- 1 - POLYCARBONATES HAVI NG REARRANGEMENT STRUCTURES, CYCLI C AND

LI NEAR OLI GOVERS AND ALSO | MPROVED FLOW BEHAVI OUR Thi s invention
provi des conpositions having inproved rEeoIogicaI properties based on
pol ycarbonate with rearrangenent strucfures and cyclic and I|inear

ol i goners, ang sha nd_extrudat es of t hese pol ycar bonat e
conposi t i onsEOkXS b A  REARRANGEMIENT STRUC CLIC, AND
known and is desqnmm ommommmmmmePmElEEmwBihAﬂ%Rm
2006/ 072344 and EP-A 1 609 818 and docunents cited there describe,

for exanple, the interfacial and the pelt process for the preparation
of pol ycar BBiNaft¥entios TREOVISES FPRPSiEHS %lava}goﬁlﬁPﬁO&edo|rllf‘g7&9£wahd>fopemes based on

pol ycar bon ?61§&rmﬁatb R@th Bl rkankdnR 6 QRlRFdsTahg 3)d11R And 110GE SBgdnferd BRVhapddl articles
principle fromthe literature and has been described earlier, for

exanpl e i ARG FXEUEaREE IS RRA S PIATAOPRETILI®S] ence, vol . 10 (1969),

Chem stry and Physics of Pol ycarbonates, Polyner Reviews, H Schnel

vol . 9, Johpe Wdcgss ARGoSRABonatd Syniedif64) ceAQHly Rnddr Gnd Gs aéscégﬁ% 1nU§.1r€brous

3,022,272, US-A 5,340,905 and US-A 5,399,659.” 151t is known that |ow

nDIecuIar ﬁ@?@ﬁﬁm&onstltuents (oligomers, cyclic structures or

additives) in thernoplastics lead to a reduction in the melt

viscosity apdy bhey @i@'WOQ@@&@@%@g}ﬁr]ﬁﬂA 1P6@SH18 Ghd B5@mertd Yed tﬁge Rescribe, for

0953605 describes thé use of cyclic aromatic carbonates as flow

i nprovers &xrnpigy Btinerfastal prddhemelhproedsefos higpeeparatiersgioplpirponate. of

| i near aromatic pol ycarbonates. It has now been found, surprisingly,

that pebyCahbaRpkaihAURASh Ao L RRlychRfd 155 e mef tr‘é‘ﬁs%?r@h’fﬂ:%&gﬁ%cess is
the same extent and at the Same tire have | ower vi scosities,

i : e. show seawtriein priesiplp rioyethe Bisrating anth drefbeere dﬁaqpquv@dhqy,r fresxginplg, in the

properties i t iﬂgg@

| i near andEh{}' 1 P %:d?agfof 2 H}gglsgﬂm?bg lr‘,(}a]d&!gg(ltl&%z éln%ol}lgé/vgeﬂrd C rtcgi?);f]?zg%om&ates

of someti mBslyped B!Mnfvcst Hoﬂ@hneill eal. Paige ity axirieos, dne §1 %66y anddn OFin10 31 512,

carbonate sgir € ﬁﬁﬁﬁt C | ycar bonat es preferably

have a nar?%ﬁggbgg Cgﬁg}gaerg fn%?ES# gﬁ%¥%n i.e. alower 25

i nhonogeneity factor U= (MvV M) - 1. This is all the nore surprising

si nce Rpghéris amjvmdmt bwdude@l@lwe@hnwmtimmtemlig_omcre, dyploonsiruciords @addditves) in

an i npr Oveg%mtlop astxcs IQVH to 12d recﬁ 380 m?lrtgé n’%R v}gccyqut }1:? eref & gcrtraan errggtn];elastlmzers

structures are Known 1o brant I'ngs and T heret or e

nelt vi scoShis, Egm3m5mmﬁwthme@€ aycdic ammaght:arhhnatss adofiltar mp,roxwi'm anbt agents

i s acconpani ed at. t desi ra er flow

b oper ¢ 1 oo SR S SBRE Trisoan iy ot Dieer b Bl SsBBTPHEL pol ycar bonat es

with one or nore structures of the general formulae (1) to (1V) - 2

- i N Whhashnéw ebepin efoyid, rsutpgisinglyd elpe nebdyehtbynand composafmi hier netahavieethese

nono- di,supstitu by Cl1-C8- .alkyl or _.halo as.chl.ori,n

o o ne USHPEH ARl Vo oo ot I o B S A e iR it et
t he neani ngog|pv@enkmaﬁMezeﬁ)&e1n@frovfe@pfwésalng lpaa);ertmhmn@emohh@mﬁn@mtheaa‘ontent
structural nllts o(l\/%f E ﬁtal in_ge er&ﬁﬁ(fOto 900

based on tA °tﬁ98’€¥sl ﬁ“ﬁ]g"fdlﬁlF At 5 ’&tOé‘g‘”a?fa fureferg @0@8¥ﬁr&fﬂ¢ﬁ%@m?ws of
total |inegimehinfs FM‘}ﬁlh&ldﬁhl' rGATHR b dnen D stAdtudd¥ObiMed Gfonf EBntke ktrb@urds Mk phésent,
based on the tota osition, wherein the 1 near olé_gorrers are

t hose of t A thrmmcaféor(aw Rgfeieblxyhave aparrowpromolecylay) weight dstilputien, A.cg ajower

0- ZOHpy! ) mhomo%| neity factor U = (Mw/Mn) - 1. This is all the more sul%nsmg since higher and non-
n=1-6 wherein the anount of structures (VIIl) and iS less than

0.001 wt . 9gedaged eligemey cdoptenty| 4rgdimews tQr ecad htes@l ompltoM@negrénEr&PWf Burthgfrapre,

(X) polyfunctional rearrangement structures are known to lead to branchings and therefore to higher

oy g

melt viscosities and a broader molecular weight distribution, which is accompanied at the same

time by undesirable poorer flow properties.
30  The present invention therefore provides

polycarbonates with one or more structures of the general formulae (I) to (IV)



5 wherein nis an integer from2 to 6 and Z represents a radical of
the formula (la) - 4 - in which R and R2 i ndependently of one
anot her represent H or Cl1-C8-al kyl, preferably H or Cl-C4al kyl,
particularly preferably hydrogen or nethyl., and 5X represents a
single bond, & to C6-allcylene, C2- to Co-allcylidene or Cr to
C6-cycl oal | cyl i dene, which can ituted by & to C6-al kyl,
preferably nmethyl or ethyl. I%mxt of the pregsent
application, the structural units of the fornmulae (1) to (1V) are
al so call ed rearrangenent structures? for sinplification. The
structural units are derived and result fron1the di phenol s or

di phenol m xtures enpl oyed for t exor-oar an of the pol ycarbonat e.
Thus e.g. in 10the case of bISp phenad, the phenyl
rings of the rearrangement strdc ures aPe unsu-s t9tuted. The cyclic
oligoners of the general formula (X)3"contained in the polycarbonate
conposi tions according to the invention are preferably contained in
anounts of from0.2 to 1.2, partlcularlyﬁpreferably 0.2 to 1.1 and
very particularly preferably 0. 4ﬁfﬁe cyclic structures
contained in the conpositions. be s N €. Yo the extent of
nore than 95 % ring sizes where n to 6. Preferably ring sizes
where n = 3 and/or n = 4, particul afly’ preferably n 3 occur. The

| i near oligoners of the general formulg (V) to (M) contained in the
pol ycarbonat e conpositions acc xQ hex ention are preferably
contained in anounts of from (),@ipﬁcul arby preferably

0.3 to 1.1 and very particulatly prefefably 0.4 Y0 0.9 Wt.% The
rearrangenent structures defined above occur in various anmounts and
ratios with respect to one another. Their anmount can be determ ned by
total hydrdal wkics tlmfphtexln,é ringd indeehdenty of mmrmo&fmt tadrhe monot or difudstituted by C;-Cg-
degradati on, f or ases,. the I a i ght

oot adat | oA AR 3ich R ShBSRE R hup e, ooty Loyt Hapitisplar gyl and X
f or thespahisd thenadnidzeivreh ange oRBbf Bimnle{luy,e are fornmed, the anount

t hereof being determ ned by neans of HPLC wherein the phenyl rings

TR L et ey D R R AT
thi s procedideflying pblypirbailatey afDfulrtBerBOf: wmm@orn%@r afday ahd Oid GlifdefOR an
ppm partlcularl¥%$a§ferabl y, from 100 to 600 ppm and very

parti cul ar PO Lo £ Mk Pesed pipths idel ﬁﬁ?“ﬁ%ﬁs%ﬂ%ﬂﬁf €of conpound
of the fornmula (Ha) released by this procedure is typically 0 (bel ow
t he det ect iigdar blighinfersQire thode o H¥)foriR1a:Q@0) RRM) preferably from 0 to 90
ppm particularly preferably fromO to 80 ppmand very particularly
preferably from0O to 70 ppm




10The anount of conpound of the fornula (ffia) released by this
procedure is typically O (below the detection limt of <5 ppm to 60
ppm preferably fromO to 50 ppm particularly preferably from5 to
40 ppm and very particularly preferably fsrom5 to 30 ppm The
anount of conpound of the formula (1Va) released by this procedure is

typically O (below the detection limt of <5 p . to 300 ppm
preferably from5 to 280 ppm particul ary prefy froml5 5 to
QJ

270 ppm and very particularly preferabl¥lﬁgﬁ 260 ppm ﬁ@q
sinmplification reasons, wat 7of-@tr Ugt@res the formula’(1)
to (W is equated with the anount of conpounds of the fornmulae (la)
to (IVa) released. - 6 - for lowviscosity PC accofdilmy to the

i nvention having an average nol ecul ar wei ght (wei ght-average) of from
18,000 to 22,000 g/nmol, Uis 1.08 to 1.18, preferably 1.10 to 1. 16,
for mediumviscosity PC according to the&invention having an average
nol ecul ar wei ght (wei ght - 5average) of fitom greater than 22,000 to

26,000 g/nmol, Uis 1.18 Q|%. oL20,10 135,

particularly preferablyli to 1 very part?%ular 6 prefepﬁﬁly
1.20 to 1.45. for high-viscosity PC accordlng to the |n t|on havi ng
an average nol ecul ar wei ght (weight-average) of from§ er t han

