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PULSE BLOW METHOD AND APPARATUS FOR FORMING

CONTAINER WITH ENHANCED THERMAL STABILITY
Field of the Invention

The present invention concerns a method of forming a

container with enhanced thermal stability, such as a
transparent polyester refill or hot-fill beverage container,
and more particularly to a method which includes -one or more
preliminary pulse blow inflations at a high-strain rate in
order to increase the crystallinity level in the body of the
formed container.

Bagkground of the Invention
There is a qlass of "c¢rystallizable"” polymers useful in

the blow mold container art which includes polyesters, such
ag polyethylene terephthalate (PET), and polyamides, such as
nylon-6 and nylon~66. In an amorphous state, such as
produced by rapid quenching from the melt, these polymers
have relatively low levels of mechanical properties.
However, when properly oriented and crystallized, these
polynmers exhibit a very high tensile modulus and impact
rasistance enabling the production of a high-strength
container at a relatively low weight of material per
container. : ‘ )

PET has been’ in use for over twenty years for carbonated
beverage containers, and more recently has been adapted for
refillable carbonated beverage containers and hot-£ill
containers, each of which require a high level of thermal
stability. A high thermal stabllity container can resist
distortion and shrinkage when subjected to an elevated
temperature during use. A refillable container must
withstand a hot caustioc wash for cleaning and sterilization,
during each reuse cycle. A hot-fill container must withstand
an elevatsd product £ill temperature required for
sterilization, as is customary with juice and milk products.
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Generally, increasing the percent crystallinity of the
container increases the resistance to thermal deformation and
shrinkage. However, increasing the crystallinity also
generally reduces the transparency of the container. 1In
fields such as the carbonated beverage industry where there

s are strict requirements regarding the transparency of the

containers, it ie difficult to.achieve the required
crystallinity levels without also producing opacity or haze
in the container.

In the past, the principal mechanism of increasing the
crystallinity of PET containers has been by heat setting.
Heat setting was performed after the container was expanded,
the expanded container being held at an elevated temperature
and prestsure for a few.minutes to increase the crystallinity
level and relieve yesidual stresses. However, the heat
setting process adds significantly to the cost of
production.

Another method for increasing resistance to distortion
caused by hot £1illing and/or high impacts, 1s to provids a
sidewall having vacuum panels and ribs to reinforce the
sidewall., Such a container is described in U.S. Patent No.
5,178,289 to Krishnakumar et al. entitled “Panel Design For A
Hot-Fillable Container." which issued January 12, 1993.

Another method of°idereasing resistance to deformation
caused by hot £illing is - to add to the container, immediately
after £illing, liquid nitrogen followved by immediate closing
of the container, wherein the liquid nitrogen becomes
- nitrogen gas and internally pressurizes the container to
prevent vacuum collepse. Such a container is described in
U.8. Patent No. 5,104,706 to Krishnakumar et al. entitled
"Preform For Hot-Fill Pressure Container,“ which issued April
14, 19%2.

Another method for increasing the thermal gtability of a
container is to provide a multi-layer comstruction inciuding
inner and outer layers of PET and a central layer of a
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plastic having a high glass transitién temperature (Tg).
Such a container is desecribed in U.8. Patent No. 5,049,345 to
Collette et al. entitled "Method Of Forming A Multi-Layer
Preform,"” which issued September 17, 1991. The high T
polymer may be a copolyester which is preferred due their
melt solubility and resulting adhesion to PET.
Non—-polyesters such as acrylonitrile styremne, acrylonitrile
styrene copolymers, polycarbonate, &tc. could also be
utilized. The higher T, material may form a central core
layer of a three-layer sidewall construction, or inner and
outer intermediate layers between inner, core and outer
layers in a five-layer construction.

It is an cbject of this invention to provide a method
and apparatus for blow molding & preform into a container
which provides an enhanced level of crystallinity in the body
of the container in order to provide enhanced thermal
stability. This method may be used alone or in combination
with prior art methods for enhancing thermal stability, e.q,
heat setting, multi-laye? sonstruction, vacuum panel design,
eta.

