., le3e; 445\ 7d7v6; 6l ; T; wz WD 03/ 080706 PCT/ EP0O3/ 02901 -1 Pol ycarbonate with
- hi h extensional viscosity v ~w The present invention concerns

pol ycar bonat e w 63n0sb70gh ext ensi onal viscosity and 5 cont ai n@CI/EROBZ0ONI NQ
this pol ycarbonate. The present invention also concerns the production and
the use of these containers. Containers cgntaining polycarbonate are known
in principle. These containers are produced from conpositions (al so known
as conpounds) containing pol ycarbonate 10 and conventi onal

agents, for exanple. These conpositions consisting of the p mmwmmmmmmmw
(pol ycar bonat &plysarbonatewith high gxtensionalvisepsity known as plastics., fxanmples
of the accessory agents, or additives, include stabilisers, processing aids
and ot hers. The containers containing polycarbonate can al so include ot her
conponents, such as rubber seals or handles nmade from netal or other
materials, for 15 exanple. Containers containing polycarbonate have

numer ous advardhageesgst pvepin fawerns U@WCQ@OB@IQ.WI%T glrght Pdensipark HieGosity cod
mechani cal praperiies, hi.gh resistange to vironnent al.. i nfl uence | ong
servi ce 110, PaaERerortiiPher B SURGRE-bR, 1Y rET Bl P e e
manuf act ur abi lpidductiéxaidhd akSofBe¥eoRait@rg0l ycar bonat e can be produced by

t he extrusion bl ow noul ding process or by the injection blow noul ding
process, for exanple. 25 In the extrusion bl ow noul ding process the

pol ycarbonate A s, general ly.melted with a single-screw.extyuder and | ded
through a die dtogta%berr?ncgmfi%gg- ?lﬁ%?%ﬁpep%ff iﬁglg%'.n IFRARCIRIE. félesgscﬁg A rrgr'ﬁégs
down from t he piRiced\ilBhPYdIgbsIHk Falks kh&®R apcampourlsPuditlaihig fdydassdnate

squeezing together the | ower end of the parison. Inside the nould the
pari son i thand isboventiopalsascesheny aghatsptoriexemple: fTaesesconmosilions ceesigigpd. 30

Af t [ i iod th | i d dt i hol |
St ier o) Coan Bk PEME o iRpteh Rad s Bacod B aGar ha 0T v &S BIEVSE on
bl ow moul di ng HXGAPRSfi the Ab@EIRY Aferitf)lor @YAAREE ihdlud sialkifisdts,0st8Eessifg aids:

"Pol ycarbonate" in Becker, Braun, Kunststoff Handbuch, Vol ume 3/1,
Pol ycar bonat e an®obtharset Bice copainges tcontainded | polysdwsnier carCaalso Haelvde ofberl ag

Muni ch, 5 Vienna 1992, ges 7 tq 264)..The [njecti bl gw nmoul di n
process is a (FBWBPH%{‘ct?’@ﬁC gs riuﬁ}?‘?}csf’i?léﬁr h%ﬂﬂlﬁi Iﬂﬁdeaﬂﬁ‘ﬁnﬁ'ilega/% Gi _rla;_%?or
Injection;blow&QQEEQing proceeds in three stages: 1. Injection noulding of
the parison int pl astic tenperature range of the polycarbonate 2.

Bl owi ng of the parison in the thernoplastic range of the pol ycarbonate (the

15 core of the_injection nould also acts as the blo 'agtggnandrel

. 3.

Stripping of tGRAUHETE SAMAIIRE PAYCATROBH DA TRYS TS REPRSR Ty SWilindr el
with air Injeck Q%. bhew nmubdiagy ] S%Do@us%&ﬁﬁﬁcaog)r@eam@,l Chigh AREBKSe & .
Kam nski, A., 20 Kappenstein, R "Polycarbonate” in Becker,/Braun,
Kunst st of f Haredbireimental infreer@fdandrlohy savise hifk, ¢ogetur yatdowl wsighicing sunple,,
Cel I ul osgester,, Carl, Hanser Verlag Minich, Vienna 1992, pages 223 to 225.
The di saeiant d§ePSPSYHEAR ﬁ?tHfahQPtg cont ai ni ng pol ycarbonate known fromthe
prior 25 art is that they do not neet certain requirenents that are
important for the use of the containers in practice.

Containers containing polycarbonate can be produced by the extrusion blow

moulding process or by the injection blow moulding process, for example.

25 In the extrusion blow moulding process the polycarbonate is generally melted with a
single-screw extruder and moulded through a die to form a free-standing parison.
The parison usually hangs down from the die. A blowing mould is then placed
around the parison, squeezing together the lower end of the parison. Inside the
mould the parison is then blown up so that the parison attains the desired shape.

30 After a cooling period the mould is opened and the container (hollow article) can be

N

*G00002*

removed.



. Thus.for exanple the known pol ycarbonate contai ners may burst under severe
- mechani cal | oading. This can occur for exanple if a container filled with
liquid is 30 ypppRdrds0 the ground froma great height, for pexatpobe2sbr om
the loading platformof a lorry on which the container is being

transport ed. WO 03/ 080706 PCT/ EP03/ 02903 -3 The reason for this
mechani cal failure is commonly an uneven wall thickness in the container. 5
The uneven wal |l thickness of containers known fromthe prior art arises
during their production, since the polycarbonate nelt gives rise to uneven
wal I thicknesses during processing by the extrusion bl ow noul ding process

or by the injection bl ow noul dj s rocess.. 10 Th chani.cal . | of
cont ai ners ha&?‘ﬁﬁxﬁ}‘\m%g{?f%%kﬂ% ﬁﬁoﬁ?fﬁé%gls%lgﬁednt?{ u’r‘i‘eﬂ”?1 y @gnln%%d;hggc%é by
usi ng much none peLyEALBIRAA EinPBeckENt Bralf , KuuSStoFIEAndbileh,Crdsiamects/pn of
the wall becones nuCh thicker. This has the di sadvantage of increasing the

materi al cons PofcabonathoRelyasetaleyi Ralyegter, Selltoasagien GarlhHpnseniViegles tNMuritlby at ed
costs. 15 The gbject of the e invention is therefore to provide a

pol ycar bohat e 15‘&6 1§I9?OW§CT %gtﬁfzg%ctl on of containers having as
honobgeneous a wall thickness as possible. 20 This object is achieved by a
pol ycarbonate in which in the uniaxial elongation test performed at a

t enper at ur e ofTh2GiGEctivtt hlav siauidine pedegsssisracombingtien ek indemiosrmpuldingcadli t y
NnE rises nore ?hagtgol .than the value of the shear viscosity multiplied by
three, 3rl. 2% %P@car bonate is provided by the present invention. The
uni axi al elongation test and its performance are known to the person
skilled in the art. The uniaxial elongation test can be perforned with

devi ces based InjectidreblMansidding postetds ithlese stages: descri bed in H  Minstedt, J.
Rheol ., Vol une 23, page 30 421 (1979). These are al so described in current
t ext books such as e.g. in Ch. W Mcosko: Rheol ogy, Verlag Chem e, 1994, in
particul ar pages 288g: ' : 6tentbeFRfadre GRRSY 0291
Pahl, W d ei g]]'e, Eﬁj-eworfg%(’#:l&%QE?PégﬂgﬁrelSO\lghqgg%gﬁgi%etr 1»léunststof e and

El ast onere, VDI - Vergohgartb@®s, in particul ar pages 349 to 357. The net hods

for determning the shear viscosity, a function of ti and for

det er ni ni ng th'g sheBlpwingelobie ppr Q?‘E%&?F’Bﬁfaétfc ’ﬁnﬁ%‘)gﬁ% Eﬂq%%ﬁbofn gétWée
person skilled in t : i } o | time is
prefer abrgy determ ncg)ge %thguﬁ%tﬁ%ﬁ%d&ﬁ%h%égﬁg?g? bg(%ﬁﬁ%v%p@ﬁfeggr rates. Shear
vi scosity can 3l so $iEpgiapefnhakelldw amictotral omivakl ddlinp ed it blowingimandrel
oscillating deformatjon and converted to a tine-dependent viscosity by
means of conventi ondith gt hods. The desi gn and node of use of rotational
rheoneters are described in current textbooks. For example in M Pahl, W

G eible, H-M Laun: Praktische Rheol ogie der Kunststoffe and El astonere,
VDI - Verl ag, 199fectid® biow ensildimgl isvdisdosidt fpr axampleuinc AindersofS.,t Kapinski, A.,

preferably determ ned usin n extensiopal rheoneter G, i o] nst edt .

The uni a%gal eKenpgastevn Ree p?Y&aﬁwaiﬂg3%@6%%%@%&%%0@%83@@ X?)/Hg?eher

rheoneters, fog, e I Lt h e 3 y i enghahaker

r heonet er acco%%i )r?g%)lH%(é)“pol\(}gf1 trseb nﬁeOFS.edc%ﬁl S iogyég{ee!g’c rcl% Eglgkﬁieg,- BAHETR R AV erlag
Munich, Vienna 1992, pages 223 to 225.

The disadvantage of the containers containing polycarbonate known from the prior
25 art is that they do not meet certain requirements that are important for the use of the

containers in practice.

Thus for example the known polycarbonate containers may burst under severe
mechanical loading. This can occur for example if a container filled with liquid is
30 dropped to the ground from a great height, for example from the loading platform of

a lorry on which the container is being transported.



.20 Mei ssner, Rheologica Acta 8, Volume 78 (1969) and in J. S. Schul ze et
~al., Rheol. Acta, Volune 40 (200l) pages 457-466. The Hencky strain Eis a
di mensi onl ess wplgssotas. The unit for extensional viscosity rB€TvEPIAE0Pascal
mul tiplied by seconds. The unit for shear viscosity nis |likew se the 25
Pascal multiplied by seconds. The quotient.S is used as a nmeasure for the
rel ative increase in extensional viscosity nE. The quotient S is

di mrensionless. Sis the quotient of the extensional viscosity nE and the
shear viscosity multiplied by three, 3rl. S depends on the neasurenent 30
tenperature T, the Hencky strain rate E (unit: 1 divided by seconds) and

appl i o0: 5 = e ol Bt hl<Fephanif? AR ElBPly s Sun PHTERCRALEH e

s (unit: dimerghi@ineess) is linked to the initial specinen length Lo (unit:
nmetres) and the current specinmen length L (unit: netres) and to the strain
rate s and the tine t (unit: seconds) by neans of: 10 s = natural |ogarithm

of (L divided Lo) = l.tiplied r e 1s. . for
whi ch at ga ter?g‘éruélf’ ew?%)"} @ﬁ%’&gs ﬁcpg%éne}r_ﬁﬁf&o&grl %@?ié[ﬁér)l&g&o?& %1%5 g[ﬁﬁﬁ%ﬁ%{rr ai n
rate range s QhodiRtivEEEinéd IheapolyParBdnatd Meell @tved riel ® gn@@hewall hhitkdesdesand
wth a Hencky strain s of 2.5 and a strain rate range E of between 0.1 15
and 0. 01, t he dusing prasepsing;bie theegxtiugign bloy mawhdingprocsss & Riesthe faigetian Wewng
divided by 3r1. Particularly preferred is a polycarbonate for which at a
tenperature ofm%@&,gp{}ﬁcteﬁs'a Hencky strain s of 2.0 and a strain rate range
~ of between 0.1 and 0.01, the ratio Sis greater than 1.3 and with a
Hencky strain E of 2.5 and a strain rate range s of 20 between 0.1 and

0. 01, "t hE0 r at iTheSnéchagicalastrengthiodnontaiBers tasingan swaven walbiigksassaag soprali des

a contai ner cqnt.aining.the,polycarbonate according to.the invention. This
neans a cont ai épcmegt?yc%‘f{)gapﬁgﬁmée 886'%[@?%‘?18? SV S tﬁ&t@?icg " for
exanpl e. It d%ﬁti&%f R aMIAbERMA IR ARUE:. fIhAhAARP UREEAntage ofiihdredsaipt
materials, which sinply contains the polycarbonate as its contents. The

present i nventthomaiérid qenewnples), dopevaegyvifig risprowagsingthehilingsont devidad by
extrusi on bl ow npul di ng or by injection bl ow noul di ng. WO 03/ 080706

PCT/ EP03102901°5%: | n order to obtain pol ycarbonates having the extensional
rheol ogi ¢al properties according to the invention, the person skilled in
the art can selectively adjust various paraneters of the pol ycarbonates. He
can for exanplEhd nbjectent thet presend|incantian indhgbforate preddes wflysrtpssici ki ng.

