,e3e0\F 6 TOw w0 031080706 -1 Pol ycarbonate with high extensional viscosity
PCT/ EPO3/ 02901 The present invention concerns polycarbonate with high

eXt ensi onal viearssiisand 5 containers containing this pol y‘i%’r?%d%ﬁm The
present invention also concerns the production and the use 0 ese

contai ners. Containers containing polycarponate are kngwn An gringi pl a—
These containers are produced from conposiiions (also E@A%aZw%(ﬁj%s)
cont ai ni ng pol ycarbonate 10 and conventi onal accessory agents, for exanple.
These conpositions consisting of the pol yner (polycarbonate) and accessory

agents are alRdvéarbonatesviph hizhiextensionatpisesitof t he accessorﬂmﬂ@m‘ﬁlﬂmlwm@&
rs
er

additives, include stabilisers, processing aids and ot hers.

cont ai ni ng pol ycarbonate can al so i ncl ude ot her conponents,

seal s or handles nmade fromnetal or other materials, for 15 exaf#®’

Cont ai ners cont ai ni ng pol ycarbonat e have nunerous advant ageous properties,
such as e.g. Hieghretanansjpatiencyncegnoshlyeehumatecath i ekfchfsnal Ni@Rsifesist ance
to environnmental .influences and | ong service |ife, together with |'ow wei ght
and si np%o e, JOMEHEKDEPEHPE S RIfUp AP E9td. i The. Pregsmt diveation @drot ainneme) the

pol ycar bonat : t trusi on bl ow noul di ng process or by
the injecti oﬁjr%(lﬁg\t/bg%ﬁ(?gl?;ﬁgg%@%%esgéﬁta?%eﬁs'exarrpl e. 25 In the extrusion bl ow
noul di ng process the polycarbonate is generally nelted with a single-screw
extruder and poul ded through a die to forma free-standing parison. The
pari son usualGtaieag SopawS Pelicarbruath are mowrowi pgnaiplel Thes donerings aced

around the par.l u ing. together the |ower e of the parison. Inside
the moul d t he Saer L 53 ST RN REMie Bioks 5 REPe R parH B kL RETEIve

desi r edlGshapend 36nviintienal acE@dry N@gemer fo@ dxhinplemaube éo?n;%&ﬁﬂﬁg c@ﬁ'ﬁsﬁn@eof
container (hollow article) can be renoved. W O 03/080706 -2

PCT/ EP03/ 0298 PRYMSKt (Pakycarhopitomend wceisaeyprgsats erd slsdi kndvased flasticexanpl e
in Brinkschr . ;. "Pol ycarbonat e",..i.n Becker, Br.aun, Kunstst off '
Handbuch, Vo?‘g%p§}: IO,f J[]Eo?cfc?%sro orts: OpafldiLEes é?é?éwgvgé?ré@mcessmg aids

Cel | ul oseest afid dZaers. Haws esntMaElsaBordYMRiEN poB MiHBRRR %%9%15006&981%85&1%&0

264). The injection blow noul ding process is a conbination of 1njection
moul di ng and CenpYReRER Fiphreg rubler pewleertiandleb ntade fomh diete) op e edseriats, fdir ee

st ages:sl. 'Qia?x‘lfﬁléon nmoul ding of the parison in the plastic tenperature
range ofS t he pol‘ycarbonate 2. Blowi ng of the parison in the thernoplastic
range of the polycarbonate (the 15 core of the injection nould also acts as
the blowing mandrel) 3. Stripping of the hollow article and optional

cool i ng of t keNBINGH erptaieingmelycabohataibave njmetdus rdbiroegavosi petipagies ssuch

di scl osed fog. e e in _Anders, S.., Kam.,nski, A, 20 K enstein, R,
" Pol ycar bona%se"ég nm%é%c ktgarn,sy)%re%cal h, S¥th SPEHEPIce i gBHERS: niesigpgce  to

Pol ycar bonat envildahi¢ageind@iuencePahd Rk &Ervidealft WoOSBESH R 1ovWdel chiians erl ag
Muni ch, Vienna 1992, pages 223 to 225. The di gadvant agoe ofe hhe c%rr‘{ltpgél’ ners

cont ai ang PEEYREAF S mpnblakvoailithr om t he prior 25 art is that they do not
neet certain requirenents that are inportant 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
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removed.




Thus, for exanpl e the known pol ycarbonate containers may burst under severe
mechani cal | oading. This can occur for exanple if a container filled with
Liquid is 30 droogzaeooko the ground froma great height, forI@ﬁﬂﬁBbng{om
the loading platformof a lorry on which the container is being -
transport ed. WO 03/ 080706 -3 PCT/ EP03/ 02901 The reason for this
mechani cal failure is conmmonly an uneven Wwall 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 inj n blﬁﬁlnnul i.hg process. 10 The mechani cal strength of

cti
contai ners ha ‘%agﬁﬁmﬂ' QB RRIPE PrIcERnE asclosrd fratareaiplyinpRrinkschiddeed. by
using nmuch nore ! at e, paL.cont@iner, t the c ssect j.on of
the wal | beconesnﬁﬁ%%ﬁ¥ﬁ?%ke?? ?E?%Rhégh e]8§§§?J%%?39@K%f &%@W@%S%&g t he
mat eri al constniptarmateoRelsecetalg) Polyester] Sellalonngst, OifelantdH Vst OLglgYvat ed
costs. 1 Thevoﬁ%eﬁ§1of thg 2resent invention is therefore to provide a
pol ycar bbnat e’ A% 1% B#ESS £Aé tp#%uct i 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 perforned at a
t enper at ur e fhe2@RCtink thhow insduldingienelsys Bt4 abrbiafife o®XjeRInORBhIdHSHRS1 t Y
nE rises nore_sharply than the value of the shear viscosity nultiplied by
three, 3rl. OBy 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 cesl(asednjeatidihgioMinsilé@dl prdeds in Thesagdse described in H Mnstedt, 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 3 .and-i,n M . : 03/ 080706 -4 PCT/ EP03/ 02901
Pahl, W d eiqbl e éﬁ%ﬁo@lﬁﬁémuﬁr gﬁ#}llesg%jesow\égb%é%laeg%ﬁe*mkmrgtl?ﬁﬁﬁeo g
El ast onere, VDI - Veblyagbod£19S, in particul ar pages 349 to 357. The net hods

for determning the shear viscosity as a function of tinme and for 5
det er mi ni ng £he skBAWing;ofdbe perjsoash shef thardpdastiofrangenef the pokyvasbonite (thee

person gkilled in t.. . Shear Vvjscosi functio f tinme is

pr ef era%l y deter mc%%ﬁ;f?lﬁ\e 15”egg?%ﬂ%iﬁiaﬁ%oraﬁgoarﬁ%&oﬁ’fng@Wl Rdar rates. Shear
viscosity can al sSulpided emaiiashidide bl 8biARRLodthd BEATR Gt Ml
oscillating deformation and converted to a tinme-dependent viscosity %y
means of conventi #&lalhet hods. The design and node of use of rotational
rheoneters are described in current textbooks. For exanmple in M Pahl, W
A eible, H -M Laun: Praktische Rheol ogi e der Kunststoffe and El astonere,

VDI - Ver | ag, 19&%ion iofxineRigNAl dkbssasidiYexdpt fliNGlde/N ©f Kfain"i??ski,%.
pref er gly determ ned usi ng an extensional rheoneter according to Ast edt .

The uni8xi al KePrRswgisin, &, thedycaghnats] sw Beekepdbtaonnunstito fi-Harslbnste &/ dfimet her

r heoneters, r it e co rcially.avail abl e, e nsi ona
r heonet er ac%@? di E"fljg %oO%ﬁ}\tg; s}ks.brll%ar ?ta%hir%ﬁ?'%&ea’esc@lfﬂ\ééﬁes?% %arégf% IsYRERS
Rheol ogi ca AstuaidB, Vi@hume9 $afckPoaml in J. S. Schul ze et al., Rheol.

Acta, Volunme 40 (2001) pages 457-466. The Hencky strain a is a
di mensi onl ess quantity. The unit for extensional viscosity nE is the Pascal

mul tiplied JJhe unit for shear.viscosity nis |likew se the 25
Pascal nul t%lfe;sglg&géﬁgé%)ﬁg’se. COHANTAR 5 @angé"ﬁ ¢ lenoyviy gy fhe PHGF t he
rel ati 28 i ncaredsRatitheedd BOShENErtath $&%§1’éﬁﬂént@ Fhat e i@ Forhd Sse of the

di mensionless. S is the quotient of the extensional viscosity ﬁE an% t he

shear vi scosSOM{PIRALS 1 FRFLEE. by three, 3rd. S depends on the measurement 30
tenperature T, the Hencky strain rate E (unit: 1 divided by seconds) and
the Hencky strain E and tine.

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.



