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PET CONTAINERS WITH ENHANCED THERMAL PROPERTIES

BACKGROUND OF THE INVENTION:
Technical Field
This invention relates to PET containers having enhanced thermal properties and

methods for makmg the same.

Backeround Arnt

Blow molding processes for forpung PET containers are well known i the art
Blown PET contamers have replaced metal and glass containers in numerous {ood storage
apphications sach as carbonated soft drmks and lower temperature filled food products such
as peanut butter and mavomaise. However, pnor art PET containers bave not replaced metal
and glass coutwiners for product storage and processing appheations where the container i
filled or heated to temperatures gbove 97°C (207°F) as such contamers expertence sigmficant
shrinkage, deformation rendering the contamer unuseable. Additional in-roads mio the
replacerment of glass is desired in food processing apphications such as low-temperature
pastewrization, high-temperature pasteunization and retort, Low temperature pasienrization
wclude the pastewization of liquid products such as beer and tea.  High temperature
pastewrization processes are for sohid food products such ag pickles that have slower heat
transfer and require omperatures in excess of 100°C. Retort processes are for pastewrizing
fow acid products and reqaire temperatures from 100°C to 130°C and pressures sufficient to

maintain water m a liquid state.

Prior art efforts to imcrease the therma! performance of PET containers have focused
on ncrensing the crystallinity levels of PET, PET s a crystallizable polymer meaning that ity
crystallingty can be manipulated by the process of forming articles from the PET. These
efforts have been successful to the extent of forming PET containers capable of withstanding

temperatures up 1o 97°C (207°F) bat not much beyvond.

A two-phase model of PET states thai PET molecules can exist i two morphologies:
an amorphous phase and g erysisliine phase. The amorphous phase has been described on 8

molecular fevel as resambling a bow! of spaghetli. In a solid state the molecular molion i3
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restricied to very shorl range vibrations and rotations bl m the molten state there 15

considerable segmental motion arising from rotation about chemical honds.

It the crystalline phase the polymer chams arrange themsalves o thermodynamically
favorable ahigoment.  Crystalline portions of the PEY wolecules can extend strazght m one
direction and then fold back and forth numerous times {o form a folded structure. Numerous
such folded sinwiores can stack to form more complex stractures known as lammelae.
Parallel chamns m the crystalline phase can be connected with reentry folds of amorphous

portions of the molecule m what 1s known as a switchback model.

A three phase model of PET has also been proposed to account for deficiencies
abserved in the iwo-phase model. The three-phase model includes a crvstalline phase, a rigid
amorphous phase and a mobile amogphous phase. One article describing the three-phase
model is “Vimfication and devitrification of the rigid amorphous fraction in poly{ethvlene
terephthalate)” by Marna Cristina Righetti and Mara Lawra D1 Lorsnzo published af o-
polvmers.ory i 2009, the disclosure of which 13 incorporated herein in s antively and made

a part hereo!

Three commonly known methods for increasing the crystalhine fraction of PET
mcludes quiescent crystallization, stramed induced ervstallization and a combmations of the
two. Quiescent erystallization requires exposing an amorphous PET article to heat gbove the
ylass transition temperatare of PET (70°C or 158°F} to umpart mobility mto the polvier
chains to allow them fo reorgamize into the crystalline morphology.  Strain induced
crystallization requires stretching of the PET under proper heat and extension ratios 10 orient
the PET wmwolecules o a crvsialling morphology.,  An exammple of strain induced
crystallization is when a preform (a test tube shaped article) is blown nto a mold of greater
volume (o cause siretching of the preform in a single direction or i muluple directions to
cause strain-induced crysiallization in the expanded article.  Articles with strain mduced
crystallimity can be exposed to heat in a process knows as heat setting or thermal annealing to
cause a relaxation i the stressed induced crystallinity to increase the thernwal properties of
the final article. The prior art discloses that the ontentation of the polymsr chains creates a

condiion where crystal formation is kinetically favorable upon application of thermal energy.
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PET blow mold systems can be an integrated systemt or a non-inteprated system. An
wiagrated system includes an jection molding station for forming the preform in-ling with
the blow mold station.  The preform coming from the injection mold does not have 1o be
reheated and may have to be cooled to the desired ortentation system. In a non-integrated
system, the preform i injection molded, cooled and then fed mto the blow mold station or
stations where it is reheated 1o the desired orientation temperatore and then conveyed to the

hiow mold station or stations.

United States Patent Nos. 4.476,170; 4,512 948, 4,522 779 4,535 025, 4,603,066,
4713270, 4839127 and 4891178 disclose single mold systems for forming PET
containgrs. As these patenis name Jabanin as an imventor they shall sometimes be referred (o
as the Jabavin patents. Those patents disclose using mold temperatures up to 2530°C (482°F)
to form comtainers baving crystalimities of up to 60%, Removing the fimshed containers
from such molds without shrinkage of the containers requires either lowering the temperature
of the mold to a point where the contaners are self-sustaiming and can be removed or
applying miernal pressure to the container when removing the contwiner uniil the container
cools {0 a temperature where the container is seif-sustaming. As explained by Dr. Tomnothy 1.
Bovd in s disserfation “Transient Crystalhsation of Poly (Hthyvlene Terephthalate) Botiles™
{"Boyd Dissertwion™) neither of these wechniques were commercially feasible as the first
technique would require extremely loug cycle times and the second would be difficult to

control in commercial apphications.

