;e3enm Q LLMBN: NP6( QT| Q RTWD 03/ 020805 PCT/ EP02/ 09237 Process for the

“ recyclin~ of polycarbonates The present application rel ates r SS
.for the chem cXPOHEBMA al recycling of 5 | ow nol ecul ar pol yCI':l(I’III)olr)la{Oggﬁ
resi dues, production waste, remainders, recyclates and simlar

pol ycar bonat e conpositions by condensation to produce technicall

‘utilisable higher nolar nasses, polycar bonat es from this recycl |“NH|"INIIIWII“HW“I“I
their use, and noul ded bodi es and extrudates fromthese pol ycarbonates

Pol ycar bonat es, for exanple from bi sphenol A are nostly anorphous
techni cal thernoplastics with high-quality properties, such as e.g. high
transparency, {hernoform ng resi sfta ce and toughness. The sane applies al so
to aromatic cog@cessdprthererycling of nolveagbonates, " ¢ exanpl e, from bi sphenol
A and a cobi sphenol. The production costs of such materials and the | evel
of their properties 15 thus also justify nore demandi ng recycling
processes, if Bhaipresent depligssion gelgtes jo aoreedss forsde phemical-metdsial seayelingpf

cesses, 11 . ¥ s
bt ween. pr osesor o tsuipE P ERBRRN otatd BRRBDAN SahE S¥faldfrs, Abfcidey bl
aromati ¢ pol ycasmhlanasdseatbiate Qontporiviond Ner doraemsenbasiol qRodwe tdehnically

processes consisting of nore than one process step.are 20 fundanental |y

al so wor t hwhi | @ilisppigdigher melar snassesapelyearhenptes feam Hisieqrcling FpGess, phdcesses

t hat are sinpl e ' ses, in order to be
able to producéﬁwgggd%%é%%%vgﬁﬁghﬁf%gggghg&”%ﬁgﬁﬁ%% %%gfcs, the | evel of
nmechani cal and physical properties of 25 pol ycarbonate depends decisively

on the mpl ecul ar. wej ght . wever, odyct i on ste, recyclates etc. .
frequent 1§ do ﬁ?IV?arg‘gn%’I‘Hn@’@n}l’lf)%g"é’ég’éﬁ‘ﬁ%‘ﬂr qffer Bsthp eogphons feshpical
Direct materia £icOowRh B fit %ﬁé’?ﬁ&,%’ hegycd at esel Srdnbpdredr e
possi bl e only IhgﬁggII/Ierly IIvn‘i te SZIIIIBérIfIbr 0 When urcecycl i%gq%gol y(r:z;lr%gna?e
resi dues, prodihetrhaformagt essjstangeradndd doughnessc yldicasane sappliss ralsoarto aromatic

pol ycar bonate conpositions, .it is therefore desirable and. essentijal {0

WD 03/ 020805 -%@?ﬁ%ﬁ&%‘%d@é‘? oty il A¥ F8rEeln 4 O%I‘Iﬁﬁﬁer’t"g A%pnd e
sufficient for dfignBrall TRé BOINEWNURREs 0PQucH Malebiald@nl idleel JfAheiCp@pBIties O
i ncrease | ow nol ecul ar production scrap from PC production for Conpact

Di scs tolfhe nthiuecalscajustiéi giare rdempadingquecydingr processpsedf icdd meylded Rats ©F t he

I I i ght of PC I f h -l.am [
Compact D sce. PRUPERISE AR MBSl SEL P (b PP et A oo Ph e e rRafealy e

used e.g. as ardaMBREREcyclnd hEhpr diEiiet berweeh PGEABnghkengsandTleesdnys is
little reference in the literature to condensation of %ol caé?bonate
moul di ng conpogensidsrablyieserenpefiginl defe Aramaticraeliyraraenal CSI%‘III _.m&I"II'ué’ﬂI?F’-A
93| 810 10 di sgly 8}21 &ickf 9(?%1?2?( I:es's&%&%?s‘tiﬁg I RIPPHBAULRY pYlektepfare
deconposed | ownol ec Par pol ycondensat es such~as pol yam des, pol yesters and
pol ycar ba@fat es furslamgntaip el soveorthwhite. | Bongeveeneffets Tivedwayhbeingl mads toefind s
react in the plastic |t, e.g. in an extruder, upder conventi onal
conpoundi ng coRHCEsEHEat Wetsﬁn&ﬁ%aﬂmefel %ﬂ%‘l’m’é’ﬁg‘?lhII’ﬁﬁ‘é‘QWprr?‘I‘Féseﬁb]Pﬁ%?.to
Speci al bi sepoghgﬁg t& ﬁ,dgfé%bwlqaﬁ§ chain I engtheners, alone 15 or in

PR 9o .

conbi nati on w i

*159159+

inter alla, epoxides, bisoxazolines, dicyanates,
tetracarboxylic acid dianhydrides, bisnmaleic imdes and carbodii m des.

However no exanple.is given for t.he functionin . p, L.t D
pol ycar bonat e. h‘éIltIéd);BIIlIIrct WOQI%I/I&S’ ttIl? IﬁVgI gﬁénvéggr&%élp%g ré@égﬁfﬁwlp hlgles of
gol)ecul arpswei gRblyehrbBRity @epiIe adeisiielynon tthe nvlauuba swelghtc Hdwesver, nprédhictiof3 1
10.
waste, recyclates etc. frequently do not, or no longer, possess the required molecular
weights. Direct material recycling of production waste or recyclates is therefore

possible only to a very limited extent.

30 When recycling polycarbonate residues, production wastes, remainders, recyclates

and similar polycarbonate compositions, it is therefore desirable and essential to

MR
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20 DE-PS 43 26 906 provides a process for the chem cal recycling of

* pol ycar bonate b sterification with hydroxy conpounds, ,j Leul ar

- phenol, until ‘B%é’%g‘lﬁ@f and the esterified carbonate unit ar‘é@’%?ﬁ#‘*ﬁ%ﬁ

foll owed by resynthesis of polycarbonate in the nelt. Although in this
process bi sphenol and the carbonate unit are obtained, the pol ycarbonate
is first conpletely deconposed by transest®rification. In addition to the
deconposition of useful bonds, which nust then be built up again, the
process nethod is also conplex and expensive. DE-OS 42 40 314 differs from
t he above pat eintressecthé frioberuilap wedght &1 a tevielkgufficipyt fpr thepragectedsempess iSoi Bias of

t he pol ycarbonate to aligoners, by transesterificatio Lth | ow baili
nonophenol s. v%éﬁa%le’h?@rhgf@wlgcégi Fyrear %WOIWLﬁﬂ_ Bmgigw“?’b&f‘%ﬂ’ _ @8?& é{l&tg of
WO 03/ 020805 - RoRcliocRRB2 CoRpadt IS¥scd & fhik Midle @il QURE ghtSraREOEH4aREd fdrrigfecfisrom
the deconposition product and optionally added diarylcarbonate by = |
recondensat i onmeitiding: R tkphveragergoleeulaoyveigheoffn sptvelasn frogithe He-laminatien
final stage, i - sed in;t 3 : r ction
condi t ong 1o TPy DR AT BB chdda s o B P e B e
5 first deconpgsseshbmpinestinniecgsgdidtivhed PAVABSdildndenal process step. A
further disadvantage is that oligonmers with OH term nal groups are
significantly nore susceptible to thernmal and oxidative |oading than the
correspondi ng_pRdY 1efifledBrdndPifitne IREGANE 8l SBhAHDR 8f PORCABORAC thouldify
condensation process Is therefore sensitive and nust b ubjected to

conpl ex cont r ot@anpositanki destined poecelemicaacateroal f@ycling Thus HBsas 98UicB10
effects. Finally, DE-OS 44 21 70l disclgses rocess .for.the chem cal
recycl i ndOof poie§lessspdIPesss Kipr d@&rﬁ?ﬁﬁ%itf‘? dﬂg]ﬁ;"tl?f N\ |0ngP(E%I}%S&(i?\H-fOI‘ m

ol i goners. Aft g6 idcHRY pHRUshdRESIesGuYIS APhdI SBided, PoByeRRFstdnd PoRfcafh¥ieS ising
cleaned and dried, thesé are re 15 condensed to foorm pol ycarbonate,

optional |y witteattine chaiti lengthenstrs. Thepheledh dengthgners seach iy the plastie melt, e.g. in