The choi ce of non&gs and _com)tnomer.s [ 21 the 5 gase of cogolaﬁﬁgﬁq%nast es or
of terninal gr%’b‘@ sgoduetion P ¢ANIAIRHE NaYNE RN URPEFHEP Gnd W TG c &l
properties of algcfggibgql ycarbonates. The person skilled in the art can al so
use suitable Itives to obtain the desired extensional rheol ogical
properties according to the invention. The present invention is therefore
substantiated in that the person skilled in .the.art prepare he ..
pol ycar béRat es”lfhis ob_%ct }s achRavec? %y aspollycar onlate in ﬁu?h in MeSRNGa etlongatlon test
performed at a temperature of 200°C with rising Hencky strain € the extensional
viscosity 1 rises more sharply than the value of the shear viscosity multiplied by

three, 31.
25 This polycarbonate is provided by the present invention.

The uniaxial elongation test and its performance are known to the person skilled in
the art. The uniaxial elongation test can be performed with devices based on the
Miinstedt model. These are described in H. Miinstedt, J. Rheol., Volume 23, page
30 421 (1979). These are also described in current textbooks such as e.g. in Ch. W.
Macosko: Rheology, Verlag Chemie, 1994, in particular pages 288 to 297, and in M.



.10 according to the invention having the extensional rheol ogical properties
raccarding to the invention and uses them for the purpose of producing the
cont ai ners accwpdiz/ago70@ the invention. These contai ners haveptheros/o2901
surprisingly good properties described in the present specification. 15 The
present invention also provides the production of the containers according
to the invention. The present invention also provides the use of the

contai ners according to the invention. 20 The advantage of the

pol ycar bonat e accor di ng to the invention lies in the fact that it nakes it
possi bl e to prighlceWt h l%féiﬁ,taﬁ{ersL%whoPtﬁkﬁngt% Riwelogiev edst | Bansistefie t Hed r

advant ageous erti egr The tain or the i nvention have
t he advant agep]?]l?? nWet’h rageé%nghpaaﬁ%%% Pages %40%§g§?bonate per contai ner
t hey have hi gh nechani cal strength They al so have the advantage that they
can be produced with a honogeneous wall thickness distribution. 30

WO
03/ 080706 _7 ‘Bermetoslsofee term@ung)rtlnelsh@rsvlsac@@@r @smgfqr@twm]@ﬂtmemidcfﬁr have
numer ous gt her dvantagle ¥ e ant o necgliml cg} | oadi “9181
fracture resi sSHefINEE e[sm%rg %081%3% 1891\9 t%?gf‘é% OV 0 the TRISQY ﬁ%r
mechani cal propaht hesS. They have good optical properties, in particular
t hey have high transparency. They have a high heat 5 resi stance. By virtue
of their high heat resistance the containers according to the invention can

be cl eaned witf hot .water or ertll ﬁ% with h @yeir{\ The have &

resi stance to PHE" CGHRPE aén%t URGHERNP “é?gésn%e ?rﬁ er%rnﬂg% g T %é?ﬁ??
for cleani ng WaeBmeRPhE |09P sHcaf rdlY Shedre/iddsity &aléd Bt detefmiABPin & 2bth@hal OF
the containers according to the invention. 'Iy can be produced easily and

i nexpensilfel y thgotnenwunddd opeibiatirgsdssornipiien god)dorp/redc@t;sa tiglerdepgeiem yscastty t he

pol ycar bonat e e advant ageousl y, e ere. T

ageing in use g’hd“‘??&ﬁ VSW{;"%EFQAEI&OSSH 8 eﬁ”@fl e ({&Fp(f ust?sa é"tf‘{l.%ﬁa may
optionally OCCieomRicss me@&rwm eﬁﬁerﬁxetts&kefmseeam%tmnﬁm LAGEIERE
meani ng of the present invention can be used for the 15 packaging, storage

or transport oH.-M.quawhs, Praldischis Rbeolggseder Komtsiofiie nad filastomerep AdRayentag,

st orage or trahf ort of liquids (liquid containers) are preferred,

cont ai ners for e packagi ng, storage or transport of water {water bottles)
are partijgularly preferred. 20 Containers within the neaning of the
invention are preferably hollow articles having a volune of 0.1 1 to 50 1,
preferably 0.5E&tehsiond) discostteraby ﬁantttmesf dafmd i ,pré&fedaplyl determamed 2Girg ane

nost particularly preferred. 3 an | on er hottles are nost
particul arly pF’@F%??’@Ei rhepmetqs ACCHHingi tﬁ@\d eawrlwﬁlasen%tﬁ%ﬁﬁ GAMasYht

of preferably g, ?aergorfnfédagi%’ a%ert@of%tﬁér%%lﬁ@teéofcﬂ e&ﬁ’mﬁ]@%ﬂg tlﬁ:rlﬁ)mmermally

particularly preferab 650 to 900 g. The wall thicknesses of the

cont ai ners ar eayilebler @bbg{suﬁha‘ﬁ rheomaterS acaordiby tpr Bleesseanc d hBiOISO.dSSCnﬂJEd ondl.nm
20 Meissner, Rheologica Acta 8, Volume 78 (1969) and in J. S. Schulze et al., Rheol.

Acta, Volume 40 (2001) pages 457-466.

The Hencky strain € is a dimensionless quantity. The unit for extensional viscosity
ne is the Pascal multiplied by seconds. The unit for shear viscosity n is likewise the

25 Pascal multiplied by seconds.

The quotient S is used as a measure for the relative increase in extensional viscosity
ne. The quotient S is dimensionless. S is the quotient of the extensional viscosity ng
and the shear viscosity multiplied by three, 3n. S depends on the measurement
30 temperature T, the Hencky strain rate € (unit: 1 divided by seconds) and the Hencky

strain € and time.



WD 03/080706 _g_ PCT/ EP03/02901 Containers within the neaning of the

" present invention preferably have a length of preferably 5 mmto 2000 nm
particul arly pwef@neby 100 nrmto 1000 mm The contai ners preterat/oeoflave a
maxi mum ci rcunference of preferably 10 mmto 5 250 nm by preference 50 mm
to 150 mm and nost particularly preferably; 70 to 90 nm Containers within
the nmeani ng of the invention preferably have a bottle neck of a |l ength of
preferably 1 mmto 500 mm by preference 10 mmto 250 mm particularly 10
preferably 50 mmto 100 mm and nost particularly preferably 70 to 80 nm
The wal |l thickness of the bottle neck of the containers preferably varies
between 0.5 a 1 rticularly preferably froml1l mmto 10 nmm and npst
particularly p ?%}lgﬁlﬁéf%%a@pﬁlﬁsto 7 mm 15 The di aneter of the bottle
neck preferably varies between 5 nmand 200 mrm 10 mmto 100 nm are
particularly preferred and 45 mmto 75 mm are nost particularly preferred.
20 The bottle base of the contai rier 4 deodididrg yd3(He i nvention has a

di aneter of preferably 10 mmto 250 nm by preference 50 mrmto 150 nm and
nmost partPcularly preferably 70 to 90 nm Containers within the meaning of

the present inyentign_.can displ an ric . : t hey
can for exanpl ﬁﬁf‘b@"@oﬁj’ﬁ‘a‘, Sg{}%ﬁ? ‘2‘?4‘68%}?49%%3;{? th(r)l!r( e‘gk"gﬁ\%ﬁn%? %gg}géége%éﬁn{r’)l“% 3
to 12 sides. Remidmea¥dlandAke Harag opRimehRALS 12(Mith hihies) £d. o Thestegs kgen of
the containers can be based on any surface texture whatsoever. The surface
textures are pEehdibbiimes ot keconds)ibymessns Thie cont ai ners according to the
30 invention can al so have several different surface textures. R bs or
beads can run around the circunference of the containers. They can be any

di st ance |gpar t ; ar,8e¥ bty WOOIKARATRA PCH FRAZAANYL -9 mitually

di fferent distances apart. The surface’textures of thé containers according
to the invention can have etched or integrated textures, synbols,

ornanments, coats of arms, conpany. |l ogos,  trademarks, si res,
manuf act ur er | A RHREFTVRIC (rTETal FTIRRIh 3t EoEPBReNER AT IBs5 I i a Hencky

information. 5 ner o L ng. t j [
Inunber o:‘ handl&;tﬁeﬁrﬁ?a\%ﬁ??ﬁdnﬁ%ﬁrg@ r]%%::rgitl%ga é)? btgﬁ%egpgg}ltdgﬁ@t’g}g&gpé:ﬁé rntgzrat h.

The handl es MmayhaRrioL artdie/ith Wl Medclts sefidl 06f TRYinda staine@teatafge &nifbetieenshape
of the container. The handles can be folding or fixed. The handl es can be
of any sH&pe what 8.0&wvbe ratie.Sis gosatdr thanol hdwlareip @ iy gofiedd. as15 Mhdividgd by 83.
preferably have a length of 0.1 mmto 180 mm by preference 20 mmto 120
nm In addition to the polycarbonate according to the invention the

containers accepdicieny Qrdilifed UG AMHRAR 8 FRich ANk Krfh PRI ofSODSE ANEIes 1 O
a smal |l degr ee?algl.cg. r?%ﬁ‘{)ere sleaﬁjsbwlS c())r handl es nmade n?k;om ot her materials.
Hencky strain € of 2.0 and a strain rate range ¢ of between 0.1 and 0.01, the ratio S
is greater than 1.3 and with a Hencky strain € of 2.5 and a strain rate range £ of

20 between 0.1 and 0.01, the ratio S is greater than 1.5.

The present invention also provides a container containing the polycarbonate
according to the invention. This means a container which contains the polycarbonate
as a wall material, for example. It does not mean a container made from completely

25 different materials, which simply contains the polycarbonate as its contents.

The present invention also provides a process for producing this container by

extrusion blow moulding or by injection blow moulding.



