.- 1 METHOD OF FORM NG MULTI - LAYER PREFORM AND Rel ated Applications This is
a gonkmnuateon-in-part of copending and comonly owned U. S. Seﬁgﬁk&
07/ 909, 961 entitled MILTILAYER REFI LLABLE CONTAI NER, - PREFORM A HOD OP
FORM NG SAME, filed July 7, 1992 by WCollette, S.Schm dt and
S. Krishnakumar. Field of The Invention This invention relates to new and
usef ul iiprovenents In containers, and nore particularly to a nethod of
f orm rig cont ai ner havi ng an enhanced | evel of surface sidewall
crystallinity, while maintaining a'high |level of transparency (clarity).
The container is particularly useful as a ref illable carbonated beverage
container, able to withstand high caustic wash tenperatures and exhi bit
reduced product flavor carryover, :and as a hot-fill container, Background
of The Invent ion The market for PET refillable carbonated soft drink (CSD)
bottl es has enjoyed significant growh worldw de since its introduction in,
1987 by Continental PET Technol ogi es. These bottl es have been
comerci al i zed t hroughout nuch of Europe, Central and South Anerica, and
are now noving into the Far East nmarket.
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METHOD OF FORMING MULTI-LAYER PREFORM AND

CONTAINER WITH LOW CRYSTALLIZING INTERIOR LAYER

Related Applications
This ig & continuation-in-part of copending

and commonly cwned U.8. Serial No. 07/909,461
entitled MULTILAYER REFILLABLE CONTAINER, PREFORM
AND METHOD OF FORMING SAME, filed July 7. 1992 by
W.Collette, 8.Schmidt and 8.Krishnakumar.

Field of The Invention

This invention relates to new and useful
improvements in containers, and more particularly to
a method of forming a container having an ‘snhanced
level of surface sidewall crystallinity, while
maintaining a high level of transparency {(clarity).
The container is particularly useful as a refillable
carbonated beverage container, able to withstand high
caustic wash temperatures and exhibit reduced product
flaveyr carryover, and as a hot-fill container,

Background of the Invention

The market for PET refillable carbonated
soft drink {CSD) bottles has enjoyed significant
growth worldwide since its introduction in 1987 by
Continental PET Technologies. These bhottles have
been commercialized throughout much of Europe,
Central and South America, and are now moving into
the Far East market. '



-2 Refillable bottles reduce the existing landfill and recycle problens
associ ated with di sposable plastic beverage bottles. In addition, a
refillable bottle provides a safer, lighter-weight plastic container in
those markets, currently dom nated by gl ass, where |legislation prohibits
use of non-returnable packages. The goal is to produce a refillable bottle
havi ng the necessary physical characteristics to withstand nunmerous refil
cycles, and which is still econom cal to produce. Cenerally, a refillable
plastic bottle nust maintain its functional and aesthetic features over a
m ni rum of 10 and preferably over 20 cycles or |oops to be considered
economcally feasible. Aloop is conprised of (1) an enpty hot caustic wash
foll owed by (2) contam nant inspection and product filling/capping, (3)

war ehouse storage, (4) distribution to wholesale and retail |ocations and
(5) purchase use and enpty storage by the consuner followed by eventual
return to the bottler. This cycle is illustrated in Fig. 1. In an
alternative cycle, the contam nant inspection occurs before the caustic
wash. Refillable containers nust neet severgl .key performance criteria to
achieve comercial viability, including:. 1. high clarity (transparency)
to permt visual on-line inspection;

Refillable bottles reduce the existing
landfill and recyole problems associated with
disposable plastie beverage bottles. In addition, a
refillable bottle provides a safer, lighter-weight
plastic container in those markets, currently
dominated by glass, where legislation probibits use
of non-réturnable packages., The goal is to produce
a refillable bottle having the necessary physical
characteristics to withstand numercus refill cycles,
and which is still economical to produce.

Generally, a refillable plastic bottle must
maintain its functional and aesthetic features over
a minimum of 10 and preferably over 20 ecycles or
loops to be considered economically feasible. A
loop is comprised of (1) an smpty hot caustic wash
followed by (2) contaminant inspection and product
£illing/capping, (3) warehouse storage, (4)
distribution to wholesale and retail locations and
(5) purchase, use and empty storage by the consumer
followed by eventual return to the bortler. This y
cycle is illustrated in Fig. 1. In an alternative '
cycle, the contaminant inspection occurs before the
caustic wash, |

Refillable containers must meet severgl key
performance criteria to achieve commercial viability,
including ¢

1. high clarity (transperency) to permit
' visual on~-line inspection;



-3 2. di rensional stability over the life of the container; and 3.

resi stance to caustic wash induced stress cracking and | eakage. A
comercially successful PET refillable CSD container is presently being

di stributed by The Coca-Col a Conpany in Europe (hereinafter "the prior art
container"). This container is forned of a single |layer of a polyethyl ene
t erepht hal ate (PET) copol yner having 3-5% conononer, such as

1, 4- cycl ohexanedi nmet hanol (CHDM or isophthalic acid (I PA). The preform
fromwhich this bottle is stretch blow nol ded, has a sidewall thickness on
the order of 5-7 nm or about 2-2.5 tinmes that of a preformfor a

di sposabl e one-way bottle. This provides a greater average bottle sidewall
thickness (i.e., 0.5-0.7 m) required for abuse resistance and di mensi onal
stability, based on a planar stretch ratio of about 10:1. The average
crystallinity in the panel (cylindrical sidewall section beneath the | abel)
I s about 15-20% The hi gh copol yner content prevents visual
crystallization, i.e., haze, fromformpgain the preformduring injection
nol di ng. .Preform haze is undesirabl e because it produces bottle haze which
hi nders the visual on-line '

2, dimensional stability over the life of the
container; and

3. resistance to caustic wash induced stress
cracking and leakage.

A commercially succesaful PET refillable
CSD container is presently being distributed by The
Coca~Cola Company .in Burope (hereinafter "the prior
art container"). This container is formed of a
single layer of a polysthylene terephthalate (PET)
copolymer having 3-5% comonomer, such as
1,4-cyclohexanedimethanol (CHDM) or isophthalic acid
{IPA). The preform, from which this bottle is
stretch blow molded, has a sidewall thickness on the
order of 5~7 mm, or about 2-2.5 times that of a
_preform for a disposable one-way bottle. This '
provides a greater average bottle sidewall thickness
(i.e., 0.5-0.7 mm) required for abuse resistance and
dimensional stability. based on a planar stretch
ratio of about 10:1, The average crystallinity in
the panel {cylindrical sidewall section beneath the
label) is about 15-20%. The high copolymer aontent
prevents visual crystallization, i.e., haze, from
forming in the preform during injection molding.
Preform haze is undesirable because it produces
bottle haze which hinders the visual on-line
inspection required-of commercial refill containers.



I nspection required-of commercial refill containers. -.4 - Various
aspects of this prior art container are described in Continental PET
Technol ogy's U. S. Patent Nos. 4,725,464, 4.755, 404, 5,066,528 and

5,198, 248. The prio; art container has a denonstrated field viability in
excess of 20 refill trips at caustic wash tenperatures of up to 60[err]C.
Al t hough successful, there exists a conmmercial need for an inproved
container that permts an increase in wash tenperature of greater than
60[err]C, along with a reduction in product flavor carryover. The latter
occurs when flavor ingredients froma first product (e.g., root beer)
mgrate into the bottle sidewall and subsequently perneate into a second
product (e.g., club soda) on a later fill cycle, thus influencing the taste
of the second product. An increase in wash tenperature may al so be
desirable in order to increase the effectiveness and/ or reduce the tine of
the caustic wash, and may be required with certain food products such as
juice or mlk. Thus, it would be desirable tqQ gncreae the caustic wash
tenperature above 60[err]C for a returnable bottle having a lifetinme of at
| east 10 reéfill trips, and preferably 20 refill trips, and to reduce

Various aspects of this prior art container are
described in Continental PET Technology's U.S.
Patent Nos. 4,725,464, 4,755,404, 5,066,528 and
5,198,248, ' R

The priox art container has a demonstrated
field viability in excess of 20 refill trips at
caustic wash temperatures of up to 60°C. Although
successful, there exists a commercial need for an
improved container that permits an increase in wash
temperature of greater than 60°C, along with a
reduction in product flavor carryover. The latter
occurs when flavor ingredients from & first product
{(e.g., root beer) migrate into the bottle sidewall

and suhsequeﬁtly permeate into a second product

(e.g.., club soda) on a later fill cycle., thus
influencing the taste of the second product. An
increase in wash temperature may &lso be desirable

in order to increase the effectiveness and/or reduce
the time of the caustic wash, and may be reguired

with certain food products such as juice or milk.

Thus, it would be desirable to increase the i
caustic wash temperature above 60°C for a returnable
bottle having a lifetime of at least 10 refill
trips, and preferably 20 refill trips, and to reduce
the product flavor carryover. These and other
objects are achleved by the present invention as set
forth below.



the product flavor carryover. These and ot her objects are achieved by the
present invention as set forth bel ow -5- Summary of the Invention In
accordance with this invention, a nethod of form ng a substantially
transparent nmulti-layer container is provided having an enhanced | evel of
strain-induced exterior sidewall crystallinity, and which may be further
enhanced by | owtenperature heat-setting. The container has inproved

resi stance to caustic stress cracking, while maintaining a high | evel of
transparency and di nensional stability, and thus is particularly suitable
for refillable carbonated beverage bottles. The container has a lifetine of
at least 10 refill cycles and nore preferably at |east 20 refill cycles, at
caustic washi ng tenperatuses of 60[err]C and above. The container exhibits
a reduction in flavor carryover of at |east 20% over the previously
described refillable CSD prior art container. In one enbodinent, a

mul ti-layer preformis provided including a panel-formng portion having an
interior |ayer of a first copol yner polyesleé,_and an exterior |ayer of a
second pol yester having relatively |less copolyner and a rate of

sgmnggz of the Invention .

In accorfiance with this invention, a method '
of forming a subsiantially transparent multi-layer
container is provided having an enhanced level of
strain-induced exmerior sidewall crystallinity, and
which may be further enhanced by low-temperature
heat-gsetting. 7The container has improved resistance
to gaustic stress cracking, while maintaining a high
level of transperfincy and dimensional stability, and
thus is particulaply suitable for refillable
carbonated bheverage bottles. The container has a
lifetime of at least 10 refill cycles and more
preferably at least 20 refill oycles, at caustic
washing temperatwtes of §0°C and above. The
container exhibit& & reduction in flavor carryover
of at least 20% over the previously described
refillable C8D pricr art container.

