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Containers formed from biaxially
oriented PET materials in the shape of narrow
mouth bottles, wide mouth jars, and cans have
found increased market acceptance over the
past few years. '

For the most part, these containers
have been limited to product applications
involving low to moderate £ill temperatures
such as soft drinks, edible o0ils, mustards,
tennis balls, etc. It has been estimated that
25% of the 20+ billion unit f£ood package
market (currently captive in metal and glass)
could be captured by polymer containers if the
latter could provide acceptablf ggrformance
vhen hot f£illed with products T 0-200°F)
temperature range.

It is known, however, that ¢two
distinct distortion phenomenon occur when PET
{(polyethylene terathylate) containers produced
by conventional injection blow, reheat blow
and/or other techniques are hot filled and
sealed. - ; :
The  first involves excessive
container thermal shrinkage and resulting
distortion when exposed to temperatures that
approach or exceed the g¢glass transition (7Tg)
or softening temperature of PET (approximately



tenperature range. It is known, however, that two distinct distortion
phenonenon occur when PET (pol yethyl ene terathyl ate): containers produced 20
by conventional injection blow, reheat blow and/or other techniques are
hot filled and sealed. The first i nvol ves excessi ve contai ner
thermal shrinkage and resulting 25 di stgrtion when exposed to

t enper at ures that approach or exceed thé §glass transition (Tg) or softening

tenperature of Pg roxi mately -2- 176.6[err]C 170[err] F). The
second  deformin I—?ggg%nenon The second deforming phenomenon
resiilts - from the partisl internal vacuum
generated in the container after it is hot
filled and then sealéd with the contents still
5 at or near the £filling temperature. Ais the
product itself and its head space gases'cooli
the resuvlting -volume contractions induce a
oA ] partial internal vacuum which in turn creates
| a net invard force on the container sidewall
10 vhich may cause the latter to buckle or
collapse. .

The occurrance of either phenomenon
renders conventionally produced PET conhtainers
unacceptable for commercial applications

15 involving elevated £illing temperatures.

As recognized in the art, thermal
shrinkage can be alleviated through the
application of a.post forming heat treatment
process. It is well known that the distortion

20 temperatvure of PET (Tg) can be raised by
increasing the percent crystallinity of the
“finished" polymer well above that of the
amorphous or preform .state.  In Dblown
containers, the latter is achieved (1) by the

25 preform orientation process (which yields
strain induced crystallization) as well as (2)
by constrained post blow conditioning in a

heated blov mold at temperatures somevhat 7
above the expected product service temperature -
30 (which yields thermal induced

crystallization)., Strain induced crystalliza-
tion alone 1is Xknown to increase percent
crystallinity to a substantial degree, but
considetab.ly less than the percent
35 crystallinity (i.e., Tg) 1levels attainable



results fromthe partial internal vacuum generated in the container after
it-is hot filled and then sealed with the contents still 5 at or near the
filling tenmperature. "As the product itself and its head space gases cool
the resulting volune contractions indugeya_partial internal vacuum which in
turn creates a net inward force on the container sidewall 10 which may
cause the latter to buckle or collapse. The occurrance of either
phenonenon renders conventionally produced PET contai ners unacceptabl e

for conmer ci al applications 15 invol ving elevated filling

tenperatures. As (2¢R0Neadd dot ihRrakl ddiii®loafngokage can be -

alleviated through .the_application qof a post forning heat treat nment
As such prior art PET containérs for
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therma conditioning techniques,

5 commercial viability of the latter (so called
e "heat set" process), however, is diminshed by
several key constraints which involve (1) the
time requirxed to thermally condition and cool
: the container walls prior to removal from the
10 blov mold and (2) the crystallization
properties ¢of PET which vary considerably with
chain morphology and as such directly
influence the visual aesthetics and physical
properties in the <final container as a

15 function of orientation or draw level.

FPor example, established methods of &//
raising the g of PET container valls, require
relatively long mold residence times (on the
order of 5-20 seconds) to yield the desired

20 level of thermal conditioning {(usually defined
as 1% max'gum container volume shrinkage when
£illed ~ar](190°F). The vast majority of
existing PET products, however, arxe formed on
two stage, high ountput, intermittent motion.

26 reheat blow molding wachines vhich would
suffer a significant reduction in productivity .
(i.e. throughput per unit time) if the above B
mold residence times were employed. Similar
throughput and/or othetr economic disadvantages

30 exist with tbcary'reheat and injection blow
conversion techniques. '

Beyond excessive mold residence
t.imes, the commercial viability of know heat
set techniques is also limited by the tendency

35 of vunoriented, essentially amorphous PET to



process. It is well known that the distortion 20 tenperature of PET
(Tg) can be raised by increasing the percent crystallinity of the
"finished" polynmer well above that of the anorphous or preform state.
In- blown containers, the latter is achieved (1) by the 25 preform
orientation process (which vyields stra&im”induced crystallization) as
well as (2) by "constrained post blow conditioning in a heated blow
nold at tenperatures sonewhat above the expected product service
tenperature 30 (whi ch yields “t her nal i nduced
crystallization). Strain induced crystalliza- tion alone is known to

i ncrease percent drymn alnikkyy white seinst aopaguealegwism dherneddy der abl y

ess o pihan  tNGysedlPIER0E. 35 RRYSIAIAD e (158 wsl@hay ovels
.necessary to cool the low orientation neck
finish, shoulder, and base of a biaxially
oriented PET container to prevent excessive
crystallization and whitening of these uareas
during heat set thermal conditioning, —if. a
fully transparent container is desired. The
highly oriented bottle sidewalls, of course,
- 10 remain transparent despite high levels of
thermal induced crystallization. These
morphological phenomenon fofbe the bottle
producer to (1) purposely crystallize and
whiten the unoriented container regions and
15 risk potential problems with market acceptance
(visual asethetics) and loss of physical
properties (reduced impact resistance of
wnoriented 'crystalline regions} or (2)
minimize unoriented material crystallization
20 - and suffer probable thermal —c¢ontainer

n

distortion during hot <£illing. (A common
solution to the latter involves increasing the
wall thickness of the unoriented,

uncrystallized regions to strengthen the

'__25‘ latter and reduce the potential of thermal

. digstortion. Again, however, increased unit
costs severely limit this approach.)

In addition to thermal distoertion,

prior art recognizés several approaches to

30 alleviating pressure induced vacvum collapse.

Increasing container wvall thickness in

conjunction with reinforcing ribs, beads, or

other structural features can be effective,

however disadvantageous from a unit cost

35 and/or geometric standpoint. In addition, the



-3- with heat set thermal conditioning. As such prior art PET containers
for hot fill applications have been prepared using thernal condi tioning
techni ques. The [err] 5 comrercial viability of the latter (so called
"heat set" process), however, is dininshed by several key constraints which
i nvolve (1) the tinme required to thermally condition and cool the container
wal |'s prior to renoval fromthe 10 b1 ~ nold and (2) t he
crystallization properties of PET which vary considerably with chain

nor phol ogy and as such directly influence the visual aesthetics and
physi cal '

patent literature also recognizes solutions
invélving - intentional thermoelastically
deformable and pressure deformable container
regions which @move inwardly under " the

o 5 influence of the product temperature, and
resulting partial internal vacuoum to offset or
] eliminate the latter. The principal

disadvantage with this approach stems from the

_ need to radically alter conventional container

10 geometry and the resulting marketing

complications associated with product image.

consumer acceptance, ete. ‘

An economically and commercially

viable PET container which would not exhibit

15 either thermal or vacvum induced distortion

would open substantial new market segments to

the lighter wveight, transparent, and

shatterproof PET packages. The prior art

provides various solutions to the above

20 'problems. however, they 8o so only by

compromising container economics (unit costs)

and market acceptability (nonconventional
geometries). ) ™

As such, it is.the primary pbjoobiwet

25 of the present invention to provide an

improved method of producing cest .effective,

hot fillable PET containers that exhibit

commercially acceptable thermal shrinkage with

no vacuum collapse (when hot filled and sealed

30 at temperatures up to and includiﬁéijéOOoF»

without the need for post forming heat

treathent and/or nonconventional container

geometries.
A novel solution to the wvacuum

35 induced deformation problem for conventional



properties in the final container as a 15 function of orientation
or draw | evel. For exanple, established nethods of raising the Tg of PET
container walls, require relatively long nold residence tines (on the order

of 5-20 seconds) to yieldthe desired 20 | evel of thermal conditioning
(usual Iy defined as 1% maxi num cont ai ner vol une shrinkage when filled at
87.8[err]C(190[err]F). - The vast wsmegority of existing PET products,

however, are fornmed on two stage, high output, intermttent notion, 25
reheat blow nolding machines which would suffer a significant
reduct i oncontpinductgednietiies.id hpooghfed pdirough thee)apdliidat iabovesf nol d

i sadvan: SBeELEAEY BrflRsg) Bontsol |, afd , eXo Y PrP LR, ety e OERe
the container ' production and £illing process) to yield
controlled 1levels of container shrinkage and “controlled"
vacuum collapse as required to achieve minimal internal

. vacuum levels with acceptable filled container dimensional
consistency.

Accordingly, ‘the present invention provides a method of
forming a thermal c¢ollapse resistant highly oriented
polyester <container suitable for wuse in hot £ill
applications, the method comprising the steps of providing a
polyester preform (26), reheating the preform, placing the
preform in a blow mould cavity, and distending the preform
to match the blow mould cavity to form =a container,
characterised in that the total wall draw ratio of the

- preform is greater than 8 to 1l but less than 12 to 1 and the

temperature of the reheated preform generally ranges between

.82.2% (180°F) snd 121.1°% (250°F) thereby to raise

the side wall density of the container to a density of from

1.350 to substantially but 1less than 1.370 grams/cubic

centimeter, which density corresponds to 14 to 30%
crystallinity.

The method of the present invention may be regarded as
a partial application of wide mouth PET container
manufacturing technology as described in U.S8. Patent No.
4,496,064 to Beck et al.

The present invention also ©provides a thermal
collapse-resistant highly oriented polyester container
suitable for use in hot fill applications, the container
having been stretch blow moulded from a preform, the
container including a finish portion, a container body
portion having a sidewall, and a base portion, characterised
in that the sidewall density of the container is from 1.350



-

conver si onHi&gBppAyes.  Beyond  excessive nold ~ residence tines, the

commerci al yj “Piagfdw heat set techniques is also linmted by the

t endency SSLHHMU , essentially anorphous PET to -4- turn mlKky

white and o rmally crystallized. As such, it is’

usual |y necessary to cool the |ow orient@ ion neck finish, shoulders and

base of a biaxially 5 oriented PET container to prevent excessive

crystallization and whitening of these areas during heat set thernal

condi ti oni g, §qb%F?EF}§13Ya%§§aﬁ@ﬁ§ e el 79 so BB f@ubicTHgnt ineter,
which density corresponds to 14 to 30% crystallinity, and

the stretch ratio- of the sidewall is greater than 8 to 1 but
less than 12 to 1. LT

The above described wide mouth technology utilizes PET

#3 preforms produced by conventional techniques to, in turn,

 produce wide mouth bottles and cans with biaxially oriented

thread and/or flange areas. The resulting container finish,

being oriented to a controlled degree, overcomes the

disadvantages of non-oriented amorphous polyester in heat
set/hot £ill processes as described earlier.

With the above and other objects in view that will
hereinafter appear, the nature ¢f the invention will be more
clearly understood by reference to the following detailed
description, the appended clsaims, and the several views
illustrated in the accompanying &rawings.

Figure 1A is an eléevational view of a polyester
container produced by a conventional technigque.

THIS SHEET HAS BEEN
REPLACED




hlgﬁr-7ﬂ71ﬁﬁ1ﬁ+%ﬁ%44£LSIdemal|S of course, 10 remain transparent
desphiti& h% evels of thernal i nduced crystallization. These
nor ph non force the bottle producer to (1) purposely
cryst ﬁn ten the wunoriented container regions and 15 risk
pot en th market acceptanceg (visual asethetics) and | oss of

physi cal propertles (reduced .inpact res ; uu. ented
crystalline regi ons) or (2) mnimze dﬁﬁ$q§ﬁ¥ dﬁﬁh

crystallization 20 and suf fer pr obablie con alner
distortion during hot filling. (A comon solutlon 0 the l|atter

I nvol ves i ncreasi hg the malpl gurkhilgkrniassan elbvatildil viwworéented,

uncrystalllzed r egi-ons- trengthen the 25 . latter 3Pd reduce the

hot product at a temperatureé 3:- L190°I).
Figure 1C is an elevational view of
. 5 the container of Figure 1 ‘wherein the
container was improved by heat setting and
) - then hot filledG%EEéQOQF) with the container
exhibiting a volume loss of 1% and having a
convoluted, non-conventional vacuum collapsed

10 geometry.

Figure 2 is a half sectional view
taken through a typical preform utilized in
conjunction with the present invention.

Pigure 3 is a half sectional view

15 taken through a standard mold defining a blow
cavity and having positioned therein the
preform of Figure 2 prior to blow molding.

Figure .4 §s a half vertical
sectional view of the resultant intermediate

20 article from blow molding the preform of
Figure 2 in the mold cavity of Pigure 3.

Figure 5 is a half sectional view of

a polyester can resulting from the.severing of
. the intermediate article of Figure 4 along the
25 path of the arrow A.

