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METHOD FOR PRODUCING A HOT FILLABLE.
COLLAPSE RESISTANT POLYESTER couraruzi/

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 acceptablngggrformance
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

s;ﬁ.t‘.ff_‘:ﬁéiz :
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‘TI70%F ). 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
at or near the £illing temperature. Ais the
product itself and its head space gases'cooli
the resuvlting -volume contractions induce a
partial internal vacuum which in turn creates
a net invard force on the container sidewall
vhich may cause the latter to buckle or
collapse. .

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

preform orieatation process (which yields

strain induced crystallization) as well as (2)
by constrained post blow conditioning in a
heated blov mold at temperatures somevhat
above the expected product service temperature
(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
crystallinity (i.e., Tg) 1levels attainable



vith heat set thermal conditioning.
* ° 7 As such prior art PET containers for
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therma conditioning techniques,

5 commercial viability of the latter (so called
"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
times, the commercial viability of know heat
set techniques is also limited by the tendency

35 of vunoriented, essentially amorphous PET to
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turn milky white and opagque when thermally
crystallized. As’ such, it is uvsuvally

.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 areas
during heat set thermal conditioning, —if. a
fully transparent container is desired. The
highly oriented bottle sidewalls, of course,
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
risk potential problems with market acceptance
(visual asethetics) and loss of physical
properties (reduced impact resistance of
unoriented crystalline regions) or (2)
minimize unoriented material crystallization
and suffer probable thermal —c¢ontainer

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

uncrystallized regions to strengthen the
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
alleviating pressure induced vacuum collapse.
Increasing container wvall thickness in
conjunction with reinforcing ribs, beads, or
other structural features can be effective,
however disadvantageous from a unit cost
and/or geometric standpoint. In addition, the
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patent literature also recognizes solutions
invélving - intentional thermoelastically
deformable and pressure deformable container
regions which @move inwardly under " the
influence of the product temperature, and
resulting partial internal vacuoum to offset or
eliminate the latter. The priﬂaipal
disadvantage with this approach stems from the
need to radically alter conventional container
geometry and the resulting marketing
complications associated with product image.
consumer acceptance, ete. ‘

An economically and commercially
viable PET container which would not exhibit
either thermal or vacuvum induced distortion
would open substantial new market segments to
the lighter veight, transparent, and
shatterproof PET packages. The prior art
provides various solutions to the above

problems, howvever, they do so only by

compromising container economics (unit costs)
and market acceptability (nonconventional
geometries). Lo
As such,; it is.the primary lebjeotiwet
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
at temperatures up to and includiﬁéijéOOon
without the need for post forming heat
treatment and/er noncenventional container

geometries.
A novel solution to the wvacuum

induced deformation problem for conventional



container geometries is provided through the application of
specificiprocess control ahd product design technigues (in
the containeY ° production and 'filling 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 1 but less than 12 to 1 and the
temperature of the reheated preform generally ranges between
82.2°C (180°F) and 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
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to substantislly 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. T

The above described wide mouth technology utilizes PET
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 of 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
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Pigure 1B is an elevational view of
the same container after Sei'?“% filled with a
hot product at a temperatur)'ei'o"'-I'L"‘190°I).

Figure 1C is an elevational view of
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
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
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
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
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
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

where a 5% volume shrinkage is permitted to
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occur aifter the double seaming. Coe

- . .- Pigure 8 is a half sectional viev
taken through the jar £ ‘ggigure é after hot
filling with a produc%‘éﬁ&)o%‘) and closing
vtilizing a cover where'S% volume shrinkage is
permitted to occur after closing. ’
' Figure 9 is a graph showing typical
wall density measurements and c¢alculated
percent c¢rystallinity 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 Pigure 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
minimize container shrinkage during hot
£filling and seaning.