, The containers according to the invention are preferably produced by the
ext rusi on bl ow noul di ng process or by the injection bl ow noul di ng process.
20 In a preferwedspeiegd ment of the to produce the container scageoydosg to
t he invention, the polycarbonates according to the invention are processed
on extruders having a snooth or grooved, pseferably a snooth feed zone. The
drive power of the extruder is selected according to the dianmeter of the
screw. 25 By way of exanple, the drive power of the extruder is approx. 30
to 40 kWwith a screw di anmeter of 60 nm and approx. 60 to 70 kWwith a
screw di amet erlnoprden temabtaih ep@méwoematep drarsugethehf:)eténss@@i itbeplegiedvproperties

convent|onally us in roce er| tics are
suitabl e. %ﬂﬁﬁ‘@éé ml% ? ﬁp?g rg%ne‘iﬁﬁaﬁroﬁ%?@}m 88 t o
60 mmis pr ef epdr@lethr of Mg gb%%&hﬁ& e %Qﬁ‘tf@if Q%Iﬁglléafﬁ'ﬂ'%nc% el marcolfar 1 1
A screw diameter of 70 to 100’ mmis preferred for the production of

cont ai ners havwnlghaandodqgm qffcr@@hﬂkmg‘ Hihel dnige lof ofonbhnersadesesndnomgrseihghabl y
20 to 25 imasthefd ter, of the screw., In the case of .t%le bl ow h

moul di ng proce$8? ¥hem) YRFRoBaEs 9's Oért%rf"é‘i‘ B UPS A58 D35 4B onflGeE Of Hh}r der
to obtain a bré}ltéds?d?fal ﬂ%l({%a&h p%fﬁhie%%fstl%é Ba@@aﬂa@na&&e T%@rﬁe?s'oﬂes'kﬁ}edllﬁ tRE der
to ensure that the blow d is heated evenly and efficiently, the base 10
section and t hat jcas kddo sm:tsmmlvle:admbeesht;abbmlmdpadeﬂnedyexteﬁs@nbl owolagidatl i s
preferably closed with a nch- ofB force, of igoo to 1500 N ger cq¥off

pi nch-of f ~ wel dPPBHGEH. a%@ of%e B8 HYPIYtedBeqPIsfl JBYSPESR bindfgrefore
according to t{@siaANARE | '1Hnthh§ R ?E%Bﬁ@kfﬂlé@lr ir?(i'hes‘artt E@baﬁe@%@%lﬁ%}boﬂﬂt@é' ty
of the containers is not inpaired by streaks or | es and

pol ycar bdfiat e acsortong tethe adedtlmyhhvunhg/ﬂle@alehyonhl rrhem@;ogwa:bqnecsgsrtmg acddréing to

residual noisture content after dryipg is pre bl elow 0.01 wt.%
dryi ng t enper ath§ravegion spguses t‘ﬁﬁ"‘éf‘ét @RUrPp: rpr? tg? GPMaINgYS aferding '
guar ant ee adegyat; r e
ri sk of the peﬁ%elﬁ g%g i Bf ycar n’ge?geh%%el cIe gﬁ‘sg‘gq@ﬁé@ gfo?grtkﬁg% g\ctrngi/qIEan

no | onger be pﬂﬁmsmohpeaﬁyatwnr dryers are preferred. The preferred nelt
tenperature for processing of the polycarbonate according to the 25
invention is 230C to 300C. The containers according to the invention can be
used for ykhe p 8 habRE%o BloVidRARALHUR onlof Al Eifyai Rk hldrdihe BARES-
The enboollgrrent %gés(a%oﬁggﬁ\%ers fglhO?Oare use ?Lcl)rlogxarrp | e acl)r the f)ac agi ng,
storage or trafmspaidn.of liquids is preferred. The 30 enbodi nent as a water
bottle that can be used for exanple for the packaging, storage or transport
of water is particularly preferred. WO 03/ 080706 PCT/ EP03/ 02901

Pol ycarbonat espyi thidinf iR ARG Hovkile RE G8EWr hOVSREERE A& RAEHE"@P! Y

mel t

invention.

20
The advantage of the polycarbonate according to the invention lies in the fact that it
makes it possible to produce the containers according to the invention with their
advantageous properties.

25 The containers according to the invention have the advantage that with the specified

amount of polycarbonate per container they have high mechanical strength.

They also have the advantage that they can be produced with a homogeneous wall
thickness distribution.
30



. processabl e aromati c pol ycarbonates. They can be both honopol ycar bonat es

- and icopol ycarbonates. 5 Particularly preferred pol ycarbonates are the
honopol ycar bonwoaysfeeeesl on bi sphenol A, the honopol ycar bonat echasesen

1, 1- bi s(4- hydroxyphenyl ) -3, 3, 5tri net hyl cycl ohexane and t he copol ycar bonat es
based on the two nononers bisphenol A and 7.

1, 1- bi s(4- hydroxyphenyl)-3, 3,5-tri net hyl cycl ohexane. 10 Pol ycarbonates in
which up to 80 nol% in particular from20 nol % up to 50 nol % of the

car bonat e grqus are replaced by aromatic dicarboxylic acid ester_groups

al so bel ong t olheontrinere aedseding &xsthadrvsntipm havequpsoysfbertadyantaggc hhey are

pol ycar bonates_t.hat. contai,n both acid .radi f. bony ci acid
radi cal s of ar%ﬁﬁ@ﬁﬁ%i%ﬁ?}‘%lﬁ% il%a%i%g’ aey srgc%%ofr%gg{r%gif’e% (r%I}tle ¢ ﬁ(e)a}n%g'lee%%l e
chain are al soadhaggafhsaspeari@iitdfl 6thpOmERBiR¢al CRbPENE. EFhey Theepglodcaptivanat es
according to the invention can be produced by known neans from di phenol s,
carboni ¢ aci d prepeias.i inepartispler ohey [hpve Haglh transparerayorhednbiaveoa opigh olrat | y

branchi ng.agents. . I n der.to qduc h olyestar ¢ t X t. of

the carboRic arcei“ata{]%er‘i At Ft\}lgsor{)@evleiﬂgl?a&%% lt%ys/lsé%e \ %O%Eﬁ?@éégﬁgxo)f Pg%{é&hé&s or
derivatives of indb@find@nybd Eledfelddgith hbi FraleP of 8RE1IREICATHINAG steBm! TRe BARODAL €
structural units in the aromatic pol ycarbonates that are to be replaced by

aromati ¢ di carhighyksistangsi i@ dsteonvetionadt eleatlingiaganss thas apevsed| for gkamplg for

ducti f | b t Kk . _Ref i ; f . |
Por 1" sohnel 1 B ol o s R T ot o) G5 g ahalBRiEn T sePliliF ohe o
Vol une 9, IntesgetRRER the v, The DOk dude@REQR: ang)fﬂé’i@¥nsl%by Rown

D.C. Prevorsek, B.T. Debona and Y. Kesten, Corporate Research Center,

Al lied CH8m caproGesserorldicigond phesesding propertivew! e sdycapr e are ggvartagspuslpf
WD 03/ 080706 -12 PCT/EP03/02901 Pol yester, Carbonat e ol rs" i.n ur nal
of Pol yner  Sci SISt TChRmISY Py et AEGRE TUte tngfngs SRt yestifs Ny’ ",
Freitag, U G Fgoy mBitfRle Mabt Bfat mbly oDRSHARK bB&Ir thiBMeals AimerobéNeaPabAL €™
i n Encycl opedi a of Pol'yner "Sci ence and Engi neering, 5 Volune 1 1, Second
Edition, 1988, pages 648-718; 4. U Gigo, K Kircher and P.R Miller

"Pol ycar bonat e", i n, Becker/Braun, Kunststoff Handhuch,. Vol u 3/1
Pol ycar bonat e, CPBR{SE: (4 ihin tg%lr??é‘l“égr ,O?CﬁF | RIFSF8E dRYSyton C%?r“lrr%?—la‘f'?ggrfofletpf’ ag

Muni ch, \isenna,,d = i I 250 [ thbe
pol yest eyscar bg%éé(t% glg’prgg r a%lllgraﬁg%g égéﬁggdgp%yg%fg@%miﬁﬁighéﬁ fc?))fg | 2, 000
to 120, 000 g/ npickéginpaditorage brytrarspertiof hguidhdiquel emitaieery)i ase pesifaredacor@E @i n
nmet hyl ene chl or.i de at concentration of O. ? \? tpolécar Oﬁ?te er 100 rI1

met hyl ene chi ofQfd. Packagipg) $iarage wowRnsPaRDI Ot aVaeh (WRISF POtieshidts BBYICYa Y\ o0
to 60,000 g/ rmk)%e@grgedparti cularly preferred. 15 Suitable diphenols for

producti on of e pol ycarbonates according to the invention are, for
exanpl e, hydroqui none, resorcinol, dihydroxydi phenyl, bis(hydroxyphenyl)
al kanes, his(h droxypheng]) cyclqalkg es, bLsgh dro ?eﬂé%%ysuj igﬁs,

bi s( hydr &@yphe@ﬂ&alf@fwrt in'the BICANIGE G% PISHBYSALPD RER IR, BSKS PRERE | )
20 sul fones, bisLygl 8%@!.5?']9[8%)1, %k{r%&ﬁ%sl’t (&) B'wHRkeby IR RNENY ) 12 1
di i sopropyl benzenes, and ring-al kylated and ring-hal dgenat ed conpounds

t hereof . Pref eand0 tagehesso partiavlerld pfercidhydr oxydi phenyl ,

2, 2- bi s(4- hydr oxyphenyl ) - 1phenyl propane, 1, 1-bi s(4-hydroxyphenyl) phenyl
et hane, 2, 2-bi s(4-hydroxyphenyl) 25 propane,

2, 4- bi s(4- hydr z t 1:5-15' tdyydr oxyphenyl ) -nm p
di i sopropyl beg)z%greg%g%“%Feg?%mné?%ﬁ@sﬁﬁﬁry%?& Bff(efn)r/ pr opane,

bi s( 3, 5- dismet hyl 4- hydr oxyphenyl ) net hane,

2, 2-bi s(3, 5-di net hyl - 4- hydr gxyphenyl ropane,

bi s( 3, 5((:“ met thhg{_c%p@pg;%qugeﬁ%ﬁy %@%ﬁ %%Egl,ppy weight of preferably 0.1 g to 3000 g, by

2,4-bi s(3, 5-di g f@bbglkﬁfa ik feBI2ER) g 10 900 g.
1, 1- bi s(3, 5-di ggétfﬁé*lcejs%gi oxy eniﬁag} nﬁ%ﬂé gopr opyIg lg)enzegne, 30 2,2- and
1, 1- bi s(4- hydroxyphenyl)-3, 3, 5-tri net hyl cycl ohexane. WO 03/ 080706 -13

PCT/ EP0O3/ 02901 . _
The wall thicknesses of the containers are preferably 0.5 mm to 5 mm, by preference

30 0.8 mm to 4 mm.