Pigure 6 is a half sectional view of
a jar having a screw-threaded neck finish,
vhich jar is formed as part of an intermediate
article in the same general manner as shown in

30 Pigure 3,

Figure 7 is a half sectional view of
the can of, Figure 5 after filling with a hot
product a 9005) and closing by securing an
end unit thereto utilizing a double seam, and

35 where a 5% volume shrinkage is permitted to



S ain, B WEBHEET HIABCB%&TS%d unit costs severely limt this
0

BRNNLOZ h. In additio ‘ﬂ@EDdISt tion, prior art recognizes several
a BEed allevnnf-“g'p.cbsure i nduced vacuum col | apse. Increasing
C ’ t hi cknéss in conjunction with reinforcing ribs, beads,
o] ural features can be eff@cTive, however dlsadvantageous from
a unit cost 35 and/ or geonetric standpoint. |In addition, the 5 patent

literature al so recogni zes sol utions involving intentional
t hernoel astically deformabl e and pressure deformabl e contai ner

occur aifter the double seaming. Coe
- . .-Pigure 8 is a half sectional viev
taken through the Jjar g gzgure é after hot
filling with a produc%‘éﬁ&)o F) and closing
5 uwtilizing a cover where'S% volume shrinkage is
A permzttea to occur after closing. ’
- Figure 9 is a graph showing typical
wall density measurements and c¢alculated
. percent crystallinity for containers formed in
- 10 accordance with the aforementioned Beck et al
patent vs. conventionally produced wide mouth
jars.
Figure 10 is a half sectional view
showing a can similar to that of Figure 5 and
15 closed in the wanner shown in Figure 7 formed
in accordance with this invention and hot
filled and sealed when less than 1% volume
shrinkage is permitted.
Figure 11 is a half sectional view
20 similar to Figure 10 but showing a jar closed
in the manner shown in Figure 8 and wherein
less than 1% volume shrinkage is permitted.
' Fgiure 12 is a schematic elevational
view of a spray cooling: device used to
25 minimize container shrinkage during hot
£filling and seaning.
Figure 13 is a graph of polyester
density-as'a function of draw ratio.
re l4 is a graph of polyester
30 shrlnkage a Q.SO E‘) as a function of draw
ratio. - )
Figure 15 is. a graph of density vs.
preform temperature at a fixed draw ratio.
Figure 16 is a graph of density vs.
35 polyester comonomer contents at a fixed



r%e W’ the 5 influence of the product
t enper at ure, ti 16” I gﬁte nal] vacuumto offset or elimnate
theThisshamgrB n Th pariﬁﬁﬂ%ﬁ disadlrantage with this approach stens

i

e
lacedi cal alter conventional container 10 geonetry
I ng .mar keting conplications associated wi th product
ceptance, etc. An ._e%or_l_om' cally. and comercially viable
t

i mage, _
PET cont ai ner whi ch woul d not exhi bi 5 either thermal or vacuum i nduced
di stortion woul d open substantial new nmarket segnents to the | i ghter

wei ght, transparent, and shatterproof PET packages. The prior art
provides various solutions to the above 20 problens. however, they

do so only WQ¥reform temperature and drawv ratio.
-« . -Pigure 17 is a'graph showing typical
volume shrinkage curves as a function of hot
R £ill temperature for containers produced by
5 various techniques. )
Figure 18 is an enlarged fragmehtary
- sectional view taken through a typical praforn .
wherein the preform is of a laminated
. construction. :
ST 10 Polyester containers when produced
by conventional reheat or injection blow
techniques exhibit excessive thermal shrinkage
g?.,ch.Of from 15-50% volume loss when hot filled at
L*"*EI‘9O°F]. An example of such a container is
15 shown in Pigure l. As noted earlier, the
prior art provides solutions to the polyester
thermal distortion problem by conditioning the
e blown container in a heated blow mold to raise
the polyme%.%ggc (i.e..sofltening temperature) to
20 somevhat l;90°1:‘). The heat set process
accomplishes the 2above by increasing the
polyester percent crystallinii:§ in the bottle
sidewalls. The Tg of highly c¢rystalline
polye’ste,r%&;ée.oabo've 50% crystallinity) is in
25 excess © 50 F) {(i.e. Tg dincreases with
increasing percent crystallinity). Density as
measured by ASTM test method #1505 is a useful
measure of crystallinity as per:

30 percent crystallinity = -gg——f—-g-z- x 100
where: ds = sample density in g/cm3
da = 1.333 g/c:xn3 {amorphous)

dc = 1.455 g/cm® (100% crystalline)

35
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gqnmetries). As such, it is the primary 25 of

| abl e PET - cont ai reri < hat

shrinkage with no vacuum col | apEdS(ShkRT HA® BEEN|
seal ed 30 at tenperatures up to and including} 93. 3[REPLACEDR0O0[ er

need for post formng heat treatment—andr’or
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ed and

rTF))

nonconventi onal contai ner geonetries. A novel solution to the vacuum 35
i nduced deformation problem for conveagLma .

- -

FINISg DENSITY

5 {(g/cm’) 1.341 1.388
FINISH % DIAMETER
SHRINKAGE 1.22 . 0.08 -
SIDEWALL DENSITY
(g/cni’) ' 1.357 1.372

10 SIDEWALL % DIAMETER
SHRINKAGE 10.5 0.52
SIDEWALL % HEIGHT
SHRINKAGE 8.8 0.40

15 Table 1 above shows density vs.

percent shrinkage data for the container shown
in Pigure 1.

In general, heat set containers
hﬁ}?ibit less than 1% volume loss when filled
20 90°F) and sidewall density measurements in
excess of 1.365 g/cm3 and usually in excess of
1.370 g/cm® (268 and 30% ecrystallinity

respectively).
' Although heat set containers exhibit
.gcceptable thermal distortion when filled at
L"'7f§0 E} they remain susceptible to pressure
induced wacuum _collapse. Partial)l vacuum

XJoh= 1103210% {
levelﬁzﬂﬁ—é'wwlﬁ psi) {(depending on .

£ill level, product £ill temperature, etc.)
30 are typically seen in rigid containers after
the contents cool to ambient. To prevent the
distortion of the flexible polyester
sidevalls, non-conventional container
geometries such as c¢onvoluted panels are
35 utilized to control deformation usually in



contth% onetries is provided through the application of specific
proces e aged oduct design techniques (in the container production
and f , s) to vyield controlled | evelLs of contai ner shrinkage
and "c uum col I apse as reqyiyred to aCWI@VSHEET”HN@'BE‘Ept er nal

g

vacuum |l evel s with acceptable filled contai ner dinen5|qﬂ?t si stgncy.
Accordingly, the present invention provides a nethee—ets Ag...at thermal
coll apse resistant highly oriented polyester cont ai ner sui tabl e
for use in hot fill applications, the nmethod conprising the steps of

providing a pol yegbaqupcefionm ¢26) . stehratdril t feapuebsr Budd agsng the
preform.in a bl ow ppul d .cavj

bl ow moul d cavi t y* 837 o/ %gﬁ‘i{]gﬁgi’gt@'gggggt%é‘?h‘g%ﬁ'?{ﬁ{#&%gﬁ%t fgt :[alhevval I
draw ratio of thexparetadddtiinmr aas erigbapadetio bt lasstd hathd2 to 1 and
the marketing disadvantages associated with the
5 radical geometries are substantial.
£ In addition, prior art heat set
containers must prevent excessive distortion
of the £finish region during hot £illing to

- effect proper closure application and sealing.

10 Certain bottles; for example, utilize a
pre-crystallized, opaque finish to nminimize
distortion. Although effective, this method
adds considerably to unit costs. Other
bottles maintain finish transparency by

15 utilizing increased véll thickness (vs.
conventional non-hot £ill containers) to
minimize distortion. The added costs.
associated with the latter approach limits its

usefulness.

20 The following then demonstrates a
novel method o©f produecing hot £fillable
polyester containers without the negatives
associated with heat set approaches:

FPigures 2~-6 illustrate the manner in

25 which cans, bottles and jars molded from
conventional single or multilayer injection or
extrusion molded preforms in accordance with
the afore-described Beck et al patent and
which exhibit highly‘ oriented flange and/or

30 finish regions.

Reference is now specifically made
to Figure 2 wherein there is illustrated a
preform particularly provided in accordance
with this ianventicon. The prefoérm is circular

35 in cross section about a center axis 20 and



tenﬁEFafﬁ?E—BT*Tﬁé‘Teheated preform generally ranges between 82.2[err]C

( 180eis $Heét Has Beeglre . 1[err]C (250[err]F) thereby to raise the side

wal | container to a density of f rom1.350 to substantially

but | : Lgrans/cubic centineter, whi ch density corresponds
14 to 0

t.o tallinity. The nethgd of the present invention may be
-regarded as a partial application of wde npwig SKEET HADHERNMEN
manuf act uri ng technol ogy as described in U S. Patgent NhE A , 064 jt o Beck
et al. The -present invention al so provi dest——a— | :

col | apse-resistant highly oriented pol yester container suitable for
use in hot fill agpld Welgl t Nt 8o 1aviong, Ree td ebghnbl ow

noul ded from a pr2$§?ﬁ$£% eagngg?ﬁgr&?ﬁgﬁﬁg?ngzé f$§i§h$bort?on, a
cont ai ner body poemided rand n§sa diiaperad ahavea HaZePPRFE i han8Rar act eri sed

in that the sidewgld defisi&yspf bbhgeefntid] Mdré Sateai 1id5Pigure
3, the flange and the neck portion 22 project
) 5 out of an associated blow wmold. In a

- conventional molding operation, a blow tube

: fits in the neck portion 22 and is sealed with
respect thereto. h )

. _ Immediately below the flange 24, the

- 10 preform, vhich is generally identified by the

‘npumeral 26, has a cylindrical portion 28 and

thereafter increases in thickness radially

outwardly in an area identified by the numeral

_ 30. Thereafter the preform 26 is composed of

15 an elongated cylindrical portion 32 which is

slightly tapered both internally and
externally to facilitate withdrawal from the
- injection mold and an associated core while
remaining generallf of a constant thickness.
20 The preform 26 has a substantially
hemispherical bottom portion 34 which reduces
in thickness towards the center thereof.
It is to be understood, howvever,
that the dimensions of the preform will vary
25 depending upon the parcticular immediately
article which is to be formed. iy
Although thexe has been specifically L
illustrated an injection molded preform 26, it
is to be understood that the preform could be
30 formed from an extruded tube.

' Reference is now made to Figure 18
vherein there is illustrated an enlarged cross
section through a typical preform which is of
a laminated construction. Such a preform

35 would have eXxterior and interior layers 36 and



-7—tosubstantially but |ess than 1.370 grams/cubic centineter, which

dgns&ﬁ¥lﬁgﬁﬁgﬁggﬁ k0 14 to 30%crystallinity, and the stretch ratioof the
si de than 8 to 1 but less than 12 to 1. The above descri bed
wi de mﬁH y utilizes PET preforns produced._by _conventional

t echni )

rn, produce w de nouwt R3bottl eq gl SHEEP HAS bEQL xially
oriented-thread and/or flange areas. The resultinq cont g ACE I ni's bei ng
oriented to a controlled degree, overcones t i f
non-ori ented anorphous polyester in heat set/hot fill processes as
described earlier. Wth the above and other objects in viewthat wl]l

her ei naft er appear, 38havimizthur aref folraeidn\edntPEM. Wi Thvlaerdnme these

layers would be relatively thin barrier layers
4 4 ich m £fm ials such
0, 42 XP";}?«A 2y Mbwsrgxed of materia
as SARANL inally there will be a core 44
5 which may be formed of PET or a compatible

polymer.

In Figure 3 there is schematically .
illustrated a typical blow mold, which will be
formed in split halves, and whiech is

10 identified by the numeral 46. The blow mold
46 will be provided with one or more blow
cavities 48 which is shaped to form an
intermediate article of which a lower part is
in the form of a can. The preform 26 is

5 clamped in the cavity 48 and supported by the
flange 24. Suitable conventional blowing
apparatus including a blow stick (not shown)
will be utilized to direct blowing gas under
pressure into the preform 26 and also to

20 axially elongate or stretch the preform 26.
It is te be understoed that the preform 26
will be particularly configurated with respect
to the cavity 48 to provide a preselected draw
ratio. Further, the axial elongation or

25 stretching of the preform 26 with respect to
the cavity 48 and the expansion thereof due to
the internal gas will also be controlled so as
to control the resultant thickness and draw
ratio of the body or sidewall of the resultant

30 container.

In Pigure 4 there is illustrated an
intermediate article 50 which has been formed
from the preform 26 in the blow mold cavity
48, The lowver part of the article 50 will be

35 in the form of a can which includes a bottom



cle ference to the follow ng detail ed description, the
appended clains, and the several views illustrated in the acconpanying

dr awi Sheet ] laced an el evational view of a pol yester container
pr oduc l i onal technique. _ 4Fi__gure 1B is an el evational view
of the | after being filled®ith ahat product at _a

tenperature 87.3[err]C (190[err]F) Figure 1C i s HBScSHEEAt HAS\BEENi{ew of 5
the container of Figure 1 wherein the cgntai nQEpUEEED Nproyed by heat
setting and then hot filled at 87.3[err] C(190[ ' )nt ai ner
exhibiting a volunme | oss of 1% and having a convol uted, non-conventi onal

vacuum col | apsed wall 54, having inteqgrally joined thereto--a

sidéwvall " or body 56 with the sidewall 56

terminating in an wupper outwardly directed

flange 58. If desired, the sidewall 56 may be

‘ [ provided with internally directed vertically

collapsible beads 60 to accommodate a decdrease

in volume within the container as the product

cools. The beads 60 will be formed by
.- internal ribs 62 of the blow mold 46.

: 10 The upper portion of the
intermediate article 50 is  generally
identified by the numeral 64 and will be
considered an adaptor portion. The adaptor
portion 64 is severed from the container or

15 can 52 by cutting. such as along the 1line
defined by the arrow A in Figure 4. This
removed adaptor portion 64 may then be
reground and utglized in the forming of
further preforms. '

20 The separated container or can 52 is
best illustrated in Figure 5 wherein the
flange 58 becomes the customary flange
utilized for double seaming an end unit to the
body 56.

25 It is to be understood that the
‘configuration..of the mold cavity 48 wmay be
modified to form an intermediate article (not
shown) of which the lower part is in the form
of a jar which is best illustrated in Figure 6

30 and is generally identified by the numeral 66.
The jar 66 will have a bottom wall 68 which
closes the lowver end of a sidewall or body 70.°
The upper end of the body is open, but in lieu
of having the seaming flange 58, the upper end

35 of the body is inwardly directed to define an




10 geonetry. Figure 2 is a half sectional
pr ef d‘hierhﬂeiHaisBeaﬂmﬁﬁ@pnj unction with the present invention. Figure 3 is a

oo MR

i nter nedi ate 20

in the nold cavity of Figure 3. Figure 5 is a half sectional view of.

vi ew taken through a typical

15 taken through a standard nold defining a bl ow

sitioned therein the preform 2 | -t
is a half verticajgsecti %\Ws%ﬁ%‘f‘% @gtwe

article from blow nolding t

e pr &EBKAREDLT  Fi g

o bl ow
sul t ant
ure 2
a

pol yester can resulting fromthe severing of the internediate article of
Figure 4 along the 25 ath _of the_arrow A. Figure 6 is a half sectional

vi ew of

15

20

25
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+annular flange 72 which has extending axially
upw'ardly‘ therefrom a neck finish 74 to vhich a
conventional screw: threaded or lug type
closura cap may be attached. If desired, the
body 70 may be reinforced by hollow ribs 76
which will be similar to the ribs 60. -

In PFigure 7, the can 5§52 is’

illustrated as having been filled with a hot
product 78 and closed by means of an end unit
generally identified by the numeral 80. The
illustrated end unit is in the form of a metal
or composite end which is secured to the can
by a conveantional double seam 82 incorporating
the flange 58.