In one aibodiment, a multi-layer preform is
provided including a panel-forming portion having an
interior layer of a first copolymer polyester, and
an exterior layer of a second polyestar having oy
relatively less dopolymer and a rate of |
erystallization at least about 20% higher than the
£irst polyester. Preferably, the interior layer
forms a high oopalymer core between two exterior
(innar angd outer) layers of the low copolymer. The
high copolymer pmevents crystellization (haze) of
the interior core layer. which cools more slowly



crystall'i zation at |east about 20% hi gher than the first pol yester.
Preferably, the interior layer fornms a high copol yner core between two
exterior (inner and outer) layers of the | ow copolynmer. The hi gh copol yner
prevents crystallization (haze) of the interior core |ayer, which cools
nore slowy -6- during the injection process, in order to preserve
overall container clarity and inspectability. The exterior (inner and
outer) layers cool nore rapidly during the injection process and are | ess
likely to crystallize. They are nmade of a honopol ymer or | ow copol yner

pol yester which has a higher rate of stretching or strain-induced
crystallization and thus provi des enhanced surface resistance to caustic

i nduced stress cracking and reduced flavor carryover in the blown
container. The core layer may typically conprise about 50-80% of the vl |
t hi ckness of the panel-forming portion of _the preform and of the
correspondi ng panel portion of the containeP, Tand nore prieferably about
60-70% | n one enbodi nent, the above preforn1|s reheat stretch bl ow nol ded
to forma one-pi ece PET free standing refillable pressurized beverage

contai ner having BPHel chel iU don Foidesdy ok ¥y &Y Plesdivet @l i ne
overall container clarity snd inspectability. The
exterior (inner and outer) layers cool more rapidly
during the injeetion process and are less likely to
crystallize. They dre made of a homopolymer or low
copolymer polysster which has a higher rate of
stretching or straip—induced crystallization and
thus provides enbanced surface resistance to caustic
induced stress cracking and reduced flavor carryover
in the blown container. The core layer mey typically
comprise about 50-80% of the wall thickness of the
penel-forming porticn of the preform, and of the
corresponding panel portien of the container, and
more preferably about 60-70%,

In one embodiment., the above preform is
reheat stretch blow molded to form a one-piece PET
free-standing refillable pressurized beverage
container having biaxially crienced, relatively thin
and highly crystalline inner and outer layers in the
panel. The panel has a total average wall thickness
of about 0,5 to about 0.8mm, with the core comprising
about £9-70% of the total. The container base
includes & thickensd base portion of lower
orientation and crystallinity. The inner and outer
layers of the panel have a strain-induced average
erystallinity of at least about 20%, and the panel
core layer at least about 14%, given a planar stretch



panel . The panel has a total average wall thickness of about 0.5 to about
0.8mm wth the core conprising about 60-70% of the total. The contai ner
base includes a thickened base portion of |ower orientation and )
crystallinity. The inner and outer |ayers of the panel have a
strain-induced average crystallinity of at |east about 20% and the panel
core layer at |east about 14% given a planar stretch 7- ratio of about
7-13:1, and nore preferably 9-11:1. By "average" crystallinity is neant an
aver age taken over the entire area of the respective panel part, e.g.,
panel. The multilayer PET container is provided with at |east 20%
strain-induced average crystallinity in the panel, which may be further
enhanced by | owtenperature heat-setting (e.g.., in contact with a nold at
a nold tenperature of 110-140[err]C in order to retain transparency) to

| evel s of 30-35% or even greater. The.hygher the crystallinity level in
the exterior layer of the panel, the higher the all owable wash tenperature,
e.g., 62[err]C, 65[err]Cor 70[err]C. The core layer in the panel has a
much lower crystallinity, but is sufficient to provide the necessary

strengtih (creepgiqy HrARtHut FuIN 1Y aie Prefeably saability)
By "average" orystallinity is meant an average taken
over the entire area of the respective panel part,
e.g.,, panel.

The multilayer PET container is provided
with at least 20% strain—-induced average
orystallinity in tle panel, which may be further
enhanced by low-temperature heat-setting (e.g..
in contact with a mold at a mold temperature of
110=-140°C in order to retain transparency) to levels
of 30-35%, or even greater. The higher the
crystallinity level in the exterior layer of the
panel, the higher the allowable wash temperature,
e.qg., 62°C, 65°C or 70°C. The core layer in the
patiel ha=z a much lower crystallinity, but is
sufficient to provide the necessary strength (creep
resistance, abuse resistance and thermal stability)
for a viable refill container. Overall, the . id
container of this invention can be washed at 60°C or
higher temperatures and exhibits reduced flavor
carryover (20% improvement or more) with no
significant loss of container properties, versus the
prior art single-layer refillable CSD beverage
bottle previously described.

The above two-materisl three-layer‘PET
preform may be made by a metered seguential
co—-injection process comprising a first injection of
a homopolymer or low copolymer, e.g., 0-2% copolymer



for a viable refill container. Overall, the container of this invention can
be washed at 60[err]C or higher tenperatures and exhibits reduced flavor
carryover (20% i nprovenment or nore) with no significant |oss of container
properties, versus the prior art single-layer refillable CSD beverage
bottl e previously described. The above two-material three-layer PET preform
may be made by a netered sequential co-injection process conprising a first
i njection of a honmopol ynmer or | ow copol yner, e.g., 0-2% copol yner

content by total weight, to formthe inner and outer |ayers, followed by a
second injection of a high copolynmer. e.g., 4-6% copolynmer content by total
wei ght, to formthe core layer. in other exanples, the copolyner may be

| ess than 3% and the high copol ynmer nore than 3% copol yner, as |ong as
there is at least a 20% difference in crystallization rate. The inproved
resi stance to hazing and stress crack resi stance at el evated tenperatures
makes the container of this invention®arso particularly suitable as a
hot-fill container. These and other features of the invention will be nore
particularly described by the foll ow ng detalled description and draw ngs

of certain enbodi nents ,
content by total weight, to form the inner and outer

layers, followed by a second injection of a high
copolymer, e.g., 4-6% copolymer content by total
weight, to form the core layer. In other examples,
the copolymer may be less than 3% and the high
copolymer more than 3% copolymer, as long as there

is at least a 20% difference in crystallization rate.

The improved resistance to hazing and
stress orack resistance at elevated temperatures
makes the container of this invention also
particularly suitable as a hot-£fill container.

These and other features of the invention
will be more particularly described by the following
detailed description and drawings of certain
embodiments,

.Bgief Description of ﬁhg Drawings

Fig. 1 is a schematic illustration showing
a typical cycle or loop through which a refillable
container must pass;
Fig. 2 is a schematic elevational view of a
PET refillable 1.5 liter carbonated beverage bottle §
of this invention, partially broken away, and
gshowing the varying levels of crystallinity in the
high-copolymer cdore versus low-copolymer inner and
outer layers, at various positions along the bottle;

—vr o -



Brief Description of the Drawings Fig. 1 in a Schematic illustration
showi ng a typical cycle or |oop through which a refillable container nust
pass; Fig. 2 is a schematic elevational view of a PET refillable 1.5 liter
car bonat ed beverage bottle of this invention, partially broken away, and
showi ng the varying levels of crystallinity in the high-copolyner core
versus | ow copol yner inner and outer. | ayers, at various positions along the
bottl e; Fig. 3 is an enlarged fragnentary view taken al ong the section
lines 3-3 of Fig. 2 showing nore specifically the central core |ayer of

hi gh- copol ymer PET, and the inner and outer |ayers of |ow copolyner PET;
Fig. 4 is a schematic sectional view taken through an injection nold cavity
and showi ng the manner in which the polyester resin material is directed
into the cavity to forma preformin accordance with this invention; Fig. 5
is an enlarged fragnentary schematic yi gw showi ng the nmanner in which a
quantity of a first |low copolyner material is injected into the bottom of
the nold cavity and the resultant cooling upon contact with the cooler nold
wal | surfaces in order to formthe inner and outer |ayers of the

Fig. 3 is an enlarged fragmentary view
taken along the section lines 3-3 of Fig. 2 showing
more specifically the central core layer of high~
copelymer PET, and the inner end outer layers of
low-copolymer PET;

Fig. 4 is a schematic sectional view taken
through an injection meld -cavity and showing the
manner in which the polyester resin material is
directed intc the cavity to form & preform in
accordance with this invention;

Filg. 5 is an enlarged fragmentary schematie
view showing the manner in which a quantity of a
first low copolymer material is injected inte the
bottom of the mold e¢avity and the resultant cocling
upon contact with the cocoler mold wall surfaces in
order to form the inner and outer layers of the
preform; _

Fig. & is an enlarged fragmentary schematic
view showing the manner in which a guantity of a
second high copolymsr material is injected into the
bottom of the mold cavity to form the core layer and
the resultant tunnel £low of both the first and 'y
gecond materisls to form the preform; "

| Fig. 7 is an enlarged sectional view of the
multi-layer preform used to make the container of
this invention: '



preform Fig. 6 is an enlarged fragnentary schematic view show ng the
manner in which a quantity of a second high copolyner material is injected
into the bottomof the nold cavity to formthe core | ayer and the resultant
tunnel flow of both the first and second nmaterials to formthe preform
Pig. 7 is an enlarged sectional view of the nulti-layer preformused to.
make the container of this invention; Fig. a is an enlarged fragnentary
view showing in cross section the base of a container nade fromthe preform
of Fig. 7; Figs 9 is a fragnentary sectional view of an alternative

enbodi ment of the preformhaving a third injection of material in the
base-form ng section of the preformwhich displaces the core material, and
which may be a | ow copolymer material simlar to the inner and outer

| ayers; and Fig. 10 is an enlarged fragnentary view showi ng in cross
section the base portion of a contaanq made fromthe preformof Fig. 9.
Detail ed Description Referring now to the drawi ngs, and in particular Fig.
1, a comrercial refillable container nust wthstand numerous refill cycles

whi | e

Fig. 8 is an enlarged fragmentary view
showing in cross section the base of a container
made from the preform of Fig. 7;

Flg. 9 is a fiagmentary sectional view of
an alternative embodiment of the preform having e
third injection of materisl in the base~forming
section of the preform which dispiaces the core
material, anc which may be & low copolymer material
gimilar to the irner and outer layers; and

Fig. 10 is an enlarged fragmentary view
showing in cross section the base portioh of a
container made from the preform of Fig. 9,

Detailed Description

Refezrring now to the drawings, and in
partizsular Fig. 1, a commercial refillable container
must withstand numercus refill cyeles while
maintaining its aesthetic and funotional features.
A test procedure for simulating such a ecycle would
be as follows. As used in the specification and
claims, the &bility to withstand a designated number
of refill cycles without czack fallure and/or with a ¢
maximum volume change is determined according to the g
following test proceduze. :
Each container is subjected to a typical
commercial caustic wash solution prepared with 3.5%
sodiun hydroxide by weight and vap water. The wash
golution is maintained at the designated wash



maintaining its aesthetic and functional features. A test procedure for
simulating such a cycle would be as follows. As used in the specification
and clains, the ability to withstand a desi gnated nunber of refill cycles
wi t hout crack failure and/or with a maxi mum vol une change i s determ ned
according to the follow ng test procedure. Each container is subjected to a
typi cal commercial caustic wash solution prepared with 3.5% sodi um

hydr oxi de by wei ght and tap water. The wash solution is maintained at the
desi gnat ed wash tenperature, i.e.r 60[err]C or nore, in accordance with
this invention. ,The bottles are subnmerged uncapped in the wash for 15
mnutes to sinulate the tinme/tenperature. conditions of a conmercial bottle
wash system After renmoval fromthe wash solution, the bottles are rinsed
in tap water and then filled with a carbonated water solution at 4.0 [err]
0.2 atnospheres (to sinulate the presguge Ln a carbonated soft drink
container), capped and placed in a 38[err]C convection oven at 50%rel ative
hum dity for 24 hours. This el evated oven tenperature is selected to

simul ate | onger commerci al storage periods at |ower anbient tenperatures.

