Modi fi ed hot runner systens for injection blow nolding FIELD OF THE

| NVENTI ON 5The present invention relates in general to new devel opnents of
thernoplastic prefornms in particular of the type used for bl ow nol ding
containers, and nore particularly to preforns having a crystallized neck
for resistance to deformation at elevated tenperatures. It also relates to
a nethod for producing said 10containers and, in particular, to preforns

used for th@ingi d ir Q8. oS | : f r i sai d preforns.
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repl acenent for glass or netal containers in the packagi ng of beverages has

becone i ncr i L ar al types of plastics have been used,
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BACKGROUND OF THEINVENTION

15 The use of plastic containers as a replacement for glass or metal
containers in the packaging of beverages has become increasingly
popular. Several types of plastics have been used, ranging from
aliphatic and aromatic polyolefins (polyethylene, polypropylene,
polystyrene) over halogenated polymers (polyvinyl chloride,

20 polyvinylidene chloride) and aliphatic polyamides (nylons) to
aromatic polyesters. As far as the rigid food packaging sector is
concerned, polyethylene terephthalate (PET), an aromatic polyester,
is by far the most widely used resin. This choice is driven by its
uniqgue material properties, combining amongst others shatter

25 resistance, lightweight, high mechanical strength, transparency,
recyclability,... Beverage applications, both for carbonated and non-
carbonated products, constitute the single largest application area
for PET containers. Most PET containers are made by stretch blow
molding of preforms which have been made by processes including

30 injection molding. In some circumstances, it is preferred that the
preform resin is amorphous or only slightly semi-crystalline in

nature, as this allows for stretch blow molding. Highly crystalline



Wth plastic materials (like PET) being derived fromoil, the ongoing 5
increases in resin, oil and energy pricing has created significant pressure
on package owners to reduce the total cost of ownership of their plastic
packaging m x. This in turn drives fog$s on finding solutions which enable
to further reduce the wall thickness these plastic (like PET) containers
(I'i ght-weighting) whilst maintaining the 10 inherent overall performnce
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material converting I ndustry to i ncrease the output of Its plastic materi al
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containers.

At the same time, in some specific end market applications,
increased performance specifications are requested on parameters
20 including thermal stability, barrier performances and mechanical
rigidity. Such a specific end market application requesting increased
performance specifications for PET containers includes hot-fill
containers, which must withstand filling with hot liquid products
without significant deformation, followed by sealing and a cooling
25 process which creates a vacuum in the container, due to the volume

contraction of the hot filled liquid.

A particular problem associated with these hot-fill containers
concerns the thermal stability of both the body, but especially the
30 neck finish of the container throughout the hot filling process,
because increase in temperature during the process induces

molecular relaxation and shrinkage in the container material. The



5 anount of crystallinity that is induced in the different container parts.
Unl ess special precautions are taken and/or additional process steps are

i ncl uded, the neck finish, being clanped and restricted from stretching,
will receive alnbst no increase in crystallinity. Any increase obtained

wi ||l always be negligible in 10conpari*son to the increase induced in the
stretched nmain body. Any container part nmade entirely of anorphous or only
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i ncreased apmeets stkeper ¥sd ahtiudedPEHhe espp&cifiaidhy beinghelavapkdf andsh, woul d
be preferred, as it would hold its shape during hot-fill processes. Another
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sealing, are’then exposed to an el evate nperature profTle for a defined
ti me peld odcormhasaghdatthelecrefspdstigaed rathest mtobed snainheodyeal ed cont ai ner

nmust have djnmensiqnal stability so as to remain tight and wthin the
speci fi ed \Arp)(m%orﬁglréerralq@ét_ mage entallrely o{ amorphou% or only slilghply
semi-crystalline PET may not have enough dimensional stability

during a standard hot-fill process to resist the relaxation process
and hence meet the specifications required when using standard

15 threaded closures.

Unacceptable volume shrinkage of the container and/or especially of
the neck area may create leaks between the neck and closure, thus
increasing exposure to micro-organisms, whilst increasing gas
20 ingress and/or egress. This can lead to non-specification compliant
quality issues and, in case of food applications, to potentially
consumer hazardous situations when pathological micro-organisms

are able to grow inside the packed food matrix.

25 In these circumstances, a container comprising increased amounts
of crystalline PET, especially in the neck finish, would be preferred,

as it would hold its shape during hot-fill processes.

Another application in which plastic containers are subjected to
30 elevated temperatures, include pasteurisable containers which,
after filling and sealing, are then exposed to an elevated

temperature profile for a defined time period. Throughout the



5Yet anot her high-tenperature application is the use of plastic returnable
and refillable containers for both carbonated and noncar bonated beverages,
wher eby the container nust w thstand wash and reuse cycles. Such containers
are filled wth a carbonated or non-carbonated beverage, sold to the
consuner, returned enpty, 10 and washed in a hot, potentially caustic
solution prior to refilling. These repeated cycles of thernmal exposure nmake
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finish within t tol erances required to ensure adequate functionality
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softening 20 and others are net. One such nethod consists of adding an
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within the tolerances required to ensure adequate functionality

and/or general consumer acceptance.

15

A number of methods have been proposed to address said problems

of elevated temperature impact on plastic containers throughout

their filling or use cycle, thereby ensuring that the required

specifications for volume shrinkage, shape retention, neck softening

20 and others are met.

One such method consists of adding an additional manufacturing
step that exposes the neck finish and/or body part of the preform or
container to a heating element in order to thermally crystallize the
25 neck finish and/or body part of the preform or container . However,
the required capital investments, the increased manufacturing
processing time and costs for specific materials and/or auxiliaries
lead to an increased overall cost of ownership and increased total
product cost. As previously stated, the overall cost of producing a
30 container is very important and needs to be tightly controlled

because of competitive market and business pressures.



Anot her alternative is to use a high glass transition tenperature materi al
in one or nore |layers of the neck finish. Generally, this involves nore
conpl ex preforminjection nolding procedures to achi eve the necessary

| ayered structure in the finish. Another alternative nethod includes
specific container design and design features such as to conpensate for the
devel oped vacuum t hrough the hot-fill process. 15A particul ar performnce
charact eri sji&rRIARCT Rleflo@ddof sfr'eﬁakhérqngarthgna%&@_ beighagky 698t ai ners,

i nclude barrier performance i.e. the control of gas iIngress and/or egress.
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container walls, including passive nmethods (co-extrusion multilayer

appr oaches, coating applications, nanotechnol ogy) and active nethods
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pol yesters and nore s ecificallérout of PET 30depend prinarigééon sone
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the mechani £ajcp& ?ﬁ@rn]tce'ctgﬁséarIyGIaWF‘ecﬂgﬂh%ﬁjr‘éfin”meeﬁh'i'sﬁf orientation and the

physi cal properties o esulting oriented article are governed o.a. by
the strHin rate applied during processing, by the stretch ratio, by the

nol ecul ar ight of the resin and by the tenperature.at ich th
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i nduced crystallization. This in turn inproves nechani cal strength and
barrier propéprgbdheTd-tipueeesst crystallinity reached and the crystal
shape depend on the strain rate and the stretching 10 tenperature. State
of the art production nmethods are optim zed to enhance the nmechani cal

st rengt Is byA spamtouhamg et foe nearoep lvbasa gtieeistic ma s so o@admainds terigiegt howi t hi n t he
limts of the material characteristics. Typical averaeggqrgggl ied stretch
i

ratios anoutiPPBaLRS tREVATBOP nCRHEING Be URFIdEnLRATICWiR N&hd-Up to 3.2

in the axiahe control of gas ingress and/or egress. To conserve the taste of
the beverage and hence increase the shelf life of the product, it is

essential that the gas mixture in the container remains unchanged

20 for as long as possible after the filling process. Different methods

are being used nowadays to enhance the barrier properties of the

container walls, including passive methods (co-extrusion multilayer

approaches, coating applications, nanotechnology) and active

methods (oxygen scavenger incorporation) and combinations

25 thereof. All these methods significantly increase the cost of

ownership.

With respect to mechanical properties, commercial articles in
general made out of polyesters and more specifically out of PET
30 depend primarily on some degree of orientation induced during the

manufacturing processes to enhance the mechanical properties.



15 direction. Exceeding these limts and entering ranges of too high
stretch ratios lead to the creation of mcro voids and premature contai ner
failure. A particular problemwhen bl ow nol ding renains generating 20
enhanced nmechani cal strength in the neck finish and in the bottom portion
of the container in light of the negligible respectively |low stretch ratios
in these specific areas. Especially in the case of containers intended for

filling witthe 2Rgrae RANRREASS ?er%rﬂtghéntéfﬂcf t!&@cahygi&.qugﬁqp%mnb@ gttrength

| eads to npbre severe contal ner formati on and consequently to a reduction
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the induced crystallinity and to extend it into |l ess oriented areas is the
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stretch bl ow nplding the container and nore specifically to the heat
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preform to maximal strength within the limits of the material

characteristics. Typical average applied stretch ratios amount to up

to 4.5 in the circumferential direction and up to 3.2 in the axial

15 direction. Exceeding these limits and entering ranges of too high
stretch ratios lead to the creation of micro voids and premature

container failure.

A particular problem when blow molding remains generating
20 enhanced mechanical strength in the neck finish and in the bottom
portion of the container in light of the negligible respectively low

stretch ratios in these specific areas.

