Al kvl phenol for adjusting the nol ecul ar wei ght and copol vcarbonat e
wi th inproved properties The invention relates to copol ycarbonates
havi ng a narrow nol ecul ar wei ght distribution and 5 conpositions of
t hese pol ycarbonates with additives chosen fromthe group of heat
stabilizers and nould rel ease agents, the use thereof for the
production of noul di ngs and noul di ngs obtai nabl e therefrom and the
use of al kyl phenols for adj ustl ng the nol ecul ar wei ght of
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di stortion tenperature, specific bisphenols, which have an invol ved
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an adverse effect on the thermal and nmechani cal properties of
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nelt viscosi t)?fc"l’?lﬁf“b‘f“ﬁ‘éﬁ r preparation in a conti nuous pr ocess in
whi ch the content of | ow nol ecul ar wei ght conpounds and ol igoners is
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chain terminators for the preparation of polycarbonate are known (WQ 01/51541, EP-A 1,249,463
35  and WO 2004/063249). However, the publications cited describe neither polycarbonates having a

defined molecular weight distribution nor the use of alkylphenols for the preparation of



10becones snaller, and at the sanme tine the thernmal properties (Vicat
and glass transition tenperature) are inproved and the anount of
speci fic high-Tg bi sphenol enployed is [ower. It has been found,
surprisingly, that alkylphenols which are enployed as chain
termnators in the preparation of polycarbonate have a decisive

i nfluence on the course of the GPC curves, i.h . on the 1? FDIecuIar
wei ght distribution t her e also on the content o ow
nolgcular melgﬁ?mg%ﬁ%%ﬁnﬂ@géH§m8LW$8H§W§%WWPEﬁMQFé"Fﬁ“H@'%VB?%@HOf%ﬁd
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wei ght distribution .e. narrower distribution or [ower

i nhonogeneity #ggtor = (MV M) - 1, and the adjustnent thereof and
dependency 6n the nature of the chain termnator in a 20 conti nuous

process by t he]f‘helm,tvﬁg h%%loxae thep f OCE‘%%évelfawg aromapce ! yggl%'log%?r};%\é\?%algtlmgoved heat

nor eover been foun at to SAMe
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criterion for the nechanical and ther maf pertormance of the injection

nmoul ded or extruded conponent. Injection noulded parts or extrudates
produced fr omltiwebsso ffotdy serribagia tiesallaipbenglo phitlycadniponat cmmnaa&mtnt Nte
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hydr ogen, L a et Wi g phReRBPVeistiben Phé’“‘Fbrﬂh‘i!lPanﬂelB’) fctr U =

(Mw/Mn) - 1, and the adjustment thereof and dependency on the nature of the chain terminator in a
20  continuous process by the interfacial process, was hitherto unknown, It has moreover been found
that to achieve the same Vicat or glass transition temperature a lower amount of the specific high-
Tg bisphenol can be employed if this narrower molecular weight distribution is realized in the
manner according to the invention. At the same time, a lower melt viscosity is found here, and
therefore improved processing properties during injection moulding of the copolycarbonates

25  obtained in this way.

This represents an important criterion for the mechanical and thermal performance of the injection
moulded or extruded component. Injection moulded parts or extrudates produced from the
copolycarbonates and copolycarbonate compositions according to the invention have significantly

30 improved thermal properties (glass transition temperature Tg and Vicat temperature).

‘The present invention provides copolycarbonates containing as the chain terminator (end group) a

structural unit of the formula (I)



(2) in which R3 represents Cl-C4-al kyl, preferably nethyl, 15R4
represents hydrogen or Cl-C4-al kyl, preferably nethyl, n represents
O, 1,2 or 3, preferably 2 or 3, mrepresents 0, 1 or 2, preferably O,
wherei n the copol ycarbonates have the foll ow ng i nhonogeneity
factors, depending on the 20nol ecul ar wei ght range: A)

Copol ycar bonat es having a content of? 50 3ol % and preferably <100

nol % of di phenol unit of the fornmula (2)., based on the sum of the

di phenol s: for linear CoPC havii erage nol ecul ar wei ght

(wei ght -average) of from 18,000 to 535 gQrﬁl, U= (MVM)-1is
1.3 to 2.5, preferably 1.4 to 2.3, veryjparticularly preferably 1.5
to 2.3. B) Copol ycarbonates having a cogfent of greater than 0 and

| ess than 50 nol % of di phenol unit of the forrmula (2), based on the
sum of the di phenols: 10 for |inear CoPC having an average nol ecul ar
wei ght (wei ght-average) of from 16, 000 t@ 35,000 g/mol, U= (MM M)-1
is 1.2 to 2.4, preferably 1.2 to 2.2, pa {icul arly preferably 1.2 to
2.0 and very particularly preferably 1.2 to 1.8. 15In formula 1, R
and R2 i ndependehitli y of one another preferably represent hydrogen or
al kyl having 1 to 8, particularly preferably having | to 4 carbon
atoms, with the proviso that RI and R2 are not sinmultaneously
hydrogen. Ter tRIBd 3 i5frasndentlpef ope terhsy raptseesndtydrpasn oredlyClBalikli touigrelmR L and
preferred, in gatinbGiMtu@ineqsly 8 lydbeehy! phenol . 20Ther nopl astic aromatic
pol ycarbonates in the context of the present invention are both
honmopol ycar bonat es and copol ycarbonates; wherein in the present

appl i cat i oA® hofdp érsyerdipbmaluaisofthedamelh@ di phenol unit of the fornula
(2) are al so subsuned under the term copol ycarbonate.

e
Cr

(2)

in which
R? represents C,-Cy-alkyl, preferably methyl,

15 R*represents hydrogen or C-Cj-alkyl, preferably methyl,
n represents 0, 1, 2 or 3, preferably 2 or 3,

m represents 0, 1 or 2, preferably 0,

wherein the copolycarbonates have the following inhomogeneity factors, depending on the

20 molecular weight range:



The thernopl astic copol ycarbonates have the abovenenti oned nol ecul ar
wei ghts Mn (weight- 25 average My, determ ned by gel perneation
chromat ography (GPC) neasurenent, polycarbonate calibration).

Mol ecul ar wei ghts can al so be stated by the nunber-average M, which
is |likew se determ ned by nmeans of GPC after prl or calibration for
pol ycar bonat e. The i nhonpgeneity f adtor (MN/IVh) -1, as a

measur e of the ht di str.i on of the co car bonat es
PC, can thus be{rglof’ &}tcerlrrtgor't%t\ég\q a\/cglm?"b‘ﬂf)%ﬁﬁfﬂgcﬂ? BPfeRARY '@}ﬂ% %‘?%fﬁ@lé%“’] utihe
present inventi or?fﬂtafOtm@r(Wohaeedpmt@vaudl@srhcdmpm: tions conprising O

abovenentioned copol ycarbonate wi th al kyl phenol of the fornula (1) as

an end group, wh int nhom) eneity factor has the abovenenti oned
T ﬁhl? %t"é‘é&t‘ ter%t“{j’ﬁt“lat ARige (veagiteverse) af fome 45400 ¢he

val ues, dependi ng onh
addi tive chésen f3p.8i0stnivg Ugr @inpModris] Stoi2rgorgérabheiad to $8,akiy birza@rasly srerethly
rel ease agent andsWsrstabilizer. The conposition in general conprises
0.001 to 1, preferably 0.005 to 0.9, particularly preferably 0.005 to
0.8 wt.% very particularly preferably 0.04 to 0.8 w.% especially
very 5parti cul Bir [CpparceboesalthhyngQ. Ortent 6f gkalr thdn.0%nd R SRAE 5ORIIR dibiRhd hinit

conposition) of ) nbPrERIRQnent D).
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tetrakis(2, 9 di-tert- butyl phenyl1)[ 1, 1-
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3(35d|-tert b y ] Lr ganox

bi s(2, 4- di cuny! pﬁi%? Blegt aerytﬁ {1)’% %p 5§nﬁ¥ fzguzfopa(tl%?fépﬁ)ﬂﬁ%@]yu
S-9228), bis(2, 64k "‘P%Y"’EYPB‘EH‘ELW'J’HE%WI}'FE?Hényl ) pent aeryt hritol

di phosphite (ADK STAB PEP-36) or triphenyl phosphi ne are preferably

sui tabl e as. the d t hensel ves or
in a mxt u?fé (e. E]]et%r'l'ﬁatlox %égﬁd%en&ﬂ&%r‘)ﬁ a"npeépégfgl FH Y gesioR 28800
or |rganox 1076) aving 1 © Sperrticelarivyprefarably bhvingd tie hstbean@tseyithgheypeeisothat R1 and
nonost ear at e, st eaky |not-¢stn&nﬁ£n@$uﬁy Qfdrd@érp@@Dﬁﬂ}l]@lknomrﬁoouty%henaﬁgbé} E}ﬁ{ciﬁsr@

are preferably s | ease agent hey are enpl oyed
by t hensel ves or Hrlﬁf%”éaa ]Haﬂfcu}aré) te'gg r|9!§dr oxyphenyl ) benzotri azol es,

2- hydr oxybenzophenones, esters of substituted and

20 Thermoplastic aromatic polycarbonates in the context of the present invention are both
homopolycarbonates and  copolycarbonates; wherein in  the present application
homopolycarbonates from the diphenol unit of the formula (2) are also subsumed under the

terim copolycarbonate,

The thermoplastic copolycarbonates have the abovementioned molecular weights M,, (weight-
25 average Mw, determined by gel permeation chromatography (GPC) measurement,
polycarbonate calibration). Molecular weights can also be stated by the number-average Mn,

which is likewise determined by means of GPC after prior calibration for polycarbonate.

The inhomogeneity factor U = (Mw/Mn) - 1, as a measure of the molecular weight
distribution of the copolycarbonates PC, can thus be determined for various molecular weight

30 ranges.
The present invention furthermore provides compositions comprising

C) abovementioned copolycarbonate with alkylphenol of the formula (1) as an end group,
wherein the inhomogeneity factor has the abovementioned values, depending on the

molecular weight range, and



unsubstituted benzoic acids, acrylates, sterically hindered am nes,
oxam des and 2-(2- 20hydroxyphenyl)-1,3,5-triazines are preferably
suitable as UV stabilizers, and substituted benzotriazoles are
particularly preferred. The copol ycarbonates are prepared by a
continuous interfacial process. The preparation of the

copol ycarbonates to be used according to- X-he invention is in
principle carrbgdtg2 a known 25manner from di phenols, carbonic
acid derivative O"e a?dhvﬁfqoﬁe“ﬁﬁ“‘ﬁﬁ'l?ﬁfoﬁbcﬁﬁsé'ﬁ% & hea Hé’”ﬁ?‘o‘é‘é@fbﬁlﬁﬂeﬁr ageriye
pol ycar bonat e syrﬁﬁlﬁ@é’lstsbﬂnzsr generally known and is described in

nunmer ous publications. EP-A 0 517 044, WD 2006/ 072344, EP-A 1 609

818, WD 2006/ 072314,4 caufbsifm g]aneﬁa@gorﬁﬂqgesml @tp@ulsmamy 6b65etg ésh‘%%rﬁculan
descri be, for Ame) 5&9(}&} aC| al u?q é)process he
preparation_of p ycarbonate e e partifypar B’ﬁff‘iﬁ?ly%“[ﬂ' Fut S ey e
prior art wlat meaieHasy Hﬂﬁﬁ%ﬁbwaq] @‘b@d@/ﬁ by %t hksed ol el trgl EohBosBipit dTE@HiGvel N

order to obtain acdginygebhgnat ). having a very good notched i npact
strength and i nproved heat distortion tenperature in a continuous

process. In partigul 234d_ nY n. 3%30f. th |nf ce of the chain
ternminator on the, in orlrﬁe%eﬁtgpgﬁ )aélﬂo R Ui 1@?1 W (%dks‘ert-bﬂtwhfwaﬂ 1-