CrSadvant a0 o el B B B3 adh i Gt R ol B
above. On the bamidT tRd ?&l@}n‘érﬁgﬂe@i@l Biképoxides afbinestionsd sis ichain démptientess, ploayi de
a process by which 20 the nol ecul ar wei ght of polycarbonates can, be

i ncr easedSas sPhpiny eombisationci with) yinker Pigsi BPexidqsy Risexazglines. ¢ digyanates,
surprisingly, jt._Is [ . ! L ing
in a vacuum Ot)e%rla aﬁg‘ﬁ)&ﬁvﬁ%lcﬁdlé&s@ﬁgg% {BZS%éa?alé %rﬁ@ggﬁg@%%?a@%g@ %ﬁgﬁ%@%\nﬁ? h 25
OH terninal grexuspletio gveadfoe theiftmgiohing pdIityc prédvesatveth pblyoarpoeate. The

nmol ecul ar wei ghts, The present inventjon thus rel te? to.@_&r%gesgres for the
condensat i on ofPRISAYICHPH Madle shownd ningrepssid the, malegulas gye) SRYCELORAR pe

condensed in t tarocds HSefibdd w pp-Whoihgoaddi tion of bi sphenol s or
ol i gocar bonat egﬁﬁﬁﬁp& Cer m r%aTl groups ~ WD 03/ 020805 -4 PCT/ EP02/ 09237 to
accel erat2® the reaction, optionally using catalysts, wherein pol ycarbonates

are

DE-PS 43 26 906 provides a process for the chemical recycling of polycarbonate by
transesterification with hydroxy compounds, in particular phenol, until bisphenol
and the esterified carbonate unit are obtained, followed by resynthesis of
polycarbonate in the melt. Although in this process bisphenol and the carbonate unit
25 are obtained, the polycarbonate 1is first completely decomposed by
transesterification. In addition to the decomposition of useful bonds, which must

then be built up again, the process method is also complex and expensive.

DE-OS 42 40 314 differs from the above patent specification substantially by prior
30 decomposition of the polycarbonate to oligomers, by transesterification with low-

boiling monophenols. Then a higher-viscosity oligomer with a particular content of



obt aj ned, which have a higher nol ecul ar weight than the starting

* pol ycar bonate In the ;rocess according to the invention, the %%onate
.to be condenseWO 8/088% or abl y bi sphenol A- pol ycarbonate, as BCE/FBK%‘?& e or
ground PC noul ded parts, is transferred to the nelt using suitable

machi nes, and then condensed in a reactor device operating batch-w se or
‘conti nuously. Suitable values for the reactton paraneters for this are
pressure, tenperature and residence tine. If necessary, suitable catalysts
shoul d al so be chosen and added. 10 Suitable reaction paraneter ranges are
for exanpl e 0. OH tefninalndranps 1ppﬁf<hbabﬁ1yst froth the décomiymsitiod PedBis0ddepitionally

t enperature, preferabl 0C and average residence t of 0.01 to 0.3
hours for scre%ldﬁs %aéﬁ?fl‘i‘tﬁ rre P%@Qngﬁﬁl glezsp IHing gF ineflgpn%%‘ep% ed
tanks, kneadi ngLRRPH! HeUindWhel! BKtheh P@g’%éf?&en‘é&ﬁﬁf ersmel‘{\y%ﬁﬂeﬂlﬁbfwn%&odé sk

or basket reactors, residence tines o to 2 hours are preferred. Wth
di sconti nuous n:acmmmdmops &sﬁunmethadclsntedrppb,maltbonaeddcrebeo ﬂ‘amoéxta'rbonatetls me

prograrme up t within the given r. ous sse

nor mal |y Pun ¢ ’Ef‘%t‘gei?f’wo E‘tcﬂeng‘i?isil eaPe%‘ﬁf" Bméi fe s% g”rﬁler
condi tions, whgkgivanPe RE Qﬁé“t%lﬁgoﬁ{b‘ﬂs E@ﬂ@@'}ﬁtté«fhﬁndlrétﬁhéﬁﬁrecﬁgmmalﬁgi nr&Ng
the length of the reactor. Enbodinents preferred, preferred in particular

or nost parti CS.HSQ*‘PHtsblq)toeﬁléﬂn@cﬁndr(éﬂdﬂﬁldg doading\#iapHhe RerrgsRpadig dptymers and
def t d
SARNEIE SN R RN e e e -

general defi ni gdneifive aﬁarxﬁmtber@b}weenpIo@ﬁ@uexoaﬁmtrow tot dvhéereld ﬁlfeelde irgaction
preferred ranges gi.ven above and bel ow can al so be conbined arbitrarily

with eacHOot hthatmllémlﬂt?éﬁ%’ef‘rfeFWe particul ar ranges and preferred ranges.
30 The pol ycarbonate used either already has an average concentration of
phenolic term nal groups of over 100 ppm OH, preferably 100 - 1500 ppm in
particul ar 400Final WOSO%EQI— 50 PGli4dR2/ 0 PR ess a0 plhemicalr retclybling' of
specifically set, in the nelt by the additi,on of bisphe otjowlé)ﬁlrefera

bi sphenol A, oPOléfF‘?rB%‘&?é‘fsb@hQ?cé’énRﬂs‘ct‘I‘?ndqﬂE gy Incarboge gYPe/Y1%hg in

the melt to hi E??rhavplb@&ijk Eta}’fﬁbgm 8 paMRuBk 'sbﬁleﬂoﬁkhﬁﬁﬁsaﬂdh&ﬁedart&ﬁ Rtd fe- Of f
are di scharged omthe re ctor devi ce via the vapours. The small

quantitid$ ari somigngditerferrapelyshibonad, eptionelly witd the addition isf bisphenss aneans,

which sinplifies the.progcess on5| .Conden r out
in suitable agFiaVsy T?'grfﬁia% %rﬁ?%e\ﬁl-o gﬁlslfﬁé'a?&fl%é)r%cﬁgsa%m trﬁ grg)%targut (gg;eséfet

or basket reaCbec%ss@@ﬁl:cbfmﬁ%szDBdISM%G aﬁwthmaaamgM dSerfbed abewt i nuous
processes, extruders or et or disk reactors, in particular basket or

di sk reactors are preferred, as disclosed in DE Appl. No. 1 O11 98 51 or DE
(G2 ad 41 422 AR b0 B SR IR b Ra i fﬁwtblqapé,&%é RprdtbSaANGhiRHOUS

processi ng. Co nsation acc e at ed o I ona tion of
a condensxt i onthe molecular weight of polycarbonates can be 1ncreased as 51mp1y and efﬁc1ently as

possible.