In Figure 8%, the djar 66 is
illustrated as being filled with a hot £ill
product and being closed by an end unit 86.
The end unit 86 is illustrated as being in the
form of a convehtional closure having a
depending skirt 88 which is interlocked with
the neck finish 74. It is to be understood
that the end panel portion of the closure 86
will be sealed relative to an end sealing
surface 90 (Figure 6) of the neck finish 74.

As previously described. when the
.can 52 of Figure 5 and jar 66 of Figure 6 are
formed conventionally from a PET preform as
described in the aforementioned Beck et al
patent, they are suitable to a high percentage
of shrinkage when £illed with a hot product.

: Figure_s 7 and 8 show & "‘c;:asq%and a
wide mouth jar after hot filling Lalt'[(‘lsool-*).
Total volume shrinkage for these containers
produced by non-optimized process conditions
are typically in the 6-10% range vs. the



-
a jar having a screwthreaded neck finish, which jar is fornmed as part of

an i nteys sdBearReplateg i N t he sane general nmanner as shown in 30
3. Figu iﬂ sectional view of the can of Figure 5 after
with a 87.3[err]C (190[err]F) and closing by secur
end unit thereto utiTlizing a double sedf -and 35

r—here—a—506-ol-u:
shrinkage is pernmitted to -9- occur after the|dBlhISHEEEANSNBEEN-

is a half sectional view taken through the jar of Fi guREPLACEDBter h

Fi gure
filling
ing an

gure 8
Dt

filling with a producct at 87.8[err]C (190[err] F)"and crostng
15-50% values exhibited by prior--art

containers of the type shown in Figure 1.
The substantial  improvemeat in
performance results from elimination of large.,
s low orientation and essentially amorphous
e regions such as the closure receiving finish
. and shoulder to sidewall transition regions
which exist in containers produced by
- conventional techniques.
10 Figure 13 is a typical graph of
density vs. draw pratio for crystallizable
polyesters. Draw ratio is defined as:

- Db - Do Lb - Lp
DRt = (-E§—- + ~Ip ) x 100

15 wWhere: Db = Max Bottle OD

.. Dp = Min Preform ID
Lb = length of bottle below finish
Lp = length of preform below finish
20 By orienting the finish and shoulder

regions of the £inal container,the higher
overall density (i.e. percent erystallinity

and Tg) of such containers (vs. conventional
-containers) as shown in Figures 5 and 6

25 results in reduced thermal distortion when hot
f£illed (without the need to thérmélly
crystallize or "heat set")}. ' '
Pigures 13 through 16 show graphs of

‘various relationships relevant to maximizing

30 the density of polyester in finished
containers with heat setting. Those skilled

in the art will recbgnize the role of, and
interrelationships between; tooling design,

polyester composition, and process conditioas



S Utrhib Sebt'Mas Bech RY, ere 5% volunme shrinkage is permtted to occur after

cl osi s a graph show ng typical wallf rements
and mwml cent crystallinity for contailn ngﬁgg%gﬁ EE%
accor af orenenti oned Beck et al pgtent ventidnal |y

pr_oduced wi de nmouth jars. Figure 10 is a7half sectional view showi ng a can
simlar to that of Figure 5 and 15 closed in the manner shown in Figure 7 -
formed in accor ddmde wirtdn t heat nwestt § g andababblelsl)ed aand t9eyl ed when

l ess than 1% vol y Ui kage i ermtted. . Fi 11 is If sect i onal
view 20 sinmlar to Lgu’#‘pe butsug%ovm ng Be f‘g?ggF%sed I n 6ér“i{g:%rrxanner shown
in Figure 8 and \Mre!r&naillmty in the finished container.

Fzgure 13, £for example, shows hovw
5 strain induced c¢rystallization raises the
density of polyester to a maximum level

. somewhat less than 1.37 g/cm3 at a total draw .
ratio greater than 8 to 1 but less than 12 to

‘ . 1l for typical polyesters.

10 Figure 14 shows the negative effect
of excessive draw ratjos beyond that of
maximum strain hardening on percent shrinkage.
It is known that total draw ratio is a
controlling factor in density improvement.

15 The ratio of axial to hoop draw, for example,
is of little consequence.

As furtheyr examples of known density
optimization techniques, Figures 15 and 16
indicate the influence of process conditions

20 and polyester composition on density.

By combinirig the basic Beck et al
oriented finish technology with the prior art
process techniques noted above, polyester
containers with overall volume sh inkage O':i.n

25 the range of 3~5% (when hot filleat_a'fiis_o P)}
.¢can be produced without heat set thermal

conditioning. The average sidewall and ‘o
‘flange/finish density of contaigers produced o
by such techniques 1.350
3 . - . P
30 /cm i3 2 1.3¢8
g/c:m (M-SO% erystallinity l
COntalners vhich exhibit 3-5% volume .

shrinkage atZ{lQO F) do not vary substantially
in appearance vs. nonexposed containers and
35 are, as such, commercially viable for hot fill

’J«A!M L=p , e grefetly o 1360 4 (.3F0 9/“,?(’211%
J0% (,vlﬁx“"'l-f:j),



Iess than 1% vol une shrinkage is permtted. Fgiure 12 is a schematic

| evat |
shrlnka
polyest

hrlnka e at 97.5[err]C£10®[err]F)
ratlo Flgure 15 is a graph of density vs. prefor

pol yest er

S

eetﬂaeBceoRﬁnce@ray cooling device used to 25 mnim ze

E function of draw ratlo Fig

cont ai ner

ot filling and seam ng. Figure 13 is a graph of
14 is a graph of

dr aw
i xed

drawwratio. Figure 16 is a graph of density vs. 35 ) ononjoner
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fixed

.applications. P

"7 - " -The 3-5% volume shrinkage can in
fact be beneficial -to reduce the internal
vacuum which is .created when the container
contents and head space gases cool after
sealing. In generxal, at 3 6(190°F7 £ill
temperature, a shrinkage induced container
volume reduction of from 2~5% is sufficient to
neutralize the pressure forces vwhich tend to
collapse the c¢ontainer, To effectively
eliminate the potential of vacuum collapse, it
is desirable to minimize the container
shrinkage which c¢curs during hot filling and
before sealing. This is best accomplished by

‘reducing the time interval between the onset

of filling and the completion of sealing to 5
seconds or less. If the latter is not
practical due to £illing line and/or product
constraints, it may be necessary to cool the
exterior of the container during filling and
prior to sealing.

A gspray system, as shown in Figure
12, has been found to effectively increase the
permissible £ill/seam time interval by a

factor of 10 or more.

Reference 1is now made to Figure 1
wherein there is dillustrated the manner. in
which a can, such as the can 52, but formed in
accordance with this invention,; is filled and
then sealed. There is schematically
illustrated a support 90 on which the can 52,
for example, is seated at which time it is
seated beneath a suitable filler 92 from which
a hot fill product is dispensed into the can
52. At the time the can 52 is being filled,



-10- pre

t ypnﬁ@éhe&%we
cont
pr ef

re and draw ratio. Figure 17 is a graph showi ng

hri nkage curves as a function of hot fill tenperature for
y 5 various techniques. Figure 18 is an enl arged
vi ew taken through a typi m wherein the
am' nated construyctjpn, 10 [ THIS SHEET H er
cont ai ners mhen produced by conventigﬁgl reh¢at ﬁ?’zﬁ? bl ow
e | oss

t echni ques exhi bit excessive thermal shrinkage

when hot filled at 87.8[err]C (190[err]F) An exanple of such a contai ner
ure 1. As _noted earlier, ‘ieprflor art grov&des

15 shown 'in Fi

solutions to the 50|l§,%gtg,imultaneous y be’ °°

10

15
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by mean
spray” ducts 94. The spray ducts 94 may spray
cool water on the can 52 or a suitable cooling
gas.

After the can 52 has been filled, it
may be, after a suitable delay., passed” to a
closing machine generally identified by the
numeral 96 which applies in a conventional
manner the end unit 80 and forms the double
seam 82. Only the backup chuck 98 and one of
the forming rolls 100 of the closing machine
or double seamer 96 is illustrated.

Associated’ with the closing machine
and positioned to spray the can 52 as it is
being closed are spray ducts 102. Like the
spray ducts 94, the spray ducts 102 may spray
either cool water or a cooling gas onto the
can 52 as it is being closed.

The '~ above “controlled"” shrinkage
process effectively eliminates the need for
radial container geometries or excessive wvall
thicknesses. It is,; hovever, desirable to
utilize the stiffening ribs or beads 60, 76,
as shown in Pigures 5 and 6, to prevent

collapse due to long term water vapor

transmission and the resulting partial
internal vacuum over extended product shelf
life perieds.

The following specific examples are
intended to illustrate more fully the nature
of the present invention without limiting its
overall scope:s

EXAMPLE 1

This example demonstrates the

production of a 411 x 501 polyester can which

S



t her ml'mw conditioning the blown container in a heated

bl ow ol dhis SheeeHiz Bed, ol.ymer Tg (i.e. softening tenperature) to 20

sonewhat §
above by i

‘érr] F). The heat set process acconplishes the

pol yester percent crystallinity in the bottle

sidewal | s. f highly crystabline t+—e—abgve 50%
crystallinity) is in 25 excess or 176.7[err]C E)HAS( BERN Tg
increases wth increasing percent crystallinity). DeREPKACEBs nmeagured by
ASTM test net hod #1505 is a useful neasure of crystallinity as per: 30
percent crystallinity [err] where: ds = sanple density in g/cnferr] da

= 1.333 g/cn errhg:g{fpb_pbagé)-aﬂcvclaméSShgﬁ.ok[asler WhehObtc fiidilald i ne) 35
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atL(lQOOE).. A 62 gram preform ag shown in

Figure 3 having a length ofL(4.95-inche‘? below
-3 Py

the flange and an outside diameter:ofLG..SG

04 Tcm
inches) with an average wall thickness off

(o.J.eo'Z“{‘:Ls produced from a PET copolymé:'(zas
by weight isophthalate) having an intrinsic
viscosity of 0.80 + 0.1.

The preform was reheated on a
conventional stretch blow molding machine
equipped with a gquartz IR reheat oven, at an
overall machine c¢ycle of 5.0 seconds. The
preform temperature Jjust prior to stretch
qg]?gging was measured (using an IR pyrometer)
ai:_L (200°F). 135 Blow mold temperature wvas
maintained at}(3s5°E). -

'.ghe, trinmed cont;.gjwr was filled
with vater at[(190°F) to within)(0.625 inches)of
the £flange and allowed to cool to room
temperature. The total volume loss was then
measured at 8.2%. The average sidewall
density averaged 1.348 grams/cm3 and as such a
fully developed/strain thermally induced
crystalline structure was not achieved. '

EXAMPLE 2

This example demonstrates the
production of a polyester can as per Example 1
with the tooling: material and process
conditions optimized to ield 3-4% volume
shrinkage when hot filled A:L(;90°r).

" The same preforms used in Example 1
were reheated at an identical oven resident
tine, however, the quartz lamp energy outputs
vere increased to raise the preform

temperature prior to the onset of visible



-.11- TABLE 1 Fi gs. J./-\jj Fig. 1C FINISH DENSITY 5 (g/cnferr])
1.22

1 341Ths$wa}hsBam FI'NI SH % DI AMETER SHRI NKAGE.
0. 08 SI g/cnierr]) 1.357 1.372 10
SIDEWAL HRINKAGE : 10.5 0.52 SIDEVWALL %
HEI GHT ” 0.40 15 Tabl e 1 above
shows density wvs. | THIS SHEET HAS BEEN

REPLAGED

crystallinity). In additicn, the vertical
preform temperature profile as well as the
degree of axial preform stretch priox to the
onset of pressure expansion was altered to

/505 reduce the, ¥ wall thickness of the 'blown
container togp 015 1nches} All other process
and evaluation conditions were ;dentxcal to
those used in Example 1.

. Total volume shrinkage was 4.2% and

10 average sidewall density was 1.362 grams/cmB.

As such, a fully developed, highly

transparent, strain/thermally induced
crystalline structure was developed.
EXAMPLE 3
. 15 This example demonstrates the
effectiveness of controlled container

shrinkage in preventing vacuum induced
collapse. '

Ten (10) pélyester cans produced, as

er Example 2, were hot filled with vater at

Ligo F) to a level%p 625 1nches)below the flange

and permitted to stand for 10 seconds prior to

double seaming. All samples exhibited vacuum
induced collapse (as shown in Figure 10).

25 An additional ten 1?& cans from the
same lot were hot filled atLQ.QO F, double
seamed within 2 seconds, and immediately
placed in a water bath and cooled to ambient.
All samples collapsed prior to removal.

30 A final group of ﬁf (10) cans from
the same lot were filled atL(l90°F), seamed
within 2 seconds and permitted to shrink under
ambient conditions. None of the samples

exhibited vacuum induced deformation.

35



percMor t he contai ner shown in Figure 1. In general,

heat heedmngggn%rls exhibit less than 1% volunme [oss when filled 20 at
87.8[er -and sidewal | density neasurenents in excess of 1.365
g/cne I n excess of 1.370 g/cnferr] (26% and 30%

crystal lini i vely). Al though hggt set eantajners exhibit 25
acceptable thermal distortion when fiTl

_ ! _ at 87| SHES SHEEN KA gEg ). they
remain susceptible to pressure induced vacuum colgmpg Parti al
vacuum |l evel in excess of 5.52 x 10[err] - 11.0: U6 psi)

(depending on fill level, product fEXAMPEFetature, etc.) 30 are typically
seen in rigid contaihers’ af,%ﬁ{ theeggg%ﬁgt S c&&}lo,t‘gnagpégnt : tIg prevent the
p

di stortion of t he f1exFol e yest er
production of a polyester wide mouth javr with

controlled finish and sidewall shrinkage.

