- 1 - Pol yosphenatsssfConposi tions having I nproved Optical Preapeeeioesns724
The present invention relates to polycarhonate conpositions and

copol ycar bonat e conpositions, for exanpl’e bl ends, having inproved
optical properties, and to their 5production and their use for the
production of shaped parts,  and to shaped parts whi ch can thereby be
obt ai ned. A! caxbonate Composition Optical\Proper ”"

t hernopl astics. They have w despread uses in the electrical and

el ectroni cs sectors, as packaging material for lanps and in
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20 In all these applications, good optical properties are always required in combination with
good mechanical properties and rheological properties, for example good flowability,
together with high thermal load-bearing capacity, particularly during production or

processing.

25 In continuous methods for producing polycarbonates, for example according to the phase
interface method or melt polycondensation method, the polycarbonate melts are exposed
to strong thermal stress and high shear energy in the processing units, so that damage can
already occur here in the polymer, manifested by a degradation of the optical properties,
often in the form of reduced transmission and an increased yellowness index.

30

EP0789053 A1 describes mixtures of phosphines and silicon compounds for the long-term
stabilisation of polycarbonates, although no mixtures are described for stabilising the

composition during processing.



articles wiwd488es3e0d dust accunul ation, in which anti oxi dagdSEF2§000M05724
the group consisting of phosphines, diphgsphonites, hydroxyphenyl

propi onates and other commercial 5 phosphorus conpounds are used.

The problem of stabilising the optical properties of conpositions and

t he use of phosphi ne/ phosphi ne oxi de m xtures, however, are neither
menti oned nor descri bed. In EP 0625521 Al, bisphosphi ne oxide

di hydr oxyaryly JRN9SERY JefiiBed!SBM cAboIRE B HHACOIRANANIS foﬁifﬂgl% prpduction of
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transiti on atterdgsewdh vedacedigit acopadatiat, iemdidh antidxgleod fdmatke group consisting

R N T ST TN oy —
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of poIycarﬂgﬁ§$5g£%ﬁ%%§FﬁF§hs can be inproved whil e maintaining good
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None of these documents which characterise the prior art, however, gives an indication of
how the optical properties of polycarbonate compositions can be improved while
maintaining good mechanical properties, even though there is a need for optically

20  outstanding compositions in the fields of use mentioned above.

It was therefore an object of the present invention to develop aromatic polycarbonate
compositions and polycarbonate compositions having improved optical properties while
maintaining good rheological properties. For these compositions, in particular, the

25  yellowness index is intended to be lowered and the transmission increased.

Surprisingly, it has been found that mixtures of phosphorus compounds in oxidation states
+3 and +5 produced in situ, or which are added to the polycarbonate compositions, impart
an improved optical property profile with constant rheological properties to the
30 compositions produced in a continuous polycarbonate production process according to the

phase interface method or melt polycondensation.

Both in situ produced and added pairs of phosphorus compounds of Formulae (1) to (6) in

oxidation states +3 and +5, which are introduced as additives during production, reduce



t he yel | owmves so1itose®y1 and i ncrease the transm ssion of the pCI/EP2010/005724
pol ycar bonat e conpositions. Here, a phos&horus conmpound pair is

i ntended to mean conpounds w th oxidation states +3 and +5, the
conmpound with oxidation state +5 being the oxidation product of the
conmpound wi th éfldatlon state +3. 5 The present%ﬁdnveog¥ aﬁagerefore

provi des pdiS ¥eltayEitat S468 ARG nFioas e iSRG SRositions.
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,PCRL "P, X3)aadx+31thR1®ingolnd 2yith RRidation ptatd +6 belng?zhe m(iat)c(mproduct of the

compound with oxidation state +3.

5
The present invention therefore provides polycarbonate compositions containing pairs of
phosphorus compounds of Formulae (1) and (2) or (3) and (4) or (5) and (6) or mixtures of
at least two pairs of these formulae.
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where X can stand for a single chemical bond or for an oxygen atom,



(5) (6) whekgn FH1§askssi and for a single chem cal bond or for @O0y RIdsT724
atom WD 2011/ 038841PCT/ EP2010/ 005724 - 4 - and Rl and R2

i ndependently of one another can stand f4r a phenyl radical or a
substituted phenyl. The phenyl radical is preferably substituted with
Cl - C8 alkyl, branched C1 - C8 al kyl or cu in which case the
subst i t uenesd Rdypnd K2 igdenendeptlynt oae ﬁﬂ@h@frﬁan mé!nfi Aeruyphanybradicaher a substituted

substituen »
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phenyl radical may car at npst 5 substituents, wth one, two or
t hree subst“ieélﬂéﬂt%b%’é‘ﬂfﬁ]és BESFEFFEH and two or three substituents
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gi ven, al t Aertdiutyldebdtitesits inghiése plositianearp mefre partidulatly peeferet. er r ed
enbodi ment, the conmpound (1), (3) or (5) is produced in situin a 15
continuous process in which the correspondi ng conpound (2), (4) or

(6) is add%etﬂeﬁﬁ%ﬁlﬁﬁ%weﬁﬁ alRlokt ?%uﬁ@ﬁfb%tsoﬁmﬁ Sled @w s Rk tihree substltuents
preferably wth the exclusion of air, and the ¢onpounds (1), (3)

(5) are fobregd prefeaed ammqmthma@umemsladeCUﬂdrb’mﬂmdtl on uni ts,
t he colglcentratl on of conpound (2), (4) or (6) in the polycarbonate
granules subsequently isol ated being nore than that of the conpound

(1), (3) ofFufthdrmo?® ilBRidalldNhiedOrdicARMR Gxiadadrhfiind U be B ffbRnt-withBY the
al so take place stepwise in the phosghorus conpounds (4) and (6),

i .e. first seaps ofthe drdinitigms givesprldhioysh idestigal vpdieploxiedaeieded. nunber +3
is oxidised so that there may be phosphorus conpounds whi ch have both
an oxidation nunber +3 and an oxi dation nunber +5, in which case the

two 25phosphar lpﬁef@ﬁ@&&bﬂﬂﬁﬁerﬂﬂetmoﬂﬁhﬂﬁhﬂd(lgpp@’ af e(lsy i§ rpwdma@ in situ in a
anot her. The anount of conpounds of Fornmul ae é
cont aifed CANHINOUS GFRSEES ] afhlqhsthsw@rr@?wﬂylgf %lmosln d )ﬂéb Ob&@. is added to a

preferenti ?bbl}%l}%ggétt g}%g%/ RYhs §P4 §1d9r fn%?ér ?Q\!lh’ﬁ h%c%gﬁgmﬂ airC¥fdthe -
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and nost prempoabisy1)@8) érq(SP2ie fopned inVid ﬂ&ﬁﬂl/r@a&ﬁaﬂhmﬁ’tﬁé’@mﬁ@sams the
S concentration of compound (2), (4) or (6) in the polycarbonate granules subsequently
isolated being more than that of the compound (1), (3) or (5).
20
The transition from oxidation number +3 to +5 may also take place stepwise in the
phosphorus compounds (4} and (6), i.e. first one of the two phosphorus atoms with
oxidation number +3 is oxidised so that there may be phosphorus compounds which have
both an oxidation number +3 and an oxidation number +5, in which case the two

25  phosphorus groups must be considered separately from one another.

The amount of compounds of Formulae (2), (4) or (6) contained in the composition is
preferably from 5 to 1500 ppm, preferentially 10 to 1200 ppm, more preferably 30 to

30 1000 ppm, even more preferably 50 to 800 ppm, particularly preferably 80 to 400 ppm and
most preferably 100 to 325 ppm.



The amount vah 26:@/apRR¥Nds of Fornulae (1), (3) or (5) contai ngeiroeidiRsrza
conposition is preferably fromb5 to 300 ppm preferentially 10 to 200

ppm nore preferably 15 to 100 ppm and-particularly preferably 20 to
60 ppm 5The anount of conpounds according to one of Formulae (1),

(3) or (5) is from2%to 49 % tpreferabl 2% to 45 %, particularly =
pr ef er abl y The,ampumpof pampoyndst ofckarapylae Ggse@?’éroéit(ﬂ/ copgingd 3, thy, composition is

expressed | : oTagels (V) o] r
- 5)6). 10l ?%&%ﬁgﬁfgﬁ%ﬁr@eﬁée?fng%rgm%%tl?ﬁgﬁ égrrespo @?’hfé“dggr%g’}ﬁﬁaw o
wi th the oXxbdappmoandpatiedartBpefaably 2arntet@dp@d to t he pol ycarbonate

melt, the proportion of conpounds with oxidation state +3 being nore
than the proportion of conpounds wi th oxidation state +5.

Pol ycargon kLl Wl pad hagy (of) %
or 19 “and (5 Re OE phAB kA AL NREaPAS S B R (P e o) 2% to
derived frdfh Forprtkmbly 2Vo to (46) %, apaetipdarty puafeably . peefoe #0¥dmpre pafularly
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where Rl aRif ?féb’iyn‘”a/éRé‘?eE%Ff‘?FeﬁF%@“Qﬁé? B Slelmessic Wwpoagﬁ%%t%‘hmulae
radi cal or ( _S@ybsti tuted phenyl radical. The phenyl radical is

preferably substituted with C1 - C8 al kyl, branched C1L - C8 al kyl or
cunyl, in which case the substituents nmay be identical or different,

I'th i i cal substj ferred 1d R4 .
2t g D, 7B oA bR o B SRS Srmponnes R FY i PRUGT Pl -
or 10cunyl andhg #£©apEdneshé polycdrBdnatd diklt, BRGrédoHioRbE c@hpheialtith oxidation

produced as described above in situ ) L
state +3 being more than the proportion of compounds with oxidation state +5.