It was found that, surprisingly, it is possible to condense polycarbonates by simple
melting in a vacuum, optionally with bisphenols or suitable oligocarbonates with
25 OH terminal groups, to produce, directly, polycarbonates of higher molecular

weights.

The present invention thus relates to processes for the condensation of
polycarbonate, characterised in that polycarbonates can be condensed in the melt,

30 usefully with the addition of bisphenols or oligocarbonates with OH terminal groups



15 c.gt al yst. Suitable catalysts and the concentrations in which to use them
“can 'be taken fromthe |literature (Chem stry and Physics of P es,
- Pol ymer Revi ewWO 03(02080%, o1 | | VoI . 9, Pages 44-51, John WI ey%ﬁl@g%@eﬁm;
DE-PS 1 031_ 512; EP-A 360 578; EP-A 351 168; US-A 3 442 854). 20 Al kali- or
earth al kali conpounds with an al kaline action and amoni um or phosphoni um
'salts, hereinafter described as onium saltb; are preferred. Phosphoni um
salts according to the invention are those of the formula (I1V), 4 X R- i
R3 (1V) R2 25 wherein R1'4 can be the sane or different C 1-C ~ o-al kyl s,
C6-C 1 o-aryl sto feelerate thearaaktign, soppiondll: Ging yatabystd Wisreip rpel wadivngteserdy |
or C6-Cl4-aryls, in particular ., WO Q03/020803 -6 PCT/ EP02/09237 nmet hyl or
phenyl , and X-ORtaiged,e W%C&P‘%W“g%cu%&%%ta@t %F‘Fﬁ%,wﬁmz%a%
sul fate, hydrogen carbonate, carbonate, a hal ogenide, preferably chloride,
or an al coholate of the formula OR wherein R can be C6-Cl4-aryl or
C~- G 2-aral kyl In preepmcess| gcootding/to the Pnednsione thec gelargrbenrate te be condensed,
t et raphenyl phosphoni,um chl ori.de .t etraphenyl phaosphoni i .
t et r aphe né | ph o@%ﬁ%&hlﬁ ESBH%}?E) I‘A‘é?%y%b?rﬁpep 3%1? Ercaﬁl}l%& (E}eg? %J%Ig?l% lblﬂugg SRS im
phenol ate. Fur {rh@fferpidefoethe aflel€ akiakysiitble Whadhihes 2iind ther srdedsedlén ar reactor
optionally in addition to an oniumsalt, are conpounds of alkali netals and
earth al kali néewges oppratingrbasgkyisener gentimouslyy Sitakle hyaluesy ferethe 5¢acton des
and aryl oxides _of |jithi - ' t ' 1 eS| o '
preferably of %%{8‘!“85#5 g%}glrl{hﬁsfn%ﬂéy %)S(HH e?eglﬁigp%}ér i %lm p gﬁgkgﬁ}ﬁﬁg lt?ej}({géss di um
bi sphenol at e ofuitabkacalyts sho@ldealsonist chosef ardradded. The pol ycarbonate is
introduced into the condensing reactor preferably via a screw as the
melting dfit. If bisphenols or oligomers with OH terminal groups are added
L Pxfgg' net faZSS%liE%l&fé@E@dH PeALhOR: RheGHhrt 85:M0xBAIIN0.OLRSS nithe ey 6.130

2 mbar, 250-350°C melting temperature, preferably 280-320°C and average

residence times of 0.01 to 0.3 hours for screw-type or extruder machines and 0.2 to 4
hours for agitated tanks, kneading apparatus and disk or basket reactors. When using

15 disk or basket reactors, residence times of 0.5 to 2 hours are preferred.

With discontinuous processes, pressure and temperature can be varied in a time
programme up to and within the given ranges. Continuous processes are normally
run constantly under the suitable temperature and pressure conditions, wherein

20 pressure and temperature profiles can be set along the length of the reactor.

Embodiments preferred, preferred in particular or most particularly preferred are
those in which the parameters, definitions and explanations stated under prefetred,

preferred in particular or most particularly preferred, are used.

25
However, the general definitions, parameters or explanations, or those listed in
preferred ranges, given above and below can also be combined arbitrarily with each
other, i.e. between the particular ranges and preferred ranges.

30 The polycarbonate used either already has an average concentration of phenolic

terminal groups of over 100 ppm OH, preferably 100 — 1500 ppm, in particular 400



sane, tinme. A nelting screen with or without a backwashi ng device can be
~ positioned between the screw and the condensing reactor, to retain
_particular conVRMHA0S particles >5 ~mfromthe highly fl ui dPFHERO28RY e ¢t
flow ng fromthe condensing reactor after polycondensation is discharged by
means of a gear punp. 25 Here the nelt can be fed over static m xers or
‘extruders and nmixed with additives to set-%pecial fornulations of the

pol ycar bonat es produced before being fed on for granul ati on. Possible
additives are disclosed e.g. in WD 99/55772, pg. 15 - 25, DE Appl. No. 30
10122496. 6 and-i1000 Ppas tar akisAd dpédifiely, seRin @achicktrbyathd dddithdni 6f bisphdralsser
WO 03/ 020805 PCT/ EP02/ 09237 Publishers F1)983. | n_ princi Blm'e’ additiv can
be added at angrefssably bisphenal oaet i Bigocapetatisapyith oteEmipak, grouns; oWhemny

bi sphenol or a i : i ] i : e 5
added o t he paryePRIAIRIRaL & A bR MR Nop i paRBaPth BeShho0rP
OH- cont ai ni ng akidihapbd fimhetheneadradevichevipdieyapoirsnthesmall heantitinsiensegl i s
based, are preferred. 'Thcf dosage of the bis Ii1enol or trhre.ol'.goc rbonate in
rel ation go t heTGRrgHpics °Bb?€ heTrst a@&ﬁ)q@ew, e %Wi’@h 65.%6”???53
10: 100, pref er alsigefhbly. 100 to 5:100, in 10 particular 0.2:100 to 1:100 for

t he bi sphenol and in the range 0:100 to 50: 100, preferably 0.5:100 to
30: 100, in particular 1:100 to 10:100 for the oligocarbonate. Exanples of