26,000 to 30,000 g/mol, Uis 1.25 to 1.65, preferably 1 25 to 1. 60,
particul arly preferabl .25 to 1.50 and very particulatly preferably
1.30 to 1.45, 10for v gh- ¢35005|ty PC ac rdlng he |nvent|on
havi ng an aver age nDI wei (melght- av age) ureaté 1 han
30, 000 Wil and prefer m%@ 200 .50 to 1.95,
preferably 1.55 to 1.90, partrcul rly preferably 1 55 to 1 85, very
particularly preferably 1.55 to 1.80. For the preparatrq of the
conpositions according to the invention which conprlsg “th 15
rearrangenent structures and reduced content of oligoners (cyclic and
| inear) essential to the invention and preferably have|a relatively
narrow nol ecul ar wei ght distribution (rel tiveI, s\ _+TRonogenei ty
factor U), aromatic di hydroxy conpounds tra jlerified in the
melt with carbonic acid diesters with thelaid ticular ca(dlysts
and optionally further addi €s— Fhe—fl vy aﬁbona € conpositions
according to the invention with reduced cyclic carbogaj@ contents 20
and rearrangement structures and having a relatively narrow nol ecul ar
wei ght distribution| (relatively |Iow inhonpbgeneity factor
prepared by the nett_transesterification process from aronmati-e
di hydr oxy conpourds ' arbonix acid diester®in the gSence of
amoni um or phosphoni ts ag| catal ysts. ph whi cfiXar e
suitabl e for the preparati-on 3 arbegnat gs” af;
formula (1) 251-10-Z-0CH(1) in“which represents a radrcal of the
formula (1 a) - 7 - in which Rl and R2 independently of one another
represent H, Cl1-C8-alkyl, preferably H or Cl-C4-aIkyI,nﬁbfﬁicularly
preferably hydrogen or nethyl, and 5X represents a single bond, Cr to
Co- al kyl en I=Tal-N hdene, mhrch can
be substi tﬁrrhgelgm% %rll(}ﬁ%%d%o al rgiﬁ@%?ntgqgggsbﬁ%qiﬁ@%h@ﬁwérﬁet hyl .
Preferably, X represents a single bond, neth | ene, isopropylidene,

cycl ohexyl prefkthecyshc gliggnsrs %?ﬁhﬁ@tﬁwe@?@r@ﬁw i@ene, particularly
preferably isopropylidene or 3,3,5- trrnethylcyclohexylrdene

10Exanpl es of such di hydroxyaryl co are: di hydroxybenzenes,
di hydr oxydi phenyls, bis- (hydroxyph | kanes,

bi s- (hydr oxypheny1l) - cycl oal kanes and nucI usmallcylated conmpounds
t hereof . Di hydroxyaryl conmpounds are rally known or can be

preparea byh¢féler al | y known processes (e.g. WD 2006/ 072344, EP-A
1609818 and literature cited therein). 15Preferred di phenols of the

nis an integer from 2 to 6 and

Z represents a radical of the formula (1a)



It is possible to use either one di hydroxyaryl conpound to form
honopol ycar bonat es, or various di hydroxyaryl conpounds to fonn

copol ycarbonates. The latter is of inportance in particular if
products having particul ar conbi nati ons -agf- properties are to be
prepared. 20 Instead of the nononeric di hydroxyaryl conpounds, | ow
nol ecul ar wei ght ol i gocar bgpates predom nantlg' term nated by OH end
groups can al so be enploye& st ar gxconpound. The

di hydroxyaryl conpounds cd &P ¢ W th residual contents
of the nonohydroxyaryl conpou from wh ="they have been prepared,
or the | ow nol ecul ar wei ght oL? gocar bonat can be enployed with

resi dual contents of the monohydroxyaryl conpounds!®5whi ch have been
split off in the preparation of the oligoners. The residual contents
of the - § wn@nohydroxyaryl conpounds can be up to 20 % preferably
10 % particularly preferably up to 5 % and very particularly
preferably up to,2 % (see e.g. EP-A 1 240 232). The di hydroxyaryl
conpounds & &wd Rf jndepeafiqntly 196 opn #nofher sRroseit &k 9 1<Cs-advb rrefatably dher Ci-Ca-alkyl,
auxiliary A sis, may be contam nated with
|npur|t|es§%??g ?%gggﬁgmkg%éﬁﬁwg%gkggynthe5|s handl i ng and

st or age, although it is desirable and the aimto work with raw

mat eri aPs, Xctspesaatsl %Slwi@b%@xﬂ |teﬁy~alé<ulbm &orcle £ swkkiyidenaoe Cago farrclerdiylidene,
possi bl e. g the reaction
with the dﬂ%&l ?%%%JP%{ corrpoun s 5arn§h]tpaéef§rgﬁg¥ﬂte@ﬁie&feo Erul a (2)

10wherein R, R and R' independently of one another can be identical

or differef tharmntpemf dheepresehyahpbiepsian, thp strushvad] (upithefathe erdulae (I) to (IV) are also
Cl -C34-al k ?8 Y , r

al so denot éﬁn_e n%g%n%k] S%Lta{%kq’r%rmep res eﬁt ’gﬂehslnacr:tgﬁg%ﬁsgl clleglg%# 2{}‘3 &8l From
branched Cihe@irhendlikgrd dlplft;‘ﬁfolmmurealemylomdyﬂor ibe pl@ﬁarm cﬁﬂplpoly&rbcbnam ﬁhlysle g. in
car bonagtes ,are_d f e I EP-A 1 818, Prefer

Graryl RomiRuket o BuREsh & SR HRRReE e Puc, Avg, 3 PP s o
carbonate,udmbﬂmHMErt butylphenyl) car bonat e, biphenyl-4-yl phenyl

carbonat e, di-(biphenyl-4- yl) car bonat e,
4-(1-nmeth I b
G a(L ks TR RO o A0 SR L R O RRAPE Tl hotyromuss gpmposions

| S parti cuha:bfdyngpﬂoethe frivedtion Tdie pobifaably cmaznbamatmuﬁtarmf d&losn0.Deo érzpbayiadarly

w th residual xyar cgnpounds from whi ch
they have BE& eﬁ%&@g @bandrﬁéwaé%"“g’gﬁ eg%%b?}é%% g?"t l?"he nmonohydr oxyar yl
conpounds can be up to 20 % preferably 10 % particularly preferably

up to 35% Thecycte ynartdsiconthimed ¥ thy eheositibng hap: dseenBally i.Basthd exxanttofi@iore than

di hydroxyary|, conpound, the |ar¥lg arbonates are in g ne npl oye ‘ﬁ”
W th 1 05 DY PRERR hagt B b By Prsferoa o Se e St - gh P gery
pref er abl y pififdrdblyn 6 ckarl. 22 nol, very 25particularly pref erably with
1.06 to 1.20 nol per nol of di hydroxyaryl conpound. M xtures of the

abovenent i di a carb es ¢ 0 e yed.. -9-
monohydr _oxg. g‘? jrﬂe%forﬂi/fﬁ ﬁ\‘fgnllf’n gﬂ’&??ﬂ% lﬁaeéﬁf de M dPoired ge etﬁ%rrpﬁlyf:ﬁ onate
of the di awﬁpc@ﬁbbpmbram@aa tieciehidntion ade | prefbyable Pt SMQTint 0 a8 tof BlomQs.2 to 1.2,
vary the end groups. It isr epr esented by the foll ow n% gener al
formul a9 ( 3)>amcu1arly preferably 0.3 to 1.1 and very particularly preferably 0.4 to 0.9°wt.%.

The rearrangement structures defined above occur in various amounts and ratios with respect to

one another. Their amount can be determined by total hydrolysis of the polycarbonate

composition.

In the degradation for analysis purposes, the low molecular weight degradation products of the
25  formulae (Ia) to (IVa) characteristic for the particular rearrangement structure are formed, the

amount thereof being determined by means of HPLC



5 wherein R, R and R' have the neaning given for R and It2 in the
case of formula (la). Phenol is preferred, i.e. all the radicals in
(3) represent H In this context, a nonohydroxyaryl conpound which
has a boiling point above that of the npvrsehydroxyaryl conpound which
was enpl oyed for the preparation of the diaryl carbonates used is to
be chosen. The nonohydroxyaryl congound can be added at any point in
time in the course 10 of the re¢atti It is preferably added at the
start of the reaction or, howwer, alg€ocat any desiré#l point in the

course of the process. The content af~éree nonohydroxyaryl conpound
can be 0.2 -20 nol % preferably 0.4 % 10 nol % based on the

di hydroxyaryl conpound. The end groups can so be varied by co-using

a diaryl carbonate based on a X npound having a

hi gher boi | i ng point than the- h yl ouhd on whi ch the
edy

diaryl 15 carbonate chiefly enpl oygdsjs based. Here al so, the diaryl
carbonate can be added at any point in tinme in the course of the
reaction. It is preferably added at the start of the reaction or,
however, al so at any desired point\/in the cgurse of the process. The
content of the diaryl carbonate ) ’ |ﬂ3;her-@9iling

monohydr oxyaryl conpound in t'he~fota difaryl carbonate

enpl oyed can be 1 -40 nol % preferébty 1 -20 nmol % and particularly
preferably 1 - 10 nol % 20 Ammoni um or phosphonium salts, called
oniumsalts in the foll ow ng, : 3 atalysts in the nelt
transesterification process es venti on. Phosphoni um
salts are preferably enpl oyeth-~P SHOBT BF > n the context of
the invention are those of the general fornmula (4) R10 gl+ 7 R-P-R 18
- 10 - be an anipon, such as hydroxide, sulfate,. hydrogen sulfate,

bi car bonat S g Boierd TS R eTaR s AP By BTGP OB Pt A Toimulae () o
allcylate gwyarylate of the fornula -OR wherein R can be a

C6- Cl4-aryl, C7-Cl5-arylal kyl or C5-C6-cycloallcyl, preferably

henyl . rticul arl referred catalysts are tetraphenyl phgsphoni um
Chi o1 de, {1B¢ P RYAOUNBERIO oGS A Sar el Bl procedure 5 pteaty S0 1 S0 o,
t et r apheny bRQSiN 06k U0t MENHnd bericllgly GfReBl R0 SENeFH0Y B RED Mrabticularly
being particularly preferred. They are preferably enployed in anounts
of from 10PEirePly o 1ie 358PPHDI of di hydroxyaryl conmpound,
particularly preferably in anounts of fromle to 10-4 noi.