Polycarbonate compositions containing pairs of Formulae (7} and (8) or (9) and (10) or

15 (11) and (12) or (13) and (14), which are derived from Formulae (1) — (6), are particularly

preferred
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in a conti RUQYSIIAEAALSS i N which the compound (8), (10), (Ipr/@F20{ckdbl724
is added to a pol ycarbonate nelt by neans of a side unit, preferably

with the exclusion of air, and the 15 cdﬁﬁounds (7)), (9), (11) and
(13) are fornmed in an in situ reaction inside the production units,

t he concentration of the compounds (7), (9), (11) and (13) in the

pol ycar bonat e granul es subsequently isolated being | ess than that of
t he conpounds (8), (10), (&2) or_ (IRp. 20As an alternative, however,
pairs of these compounds or es of pairs nmay al so be added. - 7
- Pol ycarbonat e conpositions egnt-aj ni ng_pai rR4of For mRd4ae £15)Rand

(16) or (17) and (18) or (19) and (%0) 21) and (22), m xt ur es
of these pairs, are furthernorg @f darly preferred. R, _wher R4
ranched C1 - C8 al kyl or c%nyl

R4, R5, R6, R7 and R8 stand f
preferably tert-hutyl L

5 As abov®, the conpounds
(19) and (21) af}

p}oduced insituin a conti
in which the compQu -~ (18), (20) andlﬁgZ) IS
pol ycar bonat e by ineans of a side unit th th

and the conpeunds” (15%; , (19) and (2

reaction inside the prod on units, the

(17), (19) and (21) i3 &“poky car bonag agnul euently
i sol ated being |l ess than those of conpounds (16), ( (20) and
(22). As an alternative,1gomever, pai rs of thesegOnpoungg or

m xtures of pairs may af¥d be added. 15 Pol ycar bonat e conpositions
contai ning m xtures of Fornulae (23) and (24) or ( Z% and (18) or
(25) and (26) or (27) and (28) and m xtures of these’pairs are
furthernore nore particularly preferred, a m xture of Formulae 17 and

18 being nost preferred.
d wherep R1 and R3 independently of one another can stand for a phenyl radical or a

| usion of air,
inan in situ

5 substituted pheny! radical. The phenyl radical is preferably substituted with C,; — Cy alkyl,
branched C; — Cg alkyl or cumyl, in which casc the substituents may be identical or

different, although identical substituents are preferred,

and R4, R5 and R6 stand for H, branched C; — Cg alkyl or cumyl, preferably tert-butyl or
10 cumyl.

The compounds (7), (9), (11) and (13) are preferably produced as described above in situ
in a continuous process in which the compound (8), (10), (12) or (14) is added to a
polycarbonate melt by means of a side unit, preferably with the exclusion of air, and the

15 compounds (7), (9), (11) and (13) are formed in an in situ reaction inside the production
units, the concentration of the compounds (7), (9), (11) and (13) in the polycarbonate
granules subsequently isolated being less than that of the compounds (8), (10), (12) or
(14).

20 As an alternative, however, pairs of these compounds or mixtures of pairs may also be

added.



WO 2011/ 038%4 2Rehsdsz010/ 005724 - 10 - (28) These conpoundscigyrodd/mer24
be produced as described above and/or introduced by addition. 5

Conmpounds havi ng structural elenents of “For nul ae (1) to (28) are
referred to as secondary anti oxi dants (hydroperoxide deconposers) or
consecutive g@oducts t hereof (Plastics Additives Handboo

Edi ti on, ﬁfb%?tPéngﬂﬂP@F? cozitm;lg palmjafrﬁqs@ﬂﬂaﬁr(iw (él@tqr&k’i’)oﬁéﬁt(é& or
(for exanp r.adi

or HALS st zgg))l 1&121 @6 On@\jg{l}?ﬁg%} aPso e agédpggﬁsy amh@g@gﬁgoggrﬁt I onpdrly
accordi ng tpeefeted.i nventi on (Plastlcs Addi ti ves Handbook, 5th Edition,
Hanser Verlag Munich, 2001). The ratlo of secondary to prlnary
antioxidants nmay |lie bet s
and 1:5, p icularly_prég
particul arl -

aromati c polyc

en 3:1 and 1;§$
ate$/Dn the context of the
bot h honopol ycaxkbens egxénﬁ-copolycarbonates
in the known way be 20l inear or branched. -1Ts
pol ycar bonat es and B®pglysar bonates, incl uding theﬁgnplastlc aromatic
pol ycar bonat es, both cg¢ #d by the term pol ycarbo 0 3

nol ecul ar wei ghts Mv (we t average Mv, determned b
chromat ography (GPC) neagurenent, pol ycarbonate cali bra
10, 000 to 200, 000, prefeR@bly fron115 000 to 100, 000 5and
particularly preferably 17,000 - 70,000 g/ nol. The conpB¢itions of

t he present invent| fsymay furthernDre contain at Ieast one additive
selected fromthe gron consi sting of W st abi | i sers{!&hd noul d

rel ease agents, and optionally colorants. 10 The proportion of these
additives in the conposition is generally from0.001 to 1.000,
preferably 0.005 to Q. 800, particularly preferably 0.04 to 0.50 w %
(expressed in terns >

stabilisers are sui

conpany Ci ba), JbERgz n-\. .u ke conpany BASF)
cyanacryl ates ( ‘ the cg y BA cinnam c acid esters
and oxal ani |l i des (r es of 34 .bllisers. 20
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Exanpl es ofy@sitiakser UV absorbers are: a) Malonic esters Ofpcﬁ%ﬁﬁi(}?()05724

(r): 25 wherein R denotes alkyl. R preferabl y stands for d -
alkyl, in particular for d-C4 al kyl and$ particularly preferably for
ethyl. b) Benzotriazole derivates according to Forrmula (I1): WO
2011/038841 , 1PCT/ EP2010/ 005724 - 12 - In Formula (11), R and X

are identical or differentRang pdte H or al kyl or al kylaryl.
Tinuvin(r) 329 with X =1,1,3 et r anet hyl bﬂtyl and = H,
Tinuvin(r) 350 with X = tert-

i nuvi i = kO = 2-b YA RO
i i i =1, qg | - phenyl are re{ erred. R4
c) Dinmeric benzotriazole deri @. lAgrorging to Fornul a ( )Yro @

Tinuvin(r) 234 with Xand R=1,1 met

In Formula (I11), Rland R2 a éhticaIRsor di fferent and de ot e |
hal ogen, d - ClORaI kyI ycl oal kyl, C7-Cl13 aral kyl,
aryl, -OR5 or - OolR th RS = 10H or O -C4 al kyl . prmul a s
(rrr), R3 and se identical or Rdiffere 7 <

Cl-A4 al kyl cy Io kyl, benzyl or -Cl ar @
R4 I j E j

(1) R5

R4

(22)

where R4, RS, R6, R7 and RS stand for H, branched C, — Cg alkyl or cumyl, preferably
tert-butyl or cumyl.

As above, the compounds (15), (17), (19) and (21) are preferably produced in situ in a
continuous process in which the compound (16), (18), (20) and (22) is added to a
polycarbonate melt by means of a side unit with the exclusion of air, and the compounds
(15), (17), (19) and (21) are formed in an in situ reaction inside the production units, the

10 concentration of (15), (17), (19) and (21) in the polycarbonate granules subsequently
isolated being less than those of compounds (16), (18), (20} and (22).

As an alternative, however, pairs of these compounds or mixtures of pairs may also be
added.

15
Polycarbonate compositions containing mixtures of Formulae (23) and (24} or (17) and
(18) or (25) and (26) or (27) and (28) and mixtures of these pairs are furthermore more

particularly preferred, a mixture of Formulae 17 and 18 being most preferred.



I n Fornmul aywhbdhomsdenotes 1,2 or 3 and n denotes 1, 2,3 or ger/rp2010/005724
Tinuvin(r) 360 wt hR1:R3:R4:H; n =4 R2=
1,1,3,3-tetranethyl butyl; m=11is 15prefe9rred d) Dineric

benzotri azol e derivates according to Fornula (1V): WO

2011/ 038841PCT/ EP2010/ 005724 - 13 - wherein the bridge denotes
-(cHR% c-0- (11-0)c- C—(CHR4)- R1, R2, mand n have the, neani ng
mentioned for Formula (14 and wherelnpls an i ntege rom0 to 3,
g is an integer fronylt Y is -CH2- CH2) 4-, -
5(CH2) 5-, -4TCrf M , t he neani ng
menti oned for . Tinuvine 84 ' n =4 R =
tert-butyl; m="1 at tached to the &4« i he ortho
position; R3 = B = 2; Y = -(CH2)5-; preferred. 10e)
Triazi ne derivates ac ng to Fornula (V): wherein Rl, R2,
R3, R4 are identical ot fferent and are H, aryl, CN or

hal ogen, and X is alkyl| preferably iso-octyl. Ti nuvin(r) 1577
with RL=R2 = R3 = 4 ; X = hexyl and Cyasorb(lt) UV-1 164 with Rl
15= R2 = R3 = R4 = nethyl; X octyl are preferred” \- 14 - f) Triazine
derivates according tg;the follow ng formla (V(a2)4):

2.k
saslicas

(17) (18)

£ o N ¢
3.0 EJ@O
o O ®

(25) (26)
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wherein Rl al kyl to C17 alkyl, R2 denotes H or
C4 al kyl adg@n&iﬁs ?iom 0 to 20. wherein Rl, R2, R3, R4Q(:ﬁ‘hkﬁj 0,/609724
R7, R8 may be identical or different, anH)denote H al kyl, CN or
halogen and X is al kylidene, preferably met hyl i dene or -(CH2
-0-)nl0C(=0)- and nis from1l to 10, preferably 1 to 5, in
particular 1 to 3. h) D yIcyanoacryIates Formula (VI1): WO
2011/ 038841PCT/ EP2010/ 00 - wherein RL to R40 may be
i dentical or different, and ote H__alkyl, CN or hal ogen. Wvinulg
3030 with RL to RA0 = His prefétre Particularly preferred W
stabilisers for the nouldin ns according to the invention
are conpounds fromthe grou ists of the benzotriazoles (b)

Kb% cgns

and dineric benzgotriaz and dy;\the nual o8 c _gst (a). and the
cyanacryl at es ] ures of these conpound e stabilisers
are used in anpunfs &f fromo0.01 w%to 15.00 wt Kes j erns
10 of the iy c8 ition, preferably in amunts]of m 0. 05

~dT oy 0. 08 wt %
3 omO0.1

g conposititon. The

- conposi tions accordi ng
-ctay from the group which

ne nonost ear at e,

w%to 1.00 % parti preferably in anmou

w%to 0.4 wt% expressed in' terns of
nmoul d rel ease agenté optionally addee
to the invention 15°4re pr ef er abl
conprises pentaerythritol tetrasteg
stearyl stearate and propanedi ol stearate-gr xt-ures thereof The
noul d rel ease agents are used in anmounts 0f from|0.05 wt% to 2. 00 wt %
expressed in terns of the noul ding conposition, preferably in anmounts

of from0.1 wt%to 1.0 wt% particularly prefé&®ably in anmounts of
fromO0.15 wt%to 0.60 Wt % and nore particularly - 16 - preferably in
amounts of fromO0.2 wt%to 0.5 wm % expressed in terns of the total
conposi t i orfhegscapmpovadymay else ke dariused ay daserabad apoyg siderdatredisad by addition.
(for exanple Irganox types fromthe 5 conpany G ba, for exanple

| rganox 1076 (octadecyl-3-(3,5-di-tert.butyl-

hydr oxygohenyl) - propi onate), |rganox 1010
(pentaerythritol-tetrakis(3-(3,5-di-tert. buty

hydr oxypheSsPmRgyady ihaHagestresturpl @bﬁwtm@ﬁmia@dﬂéttwl(%ﬁ}em& geferred to as
(3-(3,5-di

Used. 10The-anda HndiaRICURBIRMRAE REARbARR) RE SorRleRrbl HrBIER, dhercof
contain comPhinasoﬁrrhhtvmsld{mdbﬁﬂ{ Stickdiasn,ddmser Vdrtapridhnish, 40001 ).ser s,
antistat cs, colorants, flow assisters and flaneproofing agents.