Upon renoval f éﬁ%éi&%??@P’ith,CgﬂxéiB?rﬁo@%f’fﬁmﬁééﬁkéﬁﬁkégﬁiEhSUbjeCtEd
to the sane refl cycle,'until"farlure,
this invention., The bottles sre submerged uncapped
in the wash for 15 minutes to simulate the
time/temperature. conditions of a commercial bottle
wash system. After removal from the wash solution,
the bottles are rinsed in tap water and then £illed
, with a8 carbonated water solution at 4.0 + 0.2
atmospheres (to simulate the pressure in a carbonated
soft drink centainer), capped and placed in a 38°C
convection oven st 50% relative humidity for 24
hours. This elevated cven temperature is selected
to simulate ienger commercial storage periods at
lower ambient temperaéures. Upon removal from the
oven, the containers are emptied and agailn subjected
to the same refill cyele, until failure.

A fallure is defined as any crack
propagating through the bottle wall which results in
leakage and pressure loss. Volume change 1s
determined by comparing the volume of liquid the
container will hold at room temperature, both before
and after each reflll pycle.

The container of Fig. 2, described below,
can withstand at least 20 refill cycles at a wash
temperature of greater than 60°C without failure,
and with no more than about 1.,5% veolume change after
20 ¢cycles. The contalner also exhibits at least a
20% reduction in product flavoer carryover (compared
to the prior art CSD bottle) as determined by gas
cshromatography mass spectrometer measurements.



A failure is defined as any track propagating through the bottle wall which
results in | eakage and pressure | oss. Volune change is determ ned by

conparing the volume of liquid the container will hold at roomtenperature,
both before and after each refill cycle, The container of Fig. 2. described
bel ow, can withstand at |east: 20 refill cycles at a wash tenperature of

greater than 60[err]C without failure, and with no nore than about 1.5%

vol une change after 20 cycles. The container also exhibits at |east a 20%
reduction in product flavor carryover (conpared to the prior art CSD
bottle) as determ ned by gas chromat ography mass spectroneter neasurenents.
-12 - Fig. 2 shows a PET refillable 1.5 liter carbonated beverage bottle
having a relatively thick chanpagne base, nade in accordance with this

i nvention. The bottle 10 is a unitary bl ow nol ded, biaxially-oriented

hol | ow body havi ng an open upper end with external screw threads an neck
finish 12 for receiving a screwon cﬁpl?nﬁt shown), and a | ower cl osed base
18. Between the neck finish and base is a substantially vertically-disposed
sidewal I including an upper tapered shoul der portion 14, and a

substantially Cylingriffé.pgngﬂuggrgigﬁTlgefillable 1,5 liter
carbonated beverage hottle having a relatively thick
champagne base, made in accordange with this
invention, The bottle 10 is a unitary blow-molded,
biaxially-oriented hollow body having an open upper
énd with external screw threads on neck finish 12
for receiving a screw-on cap (not shown), and a
lower c¢losed base 18. Between the neck finish and
base is a substantially vertically-disposed sidewall
including an upper .tapered shoulder portion 14, and
a8 substantially cylindrical panel portion 16 .
(defined by vertical axis or centerline CL of the
bottle). The champagne base 18 has & central
putwardly-concave dome 22 with a center gate poftion
20, an inwardly concave chime area 24 includirng a
standing ring on whicl the bottle rests, and a
radially increasing and arcuate outer base bortion
26 for a smooth transition to the sidewall 16. The
chime is a substantially toroidal-shaped area around
the standing ring which is thickened to resist
stress cracking. The dome and chime form a
thickened base portion, which is about 3-4X the oy
thickness of the panel 16. Above the chime, there ’
is a thinner outer base portion of about 50~70% of
the thickness of the thickened base portion and
increasing in crystallinity up to its junction with
the sidewall. The thinner outer base wall provides
improved impact resistance.

.



(defined by verti cal
base 18 has a centra

axis or centerline CL of the bottle). The chanpagne

outwardl y-concave done 22 with a center gate portion

20, an inwardly concave chine area 24 including a standing ring on which

the bottle rests,

and a radially increasing and arcuate outer base portion

26 for a snmooth transition to the sidewall 16, The chinme is a substantially
t or oi dal - shaped area around the standing ring which is thickened to resi st
stress cracking. The done and chinme forma thickened base portion, which is
about 3-4X the thickness of the panel 16. Above the chine, there is a

t hi nner outer base portion of about 50-70% of the thickness of the

t hi ckened base portion and increasing in crystallinity up to its junction

with the sidewall.

resi st ance.

The thinner outer base wall provides inproved inpact
13 - The multi-layer sidewall of bottle 10 is not

specifically illustrated in Fig. 2 due to the small scale of the draw ng.
Fig. 3 shows in cross section the sidewag -of the panel portion 16 having a
hi gh copol yner core | ayer 30 and i nner and outer |ow copolyner |ayers 32
and 34, respectively. The core layer 30 is about. 0.015 - 0,024 inch
(.38-.61m) thick and the inner and outer |ayers 32 and 34 are

The multi~layer sidewall of bottle 10 is
not specifically illustrated in Fig. 2 due to the
small scale of the drawing. Fig. 3 shows in cross
section the sidewall of the panel portion 16 having
a high copolymer core layer 30 and inner and outer
low copolymer layers 32 and 34, respectively. The
core lsyer 30 is about 0.015 - 0,024 inch (.38~.61mm)
thiek and the inner and ocuter layers 32 and 34 are
each about 0.003 — 0.006 inch.{.077-.15mm} thick,
based on a preform having a sidewall thickness of
about 0.24 inch (6.1 mm) and a planar stretch ratio
of about 10:1. The container is about 13.2 inch
(335 mm) in height and about 3.6 inch ($2 mm) in
(widest) diameter.

A preform for making the conteiner of Fig. 2
has a panel-forming wall thickness of about 0.24 in
(6.1 mm), wherein the panel 1§ is stretched at an
average planar stretoh ratic of about 10:1. The
planar stretch ratio is the ratio of the average
thickness of the panel-forming portion of the
preform to the average thickness of the panel in the
bottle. A preferrgd planar stretch ratio for
polyester refill carbonated beverage bottles of
about 0.5 to 2.0 liters/velume and about 0.5 to
0.8mm panel wall thickness is about 7~15:1, and more
preferably about 9-11:1. The hoop stretch is
preferably 3-3.6:1 and the axial stretch 2-3:1.

This produces a container panel with the desired



each about 0.003 - 0.006 inch.(.077-.15mm thick, based on a preform having
a sidewal |l thickness of about 0.24 inch (6.1 nmm) and a planar stretch ratio
of about 10:1. The container is about 13.2 inch (335 mm) in height and
about 3.6 inch (92 mm in (wdest) dianeter. A preformfor nmaking the
container of Fig. 2 has a panel-formng wall thickness of about 0.24 in
(6.1 mm, wherein the panel 16 is stretched at an average planar stretch
ratio of about 10:1. The planar stretch-ratio is the ratio of the average
t hi ckness of the panel-form ng portion of the preformto the average

t hi ckness of the panel in the bottle. A preferred planar stretch ratio for
pol yester refill carbonated beverage bottles of about 0.5 to 2.0
liters/volune and about 0.5 to 0.8mm panel wall thickness is about 7-15:1,
and rmore preferably about 9-11:1. The .hopp stretch is preferably 3-3,6:1
and the axial stretch 2-3:1. This produces a container panel wth the
desired -14- abuse resistance, and a preformsidewall with the desired
visual transparency. The panel thickness and stretch ratio selected depend

on the di nensi onguwife 4855 Jg Q}Hti ?:émmqﬂmlpr@?@yr&ée g.. 2
atm for beer, ‘4éiéggég visualrgra nsgarency. The panel thickness
and stretch ratio selected depend on the dimensions
of the specific bottle, the internal pressure (e.q.,
2 atm for beer, 4 atm for soft drinks), and the
processing characteristics of the particular material
(as determined for sxample, by the intrinsie
viscosity).

The varying percent crystsllinity at
various positions along the bottle from the neck
finish to the base is listed in Fig. 2. The percent
crystallinity 1s determined according to ASTM 1505
as follows:

$ crystallinity = [(ds ~ da)/(dc - da)] X 100

where ds = sanmple density in g/cm » da = density
of &n amorphous film of zero: percent crystallinicy
{(for PET 1.333 g/cm ), and dc = density of the
crystal caloulated from unit cell parameters (for
PET 1.455 g/om°).

As shown in Fig. 2, the crysvellinity in
the neck finish 12, scross both the core and inner y
and outer layers, is very low (0-2%) becauseé this -
portion of the bottle undergoes substantially no
expansion. The tapered shoulder portion 14, which
undergoes less sxpansion than the panel section 16,
achieves 15-17% straln-induced céystallinity in the



processi ng characteristics of the particular material (as determ ned for
exanple, by the intrinsic viscosity). The varying percent crystallinity at
various positions along the bottle fromthe neck finish to the base is
listed in Fig. 2. The percent crystallinity is determ ned according to ASTM
1505 as follows: %crystallinity [err] [(ds - da)/(dc - da)] X 100 where da
= sanple density in g/cnferr] , da - density of an anorphous film of zero;
percent crystallinity (for PET 1.333:.g/cnferr]), and dc = density of the
crystal calculated fromunit cell paraneters (for PET 1.455 g/cnferr]). As
shown in Fig. 2, .the crystallinity in the neck finish 12, across both the
core and inner and outer layers, is very low (0-2% because this portion of
the bottl e undergoes substantially no expansion. The tapered shoul der
portion 14, which undergoes | ess expansion than the panel section 16,
achi eves 15-17% strain-induced crystallinity in the core, and 22-24%in
the inner and outer layers. |In the hight§-sStretched panel section 16,
there is 16-18% strain-induced crystallinity in the cores and 22-25%in the
i nner and outer layers. In the relatively thick sections at the gate 20 and
recess : i

core, and 22-24% in the inner and outer layers. In

the highly-stretched panel section 16, there is

16-18% strain-induced crystallinity in the core, and

22-25% in the inner and outer layers. In the

relatively thick sections at the gate 20 snd recess

22 portions of the base whera there is relatively

less expansion, again there is from 0~2% strain-

induced crystallinity :in both the core and inner and

outer layers. In the chime area 24, & strain-

induced crystaliinity of 4-8% is provided in the

core, and 16-18% in the inner and outer layers.