Further catigé Yisbt 68&bnRuMB&IhHraulE OHL 2é1adsy by thid pastdinire Rntytienl /e below the
onium salt of the abovenent oned 10type, in order to increase th

Lne a yp . e
speed of t HEeHERyEBRienseRMOR 1 0orPres dreirably drom hie 9QipRe padevishinrgerably from
sal ts of abkakd pﬁmglﬂ!@ﬂggic@ah?hﬂe&eﬂ%@rﬂOm@’p@l}, . such as hydroxides,
al koxi des and aryl oxi des of lithium "sodium and potassium preferably
hydr oxi des, al koxi des or aryl oxi des of sodium Sodi um hydroxi de and

sodi um!BherbF amenkpleompewnds dicciprd (HMdclares by His RIPSEEF intiglly Odbelow the
2, 2- bi s- (A 4¥GoRURNERS b rt(?@@fkﬁn, pRefdfly RERWYL S0 ?»Em?ﬁa@ulaﬂ?p?&érhmg from 5
salts of alkali nmetals and al kal'i ne earth netals as a co-ca al yst can
be in the taywnymdiverympaticeladspolembly frgm &teilaty 5 to 300 ppb and

nost preferably 5 to 200 ppb, in each case cal culated as sodi um and
based on t RGe RQOOKE BF &%@ﬁrﬁl Jr PB4 (WSB released Bﬁth?sl ﬂf@deﬁﬂ@i@t%ib?@ OS(QJ:IB@ the
of alkali netals and al'kaline earth metals can al ready be énpl dyed

duri ng t hedgeaioadizit b Safpm) ke3W ipgepfbhalrens 5 to BiRtppins particusarly paeferablg from
start t esi . adm xed only
beforquhe@g%?%g%ﬁﬁgﬁzg?%%ﬁén%ﬁ@%g%g?ﬁﬁgmg8%%?%%gﬁﬁndesirable si de
reactions. There is also the possibility of adding suppl enentary

anount s of Fonsimplificatianl seatogs, dife danfransefistruttyrse obthe dfrmaldbie (IVD) ypesubted with the

t he pol ycon Lon. T [ i;n solution, in order
to avoid hggglﬁﬁ%%& 8%%Q§£%§gn %%%ﬁgﬁg%%%?%%%“Fhe nmetering. The

Preferably, the polycarbonates have the following inhomogeneity factor, the inhomogeneity factor

for various molecular weight ranges being as follows:



30pol ycarbonate, phenol is the preferred conpound. Phenol is also
necessarily already suitable because the catalyst preferably used,

t et raphenyl phosphoni um phenol ate, is isolated as a m xed crystal wth
phenol during the preparation. The wei-ght - aver age nol ecul ar wei ghts
of the polycarbonates are in general 15,000 to 50,000, preferably
17,000 to 40,000, particularly preferably 17,000 to 34,000 g/ nol, and
are determned by 5 GPC against a pol ycarbonate calibration. The

pol ycarbonat es in ave an extrenely lLow content a

P et ons tr oyl G aee Sl B e, Mot SPiRP s 5P oG et
parti cul ar hyerpepbffrabl 8,000 t202,phs/ficlaUdul .08 »d . @S prlefeeablNal . abi1as) ,

cations present bei ng those of alkali and al kaline earth netals,

mat ori 1S et At ks R G RGN B a AT (A Seh EaEe a6 Bt ey (eight

i ons, sach aﬁ’éiaéﬁ?of bm gfater Zﬁn 2§000 6000 ghhol) NS 128 b 1.B®ipkeferably 1.20 to 1.55,
hom)l ogues, ained in the raw materials or originate by
wear or coP?‘B‘g Efﬂ’ﬂr?fﬁ’f?f’]tyﬁezoﬁ%tl éP’lvﬁTY@aBF“]gﬁ%p’iei{?&z’l %\qtiodrfgused. The
content of these ions in total is less than 2 ppm preferably |ess

than 1 ppmiandgstpsisdosietPardeyordibe ke frlhyenti®s Savidpain Bvetagh RiBlecular wei%ﬁi Osght-
whi ch are present are those of inorganic acids and of organic i

i ds
i n equi val 8HFAEEHBUNETR erefist than g6,08hionih(0d g/masly Yt &25 - B%r?aftfeably 125% 1.0,

phosphat e, pheaph ﬁr@feraQqulzgtt@I@@ﬁhcﬂﬁeﬂ%a&lwlaM?b%fe%@*l3@-{’601% s, which
can only be achi eved by using very pure raw materials, are thus t he

aim Raw materials of such purity are obtainable e.g. onlé ) ]
purifiddti & Vﬁwd%%@é@@mw&nacaerd}ﬂéé? (pe inypptiophayipgan ?megas? mplseylgveight (weight-

reprecipit a{«érggfa) ¥ %Jeatamm ytgo@ngmmhﬁldlﬂr&@mb@h@ss @ﬁae%so%o %ﬁﬁ&rﬁllm 5% 1.9,
the invention preparation of polycarbonate by the

transester pre.f%hly A5 0 é@@e@”&c&}?ﬂm@rﬁ?@@bﬂﬁﬁ A03dws: vy m@eﬂebmrpﬁwé%l 55 to
in design. ;\jen the di hydroxyaryl conpounds and diaryl carbonates,
optionally wth further conpounds, are present as a nelt, the

reaction is started in the presence of the catal yst essential to t he

i nvent i on. Fohéhe prapaietenopf dﬁe tqeEppRiians udcaerdingi ghthe e vepniion ewbiel cgmprise the
'ncreaﬁsngréaeg@%@@ﬁt%ﬁau%%a rGREL de@o%&era oP LERAELRy LR sl ﬁe%ssem I to the
appar atuses an vi ces by renoval of t ydr xyaryl ofl
split 25 afveptionrani|preferabli hdves? aqlelvaiynecrov/onolpeﬂmom@védtnbmorcﬁdatwly low
of the rat h

loss rat o SoRpeibt SRR KorRERARG Sothall (RPN Re B b ot win
choi ce of parbmedmcedlmters wih tielasitdf partibwar caﬁabfstpamb@ﬁanallyrfurdfer admielves

pol ycarbonate, and of conpounds optionally added, such as, for

exanpl e,

T at .Tg"'ﬁ] 9&3?& gétgr 4 ﬁgnggﬁ%Q{r 1%[] %%m%’d?Bﬁgﬂ‘fl ﬁ?@a J}&Ec“cra%oﬁ‘ﬂgcomems
f ur t hefror ench oeasppegenfentc stnicmir¢satndo havamgd ar ekatmlptnaonwmmblﬂcu‘lzespelght thistribution
E:g.(l?r ;eg]a?r ?rtﬁféli{i\?eﬁ otu{llfnlécg rc%zxgelft&ﬁsﬁt%'ar@l are gli,e%areﬁ e me Stran%estteﬁﬁca ion pro%css from
di hydr oxyagpmato dpgtindy amdpddnes Mtaroﬁfbomrdamaieﬂars amdheopﬁetamabf ymadbosiom or
ot her react adde ij”? condition is possible, as long as the

t enper at ur 88° Sp%i"&’é’% REQF SE?at al ysts chosen render 5possible a nelt
transesterification with correspondingly rapid renoval of the

monohydr ox Yaghighol CORPID aiE GuigPleifor thé prefdiioh @fpey@tioh@ss Dy Absetdl hedFbriniula(1)
process are in general 180 to 330 C, under pressures of from 15 bar
absol “E? to 0.01 nbar absol ute. u@gt%a ous iocedure is usually
chosen;“because that is advantageo f (E oduct quality.
10Preferab|y, t he conti nuous process for the preparation of

pol ycar bonat ekich B réphaéaci adiczled theforhaat(19&ne or nore di hydr oxyaryl
conpounds with the diaryl carbonate, optionally also other reactants
added, using the catalysts, after a precondensation w thout the



- 13 - dwell longer at correspondingly |ower tenperatures w thout

| osses in quality because of the |owered nelting point of the raw
material m xture conpared with the individual raw materi al s.
Thereafter, the catalyst, preferably disgelved in phenol, is adm xed
and the nelt is heated to the reaction tenperature. At the start of
the industrially inportant progess for the prepagation of 5

pol ycarbonate from 2, 2- bi s- (4fyy \ phgnyopane and di phenyl
0
R-S5—1)

carbonate, this is 180 to 220~¢C, o 210 C, very
particularly preferably 190 C. Atk f from15 to 90 mn,
preferably 30 to 60 mn, reactiopzequilibriumis established w thout

t he hydroxyaryl conpound fornmed bei ng renoved. The {®acti on can be
carried out under atnospheric pressure, but for technical reasons

al so under ;i hgreased pressure. The preferred pressure in industrial

10i nstal lations is 2 to 15 bar absolute. The melt mxture is rel eased
into a fi rst vacyum chanber, the pressure of which is set at 100 to

400 nbar, Br @ehé Rabﬁ@ptndermooft@e 300hergpreseant, Hi-Ceslilly prefrssbbath ar CiGy-alkyl,
heat ed aga a suitable device under the
sanme pr ess &lmﬂyﬁefgﬁkﬁéyérg as?{rﬁgﬁggp}ed:atl on the hydroxyaryl

conpound forned is evaporated with the nononers still present. After

a dwel | 5ti Merepfesentss fingbrbdndt ©1-30 Cortliiylene, &x-boCs-elkyleod ac€s-te Cetxodmalkylidene,
optionally i or pressure at the
sane terrpe?”a c&?ae gglrug%({:@tl’en{on(’t%% %Pgrﬁ%s}gﬁ EJﬂ “’fi%mﬁ o a second
vacuum chanber, the pressure of which is 50 to 200 nbar, preferably

80 to 150 Rtréﬁrabl)anﬁ rdpresots| 4 sinplertwad.t methyleneh esvpegylidsng dyeloheaybdane eor 6¥.3,5-
from190 t bly 240 rticularlv. preferably

210 to 230 HFINISTIOBESERE ¥ GRRL C20 oferaL [ HoBoaidBle ZTEPTY 335
al so, the trynhtlmqua}oyéxymﬁecorrpound formed is evaporated with the

nononers still present Af ter advvell time of from5 to 30 mMnin a
bott om,product rec t|o u d_circul at an
t he sarlrg pr%es urseoa ? éhygg n%ar{{ dE raéé3 c{ﬁﬁz%rox&ben%encs cflhyia (gphen},c/jls bis-

rel eased i ﬁtydroayﬁlhnyl}jalkzaﬁuuhmwmephenylheyctm&smsrmdomucvlbuseahcyla&d3&>mmunds
150 nbar, Q]ref rably 50 to 120 nbar, and directly thereafter is

heated to e ﬁperature of from220 to 280 C, preferably 240 to 270

C, particularly preferably 240 to 260 25 C, in a suitable device

under the ®étydropyagisumpourkdene ghadly knben by dimde\mmepated dberpnually dnowmetbeesses

trom s Lo g0 M2 CEaBk BR TaDablard FBEBRE Bt t5tFbnal 1y wi th punped

circulation and under the sane pressure at the same tenperature, the
reacti ofi nPpefaticd dighendh eﬁsecd formula @) fare: t2AWbis- Ry pleappefopateh@PA), bis-(4-

pressure o ich i 0. re 1Q0 nbar,

particul ar I‘VY%’WBP%’P’QQPS‘\)}" HI'%?WBB arédﬁ‘{jﬁgfhﬁgé’ﬂ‘@ﬁ‘e%’g' thereafter is
heated to a tenperature of from 250 to 300 C, preferably 260 to 290

C, parti cultds byssipresthb @sabither Bﬁ@dlhﬁira&&yccompmuﬂd &u’bmbbzeowmalaw@d@rvarious

t he sane pr ure. Here also, _the (v, e ound .f ormed j

bvapor ar eq A THORRA TR & BT Cotegiies 1o BRBCRED gt i pecticutr if
conpar abl e pfoasdid KaSing pRicilek coMib&ﬁ%istp@f)erﬁé’&Qr&blbgﬁféﬁﬁx‘e@. carbonate

achi eved in these stages is between 1.04 and 1. 20, preferably betmeen

1.05 and 1, 15, p icularly preferably between 1.06 to 1.10.