Especially in the case of containers intended for filling with
25 carbonated soft drinks this local reduction in strength leads to more
severe container deformation and consequently to a reduction of
dissolved carbon dioxide in the soft drink and to a decreased shelf
life. To alleviate the inherent weakness of these particular areas
recourse is taken to preforms exhibiting significant higher wall

30 thicknesses in neck finish and bottom area.



15 contai ner anounts to 130C versus 90-100C for col d-drawn contai ners.
Foll ow ng the preformis stretch blown in a heated container blow nold
where only the inner container wall is air cool ed. Typi cal heat - set
contai ner nold tenperatures are in th% range of 20160C. In contrast a
col d-drawn container is blown in a nol'd kept at around 200 . This thernmal
treatnment destroys nost of the stretch induced orientation as relaxation

processes hgye Pl Giddiy™® UseddenRhRBd A acsanapeuense thie gkl ng
heat - set contail ner | ooses a substantial 25anmount of nechanical strength.

The ul ti mat@ystdhiainy cadd s¢ reehgndh it driohedsiarieriedhasassist thsoptdeesiss achi eved
predom nately, by, additional .crystalljzation thrqugh the prolonged thernal
treatment. Qsoangaisgtfadyifi §hidheabé angniatiat’ Lo R PNS Eover t han

that of a typitedh @Ok slarinve sortamdieris SQFbeH el osEhRFRtem@lergQitbai ners
necessi tate higher material demand, |onger process cycle tinmes and the

appl i catd onfosfrapiRrePeiengsd esprpaviedcy@dedsn@sdrawn containers. 8 Fromthe
above it is clear that it would be desirable to provide a

A particular limitation, state of the art production methods suffer
from, stems from the preheating prior to stretch blow molding the
container and more specifically to the heat history heat-set
10  containers are subjected to.
In the heat-set process the preform and resulting container are
exposed to significantly higher temperatures then is the case for so-
called cold-drawn bottles, as e.g. used for water and carbonated
soft drinks. A typical preform reheat temperature for a heat-set
15 container amounts to 130°C versus 90-100°C for cold-drawn
containers.
Following the preform is stretch blown in a heated container blow
mold where only the inner container wall is air cooled.
Typical heat-set container mold temperatures are in the range of
20 160°C. In contrast a cold-drawn container is blown in a mold kept
at around 20°.
This thermal treatment destroys most of the stretch induced
orientation as relaxation processes have ample time to develop. As
a consequence the resulting heat-set container looses a substantial
25 amount of mechanical strength. The ultimate mechanical strength
reached in the heat-set bottle is achieved predominately by
additional crystallization through the prolonged thermal treatment.
Overall the resulting heat-set container strength is lower than that
of a typical cold-drawn container.
30 Therefore heat-set containers necessitate higher material demand,
longer process cycle times and the application of more energy

compared to cold-drawn containers.



met hod of manufacturing a preform nmade out of crystallizable polynmers for a
contai ner having a neck finish which resists 5 deformation, particularly
at elevated tenperatures, characterized in that it is produced within the
standard processing tinme frame and/or Jimted extensions thereof. It is
equally clear that it would be desi rafl e to provi de a nethod of 10

manuf acturing a preform nade out of crystallizable polyners for a container
having, at optim zed wall thicknesses, equal or superior end performance
properties including, anpngst others, gas perneation resistance and

mechani cal BtonerdgehabdBAdtos diery thataitf wostd debddsinelpte td prheidsr asent

i nvention, th resent inventi.on i s diyected to a nethod for,. ing out of
crystal |1 zdBeinBb GharanIERbiRG) & relhbr B pulopl "SyeliiFRar ) o

pref orm andygi@Eilrki N8r ShI @bfbaiRkPWhED|eda CERERI Miglish PivdYdHi nesigigual or
superior_ end performance characteristics. Said nethod 20i ncl udes hot runner
syst em rfodi 4¢feamiadies, RATHEBIR!Y AL @aYRjeAdRMReraty iaseshasaciesizedHB | evel of

preform an L | j %Q : i tion
provi des ad{#r%ttﬁf)%’n%ﬁd aﬁgaﬁgﬁ@ﬁi%g Al S:o_cg ?'h ﬁfr\aéef?r%ﬁtﬁf%@cgﬁo?e of such
articles inidbgdrneneahsiospatietéefal |y injection nolded preforns and stretch
bl ow nol ded containers. 9

It is equally clear that it would be desirable to provide a method of

10 manufacturing a preform made out of crystallizable polymers for a
container having, at optimized wall thicknesses, equal or superior
end performance properties including, amongst others, gas

permeation resistance and mechanical strength.

15 According to a first embodiment of the present invention, the
present invention is directed to a method for making out of
crystallizable polymers an article in general, or more specifically a
preform and resulting stretch blow molded container, providing
equal or superior end performance characteristics. Said method

20 includes hot runner system modifications, thereby inducing new

structures both at the level of preform and/or container.

Another embodiment of the present invention provides a method
and apparatus for the cost-effective manufacture of such articles in
25 general, specifically injection molded preforms and stretch blow

molded containers.



SUMMARY CF THE | NVENTI ON The present invention describes a nmethod for
produci ng preforns and contai ners nade out of crystallizable polyners, in
particular of 5 the type used for stretch bl ow nol ded containers, and nore
particularly prefornms and contai ners ﬁﬂth optim zed wall thickness, yet
superior overall performance characteristics, including enhanced resistance
to thermal deformation both in the body and especially the neck finish, gas

per neabi | i tgyhaRiaH ROE TR N8ENR| 6f 10strength. DETAI LED DESCRI PTI ON
In the descr| ption, the follow ng defl nitions have been applied for: 15 -

"Crystallizable poI ymer" rreans a polynmer exhibiting both anorphous and
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pol ymer thagnd %oﬁ?&h@ds imMad 1@ uerofsérglstdingasie ad @ymidrss iv PJavireulak agt i on 20
is calculated as P-Pa/P,P, where Pis the density of the tested materi al;

Pa is the d@@sﬂb’?eoﬂlssdréohn‘éirfﬁmsblﬁm empl-ﬂed( eCC@taPETS 12 3MPrg/ cnB) ; and
Pc is the a t a g/cnB). -
Toresst ot T distarfy Pty Siboton @ dr Flth¥pfifiifa Wali thickngge 9/ T
vari ations yet$apamnﬂewemmmpaﬁognannékmar@mbasnoa|andkﬂngany&MmbH|n|ty
between different | ocations of the cross-section of the preform
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different |ocations of the cross-section of e 30cont ai ner
10  strength.

DETAILED DESCRIPTION

In the description, the following definitions have been applied for:

15 - "Crystallizable polymer" means a polymer exhibiting both
amorphous and crystalline regions when cooled to an equilibrium
state below the melting point.

"Crystallinity" means the volume fraction of the crystallizable
polymer that is packed in the crystalline state. This volume fraction

20 is calculated as P-P./P.P, where P is the density of the tested
material; P, is the density of pure amorphous material (e.g. PET:
1.333 g/cm?®); and P, is the density of pure crystalline material (e.g.
PET: 1.455 g/cm?).

- "Pre-stratified structure” means the regular or irregular sequence

25 of wvariations in molecular pre-alignment/orientation and/or
crystallinity between different locations of the cross-section of the
preform. "Stratified structure" means the regular or irregular
sequence of variations in molecular pre-alignment/orientation and
crystallinity between different locations of the cross-section of the

30 container.



10 As stated hereinabove , while a preformw th reduced crystallinity |evel
is preferred for stretch blow nol ding, a contai ner having a higher degree
of crystallinity is preferred for its overall enhanced end perfornance
characteristics, including better thei | stability in 5 case of exposure
to elevated tenperatures during its fitling or usage cycle, increased gas
perneation resistance and hi gher nmechanical strength. Unl ess speci al

precaut i Onsp@Iea {3k ABr SiHBbBYe NG iRl gg%ﬂe@&ﬁ%ﬁhngedLﬂe‘édpm{s@&mnﬁ?: 9.

guenchi ng techni ques), 1njection nol articles in general, speCifically

pref orns ndeuvehds preteroed fof sirgishablovz abdldinpml gneerstaingynshayingf a
crystalline_reqions, where | ecul es are, packed r.egul arly and densely with
strong shorBOPahgEITRECPT ErartaNivern Bt FISHEeddPti g R cbBrRsr. ana

non- cryst al énd@ebformkn cengdraettidtRGl MSudindersttePkesuth ar saakiyng i s either
irregular and [ ess dense and/or to sonme degree regul ar but even | ess dense

t han thé i r¢&§@u¢faexwrsﬁg§>u%|ef/ﬁh€tﬁ fRPeraiurpe d@rf'gﬁ_sgt e If'i_”liﬂg Pedisans,
def or Mt | OMty(o Jin b ELE BT B ShIEhCPPUANCITH BN dsS TG fRod e
ue 1o e s shor e nol

difficult td achieve rong -Tan ecul ar
i nt er - chai nstreegihng mechani sm nenti oned. Consequently, increasing the
proportion of crystalline regions, that is, the increase in crystallinity,

results in reduced stretch blowi ng capabilities. 25In order to facilitate
the stret chyhlow gl dhing RERERHS: atdabibh aMsiRg et 116 cBfiSHORIARG! ¥

anor phous pr efeor méBtjahr oug% taﬁg i nt gr rregi ate stle% ofe gﬁgr ;ﬁous Ocr@albns

or i ent at( onpriocees al & Hr epradicibrgitenhhiquegst ahjechent mddsdr ariicledrinai ner, it
is therefore state of the art practice to ench t he pol r,.nelt in the

i nj ecti on TR s8esleau brdolhend end et s ol T b or of or m

As al so thepdighterki Bbasisi 8f aHeNahiad, regions BerOhtblotules wsbaldckauty as the
body part. Contrary to the body part however, the neck finish, being

cl anped 11 ®odiardst rand eddensehy hedithupsHRagdst sBEEhIae cdRiRstChaigst al |i ze
g?{i B?oéggsiﬁ?és'%[tcﬁgpg:‘ gPrﬁV%ﬁgAé“ ntgle?‘r]i eH‘og-gpﬁere,ndaﬁgsu%én-%frygt%‘ﬁir?é ato? of the
15 amorphous regions, where molecular packing is either irregular and
less dense and/or to some degree regular but even less dense than
the irregular amorphous fraction.
In the crystalline regions, deformation (e.g. stretching by stretch
blow molding) is much more difficult to achieve due to the strong
20 short-range molecular inter-chain locking mechanism mentioned.
Consequently, increasing the proportion of crystalline regions, that
is, the increase in crystallinity, results in reduced stretch blowing

capabilities.