Alternatively, further enhanced levels of

crystallinity can be achieved by heat setting

(thermal-induced crystallinity at low temperatures

to preserve transparency., ©.¢., in contact with a

mold at a mold temperature of 110°-140°C for PET), -

for a combination of strain-induced and thermal-

induced crystallization. For example, a8 combined

average panel crystallinity of 30-35% allows a wash

temperature of at least 62°C and 20 cycles, along

with at least 20% reduction in f£lavor carryover.

Generally, the strain-induwwed orystallinity tends to o

be gubstantially uniform across the thickress of the

partioular layer, while thermal-induced orystallinity

may exhibit 8 gradient across the wall. 1In this

invention, a high level of crystallinity at the

surface of the sidewall alone is sufficient,



22 portions of the base where there is relatively | ess expansion, again
there is fromO0-2%strain- induced crystallinity in both the core and i nner
and outer layers. In the chinme area 24, a strain- induced crystallinity of
4-8%is provided in the core, and 16-18%in the inner and outer |ayers.

Al ternatively, further enhanced | evels of crystallinity can be achi eved by
heat setting (thernmal-induced crystallinity at | ow tenperatures to preserve

transparency, e.g., in contact with a nold at a nold tenperature of
110[err]-140[err]C for PET),- for a conbination of strain-induced and
thermal - induced crystallization. For exanple, a conbined average panel

crystallinity of 30-35%allows a wash tenperature of at |east 62[err]C and
20 cycles, along with at |east 20% reduction in flavor carryover.

Generally, the strain-induced crystallinity tends to be substantially

uni form across the thickness of the particular |ayer, while thermal-induced

crystallinity may exhibit a gradient .acggss the wall. In this invention, a
hi gh level of crystallinity at the surface of the sidewall alone is
sufficient, al though typically a substantially constant average | evel of

crystallinity is achieved across the respective |ayer. The bl own container
shoul d be subsi ¥HAWR Yeypically @ substantially constant sverage
level of crystallinity is achieved across the

respective layer.
The blewn container should be substantially.

transparent based on the percent arystallinity as
previously defined. Another measure of transparency
is the percent haze for transmitted light through
the wall (HT) which is given by the following
formula:

Hp = [Y,8(¥4¥.)] x 100

where Y& is the diffuge light transmitted by the
specimen, and ¥, is the specular light transmitted
by the specimen. The diffuse and specular light
transmission values are measured in accordance with
ASTM Method D 1003, using any standard color
difference meter such as model D25D3IP manufactured
by Hunterlab, Inc. The refill container should have
@ percent haze (through the wall) of less than about
15%, more preferaﬁly Jess than about 10%, and still
more preferably less than about 5%.

The high copolymer PET forming the core
layer 30 preferably contains about 4-£% by total
welght of a comonomer such ag 1,4-cyclchexane-
dimethanol (CHDM) and/or isophthalic acid (IPA).

The low copolymer PET for the inner and outer layers



transparent based on the percent crystallinity as previously defined.

Anot her neasure of transparency is the percent haze for transmtted |ight
through the wall [err] which Is given by the followng fornmula: [err] where
[err] is the diffuse light transnmitted by the specinen, and [err] is the
specular light transmtted by the specinen. The diffuse and specul ar |ight
transm ssion val ues are neasured in accordance with ASTM Met hod D 1003,
usi ng any standard col or difference neter such as nodel D25D3P manuf act ured

by Hunterlab, Inc. The refill container should have a percent base (through
the wall) of |less than about 15% nore preferably |ess than about -10% and
still nore preferably | ess than about 5% The hi gh copol yner PET form ng

the core layer 30 preferably contains about 4-6% by total weight of a
conononer such as 1, 4-cyol ohexane- di net hanol (CHDM and/or isophthalic
acid (IPA). The | ow copolynmer PET for the inner and outer |ayers - 17 -
32, 34 preferably contains about O0-2%jw -t otal wei ght of conobnoner, such am
CHDM and/ or | PA. These materials are comercially avail abl e from East nan
Chem cal in Kingsport, Tennessee, and Goodyear Tire

32, 34 preferably contains sbout 0-2% by total

weight of comonomer, such as CHDM and/or IPA. These
materials are commercially available from Eastman
Chemical in Kingsport, Tennessee, and Goodyear Tire

& Rubber Co. in Akron, Ohio. The comonomer (e.g..
CHDM as a replacement for the glycol moitey, or IPA
as a replacement for the acid moitey) disrupts the
PET polymer backbone (i.e., alternating units of acid
and gylcol} to decreaseé the molecular crystallisation
rate. The comonomer is most effective if it forms
part of the backbone, but may also form a branched
copoiymer.

The bottle is preferably made via a
two-stage preform injection and subsequent reheat
blow process. Generally, the portions of the bottle
which are stretched (at the appropriate temperature)
the greatest exhibit the greatest amount of
crystallinity across the sidewall, Furthermore, the
varying levels of -copolymer in the multi-layer
sidewall (see Fig. 3), produce a variation in
erystallinity, with the high copolymer core layer 30
exhibiting a lower crystallinity than the low €
copolymer inner and outer layers 32, 34. This is
because increasing the copolymer dontent decreases
the molecular crystallization rate at a given

temperature.



& Rubber Co. in Akron, Ohio. The comononer (e.g., CHDM as a repl acenent for
the glycol noitey, or IPA as a replacenent for the acid noitey) disrupts

t he PET pol yner backbone (i.e., alternating units of acid and gylcol) to
decrease the nol ecular crystallization rate. The conpbnomer i s nobst
effective if it fornms part of the backbone, but may al so forma branched
copolyner. The bottle is preferably made via a two-stage preforminjection
and subsequent reheat bl ow process. Generally, the portions of the bottle
which are stretched (at the appropriate tenperature) the greatest exhibit
the greatest amount -of crystallinity across the sidewall. Furthernore, the
varying | evels of copolyner in the nulti-layer sidewall (see Fig. 3),
produce a variation in crystallinity, with the high copolymer core |ayer
30, exhibiting a lower crystallinity than the | ow copol yner inner and outer
| ayers 32, 34. This is because |ncreasiﬁg‘the copol ynmer content decreases

t he nDIecuIar crystallization rate at a given tenperature. One neasure
of the crystallization rate is to determne AT fromthe crystallization
curve obtained by Differential Scannlng Calorinetry éDSC i.e,, [err] ,
where [err] is the One measure of the crystalliza fon rate is

to determine AT from the crystallization curve
obtained by Differential Scanning Calorimetry (DSC),
i,e., AT=Tie—TP, where:Tp is the

crystallization peak temperature, T; is the

initial crystallization temperature {onset) and

Tie is the extrapolated initial temperature
obtained at the intercept of tangents to the baseline
on the high temperature side of the exothermic peak.
This technique is well known as described in

H.N. Beck and H.D. Ledbetter, J. Appl. Pelym. 8ci.,
9, 2131 (1965) and in Saleh A, Jabarin, "Resin and
Process Parameters Affecting Crystallization of PET
Preforms,” BEV-PAK '92 8ixteenth Internstional Ryder
Conference on Beverage Packaging, March 23-25, 1592,
Figs. 6~11, which are hereby incorporated by
reference in their entirety.. The quantity AT is a
function of the overall rate of crystallization and
the smaller the AT, the greater the rate of
crystallization. For PET, a high copolymer is
generally considered to have a AT (as determined

at a cooling rate of 5°C/min. from 300°C to below

T _(80°C)) of 21.5°C and sbove, and a low copolymer
pelow 21N5 CN Preferrably, there is a difference in
AT between the high and low copolymer layers of

this invention of at least about 20%, e.49., a high
copolymer AT of about 24 and a low copolymer AT

of about 20.



crystallization peak tenperature, [err] is the initial
tenperature (onset) and [err] is the extrapolated initial

crystallization
t enperature

obtained at the intercept of tangents to the baseline on the high

tenperature side of the exotherm c peak, This technique is well

known as

described in H N. Beck and H. D. Ledbetter, J, Appl Polym Sci., 9, 2131

(1965) and In Saleh A Jabarin,

Crystallization of PET Preforns."” BEV-PAR '92 Sixteenth International
Conf erence on Beverage Packagi ng, March 23-25, 1992, Figs. 6-11, which are

hereby i ncorporated by reference in their entirety..

function of the overall rate of crystallization and the smaller the AT, the

greater the rate of crystallization. For PET, a high copolyner is

generally considered to have a AT (as determ ned at a cooling rate of

"Resin and Process Paraneters Affecting

Ryder

The quantity AT is a

Sferr]Cmn. from300[err]Cto below T_(8g[arr]C)) of 21.5[err]C and above,
and a | ow copol yner bel ow 21IN5 CN Preferrably, there is a difference in AT
bet ween the high and | ow copol yner | ayers of this invention of at |east

about 20%
about 20.

e.g.,

ghould be substantially amorphous, which for PET
means up to about 10% orystallinity, preferably no
more than sbout 5% crystallinity, and more
preferably no more than about 2% crystallinity.

Alternatively, the substantially amorphous
or transparent nature of the preform can be
determined by the percent haze. The percent haze
across the wall of the preform should be no more
than sbout 20%, preferably no more than about 10%,
gand more preferably no more than about 5%.

The substantially amorphous preform is then
expanded which produces orientation and
crystallization in the sidewall of the container.
The preform may be expanded into a container by eny
conventional technigue involving distension of the
preform, such as by veguum or pressure forming. Two
well-known processes are the integrated injection
blow process, and the two-stage preform injection
and subsequent rsheat blow process.