The production of the polycarbonates to be used according to the

i nvent f(P N irrhar r‘irﬁﬂ'yoa'ﬁhokl'dalﬂ’cg (f3¢ 'e%ﬁpl'e Radibg sk,zﬁk% er‘:‘,‘fiﬁudhr é%r@tencally hindered
di phenol s, carbonic acid derivatives and optional Ty ‘15branchers.

phenols or HALS stabilisers, may optionally also be added to the compositions according
to the invention (Plastics Additives Handbook, 5th Edition, Hanser Verlag Munich, 2001).

The ratio of secondary to primary antioxidants may lie between 6:1 and 1:6, preferably
15  between 5:1 and 1:5, particularly preferably between 4:1 and 1:4, and more particularly
preferably between 3:1 and 1:3.

Thermoplastic aromatic polycarbonates in the context of the present invention are both
homopolycarbonates and copolycarbonates; the polycarbonates may in the known way be

20 linear or branched.



Met hods fORYfP% NApgdghpnat e synthesis are w dely known and dWEﬁgfb/dog—‘,M
nunmer ous publicatrons. EP-A 0 517 044, WD 2006/ 072344, EP-A

818, WD 2006/ 072344 and EP-A 1 609 818 ahld- docunents cited there| n
descri bed, for exanple, the phase interface 20and nelt nethods for
produci ng pol ycarbonate. Di hydroxyaryl compounds suitable for the

pr oduct i on Thermenisatiar payeareanates eandh sepolyfartmpies) incluiyg Hermopkasi@gyomatic
3\3: ghmn;a;:/h gSMC%rbRnaS[es e %rg%rle a/ m%[ t%rm I%Y%c%‘oonap mhgvé %ncffgctu% 6\89 gﬁig My,

oneé or nore ar i C rng € Su

nmay cont ai waighpMatige Miv, ameﬂmabd phatli pi:nhaﬁmaihsomﬂnga Iy {GPE) Beurement,
het er oat ons as bri dgi n% nponents. Z in Formul a (Zn%) pref er abl

stands for palyadPReis caRbrGAL 309,000 26000 mtlamplTiERsB16) Qo900
- | tl f th t and
for 1 Scr- arar kgt e ey oot IRAREERRRT Y 20 O%or Br o for

respectively optionally substituted aryl- or aral kyl, 5Spreferably for
H or Cl-C12 al kyl articularly referably for. H or Cl C8 al kyl and
more part i J@FaFPWOE‘E)IQF%EDg@PWWP MVeRtiQReRIRy (furthggmose ?qﬁéar“hﬂ aéfogne additive

stands for @yftkgg{kﬁn bﬂﬂgdgrouéqgnmstm of U\Q stabll‘?‘s ers g%d LRofD (@leky é@rtsb and

C2 to C5 al ene or for ene, may optiona
condensed wptinalyaoltrams.r i ngs furt her mor e cont ai ni ng ot her
het er oebt ons.
1
The proportion of these additives in the composition is generally from 0.001 to 1.000,
preferably 0.005 to 0.800, particularly preferably 0.04 to 0.50 wt% (expressed in terms of

the total composition).

15 Organic UV stabilisers are suitable as UV stabilisers. The UV stabilisers are preferably
selected from the group which comprises benzotriazoles (for example Tinuvins from the
company Ciba, Triazine CGX-06 from the company Ciba), benzophenones (Uvinuls from
the company BASF), cyanacrylates (Uvinuls from the company BASF), cinnamic acid
esters and oxalanilides, and mixtures of these UV stabilisers.

20

Examples of suitable UV absorbers are:

a) Malonic esters of Formula (I):

o

25 wherein R denotes alkyl. R preferably stands for C1-C6 alkyl, in particular for C1-C4
alkyl and particuiarly preferably for ethyl.

b) Benzotriazole derivates according to Formula (II):



10X prefer @b Yo1s ;09%&115 for a single bond, Cl to C5 alkyl e”emc%}tz@m%s-m
al kyl i dene, C5 to C12 cycl oal kyli dene, -0-, -SO, -CO, -S-

particularly preferably stands for a S|n§4e bond, |sopropyI|dene C5
to Cl2 cycl oal kyl i dene or oxygen. Di phenols suitable for the
production of pol ycarbonates to be used according to the invention
are for exa ga?o. Fnone resorcin, dihydroxydi phenyl, bis- 15
(hydroxypheﬁg;g;ak S, &ﬁhydroxyphenyl)-cycloalkanes,

bi s- (hydr ox yl)-g, fides, bis-(hydroxyphenyl)-ethers,

bi s- (hydr oxyphenyl) - ket®nes, bis-(hydroxyphenyl)-sulfones,
bis-(hydroxyphenyl) sul f oxi des,

7 g~ kyl 18 EGPARA CRL o A PO AU 06 ORI AR 2o Parkaliry:

di phenol s are 4, 41-di hydr oxydi phenyl ,

2,2-bi's-(4-h ¥POGAl X P?%”&é! BHOBANE and R° = H, Tinuvin® 350 with X = tert-
1, 1- bi s- ( 4- hy r%%yp eny1) _%h ot ang$ B an > LBV e ©
2,2-bis- (4bh§5damﬁ<3ﬂhe2}yhtybarﬂb'ﬁlmey1n® BAbwvgh Kandet Ty I, 1 -dimethyl-1-phenyl are
4-hydr yph ag %bpropane 2, 4- bi s- (4- hydr oxyphenyl) - 2- et hyl but ane,

1, 3- bi [ZP( THfdr oxypheny1) - 2- propyl ] benzol e (bi sphenol M,
2,2-bis-(3-nmethyl-4- hydroxyphenyl) - propane,

bi s- (3, 5-di, (3, 5-

2530 1ot hy L AR oo e S N R aBH ARG Fofméra Uty

bi s- (3, 5-di net hyl- 4- hydr oxypheny1l) - sul f one, 2, 4-

bi s-(3,5-di nme 1 4 hydroxmghe -2-nethy|butane,1,3-bis-[2-(3,5-dim
et hyl-4-

hydroxyphenyl ropylkbenz 1 bi s- (4- hydr oxyphenyl)-3,3,5-trinme
t hyl - cycl ohex on PRpY | ny preferred di phenols are

2,2-bis-(4- hydrox pane (BRA), 4,4'- 5dihydroxydi phenyl

(EKI» and 2, 2- b|53/3 - hydr oxyphenye- propane, 1, 1-bis-(4-

hydroxyphenyl) 3 trinmeth l.cycl ohexane (TMC). These and ot her

sui tabl e dlphenols are described for exanple in US-A patent

specifications 2 999 835, 3 148 172, 2 991 273, 3 271 367, 4 982 014

and 2 999 §d@ornnfla %1@18' Ri qn@R@ ArCREARAl BAdiSREerS PREGCORA) MMach, STX10

703, 2 063 050, 2 052, 211 956 and 3 832 396, French patent

speci fi cat ianyl 5610 51‘808111()?11 CheC RPomalyyla pl§-C M4 argh HQRISIor (@@ngsﬁ P WIS =

PhyS|c Of6§ %E%%ﬁﬂg tes, Interscience Publishers, New York 1964,
X¥nd in "D G Legrand, J.T. Bendl er, Handbook of

Polycarbonate Sci ence and Technol ogy, Marcel Dekker New York 2000,

pp. 72ff." 1y k8iulh E'EI)CI% %n&’k4WMM&@EH%%@&H@%M@P&&HHG(DPJC4|a‘ik 1,

used; in the case of ‘copol ycarbonates two or nore di phenols are used.
The di phendlsCasedoalkyl, berizyl eCatil4artler chemicals and auxiliary
substances added to the synthesis, may be contami nated with the

i mpurities_ otiginat] fromt S esi s ndllng and storage. It
is therefoﬁ%kaggﬂ?ﬁgﬁgn@€WVEﬁﬂf §HX$83FW§?%}E 4hich are as pure
as possible. 20The pol ycarbonate synthesis is carrled out

continuous 'TXnuvTJI@ 3%6%8&1' ©-Ig3 L R PRage 4. Rber | §6es. énp&emé&ﬁlﬁﬂ) mBYisPe
carried out reactors, tube’reaétors of "agitat

cascades oqwﬁbmhinatlons thereof use of the aforenentloned m Xxi ng
menbers ensuring that aqueous and organi ¢ phases as far as possible
do not dem x until the synthesis m xture has reacted, i.e. no |onger

cont ai ns anfy Dimgaabenzatiagoledesy ptapacsprdmpiodiayeni @Y):chl or of or mat es.