ol i goc&P bofsiad |9 F b daomey HitgdiRaxpryl scompRYS e P paloeplan, g |0hsff°ﬁ@°nates
of from5 bﬁdé’iﬂinﬁﬂtﬂ térhirfhted Dyl@R &rABrdHO HAGs0 e ERHMPED as At sk codipMinti
punped circulation and under the sanme pressure at the same

tenperature as_jn the | ast flash/evaporator stage, into a di
basket readtordiByfHOYan] et WYY &2 y3lithere eeﬁ@é?flsatfiﬂbnreﬁlé%t F%ené& of the

250 to 310nGnobRkeillo ]pgﬁtgs tﬂ@mz\%gclghe%ﬁswe'b@éﬁ ?i%ﬂ)abfecp befenah |1ﬂ61e%§19r H8ight
280 C, under pressures of froml to 15 erab 2 to
oligocarbonates can be employed with residual contents of the monohydroxyaryl compounds

25  which have been split off in the preparation of the oligomers. The residual contents of the



15 and WV stabilizers), sinplify processing (e.g. nould rel ease
agents, flow auxiliaries), inprove the use properties (e.g.
antistatics), inprove the flaneproofing, influence the visual

i npression (e.g. organic col ouring agent-g,- pi gnents) or adapt the
pol ymer properties to particular stresses (inpact nodifiers, finely

di vi ded i aghaly@roxbarilr @nipbiek aiCRsup @28k Zordibabtl 10 9h, ?ﬁﬁlcﬁllaﬂj; B feadbll up to 5
carbon fibres). Everything can be conbined as desired in order to

adj ust and /am veveParticBlage Brefasp pop érp (88 ggﬂ}’cﬁ 1268d¢Wt i onal

substances and additives are described e.g. in "Plastics Additives"

R Gachter ma%ﬂsldmwpmeéo nfpdtids SRET, Jikd Y 3the Dttel 2 erahtiak, Stetidals Zxﬁra%mhary
are, preferably, tris-( X di-tert but yl phenyl ) phosphlte (lrgafos

168), t et r AKastgpees Adc%ffiiq @F sYmlipeisy rwéwe{ltim@alﬁa BB Hypauritigs origingiipg from their own
bi sphosghonj fiesis! Kan @Al b s Qy?é%épﬂﬁﬂ) h it is de51rable and the aim to work with oW materials,
oct adecyl 3-(3, 5-di -tert - but roxyphenyepr opi onat e( 1 rganox1076),

bi s( 2, 4- zkﬁrmpaiwnglawhmsqq@@mea@wbma@@uredﬁ Em@gbhl te (Dover phos
S—9228) bis(2,6-di-tert-butyl)-4- methyl phenyl)pentaerythritol

di hosphite e,

by € hermsel vee o % et e B B e Rl B TR or
Wit h | r ganéhesBele lormylz Ganox 1076) Sui tabl e noul d rel ease

agents are, preferably, pentaerythritol tetrastearate, glycerol
nonostearate, 30stearyl steargge or propanedi oi stearate. They are

enpl oyed by thenselves or in,abrixture. - 16—+ These additives and
addi ti onal substances can be

ofo\:

d

he. po nmel t indi ¥#dual |y
or in any desired mxtures o er J% é xtures, and in
particular directly durlné2 0 .tRon th Y or after mel ting

of granules in a so-called conmpoundi ng step. In this context, the
addi tives and additional substances or m xtures thereof can be added
t o t he 18pohaein RER'tandR"aindependtntly bfibnd aotter s:mybeaslexalcpk)mdhffereﬂranaSe;&esent

nmel t. Anot he pe . .of teri is t se o terbatch
Tt ur oo oP e B B, X G e TR S e 2D gn forthermore
These subshﬁmda&macech@hﬁm&hiR”adﬂeﬂmkﬁyﬁ@@nhmnm&hgdmmakyaaxhpﬂaﬂeCrC%-

on conventi ona t they can also be added at another stage in
t he preparé@?@ﬂﬂﬂ?@ﬁ%ﬁ@ygf t he pol ycarbonate, according to

requi rements. 10Suitable additives are described, for exanple, in
Addi tives Bath dirfisdhibosatéianeidaakoed Johdxalbie DR EP-AN 568 68 Pre@¥ico Ayl 8@ Sounds

or Plastics tlves Handhook i fel,, Hans 2001

I nhi bi ﬁ%r sareqﬁglﬁm FGL RGN L5 ?%Ha ﬂf@&% Pk FRPTEE: ?b@éfﬁlytgwy{@@wgu@gbonate
can nor eovgfphéigl-agp sﬁbnppcatrtlﬂlaﬂéOHm@hemhiyl)l dArtdohfe p41(1em&ﬂymp1ﬁh}a&9}ntﬁ@ny1
in an inert.solvent or . ‘Suitable inhibitors are acld

conponent sP ‘%‘M]c%rb&gat?_é% c§ [‘ﬂ)'ﬁl ‘BFtBﬁlslt’lél“tTnﬂEtPﬂ%’P}éﬁnylé saBonateof st rong

acids. The pKa value of 15 the inhibitor should be not greater than

5, preferapmgwﬁﬁQQb&ﬁ&nsﬁnuamﬁ@qﬁﬁgngonponent is or esters thereof

are added in order to deactivate the reaction mxture, that is to say
in the ideal case tqg bring the reaction tq a conplete halt. The acid
conmponent i T8¢ A Farhengieh E¥h s br sAwlayed ¥ “i‘OreE}B‘I‘ﬁl PpiEpis roétﬂ“i/ menglgydroxyaryl

pPPM  papt i esth@uhds e WalARhey Have bRty Bhd/reR@id LotbRS bﬁfthp nRh&yakkyaryl
.2.5 ppm When the desired nol ecul ar wei ght is reached,

det ect abl e CHBRSUAIS &R 1B §51q %0 /h eraferspin ere‘%j» e?ftmé@ln\eréffraé’bsun & 8§ and very
the nol ar 9&9},{{}5@&&39&,&% kd 08, Which are to be enployed according to
the invention are below the nolar residual amounts of catalyst to be
assuned fromthe P value. Exanples of suitable acid conponents are:

or t ho- phos Batstiog tl@ciﬂwdrq@ﬁmﬁmemw e idisryl syrbongtes ssHo epnera enployed with 1.02 to
hypophosph ki a

o am i nydl Gl GBS HRLROR 80128 1R R i) SRR ARG PP mol, very
hydr ocB$ or potiadirly p(fﬁ;ﬂdblag'eth 1.G50d H0andl gex) molsd dihydroxyagd icempaed.dviixivees of the

abovementioned diaryl carbonates can also be employed.



Preferred possible acid conponents in this context are

ort ho- phosphoric acid, phosphorous acid, pyrophosphoric acid,
hypophosphori ¢ acid, pol yphosphoric acids, benzenephosphonic acid, 5
sodi um di hydr ogen phosphate, boric acid,-9ryl boronic acids, benzoic
acid, salicylic acid, benzenesul fonic acid, toluenesulfonic acid,
dodecyl benzenesuldrotias! aghgbuadiehiah hasaioheden pid iyl thspiBsdratiod o€ the diaryl carbonate
benzenesulfonic,acifs, acid chl orides, such %s chloroformc ci% ]
phenyl est &1 2HIORRIYCOAPIPYEH 0N e, o JERRRSPBERS-dhig ’-"H’é‘??%?ﬂa by the following
chloride, apg#%e08,(3)half esters and bridged esters of the

abovenenti oned acids, such as, for exanple, toluenesulfonic acid

esters, phosphoric acid esters, 10 phosphorous acid esters,

phosphonic acid esters, boric acid esfers, arylboronic acid esters

and ot her conponents which generate d under the influence of

water, such as triisooctyl phosphat ao¥{ r) 646)and BDP

Preferred suitable inhibitors aregbri-dgédyesters of organic

sul fur-containing acids selected fromat |east one conpound 15a) of

the formula (5 0 ¢ _n0-1 n/ R2 R3 (5) in which

R i ndependggielyr eREEREMS Y HERIRYIRA &R GAQRAkIML cas b8 fRhaR|(M). Phenol is
Cl-Cs-al kyl, particularly preferabl’y unsubstituted Cl-C6-al kyl, very
parti cul ar Piefgsiedsisr dbthg radicalein @) represeniHer ei n al kyl can be

20substituted by hal ogen, in particular hydrogen or nethyl, R2 and R3

i ndependenty yniphoR88, @Q@&nﬁﬂdr&@%ﬁ%&ﬂ&ouﬁb{%lﬁaﬁﬂas ol @lok |abB¥e that of the
C4- C30- al kyl car boxyl, preferably Cl1- -alﬁyl or ) )

C6- C25- al | 8ypnetydiosxayy] copapund sihiciryay eppleyet fabthy pregarating-oA theydiasd cabriates used
| n_par Ui CUlap tBYAsB0 o nichanyabd Gl FRRBIM calbe (dRa 3t AEHIRRTPRAY b tOEourse

the radical - 1
10 of the reaction. It is preferably added at the start of the reaction or, however, also at any desired

point in the course of the process. The content of free monohydroxyaryl compound can be 0.2 - 20

mol%, preferably 0.4 - 10 mol%, based on the dihydroxyaryl compound.

The end groups can also be varied by co-using a diaryl carbonate based on a monohydroxyaryl
compound having a higher boiling point than the monchydroxyaryl compound on which the diaryl
15  carbonate chiefly employed is based. Here also, the diaryl carbonate can be added at any point in
time in the course of the reaction. It is preferably added at the start of the reaction or, however,
also at any desired point in the course of the process. The content of the diaryl carbonate based on
the higher-boiling monohydroxyaryl compound in the total amount of diaryl carbonate employed

can be 1 - 40 mol%, preferably 1 - 20 mol% and particularly preferably 1 - 10 mol%.