bi sphenol s thaj _can _he used, accordi ng fo_t.he invent] r 3 t he
basi s of the pgw‘ieg?agg’ﬁla‘faé] P% cﬁgle%o els 5"51’&@’&& lgare#dog#lg ( Sr'1ccE%\\Q) %Skglf;‘gé%]%
15 pg. 6-8. 4, gppatitiy ex@u3eRd, Rkt basket 4eactir yald txyuahhiihaitns oS whidh afparatus.
2, 2-bis- (14 hydr oxyphenyl ) - propane (bi sphenol A) .. ) )
2, 2- bi s- (18- et ko1 cominwsdywﬁ@ﬁyq)q@dgﬁ Qi basket or disk reactors, in particular basket or
g’ g: g: s E f’lh%?gf)g%%koﬁ?{%g@ﬁgg@% WdclosBd PBRGAppL. No. 1 011 98 51 or DE ~C2 44
2, 2- bi s- (3, 5- d¢marh\Basket vy distoryqehes yle)al soesultalsie for discontinuous processing.
2, 4bi s- (4- hydr oxyphenyl ) - 2- net hyl but ane,
2, 4-bis-(3,5-di methyl -4-hydroxyphenyl)-2 20 net hyl but ane,
;L‘ 1 ;L‘I' ?Ibls-sg ?A?nggggé&gﬁ%; 'u%‘)i/ g{: ?Jggégfxggcgl %}gir]ogglrl])é by the addition of a condensation
2, 2-bi s- (13- chl catalyst- Ryidabde yastigsty hnd F}wcqgacml,tratioﬁs in which to use them can be taken
2, 2- bi s- (3, 5di ¢hl or 0-4- hydr henyl ) - propan .
2, 2-bi s- (3, 5- dfrs%%_lﬁqrﬁ% %&@@ﬁ%ﬁgﬁ é)?gﬁg'carbonates, Polymer Reviews, H.
1, 1- bi s-( p- hy dsepneRN &Y. 9, Faeds 54511 rBBhMWihley & 8B£%a964.aDE-IY €fo31r5ad; EP-A
D phenol s preferred in particular are 4, 4'-di hydroxybi phenyl, 2,2-bis-(4 25
hydr oxypheny! ) 360 6P8i&-AGI53 J68nTB-Anp 44R854).
%,%-E!s-gz-ﬂygroxypﬂeny:3-3,3,5tr|?Ephchyc:ogfxang.

, 2- bi s- (4- hydr oxyphenyl ) - propane (bi spheno an
1, 1bi s- (ppohydr adigdhesy kartlB alkali- tamperinty | wisic laahslkalire activnpaed enmeshiums tor
particularly, in particular 2,2-hj s-(4-_py(gr oxyphenyl ) - pr g%an ( bi sphenol
A) . Accor di ngl ?h?ﬁlﬁ’é(”@!‘mgﬁ?}%r}!é’reé‘&fﬁﬁ%ﬂ“ O PNEB a5 SIHERGIE%can al so be
used according to the 30 invention. WO 03/020805 g

Phosphonium salts according to the invention are those of the formula (IV),

R3 (V)

25

wherein R'™ can be the same or different C,-Cyp-alkyls, C¢-Cig-aryls, C7-Cio-
aralkyls or Cs-Cg-cycloalkyls, preferably methyl or Cs-Cis-aryls, in particular



PCT/ EP02/ 09237 The pol ycarbonate used has an average nol ecul ar wei ght MW of
©15.000 to 30.000, Preferabl y 16.000 to 25.000, in particular % ?&9 1‘297

- 22.000, deter "R BB reasuri ng the relative solution vi scosf f/E 09

di chl oronet hane, calibrated by Iight scattering. A PC recyclate is
preferred, in particular a PC recyclate from Conpact 5 D scs. The

‘pol ycar bonat es and copol ycar bonates used <&an ori ginate fromthe known phase
boundary- or nmelt transesterification process and can therefore contain
different chain stoppers. 10 Phenol, octyl phenol, cunyl phenol and

t - but yl phenol methykor tpabiyd, aldhDdh cah depar anioft dueh asyipideadide Healfates hpgnogers f or

pol ycar bonate c be taken from WO A 1 O 1 /05866,, pg. 4-6. There can al so
Do, Wit ur oa. of S TYSCRBPdeEsoRatey CaxhPnTena hAISEeRleD BiFply Ehlprae, & o

pol ycar bonat es,c5iRliate Athae abiaulh OR) WiRreiBIR chi ARSESLS iyl 621000, REARASS
preferably 15 have the phenol of the di phenyl carbonate uSed for production

as a chai n st oppfarablBphénylini f orml y synt hesi sed pol ycarbonate and a m xture
of vari ouS pol ycar bonat es can be condensed. The pol ycarbonates may differ
with regard to their average nol ecul ar wei ght, the bisphenol used and/or
the chain st opperferttdedialRisiehi ng agent 20 etc., used. Furthernore, the
pol ycarbonates may contdin chain branching agents. Conventional chain
branchi ng agentetrapkenytphesphonivnnedderide om WO- A1 01/ 05866 pg. 8- 9.

Pol ycar bonat es I [ i | t he sane bi sphenol, in particular

bi sphenol A, a%eg%eepg)%?%&gﬂwkﬁhg?ﬁgees occur in particular when the PC
recycl at es fromrapiaylphbsphoni@spleenalatt process scrap to be condensed are not
of the sanme type. The pol ycarhonat es .obtai nable by the process according to
the inverdPion W@iﬂ%‘@é@%ﬂpbﬁpbﬁﬂ%&@ﬁ%- machi nery, for exanple
extruders or inj ection nmoulding 30 machi nes, to produce any type of

nmoul ded body, for exanple filnms or sheets, in the conventional nmanner.

Furt hernore, t Rerthpolpyefarred oatblysts aohich dhn e tused dlenée nw eptionally in addition to an

onium salt, are compounds of alkali metals and earth alkali metals with an alkaline
action, such as hydroxides, alkoxides and aryloxides of lithium, sodium, potassium,
15 magnesium and calcium, preferably of sodium. Sodium hydroxide and sodium

phenolate and the sodium bisphenolate of bisphenol A are most preferred.

The polycarbonate is introduced into the condensing reactor preferably via a screw
as the melting unit. If bisphenols or oligomers with OH terminal groups are added to
20 increase the concentration of OH terminal groups, the screw is a mixing unit at the
same time. A melting screen with or without a backwashing device can be
positioned between the screw and the condensing reactor, to retain particular
contaminant particles >5 um from the highly fluid melt. The melt flowing from the
condensing reactor after polycondensation is discharged by means of a gear pump.
25 Here the melt can be fed over static mixers or extruders and mixed with additives to
set special formulations of the polycarbonates produced before being fed on for

granulation.

Possible additives are disclosed e.g. in WO 99/55772, pg. 15 — 25, DE Appl. No.
30 10122496.6 and in “Plastics Additives”, R. Gichter and H. Miiller, Hanser



WO 03/ 020805 -9 PCT/ EP02/ 09237 can al so be mi xed into other polyners, e.g.
" pol yol ef ms, pol yuret hanes, polyesters, ABS and pol ystyrene. These ials
~are added pref WPM(%988% conventional nachines to the fini sheHCT/EPOZ%E%r

pol ycarbonate, but can al so be added at another stage in the production
process as required. 5 The invention also ,Pr ovi des the pol ycarbonat es

‘obt ai nabl e by the process according to the’/invention thensel ves. They
differ fromprimary material, in other words the known comercial material,
by the presence of fluorescence-active centres, which fluoresce when

i rradi ated w tPublighérs dI983. B grindiplacadditivgBican Beixldephai am peihf érc thecreactiva, 10
used e.g. to aid plastic recognition in sorting processes for materi al
recycling or tprefratlypeliers ereauladeteen a recycl ate and a primary material .
Auxi |l i ary substances and reinforcing agents can be mxed into the

pol ycar bonat es according to the invention to change or inprove certain
properties. ThAnpbisphaoblUy 45 obipedarbdnster withf OQdwienginaeroups canptionallyebs e

agents, flLame-r rdants,. hydrolysis stabili s, .finely c wnuted. .