25 In order to facilitate the stretch blow molding process, that
transforms the predominantly amorphous preform through the
intermediate step of amorphous chains orientation into a three-
dimensional crystalline thus strong container, it is therefore state of
the art practice to quench the polymer melt in the injection cavity

30 so as to prevent the crystallization in the preform. As also the neck
finish is quenched, it is as void of crystallinity as the body part.

Contrary to the body part however, the neck finish, being clamped



container with oriented crystalline body and | ess or non-oriented

5anor phous neck finish, which | eads to the neck softening problens and the
currently used workarounds, as described herei nabove. The underlying
governi ng physical principles are as gflloms: 10 When a polyner nelt of a
crystallizable polyner is cooled down rapidly, i.e. quenched, the materi al
vitrifies before the onset of crystallization can take place. The

vitrificatigy PEQsRISy Fth!Hentl b %ner§t$é§$w9e,8<§a{drr&ti@ps@ﬁniéﬁeugng

At
macr onol ecul ar segnental nobility, in other words the vitrifie
macr onol eculhessticatrchnblomonyedingr st&pge 15 t hensel ves efficiently so as to

start buil dj né; cr%stal IIi tqs. hThet i tr&)f' cati on process Ihso # ocks in any

pre-alignne oFTentE4 orPTof"e hi cf eecE_HI eB"4Fz0 hsh _ ﬁ_é?/é)rﬁegn present
in the pol yg@itamrt wath tohrnitedredty sedllinelehedy nohd Toss ort Aohictbriraberial is
t herefore anorphous in nature. 20 Wen the vitrified anorphous material is

heated up i#MprRpRYaNEsk Hrisht Waidt IRadht bty NAskdseitepnecRDIeme | ocked
in preali gnﬁdﬂ%@chﬁ’?&éﬁw Q8d %({ggh Ay POy ﬁgleeileét%&}g.' cation

i
tenperature i s reéached. ’Srnce eat1ng cycle 1s very sTowon a 25
nol ecul ar tinme scale, relaxation processes can becone active and the

ani sotropy that m ght have been | ocked in during the prior vitrification of
the pol ymer 'MerdREY MY SAKREHPO RyWiSital PEFRIES Bhe aPaiCdPWsF to a greater
extent isotropic in nature. 30Next, the heated material is biaxially
stretched in the stretch bl ow nol di ng process. Dependent on the tenperature
at whi cl t h&henr at phlyth @wnelt ddihng ceaksdsllighliee podrset iancbalad edowni nduced

12 crystallj zaéli on na

L2, SRl o SR The AR AP LA R SR BRaBL O e
scal e | evelcriygtamardtadi cahysdi@ biael i e v%if&&ﬂioheﬁmsgcﬂe%bﬂ@ Py at hose
skilled in the art. In addition, it is known to those skilled in
drastic restriction of the macromolecular segmental mobility, in
other words the vitrified macromolecules can no longer arrange
15 themselves efficiently so as to start building crystallites. The
vitrification process also locks in any pre-alignment/orientation of
the macromolecules that may have been present in the polymer
melt at the moment of quenching. The vitrified material is therefore
amorphous in nature.
20
When the vitrified amorphous material is heated up in preparation
for the stretch blow molding process, the Ilocked in pre-
alignment/orientation is released as soon as the vitrification
temperature is reached. Since the heating cycle is very slow on a
25 molecular time scale, relaxation processes can become active and
the anisotropy that might have been locked in during the prior
vitrification of the polymer melt may disappear again, leaving the

material to a greater extent isotropic in nature.

30 Next, the heated material is biaxially stretched in the stretch blow
molding process. Dependent on the temperature at which the

stretch blow molding takes place, onset and rate of induced



5 the art that the rate of crystallization induced by the stretching
process is nmuch higher than any crystallization rate reached using the
tenperature paranmeter only. Translating the above to the state of the art
practice of 10 manufacturing containmés by the injection and stretch bl ow
nmol di ng process, it has becone clear y the neck finish exhibits |ess
thermal stability than the body part of the container at the end of the

stretching T 0 n hQus state
dur i ng e G, e Lo B T e A B o ol dec

her eby becostren@hedytsot alddmieinen hewevey Bssudidéiciardty. 10THe onex kn blieail ki was
quenched to.an anor F? OuS, state duri nﬂ‘?h & injection noldi n(ﬁ p%chﬁess

| eft cold attluraerﬁ%at FileYed'd Mot eoe 6”)%? of e CPESPR PP 9 |yng the
stretch bl Ot\Nol§@|§k|l1|éld 2R teogassin aaditidreriefiona sveimabnerbsanekipb@ua i n nature
and void of any increase in crystalllnlty In order to increase the thernal

stabi ity ofhet laét iBak thienfate thCrdééﬁibzatdprbéﬁéhﬁe@rk%ttélel sHeteMngat ure.
Mbdi fi cati ogs,aed 'gqﬁbear héptﬁgﬁﬁrﬁﬁ C‘PP{IE [iBatidh ﬂﬂeplre%%ﬂﬁgehéﬁﬁ been

proposed as” descri er on. ese suffer frombeing“sl ow and
hence add vihleuigvh peandrepatameteémentyo t he manufacturing process. The reason
for this is to be found in the second physical phenonenon nentioned: the
difference in crystallization rate between heat-induced 30crystallization

and nmechani gallsyaimfueed %,'blf)%balto' Z@ld OthatBe drhiebYaghe@actibh ot
stretching strain or the |1k
10  manufacturing contalners by the injection and stretch blow molding
process, it has become clear why the neck finish exhibits less
thermal stability than the body part of the container at the end of
the stretching operation:
The body part was quenched to an amorphous state during the
15 injection molding process, was heated and stretch blow molded
hereby becoming crystalline in nature as desired.
The neck finish was quenched to an amorphous state during the
injection molding process, was left cold and restricted from
stretching before respectively during the stretch blow molding
20 process, and therefore remained amorphous in nature and void of

any increase in crystallinity.

In order to increase the thermal stability of the neck finish, it needs
to become crystalline in nature. Modifications and additions to the
25 ~manufacturing process have been proposed as described earlier on.
All of these suffer from being slow and hence add valuable and
costly time to the manufacturing process. The reason for this is to
be found in the second physical phenomenon mentioned: the
difference in crystallization rate between heat-induced
30 crystallization and mechanically induced crystallization, be this by

shear, flow, stretching strain or the like.



13 In accordance with the present invention, it has now been surprisingly
found that the effect of induced prealignnent/orientation of macronol ecul es
in the polymer nmelt nay be synergistic with the effect of crystallinity, in
an accelerated way. 5 By use of the ﬁgth effects, articles in general, or
nore specifically preforns and stretch”bl ow nolded articles, specifically
contai ners, thereof can now be obtained, having superior properties that

have never feenodrighBedwhih QT eprQRA! IFPSNRGR. dPSHEDYbY NkRR P i or

art. 10 According to the present invention, both the crystallinity and the
pr e- al i gnnesurpoisiragly at ifoundf tHetnactreol efigices iatf t himdpokgnerpreel t govern

Stretcn bl oo el SZeft il 8 S s FediyeS B e 8P b il Wy “or

crystalli zabd eypetyisee witd hee Wifsshtdinargetdipmepny aasidteasrbesd afdy.e-
alignment/orientation of the macronol ecules in the polyner nelt with the

wel | - known BY yuseapf ithetgoter edeetsi mroei@srint geaerilewe MeEe BpogHEaysti c
per f or mance e to:l i i r : i rly the
preform anﬁ%&g@ﬁ%tﬁggfﬁgﬁ/h&n@%iﬁg ggo%rttg%%egﬁ?%ﬂg%& ??@H'g#sghear
t hrough t hethientofodacstnonm wf obwainkdc atavomsg superide gropehidés thaneéaveystem the
synergi stic 25 conbi nati on under I%{{n%he Present i nvention al| ows
i ntroduci ng"¥f§ eRee POIRIBPARYeR Y HHP N ABBINAGSEP$G AT BhiRS & X he wal |
section of fhe articles nmade out of crystallizable polyners, including the
preformand the resulting stretch bl own contai ner

10

According to the present invention, both the crystallinity and the
pre-alignment/orientation of the macromolecules in the polymer
melt govern the properties of the articles in general, specifically
preforms and stretch blow molded articles, specifically containers,

15 made out of crystallizable polymers.