(R} n {R,))n
:\ p N ;;

N—N N—N

HO—@ (bridge) —QOH ™

(R R

Jm



The amount @ ,£hRsd345t Oppers to be used in the form of ”D“QRH%BQBﬁwm5n4
such as phenoF, tert.- butyl phenol or cunyl phenol is fromO0.5 nol. %

to 10.0 ol .% preferably 1.0 mol.%to 83 nol.% particularly
preferably 2.0 nol-%to 6.0 nol-% expressed in terns of noles of 30
di phenol s respectively used. The addition of chain stoppers may take
pl ace bef omderaguthiergidge defiatey t he phosgenation, preferably as a
solution in a solvent m xture of nethylene chloride and chl orobenzene
(8-15 wt. % strength). WO 2011/ 038841PCT/ EP2010/ 005724 - 19 - The
catal ysts usggﬁLﬂgpga§@m$ﬂngﬁ%ce synthesis are tert. amnes, in
particular triethylamne, tributylamne, trioctylam ne,

N- et hyl pi peri di ne, N-nethyl pi peridine, Ni/npropylpiperidine,

particul ar refergbly triethylam ne. and N-eth iperidine. .The

Pat ol yot o ity RBemadad s teraedyai REgiher ok TR (5 a1 MBS 378 or
besi de and ytiold; QNG t3 309% ANREF froRNtoqPt b athy-dief- o[ EHNE., (CH2)4-, -
phosgenati on,™ al t hough dosing after the phosgene introduction'is

pr ef er @bl e (CHR-gd¢SHAYW-ofr CHECH IR @HY sanddt3 anteR 4 hoved the manmmyg nigmtioned for
carried ou; in szﬁ tance, in an inert solvent, preferably that of the
pol ycar bondPE¥G4HResi s, or al'so as an aqueous sol ution, and then in
the case of tert. am nes as their amoniumsalts wth acids,
preferably mm®'84@wiﬁ3m Ly RpL b1 goilag BYa1.a6 Y ORCs afhdhed YER OFF lfihp
a plurality of 10 catalysts or dosing fractions of the total anoun

of cat al ystisthedirthbgroesitiono3 =i Fék ped?, ey (GE2)Sral ¥y iapsberted. carri ed
out at different positions or at different tinmes. The total anpbunt of
catal ysts used lies between 0.001 and 10.000 nol % expressed in terns
of noles of bisphenols used, preferably 0.01 and 8.00 nol %
particularly preferably 0.05 and 5.00 nol % 15 The organi c phase is
washed, ¥ ep . ' i.oni i;sti,l.l ed water. The separation
of thg“%rggﬂﬁgg% %@%%Qgggfgghﬁgg?gégﬂgggv&ﬁth parts of the aqueous
phase, after the individual washing steps is carried out by neans of
settling tanks, agitat®@d& tanks, or conbinations of these neasures, in
whi ch case the washi ng-nwater may optionally be added 20bet ween the
washi ng steps by usi ng tive or passive mxing nenbers. The

i solation of the polyngf foHom the solution nmay be carried out by
evaporating the salve Ey geans of tenperature, a vacuum or a heated
carrier gas. 25Thg'repidpes|of thenpsol vent may be renoved fromthe

hi ghly concentra SN Its obtained in this way either
directly fromt It by oration extruders, thin-Iayer
evaporators, fRdlling filmevapSrators, extrudate evaporators or by
friction conpacting, optionally with the addition of an entrai ner
such as nitrogen or carbon dioxide, or by using vacuum and

al t er nat i vatherdiy R4 uB2 Rddit arerdentigl| or dififsrent aad aridaalkylganylitCY pehalogen,
resi due of th 050} ve pknoth lid phase. Reaction in the nelt
(melt poly@8%§%§§®?$’ﬁaﬁg@ﬁ6l9%ﬁ§% net hod) may be di scontinued after
the transesterification nmethod, or configured continuously. After the
di hydr oxyaryhu G RBRaPN dstha0o=®oat kb =CR4 baNat eherIinROMEGBS BY-P16BYith R1
optionally wth further WO 2011/ 038841PCT/ EP2010/ 005724 - 20
conpoulfds, =tR2=rRéae Rdconmiethykt apetybare prefirsedor esence of a suitable

catal yst. The yield, or the nolecular weight, is increased with

rising tenperatures and falling pressures in suitable apparatus and
devi ces by discharging the cleaved nonohydroxyaryl conmpound until the
desired final state is reached. Term nal groups are inposed in terns

of type and 5 concentration through the selection of the mxing ratio
of di hydroxyaryl conpound to diaryl carbonate, the | oss rate of

di aryl carbonate, dictated by the choice of procedure or plant for
produci ng the pol ycarbonate, through the vapour and optionally added




10The cont ijyopsos®snod for, produci ng pol ycarbonates is prqﬁgmﬁﬁhﬁmm5n4
characterised in that one or nore dihydroxyaryl conpounds with t

di aryl carbonate, and optionally other alftted reactants, by u5|ng
catalysts, are melted and after precondensation wi t hout separati ng

t he nonohydr oxyaryl conpound being formed, in several subsequent
react i on- e¥apotzndoieryatey aecofing t%&@ﬁwl@@ngﬁ@mg(\ﬁ@ t enper at ures and
stepwi se falling pressures, the 15nol ecul ar weight is reduced to the
desired level. The devices, japparatus and reactors suitable for the
i ndi vi dual reaction-evaporatjor stages are, according to the
procedure, heat exchaggersya éxpansi on apparatus, precipitators,

col ums, evaporators,~qgitated vessels and reactors or other
comercially avail ab PO appar at us, which provide the required
residence tine at sel¥Ctwd tenperatures and pressures. The sel ected
devices nust permt the required he& i nput and be desi gned so that

t hey can acconm)date|thN continuously increasing nelt viscosities.
Al'l the devices conn d to one another through punps, pipelines

and val ves. The aeline ween all the instrunments shoul d of
course be kep% as short as po%%ible, and the 25 curvatures of the
| i nes should be kept as snmall as possible, in order to avoid

const rai nt S5 REGRRTIEhhELoR 51 CLLShHLRPdenges B LAl P Sk 4B sadinds

this case tQnbgtdaken into account. In order to carry out the method
according to a preferred continuous procedure, either the reaction
partners nmay be nelted together or the solid di hydroxyaryl conpound
is 30 dissolved in the diarylcarbonate nelt or the solid

di aryl carbonate is dissolved in the nelt of the dihydroxyaryl
conpound, or the two raw materials are conbined as a nelt, preferably
directly f&Rllﬁﬁ%‘aﬁ@ﬁn@r@mw&’eﬁégm@ﬂ’r@%(‘ﬂ e of the separate nelts of
the raw materials, in particular that of the di hydroxyaryl conpound,

are set as short as_possible. . - 21 - The nelt mxture, on the other
hand, nmay reside | ohger at correspondlngly | ower tenperatures wthout
quallty | osses, o to the nmelting nt of the raw materi al

m xture bei ng redu éH1 conpari son ot he individual raw
materials. The gatakyst . preferably polﬁ i s subsequently dissol ved
and added, and ’he | t 1s 5 heat Q hel rea® i on tenperature. For
t he technlcall npgg?gi]bproces 'bre wlng pol ycarbonate from
2,2-bis-(4-Mh yphen ROpaR d di ph@&rylg, carbonate, this is from
180 to 220C, preferably 190 to 210C, nore particularly preferably
190C. Wth residence tinmes of from15 to 90 mn, preferably 30 to 60
mm reacti I| [ stab . ' t

v oxyar y e SR ST £ KR TRl ARl ARt 48 dengre 1,
at at nosphalkyt, ¢ eshalogen dndt X fioalkyledehal lﬁaﬂerabegamemshaémmr afCH2 AbR-Oi e
pressure. The preferred pressure in technical plants is from2 to 15
bar ab$bl utd= ‘Hﬁﬁﬁbﬁﬁﬁﬁﬁkfﬁi%Iﬁg&ﬁwbhhﬁbﬁlmﬁm§CWF?kﬁ3@acuun1chanber
the pressure of which is set at from 100 to 400 nbar, preferably 150
to 300 nbar, and then directly afterwards heated in a suitable device
at the sane pressure back to the inlet tenperature. In the expansion

h) Diarylcyanoacrylates Formula (VII):



15 processé b1yl ting hydroxyaryl conpound is evaporat eg-weidiom05724
nononers which are still present. After a residence tine of from5 to

30 mn in a bottom product receiver, opti%nally w th punping, at the
same pressure and sanme tenperature the reaction mxture is expanded
into a second vacuum chanber, the pressure of which is from50 to 200
nbar, preferably fron18ufupR15h-nbar and directly thereafter heated
in a suitable devi cBoa aTe pressure to a tenperature of from
190 to 250C, prefegabl t@ 240C, particularly preferably
from210 to 23QC. HE ting hydroxyaryl conpound is
evaporated w t h*yo I° present. After a residence
time of frompS ts oduct receiver, optionally
wi t h punpi ng, *at yncl salte tenperature the reaction
m xture i s expandedyd watuun 25 chanber, the pressure of
which is fronR haht-§.f rom 50 to 120 nbar, and
directly thergs ergevi c€™at the same pressure
to a tenperature)o
particul arly pRgfreg nIOR%GGQ Here again, the resulting
hydr oxyaryl conpourg— ) --Rmnth nononers which are stil
present. After a re5|o e ti
product 30 receiver; EQ p b{ wifeeh punping, at the sane pressure

and sane tenperature tte reac®i dh: mi xture i s expanded into a further
vacuum chanber, the pressure of which is from5 to 100 nbar,

preferably fron115 t 00 ar, partic rly preferably fr 0.to 80
nbar, and AEERRY tp e e by iHommb 4pd 46106 ettt CRY S S
pressure to a tenperature of from WD 2011/038841PCT/ EP2010/ 005724 -

22 - 250 t o] 90C, particularly
preferablyq?ggggg%%bQ%ﬁggg%?R%grgké aF%He%he resul ti ng hydroxyaryl
conmpound i s evaporated with nononers which are still present. The
nunber of these stages, here for exanple 4, may vary between 2 and 6.
The 5tenperatures and pressures are to be adapted accordingly when
changi ng the nunber of stages, in order to obtain conparable results.
The relat i Pertidugaekys prejeresid Uve spbétsgnsd@rnsthc en@flding ecoppogiions iagcording to the

car bonat e, chi eved in the S es bet 4

preferably Ibeef]\%g%r?rﬁ C%p%}ﬁ’dls tﬁ%%??dpc ;hbil i r(gftélrp qfﬁn ntﬂg%%sehb) and
1.06 and 1giferid Bervoli2bRE l’(@%nﬂ”?“ﬂlhd@ﬁlom@ﬁt@ﬂ’s @) l’aﬁ@ﬁﬂ@ﬂ?ﬁtabtyﬂ&e@(h) and
from5 to 20 mn in a bottom uct receiver, optionally with

punpi ng, ﬁHW¢W$%ﬁﬁﬂ¥$Sﬂ@@§awegand sane tenperature as in the | ast

fl ash/ evaporator stage, the olrgocarbonate produced inthis way is

delivered int l or bas reac ut further

from 250 t dPs0EsHhT Srdrm oS amERnt SEBRRPRER Sl iy Hrkafieifims
250 t01(2806Gf tAé nidRGisH@mpekitibhOpickerhiflyid 4h@ints BF &fotd DVY whiF:0f 2.000wt%,
10 nbar, with residence tinmes of frontgo to 90 mn preferably 30 to

60 nin. Theaﬁm@u@mpfﬁ@a&hhesn amoematqfvféomr%%swt‘t@t%é Sfwigmand pore garticularly
1.28, pref 1 rnt l.arl e

The mel t 1 SRRt DnpudpBfoph i tER R Gl uP PR eefds b g fpolcine
to the desmb@@oﬁuﬂml viscosity, or final nDIecuIar merght by
separating 20 the condensation product phenol in a further disc or
basket reactor (high-viscosity reactor). The tenperatures for this

are from 27thetmowddodeaspagenis amlqpaizla@dd@sl RAbecoppesitionsl aaegrgingrte fleg dpition

