example 3B and
Comparative Example 2B are shown collectively in Table 4

along with the melt extrusion conditions.



355 Range of tenperature (C) of fornula(3) specified in the

specification

peri pher al

specification 9 -

299 - 341 Tenperature applied(QC

340

speed (mmn) of fornmula (4) specified in the

68 55

Table 4

Example 3B

Comp.
Example 2B

Extruder inlet resin
temperature (°C)

270

270

355 Range of

Extruder outlet resin
temperature (°C)

340

355

Range of temperature (°C})} of
formula(3) specified in the
specification

2%9 - 341

Temperature applied (°C)

340

355

Range of peripheral speed
(m/min) of formula (4)
specified in the specification

9 -~ 68

9

- 71

Peripheral speed applied
(m/min)

14

14

Degree of vacuum (Pa)

60

60

Phenol content (ppm)

19

27

Bisphenol A content (ppm)

24

30

Content of structural unit (1)
(ppm)

1754

Content of structural unit (2)
(ppm)

12886

Total content of structural
units (3) and (4) (ppm)

1092

Content of structural unit (5)
{ ppm)

145




9 -
(Pa)

71 Peripheral speed applied (nhmn) 14 14 Degree of vacuum

60

60 Phenol content (ppm 19

56

WHAT IS CLAIMED 1IS:

1. An aromatic polycarbonate resin which is obtainable
from an ester exchange reaction of an aromatic dihydroxy
compound and a carbonic acid diester, and satisfies such the
following conditions (1) to (3) that:

(1) viscosity-average molecular weight is 13,000 to 30,000;
(2) the amount of the residual aromatic monohydroxy compound
and the amount of the residual aromatic dihydroxy compound
in the resin are each not more than 20 ppm; and

(3) the resin contains at least one of the structural units

of the following formulae (1) to (5), with the total amount

of such structural units being 1,000 to 6,000 ppm:

L oAS OO




27 Bi sphenol A content(ppm 24 30 Content of structural unit (1)

(PPM

1754 Content of structural unit (2) (PPm 1286
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2. A process for producing a polycarbonate resin reduced
in content of volatile impurities by subjecting a
polycarbonate resin containing volatile impurities to melt
devolatilization, said melt devolatilization of the resin
being carried out after it has been passed through a polymer

filter.

3. The process according to Claim 2, wherein melt
devolatilization is carried out by using an apparatus having
a polymer filter disposed between at least two vented melt

extruders connected in series to each other.



Total content of structural units(3)and (4)(ppm 1092 Content of
structural unit (5) (Prim 145 56 WHAT IS CLAIMED IS: 1. An
aromati c pol ycarbonate resin which is obtainable froman ester
exchange reaction of an aromatic di hy@88oxy conmpound and a carbonic
acid diester, and satisfies such the follow ng conditions (1) to (3)
that: (1) viscosity-average nol ecul ar weight is 13,000 to 30, 000;
(2) the amount of the residual aromatic nonohydroxy conpound and the
anount of the residual aromatic di hydroxy compound in the resin are

each not nore than 20 ppm and .
4. The process according to Claim 2 or 3, wherein an

extruder with screws revolving in the same direction is used
for the first vented melt extruder, and a partially
intermeshed oppositely revolving screw type extruder is used

for the last vented melt extruder.

5. The process according to any one of Claims 2 to 4,
wherein the molten resin temperature in the last vented melt
extruder is lower than that in the first vented melt

extruder.

5. The process according to any one of Claims 2 to 5,
wherein the residence time of the molten resin in the last
vented melt extruder is shorter than that in the first

vented melt extruder.
7. The process according to any one of Claims 2 to 6,
wherein the vent pressure in the last vented melt extruder

is lower than that in the first vented melt extruder.

8. The process according to any one of Claims 2 to 7

using a devolatilization assistance in the extruders.

9. The process according to any one of Claims 2 to 8



(3) the resin contains at |east one of the structural units of the
following fornulae (1) to (5), with the total anmount of such
structural units being 1,000 to 6,000 ppm 57 2. A process for
produci ng a pol ycarbonate resin reducé® in content of volatile
inmpurities by subjecting a polycarbonate resin containing volatile
inpurities to nelt devolatilization, said nelt devolatilization of
the resin being carried out after it has been passed through, a

pol yner fiPEHI9 @ BOLYRRIPARALE £e8dBoPEPRYE 1R GRRARTRASUS WREFRT +5 1R t
devol atilization is carried out by using an apparatus having a