WO 03/ 080706 PCT/ EPO3/ 02901 -5 The follow ng formula applies: S = nE (t, E)
divided by 3rl(t) 5 The total strain ~ (unit: dinensionless) is |linked to
the initial spasomm®o7dsength Lo (unit: netres) and the curre eGi

length L (unit: nmetres) and to the strain rate s and the tig%ji (u@gﬁ?
seconds) by neans of: 10 E = natural |ogagithmof (L divided by Lo) _ E
multiplied by t A polycarbonate is preferifed for which at a tenperature of
200C, with a Hencky strain s of 2.0 and a strain rate range E of between
0.1 and 0.0l, the ratio Sis greater than 1.1 and with a Hencky strain E of
2.5 and a strain rate range s of between 0.1 15 and 0.0l, the ratio Sis
greater than wherein S is defined as S= nE divided by 3rd.
Particularly %P%Fe#?%fffi@s éneﬁﬁ'fl%%l B'E‘HSt‘%CCf”éIPOWﬁi BHngyerawal iekaasy irethof
200C, with a Henpsgky strain ~ of 2.0 and a strain rate range of between 0.1
and 0.0l, the ratio Sis greater than 1.3 and with a Hencky strain s of 2.5
and a strain rate range s of 20 between 0.1 and 0.0l, the ratio Sis
greater ghan . 5. Iheyghege t ingentLon al so provides a contai ner

cont ai ni Rg t he"PEIYEAMBEEIRICENEsE C6FRRtrges dupwa fTamy thetirion artPmises dwingstheir
cont ai ner whighg ai t | n a_wall material, far exanple.
It does not &gghﬁgmﬁbﬁ?gfgggIﬂ%&eﬁﬁég%1€%ﬁﬂ$§?%f@eé%‘HF??%F%#&“H@?@?*&Is,
whi ch si npl y domggirneesting byahy earistiablewas ohltimgGRpRnbs by TREIESE Blow
invention also provides a process for producing this container by extrusion
bl ow roul di nd™8M B2 BIAGEEt i on bl ow moul di ng. WO 03/ 080706 - 6

PCT/ EP0O3/ 02901 In order to obtain pol ycarbonates having the extensional
rheol ogi cal properties according to the invention, the person skilled in
the artl@an sBicontihaelcyl sudhgisiton\ceniiaidts RRIRRLSESDHall hﬁcmw&ﬂr&a{@ es. He
can for exanq}e i nfluyence the nol ecul ar weight and degree of cross |Hking
The choi ce of°CBHERELDYAHINE Brsh GHAse HOlviearbhrats pensmtaiherc opml heathbenases or
of term nal S [ ce on.the extensional rheol ogical
properties ofg Et&%@ %ﬁhsg‘é%?g?)encg)& eeg ?ﬁ#ﬁgﬂlﬁg?rs g‘rt?lsrs]lﬁsltﬁ% 15@?1”34?@%’2@@5%?‘% o)
use suitabl e thddiatérivd sohamahion holvbeerd@Biine tis@XhRASHONAL: il |1‘89é1ﬁ\aalte
properties according to the invention. The present invention is t eré%ore
subst anti at e§°th that the person skilled in the art prepares the

pol ycarppnates 10 according to the invention having the extensional
rheol ogi cal properties according to the invention and uses themfor the
purpose of pflhdudijery dfithe qREdeal NBeAHGE COHHTOL R bRRideny zrgi}icgﬁo JHeHE

cont ai ners ha%e the sur rLS|n?Iy good Erqpertles describ in tﬁe present
speci fi cat i oAHOYS thtgrqugdem ol icari@inersohavang es fromoigdemus e waH atlivkhéssrasof  t he
contai ners aggghqgng to the invention. The present invention also provides
the use of the containers according to the invention. 20 The advantage of

t he pol ycarbonate according to the invention lies in the fact that it nakes

it pos;ible & . produce the containers according to the invention with their
advant adeous BFdﬁ%@%ﬂ%%@“%@d¢WéiE@ﬁﬁﬁb@@ﬂ%uabhmmdhngaumaMhbdbngﬁhmHem have

t he advant ag i, t ecified.amunt . of polycarbonate per container
t hey have hi g%&&ng%ggﬁiazg%b%@%ﬁgﬁé@ﬁe A lélr’§81gh§8%91%'hsér%€éh? &geneipaal t hey

82?0387825 odueisebsivytri} AsdIQTRSAREYS (MR the VRILE IHRGRS siflaB UL AU Bliph @ by~ O
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, pagé
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.



PCT/ EPO3/ 02901 The containers according to the invention have nunerous

ot her advantages. They are resistant to nechanical |loading, i.e. fracture
kesi stant, andvd b®ygofdssO0 have an advant ageous spectrum of OHQ%%@gﬁﬁb ni ca
properties. They have good optical properties, in particular & hi gh
transparency. They have a high heat 5 resistance. By virtue of their high
heat resistance the containers according t6 the invention can be cl eaned
with hot water or sterilised with hot steam They have a high resistance to
t he conventional cleaning agents that are used for exanple for cleaning

wat er bott | esPaldy Wul Glgble, useM. obeud:i @raktgéhcamdotatid omrf RuntbeacoRLAl ners

according to e invention. They can be produced easily and inexpensively
by 10 known pﬁagaé@gkeéféw%geré%&g%%é‘ééﬁlpmfWa@@éﬁ fe¥570f the pol ycarbonate

are advant ageously expressed here. They have | ow naterial ageing in use and
hence a long service life. For a nultiple usage that may optionally occur

this neans nuiiee aushaigcloesicaimitigg tHd k@R tAREHF a4 RiRbAS MEADI NG 1?); ]E he
0

pr esent inven%%on_can be used for the packaging, storage or transpor
quuids,SsoIi @BFnﬁéé@%ﬁmEbﬁﬁ%ﬁﬁéﬁ%aﬁ@mﬂphefﬁamkm@kmgmn&ime@@so@MdHai
transport of jjiquids (liquid containers) are preferred, containers for the
packagi ng, storage or transport of water (water bottles) are particularly
preferred. 20 Containers within the neaning of the invention are preferably
hol l ow articles having a volune of 0.1 1 to 50 1, preferably 0.5 1 to 50 1,
wher eby vol unB$apVisgosity 8s |2 furption safdtime lisaprefaratdy qeaertiiged &t lay rqsfnar r ed.

25 3 and 5 ¢ r bottle e nost particularly preferred. The
cont ai ners p?gkée%{rq%tgi?%ﬁ b 16%&%%?%?%15_ tycﬂa“ﬁhjsé’f'&%@d@?ll@‘?dlmga Tset3meb g,
5% pbr B0 er entheo hloguider @0e A0rBRd £ BHLY R ETELADLY 0005800 O,

30 The wall thicknesses of the containers are prefer Yrm by
preference 0.%y metraconvepiond/ 080306 Ty dRCHH EROINOROBT Sendfaidiaiohad t hi n
t he neani ng resent .invention preferably have a | ength of preferably
5 mto 20009%&9%%89{%%58??% lﬂrcéjpg?fa'gT‘\;o Y50 Frhexanplo o Ma Fihl, 5V Tﬁgﬂﬁle,
contai ners preidr @by PRkEsche MHdIBLR Gkt &Y L AQ. mmto
250 mm by preference 50 nmto 150 nm and g%?%%%g&@?%&ﬁ%ﬁ%@¢g§@¥éf§%gy 70
to 90 mm Conf%%ners wi thin the neaning of the invention preferably have a
bottl e g@ck of a 10 length of preferably 1 mmto 500 mm by preference 10
mmto 250 mm particularly preferably 50 mmto 100 nm and nost particularly
preferably 7@&xtedsiBRalmiscokite yak! afhbigkK f. t tl e neck .of .the

contai ners preferably variZs bgtmeeﬁ Oggggﬂglidﬂﬁ%gﬁ%%reF@ﬁP&PI§$%5éWerably
from 1 mm t ocxEnHPR2Amkompsdr Joeortlingubavitiystdd®. Phetgnabl YohsAnTeduh Qlg MM
The dianmeter of the hottle neck rﬁfeéabl vari es between 5 mm and 200 mm
10 mm to |00 i are Say i & SPaes ?/EOCB BrOPYBL I P A5t Witly Shangpmanerciadyt
particul arl yapiRbRr &xaensicd] Theohatt hehase 9f ontal ners according to
the invention has a_dianmeter of prefef%blg 10N%$$?%'§§? %ﬁp§%§%8$éFe ence
50 nm 28 | 50Msisard Riveelogiparictc 8l dolynepiteflos@bind A0, 150 SORuIAR:: A5 RERBE ai ner s
within the i of esent |j tion can display any geonetrical
shape mhatsggggT?gpwgy&g§88£8¥@8&%$%%§gbe round, oval or pol ygonal or
angular with for exanple 3 to 12 sides. Round, oval and hexagonal shapes
are preferred. The design of the containers can be based on any surface
texture what Seelencky e isudimasidntest yuesitarEheiaf eiraRtensBRBIOH Oty

ri bbed. The contﬁgpers aCCO{diEg to the invention can al so have several

di fferent sultd5dBe Pascelmpliplipd B¥ sepongs Jde vasfor 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
nMe- The quotient S is dimensionless. S is the quotient of the extensional viscosity g
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.