conti nuous pr oceSPre¥i+¢ Hiy-piwhiseenite dﬁs%ﬁ’l ahasrhatei ociplodyy CRBIOhat-Bsylar
copol ycar bonat es hixasdygignydpro@dnait mgedoy 10785, bistWa BRkBEHLRp eﬁﬁlgﬂmol diphosphit
phl (]
ot esent 1 gt oo ERRs S gg%ﬁzg“g?ﬂ%“ﬁ R et AL A
various 5 bi sphéhtP SE ?ﬁ)f’i Epheyy hesplrierarcrsceriht soitibla@s the bat stabilizey. A 6ede

in an aqueous al kaployae b$ eettbelveor(iffa SMSREDS 12 HMox IEDOE & Ideg‘rPth‘ét92ﬁ§'wﬂ|

presence of an i i, S ent or, preferably, a solvent
m xture, which fogr?éx}gdog G X%é The ol i gocar bonat es f or med,

whi ch are chiefl resent |n the organlc phase, undergo condensatlon
with the aid of %ﬂ’i el Eesieaes ghicepbmgglogeiraontsvy eerrason atopmcdind iowve or
the desireds nol edigkaae wei géitratthi ssahy @d e NnduliereREGaABMNE WBASE- crpliGed 10
organi ¢ phase isufLRaldyi96RaLated off and the copol ycarbonate is

i sol ated therefrom by various working up steps, preferably by a
devol atilization extruder or extrusion evaporator. The decisive step

for acquiring pr MHHiﬁoxhﬂWyﬂlgnﬁﬁlaioﬂiﬂr @Hﬁ@xﬁ%ﬁ&phmoﬁ% OEsteisOQf LRMRGLALNr €

consi sts of carry,ja)g“ %n cRNtinuous that the
narrowest possi bl e ml) ecu arc wer ﬁcry terggﬁt Fﬁfﬁregfamﬂ“ﬁse oxamides and 2-(2-

pol ycar bondt e, i h@roxyphenygil, ?ﬁﬁ@ﬁﬁgé}’?ei’“éfyram)aettﬂ@frle a§ FVaitabidiaky anbhbuditned

during benzotriazoles are particularly preferred.

The copolycarbonates are prepared by a continuous interfacial process. The preparation of the
copolycarbonates to be used according to the invention is in principle carried out in a known

25 manner from diphencls, carbonic acid derivatives and optionally branching agents.

The process for the polycarbonate synthesis is generally known and is described in numerous
publications. EP-A 0 517 044, WO 2006/072344, EP-A 1 609 818, WO 2006/072344 and
EP-A 1 609 818 and documents cited there describe, for example, the interfacial and the melt

30 process for the preparation of polycarbonate,

However, it cannot be deduced from the prior art what measures must already be taken during
the synthesis in order to obtain a polycarbonate having a very good notched impact strength
and improved heat distortion temperature in a continuous process. In particular, no indication

35 of the influence of the chain terminator on the inhomogeneity factor U was known.



15 the synthesis and wi thout specific working up, such as e.g.
precipitation or spray evaporation. This is achieved according to the
i nvention by the suitable choice of the chain term nator, which | eads
to a | ower inhonogeneity factor. Apart from the diphenols
of the formula (2), dihydroxyaryl conpounds which are suitable for
20t he preparation of the copol ycarbonatesi-are those of the formula
(3) HO-Z-OH(3) in which is an aromatic radical having 6 to 30
C atonms, which can contain one or nore aromatic nuclei, can be
substituted and clathecotit@pspratss fohea plﬁpaﬁnmﬂyé}l{)ﬂﬁﬂclp@hﬁ%brﬁte{ AdboRdafhoRles

25al kyl aryl s or hgtigs Ore a c e 0 so-calle riac
forrrul>/a (%) Z rep}gc %ntg&ggﬁaﬁ%’c@é gg% @@Wﬁﬁ PEY 1?% %Pd¥ﬁtei‘lr‘1 RAReEs

R6 and R7 i ndeperftféfit's/° 8 PRl "%YFTGP%‘&?P“P%W‘@@@F\%dlﬁlﬂrim'@alt@léemathlkyﬂ various
Cl- C18- al koXy, haiisogerls ingialishin@siudsl in0r thBreactio vess] ﬂ&ﬁ%u%@@lké?iﬁé L-cmﬂ@'l toyY

substituted aryl Q&.a6ak f ] rticularly
preferably H or Cl-C8 -lg %iﬂed&ﬂﬁﬂ%rp?epeﬁ%rotfﬂﬂ t°r¥am°f)°|1‘é6¥teofz? POy aosPl""'“t

methyl, and 5X r P¥E&erpich Tormagyp second l@@ﬁ The gligocarbgpates ququowf@hatelcynbf@rpe;sem
C2- to C5-al kyl i deme @ganicSphast, Oun@e]:@r ai“n&:lnﬁﬂ@h wM’hlh@ hhidC 85 QR &ﬂ%LtL Yo 9 Se

condensed with fuyy : taining hetero atons.
Preferably, X repr%ots}g{ﬁog&%m t&ée %E 0e‘ﬂ“‘ealrw t%BSO 3 91 the Arsagis plase: Te |

-so, -co 0.5, orgg@ghasellssfwﬁlﬁyéwqa@qj@f@d te capNlygebpnateiisisopueed therefdnaliy various
i sopropylidene. Xokog Wwhepd ﬁ)ﬁ&ﬁlﬁ@tbb{ Qﬂje&flaﬂt:ﬂ@onc&ﬂﬁky &agxp%ﬁﬁteea%orator The

ding to they
Ry oxypheny1) - 3.5 et SEEFEP BiidRian rarphen ioroLymatibe cons

1, 1- bi s- ( 3- met hy L YR ey dlss/gonémgus Jprogss@subh thati theetahybestyi@bsiblvenad ar weight
(di net hyl TM:) akgtripstioh @tﬁe@ob}c%@%ﬁ%o@ﬁnl@m@e&ﬁ?ﬂghr gg[‘i—éa octi)ta LI Jn{l?”%e

formula (2)5 phen which are suitable I

s I‘IthSI and ﬂ t BLI i
or epar at I on Of 4 3&0 ﬁ Cg.l’ B%ﬁ%ip W?I'Bl g P, such as e.g. precipitation or spray evaporanon.
This is ach:evcd according to the invention by the suitable choice of the chain terminator,

which leads to a lower inhomogeneity factor.

Apart from the diphenols of the formula (2), dihydroxyary! compounds which are suitable for

20 the preparation of the copolycarbonates are those of the formula (3)
HO-Z-OH 3
in which

Z is an aromatic radical having 6 to 30 C atoms, which can contain one or more aromatic
nuclei, can be substituted and can contain aliphatic or cycloaliphatic radicals or

25 alkylaryls or hetero atoms as bridge members,

Preferably, in formula (3) Z represents a radical of the formula (3 a)
6
RS R
X
(3 a)
R’ Y

in which



15 be used according to the invention are, for exanple, hydroqui none,
resorcinol, bis(hydroxyphenyl)-al kanes, bis-(hydroxyphenyl) sulfides,
bi s- (hydroxyphenyl) ethers, bis(hydroxyphenyl) ketones,

bi s- (hydr oxyphenyl ) sul fones, bis-(hydroxyphenyl) sulfoxides,

a, ccl bi s- (hydroxyphenyl)-dii sopropyl benzenes, and al kyl at ed,

nucl eus- al kyl at ed and nucl eus- hal ogenat éd-conpounds t hereof. 20

gt’ gf Er ;_e((j 4?Ih%(ragxt/%'her@?‘jﬁégeéi}qeg@fe%{?q% e(tr)n)é%%lnr ,rr]e%erllly LI,’ C,-Cjs-alkyl, C,-Cs-alkoxy, halogen,

1, 1- bi s- (4- hydr O)gly:b Mygyr, ?)‘WEQ?IW cateloptippally substituted aryl or aralkyl, preferably H or C;-Cyp-
2, 2- bi s- (4- hydr oxxph@nybityphapanes 02@123'3@1!(}!3 'al(dgiery particularly preferably H or methyl,
nethyl-4-hydroxprFnyl)-propane,
2,4-bis-(4-hydro%§pheny1)-2-nethyIbutane, 1, 3-bis-[2-(4-
hydroxyphenﬁé)-z- ropyl ] - benzene (bi sphenol %&

2, 2- bi s- ( 3-fret hy I BPRGHY é&ph‘éﬁ’ry 1(3-, -3-,0G- it gpaé gne, C>- to Cs-alkylidene or Cg- to
bi s- (3, 5- di met hy Ly,4ryieyie vanay @h efida)ly BedohRRed with, farthbi Sonfai SpdéoiBhiy dads
hydroxyphenyl)-pggﬁgne, bi s- (3, 5-di met hyl- 4- hydr oxyphenyl ) sul f one,
2, 4-bi s-(3,5-di rethyl- 4-hydroxyphenyl)-2-net hyl but ane and

1, 3-bi s12- (3, 5-di net hyl-4- hydr oxyphenyl) - 2- propyl | benzene.

30Particul arly prPg?:gP ,e)areaicﬁﬂté GofoLs-4lkgene, C; to Cs-alkylidene, -O-, -80-, -CO-. -S-, -80;-,
2, 2- bi s- (4- hydr oxypbrendgds) or prygqpain earfcBRAYop@pyidéde. 2- bi s- ( 3-

met hy1- 4- hydr oxyphenyl) - propane (di nethyl BPA). These and further
sui tabl e digphenolrs &k eprépamoar 6 ak | dpdiRiBdnRabh8odnd &g 885664, DEthig4 -
in "H Schnell, (§qn%trﬁ3§gq_Pg§fig§ of ﬁgl{Cérg, te%, I nt erscj ence
Publ i shers, New YOFRPIYBA g g alyecagae (Prhg effid" LIARdravbe,
Legrand, J.T. BehdraypherpbidbaokettokycRbtyeadipehd M Sareemgeatdneunployed as a
Technol ogy, Mar ceipnglikeEs MNawor¥lk)2000, p. 72 et seq.". S5Random
copol ycarbonates having the follow ng structure: wherein R

represents Cl- 0533l ey C3-CA-al kyl 10X a
characterize the ﬂb%%%%f‘?ﬁ%ﬁﬁgﬂéﬁﬁ%% %ﬁ%%SF§§£§W§%H“?ﬁ%%%?%%@”?ﬁém
sum of x +13 = 1bapepdxaceprtipeyto) theldperie s yorotxapple hyfieguinere. despoing, bis-
val ]lc.leS g}‘ from 0(I{ymo@phepﬁ)a\ﬂ@ﬁea,bbiy(h%r&liljpﬁefy])osu%]?s, pﬁsgtqidﬁb;&paénw ethers, bis-
preferably 0.02 to,0.98 ver articul ar refer ro 03 to,
D57 and n i 5l e BB PRl Bl it Bk R ltiteary
pref erred. Randoh¥-Gopolyyicerimatoadbehanesngndt tglded] hewoadkysted uod ungeus-
wherei n R denot egudplRYbonBianadd ¥ denote values of fromO to 1,
preferably 6.01 to 0.99, particularly preferably fromoO0.02 to 0.98,
very parti% larly preferably from0.03 to 0.97, are very particularly
preferred. 20ThePihevirigytmlstaicct ¢ dindioyciphygin ag-gis-(4-liydrotypighyigl-ihglpropane,
thernopl astic arQﬂE&hﬁwEQh¥ﬁ§ﬁ?&m LARNAL S S5 (LHAUS IR AL e, WBILAALS.
M, (melght-average My, det erm ne by 9e| perngation
méethyl-4-hydroxyphenyl)-propane, 2.4-Bis-(4-hydroxyphenyl)-2-methylbutane, 1,3-bis-[2-(4-
hydroxyphenyl)-2-propyl]-benzene  (bisphenol M), 2,2-bis-(3-methyl-4-hydroxyphenyl)-
25 propane, bis-(3,3-dimethyl-4-hydroxyphenyl)-methane, 2,2-bis-(3,5-dimethyl-4-
hydroxyphenyl)-propane, bis-(3,5-dimethyl-4-hydroxyphenyl) sulfone, 2,4-bis-(3,5-dimethyl-
4-hydroxyphenyl)-2-methylbutane and 1,3-bis-[2-(3,5-dimethyl-4-hydroxyphenyl)-2-propyl]-

benzene.