United States Patent Nos. 5,562,960 and 3301 3% disclose two mold svstems for
forming PET coutamers known as a deal-blow system. Those patents require formmg an
mtermediate article 1o a first mold baving a volome greater than the finished contmner,
conveving the miermediate article through a shrink oven to crystaliize the miermediate article
and then placing the inlermediate article into a second wold whare it is blown into the
fiyshed article. Containers formed from this method have reported crystallimties from 40-

0%

United States Patent Nes. 64856697 6 483 670 6,314,451 6,749,415 and 6,767,197

"Boyd et al. patents™) and the Boyd Dissertation disclose that the mininum amount of
cooling during the blow molding process and the higher the temperature at de-molding leads

to the ligher thermal properties of the firushed anticle, The Boyd et al. patents disclose
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blowing heated air, hot air annealing, or a combination of heated air and fluid owto the nner

surface of an article w a blow mold to increase the thermal properties of the fivshed anticle.

Commercial techmiques for forming PET utthze both threaded and unthreaded
preforms. Preforms are essentinlly amorphous having less than about 8% coystalliaty. Upon
blow molding a threaded preform mo an expanded article the threads will have substantially
the same dimension in the fimshed article as the preform, and, therefore, will have fittle 1f any
stratn mduced orystallizason. Such a fimsh will be susceptible to softening and deformanon
under hot fill conditions. Thus, some amonnt of crystallization must be imparied to the finish
section (¢ enhance thermal performance without shrinking the finish and without mparting
whitening to the fintsh.  Untled States Palent No. 7.033,65¢ discloses a method for
crvstallizing the finish section i such 8 way that ove swfsce is orvstallized thronghout it
length and the other surface meludes an area that is essentially uncrystailized with

crvstallization in a mud-portion of the finish being graded between the surfaces.

United States Patent No. 4,233,022 discloses an apparatus for formung a PET
coptamner from a treaded preforms. The "022 patent states that due 1o the low onentation of
the finish and the beel of the contamer during blow molding that it 15 undesirable to heat set
these areas as it would create whitening m these areas by creating sperulitic cryvstallimity.
Thas, the “022 patent discloses a blow station that selectively heats the stram-oriented
sections of the contamer and cooling the portions of the contaner having hitle or no strain

crieniation.

United States Patent No. 6,841,117 discloses a method for blow molding 8 container
from an unthreaded preform. The method mchudes the step of blow molding a prebeated,
threadless preform o a heated mold having threads of the desired size o form an
mtermediate container having thweads. The intermediate consainer has a moil section above
the threaded finish which is cat from the intermediate container 1o form the final contatner.
The finish will have a desived crystatiinity of 25% to provide sufficient thermal properties for
hot fiil applications. More particularly. the preforny is preheated to a temperature of 108°C
and then disposed within a mold cavity mamtained at temperatures from 138-143°C. The
portion of the mold cavity foroung the bottom of the contamer s mamtained at 49-54°C.
Alfter the mold 1s closed the preform 1s blown with air pressare of 40 bar for 1.5 to 3 seconds.

A stretch cooling rod blows recireulating cooling gas al a temperature from 20-40°C mside
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the containgr in the region of the blown threads, The comainer is removed from the mold at

below about 807,

These and other aspects and attributes of the present mvestion will be discussed with

reference 1o the followmg drawings and accompanying specification.
SUMMARY OF THE INVENTION:

The presemt invention provides a blow molded heal set PET container having
enhanced thernwal properties and a first glass tansition temperature and a second endothermic

fransition temperature substantially higher than the fivst glags trasition famperature,

The present mvention finther provides a blow melded heat set PET confainer having
enhanced thermal properiies and a first glass transition temperatare wherein the change

heat capacity af the glass transition temperature is less than about (.10 Fg°C.

The presemt invention further provides a blow molded heat set PET container having

enhanced thermal properties wherein the X-ray diffraction pattern bas at least five crystalline

The presenat mvention lurther provides a blow molded heat set PET container having
enhanced thermal properties having ¢ crystalhinity less than about 30% and a density of

greater than about .37 giécc.

o

The present mvention farther provides a process for fornimg a heat set PET contamsr
with enhanced thermal stabilty including: (1) mserting a preform mto a blow mold; (2}
blowing the preform inte a container having an mner surface and an outer surface and a
sidewall having vanations i wall thickness along an axial dimension with thiner wall
portions and thicker wall porbions;  {3) selectively cooling predetermined portions of the
wmner surface by directing a flow of cooling Thad with the thicker wall portions receiving
more cooling fluid than the thinner wall portions; and {4) removing the contginer from the
blow mield when the containgr has sufficiently cocled 1o be self-supponiing and further

cooling the contwner outaide the mold.