.Particularly preferred di phenols are 4,4'-dihydroxydi phenyl,

1, 1-bi s(4hydr oxyphenyl ) phenyl ethane, 2, 2-bis(4-hydroxyphenyl) propane,

2, 2-bi s( 3, 5di ngluglsdrobrydr oxyphenyl ) propane, 1, 1-bi s(4-hydregympesnzbir

cycl ohexane, | , | bis(4-hydroxyphenyl)-nifp-diisopropyl benzene and

1, 1- bi s(4- hydroxyphenyl) -3, 3, 55 trinethyl cycl ohexane. These and ot her

sui tabl e di phenols and their production are disclosed in, for exanple, US-A
3 028 635, 2 999 835, 3 148 172, 2 99l 273, 3 271 367, 4 982 014 and 2 999
846, in DE-A 1 570 703, 2 063 050, 2 036 052, 2 211 956 and 3 832 396, 10
FR-A 1 561 518Containetsevitiindly enshninglof Swhpresdnt irGieeioms preferalvlyl hawg gilengtio pf

Pol ycar bonates, | nterscienc ubl i shers, New_.York 1964" a {n JP-A

62039/ 1986, 62@&%&@%2“&%‘) g%@s@ﬁ%f ‘.“a’fl?‘upfeﬁ%ra‘&lé{s1886‘rmﬁ% ot ar bonat es
only one di phenol is used, in the case of 15 copol ycarbonates several

di phenol s are used, whereby the di phenols used (al so known as bi sphenol s),
i ke all ot her Tixheoritaiabrs raefdrablyxhdviear masioben icesfeaeide df tpoefetablysithiie o s,
can of couyrse contam nated w th i (ties originating fromthei wn
cynthesi o5 ot AguGH o PEEer e 1D S et i i Sl SR etsBE 79 8T o
materials. 20 &bl e chain termnators that can be used in the production
of the polycarbonates are both nonophenol s and nonocar boxylic acids.
Sui t abl e nonophenol s are for exanple phenol, al kyl phenols such as cresols,
p-tert. butyl phenol, p:-n-octyl phen p-iso-octyl nphenol, p-n-nonyl
Phenol and e i COMAGRY1 VBB oRe R dbn SR pisteraly Rtk el B of a

2, 4-di chl or oph P o h ﬁﬂﬁn . = ek d )

t her eof . Suita%ﬁ%hﬁgﬁg%§%g§£§ ?gk%ci sg%?%9F%§k@§§§§@§p%g%§é?@°g%?gﬁﬁgfky|
benzoi ¢ d46i ds pmetersidy 6bena oo t0Gumindand 180st Bagicelarlg rafbrably HeoBOmamor s are t he
phenol s having the formula (1) WO 03/080706 - 14 R6-Ph-OH (1)

PCT/ EP0O3/ 02901 where R6 stands for H or a branched or unbranched C~-C~g

al kyl radi cal . L f i i o g bl y
0. 5 mol oh 1o 107 Tl By HERAE DL o o e PR S R
chai n term nat aids 1¢anmbeaaddrdybatferably doni hgmor tafl © enmpiek gesapartioulatdl® The
pol ycar bonat es can he branched._Suitable branching agents that can be used
for branchi ng PIERRIY foar HBWAIREMRe the trifunctional or nore than
trifunctijgnal conpounds known in polycarbonate chem stry, particularly
those having three or nore than three phenolic OH groups. 15 Suitable
branchi ng agentThe aligmetéronf eheabpitle, nephlpefogiblic vardds, between 5 mm and 200 mm.
4,6-dinethyl-2,4,6-triS4hydroxypheny|)

hept ene- 2, 4, 6- &9 falh{g 190 ampL aie; partigrlann PysiEasr, and fopmando 75 mm are most
1,3,5tri (4-hydrox nzene, 1,1,1-tri (4-hydroxyphenyl) ethane,
tri(4hydroxyphéﬁéﬁ@ggﬂéﬁyrgﬁéthane, 2,2-bi s[4, 4-bi s(4- hydroxyphenyl)

cycl ohexyl] propane, 2, 4-bis(4-hydroxyphenyl isopropyl) phenol,

2, 6- bi s(2-hydroxy-5" 20 nethyl benzyl) - 4- et hyl phenol, | )

2- ( 4- hydrzgxyphérhwl)(m@- P%e4oﬁfh?y69r5%9ﬁﬁear?§'?‘fm}ﬁr g)pgﬁze}nventlon has a diameter of

el T RBROY RS8P, PR 0 Y SR

phenoxy) net hapefanly 704e b0 s{m. , 4" - di hydr oxytri phenyl) nethyl) benzene, as
wel | as 2, 4di hydr oxybenzoic acid, trinmesic acid, cyanuric chloride and
3, 3-bi s(3-nethyl -4 25 hydr oxyphenyl) - 2- oxo- 2, 3-di hydr oi ndol e. The quantity

of oranchi ng ag8Rt:fcPPiiBR AL Yodaflind b UREEreléht BIRRASALAYaiSoi00 DL Bricel

nol % relative 10 nole phenoPs used 1T n each case. 06 -15

PCT/ EP03/232901 s{dpe vilatddetdrNthepaan i ekamplei Heheund)@valne! potigdnali driangiier with
di phenols and chain term nators in the aqueous-al kali ne phase or added
ahead of phosgéerspmpledi ©sig sidag. Round, oval and hexagonal shapes are preferred.

The design of the containers can be based on any surface texture whatsoever. The
surface textures are preferably smooth or ribbed. The containers according to the
30 invention can also have several different surface textures. Ribs or beads can run

around the circumference of the containers. They can be any distance apart or several



,in an organic solvent. 5 All these nmeasures for produci ng pol ycarbonates
~arefamliar to the person skilled in the art. Suitable aromatic

di car boxyl i ¢ awiods/o8@ne6 pr oducti on of the pol yester carbonat eBCUER()3/G2001
exanpl e, phthalic acid, terephthalic acid, isophthalic acid, tert.-butyl

i sophthalic 10 acid, 3,3'-diphenyl dicarboxylic acid, 4,4'-diphenyl

di carboxylic acid, 4,4benzophenone dicarboxylic acid, 3,4'-benzophenone
di carboxylic acid, 4,4'-diphenyl ether dicarboxylic acid, 4,4 -diphenyl
sul fone di carboxylic acid, 2,2-bis(4carboxyphenyl) propane, . )
trimet hyl - 3- phidhipelly diffaient glisiancgs anarbobiipl Suelage iy tirgssolpherqeataifesnageprding

di car boxylic i.ds; : I i i t i 'ﬁgg
particularly g%é §Fg%ﬁ§§ﬁ§%ﬂﬁkﬁé¥ﬁéﬁgﬁﬁﬁf %%j%?§£$%5§b+ﬁ%qg%l s&gfnggﬁ
exanpl e the digafsboxybiary agos tadealdrkie Signathréshenahinérubrexifornaiond nitcadaky |
esters, particularly the dicarboxylic acid dichlorides and 20 the

di carboxylic a@?@!lféﬁaﬁ@ﬂwd @ IOBIRE mf@maél@’érrent of the carbonate groups by
t he aronagic di carboxylic acid ester groups is performed substantially
stoichionetrically and al so quantitatively, such that the nolar ratio of
the reaction pakd b&ftsinks a’t&QingdnBe fifvehtien tamBivepalyyashins of dahdleatvehicihe
25 aromatic dicarboxylic acid ester groups can be incorporated both
random y and i mapbeidested Fhihesisley emidporiandernegh bEhahwadlea sy maotagletaytwards

invention are preferably.pro e he. | rfacial I n {4

process or by qﬁorkrﬂmg}%?gtrg?nfng? g}sét S%‘F ?‘:T ?t(r:]ttg i°81?1tg§gr' ;;Irl% gé’éﬁ@?ggﬁs&n{g@% st
case phosgene bsfipideTaE BMdlesu8beas abRERPOIvchabok brd€ | osal,irvend éripoty@nslecond
case preferably di phenyl carbonate. WO 03/ 080706 - 16 PCT/ EP03/02901 In

t he firstlOcaseThhbangéasereferablydiere adengtlugb@ 1 asmdar B mire, chrafesues ¢amméo in
t he second cas (freferably di phenyl carbonate. 5 Catal ysts, solvents,
wor ki ng up, re 8h conditions, etc., for pol ycar bonate production are
known in both cases. The nelt interesterification process is described in
particular in H Schnell, "Chem stry and Physics of Pol ycarbonates”,

Pol ymer Revi ewl additiamte the pplycarhonate agoBling mtherigingine hePesnitdingie pecordipgy

Yor k, London, Sydne 964 and in DE-A 1 Q3] 5l in -A 3 022 272, i.n

DS 5940 o0sie e e sy Pﬁ’?ﬁé‘%ﬁ 9%%?@&H&ﬁ?@g%c%s-oﬁUﬁgertssalf he

i nventionscan g $RdeR Mk frdnhstheony@phisonal additives, for exanple
pigments, UV stabilisers, heat stabilisers, antioxidants and 15 noul d

rel ease agents in the conventional quantities for pol ycarbonates. Were the
pol ycar bonat es, contain additives or other accessory,agents . .th .
conposi tions cb F?%F‘Wﬁrsrﬁ‘}f:?/rgé{lrgbt(?ﬁh? EVERECL i RrF@gélyoﬁrogg%dgs@O% XHEHPY are
al so known as pPRIWGBHRARAIEIPY B M iGONRAHIS W AuidiRP prodese convent i onal
additives can be added to pol ycarbonates by known neans together with the
conmponents according to the invention or subsequently. The pol ycarbonate

nmoul di ng .conposi ti ons accor di to the invention _can be 25 processed into

noul ded 3@ticl %ﬁ¥e%wwkﬁ@gaﬁﬁwn X égg§Pn@”ﬂﬁ§hﬂﬁé§°@§mﬁﬁo&ﬁmﬁﬁ?%§8§hﬁnder
the conventionglyeRiQe Ql?é‘)(ﬂgca‘?@(ﬁﬁf@%ta%é&dfn%rto R MSBRtRANGE Proddaed TRt &hduads and
auxi liary substances having a | ow degree of inpurities are preferably used

in the product havingh smobthcabavad arefemblypar sdogh ifesd dopet he nelt 30
interesterification process in particular, the bisphenols used and the
carbonic acid derivatives used should be as free as possible from al kal

ions and al kal iTRggdE E)Bwer YO HE8406 sEEHbERQI HRO A theldiah OB of fhids@refaW

materials of this type can be obtained for exanple by recrystallising,
washi ng @5 di sBiylwaynef ¢exaenpbarthodiice pever afehé eeirideess afpoox. a0k Wavitoai ¢

acid esters, ars]éjresvrh?antl)flztesnp oqveéborlnr% and approx. 60 to 70 kW with a screw diameter of 90 mm.

The general purpose three-section screws conventionally used in the processing of
engineering thermoplastics are suitable.