Summary of the Invention
A method and apparatus is provided for enhancing the

level of crystallinity in a blow-molded container. Acsording
to the method, a heated preform is provided of an orientable
and crystallizable polymer at a temperature in the
orientation temperature range of the polymer. The preform is
gubstantially transparent and amorphous. The preform “
includes an elongated body-forming portion and a base~forming
portion. | '
According to the mathod, the preform is subjected-to at
least one pulse-blow step in a cavity of a blow meld to form
a substantially transparent and at least partially
crystalline intermediate article. The pulse-blow step
consists of expanding at least a portion of the body-forming
portion axially and radially at a first high-strain rate of
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inflation to maximize the grystal nucleation sites in the
expanded body-forming portion. The expanded body-forming
portion is then held at a low pressure to allow orystalline
growth and relaxation of amorphoug orientation, while the
expanded portion is at less than the final container
dimensions and does not contact the inner walls of the mold
cavity. The pressure is then released and the partially
expanded article at least partially deflated to allow further
relaxation of the amorphous orientation. The pulge~blow step
is performed one or more times.

During a final expansion step., the intermediate article
is fully blowvm to form a €£inal container having a
.substaneially transparent and partially crystalline body with
enhanced thermal stability. During the f£inal expansion step.
the body-forming portion is caused to £ill the blow mold
cavity at a second low-gtrain rate of inflation (lower than
the first high-strain rate) in order to minimize the
amorphous orientation in the f£inal eontainerx.

The increased crystallinity level in the container body
increases the thermal distortion temperature of the container
and thus increases the useful'temperature range of the
container. The minimization of the amo:phous orientation
regions in the container reduces the thermal shrinkage and
further improves the thermal stability of the container.

One advantage of the present invention is the ability to
form a container having & high-orystallinity sidewall in a
single mold, whereas prior processes require multiple molds
for multiple blowing or heat-setting steps. In this
invention, a single mold is used and the mold is warm (e.g.,
200°F/93°C) as opposed to hot (300-400°F/150-200°C). A hot
mold is not desirable during the final expansion because it
produces greater post-méld shrinkage and thermal distortion.
Because the mold is warm (not hot) during the pulse-blow
step, the intermediate
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article is kept away from the wall for most and preferably
all of the time to prevent the article from cecoling, which
would reduce the amount of orystallization.

Another aspect of the present invention is a blow mold
and fluid supply apparatus for practicing the method of this
invention. The apparatus, which includes a metering chamber
and pistoen, alternatively supplies a high~strain rate and
then low-strain rate of inflation to the blow mold.

These and other.objects of the present invention will be
more fully described by the following drawings and
description of specific embodiments of the invention.

Brief Déscription of The Drawings

Fig. 1 is a cross-sectional view of a f£luid supply and
blow-molding apparatus used in the pulse~blow method of this
invention for expanding & preform
into 8 container, showing a first intermediate article;

Fig. 2 is a ¢ross-sectional view of the apparatus of
Fig. 1 showing a second intermediate artlcle £ollowing
deflation, and a third intermediate article following
re-expansion;

Fig. 3 is a cross-sectional view of the apparatus of
Fig. 1 with the final container;

Fig., 3A is a partial sectional view of the £inal
container; and

Fig. 4 is a graph of inflation volume vs. time
illustrating the pressyre and expansion rates during seven
steps of a representative example of the method of this
invention. ' '

Detailed Description
A specific embodiment of the invention will be described

with a seven-gtep process illustrated in Fig. 4, and the blow
mold and fluid supply apparatus of Figs. 1-3. The resulting
container is shown in Fig. 3a. '
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In this embodiment, a metering pot and piston air supply
apparatus 40 is used for providing a controlled pressure and
expansion rate to the blow mold 10. The metering pot 44
provides a predetermined amount of air and a predetermined
rate of air flow for inflating the preform in the blow mold;
by controlling the volume and rate of air supplied there is a
corresponding control over the pressure supplied to inflate
the preform.