pol yner fifteagitspBeciedctiiedndant| 4838t tMe AHTEaderel Rt J@FTuSTE
connected in series to each other. 58 4. The process according to
Cl ai m 2 oro8, thghersrndens dxeimmer Vantad ske B ttausievi: ngnd na t prel g
direction is used for the first vented nelt extruder, and a partially
i nt er meshefiibispoproeliged evol tingrnsdetenidy pef ebdter y¢otegsmesed for the
| ast vented nelt extruder. 5. The process according to any one of
Clai ns 2 texdrudstrer@énhet heidmldfertheednnatt eoperditmerle ertrhéel ast
vented nelt extruder is lower than that in the first vented nelt
extruder. cése Hherpr owessr asmy diengetiomaby exierwaferGl araspPotiddyd),
wherein the residence tine of the nolten resin in the |ast vented
mel t extrudkerdin shdihedrdiarndrpaiundnahliea fcdtionientheddnaliésext rawer .
7. The process according to any one of Clains 2 to 6, wherein the
vent pressdger Rxchanbast ivetHedoi@itbroxanididesld Sdmaval dhavoldadid n
the first vented nelt extruder. 8. The process according to any one
of Cdainms Zmp@xitivsl A agevad ajud biatheneresidd@nce in the
extruders. 59 using a polycarbonate resin produci ng apparatus
conprising at |east one reactor and at |east one extruder, at | east
one of the extruders being a vented nelt extruder, and a pol yner
filter proypded @l bbecéSd elci@8nef thheny dedbimehbigxt {uderg (inl et
side of the last vented nelt extruder in case where two or nore
vented nel {nexdil48kS vakEoPL Oyl HrDage A8 561 £ q}éﬁ)@@krtozsf gpgpound and

a carbonic acid die ster are ‘ester exchanged in the reactor, and nelt

removal  of Lue abitdakBPYEs LA SSs 115 QA0 8d39Usopy the extruder.

11. A process for producing a polycarbonate resin from a
dihydroxy compound and a carbonic acid diester by an ester
exchange method using a polycarbonate resin producing
apparatus comprising at least one reactor and at least one
extruder, in which when the extruder inlet resin temperature
is represented by Tl (°C) and the extruder ocutlet resin
temperature by T2 (°C), T2 is not higher than 370°C, and AT
given by the following equation (I) is not higher than 70°C:

AT = T2 — T (I)

12. The process according to Claim 11, wherein the



10. The process according to any one of Clains 1 to 8, wherein the
vi scosi ty-average nol ecul ar wei ght of the polycarbonate resin is
13,000 to 30,000. 11. A process for producing a pol ycarbonate resin
froma di hydroxy conpound and a carbosdc acid diester by an ester
exchange net hod using a pol ycarbonate resin produci ng appar at us
conprising at |east one reactor and at |east one extruder, in which
when the extruder inlet resin tenperature is represented by Ti (C
and the ediffiesencritiaiweessithet Bapirun presey rempeyatuge |(mast) BRgher
than 370C, and AT given by the follow ng equation (1) is not higher
than 70C. tA® miffpoum Fineiset temp&Fhatyreddssnicedr thegextorudesi harrel
wherein the 60 difference between the naxi mum preset tenperature
(Trmax) andcsdthef iesitthenfoldset nyecemeatatarr § ITFri n) of the extruder
barrel satisfies the follow ng equation (l11): Tmax - Tmn = 40 to
120C(11) 13. Timwaprodada acd0rtd mpea*ad C aiimr}i2, wherein Tmn is 200
to 240C. 14. The process according to any one of Clains 11 to 13,
wherein at |east one of said extruders is a vented nelt extruder.

15. The process according to Caim 14, wherein the | ast one of said
extruders i3 a mentRbomRlst a8XbFdLeF -to Eaihhe2 Prokassi masandiieg2bo
any one of Clains 11 to 15 using a devolatilization assistant in the
extruders.¢o 34gedhe process according to any one of Clainms 11 to 16,
wherein the viscosity-average nol ecul ar wei ght of the polycarbonate
resinis 13,000 to 30, 000.

14. The process according to any one of Claims 11 to 13,
wherein at least one of said extruders is a vented melt

extruder.

15. The process according to Claim 14, wherein the last

one of said extruders is a vented melt extruder.

16. The process according to any one of Claims 11 to 15

using a devolatilization assistant in the extruders.

17. The process according to any one of Claims 11 to 16,
wherein the viscosity-average molecular weight of the

polycarbonate resin is 13,000 to 30,000.