m neral s, °fi br %@ea&gﬁe 8?W§¥rg°%?ﬁ%%%i’§lcﬁﬂ%§lﬁ?fﬁfg‘§, bl§%8g%?raﬁ’g?,) ﬁZC}S’HglgBﬂ%nes,
| ow- ol ecul ar  gREREPBBhaE oRGHHEcIEt PoFcardBhAE &I IHARKNRH Is basad, a8 preeitel,
quarz neal, glass and carbon fibres, pignents, dyes and conbi nati ons

t hereof , anpbngst others, can inter alia be considered for this purpose. 20

Such conpoundsare disclosed .e..q. jn [ 5577 pg. - 25 a I
"Plastics Addi ?F?/ggsﬁgeﬁ?fo%gc%’f%}%n hd" Iﬂ% %ﬁggﬁ%@t?o%aﬁaﬁlsree:[ gigébfoi sﬂ%e{rvglg%gg.
These addi ti vegolgadtbiitateslasedds én the fanged0110e tored100gprafesablly 9dhEIOge % 0006\in or
directly into the nelting reactor, although the discharge unit is
preferred0 25 maticyar 9@6\&190?9&1 d80 fop dhy bisPhenobaad g the rarge D10RBAei WhlUan be

toe0,or e FRAIRNY 95 i AR BaREhos g T gk o0l
character. Possible applications are 30 WO 03/ 020805 - 10
Examples of bisphenols that can be used according to the invention or can also form
the basis of the polycarbonate to be condensed can be found in WO-A1 01/05866,
15 pg. 6-8. 4,4-dihydroxybiphenyl, 4,4’-dihydroxydiphenyl sulfide, 2,2-bis-(4-
hydroxyphenyl)-propane  (bisphenol A), 2,2-bis-(3-methyl-4-hydroxyphenyl)-
propane, 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane, 2,2-bis-(4-
hydroxyphenyl)-methane, 2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-methane, 2,4-
bis-(4-hydroxyphenyl)-2-methylbutane, 2,4-bis-(3,5-dimethyl-4-hydroxyphenyl)-2-
20 methylbutane, 1,1-bis-(4-hydroxyphenyl)-cyclohexane, o,a’-bis-(4-hydroxyphenyl)-
p-diisopropylbenzene, 2,2-bis-(3-chloro-4-hydroxyphenyl)-propane, 2,2-bis-(3,5-
dichloro-4-hydroxyphenyl)-propane, 2,2-bis-(3,5-dibromo-4-hydroxyphenyl)-
propane and 1,1-bis-(p-hydroxyphenyl)-3,3,5-trimethylcyclohexane are preferred.
Diphenols preferred in particular are 4,4’-dihydroxybiphenyl, 2,2-bis-(4-
25 hydroxyphenyl)-propane (bisphenol A) and 1,1-bis-(p-hydroxyphenyl)-3,3,5-
trimethylcyclohexane. 2,2-bis-(4-hydroxyphenyl)-propane (bisphenol A) and 1,1-
bis-(p-hydroxyphenyl)-3,3,5-trimethylcyclohexane are preferred most particularly,
in particular 2,2-bis-(4-hydroxyphenyl)-propane (bisphenol A). Accordingly the
oligomers obtained from these bisphenols can also be used according to the

30 invention.



PCT/EP02/ 09237 - Safety screens, which, as is known, are needed in many
“areas of buil dj vehi cl es and aircraft, and as visors for ts,
-- Films, in p%ﬁ%@@?%ﬁpski films, Blown bodies (see for exansﬁi)%%@/@gﬁerﬁt 2
964 794), for exanple 1 to 5 5 gallon water bottles, - translucent sheets,
in particular multi wall sheets, for exanp|le for covering buildings such as
train stations, greenhouses and |lighting ithstallations, - optical data
storage units, - traffic signal housings or traffic signs, 10 - foaned

materials (see for exanple DE-AS 1 031 507), - threads and wires (see for
exanpl e DE- AS Thel gdlydssBormteiudod-13S ah av8fagd d0leculartweaiglg Mg exfit] SEI0Asbi3ON0B t h a

glass fibre content fo Lghti rposes. ( see exanpl -OS 1 554
020y 15 - tr abteene 6008 p L2 B ReR BT 1L P 2R 000 Brnbeg dPoxi de
and/ or zirconi yeasikiayitHe r&ati®Y 9610ti6n RACYETBY irf dRRIOhAEMakd RARbAIERy AighB4
445, EPA 269324) for the production of translucent and |ight-diffusing

moul ded part s, scattening. IA Pprigeyclatons prejferead, ompartiotlded Behreacsclateuleom onhpact
exanpl e | gns rr@unts 20 (pol ycarbonates containing glass fibres, which
optionally als “&¥ntain ca 1 -10 wt.% MS2, in relation to the total

wei ght, are used for this), - optical instrunent parts, in particular

| enses for caneras and canctorders (see for exanple DE-OS 2 701 173), -

li ght transni sEheopelyeabenatgsand copelycarhonatesyisad gwn prginais|feom thedmomay phasainpl e

25 EP-Al1 0 08 - ' NS ' ' ANEYT
conductors angb (?’glgl gxB/I uoéeljﬁglgtstfahg%egr%%ﬁbgo%gﬁsﬁfé%l?(lt:%errlénigf:et gérg% al?rrfg{)elnf e

t el ephone houschafysstoppelns.i npr oved resi stance to perfune, after-shave and
perspiration, 30 - network interface devices, carrier materials for organic

t
phot ocondbct ors, WO 03/020805 PCT/EP02/09237 -11 - lights, e.g.
headl anps, |1 opferd|,fd RH&O?,CEﬁ??nghé%l lahid Efin'J?)llglllé?lBF y suitdBRICRAh stoppers.
applications e.g. oxygehators, dialysers, - food applications, such’as e.g.
bottl es, cutl eOtheatypicahokaih atoppers filrgmlycarbonate can be taken from WO-A1 01/05866,
pg. 4-6. There can also be mixtures of chain stoppers, e.g. via the mixing of different
polycarbonates. Polycarbonates from the melt transesterification process preferably

15 have the phenol of the diphenylcarbonate used for production as a chain stopper.

Both uniformly synthesised polycarbonate and a mixture of various polycarbonates
can be condensed. The polycarbonates may differ with regard to their average
molecular weight, the bisphenol used and/or the chain stopper used, branching agent
20 etc., used. Furthermore, the polycarbonates may contain chain branching agents.
Conventional chain branching agents can also be taken from WO-A1 01/05866
pg. 8-9. Polycarbonates, which are built up of the same bisphenol, in particular

bisphenol A, are preferred.

25 Mixtures occur in particular when the PC recyclates from consumption waste and

process scrap to be condensed are not of the same type.