30



.5 Were polycarbonates are produced by the nelt interesterification

- process, the reaction of bisphenol and the carbonic acid diester can be
performed contyuglsde OF di scontinuously for exanple in stipeegdpizanior
reactors, thin-filmvaporisers, falling filmvaporisers, series of
stirred-tank reactors, extruders, kneadersgg_sinple disc reactors and

hi gh-vi scosity disc reactors. 10 Carbonic acid diesters that can be used to
produce pol ycarbonates are for exanple diaryl esters of carbonic acid,
whereby the two aryl radicals preferably each have 6 to 14 C at ons. The

di esters of caAbmnive demaebatéd torbGphemas pmfelmd<§dr tbuus@ducupewfmmtamags in

ot her words di rbon dicr car nat for exa
preferably uselga I%Pé’t(’? gtlll rﬁ)lsgegf‘%ﬁ'i%gﬁ itﬁ% 10 é) E’&?%R{% réééli% The'®
diesters are pﬁl%ﬁﬁ'@t%' ¥f HSREnER l?avﬂ‘rgaﬁlt\}othym@fofhoql 11 lendfh BPlhe screws is
particularly preferably in a quantity of 1.02 to 1.15 no | f phenol s,

al kyl phenol s petbtanly 20 yd 2ptimasthe dianectersddhé serevhe productl on of the 20

pol ycar bo?at es according to the invention, they have the effect of chain
term nato That nmeans that they limt the maxi mum aver age nol ecul ar

wei ght that cap fe cQs%rUfQN@glowTB@Mdﬁ%rbr@éésbQﬁe Ql%“ﬁ‘iﬂg@l@ it pEELRRY hehtbd td bE
nononers that are needed production of the polycarbonate or in a |ater
phase of pol yc@r%ﬁ@aﬂer@ymﬁﬁ&nabrﬂ‘hay aa«thlghmuabtycsﬁlcfamtloah@tmlta)m@unds
wi t hin the neaning of pol ycarbonate synthesis 25 and thus act as chain
term nators. The phenol, al kyl phenols and/or aryl phenols that are
optional ly Useﬂaf b{aeF *Et?eﬂsfu?éiﬂ%'tf?& bR)fw hRIP Y NERIDORANCRS BrfRILIS! Ml Bastised
in aquantity o to 10 nol % relative to the sur of bi sphenols used in
each casd0 30 sec\ﬁ@@ﬂd%@ﬂdﬁﬁt setBorPEN/ HeR@31c0 3@ tattlyxt ur es of phenol and/ or
one or nore al kyl phenols andlor aryl phenols can also be used. The al kyl
phenol s and/or aryl phenols optionally used in the production of the 5

pol ycar bonat e ll“ﬁ@@lotvpa‘galuhws r{ﬁ@l‘éﬂﬁ) LIBE<H PRk agﬂu‘?dl'lp@ff P6rct Of 200 tcphﬁfﬂ)ylkl per
term nal groups. I'n additio eyr term nal ‘groups can occur in the

pol ycar bonat e tiaif pirkhfoff weld, leiggiich as e. g. phenolic OH term nal groups or
chloroformc acid ester term nal groups, depending on the production
process. 10 Excl usively phenol, alkyl phenol s and/ or aryI phenol s, w t hout
t he addi tjion o S h 4 ,
are pref elr5 abl Eﬁgoq%bglgggﬁgﬁe%}é?eﬁﬁhn@ g}%a UI Ite %@ﬁg igt?\;oéri}gf)ﬁ %Is%{?%%ges
that can act aané‘dlab rthatethei spaicalr guaite dfahé cﬂaﬁtammpheastoinspaand by streaks or

nonocar boxyl i ¢ aci ds. Suitabl e nonophenal s e ‘S’El chl or ophenol
or 2.4, 61t 11 br RS he BObERBPRATBE AF BB e QLGS AhEp BrEETE G aRg
al kyl benzoi c ?e%ia%al DR ORRAR Aleer %&%lgg- 9fefh'5§{] %a'aaﬂo@@dw% %on@'drymg

subst ances that can act as chaln term are enol, p20 tert. butyl
phenol , cunyl pmegepdtuenel 12080cis yrefpired dloweT emperatrést go o6t addartéeondeiquate

substances that can act as chain termnators is eferably between 0.25 and
10 ol % 20l at Flr/yén&,dvftlhbatsluabf‘éftem%rbtﬁéq%dh%re u%@a F Oééétﬁnpf‘&%gseoef m@"?‘f’?@naw

measur ement pr%ﬁ&ﬁ?xﬁg %ﬂ%‘?tsﬁaﬁntﬁﬁt”ﬂ e}*& n Y! 1%’1% F@é c?c@?ée&n@ir VS §Qetst Yrel S

descri bed bel o to measur e unla xten3|on vis€osity, a
cylindrical polpyfatdionate speci nen (dlnenslons. di amet er bet ween

approximately 4 and 5 mm |length 30 between approximately 20 and 25 mm) is
fixed at the ends by clanps and clanped in an extensional rheoneter. WO

03/080706 PCT/ %‘ﬁg%/ré}grggdlm_el]t%emperature for processing of the polycarbonate according to the
25 invention is 230°C to 300°C.

The containers according to the invention can be used for the packaging, storage or
transport of liquids, solids or gases. The embodiment as containers that are used for
example for the packaging, storage or transport of liquids is preferred. The
30 embodiment as a water bottle that can be used for example for the packaging,

storage or transport of water is particularly preferred.



. The specinmen is then heated by neans of an oil bath, which at the

nmeasur enent tenperature of 200C has approxi mtely the sanme density as the
pol ycar bonat e. woe®ss7esper at ure constancy i s reached (after appprosioresel y
10 min), the 5 deformation is set by neans of the take-off rod, which is
connected to the clanps at one end of thejgpeci nen. A constant Hencky
strain rate s is set. This neans that the take-off rate a increases
exponentially over tine. At the other end of the specinen the tensile force
is measured as a function of time 10 or total elongation. The uniaxi al
extensional viscosity can be determned by relating the tensile stress that
i s determ ned the time-rel ated cross- ti |, area. In th t he
ext ensi onal rhlgch%atrlggnalfge ft lgrﬁ?h@e%%gfgﬁee éslg?tn%ivglg“oenx3%?%?9%2&‘]%“
present speci fihoadskable atdifatiByoINEHIbdRAKS: Thby lceMBebdt RRVpOKicABbAAYs 2R M
15 which corresponds to a maxi num deformation of L/Lo = 25 or a maxi num
Hencky strain efpobyspibordtemtely In (L/LO = 3.2. The total elongation was
not al vvayﬁreachi eved in the polycarbonates that were tested, however, since
t he specirens can tear or fail beforehand. 20 The uni axi al el ongation test
is eval uat ed aBarfiGhi@prefethe dov@arbonties afe th@ﬁo@bﬁ@%@r@fﬁms&n&h bispBer0si ty
val ue and of the shear viscosity value nultiplied by three are plotted

t oget her agai ndt tthee ilwnzongilyegrognate Surepadsi nep y il 1l -bis¢-ledrapypherydd’.8.Aat

t he pol ycarbonates, that are suitalle for the production of containers are
preci sel y thos@ln? hyfyciehexgng @Q@eﬁ’fi 8?1%913“‘\??}%0@5%& aesgdr?réettng hg‘wpﬂg}"‘b%?“efs
conparison to BiB&e‘ﬁB?AranM'I§]CEH§$4tlyyd}’é(yﬁEHéﬁ>ﬂ.l)pi,B,%Qrih%étﬁ}}fk!y%ﬁ)héﬁeﬁﬁ. Fig. 1). The
pol ycarbonat es i'n which the extensional viscosities do not rise sharply by
conparisdfl to the shear viscosity nultiplied by three (see Fig. 2) are |less
suitable or unguitaple faor th rodyct i .of water .bottles, Fig. ang Fig.
> are descr i beRolBuaesgh v BAROGHRER sEprRuES §3600 Bokpde ¢ g

the uni axi al eyt @eth®dahte \g)t&fp@%'tet ¥plabdd by a®matidAekafidRyBOEAH eVies g@ﬁ?g Mso
multiplied by three, 3rl(t), for a polycarbonate that is suitable for the

producti on of brlorg tddiet pagcatmmoacechrdingdedhe ityeatiom Sush pokwsatbosatas #wt di ng
to the invention). The shear,. viscosity. nultiplied by three, 3rl(t i

repr esent ed asc‘H?t%‘Bl}Pﬁ’rﬂﬂfﬁEadlciahé’% Cﬁl@x'ﬁ A} aé@i ag]cfjrég%lsg]ﬁ St ngfa% idi%?%)%qxt‘/ﬁ_%s
r)E(t, E1y foradidd gRofHokdted $ith tAé mleul@ERAn rOhlsE chassdt ds adehdtic Qblyddfebt: 1
di vided by seconds) are represented as lines with synbols. It can be seen
that for all starbématgsat es t he extensional viscosities rise sharply over
time and are ultimately higher than the shear viscosity nultiplied by
three. 10 Fig. 2 shows the uniaxial extensional viscosity rlE(t, s ) and
the shear viscegi byhbbhfd 8LoRing M 88 indEht{dn) canf & pA Y ERKRORAReahbat
is not suitable for "the production of water bottles {(produced as descri bed
i n the conpar afrome dpleemplse)carbidnéc sdvehrdevivedesi toptiondllyi plhaied teynindtprse and
3rl(t), iz represenhe% as. a contjinuous |ine. The uni axi al extensional

vi scosi ti?fs rl| ER{onagy) ranghingaesats ity prdpie i Progncs the e YESICE PO, @ 5t °fnd
0.05 15 (unit: gl diphfid.OY AESRAYSY ' RplERI GRLRGHaRS didaRSokyWt Ldkigy POl S.
It can be seen that for all strain rates the extensional viscosities do not
ri se very shar génvativey of dinerbaxdicudcidsniihisl iy donereccooding gt thercattonateistiugtiutay of
t he shear viscos|t, |tiplied by three. In Fig. 1 and Fig. 2 the {i axi s
t for a curve W?%%éﬂ%b@ af‘Ft?oﬁé%r@RS}atgsc'ihaf e F%B%r?lafﬁgéﬁﬁ%ﬁ%atléﬁ?aé%%&ﬁf ed
to the Hencky gtigaklr FuchiriGRitsHencky strain s = Hencky strain rate s
multiplied by timet Fig. 3 shows the bottles produced in the exanples.
Their diménsions are given in 25 mllinmetres (nmm. Fig. 4 shows the

position of the neasyring points_on the bottles at i.ch the | L thickness
was rmeasured i Rtg Ogﬂ}frﬁff’&.t‘on 0\‘7\@&@3?%@@7@63@ EQOW@%@SWQW ellbiyd‘.ay§
shows the vari @{.n%lﬁitc{‘ wal | thickness reproduced in Table 2 in graphical

(o

form The wall 't ness in nmis plotted across the neasuring points 1 to
46. The bot t| e lnade Sthrmih t"Chemidtyyc and dtigsies ad'cBolgearbortatest ,h @olymee nRé¢vaews,

displays  regul ar Yagl et o CoRUAr SR Rl VIR, Dokbh SyRRdP g the

pol ycar bonat e accor
30 2. D.C. Prevorsek, B.T. Debona and Y. Kesten, Corporate Research Center,

Allied Chemical Corporation, Morristown, New Jersey 07960: "Synthesis of



.5 conparative exanple displays an irregular variation (triangular synbols),
WO 03/080706 -22 Exanpl es PCT/ EP03/ 02901 A pol ycarbonate was produced with

t he extensi onalyg'BRal79Qi cal properties according to the invepe&t@pos/o2901
(according to the exanple). The plastic pellets were then used to 5 nake

water bottles with a volume of 5 gallons_ghd the wall thickness

di stribution was neasured. A correspondi ng process was perfornmed with a
conparati ve product that does not have the extensional rheol ogical
properties according to the invention (accordl ng to the conparative

exanpl e). 10 Water Palytestes Catbonrig) &opalimmgesh éodeurnell of Rotyraemeaiencdi Belyingut i on

were obtai ned from pol r bopa to the invention but not
fromthe polycarbo g{} %ﬁﬁﬁ’ioﬂgo ﬁ?ﬁg’c%ﬂﬁg@m ve exanple. 1. Production
of the polycarponatps pRitkxan®! eGrighlP.R. oMiBé:, 160 MiouvbitsdhemOYER aad,