5 An 80 gram preform with a length
P 6,03 sncbos g
¢ A  below the fdinigh ofL@.Bl’(, and an average wall

G306 e
thickness of / (0.185/d)was  produced by
- conventional injection techniques using a
polyester homopolymer of 0.80 + 0.1 IV.

10 . The preform wasm;?:&heatzd in 2 guartz
oven to a temperature off (225°F) with the
vertical temperature profile and st:g}gtﬁ}ow
conditions adjusted to yield a 70mm C':!:",Kfé_gz.)
containe:r {as .eszi%s:n in Figure 6) with a finish

15 wall thickness o£){0.025 inches) and an average
sidewall thickness E:f]\-@:()ls inches)

o $2.3cm Upon trimming and hot £illing at
' (((190°8) the overall.volume loss was 5.2% with a
finish diameter reduction of 2.0% vs. a panel

20 diameter reduction of 3.2%. Average density
of the finish and .‘%ody sidewalahl? areas were
measured at 1.3 s 1.35 3 -specti._v'ely.
Control containers uwsing prior art injection
molded f£inishes ‘as per Figure 1B showed

25 unacceptable deformation and overall volume
loss.

EXAMPLE 5 oy

This example demonstrates the
synergistic effect of combining the inherent

30 Glastik oriented fihish or flange advantages
with known heat set technigues.

Preforms as utilized in Examples 1
and 2 and reheated as per BExample 2 vere
stretch blown into the same blow mold as per

35 Examples 1 and 2. The latter, however, was



si dewiit Sheet Has Beef) Co vent I onal cont ai ner geonetries such as

convol utilized to control deformation wusually in
-12- uﬂ st.ructural features such aq-Hrg ng h i ncreased
Si dewal n addition to increased} uni Pfggg B mar ket i ng

di sadvant ages assom ated with the 5 redi-cal § orretﬁﬁ e subistanti al .
In addition, prior art heat set containers nust prevent excessive
distortion of the finish region during hot filling to effect proper

cl osure application and seal| lr,l? by Certain bottles, for e e, utilize a

maintained at/ (250 FJ for 10 seconds (vs L(_So]
for-1.5 seconds in Examples 1 and 2).

The resultirig containe sé wvhen hot
filled exhibited 0.4% volume 1052;&3.'{(190':'?.

5 : Preforms as utilized in Example 4

and reheated as per the same were stretch
blown into the same blow mold as per Ex'émple
’Z(‘:l‘(' The latter, hovever yas maintained at
i C(250 FJ for 10 seconds (vsL(BS F) for 2.0 seconds
- 10 in Example 2).

' The resulting containers exhibited
transparent £inish and ss.?pulder regions as

well as 0.8% volume 10ss a.i(lso"r).
By contrast, a 4% gram container of
15 the same shape and size produced by a
conventional indjection blow p'rocess heat set
process exhibited a semi-opaque fig%;sh and
shoulder region and 1.6% volume .1055%5@‘50 E).
A graphié represenﬁation is shown in
20 Pigure 17. The curves represent containers

produced as follows:
Curve a Conventional non<heat set technology
Curve b Non-heat set Beck et al

25 Curve ¢ Prior art conventional heat set
Curve d Heat set Beck et al

30

35



pre- cmmgmﬁahhgggm e finish to mnimze- distortion. Al t hough

ef fecti adds considerably to wunit costs. O her
‘bottIeJ finish t ransparency by 15 utilizing i ncreased
wal | t conventional non-hot fill containers) to
mnimze dlstortlon - The - addgg costs associated with the

| atter approach linmts its useful ness” M ng then

denonstrates a novel nethod of producing {HSS SHEET di#SeBREN

ester
hes:

container%%méiﬁgyt t he negatives associ ated w §h heaRERACEBppr oa
Fi gures 2- Strate the manner in 25 which

fromconventional single or nultilayer injection or extrusi on nol
preforms i accergdapfaVie! forming a thermal collapse resistant

"ars nol ded
ded

highly

oriented polyester container suitable for use in hot £ill
applications, the method comprising the steps of providing a
- polyester preform (26), reheating the preform, placing the

‘? preform in a blow mould cavity, and distending the preform

to match the blow mould cavity to form a container,

characterised in that the total wall draw ratio

of the

preform is greater than 8 to 1 but less than 12 to 1 and the
temperature of thé reheated preform generally ranges between

82.2°%¢ (180°F) anda 121.1°C (250°F) thereby to

raise

the side wall density of the qontainer to a density of from
1.350 to substantially but 1less .*han 1.370 grams/cubic
centimeter, which density corresponds to 14 to 30%

crystallinity.

2. A method according to claim 1, characterised in that

grams/cubic centimeter, which density corresponds to
30% crystallinity.

the average density of the container is from 1.360 to 1.370

22% to

3. A method according to claim 1 or claim 2 characterised

in that the total wall draw ratio of the preform is
range of B-10 to 1.

4. A method according to any one of claims 1
characterised in that the container has a container
shrinkage after hot f£illing at 87.8°C (1309F) o
than about 5%. '

in the

to 3
volume ..
£f less

S. A method according to any foregoing claim characterised
by further comprising the step of thermally conditioning at
least the sidewall and finish of the c¢ontainer by retaining
the container for 2 to 5 seconds in the blow mold which is

maintained at a temperature above 87.8%C (190°F).

T RO




t hergf QlgrfieBGh RBGMdePECk et al patent and which exhibit highly oriented

flan ni sh regions. Reference is now specifically nmade to

Fi guaalﬂj] ﬁm{m ere is illustrated a prefor mp-pastictarty—mne-ayi ded in
accor s invention. The preformis IS SHERT HAS BEEN ¢r oss
section about a center axis 20 and * _ -J3-_incljudes RBPLAQE®r porfion 22

whi ch is open ended and is di sposed above a support—ftange 27" w il be
seen in nore detail in Figure 3, the flange and the neck portion 22 project

5 out of ay FZSORE! e Bhg ™Y any! oné@ of claims 1 to 4,
_ characterised by further comprising the step of heat setting
the container by retaining container in the blow mould.

7. A method according to claim 6 wherein the heat setting
is carried out for a period of around 10 seconds at a
temperatures of around 121.1% (250°F).

8. A method according to any foregoing  claim,
characterised in that the polyester composition has an
intrinsic viscosity on the order of 0.80 +/- 0.1.

9. A method according to any foregoing claim,
characterised in that the temperature of the reheated
preform is on the order of 107.2°C (225°F) with there
being an axial temperature profile.

10. A method according to any foregoing Claim,
characterised in +that the ©provided ©preform is of a
multi-layer structure,

1. & method according to any foregoing claim,
characterised by the step of internally c¢ooling the
container prior to removing the container from the mold.

12. A method according to any foregoing  c¢laim,
characterised by further comprising the steps of hot f£illing
the container with a hot £ill product and closing the
container.

13. A method according to c¢laim 12 characterised in that
the container volume shrinkage resulting from the heating of
the container during hot f'illing ahd the shrinkage of the
contents resulting from the cooling of the product in the
closed container are controlled so as substantially to
eliminate deformation of the container.

A T
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conveninis@Ra} y eglnl operation, a blowtube fits in the neck portion 22 and
I s seal et hereto. | medi at el y below the flange 24, the 10
pr ef or | I“”l erally identified by the nuneral 26, has a cylindrical
portion fter increases in thickneg ly in an
area identified by the numeral 30. Theregafter ?ﬁ%ré&gﬁ%h@ fonposed of
15 an elongated cylindrical portion 32 which its.slit tapefed bot h
internally and externally to facilitate withdrawal fromthe injection
nmol d and al asshcingtdb& osecoirdiagr emi eladngel®r ahlay aaftexicedst dnt that
t hi ckness. s e nt.i. Al ) i

B c%ﬁ@e\ﬂxgg %Rg%ka%g aé%?kr%‘eog:s ’t!%%l/vg% %&h& berRed %ﬂwl

bottom portion educes i n thi € center thereor.

is minimised “so as to eliminate collapse of the container.

15. A method according to claim 14 characterised in that
the container is closed about 5 seconds or less after hot
## £illing.

16, A method according to claim 15 characterised in that
the container is closed about 2 seconds after hot filling.

17. A method according any one of claims 14 to 16
characterised in that the hot filled container is permitted
to cool under ambient conditions. :

- 18. A method according to any one of claims 1 to 13,
characterised in that the container is cooled during the hot
£illing and before closing to effect a substantial portion
of container shrinkage due to hot £illing to occur after
sealing. )

19. A method according to claim 18, characterised in that
the container cooling is effected by £luid cooling of the
water and gas type.

20. A thermal collapse-resistant highly oriented polyester
container suitable for use in hot £ill applications, the
container having been stretch blow moulded from a preform,
the container dincluding & finish portion, a container body
portion having a sidewall, and a base portion, characterised
in that the sidewall density of the container is from 1.350
to substantially but less than 1.370 grams/cubic centimeter,
which density corresponds to 14 to 30% crystallinity, and
the stretch ratio of the sidewall is greater than 8 to 1 but
less than 12 tc 1.

—_—
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It is—t—o—be—Uﬁdert—eed_homever, that the dinmensions of the preformwl|

vary Zﬁ, ol n the particular imediately article which is to
be for re has been specifically illustrated an injection
nol ded Hﬂ Is to be understood that the preformcould be 30

forrred d tube. Reference is now nade to Figure 18 wherein
there is i I | ustrated an enl arged cross secti on féu eth—a—typical preform
which is of a lamnated construction,_ , _S_uca 'ﬂ -tBrHﬂSS!BEENV( ul d have
exterior and interior |layers 36 and {4 REPLACED

21. A container according to claim 20, characterised in
that the average density of the container is from 1.360 to
1.370 grams/cubic- centimeter, which density corresponds to
22‘-’5'to 30% crystallinity.

‘7 22, A container according to claim 20 or claim 21
characterised in that the total wall draw ratio of the
preform is in the range of 8-10 to 1.

23. A container according to any one of claims 20 to 22
characterised in that the container has a container volume
shrinkage after hot filling at 87.8°C (190°F) of 1ess
than about 5%.

24. A containér according to any one of claims 20 to 23,
characterised in that the polyester composition has an
intrinsic viscosity on the order of 0.80 +/- 0.1.

25. A container according to any one of claims 20 to 24,
characterised in that the container is of a multi-lavyer
structure.

26. A container according to any one of claims 20 to 25,
characterised in that the container is closed and has been
hot filled with a product.

27. A container according to claim 26 characterised in that
the container volume shrinkage resulting from the heating of
the container during hot f£filling and the shrinkage of the
contents resulting from the cooling of the product in the
closed container have been controlled so as substantially to
eliminate deformation of the container.

* c L M S *



38 which are formed of PET. Inward of these |layers would be relatively
thin barrier layers 40, 42 which may be forned of materials such as SARAN
[err]. Finally there will be a core 44 5 which may be fornmed of PET or a
conpatible polynmer. In Figure 3 there is schematically illustrated a

typi cal blow nold, which will be forned I n split halves, and which
is 10 i dentified-hy the nuneral 46. The blow nold 46 will be provided
wi.th one or Hor e bl ow cavities 48 which is shaped to forman internedi ate

article of which a lower part is in the& ormof a can. The preform 26 is
15 clanped in the cavity 48 and supported by the flange 24. Sui t abl e
conventional bl ow ng-apparatus including a blow stick (not shown)

‘ ABSTRACT

- . .METHOD FOR PRODUCING A HOT FILLABLE,
COLLAPSE RESISTANT POLYESTER CONTAINER

A method of forming a thermal collapse-resistance highly oriented
polyester container for use in hot fill applications. In accordance
with the method a polyester preform is reheated and then placed in a
blow mold cavity whereat the preform is distended to match the blow
mold cavity to form an intermediate article including a container
having an oriented end unit receiving finish of a diameter materially
greater than the diameter of the prcform. The method is characterized
in that in providing the preform the compos{iion of the polyester, the
draw ratio during distending of the preform and reheat conditions are

... all controlled to provide a container with a sidewall and finish
density in the range of 1.250 to substantially but less than 1,370
grams/cubic centimeter.

(Figure 17)
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will be utilized to direct blow ng gas under pressure into the preform 26
and also to 20 axially elongate or stretch the preform26. It is to be
understood that the preform26 will be particutarly configurated with
respect to the cavity 48 to provide a preselected draw rati o. Furt her,
the axial elongation or 25 stretching of the preform 26 with respect
to the cavity 48.and the expansion thereof due to the internal gas wll

al so be controlled so as to contrgl3 the resultant thickness and draw ratio
of the body or sideéwall of the resultant 30 ‘cont@iner. In Figure 4 there

is illustrated an intermediate article ﬂyl h |hds o@én formed fgomthe
preformﬁ'ﬁn”*]e bl ow nol d cavity 48. T.§wer part _of the e 50
will be . PRIOR ART E af_U_L_l
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35 in the formof a can which includes a bottom -15- wall 54, having
integrally joined thereto a sidewall or body 56 with the sidewall 56
termnating in an upper outwardly directed flange 58. If desired, the
sidewal | 56 nmay be 5 provided with internally, directed vertically

col | apsi bl e beads 60 to accommpdate a decrease in volune wthin the
contai ner as the product cool s. The beads 60 wll be forned by
hnternal ribs 62 of the blow nold 43 10 ~ The upper

portion of eg Nt ernedi ate article 5 s gengg@l |y
i dentified by Eﬁ\!ﬁuéral 64 and wgh be FR&67 5 14 ) ¢

T2

T
© 5

56 o | 10

----------------------

FIG.7

66—
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The adaptor portion 64 is severed fromthe
cont ai ner or 15 can 52 Dby cutting. such as along the |ine defined
by the arrow A in Figure 4. This renoved adaptor portion 64 may
.then.. be reground and utilized in the form ng of further preforms. 20

'The separated container or can 52 is best illustrated in Figure 5 wherein
‘the flange 58 becones the flange utilized for double

consi dered an adaptor portion.

c&&t omary

seanming an end unit to the body 56. 2&5 It is to be
understood that ‘Tﬁmn‘r'ﬂg%gtion o] %@n‘gd cavity 48. may be nodified
to form an i nternedeftigemr %F (not shown) of which the lower part is in
the formof a jar{ which isfbest illustrated in Figure 6
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30 and is generally identified by the nunmeral 66. The jjr’ ey |
bottomwall 68 which closes the |ower end of a sidewall or B

upper. end of the body is open, but in |ieu of having the Sea
the upper end 35 of the body is inwardly, directed to def
annul ar flange 72 which has extendi ng= atly upwardly the i .
finish 74 to which a conventional screw _hreaded or lug ty ;,}E?/u:ﬁﬁ

may be attached. | f desired, the 5 70 may be rei nfrer-ced—toy " NoT T ow
ribs 76 whPcRURSHanddiat by |hutt deske thiaws 36(370 ngramgdpﬁblcwenttﬁ@et%n

52 IS which density corresponds to 14 to 30% crystallinity, and
the stretch ratio' of the sidewall is greater than 8 to l-but
less than 12 to 1. - 7

The above described wide mouth technology utilizes PET
preforms produced by c¢onventional techniques "to, in turxn,
produce wide mouth bottles and cans with biaxially oriented
thread and/or flange areas. The resulting container finish,
.Bging oriented to a controlled degree, overcomes the
disadvantages of non-oriented amorphous polyester in heat

set/hot fill processes as described earlier.