SUBSTITUTE SHEET (RULE 26)



WO 2011/037792 PCT/US2010/048862
e

The present invention further provides a process for forming a heat set PET comtainer
with enhanced thermal stability including: (1) inserting a preform into a blow meold; (3}
blowing the preform into a container having an inner swriace and an outer swrface and a
sidewalt having variations i wall tuckness along an waal dimension with thinner wall
portions and thicker wall portions and mantaining the blown botle w the mold at a
temperature within the range of 160-200°C for a pertod from two 0 twenty seconds; (3)
selectively cooling predetermined portions of the mner surface by directing a flow of cooling
fluid with the thicker wall portions receiving more cooling fluid than the thinner wall
portions; and {4} removing the confainer from the blow mold when the container has

sufficiently cooled 10 be self~supporting and further coohing the container outside the mold.

The present invention firther provides a process for fornmng 2 heat set PET contamner
with enhauced thermal stabifity mcluding: (1) inserting a preforny mie a heated blow mold:
{2} blowing the preform into a contatner having a sidewall with an oner surface and an outer
sarface, the sidewall having vaviations in wall thickness along an axial dimension with
thinner wall portions and thicker wall portions; (3} maintaiming thinney wall portions at a first
temperature and thicker wall portions at a second temperature lower than the {irst tepperature
and selectivelv cooling predeternuned portions of the wmner surface by directing a flow of
coohing fluid with the thicker wall portions recciving more cooling [hnd than the thinner wall
portions; and (4) rempoving the contamer from the blow mold when the contamer has
sufficiently cooled to be setf-supporting and further covling the contaner outside the mold.

The present invention farther provides 3 provess for forming 8 heat set PET container
with enhanced thermal stability inclading: (1) inserting a preform mto & heated blow mold;
{2} blowing the preform mie a contaner having a sidewall with an inner surface and an onter
surface, the sidewall having variations i wall thickness along an axial dimension with
thinaer wall portions and thicker wall portions and mamtaining the blown bottle m the meold
at a temperature within the range of 160-200°C for a period from two to twenty seconds; (33
maintaming thinner wall portions at a first {emperature and thicker wall portions at a second
fempearature lower than the fvst temperatures and selectively cooling predetenmined portions
of the mner surface by directing a flow of cooling fuid wih the thicker wall portions

recerving more cooling fluid than the thinner wall portions; and (4} removing the container
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from the blow mold when the container has sufficiently cocled 0 be self-supporting and

further cooling the conlamer outside the mold.
BRIEF DESCRIPTION OF THE DRAWINGS:
FHG. 1 iy a perspective view of a jar type container

FIG. 2 15 a side elevation view showing a preform overlad onto o mold cavity for a

jar-type contaer;

HG. side elevation view in cross sechion of a blow mold station having a blow

rod providing recirculating air to an inner surface of the contamer being formed;

FIG, 4 18 a side elevation view of a mold cavity having more than {wo zones of

feiiparature conlrol;

FIG. 3 18 8 graph of vohemetric change versus hot fill tempersture for containers

having varving crystalinities;

FIGS. 6-10 respectively show g plot of the results of a temperature modulated
differential scanning calorimetry data PET containers Sample 3-A, Sample 3-8, Sample 3-C,

Sample 1-A and Sample {-B);

FIGS, TE-15 reapectively show the Xoray diffraction patierns for Samples 1-A, 1-B, 3-
A, 3B and 5-C;

FIG. 16 shows a porton of Xeray diffraction patterns for the tested samples and

vertically spaced from one another for clanity purposes; and

FIG. 17 is plot of modulated DSC for a container sample of the present mvention.

SUBSTITUTE SHEET (RULE 26)



WO 2011/037792 PCT/US2010/048862

DETAILED DESCRIPTION OF THE INVENTION:

While this invantion is soscepiible of embodiment in many dilferent forms, there i
shown in the drawings, and will be described berein in detail, specific embodiments thereof
with the understanding that the present disclosure 13 to be considered as an exemphiication of
the prineiples of the vention and 15 nol ntended to lumit the invention to the specific

embodiments ilfustrated.

The present mvention provides a conlainer of a crystallizable polvimer bhavmg
enhanced thermal properties while still providmg a container with high clarity.  Suitable
crystatlizable polymers include, for example, homopolyvmers of poly {ethylene terephthalate)
and phthalic based copolymers ("PET™). In a preferred form of the mvention, the containers
will be fabricated from PET resin having an ninnsic viscosity from 9.72 1o abowt 0.86.
Surtable PET resins include bottle grade PET resing including PARASTAR resins sold by the
Eastman Chemical Company, PET resins sold by Wellman, Inc. and CLEAR TUF resing sold
by M&G Polvmers. The erystathizable polymer containers of the present fnvention can have
any geometry, shape or siwe withowt departing from the present savention and nclude
contaners that are round, oval, polygonal, and sreegular. Seuiable contawmers can be a jar-
type, can-type, carafe, wide mouth and any other type container known io those of ordinary
skill 1o the art. Switable {eatuwres of the containers can include pressure absorbing features,
grip enhancing featwes, shoolders, bumpers. {iushes, chimes, standing mings, necks and

others know to those of ordinary skill m the art.