The distension step should be carried out
at a temperature in the molecular orientation
temperature range for the polyester material being
employed. Generally spesking, molecular orientation
of an orientable thermoplastic material occurs over
& temperature range varying from just above the
glass transition temperature {(that temperature or
narrow temperature range below which the polymer is

a high copol yner AT of about 24 and a | ow copol ynmer AT of

- 19 - The pigf YrBebrpmerBinCniBs eRE!bErtIePi8VBlown

L
‘.,



shoul d be substantially anorphous, which for PET neans up to about 10%
crystallinity, preferably no nore than about 5%crystallinity, and nore
preferably no nore thhan about 2%crystallinity. Alternatively, the
substantial ly anorphous or transparent natureof the preform can be

determ ned by the percent haze. The percent haze across the wall of the
preform shoul d be no nore than about 20% preferably no nore than about
10% and nore preferably no nore than about g@b The substantial ly anorphous
preformis then expanded whi ch produces ofi 8Rt3ti on and crystallization in
the sidewall of the container. The preform nmay be expanded into a contai ner
by any conventional technique invoIving di stension of the preforn1 such as

by vacuum or pressure, fQ T no, r are e i nt egrated
i nj ection bl ow pro R 9 ﬁﬁsghﬁt% g€ pﬂg?g ﬁ%‘?jé} thd subsequent
r eheat bIOM/procestempheaﬂUEEemﬁlthespeiwmemuldhﬁeaqmwaamibainm&ﬂter.
tenperature in th I

ec%g f’&ﬂhéﬁ @neraﬁy Speaﬁifrsf ecafﬁ{ié&‘eout

pol yester materi al i ng enp oye
orientation of an ¥Ridrfeeh PATRIWR| LOTPRT FeULe |reﬁnﬁﬁycd‘r@"6!/eﬁ Fhe

tenper &fure range wEledWhas rman&tm\@mg&w s t il tx%fm:ﬁt ure
(that tenperature Of HAL Q&S BN AdihSed AH% N Wo"thLd 1% REL ™ 1S
’ glass transition temperature, the material is too

stiff to stretch in conventieonal processing
squipment. When the temperature is increased, the
processability improves greatly but a practical
upper limit is reached at or near the temperature at
vhich large aggregates of crystallites called
spherulites begin to form, because the orientation
process ig adversely affected by spherulite growth.
For substantially amorphous polyester material, the
molecular orientation range is typically from about
20 to 65°F (1l to 36°C), and more preferably from
about 30 to 40°F (17 - 22°C). above the glass
transition temperature of the polyester material,
™wpicel amorphous PET polymer, which has a glass
transition temperature of about 168°F (76°C),
generally has an orlentation temperature range of
about 195°F (91°C) to about 205°F (96°C).

In the preferred reheat stretch blow
process, the hot injected preform is guenched to
room temperature before use and then the preform is
reheated to within the orientation temperature range



- 20 - in a glassy state) up to just below the nelt tenperature of the
polyner. As a practical matter, the formation of oriented containers is
carried out in a mich narrower tenperature range, known as the nol ecul ar
orientation tenperature range. The reason is that when the tenperature is
too close to the glass transition tenperature, the material is too stiff to
stretch in conventional processing equipnent. Wien the tenperature is

i ncreased, the processability inproves greatly but a practical upper limt
is reached at or near the tenperature at=whtch | arge aggregates of
crystallites called spherulites begin to form because the orientation
process is adversely affected by spherulite growh. For substantially

anor phous pol yester _material, the nplecular orientation range is typically

from about 20 to Befere the distensien B4R, althenrehentad BROLPIM 6 about
30 to 40[err]F (1fosiRbesd] h. & WENELIH B I GedeniLy W digiTher at Ur e of
e polyester material. c S e as a gl ass
t rangi tiyon tenper% fﬁ%c}bfe(‘g%ofﬁ 'ﬁ%‘glr’ﬁ}u?—o (&%ﬁ &%ﬁlrt)é,’“dgg*e&&q y hasgan
drientafi on tenpepraform ramd cextemiad (ta A aw rile (Xforn @nd against
205 TF (96 t I , the hot
[err}F (96[errd CQasué rbﬁ}gﬁw fﬁ?éé‘fﬂé?ﬁ da“délﬁh}{ ﬂé\ﬁ‘n@l& %‘He%%getsf]en tﬁe 0

I njected preformis enc ure before use a

0om t €
preformis reheat®td W‘!‘I‘FQFQ%%G% o ahsevedine 8pgnge
simultaneously or sequentially a blowing medium is

admitted into the interior of the preform through
openings in or around the rod to radially stretch
the preform outwardly to conform to the inner
surface of the mold. The extent of stretching can
be varied depending on the desired shape and wall
thickness of the blown container and is contrelled
by affizing the relative dimensions of the initial
preform and the finished container.

In the alternative integrated process, the
hot injected preform is partially gquenched and
allowed to equilibriate within the orientation
temperature range prior to distending by a suitable
blow or combined stretch/blow apparatus similar to
that previously described.

Figs. 4-6 illustrate a metered, seguential
co-injection apparatus for making a multi-layer
preform of this invention. This apperstus is
substantially described in U.8. Patent No. 4,710,118
to Krishnakumar et al. granted December 1, 1987,
which is hereby incorporated by reference in its

entirety. _ '



-21- before the distension step. The reheated preformis positioned in a
stretch bl ow assenbly wherein a stretch rod is noved into the open end of
the preform and extended to draw the preform end agai nst a base of an
internal cavity blow nold, thereby axially stretching the preform sidewall,
and sinultaneously or sequentially a blowng'nmediumis admtted into the
interior of the preformthrough openings in or around the rod to radially
stretch the preformoutwardly to conformto the inner surface of the nold.
The extent of stretching can be vari ed depending on the desired shape and
wal | thickness of the blown container and is controlled by affixing the
relative dinensions of the initial preformand the finished container. In
the alternative integrated process, the hot injected preformis partially
quenched and allowed to equilibriate wi ghin the orientation tenperature
range prior to distending by a suitable blow or conbined stretch/bl ow
apparatus simlar to that previously described. Figs. 4-6 illustrate a

net ered, sequential co-injection apparatus for making a nmulti-layer preform

of this, invention. Thi spgPgR6RhUSni BI§UDE] 28k PhidctRse B wiit). S. Patent
No. 4,710,118 40 includes an outer mold cavity 42, a neck ring 44
vhich defines the neck finish, and a core 46. The
neck ring 44 in conjunction with the core 46 closes
the upper end of the mold cavity 42 while the lower
end is provided with an opening 48 which receives in
sealed relation a nozzle-~like end 50 of a rotary
valve member 52 of the extruder. The valve member
$2 iz mounted in sealed relation within a valve
block 54 which has formed therein a first passage 56
which receives a conventional nozzle 60 of a
plasticizer or injection head. The passage 56 opens
radially toward the rotary valve member 52, and the
latter has & through passage 62 which at one end
terminates in a generally radial passage 64 which
can be aligned with the passage 56. There is also
associated with the valve block 54 a second material
dispenser 66 which includes a dispensing piston 68
and a flow passage 70 exiting therefrom toward the
valve blook S4. The valve blook 54 has a radial
passage 72 whioh is axially aligned with and in . iy
communication with the passage 70. The valve member :
52 has a further pessage 74 extending generally
radially £rom the passage 62 and so circumferentially
spaced from the passage 64 such that when the
passage 64 is aligned with the passage 56, the
passage 74 is spaced from the passage 72. By



to Krishnakumar et al. granted Decenber 1, 1987, which is hereby

I ncorporated by reference in its entirety. -22- As shown in Fig. 4, an
injection nold unit 40 includes an outer nold cavity 42, a neck ring 44

whi ch defines the neck finish, and a core 46. The neck ring 44 in
conjunction with the core 46 cl oses the upper end of the nold cavity 42
while the lower end is provided with an opening 48 which receives in sealed
relation a nozzle-like end 50 of a rotary val ve nenber 52 of the extruder.
The val ve nenber 52 is nounted in sealed relation within a val ve block 54
whi ch has forned therein a first passage 56 which receives a conventiona
nozzl e 60 of a plasticizer or injection head, The passage 56 opens radially
toward the rotary val ve nmenber 52, and e latter has a through passage 62
which at one end terminates in a generally radial passage 64 which can be
aligned with the passage 56. There is also associated with the val ve bl ock
54 a second materi al dlspenser 66 whi ch includes a dispensing piston 68 and

a fl ow passag 4ﬁﬁﬂd} Kk e val ve
bl ock 54 has %J& | a passyag 2 his ayﬁ% s‘é"ag@ %3 "éﬁ’h gd in
connun:catlonW&W updcation, Mikd #Bﬁb@ﬁssage 56 and

the passage 74 moved into communication with the: :
passage 72. Thus, materisl may be selectively

supplied from either the first supply device

(injection head) 60 or from the second supply device &6.

In accordance with the preferred embodiment,
the material delivered;by the first supply device &0
will be the low copolymer PET for the inner and
outer layers. The material supplied by the second
supply device 66 will be the high copolyme: PET for
the core layer.

Referring to Fig., 5, it will be seen that a
preselected amount of a first low copolymer resin 76
will be injected into the bottom of the mold cavity
42 and as it flows through the mold cavity, due to
the relatively cool temperature of the mold unit 40
including the core 46, there will be solidification
of the resin 76 to define exterior imner and outer
layers 78, 80 of the first material.

As is schematiecally shown in Fig. 6, the
high aopolymer core matérial 86 is next injected
into the mold cavity. It will be seen that the core
material 86 will have a tunnel flow through the
cavity defined between the layers 78, 80 and at the |
same time will advance the previously injected
material 76. The interigr core material cools more



52-has a further passage 74 extending generally radially fromthe passage
62 and so circunferentially spaced fromthe passage 64 such that when the
passage 64 is aligned with the passage 56, the passage 74 is spaced from

t he passage 72. By - 23 - rotating the val ve nenber 52, the passage 64
may be noved out of conmmunication wth the passage 56 and the passage 74
noved into comunication with the passage 72. Thus, material may be
selectively supplied fromeither the first supply device (injection head)
60 or fromthe second supply device 66. In accordance with the preferred
enbodi nent, the material delivered by the first supply device 60 will be
the | ow copolymer PET for the inner and guter layers. The material supplied
by the second supply device 66 will be t i gh copol yner PET for the core
| ayer. Referring to Fig. 5, it will be seen that a presel ected anmobunt of a
first I ow copolymer resin 76 will be injected into the bottom of the nold

cool 1 emper at ur 819 BEusRe A 4bd8, HBELSPRE bR cBE obGa b el i T Ve
solidification oRllse b@@uhecauae uhauno:exﬂgyenrhaanerhagheuuter | ayers
78, 80-0f the figbHolPie?’ dntent, it resists hazing.