30 Particularly preferred diphenols are 2,2-bis-(4-hydroxyphenyl)-propane (BPA) and 2,2-bis-(3-
methyl-4-hydroxyphenyl)-propane (dimethyl BPA).

Copolycarbonates from bisphenol A and bisphenol TMC and copolycarbonates from dimethyl
BPA and bisphenol TMC or bisphenol A and dimethyl TMC are particularly preferred.



chr omat ogr aphy GPC neasurenent) of from 12,000 to 120,000, preferably
from 15,000 to 80,000, in particular from 18,000 to 60, 000, very
particularly preferably from 18,000 to 40,000 g/ nol. Mol ecul ar

wei ghts can al so be stated by the nunber-average M1, which is

| i kew se determ ned by neans of GPC after prior calibration for

pol ycar bonat e. The di phenol s used, {8-ke all the other chem cals
and auxiliary substances added to the synthesis, may be contam nated
with inpurities ofFitHhtrthey stpdidipharsisrarirppmeiatyrbisingble 4ad A |desatped amdn
storage. However , "Hi sch:usl, dmﬁsrrﬁbddephps@s\ﬁap&ycw?ntntikesr, B)¥r 0B B Phiks S rs W Pork
are as pure as p ' : .ag s..phase. o OH, o r nore

bi sphenol s and wg?§$9f§ %gedq?g&?ﬁiﬁgpfgcgsé%'ieg@@lﬂﬁ‘%ﬁ@?iﬁ?@“?&ﬁf
t he concent rat i orfBfariopAtesScigera and\ Fechaddoytants! RakkenNeve ¥qre2000, p 32 tetveq.'sUmM of
t he bi sphenols, calculated not as the sodiumsalt but as the free

bi sphenol , fo varRpndomtcopebrrartbnam davd@ thatollbgingredies: abl y bet ween 3 and 25
w.% particularly preferably between 3 and 8 wt. % for 10

pol ycar bonat es having an Mv > 45,000 and 12 to 22 w, % for

pol ycar bonat es having an Mv <45, 000. In this co qii at hi gher
concentrations~t nay be necessdky®to heat the s®elutions. The sodi
hydr oxi de used toso ve tI can @ sol

as aqueous sodi um3ayo i AUt i 61 (yﬁtpg S 2 OJE%LQ sodi um
hydr oxi de sol uti on depends on the target concentration of t'he

requi red bisphenolate solution, but as a rule is between 5 and 15 25
w.% preferably 5 and 10 wt.% or a higher concentration is chosen
and the sol uti onwhgeisubsequently diluted with water. In the process

wi th subsequent dilution, sodi um hydroxide sol utions having

concentrations oR ripekieencloxyfpdrdly tleAxyPr ef erably 25 and 55 wt. %
optionally heated, are used. The alﬁali content per nol of bisphenol

depends greatly t : t.he hi.sphenol ut. as a rule
varies bet &Zen O?gHSd ’}r}g?’%%g'%gw’g"?? gljtherr%ph%?ls ‘gnfpgc’ﬁﬁé‘iﬁ%'gmf%ﬁ’aﬁﬂlgf‘ﬁd ol
of alkali / nol 81 Hidgrarsndenty o pesragphey denow valuep obframpf toolf, prfetably 0.01 to
mol  of Ei spgenol 0.99 baetidniasghg‘mﬂ])iiomad\o.i%e\ggipﬁﬁahavl QreﬁeﬁQ?FrJS]@é.?3 YRR,
it may be advant [ ve the bi nols separately in an
optinun1a|kalineﬂgﬁgggﬂgﬁggﬁgﬁﬁg¥gﬁgﬂﬁgp?%ﬁ@@?%ﬁg"?EparateIy or to
feed themto the_reactign in conbined form It may furthernore be
advant ageous to 8?"2%"6?0\9@3"‘?"%‘“5‘1'E‘HPr"e‘Fl‘“t)fP”‘U’t‘“gB‘F%ﬁHﬁEnol s not in sodium
hydr oxi de solution but in dilute bisphenolate 25 solution provided
wi th additional alkali. The dissolving operatia an start from
solid bispheno], usually in f prill for

bi sphenol . The >sqdi i

solution can hav d
so-cal | ed nenbrane*proteSso of}: S ~ (o min
time and ale faniliar to the person skilled in the art. Sodi um
hydr oxi de sol ution fromthe 30nenbrane process is preferably used.
The aqueous phase prepared in this way is phosgenated together with
an organic phaséME% {eaqsigeeydpPident s for pol ycar bonate which are
inert towards the reactants and forma second phase. - 10 - The
met eri ng of bi sph@AdHenetprdlusheflfion Oy hptiesd0.6if tb @99, particldyi prderdblydrom 0.02

i nt r odu ct ion of pbos g@ﬁ@nﬁﬁﬁly%f%fyrﬁioﬁ‘éO@ Ht0.9f7,91¥e Va9 pJﬂ%lgl:l)gpﬁefmgs gene
or its direct secondary products, the chlorocarbonic aci'd esters, are

present imothe rgackLon, ion.. 5The .synt hesi s of copol ycarbonat es
f r om bi sphenol s and ﬁhg%gg%g&# C%%m%skﬁF%ﬁ%gﬁéﬁﬁﬁﬁw?E“‘nm £ ROPRICE

reaction and is LAPFICLAEMOlsHr yeighinie feriehirasersea e dadminedim selbpel@etiion
100 C, pref er abl diroblrogtaph GBO measuriRiny oP &6 1 £66b a8 196,00, SREAPk¥m 35085 C

it being necess wher e ropglate, wor k under i ncreased
pressure, depenzéﬁghghg¥%%g£§'@2%@ﬁ6?6%@$vgﬁimﬁF%FUH@¢“¥@Tﬁﬁn6?6€ﬁ?c




15 additionally to or in a mxture with chlorinated hydrocarbons, can
al so be used. Another enbodi nent of the synthesis uses solvents which
do not dissolve but only swell polycarbonate. Non-solvents for

pol ycarbonate in conbination with solvents can therefore al so be
used. In this case, solvents which are soluble in the aqueous phase,
such as tetrahydrofuran, 1,3/1,4-dioxane%r 1, 3-di oxol ane, can al so
be used as solvezééplf t he sol vent 20partner forns t he second organic
phase. However, GRY NplecHigt YR rar dEn Rrstatd Py A "ERTeEREBE LR dich s
havi ng a m xt ur e likesise detdrmidedgil tnemadfiGPY afudr pifidr GdtibBin4d) pbl@alboid5 ar e
preferred. The two phases which formthe reaction mxture are m xed

in order to accelrgsd &bl&n&[sh@sedi Gﬁgtall @R otrbh ki micals @fd a&bigd s&\&adc&t £dQQ]U1Gttheon
of energy via shea[ ar. stirrers

S C
m xers or by genéVafy maﬁ’ t(ima?lﬁ' domgp PRUglFegye 'égﬁ’é’mdtfe“ﬁﬁgz/?f'tg@sélﬁ'ﬁ’)‘
di aphragns.?> Conbﬂlrﬁlatorf'@%élowfvertlhleéﬂelrahbmnﬂe@thawemaér@@wbngech as ofr¢ ®Iposaibis.o
repeatedly in a sequence of tine or apparatus. Anchor, propeller and
|\/| G stirrers etcaApagu@hpas caN®OH]eBer fhtb&ﬁlspﬁengls arideaH ik rEEEd'lﬁlthls process, it being

EnCyCl OpEdI a of (;sgglg%& theal: n nt?monsg aqueous Sogl *vﬂ'l fedpect  to %erﬁpg of thse

et seq., are prePera as s irrer

often al so nulti bigghengls, CaQUIaffdd’OW%a@@"ﬁalmaﬁjbﬂl fﬁgbISl@@Obroefﬁralbﬂeﬁﬂ 1 arde

errp:c oyed SS punﬁso wlND,ZaZel‘fﬁ’ﬂilya&déeQB ardil2@%%@@%ulm}lp§éﬂra@l@%m@m|}> QM%dvﬁ 6 f
per f orat ed,di aphr ec a osition.thereo

or al so Ven(?url % natses I’ﬁig? a]n%w>§§0da uld["lg lépoggﬁboBaéesgzmnIgélaM&ed
in gaseous or |i qtﬁ @Pof]ﬁrthﬁ @Pteﬂlasblﬁcv*@dcemmlalsst@tavémﬂcesﬁﬁtyeo BSehcebyonsf

phosgene used, baﬁeﬁsddl@(ﬁl h}dﬂﬁld@h‘&% efdistde 1R b%BQﬁdT@Jaﬁ bR R%86la o §s aqueous
bet ween 3 and 100 no 8@3{6 i el

bet we nol% In this
case, the pH of f(ﬁl'"m UGS pﬁ)abllé'X C%’“"%‘BT Otsthe St"%ém glfdfi"éﬂf f‘f’@“‘?‘h‘?f@%‘ds on
pref erably bet wetn t&esopaauiratidd of therearigd bimdlermfategolutiohebunae b @sld inbeteden 5 and

phosgene viia t opps Age,Urer@folysPRl umrbxctrr%gd@ SRR R C%A&eanmhewmﬁ ?sl
times or correspon di n%&f@ﬁtgﬁw v of bi sphengl ate sol ution,

shoul d pref er abl y e &N {he QTR Yhreqyent diliyion, sadium '*H‘f%’“de
t enper at ure duri miptiphidapimegenationgnf bawed 13 and85 WE %, pre&fagly 2blayd 3Hwi®