(2)82 t 8 lOC %?e ewgs’h Q?I%C%S&J foéléstpf r Oé?lpgf %(I;}%%O%Bg?esnﬁﬁ'ﬁaergg&lﬁ or'¢ Ra&earate

prefer abl y glrectific Al ostedtate I€arydtearite 96@ pidphesliclsteanitd il Biktli@s tHeeeof. The
| evel necesigbg for the intended application, and are frontZQ} 18 to
1. 40, pref enainil yeleaseqgents Bragsedyiy amewnta of yropk 808 widh o 2.0BWt% expggsed in

The functi qns,of¢ 0% dnD 28KEbsiiSA ST AhShD8e GBI A8l b 2.0 wios,

particularly preferably in amounts of from 0.15 wt% to 0.60 wt% and more particularly




10Pr ef er ablwg 26Qlok&wq ng t he addi tj on of the phosphorus conpaunEéslonos724
ina further step the amount of phosphorus conpounds contained with

oxi dation states +3 and +5 according to~ For mul ae (1) - (6) is

determ ned, in which case the anmount of phosphorus conpounds

contained with oxidation states +3 nmust be nore than the anount of
phosphor us PESEEBIN s aBwHEtE Hefoms PR BxTodiex Donwatoaergsessed in ftegmfpof the total
anount of HQ@EQﬁBHS conmpounds 15 contained wth oxidation states +3
is less than of the phosphorus conpounds with oxidation states

+5, additional phosphorus conpounds with oxidation states +3 will be

added to the polycarbonate nelt jn _a further s The i ntroducti
of addi ti ves MEPdEEnTigReRRisicrionly Hindersd Hrhefl@lsé Ortel’i%mB]&I @@&Pbéﬁ%?ﬁgmm the
conposi4 i on abbiohSerisy VAREBIAP! BuaRby DY ARCOWL RlechiIR(3,5-di-tart butyl-d-
conp05|t|on0§%%§%ltu%nts B oloﬁz%H he gﬁﬁ pp%:ué? 8 v ?I?uy
processi ng h@fﬂmyplm)ryﬁl-mopmmdtd), rhgaﬁa}s & 0hQ épﬂsaerﬁhnwl—wﬁaks(bfxﬁ d1 tert. butyl—4-
antistatic da to .the r ryi.e o, particyl oa
(mpact st TRAGRRIRADITEPEnSEE Rt ERrobans (rrarbieBotin G bhust &bl
col orants, h?h@,%%ﬁé gf)qﬁ),plofmggedr@gggf&h ?glsé@y be introduced into the
pol ynmer I ndi vi in any mxfures or a plurality of

different m xtures, and before i solation of the polyners or
alternatively 25 after melting granules in a so-called conpoundi ng
step. Ithe aiei tdmpm;;twms zm'cxtdmgm ttherlaménuorramapefu'rth#:mmﬂuoce)dtaiimtaontrémional
polymer nelt _as a s or. as a Anot her .t

bF Hosi g PdBreRsahes abebihamel sSEOREEh o AeLs of Otfngtier nd
bat ches of dyligp ﬁ%@h% UESs Or additive mxtures. - 24 - Additives
Handbook, Hans™ Zwel , Hanser, Minich 2001" or in WO 99/55772, pp.

LS oo, TR UL A A0S YRS RO AR i o

m xture or in priacipk mathicknowint Ways frabi Biphetdls, caftonid ol dghaa{s;es ahé ropsipnally
inorganic fillers or organic and inorganic scattering pignments. The
poncaF%onéf%mgﬁﬁpositions according to the invention may be

processed on conventional machines, for exanple on extruders or

i njection moul ding machi nes, to form any desired shaped bodi es,

shaped par tNethedse étrs polycpbanass synthbss tdreswidalyt keoworandntésoribéd waynumerous

10The pol ycarponat e ! i i i gt

i mpr oved oﬁ'f‘lf’]g?i"l HOR§- (}%ﬂ gﬁ?@s’} QA@Q%@%Q@B %te Eg’%?‘e@%ﬁwéﬂﬁ’ Of#3+4 and
be used to HPLAAUEEY 8X$ kil ab&imdn® SiteRSthe@EsSriBe] fra¢Xail€ $hd PiRds8 Yterface
for exanple for card applications and tubes) and shaped bodi es

(bot t 15) | and.nwétrmﬁtbmlﬁgrpwdgemg@ﬁlya@réonatethe transparent field,
particularly in the field of optical applications such as for exarrpl e

pl ates, web plates, glazing, scattering and cover 15 disks, |anp

coveri ngs, mh?cﬁ'bkﬁarylotz!@ﬁ &linglk Ssuithbhlg o Uhél preetidmntos I:Qilydaﬂidnﬁﬁh dl@ttBose of
storage, for exanple audlo CD, CO-R(W, DVD, DVD-R(W, mnidiscs in
their vari EQ@PEEEQ)OnI y or wite-once and optionally rewitable

enbodi ments, as well as data nmedia for near-field optics. Al so for

the production of articles for the g4 ?cb?cal(? | ectronics and IT
sectors. Another large field of use o e @car bonat e conpositions
according to the invention 20 invol ves scatterlng di scs and ot her

di spl &35 apph mbathi ons, but al so optical applications in the autonotive
sector, for exanple glazing, plastic coverings, scattering discs or

| i ghtgui de ele .0r' s nses atio 0

|1 gt gui de 11 br e, i FLESFARERYe FERRE Somt sTRE o fih Vﬂa%ﬁﬂngﬂtsmom
coverings for | @agdmbte!agorh@MP ingdhendyolbKC akRanadde aﬁ@”ﬁ@?lédlﬁzﬂﬁ Hati€ or
present invention may al so be used to produce 25 compounds, bleno]‘J

such as for exasgtlealinhatip@di@s, opdhgarylpoy IRAoatpas REPIdROE PEmpERents.
PC/ PETG and conponents which place particul ar requi rerrents on

Z in Formula (29) preferably stands for a radical of Formula (30)

30



The pr esent%@gﬁyngg%g{ on also relateg to the extrudates and shaB8e10/005724
bodi es or shaped parts made of the polyners according to the

invention. - 26 - Exanples Raw materiat5 used: PC1 is a

pol ycar bonat e based on Bi sphenol A and phosgene with a nelt vol une
flowrate (MWR) of 14.5 cnB/10 mn (260C/ 2.16 kg). 5PC 2 is a

A RPhosgene with an MR of 15.7

Bi sphenol A and pho$g R i\ 15.5 cnB8/ 10 mm (260C/ 2. 16
) i ‘ ats/based on Bi(3Phenol A and phosgene

with an MVR of 8.9 cn8/ 1010 mn ( éﬂ 2.16 kg).

TPP: Tri phenyl phosplRii@e |rgafos 168: sphite fromthe conpany

BASF/ Ciba (tris-(2,4-di-tert.- butyl)phenyl -phosphite)

15Characterisation of the noul di ng conpositions according to the

i nvention (@ ¥8ihnet hods): Col our measurenent: Determination of

yel | owness i ndex Yl on shaped bodi es by neasurenent on standard test

bodi es (4 nmm t hipek)g @@@Hfdéﬁéiﬂeﬁtﬁr M FR3dr stand forll8L €]- éjpiﬁggl%)@]-@ls Elﬂl@xy,

transm ssi on on shaped bodi es by neasurenent on standard
20bodi es (4 nm haliogén) sebasr@iondPriay faSENpee vdy optienalky subsitntet jayl- of aralkyl,

the nelt volunme flowrate {MVR) 4 s rried t at. 300C.and w a .12
kg Ioaé’, or at f%@%ﬁfﬂrﬁ ¥ 16 ?galﬁﬁaaa lg}lﬁayéﬂ?ﬁgagpx F?ag—gof gté{bs all%yl and
devi ce accordi ngldr@pélﬁaﬂaﬂ)’ig;efermyz&lﬂloea&ﬂgyl,%'&/ EP2010/ 005724 - 27 -
Tab. 1 shows the inventive effect of the inproved optical properties,

especially the increased transm ssion and the reduced yel | owne

)
i ndex at an i ncredaauls B0 sainipriacvipgle Rond.eSOre stiPtsO-; -S-; Ci to Ce alkylene,
C, to Cs alkylidene or for Cg to Cj; arylene, which may optionally be condensed

with aromatic rings furthermore containing other heteroatoms.

10 X preferably stands for a single bond, C, to C alkylene, C, to C; alkylidene, C5 to C12
cycloalkylidene, -O-, -SO-, -CO-, -S-, -SO,-; X particularly preferably stands for a single
bond, isopropylidene, C5 to C12 cycloalkylidene or oxygen.

Diphenols suitable for the production of polycarbonates to be used according to the
invention are for example hydroquinone, resorcin, dihydroxydiphenyl, bis-

15 (hydroxyphenyl)-alkanes, bis(thydroxyphenyl)-cycloalkanes, bis-(hydroxyphenyl)-sulfides,
bis-(hydroxyphenyl)-ethers, bis-(hydroxyphenyl)-ketones, bis-(hydroxyphenyl)-sulfones,
bis-(hydroxyphenyl)-sulfoxides,  o,o’-bis-(hydroxyphenyl)-diisopropylbenzoles,  and
alkylated, ring-alkylated and ring-halogenated compounds thereof.

20 Preferred diphenols are 4,4'-dihydroxydiphenyl, 2,2-bis-(4-hydroxyphenyl)-1-phenyl-
propane, 1,1-bis-(4-hydroxyphenyl)-phenyl-ethane, 2,2-bis-(4-hydroxyphenyl)propane,
2,2-bis-(3-methyl, 4-hydroxyphenyl)-propane, 2,4-bis-(4-hydroxyphenyl)-2-methylbutane,
1,3-bis-[2-(4-hydroxyphenyl)-2-propyl]benzole (bisphenol M), 2,2-bis-(3-methyl-4-
hydroxyphenyl)-propane,  bis-(3,5-dimethyl-4-hydroxyphenyl)-methane,  2,2-bis-(3,5-

25 dimethyl-4-hydroxyphenyl)-propane, bis-(3,5-dimethyl-4-hydroxyphenyl)-sulfone, 2,4-
bis-(3,5-dimethyl-4-hydroxyphenyl)-2-methylbutane, 1,3-bis-[2-(3,5-dimethyl-4-
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hydroxyphenyl)-2-propyl]-benzole, 1,1-bis-(4-hydroxyphenyl)-3,3,5-trimethyl-

cyclohexane.