FIG. | shows one container of the present mnvention in the form of g can 18, having 3
geperally ovlindrical side wall 12, a bottom 14, an open top 16 circumsaribed by a flangs
section 18, FIG. 2 shows mold cavity 20 and a preform 22 Jor forming a jar-type container
having a comcal top section 24, a fimsh section 26, a shoulder section 28, a first bumper
section 30, a sidewall or barrel section 32, 3 bottom section 34 and a second bumper section
36.

In o preferred form of the nvention, the contamers will be formed ou an ntegrated
platformt with 3 blow mold station. What s meant by an ntegrated platform is that the
preform 22 15 formed in hine with the blow mold cavities, Thus, the preform does not have to

be reheated {o a preferred orientation temperature as is reguired of non-integrated platforms.
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Further, in non-mitegrated platforms, preforms may increase m moisture content over time
which is sndesirable.  Accordingly, the preform of an integrated system will have a single
beat history unhke a preform that is formed, cooled and then reheated fo the desired
orientation temperature and, therefore, has multiple heat lustories. In g preferved form of the

wnvention, a preform will have a moisture content of less than about 30 ppm.

I a preferred form of the nvention of FIG. 2, the single-heut ustory preform 22 will
be disposed within a blow mold cavity 20 of & single blow station having a temperauure
higher than the glass transition temperature ("Tg"), and move preferably within the range of
73°C to 250°C, more preferably 130°C-240°C, more preferably 160°C-230°C and most
prefevably from 160°C-200°C and any range or combination of ranges theremn. For a single
biow mold station, the comainer will remain o the mold from about teo seconds to about
twenty seconds, more preferably from about two seconds to fifteen seconds, moret preferably
from about two seconds to about twelve seconds, more preferably four seconds to twelve

seconds and most preferably from aboat six seconds © about twelve seconds.

Tu a preferred form of the mvention, the container will have a sidewsnll baving varying
thicknesses along an axinl dimension of the container with thianer wall portions and thicker
wall portions. While in the mold, cooling fhud will be directed fo an inner surface of the
sidewall which can be a liasd or a gas bul more preferably s a gas. Suitable gasses nclude
air, mitrogen and other suitable gasses known to those of skl in the art. In a most preferred
form of the mvention, the cooling fluid will be recirculating air dirgcted 1o the mner surface
of the container using a blow rod 40 having air holes 42, The recirculating air will be at
temperature fess than about SO°C and more preferably within the range of 20°C to about 307C
and under a pressure from 20 bar to about 40 bar for a time from about two seconds fo about
six seconds. In a preferred form of the mvention, the holes 42 will have varving area
dimensions to provide greater amounts of cooling awr (o the thicker wall portions and less
coohing a to the thinner wall portions. Such a blow rod 48 will be veferved 1o as a tuned

blow rod.

In one preferred form of the vention, the blow mold will have more than two zones
ol thermal control along an axial dimension of the mold where the temperatwre of each rone
can be independently controlled within the ranges set forth above. In a preferred form of the

mvention the thinner wall sections will mamniained at a hugher temperature, from 155°C to
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about 250°C, than the lower temperature, from aboul 73°C to sbowt 154°C, of the thicker
wall sections. While the mold cavity of FIG. 4 shows six zones of temperalure controd, the
present invention conternplates providing fewer or greater nomber of zones ncluding from
three to eight separate zones of temperature control. FIG. 4 shows one example of a nulti-
rone blow mold cavity having six zones that will maintain lemperabures in the thinner wall
sections at hugher temperawres than in the thicker wall sections. For example zone 1 for
forming the conical top 61 will be mamtaned within the range of 73°C to gbout 120°C, zone
2 corresponding to the finish 62 will be maintained within the range of 160°C-240°C, vones 3
and 5 corresponding respectivelv 1o the shoulder 64 and the heal 48 will be mamtained
withi the range of to about 156°C to about 230°C, vone 4 comesponding to the barre! section
46 will be maintained within the range of about 190°C o about 230°C and zone 6
corresponding to the bottont 50 will be operated within the range of about 100°C to abowt

230°C.

Thus the present invention provides a process for forrung o heat set PET container
with enhanced thermal stability including: (1) inserting a preform: info a blow mold; (2}
blowing the preform o a container having an wner surface and an oudsr surface and a
sidewall having vanations i wall thickness along an axial dimension with thinner wall
portions and thicker wall portions snd maintaining the blown botile i the mold at a
temperatwre from about 73°C-250°C, more preferably from about 150°C to abowt 240°C,
even more preferably from about 160°C (o about 230°C and most preferably from 160°C-
200°C, or any range or combination of ranges therein, for g period from two 1o twenty
seconds; (3) selectively cooling predetermined portions of the mner surface by divecting a
flow of cooling Quid with the thicker wall portions recetving more cooling flwd than the
thinner wall portions; and removing the container from the blow mold when the contaimer has
sufficiently cooled 1o be self-supporting and forther cooling the contamer outside the mold.
A preferred method Rusther includes fornung a container having various sidewall thicknesses
along the axial dimension of the contamer with thinner wall sections and thicker wall seetions
and mamtamng in the blow mold the outer surface of the thinner wall portions at higher

temperature than the thicker wall portions.