65 C, it 5also b@ﬂtlﬂlglllpf?eﬁt%& me%serdol"h\égfkbl &)ﬂlgrﬁ per'rﬁb@ﬁ%?&qol%gﬁ%%lél:eﬁlg on the
dependi ng on the sol vent used. The neterin ene can

place directly i HPEUFREMHISPEGPIb P 251G é?‘ilie%"ea‘ﬁ‘a‘ Uobef!kplhizragd of bisphenol
descri bed, 2br al sd 500 nmpllo@tilglliy mairof Pephdnbly prefxeflpr. £- 26 ndl sigukaf / nidher spRR&RS,
into one Of t he t[‘]Y@QnsBﬂ%@ém bmgsfﬁbed t(?gel%&b@m%? rftt 1113}(' bg]atﬁlgn(?aﬁ%gug B d1sn§ve the

correspondi ng ot her phase. phosgene can

metered conpl et eP§PEps ff‘ﬁ?rf‘Flil’" aﬁt’Rﬁ'“‘é\m pdipephag a‘ﬁf’a‘? f“etéft“?"*é‘émoé‘fsel{aﬁé"‘y or to
synt hesi s m xt ur @edothent Wohephna®e s cotnbingl far I msgt fuﬁt&ﬂﬁo&rkefaaﬁra&glef;ﬁs bekistdve
recycl ed before @igg{s Heﬁa'i' optnspth&%] 9191:[ ﬁ|s¥d?1¥]m hy drr.lox%gotghnlo bL% m %qut nE]S]}héno Q
aqueous phase descr | ed W phase cont a

t he phosgefe andsfgh Pra‘dﬁféd”"thoadﬁ‘h‘é'ala%i)e"ﬁ'ﬁn@isﬁﬁWd One@tt%ﬂé IC@dSt‘ﬁfaff?m ot
stream after a dvighdnol nsmelyOfh fiak&ndr prig &Slﬁfldr Elﬁb 5orﬁmﬂolteﬂr lﬁi‘pﬁé’nab II‘M: Sdium

seconds to 2 mn t ases q
described with twd%%de 9,{]1')1%11(? as% S%Qn dﬁ?x'r?e S? H“O" ogaghé%m p“’fpére‘%nb&é}ﬁ
directly in the ﬁﬁ&ﬁ@'@rﬁ?ﬁf{sﬁ @ﬁwoﬁé@?e¢WﬂmaMesstBP@aerFESfieﬂhfat peep heed éor a
enbodi nents, t heloﬁ'h{e&ﬁtgﬁ&faﬂﬁ&'@cf thdRE o BRMYEIn B Brt. SBUHIRCHhyRB &Y MIBShn RO e f
appropri atg mai nt albrrla%g m%sm erabg, E‘fﬁ of sodi um hydr oxi de sol ution
once or several timnes of corresponding topping up of bi sphenol ate
solution. The tenperature range nust |ikew se be naintai ned, where
appropriate by cOblig omLEEPIEh dhs “This RAGSERSRIGHE IREIST Aitle ans GriEDkseRbpsS
is carried out conpiistgauiSéng. forl lycirbant iwidh GaNndthewLdsafereR@nts and form a

second phase,



carried out in punped circulation reactors, tube reactors or stirred
tank cascades or conbinations thereof, where it is to be ensured, by
using the m xing organs already 25 nentioned, that the aqueous and
organi ¢ phase as far as possible only dem x when the synthesis

m xture has reacted conpletely, i.e. no |longer contains hydrol ysabl e
chl orine from phosgene or chl orocarboni cpaci d esters. The

nmonof unctional chain termnators of the formula 1 or m xtures thereof
required for 30 Thegudiag bfafspighol toh@naip lpRcoistdaafiervwe dgtag the diBroduknith o6 phobgane
the form of thei r

Feact fon i th the Bl SoheRaa0C0E FPkEeEsl Bl SbIE B8 DEMERIE
any desired p0|nﬁ“q%WFPWQWﬁW“PH@“§?%%%@§W% as | ong as phosgene or
chl orocarbonic acid end groups are still present in the reaction

m xture or,:int f hl qr rb id
e ers oo e ?gersg]&%g% {;)Jfrcoﬁok}?aﬂ?oﬁdtg Loty %ﬁﬁfp@ﬁ tg&eﬁlan%ﬁa%ne o % 18
groups of the poFVﬂ%WNB%W&WW@éI%ﬁﬁﬁg@&ﬂpabﬁﬁmeﬁb@§$abﬁyﬂ ﬁd&év@?“c

t he chain term nak@fabins mmsmaa QErS} pamlaaﬂ&aéram bess "thfp‘ bR GRS VIR

at a site or at a Qi. nt 1S .NO e ent,
but the - 12 - F 1ate &o wﬁlél.( Sun(%g ncreasetd pﬁgsgrﬁ dg%?cg nlaeathesolvelftmgs lrvenl? mlxﬁl

net ered before the cat alyst, together with the catal yst or par aI | el

t her gvvl t Ih 10rhe ?Mmegha@hﬁ damﬁrﬁé e BAHiR1Ss af&vaals@%}ads qyﬁﬂ?slb&n&réeml %
to 10 nol % pre articul ar refera

o1 %610 6 ol % Buantr B sl PR o B g st
enpl oyed. The addethyleyn dforitld etrigihapetiyieesr m,hlattldﬂcsoe@aw, blel 2etaghioragtiang U ind

before, during Otn@ftkEknethe mﬁég@@@%Imevepra%ﬁﬁcagld%cmmas&mayun%el n
a solvent mxture of ne %gene chl oride and chl orobenzene (.8-15 %

strength). The cBI'SIy5F B PHPRES TR hEiEFo s PhYHEETS ‘E\Fé“’“‘”c or
tertiary ah nes, addimompdy to @b amittyre @it yill@imtedelydrocarbons, can also be used. Another

tributylani ne, trw&almk.@mfnﬁe I\Jr@ﬁebwhpasp&rm mmwdzewydm@al@emtdanneacewl
/n- 10 propyl pi peridine, gl cularly preferably triethylam ne and

N- et hyl pi peri din OIYC’*\‘H@“E&NO&F?}%&% fr PRIY B oif B GO B MV iy At s s therefore
i ndi vi dual Iy, inag bd xedirle tos cak,Solvaistehidhyars iscleblandihs ugees phasel sych as
optional l'y also taﬁih%@mram mﬁ%%@@ﬂ Phoxolhl cal Bk Eel AGSs &m,ﬁ;lf b Givent

i ntroduction of phosgene are preferred. Metering of the catalyst or
catal ysts &an bep"é‘&"rrr Pray sutecqnh osamS Phiffe BloWT VA &‘r‘f“‘frﬁe"rft"’e'éhéi'lc'??e oride and
preferably that aofiordbbreensdivitgambainatie (Syight RES bSfron0i0:4atl0S0.4B8e @ETer@GUEOUS
solution, in the 15 case of the tertiary am nes then as anmoni um
salts thereof with acids, preferably mneral acids, in particular
hydrochl oric aci &he w4 phasyerdl formakeatagion srixtirearergiee ioprdq srapcelams theractiof:

t he t otal anmount TR{js Eﬂﬁﬁte@@tlﬁkdﬂﬁ&loﬂf%n tRlRes f(nlcés il eSpugli)s &th:e%eor@y Sthtic
possi bl e t95[ nmet er | ng at var s sites

carry,out differe
or vari ousZti mesmh" est%%Pef%?mﬁ'suf@?e%g?‘w%Tf@“sug ae B0 shE0.
to 10 ol % base@ordwinaltlcmeofnmsee@eaorfes b glpheriobfen elnpleytedl; in p saf@seadliye or

Q- 0l to 8. mol % Rahst hﬁdﬂl)raﬁrjo%llgraﬁé ﬁf@glr%rs(gtcoéucﬁ Qs é’e 'aalzr%éd Abf tuptlllmann
i ntroduction of hos e advant aPeous t o t horoug a¥;1y

m x the organic %@pe&ﬁg’?{'ﬂ‘é”%ﬂﬁﬁﬁgy pHh&Por! §2ck P e ?rﬁé’refer
bef ore, where appnpbped @tséyerd Kentlingngimpn @ften also multi-stage, 2- to 9-stage pumps being

30 preferred, are employed as pumps. Nozzles andfor diaphragms which are employed are
perforated diaphragms or pipe pieces narrowed at the position thereof or also Venturi or Lefos

nozzles.

The phosgene can be introduced in gaseous or liquid form or dissolved in a solvent. The
35 excess of phosgene used, based on the sum of the bisphenols employed, is between 3 and

100 mol%, preferably between 5 and 50 mol%. In this case, the pH of the aqueous phase is



agent, if this is not nmetered together with the bisphenol ate, chain
term nator and catal yst are 25 added. Such an after-reaction tine
may be advant ageous after each netering. These after-stirring tines,
if they are inserted, are between 10 seconds and 60 m nutes,
preferably between 30 sec and 40 m nutes, particularly preferably
between 1 and 15 min. These then take place in dwell reactors. The at
| east two-phase reaction m xture which has reacted conpletely and
contai ns at nost kepBOr the dlc®: rfng2, poytengblykiwedn| 8Gr 0¢ &Y, @ik endadthettt@ing of S

allowed to settl glg{j&h \ﬁﬁgﬁgn@tuf) &ro@ljm fb%xl&nglﬁl%ﬁ oncIQPse\%gpt%QeF§r Cglll'%l%néll[l},’e

phase may be pas | et el bac car bonate
synt hesi s as aquéwpias ‘tﬁfégléph%‘ ‘elsg'”‘foé’d”hﬂlfé)“\%@a%lf' ereffibly pe {Ortééﬁ %f’@h‘f‘e adgifiey e
sol vent and cat aloi}'/rﬁtalyﬁmte&ﬂlbﬁatﬁé @rﬁmaﬁlﬂigedndafﬁzsamt CaEfEIbds td 63 °C, it
anot her vari ant . in
particul ar }éol ve?llt sgeg'%8%%%1%(!0%?]&?%1‘5?%&% plte 8‘3% l%gdgnﬁ Oglé]”%lrlj tuﬁgoff and
optionally 35after adjustnment to a certain pH, e.g. by addition of

sodi um hydr oxi de TsOhiéring Bf ph'bﬁ&e?cad fakel lﬁace dlreat% into %@pﬁitﬁﬁ 8tor@hk anddGeous

e.g. can be fed t ctro t he agueou hase
i s Optl onal |y feaﬁ)a%e Jgfé:rlﬁed cir klso comﬁftﬁéorpanl}/% ore mrxmg the phas anfo&me :ﬁéhg

containing the p@hwhlmm%wt%@mélmﬂf ihedmfssmmnalﬂﬂher@bm ahd lrhaftgrl@rqanof
an 5al kal i ng, i Omn‘ﬁerﬂﬁre q‘a@-‘h@lleﬁé& E&np‘k@twr%ﬁrtlnga ?efqtcféﬁ pQrD&reQﬁ DME @ynthcms

ttl t t |1
Sonks "o TPrLa | St SDNa L P B B R e e e e

t hese neasures - cittlyshbiapnghepagoiibtng tifegquequablase doptited inalidey wittothdaganie blaseed

into each or Son'@ongxfmntghlﬁ pﬁ@s%é ﬁ“d'tmeg a&fe@gsthc :.H(Wéﬁénh&%& ;eévcfad art stream after a
10ci rcunst ances ysi ng‘}? ﬁ% ? aSSI ve m Xi ng organs . - e or ganl C
Sht'gh §e°8ﬂ‘d

phase still cont &FHs R hEnaRjtEEs’ SrRe Pﬁé"“ﬁﬁ%\%‘h"r o Phae:
droplets andl thethcatigbyghase descrébed wite the ckearit plaseycoamining the hgsgane, tal Bixed

coarse separati nglrc@ﬁ)f in 91fe alscn&mﬁtkolﬁ&ll rleé?&ed%%ﬁr@% I.Pﬁ%e?e en*bg@méﬁ{sqm&anges
phase is washed gnce or several tinmes wt l'ute acids, mnera

carboxyl i c, hydr 8X5O&H B8/ € Pa s and s a@cﬂprﬂéw*iéma'aﬁrﬂ&g tOPl;Z\EﬁJ'é’dfué"d‘“m
m ner al aci ds, i nydp:ardMs@lmioaron&ydr @l Oifrie ora@irekporidhe S@phiag ap f aBphenoiied

phosphoric acid ofi,dh rhibfRrRfe LRSS S ﬂ&a%e ﬁtaﬂgde&ﬁewaﬁgo%gbﬁycom og or

concentration of these acids should be In e ran of 0
w. % prefétably? ’G‘.“B‘& to 5 w.% The organlc phase is furthernore
washed repeatedly with desalinated or distilled water. The 20

or gani Cc phase V\ﬁilﬁtf gjgﬁfcgﬁj%g{é s%lﬁsngﬁs 58 1&? & uawl Bﬂusﬁﬁ‘rﬁe re?cftmn (baﬁ thaé(%%lore

phase, is separated I VI
of settling tank&miedtqut l"éd‘”t’lﬁﬁI@S‘CU"%‘%FC‘@@‘E%r‘%bﬂoflea°§€5pa"r a@'r éa"brcascades o
conbi nations of td@feridne aBte6e Shert tit REb NG PAGE] B GirdgOhe hiligneV\eiEds Woh ST

to be nete ?d bet \é\ﬁl%lped ttﬂaq twaaqnflzoﬂgansdt égil‘llb anpt 10 araasI %SSL’J? nn%( g}a(r:ntlxl \Yfl%n qge

passive m Xi ng or
synthems mixture has reacted completely, i.e. no longer contains hydrolysable chlorine from

phosgene or chlorocarbonic acid esters,

The monofunctional chain terminators of the formula 1 or mixtures thereof required for
30 regulation of the molecular weight, as such or in the form of their chlorocarbonic acid esters,
either are fed to the reaction with the bisphenolate or the bisphenolates, or are added at any
desired point in time of the synthesis, as long as phosgene or chlorocarbonic acid end groups
are still present in the reaction mixture or, in the case of the acid chlorides and chlorocarbonic
acid esters as chain terminators, as long as sufficient phenolic end groups of the polymer
35 formed are available. Preferably, however, the chain terminator or terminators are added after

the phosgenation at a site or at a point in time where phosgene is no longer present, but the