A preform 60 of polyethylene terephthalate (PET) is
positioned in a blow mold apparatus 10. The preform ingludes
an open top end 62 having a neck f£inish 64 with external
sorew threads 66 and a retaining flange 68. Below the neck
£inish .there is provided a body-forming portion 70, including
e tapered shoulder-forming portion 72 of increasing wall
thickness moving down to & substantially coanstant wall
thickness cylindrical sidewall~forming portion 74. Below 74
is a base-forming portion 76, including a closed
hemispherical bottom end 78 and central gate 80. The
specific preform ptructure described herein is by way of
example only and does not limit the claimed invention.

Preform 60 is injection~molded and is substantially
transparent and dmorphous. It is hested to a predetermined
temperature in the orientation temperature range ¢f the
polymer, which generally is about 20°-50°C above the glass
transition temperature (where Tg for an amorphouq PET
preform is about 76-80°C, and the upper end of the
orientation temperature range is preferred for refill or
hot-£411 containers).
| The preform 60 is held £rom the top end by a collet 24
having a central chamber 25 in sealed engagement with the
neck finish 64 of the preform,

The collet 24 has an upper axial bore 26 through which an
axial stretch rod 30 ig movable and a side bore 28 connected
to the air supply apparatus 40 &s described hereinafter.
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The retaining flange 68 on the preform lies between the
collet 24 and & neck plate 22 which sits within an upper mold
part 14 of the blow~molding apparatus 10. Upper mold 14 and
lower mold 18 together form an interior chamber 12 which
definesz the dimensions and contours of the £inal container.
‘Upper mold 14 includes an upper conical shoulder-defining
wall 15, and coylindrical sidewall-defining wall 16. The
lower mold 18 includes an outer basewall-defining wall 19 and
central recessed dome-defining wall 20 (i.e., a
champagne-type base).

According to step 1 of Fig. 4, the heated preform is
expsnded axially and redially at a high~strain rate and low
inflation pressure to form a £irst intermediate article 84a
(Fig. 1). <The preform is rapidly stretched axially by
stretch rod 30 and radially expanded at & high inflation rate
by a pressuriged £luid in order to enhance the number of
nucleating sites. At a high-strain rate of expansion, the
rate of alignment (orientation) of the molecular chains is
greater than the rate of relaxation of chains to their random
configuration, so there is a net residual orientation. The
oriented areas provide nucleating sites for crystalline
growth. The specific rate of expansion is determined by the
material, preform and container dimensions, and temperature.
By way of exemple, for a PET preform expanded intoa beverage
gontainer via a reheat atretch blow process, a high-strain
rate would be no.less than about 5 sec™t (for the
pulse~-blow- step) and a low-strain rate (for the final
expansion step) would be no greater than about 1 sec”l. As
ugsed herein: '

strain rate = strain/time
= (change of length/original length)/time

In regard to pressure, a conventlional PET reheat stretch
blow process may utilize a pressure of 34 atm to form a
beverage cantainer with a footed base, while a champagne base



may be formed with 20~25 atm., By way of example only, the

low pressure during the pulse-blow step may be on the.order
of 6~10 atm while the high pressure for the final expansion
is on the order of 20-40 atm.

The axial slongation is performed by streteh rod 30
which extends down the axial centerline of the preform. The
lover end of the stretch rod 30 engages the gate at the
bottom end of the preform, pushing it downwardly into centact
with the center of a dome~defining portion 20 of lower mold
18. This helps center the intermediate article 84a in the
blow mold, which is important for even orientation and
expansion around the entire oircumference of the article.

The pressurized fluid for radially expanding the preform is
supplied by input air apparatus 40 connected to side bore 28
of the tollet 24. A metering chamber 44 with internal
metering piston 42 provides a controlled volume of sir in
line 48 to a right input port of £luid control valve 46, In
step 1, the air from line 48 is connected via valve 46 to a
lowermost port and line 50 which is connected to side bore 28
of the collet, and directly into the open upper end 62 of the
preform.