A preferred container of the present mvention will have the following physical

properties,  The container can be filled with a hquid from HNFPC o about 132°C without
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gxperiencing 3 change m volume of greater than 3%, more preferably less than 2% and most

preferably less than 1.5%. The container will be optically clear.

Container semples were made in accordance with the present mvention. Samples 3A
and 3B were 24 ounce jar-type coptainers and Sample 3-C was 8 45 ounce jar-tvpe container
prepared from PARASTAR 9000 PET resin sold by Eastman Chemical Company usmg a
CIB-LAB faboratory machine with an wdegrated platform.  The barrel section of these
samples constituied about 80% of the surface area of the containers. The samples were
blown from a preform at a starting temperature of about 103°C (o about 115°C and having a
single heat history. The mold was operated respectively for Samples 3A, 3B, 30 a
temperatares of 180°C, 190°C and 200°C, measured at the barel section, for periods
respectively of six seconds, eight seconds and twelve seconds.  Prior art container PET
samples 1A and 1B were 24 ounce jar-type comtamer m an anfilled, clean state and were

representative of containers wel known to those of skill i the art.

FIG, 5 shows a plot of volume change (percent) versus hot fill temperatures for
Sarople contaimers 3A-3C ol the presest nvention and those of the prior art. The contaisers
were first measured for volume by filling to overflow. The containers were then filled with
hot vegetable o1l allowed fo sit for five minutes, emptied and measured for volume, and the
volome measurement process repeated for six discrete temperatures. The lemperatures of the
ot in the hot fill process were 104 4°C, 115.5°C, 126.6°C, 137.8%C, 148.9°C and 1607C. The
containers were filled allowmng for 12.5 mm headspace. The resulis of the hot {ill tests are
shown s FIG. S with prior ant contamer samples 1A and 1B referred to by reference numeral
86 and comainer samples of the present invention JA-3C respectively referred 1o with

numerals 82, 84, 86,

Samples of PET containers of the present imvention {Samples 3-A, 3-B. 3-C) and of
samples of prior art PET containers 1-A, 1-B) were subjected to teruperature modutated
differential scanming calorimetry (MDSC) and analyzed in the temperature range of °C to
325°C at @ heating rate of S°Cénun. The samples were mamtained in an inert nitvogen
atmosphere with a flow rate of 53¢ mi/min. The results of the MDSC data are shown in the
following figures (FIG. 6, Sample 3-A, FIG. 7, Sample 3-B, FIG. & Sample 3-C, FIG. 9,
Sample 1-A and FIG. 10, Sample 1-B). The mtormation is summarized below m Tables

and 2.

SUBSTITUTE SHEET (RULE 26)



WO 2011/037792 PCT/US2010/048862

The data in Table 1 show that the PET containers of the present invention have
2 fisd endothenmivc plasy ansition temperature 100 {FIGS. 6-8) and a second endothernue
transition temperatare 102 substantially higher than the first endothermic glass transition
temnperature. Tn g preferred fornt of the invention, the second endothermic fransition will be at
feast about 20°C lugher than the first endothernuc glass transition lemperstwe, more
preferably at feast about 30°C fugher, even more preferably at least about 40°C gher and
most preferably at least about 30°C hugher. In another preferred form of the invention the
second endothernue transition will be at 3 {emperatre from about 120°C 1o about 180°C,
evert more preferably from about 130°C to about 170°C and soost preferably from about

135°C {0 sbout 165°C.

The data also show the change in beat capacity of the glass wansiion temperatge for
container samyples taken from the barrel section of the container (which constitutes 8% of
the surface area of the contamer) of the present invention is less than about 010 Jp®C (FIG.
17y It is also possible there is 2 no endothern at temperatores from 70°C to about H0°C. In
another preferred form of the invention, the DSC plot will have no cold crystallization

exotherm from H3%C o 156°C.

The data alse show the enthalpy of the second endothermic transifion for container
samples of the present invention is greater than abowt 0.50 Jig, more preferably greater than
about 1.00 Ny, even more preferably greater than about 1.50 ¥y and most preferably greater

than about 2,00 Jp,

None of the prior art PET container samples tested showed g second endothermic

fransition i their MDSC plots.

TABLE 1. Glass Transition Tenperatures of the PET bottle samples.