Particularly preferred diphenols are 2,2-bis-(4-hydroxyphenyl)-propane (BPA), 4.4'-
dihydroxydiphenyl (DOD) and 2,2-bis-(3-methyl-4-hydroxyphenyl)-propane, 1,1-bis-(4-
hydroxyphenyl)-3,3,5-trimethylcyclohexane (TMC).

These and other suitable diphenols are described for example in US-A patent
specifications 2 999 835, 3 148 172, 2 991 273, 3 271 367, 4 982 014 and 2 999 846, in
laid-open German patent specifications 1 570 703, 2 063 050, 2 036 052, 2 211 956 and 3
832 396, French patent specification 1 561 518, in the monograph "H. Schnell, Chemistry
and Physics of Polycarbonates, Interscience Publishers, New York 1964, pp. 28ff;

p 102£f", and in “D.G. Legrand, I.T. Bendler, Handbook of Polycarbonate Science and
Technology, Marcel Dekker New York 2000, pp. 72{f.".

In the case of homopolycarbonates only one diphenol is used; in the case of
copolycarbonates two or more diphenols are used. The diphenols used, as well as any
other chemicals and auxiliary substances added to the synthesis, may be contaminated
with the impurities originating from their synthesis, handling and storage. It is therefore

desirable to work with raw materials which are as pure as possible.

The polycarbonate synthesis is carried out continuously. The reaction in the phase
interface (LPC method) may be carried out in pumped reactors, tube reactors or agitated
tank cascades or combinations thereof, use of the aforementioned mixing members
ensuring that aqueous and organic phases as far as possible do not demix until the
synthesis mixture has reacted, i.e. no longer contains any saponifiable chlorine or

phosgene or chloroformates.

The amount of chain stoppers to be used in the form of monophenols such as phenol, tert.-
butylphenol or cumylphenol is from 0.5 mol.% to 10.0 mol.%, preferably 1.0 mol.% to
8.0 mol.%, particularly preferably 2.0 mol-% to 6.0 mol-%, expressed in terms of moles of
diphenols respectively used. The addition of chain stoppers may take place before, during
or after the phosgenation, preferably as a solution in a solvent mixture of methylene

chloride and chlorobenzene (8-15 wt.% strength).
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The catalysts used in phase interface synthesis are tert. amines, in particular triethylamine,
tributylamine,  trioctylamine, = N-cthylpiperidine, = N-methylpiperidine, = N-i/n-
propylpiperidine, particularly preferably triethylamine and N-ethylpiperidine. The
catalysts may be added to the synthesis individually, in a mixture or beside and following
one another, and optionally before the phosgenation, although dosing after the phosgene
introduction is preferable. The dosing of the catalyst or the catalysts may be carried out in
substance, in an inert solvent, preferably that of the polycarbonate synthesis, or also as an
aqueous solution, and then in the case of tert. amines as their ammonium salts with acids,
preferably mineral acids, in particular hydrochloric acid. When using a plurality of
catalysts or dosing fractions of the total amount of catalysts, different dosing methods may
naturally also be carried out at different positions or at different times. The total amount of
catalysts used lies between 0.001 and 10.000 mol % expressed in terms of moles of
bisphénols used, preferably 0.01 and 8.00 mol %, particularly preferably 0.05 and
5.00 mol %.

The organic phase is washed repeatedly with deionised or distilled water. The separation
of the organic phase, possibly dispersed with parts of the aqueous phase, after the
individual washing steps is carried out by means of settling tanks, agitated tanks, or
combinations of these measures, in which case the washing water may optionally be added

between the washing steps by using active or passive mixing members.

The isolation of the polymer from the solution may be carried out by evaporating the

solvent by means of temperature, a vacuum or a heated carrier gas.

The residues of the solvent may be removed from the highly concentrated polymer melts
obtained in this way either directly from the melt by evaporation extruders, thin-layer
evaporators, falling film evaporators, extrudate evaporators or by friction compacting,
optionally with the addition of an entrainer such as nitrogen or carbon dioxide, or by using
vacuum, and alternatively by subsequent crystallisation and heating out the residue of the

solvent in the solid phase.

Reaction in the melt (melt polycondensation method, MPC method) may be discontinued
after the transesterification method, or configured continuously. After the dihydroxyaryl

compounds and diaryl carbonates arc provided as a melt, optionally with further
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compounds, the reaction is started in the presence of a suitable catalyst. The yield, or the
molecular weight, is increased with rising temperatures and falling pressures in suitable
apparatus and devices by discharging the cleaved monohydroxyaryl compound until the
desired final state is reached. Terminal groups are imposed in terms of type and
5 concentration - through -the selection of the mixing ratio-of dihydroxyaryl compound to
diaryl carbonate, the loss rate of diaryl carbonate, dictated by the choice of procedure or
plant for producing the polycarbonate, through the wvapour and optionally added

compounds, for example a high boiling point monohydroxyaryl compound.

10 The continuous method for producing polycarbonates is preferably characterised in that
one or more dihydroxyaryl compounds with the diaryl carbonate, and optionally other
added reactants, by using catalysts, are melted and after precondensation without
separating the monohydroxyaryl compound being formed, in several subsequent reaction-
evaporator stages with stepwise increasing temperatures and stepwise falling pressures, the

15 molecular weight is reduced to the desired level.

The devices, apparatus and reactors suitable for the individual reaction-evaporator stages
are, according to the procedure, heat exchangers, expansion apparatus, precipitators,
columns, evaporators, agitated vessels and reactors or other commercially available
20 apparatus, which provide the required residence time at selected temperatures and
pressures. The selected devices must permit the required heat input and be designed so that

they can accommodate the continuously increasing melt viscosities.

All the devices are connected to one another through pumps, pipelines and valves. The
pipelines between all the instruments should of course be kept as short as possible, and the
25 curvatures of the lines should be kept as small as possible, in order to avoid unnecessarily
extended residence times. The outer, i.e. technical constraints and requirements for

assemblies of chemical plants are in this case to be taken into account.

In order to carry out the method according to a preferred continuous procedure, either the
reaction partners may be melted together or the solid dihydroxyaryl compound is
30  dissolved in the diarylcarbonate melt or the solid diarylcarbonate is dissolved in the melt
of the dihydroxyaryl compound, or the two raw materials are combined as a melt,
preferably directly from production. The residence time of the separate melts of the raw

materials, in particular that of the dihydroxyaryl compound, are set as short as possible.
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The melt mixture, on the other hand, may reside longer at correspondingly lower
temperatures without quality losses, owing to the melting point of the raw material

mixture being reduced in comparison with the individual raw materials.

The catalyst, preferably phenol, is subsequently dissolved and added, and the melt is
heated to the reaction temperature. For the technically important process for producing
polycarbonate from 2,2-bis-(4-hydroxyphenyl)-propane and diphenyl carbonate, this is
from 180 to 220°C, preferably 190 to 210°C, more particularly preferably 190°C. With
residence times of from 15 to 90 min, preferably 30 to 60 min, reaction equilibrium is
established without removing the hydroxyaryl compound being formed. The reaction may
be carried out at atmospheric pressure, but for technical reasons also at a positive pressure.

The preferred pressure in technical plants is from 2 to 15 bar absolute.

The melt mixture is expanded in a first vacuum chamber, the pressure of which is set at
from 100 to 400 mbar, preferably 150 to 300 mbar, and then directly afterwards heated in
a suitable device at the same pressure back to the inlet temperature. In the expansion
process, the resuiting hydroxyaryl compound is evaporated with monomers which are still
present. After a residence time of from 5 to 30 min in a bottom product receiver,
optionally with pumping, at the same pressure and same temperature the reaction mixture
is expanded into a second vacuum chamber, the pressure of which is from 50 to 200 mbar,
preferably from 80 to 150 mbar, and directly thereafter heated in a suitable device at the
same pressure to a temperature of from 190 to 250°C, preferably from 210 to 240°C,
particularly preferably from 210 to 230°C. Here again, the resulting hydroxyaryl
compound is evaporated with monomers which are still present. After a residence time of
from 5 to 30 min in a bottom product receiver, optionally with pumping, at the same
pressure and same temperature the reaction mixture is expanded into a third vacuum
chamber, the pressure of which is from 30 to 150 mbar, preferably from 50 to 120 mbar,
and directly thereafter heated in a suitable device at the same pressure to a temperature of
from 220 to 280°C, preferably from 240 to 270°C, particularly preferably from 240 to
260°C. Here again, the resulting hydroxyaryl compound is evaporated with monomers
which are still present. After a residence time of from 5 to 20 min in a bottom product
receiver, optionally with pumping, at the same pressure and same temperature the reaction
mixture is expanded into a further vacuum chamber, the pressure of which is from 5 to 100
mbar, preferably from 15 to 100 mbar, particularly preferably from 20 to 80 mbar, and

directly thereafter heated in a suitable device at the same pressure to a temperature of from
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250 to 300°C, preferably from 260 to 290°C, particularly preferably from 260 to 280°C.
Here again, the resulting hydroxyaryl compound is evaporated with monomers which are

still present.

The number of these stages, here for example 4, may vary between 2 and 6. The
temperatures and pressures are to be adapted accordingly when changing the number of

stages, in order to obtain comparable results.

The relative viscosity of the precondensate of the oligomeric carbonate, as achieved in
these stages, lies between 1.04 and 1.20, preferably between 1.05 and 1.15, particularly
preferably between 1.06 and 1.10.

In a preferred embuodiment, after a residence time of from 5 to 20 min in a bottom product
receiver, optionally with pumping, at the same pressure and same temperature as in the
last flash/evaporator stage, the oligocarbonate produced in this way is delivered into a disc
or basket reactor and condensed out further at from 250 to 310°C, preferably 250 to
290°C, particularly preferably 250 to 280°C, at pressures of from 1 to 15 mbar, preferably
from 2 to 10 mbar, with residence times of from 30 to 90 min, preferably 30 to 60 min.
The product reaches a relative viscosity of from 1.12 to 1.28, preferably 1.13 to 1.26,
particularly preferably 1.13 to 1.24. The melt leaving this reactor (medium-viscosity
reactor) is brought to the desired final viscosity, or final molecular weight, by separating
the condensation product phenol in a further disc or basket reactor (high-viscosity reactor).
The temperatures for this are from 270 to 330°C, preferably 280 to 320°C, particularly
preferably 280 to 310°C, and the pressure is from 0.01 to 3.00 mbar, preferably 0.2 to
2.0 mbar, with residence times of from 60 to 180 min, preferably 75 to 150 min. The rel.
viscosities are adjusted to the level necessary for the intended application, and are from

1.18 to 1.40, preferably 1.18 to 1.36, particularly preferably 1.18 to 1.34.
The functions of the two basket reactors may also be combined in a single basket reactor.