The current invention combines the effect of pre-
alignment/orientation of the macromolecules in the polymer melt
with the well-known crystallinity effect in order to achieve the
20 synergistic performance enhancement in the article in general, more

particularly the preform and/or container.

By means of controlled local friction/shear through the introduction
of modifications inside the hot runner system, the synergistic
25 combination underlying the present invention allows introducing
orientation gradients and hence stratification over the wall section
of the articles made out of crystallizable polymers, including the

preform and the resulting stretch blown container .

30 The mechanism of  controlled local friction/shear and
synergistic/cumulative combination of pre-alignment/orientation

and crystallization of the crystallizable polymer in turn allows



30Thenechani snof control | edl ocal friction/shearand synergistic/cunul ative
conbi nation of pre-alignnent/orientation and crystallization of the
crystallizable polynmer in turn allows 14 creating a pre- and stratified
structure across the manufactured end, products, |ike prefornms and
containers, leading to end articles héving hi gh thermal resistance, gas
permneation resistance and nechanical strength. 5 By creating said

or i ent at i onerghaflyefbpe AR Patiff shbEAlld h68s8hEGhURERactardd ehes | i ke

preforns can be that w resu I'n equal or superior end performance
char act eri spriossicis) fike eoeftasimeerathetuftaimteusedeatingedd @ndoptrtiniezed wal |
t hi ckness and/.or retain the 10 necessaré di mensions in tkh% neck finish

J : 3

and/ or bod Eb\ﬁpg W‘%rh ttq?é"]falln FSIRGNYCR n Si%er%??utéogu[ﬁsé B4t 8”8| evat ed

t enper at ur e e@HBhRAl sirengtthl i ng or usage cycle.
Bycontrol | i ngt hel ocal friction/shearandresultingpre- 15

al i gnment/orientation of the macronol ecul es of the crystallizable polyner
wi thin the gnj j p ess, i , sitLon n ag of
moverent o h F R Of 88  Ehisrk BfoT BPAERE e bl e T Ene BB ERL et ¢
mat ri x and stauttinees,i aadiclenl likergireforme dame bar i adesheanufilacésuledn |i ke in

the preformand the stretch bl ow nol ded 20article thereof. Mre

practical | yeay 3 qrhgy%rti@.ro_gngceg,fgqrn@np% NREAGLEISHAE iPrixb‘@n?‘PfHﬁ,i”%fﬁe_ anount
of pre-aligRERRtAQUFENLREI & ot)nﬁliﬁr@&rv@ﬁpltﬁi%%%s ahdl be r&farstipk! | zabl e
polymer in the polynmer nelt and e resultant
10 necessary dimensions in the neck finish and/or body part when the
final container is being subjected to elevated temperatures during

its filling or usage cycle.

By controlling the local friction/shear and resulting pre-
15 alignment/orientation of the macromolecules of the crystallizable
polymer within the injection process, the mechanisms, positions and
rates of movement of the molecules thereof are regulated both in
the polymer melt matrix and in the final wall matrix in the articles
manufactured, like in the preform and the stretch blow molded

20 article thereof.

More practically, in the method according to the present invention,
the amount of pre-alignment/orientation of the macromolecules of
the crystallizable polymer in the polymer melt and the resultant
25 molecular orientation and orientation gradients obtained in the
article in general are regulated primarily within the hot runner
system. The nature - semi-crystalline or amorphous — and the
distribution of this nature across selected regions of the article in
general, specifically the preform after the injection molding process,
30 is regulated primarily within the preform cavity of the injection

process.



25 nol ecul ar orientation and orientation gradients obtained in the article
in general are regulated primarily within the hot runner system The nature
- sem -crystalline or anorphous - and the distribution of this nature
across selected regions of the articlg in general, specifically the preform
after the injection nolding process, i s regul ated primarily within the
preformcavity of the injection process. 15 As stated above and in

accor dance 4 iobaidBeaB s Mg i 4RBYidce! RANPIR BrbGEHTERIERTiANtRRI On of the

macronol ecul es 1s 1 nduced by contro ng the friction/shear within
the injectipre- ph@nm@@t/cﬁmtgelner afl yhal rrgsmrnmlacmeecw eéedubed bgcilitate
creation of t Iﬂem b or| at i 0% ﬂb ﬁ and and stratified
structures ?9{1 {Heng e 'C&)'&%? & 4 %énJF§ Pﬂ p[rﬁge?)sf eform the

pol ymer nelt macronol ecul es are ori ent ed in the hot runner of the injection
system by controlling the locally applied friction/shear. This can, 10
anmongst ot hE? sgert%aa&&hawédmwr@a@ée%@ea H&akplacsiaiolajaationhebufR speci al | y

desi gned | &G Rk AHBAE ARG Sk N2 SHENsFRuRES" Lliog. ot phe bus

and/ or nee e "ot pl aci ng erts w runner sys needed,
this can betfmoattnﬂednvgér’rerlai gbpéafiedityil om tipe gaetoren Othd gp@mer veeltonpr essi on
and deconpressi on c%‘#l es. 15 In contrast with hot runners for state of the

art injecti®RHINAl ?ﬁ&f@sé’é‘@”\y\ﬁ%r'@bﬁh?ha% rmne,ruﬁhetpg MIECHPPi cal |y
desi gned t ogayeind gy k6hirN{RPGRE. W&%ﬂytﬁﬁpl%ﬂ WT@fl éﬂ’&rt hl"rﬂé'g@aﬁ he hot

runner, the ‘present invention utilizes t contro l"'ocal |'y applied
frictioH shaalonget nothegssalbel holtievedndy gsassvnsthe nnmﬂtre@dlmdymreasf erred

pre- align nt/orientation of t s. Additional friction/shear
o al so ba T hUgRep oxr i e d T ol PRL P afo Al ead € sudhathuer ¢
principl e behtindgt & shé @alsuaRdisr hBedlkeast plddhgtiRgeftkomitRat Ph@mdtl ow
channel , through V\/m ch the selected materials will flow, is being nodified

froma crosUdEEtsysham . gbinaedse. ihiswcamds aomeinad with §igh énjlestighh. The hot
runner consirck | o | 500l S cBfhBsBoTRANE bebBniAESoh g Rl yer el L i nto

pre- allgn orlen

In contrast with hot runners for state of the art injection molding
processes whereby these hot runners are typically designed to avoid
friction/shear when the polymer flows through the hot runner, the
present invention utilizes the control of locally applied friction/shear
20 in the said hot runner as means to introduce preferred pre-
alignment/orientation of the macromolecules. Additional
friction/shear can also be induced at the entrance to the preform

cavity.

25 The basic principle behind this feature is the fact that the flow path
or flow channel, through which the selected materials will flow, is
being modified from a cross-sectional point-of-view and in relation
to its length. The hot runner construction is modified in a manner to
force the polymer melt into pre-alignment/orientation.

30
The variations of said modifications of hot runner construction

include configurations of the hot runner which can be obtained by



30 The variations of said nodifications of hot runner construction 16
appl yi ng sone of the follow ng, non-exhaustive or non-limtative
adj ustments, either used alone or in conbination: i) changing the dianeter

of the flow channel, ii) introducing Venturi restrictions for the nelt
flow, followed 5by channels of defi nell | engt h produci ng subsequent
expansion of the flow, iii) appropriate sloping of said restrictions or

expansi ons, o f¥iafd Gy cifV“tﬁé‘%‘iloW@gnén'nmeiI"?‘éué‘[ﬁ/é)roreﬁeﬁul%h‘éﬁvet hi's can

be 10 reallzed by profiling of the heedl e and/or the outer housing of the
hot runner djusimentl,arithertusatleiong omecombiratipn:geonet ri cal
configuration f concentric tubes, star wheels,

d f
or zones havi ﬁgsel G egépg\r}ﬁré}cﬁne&gé Wéﬁeg@l 8'?%’3!”?)'09“ ons in the hot

runner. 15 Addj ti oindloducird l\l@?{taheﬁéstﬁbtlbﬁ@ fentthanaelit owheopswkar m cavity
can be achieved by reducing the orifice hole inside the hot runner. The

final fl®w channelly o@baﬂﬁ@@ iof tehefinRA  faneriér W@ﬁub‘@g/eﬁlyb%ﬂltﬁr\}erse in
desi gn and can be %@ n-synmetrical as required to achieve the
desired final stratified ftlgur ion of the container.

iii) approprlate sloping of said restrictions or expansions,

Practically, without being limitative or exhaustive, this can be
10 realized by profiling of the needle and/or the outer housing of the
hot runner (bus) and/or introducing inserts (e.g. geometrical
configurations selected from one or more of concentric tubes, star
wheels, or zones having diameter variations), at selected positions
in the hot runner.
15
Additional friction/shear at the entrance to the preform cavity can

be achieved by reducing the orifice hole inside the hot runner.

The final flow channels obtained in the hot runner can be very
20 diverse in design and can be symmetrical or non-symmetrical as
required to achieve the desired final stratified configuration of the

container.