The polycarbonates obtainable by the process according to the invention can be
processed on conventional machinery, for example extruders or injection moulding
30 machines, to produce any type of moulded body, for example films or sheets, in the

conventional manner. Furthermore, the polycarbonates according to the invention



- applications in the autonotive industry, where there may be contact with
"5 fuels and | ypr.i such as e.g. bunpers, optionally in f

. suitabl e bl ené@o\ﬁg@ﬂ&iﬁs or suitable rubbers, sports equi pneh{’]%gh‘gz}r@z% e.g.
sl al om pol es or ski boot buckles, - household articles such as e.g. kitchen
sinks and | etter box housings, - housings, such as e.g. electrical
‘di stributor cases, housings for electric 1% t oot hbrushes and hai rdryer
housi ngs, - transparent washi ng machines - portholes with better resistance
to washing solution, - protective goggles, vision-correcting spectacles, -
| anp covers f orankdléoche mikéd intor gthempolynmienp eqy edlyotefins polgperethands, tpolyesters,
vapours, 15 in rticular oil vapours, -. packagi filns for nedicines, -
chi p boxes and®BRi g AePysorene. | THES mieria gien aide prsfeabh ot Smventimal, g
stabl e doors Ohpagihd¥ab t6AfifsShed3fdlycambohae] BicRS a8y BRUGS AlafothBi fastsd the
illustrate the object of the present appT ication without restricting it.
WD 03/ 020805 ROPAEOR/POeRSTas-requirdanpl e 1 Ground PC from the de-1am nation
of Conpac% Di scs by the process described in S EP-A 537 567 (pg. 1, 2, 5,
6) was nefted, after pre-drying in the circulating air dryer (2 h/120C) in
a twin shaft sThevétonisd Morides the folycatibaars bbtadialednthe Pusiésd dccbrling nt o
a basket reactor at 300C. A mixture of 0.25 wt.% bisphenol A in relation
to the pol ycariedhairvegten thegselyep arhey stiffermomdirimary pestenial inoother weidgdhgsed
was simul tane _ i i Hh | 1] . f
streamvia t hgﬂl%synf eeh g%?aévr\l/%[.\k/g%&l?%’ E%/ %ﬂ.e%éggﬁggrﬁé%{l ?%%Ctg{ae?cgepg%t’ V@g%‘
used. The condfiumsredce whendaadiatedwaish & Vitighm wigt blaek fightt Thisl aqtticalneffestitdrebe at

the ends _and a vacuum connection in the gas space, ip which a shaft with
di sk wAPch cHSSACCE hel PRSICEFOSNIo $ring RIoSessesris Taaieria) Tegyelpe &F fon

was 0.8 revol uiirRRsiRR el aGecyclfe AYEL pgiRarvaRAtERACE Time of the nelt was
ca 180 mnutes. The nelt tenperature was 300C, the pressure 15 in the gas

space of the reactor was 0.7 to 0.8 nbar. The condensed nelt was di scharged
via a gear punp With attached granul ating unit. .The. praperties,of .the PC
granul at e thursTRBﬁ'lhﬁfyn St&ﬁﬁestaﬁ’g rglniqrﬂqgga%ﬁmseqapahe lgpgdslﬁ P iPOLFAORNAIES)| o
1. WO 03/ 0208Q8rdidgto the invention to change or improve certain properties. Thermo- and UV

15 stabilisers, flowing agents, mould release agents, flame-retardants, hydrolysis
stabilisers, finely comminuted minerals, fibres, e.g. alkyl- and arylphosphites,
-phosphates, -phosphanes, low-molecular carboxylic acid esters, halogen
compounds, salts, chalk, quarz meal, glass and carbon fibres, pigments, dyes and
combinations thereof, amongst others, can inter alia be considered for this purpose.

20 Such compounds are disclosed e.g. in WO 99/55772, pg. 15-25 and in “Plastics
Additives”, R. Géchter and H. Miiller, Hanser Publishers 1983.

These additives can be dosed e.g. into the melting and discharge screw or directly
into the melting reactor, although the discharge unit is preferred.

25
The polycarbonates produced according to the invention can be used for many
mechanically demanding applications. They are thus suitable for the production of
moulded bodies and extrudates of the most varied character. Possible applications
are

30



PCT/ EP02/ 09237 Tabl e 1: Condensation of recyclate from Conpact Discs (after
- de-l'am nation)i sk reactor Start Condensates Propertie m? A B
. C (A+BPA) (A+B\¥R)Q)3%é@h%ni cal El ongation at break%s. 58291l npac?C?tEreng ﬁanCD
i npact strength, RTkJ/ n228n.b.n.b.1ZO0DkJ/ m28 b67t notched i npact strength,
RT61t / 17bCont ent sPhenol i ¢ OHppn600500600FI. qwabi |i t yMR 300C/ 1. 2 kgcnB/ 10

'm n651623rel . solution viscosity-1.202]. 27@1. 248 1) A. CD recycl ate,
recovered by de-lam nating ground material fromCDs 2) B: A+ 0.25 m. %

BPA, 310/300C, 0.8 nbar, 180 nmin average residence time C A + 0,25 Wm.%
BPA, 300/ 290C, - 0. 7 Sdfety, sc1e®0s,nwhicly\asriagsowasird eeded: inmpany aregs of buildings, =

tough; n.b. = not brgken anple 2 Si.m | ar | l,0 | ecul ar PC granul ate
from production ms}(@ﬂhﬁ@%ﬁggﬁ%wﬁgrs%c%asg H%Y‘%??gr -nol ecul ar
pol ycar bonat e.. As bgifigs 8n pBiticpResalfilsywas used here but no condensation

catal yst. The material values were sunmmarised cogi)arativelfy in Table 2, 10
WO 03/ 020805 -14 PCBlommobedientsee femexample Esnbpriat Poh 78M). Ifoexonrle i Wro pC

granul ate.for the p i Conpact Discs in a disk reactor Start
Condensat2 D E Pr opéa%ﬂ(eiéét%br?gt#ssi on Makrol on DP 1- 1265 ( D+BPA)

Mechani cal El ongat i ogamsluchnteshiceSHlftiogiachubi welh ghdets @b exqnaple fat coyagnd,
kJ/ n228n. b. RTI ZOD kJ/ .nR1060not ched | npact strengt h, nt ent SOH
ppmML30550F] owabi | i t YRiAREsGHeh 25 Baip §tatinay, Eﬁeﬂ?fgi%@@;g%@&“ﬁﬁ?ﬁbﬁowscosi ty

-1.1951.2231) D prj daBtSfdoglungE anul ate2) E: D + 0.25 wt. % BPA,
320/ 310C, 0.75 nbar{)ﬁ%g é{an a\ffygrugge’ resi dencetine Exanple 3 5 Finally,

ground PC fromthe tefficaignabhowingsbr CaffisacgnsDi scs was al so condensed in an

extruder. The extruder ysed s a tw n shaf 32 (Werner &

Pfleiderdf) 1.2 m| aferial(sge f|eéﬁﬁpﬁé%2%f&€§g73ne, begi nning 0.4 m
along WO 03/ 02080%E£I/£8%¥r9§§%8 forl Sxamplé DIBASLY 13¢NNand-BELOE 0P 7881e! t
condensation was carried out without the addition of a transesterification

catal yst. Before bel®d, added via dosing scales, the material was pre-dried
i‘rgb?er g?i reulating ?rialgsllgcre}{{e Ir)lagtlzcshv/vi%l'lzg%ass -H?J?e Egrﬁgrhttf%r ﬁrgﬁtir?éjgﬁ%agéefgeei for
example DE-OS 1 554 020),
15 - translucent plastics containing barium sulfate, titanium dioxide and/or
zirconium dioxide or organic polymeric acrylate rubbers (EP-A 634 445, EP-
A 269324) for the production of translucent and light-diffusing moulded
parts,
- small, precision injection-moulded parts, such as for example lens mounts
20 (polycarbonates containing glass fibres, which optionally also contain ca
1 — 10 wt.% MoS,, in relation to the total weight, are used for this),
- optical instrument parts, in particular lenses for cameras and camcorders (see
for example DE-OS 2 701 173),
- light transmission media, in particular fibre-optic cables (see for example
25 EP-A1 0 089 801),
- electrical insulation materials for electrical conductors and for plug housings
and pin-and-socket connectors,
- mobile telephone housings with improved resistance to perfume, after-shave
and perspiration,
30 - network interface devices,