' With respect to Fig. 7, a preform 110 is
made as previously described., which includes a high
copolymer core layer 130, a continuous low copolymer
inner layer 132, and a low copolymer outer layer 134
which is continuous except for a portion of the core
material which may extend through the outer layer at
the gate area 120. The preform 110 includes an
upper neck finish 112, a tapered shoulder-forming
‘section 114 which increases in thickness from top to
bottom, a panel-forming section 116 having a uniform
wall thickness, and a base-forming section 118.

Base section 118 includes an upper cylindrical
thickened portion 121 of greater thickness than the
panel section 116 and which forms & thickened chime
in the container base, and a tapering lower portion
119 of reduced thickness for forming the recessed
dome of the gontainer. A preform having a preferred
cross-section for refill applications is described
in U.8., Patent 5,066,528 granted November 19, 1991
to Rrishnakumar et al., which is hereby incorporated
by reference in its entirety. The core layer 130 in
the panel section 116 is roughly twice the thickness
of each of the inner and guter layers 132 and 134,
to form the preferred 1.5 liter bottle having the
wall thickness previously described.



As is schematically shown in Fig. 6, the high copolyner core material 86 is
next injected into the nold cavity. It wil be seen that the core nmateri al
86 will have a tunnel flow through the cavity defined between the | ayers
78, 8 and at the sane tine will advance the previously injected materi al
76. The interior core material cools nore -24 - slowy because it does
not contact the cooler nold walls, but because the core |ayer has a higher
copol ymer content, it resists hazing. Wth respect to Fig. 7, a preform 110
is made as previously described, which includes a high copolyner core |ayer
130. a continuous |ow copolynmer inner |ayegg 132, and-a | ow copol ynmer outer
| ayer 134 which is continuous except for a portlon of the core materi al

whi ch nmay extend through the outer |ayer at the gate area 120. The preform
110 i ncludes an upper neck finish 112, a tapered shoul der-form ng section

114 which increases in thigq{gnq,sl%‘;t{q.m d1 i der Pl ¥Rowd gqqngilg‘ orgn ng

section 116 having a unlforn1mal t hi gkness ng section
118. ‘Base sectiofefld SHAMRRERESTYRR, ‘i"yl# °c‘,’alllgt% Pﬁgﬁg} @ion 121
of greater thickientearhaatehgqrrian ki, caerm‘:l:ﬁtlam'@cwlﬂseki dewies 184 hi ckened

chise in the coniysReyr 183°5¢ arf bt d P d' SdrPien AL O%the core

| layer 160 and inner and outer layers 162 and 164,
respectively, vary in thickness along the base
depending upon the relative amount of stretch the
specific base portion has undergone, but generally
the wall thickness.decreases progressively while
moving radially away from the gate 152,

Fig: 9 shows aﬁ alternative embodiment of a
preform base-forming section 218, wherein a third
injection of a low copolymer material is injected
into at least a portiom 236 of the base-forming
section, and preferably into the reduced wall
thickness lower base portion 219 which because it is
less thick and cools more rapidly, is not as
susceptible to hazing. Low copolymer section 236
dimplaces the core material 230 and preferably is of
the same material as the inner and outer layers 222,
234 so that in the coinjection process previcusly
described the nozzle is clesred of the high
copolymer before the next preform is started to
avoid injecting any high copolymer in the inner and
outer layers of the next preform. Aas shown in
Fig. 10, a champagne-type container base 250 blown
from the preform of Fig. 9, includes a gate portion

;
P2



119 of reduced thi ckness for form ng the recessed done of the container. A

preform having a preferred cross-section for refill applications is
described in U S. Patent 5,066,528. granted Novenber 19, 1991 to
Kri shnakumar et al., which is hereby incorporated by reference inits

entirety. The core {layer 130 in the panel section 116 is roughly tw ce the
t hi ckness of each of the inner and outer |ayers 132 and 134, to formthe
preferred 1.5 liter bottle having the wall thickness previously described.

- 25 - The blown container, as shown in Fig. 8 has a chanpagne-type base
section 150 including a center gate portion 152, central recessed done 154,
chine 156, and outer base portion 158. The €6re | ayer 160 and inner and
outer layers 162 and 164, respectively, vary in thickness along the base
dependi ng upon the rel ative anount of stretch the specific base portion has

under gone, but generally the wall thtckness decreases progressively while
nmoving radi al |y awe§24 rédeme nd54atehime 256 gsand oter Hesd (3% act i ve

enbodi ment of A prakAseE DaRe-f&I T Nehé SsaNi RIFudeber et auidi sgkéx) ection

of a low copolynmer_material_is pnlected into at_ | east ortion 236 of the
base-forni ng sect | BWeEHR PP %‘#a%ﬁ/' i?ﬁ%ﬁ’??\‘é“i‘%&t&f‘i\l@ﬁp‘fre Tdyer

260, The core layer 260 is displaced at least in
part by the low copolymer in section 266 across the
gate and recess areas. S

' The thermoplastic polyester materials used
in this invention are preferably those based on
polyalkylene, and in particular, polyethylene
terephthalate (PET). PET polymers are prepared by
polymerizing terephthalic acid or its ester-forming
derivative with ethylene. The polymer comprises
repeating units of ethylene terephthalate of the
formula:

i

s

Y 1 o

The present invention contemplates the use
of copolymers of polyethyléne terephthalate in which
a minor'pxoportion. for example, up to about 10% by
weight, of the ethylene terephthalate units are
replaced by compatible monomer units. Thus, as used
herein “PET" means PET homopolymer and PET copolymers
of the grades suitable for making containers, which



t hi ckness | ower base portion 219 which because it is less thick and cools
nore rapidly, is not as susceptible to hazing. Low copol yner section 236

di spl aces the core material 230 and preferably is of the same material as
the inner and outer layers 232, 234 so that in the coinjection process
previously described the nozzle is cleared of the high copolymer before the
next preformis started to avoid injecting any high copolyner in the inner
and outer |ayers of the next preform As shown in Fig. 10, a chanpagne-type-
cont ai ner base 250 blown fromthe preformof Fig. 9, includes a gate
portion - 26 - 252, donme 254, chime 256,.and outer base 258. Across the
wal |, the base includes inner and outer Ia§grs 262 and 264, respectively,
and core layer 260. The core layer 260 is displaced at least in part by
the | ow copol yner in section 266 across the gate and recess areas. The

those based on' pob 8 EOTenERokR TP 68, FEL Foe FPhe el e PepEohiRal at o
(PET). PET pol ynehgnamerpmapabedreplaoednpyi aliphatiepit halicyatid or its
ester-formng dergypeb¥8 ¥hbth 85N¥pEISHed R AOMMERANSPOERSRS, M €PeAt i Ng
units Sf Ethylenet%f&&@ﬁ%?&hgtglggo{P%polytetramethylene glycol,
hexamethylene glycol, dodecamethylene glycol,
diethylene glycel, polyethylene glycol, polypropylene
glycol, propane-1,3-diocl, butane-1,4~diol, and
neopentyl glycol, bisphenols, and other aromatic
diels such as hydroguinone and 2,2-bis(4'-B-hydrox-
ethoxyphenyl) propane. Examples of dicarboxylic
acid moieties which may be substituted into the
monomer unit include aromatic dicarboxylic acids
such as isophthalic acid (IPA), phthalic acid,
naphthalenedicarboxylic acid, diphenyldicarboxylic
acid, diphenoxyethanedicarboxylic acids, bibenzoic
acid, and aliphataic or alicyelic dicarboxylic acids
such as adipic acid, sebacic acid, azelaic acid,
decanedicarboxylic acid and eyclohexanedicarboxylic
acid. 1In addition, various multifunctional compounds
such as trimethylolpropane, pentaerythritol,
trimellitic acid and trimesic acid can be
copolymerized with the polyethylene tersphthalate
polymer.

The polyethylene terephthalate polymers may
contain other compatible additives and ingredients .
which do not adversely affect’ the performance '
characteristics of the container, such as adversely
affegting the tsste or other properties of products

Pt



formul a: The present invention contenplates the use of Copolyners of
pol yet hyl ene terephthalate in which a mnor proportion, for exanple, up to
about 10% by weight, of the ethylene terephthalate units are replaced by
conpati bl e nmononmer units. . Thus, as used herein "PET" neans PET honopol yner-
and PET copol yners of the grades suitable for nmaking containers, which -
27 are well known in the art. The glycol noiety of the nononer may be
repl aced by aliphatic or alicyclic glycols such as cycl ohexanedi net hanol
(CHDM, trimethylene glycol, polytetranethylene glycol, hexanethyl ene
gl ycol, dodecanet hyl ene gl ycol, diethylene glycol, polyethylene glycol,
pol ypropyl ene gl ycol, propane-1,3-diol, butane-1 ,4-diol, and neopentyl
gl ycol, bisphenols, and ot her aromat i c~d®81 5 such as hydr ogui none and
2,2-bis(4'-B-hydrox- ethoxyphenyl ) propane. Exanples of dicarboxylic acid
noi eti es which may be substituted into the nononer unit include aromatic
di carboxylic acids, such as isp htﬂg#io icid gIPA% ghthaﬁlc gcid,
napht hal enedi caPRB¥§Ped ERPEELIR; HHEXRBILS, BEXFHER ipppedients
di phenoxyet hanefihesudexghéemati gsabbl beersi clight, stadiblzehataic or
altcyclic dicarpxyl ! &1 3hblts U 5LadRa8HLREE, 281 11ePEDEREL 86K TdaRLE. 21 O
’, lubrieants, extrusion aids, residual monomer
e scavengers and the like.
The intrinsic viscosity (I.V.) effects the

‘p.ocessability of the polyester resins. Polyethylene

terephthalate having an intrinsic viscosity of sbout

0.8 is widely used in the CSD industry. Resins for

various applications may range from about 0.55 to.

about 1.04, and more particularly from about 0.65 to

0.85. Intrinsic viscosity measurements are made

according to the procedure of ASTM D-2857, by

employing 0.005020.0002 g/ml of the polymer in a

solvent comprising o-chlorophencl (melting point

0°C), respectively, at 30°C. Intrinsic viscosity,

(I.v.) is given by the following formula:

i

- IV o= (ln(vholn./véol.)>/c
where: '
Vaoin is the viscosity of the solution in any -
units; ' .
| Vgoy, is the viscosity of the solvent in the

same units; and
¢ is the concentration in grams of polymer per

100 mls of solution.



decanedi car boxylic acid and cycl ohexanedi carboxylic acid. In addition,
various nultifunctional conpounds such as trinethyl ol propane,
pentaerythritol, trinellitic acid and trinmesic acid can be copol yneri zed

wi th the pol yethyl ene terephthal ate polynmer. The pol yet hyl ene terephthal ate
pol ymers may contain other conpatible additives and ingredi ents which do
not adversely affect the performance characteristics of the container, such
as adversely affecting the taste or other pﬁﬁpertles of products - 28 -
packaged therein. Exanples of such ingredi'erts include thermal stabilizers,
i ght stabilizers, dyes, pignents, plasticizers, fillers, antitoxidants,

| ubricants, extrusion aids, residual nononer scavengers and the |ike. The

intrinsic viscosity (I. e I|t
resins. Polyethylene ter ephﬁék}e&{ ef %volt%cigﬁ&% Iter;gnagﬂ a%out
0.8 is widely used@é nafd ﬁmmt%ﬁm&ﬂe ‘mtltdt% L] | cat i ons may

range from about Oﬁéﬁm%n 1. & WMo ﬁ,mtslz@ill'tfy 'I&lf‘.s'lﬁm}ﬁm 0.65
to 0,85. Intrinsic visgosi surenents re accordlng tQ
procedure of ASTM B2 90%;“&% f ‘gFRtegE tﬁwé%ﬁﬂ‘ﬁﬂer in
a to c°llette granted February 16. 1988, and U.S.