With the above 3and other objects in view that will
hereinafter appear, the nature of the invention will be more
clearly understood by reference to the £following detailed
description, the appendéd claims, and the several views
illustrated in the accompanying drawings.

Figure 1A is an eléevational view of a polyester
container produced by a conventional technique.

pd‘\.sl
L4 Drawing(s) : paged
{71 Abstract @ paged ..
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of an end unit 10 general ly identified by the nuneralf
illustrated end unit is in the formof a netal or conpog
secured to the can By a conventional double seam 82 incerp

flange 58. 15 In Figure 8 he jar 664§ 0lalllustratev as
being filled with a hot fill product a bei ng cl osed by &

The end unit 86 is illustrated as beirg in the form of a} conven

cl osure having a 20 dependi ng skirt 88 which is interl®t W th the neck

finish 74. 1t is to be understood that the end panel portion of the

closure 86 will be seal ed ﬁf&@*évidnié”bﬁngliﬁﬁﬂthé&”&f@ﬁ g¢ (Figure 6)
of the neck finish 74. .

the same container after Eelqg filled with a

hot product at a temperaturé oij{190 @
Figure 1C is an elevaticnal .view of
5 the container of PFigure 1 wherein the
container was im r%ged by heat setting and
then hot filled(d;'EEﬁQOOF) with the container
exhibiting a volume loss of 1% and having a
convoluted, non-conventional wvacuum collapsed
10 geometry. '

Figure 2 is a half sectional view
taken throuvgh a typical preform uwtilized in
conjunction with the present invention.

Pigure 3 is a half sectional view

15 taXen through a standard mold defining a blow
cavity andé having positjioned therein the
preform of Figure 2 prior to blow molding.

Figure .4 is a  half vertical
sectional view of the resuvltant intermediate

20 article from. blov wmolding the preform of
Figure 2 in the mold cavity of Figure 3.

Figure 5 is a half sectional view of
a polyester can resulting from the.severing of
the.intefmediate article of Pigure 4 along the

25 path of the arrow A.

Fzgure 6 is a half sectional viev of
a Jjar havzng' a screv-threaded neck finish,
vhich jar is formed as part of an intermediate
article in the same general manner as shown in

30 Figure 3.

Figure 7 is a half sectional view of
the can of, Figure 5 after filling with a hot
productualE'CcQQOOE) and closing by securing an
end unit thereto utilizing a double seam, and

35 vhere a 5% volume shrinkage is permitted to



25

jar 66 of Figure 6 are fornmed conventionally froma PE
described in the aforenentioned Beck et al patent, the
hi gh- percentage 30 of shrinkage when filled with a hog

and 8 show a can and a wide nouth jar=dter hot filling}a
(190[err]F) Total volune shrinkage for these containers
non-optim zed process conditions 35 _~8re typically i
vs. the -17- 15-50% val ues exhi bi ted by pri

As previously described, when the can 52 of F
Rt

the type shown in Figure 1.

10

15

20

25

30

35

" occur alter the double seaming. R

- . .- Pigure 8 is a half sectional view
taken through the jarrggggiguzf 6 after hot
£illing with a product a 90 F) and closing
utilizing a cover where‘S% volume shrinkage is
permitted to occur after closing.

Figure 9 is a graph showing typical

wall density measurements and calculated
percent crystallinity for containers formed in
accordance with the aforementioned Beck et al
patent vs. conventionally produced wide mouth
jars.

Figure 10 is a half sectional view
showing a can similar to that of Figure 5 and
closed in the manner shown in Figure 7 formed
in accordance with this invention and hot
filled and sealed when less than 1% volume
shrinkage is permitted.

Figure 11 is a half sectional view
similar to Figure 10 but showing a jar closed
in the manner shown in Figure 8 and wherein
less than 1% volume shrinkage is permitted.

.éﬁ;ﬂ$SHEET_
01 € (Q
 4B0Qur 7
RS
6- 10% ge

ont ai ners of

Fgiure 12 is a schematic elevational

view of a spray cooling- device used to
minimize container shrinkage during hot
£illing and seaming,

Figure 13 is a graph of polyester
density as a function of draw ratio.

7%1!(1’ re 164 is a graph ?f polyester
shrinkage"“E‘Ea @90 F) as a function of draw
ratio. '

figure .15 is a graph of density vs.
preform temperature at a fixed draw ratio.

Figure 16 is a8 graph of demnsity vs.
polyester <comonomer contents at a fixed



The substanti al I mpr ovenent in performance results fromelim
of large. low orientation and-essentially anorphous regi Su
closure receiving finish and shoul der to sidewall transitlit
exi st in containers produced by conventional technilg ea.aﬁtc 1%5

Figure 13 is a typical graph of density vs. draw ratipifor
crystallizable polyesters. Draw ratio js, defined as: [err WD?
= Max Bottle OD. Dp = Mn PreformID = length of bottl elow finis

= length of preformbelow finish 20 By orienti I'ni sh and
shoul der regions of the final contal®er,the higher

preform tempervature and draw ratio. _

-~ . -Figure 17 is a graph showing typical
volume shrinkage curves as a function of hot
£ill temperature foxr containers produced by

5 various techniques. )

Figure 18 is an enlarged fragmehtary
sectional view taken through a typical préform
wvherein the preform dis of a laminated
construction.

10 Polyester containers when produced
by conventional reheat or injection blow
techniques exhibit excessive thermal shrinkage

8'-}.8°t-°f from 15~-50% volume loss when hot filled at

; 0°F). An example of such a container is

15 shown in Pigure l. As noted earlier, the
prior art provides solutions to the polyester
thermal distortion problem by conditioning the
blown container in a heated blow mold to raise
the polymer Tg (i.e.'softenihg temperature} to

20 somewhat xpova (190°E).  The heat set process
accomplishes the above by dincreasing the
polyester percent crystallinity in the bottle
sidewalls. The Tg of highly c¢rystalline
polyeste‘r i.ée. above 50% crystallinity) is in

25 excess OT 50°F) (i.e. Tg increases with
iﬁcreas’ing pércent crystallinity). Density as
measured by ASTM test method #1505 is a useful
measure of crystallinity as per:

. . ds - da

30 percent crystallinity = dc —ags ¥ 100
where: ds = sample density in g/cm3
da = 1.333 g/_cm3 {(amorphous)

dc = 1.455 g/cm> (1008 crystalline)

35



overall density (i.e. percent crystallinity and Tg) of such
conventional containers) as shown in Figures 5 and 6 25

reduced thernmal distortion when hot filled (wi thout the
thermally crystallize or "heat set")._Hgu~es 13 through 1
various rel ationships rel evant to maxrm zi ng 30 t he density
pol yest er I n fini shed containers m@gb heat setting.

the art will recognize the role of, errel ati onshi ps
desi gn, pol yester conposition, and process conditions 35
"TABLE 1
Figs. 1A, B Fig. 1¢C
FINIS§ DENSITY
5 {g/cm’) 1.341 1,388
FINISH % DIAMETER | )
SHRINKAGE 1.22 0.08 -
e SIDEWQLL DENSITY
(g/cni’) 1.357 1.372
10 SIDEWALL % DIAMETER
SBRINKAGE 10.5 0.52
SIDEWALL % HEIGHT
SHRINKAGE 8.8 0.40
15 Table 1 above shows density vs.

percent shrinkage data for the c¢containex shown
in Pigure 1,

In general, heat set containers
,8xhibit less than 1% volume loss when filled

sfq" [ &
20 190°F) and sidewall density measurements in

excess of 1.365 g/cm3 and usually in excess of
1.370 g/cm®> (26% and 30% crystallinity
respectively).
Although heat set containers exhibit
S,acceptable thermal distortion when filled at
L‘"beo 2} they remain susceptible to pressure
induced wacuum _collapse. Partial vacuum
2 X {phe= 1103204+ f _
1eve1§‘££fn_'§2§€:sﬁ'ﬁ%8'-—16 psi) (depending on .
£ill level, product £i11 temperature, etc.)
30 are typically seen in rigid containers after
the contents cool to ambient. To prevent the
distortion of the flexible polyester
sidevalls, non—convenﬁional container
geometries such as convoluted panels are
35 utilized to control deformation usually in



-18- (all non heat setting variables) as they influence __n_,thﬂ~—w~“
pol yest er percent crystallinity in the finished contalw ¢$§§£gwmﬁﬁ557.

for exanple, shows how 5 strain induced crystallization™
density of polyester to a naxinmm__|evel sonewhat Iess\ﬁh

6| ﬁgﬂlqgcto 1
for typical polyesters. 10 Figure 14 shows the e of+-€

g/cnierr] at a total draw ratio greatef¥fan 8 to 1 but |es

shrinkage. It is known that total drawratio is a controlli _
gfnf:% ;nggg\slggcue%%yénctxon wlg\lstr%fct%le'a tfgartl.%cx):%sdrs?z\x’\éhf , exanple, is
ribs, beads and increased sidewall. thlckness.
In addltlon to increased unit costs the
marketing dJdisadvantages associated with the

5 radical geometries are substantial.

In addition, prior af% " heat set

containers must prevent excessive distortion .
- of the finish region during hot £illing to
effect proper'closhre application and sealing.

30 Certain bottles, £for example, utilize a
pre-crystallized, opaqgue finish to minimize
distortion. Although effective, this method
adds considerably to unit costs. Other
bottles maintain £inish transparency by

15 utilizing increased wall thickness (vs.
conventional non~hot £ill containers) to
minimize distortion. The added costs
associated vith the latter approach limits its
usefulness. '

20 The following then dJemonstrates a
novel method of producing hot £fillable
polyester containers without the negatives
associated with heat set approaches:

Figures 2-6 illustrate the manner in

25 wvhich cans, bottles and jars molded from
conventional single or multilayer injection or
extrusjion molded preforms in accordance with
the afore-described Beck\ et al patent and
which exhibit highly oriented flange and/or

30 finish regions.

Reference is now specifically made
to Figure 2 wvherein there is illustrated a
.preform particularly provided in accordance
vith this invention. The preform is circular

35 in cross section about a center axis 20 and



As further exanples of known density optim zation technlques T QUi SavilBHER \

and 16 indicate the influence of process conditions 20 ani e

conposition on density. By conbining the basic Beck et al o ien{gd nﬁﬁﬁ
Bolyester

technology with the prior art process techniques noted alove,
containers with overall volunme shrinkagg jn 25 t he range
hot filled 87.8[err]C (190[err]F)) can e produced wthou
t hermal conditi oni ng. The average _sidewall and flange density
of containers produced by such technﬁEﬁE& ranges from (1.350 g/cnferr] to
1.370 30 g/cnferr] (14-30%crystallinity), nore preferably from1.360 to

1.370 g/cnferr] (22n59udR% cgust,ﬂgl;épl %rg&;aiﬁg@h%hchi@xablynt 3-5%
vol une ended - and-is disposed above a support flange
24, As will be seen in more detail in figure
3, the flange and the neck portion 22 project
5 owut of an associated blow méld. - In a
conventional molding operation, a blow tube
fits in the neck portion 22 and is sealed with
respect thereto. ' ' ’

Immediately below the flange 24, the

10 preform, which is generally identified by the
numeral 26, has a cylindrical portion 28 and
thereafter increases in thickness radially
outwardly in an area identified by the numeral
30. Thereafter the preform 26 is composed of

15 an elongated cylindrical portion 32 which is
slightly tapered both internally and
externally to facilitate withdrawval from the
injection mold and an associated core vwhile
remaining generally' of a constant thickness.

20 The preform = 26 has a substantially
hemispherical bottom portion 34 which reduces
in thickness towards the center thereof.

It is to be. understopd, however,
that the dimensions of the preform will vary

25 depending upon the particular immediately
"article which is to be formed- | ¢ s
. Klthough there has been specifically
illustrated an injection molded preform 26, it
is to be understood that .the preform could be
30 formed from an extruded tube.

Reference is now made to Figure 18
vherein there is illustrated an enlarged cross
gection through a typical preform wvhich is of
a laminated construction. Such a preform

35 would have exterior and interior layers 36 and



shrinkage at 87.8[err]C (190[err]F) do not vary substanti ety
VS nonexposed contai ners and 35 are, as such, commerci a RﬁPwﬁ X
fill 19 applications. The 3-5% vol une shrinkage caniifn fac
to reduce the internal vacuum which is created

contents and head space es cool aftd
general, at 87.8[err]C (190[err]F) fill tenperature, a shr
cont ai ner volune reduction of from2-5%is sufficient to ne

benefi ci al
container 5

pressure forces which tend to 10 C se the container.

effectively

10

15

20

25

30

35

38 which are formed of PET. Inward of these .

layers would be relatively thin barrier layers
40, 42 zhzch nay b£m£8rmed of materials such
as SARANL 1na Y there will be a core 44
which may be formed of PET or a compatible
polymer. .