25Aci ds, preferably dissolved in the solvent on which the pol yner
solution is based, can optionally be added between these washi ng
steps or also after the washing. Preferably, hydrogen chloride gas
and phosphoric acid or phosphorous acid, which can optionally al so be
enpl oyed as m xtures, are used here. 30After the |ast separating
operation, the purified polynmer solutionpbtained in this way should
contain not nore than 5 wt.% preferably less than 1 w.% very
particul arly prefesgbbay nbtgadednharred, db thay ardmettredBefodd the catalylidhogetheif witthe:
concentration of the Dol ¥uRL.S2huUti on and where appropriate also the
isolation of the polyner are carried out by distilling off the

sol vent, optiona er heati ng and lettin

process" is ref eIrTlFéela(ﬁ' i’/“ c@@’éte%"&f?rs THSPRCLE - S%OEWEW\}QP‘PI%P% wably {/mpl%
Ver| agsanstalt 1988molfs, pammrlymfrefqrabbft?etatd%m 6 inhi%s baecdh@alieoubles af the particglars

is spr ayEd { oget Iaffyﬁenm ElltubtJyglﬁThe@dﬁ@clnlbtf lhg @hathermﬁat&ygaQQ)E @atrr%q out b§f9fea§{mn
evapor ati on/ Spray fg?‘éi‘ﬁnl%‘ﬂsél s . referred ,. describ way O of exanpl e

in Vauck, "G und8p ?Pat&ﬂeﬂﬁf%rﬁiﬁ'rsa\sfé‘f“f’%lﬁr"éﬂéef‘b"t’}h‘h‘iel?f metipyient QoA
Ver| ag fiir G undsfchibfobentus® s et.2880sth)11t h edition, p. 690. Al these
processes are described in the patent literature and in textbooks and

are famliar to tl"h’@caﬁ@ﬁ@@ﬂi i% e l dt&ﬂc:dl BynthBés & tEmar)’I-QﬁHbs :h rtfc@lﬁﬂ\viahylaﬁlfme
t he sol vent by h(ﬁ% di sti

the in
effective flash mé]gmme Lm‘h?q TS Onc%ﬁh]?i?eél ne|00Iu§ ’k‘ﬂﬁ’éﬁ%{i‘ge ar% M-
obt ai ned. Ih the P%Pbdnmr1¢lhﬂa9¢nl%ka®cesfsrablpGieymmes@hmqtlmvs)eraine The catalysts

repeatedly heat e@an%@%éd 9 I:He%'ihlaéis ihdGdefshad rr@(n%&ldfs@m&e%y‘éﬁMEE@&ek‘sﬁ\@@
above the boilin r mal ressure ese sol utions,
e e oo h el PR e R e i B s B ot ¥ Hsreoreaie

down into a vesseifeund¥ctedng| of vie rcatgyse srsaatalysts @n ge canied atl in subSanpe, esamun@t.

I'n this context E&veﬁaﬁfefggol)aﬂéf%p&@?a%gé}&nglggynﬁlglsadrIal?é’\éstap%ugogp&ﬁlﬂ&{ Al
stages, or %n ot her words i'ng stages of the_superheating, to

becone t 00 Yr eat Hhh PRI ARy PR WB‘&‘E%“ 51 egeof prgh f"%‘lfr DrgfpraRji, Mineral
process. The r esndises pofculugdedloienid. ¥adverbieattlgnpieactd bf pmahdi@ts laf ddxbiyl
concent rat ed pol YiRh il L RREARAGH, i 8of Bl MBY0: UL B%sra%rq%%yme%&m

the melt using devolatilization extruders 991

411 510, US-A 4 §8TFe[i62 VB nsigRor 3ariqygiyes. hﬁﬂ%ﬂ' qu“ﬁﬁOé%%MfesﬂSsbeW A
0 267 025), fall oy thild nvigy &par@tiermbles bl BsphdnlS bmiibyal aipiaey 0B oG mdly,
friction cggpact Q&u&gﬁ)r&@mﬁﬁg t0435,9(}1 optionally also with the

addi ti on of an entral ni ng agent succh as nitrogen or carbon dioxide,
or using vacuum (EP-A O 039 96, "EP-A 0 256 003, US-A 4 423 207), or

alternatively al %ﬁermeﬁd&b&eﬁlﬂ%%osﬁnySI By HeZddahtouk EmAodthy 25« 26 anetNd
t horough heating 0 e r esi d% ? 25t he soLvent in the solid 51 ase
513e E C

(US-A 3 986 269, p'Bﬁ 3 é*t? gupoys LRI EPEOB IS AREPTifte. deouriiee
by direct spinni agntof thishenoabttreamgtheutatpiéptiengatapainadrimosor agd caplyst are

usi ng nmel t ;ext r UgRES sudhl=Q mtm:a@t#an %pnl: Ewadbﬁltageeﬁsrdftgdea&%eténﬂg qlhcr,se Qfter-
under |iquid, usua Ilg water. |f extruders are used ditives can be

added to the nel f%™% LF“BSr5‘hFh‘i’%'“SéQ‘tdr%H‘EPWEE"&BE?CEJ}‘I&T“F90 'H@T‘ﬁg‘”gfrﬁ’c‘% fgtween
m xers, or throudhsesandd0 siottesupghgivalaryrprefdndlydxtivec d @wd. 15 3DC0I@bd thg take place in
spi nni ng, granul gdQf.aQd subsequent transportation or conveying of
the granules with gas or liquid, and subsequent storage, optionally
after a thorough hom) eni zin cess, .are t confi gur
such that as far gns llegs |°fﬂhase o N oS m’xfuéeq%'?‘:ht ey e%\f(?mc?]%ﬁaat“g%mfg(‘}%%tqﬁf
present, nél i npukricey (e§ Pt @mq@dw‘@@d tsmlw{)wsetﬂstor @puhtior of g alress.e
surface, such aSThJa@ﬁeo@)ﬁﬂm%hangzﬁrtbe p@&e@aﬁﬁhéﬁ%%&m}aﬂmcﬁ 8 Me pb carbonate

machi nes, aerosol -like |ubricants araeglt?) ot her as
sal ts from vater "BUEHS BRWOSTHY & twéstepvesﬂéeg.“s%avwéae S ana By

contents are separated off and recycled. In another variant of the working up, after the organic
impurities, in particular solvents and polymer residues, have been separated off and optionally

35 after adjustment to a certain pH, e.g. by addition of sodium hydroxide solution, the salt is



- 15 - The materials obtained in this way are, as described for spray
evaporation, processed to granules and optionally provided with
additives. The addition of additives serves to prolong the duration
of use or the colour (stabilizers), to sinplify the processing (e.g.
noul d rel ease agents, flow auxiliaries, antistatics) or to adapt the
5pol yner properties to exposure to certajsn stresses (inpact
nodi fi ers, such as rubbers; flanmeproofing agents, colouring agents,
gl ass fibres). Theseedoddiadd vesachnfche eadhdelhlit dectrdipispedily meraqmebst phase is
i ndi vidually or OBm@ﬂyﬁggék%%gsghégyres or several different

m xtures, and in particular directly during isolation of the polyner
or after nelting of granules in a so-called conpounding step. In this
context, the addiThé a@Bic Phasddontitii@Se polbhet MeT @O e paifiedrtrmant dathnfitidnb€an
polymer nelt as %mﬁﬁ&hﬂmokﬁé@:hﬁmko say as a powder, or as a nelt.
Anot her type of netering Is he Use of masterbatches or mxtures of
mast er bat ches of the addltlves or additive m xtures. Sui t abl e
addi tives are deEedizhedge o Gbre @ﬁmb@auoﬁsmpnﬁﬂﬂjﬁ afssi:s\zéﬁﬁy fidws th%uaﬁgetitlﬁ@ tanks,
;ﬁgldiolo\?t‘,s ‘lj_lgggbcl\)/gtkp QY hksE(lzoalescer? sep?égglos or com%T%twﬂs ofr?]ﬁasejbedﬁmes 1ttt)e1rr1F RRBlble
99/ 55772, p. 15- 28 waehepienty orvametadintol spelisor agmee, of fthg sepetingyyices; urfder| cereafns |
UV stabilizers, hmﬁlst@t:@mulgiazt%srﬁééaivslﬂlxm'g bk RE - tﬁé&ﬁ%l@?ﬂﬂqnﬁ&hm@mments
antistatics, pi grr?tpea lieo saH(a]mc hase m droﬁ]gt ng catalyst, as a rule a te amyj
conponent B), fiow auxiiiari 8 any ¥ o1 SFlﬁb HESAYE® CREYY “Banpl e,
al kyl and aryl phosphites, phosphates or -phosphanes, |ow nolecul ar

wei ght car boxyl i qn@GhitlcRst &pstarink) 8k QOGN CARPAIAS hasd R faSic pEbAL Kashed
quartz flour andS%Jass and carbgh@hmqges and conbi nations thereof can

be enpl oyed. Col 8UFihgSGehte, ™ “%rﬂﬂﬁ?t*ﬂV@@fu%@@“ﬁ?mﬁwﬁdﬁﬁ?r
or inorganilz pi geefisacid.Rqadvgomiper gcidsi inganidutiuimldioghloric acid pivsphbravsaicid knd
al so in conbi nat !pﬂ)@pthI J&d%tr MIdrészo? Ease agiliéaﬁ‘@ pr(:llal(?e!dl Mco&g@g{%n 0‘” RQ&QQE&' ¢

fillers or organic or inorganic scatterln% pigments can furthernore
be added. 25The PBI'YEHP BEHEFES U PO FeUFHIMELY ‘tOHPbsi ti ons

according to the invention can be processed in the conventional

manner on conven frh@é?é’akxc Bﬁagtbl's ﬁf"tﬁerm(trQ C\/asﬁ@&qgm:!tt%ly%th %ésglgngtgcﬁgr%lsglfed water. The
injection noulding machines, to give any desired shaped articles,

moul di ngs €9 gi v&ENTY RhEse.orhere ARspaatyisprdpith garts phie W%@ﬁ%ﬁﬁ&tﬂ%@ed ot
having a narrow itk @euhdidudeiagtits thpsby mbud ofosrtlRg Caksdiingd tatkst dBlescers or

present 30 i nve@etphrg&s %Lo%m {oﬁs (S}Q@)?éemt ra% f rBElrgHgO%Slb\{%% %Qq’lash water o be

pol ycar bonat e conpositions o talna ere can be enploye
t he producti on ofPC&R{ betygen BV gaEpssoPtipallHsing #tH Ve cAPATIA MBS OB e of ;
e.g. for card uses and tubes) and shaped artlcles (bottles), in

particul ar § hoseAmesr S%?e?ab%%xs%%d tn{ %stﬁ on wl?ellcbc pwérﬁﬁsrps gtllog‘ 1& ¥asedn cgnhe
field of optlca use eets,
optlonally be added between these washing steps or also after the washing. Preferably,

hydrogen chloride gas and phosphoric acid or phosphorous acid, which can optionally also be

employed as mixtures, are used here.