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

’F*i% re l4 is a graph of polyester
shrinkageL’;E%ﬁ.SOOP) 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.
polyester comonomer contents at a fixed
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preform temperature and draw 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

?%3%95 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 u90°ﬁl The heat set process
accomplishes the 2above by increasing the
polyester percent crystallini£§ 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
iﬁcreasing 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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. TABLE 1
FINISY DENSITY
5 {g/cm’) 1.341 1.388
-
g FINISH % DIAMETER
. SHRINKAGE 1.22 . 0.08 -~
N SIDEWALL DENSITY
T (g/cni’) ' 1.357 1.372
i 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
hibit less than 1% volume loss when filled
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

X [0~ 11038 10% f

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 flexzble polyester

ex
g1 9¢
20 a

sidewalls, non-conventional container
geometries such as c¢onvoluted panels are
35 utilized to control deformation usually in
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conjunction with structural features such as
ribs,” beads and increased sidevall thickness.
In addition to increased unit costs the
marketing disadvantages associated with the
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.
Certain bottles;, for example, vutilize a
pre-crystallized, opaque finish to nminimize
distortion. Although effective, this method
adds considerably to unit costs. Other
bottles maintain finish transparency by
utilizing increased véll thickness (vs.
conventional non-hot £ill containers) to
minimize distortion. The added costs.
associated with the latter approach limits its
usefulness.

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
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
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
in cross section about a center axis 20 and
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Aincludes an upper portion 22 which is open
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
oy 5 out of an associated blow wold. In a
K 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 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 understood, howvever,
that the dimensions of the preform will vary

25 depending upon the parcticular immediately
article which is to be formed.

Although thexe 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
section through a typical preform which is of
a laminated construction. Such a preform

35 would have eXxterior and interior layers 36 and
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38 which are formed of PET. Inward of these
layéba would be relatively thin barrier layers
0, 42 Xh;ch may bﬁ«ff)’med of materials such
as SARANL inally there will be a core 44
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 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 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
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 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
in the form of a can which includes a bottom
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wall 54, having integrally 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,

The upper porﬁion 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
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. '

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.

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
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
of the body is inwardly directed to define an
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+annular flange 72 which has extending axially
upw'ardly‘ therefrom a neck finish 74 to which 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
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15-50% values exhibited by prior--art
containers of the type shown in Figure 1.

The substantial  dimprovement in
performance results frod'elimination of large.
lov orientation and essentially amorphous
regions such as the closure receiving £finish
and shoulder to sidewall transition regions
which exist in containers produced by
conventional techniques.

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

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 £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

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

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
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{(all non heat setting variables) as they
inflvence the polyester percent
crystallinity in the finished container.

Figufe 13, for example, shows hov
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.

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.
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
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 ialgage in
the range of 3-5% (when hot filledt'fﬁiso P»

.¢can be produced without heat set thermal

30

35

conditioning. The average sidewall and

‘£lange/finish density of contaigers produced

by such techniques 1.350
3 ... . . o

g/cm i ; 1.3?6

g/cm3 (leR-30% crystallinityq[‘yi,

Containers which exhibit 3-5% volume
shrmkaget%t!:[(iQO F) do not vary substantially
in appearance vs. nonexposed containers and
are, as such, commercially viable for hot fill

ﬁqu% =7, *wefﬂﬁﬂ@%‘&M\‘JGO-bL??o 9ﬁw?(21ﬁ

J0% (,vfﬁx“"' .!:7) .
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.applications. P

"= - - -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 general, at 3% (190°F7 £ill
temperature, a sh'rinkage 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,

—
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it may simultaneously be cooled by means of
spray’ ducts 94. The spray ducts 94 may spray
cool water on the can 52 or a suitable cooling
gas.
5 After the can 52 has been filled, it

A may be, after a suitable delay, paased to a
closing machine generally identified by the
numeral 96 which applies in a conventional

. manner the end unit 80 and forms the double

10 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

15 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

20 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

25 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

30 intended to illustrate more fully the nature
of the present invention without limiting its
overall scope:s

EXAMPLE 1
This example demonstrates the
35 production of a 411 x 501 polyester can which
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g?gzgggQ@t:.G_—a% volume shrinkage when hot+filled
atL(lQO E)- A 62 gram g.reform_ as shown in
Figure 3 having a length ofL(4.95-incile‘?2£elow
the flange and an outside diameter:'oftg.g_gm
5 inches) with an average wall thickness k off
(o.J.eo'Z“{‘:Ls produced from a PET copolymer (2%
by weight isophthalate) having an intrinsic
viscosity of 0.80 + 0.1.
The preform was reheated on a
10 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)
15 ‘at) (200°F). 135 Blow mold temperature was
maintained at}(3s5°E). S
'.g!_;n_e, trinmed cont;.gjwr was filled
with water at&lsopr:') to within)(0.625 inches)of
the £flange and allowed to cool to room
20 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. '
25 . 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
30 shrinkage when hot filled A:L(;90°r).
" The same preforms used in Example 1

-

were reheated at an identical oven resident
time, however, the quartz lamp energy outputs
vere increased to raise the preform

35 temperature prior to the onset of visible
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crystalllnzty) In additicn, the vertical

prefoi'm temperature profile- as well as the
degree of axial preform stretch priox to the
onset of pressure expansion was altered to
reduce tl:xe?gagall thickness of the 'blown
container tol{0.015 inches) All other process
and evaluation conditions were ;dentxcal to
those used in Example 1.