Without wishing to be bound by any theory, the physical and
25 chemical phenomena that form the basis for the invention will now

be described:

It is common knowledge that quenching of isotropic polymer melts
leads to vitrification of the macromolecules at a temperature,
30 characteristic for that particular polymer, the so-called glass
transition temperature. Below the glass transition temperature, the

macromolecular segmental mobility is drastically restricted, as the



W thout wishing to be bound by any theory, the physical and 25chem cal
phenonena that formthe basis for the invention wll now be described: It
i s conmon know edge t hat quenching of isotropic polynmer nelts |eads to
vitrification of the macronol ecul es ail a tenperature, 30 characteristic
for that particular polyner, the so-c 1 ed gl ass transition tenperature.
Bel ow the glass transition tenperature, the macronol ecul ar segnent al

mobi 1ty | smdtAshbflds r8p4T i loedn a8 L NAnole MG oglisecul #asiaibh " frozen
in". Above the glass transition tenperature the macronol ecul ar segnent al

mobi | i ty i ntcerrreaermuea eum | ynagrom olawleaseegm etréaberrmhulnte iAsredsesanount of
macr onol ecul.ar nobi | i t crease random zati,on, known

as rel axatlﬁﬁa @ r’ﬂﬂ%eaatcﬁd eB}peedéﬁqrﬁant éa& nﬂnﬁf"p maotfel y to an

i sotropic nmlahromwec%léqmv\nséymeh@@e skhbbg#yi n t.ﬁ@re@@bsthatnmruaotrom c,
i.e. pre- aligned/oriented, polymer nelts behave quite di fferently upon 10

quenchi ny/ CGHoNyZabePenR@W NoESt tielaxadiose BECHMES! iMyArRenANGr MEMEat i on, t he
vitrificati C'%?ﬁ%ﬁ? Ite% Bhﬁﬁgté}ﬁ%era f‘sro?f; Ig%g%ceem ng the

characteris ass transitiron ure o he pol yner and the
vitrification Ieads to a rmre dense anor phous structure. 15 Therefore, when
a polyner nelt featuring different deqrees of preali gnme_nt/_ori entation,

such as a shiri$t fPPWE p¥I iRse seiled i TGeALHERR! R "HUFt & Cexi®i ting the
hi ghest degyiem &y oPbRBdd IR/ LT 8B 8t beRavt! Iunl!et rdlfflérér‘ltrl?t upbn€. at the

hi ghest 20 tenperature, ‘whereas those parts exhibiting
preali gl‘ﬁTermueJTQl‘elrng/aIQOdjngw | IDagendeiny atort he tiyé assdegraaa tafon preaper at ur e.

Parts featurlin erma(ill at e degree riﬂf re-alrl nen /orlentatlo wil |
vitrrry ar i BlRLER A r G B ReaBoF  FupferR e iR En ot 1 opi c
anor phous pelnyp&iatGtess, exXc@@biiig NotHeegidhizgaicrf3tic  glass  transition
temperature of the polymer and the vitrification leads to a more
dense amorphous structure.
15
Therefore, when a polymer melt featuring different degrees of pre-
alignment/orientation, such as a stratified polymer melt, is
quenched, those parts exhibiting the highest degree of pre-
alignment/orientation will vitrify first, i.e. at the highest
20 temperature, whereas those parts exhibiting no pre-
alignment/orientation will vitrify at the glass transition temperature.
Parts featuring intermediate degrees of pre-alignment/orientation
will vitrify at intermediate temperatures. The result is a highly
anisotropic amorphous polymer glass, featuring regions with
25 molecular packing ranging from fully random, i.e. irregular, to
structured, i.e. pre-aligned/oriented. These orientation gradients
translate into density gradients, with the structured regions

featuring a higher density.

30 Upon reheating the cooled vitrified polymer matrix, onset of
macromolecular segmental mobility will occur in the reversed order,

i.e. the lower the degree of pre-alignment/orientation in the glassy



25 nol ecul ar packing ranging fromfully random i.e. irregular, to
structured, i.e. pre-aligned/oriented. These orientation gradients
translate into density gradients, with the structured regions featuring a
hi gher density. 30Upon reheating the mgoled vitrified polynmer matrix, onset
of macronol ecul ar segnental nobility occur in the reversed order, i.e.
the | ower the degree of pre- alignnent/orlentation in the glassy 18 state,

the earliergigiee. MRF L@RPerat Uik t REMPRRGrR) TREN AdgCcWrar
segnent al rrsi)bi?’it vﬁ?chras st at ed gef (r)re | eads Ltosran%om zation into an
i sotropic smraummlotgcuﬂaresegreleak@ltmob)lltmr(a\ehIclhtasgttabe;d bBHIT@I leada tbenper at ure

is crossed |in the htaat u 5 From the. abov i.S Cleﬂb t hat the

pre-alignne r‘?tn/d&m'éﬁ 8F|'8E° rbi%cﬁr?wc i BCHUREs él srfya)%attéqne} 80FF 19t he first

quenchi ng pjlasescansitiét@npedaffreas desdddm the Aogh up PQcwesr matrix above
its glass transition tenperature. Dependent on the ultinate tenperature 10

reached 3n the heating cycle, some regions in the polymer matrix wll

remain vitrified,  nangly l{L& aWth?tfl edb?‘?%{l@g 8ﬂ§n9&ft|on frozen

preal i gnment/ori ent at1 on vitr era urés exceedi ng the one
reached in ihhénfreateuylassyl estafd Tahedeg pttemoitmaqubushmrgamrecees ngi ntai n the
during the i n%ectl on process in the preforminduced pre- and stratified

structure JdRRGY RECHr RERERY rigP p"‘rqctﬁ’r ay GO Bk dﬂaH%v@brﬂYledl'tﬁggﬁé then to
transform th?ﬁn itioRt 'téftngfe gfmrephee eﬁttél"l'f:té‘r{etHe“tLﬂtl?ne?tter@(‘—ér'nrtlﬂse‘?éitntﬁfeySt al l'ine

structure int estre |ng process. 20 Variatio

cool i nglquereadichad inatlee |heattim‘© cm:lecta'omte gegians ernabEep@yrmeatrmatrmg the

nature - anprp hous or f the vitrified fymar
R, %8

eWor eas. 1auf POHBIR NI HARER sbBSe v B iaffasid dest e

allgnment/orlentatlon that vitrified at temperatures exceeding the

one reached in the heat-up cycle.

15 These phenomena thus enable to maintain the during the injection
process in the preform induced pre- and stratified structure during
the preheating prior to stretch blow molding and then to transform
the stratified amorphous structure into a stratified crystalline
structure in the stretch blow molding process.

20
Variations in the cooling/quenching rate in the injection cavity
enable streamlining the nature — amorphous or semi-crystalline — of

the vitrified polymer melt.

25 Whereas fast quenching locks in pre-alignment/orientation in the
glassy vitrified state, reduced rates of cooling/quenching allow for
competition to progressively develop between the vitrification and

crystallization processes.

30 As it is known for those skilled in the art that pre-
alignment/orientation accelerates the rate of crystallization

dramatically with respect to the heat induced crystallization,



glassy vitrified state, reduced rates of cooling/quenching allow for
conpetition to progressively devel op between the vitrification and
crystallization processes. 30As itis knownfor those skilledinthe art
t hat pre- aIignnent/orientationacceler?éestherateofcrystalIization
dramatically wth respect to the heat Ynduced crystallization, 19
relatively small differences in cooling rate can cause significant

differencesdiyifdl BRI QifférdiBscarl RIRY! YARY JH Idalise CoRiniffani! 0 the

addi tional heating steps utilized in the rrent state 5 Of the art

processi ng diffedescas inethesaallrerofame tdmedmadymaler inzatrixon of the strongly
pre-aligned/oriented polyner fraction in the pre- and stratified structure
occurs on a nuch smaller tinme scale and well within the tinme frame typical

for state ofohtrarpté tRECIdifTohal BEATIRG t¥Fs tllizBBSnand/ Qirrbhibid
extensions thereof. 10 Above phenonena allow for the introduction of the

regul ar or of iRy @ hPreeeriime esofleseribed iegnkier Rnadhecenystallization of
i yaaer o —
preal | onrenilc oL SAbAL 198 ARG bAYA fodk SN ARP Fafln Mk prEyahal LTt

bet ween di fferent Ion € cross-section of the préeform 15
Adj usti ng tdteaitived ingicuesncddcogs rat @ nudhem daljeectimon scald ayidapetlopri atel y
(i.e. time and location wise) will facilitate nanufacturing in the
i nj ecti on MBItAIMENPriEEEsKEam & ERisRIOaALRP s s @aher &lor Bt &Jm'am fied
structure. Sl i of gharep iilodDexicflidrisaithgered into a crystalline

e

container ddring t sol e stretch blow nol ding process with no need for
addi ti oHal heating or processing steps to strengthen the neck finish. Above
phenomena egua) L v Ll Gwehar 488 118t " UGk R8ulioh"Ss " B @Gurar o
irregular sequence of variations in molecular pre-
alignment/orientation (see figure 10A and 10B) and/or crystallinity
between different locations of the cross-section of the preform.
15
Adjusting the cooling/quenching rate in the injection cavity
appropriately (i.e. time and location wise) will facilitate
manufacturing in the injection molding process a preform, having
substantial pre-stratified structure. Such a preform will be
20 transformed into a crystalline container during the sole stretch blow
molding process with no need for additional heating or processing

steps to strengthen the neck finish.