WO 031 080706 PCT/ EP03/02901 -9 around the circunference o f the containers.
They can b a any distance apart or several nutually different distances
apart. The suwiag@sd?est ures of the containers according to @B?Eﬁﬁ%&?BfOﬂ
can have etched or integrated textures, synbols, ornanents, coats of arns,
conpany | ogos, trademarks, signatures, npyyfacturer 5 information, materi al
identifications and or volune information. The contai ners according to the
i nventi on can have any nunber of handl es, which may be | ocated at the side,
on top or underneath. The handl es may protrude outwards and or may be
integrated into the shape of the container. The handl es can be folding 10
or fixed. Thggﬂﬁgﬂlqs can be of any shape whatsoever, e.g. oval, round or
pol ygonal . Th gV e 19rBaPaiS: have a length of 0.1 mmto 180 mm by
preference 20 mnmto 120 mm In addition to the pol ycarbonate according to
the invention the containers according 15 to the invention can also contain
ot her substances to a snall degSeenE@;g.mwuﬁb@wgﬂ@gls or handl es made from
other materials. The containers according to the invention are preferably
produced by the extrusion bl ow noul di ng process or by the injection bl ow

moul di ng procgess. 20 In a preferred enbodi nent of the to produce the
cont ai ners agg@rtﬁfaiétrf”& & ﬂg”‘i: W@ﬁ‘ﬁ%ﬁ?ss} Kelieryte dhe drititlespesivessr dhal ko t he

2 smot b 1 oog Bone SE T EHRESR (I T GIRPha) o8 BEECaR Sl Y

according to & hed theaimed Bfunitofecdiiie) BEmedas By way of exanple, the drive power
of the extruder is approx. 30 to 40 kWwith a screw di aneter of 60 mm and
approx. 60 to 70 kVi.' with a screw diameter of 90 nm The general purpose

t hree- tion_scr onyent i onal | sed in the processing of 30

engi neZ@iCng ?helgartr]gr\éfgé?ril%‘gl &€ Fg%ﬁ’(@g‘ € W\%“@g?‘ghb?os PCT/ EPO3/ 02901 -
10 A screw dianmeter of 50 to 60 mmis preferred for the production of
containers having a volunme of 1 1. A screw dianeter of 70 to 100 nmis
preferred fod pplgcgboraiets prefeasfed fonwhicheats: teanpieregura of J00PE, with 20H&nckyhe

| ength of the_scre |s preferably 20.to0_ 25 tines the dianeter of the
screw. 5 In f%@néé’ﬁ‘do?ndt%gram%ﬁ%ﬁﬂﬁ Bi¥ fepresndskand ,81.shevetindiis greater

preferably heated; 494 t [ r tain a brilli.ant, and
hi gh-qual ity surface tagt htaﬁfe{g‘g‘%?{ Sglaﬁleggfz'%%nggd%rrmq 11108y & ?%%G?W?%O'ﬂ)l ow
moul d 1S heatedl0 @veant YatarSlisedrédts Bt 1.Y, wheteiniegeichQe S804 AR IR e, acket
section can be heated separgel y. The bl ow 1rl%t)ul dei se pref eﬁggﬁ;&glb??gd wth
a pinch-off force of 1000 to 1500 N per cm of pinch-off weld length. 15

Bef or e bei ngppr: ssed,. the. pal ycarbonate according to the invention is
preferably d??lrélgﬁlglgyp Flégfrr?cﬁlé acﬂfi)t{Xcégon fGdPs v 1"81““ P IHERGHEE He08"¢-ovillpe

i mpai red by Hen@§ksradl ¢ BEPDI8E a0din R BRLY EAIMRARLS d.?aﬁkpé.O‘f],et?E ?‘%f'odS

hydrol ytically during processing. The residual noisture content after
drying is prifgeabi thahel Dandwoth avienéloy sratht yiof@.§ anper dtaif eat®tarlg@0Colrs
preferred. wer tenperatures do not guarantee adequate 20 drying, whil st
at hi gﬁgr t eNp&ret ﬂé‘é‘dzrpérglei%m%és FEYR BAndRe pell ets of pol ycarbonate
sticking together such that they can no | onger be processed. Dry air dryers
are preferred. The preferred nelt tenperature for processing of the

pol ycar bonat Ehagresedl mgvention hedsa2 providksnt i entdiser2 36Eainhg3@RCpoilbabeRdit ai ner s
according to the,.i nveﬂtion can_be used for the packaging, storage or
transport of 2CPEiHedS, ne Bivepaony Thisqaeans avpatauieh siiichesontains the nelycarbemate hat

are used for,exgamphesd ' FAloR rage or .transport of |jquids is

preferred. The 30 g%oggip’nfgﬂtgxa éq\gvg?%rnog%%taﬁ% Ctoﬁfa neéé%a%g ro&é&‘&mf)%&?%xarrpl e
for th@5packdifferegt msteankgehich sinigin spattins tfe pRY@FbInsteRBifsicerteats] Y preferred.
WO 03/080706 -11 PCT/ EP03/ 02901

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

extrusion blow moulding or by injection blow moulding.



Pol ycar bonates within the neaning of the present invention are preferably
nmelt processabl e aromati c pol ycarbonates. They can be both
honopol ycar bonas @nsend copol ycarbonates. 5 Particularly pre&ﬁﬁﬁﬁ%ymMOI
pol ycar bonat es are the honopol ycar bonat e based on bi sphenol A, the
honopol ycar bonat e based on
1,1-bis(4-hydroxypheny|)-3,3,5trinethylcygfohexane and t he copol ycar bonat es
based on the two nononers bi sphenol A and
1, 1- bi s(4- hydroxyphenyl ) -3, 3, 5-tri nmet hyl cycl ohexane. 10 Pol ycarbonates in
whi ch up to 80 awsleggtoi obtpar palyesrtzomates omva(y mol Shtemsidml S0ecombial pfopthRs
carbonate grou sﬁﬁre r glaced by aromatic_di.carboxylic_acid ester groups
e 5

al so bel ong t & PHEEY e FVERHEL the Retsrilleg 1 dha HECanmsplastiv el admgiyarious
pol ycar bonat es; 4 hatrsContd j [ rponic acid and acid
radi cal s of g%gnatig dicargggg%?giﬁggé%? gﬁﬁhigg%g %t%@mFWFb ehgmﬁﬁF tul e
chain are al sweightzaslattgas dicermliniin@afheetbRE of aldematemd dhemBaleyCardgonat es
according to the invention can be produced by known neans from di phenols,
car boni ¢ aci dfade i verpobearbopaes graPl yergral neroepsnialsat lrss aanidfizencopen dhal |y
branchi ng agentsS.i I - - e_pol yest er rbonates..a part of
the carbonic acid g%?$§§?5%§pﬁ@8%§%ﬁg@%hpﬁguéﬁ%ﬁgFiEEEPEQPB&EQEPdHé@?ds or
derivatives difit dicatsboxyel sudtadlei atilitivRi ® bistakione @&&aed SxRGsiofal heokaihpnat e
structural units in the aromatic polycarbonates that are to be replaced by
aromatic di cdFHRRAYFS Ecaeidingedperhest infienrtignal Thi presenp5inventon sisofthdrbfere

producti on of b Saar own.; Ref erence i s nmade by of exanpl e
to: 1. Schnelslu?&é%ﬁdzér% gl??{l/ﬁatrll% %ﬁg({s}} \cégﬂlg lﬁo{t@c%{%%m%%}e @8%@%@@%% ews,
Vol ume B} | ntaea&dingﬂ@ﬂld:iﬂbéﬂtﬁ)h%raﬁingPb@é’\éﬂél{s%nal—ﬂfégfégica@x@ %ieﬁg&%i‘diggtoz'
D.C. Prevorsek, B. T, Debona and Y. Kesten, Corporate Research Center,
Allied Cheni dbg Ingeptser andiuses thiwrier SepwpoNewf frdseyg 07ABAtaitidBy nddoaking toof

w0 03/ 080706 ] - 12 Pol,yester Car.bonate) .Copol ynmers" .in Journal
of Pol ymer Sélll?eecynggl?[ P 0?@%%%0@3% ersq't%’e E&ﬁ f‘frBIHS,mé)éSIgooﬁgrgﬁﬁg%d?f’g@@) n 3. p,
Freitag, U @id gesenPspcifMatiber, N. Nouvertne', BAYER AG "Pol ycarbonates"
in Encycl opedi a of Polynmer Science and Engi neering, 5 Volune 1 |, Second
Edition, 1988, pages 648-718; 4. U Gigo, K Kircher and P.R Miller

"Pol ycardonatg" i cerBraun, Kunststoff Han ch, Volunme 3/1,
Pol ycar Sonat ;I‘,Be B(kz)e{g;e}ggg{ éét’l?lé);g agg Ipir/%véaeesr%’e Héﬁdf‘ﬁtllo&s‘gfgg‘? gontalpgrs|acerding to sy | ag
Muni ch, Vi eniaenfl®92, pages 117-299. 10 The pol ycarbonates including the

pol yester carbonates preferably have average nol ecul ar wei ghts Mv of 12, 000
to 120,000 g/ nmol (obtained by neasuring the relative viscosity at 25C in

met hyl ene ch i .a concentration of 0.5 ol ycar bonate per 100 ni
net hyl ene chhgéﬁggfg{f@?ﬁgﬁlfSOSﬁPﬁﬁgsd;ﬁﬁﬁeé&égﬁﬁ%WE¥W%ﬂfw%H@WébV %5 000
to 60,000 g/ imkntagre particularly preferred. 15 Suitabl e diphenols for

production of the pol ycarbonates according to the invention are, for
exanpl@p hydr oqui none, resorcinol, dihydroxydi phenyl, bis(hydroxyphenyl)

al kanes, bis cl,0al kanes,.. bi s dr ox enyl ) sul fides,

bi s( hydr oxyp&g%gé‘%éga{%ﬁg)?ﬁe)%oﬁgﬁg% EEATSHEMA tf(tﬁ%{ngﬁ%@h]b‘f%l(lﬁpﬁfa&%ﬁﬁnyI )
20 sul f ones, makey( hysdesiKleploesphiicestb f@xiadRss ac(c_%rdiﬁ’% 1o RS (A O RineRY)

di i opropyl benzenes, and ring-al kylated and ring- alogenateé conpounds

t her eof . ~ Pr elbiapigeqtisprenssties. ar e 4, 4' - di hydr 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 864- hyTiocypdieay h}codifBtdHe iRRBE hato %e%'d%&rﬂa%})’tﬂﬁ%}fﬂ R dinlE P

di i sopropyl benzene, 2, 2-bis(3-nethyl-4-hydroxyphenyl) propane,

bi s( 3, 5-di ne@ﬂgﬂ}moﬁp@ly@%pmpémmr)comtmaﬁ@y have high mechanical strength.