30 After the last separating operation, the purified polymer solution obtained in this way should
contain not more than 5 wt.%, preferably less than 1 wt.%, very particularly preferably less

than 0.5 wt.% of water.

The polymer can be isolated from the solution by evaporation of the solvent by means of heat,

35 vacuum or a heated entraining gas.



- 16 - sheets, glazing, diffusing or covering screens, |anp
coverings, covering screens of plastic, |ight conductor elenents or
optical data storage nedia, such as audio CDO, CD-R(W, DvD, DVD-R(W,
m nidisks in their various only readable or once-witable and
optionally also rewitable enbodi nents, and data carriers for
near-field optics. Furthernore for the 5pr.oduction of objects for the
E/E and I T sector. The pol ycarbonate conpositions are used in
particul ar for t hehqproeqatragsn o the pbly o npoisn chsi, wlbﬂe@ﬂﬂ@rlaadsoammmemﬁshd n
whi ch thernal angolﬁ:ﬁ&gér&rﬁ@ oupg)pcﬁs%qlitn%gﬁ i, ﬁveutt l);ltlo ﬁgby &P&ﬂatﬁ@ and Igt[mg

exanpl e, hou5|ngs objects in sector, suc

switches, panel s %&Hd @ AR Aotters "5md ddves |aﬁ?;sTheE’H§h% feﬁfﬁ‘ﬁf)”ih‘lc% VCH
sect or, such as [Vaitqgsahs@ditd @43sp. aniclif ecvrof thy s hard cgilied Zds ﬁhgpra)temegelr@mdmeal
sector, SUC? as géh?tioyﬁ%g &apo??eian?q Qr/a o&l&ﬂ'/s z@@ i 'aing eprEuct rq:ngdb %gof
as bottles and contal ners.  The ewi se pr

t he extrudates afdmgRIpEckart® @ﬁa“@}e“ FFﬁTJF‘é!an‘{ﬁﬂhFﬂr“ﬁ??ﬁ‘tﬂheDe}Biﬁqhyfr?@F@ filr
accordi ng to the Gunwssttiddoeie 2600f Elfh&ﬂm@pﬁ D00 tHd& @foc@fes irb@scribed in the patent

pol ycarbonat e m)'ﬂleglu%%nc?lﬁ ?9800'}( are fa{ncharotg gle egson scl)ollécbm the aYent ion 15

are safety screens are known qguire n nmany areas of
bui | dings, vehicles and aircraft, and as shlelds for hel nets.

Producti oni®f exts tudaﬁlo@na u&qbw@asy Hehel (W&infn@ Gerddr SR AMSAAY mBlk 8 dchdeQash
notors, also ski foil Pr od i er

ion of bl ow moul di ngs, such as wa
bottles (see, fof ro‘écﬁsanﬁ']ly C°""U§ra 4 PR 'ﬂgﬁgﬁ‘)hfﬁ'ﬂﬂn B?gnﬁ‘ﬁ&ﬁﬁsg?f“&f& Folyfer
transparent sheetdytionsrarqyapeptdhubeated frgbrl sighls heretsel, préspre e xcammphterey aypve the

covering buildi ng&mgqgumn@& n&mtpfc@sn@,angrhesemlu&%maﬂ% shﬁgﬁgtédmgm respect
install ati ons. For i o n of trafflcll ousi ngs or

uct
traffic signs. F& “Ofrﬂa pf??%'ﬁu?f? &h eb? O Efe CEEendy 6r °‘?ée>%£ﬁﬁf“§’ & orgaly
031 507). For t hereprrodutisiconexoit mhy beaentgommor tvilfogshe(s@entrafapstages, or in
exampl e, DE-B 1 134 whif tl@n{éan%st&eslofzﬁessu diingAS bdcbANSL YEH, r-\;ut prlai@él;l)lr fS
with a content of gl ass flbres for lighting purposes (See,

exanpl e, DE-A 1 S5y © fppiase Raceyy oductl on of small preci 5| on

i njection noul dings, such as, for exanple, |ens holders. For this,
pol ycar bonat es hal Wijduas efoh BHEN §fn 4] raiaved from lickyigsly apfrertiated paliresn aklksy
addi tional |y conb@iimdahesivayleith® dlleeﬂw%o /ﬁl@.ﬁe]d‘(laiﬁgdev@m%omtrﬁda@(ﬂmA 8de

wei ght, used I pt tar

DVD), saf e? Y gl ag@éfgﬁ %(ra eﬂgzjss ‘?H&% % di %&%0@ ARyt elvar?lorétﬁrrsréép%)o 267
(see, for exarrpl 825). [ffiting fifm ep@pra(pR Iy extrll.ﬂlﬁglqtapftrﬁtqngrw friciamsomiacting GiPtA 6 ¢doar
as |ight conduct @50) CRMnES s fh nfecaad.@ﬁaﬁm @mralﬁiﬁ’g égemOSquB% I&Q)lén or'%§rbon

el ectrical insul n materi al | rs and
pl ug housings an 0’8 g ¥ EH “?{))93? 98% 73? X % ErEpin crr(gpematwely
organi ¢ phot oconesciyortsequdoerystahigation (Fcre 84 WrP6ofand ‘amh et of th residues of

sear chl i ghts, as usaneahl @kl d\padlsanpsds .65 peaabkesry | i ght screens or
| anp coverings. For nedical uses, e.g. oxygenators dlalysers For

moul ds. For - uses (PRI bnnt s BEAL S0k AR, RHE B BREWEIRERY Fuion
and | ubricants neiPYdeipLPelt sEGders fomivdich pritngnk drarried puhinais opungder ligiids bayay

pol es. For househakbd Ifad’xtrildénlsei& us‘EdJQibdna&s €anObe zlﬁiinCtBQﬁk RASibEKS 180 ekiruder,
| ett er box housi ngﬁ10 lectrijcal

di stribution cabfnets yusmg St ]fml 8| Oer??{(mg’ e’%rd]%’lrs SRR ?Xtr”(%%masti c
appliances3 conponents of household articles, electrical and

el ect roni ¢3®qui phRiPe SERINe: HEnBHBIIE FIPBALCBH RSP oY CPryeYins Pl shafeepyjes
hel mets. Aut onpbivte ggorponedt sid ﬁhked’herﬁSstc@dgaZinﬂﬁhallﬂaﬁd’ﬂb@al'l’od)ﬁgh wiekg Chre
bOdy C_orrponent S grg]% &D&gfroaé? L ebr %dmﬁg Jd chtl‘-hlg[ asl%sesﬂpsbllle n sp1§e o?thg static

fattening stable ani na
charge possibly present, no 1mpurmes are applied to the polymer, strand or granule surface,

such as, for example, dust, abraded material from the machines, aerosol-like lubricants and

35 other liquids, as well as salts from water baths or cooling systems possibly used.



Exanple 1 to 3: Preparation of copol ycarbonates from bi sphenol A and
bi sphenol TMC: 5 where x = 0.4y = 0.6 10 where x = 0.4y = 0.6
Vari ous copol ycarbonates each with different nol ecul ar wei ght

di stributions were prepared by 15 varying the chain termnator in a
continuous interfacial process (see Table 1). The conposition of the
conmononers is in all cases the bisphenolg-BPA to bisphenol TMC in th
weight ratio of 33 to 67% by weight (i.e. nolar ratio of 40 to 60
nol 99 . The react Tnmitgiabohdnet sdhic ot krnwe dsskybed For aprayeevegosikion processed to

conprising a soI GRlies H4 %Mglwpgq%%ggddgjvego 50.0 wt. % of nethyl ene
chl ori de and 50 wt. % of chl orobenzene and wat er

P-tert-Butyl phenq‘lll %@P@of adﬂlvphen rEll(;'nE the J ranon use ort facﬁour Ftaagi%té), to

term nators. N-Ethylpiperi he ca
cont i nuous react F@ﬁhfv dhe proespsie éTk. UlPlei lieleml@quaﬂ@v Ambariet, snt@ﬁtw)h\em adapt the

pol ycar bonag e Soblihe® rbrd,a@hése[stee@sﬁ@v&cefngﬁ NREses THipsct RRLWGATBANAL ©bbers;
solution forned, ,afte ous phase has been separated off, is

washed under aci gamem(‘:)g}?éla‘cfef't&g%(’wg YHFOENFSri ¢ acid, and then

washed 25 under neutral conditions unt| | free from sal ts with
conpl etel y desal i'ffat ¥ditigacerce pifehieaispolymerdicl éndyidyrdly anippry, desppdmixtures or
pol ycar bonat e soOkdérhlQiTRrenasikieds, bid it bdrﬁcuMMrec&l@Gurﬁ@ rba@ﬁﬁnroathegolﬁr&r ar after

0
concentration of glpxtl% of rgn%iné)sg]::allg co go?jﬁt{)q?@? ?n t'hlS cofitext tLt dd1§ves mlxturcs
thermal pre-evapora Vént 'S evapor a f

devol atilizati ont@k?fwau@rad@ﬁ@ ttlﬂrmlyrverslmlttaﬁ M@lléd'ray@arﬂebmtpew@es oo@taarlehe

as a nelt strandawihee ype af h&dring @hd R of mas@rbmkegnmms of\VR:StertbRhed @ 1R
granul ation. ow.hg reaction conditions were _
i npl emented (fi gﬁdr%g'gesloﬁﬁ%"ée"@ }esny wei ght, unless stated ot herw se).

Na bi sphenol ate sol ution: throughput mxture of 1.270 kg/h_ of
bi sphenol A and 548ge ggfithesore Bﬁsg‘ﬁfﬁeﬁ%lex% nAdditisb {ps Platinndeeck, John
sol ution, concentughy, GRevieh.CAfodd 199L, iBthertHlastak ANROES Handbook, Hans Zweifel, Hanser,

15 Munich 2001" or in WO 99/55772, p. 15-25.

Conventional additives are, for example, fillers, UV stabilizers, heat stabilizers which differ
from component B), antistatics, pigments, mould reléase agents which differ from component
B), flow auxiliaries and flameproofing agents. For example, alkyl and ary] phosphites,
phosphates or -phosphanes, low molecular weight carboxylic acid esters, halogen compounds,
20 salts, chalk, quartz flour and glass and carbon fibres and combinations thereof can be

employed.

Colouring agents, such as organic dyestuffs or pigments, or inorganic pigments, IR absorbers,
individually, in a mixture or also in combination with stabilizers, glass (hollow) beads,

inorganic fillers or organic or inorganic scattering pigments can furthermore be added.

25 The polycarbonates and polycarbonate compositions according to the invention can be
processed in the conventional manner on conventional machines, for example on extruders or
injection moulding machines, to give any desired shaped articles, or mouldings to give films

or sheets or bottles.