Above phenomena equally allow for the introduction of the regular
25 or irregular sequence of variations in molecular pre-
alignment/orientation and crystallinity between different locations of

the cross-section of the container.

By adjusting the cooling/quenching rate in the injection cavity
30 appropriately (i.e. time and location wise), it will facilitate
manufacturing in the injection molding process of a container

having substantial stratified structure in the body part. Such a



25 or irregul ar sequence of variations in nolecul ar

preal i gnment/orientation and crystallinity between different |ocations of
the cross-section of the container. By adjusting the cooling/quenching rate
in the injection cavity 30 appropria%ﬁly (i.e. tinme and location wse), it
will facilitate manufacturing in the Tnjection nolding process of a

contai ner having substantial stratified structure in the body part. Such a

20 contai negoih|dern@fil r}ﬁﬁdn%_grﬁi é&&i?i%'nah%%tﬂﬂg r BF&Fe%%fr{d‘%té;S§% to

strengthen the neck finish. e different levels of cooli'ng are preferably
mai nt ai ned $yengidemaihe Be¢hnsioisdti on of the regions requiring | ower cooling
rates. This thermal insulation can be acconplished e.g. by utilizing a
conbi nati on 0110w and hi gh thermal conduct naterials as inserts. The

processes arkOii&@nt el 88 G €5AMg by PRéicrBbRT Afenabhyd blOtRgenapl i sh the
maki ng of a preformw thin the preferred cycle tines, and/or limted

ext ensi ohs EEEEEM, of dhe Seainner PARETNErlewsr rePobngsiatesalhis ermalesi gn and
wei ght by s t i N f oduction.  Said
processes ébgngﬁﬁl ge%% ggd*%%&%mn@?’fgg?'ﬁ@n%ﬂ%gﬁgeﬁé%@@#%é’i' % allow for
t he si nmul t agved iy H bgemeslatd raru o fm ataréals alsiinsegsadi ent s and di f f erent
degrees of crystallinity in particular |ocations on the preform The
cooling of the nold in preformregions for which it is preferred that the

mat eri al be_Trgé?“%F@é%%e_@”%BB%ﬁ or oS §iRle” Chpe3kal | iMfentich 2PAsepamli shed by
chilled flurd circulating through sel ected regi ons of
10 accomplish the making of a preform within the preferred cycle
times, and/or limited extensions thereof, for standard PET preforms
of similar size , design and weight by standard methods currently
used in preform production. Said processes are enabled by tooling
design and process techniques to allow for the simultaneous
15 generation of orientation gradients and different degrees of

crystallinity in particular locations on the preform.

The cooling of the mold in preform regions for which it is preferred
that the material be generally amorphous or semi-crystalline, is
20 accomplished by chilled fluid circulating through selected regions of

the mold cavity and core.

Bearing in mind the consideration about the mechanism of the
invention described hitherto, it will be readily understood that the
25 injection process conditions can be optimized to the well specified
range in order to make the articles in general, more particularly the
preforms and resulting stretch blow molded containers of the

present invention.

30 The present invention can be applied to various crystallizable

polymers to manufacture articles in general, specifically preforms



the nmold cavity and core. Bearing in mnd the consideration about the
mechani sm of the invention described hitherto, it will be readily
understood that the 25 injection process conditions can be optimzed to
the well specified range in order to ke the articles in general, nore
particularly the prefornms and resulti%g stretch bl ow nol ded cont ai ners of
the present invention. 21 and containers through processes including

[ nj ection 2y Sigbfrbl tolBhdpAskasthe PRINNG RSN Aid s diRy be made

solely of PET or another ryst ael I zabl e polyner, preferably but not
excl usi vel yolaw eraddhimigi. c or al i phatic pol yester, a blend of aromatic or

al i phatic polyesters, an aromatic or aliphatic polyester copolyner or any
conbi nati on thereof. 10Preferred exanpl es include pol yet hyl ene

t er epht hal afige (JPEflorm REIdY ebhidiese map it ade soRNof PRt Yo AnBiHer! ene
terephthalate (PTT), polytrinethylene naphthalate (PTN), polylactic acid

(PLLA) anhd @ypaljzalle ramisr e naefer alely ot nebeKelusiveyemsarpiaatio @ of
crystalliz e r ab | ayer: . i.sed._af a single
Tayer of & DIRENIRPERISH & o IRRS  AaVora, &Y Rliphafi ARG B "ot

i mted to,arohostic wor chligloane | pelyastarmuopatyraer obr aahgseondbieatiah and a
barrier material, The material in each of these |ayers nay be a single type
of a 20cryst'&fP7zabl e polymer or it may be a blend of crystallizable

pol ymers.

10 Preferred examples include polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polytrimethylene terephthalate
(PTT), polytrimethylene naphthalate (PTN), polylactic acid (PLLA)

and copolymers and blends thereof.

15 The preforms made out of crystallizable polymers are preferably
monolayer i.e. comprised of a single layer of a base material, or
they may be multilayer, including, but not limited to, those which
comprise a combination of a base material and a barrier material.
The material in each of these layers may be a single type of a

20 crystallizable polymer or it may be a blend of crystallizable

polymers.

In accordance with the present invention, it has also been found
that the pre-alignment/orientation of the amorphous
25 macromolecules can be further positively influenced through the
utilization of a crystallizable polymer with a higher molecular
weight, as once orientation has been achieved, pre-aligned
macromolecules from a crystallizable polymer with a higher
molecular weight exhibit a higher resistance to relaxation, herewith

30 retaining the orientation over a longer time period.



I n accordance with the present invention, it has also been found

t hatt hepre-alignnent/orientationoftheanor phous 25 macronol ecul es can be
further positively influenced through the utilization of a crystallizable
pol ynmer with a higher nol ecul ar meigh% as once orientation has been

achi eved, pre-aligned macronol ecul es ?on1a crystallizable polynmer with a
hi gher nol ecul ar wei ght exhibit a higher resistance to relaxation, herewith

30r et ai ni ngjyt fecRbi AfiaRtd Afle ST RobRIAGT 1d AE HIREEAE inveRidh iy clear that

a nmethod according to the present invention nmay have convinci ng advantages
conpar ed t chawé qrorevincingt hddgntagesspevidared forpraot iart e;athogendnal , or
nor e partlcular ref Crgrls and_ cont |ners made talllz bIe

ol yrors. by R af¥ oPrAES e SateLe B MerG dien g oh 7 e r S =Bl et oh bl ow

nol di ng, thédmﬁhwetrbe mabeeyemntcrobtalizaiie f pOIgkicas by maaukadyriagd the neck
finish during the injection nolding step, the desired end benefits can be

obt ai ned® i NRIOGEF$RE 'W@gtlndﬁﬁ&f‘s ang sif elichielolow MAdinshahroueh 4heons in t he
neck finish,yn €\%m%ln‘?voq fjat'i t%H? rtrtftf?é bq)%ﬁ 5Rq tlﬂﬁ I}?é@{;ﬂb SVELARG 101 evel
e nec oF be

of crystall it reache rni's equa t8r gas~perneati on
resi stance m@dmmecgim'r mmldhfmstw ther daaitdu eﬁdrudmnercen by obh&inpdocess of
the present, i nvention, thedﬁrl or art ste of ex osure to thernmal heating

el ements, cPFYAANG; 2aHNEISt githers, @é‘l"é%‘tzegoq'm%?% NQt YRi13HNDAN dNeni gh gl ass
transition ﬁ@é@ﬁh%huﬁﬁdgﬁte?é\}a%é tlefh ﬁé’r‘?a?blr&t 408 19 e H’%H’er‘:%'a % injection

nol di ng processes and/or the processes I ncluding post I'd ther
crystal 1G zalevehota:ny:ﬁelleiliyrrremm emctihe heeqmnuisactaquauhg)robettthe gaal d
prefornms and contai ners gfc rs uab tan?ard 20manuf act uri ng

time frame RHG ST APYEHRER AMSi h ert'iﬁ‘&CBBF'Ca ﬁglg icular for articles in

general made by processes |nclud|ng

Furthermore, by the process of the present invention, the prior art
steps of exposure to thermal heating elements, crystallization of
15 select portions, utilization of high glass transition temperature
materials in combination with more complex injection molding
processes and/or the processes including post-mold thermal
crystallization can be eliminated and the manufacturing of the said
preforms and containers occurs within the wusual standard

20  manufacturing time frame and/or limited extensions thereof.