2, 2-bi s(3, 5-di net hyl - 4- hydr oxyphenyl ) propane,

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

2, 4- bi s( 3; 5-Theyedldtyhavd-thy daeayRany thy BBt BY br ' ,

1, 1-bis(3,5- did;ryilhy[ - 4- hydr oxyphenyl ) yrﬂ p- di #’sogg%%ﬂ?fthbaekﬁ%%%%?m%‘ﬁ ‘5?%- and
| , 1- bi s( 4- hytHickReseHEstyhYios; 3, S-tri met hyl cycl ohexane. WO 03/ 080706 - 13
PCT/ EPQg3/ 02901 Particularly preferred di phenols are 4,4'-dihydroxydi phenyl,
1, 1- bi s(4hydr oxyphenyl ) phenyl ethane, 2, 2-bi s(4-hydroxyphenyl) propane,
2, 2- bi s(3, 5di et hyl - 4- hydr oxyphenyl ) propane, 1, 1-bis(4-hydroxyphenyl)
cycl ohexane, 1, 1 bis(4-hydroxyphenyl)-ntp-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 G35, 2 999 835, 3 148 172, 2 991 273, 3 27| 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 FRON3lose®E 518, in the nonograph "H. Schnell, C@%ﬁl d
Physi cs of Pol ycarbonates, Interscience Publishers, New York @5/}‘?&}{(} in
JP-A 62039/1986, 62040/1986 and |05550/1986. In the case of
honopol ycar bonates only one di phenol is used, in the case of 15
copol ycar bonat es several diphenols are used, whereby the diphenols used
(al so known as_bisphenols), like all other chem cals and auxiliary

subst ances addericaniringre agipnding & the ivemtiof heeunseerbes abetaarhmade ATyt de
inpurities or{e%iis g‘t itg%gf nom t};?i [N, Sy ithesis,, alt hgijﬂgh it 1's desirable
to work with thé ¢l eanBst 2PFasi e s av- n'BREHE atesistanh iy elsehadve an
terninators tiRbn@sebubespes@shni &F bier RIRAUGL i | ycarbonates are
bot h monophenol s and _rmrlljoc_ar boxyli ¢ aci g#sm éﬁ%}?g{ﬁléyﬁro}%gp aéﬁﬁosoga?%ucfaﬁr
exanpl e phendMop&lky| inphatioilsr sheh hase diigs atadispapericd! TheDUide PNARR! heat

p- n-octyl phenol -i.so-octyl  phenol , p-n-nonyl phenol and p-iso-nonyl 25
phenol , hal oprﬁilﬁ%?‘ge' @cﬁlrtéﬁ' ‘iftgﬁlll g‘r‘%}bh%dﬁs,mt_@f}“&-@liedwmilﬁ@pﬂqémrdlpg to the

p- br Ormphenminaéiﬁiog,cﬂn Betdid e %HPF&O\L&'EGIOBI @effltis%rgs%iél% Eg{ Sg‘%ﬂz Ul table

, : 1 :
nonocar boxyl i c acids are for exanple benzoi ¢ aci ¢ Hds and

hal obenzoi ¢ ddglisesisBicPrteftbe cenventiona d@nhonaieatsSthal fetied H&egﬁ\ﬁlﬁﬂ@%ﬂégg
the formul a (h)%a . WD 03/080706 -14. R6-Ph-OH (IC%3 PCT/ EPO3/ 02901 ere
stands for HS%OPHEHYERE Redles forumptiphe R ong fickBoppplication farathe cSntiirers

quantity of 1B ] - S i s preferably 0.5 .m0l %to 10 nol %
relative to ﬁaglé’dergm‘g?{ OS}HS%%%?%O%UE%(? i%ge%%lﬁ)g)%é@%(i e‘ﬁjlg' é?fgi“ﬁexﬁ’@%ﬁﬁ‘f%tqyrs c?an

be addeld bef dmewndprdcageor Tatt gsod hos@esag i erfi®s Tdre 1ol rhepates.can be
branched. Suitable branchi ng agents that ca}%mge used for }%)?}chch?ng fhe

pol ycar bonat 3VAHRECPRRY exPresise thetsn dihephanpfoav ntatanial pdingit ienald bawpaunds
known in pol ygar hghpkesehan. st ry.Rarticul arly those having three or nore
than three pH§%{CH g%oﬁ%saﬂk5£ uWPg%Iég ?5%@h%ﬁ§ 8@5ﬂ?§yd¥%yrﬁgﬁl€§%ﬁple,
phl or gl uci nolpmérdas dyeted dfiilse2, 4, 6-tri (4hydr oxyphenyl)

hept ene- 2, 4, 6-di net hyl -2, 4, 6-tri (4- hydroxyphenyl) heptane,

1, 3,5tri (4-hydroxyphenyl) benzene, 1,1, 1-tri (4-hydroxyphenyl) ethane,

tri (4hydr oxy ay | n , 2-bi s[4, 4- bi s(4- hydr oxyphenyl

cycl ohexyl | %?%%ﬁ%ﬁ %Q?{ﬁbt?g%?%ﬁ% 6%%y‘§ﬁe?ﬁ?l[>enit SBHTHIH ﬁlnp@?@n'bﬁefi B the

2, 6- bi s( 2- hydaakeying, s@bageebh)ttah lof - ot Rwli@@R0kases. Containers for the

2- (4- hydroxyphenyl ) -2-(2, 4-di hydr oxyphenyl) propane;
hexa( 4- (4- hyg?cgﬁé‘ﬂﬁesﬁ?ﬂag‘? QiR I @iéﬁ%/(ﬁl)quuf tomttimar e hielfdreedacintisgt er

tetra(4-hydrayy, et etra(4-(4-hydroxyphen i sopropyl)
phenoxy) net -ﬁgnﬂgg%h%ﬁl%b%@?% S ..t&%}sﬁ@%&gw%’tﬁ g‘ﬁéﬁ]ﬂ/ﬁf’%}ﬁé} BA ParHEWZERe, as
wel | as 2, 4dpieymiredxybenzoi c acid, trinmesic acid, cyanuric chloride and

3, 3-bi @3- met hyl -4 2~ hydr oxyphenyl) - 2- oxo- 2, 3-di hydroi ndol e. The quantity
of branching agents optionally to be used is preferably 0.05 nmol%to 2.5

mol % relati ; Lok used.in_each. case. WO .03/ 080706 - 15
PCT/ EPO3/ ozg(gfsim%l S’gﬁ%lgﬁ%%{enfg%‘ﬁ%@%w fiothaF PEeToRB) hilew wfieks bang

di phenol s andiveloaiervftOer o5 Qrseferublh@ 5348 80USwakkBY ivHRuﬂ%Q%?q 105 12fifled
ahead of phosge alti on dissolved in an organic solvent. 5 Al these neasures
for produci i VEQREStastdc s ly graferteflar to the person skilled in the art.

25 3 and 5 gallon water bottles are most particularly preferred.

The containers preferably have an empty weight of preferably 0.1 g to 3000 g, by
preference 50 g to 2000 g and particularly preferably 650 g to 900 g.

30 The wall thicknesses of the containers are preferably 0.5 mm to 5 mm, by preference

0.8 mm to 4 mm.



Sui tabl e aromati c di carboxylic acids for production of the polyester
carbonates are, for exanple, phthalic acid, terephthalic acid, isophthalic
acid, tert.-bwiyédsdseght halic 10 acid, 3,3 -di phenyl dicarbq&*%h%&@ﬁ%p,

4, 4" - di phenyl dicarboxylic acid, 4,4 benzophenone di carboxyli ¢ acid,

3, 4' - benzophenone di carboxylic acid, 4,4 .di phenyl ether dicarboxylic acid,
4, 4" -di phenyl sul fone dicarboxylic acid,'§f2-bis(4carboxypheny|) pr opane,
trimet hyl - 3- phenyl indane-4,5"'-dicarboxylic acid. 15 O the aronatic

di carboxylic acids, terephthalic acid and/or isophthalic acid are
particularly preferably used. Derivatives of dicarboxylic acids are for
exanpl e the dj,carboxyljc acid dihalides and the dicarboxylic acid dialkyl
esters, parti {SBIP%WFV WHn dhe mewng (of dheaprieserndiieyenten aeeie@éyamde taHength of

di boxyl i | ' . t.of th t b
the aromati o BrasbeaT e AN EhE pa Rl R R B b O Gl ol Ty

stoichionetrically and al so quantitatively, such that the nolar ratio of
the reaction partners is also found in the final polyester carbonate. The
25 aromatic diReafBEeT Prefereblyekavera yesiopsn canubirénce of posfatably bdtrm to

random y and 4 S l.ycar bo es to.be used accordi o_t he
i nvention ar eisg)rlgl%gﬁ)&?rﬁpégeﬁlgg%gelﬁmb fﬂ%%ﬁgﬁi 1‘%?8?“%}3&3@8@&&%‘%@ e
process or bytie known nmelt interesterification 30 process. In the first

case phosgene is preferably used as carbonic acid derivative, in the second
case preferably di phenyl carbonate. WO 03/080706 -16 PCT/ EP0O3/02901 In
the first ca ene .1 referably. used as carbaonic¢c acid derivative, in
the second cz(goelﬁ%ﬁg e“r”grﬁl ?‘%Fﬁ%ﬂ% ot Xcﬁ%ler s p@feééiqél ¥t &, bodiy peskiad 2

por ki ngLOID.  Megah bOBreRRRlY U ifiSto 580 Gum, KbreRAKEADIRNTL OSHLAUIGHQf ©
known in both cases. The nelt interesterification process is described in
particul ar i preferagbhi{em to" idemnsindynaesh darBhylaily predérablgl Aaasbenat es”