31.10 g isatin bis-cresol were di ssol ved in 33.40 kg of 6.5% sodi um
hydr oxi de sol ution ‘Hedeartenafies'r oy dincaclapsiihexf ePelpimes tSckpch eindgEnginearng, A

m xture of 70.6 g p ol 36 yl ene ide was added to this
sol uti on. E2967 79 ﬂ]g‘ eﬁg ?%dogﬁi}é‘ﬁ ’ﬁ%?o%&%@&g > 30 minutes with
intensive stirging gt @&hol K 2RGchRdar PR Offulid: "Phy &bVt MRl BEeBeAY the
addition of further sodium hydroxide solution. This introduction was

fol |l owed by the addKunsstoffHan8bachy Welemkyd/1piPolycadbonaemPolyacstdle.,r Polyesiery 45

m nutes at a pH of 25 The al kalin a S .separ fro organi c
phase. The organic é%é‘gﬁseﬁﬁgr’ &3}'@%"&%{9\(%&@3#%’ llegﬁat ﬁgﬁqlp%eémﬂh%gghori c
acid or hydrochloric acid. It was then washed free fromelectrolytes with

dei oni sed water. After replacing the nmethylene chloride with chl orobenzene
t he pol ydar bondbe pafyzaibooitat éaclisding rtbewpohyeates qaﬁimgtesmraferaéw%a@evetaiv@mge

trud 080706 .PCT/ EPO The te th
g)l;t ;Iung(rj had amr"gﬁc'é]@f%e%? ?ﬁ%?é@(gs?tvﬁ%ﬁga@mogg %(?:1‘%%1 é’g@g?ﬁupﬁgltgﬁ of
0.5 g pol ycar bfymive m@c&sﬁg N zsﬂtﬁ hy! Ry rehlsoanmdeatat %5@0n&5tr§{16§12%f 0.5

Conpar ative exanple: isatin bi s cresol and 4 g phenol were used
as in the exanpcbleceab@m&: peﬁlﬁﬁln;lcwtbﬁm&t@ldfwdﬂ)n@ (wOrteISQI()iOO@/moll axe pfierred,

t f t bi I i 1 abl iall
\éhgc?ts; Zo(r)rec’(v Wg%@?@&? édq&% g/rn arlerbarticsu arrglspcr)eferred avaitable comrercialty

3, 3- bi s(3gnet hyl - 4hydr oxyphenyl ) - 2- oxo- 2, 3- di hydroi ndol e. 10 2. Description
of the production of 5-gallon water bottles from pol ycarbonate by the
extrusion bl O\A/SuimablldHip@emnlmcﬁc&smod’&@obmftthcepol\pcea*rbormteschstcemﬂin@? tohtha ikB8tign 20

caui pped as 1 Y)Vaq%édéxﬁ%pgﬁ%rgﬁwﬁﬁa%i‘E%rgn@ dbwngadabeng, tibvortenD

di ameter and hgyi, ggpgttl bhan)P. V\ﬁ%ldéﬁfa%s Whiggdan owheﬁylyel ¥ulh@¥¥

SCcrew speeds i nt roduce frlctlo heat i nto thhe mater’ al

pl asti ci si ng capéngidtoxyplenybet Mens ap(lopdroxiypbermd koOnky/ hbmﬁhydroaypbwnyll)e
wei ght of approx. 750 g net and roduction rate of 130 to

bottl es/ R8ur . q‘tﬂg)nﬁq;,ashls(bycgrp@g)heny sulfoxides, (o, oc-bls(hydroxyphenyl) d11sopr0pyl

benzenes, and ring-alkylated and ring-halogenated compounds thereof.

Preferred diphenols are 4,4'-dihydroxydiphenyl, 2,2-bis(4-hydroxyphenyl)-1-

phenylpropane, 1,1-bis(4-hydroxyphenyl) phenyl ethane, 2,2-bis(4-hydroxyphenyl)
25 propane, 2,4-bis(4-hydroxyphenyl)-2-methyl butane, 1,1-bis(4-hydroxyphenyl)-m/p

diisopropyl benzene, 2,2-bis(3-methyl-4-hydroxyphenyl) propane, bis(3,5-dimethyl-

4-hydroxypheny!) methane, 2,2-bis(3,5-dimethyl-4-hydroxyphenyl) propane, bis(3,5-

dimethyl-4-hydroxyphenyl)  sulfone,  2,4-bis(3,5-dimethyl-4-hydroxyphenyl)-2-

methyl butane, 1,1-bis(3,5-dimethyl-4-hydroxyphenyl)-m/p-diisopropyl benzene,
30 2,2- and 1,1-bis(4-hydroxyphenyl)-3,3,5-trimethylcyclohexane.



. 20 cylinhder was equi pped with regul ated heating zones and fans, which
“ensure an exact and constant tenperature control. It was driven by neans of
a thyristor-coworelob@ds d. c. unit, which provided a uniform dettaeosyo2od
material and a constant torque. The parison die consisted of a fifo

accunul ator head (fifo = first in - firstiout) with a 3.5 litre
accumul ati on vol une and overl appi ng heart-shaped grooves. The doubl e heart
25 shaped grooves, which are offset by 180, produce an internal and
external parison and convey the nelt streaminto the accumrul at or chanber

The mandrel anerdswaily, ¢ prstcuied heliphepelse afe a bomiikdromdinhsayl. The Irkis(dr el

was noved axi t ni I ness
cont rol progrgﬂlr#&%hgéjr?a&htegylt %@a&% 26?&5& @ﬁﬁgﬁﬁ@ Oﬂro n\éﬁ %250 gg and
the wal | thi ckfigfshyl-a-Bdradphéatydd pt@ahélelqom(es@aﬂmy lgax@l) bm(bﬂeaaﬁegct ilons,
such as e.g. in the base section. WO 03/ 080706 PCT/ EPQ3/ 02901 -24 The

ext ruder t enpebisfddpydsoxmphenyrod-ditsoprapyt beneno prd 3 cbigldtweercyphenaahd 5 265C

inthe individ nes. The die head tenperatures were between
245C and 250C %%&M@CW %nerrper ature 275C. The conposition tenperature was

determ ned as 267C. The average cycle tinme was 25.8 s ~ 0.2 s, with a
parison 5 delivery time of 5.3 s, which corresponds to a productlon rate of
138 to 140 botThesg s OH@EIrSU1t¢b1@0¢‘IP@ﬂOiS()ﬁ&¢ their torecuctia | are t HipdsedsHy, gpbfi | e

The bottl es t RAIHILF & Brondeed S s Rt ELhiE anshagoy’ 2l ass 4 A are

condi tioned i MR} 89®BY6,ah DHE-War st 103, RfeB @50 0361085, 12011 IBBeIna B §32S60T
the conditioning was to relax the materi al ﬂUICkl 10 and to reduce the

associ at 88 pr oERss-T g16dt é88.i it dheranonngraphs 'HASchaglk aFkemistari andi Bhysicseaf

Suppl €9 By Pt g5l DUIRT sl BB iR, Y18 FRUELOWS T phPBI b0 >

heat i ng zones bt/ MG and N 0y3 sdedgeer e sel ect ed such t hat a surface
tenperature of the bottles of 130Ct 2C was ensured. 15 Table 1 Bottle

geonetry and wei ght of the water bottle fromthe exanpl e / corrparati ve

Féﬁﬁnflcgl cul at gg’ %ver 396¢ \ﬁamopglr)]llcé:r Ot erﬁm onSe enolalrsegsetic the case Mor

[ 9] Neck2.135129, Wﬁ%ﬁ%s B3Rl Er?ol@%%%s%'@@eré%p %MV%S@@%EI@- 823
57.217428. 66Base2.14547.1 1117.082140.50Tot al 4066. 90633. 87760. 65 20

known as bisphenols), like all other chemicals and auxiliary substances added to the
synthesis, can of course be contaminated with impurities originating from their own

synthesis, although it is desirable to work with the cleanest possible raw materials.

20 Suitable chain terminators that can be used in the production of the polycarbonates

are both monophenols and monocarboxylic acids.

Suitable monophenols are for example phenol, alkyl phenols such as cresols, p-tert.-
butyl phenol, p-n-octyl phenol, p-iso-octyl phenol, p-n-nonyl phenol and p-iso-nonyl
25 phenol, halophenols such as p-chlorophenol, 2,4-dichlorophenol, p-bromophenol

and 2,4,6-tribromophenol, or mixtures thereof.

Suitable monocarboxylic acids are for example benzoic acid, alkyl benzoic acids and

halobenzoic acids.
30

Preferred chain terminators are the phenols having the formula (I)



. WO 03/ 080706 - 25 PCT/EP03/02901 Conparative exanpl eAverage wal
+thickness [mm Surface area [cnR] Vol unme [cnB] Cal cul ated wei ght

[ 9] Neck2. 751 29wb33s@e842. 71Shoul der 2. 30642. 44147. 681177. 22Bpdy/trdHidddi/. 823
69. 696443. 64Base2. 23547. 11122, 224146. 67Tot al 4066. 90675. 1981 0. 23 3.
Description of the wall thickness nmeasureqgnt on the water bottles: The
wal | thicknesses were neasured using an ultrasonic wall thickness gauge 5
supplied by I Crautkraner GrbH & Co, Hiirth, Gernmany, nodel nunber CL3 DL.
Thi s device operates on the pul se-echo principle. The neasurenent of the
transit tine of the pulse through the material begins with the entry echo
that is generated QFhQH@art of the ukfrasonic pul se is reflected back
fromthe interface between the del ay Iiae and the surface of the nmaterial
to be neasured. Depending on the 10 thickness of the material, the CL3 DL
automatical |y decides whether to measure fromthe entrY echo to the first
back-wal | echowh¢mRerstaadefard! o1 ¢ branchsd @y unbranehedbasts elybragiceh successi ve
back-mallsechoes (multi-echo node). An ultrasonic delay line probe for a
measuring'range fromO0.125 mmto 3.8 nm specially designed for plastics,

the ALPHA DFR-Phe gamilﬂysad chithttBrn@infeMtd18k kéR upRES s 022 nditt RN &bl
coupling area of 4 mm The wall thickness neasurenents were perforned at

46 measuring peiative t¢ swiesmif giphepolgiusestin|epclnease HEhehein isrmisaiogs ean bl added oni ¢
coupl ant . /080706 -26 Table 2 Wall thicknesses at the neasuring

poi nts PCT/ EPO q%@g AL fﬂﬁmégpﬁgﬁbasuring zoneWal | thickness [ mmj
Exanpl eWal | thickness [mm] Conp.

exanpl elNeck2. 272. 572Neck?2. 422. 923Shoul der 2. 282. 784Shoul der 2. 142. 665Shoul de
r 1. 882. 3968 ShoulbepalygzhorakERed e bsarheR SBuayle begrhpggBerty that 2an ba egEddy 1. 16

1.4511Body1. 141. 0812Body1. 161. 3213Body1, 191. 1714Body1. 241. 7815 1.31,8616
Bodyl,331Y9617%88@&?&§g¥ﬂ%%§§86§%é§gT¥83T9é&é@%“ﬁg ¥W8§@§h§@E¥Sﬁ§¥%%%?éasez
. 162. 5622Base2:33souhdd RBaRR An4RAycadhBrs@rniar, JAARBASIH2h3R2nABRE Base dr 192.
2927Base2, 021, 9428Basel. 761. 3629Body 1. 581. 21

more than three phenolic OH groups.