20  Ammonium or phosphonium salts, called onium salts in the following, are employed as catalysts in
the melt transesterification process essential to the invention. Phosphonium salts are preferably

employed. Phosphonium salts in the context of the invention are those of the general formula (4)

s )

wherein R™! can be the same or different C,-Cyp-alkyls, C4¢-Ci4-aryls, Cs-Cys-arylalkyls or Cs-Ce-
25  cycloalkyls, preferably methyl or Cs-Ci4-aryls, particularly preferably methyl or phenyl, and X" can



wherein has the abovenenti oned neani ng, represents an integer fromO
to 8, preferably 0 to 6, in particular 0, 1 or 2. Particularly
preferred possible acid conponents are ortho-phosphoric acid,
pyrophosphoric acid, 5 polyphosphoric atids, benzenephosphonic acid,
benzoi c acid, benzenesulfonic acid, toluenesulfonic acid,

dodecyl bensenesmlohphich =a8diydroaidd, atllfatephjitﬁds geflzalytt, - WeHdisdnhte UE@lEbnate or a halide,

benzenesul fo aci ds. and est te s and. bri dged_esters

Dhe ShowomEIr N SR ercorries e of M T8 GHEGUR Foes Seraryh
esters, th§pﬂQﬁﬂQkﬁQh@Ye§tﬁmﬁuwpbgﬁﬁmﬂy@gﬁﬂacid esters, phosphonic
acid esters and ot her conponents whi ch generate aci d under the

i nfluence Qf wat s triisooct S hat U trangx(r) 640 |
and BOP,  VEFSICHER PEUTEL bRt € GOy SBIBoBER T oL S lgsphonium
or t ho- phos piRkiige agll dtetrﬂﬂﬁé@ﬂﬁh@%ﬁﬂﬁmcpl%ﬁbﬁte b&fhﬁ@éﬁ?@ﬂ&sﬁ:@éﬂnﬁn qﬂteﬂb1ate being
t ol uenesul foni ¢ aci d, dodecyl benzenesul fonic acid and all other

phenyl - sub8#fiewiarbprefeieknesul foni ¢ aci ds and esters, half esters and

bri dged esters of the abovenentioned acids, such as, for exanple,

t ol uenesul frag) greaGifrapist lﬁot)@@(iln RReSRNef Tr@mamsdtolﬁ)és&t@lr}%r mdI&f dihydroxyaryl
foll ow ng inhibitor of the mula (6) is veny parficularly

pr ef er r ed: comppupd, particulprly prefggibly ip amgungs offomg 0 to bo mple aci d

conmponents can be netered into the conposition in solid, liquid or
gaseous f OBkt @at@lys% @JneJertﬁéh RO R 1ntat3§t1@19todfh§91ﬁﬂﬁ RANS thé abovementioned
continuously adm xed honpbgeneously into the product 20 stream which

is to B8 f t)@ednptdemom‘aﬁe&gsneﬂd t’%be W@ﬁ&@eaﬁﬁt@ﬁ process directly

after the end nol ecul ar wei ght aimed for has been reached, in order

to start t hﬁes@VﬁQQa@ttﬂeOE‘lkﬁfneIa@tﬁgr %b dd-faéhkzm) Hﬁfﬁﬁr gnd mmeaéa%Ymetals such as
thereafter. In a particularly preferred procedure, the addition of

additive t byclfﬁi’pfl%ve‘kt”ﬁ‘éﬁs\,ﬂlﬂé@aﬂloxpﬁeéﬁ’érhtfhl‘elé’ wlivphendopainssivm. prsfesabby hloxides,
out after taﬁl@m@&tcﬁ"r ?ntgxl&fs o@gbﬂu TS d.h‘? {cﬁ&k&i‘ﬁate éngnsoﬁtlmtpﬁl@n éﬁé bg%st Freferred,

nonomer content, IS not co step of uction o
t he 25re5|dmaﬂﬁnbnéﬁehneaﬁﬁéﬁﬂlbe@au@emﬂd@mﬂ}meymmhlch are volatile
in the vacuum essential for the - 19 - reduction of the residual

nmonomen s CoRf et 4 f%ﬁ(%ln{léﬁ%ﬂnéjéaﬁtg bf:#ﬂ(ath 15&31@31’1&@%&111‘119 € %Qﬁg fox el é’atalyst can

concentratiops N the pol yner- are often use nponents ar e
preferably baddbdramae o1 fopam & tf WOrppb.Sirefembly a0 ddbpatand tlmstbeefﬁl@bleﬁeol 2Qthppb, in

are very |, SQluklgNg Ol e, A6Ld COTRBNSILS. 8, B Bhrabl y used

5Sui t abl e vent's are 0 no ere w t he process,
are chemcally inert and evaporate rapidly. Possible solvents are al
organi ¢ sollheakainhavtinggals dalkki mytapaind alkalirgenrtin wetaksicapalesdubecngfloyed dening
30 to 300 refer fro Q r ef e

from 30 t O%fdjgep%a%g‘xﬁgt’ té‘e gfégov%ggl}ateg, t\%\%il% E; sg'PgtotR?Et% Hh% %r\glgeg{s (Ir ﬁo%peklgr can
cryst akbi zalkb bhadnihgisalydefpotn dslymﬂmhatﬁmcimmrdentotshm)ras@ padetm'ahlﬂ sade reactions.
processes are preferably chosen. Any residues which remain do not
reduce the ualit nthe roflle of

e
product t o THHC by A pERRERHE Plind o Rl Gtk EFGE TR 8. B e e
cycl oal kanesofanchartgreicicesthe pbiyahdaanioal so be

The catalysts are added in solution, in order to avoid harmful excess concentrations during the
metering. The solvents are compounds inherent to the system and process, such as, for example,
25  dihydroxyaryl compounds, diaryl carbonates or monohydroxyaryl compounds. Monohydroxyaryl
compounds are particularly preferred, because the person skilled in the art is familiar with the fact
that dihydroxyaryl compounds and diaryl carbonates already readily change and decompose at
slightly elevated temperatures, especially under the action of catalyst. The polycarbonate qualities
suffer by this means. In the industrially important transesterification process for the preparation of

30  polycarbonate, phenol is the preferred compound. Phenol is also necessarily already suitable



substituted. The substituents can be aliphatic, cycloaliphatic or
aromatic radicals in varying conbination, as well as hal ogens or a

hydr oxyl group. Hetero atons, such as, for exanple, oxygen, 15 can

al so be bridge nenbers between aliphatiecilcycloaliphatic or aromatic
radicals, it being possible for the radicals to be identical or

di fferent. bkatdch@s caalyyetrablausal, $@raplRniiphRpRHiaADN GhedlR] & i0dlated 8N Infixed
acids, as wel| as cyclic carbonates. Exanples are, in addition to
water, n- péﬂ’?fﬁh‘@lﬁlﬁ’hﬁﬂ@)@ﬁﬂ%gt RPREPMe and i soners thereof,

cycl ohexane, toluene and xyl ene, nethyl ene chloride, thyI chl ori de,

et hyl ene chh@we@gm-ave?a%e qﬁﬂl&nmb%zgma)f tﬁewmonatei Bﬁniﬁ' en&alopsaomlto 50,000,
but anol and i saonmers thereof % di et

et her, di neffblxkt Qﬂ?éo 45604, émwl@}yéﬂrgfrﬁry%ﬂ% 00(bt9| WP% g/w%ﬁéd gqeylefsmgned by
ethyl aget fpg, aoRh%EREarE@HRAAM R AN propyl ene carbonate. Vater,

phenol , propyl ene carbonate, ethyl ene carbonate and tol uene are
preferably sui tabl e for the polycarbonate process. 25Water, phenol

and propyl dhePeHRHEREETn PR ARYE B FIEINy lopeoateriist gations pusismions of igeach case
m xers or %s.bﬁﬁn Bh %ﬁS %rémhﬁp d @aﬁbtaﬁd a&]&ﬁ%@ﬁ%ly@ %0 Bh (cﬂcul%@ Qs the Na
as, for exanp ruders, are suitable for effective mxing in of

t he i nhi bi p@ﬂon) ‘catiqng present bsingnihasanbaliali adubakdlipacirgnmetglsenbioh aey) originate, for
cat al yst r%xq‘dn'gl‘ﬂ,f"ﬁs an Dﬁp%ﬁ o&%e%gln?a\f&glsvﬂsgcha th ﬂclgﬂjtbtn ﬁpan%%{n"f‘dnﬂhpgﬂts
gas, e g nitr In ast reactor or a su ue egaSS|ng

uni t. The ﬁu@l@ems,apcﬁi asdat Wipfr, dns¥n, Momnddésonexmdmdah@@olmds strelpadntained in
articles, | ar S€us 9 a e

which are & trg\?na eF’ il %r 01?1%]%1% b)z: oéar§§ I O(S)lﬁ% Prglél th(iﬂ@?t@f?aﬁi &Itlg%mgtgl?atlbn used. The
i nventi on. c&féne|oflshesd ians én ¢atal 1béess skine? ppacpreterb]y k:hn thhgld fpor and particularly
hel net s, fllgsljbfowgnqﬁgdlngs such as, anobng others, water bottles,
transparenP %%é*f? ety B sol i d sheets or, in partlcular, hol | ow
sheets, for exanple for covering buildings, such as stations,

gr eenhouseanwnd whlcg hte prepentnst tibteadfimnganict acalk fand of drgdric dvaigsi pgsvatent amounts
traffic.si en or .cl osed ti IIy printable

sur f acg5 %\ﬁjélﬂ? gg’\/\fe{;@%‘atfspg‘gwgfug’@hﬁﬁ’ "> falélg a’i‘%%l Y'i ghting

uses, optlonally u5|ng glass fibres for uses 10 in the transl ucent
sector, tr &es!wedntmohoshwhiell tanmlybd hbhaave:bbl)t adidg 'Glafry pae irawnrsmhﬁla,t@e thus the
and/ or titan| | nd/,or |rco iu |de or ner o
Serylate r b PR oF a4 bty "R 20N DRk ti i Rep fuch o
t ranspar ent-ece},@duizatgim distilfafioig h‘d’lbg:cfﬁlblﬂldili Wigﬁwasmﬁlgﬁlthﬂleﬁke

i njection-nmoul ded parts, such as hol ders, | ens holders inthis
case polycarbonates w t | ass flbres a o i onal | tj onal
Content. of ThE TGS oAthtag) Podunmieaian Py &B (Beddsn % REDEHPGRE by e

moul di ng ﬂx5nse@msmdnl Phkesdr &nopé | dieahtinyouss ed, algapmﬁaimueqlw mﬂt When the
parts, in i cul ar | enses for pho ographlc nd fi camer as A
27 01173), YORE2D SprapAlp R diary} cayhenateg Arkpn Vg*ﬁtb fw%awpaPndéeﬁa? prgsent as
(EP-A O 088 lﬁ@tl)theaquctidng@tstd@@d 9@@@ 1&; escBbL6E FeCattalysh Sssbmfal @ tHE¥BhMtiaA. SThe
for electrical conductors and for ug housi ngs and pl ug connectors
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30 There is no limitation and restriction with respect to by what manner and method, in what

installation and by what procedure the process is carried out.
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The devices, apparatuses and reactors suitable for the individual reaction evaporator stages are,

according to the course of the process, heat exchangers, pressure-release apparatuses, separators,
columns, evaporators, stirred tanks and reactors or other commercially obtainable apparatuses
which provide the necessary dwell time at selected temperatures and pressures. The devices chosen
20  must render possible the necessary introduction of heat and be constructed such that they meet the

requirements of the continuously increasing melt viscosities.

All the devices are connected to one another via pumps, pipelines and valves. The pipelines
between all the equipment should of course be as short as possible, and the curvatures of the lines
should be kept as small as possible in order to avoid unnecessarily prolonged dwell times. In this
25  context, the external, that is to say technical framework conditions and requirements for assembly

of chemical installations are to be taken into account.

For carrying out the process by a preferred continuous procedure, either the reaction partners can
be melted together, or the solid dihydroxyaryl compound can be dissolved in the diaryl carbonate
melt or the solid diaryl carbonate can be dissolved in the melt of the dihydroxyaryl compound or
30  the two raw materials are brought together as a melt, preferably directly from the preparation. The
dwell times of the separate melts of the raw materials, in particular those of the melt of the

dihydroxyaryl compound, are set as short as possible. On the other hand, the melt mixture can
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dwell longer at correspondingly lower temperatures without losses in quality because of the

lowered melting point of the raw material mixture compared with the individual raw materials.