Pol ymer Reviews, Volunme 9, p. 44 to 10 51, Interscience Publishers, New
Yor k, London, Sydney, 1964 and in DE-A 1 031 512, in US-A 3 022_272, in
US-A 5 340 90%heand iniokisAnShRibntek Jiee POlRBLIRNRLEE ALEOLALNG, bY the
invention can also contain the conventional additives, tor exanple

pi gnents, UV 8¢ alfi mins epasticuhatt pefeabblyi Sems] nanttbob( dentasd andst Ifartiatds

rel ease, agents 4dn cqnventional quantities for polycarbonates. Were the
polycar%%nat gd%%ﬁbgﬁﬂngdﬂ?ngé?nor ot her accessory agents, the

conposi tions conprising pol ycarbonate and additives or accessory agents are
al so known as_pol ycarbonat e noul di ng conpositions. 20 These conventi onal
addi ti ves cadhbediameted of shpbbitcandsbnatfesatiy variosvbetweanss hogeindezoomdh t he
conponents a ordiqﬁ bg t he [nventiOﬂ or subsequently. The pol ycarbonate
noul di ng corrg ST Ehd OHcRBY aisnpateuieHY WRFERL i BH tamiBeto2®S gPicEssBEst nt o
noul ded arti gh@RuRiypestvedt.i onal processing nachines by known methods under
t he conventional processing paraneters for polycaxbonate. Raw materials and
auxi | i &% substances having a | ow degree of inpurities are preferably used
in the produgtiqn,of . pol rbonat.e. For production by the nelt. 30

i nteresteri ficr%%t |0(t)tﬁe BE%ecég G R° %fp?risc%ﬂc%%}ngc e e dpisBten dag gediamster (e
carboni ¢ aci greiatbiyal o vas usedoshon! Rfenklk €8) 25mPRSTP! Bnf al i
ions and alkglyne-Zarth VO 03/08G7g%q?37 PCTIEP 10%@8§@f§%£?8 J?%kraw
mat eri al s of paticelatly pecferablyly® toB0@imed for exanple by recrystallising,
washing or distilling the carbonic acid derivatives, for exanple carbonic
acid esters, and the bisphenols. 5 Were polycarbonates are produced by the
el { | mer esteflafoaAkidin 1hE BRESAe of R 586! ARG, BISRRRRP Ly AB iy
carbonic acid diester can be per%orne cont I nuously or "di'scon |nuou§1y for
exanpl e in sshape sdatsaevery thay tar Hr exdmnplebielround poali s giosygohiall driangulbd wWith

vaporisers, series of, stirred-tank reactors, extruders, kneaders, sinple
di sc react or§Or ghacfnﬂlle&htp\}?sgb%éi 1{‘%}“’5: N F‘%‘gg}?’ﬁ‘lggl?al fhapes are preferred.

The design of the containers can be based on any surface texture whatsoever. The
30 surface textures are preferably smooth or ribbed. The containers according to the

invention can also have several different surface textures. Ribs or beads can run



Carbonic acid diesters that can be used to produce pol ycarbonates are for
exanpl e diaryl esters of carbonic acid, whereby the two aryl radicals
preferably eapln dyadeop to 14 C atons. The diesters of Carbo@k%@ﬁ%&&ggﬁsed
on phenol or al kyl-substituted phenols, in other words di pheny r ate
or dicresyl carbonate for exanple, are 15 preferably used. Relative to 1
nmol e of bi sphenol, the carbonic acid diesters are preferably used in a
gquantity of 1.0l to 1.30 nol, particularly preferably in a quantity of 1.02
to 1.15 nol. If phenols, alkyl phenols and/or aryl phenols are used in the
product i on ofarotiel 2@ podufardnonal ghe acomimdisnTHey daRebé RMENik@Rbe LY chave

| erni&g%ors. That neans that they limt the nmaxi num

the effect of chajn :
aver age nol ecsﬁiv‘?;ﬁ’%d %tt'ﬂﬁ]llty feng distases apare v, surfisy testhresi afhibe dostaanided

t oget her w t hhetha; S; ar e r producti of the
pol ycar bonat e or ?%pgpﬁggéPb%ﬁg?eC%%q%g y%g%%oﬁgf§%§§ﬁ?ﬁggﬁgﬁ$Tﬁ¥?bﬁgt as
monof unct i onaimaoeguems of tahing ﬂEQngamEﬂthMcﬂ@ﬂ%C%[ AREL SHNERGSES 25
and thus_act .as chain term pnataors. The enol , alkyf phenol § and/ or aryl
phenol s 1 hat AREMA%en. swiria) ideakifications Wéfor whode otformmtoh. t he pol ycar bonat e
are preferably used in a quantity of 0.25 to 10 nol% relative to the sum
of bi sphenols used in each case. 30 WO 03/080706 -18 PCT/ EP03/ 02901

M xtures of (henentaaidd accoadify & HEDIheerRiokYdan BRSO ALY ndRMEPhs RindlesPRRNGl S can
al so be used. The al kyl phenols and/or aryl phenols optionally used in the
product i on of™aYhRe 183l gidhe Hemandop emendemealhk Fhe hiretigd maeprimat ogwardss or

to aryl phen ,hal: | dditi.gn, other termnal groups .can
occur in theﬁggﬁgggyg%ﬁggé%#ﬁszﬂge 6?%88&w§€8 1L .%H%%ﬁﬁﬁngé%éﬂmg
term nal0 gr owpsixed. TellandikoEdr e G sBEIcONhd@edinal, Lng on
t he productign process. 10 Exclusivgﬁy phenol? ark§|9%ﬁ§ﬁ%P%g§ﬁ§?%?ﬁgry

phenol s, wi t HoGhandes prgfrablohavsta lgugthiof 6rlahmsoi$0 anneby pletrenanlanin @S

chai n terninﬁgggﬁn are preferably used as chain term nators. Suitable
addi ti onal substances that can act as chain termnators are both 1 S
nmonophenol s and nonocar boxylic acids. Suitable nonophenols are e.g. phenol,
pchl orophenol or 2,4,6-tribronmophenol. Suitable nonocarboxylic acids are
benzoi ¢ aci din addifjon isethe pilycabpuiate asndrding théezovantianithls conthiaerpred@dingd

additigral s hat .can _act as chajn term nators are phenol, p20
tert bggyl pﬁg%%%?%gﬁ%%Fﬁb%%h%Fl%ﬂa £ é%ygmﬁﬂéﬁgpﬂ EeqEr8nfuppsr sspls

addi tional soblsdraieesadefaim 6@Br @eferia. chain terminators is preferably
between 0.25 and 10 nol % relative to the sum of bisphenols used in each
case. 25 The neasurenent process for determ ning the uniaxial extensional
viscosity is j.bed bel ow In, order.to measure the uniaxial extensiona
vi scosity, aTg§?§%%?§§a C%gF?égg%%Hg?@“?ﬁgﬁPﬁgﬁaghiW@HB?@H§€ﬂﬁﬁéﬁﬁ@@@
bet ween apprmbivnfﬁblﬂﬂﬂlggsr@dws & t¥he §8GHR LR Hﬁhﬁﬁ% ARPLOoxi mately 20 and 25
is fixed at the ends by clanps and cl anped 1 n R extensi onal rheoneter.
WO 03/ 880706 -19 PCT/ EPO3/ 02901 The specinen is then heated by neans of an
oi |l bath, i C surenen enper at ure of 200C has approxi nately
the sane d\gﬁsrll ? y&gg&-{%ﬁe&g@q ﬁ%lg?tbS#eT{fPeé.t @{8%’10?6%6?%%}9@5C%9ﬁ§%§0 ithe
reached (af tiaveraiopy thei poicationd@s Bidotding RetR iHehebABl 8 cbScS el ns of
the take-off rod, which is connected t% t he cléhps atBoﬁe gng 8?*%%%?
speci men. A RAyHE otk AE Ripoxed; ataferablya sdogh fed zofihi s neans that the
take-of f rate a increases exponentially over tinme. At the other end of the
specinmen the tensile force is measured as a function of time 10 or total
el onga$ on. THeedrikd poiedlofend enaidenal sel@c&@%bérﬁingatg he iR BRI s Q¥
relating the tensile stress that is determned to the tine-relate
cross- sect i ghaMagoégxample; the deiys@ovkr phtheextrodsiionpproxha®@ret@kWisett £ or t he

rmaaﬂemmt%' t he nmaxi num

 the exapples in the prese pecjfication
t ake-of f | ené%e% élg%gt%ﬁ? x(# it %rf(&/ap@fﬁp ﬁﬁ?o ?6 %av\mthﬁ SEXSY @é@éﬁ&gf POmE. raxi mum
deformation of L/Lo = 25 or a maxi mum Hencky
The general purpose three-section screws conventionally used in the processing of

30 engineering thermoplastics are suitable.