' Patent 5,066,528 to RKrishnakumar et al. granted
Novcember 19, 1991, which are hereby incorporated by
reference in their entirety. :

As previously described, the plastic
container of this invention is preferably made of
polyethylene tersphthalate (PET). However, other
thermoplastic polyester resins may be used to
achieve the multi-layer container of this invention,
wherein an interior layer is provided having greater
resistance to thermal-induced crystallization during
an injection or similar heat-treating process, and
wherein an exterior second layer achieves a higher
strain and/or thermal-induced crystallization during
a later blowing or expansion step in order to
provide a higher level of surface crystallization,
Additional layers may be provided, in addition to
the core, inner and outer layers of the preferred
embodiment, e.q., barrier (oxygen., carbon dioxide.
light), high thermal stability, recycle PET or
post-consumer PET or other layers. Different.base
structures may be used, such as a footed base having
a substantially hemispherical bottom wall with a



sol vent conprising o-chlorophenol (nelting point O[err]C), respectively, at
30[err]C. Intrinsic viscosity, (I.V.) is given by the follow ng formula:

l|.V. = [err] where: [err] is the viscosity of the solution in any units;
[err] is the viscosity of the solvent in the sanme units; and Cis the
concentration in granms of polyner per 100 ms of solution. - 29 - Oher

factors inportant in the manufacture of refillable pol yester beverage
bottles are described in U S. Patent 4,33438*% to Krishnakinmer et al.
granted June 15, 1982, U.S. Patent 4,725,464 to Collette granted February
16, 1988, and U.S. Patent 5.066,528 to Krishnakumar et al. granted Novenber
19, 1991, which are hereby incorporated by reference in their entirety. As
previously descri ppdsralicyplofstiownwantidyrextendihgs legreterminat imgef er abl y

made of polyethyl gge 1%%‘?:&'&%*&%?1%@@9@%& ﬁﬂg\ﬁ’e"‘ihd Qﬁlﬂﬂr rEH?E"é‘iH stic

pol yester resins nma ainer of this
i nvention, wherei 838§ i *éFPoﬁfﬁayéFtl§prbﬂlHé&tﬁEvWﬁéiéréﬁﬁyﬁen the

legs. The materials, wall thicknesses, preform and
bottle contours, and ptecessing techniques may all
be varied for a specific end product, while still
incorzorating the substance of this invention. The
container may be for other pressurized or
unpressurized beverages, such as beer, juice or
milk, or for other non~beverage products. The
benefits of the invention, for example the resistance
to hazing and improved stress crack resistance at
elevated taemperatures, may be particularly suited
for a hot~fill vontainer, such as described in U.S.
Patent No. 4,863,046 to Collette et al. granted
September S, 1989, which is hereby incorporated by
reference in its entirety. Hot-£fill containers
typically must withstand elevated temperatures on
the order of 180-188°F (the product £filling
temperature) and positive internal pressuxes on the
order of 2-8psi (the f£illing line pressure) without
substantial deformation (i.e., volume change of no
greater than about 1%).



resi stance to thermal -induced crystallization during an injection or
simlar heat-treating process, and wherein an exterior second | ayer

achi eves a higher strain and/or thermal-induced crystallization during a

| at er bl owi ng or expansion step in order to provide a higher |evel of
surface crystallization. Additional |ayers may be provided, in addition to
the core, inner and outer |ayers of the preferred enbodinent, e.g., barrier
(oxygen, carbon dioxide,-light), high thernmal stability, recycle PET or
post-consuner PET or other layers. Different,ase structures nmay be used,
such as a footed base having a substantially "hem spherical bottomwall wth
a - 30 - plurality of downwardly-extending |legs termnating in | owernost
supporting feet, and with radiating ribs (mhich are part of the bottom

wal | ) between the | egs. The %ﬁyﬁa ottle
contours, and processing tec |%ues maylyﬁ %‘mvar ie or ne‘:fspem adligé;nd
product, while stilinv rhﬂYQKPQQQBEEﬂQiﬁiﬂﬁi Hdustratad a The
contai ner may be f@esamfedarr@:seﬂn 249G Gls WOIRS Uhdered oy ehages, such as

D e o T Mgt G i, e e, Ter W TR et
crack resistance amaterials, the container construction and the method
of forming the container without departing from the
spirit and scope of the invention as defined by the
appended claims.
What is claimed is:



el evated tenperatures, may be particularly suited for a hot-fill container
such as described in U S. Patent No. 4,863,046 to Collette et al. granted
Sept enber 5, 1989, which is hereby incorporated by ref iln its
entirety. Hot-fill centainers typically nmust wthstand. zaﬁvated

tenperatures on the order of 180-183[err]F (the product nw
tenperature) and positive internal pressures on the ord y

filling line pressure) wthout substantial deformation (i.e., voluns K@HLge
of no greater than about 1%. - 31 - Thusgsgalt hough several enbodinents
of this invention have been specifically illustrated and descri bed herein,
It is to be understood that variations nay be nmade in the preform
construction, materials, the container construction and the nethod of
form ng the container without departing frgihqhg spirit and scope of the
I nvention as defined by the appended cl ai at is clained is: - 32 -
C ai s

1. A method of forming a substantialily

transparent multi-layer article comprlsing:
providing ‘a first copolymer polyester and a
second polyester, the second polyester having
relatisely less copolymer and a rate of
crystallization at least about 20% higher thsn
the first polyester:
forming at an elevated temperature a
substantizlly amorphous and transparent
multi-layer preform having an interlor layer of
the first polyester and at least one exterior
layer of the second polyester, wherein the
preform is cooled from the exterior and the
. £irst polyester of the interior layer resists
thermal-induced crystallization,

2. The method of claim 1, further comprising:
expanding the preform at a temperature

above the glass transitlon temperatures cof the
first and second polyesters to fort a biaxially-
oriented substantially transparent multi-layer
container having en exterior layer with a higher
level of crystallization than the interior layer
based on the different crystallization rates of
the polyesters. '



1. A nmethod of form ng a substantially transparent nulti-layer article
conprising: providing a first copolyner polyester and a second pol yester,

t he second pol yester having relatively | ess copol yner and a rate of
crystallization at |east about 20% hi gher than the first polyester; formng
at an elevated tenperature a substantially anorphous and transparent

mul ti-layer preformhaving an interior |ayer of the first polyester and at
| east one exterior |layer of the second pol yestermmmmm formis
cooled fromthe exterior and the first polyester ﬂm”ﬂm ayer
resists thermal -induced crystallization. 2.  The*nethod df &l arm 1,
further conprising: expanding the preformat a tenperature above the gl ass
transition tenperatures of the first and second pol yesters to forma

bi axially- oriented substantially transparent multi-Ilayer container having
an exterior layer with a higher Ievel(ﬁ:%%yétallization then the interior
| ayer based on the different crystallization rates of the polyesters. -
33 - 3. The net hod of any one of clainms 1 and 2,

3. The method of any one of claims 1 and 2,
wherein the interior layer is a core layer betweén
two exterior inner and outer layers.

4, The method of c¢laim 3, wherein the first
and second polyesters are substantially peclyethylene
terephthalatc (PET).

5. The methéd of claim 4, wherein the first
polyester is of from about 4 to about 6% copolymer
and the second polyester is no more than about 2%

copolymer.

6. The method of claim 1, wherein the preform
has a neck finish, a sidewall-forming portion, and a
base-forming portion, and wherein the sidewall-
forming portion has an. average crystallinity of no
greater than about 10%.

7. The methad of c¢laim 1, wherein the prefoerm
has a neck finish, a sidewall~forming portion, and a
base-forming yortion, snd wherein the sidewall-
forming portion has an average haze of no greater
than about 20%.



wherein the interior layer is a core |ayer between two exterior inner and
outer layers. 4. The nmethod of claim 3, wherein the first and second
pol'yesters are substantiall'y pol yet hyl ene terephthal atc (PET). 5. The
nmet hod of claim4, wherein the first polyester is of fromabout 4 to about
6% copol yner and the second pol yester is no nore than: about

6. The method of claim1, wherein the preformhas a

sidewal | -form ng portion, and a base-form ng portion, ’@{] /f”
sidewal | - formng portion has an average crystallinity of fio g ﬂgn :
about 10% 7. The nmethod of claim1, wherein the preformhas a neck®
finish, a sidewall-formng portion, and a base-form ng portion, and wherei n
the sidewall- form ng portion has an average haze of no greater than about
20% - 34 - 8. The net hod of clalnbl wherein the preformhas a neck
finish, a sidewall-formng portion, and 3 bBase-forni ng portion, and wherein

the sidewall- formng portion has an interior core |layer of the first
pol yester which is about 50-80% of the sidewall thickness, and exterior

| nner %Qp out er Iaggrs @Ee method of ¢laim 1, wherein the preform
has a neck finish, a sidewall-forming portion, and a
bage~forming portion, and wherein the sidewall-

- forming portion has an interior core layer of the
first polyester which is about 50-80% of the sidewall
thickness, and exterior inner and outer layers of
the second polycster.

9, The method of c¢laim 8, wherein the sidewall-
forming portion includes a panel—-forming portion
having a wall thickness of from about 5 to about 7Tmnm.