Because the preform base 78 is relatively thicker (e.d.,
1.1X) than the preform sidewall 74, and because of its
hemispherical shape (requiring a higher pressure to blow) and
generally lower temperature, the base undergoss relatively
little axial and radial expansion during the pulse-blow
steps. A thick and substantially amorphous base has been
found to provide increased resistance to stress oracking and
creep for refill and hot~£ill applications. 2

Acocording to step 2 of Fig. 4, the intermediate article
84a is held inflated at a low pressure for a short duration.
Thiz allows the crystalline nucleating sites formed during
step 1 to grow and thus increase the orystallinity level,
while relaxing any amorphous orientation which has ocourred
during the step 1 expansion. The dimensions of the
~ intermediate article 84a are smaller than the final shape and
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size of the container (defined by mold chamber 12) such that
at least the expanded sidewall-forming portion 87a does not
contact the sidewall-defining portion 16 of upper mold 14.
Factors such as the preform design, the preform temperature,
the pressure of the fluid and the xatio of the axial and
radial expansions control the shape and size of the
intermediate article 84a.

According to step 3 df Fig. 4, and as shown in Fig. 2,
" there is at least a partial deflation of the first
intermediate article 84a to form a contracted second
intermediate article 84b. This is aceomplished by adjusting
control valve 46 to exhaust the alr from within the article
out lines 50 and 52. Meanwhile, lines 54 and 48 are
connected via eontrol valve 46 to recharge the metering pot
44 vwith a predetermined velume of air for a subsequent
expansion step. A further relaxation of the amorphous
orientation is effected during the exhaust and deflation.

According to step 4, a second high-gtrain rate inflation
is provided to further maximize the crystalline nucleating
gites and growth and form a third intermediate article 84c as
shown in Fig. 2. The final pressure at step 4 is higher than
the final pressure at step 1, because the partially
crystalline article 84c requires a higher expansion pressure
than the proviously amorphous preform. The second
intermediate article 84c¢ includes an expanded shoulder 85¢
and oylindrical sidewall 87¢; again, the base B8c has not
been substantially expanded. The expanded shoulder B5c and
sidevwall 87¢ are smaller than and do not contact the mold
walls. According to step 5, the intermediate article 84C is
held at the second expansion pressure to allow further
crystalline growth and relaxation of the amorphous
-orientation. ' ’ '

Aocording ‘to step 6, a final expansion step is performed
at a low-strain inflation rate but higher pressure, which
causes the intermediate article 84¢ to expand to the full
dimensions of the mold chamber while minimizing the amorphous
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orjientation. Thus, the final expansion step occurs .over a
relatively longer time periocd (see step 6 in Fig. 4) and the
pressure is increased to a higher level than either of the
two previous pulse-blow steps. The rate of inflation, during
the final expansion step, is controlled by flow control valve
56 in line 54 between the source of high pressure air and the
control valve 46.

According to step 7, the f£inal container B4 is held at a
high pressure in the mold to allow further crystalline growth
and relaxation of amorphous orientation. The higher pressure
is used to form the finer details of the container and to
ensure complete expansion into the mold cavity. The
container is allowed to ool under pressure while in contact
with the mold. Then, the pressurized fluid is rapidly
exhausted (as in Fig. 2) before the container is removed from
the mold, . |

The resulting container 84, as shown in Fig. 3A,
ineludes an open top end with the same unexpanded and
substantially amorphous neck £finish 64, external screw
threads 66 and retaining £lange 68 as in the preform 60. The
tapered shoulder 85 which increases radially in diameter
going down toward the sidewall, has undergone significant
axial and radial expansion so as to provide significant
strain-induced crystallization. The shoulder 85 is separated
from the aylindrical sidawall 87 by a recessed ring 86. The
sidewall 87 is the largest diameter portion of the container
and has undergéne the most axial and radial expansion and
thus has the highest level of strain-induced crystallinity.

The champagne-type base of the container 88 includes an outer -

base wall 88 reducing in diameter towards a lowermost chime
90 on which the container rests. Radially inwardly of the

" chime 90 is a central regessed dome 91 and central gate
region 92. As shown in Fig. 3A, the base 83, which undergoes
significantly less expansion than the sidewall and shoulder,
is of increased thickness in order to compensate for the
lower crystallinity of the base.
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The following is a specific example utilizing the method
of the present invention for forming a refillable carbonated
beverage container.