strain of approximately In (L/LO = 3.2. The total elongation was not

al ways achieved in the polycarbonates that were tested, however, since the
speci nens canwioe@roseiosf ai | bef orehand. 20 The uni axi al eIong?&hﬁ@yggﬁi is
eval uated as follows. The logarithm of the sinple extensional "VisCOSIty
val ue and of the shear viscosity val ue q%btiplied by three are plotted
together against tine in a diagram Surprisingly it was established that

t he pol ycarbonates that are suitable for the production of containers are
precisely those in which the extensional viscosities rise sharply by
conpari son t oAtdveevs immetet 868 tby6(2 niié fidikired (Yt o€ disg o écﬁhtaiﬁer%- The
pol ycarbonates in which the extensional viscosities do not rise sharply by
conpari son t O"AHE S Psdoksi4 yers dirpricedf B tohiMemps ée pRifgred2jorahe | ess

sui tabl e or i Labl : aduct j on_of terbottles. .EFig. 1 and Fig.
2 are descriggg&%%?gﬁg‘%%ﬁME%gdﬁ%g%bgdéﬁﬁnq56%€k§9¥¥%%W5§bﬁﬁﬂﬁiﬁ?eﬁséﬁoms
the uni axi al mexfcebdy 2hal 25/iimeotetdyandtétof the erépd t he shear viscosity'’

nultipligd by three, 3n(t), for a polycarbonate that is suitable for the
production of water bottles (produced as described in the exanple according

to the i nvent | seosity nultinlied by three 3n(t), i
epr osent ea 4 & enr Aage kSRR kT neBbu ol areBry Beakbis 4 s
NE(t, g) oo bhICn eldbf ercdhiin sbriaht kRt RiEh-RD sifadid oAbl (UNT L 1L

di vi ded by seconds) are represented as |lines wth synbols can be seen
that for all strain rates the extensional viscosities rise sharply over

time and are ! e hi gher, t.han the . shear viscaqsity nultiplied by
three. 10 Fi gIhl Oia%ﬁ‘ém‘%sr%?rﬁe‘%ﬁtn{hﬁﬁq%‘f" BQd S e e\YF%lX@FIt%fﬁﬁE(ﬁﬁ)},’s the pagnd t he
shear Vi(scosistgtiomuantitid jagkkt RYctioRlc@® be BEated dcharaldly. @ POl ycarbonate that is
not suitable for the production of water bottles (produced as described in
the conparative exanple). The shear viscosity nmultiplied by three, 3n(t),
i'S represent g¢ i nuous .l.ine. The uni.axial_  extensional viscosities
e sy Cronteniad (R MR Mned B eEh O SreGota e o 508 N B un
1 divided bycaesfisis)offfixe]ld RRE@SENted as lines with synbols. It can be seen
that for all strain rates the extensional viscosities do not rise very
sharply over tinme and ultimately conme to rest in the vicinity of the shear

Vi scosi mulktibkplbed by three.. In Fig. 1 and Fig. 2. the tine axis t for a
curve v&'ts%/h abs?%"g%:b?‘uné 4 ?Féﬁ%l’ %kler%‘?l}ﬁca?‘éqﬂé‘fesa%f ; topide dRysEpB i prederelyt he
Hencky strai drisd s6ithgetheHRRKY g8l dF e Tohnfky gh&%ﬁ%ﬁ%@ Dyt pl 1 ed

by tine t Fig. 3 shows the bottles” produced In the exa
di mensi ons apPebiesand the polycarbbhdteristirog degradgd. hyldirglytichliyRimiag phccepsd. tiihen  of

the measurin ints.on the bottles at which the wall thickness was
nmeasured in %ﬁ@gggénr%ﬁ%rg . Cont‘iﬂ% 451 555985 -pfﬁferaPE’TPdP'%p@i%&%Fi@.d%‘lng hows
the vari ati oreniperaséde! oft 1H0CK 18 5688, QIR JerhBerd Rs&i2nbiNo | g@ndorm
The wal | thickness in mmis p?%tted acrossetﬁ%-negsdfPﬂnggﬁﬁgég%qP%846
The botf| e néiYeng mdist #ehighsr yerapdsanees ¢hae cothd irisk) of thetfelleisf @plyicamogite pl ay's
a regul ar vayjatio uar | s). The bottle made fromthe
poIycarbonatghgélo?ﬁ#ﬁgrfgﬁiaéggﬁ3b P%ﬁPQ%”é%hW@F@Eﬁ?§BDh?§'@Hmﬁﬂﬂégular
vari ation (tphefm@al ar synbol s). WO 031 080706 -22 Exanpl es PCT/ EP03/ 02901
A pol ycarbonate was produced wth the extensional rheol ogical properties
according to the invention (according to the exanple). The plastic pellets
were then us Kk ter bottles with vol yne of 5 gallons and the
wal |t hi ckne@ge éfgge?;reﬁf%@} géﬁi%“fﬁé%sla}%‘ﬁ?mﬁog&?er HOHNTAY J5Fodagstoiag
perfor pgd W ihberiogQePAGE ov®oproduct that does not have the extensional
rheol ogi cal properties according to the invention (according to the
conpar ati ve exanple).

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.



10 Water bottles having a honogeneous wall thickness distribution were
obt'ai ned fromthe pol ycarbonate according to the invention but not fromthe
pol ycar bonat ewaxasmsaiong to the conparative exanple. 1. Prodygtid Moof he
pol ycar bonates 15 Exanple: 5515.7 g (24.16 nol) bisphenol A an ? f8 g
isatin bis-cresol were dissolved in 33.4Q.kg of 6.5% sodi um hydr oxi de

sol ution under a nitrogen atnosphere whil'st 20 being stirred. A m xture of
70.6 g phenol and 36.03 kg net hyl ene chloride. was added to this solution.
2967.7 g phosgene were then introduced over 30 mnutes with intensive
stirring at 20 to 25C and a pH of 13, which was maintained by the addition
of further s%&lugé%%fjéoxi e sol ution. ;Ix}ui s introduction was foll owed by the
addi tion of 28 3G REEThYINIBi DEATEATRS ®f (the SEGSERY Mycntsm 25 piekuetdy melt a pH
of 13. 25 Thepratdsadbiid ardiia epMas: a f t K LfcRRase.. Ih

or gani ¢ phasgp was adj ust ed te% a ;r)?-lﬁlgf?cgltrg\ng{ rclgrgi%]leut%bgh%ﬁ%gogﬁlérc?l@o%%lesda%cf
hydrochl ori ¢ e@pplycarbonatess t hen washed free from el ectrol ytes with deionised
wat er . Asfter repl acing the nmethyl ene chloride with chl orobenzene the

pol ycar bonat e was i sol ated by known neans using 30 an evaporation extruder.
WO 03/ 080706 - C 0] t hus .obt ai ned had a
relative sol ﬁﬁ”ﬁ%ﬁ?gggﬁﬁg?gﬁgﬁs’ﬁﬁ% ;Iﬂglt%’le lgdc’)ngo e%?écr thon %bﬁecg(.’lgbléphellol

pol ycar bonat €\ n th@0 ibmopolydreoetehl basede @h 25C1-baf4-bydRRypiRnGonpasat i ve
exanpl e: 6. 9% 9 ils&ti@ bi s-cresol and 78.4 g phenol were used aS in the
exanpl e above MR RYGAPEERat HEYi Rpolycrbrattey dasesl i dhe vivoc osinbynen

1. 305 was obtad IR i i Labl e.c cially and its
correct nane bl%g B%ﬂ% A%)?@E 13’&] rlrjggt(ﬁ ;f} Piﬁi%gpﬂeﬁyﬁ)é?é,g-%nmeth} feyclohexdne.

hydr oxylhenyl ) - 2- oxo- 2, 3-di hydroi ndol e. 2. Description of the production of
5-gal | on wat %r bottl es from pol ycarbonate by the extrusion bl ow noul di ng
process 15 Thabisatenaes wevkichip 8@ mokor in parikB&rAq@o 26 xolisimpio I rovl%,

nmoul di ng machi i | ec ich was equi pped as fol|ows. An
ext r uder havila&rclEgH% a&g%?l g%e%?r%‘géua% %Sﬁfg%%qu\ﬁmﬁlcgﬁaémﬁ%’?ﬁ’gﬁﬁp‘ﬂ W #EPUWRS I28Rgt h of
25 D was usetiglonbite thepolyelrbdriaws! atcoramesor @WiSRAEES. S SSYGEhalds tthe
frictional heat intg the material. The plasticising capacity was between

approx. 145 Soendwthkemdradicals of cadonicacybinghacibfadpelsafpranaticibarboxyéic and a

pr oductjison r ag; : hour. The pl.astjcising cylinder was
equi ppeld5 Wi tﬁélgsegéjclogbgﬁ&lgé%ttéﬁt}r}gg)?lg%%\cglzé gl?]a 1 faé%gf,ssovﬁ%?sé?‘fl é?@ff?’gat‘&np‘@k’%f&r and
const ant tenpabanatese control. It was driven by neans of a
thyristor-controlled d.c. unit, which provided a uniformdelivery of
material and a constant torque. The parison die consisted of a fifo

accunul at or j = Jli dn. - first out ith 3.5 25 litre

accumul at i onli}j\?‘?)l S%L%Q%at%{/éécﬁédﬁﬁﬁogﬁﬁ:elély PR %%P?@&%@?bfﬁiﬁoﬁﬁdﬁ?a@s

heart shaped fomovishenslj clarthi ki alerip¥tivied0, opBbAAUE chalh 1tBlShitsls and

exter nﬁl pari son and convey the nelt streaminto the accumul ator chanber.
The mandrel SRiPaile brasching ageris-Haardewioeprofiucs the polyebted embgmatesThpanaiidr el
was noved axipal afl:yes;1.Q f conical die b ans. of, a wal | .t hi ckness
contr ol prog]!rh gmhéﬁi'ﬁllﬁg %dﬁ%ﬁ%ﬁa@ﬂ% 3‘72?8@?“& b§oa¥°ﬁg§ ogﬁa’ébotxéfh‘beac t °hi sed
and the wal | dearhvetikesastali¢asbdgliadiidst "emsﬁ@d@ﬂeeac@@rdﬁ%sﬁotﬂ@icaﬂ)oia% khrfcra@gt 1 ons,
such as e.g. i.n.the base section. WO 03/ 080706 PCT/ EP03/ 02901 -24 The
extruder tenPBPaR HRoRaliePalyerrbenatasibatiase hegplaaetbhatomsén dRaBOxglid 26SC
in the indivj i es. The die head tenperatures were between
245C and 250%9(1;%(?%}%2&3{%“?@@& ature 27SC. The conposition tenperature was
5 detelfn ned as 267C. The average cycle tinme was 25.8 s ~ 0.2 s, with a
parison delivery tinme of 5.3 s, which corresponds to a production rate of
138 to 140 Hottiled heprodueiion of podivadeniionate knewni Beferanat s mhdechynesgopr of i | e
for S-gall Orbxﬁﬁ)lk))éct@r bonate bottles was used to control the wall thickness.
The bottles that were produced had a net weight of 7SO g to 850 g and were
condi ti oned 1. medicahel y"@ehasmards Byyskd snPoBicathohAdiatp BineTREVRULPOse of
the conditioning was to relax the material quickly and to Teduce the

associ at ed procesSPEF & Berspence Rablisheredew Yiorki hbndome §ydisayi W6#pn oven

suppl i ¢ by 5Proc 1.6SwlC A 't,t%ﬁ del n Prot her m 850 3,
serial ho.: KRK %?O%%gg egs gdf‘ I?ﬁ%olﬂg e%dmg Q\eé e@W@&%F”ﬁ% Qen
heating zones t hatllie@ChenfoaV CopdraRheMeati 86k B ANSWIBrsENBY oM. SYIABGS: of
tenperature of the bottles 15 of |130C ~ 2C was ensured. Table 1 Bottle

geonetry and wei ght of the water bottle fromthe exanple / conparative
exanpl e:



20 Exanpl eAverage wal |l thickness [mm) Surface area [cnR] Vol une
[ cnB] Cal cul ated 1 wei ght

g] Neck2. 3S129:cb3AReA¢036. 53Shoul der 2. 01 642. 44129. 130154. 968 3 3147 823
[Sg] 217428. 66Base2. 14547.1 1117.082| 40. 50Total 14066.90 |633. g%%’ﬁ gé WO

03/080706 - 25 PCT/EP03/02901 Conparat i Fq exanpl eAverage wal | thickness
[mmM Surface area [cnR] Vol une [cnB] Cal CL} at ed wei ght

[ g] Neck2. 75129. 5335. 58842. 71 Shoul der

. ~2.30642. 44147. 681177. 22Body1. 352747. 82369. 696443. 64Base2. 23

~547. 11 122. 224146 BAYesat [28OnYOPTEpAIfRLR" 23 JGumDes@dlphe0oscigice! hoywal |

t hi ckness neasure t on e. er bottles: The wall thi cknesses wer e
measur ed usi ng annﬁﬁet’?lé Lﬁggm\%ﬁf"f)ftl?rﬂék%@@g@huge 5 supplied by Krautkramner

Grbi & Co,  Hurth Gor mhgyiag madelc e Ogufl, T aisviee oprakesyan the

pul se-echo principle. The measurenent o e transit t e
through the nat eri'&olywedionstesii irh Hrlogclepddiay of chelyhbalScicpcd @ner BhEdedh na
part of the uItras\grﬁic pu}rse is reflected back fromthe interface be ween

t he del aé/ li ne and’¢HEedurrgeanddiditien 138%.cxeped 64807 1% measured. Depending on

he 10 t hi ckngess af 1 a matical |,y ci des whet her
Eo nmeasur e f??)m tﬁé gﬁl P%?gﬁ%&{e{) a%??%i%&%a?@%ﬁmgéhdndgeclkelsf”launs
(interface-to-firstumode}-Handbeh/BanumE 3pEt PEOEBHEES SIIYR RS e Ndste eChoes
(rmufti-echo node). An ultrasonic delgy line probe for a measuring range
fromo.125 nmto ZBaseesiactal FanyeYegae ¥unoh, Miasni 1992, pimes ALPRRY DFR- P,
was used, with a nomnal frequency of 22 M#z and 15 a coupling area of 6.4
nm The wal |l thickness nmeasurenents were perfornmed at 46 neasuring points

(see Fill 4) Tdier paytyb@nidshichdidg theUpolpest@NcatbbiBEOPtFeraOYPhARL averaghO
03/080706 molecular weights Mw of 12,000 to 120,000 g/mol (obtained by measuring the
relative viscosity at 25°C in methylene chloride at a concentration of 0.5 g
polycarbonate per 100 ml methylene chloride). 15,000 to 80,000 g/mol are preferred,
whereby 15,000 to 60,000 g/mol are particularly preferred.
15
Suitable diphenols for production of the polycarbonates according to the invention
are, for example, hydroquinone, resorcinol, dihydroxydiphenyl, bis(hydroxyphenyl)
alkanes,  bis(hydroxyphenyl) cycloalkanes, bis(thydroxyphenyl)  sulfides,
bis(hydroxyphenyl) ethers, bis(thydroxyphenyl) ketones, bis(hydroxyphenyl)
20 sulfones, bis(hydroxyphenyl) sulfoxides, (o,0-bis(hydroxyphenyl)  diisopropyl

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

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

2-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.



-26 Table 2 Wall thicknesses at the measuring points PCT/EP03/02901
Measuring point~ Measuring zonel Wall thickness (mmi Exanpl eWal |l thickness
[} |° Conp. woaspkeds Neck2.272.572] c 102901
Neck2. 422. 923Shoul der 2. 282. 7g4Shoul der 2. 142. 665Shoul der 1. 882 “366&H % M er 1. 7
21. 927~ Bodyl.531.638Body1.361.36980dy1:§§l.141080dy1.161.4511~

Body1l. 141. 0812Bodyl . 161. 3213Body1. 1 91. | 714Body1. 241, 7g15Body1. 31. 8616Body1.
381. 9617Body1. 451. 7618Bodyl . 571. 8919Basel. 72| . 7820Basel. 942. 2821Base2.162. 5
622Base2. 33 | 2. 7323Base2. 462. 5324Base2. 452. 3925Base
'2.352.4826Bd§§@@4@2{2%®?8w&d2.@ﬂﬂwﬁdﬁBB&&elAMM@EﬁE&QQqunﬁgl.2g4ﬁ“wo
031080706 -27 %CT/E 03/02901 Nb%%grinngpinthhasurinq zoneVal | thickness
[nm] Exanpl e WFFOIRNERME SO nEtheRfp 2.2-bis(4-hydroxyphenyl) propane, 2,2-bis(3,5-

.e>2< g Tpgigg Eggﬁm%g%’ 1‘8%%%@'9’}5&%%’51 pr’bﬁ@é? 0 PX 1b‘1s%2—%yér%§<§age%b cyclohexane, 1,1-

Body1. 161, 1g36&édydroak5Pha6B7ABGMiisoprbby LEA8 B, 22@49?4%2%4y§he%3$;39§§950dy1
.481.13%%Sh0 |.der 1, 681. 3542Shoul der 1. 922. 0943Shoul der ~2. 12 ’

| 2. 51448houl dEPSIYkyslheI®ek2. 452, 8646Neck2. 252. 64 I n some cases the

pol ycarbonates that are unsuitable for the production of water bottles
cannot be deforned at all to high total elongation values (s > 2.5) since

the sanpl es diwst ahdtothadbwitablaidiphebol¥NgdmeRSUPRBRG o @suldis1ds0d HNipgX al
extensi onal viscosity can deéo nd ver%ﬁgr eatly on the correct experinental

e
procedure. | €X¢RRlCeWRet 3RSt 0355 2 P8P1EBE b A48 Adhry 82t RY3, V2T Y36, dvetoan 4

t i I | btd,@Ss: t |1 ist; i
order o obt o822y BT IE AT S8 A ate] O 2 R anae 5t  Bhadnd e per i ment
is 10 pérfor fedAand5&y a18atiedhadg "frefse | ta 39
I(ZOOO) IOl5,r g;%es 231128- 443;18?.1@81@80%%?}& Hglsg%egﬁ%éﬁﬁﬂ%%%i)&;ages

4S7- 466; and P olycebopaips, datsrscipncenPulthishers, Naw Wrk NB4!' Rakol IP-Aci2839/19§2002)

pages 154-16 / ;. 28 Clainms PCT/EP03/02901 1. A
pol ycar bonat gi?élr?/%/\%é?ca%ﬁilﬁg%de}?%grﬁ axi al elongation test perforned at a

tenperature of 200C with rising Hencky strain s the extensional viscosity 5
NE rises nore sharply than the value of the shear viscosity nultiplied by
3, 3rd. 2. THe Borywarhdamopolieabputitergonly cheaidhenolisenedly iattha daeemgr at ur e

of 200Gs wit train s.of 2.0 and strain rate range s of_ between
0.1 angslo ob%"%l%t%ﬁbgblﬁgtae %5744 élpg?‘é‘if & igeh ‘ihefg%ynahwd%nheaolﬂéwwab@r ain E
of 2.5 and aksdwmbibikgHeRolsRNEe af AferRBLMRE i lome 1S
greater than 1.1, V\hlel?ﬂtebgl s% isadefierfed as Iéﬁﬂ%éu&ﬁh%;ﬁg%%@g&%%&ﬁ@%b ﬂfﬁe

pol ycar bonat &8ssy eAmef qogrselbaicontemindied with impudti¢seonnating Pornfthe20OG 15
bet ween 0.1 and

wi th a Henck rai nes of .2 0 an strain rate range s, of _
0.01, the ra%sinzﬁeég i @thé)}l hitds g?sﬁrﬁ 16%9 ¥ Oélﬁaﬁwt?%ﬁﬁarﬁ%tﬁlﬂ??b&rﬁ‘éﬁrﬁatgﬂ%%;- 2.5 and
a

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-nony!l
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 (D



strain rate range s of between 0.1 and 0.0l, the ratio Sis greater than
1.5, whereby S is defined as S= nE divided by 3][d I20 4, 1Atconta| ne_rl_h
containing th | bonate according to one of clains _ e
cont ai nergaccgvr(g?}’%éﬁ?% claim4, whereby the container is a %&%@}P()%F’ﬂe.
A process for producing the cont ai ner according to claim4 or 5 by .
extrusion 25 bl ow noul ding or by injecti “0f "bl ow roul di ng. .A?. A AhL. Ah" . AL2

A VAL ACAA LA ACAA ADALAL? A[L_. AFA{s

.As0. As. As. A" . AS% AAd. A@s. A@ 9@PQ" hwy
&% 8{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calca]cRa]ca]calc
a) ca] ca] ca] ca] c<a] cga]j&r}{c’\a] caljcaUcaljcal "
}xsni d_Z]]ca] ca] ca ca ca] ca] ca] ca] ¢8] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] calcalca]calcalcaljcalcajcal3 ;!!
#HAH# " (c(f(())1*7*GHW*<, 1.//] 007111111}xsn| d_Z]]ca]ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] whde&’eahaalsal 6ad cahaah%ahﬁalaﬁa]ea@ aleahelgal cal cal cal cal ca
11Y22203344D5\ 5_5556 7[ 7788! 8%889G, G,

: U%x<<=>?278?| wr nthc”Y] ] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]c

18 CDNDDDI EEFRFV\Ff FGG7
el kTR sl el B R S O
a] ca] ca] ca] caknalsal 18] Ak aheadls aiah calic Qaﬂ}féac]hﬁ?J %J}Lay%@é]\ﬁ%e Xvzz|
\\\AM K\ p\ }\\\\ z] | DMaa} bbbb:c} xsni d_Z] ]| ca] ca] ca] ca cas] cal calca] ca] ca

] ca] ca] ca] ca]@&(]rea]mm]gca]aﬁar]ldw]sg@f]aual] ca] ca] ca] ca] ca] ca] ca] cal] ca!: cQccef f Ahs

6.