In particular for articles in general made by processes including
injection and/or stretch blow molding operations, and more
particularly for preforms and containers made out of crystallizable
25 polymers, the present invention can lead to a further reduction of
the article’s wall thickness given the increased mechanical strength
obtained from the creation of the stratification across the article
wall. In turn the reduction of the wall thickness can create a
substantial increase in the operational output of the injection and/or
30 stretch blow molding process. These benefits combined allow for a

further reduction of the total cost of ownership of the produced



injection and/or stretch bl ow nol ding operations, and nore particularly for
prefornms and contai ners nmade out of crystallizable 25 polyners, the
present invention can lead to a further reduction of the article's wall

t hi ckness given the increased nmechani ggl strength obtained fromthe
creation of the stratification across“the article wall. In turn the
reduction of the wall thickness can create a substantial increase in the
oper at i onal LR} ! t i | Gl process.
These benet Lo Eon, BbnbR pBESRELAL PORIRls ARG oRkEimehy R T, Peost o
owner shi p ofrystadlizalddyodyine?8 articles in general, specifically preforms
and contai ners made out of crystallizable polyners. Having the increased
mechani cal strength of the finally blown 5 container also allows for the
absor ption @hvihige tMacuwdreHsed fadhiafc0f stréfgth qei dnehifpaiignawbws t he

maki ng of containers having a sinpler design and geonetry conpared to
convent i bnafordiaitadi #1ee 2llews 1y Vecalsepaiesl ef HirivapuwhhePOR FOGIADI y

desi gned feat Skt hpt 0 r | i .ahsqrption. 10
The above a vgﬁgagggldm%eleﬁh%hg?t%?cF@és P&aﬁrﬁé“%f%g@ﬂ@nl}éﬁé&en |'§ \%ery

sui t abl e f ogimplgh depegi ahdt yeapeltiycadbmpssednia vodhngnthatalf cdritadpglsi cat i ons
and di verse carbonat ed and/ or non- carbonated beverage apgl ications. 15

EXAMPLES 1.th‘HP%cY?‘E}H‘r@y%@’éﬂﬁ(@?%{&ﬁemﬂer specially desighed features in

the bottle geometry allowing the vacuum absorption.

10
The above advantages make the articles of the present invention
very suitable for high speciality applications including hot-fill
applications and diverse carbonated and/or non- carbonated
beverage applications.
15
EXAMPLES
1. Injection System (Figure 1)
a. A commercially available grade of a crystallizable polymer,
20 being PET, is taken within a classical |V range of 0.78 -
0.82, like reference M&G Cobiter 80.
b. The polymer material referenced under 1a. is converted on
a classical injection machine, like type Huskey, operated at
typical machine settings :
25
o Extruder Barrel 270 - 290 °C
o Nozzle 270 - 290 °C
o Manifold 275 - 295 °C
o Gates 280 - 300 °C
30 o Mold Cooling Water 10 - 15 °C

o Cycle Time 10 - 60 seconds



a. Acomercially available grade of a crystallizable polyner, 20being PET,

is taken within a classical IV range of 0.78 - 0.82, |like reference M&G

Cobiter 80. b. The polyner nmaterial referenced under la. is converted on a
cl assical injection machine, |ike typg Huskey, operated at typical nachi ne
settings : 25 Extruder Barrel 270 - 2 ® C Nozzle270 - 290 C Manifol d275 -

295 C Gates280 - 300 C 30o0Mbld Cooling Water10 - 15 C Cycle TinmelO- 60

seconds 24 c. RoOSptd: |4 | 4 M b @ i ahhabl e grade
of o crystal i zabi o ual o SRR bR e e o U085

- 0.86, I|ike referenheerygalGable pofyrnvax. beingHdsT.twih abingeaspddled with a
based. w thin a ol G 017 rande Skereh ey e o ERer i ence hees
QG eartuf 8006. d. Position 1b is repeated with a commercially available grade
5 of a crystallizable co-polymer, being PET based, within a
classical IV range of 0.78 - 0.82, like reference M&G
Cleartuf 8006.

2. Hot runner system

a. Positions 1a through 1d are executed with normal classical
10 hot runner configuration for injected preform production.
b. Positions 1a through 1d are repeated with the
incorporation of specific hot runner modifications as
referenced under figures 2 through 9.

3. Injection Preform

15 a. Positions described under 1 and 2 are executed with the
use of an industry available preform suitable for an
injection stretch blow molded bottle of a selected volume
size.

b. Position 3a is repeated but with the use of an industry

20 available preform suitable for an injection stretch blow
molded bottle, the preform having a reduced axial stretch
ratio for the selected volume size.

c. Position 3a is repeated with adapted preform mold
temperatures in-between 8 and 60 °C for either neck

25 and/or body area.

d. Position 3b is repeated with adapted preform mold
temperatures in-between 8 and 60 °C for either neck
and/or body area.

4. Preform Reheating process

30 a. The preforms obtained from positions 3a through 3d are

reheated on an conventional blow molding machine, like



2. Hot runner system a. Positions la through id are executed
with normal classical 10hot runner configuration for injected preform
production. b. Positionsla throughi darerepeatedw ththe incorporation of
specific hot runner nodifications as %gf erenced under figures 2 through 9.
3. Injection Preform 15a. Positions scribed under 1 and 2 are executed
with the use of an industry available preformsuitable for an injection

stretoh bl ow mol degiqfapt §berapba ek QLAY OLHEE! Mrkoritur Bashbb . 32 i s

repeated but with the use of an industry 20 aval e preformsuitable for
an injection stretehtbl%r°Gol ded bottle, the preformhaving a reduced axi al
stretch ratio for the selected volu size. .. C,_ Positio a i s repeated
W Eh adapted pr gt ol A0 bt B RS Besienn 3n ARe LT OF ar oai t her
neck 25and/or bodyreNe@ded don Rasidon@enBbnib bieperiading haadas! edepr ef orm
nol d tenperatures in-between 8 and 60 C for either neck and/or body area.

4. Preform Reheat i Bi§epr er@raéed 3nger piefgnefehagt bynaemidrersrdpddi ti ons 3a
t hrough 3d are 100 t0 110 °C.

c. The performs obtained from positions 3a through 3d are
reheated on an conventional blow molding machine, like
Sidel, operated under preform reheat temperature range of
10 120 to 130 °C.

5. Blow molding process

a. The performs obtained from positions 4a through 4c are
blown in a conventional blow mold suitable for an injection
stretch blow molded bottle of the selected size operated at

15 mold temperature of 23 °C.

b. The performs obtained from positions 4a through 4c are
blown in a conventional blow mold suitable for an injection
stretch blow molded bottle of the selected size operated at
mold temperature of 80 °C.

20 c. The performs obtained from positions 4a through 4c are
blown in a conventional heat set blow mold suitable for an
injection stretch blow molded bottle of the selected size

operated at mold temperature of 160 °C.

25 The above example demonstrate the benefits as set out in the
description with respect to end functional properties including
improvements on mechanical strength, barrier performance,
dimensional stability and optimized wall thickness about 0.2 mm of
the resulting stretch blown container as the general injection and

30 blow molding processing output. The resulting containers are ideally

used for hot fill applications (with shrinkage percentage being less



reheated on an conventional blow nolding machine, like 25 Sidel, operated
under preformreheat tenperature range of 90 to 95 C. b. The perforns
obtained frompositions 3a through 3d are reheated on an conventi onal bl ow
nol di ng machine, |ike 5Sidel, operate 6under preform reheat tenperature
range of 100 to 110 C. c. The perfor obt ai ned from positions 3a through
3d are reheated on an conventional bl ow nol ding machine, |ike Sidel,

oper ated undgh BbEHCLI | BRGHor GUBRLALHISABI%UR] of Wl chiodifiel. S Bl ow
nol di ng process a. The perfornms obtained frompositions 4a through 4c are
bl own i n a kewrraegeiapmicablbo® nol d suitable for an injection stretch bl ow
nol ded bottle of the selected size operated at 15nold tenperature of 23 C
b. The perforns obtained frompositions 4a through 4c are blown in a
conventi onaln bhowpreiidasioht abd @ hkofig@iesi dhgCtymealsémdbeimehevhamkded bottle
of the selected size operated at nold tenperature of 80 C. 20c. The

per f or e obPeEMtisePeedl . pSPieciftnseast mr\ridieedc Uged B Awdenerie eébfventi onal

neat Set DA Ubhab! o Uorh ol £ LE ABELE U A eAsDot ] @ o
apparent to those skilled in the art, it should be understood that this
invention is not to be unduly limited to the illustrative example as
set out hereinabove.
10



25 The above exanpl e denonstrate the benefits as set out in the description
with respect to end functional properties including inprovenents on
mechani cal strength, barrier perfornmance, dinensional stability and

optim zed wall thickness about 0.2 9f the resulting stretch bl own

contai ner as the general injection and’ 30bl ow nol di ng processi ng out put.
The resulting containers are ideally used for hot fill applications (with

shri nkage ppi€eBY a0 bRb Moy ddsn i ol RAM AP 181w il sdi ver se

car bonat ed and non- car bonat ed beverage applications. In the
specification and the figures only typical enbodi nents have 5 been
di scl osed. &ggb’lf%c terns have been used in a generic and descriptive sense
and done no ‘he purpose of limtation. As apparent to those skilled in
the art, it should be understood that this invention is not to be unduly
limted to the illustrative exanple as set out hereinabove. 10 27 The
scope of5 the invARAt IMACH@N siowr ¢r elding MieenPB| fobwiniking a7 neentaingr Vs 51.
Aol ect ! on Bt o dBHND (R NEoL obr TRILAME SOMAAIP! o(RIRILALIR Lhe
steps of injecting nolt en crystal 'l zabl'e lynmer I1n a preformnold via a
hot runner systepolgntehiiaxaaptefoshr eiclbi nfp tehenqir efionen By stdrowang, t her eby
formng a container, characterized in that the preform conprises

biaxially stretching the preform by blowing, thereby forming

a container, characterized in that the preform comprises

10 regular or irregular sequence of variations in molecular pre-
alignment/orientation between different locations of the

cross-section of the preform.