The vapours from all the method stages are directly discharged, collected and processed.
The processing is generally carried out by distillation, in order to achieve high purities of

the products.
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In the method of the present invention, the above-described phosphorus III and
phosphorus V compounds, and optionally other additives, are introduced into the melts by

side extruders in the extruder.

5 To this end, the compounds from the group which comprises Formulae (2), (4), and (6)
and mixtures thereof are added as a pure substance or as a master batch (max. 10 wt%) to
the polycarbonate before spinning (granulation) by means of a side unit (side extruder).
This master batch may optionally contain further additives such as UV stabilisers, mould

release agents or colouring additives.

10 Preferably, following the addition of the phosphorus compound(s), in a further step the
amount of phosphorus compounds contained with oxidation states +3 and +5 according to
Formulae (1) — (6) is determined, in which case the amount of phosphorus compounds
contained with oxidation states +3 must be more than the amount of phosphorus
compounds contained with oxidation states +5. If the amount of phosphorus compounds

15 contained with oxidation states +3 is less than that of the phosphorus compounds with
oxidation states +5, additional phosphorus compounds with oxidation states +3 will be

added to the polycarbonate melt in a further step.

The introduction of additives serves to cxtend the useful life of the polycarbonate
composition by stabilisers, which prevent breakdown of the composition constituents, to
20 colour the end product, to simplify processing (for example mould release agents, flow
assisters, antistatics) to adapt to the polymer properties to particular loads (impact strength

modifiers such as rubbers; flameproofing agents, colorants, glass fibres).

These additives may be introduced into the polymer melt individually or in any mixtures
or a plurality of different mixtures, and before isolation of the polymers or alternatively
25 after melting granules in a so-called compounding step. The additives, or mixtures thereof,
may be introduced into the polymer melt as a solid, i.e. as a powder, or as a melt. Another
type of dosing involves the use of master batches or mixtures of master batches of the

additives or additive mixtures.

Suitable conventional additives for polycarbonate composition are described, for example,

30 in "Additives for Plastics Handbook, John Murphy, Elsevier, Oxford 1999", in "Plastics
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Additives Handbook, Hans Zweifel, Hanser, Munich 2001" or in WO 99/55772, pp. 15-
25.

Colorants, such as organic dyes or pigments or inorganic pigments, IR absorbers may
furthermore be added individually, as a mixture or in combination with stabilisers,

(hollow) glass spheres, inorganic fillers or organic and inorganic scattering pigments.

The polycarbonate compositions according to the invention may be processed on
conventional machines, for example on extruders or injection moulding machines, to form
any desired shaped bodies, shaped parts, sheets or plates or bottles in the conventional

way.

The polycarbonate compositions obtainable in this way, with improved optical properties
according to the present invention, may be used to produce extrudates (plates, sheets and
laminates thereof; for example for card applications and tubes) and shaped bodies
(bottles), in particular those for use in the transparent field, particularly in the field of
optical applications such as for example plates, web plates, glazing, scattering and cover
disks, lamp coverings, plastic cover disks, lightguide elements or optical data storage, for
example audio-CD, CD-R(W), DVD, DVD-R(W}, minidiscs in their various read-only or
write-once and optionally rewritable embodiments, as well as data media for near-field

optics. Also for the production of articles for the electrical/electronics and IT sectors.

Another large field of use of the polycarbonate compositions according to the invention
involves scattering discs and other display applications, but also optical applications in the
automotive sector, for example glazing, plastic coverings, scattering discs or lightguide
elements, collimators, lenses, LED applications, polymer lightguide fibres, diffusor sheets
for background lighting and lamp coverings for long-field lamps.

The polycarbonate compositions of the present invention may also be used to produce
compounds, blends such as for example wie PC/ABS, PCASA, PC/SAN, PC/PBT, PC/PET or
PC/PETG, and components which place particular requirements on optical and mechanical
properties, for example LED applications, collimators, light-emitting diodes, lamp
coverings, the automotive sector, for instance front headlights and glazing, the medical

field, for instance dialysers, connectors, taps, packaging such as bottles, containers.



Y.l. 1.69 #11.-3 - As revealed clearly by Table Jﬂréikﬁmnomosn4
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stability relative to unsubstituted pol y&garbonate conpositions. The
Y.l. WD 2011/ 038841PCT/ EP2010/ 005724 -28 - drops significantly,
whereas the transm ssion and nmelt flow behaviour remain virtually
unchanged, Thhimgesshf apnlichiédmglspaelpics i shd gxiprdotes @nd sbapedt bodigsgiv shaped parts
processi ng t%npfiatuqes and Igng rﬁﬁLden e times. The tests in Table
2 showed tﬁﬁte8'IEEF>$ﬂ@8F88F‘P &h S?HW%”O%hosphorus conmpounds 5
according to the invention is essential when producing the

pol ycarbonates (PC 5 and PC 6), whereas the absence of the pair of
phosphorus conpounds with oxidation states +3 and +5 in the

pol ycar bonat e conposition |l eads to a much higher Y.I. and a | ower
transm ssion. PC 5, according to the invention, is a BPA

pol ycarbonate with an MR of 10.0 cn8/ 10 mn (1 2 kg, 300C according
to 1 SO 1133) 10PC 6, according to the invention, is a BPA

pol ycarbonate with an MR of 13.2 cnB/ 10 mn (1.2 kg, 300C according
to 1 SO 1133) The conparative exanple PC 7 is a BPA pol ycarbonate with
an WR of 13.0 cnB8/10 mn (1.2 kg, 300C according to |1SO 1133) 15
Tab. 2
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TPP content ppm 191 'ZFEPO content ppm 27

Examples

Raw materials used:

PC 1 is a polycarbonate based on Bisphenol A and phosgene with a melt volume flow rate

(MVR) of 14.5 cm*/10 min (260°C/2.16 kg).

PC 2 is a polycarbonate based on Bisphenol A and phosgene with an MVR of 15.7 cm?
10 min (260°C/2.16 kg).

PC 3 is a polycarbonate based on Bisphenol A and phosgene with an MVR of 15.5 cm?/
10 min (260°C/2.16 kg).

PC 4 is a polycarbonate based on Bisphenol A and phosgene with an MVR of 8.9 cm?/
10 min (260°C/2.16 kg). "

TPP: Triphenylphosphine

Irgafos 168: Phosphite from the company BASF/Ciba (tris-(2,4-di-tert.-
butyl)phenyl-phosphite)

Characterisation of the moulding compositions according to the invention (test methods):

Colour measurement:

Determination of yellowness index YI on shaped bodies by measurement on standard test

bodies (4 mm thick) according to ASTM E313.

Determination of the transmission on shaped bodies by measurement on standard test

bodies (4 mm thick) according to ASTM E313.

The determination of the melt volume flow rate (MVR) is carried out at 300°C and with a
1.2 kg load, or at 260°C with a 2.16 kg load using a melt index test device according to
ISO 1133.

The determination of the I-MVR is carried out similarly as described above (ISO 1133),

but only after a continuous thermal load for 20 minutes.



| rgaf os 16§,§
Transm ssi on

tl;gggMPPm 129
4mMm % 89. 74 89. 79 89. 36

| rgaf os 168 oxide content pPPMRcPEP2016/005724

-7 -

Tab. 1 shows the inventive effect of the improved optical properties, especially the

increased transmission and the reduced yellowness index at an increased processing

teniperature.
Comparison

Results: 1 PC1 PC2 PC3 PC4
TPP content ppm - 168 321 310 192
TPPO content ppm - 32 26 55 23
MVR 260°C (2.16 kg) ml/10min 13.2 14.5 15.7 15.5 8.9
IMVR20" 260°C (2.16
kg) ml/10min 133 13.9 15.0 15.0 8.8

Delta MVR / IMVR20’ 0.1 -0.6 -0.7 -0.5 -0.1
opt.Data 280°C/80°C
Transmission % 89.97 90.02 89.96 90.0 90.0
Y.L 1.19 0.91 1 0.9 0.9
opt.Data 300°C/80°C
Transmission % 90 89.99 89.99 90 -
Y.L 1.17 0.96 0.44 0.9 -
opt.Data 320°C/80°C
Transmission % 89.98 90.03 89.96 89.9 -
Y.L 1.28 0.983 1.02 1.0 -
opt.Data 320°C/80°C 5-
times residence time
Transmission % 80.94 90.01 89.92 89.9 -
Y.I 1.37 1.1 1.05 1.1 -
opt.Data 340°C/80°C
Transmission % §9.84 89.93 89.79 89.8 -
Y.1 1.72 1.25 1.18 1.1 -
opt.Data 340°C/80°C 5-
times residence time
Transmission % 89.83 §9.89 89.7 89.7 -
Y.L 1.69 1.48 1.53 1.3 -

As revealed clearly by Table 1, the composition according to the invention has a much

better thermal stability relative to unsubstituted polycarbonate compositions. The Y.I.
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drops significantly, whereas the transmission and melt flow behaviour remain virtually
unchanged, this effect being particularly pronounced with high processing temperatures

and long residence times.

The tests in Table 2 showed that direct incorporation of the phosphorus compounds
according to the invention is essential when producing the polycarbonates (PC 5 and PC
6), whereas the absence of the pair of phosphorus compounds with oxidation states +3 and

+5 in the polycarbonate composition leads to a much higher Y.I. and a lower transmission.

PC 5, according to the invention, is a BPA polycarbonate with an MVR of 10.0 cm?/

WO 2011/ 038841PCT/ EP2010/ OGR4 ép2010/009724
I ncorporation of the

10 min (1.2 kg, 300°C according to ISO 1133)

PC 6, according to the invention, is a BPA polycarbonate with an MVR of 13.2 cm?/
10 min (1.2 kg, 300°C according to ISO 1133)

The comparative example PC 7 is a BPA polycarbonate with an MVR of 13.0 cm?®/10 min

(1.2 kg, 300°C according to ISO 1133)

Tab. 2
PC 5 according | PCG6 according | PC7
to the invention | to the invention | comparison 2
TPP content ppm 191
TPPO content ppm 27
Irgafos 168 content ppm 129
Irgafos 168 oxide ppm 6
content
Transmission (@ 4mm % 89.74 89.79 89.36
YI - 1.24 1.36 1.75

It can be seen that the polycarbonate compositions PC 5 and PC 6 according to the

invention have a much higher transmission together with a reduced yellowness index.




accordi ng tapbéigokddyention i s essential when produci ng the pcr/EP2010/005724:
pol ycar bonates (PC 5), whereas subsequent_ conpoundi ng of the

phosphi ne/ phosphi ne oxi de m xture | eads™ t0- conpositions 5with a nuch
hi gher Y.I. and a lower transm ssion. PC 8, according to the
invention, is a BPA polycarbonate with an WR of 12.5 cm! 10 mm (1.2
kg, 300C according to I SO 1133) The conparative exanple PC 9 is a
BPA pol ycarbonate with an MR of 12.5 cmi/10 mn 10(1.2 kg, 300C

accor di ng el 8l 34 3Bable 13NsHYUNHAP i RBMRbrp bR ReSE1H “ﬂ% i @fmipBund
a conpoundi ng st ep. Tabef BSResuI ts gg 8nac orzﬁilong toet eSP%g/entilo Hnes
PC9 conpar iasandidg to theiPRention ieeserPRinvhed prttlutiBE G cpriyantor@Rn(PC 5), whereas

subsequent compounding of the phosphine/phosphine oxide mixture leads to compositions

5 with a much higher Y.I. and a lower transmission.