SAMPLE DESCRIPTION SPECIMEN ¢ GLASS TRANSITION
TEMPERATURE, °C
1 2nd

Sample #1-A i R3.8
(2404) 2 933
Average 886
Sample #1-B i §6.0
(2doz) 2 93.5
Average 20 8
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Sample #3-4 i 916 f 149 0
(2dor) 2 1015 } 1339
Average 26.6 | 141.8
Sample #3-B i 890 160.9
(2402) 2 9.1 163.7
Average §9.6 1623

Sample #3-C { 90.6 171.3
(4502} 2 4.6 1639
Average 97.6 168.6

Table 2. Melung and Crysialiization Data of the PET botile Samples
Sample Specim | Tm Tm Tm Hm | He | Hme %o

Deescription en Quset | Offset | Pegk | 140 | 140 | He | Crystallinity

# (CCy | CC) | CCy | 0| T gl

to i
2750 | 275
3

ol e T

LY
~3
S, 552
kv o
T
e’

[
el RS
Ly 4 ~3

Sample #1- i
A (2407) 3

P g
2 { e
o

2387 1 2493
255

197 1383 5,
R 3

454

pr
2
2
Lt
peaN
ko)

Average | 2381 | 3573 1 2496 1 701 | 23 | 419 29.9

Sample #1-B | 35T 12803 13831 1 6l0 | IR0 1 43 307
(2407} 2 346 1 A3 12821 ) 623 203 42 3

Average | 2382 | 2588 | 2826 | 617 | 192 | 425 304

Sample #3- 1 2325 1 2533 1 2469 | 676 | 34 | 332 337

A {24on) o o Ta i :

"Heat” 2 2314 1 2552 1 2453 | 74D | 3RO | 361 58

Average { 2320 1 2583 1 2461 | 709 | 362 | 347 248

Sample #3-B { 2284 | 2834 ) 2467 | 843 | 420 {417 298

(24o7) 2 2241 2538 1 46 | 620 ] 265 | 358 254

“Hegt"

|
LA
(oS ]
Ly

Average | 2263 246.4

Sad

3

b

LS 4;.
. A
3 v
Lt

&

g

%]

=3

2

Sample #3-C ! 2333 | 2581 | 2516
{450z} 2 2347 1 2581 1 2806
Average | 2340 | 2581 | 2511

=
<
Ly

)
b

I Ed]d

Sanyples of the prior art PET containers and containers of the present nvention were

subjected to X-rav diffraction analysis. Small sections were cut from zach sample and
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flattenied by hand. Each sample was then loaded onto a zero background holder and placed
w0 a Panalyvtical X'Pert MPD Pro diffractometer using Cu radiation at 34KVi40mA. Scans
were run over the range of 10°% 707 with a step size of 0.01587 and o counting time of 250
seconds per step. FEGS. 11-15 respectively show the diffraction patierns for Samples 1-A, 1-
B, 3-A, 3-Band 3-C. Peaks 1, 3, 4 and 3 are attributable to the crystalline phase and Peak 2
13 attributable to the amorphous phase. Crystalline peaks have halfwidihs 10 the range of 0.1°
to 3° and amorphous peaks have halfwidths close to 10

The crystaliine and amorphous peaks showa in FIGS. 1115 were separated and
recorded for each sample in Table 3. Notablv, the data show a greater number of crvstalline
peaks in the container samples of the present invention when compared to those of the prior
art contginer samples, Farther, there {5 a shift in the peak position as shown in FIG. 16 and in

Tables 44 and 48 below.

Table 3. % Crystallinity in the PET boule samples.

Number of PET Crystalline PET Amorphous
Crystalline Peaks
#1-A 4 30.9% 69.1%
#1-B i 4 31.4% 08, 6%
#3-A 6 21.3% 7R 7%
53-B | 6 21.6%, 76.4%
#3-C 6 [9.7% 80,3%
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Table 4A. XRD Peak Posttions Priov Art Samples

Peak Positions {%)
#1 #3 4 #S
#1-A 13.03° 23 .54° 46.19° 53.03°
#1-B 12.84° 25437 46.13¢ 33.17°
Table 4B XRD Peak Posiions {%) of Container Samples of the present invention
Nample i1 &2 #3 #3 6 #7 H8
#3-A 12.90¢ 17.44° 2230 25767 42 28° 46.63° 53267
#3-8 12.99° 17447 22,57 25 4° 42 357 46,707 53 .38°
#3-C 12.90¢ 17.44° 2237 25 647 42 25° 46 49° 53,237

In a preferred form of the mvention, the XRD peaks of the present wvention will
show at least five erystallne peaks and even more preferably at least six ervstallive peaks
{FIGS. 11-13). Crystalling peaks 110 can be distinguished from amorphous peaks 112 by the
refative shape of the peaks with the crvstathne peaks being tall and narrow and the
amorphous peaks bemng rounded and short. Typically a crystalline peak will have a FWHM
of from about 1.5% to about 3° and an amorphous peak will bave a FWHM of about 9% to
ahowt 107, The term FWHM refers to the breadih of a diffrachion peak at half the maximum
mgensity i rachans, Two erystalline peaks or inflection points observed in XRD plots of
container samples of the present invention but not found in the prior art container samples
were found at nominal values of 17.44° and 42.25°,

Further, as shown in FIG. 16, the XRID peak positions of the present invention are
shifled from those shown in the prior art samples. While the shifis between the prior art
Samples series | and those of the present invention Series 3 may not seem lavge, they are well
bevond the typical experimental errors. Of particular note is the fact that some peaks are
fixed while others shiff by .57 or more, The most common experimental error would have
caused all of the peaks to shift by the same amount. Since this 1s not the case here,
gxperimental error can be ruled ool ns the cause of the shift. The XRD data indicate a
difference in the crysialline phase between the prior art container samples and those of the

present invention.