Thereafter, the catalyst, preferably dissolved in phenol, is admixed and the melt is heated to the
reaction temperature. At the start of the industrially important process for the preparation of
polycarbonate from 2,2-bis-(4-hydroxyphenyl)-propane and diphenyl carbonate, this is 180 to
220 °C, preferably 190 to 210 °C, very particularly preferably 190 °C. At dwell times of from 15 to
90 min, preferably 30 to 60 min, reaction equilibrium is established without the hydroxyaryl
compound formed being removed. The reaction can be carried out under atmospheric pressure, but
for technical reasons also under increased pressure. The preferred pressure in industrial

installations is 2 to 15 bar absolute.

The melt mixture is released into a first vacuum chamber, the pressure of which is set at 100 to
400 mbar, preferably to 150 to 300 mbar, and directly thereafter is heated again to the entry
temperature in a suitable device under the same pressure. During the releasing operation the
hydroxyaryl compound formed is evaporated with the monomers still present. After a dwell time of
from 5 to 30 min in a bottom product receiver, optionally with pumped circulation and under the
same pressure at the same temperature, the reaction mixture is released into a second vacuum
chamber, the pressure of which is 50 to 200 mbar, preferably 80 to 150 mbar, and directly
thereafter is heated to a temperature of from 190 to 250 °C, preferably 210 to 240 °C, particularly
preferably 210 to 230 °C, in a suitable device under the same pressure. Here also, the hydroxyaryl
compound formed is evaporated with the monomers still present. After a dwell time of from 5 to
30 min in a bottom product receiver, optionally with pumped circulation and under the same
pressure at the same temperature, the reaction mixture is released into a third vacuum chamber, the
pressure of which is 30 to 150 mbar, preferably 50 to 120 mbar, and directly thereafter is heated to
a temperature of from 220 to 280 °C, preferably 240 to 270 °C, particularly preferably 240 to 260
°C, in a suitable device under the same pressure. Here also, the hydroxyaryl compound formed is
evaporated with the monomers still present. After a dwell time of from 5 to 20 min in a bottom
product receiver, optionally with pumped circulation and under the same pressure at the same
temperature, the reaction mixture is released into a further vacuum chamber, the pressure of which
is 5 to 100 mbar, preferably 15 to 100 mbar, particularly preferably 20 to 80 mbar, and directly
thereafter is heated to a temperature of from 250 to 300 °C, preferably 260 to 290 °C, particularly
preferably 260 to 280 °C, in a suitable device under the same pressure. Here also, the hydroxyaryl

compound formed is evaporated with the monomers still present.

The number of these stages, 4 by way of example here, can vary between 2 and 6. The

temperatures and pressures are to be adapted accordingly if the number of stages changes, in order
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to obtain comparable results. The rel. viscosity of the oligomeric carbonate achicved in these
stages is between 1.04 and 1.20, preferably between 1.05 and 1.15, particularly preferably between
1.06 to 1.10.

The oligocarbonate produced in this way is conveyed, after a dwell time of from 5 to 20 min in a
bottom product receiver, optionally with pumped circulation and under the same pressure at the
same temperature as in the last flash/evaporator stage, into a disc or basket reactor and subjected to
a further condensation reaction at 250 to 310 °C, preferably 250 to 290 °C, particularly preferably
250 to 280 °C, under pressures of from 1 to 15 bar, preferably 2 to 10 mbar, over dwell times of
from 30 to 90 min, preferably 30 to 60 min. The product reaches a rel. 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 is brought to the desired end viscosity or the end molecular weight in
a further disc or basket reactor. The temperatures are 270 to 330 °C, preferably 280 to 320 °C,
particularly preferably 280 to 310 °C, the pressure is 0.01 to 3 mbar, preferably 0.2 to 2 mb:ar, over
dwell times of from 60 to 180 min, preferably 75 to 150 min. The rel. viscosities are set at the level
necessary for the envisaged use and are 1.18 to 1.40, preferably 1.18 to 1.36, particularly
preferably 1.18 to 1.34.

The function of the two basket reactors or disc reactors can also be combined in one basket reactor

or disc reactor,

The vapours from all the process stages are removed directly, collected and worked up. This
working up is as a rule carried out by distillation in order to achieve high purities of the substances
recovered. This can be carried out, for example, in accordance with German Patent Application no.
10 100 404. Recovery and isolation of the monohydroxyaryl compound split off in a very pure
form is a matter of course from the economic and ecological aspect. The monohydroxyaryl
compound can be used directly for the preparation of a dihydroxyaryl compound or a diaryl

carbonate.

The disc or basket reactors are distinguished in that they provide a very large, constantly renewing
surface to the vacuum over high dwell times. The disc or basket reactors are constructed
geometrically according to the melt viscosities of the products. Reactors such as are described in
DE 44 47 422 C2 and EP A 1 253 163, or twin screw reactors such as are described in WO A
99/28 370, for example, are suitable.
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The oligocarbonates, including very low molecular weight oligocarbonates, and the finished
polycarbonates are as a rule conveyed by means of gear pumps, screws of the most diverse design

or displacement pumps of specific design.

Particularly suitable materials for production of the apparatuses, reactors, pipelines, pumps and
fittings are non-rusting steels of the type Cr Ni (Mo) 18/10, such as e.g. 1.4571 or 1.4541
(Stahlschliissel 2001, Verlag: Stahlschliissel Wegst GmbH, Th-Heuss-Strafle 36, D-71672
Marbach) and Ni-based alloys of the C type, such as e.g. 2.4605 or 2.4610 (Stahlschlissel 2001,
Verlag: Stahlschliissel Wegst GmbH, Th-Heuss-Straie 36, D-71672 Marbach). The non-rusting
steels are used up to process temperatures of about 290 °C, and the Ni-based alloys at process

femperatures above about 290 °C.

The polycarbonate obtained can furthermore be provided with further conventional additives and
additional substances {e.g. auxiliary and reinforcing substances) after addition of the inhibitors
according to the invention. The addition of additives and additional substances serves to prolong
the useful life {e.g. hydrolysis or degradation stabilizers), improve the colour stability (e.g. heat
and UV stabilizers), simplify processing (e.g. mould release agents, flow auxiliaries), improve the
use properties {e.g. antistatics), improve the flameproofing, influence the visual impression (e.g.
organic colouring agents, pigments) or adapt the polymer properties to particular stresses (impact
modifiers, finely divided minerals, fibre substances, quartz flour, glass fibres and carbon fibres).
Everything can be combined as desired in order to adjust and achieve the desired properties. Such
additional substances and additives are described e.g. in "Plastics Additives", R. Géchter and II.

Miiller, Hanser Publishers 1983.

Suitable heat stabilizers are, preferably, tris-(2,4-di-tert-butylphenyl) phosphite (Irgafos 168),
tetrakis(2,4-di-tert-butylphenyl)[1,1-biphenyl]-4,4'-diyl  bisphosphonite, trisoctyl phosphate,
octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate (Irganox 1076), bis(2,4-
dicumylphenyl)pentaerythritol  diphosphite (Doverphos $-9228),  bis(2,6-di-tert-butyl)-4-
methylphenyl)pentaerythritol dihosphite (ADK STAB PEP-36) or triphenylphosphine. They are
employed by themselves or in a mixture {e.g. Irganox B90Q or Doverphos $-92228 with Irganox
B900 or Irganox 1076).

Suitable mould release agents are, preferably, pentaerythritol tetrastearate, glycerol monostearate,

stearyl stearate or propanediol stearate. They are employed by themselves or in a mixture.

Suitable light stabilizers are, preferably, benzotriazoles, triazines, benzophenones, cyanoacrylates,

cinnamic acid esters or oxalanilides. They are employed by themselves or in a mixture.
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These additives and additional substances can be added to the polymer melt individually or in any
desired mixtures or several different mixtures, and in particular directly during isolation of the

polymer or after melting of granules in a so-called compounding step.

In this context, the additives and additional substances or mixtures thereof can be added to the
polymer melt as a solid, that is to say as a powder, or as a melt. Another type of metering is the use

of masterbatches or mixtures of masterbatches of the additives or additive mixtures.

These substances are preferably added to the finished polycarbonate on conventional units, but they
can also be added at another stage in the preparation process of the polycarbonate, according to

requirements.

Suitable additives are described, for example, in Additives for Plastics Handbook, John Murphy,
Elsevier, Oxford 1999 or Plastics Additives Handbook, Hans Zweifel, Hanser, Munich 2001.

Inhibitors (quenching agents) for deactivation of catalyst residues can moreover be added to the
polymer melt in the pure form, dissolved in an inert solvent or as a masterbatch. Suitable inhibitors
are acid components, such as Lewis or Bronsted acids or esters of strong acids. The pKa value of
the inhibitor should be not greater than 5, preferably less than 3. The acid component is or esters
thereof are added in order to deactivate the reaction mixture, that is to say in the ideal case to bring
the reaction to a complete halt. The acid component is added in concentrations of < 20 ppm,
preferably < 10 ppm, particularly preferably < 5 ppm and very particularly preferably <2.5 ppm.
When the desired molecular weight is reached, the detectable amount of P is in the 1 ppm region.
Needless to say, the molar amounts of inhibitor which are to be employed according to the

invention are below the molar residual amounts of catalyst to be assumed from the P value.

Examples of suitable acid components are: ortho-phosphoric acid, phosphorous acid,
pyrophosphoric acid, hypophosphoric acid, polyphosphoric acids, benzenephosphonic acid,
sodium dihydrogen phosphate, boric acid, arylboronic acids, hydrochloric acid (hydrogen
chloride), sulfuric acid, ascorbic acid, oxalic acid, benzoic acid, salicylic acid, formic acid, acetic
acid, adipic acid, citric acid, benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic
acid and all other phenyl-substituted benzenesulfonic acids, nitric acid, terephthalic acid,
isophthalic acid, stearic acid and other fatty acids, acid chlorides, such as chloroformic acid phenyl
ester, stearic acid chloride, acetoxy-BP-A and benzoyl chloride, and esters, half esters and bridged
esters of the abovementioned acids, such as, for example, toluenesulfonic acid esters, phosphoric

acid esters, phosphorous acid esters, phosphonic acid esters, dimethyl sulfate, boric acid esters,
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arylboronic acid esters and other components which generate acid under the influence of water,

such as triisooctyl phosphate, Ultranox® 640 and BDP (bisphenol diphosphate oligomer).