The polycarbonates having a narrow molecular weight distribution according to the present
30 invention which are cobtainable in this way and polycarbonate compositions obtainable
therefrom can be employed for the production of extrudates (sheets, films and laminates
thereof; e.g. for card uses and tubes) and shaped articles (bottles), in particular those for use

in the transparent sector, especially in the field of optical uses, such as e.g. sheets, multi-wall

e

ra a

d



5per one nol of bisphenol mxture; throughput therefore 25.75 kg/h of
bi sphenol ate sol ution Phosgene: 1.789 kg/h (dissolved in the sol vent
m xture) Solvent m xture: 24.38 kg/h sodi um hydroxi de sol ution
topped up (after the punped circulation reactor): 1.27 kg/h;
concentration 46.7 % 10Chain term nator: 69.61 g/h of BUP, or 39.18
g/h of PHE Catalyst EPP: 15.75 g/h; (3-%-in the solvent m xture)
Phosgene: 130 nol % based on the total substance anmount of bi sphenol
EPP: 1.0 nol % baked shping Hdfusing @l cortipstcrers.daranmuaningsofoviying pdiemodt plaBidP

or PHE: 3.3 nol ‘legm@&@s&o@@lem@ of G dawm;g@ma,@Jgpq@mgfcnbtﬁmt\@ﬁﬁbn
15Reacti on tenper q/ture Pal ycar bonate concentrati on:

nunber (vi scosi t)P PMé’rr?’md% i) th?f YargusoBhITitln® PieotEdlirad 2'6‘P‘ﬁ‘”¥ h‘é’
series of experl menitagle dnthedimgafs| wendea efmidrh dorclearflRldt @ititd. rRAk@FmodEN G2 rthe

ot herw se igenti g,@,huc{lgja,@ggjéggfoqglgg;Etahmgecyé@s i nvestigated. The chain
term nator was added such that the target vi scosMy (or V nunber) was

reached. The f L argonctontnll nuous r ea trg on clorn i ons e of nounds,
real i zed, the poI Ve BPBERATR STHCR GRS & BEERANST §prafa<5’ '3 bEFPRY

prepared under t h@nctab@i\ﬁemwsomeudrtéqml iaohmegipnidi! piopm®s ard h@izghsaicnas, for
term nators used eﬁ%ﬁle,bﬁusﬁ@s?a)jgc{sm::T]@@Le@tor:,Lsuch a5 %Qgs, switches, panels and lamp holders

and coverings, the automobile sector, such as lamp holders and coverings and glazing, the
10 medical sector, such as dialysers, connectors and taps, and packaging, such as bottles and

containers.

The present application likewise provides the extrudates and shaped articles or mouldings

from the polymers according to the invention.

Further possible uses of the polycarbonate moulding compositions according to the invention
15 are safety screens, which are known to be required in many areas of buildings, vehicles and
aircraft, and as shields for helmets. Production of extruded and solvent films for displays or
electric motors, also ski foils. Production of blow mouldings, such as water bottles (see, for
example, US Patent 2 964 794). Production of transparent sheets, in particular hollow sheets, for
example for covering buildings, such as stations, greenhouses and lighting installations. For the
20 production of traffic light housings or traffic signs. For the production of foams (see, for
example, DE-B 1 031 507). For the production of filaments and wires (see, for example, DE-B 1
137 167 and DE-A 1 785 137). As translucent plastics with a content of glass fibres for lighting
purposes (see, for example, DE-A 1 554 020). For the production of small precision injection
mouldings, such as, for example, lens holders. For this, polycarbonates having a content of glass
25 fibres which optionally additionally contain about 1 to 10 wt.% of MoS;, based on the total
weight, are used. Optical uses, such as optical siorage media (CD, DVD), safety glasses or
lenses for photographic and film cameras (see, for example, DE-A 2 701 173). Light
transmitters, in particular as light conductor cables (see, for example, EP-Al 0 089 801). As
electrical insulation materials for electrical conductors and for plug housings and plug
30 connectors. As carrier material for arganic photoconductors. For the production of lamps, e.g.
searchlights, as so-called "head-lamps” or scattered light screens or lamp coverings. For medical
uses, e.g. oxygenators, dialysers. For foodstuffs uses, such as e.g. boitles, tableware and
chocolate moulds. For uses in the automobile sector where contact with fuels and lubricants may
occur. For sports articles, such as e.g. slalom poles, For household articles, such as e.g. kitchen

35 sinks and letterbox housings. For housings, such as e.g. electrical distribution cabinets,



Table 1 Exanple Solvent Chain term nator Catalyst 1 SM BUP EPP 2 SM
BUP EPP 3 SM PHE EPP MC. net hyl ene chl ori de
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electrical equipment, domestic appliances, components of household articles, electrical and
electronic equipment, For the production of motor cycle and safety helmets. Automobile
components, such as glazing, dashboards, vehicle body components and shock absorbers. For

other uses, such as e.g. fattening stable doors or animal cages.



5 MCB: chl orobenzene SM sol vent mxture (50 % MC:. 50 % MCB) BUP:
para-tert-butyl phenol PHE: phenol EPP: ethyl piperidine 10 The Tg is
determ ned in accordance with 1SO 11357, the Vicat tenperature in
accordance with DIN I SO 306. The relative solution viscosity eta rel
is determined in nmethylene chloride (0.5 g of polycarbonate/l) at
25C. The nelt volune rate is determ ned-isn accordance with | SO 1133.
15The pol ycarbonates listed in Table 2 with the foll ow ng properties
wer e obt ai ned lixamples Tagpl e 2 PC1 PC2 PC3 (conparison) Chain
term nator BUP BUP

Example 1to 3:

Preparation of copolycarbonates from bisphenol A and bisphenol TMC:

(.
HasSWoacENensWeg

where
x=04
y=0.6

(.
SRS CACIFGAPE S

10 where
x=04
y=0.6

Various copolycarbonates each with different molecular weight distributions were prepared by
15 varying the chain terminator in a continuous interfacial process (see Table 1), The composition of
the comonomers is in all cases the bisphenois BPA to bisphencl TMC in the weight ratio of 33 to

67 % by weight (i.e. molar ratio of 40 to 60 mol%).

The reaction is conducted continuously in an emulsion comprising a solvent mixture, composed of
20 500 wt.% of methylene chloride and 50.0 wt.% of chlorobenzene, and water. P-tert-Butylphenol
(BUP) and phenol (PHE) are employed as chain terminators. N-Ethylpiperidine (EPP) is used as
the catalyst. The continuous reaction is operated until adequate amounts of the polycarbonate
solution collected have formed. This polycarbonate solution formed, after the aqueous phase has
been separated off, is washed under acidic conditions with hydrochloric acid, and then washed
25 under neutral conditions until free from salts with completely desalinated water by means of disc
separators. The polycarbonate solutions washed in this way are concentrated to a concentration of
60 - 70 wt.% of polycarbonate in a multi-stage thermal pre-evaporation. The residual solvent is
evaporated off via a devolatilization extruder and the resulting polycarbonate is obtained as a melt

strand which, after cooling in a water-bath, was fed to a granulation.



phenol Hydr ol ysabl e chlorine PPm 0.6 0.8 0.4 Phenolic OH ppm 80
50 60 Tg 2nd heating C 207.2 208.9

-19-

The following reaction conditions were implemented (figures in % are % by weight, unless stated

otherwise).
. Na bisphenolate solution: throughput mixture of 1.270 kg/h of bisphenol A and 2.59 kg/h
of bisphenol TMC in aqueous alkaline solution, concentration 15.0 %,; 2.3 mol of NaOH
5 per one mol of bisphenol mixture; throughput therefore 25.75 kg/h of bisphenolate solution
. Phosgene: 1,789 kg/h (dissolved in the solvent mixture)
. Solvent mixture: 24,38 kg/h

sodium hydroxide solution topped up (after the pumped circulation reactor):

1.27 kg/h; concentration 46.7 %

10 e Chain terminator: 69.61 g/h of BUP, or 39.18 g/h of PHE

. Catalyst EPP: 15.75 g/h; {3 % in the solvent mixture)

. Phosgene: 130 mol%, based on the total substance amount of bisphenol

. EPP: 1.0 mol%, based on the total substance amount of bisphenol

. BUP or PHE: 3.3 mol%, based on the total substance amount of bisphenol
15 = Reaction temperature: 33 °C

. Polycarbonate concentration: 15.0 %

. V number (viscosity number): 26.0 +/- 0.03

. 3-stage procedure

20 In the series of experiments, the influence of the chain terminator under otherwise identical
reaction conditions was investigated. The chain terminator was added such that the target viscosity

(or V number} was reached.

The following continuous reaction conditions were realized, the polycarbonates according to
25 Examples 1 to 3 being prepared under the abovementioned reaction conditions. The chain

terminators used can be seen from Table 1.



205.5 GPC -
9,515 GPC -

10

15

Mh g/ nol 10,776 9, 716

Mv g/ mol 30, 135 29, 220 30, 292 GPC -
U 1.8 2.01 2.18 Relative viscosity 25 C 1.264 1.258
-20-
Table 1
Example Solvent Chain terminator | Catalyst
1 SM BUP EPP
2 SM BUP EPP
3 SM PHE EPP

MC: methylene chleride
MCB: chlorobenzene
SM: solvent mixture (50 % MC: 50 % MCB)

BUP: para-tert-butylphenol
PHE: phenol

EPP: ethylpiperidine

The Tg is determined in accordance with ISO 11357, the Vicat temperature in accordance with

DIN ISO 306. The relative solution viscosity eta rel is determined in methylene chloride (0.5 g of

polycarbonate/l) at 25 °C. The melt volume rate is determined in accordance with ISO 1133.

The polycarbonates listed in Table 2 with the following properties were obtained here:



1.262 MVR 330 C/2.16 kg nml/10 mm 6.5 6.5 6.5 I I VIVR 20" 330
C2.16 kg m/10 mn 6.5 6.7 6.3 Delta WR/ IMR 20" 0.0 0.2
-21-
Table 2
PCt PC2 PC3 {comparison)
Chain terminator BUP BUP phenol
Hydrolysable chlorine ppm 0.6 08 04
Phenolic OH ppm 80 50 60
Tg 2nd heating °C 207.2 208.9 205.5
GPC - Mw g/mol 30,135 | 29,220 30,292
GPC - Mn g/mol 10,776 { 9,716 9,515
GPC-U 1.8 20 2.18
Relative viscosity 25 °C 1264 1.258 1.262
MVR 330°C/2.16 kg ml/10 min 6.5 6.5 6.5
IMVR 207 330°C/2.16 kg | ml/10 min 6.5 6.7 6.3
Delta MVR / IMVR 20° 0.0 0.2 -0.2
Vicat VST B50 °C 204.1 205.2 201.3
Vicat VST B120 °C 2049 205.6 201.5
Notched impact strength
ISO 180/4A at room
temperature RT kl/m? Ts s 7s

10

15

Comparison of the copolycarbonates PC-1 and PC-2 according to the invention (copolycarbonates
from the bisphenols BPA and TMC in the weight ratio of 33 to 67 % by weight (molar ratio of 40
to 60 mol%) with tert-butylphenol as the chain terminator shows a significantly lower
inhomogeneity factor U than the phenol-terminated copolycarbonate PC-3 (BPA/TMC, weight
ratio likewise 33 to 67 wt.%). With the same MVR (melt volume ratio) and therefore identical
processing properties in the injection moulding process, significantly increased glass transition and

Vicat temperatures are obtained, which corresponds to an improvement in the heat distortion

temperature.

Conversely, the same thermal and mechanical properties can already be achieved with the process

according to the invention with less of the expensive bisphenol TMC unit. The bisphenol BPA to

TMC ratio can thus be shifted more in the direction of the less expensive bisphenol BPA.