Total volume shrinkage was 4.2% and
average sidewvall density was 1.362 grams/cmB.
As such, a fully developed, highly
transparent, strain/thermally incduced
crystalline structure was developed.

EXAMPLE 3

This example demonstrates the
effectiveness of controlled container
shrinkage in preventing vacuum induced
collapse. '

Ten (10) pélyester cans produced, as

LEger Example 2, were hot filled with vater at

90 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).

' 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.

A final group of te& (10) cans from
the same 1lot were filled at(ﬁ}90 Q) seanmed
within 2 seconds and permitted to shrink under
ambient conditions. None of the samples

exhibited vacuum induced deformation.
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EXAMPLE 4
" This example dJemonstrates the
production of a polyester wide mouth javr with
controlled finish and sidewall shrinkage.

An 80 gram pref::rm wvith a length
below the fdnush ofL@ 31" and an average wall
thickness ofé (0.185/)vas produced by
conventional injection techniques using a
polyester homopolymer of 0.80 + 0.1 IV.

The preform wasm;?:'eheatzd in a guartz
oven to a temperature off (225°F) with the
vertical temperature profile and st:g}gtﬁ}ow
conditions adjusted to yield a 70mm CT,J{24 oz.)
containe:r {as °s<hown in Figure 6) with a finish
wall thzckness of;j_o 025 inches) and an average
sidevall thickness ofL@ 015 inches}

. $%.3ca Upon trimming and hot f£filling at

20

25

30

35

(((190°8) the overall.volume loss was 5.2% with a

finish diameter reduction of 2.0% vs. a panel
diameter reduction of 3.2%. Average density
of the finish and ‘gody sxdew;.zll? areas were
measured at 1.3 s 1.35 spect:.vely.
Contral containers using prior art injection
molded finishes as per Figure 1B shoved
unacceptable deformation and overall volume
loss.
EXAMPLE 5

This example demonstrates the
synergistic effect of combining the inherent
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
Examples 1 and 2. The latter, however, was
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1.0 % 3y
.main.tainedL'aTDIE]SOOFJ for 10 seconds (vs.L@So]
for-1.5 seconds in Examples 1 and 2). ' :

The resultirig containe sé vhen hot

_ filled exhibited 0.4% volume 105%3{(190‘@.
. 5 : Preforms as utilized in Example 4
i and reheated as per the same were stretch
blown into the same blow mold as per Exémple

fZLﬁQ-OThe latter, haqevera?g?s maintained at
- ((250°F) for 10 seconds (vs{@5°F)for 2.0 seconds

- 10 in Example 2).
' The resulting containers exhibited
transparent £inish and shoulder regions as
well as 0.8% volume loss a.{(290°F)

By contrast, a 4% gram container of

15 the same shape and size produced by a
conventional indjection blow piocess heat set
process exhibited a semi-opaque f%g%;? gnd

shoulder region and 1.6% volume loss 0°E).

A graphié represenﬁation is shown in

20 Pigure 17. The curves represent containers
produced as follows:

Curve a Conventiconal 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
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‘1. A method of forming a thermal collapse resistant 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 the reheated preform generally ranges between
82.2°% (180°F) ana 121.1°% (250°F) thereby to raise
the side wall density of the container to a density of from
1.350 to substantially but less .*han 1.370 grams/cubic
centimeter, which density corresponds to 14 to 30%
crystallinity.

.,

2. A method according to claim 1, 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 B-10 to 1.

4. A method according to any one of c¢laims 1 to 3

characterised in that the container has a container volume -,

shrinksge after hot f£illing at 87.8°C (190°F) of 1ess
than about 5%. '

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
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6. A method according to any one 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 filling 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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14. A method accordi'ng 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 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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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.
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