In Pigure 3 there is schematically
iliustrated a typical blow mold, which will be
formed in split  halves, and which is
identified by the numeral 46. The blow mold
46 will be provided with one or more blow
cavities 48 which is shaped to form an
intermediate article of which a lower part is

in the form of a can. The preform 26 is

clamped in the cavity 48 and supported by the

flange 24. Suitable conventional blowing
apparatus including a blow stick (not shown)
will be utilized to direct blowing gas under
pressure into the preform 26 and also to
axially elongate or stretch the preform 26.
It is to be understood that the preform 26
will be particularly configurated with respect
to the cavity 48 to provide a preselected draw
ratio. Further, the axial elongation or
stretching of the preform 26 with respect to
the cavity 48 and the expansion thereof due to
the internal gas will also be controlled so as
to control the resultant thickness and draw
ratio of the body or sidewall of the resultant
container.,

In Figure 4 there is illustrated an
intermediate article 50 which has been formed
from the preform 26 in the blow mold cavity
48, The lowver part of the article 50 will be

in the form of a can which includes a bottom

Jichetess

seal i nqg.




elimnate the potential of vacuum collapse, it is desi r gte o] EET

mnimze the container shrinkage which occurs during ho REPHAQ ]

before sealing. This is best acconplished by 15 reduci t ﬁt

i nterval between the onset of fiIIinglﬁggtyhe conpl eti on ¢f §b8l gQEQBS
S n

seconds or |ess. If the latter- ot practical e to filling

| ine and/ or product constraints, it nay be necessary to caqot—tie20
exterior of the cont.ainer durlng fllllng and prior to sealllng——A—spray
system as shown in Figure 12, has besA®faund to effectively increase the

perm ssible fill/seamtinme interval by a 25 factor of 10 or nore.
Ref erence i s nowadde 54, Fihawingl iheegralijrerpoinedl |tisereteda he manner

In sidéwall * or body 356 with the sidewvall 56
terminating in an upper outwardly directed
flange 58. If desired, the sidewvall 56 may be

5 provided with internally dirxected vertically
collapsible beads 60 to accommodate a decrease
in volume within the container as the produet - -

m— cools. The beads 60 will be formed by
internal ribs 62 of the blow mold 46.

10 The upper portion of the

intermediate article 50 is generally

identified by the numeral 64 and will be
considered an adaptor'portion. The adaptor
portion 64 is severed from the container or

15 can 52 by cntting__such as along the 1line
defined by the arrow A in Figure 4. This
removed adaptor portioen 64 may then be
reground and ut@;ized in the forming of
further preforms. '

20 The separated container or can 52 is
best illustrated in Figure 5 wherein the
flange 58 becomes the customary flange
utilized for double seaming an end unit to the
body 56.

25 It is to be understood that the
éonfignration_ of the mold cavity 48 may be
modified to "form an intermediate article (not
shown) of which the lower part is in the form
of a jar which is best illustrated in Figure 6

30 and is generally identified by the numeral 66.
The jar 66 will have a bottom wall 68 which
closes the lower end of a sidewall or body 70.
The upper end of the body is open, but in lieu
of having the seaming flange 58, the upper end

35 of the body is inwardly directed to define an



which a can, such as the can 52, but forned in accordance W
I nvention, is filled and 30 then seal ed. Therig
schematically illustrated a support 90 on which the can
seated at which tinme it is seated beneath a suitable fi
hot fill product is dispensed into the Qﬁgéﬁéj 52. At the
Is being filled, -20- it may sinmultanebusly be coole .
ducts 94. The spray ducts 94 may spray. cooI wat er on t
suitable cooling gas. 5 A8 the can 52 has—b@en filled, it

+annular flange 72 which has extending axially
upvwardly therefrom a neck finish 74 to which a
conventional screw- threaded or lug type
closure cap may be attached. If desired, the
5 body 70 may be reinforced by hollow ribs 76
which will be similar to the ribs 60. -
In Figure 7. the can 52 1is
e illustrated as‘having been filled with a hot
product 78 and closed by means of an end unit

10 generally identified by the numeral 80. The
illustrated end unit is in the form of a metal
or composite end which i1s secured to the can
by a conventional double seam 82 incorporating
the flange 58.

15 In Pigure 28, the Jjar 66 1is
illustrated as being filled with a hot fill
product and being ¢losed by an end unit 86.
The end unit 86 is illustrated as being in the
form of a convehtional closure having a

20 depending skirt 88 which is interlocked with
the neck £inish 74. It is to be understood
that the end panel portion of the closure 86
will be sealed relative to an end sealing
surface 90 (Figure 6) of the neck finish 74.

25 As previously described, when the
‘can 52 of Figure - 5 and jar 66 of Figure 6 are
formed conventionally from a PET preform as
described in the aforementioned Beck et al
patent, they are suitable to a high percentage

30 of shrinkage when £illed with a hot product.

Pigures 7 and 8 show a 'S:a.%c and a
wide mouth jar after hot £illing at[(1907F).
Total volume shrinkage for these containers
produced by non-optimized process conditions

35 are typically in the 6-10% range vs. the



may be, after a suitable delay, passed to a closing nmachi

i dentified-by the nuneral 96 which applies in a con eﬁgéwmmHWENE et the

end unit 80 and forns the double 10 seam 82. Only thi s 'LﬁhChu
6 56

and one of the forming rolls 100 of the closing machinel ¢r 0§

is illustrated. Associated w th the-ck6St+ng nachi ne and
the can 52 as it is 15 bei ng cl osed are spray ducts 1
ducts 94, the spray ducts 102 may sprayzeither cool wat

onto the can 52 as it is being ciosed™—The above "controlled". shrinkage 20

process effectimplypgel ighnabss LRgiRgedd or gfmhgﬁrggﬁLaLQge-geonegries
e

or excessive wall 1hjckpesses. I't 1's, however,

10

35

20

25

30

.desirable to
containers of the type shown in Figure 1.

The “suvbatantial improvement in
performance results froﬁ.elimination of large.
low orientation and essentially amorphous
regions such as the closure receiging finish
and shoulder to sidewall transition regions
which exist 4in containers produced by
conventional techniques.

Figure 13 is a typical graph of
density vs. drawv ratio for crystallizable
polyeSters.-'Draw ratio is defined as:

_ Db -~ Do Lb - Lp
DRt = (~—E§—-— + ~Ip ) x 100

Where: Db Max Bottle OD.

Dp = Min Preform ID
Lb = length of bottle below finish
Lp = length of preform below finish

By orienting the finish and shoulder

regions of the £final container,the higher

overall density (i.e. percent ecrystallinity
and Tg) of such containers (vs. conventional

.containers) as shown in Figures 5 and 6

results in reduced thermal distortion when hot
filled - (without the need to thérmélly
crystallize or “heat set"). ‘ '

Pigures 13 through 16 show graphs of
various relationships relevant to maximizing
the density of polyester in finished
containers with heat setting. Those skilled
in the art will recognize the role of, and
interrelationships betveen; toolihg design,

polyester composition, and process conditions



utilize the stiffening ribs or beads 60, 76, as shown

6, to
transm

product shelf

wi t hout
the_35

prevent 25 col | apse due to | ong term waj gt
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limting its overall scope: EXAMPALE 1 This exa

and the resul ting partial internal
|ife periods. The follow ng specific exanpliet
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influence the polyester percent
crystallinity in the finished container.

Figure 13) for example, shows how
strain induced crystallization raises the
density of polyester to a maximom level
somewhat less than 1.37 g/cm3 at a total draw
ratio greater than 8 to 1 but less than 12 to
1 for typical polyesters.

Figure 14 shows the negative effect
of excessive draw ratios beyond that of
maximum strain hardening on percent shrinkage.
It is Xknown that total draw ratio is a
controlling factor in density improvement.
The ratio of axial to hoop draw, for example,
is of little consequence.

As further examples of known density
optimization technigues, Figures 15 and 16
indicate the influence of process conditions
and polyester composition on density.

By combining the basic Beck et al
oriented finish technology with the prior art
process techniques noted above, polyester

containers with overall veolume sh gi?% age in
the range of 3~5% (when hot filled a QOOPD

.ecan be produced without heat set thermal

conditioning. The average sidewall and

‘flange/finish density of cont{aigers produced

by such techniques : 1.350
3 .2 . . ., o

g/cm 1. 3?6

. o
g/cm3 (128-30% crystal]:in:.ty_)l.‘4

fogtainers vhich exhibit 3-5% volume
shrinkage ai lQOoﬂ)do not vary substantially
in appearance Vs. nonexposed containers and
are, as such, commercially viable for hot fill

Totert L7 , "ove prefetly fom 1360 b (330 o/cm® (Vb

30% ‘,:7/{,!!:3- ).

es



exhi bits 6-8% vol ume shrinkage when hot filled at 87.8[err
62 gram preform as shown in Figure 3 having a |ength_o
i nches below the . flange and an outside dianeter of 3.
inches) wwth an average wall thickness of 0.457cm
produced froma PET copol yner (2@6byﬁw@gﬁﬁ i sopht hal at §
intrinsic viscosity of 0.80 + 0.1. The preform was reheated —on
conventional stretch blow nolding hine equipped With a quartz |
reheat oven, at an overall nmachine c¥~ of 5.0 seconds: The preform
tenperature just prior to stretch blowi ng was neasured (using an IR
pyroneter) 15 aﬂplﬁpéﬁbﬁﬁ?c (200F) Blow . nold t enperat ure was

mai ntained at 1.7[ert] C {3phgrriEss Thslhmbnwaﬁrqamh@knebamasihiIled
fact be beneficial -to reduce the internal
vacuum vhich is .created vhen the container
5 contents and head space gase% cool after
sealing. In general, at X (190 °p} £ill

temperature, a shrinkage induced container .
T volume reduction of from 2~5% is sufficient to
neutralize the pressure forces which tend to
- 10 collapse the <container. To effectively
eliminate the potential of vacuum cellapse, it

L \JU

b8 OEC

Nr'

is desirable to minimize the container
shrinkage which cccurs during hot filling and
before sealing. This is best accomplished by
15 reducing the time interval between the onset
of £filling and the completion of sealing to 5
seconds or less. If the latter is mnot
practical due teo £illing line and/or product
constraints, it may be necessary to cool the
20 exterior of the container during filling and
prior to sealing.
A spray system, as shown in Figure
12, has been found to effectively increase the
permissible fill/seam time interval by a
25  factor of 10 or wmore. _
. Reference is now made to Figure 1
whérein there is illustrated the manner. in
which a can, such as the can 52, but formed in
accordance with this invention, is filled and
30 then sealed. There 18 schematically
illustrated'a support 90 on which the can 52,
for example, is seated at which time it is
seated beneath a suitable filler 92 from which
a hot fill product is dispensed into the can
35 52. At the time the can 52 is being filled,



with water at 87.8[err]C (190[err]F) to within 1.588cn{
the flange and allowed to cool to room 20 tenperatur
| oss.was then neasured at 8.2% . The average

averaged 1.348 grans/cnjerr] and as such a fully devei @
thermal |y

as per

optim zed
87.8[err]C (190
at an identical

wer e

I nduced crystalline struct S not achi eyd
EXAMPLE 2 This 1e§5ﬁAMa

Exanple | with t he tooling, . material and
to yield 3-4% volunme 30 =2ci nkage when hot filled at

exanpl e denonstr at “the productio

&erék;%. The sanme preforns used_ in Exanple 1
e

&v

i ncr easedprayl dudtk S84. UHR spPFSf O8tts 94 may spray

10

15

20

25

30

35

cool water on the can 52 or a suitable cooling
gas. _
After the can 52 has been filled, it
may be, after a suitable delay, passed to a
closing machine generally identified by the
numeral 96 which applies in a conventional
manner the end unit 80 and forms the double
seam 82. -Only the backup chuck 88 and one of
the forming rolls 100 of the closing machine
or double seamer 96 is illustrated.

Associated’ with the closing machine
and positioned to spray the can 52 as it is
being closed are spray ducts 102. Like the
spray ducts 94, the spray ducts 102 may spray
either cool water or a cooling gas onto the
can 52 as it is being closed.

The above “"controlled" shrinkage
process effectively eliminates the need for
radial container geometrias or excessive wall
thicknesses. It is, however, dJesirable to
utilize the stiffening ribs or beads 60, 76,
as shown in Figures 5 and 6, to prevent

collapse due to long term water vapor

transmission and - the resulting partial
internal vacpum over extended product shelf
life periods.

The following specific examples are
intended to illustrate more fully the nature
of the present invention without limiting its

. overall scope:

EXAMPLE 1
This example demonstrates the
production of a 411 x 501 polyester can which

oTyest er céan

[ ocess-coreitTons

e reheated

QﬂﬂﬂﬁtﬁnﬁﬁﬂshbméVbrF°Pﬁ§&mﬂﬁtﬁe?%ﬂp° ner gy. out put s



35 t enperature

In addition,

degree of axi al
was altered to 5
to 0.038cm (0.015 inches) Al other p__(ra%s:s— and eval u

were identical

and 10 average sidewall density was 1. 362 grans/cnierr] - such
fully devel oped, hi ghly transparents— strain/thermal |y
I nduced

10

15

20

25

30

35

the vertical preformtenperature profil
preformstretch prior to the onset of resi&rg\%ﬁx

to those used in Exanple”1l. Total vol une

prior to the onset of visible 'asmEE\T y).

reduce the wall thickness of

exh:.b:.ts 6-8% volume shrinkage when hot+filled
tL(lQO E‘)- A 62 gram Ereform as shown in
Figure 3 having a length ofL(4 95. mChef’z below
the flange and an outside diameter ofLﬁ 56

:mches) with an average wall thlckness ofL

@ 180‘2 w!ss produced from a PET copolymer (2%
by weight isophthalate) having an intrinsic
viscosity of 0.80 + 0.1.