SUBSTITUTE SHEET (RULE 26)



WO 2011/037792 PCT/US2010/048862

As shown in Tables 3 and 5, the containers of the present mvention will have a
combination of low crystallinity and high density. In a preferred form of the nvention the
crystallinity of the container will be from about 30%, move preferably less than about 28%,
even more preferably less than about 25%. In another preferred forn: of the invention the
crystalhinity will be from about 309 to about 15%, more preferably from 28% to about 18%
aud most preferably from about 25% to about 18%. In a preferred form of the present
mvenuon, the density will be greater than about 1.370 giee and more preferably greater than
about 1.375 giec. The density of the prior art contamer samples and those of the present

wveniion were measared and the resudis are set forth in Table § below.

TABLE 5. Densuty analvsis results of PET bottle samypdes

Sample Description Specimen # Demsity

{gice)

Sample #1-Af2402) | I P36
2 1.37
Average 1.37
Sample #1-8B {2400} 1 {.36
2 1.37
Average 1.37
Sample #3-A {24o0x) 1 138
“Heat" 2 {38
Average 1.38
Sample #3-8 (24oz} i {38
"Heat" 2 138
Average t.38
Sample #3-C (4502) ! 138
2 P38
Average 1.38

From the foregoing, it will be observed thal numerous variations and modilications
may be effected withowt departing from the spivit and scope of the invention. It is 1o be
understood that no hmitetion with respect {0 the specific apparatus Hustrated herein 18
mtended or should be mferred. It 15, of course, intended to cover by the appended claims all

such modifications as fall within the scope of the claims
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CLAIMS

What 1s claimed is:

1. o a blow molded beat set PET container having enhanced thermad properties and a
first glass transiion temperature the buprovement conygwiung a second endothermic

fransition temperatuge substantially higher than the glass ransition temperature.

2. The contamer of cliam 1 whersin the glass franstiion temperating 1s less than abowt

1607C.

3. The contamner of claim 2 wherein the second endothernyic transition mperaturs s

higher than the glass wransiion temperature by at least 20°C,

4, The contamer of claim 1 wherein the change in heat capacity af the glass transition

~

temperatare is fess than about .10 Jig*C

5. The contaner of clam 1 wherein the enthalpy of the second endothermic

transition temperature 1s higher than about 2.0 1/g°C.

6. The container of claint 1 wherein the second endothermic transition temperature i

higher than 120%.

7. The contamer of clainy { wherein the second endothermic transition {emperature 1s

higher than 1407
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¥. The container of claim 1 wherzin the second endothernic ransilion emperaturs 15

Iigher than 160°C.

9. In a blow molded beat set PET contmner having enhanced thermal properties and a
glass transition temperature the mprovement wheren the change m heat capacity change o

the zlass transition temperature 1s {ess than about ¢.10 1ig"C.

HE The container of claim 9 further comprising a second endothernuc transition

feiperature substantially hogher thaw the plass transition lemperature.

11 The container of claim 10 wherein the second endothermuic transition tlemperature

15 2t least 20°C higher than the glass transition temperature.

12, The container of claim 10 wherein the second endothermic transition temperature

is higher than 120°,

13, The containgr of claim 10 wherein the second endothermic transition temperature

is igher thaw 1407

14, The container of claim 10 wherein the second endothermic transition temperature

is higher than 160°C.
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15, In a blow molded heat set PET contamer having enbianced thermal properties the

uprovenent wherein the X-vay diffraction pattern bas at least five erystalline peaks.

16, The contaiver of claim 13 further comprising a sixth ctyatalline peak.

17 The PET container of clain 13 having an X-ray diffraction pattern substantially as

shows in FIG. 16

18, The container of clam 15 having peaks at nominal values of abouwt 17.44% and

E=y
o4
e
L)

(3

19, In a blow molded heat set PET contamer having enhanced thermal properties

37

having a crystallinity less than about 30% and a density of greater than about 1.37 glee.

21 The containgr of claim 1% having a crystallimity less than about 28%.

21. The comainer of claim 1 having a crystallinity of Tess than about 23%.

22, A process for forming a heat set FET contamer with enhanced thermal stability

comprising:
imserting a preform into a blow maold;

blowing the preform into & container having an inner swrface and an outer

surface and a sidewall having vanations i wall tickness along an axsal dinvension with
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~ 30 -
thinner wall portions and thicker wall porticns and maintainmg the blown bottle m the meold
al a lemperaturg within the range of 160-200°C for a period from six to twelve seconds;

selectively cooling predetermyined portions of the inner surface by directing a
flow of cooling fhad with the thicker wall portions recetving more cooling fluid than the

thinner wall portions; and

removing the container from the blow mold when the container has

sufficiently cooled to be selfesupporting and further cooling putside the mold.
23, The process of clann 22 wherein the preform has a single heat nstory.