10. The method of alaim 9, wherein the panel-
forming portion is expanded at an area stretch ratio
of about 7-13:1,

11. The method of c¢laim 10, wherein the panel-
forming portion is expanded at an area stretch ratio
of about 9-11:1.

12, The method of claim 11, wherein the first
and second polyesters are substantially polyethylene
terephthalate (PET) and the first polyester is of
from about 4 to about 6% copolymer and the second
polyester is no more than about 2% copolymer.



t he second pol yester. 9. The nethod of claim8, wherein the sidewall
formng portion includes a panel-formng portion having a wall thickness of
fromabout 5 to about 7mm 10. The nethod of claim9, wherein the panel -
form ng portion is expanded at an area stretch ratio of about 7-13:1. 11.
"The nethod of claim 10, wherein the panel- formng portion is expanded at
an area stretch ratio of about 9-11:1. 12, The nethod of claim 11, wherein
the first and second polyesters are substantially polyethytenre——
terephthal ate (PET) and the first polyester is of from ’ﬂ%@ about 6%

copol ynmer and the second polyester is no nore than abou g \”J,L -
35 - 13. The nethod of claim2, further conprising increas Tiage

crystallinity of the container while maintaining substantial transparency
by | owtenperature heat setting. 14. The nethod of claim2, wherein the
preform has a neck finish, a sidewall-form ng portion and a base-form ng
portion, the sidewall-form ng portion including a panel-form ng portion
having a wall thickness of fromabout 5 to about 7nm and an average base
of no greater than about 10% the . 35 -

13, The method of. claim 2, further comprising
increasing the average crystallinity of the
container while maintaining substantial transparency
by low~tempersture heat setting.

14, The method of claim 2, wherein the preform
has a neck finisk, a sidewall-forming portion and a
base-forming portion, the sidewall-forming portion
including s panel~forming portion having a wall
thickness of from about 5 to about 7mm, and an
average haze of no greater than about 10%, the
panel-forming portion being expanded at an area
gtretch ratio of about 7-11:1 to form & panel having
an average haze of no .greater than about 10% and an
average crystallinity of at least abzut 20% in the
exterior layer and at least about 14% in the
interior layer, and wherein the first and second
polyesters are substantially polyethylene
terephthalate with the first polyester having of
from about 4 to about &% copolymer and the secaond
polysster no more than about 2% copolymer.

15. The method of c¢laim 14, further comprising
increasing the average crystallinity of the exterior
layer of the panel to at le¢ast 30% by low
temperature hest getting.



panel -form ng portion being expanded at an area stretch ratio of about
7-11:1 to forma panel having an average haze of no greater than about 10%
and an average crystallinity of at |east about 20%in the exterior |ayer
and at | east about 14%in the interior |layer, and wherein the first and
second pol yesters are substantially pol yethyl ene terephthalate with the

first polyester having of fromabout 4 to about 6% cop and the second
pol yester no nore than about 2% copol yner. 15. The neth of clal
further conprising increasing the average crystallinity

| ayer of the panel to at |east 30% by |ow tenperature h ﬂ”@’ 36
- 16. A container nmade according to the nmethod of claim 2, mhéreﬂn
container can withstand at least 10 refill cycles in a caustic wash at a
tenperature above 60[err]C without crack failure. 17. The contai ner of
claim 16, wherein the container can withstand the designated refill cycles
wi th a maxi mum vol unme change of about + 1.5% 18. The container of claim
16, wherein the container can w thstand | east 20 refill cycles. 19. The
contai ner of claim 18, wherein the confafer can withstand the deS|gnated
refillsxcycles

16. A c¢ontainer made according to the method of
claim 2, wherein the container can withstand at
least 10 refill ecycles in a caustic wash at a-
temperature above 60°C without crack failure.

17. The container of claim 16, wherein the
container can withe<and the designated refill cycles
with & maximum volume change of about + 1,5%.

18. The container of claim 16, wherein the
container can withstand at least 20 refill cycles.

19, The container of claim 18, wherein the
container can withstand the designated refill cycles
with a maximum volume change of about + 1.5%.

20. The container'of claim 2, wherein the
container is & free-standing pressurized PET
beverage contalner.

21. The container of claim 2, wherein the
container is & hot-£ill container.

22. The container of claim 16, wherein the
container includes at least one additional layer of
a material selected from the group consisting of
barrier, high'thermal‘staﬁility, recycle PET and
post-consumer PET.



wi th a. maxi mum vol une change of about 1.5% 20. The container of claim 2,
wherein the container is a free-standing pressurized PET beverage
container. 21. The container of claim2, wherein the container is a

hot-fill container. 22. The container of claim 16, wherein the container
I ncludes at |east one additional |ayer of a material selected fromthe
group consisting of barrier, high thermal stability;—reeycle PET and

post - consumner PET. - 37 - 23. A contai ner conpr od haV|ng a
substantially transparent biaxially-oriented nulti Im% IQ Iml dewal |
including an interior |ayer of a first copolymer po east one
exterior layer of a second polyester, the second polyester haV|ng
relatively | ess copolyner than the first polyester and a rate of
crystallization at |east 20% hi gher than the first polyester. the sidewall

i ncluding a substantially cylindrical panel having an average
strain-induced crystallinity of at |ea$t? about 20%in the exterior |ayer
and at |east about 14%in the interior layer. 24. The container of claim
23, wherein the first polyester is of fromabout 4 to about 6%

23. A container comprising a body having a
substantially transparent biaxially-oriented
multi-layer integral sidewall including an interior
layer of a first copolymer polyester and at least
cne exterior léyer of a second polyester, the second
polyester having relatively less copolymer than the
first polyester and a rate of crystallization at
least 20% higher than the first polyester, the
sidewail including a substantially cylindrical panel
having an average strain-induced crystallinity of at
least about 20% in the exterior layer and at least
about 14% in the interior layer.

24. The container of claim 23, wherein the
first polyester is of from about 4 to about 6%
copolymer.

25. The container of claim 24, wherein the
second polyester is no more than about 2% copolymer.

26. The container of cleim 25, wherein the
first and second polyesters are substantially
polyethylene terephthalate (PET).

27. The container of claim 26, wherein the
average crystallinity of the exterior layer of the
panel is enhanced by thermal-induced crystallinity
to at lesst sbout 30% while maintaining substantial

transparency.



copol yner. 25. The container of claim 24, wherein the second polyester is
no nore than about 2% copol yner. 26. The container of claim?25, wherein the
first and second pol yesters are substantially pol yethyl ene terephthal ate
(PET). 27. The container of claim26, wherein the average crvstalllnlty of
the exterior layer of the panel is enhanced by t her mal - i nd
crystallinity to at |east about 30% while nai ntﬂl!ﬂ,ﬂ m " lel ‘
t ransparency. 38 - 28. The container of clai panel has
a wall thickness of about 0.5 to about 0 7mm 29. The contalner of claim
28, wherein the panel has been expanded at a planar stretch ratio of about
7-13:1. 30. The container of claim?29, wherein the panel has been expanded
at a planar stretch ratio of about 9-11;1. 31. The container of claim 23,
wherein the interior layer is a core |layer of about 50 to about 80% of the
panel thickness. 32. The container of claim26, wherein the container can
withstand at least 10 refill cycles in

- 38 -

28. The container of claim 26, wherein the
panel has z wall thickness of about 0.5 to about
o.?ml

29. The container of claim 28, wherein the
panel has been expanded at a planar stretch ratio of
about 7-13:1,

30. 'The container of claim 29, wherein the
panel has been expanded at a planar stretch ratio of
about 9-11:1. '

31. The container of claim 23, wherein the
interior layer is a core layer of about S0 to about
80% of the panel thickness.

32. The container of claim 26, wherein the
container can withstand at least 10 refill eycles in
a caustic wash at a temperature of above 60°C
without crack failure.

33. The container of claim 32, wherein the
container can withstand at least 20 refill cycles in
& caustic wash at a temperature of above €0°C
without crack failure.



a caustic wash at a tenperature of above 60[err]C wi thout crack failure..
33.- The container of claim 32, wherein the container can withstand at | east
20 refill cycles in a—caustic wash at a tenperature of above 60C without
crack failure. - 39 - 34. The container of any one of clains 32-33,
wherein the container tﬂ“mmﬂm" designated refill cycles with a
maxi mum vol une change o/ i HS. The contai ner of claim 26,
wherein the copolyner is selettdd fromthe group consisting of

1, 4- cycl ohexanedi met hanol and i sophthalic acid. 36. The contai ner of claim
23, wherein the container is a free-standing pressurized PET beverage
container. 37. The container of claim23, wherein the container is a
hot-fill container, 38. The container ofggl.aim?26, wherein the sidewall has
a percent haze of no nore than about 15% 39. The contai ner of claim 23,

wherein the first and second pol yesters are each bottle grade PET. . 40.
The contai ner of claim23, wherein the

34. The containsr of any one of claims 32-33,
wherein the container can withstand the designated
refill cycles with a maximum volume change of about
+ 1.8%.

35. The container of claim 26, wherein the
copolymer is selected from the group consisting of
1, 4-cyclohexanedimethanol and iscphthalic acid.

36. The container of <¢laim 23, wherein the
container is a free-standing pressurized PET
beverage container.

37. The container of claim 23, wherein the
container is a hot-£fill container._

38. The container of claim 25, wherein the
sidewall has a percent haze of no more than about
15%.

39. The container of claim 23, wherein the
first and second polyesters are each bottle grade

PET.

. 40. The cohtainer of claim 23, wherein the
container includes a layer of a material selected
from the group consisting of barrier, high thermal
stability, recycle PET and post-consumer PET.



container includes a |layer of a material selected fromthe group consisting
of barrier, high thermal stability, recycle PET and post-consuner PET. -
40 - 41. A preformconprising a body having a substantially transparent
and anor phous nulti-layer 1Tntegral—sidewall including an interior |ayer of
a first copol yner exterior layer of a second polyester,

t he second pol yest Emmmln'ﬂmmgnmel y | ess copolynmer than the first
polyester and a raté& of crystallizatin at | east 20% hi gher than the first
pol yester. 42. The preformof claim4l,~wgerein the interior layer is a
core layer of about 50 to about 80% of the sidewall thickness, and there
are exterior inner and outer |ayers. 43. The preforns of claim4l, wherein
the first and second pol yesters are substantially pol yethyl ene

terephthal ate, the fg&Ist Ropyestem donprisigfs daddphidvid @ about 6%

copol ymer and t g, Segnds RRLY o3k & PO BRE Cahd Y SittuL ERA L
integral sidewall including an interior layer of a
first copolymer and at least one exterior layer of a
second polyester, the second poliyester having
relatively less copclymer than the first polyester
and a rate of crystallizatinn at least 20% higher
than the first polyester.

42, The preform of claim 41, wherein the
interior layer is a core layer of about 50 to about
80% of the sidewall thickness, and there are
exterior inner and outer layers.

43. The preform of c¢laim 41, wherein the first
and second polyesters sre substantially polyethylene
tergphthalate, the £irst polyester having of from
about 4 to about 6% copolymer and the second
polyester no more than about 2% copolymer.