-0.2 Vicat VST B50 C 204.1 205.2 201.3 Vicat VST B120 C 204.9 205.6
201.5 Notched inpact strength |1SO 180/4A at roomtenperature RT kJ/nP
7s 7s 7s Conparison of the copolycarbonates PC-1 and PC-2 according
to the invention (copolycarbonates 5 fromthe bisphenols BPA and TMC
in the weight ratio of 33 to 67 % by weight (nolar ratio of 40 to 60
mol %9 with tert-butyl phenol as the chabn term nator shows a
significantly | ower inhonogeneity factor U than the phenol -term nated
copol ycar poRat 8.ibs 3 (BPA/ TMC, weight ratio |ikewise 33 to 67 wt.%.
Wth the SHWEJ%wEE(neIt vol une ratio) and therefore identical
processing properties in the injection noul ding process,
significaptly i.nc i.on and. 10Vi cat te es are
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wherein R1 and R2 each independently represent hydrogen or a Cy.1g-alkyl, with the

'y

proviso that R1 and R2 are not simultaneously hydrogen; (ii) at least one diphenol unit of
the formula (2)

@)
(R3)n -
R* r?

wherein R® represents a C;4-alkyl, R* represents hydrogen or C,-Cs-alkyl, and n

represents 0, 1, 2 or 3; and (iii) at least one dihydroxyaryl compound of the formula (3)

HO—Z—0H (3)

wherein Z represents a radical of the formula (3a)

wherein each R® and each R’ independently represents a moiety selected from the group

(a)

consisting of H, C;-Cg-alkyls, C,-C g-alkoxys, halogens, optionally substituted aryls or

aralkyls, and X represents a moiety selected from the group consisting of --SO;--, --CO--,



t enper at ur e. Conversely, the sane thermal and nmechani cal properties
can already be achieved wth the process according to the invention
with | ess of the expensive bisphenol TMC unit. The bi sphenol BPA to
15TMC ratio can thus be shifted nore in the direction of the |ess
expensi ve bi sphenol BPA. - 22 - Patent clains 1. Copol ycarbonates
conprising: (i) a chain termnator sthryctural unit of the formula
R2(1) wherein RI and R2 each independently represent hydr ogen or a

Cl. 18- al kﬁ’f | -'1t0 Wﬁ-tap(y etﬁgs t%lés Galléﬂ%%n S ané’i1 1% %zlle?%%’ ﬁﬁ{i%%}l%)%&? gisel

hydr ogen; (i1 eaét one enol” "uni

wherein R@nhépﬂesmmﬁ&nanﬁgﬁmahhyhgh&énmenmesents hydr ogen or
Cl-C4-al k sen 1, (iii) at |east one
di hydr oxy%*‘?}?m(fg‘?‘rﬁ?ﬁﬁ'ga poge Wﬁﬁﬁﬂ?%‘am?éﬁn%gé}c&rﬁfzz‘)r bpiekenthenghe

radi cal ofopbRRahendiy ivé 33dntértlof EXWmol %WE?@%Q?‘%Qf iR /Mdsqagh R7

|ndependently represents a noiety selected fromthe group consisting
of H, G -&nrnal wyit of theformuR-(@), kase on tetal diphensls, adthavnad dverageipytiecuiared

aryls or gg# v | t t fromthe group

COnsi St i n\g 1 tlY_ _e%&ﬁ_@?&agé_) &%Pg,?(ﬁﬁ% 3%,0%0 EPdmel, Xndsﬁj FEE 4, when tﬁe
copolycarbonates have a content of greater than 0 and less than 50 mol % of the at least
one diphenol unit of the formula (2), based on total diphenols, and have an average

molecular weight (weight-average} of 16,000 to 35,000 g/mol.

2, The copolycarbonates according to claim 1, wherein one of R1 and R2 represents

a hydrogen and the other represents a tert-butyl substituent.

3. The copolycarbonates according to claim 1, wherein chain terminator structural

unit of the formula (1) comprises a p-tert-butylphenol residue.

4, The copolycarbonates according to claim 1, wherein the at least one diphenol unit
of the formula (2) comprises a 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane

residue.

5. The copolycarbonates according to claim 3, wherein the at least one diphenol unit
of the formula (2) comprises a 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane

residue.

6. The copolycarbonates according to claim 1, wherein the copolycarbonates have
an inhomogeneity factor of: A) 1.4 to 2.3, when the copolycarbonates have a content of
=50 mol % and <100 mol % of the at least one diphenol unit of the formula (2), based on
total diphenols, for linear copolycarbonates having an average molecular weight (weight-

average) of 18,000 to 35,000 g/mol; and B) 1.2 to 2.0, when the copolycarbonates have a



- 23 - Cl1- to C6-al kyl enes, C2- to Cs-al kylidenes and C6- to
Cl2-aryl enes, optionally condensed with further aromatic rings
contai ning hetero atons; wherein the copol ycarbonates have an

i nhonogeneity factor of: A) 1.3 to 2.5, when the copol ycarbonat es
have a content of "50 nmol % and <100 nol % of the at |east one

di phenol wunit of the formula (2), based_on total diphenols, and have
an average nol ecul ar wei ght (wei ght-average) of 18,000 to 35, 000

g/ nol ; an 2.4 d R t of
or cat er gt ek fado ARG HRECRROOGHOTIAE e R AT
unit of tfeentleri2iibased 2h totblakgidnols, bolisdar dippheahbatealnditpanavange
average nol ecul ar wei ght . (wei ght - e),_of 16,Q00 to 35,000 g/ nol.
2. The COIBBH%V@%\B%%\%I(% lg&éabﬂr%ﬁeslaa/@@qtai%%?P rein one of R and
R2 represents a hydrogen and the other represents a tert-butyl
substituent. 3. The copol ycarbonates according to claim1l, wherein
chai n terfi nat Be copplyearbenstes aacardias tq ¢laint brhaviing a(geherelopeiureascerding
p-tert-b .. residue. 4. The copol ycarbonates according to
clain11,w%%%$§ﬁﬂ9?he at | east one diphenol unit of the fornula (2)
conprises a 1, 1- bi s-(4-hydroxyphenyl)-3,3,5 Nyt hyl cycl ohexane

resi due. . . at es according I"ai m 3, wherein the
?t 1|-g?§E(2h 1 £t T(r)nrs hyl ek ane sidu. he
ESBZ' gﬁa{gﬁgﬁogene T ac A)1i’4t >3, ingen gxiv el
onst one" g o Sal{ R f1cPerk B breinc 1 © T3 3004 TSR PlreB it o

for |ineacpeomobyombéarifdkted dndviemynes! eyet agd nivlaemliacd wemgletular
(meight-averﬁgg) of 1ﬁf080 to 35,000 g/nmol; and B) 1.2 to 2.0, when
the copol VEEMES M WEOREIROMISS. 24 . content of greater than 0 and

| ess than 50 nol % of the at |east one di phenol unit of the formula
(2), based on total diphenols, for |inear_ copol ycarbonates having an
aver age ndl eculhsrcopelyegiboraissiagtirdiag & dajey 7.9therwn omd R wpsegoomgihyb| .
7. The cop, : i i ! er al

S 1 ot ur S alE araRaRh 3aAaRGhAGY e BheH domidPU} B o GBES Gent 1y
represents a C-C4-alkyl, x and y each independently represent a
nunber of,0 to, 1 and.the sum of x+y=1..and n is.determ ned b

ol ecul ar v ghEVBPOHRE SoRREr e &P R ML ihates gocondips o glaimy Cerigbearisee
accor di ngaddfivelseledted fromitae glolp eariktil bERae salbiligera niRlddlcadd AleRis, BUd X
and y each i ndependently represent a nunber of 0.02 to 0.98. 9. A
conposi t i $PiEsHp ArGsaRpbiaaiens eeobonat es according to claim 1 and at

| east one additive selected fromthe group consisting of heat
stabilizers, nould rel ease agents, UV stabilizers, and conbi nations
thereof 0. THe comppaton danrdrgorctimg, wberinahentdeasiher giditivielvematises

| east one additiye;c i ses a conmpoupd sel.e .fromth oup
consi st 1 rpPeppd SetfSeh o e Sp SOTRONBR A RS pypheah

tetral ci sitdsphimd] teiraleis(2prdivbmpbaniphehsll)[ 116 pheany U] 4 div- bisghysbhbiigphospho
nite, trisoctyl phosphate, octadecyl-3-(3,5-di-tert i )

but yl - 4- W&M?@?@W%ﬁ@ﬂ?@ﬁét@é'%ﬁ% bl;ltzgi-4-hyd1'oxyphenyl)prop10nate, bis(2,4-

di cunyl p Fihd @b i bik®: 6-di- 4. -
bis(2, 6 S bgf}%%%ﬂmh%ﬁgﬂq%ﬁ%%f%lﬁ%%éa‘é‘rt?ﬁl?}“uytl ST hylphenypenta

t r i pheny| qitbswidipleosplpiéa trigheyylbhdspline.trehieaytherol detestegtayes glyotrol
nonostearate, stearyl stearate r opanedi ol no- qr..di stearate

2- (2 - y dP SRR TFry bR aby ande dBT et o s 23 HHEeR el o1 s
of opti ortahkotrisons] 2-hydiedytean#diefonRs, édss of optionally substituted benzoic acids,




- 25 - acrylates, sterically hindered am nes, oxam des,

2- (2- hydr oxyphenyO-1, 3, 5-tri azines, and m xtures thereof 11. A

nmet hod conpri si ng providi ng copol ycarbonates according to claim1,
and processing the copol ycarbonates to provide an article sel ected
fromthe group consisting of noldings, extrudates, filnms, sheets and
containers. 12. A nethod conprising_aﬁgviding a conposition
according to claim?9, and processing the conposition to provide an

2 1T SELAGLEC LA R8RSR B0 LD PR S

accordlngnm@meéﬁknmﬂl. 14. An article prepared by the nethod
according to claim12. 15. A process for preparing copol ycarbonates
according to claiml1, the process conprising: (i) providing at | east

an al kyl pfyenol Aﬁfetﬁoﬂ%oﬁﬁxﬁ@lﬁ@l}n Jv@&ﬂé’éo’i)o(ejc%)bonatem@éﬁln% 1afRY, B each

i ndependent |y represent hgmiogen or a , Wth the proviso
that Rl aprdedRgingihe capelyedr ateam@myidy ahytmcdfg@hcted fpinpthe goiupsbngisting

gener al &rr@jhl%gé %Q‘)mdattes, ﬁhndsr1 sl{e%gs and c%ﬁa e!E:I‘rS] represents a

Cl4- al kyl presen ogen “or -al kyl, and n represents 0,
1, 2 or 3; and at |east one dlhydroxyaryl conpound of the fornula (3)
FK)Z--CH ﬂper%& represents a radical of the fornmula (3a)
method comprising providing a composition according to claim 9, and
processing the composition to provide an article selected from the group consisting of

moldings, extrudates, films, sheets and containers.
13.  Anarticle prepared by the method according to claim 11.
14.  An article prepared by the method according to claim 12,

15. A process for preparing copolycarbonates according to claim 1, the process
comprising:
(i) providing at least an alkylphenol of the general formula (1a)

Y 4 (1 a')

R1
wherein R1 and R2 each independently represent hydrogen or a Cy.j3-alkyl, with the
proviso that R1 and R2 are not simultaneously hydrogen, a diphenol of the general

formula (2a)



(3) (3a) wherein each R6 and each R7 independently represents a
noi ety selected fromthe group consisting of H Cl-GC s-alkyls,

Cl - G s-al koxys, hal ogens, optionally substituted aryls or aral kyl s,
and X represents a noiety selected fromthe group consisting of
--S2--, --CO-, O to Co6-al kylenes, C2- to Cral kylidenes and C6- to
Cl2- aryl enes, optionally condensed wi.pg.further aromatic rings
containing hetero atons; and (ii) reacting the al kyl phenol, the

di phenol and the di hydroxyaryl conpound in a continuous intgrfacial
reaction.

(R3)n .

wherein R® represents a C\4-alkyl, R* represents hydrogen or C;-Cy-alkyl, and n
represents 0, 1, 2 or 3; and at least one dihydroxyaryl compound of the formula (3)
HO—Z—OH (3)

wherein Z represents a radical of the formula (3a)

wherein each R® and each R” independently represents a moiety selected from the group

(3a)

consisting of H, C;-Cs-alkyls, C;-C,s-alkoxys, halogens, optionally substituted aryls or
aralkyls, and X represents a moiety selected from the group consisting of --SO;--, --CO--,
C,- to Cg-alkylenes, C,- to Cs-alkylidenes and Cg- to Cy-arylenes, optionally condensed
with further aromatic rings containing hetero atoms; and

(11) reacting the alkylphenol, the diphenol and the dihydroxyaryl compound in a

continuous interfacial reaction,