Preferred possible acid components in this context are ortho-phosphoric acid, phosphorous acid,
pyrophosphoric acid, hypophosphoric acid, polyphosphoric acids, benzenephosphonic acid,
sodium dihydrogen phosphate, boric acid, arylboronic acids, benzoic acid, salicylic acid,
benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all other phenyl-
substituted benzenesulfonic acids, acid chlorides, such as chloroformic acid phenyl ester, stearic
acid chloride, acetoxy-BP-A and benzoyl chloride, and esters, haif esters and bridged esters of the
abovementioned acids, such as, for example, toluenesulfonic acid esters, phosphoric acid esters,
phosphorous acid esters, phosphonic acid esters, boric acid esters, arylboronic acid esters and other
components which generate acid under the influence of water, such as triisooctyl phosphate,

Ultranox® 640 and BDP.

Preferred suitable inhibitors are bridged esters of organic sulfur-containing acids selected from at

least one compound

a) of the formula (5)

1

o, .0 0 R
R! ~s? I
\O n/C@\no..‘lSl
RZ e 0O (5)

in which

R' independently represents hydrogen or C;-Cy-alkyl, preferably C;-Cg-alkyl, particularly
preferably unsubstituted C;-Cg-alkyl, very particularly preferably C,-C,-alkyl, wherein alkyl can be
substituted by halogen, in particular hydrogen or methyl,

R? and R? independently of one another represent hydrogen, C,-Cg-alkyl or C4-Cyp-alkylcarboxyl,
preferably C;-Cs-alkyl or Ce-Csys-alkylcarboxyl, particularly preferabily Cg-Cyp-alkylcarboxyl, in
particular hydrogen, C,;-alkylcarboxyl or Cis-alkylcarboxyl, or

the radical
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wherein
R has the abovementioned meaning,
n represents an integer from 0 to 8, preferably 0 to 6, in particular 0, 1 or 2.

Particularly preferred possible acid components are ortho-phosphoric acid, pyrophosphoric acid,
polyphosphoric  acids, benzenephosphonic acid, benzoic acid, benzenesuifonic acid,
toluenesulfonic  acid, dodecylbenzenesulfonic acid and all other phenyl-substituted
benzenesulfonic acids and esters, half esters and bridged esters of the abovementioned acids, such
as, for example, toluenesulfonic acid esters, phosphoric acid esters, phosphorous acid esters,
phosphonic acid esters and other components which generate acid under the influence of water,

such as triisooctyl phosphate, Ultranox® 640 and BDP.

Very particularly preferred possible acid components are ortho-phosphoric acid, pyrophosphoric
acid, benzenesulfonic acid, toluenesulfonic acid, dodecylbenzenesulfonic acid and all other
phenyl-substituted benzenesulfonic acids and esters, half esters and bridged esters of the
abovementioned acids, such as, for example, toluenesulfonic acid esters and phosphoric acid

esters.

The following inhibitor of the formula (6) is very particularly preferred:

(6)

The acid components can be metered into the composition in solid, liquid or gaseous form. In a
preferred procedure, the acid component is continuously admixed homogeneously into the product
stream which is to be freed from monomers in the preparation process directly after the end
molecular weight aimed for has been reached, in order to start the evaporation of the residual
monomers immediately thereafter. In a particularly preferred procedure, the addition of additive to
improve individual properties of the product is carried out after the metering of acid and the
reduction of the residual monomer content, and is not combined with the step of reduction of the

residual monomer content because additives which are volatile in the vacuum essential for the
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reduction of the residual monomer content and are then difficult to adjust in the necessary

concentrations in the polymer are often used.

The acid components are preferably added in liquid form. Since the amounts to be metered in are

very low, solutions of the acid components are preferably used.

Suitable solvents are those which do not interfere with the process, are chemically inert and

evaporate rapidly.

Possible solvents are all organic solvents having a boiling point under normal pressure of from 30
to 300 °C, preferably from 30 to 250 °C and particularly preferably from 30 to 200 °C, and also
water - which also includes water of crystallization. Those compounds which occur in the
particular processes are preferably chosen. Any residues which remain do not reduce the quality,

depending on the profile of requirements of the product to be prepared.

Solvents are, in addition to water, alkanes, cycloalkanes and aromatics, which can also be
substituted. The substitnents can be aliphatic, cycloaliphatic or aromatic radicals in varying
combination, as well as halogens or a hydroxyl group. Hetero atoms, such as, for example, oxygen,
can also be bridge members between aliphatic, cycloaliphatic or aromatic radicals, it being
possible for the radicals to be identical or different. Further solvents can also be ketones and esters

of organic acids, as well as cyclic carbonates.

Examples are, in addition to water, n-pentane, n-hexane, n-heptane and isomers thereof,
cyclohexane, toluene and xylene, methylene chloride, ethyl chloride, ethylene -chloride,
chlorobenzene, methanol, ethanol, propanol, butanol and isomers thereof, phenol, o-, m- and p-
cresol, diethyl ether, dimethyl ketone, polyethylene glycols, polypropylene glycols, ethyl acetate,

ethylene carbonate and propylene carbonate.

Water, phenol, propylene carbonate, ethylene carbonate and toluene are preferably suitable for the

polycarbonate process.
Water, phenol and propylene carbonate are particularly preferably suitable.

Static mixers or other mixers which lead to a homogeneous mixing in, such as, for example,

extruders, are suitable for effective mixing in of the inhibitor.

The polycarbonates according to the invention can be subjected to a residual degassing of

monomers (e.g. diphenyl carbonate, phenol, BPA) and short cligomers and small rings after prior
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or simultaneous deactivation (quenching) of catalyst residues. This can be achieved with or

without an entraining gas, e.g. nitrogen, in the last reactor or a subsequent degassing unit.

The present application also provides extrudates and shaped articles, in particular those for use in

the transparent sector, which are obtainable from the compositions according to the invention.

Fields of use can be: safety screens, shields for helmets, films, blow mouldings, such as, among
others, water bottles, transparent sheets, such as solid sheets or, in particular, hollow sheets, for
example for covering buildings, such as stations, greenhouses and lighting installations, traffic
light housings or traffic signs, foams having an open or closed, optionally printable surface,
filaments and wires (see also DE-A 11 37 167), lighting uses, optionally using glass fibres for uses
in the translucent sector, translucent formulations with a content of barium sulfate and/or titanium
dioxide and/or zirconium oxide or organic polymeric acrylate rubbers (EP-A 0 634 445, EP-A 0
269 324) for production of transparent and light-diffusing mouldings, precision injection-moulded
parts, such as holders, e.g. lens holders; in this case polycarbonates with glass fibres and an
optionally additional content of 1-10 wt.% of molybdenum disulfide (based on the total moulding
composition) are optionally used, optical equipment parts, in particular lenses for photographic
and film cameras (DE-A 27 01 173), light transmitters, in particular light conductor cables (EP-A 0
089 801) and lighting panels, electrical insulation materials for electrical conductors and for plug
housings and plug connectors as well as capacitors, mobile telephone housings, network interface
devices, housings for hard disks and data storage systems, carrier materials for organic
photoconductors, lamps, searchlights, diffuser screens or internal lenses, medical uses, such as
oxygenators, dialysers, foodstuff uses, such as bottles, tableware and chocolate moulds, uses in the
automobile sector, such as glazing or in the form of blends with ABS as bumpers, sports articles,
such as slalom poles, ski boot buckles, household articles, such as kitchen sinks, wash basins,
letterboxes, housings, such as electrical distribution boxes, housings for electrical equipment, such
as toothbrushes, hairdryers, coffee machines, machine tools, such as drilling, milling and planing
machines and saws, washing machine portholes, safety glasses, sunglasses, corrective spectacles
and lenses thereof, lamp coverings, packaging film, chip boxes, chip carriers, boxes for Si wafers

and other uses, such as fattening stall doors or animal cages.
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Examples

The relative solution viscosity 1), also called eta rel, was determined in methylene chloride at a

concentration of 5 g/l at 25 °C using an Ubbelohde viscometer.

The content of phenolic OH was obtained by IR measurement. For this purpose, the difference
between a solution of 2 g of polymer in 50 ml of methylene chloride and pure methylene chloride

was measured and the difference in extinction at 3582 cm™ was determined.

The flow properties (melt viscosity) of the polymer melts is determined at various temperatures in
a capillary rheometer in accordance with ISO 11443, The polycarbonate samples are dried
beforehand overnight at 130 °C for this purpose. In the examples, the shear rates in s are stated in

each case.

The sample is dissolved with methylene chloride. The predominant content of the polymer is
precipitated out by addition of acetone. The undissolved contents are filtered off and the filtrate is
concentrated to dryness. The dry residue is dissolved with THF and the oligomers are determined

by HPLC with UV detection.
Determination of the rearrangement structures (I to IV):

The polycarbonate sample is saponified with sodium methylate under reflux. The saponification
solution is acidified and concentrated to dryness. The dry residue is dissolved with acetonitrile and

the phenolic compounds (la to IVa) are determined by HPLC with UV detection.
The polycarbonate composition PC1 was prepared in a melt process as follows:

8,600 kg/h of melt mixture consisting of 4,425 kg of diphenyl carbonate/h (20,658 mol/h) and
4,175 kg of bisphenol A/h (18,287 mol/h), with addition of 0.52 kg of the phenol adduct of
tetraphenylphosphonium phenolate with 65.5 % of tetraphenylphosphonium phenolate/h
(0.786 mol/h; that is to say 0.0043 mol%) dissolved in 4.5 kg of phenol/h are pumped from a
reservoir through a heat exchanger, heated to 190 °C and led through a dwell column under 12 bar

at 190 °C, The average dwell time is 50 minutes.

The melt is then passed via a release valve into a separator which is under a pressure of 200 mbar.
The melt flowing out is heated again to 190 °C in a falling film evaporator, which is likewise under
a pressure of 200 mbar, and collected in a receiver. After a dwell time of 20 minutes, the melt is
pumped into the next three stages of similar construction. The conditions in the 2nd / 3rd / 4th

stage are 100 / 74 / 40 mbar; 220 /225 /273 °C and 20/ 10 / 10 minutes. The oligomer formed has
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a rel. viscosity of 1.08. All the vapours are led via pressure regulators into a column which is under

vacuum and are removed as condensates.

Thereafter, the oligomer is subjected to a condensation reaction to give a higher molecular weight
product in a subsequent disc reactor at 290 °C under 0.7 mbar over a dwell time of 120 minutes.

The rel. viscosity is 1.257. The vapours are condensed.
The vapours are condensed in the vacuum unit and subsequently.

Polycarbonate compositions PC3, PC5 and PC7 are prepared analogously to PC1, the BPA to DPC

ratio being adjusted such that the higher viscosities eta rel are obtained.

PC2, PC4, PC6 and PC8 are comparison examples in which the polycarbonate compositions were

obtained by the interfacial process.