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ww

wx~y 3z} 7P{ { | | Thelpotyoaioie ¥at ¥s Biadlcid] fﬁl b@@]aa]fﬁﬁ% g%n%a h%?]ﬁa]ig gg]gpal caj

ca] cal ca] ca] ca] ca] ca cal] ca] ca] cal ca] caJca] caJca]ca Y%ra
UX6p| wr ngb] X] @I]Cba]gcal]a:’pa]}(cax]bca]tea]ana]tha] teid)ieapad] oalmekc aaalahanher] cal c

A ! g~#+Ud' { vgkf a\ cal] ca]
a1 cal cal ona] CPRUTCHELHIL L] EUpEUDOLY € AReAPea] O] edpa oup draeabesd on] o ¢
a] ca] caj cal mnglgmt{]%g B@I\lo\ﬁ]cg?hgf(]@ a] cal] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] calc a] ca] ca] ca] ca] ca] ca@PQf H* S#10% U&' () - f
@O%U&() , #10% U&' () -' 10% U& ()- &10% U&' ()- f10%tU#U& ()-10%

% 8 ) ggm%&rar? gng(é)gixggég , (C)r ega}xggﬁ)eygm}é%gg{y@u(o},43§-d1methﬁl\-/k@g&11©¢,6
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.



10 U 10 U 10 U3%10% U&' ()-,:t10% U& ()- 0S#10% |
U8 ()-t! 90S#10%UFU&: () -t f+10% U& () - ) :A?VK@#lowom & ()-1&

110%4| 4] & () - WOl s () - &10%4| & () - ! K MLO% | & () - MLO%| & OsctEposiozont
_=VK@#10% 4S&#10%4| 4| & ()-!5#10% | & () - Y#10%4& ()-Y

#109PZP& () - Y910%4| & ()-*10%4| & () -  &zXJ5@#10% 10m nf i | |
10m m ! 95S#10%t| m & ()-! >5S#10% | r| & () -SPZ@0%4| & () -1 >, /- #10%4| 4| & ()-.Os&
#1090 P| & () - 8rS1@ L"10%h& ()-L10% h& () - 10% h& ()-3S#10% h& () -510%
h& ()-!TLL10% ht h& ()- 10n{ n| Ca?1@  L"! fY(-#10%<h<h& ()- % 10% h& ()-! 10%
h& ()- @10% &hg )bwm@ﬂgo%gmméa@) <l D& inp @y {Witloadé! diBhAIIU&ink) chaPFhFh
10FhFh 10FhFh|& ASHL09FNFh& ()-!4 4SH10%ThTh& ()- @ 10% h& ()- y+ 10% .
h& ()-"xa?aS4! [CIENADERABL q'{ﬁouﬁsg@b% plegse yr addedl@%@iﬁhc(sgenanoﬁ/aiusomd S#10%

U () - 10% Ushoh-orOhiSat L, - G#10% U

u& ()-2! 4S#S#10°/<A u& () -! LS#S#lO%(UYU& ()-y!'- 10% U&' ()-G #10%
5 All these measures for producing polycarbonates are familiar to the person skilled in
the art.

Suitable aromatic dicarboxylic acids for production of the polyester carbonates are,
for example, phthalic acid, terephthalic acid, isophthalic acid, tert.-butyl isophthalic
10 acid, 3,3'-diphenyl dicarboxylic acid, 4,4'-diphenyl dicarboxylic acid, 4,4-
benzophenone dicarboxylic acid, 3,4'-benzophenone dicarboxylic acid, 4,4'-diphenyl
ether dicarboxylic acid, 4,4'-diphenyl sulfone dicarboxylic acid, 2,2-bis(4-
carboxyphenyl) propane, trimethyl-3-phenyl indane-4,5'-dicarboxylic acid.

15 Of the aromatic dicarboxylic acids, terephthalic acid and/or 1sophthalic acid are

particularly preferably used.

Derivatives of dicarboxylic acids are for example the dicarboxylic acid dihalides and
the dicarboxylic acid dialkyl esters, particularly the dicarboxylic acid dichlorides
20 and 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 polycarbonates according to the invention can also contain the conventional
additives, for example pigments, UV stabilisers, heat stabilisers, antioxidants and

15 mould release agents in the conventional quantities for polycarbonates.

Where the polycarbonates contain additives or other accessory agents, the
compositions comprising polycarbonate and additives or accessory agents are also
known as polycarbonate moulding compositions.

20
These conventional additives can be added to polycarbonates by known means

together with the components according to the invention or subsequently.

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-carth
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discontinuously for example in stirred-tank reactors, thin-film vaporisers, falling
film vaporisers, series of stirred-tank reactors, extruders, kneaders, simple disc
reactors and high-viscosity disc reactors.

10
Carbonic acid diesters that can be used to produce polycarbonates are for example
diary] 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 of 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.

30
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The alkyl phenols and/or aryl phenols optionally used in the production of the

5 polycarbonate lead to alkyl phenyl terminal groups or to aryl phenyl terminal
groups. In addition, other terminal groups can occur in the polycarbonate that is
formed, such as e.g. phenolic OH terminal groups or chloroformic acid ester

terminal groups, depending on the production process.

10 Exclusively phenol, alkyl phenols and/or aryl phenols, without the addition of
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 unjaxial 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 rtheomaeter.
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& ()-Cuvl me %pe%imen 1s then heated by(rLeans of an oil bath, which at the measurement
temperature of 200°C has approximately the same density as the polycarbonate.
Once temperature constancy is reached (after approximately 10 min), the

5 deformation is set by means of the take-off rod, which is connected to the clamps at

one end of the specimen. A constant Hencky strain rate £ is set. This means that the

take-off rate u increases exponentially over time.

At the other end of the specimen the tensile force is measured as a function of time
10 or total elongation. The uniaxial extensional viscosity can be determined by relating

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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uniaxial extensional viscosities Ng(t, &) for three different strain rates £ of 0.3, 0.1

and 0.01 (unit: 1 divided by seconds) are represented as lines with symbols. It can be
seen that for all strain rates the extensional viscosities rise sharply over time and are

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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(square symbols). The bottle made from the polycarbonate according to the

5 comparative example displays an irregular variation (triangular symbols).
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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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5 Comparative example:

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-

10 hydroxyphenyl)-2-ox0-2,3-dihydroindole.

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

polycarbonate by the extrusion blow moulding process

15 The bottles were produced with a KBS 2-20 extrusion blow moulding machine
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

20 approx. 750 g net and a production rate of 130 to 144 bottles/hour. The plasticising
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

25 litre accumulation volume and overlapping heart-shaped grooves. The double heart-
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

30 the bottle to be optimised and the wall thickness to be adjusted to the corresponding

bottle sections, such as e.g. in the base section.
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The extruder temperatures were 110°C in 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

5 determined as 267°C. The average cycle time was 25.8 s + 0.2 s, with a parison
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

10 infrared radiation. The purpose of the conditioning was to relax the material quickly
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 seleéted such that a surface temperature of the bottles

15 of 130°C + 2°C was ensured.

Table 1
Bottle geometry and weight of the water bottle from the example / comparative
example:
20
Average wall Calculated
Example thickness Surface area Volume weight
[mm] [em2] [em3] ]
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
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t1109% & ()-}-,-05:?2@<vU4 10 SH3 #r! t!110%1 & ()-}- t!1109 & ()-}-
t!1109H & () -} - Average wall Calculated
Comparative thickness Surface area Volume weight
example [mm] [em2] [em3] [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 2.23 547.11 122.224 146.67
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

Measuring | Measuring zone | Wall thickness [mm] | Wall thickness [mm]
point Example Comp. example
1 Neck 2.27 2.57
2 Neck 2.42 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 2.33 2.73
23 Base 2.46 2.53
24 Base 2.45 2.39
25 Base 2.35 2.48
26 Base 2.19 2.29
27 Base 2.02 1.94
28 Base 1.76 1.36
29 Body 1.58 1.21
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34 Body 1.19 0.94

35 Body 1.16 1.18

36 Body 1.15 0.96

37 Body 1.14 1.27

38 Body 1.22 0.94

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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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

10 0.01, the ratio S is greater than 1.1 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 1.1,

‘whereby S is defined as S= 1 divided by 3.

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

15 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 1.3 and with a Hehcky 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 3n.

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

25 blow moulding or by injection blow moulding.