24, The process of claim 22 wherein the preform has & moistre content of less than

about 30 ppm.

25, The process of claim 22 further comprising maiutaming predetermined porions
of the outer surface by heating thinner wall portions to higher temperature and thicker wall

portions o lower temperatures.

26 The process of claim 27 wherein the cooling fluid 15 a gas.

7. The process of claim 26 wherern the gas 15 air or nifrogen.

&
=

28 The process of clam 22 wherein the fod 1§ at a tewmperatare less than about
40°C.
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29. A process for fornung a heat set PET container with enhanced thernwal stalnlity

comprising:
inserting a preform into a heated blow mold;

blowing the preform into a container baving a sidewall with a an iner surface
and outer surface, the sidewall having variations in wall thickness along an axigl dimension

with thinner wall portions and thicker wall portions;

matntaning thinner wall portions at a first temperature and thicker wall
portions at a second temperature lower than the first temperatures and selectively coolmg

predeternuned portions of the nner surface by divecting a flow of cooling flwd with the

thicker wall portions recetving more cooling {luid than the thinner wall portions; and

removing the comtamer from the blow mold when the container has

sufficiently cooled to be self-supporting and further coohing outside the mold.

30, The process of claim 31 whevein the first temperature is from about 737C to abowt

1584°C.

31, The process of claint 29 whevein the second temperature is from abowt 155°C to

ahout 250°C,

32. The process of claim 29 whereln the second temperature is from about 154°C to

about 2530°C.

33, The process of claim 32 wherein the contamer has a finish section, a barrel

section gnd o bottom section, the harrel section when in the mold being maintained within the
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X
4
2

]

first {femperature range and the finish section and the bottom section betng maintained at a

temperature withm the second tempsrature range.

34, A Blow cavity for forming a PET container baving a wall for defining a destred
shape of the container having a finish section, a barrel section and a bottom section, the
cavity having along its height a member for independently heating the finish section to 3
temperatere from about 160°C to about 240°C, the barrel section to a temperature from a

about 190°C to about 230°C and the bottom section from about 150°C 1o about 236°C.
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FIG. 1

FIG. 2
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.: .

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:’ Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed reqﬁirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see Extra Sheet

L. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. g No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Box No. Ill, Observations where unity of invention is lacking:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-8, drawn to a blow molded heat set PET container having enhanced thermal properties and a first glass transition
temperature the improvement comprising a second endothermic transition temperature substantially higher than the glass transition
temperature.

Group II: Claims 9-14, drawn to a blow molded heat set PET container having enhanced thermal properties and a glass transition
temperature the improvement wherein the change in heat capacity change at the glass transition temperature is less than about 0.10
Joule per (grams degrees Centigrade).

Group lll: Claims 15-18, drawn to a blow molded heat set PET container having enhanced thermal properties the improvement wherein
the X-ray diffraction pattern has at least five crystalline peaks.

Group IV: Claims 19-21, drawn to a blow molded heat set PET container having enhanced thermal properties having a crystallinity less
than about 30% and a density of greater than about 1.37 grams per cubic centimeter.

Group V: Claims 22-34, drawn to a process for forming a heat set PET container with enhanced thermal stability, comprising:

inserting a preform into a blow mold;

blowing the preform into a container having an inner surface and an outer surface and a sidewall having variations in wall thickness
along an axial dimension with thinner wall portions and thicker wall portions and maintaining the blown bottle in the mold at a
temperature within the range of 160-200 degrees Centigrade for a period from six to twelve seconds;

selectively cooling predetermined portions of the inner surface by directing a flow of cooling fluid with the thicker wall portions receiving
more cooling fluid than the thinner wall portions; and

removing the container from the blow mold when the container has sufficiently cooled to be self-supporting and further cooling outside
the mold.

The inventions listed as Groups 1, 11, llI, IV, and V do not relate to a single inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

The inventions of Groups | and V share the special technical feature of a PET container with enhanced thermal stability. However, this
special technical feature does not represent a contribution over the prior art of JP 62-071622 A to Toyoda, et al. (hereinafter Toyoda’),
02 April 1987 (02.04.1987), because Toyoda discloses in a blow molded heat set PET container having enhanced thermal properties
and a first glass transition temperature the improvement comprising a second endothermic transition temperature substantially higher
than the glass transition temperature (Abstract).

In addition, the inventions of Groups |, |l Ill, and IV share the special technical feature of a PET container article with enhanced thermal
stability. However, this special feature does not represent a contribution over the prior art of US 2005/0140036 A1 to Hirota, et al.
(hereinafter 'Hirota'), because Hirota discloses a blow molded heat set PET container (para [0012] and [0041]) having enhanced thermal
properties (para [0041}) the improvement wherein the X-ray diffraction pattern has at least five crystalline peaks (Figs. 7 and 8; para
[0034), {0036], [0092] and [0098], See the five and six crystalline peaks, major and minor, between 0 and 50 degrees.).

Groups |-V therefore lack unity under PCT Rule 13 because they do not share a same or corresponding technical feature.
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