2. An injection blow molding method for making a container

15 comprising the steps of injecting a molten crystallizable
polymer in a preform mold via a hot runner system and

biaxially stretching the preform by blowing, thereby forming

a container, characterized in that the preform comprises

regular or irregular sequence of variations in molecular pre-

20 alignment/orientation and regular or irregular sequence of
variations in crystallinity between different locations of the

cross-section of the preform.

3. An injection blow molding method for making a container

25 comprising the steps of injecting a molten crystallizable
polymer in a preform mold via a hot runner system and

biaxially stretching the preform by blowing, thereby forming

a container, characterized in that said method further
comprises means to selectively modify the flow path of the

30 molten crystallizable polymer within the hot runner system.



10 reqgul ar or irregular sequence of variations in nolecular

preal i gnment/orientation between different |ocations of the cross-section
of the preform 2. An injection blow nolding nethod for naking a contai ner
15 conprising the steps of injecting g nolten crystallizable polynmer in a
preformnold via a hot runner system fd bi axial y stretching the preform
by bl owi ng, thereby form ng a container, characterized in that the preform
conprises regyl aAannrj]bEtri@rg%lé(N TROIENS EmBEn Y@ foRl MRfASnd Na "RIRGIHERM Pre- 20
alignnment/orientation and regular or 1rregular sequence of variations in
crystallinity betowenisthd fidreergtepacaf i mnsctofg t ae nooltes- sgstalonalde t he
preform 3. An in'@ecti on bl ow r}DI din IHEt hod fort maki ng a container 25
conprising the sP Iggn%rf '?nfeeliq RHna t &f carﬁota RPAZ (K SE%PyﬁE in a
preform nmol d vi aprxigly strefeingYidtee pradembbaxblallitg stheledlyi fgniing preform
by bl owi ng, thereby form ng a container, characterized in that said nethod
further Tonprised @HRNA erdractenNzad) ifpthaty theecantaingsacaMeriseie 30nol t en
crystallizable p it injection

b1 o ol i ng. ot GO HEAHARAC e Rbnte WP ar AR, nfdhebuid ey

i njecting a nolteamgremeat/arierizatibe potlyregulan @ prreforamn seddenvee i hot

runner system and biaxially stretchi ng the‘ﬁgr ef orm b¥ﬂ bl ow ng t her eby
forming 5 a conY@i'REPNS dAafASt@HNE¥dPPIWe9atdit REBHOIRGRLIRES Brﬂi?i ses

regul ar or irregRs SREVENSEIHRY c¥¥Hifdd ons in ol ecul ar

prealignnment/orientation and regular or irregular sequence of variations in
crystallinity between different |ocations of the cross-section of the
contai ner. 10 5.AA rrﬁ'%h d acc rditng Ito cl1ai ns h1-41 Whet\ﬁei n.in the hot
runner syst enPt h® 'BEFYAEACHRIGNG |1WBURR TcEmNH T EDIVANEIMY W t he
needl e, W thin t&gstbhs tRE sAPRIdIaietBoivhpaPlcomifrfse Aromidpdviasaor ding to
clains 1-4, wherein in the hot runner systemthe polyner nelt flow path
conpri se pl aci ngthehseedle, withinrhenruset cearieatigns tlaegeof.

15 6. A method according to claims 1-4, wherein in the hot runner
system the polymer melt flow path comprise placing inserts

within the hot runner system.

7. A method according to claims 2-3, wherein the injection

20 molding cavity has the proper cooling provisions to influence
the regular or irregular sequence of variations in molecular
pre-alignment/orientation and variations in crystallinity

between different locations of the cross-section of the

preform.
25
8. A method according to claims 1-4, wherein the crystallizable
polymer is PET, high 1V PET or modified PET or a combination
thereof.
30 9. A method according to claim 8, further comprising the step of

providing copolymers suitable for modifying the preform’s



7. A nethod according to clains 2-3, wherein the injection 20 nolding
cavity has the proper cooling provisions to influence the regul ar or

i rregul ar sequence of variations in nolecular pre-alignnment/orientation and
variations in crystallinity between d&%;erent | ocations of the
cross-section of the preform 25 8. t hod according to clains 1-4,
wherein the crystallizable polynmer is PET, high IV PET or nodified PET or a

conbi nati on therE@%sicalzgcﬁgb’aﬁftéﬁkti%]ar el igst | GytSURHt asinhitidg Nqbl imted to
pol yani de, PGA, , or mxtures thereof. 10.A nethod according to claim8,
further conprisipglyahedst €6APENS @rowvkidirag thdiafi ves, such as

anti - oxi dants, UV-absorbers, dyes, colorants, nucleating agents, fillers
and m xtures thereof. 11. A preformsuitable for blow nolding made out of

10 crystal lizabl & metys®ascondinded thiar 8ctrerthaedonipridiag thaidepraf orm
conprises regular or irregular sequence of variations in nolecul ar

pre-al i gnment/ or PEi@iNdorAdditives giushoras ANtt-gBIdattsr UVoapsasbPaiThg made out
of 15 crystalli 59@&?.&%%{}?55 EHEIreQﬂﬁgcghfd&%ertiﬁ@& I dhd htixpsled preform

conprises regular’or irregular sequenc variations i n nolecular
pre-alignnment/orirereat.i on and regul ar or irregular sequence of variations
in crystallinity between different |ocations of the cross-section of the
preform 20

11. A preform suitable for blow molding made out of
10 crystallizable polymers further characterized in that said
preform comprises regular or irregular sequence of variations

in molecular pre-alignment/orientation.

12. A preform suitable for blow molding made out of
15 crystallizable polymers further characterized in that said
preform comprises regular or irregular sequence of variations
in  molecular pre-alignment/orientation and regular or
irregular sequence of variations in crystallinity between
different locations of the cross-section of the preform.
20
13.A preform according to claim 11,12, wherein the
crystallizable polymer is PET, high IV PET or modified PET or

a combination thereof.

25 14. A preform according to claim 13, further comprising the step
of providing copolymers suitable for modifying the container’s
physical characteristics, such as, but not Ilimited to

polyamide, PGA, PEN, or mixtures thereof.

30 15. A preform according to claim 13, further comprising the step

of providing additives, such as anti-oxidants, UV-absorbers,



13. A preformaccordi ngtoclaiml, 12, wherei nthe crystallizable polynmer is
PET, high IV PET or nodified PET or a conbination thereof. 2514. A preform
according to claim 13, further conprising the step of providing copolyners
suitable for nodifying the containeréipphysical characteristics, such as,
but not limted to polyam de, PGA, PEN’ or mxtures thereof. 30 dyes,
colorants, nucleating agents, fillers and m xtures thereof. 16. A contai ner

made by bl ow nol Q%ﬁ%t Oi_ﬁlo ntSr yﬁ&@l'ehiiﬁgblef‘gerﬁs,pohb(é‘ﬂ%r Saddir thi®fures

characterized in ald contal ner conprises regular or irregular
sequence of vari#tdrens in nol ecul ar pre-alignnment/orientation and regul ar
or irregular sequence of variations in crystallinity between different

| ocations of the cross-section of the container. 10 17. A contai ner

according to gbaAMcdRtainbEr Riddet N8 csvet ahbidiag! eupoby ngrystalibidie high 1V
PET or nodified PET or a conbination thereof. 1518. A container according to

claim1? furthePolyohgisi sfuighemhe chaeasrtefized ovndi i@t coyddy s ameart abl e f or

nodi fying the co i S e eLLSti . hut. _not
limted to pol yaEr:%S@BP%E&ArQ@é% gt %p%la%sg%i&eérrg%% .ggé%?azlocr%ntlgi ner
accordi ng to cl amvldolylaf wrehaigrooept/iosiemgatite sickpeglilger oviidegglaaddi ti ves,
such as anti-oxidants, UV-absorbers, dyes, colorants, nucleating agents,
fillers and m xt 868¥LNISerfofvariations i crystallinity between different

locations of the cross-section of the container.
10
17. A container according to claim 16, wherein the crystallizable
polymer is PET, high IV PET or modified PET or a combination

thereof.

15 18. A container according to claim 17, further comprising the
step of providing copolymers suitable for modifying the
container’s physical characteristics, such as, but not limited

to polyamide, PGA, PEN, or mixtures thereof.

20 19. A container according to claim 17, further comprising the
step of providing additives, such as anti-oxidants, UV-
absorbers, dyes, colorants, nucleating agents, fillers and

mixtures thereof.

25 20. A container according to claim 16, the shrinkage percentage
of said container during hot fill operations being less than
about 4%.

21. A container according to claims 16 or 20, having parts with
30 wall thickness less than about 1 mm, preferably about 0.2

mm.



2520. A contai ner according to claim 16, the shrinkage percentage of said
container during hot fill operations being | ess than about 4% 21. A
cont ai ner according to clains 16 or 20, having parts with 30wall thickness
| ess than about 1 mm preferably aboué 0.2 mm 31 22. Use of a container
as defined in accordance with clains 16 or 20 for use in hot-fil

appl i cations. 23. Use of a container as defined in accordance with
clainms 16 or §%8UE@rofUaS@ohfhiﬁé‘rr BenpliRddoih AKbraghbORAt R eIHRe] 898

appl i cations.
20 for use in hot-fill applications.

23. Use of a container as defined in accordance with claims 16 or

5 20 for use in carbonated or non-carbonated beverage

applications.

10