The data of the polycarbonate compositions prepared in accordance with the above experiments,
including the contents of rearrangement structures and oligomers determined and the

inhomogeneity factor U, are reproduced in the following Table 1:
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Table 1:

PC2 PC4 PCo PC8
Type PC1 comp. | PC3 comp. | PC5 comp. PC7 comp.
eta rel 1.257 [ 1.255 | 1282 1285 |1205 |1.293 1.317 | 1.323
Mn 10,622 | 9,386 | 11,621 | 10,141 | 12,322 11,489 | 12,825
Mw 24,219 | 23,664 | 27,156 | 26,084 | 28,752 31,348 | 36,983
U 1.28 1.52 1.34 1.57 1.33 1.73 1.88
Rearrangement
structures
Ia ppm | 91 <5 363 <5 298 <5 375 <5
IIa ppm | 13 <5 56 <5 35 <5 50 <5
1Ta ppm | <5 <5 17 <5 12 <3 15 <5
IVa ppm | 14 <5 255 <5 103 <5 170 <5
Oligomer
distribution
type V-IX
v
n=1to 6
total Yo 0.290 |[0.003 |0.230 |0.010 |0200 | 0.060 0.220 | 0.053
VI
n=1to 6
total % 0.042 1 0.008 |0.034 |0.009 |0.034 |0.009 0.042 | 0.008
Vi1
n=1to 6
total Yo 0.680 | 0009 {0560 |[0.071 {0590 | 1.030 0.430 | 0.860
Cyclic
structures X
n=2to 6
total % 0.610 |[1.140 | 0570 | 1.180 |0.620 | 1.270 0.630 | 1.440
VIII
n=1 to 4
total Yo <0.001 | 0.84 <0.001 | 0.74 <0.001 | 0.042 <0.001 | 0.027
IX total % <0.001 | 0.038 | <0.001 | 0.02 <0.001 | 0.001 <0.001 | <0.001
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PC2 PC4 PCé6 PCS8
Type PC1 comp. | PC3 comp. | PC5 comp. PC7 comp.
Sum of
oligomers % 1.63 2.03 1.39 2.04 1.44 2,41 1.32 2.39
Melt
visc. 280 °C
50 Pas 744 742 883 925 1,334 | 1,542
100 Pas | 413 468 718 737 837 898 1,247 | 1,456
200 Pas | 402 467 670 711 766 839 1,085 | 1,310
500 Pas | 356 417 554 593 617 676 813 951
1,000 Pas {300 338 425 450 462 499 577 645
1,500 Pas | 256 283 345 362 370 396 490 500
5,000 Pas | 129 137 158 164 168 175 250 219
Melt
visc. 300 °C
50 Pas 412 - - 653 752
100 Pas 359 401 436 470 617 731
200 Pas | 204 244 348 397 427 459 566 672
500 Pas | 198 232 309 356 370 403 467 531
1,000 Pas | 178 205 263 300 305 330 371 448
1,500 Pas | 163 183 227 258 259 277 312 365
5,000 Pas | 97 104 121 131 131 136 165 167
Melt
visc. 320 °C
50 Pas - -
100 Pas 223 - - 304 415
200 Pas | 128 132 190 221 238 262 295 395
500 Pas | 126 130 178 213 223 246 263 357
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PC2 PC4 PCé6 PC8
Type PCl1 comp. | PC3 comp. | PC5 comp. PC7 comp.
1,000 Pas | 119 123 163 191 193 216 216 301
1,500 Pas | 112 115 148 173 167 192 194 266
5,000 Pas | 70 76 91 102 100 108 112 137
Melt
visc. 340 °C
50 Pas - -
100 Pas - -
200 Pas 118 136 129 145 177 277
500 Pas | 64 80 113 128 126 142 166 257
1,000 Pas | 64 79 106 122 117 133 148 224
1,500 Pas | 62 77 98 115 108 123 136 200
5,000 Pas |52 58 68 78 74 82 80 112
Flow spirals cm | 26.5 25 25.5 25 26 25 22 20

It can be seen from Table 1 that PC1, PC3, PC5 and PC7, containing oligomers and polyfunctional
rearrangement structures, show in each case lower melt viscosities at comparable solution
viscosities, even at high shear rates, that is to say better flow properties and therefore improved
processing properties in the injection moulding process, compared with the comparison products
without these structures. This effect is likewise observed in the measurement by means of the flow
spirals. This is surprising, since rearrangement structures of higher functionality usually lead to

branching and therefore to higher melt viscosities,

Furthermore, the inhomogeneity factor of these products is significantly lower compared with the
comparison polycarbonates PC2, PC4, PC6 and PC8, in spite of polyfunctional rearrangement

structures (branchings), i.e. there is a narrower molecular weight distribution.

In all cases, polycarbonates PC1, PC3, PC5 and PC7 according to the invention have significantly
lower contents of cyclic structures than the corresponding comparison examples PC2, PC4, PC6
and PCR. Nevertheless, better flow properties of the polycarbonates according to the invention are

found in each case.
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It has been found, surprisingly, that the process always delivers a virtually constant and relatively
small amount of cyclic structures, whereas the comparison examples have higher contents of cyclic

structures with increasing viscosity.

The polycarbonates according to the invention furthermore have a significantly narrower MW
distribution (lower inhomogeneity factor U) in spite of the presence of polyfunctional

rearrangement structures.



50 Pas

- - 100 Pas - 200 Pas 118
-27-
Claims
1. A polycarbonate with one or more structures of the general formulae (1) to
(Iv)
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wherein the phenyl rings independently of one another can be mono- or
disubstituted by C,-Cs-alkyl or halogen, and X has the meaning given in the case of
formula (1a),

wherein the amount of structural units (I) to (IV}) in total is 50 to 900 ppm, based
on the underlying polycarbonate, wherein the polycarbonate comprises linear and cyclic
oligomers in an amount of from 0.1 to 2 wt. %, based on the total composition, wherein

the linear oligomers are those of the formulae (V) to (IX)
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structures, show in each case lower nelt viscosities at conparable
solution viscosities, even at high shear rates, that is to say better
flow properties and therefore inprovedy 5 processing properties in
the injection noul ding process, conpared with the conpari son products
wi t hout these structures. This effect is |ikew se observed in the
measur enent by means of the flow spirals. This is surprising, since
rearr angenent gher¢in theraasouaf ofitgb@res VIO and Bk )i ik lestibi@blog1 e 2, 4nd the
branchi ng apd therefore to higher |t viscosities. Furt her nor e,

t he inhoHﬁ@gﬁgh$§nq%ﬂ?3FEBPP@E§§E“%§BﬂﬂEQQX}s significantly | ower
conpared with the 10 conpari son pol ycarbonates PC2, PC4, PC6 and PCS,
in spite of polyfunctional rearrangenent structures (branchings),
i.e. there is a narrower nolecul ar weight distribution. I®¥all cases,
pol ycar bonat es PC!, , d PC7 according to the invention have
significantly | ower co yclic structures than the
correspondi ng conpari gon exanpl esy PC2, PC4, PC6 and PC8.
Nevert hel ess, better {1 ow propertjes of the polycarbonates according
to the invention are 315found in each case.

wherein n is an integer from 2 to 6 and Z represents a radical of the formula (1a)

(la)

in which R' and R? independently of one another represent H or C,-Cs-alkyl, and
X represents a single bond, to C;- to Cg-alkylene, Cp- to Cs-alkylidene or Cs- to
Ce-cycloalkylidene, which can be substituted by C,- to Cg-alkyl.

2. The polycarbonate according to claim 1, wherein the amount of the
compound of the formula (I) is 50 to 800 ppm, of the formula (II) is 0 to 100 ppm, of the
formula (III} is 0 to 100 ppm and of the formula (IV) is 0 to 300 ppm.

3. The polycarbonate according to claim 1, wherein the polycarbonate has
the following inhomogeneity factor:

for a polycarbonate having an average molecular weight (weight-average) of from
18,000 to 22,000 g/mol, U is 1.08 to 1.18,
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mhereln t anoun rdctures 1) and (1 X) is less than 0.001

w. % and the cycllc oligoners are those of the general fornula (X)
wherej n teger from?2 6 and Z represents a

E jS cal of thé-f or @Fggon q%{)f:ord?ng to cia?m 3, wherein the golycarbonate having
an average molecular weight (weight-average) of greater than 30,000 g/mol is less than

50,000 g/mol.

5. ‘The polycarbonate according to claim 3, wherein the inhomogeneity factor
is as follows:

for the polycarbonate having an average molecular weight (weight-average) of
from 18,000 to 22,000 g/mol, Uis 1.10 to 1.16,

for the polycarbonate having an average molecular weight (weight-average) of
from greater than 22,000 to 26,000 g/mol, U is 1.20 to 1.50,

for the polycarbonate having an average molecular weight (weight-average) of
from greater than 26,000 to 30,000 g/mol, U is 1.25 to 1.50,

for the polycarbonate having an average molecular weight (weight-average) of

greater than 30,000 g/mol, U is 1.55 to 1.85.

6. The polycarbonate according to claim 5, wherein the polycarbonate having
an average molecular weight (weight-average) of greater than 30,000 g/mol is less than
50,000 g/mol.

7. The polycarbonate according to claim 1, wherein Z is derived from 2,2-

bis-(4-hydroxyphenyl)-propane, bis-(4-hydroxyphenyl)-3,3,5-trimethyl-cyclohexane and



in which RL and R2 i ndependently of one another represent H or

Cl - Cgal kyl , and X represents a single bond, to Cl- to C6-alkyl ene,
C2- to Cs-al kylidene or C5- to C6-cycl oal kyli dene, which can be
substituted by C to C6-al kyl . 2. The pol ycarbonate according
to claim1, wherein the anmount of the conpound of the fornmula (1) is
50 to 800 ppm of the fornula (I1) is30_to 100 ppm of the fornula
(I'1r1) is 0 to 100 ppmand of the formula (1V) is 0 to 300 ppm
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4. The pol ycarbonate accordlng to claim3, wherein the pol ycarbonate
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for the pol ycarbonate having an average nol ecul ar wei ght (wei ght-

average) of from 18,000 to 22,000 g/nmol, Uis 1.10 to 1.16, for
t he pol ycarbonat e havi ng an aver age mol ecul ar wei ght (wei ght -
average) of fromgreater than 22,000 to 26,000 g/mol, Uis 1.20 to

1. 50, for the polycarbonate having an average nol ecul ar wei ght
(wei ght - average) of fromgreater than 26,000 to 30,000 g/nol, Uis
1.25 to 1.50, for the polycarbonate having an average nol ecul ar
wei ght (wei ght- average) of greater than 30,000 g/nol, Uis 1.55 to
1. 85. 6. The pol ycarbonate according to claim5, wherein the
pol ycar bonat e having an average nol ecul ar wei ght (wei ght-average) of
greater than 30,000 g/nol is |ess than 50,000 Wl . 7. The

pol ycarbonate according to claim1l, wherein Z is derived from 2, 2-

bi s- (4- hydr oxypheny1l) - pr opane,

bi s- (4- hydr oxyphenyl) -3, 3, 5-tri net hyl -cycl ohexane and -31 -

4, 4" - di hydroxydi phenyl and X in fornmulae (1) to (1V) represents a

singl e bond, isopropylidene or 3,3,5-trinmethylcycl ohexyl. 8. An
extrudate or shaped article obtained from pol ycarbonates according to
claim1. 9. A blend conprising the polycarbonate according to
claim1. 10. The pol ycarbonate according to claim1, wherein

the Cl-C8-al kyl or halogen is chlorine or brom ne.