15 Suitable branching agents are, for example, phloroglucinol, 4,6-dimethyl-2,4,6-tri(4-
hydroxyphenyl) heptene-2,4,6-dimethyl-2,4,6-tri(4-hydroxyphenyl) heptane, 1,3,5-
tri(4-hydroxyphenyl)  benzene,  1,1,1-tri(4-hydroxyphenyl)  ethane,  tri(4-
hydroxyphenyl) phenyl methane, 2,2-bis[4,4-bis(4-hydroxyphenyl) cyclohexyl]
propane, 2,4-bis(4-hydroxyphenyl isopropyl) phenol, 2,6-bis(2-hydroxy-5'-

20 methylbenzyl)-4-methylphenol, 2-(4-hydroxyphenyl)-2-(2,4-dihydroxyphenyl)
propane, hexa(4-(4-hydroxyphenyl isopropyl) phenyl) orthoterephthalic acid ester,
tetra(4-hydroxyphenyl) methane, tetra(4-(4-hydroxyphenyl isopropyl) phenoxy)
methane and 1,4-bis(4',4"-dihydroxytriphenyl) methyl) benzene, as well as 2,4-
dihydroxybenzoic acid, trimesic acid, cyanuric chloride and 3,3-bis(3-methyl-4-

25 hydroxyphenyl)-2-oxo-2,3-dihydroindole.

The quantity of branching agents optionally to be used is preferably 0.05 mol% to

2.5 mol%, relative to moles of diphenols used in each case.



. WD 03/ 080706 -27 PCT/ EPO3/02901 Measuring poi nt Measuring zoneWal | thickness
[ mM" Exanpl eWal | thickness [mm Conp.

exanpl e30Body 1lwéw308@84 Body 1. 351. 3732Body1. 291. 4333Body1. 251p8#/a#dentydi. 190.
9435Body1. 161. 1836Body1. 150. 9637Body1. 141. 2738Body1. 220. 9439Body1. 331. 0340B
ody1l. 481. 1341Shoul der 1. 681. 3542Shoul der 1..922. 0943Shoul der 2. 122. 5144 Shoul der
2.32. 6945Neck?2. 452. 8646Neck2. 252. 64 I n sone cases the pol ycarbonates that
are unsuitable for the production of mater bottl es cannot be defornmed at

all to high total elongation values (s > 2.5) since the sanples constrict
and/or fail. 5IlFhorachigr asevis easeithes P%rmﬁﬁii%@(l%th dhe ediphonely apd sehsdn ty

can depend veritgraatl ¥ A0 aLB.EANLRAL nRKPSF LIER AL PEOBRINLR O biskdleeq |

experinent is ornmed 1 nhcorre VR Vi SCOSI
can be rreasureﬂatnhﬁgarﬁkpsdwgm,act ually exist; in order to obtain correct
measured values it Is inportant that the experinent is 10 perforned and
eval uat ed adequately (cf. Th. Schwei zer, Rheol. Acta 39 (2000) 5, pages

428-443; ulze et a 1 age 457 46 nd V.
428443, 3 S AR TSl hion IR g odfe A IRhRRE B R LA OB EE
WO 03/ 080706 -@8af¢l ai ns PCT/ EP03/ 02901 1, A polycarbonate | n V\:hl chin the

uni axi al el ongation test perforned at a terrperature of 200C with rising
Hencky strain E the extensional viscosity rlE 5 rises nore sharply than the

value of the s r,Visc n

according to c?%l?ai%lelam\'}o%g? é%ca%xyfégfmﬁpfoq rgc}uc% Ogglffd) OH%S?% cégoaegtgig}e
strain E of 2.fraRrsn esblﬂtﬁalﬂz o, Qeﬂeﬁlﬂﬁ@h@a&cﬂ iBsphaReia a@;dlte&flfﬂ)u@'l% h{thalec
ratio Sis greater t .1 and with a Hencky strain a of 2. andalO

strain rafe ramid B, bfdlmi@M}eediC@bQXﬂWd agidy1 4, 4t -Hipheil | 611<8rb@<ﬂ;¢ eatidr tHan

1.1, whereby is define g~ i ded the .no te
acoording Lo cPUPARENodedRYTRIC 70 nbar SRR dF sl i e HRRS

strain s of 2. ghandjigarBbfydicn a'E:ﬁit € 4142058l 1 OlulfsticveBarBoxd/ 118N Gcild QZO&S(M he
ratio S is greater than 3 and with a Hencky strain E of 2.5 and a strain

rate range E otarbestynbeny| propanedtrimadtyl-X-phenybinilenest, p'sdigarbertydic atﬁlldan 1.5,
whereby S is defined as S= r1E divided by 3rl. 4. A container containing
t he pol ycarbonate according to one of clains 1 to 3. 20 5. The contai ner

accordi ngst o chHaitRR 4ronMir' @1‘3¥rb6§8§ﬂ1&9&3@'t@1%?hﬂh§11@ ¥t ﬁ{d/(hofsb{ﬂﬁhalﬁ adid Ir®Cess
for producing the container according to claim4 or by extrusion bl ow

moul di ng or bypartip@etly prefdshldyusaslul di ng.

Derivatives of dicarboxylic acids are for example the dicarboxylic acid dihalides and
the dicarboxylic acid dialkyl esters, particularly the dicarboxylic acid dichlorides and

20 the dicarboxylic acid dimethyl esters.

Replacement of the carbonate groups by the aromatic dicarboxylic acid ester groups
is performed substantially stoichiometrically and also quantitatively, such that the
molar ratio of the reaction partners is also found in the final polyester carbonate. The
25 aromatic dicarboxylic acid ester groups can be incorporated both randomly and in

blocks.

The polycarbonates to be used according to the invention are preferably produced by
the interfacial polycondensation process or by the known melt interesterification
30 process, In the first case phosgene is preferably used as carbonic acid derivative, in

the second case preferably diphenyl carbonate.
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The polycarbonate moulding compositions according to the invention can be
25 processed into moulded articles on conventional processing machines by known

methods under the conventional processing parameters for polycarbonate.

Raw materials and auxiliary substances having a low degree of impurities are
preferably used in the production of polycarbonate. For production by the melt
30 interesterification process in particular, the bisphenols used and the carbonic acid

derivatives used should be as free as possible from alkali ions and alkaline-earth
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diaryl esters of carbonic acid, whereby the two aryl radicals preferably each have 6
to 14 C atoms. The diesters of carbonic acid based on phenol or alkyl-substituted
phenols, in other words diphenyl carbonate or dicresyl carbonate for example, are

15 preferably used. Relative to 1 mole of bisphenol, the carbonic acid diesters are
preferably used in a quantity of 1.01 to 1.30 mol, particularly preferably in a quantity
0f 1.02 to 1.15 mol.

If phenols, alkyl phenols and/or aryl phenols are used in the production of the
20 polycarbonates according to the invention, they have the effect of chain terminators.
That means that they limit the maximum average molecular weight that can be
achieved. They can either be added together with the monomers that are needed for
production of the polycarbonate or in a later phase of polycarbonate synthesis. They
act as monofunctional compounds within the meaning of polycarbonate synthesis

25 and thus act as chain terminators.

The phenol, alkyl phenols and/or aryl phenols that are optionally used in the
production of the polycarbonate are preferably used in a quantity of 0.25 to
10 mol%, relative to the sum of bisphenols used in each case.
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additional substances that can act as chain terminators, are preferably used as chain

terminators.

Suitable additional substances that can act as chain terminators are both
15 monophenols and monocarboxylic acids. Suitable monophenols are e.g. phenol, p-
chlorophenol or 2,4,6-tribromophenol. Suitable monocarboxylic acids are benzoic

acid, alkyl benzoic acids and halobenzoic acids.

The preferred additional substances that can act as chain terminators are phenol, p-

20 tert. butyl phenol, cumyl! phenol and isooctyl phenol.

The quantity of additional substances that can act as chain terminators is preferably

between 0.25 and 10 mol%, relative to the sum of bisphenols used in each case.

25 The measurement process for determining the uniaxial extensional viscosity is

described below.

In order to measure the uniaxial extensional viscosity, a cylindrical polycarbonate
specimen (dimensions: diameter between approximately 4 and 5 mm, length
30 between approximately 20 and 25 mm) is fixed at the ends by clamps and clamped

in an extensional rheometer.
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the tensile stress that is determined to the time-related cross-sectional area.

In the case of the extensional rheometer used for the measurements in the examples
in the present specification, the maximum take-off length is approximately 500 mm,
15 which corresponds to a maximum deformation of L/Ly = 25 or a maximum Hencky
strain of approximately In (L/LO) = 3.2. The total elongation was not always
achieved in the polycarbonates that were tested, however, since the specimens can

tear or fail beforehand.

20 The uniaxial elongation test is evaluated as follows. The logarithm of the simple
extensional viscosity value and of the shear viscosity value multiplied by three are
plotted together against time in a diagram. Surprisingly it was established that the
polycarbonates that are suitable for the production of containers are precisely those
in which the extensional viscosities rise sharply by comparison to the shear viscosity

25 multiplied by three (see Fig. 1). The polycarbonates in which the extensional
viscosities do not rise sharply by comparison to the shear viscosity multiplied by

three (see Fig. 2) are less suitable or unsuitable for the production of water bottles.

Fig. 1 and Fig. 2 are described below.
30
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ultimately higher than the shear viscosity multiplied by three.

10 Fig. 2 shows the uniaxial extensional viscosity ng(t,€) and the shear viscosity
multiplied by three, 3n(t), for a polycarbonate that is not suitable for the production
of water bottles (produced as described in the comparative example). The shear
viscosity multiplied by three, 3n(t), is represented as a continuous line. The uniaxial
extensional viscosities ng(t,£) for three different strain rates € of 0.2, 0.1 and 0.05

15 (unit: 1 divided by seconds) are represented as lines with symbols. It can be seen that
for all strain rates the extensional viscosities do not rise very sharply over time and

ultimately come to rest in the vicinity of the shear viscosity multiplied by three.

In Fig. 1 and Fig. 2 the time axis t for a curve with a specific Hencky strain rate €

20 can be extrapolated to the Hencky strain ¢, since:
Hencky strain € = Hencky strain rate ¢ multiplied by time t

Fig. 3 shows the bottles produced in the examples. Their dimensions are given in

25 millimetres (mm).

Fig. 4 shows the position of the measuring points on the bottles at which the wall

thickness was measured in the examples.
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Examples

A polycarbonate was produced with the extensional rheological properties according
to the invention (according to the example). The plastic pellets were then used to
5 make water bottles with a volume of 5 gallons and the wall thickness distribution
was measured. A corresponding process was performed with a comparative product
that does not have the extensional rheological properties according to the invention

(according to the comparative example).

10 Water bottles having a homogeneous wall thickness distribution were obtained from
the polycarbonate according to the invention but not from the polycarbonate

according to the comparative example.