The preform was reheated on a
conventional stretch blow molding machine
equipped with a quartz IR reheat oven, at an
overall machine c¢ycle o0of 5.0 seconds. The
preform temperature Jjust prior to stretch
blow...ng was measured (using an IR pyrometer)

1_(200°F).! Blow mold temperature was
ma:.nta:.ned atj3s F) :

Tsl_:ll_es trinmed conta_sgf‘r was filled
with water at@.so F) to wzthznl(‘o 625 inches)of
the flange and allowed to cool to room
temperature. The total volume loss was then
measured at 8.2%. The average sidewall
density averaged 1.348 grams/cm3 and as such a
fully developed/strain  thermally  induced
crystalline structure was not achieved. '

EXAMPLE 2

This example  demonstrates the
production '6f a polyester can as per Example 1
with the tooling, matexrial and process
conditions optimized to 1eld 3-4% volume
shrinkage vhen hot filled at(_‘(;so £)-

" The same preforms used in Example 1
were reheated at an identical oven resident
time, however, the guartz lamp energy outputs
vere increased . to raise the preform

temperature prior to the onset of visible




crystalline structure was devel oped. EXAMPLE 3 15 ,
exanpl e denonstrat es the effectiveness of . con.ﬁgbhgnaﬁﬁﬂ Va ai o=
shri nkage in preventing vacuum induced col | apse
cans produced, as 20 per Exanple 2, were hot filled w't
87.9[err]C (190[err]F) to a level 1.588cm (0.625 inches
and permitted to stand for 10 secondsir+or to double s
exhi bi ted vacuum i nduced col | apse (as shown in Figure 1
An additional ten (10) cans fromthe -2are |ot were. hot - filled at
87.8[err]C (190[err]F), double seamed Within 2 seconds, and i medi ately

placed in a water bath and cooled to anbient. Al sanples collapsed prior
to renoval . crystallinity). In addition, the vertical

prefo-l.;m. '-témperature profile- as well as the

degree of axial preform stretch prior to the

onset of pressure expansion was altered to

5 reduce to:{zg?g‘zall thickness of the .Elown

container to){0.015 inches) All other process

and evaluation conditions were identical to
those used in Example 1.

Total volume shrinkage was 4.2% and

10 average sidewall density was 1.362 grams/cm3.

As such, a fully developed, highly

transparent, strain/thermally incuced

crystalline structure was developed.

EXAMPLE 3
15 This example demonstrates the
effectiveness of controlled container

shrinkage in preventing vacuum induced
collapse.
Ten (10) polyester cans produced, as
zoﬂlﬁgr Example 2{,. w%z.;e hot filled with wvater at
K QOOF)to a levell(p.625 inches)below the flange
and permitted to stand for 10 seconds prior to
double seaming. All samples exhibited vacuum
induced collapse (as shown in Figure 10).

25 . An additional ten éﬁg& cans from the
same -lot were hot £filled atL@.QOOF]: double
seamed within 2 seconds, and immediately
placed in a water bath and cooled to ambient.
All samples collapsed prior to removal.

30 A final group of %%& (10) cans from

T o
the same lot vere filled at(ﬁigo Q} seaned

within 2 seconds and permitted to shrink under
ambient conditions. None of the samples

exhibited vacuvum induced deformation.

35



30 ' A final group of ten (10) cans fromthe

filled at 87.8[err]C (190[err]F), seaned within 2 secon
shrink under anbient conditions. None of the sanpl
vacuum i nduced deformation. 35. -23- EXAMPLE 4 This
denonstrat es the production of a polyester wi de nouth jia W|th
finish and sidewall shrinkage. 5 = = An 80 grampyeformwith a
| ength bel ow the finish of 16.03cm (6. 31jfiches) and an av
t hi ckness of 0.470cm (0. 185i nches) waS— produced by

EXAMPLE 4
This example demonstrates the
production of a polyester wide mouth jar with
controlled finish and sidewall shrinkage.

5 An 80 gram preforum wvith a length
below the E}nlsh o?‘? 31’tan3 an average wall
thickness of é (0.185ink)was produced by
conventional injection techn;ques using a

polyester homopolymer of 0.80 + 0.1 1v.

10 . The preform waﬁogfheated in a quartz
oven to a temperature of/ 225°€} with the
vertical temperature profile ang strg;gt:?}ov
conditions adjusted to yield a 70mm CT,J{24 oz.)
container {as %pown in Figure 6) with a finish

15 wall thlckness oglo 025 inches) and an average
sidewall thickness o@“@hOls inches) _

$%.3cm Upon trimming and hot £illing at
(ﬁ*BO E?the overall.volume loss was 5.2% with a
finish diameter reduction of 2.0% vs. a panel

20 diameter reduction of 3.2%. Average density
of the <£finish and, body 51dew9all3, areas were
measured at 1.3 vs 1,35 spectively.
Control containers using prior art injection
molded finishes as per Figure 1B showed

25 unacceptable deférmation and overall volume
loss.

EXAMPLE 5

Tﬁis example demonstrates the
synergistic'effect of combining the inherent

30 Glastik oriented finish or flange advantages
with known heat set technigques.

Preforms as utilized in Exampléshl
and 2 and reheated as per Example 2 were
stretch blown into the same blow mold as per

35 Examples 1 and 2. The latter, however, was



conventional injection techniques wusing a polyester hp
+ 0.1 1V. 10 The preformwas reheated in a qug
temperature of 107.2[err]C (225[err]F) wth the vertical
profile and stretchbl ow conditions adjusted to yield a 704
0z.) container (as shown in Figure 6)_w finish 15

0.064cm (0. 025 inches) and an averag Sidewal | thickness df 0 058 (0 015
i nches) Upon trimring and hot fillixng at 87.8[err] C(19
overall volune | ose-was 5.2@6mnt a frnish di anmeter reductjoeywof 2.0%vs. a
panel 20 dianeter reductio 2% Aver age density o /1m3gln|sh and
body sidewal | areadnteyimedtaa o‘?ﬂ) £0r36DQ/ edamngs véve. {E5 ;;/ cnferr]

respectively. Control e{ S USi r nji,.acti on ol ded fi ni shes
respectively. OO0l UMD 4 ShRbLEl ' hnb"23

The resulting containe % when hot
filled exhibited 0.4% volume lojéi;?g§QO°9L

5 : Preforms as utilized in Example 4

and reheated as per the same were stretch
blown into the same blow mold as per Exémple
e 41 The latter, hovever yas maintained at
(_(250%) for 10 seconds (vs{(G5 °F) for 2.0 seconds
10 in Example 2).

The resulting containers exhibited
transparent finish and shoulder regions as
well as 0.8% volume loss ajz(leo £).

By contrast, a 49 gram container of

15 the same shape and size produced by a
conventional injection blow péocess heat set
process exhibited a semi-opaqgue f§$§Sh and
shoulder region and 1.6% volume loss a O.ﬁ

A graphlc representatlon is shown in

20 Figure 17. The curves represent containers

produced as follows:

Curve a Conventional non~-heat set technology
Curve b Non-heat set Beck et al

25 Curve ¢ Prior art conventional heat set
Curve d Heat set Beck et al

7
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unaccept able deformation and overall volune |oss.

exarrp She thaeqd the synergistic effect of .conbini
30 d finish or flange advantages with kn
t echni as utilized in Exanples 1 and 2 and

Exanpl e 2 wer e stretch bl own into thi?ia/rm bl ow nol d as pegr
and 2. The latter, however, was E “mai nt ai ned at i

121. 1[err]C(250[err]F) for 10 seconds _Jdsvs. 1. 7[err] C (35]
seconds in Exgnples 1 and 2)

1. A method of forming a thermal collapse resistant highly
oriented polyester container suitable for use in hot £i11
applications, the method comprising the steps of providing a
polyester preform (26), reheating the p;eform, placing the
preform in a blow mould cavity, and distending the preform
to match the blow mould cavity to €form 2a container,
characterised in that the total wall draw vatio of the
preform is greater than 8 to 1 but less than 12 to 1l and the
temperature of the reheated preform generally ranges between
82.2°¢ (180°F) and 121.1°C (250°F) thereby to raise
the side wall density of the container to a density of from
1.350 to substantially but 1less .+*han 1.370 grams/cubic
centimeter, which density corresponds to 14 to 30%
crystallinity.

2. A method according to claim '1l, characterised in that
‘the average density of the container is from 1.360 to 1.370
grams/cubic centimeter, which density corresponds to 22% to
30% crystallinity. '

3. A method according to claim 1 or claim 2 characterised
in that the total wall draw ratio of the preform is in the
range of 8-10 to 1. '

4, A method accoxding to any one of claims 1 to 3
characterised in that the container has a container volume ::

. shrinkage after hét £illing at 87.8°C (190°F) of less
than about 5%.

5. A method according to any foregoing claim characterised
by further comprising the step of thermally conditioning at
least the sidewall and finish of the container by retaining
the container for 2 to 5 seconds in the blow mold which is
maintained at a temperature above 87.8%¢ (190°F)-

R A0 O 1




per | atter, however was nuaintained at

121.1[err] C(250[err]F) for 10 secondscé%g,l,Y[err]CX35[err]F)for 2.0
seconds in Exanple 2). The resulting © ainers exhibited transparent
finish and shoul der regions as well as26-8% volune | oss &78ferTiT

190 . B - TNy m cpnt ainer of 15 the .sa hape, and
gi ze[ e[);]o dcedx E?fdgt{a{ﬁi%nvégcn ?%(g%‘l?gi nﬁgct IFBX bPB& pPSceggah’gﬁﬁetstopro"c'ess
exhi bi t edchagamitegiand ¥y nfwntker sbmpikdeingedilom abep lof%healkumettdasy at
87. 8[ err] gnel ¥Qnka it AP et £ EGhEQRnkS SROWRE Biow mould.

The resulting container when hot filled exhibited 0.4%v WAE é HE -
87. 8['aip phe B@h Bepldcéd) . 5 Preforns as utilizeqg=]
and r dﬂﬁ"{m the sane.- were stretch blown into the $ me1 BI ﬁE’C% a

7. A method according to claim 6 wherein the heat setting
is carried out for a period of around 10 seconds at a
temperatures of around 121.1°%C (250°F).

8. A method according to any foregoing claim,
characterised in that the polyester composition has an
intrinsic viscosity on the order of 0.80 +/- 0.1.

9. A method according to any foregoing claim,
characterised in that the temperature of the reheated
preform 3is on the order of 107.2°C (225°F) with there
being an axial temperature profile.

0. A method according to any foregoing Claim,
characterised din that the provided preform is of a
multi-layer structure. '

11. A method according to any foregoing claim,
characterised by the step of internally cooling the
container prior to removing the container from the mold.

12. A  method according to any foregoing claim,
characterised by further comprising the steps of hot filling
the container with a hot £il1l product and closing the
container. H

13. A method according to c¢claim 12 characterised in that
the container volume shrinkage resulting from the heating of
the container during hot filling and the shrinkage of the
contents resulting from the cooling of the product in the
closed container are controlled so as substantially to
eliminate deformation of the container.

| ARER O O A




20 Frrgys&etﬁasgeen]i BSlaced!r VES represent containers produced

Curve non- heat set technology Curve b Non-
al 25 Emngﬂ[uﬂwrt conventional heat set Curve d Hea
30 35 A method of forming a thernal
highly oriented polyester container (5 ut table for usetiin hot fill
applications, the nmethod conprising t teps of providing a polyester

preform (26), reheating the preform -27-
14. A method according to claim 13 characterised in that

the container shrinkage after hot filling and before closing
is minimised so as to eliminate collapse of the container.

15. A method according to claim 14 characterised in that
the container is closed about 5 seconds or 1less after hot
filling. '

16. A method according to claim 15 characterised in that
the container is closed about 2 seconds after hot filling.

17. A method according any one of c¢laims 14 to 16
characterised in that the hot filled container is permitted
to cool under ambient conditions. :

18. A method according to any one of claims 1 to 13,
characterised in that the container is cooled during the hot
£illing and before closing to effect a substantial portion
of container shrinkage due to hot £illing to occur after
sealing. '

19. A method according to claim 18, charscterised in that
the container cooling is effected by £1luid cooling of the
water and gas type.

20. A thermal collapse-resistant highly oriented polyester
container suitable for use in hot £ill applications, the
container having been stretch blow moulded from a preform,
the container inctuding a finish portion, a container body
portion having a sidewall, and a base portion, characterised
in that the sidewall density of the container is from 1.350
to substantially but less than 1.370 grams/cubic centimeter,
which density corresponds to 14 to 30% crystallinity, and
the stretch ratio of the sidewall is greater than 8 to 1 but
less than 12 to 1.

I
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(26), pracing the preform(26) in a blow nould cavity (4&9/a1m‘d"@?g?'
t he premgggegtaﬁlggegg the bl ow nmoul d cavity (48) to floRgRLAG '

(52), that the total wall draw ratio of 6)
S great mm but less than 12 to 1 and the tenp atﬁ%ﬁgﬁrﬁpﬁﬁ
r eheat ed eneral |y ranges between 82.2[err] C{(1180[ err
121. 1Jerr]C (250F) thereby to raise the side wall dén'st 0 the
container. (52) to a density of fromia‘éEQ'to substantlallym

1. 370 grans/cubic centineter, which> nSity corresponds to 14 to 30%
crystallinity. 2. A met hod accordl.rm_ to cl a| m 1 \/\herel n the average

density thg c | 5 L 36{2) BB Lsed i
centi et grl W%t c%%?i‘g:r?s?{er( C(%%:rcgzpérﬁ%m to 2 ilVfat 0 30% cr stallinity 3 0 A
met hod atdartdi Haet @varagﬁ 1densityi w2 ther mﬁ!ttaﬁélecrotw fEem &réi/éq akPo of
the prefqr @426y rhms/Buie r884EiMbter, which density corresponds to

22% to 30% crystallinity.

| S

22. A container according to claim 20 or claim 21
characterised in that the total wall draw ratio of the
preform is in the range of 8-10 to 1.

23. A container according to any one of claims 20 to 22
characterised in that the container has a container volume
shrinkage after hot filling at 87.8°C (190°F) of 1less
than about 5%.

24. A container according to any one of claims 20 to 23,
characterised in that the polyester composition has an.
intrinsic viscosity on the order of 0,80 +/- 0.1.

25. . A container according to any one of claims 20 to 24,
characterised in that the container is of a multi-layer
structure.