PC 8, according to the invention, is a BPA polycarbonate with an MVR of 12.5 cm?/
10 min (1.2 kg, 300°C according to ISO 1133)

The comparative example PC 9 is a BPA polycarbonate with an MVR of 12.5 cm*/10 min
10 (1.2 kg, 300°C according to ISO 1133), in which 250 ppm of TPP were incorporated in a

compounding step.

Tab. 3
Results PC 8 according | PC9

to the invention Comparison 3
TPP content ppm 190 41
TPPO content ppm 27 84
Transmission @ 4mm % 89.81 89.05
YI - 1.29 1.48

15 It can be seen that the polycarbonate composition PC 8 according to the invention has a
much higher transmission together with a reduced yellowness index, compared with the

subsequently compounded PC 9.
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Patent Claims

1. Composition, containing a polycarbonate or copolycarbonate which comprises
bisphenol-A and at least one pair of a phosphorus compound having the oxidation number

5 +3 and a phosphorus compound having the oxidation number +5 according to one of
Formulae (1) — (6)

X,R1 X’R1
O |
R1 \X/P\>|< R1 \X’P\>|(
R1 R1
(1) (2)
N R2
o___0
T e, L
[0 O ?
o’P\o P<
| o 90
R2 R2
3) (4)
RZ\CI) RZ\O
P _R2 b

) (6)
with
10 X = a single chemical bond or an oxygen atom, and
R1 and R2 independently of one another and among one another a phenyl radical or a
substituted phenyl radical, the phosphorus compound having the oxidation state +5 in a

pair respectively corresponding to the oxidised form of the phosphorus compound having



151t can beygegnkdxai t he pol ycarbonate conposition PC 8 aceofgbign/ 08724
the invention has a nmuch higher transm ssjon together with a reduced

yel | owness i ndex, conpared with the subséhuently conpounded PC 9.
30 - Patent Clains I. Conposi tion, containing a polycarbonate or
copolycarbonate whi ch conpri ses bi sphenol - A and _at Ieast one air

of a phosplies Wﬁd%&d.&f‘g@ﬁ@@i%@ highbnerfised gampemg cqniained being

o' For nul ad ﬁﬁqﬂ%e@%e%ﬁﬁ%%% N R S tR‘iR‘i”e

with 10X = a single chem cal bond or an oxygen atom and Rl and R2
i ndependent|y of one anot her and ng_one anof her n ca
or a substi%ut e@ogm%monraaa?réaag tOfCﬂgmbll.o Fﬁ%%ﬁ%&@ﬁﬁ@ Pﬂéof the
oxi dat ison 3’?1?”&1%‘? the Fgﬂuﬁ’(?s' i5 sé16&PE EbMRE X?]Iﬁe&frﬁ@ ReRAHAG t Poﬁrhﬁae (7) to (28)

oxi di sed f hosphorus conpound
R1
O -~
R1 "’O R1 li) o iy
LN ol P<
0" "0 0" "o R3” “R3 R3” “Ra
R1 R1
) (8) (9) (10)
R6 R6
R4” i “R5 R4/©\R5
0.0 0.0
T, T
[0 © Q
/P\ P
O O O/ \.O
R5 R4 R5 R4

(11) (12)



WO 2011/ 03884 1Reh4dsifir010/ 005724 - 31 - the oxidation state p&rewdidderzs
anount of nore highly oxidised conpound g%ont ai ned being | ess than

that of the conpound with the |ower oxidation nunber. 2. Conposition
according to Claim1l, characterised in that the conpound pair of the
5phosphorus conpounds is s%ect ed f omthe conpounds according to
Formul ae (7) to (28) ® R11 R1"PC'P, 0 00 0 11 R1 R3R3

1,01 R3' CR3R3R3 (7)(8)(9)(1 R6
o Q
I
R5 R4
(13) RS R4

(14)
R7

R7 R8 )

0 R7 R8
882 41
P R8 I
o7 ~o _P__ RS

O @]
R8
R7
R7
(15)

(16)

0 OO

(17) (18)



RARS 0"0 , Ry®>ii1d5ks4P O R5 R5 0"0 P CYPO R5 R6 (12) WR'T/EP2010/005724
2011/ 038841FCTI EP2010/ 005724 - 34 - ,

R6 RG
R4 RS R4 R5
0. O
O;FI) O\Fl’/o
0 o
50 © 7
O/ \O O/ P\O
R5\©/R4 R5 R4
R6
R6
(19) (20)

(23) (24)



(25) (26) G(@8roasysey R1 and R3 independently of one anot herptpphdididdE724
a phenyl radical or a substituted phenyl radical, and 5where R4, R5,

R6, R7 and R8 stand for H, branched Cl =348 al kyl or cunyl,

preferably tert-butyl or cunyl. 3. Conposition according to Caim
1 or 2, characterised in that the anount of phosphorus conpounds wth
t he oxi dati state +3 contained in the cospound pair in the

10conpositi@ s/from5 to 1500 ppmy 4.
Claim1l or 2, characterised int t he amb
conmpounds with he-CoxiUat i on state]+3 cont ai pad D D e conpouno pai r
in the conpo§itigh i

pgsi tion accordi ng

56. Conposi tion according to d ai
anount of phosphorus conpounds wt
in the conpound pair, ipn the conposition is from20 to 60 ppm

7. Conposition accordPﬁg to one of the preceding cl@bhs, characterised
in that the 10 conpound pair contains from2%to 49 % preferably 2%
to 45 % particularly prefe 3% to 40% nore particularly
preferably 4% to 35 % of ph i
+5, expressed in terns of the
(1) - (6). 158. Conposition
in that the rati
6:1 and 1:6.
characterised
t he group cons
20col or ant

;s‘éf t he conpounds of Fornul ae
d ain11 or 2, characterised
| i es bet ween

benzotri azol e,

(28}

where R1 and R3 independently of one another stand for a phenyl radical or a substituted
phenyl radical, and

5 where R4, RS, R6, R7 and R8 stand for H, branched C, — Cy alkyl or cumyl, preferably
tert-butyl or cumyl.

3. Composition according to Claim 1 or 2, characterised in that the amount of
phosphorus compounds with the oxidation state +3 contained in the compound pair in the

10  composition is from 5 to 1500 ppm.

4. Composition according to Claim 1 or 2, characterised in that the amount of
phosphorus compounds with the oxidation state +3 contained in the compound pair in the
composition is preferably from 100 to 325 ppm.

15



11. Conposiwbamiagsserding to Caiml or 2, characterised i redieg20itms724
pol ycarbonate has a nol ecul ar weight 1\/]), of from 10,000 to

200, 000, preferably from 15,000 to 100,000 and particularly

preferably 17,000 - 70,000 g/nol. 3012. Method for producing a

conposition according.to Claim1, cqnprising the steps,of:, -36 -
Phosphor us SconpGGRPREPRNE PR ddirbr S 2 e hRscts byt (18) mqu of
or (6) in hegbhRUBHDRAACHIR tRYoNIBADS Bite 35 TbARINA I thM dopollRd pair in the
production of "a correspondi ng phosphorus conpound hayi ng t he

oxi dat i on sbaipesi@sn wsfiraSrtaB80 ppm, (3) or (5) in an in situ reaction

I nside the production unit, optionally with the exclusion of air. 5
13. Conposition according to Caiml or 2 for use in the production of

bl ends sand gconp@dsositibd- MRbimpsh 3¢ QUL N of @, Anaia@etided GhaRACKHET db&cht of
inthat it furthernore conprises the 10following steps: b o
det er m ni n@hesphomsmenRtPohdpivis Prrorudativarspbermd sonigineddn theecoppiogad pain in the

states +3 and_+5..contain ording to Formulae (1) - (6), c)
optionalIyCﬁH@PﬂBO%HH?IFgﬁgﬁggﬁggphorus conmpounds hayi ng the

oxidation +3 to the 15pol ycarbonate nelt. 15. Extrudates and shaped
bodi es containigg conpositions according to Claim1, ) ,
. omposition according to one of the preceding claims, characterised in that the
10 compound pair contains from 2% to 49 %, preferably 2% to 45 %, particularly preferably
3% to 40%, more particularly preferably 4% to 35 % of phosphorus compounds with the

oxygen state +5, expressed in terms of the total mass of the compounds of Formulae (1) —

(6).

15 8. Composition according to Claim 1 or 2, characterised in that the ratio of secondary

to primary antioxidants lies between 6:1 and 1:6.

9. Composition according to Claim 1 or 2, characterised in that it contains at least one
additive selected from the group consisting of UV stabilisers, mould release agents and

20 colorants.

10.  Composition according to Claim 9, characterised in that the UV absorber is
selected from the group consisting of benzotriazole, triazine, cyanacrylate or malonic
ester.

25
11.  Composition according to Claim 1 or 2, characterised in that the polycarbonate has
a molecular weight M, of from 10,000 to 200,000, preferably from 15,000 to 100,000 and
particularly preferably 17,000 — 70,000 g/mol.

30 12.  Method for producing a composition according to Claim 1, comprising the steps

of:

a) producing a polycarbonate composition from a base resin obtained in a confinuous

method according to the phase interface method or melt method, and introducing a



10

15
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phosphorus compound having the oxidation state +3 of Formula (2), (4) or (6) in a
continuous process by means of a side unit with the production of a corresponding
phosphorus compound having the oxidation state +5 of Formula (1), (3) or (5) in an in situ

reaction inside the production unit, optionally with the exclusion of air.

13.  Composition according to Claim 1 or 2 for use in the production of blends and

compounds.

14.  Method according to Claim 12, characterised in that it furthermore comprises the

following steps:

b) determining the amount of phosphorus compounds having the oxidation states +3 and

+5 contained according to Formulae (1) — (6),

c¢) optionally adding additional phosphorus compounds having the oxidation +3 to the

polycarbonate meit.

15.  Extrudates and shaped bodies containing compositions according to Claim 1.