1. Production of the polycarbonates
15

Example:

5515.7 g (24.16 mol) bisphenol A and 31.10 g isatin bis-cresol were dissolved in
33.40 kg of 6.5% sodium hydroxide solution under a nitrogen atmosphere whilst
20 being stirred. A mixture of 70.6 g phenol and 36.03 kg methylene chloride was
added to this solution. 2967.7 g phosgene were then introduced over 30 minutes with
intensive stirring at 20 to 25°C and a pH of 13, which was maintained by the
addition of further sodium hydroxide solution. This introduction was followed by the
addition of 28.3 g N-ethyl piperidine with stirring for 45 minutes at a pH of 13.
25
The alkaline phase was separated from the organic phase. The organic phase was
adjusted to a pH of 1 with dilute phosphoric acid or hydrochloric acid. It was then
washed free from electrolytes with deionised water. After replacing the methylene
chloride with chlorobenzene the polycarbonate was isolated by known means using

30 an evaporation extruder.
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Comparative example:

5
6.91 g isatin bis-cresol and 78.4 g phenol were used as in the example above. A
polycarbonate having a relative solution viscosity of 1.305 was obtained. Isatin bis-
cresol is available commercially and its correct name is 3,3-bis(3-methyl-4-
hydroxyphenyl)-2-ox0-2,3-dihydroindole.

10

2. Description of the production of S-gallon water bottles from

polycarbonate by the extrusion blow moulding process

The bottles were produced with a KBS 2-20 extrusion blow moulding machine
15 supplied by SIG Blowtec, which was equipped as follows. An extruder having a
screw measuring 100 mm in diameter and having a length of 25 D was used, which
at relatively low screw speeds introduced little frictional heat into the material. The
plasticising capacity was between approx. 145 and 190 kg/h with a bottle weight of
approx. 750 g net and a production rate of 130 to 144 bottles/hour. The plasticising
20 cylinder was equipped with regulated heating zones and fans, which ensure an exact
and constant temperature control. It was driven by means of a thyristor-controlled
d.c. unit, which provided a uniform delivery of material and a constant torque. The
parison die consisted of a fifo accumulator head (fifo = first in — first out) with a 3.5
litre accumulation volume and overlapping heart-shaped grooves. The double heart-
25 shaped grooves, which are offset by 180°, produce an internal and external parison
and convey the melt stream into the accumulator chamber. The mandrel and die in
the die head were of a conical design. The mandrel was moved axially relative to the
conical die by means of a wall thickness control program. This enabled the weight of
the bottle to be optimised and the wall thickness to be adjusted to the corresponding

30 bottle sections, such as e.g. in the base section.
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j& ()-D  10% Ehg extgydeptempeyofuresj were) LIG°E3in the feed zone and between 245°C and
265°C in the individual heating zones. The die head temperatures were between
245°C and 250°C and the die temperature 275°C. The composition temperature was
determined as 267°C. The average cycle time was 25.8 s = 0.2 s, with a parison
5 delivery time of 5.3 s, which corresponds to a production rate of 138 to 140 bottles
per hour. A conventional vertical wall thickness profile for 5-gallon polycarbonate
bottles was used to control the wall thickness. The bottles that were produced had a
net weight of 750 g to 850 g and were conditioned immediately afterwards by
infrared radiation. The purpose of the conditioning was to relax the material quickly
10 and to reduce the associated process-related internal stress. An infrared radiation
oven supplied by Process Dynamics Inc., USA, with the model name Protherm 850-
3, serial no.: KRK 7110, was used. The setting temperatures for the seven heating
zones that were provided were selected such that a surface temperature of the bottles

of 130°C £ 2°C was ensured.

15
Table1
Bottle geometry and weight of the water bottle from the example / comparative
example:
Average wall Calculated
Example thickness Surface area Volume weight
[mm] [em2] [em3] lg]
Neck 2.35 129.53 30.440 36.53
Shoulder 2.01 642.44 129.130 154.96
Body 1.30 2747.82 357.217 428.66
Base 2.14 547.11 117.082 140.50
Total 4066.90 633.87 760.65

20
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Comparative thickness Surface area Volume weight
example [mm] [em2] [cm3] [g]
Neck 2.75 129.53 35.588 42.71
Shoulder 2.30 642.44 147.681 177.22
Body 1.35 2747.82 369.696 443.64
Base 223 547.11 122,224 146.67
Total 4066.90 675.19 810.23
3. Description of the wall thickness measurement on the water bottles:

The wall thicknesses were measured using an ultrasonic wall thickness gauge
5 supplied by Krautkrdmer GmbH & Co, Hiirth, Germany, model number CL3 DL.
This device operates on the pulse-echo principle. The measurement of the transit
time of the pulse through the material begins with the entry echo that is generated
when a part of the ultrasonic pulse is reflected back from the interface between the
delay line and the surface of the material to be measured. Depending on the
10 thickness of the material, the CL3 DL automatically decides whether to measure
from the entry echo to the first back-wall echo (interface-to-first mode) or to
measure between successive back-wall echoes (multi-echo mode). An ultrasonic
delay line probe for a measuring range from 0.125 mm to 3.8 mm specially designed
for plastics, the ALPHA DFR-P, was used, with a nominal frequency of 22 MHz and
15 a coupling area of 6.4 mm. The wall thickness measurements were performed at 46

measuring points (see Fig. 4) directly on the bottle using an ultrasonic couplant.
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Wall thicknesses at the measuring points

10%2z j& ()-D_?vU4 #

Measuring | Measuring zone | Wall thickness [mm] | Wall thickness [mm]
point Example Comp, example
1 Neck 2.27 2.57
2 Neck 242 2.92
3 Shoulder 2.28 2.78
4 Shoulder 2.14 2.66
5 Shoulder 1.88 2.39
6 Shoulder 1.72 1.92
7 Body 1.53 1.63
8 Body 1.36 1.36
9 Body 1.22 1.14
10 Body 1.16 1.45
11 Body 1.14 1.08
12 Body 1.16 1.32
13 Body 1.19 1.17
14 Body 1.24 1.78
15 Body 1.3 1.86
16 Body 1.38 1.96
17 Body 1.45 1.76
18 Body 1.57 1.89
19 Base 1.72 1.78
20 Base 1.94 2.28
21 Base 2.16 2.56
22 Base 233 2.73
23 Base 2.46 2.53
24 Base 2.45 2.39
25 Base 235 248
26 Base 2.19 2.29
27 Base 2.02 1.94
28 Base 1.76 1.36
29 Body 1.58 1.21




) - 10%z j& ()-D 10%z j& ()-D-#3! | 10%z j& ()-D 10% z

vU4# 10%z j& ()-D 10%z j& ()-D 10%z j& ()-D 10%z

! [ woldfig@og & ()-D- " <vU4 #3! | 10%z j& ()-D  2OPEROI0RYAT) - D-
10%z j& ()-D-#3! [ |[; 10%#p& ()- #L10%#p& () -

sf 10%0#. () ) “10%#p& ()-10jz jO10jz jlopz j 10%z j& ()-D-$, @ ?|[;

10%#p& () - 10%#p& () - 10%#p& () - 10%#p& () - 10%p#p& () -

10%#p& ()-NORWab <|[; #3! V 10%#p& ()- 10%#p& ()- 10%#p& () -

10%p#p& () -)#3L M bejotyx DI [; #3 10%#p& () -#3l Up#p& () - 10%p#p& () -
10%#p& () - 10%1#qm&r(n)g X} Meapfiringtzdie/pAVall (thickn gams] ( )W4B ithivkndss fwp&] () -
10%#p& () - 10% 4?10 # 10%o#pa,¢ () 5{ R& ()- | 104 FORE:]
10%#p& () - 10%#p&: /\- T2l [ # 109 g il
10%#p& () - #3| v 31)0%0#p& () -Bedy ; #3l V 10%94#10& ()- 10%p#p& (0%
10%#p& ()- 1 () - #3 VBEJl 10%0#p&f %5)-#3! V[ 10%#R&A ) -
10%#p& ()- 1 UpHBE) { DI # 10UH#R& () Ly
10%#p& () - 10%)#p3@ ()- |10%p#Bedy ) - >|[ # 10%#p& (){ 10%p#p&X) -
10%#p& () -#31 V RO%HA& () - B%a)}/qo# - #5215 # 109%#p& (3
10%#p& () - 1B%e#p&—()—110%p# #31 100 Ep& ()61 CHMN-<| T~—#3+—V
10%#p& () - 10%#p ()- |10%# &dx)- 14 ‘qu#p& (1)1 3! V NQZ deh’ |§| 4 43
10%#p& () -#31 V 0% #p& () - ga@o0#p&|() - 10%#p& ()
109D () hefszt—nl - 0WpHRe W@#@ﬁ—v- —vi—topint () —
10%#p& () - 10%#p® () - |21 [; Bodowp#p& ()- 1 p& () - | 10%p#p&19 - #3! V
igf;qoﬁpg 8 10%#psy () - 11n"=| [Body ) 1098:& () - | 1P%#& ()1 @GLO%HEA ) -
() - #3) &R etHH-—3"169 1 )= -
(0] '—V‘_33§9%# W) Bjd}lll - w%%‘(‘)—l' o4 ()
39 Body 1.33 1.03
40 Body 1.48 1.13
41 Shoulder 1.68 1.35
42 Shoulder 1.92 2.09
43 Shoulder 2.12 2.51
44 Shoulder 2.3 2.69
45 Neck 2.45 2.86
46 Neck 2.25 2.64

In some cases the polycarbonates that are unsuitable for the production of water
bottles cannot be deformed at all to high total elongation values (e > 2.5) since the

samples constrict and/or fail.

The measurement results for uniaxial extensional viscosity can depend very greatly
on the correct experimental procedure. If the experiment is performed incorrectly,
very elevated extensional viscosities can be measured that do not actually exist; in
order to obtain correct measured values it is important that the experiment is

10 performed and evaluated adequately (cf. Th. Schweizer, Rheol. Acta 39 (2000) 5,
pages 428-443; J. S. Schulze et al., Rheol. Acta 40 (2001) pages 457-466; and V. C.
Barroso, J. A. Covas, J. M. Maia Rheol. Acta 41 (2002) pages 154-161).
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temperature of 200°C with rising Hencky strain € the extensional viscosity g

5 rises more sharply than the value of the shear viscosity multiplied by 3, 37.

2. The polycarbonate according to claim 1, whereby at a temperature of 200°C,

with a Hencky strain € of 2.0 and a strain rate range € of between 0.1 and

0.01, the ratio S is greater than 1.1 and with a Hencky strain € of 2.5 and a

10 strain rate range € of between 0.1 and 0.01, the ratio S is greater than 1.1,

whereby S is defined as S= ng divided by 3n.

3. The polycarbonate according to claim 1, whereby at a temperature of 200°C,

with a Hencky strain € of 2.0 and a strain rate range € of between 0.1 and

15 0.01, the ratio S is greater than 1.3 and with a Hencky strain € of 2.5 and a
strain rate range € of between 0.1 and 0.01, the ratio S is greater than 1.5,

whereby S is defined as S= ng divided by 3.

4, A container containing the polycarbonate according to one of claims 1 to 3.
20

5. The container according to claim 4, whereby the container is a water bottle.

6. A process for producing the container according to claim 4 or 5 by extrusion

blow moulding or by injection blow moulding.

25