26. A container according to any one of claims 20 to 25,
characterised in that the container is closed and has been
hot filled with a product.

27. A conta:ner accord1ng to claim 26 characterised in that
the container volume shrinkage resulting from the heating of
the container during hot filling and the shrinkage of the
contents resulting from the cooling of the product in the
closed container have been controlled so as substantially to
eliminate deformation of the container. '

| \\\*\\\\i\\\\\t\\\}\\\\\!\\\!\\ |



8-10 to 1. 4. A nmet hod according to any one of C|aInElr'LU 3
cont ai ner (52) has a container vol unme. shrinkage after hofREPYH
87.8[err]C (190[err]F) of less thah about 5% 5. A nme
any foregoing claim further conprising the step of the
conditioning at least the sidewall (56) and finish (58) ¢ff the contain 4_}

(52) by retaining the container (52) for 2 to 5 seconds i{n~Tthe bl ow nol d
(46) which is maintained at a tenperature_ above 87. 8[ err lC86terTTF/.

-26- 6. A net hod according to any of claims 1 to 4 further conprising
the step of heat setting the contalner2@52) by retaining the container in

t he bl ow noul d (46)
ABSTRACT

.METHOD FOR PRODUCING A HOT FILLABLE,
COLLAPSE RESISTANT POLYESTER CONIAINER

A method of forming a thermal collapse-resistance highly oriented
polyester container for use in hot fill applications. In accordance
with the method a polyester preform is reheated and then placed in a
blow mold cavity whereat the preform is distended to match the blow
mold cavity to form an intermediate article including a container _
having an oriented end unit receiving finish of a diameter materially
greater than the diameter of the prcform. The method is characterized
in that in providing the preform the compos{tion of the polyester, the
draw ratio during distending of the preform and reheat conditions are
all controlled to provide a container with a sidewall and finish
density in the range of 1.250 to substantially but less than 1.370
grams/cubic centimeter. '

(Figure 17)
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. ; ST ¢ asafl th r,"l'riSHC viscosity on th
0.1, 9. | A-metHod" acCG'Hfr‘ng o “am; “f-oregopsg-cl ai m wher 4i
of the r;eheat ed _preform (2% on thE order of 107. 2]
‘t her e bei hYy<idh BxiFal-F Efpet M ure. prof e 10

f or egoi ng C|(_}IJAIIMHTEI’EI n the provided
structure. 11. A nethod according to

Speust e 3 | d ny foRE@gicap claimfurther conprising

A A B AN R RO L e FPUF GRS Faghor

claims 1 to olcepteiei polfestent Tontainks) (S2)prswittalpke t fok amse ninr toti at e

article £ill applications, the method comprising the steps of
providing a polyester preform (26),' reheating the preform
(26), placihg the preform (26) in a blow mould cavity (48),
and distending the preform (26) to match the blow mould
cavity (48) to form a container (52), characterised in that
the total wall draw ratio of the preform (26) is 'gi'eater
than 8 to 1 but less than 12 - to 1 and the temperature of the

f’) reheated preform (26) generally ranges between 82.2°%

N (180°F) and 121.1% (250°F) thereby to "'raise the side
wall density of the container. (52) to a density of from
1.350 to substantially but 1less than 1.370 grams/cubic
centimeter, which density corresponds to 14 to 30%
crystallinity. - '

r*eif@r- (:526) 1,;1 grgffa nulti-Tayer

2. A method according to claim 1, wherein the average
density of +the container (52) is from 1.360 to 1.370
grams/cubic centimeter, which density corresponds to 22% to
30% crystallinity.

3. A method according to claim 1 or claim 2 wherein the
‘f’f} total wall draw ratio of the preform (26) is in the range of
' 8-10 to 1. - :

4. A method accd-rding to any one of claims 1 to 3 wherein
the container (52) has a container volume shrinkage after
hot £illing at 87.8°C (190°F) of less than about 5%.

5. A method according to any foregoing claim further
comprising the step of thermally conditioning at least the
sidewall (56) and finish (58) of the container (52) by
retaining the container (52) for 2 to 5 seconds in the blow
mold (46) which is m;intained at a temperature above

87.8°c (190°F).
| R Y
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(50) om t he di st ended«pemmor m.(26), the

i ncl u\(,j\ﬂm' um @UH finish (5589 SHEGT HASCBEME hg an en
cont ai ner at ed from the rBBRiAGEEr of the inte
('50) after the internediate artlcle (50)Thas—been—f enoved
146). 13. A thermal collapse-resistant higglsy oriented pol
(52) suitable for use in hot fill applications, the contai
been stretch bl ow noul ded froma preform (26), the container (52) including

a finish poréion A mebhod( 8grordipanta eay lsmey aforaliaimshalitey 4 Slxiceer |
(56), and a 9 f@%gbogh%?§¥e€ §§rﬁ85@7 b%@‘élhpl t @I cbii@aghdevgkh ydegsity

of the contal ni(:aal LRe' 63Nt A1327 1n Si)igw mouxd (46).

7. A method according to claim 6 wherein the heat setting
is carried out- for a period of around 10 seconds at a
temperature of around 121.1% (250°F) .

- 8.7 A method according to any foregoing claim wherein the
polyester composition has an intrinsic viscosity on the
order of 0.80 +/- 0.1, '

N 9. A method according to any foregoing claim wherein the
temperature of the reheated preform (26) is on the order of
107.2% (225°F) with there being an axial temperature

" profile.

10. A method according to any foregoing claim wherein the
provided preform (26) is of a multi-layer structure.

11. A method according to any foregoing claim further
comprising the step of internally cooling the container (52)
prior to removing the container (52) from the mold (46).

12. A method according to any one of claims 1 to 11 wherein
L the container (52) comprises part of an intermediate article
' (50) which is formed from the distended perform (26), the
container (52) including an oriented finish (58) for
receiving an end unit, and the container (52) is separated
from the remainder of the intermediate article (50) after
the intermediate article (50) has been removed from the

mould (46)

13. A thermal collapse-resistant highly oriented polyester

container (52) suitable for use in hot f£fill applications,

the container (52) having been stretch blow moulded from a

_ preform (26), the container (52) including a finish portion
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but less than 1.370 grams/cubic centimeter, which density
corresponds to 14 ‘to 30% crystallinity, and the stretch
ratio of the sidewall (56) is greater than 8 to 1 but less
than 12 to 1. .

. 14. A container according to claim 13 wherein the average

o

density of the container (52)- is- from 1.360 to 1.370
grams/cubic centimeter, which density corresponds to 22% to
30% crystallinity. '

15. A container according to ‘claim:13 or claim 14 wherein
the tétal wall draw ratio of the preform (26) is in the
range of 8-10 to 1.

16. A container according to any one of claims 13 to 15
wherein the container (52) has a container volume shrinkage

-after hot filling at 87.8% (190°F) of less than about

5%.

17. A container according to any one of claims 13 to 16
wherein the polyester composition has an intrinsic viscosity
on the order of 0.80 +/~- 0.1.

18. 2 container according to any one of claims 13 to 17
wherein the container (52) is of a multi-layer structure.

19. A container according to any one of claims 13 to 18
wherein the container (52) is closed and is filled with a
product, the product having been hot during the filling of
the container (52).° |

20. A container according to claim 19 wherein the container
volume shrinkage resulting from the heating of the container
during hot £illing and the shrinkage of the contents
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21. Use of a thermal collapse resistant highly oriented
polyester container (52) according to "any one of claims 13
to 20 in a method of hot filling the container (52) with a
hot f£ill product and closing the container (52).

. 22. Use according to claim 21 wherein the container volume

shrinkage resulting from the heating ;:f the container (52)

: during hot £fillimg and the shrinkage of the contents

\—{") resulting from the cooling of the product in the closed

o container (52) are controlled so as substantially to
eliminate deformation of the container (52)..

23. Use according to claim 22 wherein the container
shrinkage after hot filling and before closing is minimised
so as to eliminate collapse of the container (52).

24. Use according to claim 23 wherein the container (52) is
closed about 5 seconds or less after hot f£illing.

25. Use according to claim 24 wherein the container (52) is
closed about 2 seconds after hot filling.

26. Use according any one of claims 23 to 25 whexrein the
hot filled container (52) is permitted to cool under ambient
conditions. )

27. Use according to claim 21 or claim 22 wherein the
container (52) is cooled during the hot £illing and before
closing 159 effect a substantial portion of container
shrinkage due to hot filling to occur after sealing.

28. Use according to claim 27 wherein the container cooling
is effected by fluid cooling of the water and gas type.

_—
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providing a polyester preform (26), reheating the preform
(26), placihg the preform (26) in a ';_'blow mould cavity (48),
and distending the preform (26) to match the blow mould
cavity (48) to form a container (52), characterised in that
the total wall draw ratio of the preform (26) is greater
than 8 to 1 but less than 12 to 1 and the temperature of the
Kﬁé reheated preform (26) generally rahges between 82.2°C
(180°F) and 121.1°C (250°F) thereby to 'raise the side
wall density of the container. {(52) to a density of from
1.350 to substantially but 1less than 1.370 grams/cubic
centimeter, which density corresponds to 14 to 30%
crystallinity.

2. A method according to claim 1, wherein the averagé

density of the container (52) is from 1.360 to 1.370

grams/cubic centimeter, which density corresponds to 22% to

30% crystallinity.

3. A method according to claim 1 or claim 2 wherein the
\_j total wall draw ratio of the preform (26) is in the range of

8-10 to 1.

4. A method accc;rding to any one of claims 1 to 3 wherein
the container (52) has a container volume shrinkage after
hot £illing at 87.8°C (190°F) of less than about 5%.

5. A method according to any foregoing claim further
comprising the step of thermally conditioning at 1least the
sidewall (56) and finish (58) of the container (52) by
retaining the container (52) for 2 to 5 seconds in the blow
mold (46) which is méintained at a temperature above
87.8°C (190°F).
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26 Use-aeee#d#ng~any-ene of clains 23 to 25 wherein the hot f|IIed
ont ai perli‘ u I“mi)ermtted to cool under anbient conditions. 27. Use

accprd“w lz&ml claim 22 wherein the container (52) is cooled

during and before closin effect a substantial portion
of contai ner shrl nkage due to hot fi II% occur after sealing. 28. Use
according to claim27 V\/nerel n the cont 2+ cooling is effected by fluid

coolin
g of tsf.le W%te ac?ccg ng to any one of claims 1 to 4 further

coniprising the step of heat setting the container (52) by
retaining the container in the blow mould (46).

7. A method accordlng to claim 6 whereJ.n the heat setting
is carried out- for a perlod of around 10 seconds at a
temperature of around 121.1 °c (250-F).

. 8. A method according to any foregoing claim wherein the
polyester composition has an intrinsic viscosity on the
order of 0.80 +/- 0.1, '

9. A method according to any foregoing claim wherein the
temperature of the reheated preform (26) is on the order of
107.2% ¢ 225°F) with there being an axial temperature

profile.

10. A method according to any foregoing claim wherein the
provided preform (26) is of a multi-layer structure,

11. A method according to any foregoing claim further
comprising the step of internally cooling the container (52)
prior to removing the container (52) from the mold (46).

12. A method according to any one of claims 1 to 11 wherein
the container (52) comprises part of an intermediate article
(50) which is formed from the distended petrform (26), the
container (52) including an oriented finish (58) for
receiving an end unit, and the container (52) is separated
from the remainder of the intermediate article (50) after
the intermediate article (50) has been removed from the
mould (46).

13. A thermal collapse-resistant highly oriented polyester
container (52) suitable for use in hot f£ill applications,
the container (52) having been stretch blow moulded from a
preform (26), the container (52) including a finish portion
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(58), a container body portion having a sidewall (56), and a
base portion (54), characterised in that the sidewall
density of the container (52) is from 1.350 to substantially
but less than 1.370 grams/cubic centimeter, which density
corresponds to 14 "to 30% crystallinity, and the stretch
ratio of the sidewall (56) is .greater than 8 to 1 but less
than 12 to 1.

14. A container according to claim 13 wherein the average
density of the container (52)- is- from 1.360 to 1.370
grams/cubic centimeter, which density corresponds to 22% to
30% crystallinity. -

15. A container according to 'claim:13 or claim 14 wherein
the tétal wall draw ratio of the preform (26) is in the
range of 8-10 to 1.

16. A container according to any one of claims 13 to 15
wherein the container (52) has a container volume shrinkage
after hot filling at 87.8°c (190°F) of 1less than about
5%0 :

17. A container according to any one of claims 13 to 16
wherein the polyester composition has an intrinsic viscosity
on the order of 0.80 +/- 0.1.

18. A container according to any one of claims 13 to 17
wherein the container (52) is of a multi-layer structure.

19. A container according to any one of claims 13 to 18
wherein the container (52) is closed and is filled with a
product, the product having been hot during the filling of
the container (52).

20. A container according to claim 19 wherein the container
volume shrinkage resultihg from the heating of the container
during hot filling and the shrinkage of the content
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resulting from the cooling of the product in the closed
container (52) have been controlled so as substantially to

eliminate deformation of the container (52).

21. Use of a thermal collapse resistant highly oriented
polyestexr container (52) according to any one of claims 13
to 20 in a method of hot filling the container (52) with a
hot £ill product and closing the container (52).

22. Use according to claim 21 wherein the container volume
shrinkage resulting from the heating of the container (52)
during hot £illimg and the shrinkage of the contents
resulting from the cooling of the product in the closed
container (52) are controlled so as substantially to
eliminate deformation of the container (52)-.

23. Use according to claim 22 wherein the container
shrinkage after hot filling and before closing is minimised
so as to eliminate collapse of the container (52).

24. Use according to claim 23 wherein the container (52) is
closed about 5 seconds or less after hot filling.

25. Use according to claim 24 wherein the container (52) is
closed about 2 seconds after hot filling.

26. Use according any one of claims 23 to 25 wherein the
hot filled container (52) is permitted to cool under ambient
conditions. )

27. Use according to claim 21 or claim 22 wherein the
container (52) is cooled during the hot f£filling and before
closing tfc_J effect a substantial portion of container
shrinkage due to hot filling to occur after sealing. '

28. Use according to claim 27 wherein the container cooling
is effected by fluid cooling of the water and gas type.
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