- carrier materials for organic photoconductors,



Tabl e 3: Condensation of Conpact Disc-recyclate after de-lam nation on a
“tw n shaft screwoéZSK 32, Werner & Pfleiderer)

. St art Condensat WP/43{92480% esDi nensi onsFG f r om F) Mechani cal El ongBETER237
break%?. 7611 npact strengthl ZOD i npact strength, RTkJ/ nRllbn.b.IZ0ODnot ched

i npact strength, RTkJ/ n235bn.b. ContentsOdppm 440 | 40F| owabi | i t yMWR

'300C/ 1. 2 kgenB/ 10 nin 82 18rel. sol ution-Vilscosity- 1.202 |.255Condensati on
of another startingmaterial (F' ) adding 0.25 wt.% BPA: OH cont ent ppm 260
120rel. solution viscosity- 1.198 1.2651) F: CD recycl ate, recovered from

t he de-1|am nati on ofiglgs, @) Headtdamps, ibhttdiffiShg )reiisfor imtbinaLlenstonsed at
320-340C, 0.5-1 nbar, .2 kgdh thr ou%hgut, 1002@gm 3-5 mn average residence
timeb = brittle; n.WedicalappligatigRene. OXNecrAroHaETRCT/ EPO2/ 09237 - 16
Measuri ng met hods: : I I {144k | SO 527;

i npact/ not ched i maﬂo@%ﬁ@lﬁa@ﬁg{i‘huﬁa%fb%b%%/&' ’1dﬁgm§{anlas%§éldé%|/e térlxyﬁ(\);ulldp%)ﬁenoI ic OH
phot onetrical |y wi tépplic@ichson thhewlimatephdustryMviReteo theBOmay3s:; corgact with
solution yiscosity gn PC.solution in dichloronmethane (5.9 PG/ 1). t.can
clearly bé seen t hat'fi at“ﬂsll‘ écaﬁgoé@sase?c%é’lumpﬁﬁ’ PR yi"ﬁ\%e%of%no,fsf%%bqe

mol ecul ar 10 wei ght piefidd With AHEGULREDIOAIBLER! bonates (A, D, F) can be
condensed to averagely and hi ghly-viscous polycarbonates (B, C, E, G wth
better mechanical psppereaiipmestsishasegl dalgatpades artskbbeod ugkdes. i npact / not ched

i npact strength. VWO 03/,02Q805 - 17 [ ﬂggﬂ / cess for
t he condensation of h%%Sﬁ%Sﬁgwg%%‘%"a? %dga@g&% ?c%%g%%ég}l Bgﬁg és,
characterised in thpausinpe, cash pO! &/g.acloomwiaile disaibuedrt eabes, nhousirtgabfoe eledttis and

the nelt is fed into a_suitable reactor device operated batch-w se or

continuod8ly, opti ofpathbyushes and hairdsyedinepdngsef a bi sphenol or ol i gocar bonat e
wth OH termnal gr ] Moad_ I el | t@bsiting and
t he pol ycarbonate ng%%%ﬁlgﬂgn%%igg%%%ei ﬁr%’?t? élt%?}iﬁtglegsétng?i}%‘sﬁghgg i@on 10 ne

reaction in the tenpdo@dnyre range 250-350C, at a pressure below 5 nmbar and

a residence time of 0.02 - 4 hours, 2. Prqocess according to claim1,
characterised fn t hBOWHivE gogales VEIPstrecingSReEREESat ure range of 280- 320C.
15 3. Process accorgj ' | | e tgtcRBh O53dus,
wei ght of the pol ycgﬁ%ﬁ%@gﬁﬂoghg&%gggﬁ%(ﬁ%}g%déﬁlggedugbgfg&iﬂg regulated with

t he convdidti onal phénpdriiculatl yapstsppers. 20 4. Process according to claim
1, characterised in tcﬁ%t. t:ﬁ Q&éryca({.bonate or copolycarbonate is used in a
mxture with a”bi spRENGFEA TSRS BT PEYi 0 of 100:0 to 100:10 or with an

ol i gocar bonat e.w t h k¥ doRédArndadhiéLH@s, i n a weight ratio of 100:0 to
100:50. 25 5. Process according to claim1, characterised in that the
condensati on of theaspeell a5 sthgeepnlicptians guch a3 & stabinAdaers epnimal cages.
transesterification catalyst for polycarbonate. 6. Process according to
claim1l1, characterised in that m xtures of different 30 pol ycarbonates are
condensedy The following examples are intended to illustrate the object of the present

application without restricting it.



WO 03/020805 - 18 PCT/ EP02/ 09237 7. Pol ycarbonate, characterised in that it
“is obtainable by the process according to claim1. 8. Use of

. pol ycar bonat e ‘éfg’é’afﬂa? ﬁi‘) to claim7 for the production of nouFéE@PgZ/?%:gi es
and extrudates. 9. Use of the pol ycarbonate according to claim7 for the
production of blends with other thernoplastics such as ABS and vari ous

‘pol yesters. 10 10. Moul ded bodi es and extrlddat es of pol ycar bonat e accordi ng
toclaim7. .A A A AE A A A Asl.As9. Al. Ae. A AY. A nE. AeY. A& A As?) I <

3Qryw} nt {vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]caJca]c
a]J ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca]c”a] cRaU] ca!t) 2&37FH5

,Inl gl U " ###e$35%PO&k &&| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]
ca] ca] ca] ca] caﬁ&@l&@ﬁa] calcalca]calcalcalcalcalcalcalcajcal& d """ (o ((((,
))))) **+N+++K, ,, 3--/p/ /1 0mDz0| wr mhc”XU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] ca] ca] ca] cal] ca] ca] ca] ca) ca] ca] ca]c I; ca] ca] ca] ca] ca! z0{ 00001128
33_8p8} 8888+ 9| Ggyund: PC fibm the de-lamination of Compact Discs by the process descri ed in

| ca ca) cal] cal LB} Ra La CURe by 2 ChyCarety carcar <Cabe AR ERERLALIGEED o3
MEEE/ FsFvFFG QGG GeH invarived érﬂalfp@}@alzsad zalwai@awaﬂaa&@@] aied caltivapasty Ca] C

a)J ca] ca] ca] ca] ca] ca] ca] ca] caljca]ca ca ca] cal ca] ca] ca! GBHHHI | KNSMVYMVN
NOPORRRRR>SSS=1k, inkp\a/baajetppue#dd0 UE’ 6/ Aanixhyre 8 (?fé]‘ﬁta% ocigrbigl ) ciarelation) ca]

SG00000K vovim 1 SEROAGHRLER, S PRl JRSESRE Rt SRty T

/L\J] ay i:a] cal] ca] siallltandously] weihal mad jiwamehiv) cajesa th al] delPC dtabitteanl cialthea] ca
calC a ca

QO] ] =] Fepdseraw 3] 3O ke \No, condsasatioposaitly stskay Eside dheafudFesafien) ca)
c ?glafﬂa]: c ?]: c "a] eablf dhs a\dhaahnald fritcAl 47 aaldl sahe atdscal caldcgah cakicabs all c
TcZcntt deeeeehirhhie4gad]spage) i ket h Ishaft Patcdisksy qyhuel] Hipiped dutp ché cedlic alosdy ca] ¢

R L St Sl e R ARl e

S10% : & () - 10%&e(of themelt was ca 180 minutes. The melt tem erature was 300°C, the pressure
WU3| 4--#109&' ()-!+--#10%z& ()-!9F#10%& ( 0}}/&! +F#1 ()rhI SF#10%&/ (f | &f #109%&

"()-F 15 0 @es gasl opaee. qf) the 0pagor wag & (0.8 mbar e condensed melt was
discharged via a gear pump with attached granulating unit. The properties of the PC

granulate thus obtained and the starting material are summarised in Table 1.



10z 10z 10zY%r=10%& ()-!07#10%& ()- 3zL }[9~ @4!0, #109&' ()-!+, #109& ()-!
U109 ()-3! "10%z& ()-3 10%& ()-10%& ()-3QTy} <~ @4!!0/ #100/a[§2'!£(h9%1-g F)

S 10% & ()-' 109%2WOOP020800 &' () - 7! +#109%& () - G +#10%z& () - Gy! t ubGFERY Tz &' ()
-10% & ()-10%& ()- 10 10 10! +6, #10%&' () - F! +6, #10%z& () - F} naBr S4! #

10%2& ()-Y 10%& ()-10%& ()-10%& ()-!Ms"109%66& ()-10%& ()-t0)2#${Y:/4
'10z4- #10% & () - F! 04- #109%&' () - Fl 1&10% & (y139%t10%z& ()- ! 0%t10%z& () -

I &#109& () - F$Y&37FmMN4 10z4- #10%

10% & ()-10%& ()-#10%& ()-10%& ()-10%& ()- 10z 10zHS5 aBN4

10z"10% & () - Gz10% & ()-310%& ()-10%& ()-10%& ()-! "10%z& ()-5

,Inlq! U'"dENA 1027#10%&'(&)- F110% & ()-2/10%& ()-3. S10%2 & (? -
*109%2& ()-" 710Vghle (1) - Condengationg) e te from Compact Discs (after de-lamination) in a

10% & () - #10%& () - 0% (daeh0%2& () - 10z 10z

Start” Condensates”

Properties Dimension A B C

(A+BPA) (A+BPA)

Mechanical
Elongation at break % 3.5 82 91
Impact strength
IZOD impact strength, RT kJ/m? 28 n.b. n.b.
1ZOD kJ/m? 8b 67t
notched impact strength, RT 61t/17b
Contents
Phenolic OH ppm 600 500 600
Flowability
MVR 300°C/1.2 kg cm®/10 min 65 16 23
rel. solution viscosity - 1.202 1.271 1.248

1) A: CD recyclate, recovered by de-laminating ground material from CDs

2) B: A +0.25 wt.% BPA, 310/300°C, 0.8 mbar, 180 min average residence time
C: A +0.25 wt.% BPA, 300/290°C, 0.7 mbar, 180 min average residence time

b = brittle; t = tough; n.b. = not broken

Example 2

5 Similarly, low-molecular PC granulate from production waste was condensed to
produce a higher-molecular polycarbonate. As before, Bisphenol A was used here

but no condensation catalyst. The material values were summarised comparatively
in Table 2.

10
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Start" Condensate”
D E
Properties Dimension
Makrolon DP 1-1265  (D+BPA)

Mechanical

Elongation at break % 60 100
Impact strength

IZOD impact strength, kJ/m? 28 n.b.

RT

IZOD kJ/m® 10 60

notched impact

strength, RT
Contents

OH ppm 130 550
Flowability

MVR 300°C/1.2 kg cm?/10 min 71 40

rel. solution viscosity - 1.195 1.223

1) D: primary material granulate
2) E: D + 0.25 wt.% BPA, 320/310°C, 0.75 mbar, 180 min average residence

time

Example 3

Finally, ground PC from the de-lamination of Compact Discs was also condensed in
an extruder. The extruder used was a twin shaft screw ZSK 32 (Wemer &

Pfleiderer) 1.4 m long with a 0.8 m long de-aerating dome, beginning 0.4 m along
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5

AN driked in a%&%@ufa}mé’aﬂr()f’ r((? 1h/120°C). The results are summarised in
g) FG GG &xnbC 10z10% & ()- 10 10
Table

Table 3: Condensation of Compact Disc-recyclate after de-lamination on a twin
shaft screw (ZSK 32, Werner & Pfleiderer)

Start” Condensate”
Properties Dimensions F G
(from F)

Mechanical

Elongation at break % 2.7 61
Impact strength

IZOD impact strength, RT kJ/m* 11b n.b.

IZ0D

notched impact strength, RT kJ/m? 35b n.b.
Contents

OH ppm 440 140
Flowability

MVR 300°C/1.2 kg cm’/10 min 82 18

rel. solution viscosity - 1.202 1.255
Condensation of another starting
material (F”) adding 0.25 wt.% BPA:
OH content ppm 260 120
rel. solution viscosity - 1.198 1.265

1) F: CD recyclate, recovered from the de-lamination of ground material from
CDs

2) G:F melt condensed at 320-340°C, 0.5-1 mbar, 2 kg/h throughput, 100 rpm,
3-5 min average residence time

b = brittle; n.b. = not broken
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Elongation at break, modulus of elasticity to ISO 527; impact/notched impact
5 strength to ISO 180/1C or ISO 180/4A; phenolic OH photometrically with TiCls on

the Ti complex; MVR to ISO 1133; rel. solution viscosity on PC solution in
dichloromethane (5 g PC/1).

It can clearly be seen that with the process according to the invention, the molecular
10 weight of low-molecular polycarbonates (A, D, F) can be condensed to averagely-
and highly-viscous polycarbonates (B, C, E, G) with better mechanical properties

such as elongation at break and impact/notched impact strength.
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N 10%10& Nl 10% isecor continuously, optionally with the addition of a bisphenol or
a8 () - N 100ghtiyiseor contin tlonally With thie addition of a bisphenol

v>I N 10%ggé& () -! N! %@%%gﬁs{)iu_ ﬂ}}@?@ﬂﬁn@af JrOUSs dnd Sptionalti®h transesterification

N 10%gg& ()-!!N1
catalyst, and the polycarbonate melt is subjected to a melt transesterification

10 reaction in the temperature range 250-350°C, at a pressure below 5 mbar and

a residence time of 0.02 — 4 hours.

2. Process according to claim 1, characterised in that it is carried out in a
temperature range of 280-320°C.
15
3. Process according to claim 1, characterised in that the molecular weight of
the polycarbonates and copolycarbonates used is regulated with the

conventional phenolic chain stoppers.

20 4, Process according to claim 1, characterised in that the polycarbonate or
copolycarbonate is used in a mixture with a bisphenol in a weight ratio of
100:0 to 100:10 or with an oligocarbonate with OH terminal groups in a
weight ratio of 100:0 to 100:50.

25 5. Process according to claim 1, characterised in that the condensation of the
melt is accelerated with a conventional transesterification catalyst for

polycarbonate.

6. Process according to claim 1, characterised in that mixtures of different

30 polycarbonates are condensed.
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