Example _
A single~layer preform is provided of a polyethylene

terephthalste copolymer having about 2% gopolymer content,
which is sold under the trade name GY8006 by The Goodyear
Tire & Rubber Co., Rkron, Ohio, The polymer has an intrinsic
viscosity of 0.80 measured in 60/40 phenol-tetrachlorethane -
at 25°C. The preform has a length of about 125 mm, an outer
diameter of about 30 mm, and a wall thickness in the
oylindrical aidewall—formdng portion of about 5,9 mm. The
preform is substantially transparent and amorphous. having a
percent haze of less than about 20%.

In step 1, the sidewall-forming portion 74 is rapidly
axially elongated about 2.4%X and :adially expanded at a
high-strain rate of about 10 sec '; both the axial and
radial expansion occur over a time periud of about 0.2
gsgoonds (sec). The first intermediate artigle 84a has a
sidewall outer diameter of about 80 mm and a sidewall
thickness of about 0.56 mm., During step 2, the first,
intermediate article is held at a pressure of about 7.5
atmospheres (atm) for about 0.3 sec. :

During step 3, the first intermediate article is rapidly
deflated to a pressure of about 1.0 atm over a time period o£
about 0.2 sec.

Puring step 4. the contracted second intermediate
articie 84b is partially reinflated at a high-strain rate of
about 10 sec'1 over a time period of about 0.2 sec. The
+hird intermediate article 84c thus formed is held at a
prossure of about 7.5 atm for-a tiwe period of about 0.3
gsec., The third intermediate article has a oylindrical
sidewall portiecn with an outer diameter of about 85 m and a
wall thickness of about 0,353 mm.

-
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In step 6, the third inmtermediate article is expanded to
a high pressure at a low inflation rate of about 0.4 sec™!
ovar a time period of about 0.5 sec to form the final
container dimensions. The £inal container is held in the
mold at about 34 atm for about 2.0 sec, afrer which the
pressure is released and the container removed from the
mold.

In this specific example, the neck plate is cold, e&.g..
a surface temperature of about 10°C. The upper mold is warm
and has a surface temperature of about 88°C, and the lower
mold hag & surface temperature of agbout 10°C. Just prior to
axial and radial expansion the body-forming portion of the
preform and has an average temperature of about 117°C.

The resulting container hae a aylindrical sidewall with
a strain-induced average orystallinity of about 32%, The
final container is similar to that .shown in Fig. 37, having a
height of about 330 mm, an outer diameter of about 95 mm, and
a oylindrical sidewall thickness of about 0.47 mm.

The percent orystallinity is determined according to
ASTM 1505 as follows:

3 crystallinity = {(ds ~ da)/{dc -~ da)] x 100 .
vhere ds = sample density in g/cm3, da = density of an
amorphous film of zero percent arystallinity (for PE?T
1,333 g/cm ). and do = density of the erystal caloulated
- from unit cell parameteri (for PET 1.455 g/pm ). .By
"average" crystallinity is meant an<average taken over the
entire area of the respective containper part, i.e..
cylindrical sidewall portion. .

If desired, the crystallinity may be further ephanced by
fieat setting acoording to known heat setting procedures. For
PET, a sultablae heat setting temperature ig about 200-250°C
for a time period of about 10 sec. Such heat settinyg is not
reguired, but may be desirable in cexrtain applications.
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As &n alternative to the metering piston for supplying a
controlled volume of air, it is possible to blow the
intermediate articles to a £ixed pressure which expands the
preform less than the full axtent of the mold cavity.

As a further alternative, one may blow the intermediate
artigle(s) in a high-temperature mold, deflate, and then

+» transfer the intermediate article to a second lower

temperature meld for the £inal expansion. Transfer to a
seoond mold is not required, but may be beneficial in certain
applications.

The enhanced crystallinity container of this invention
is particularly useful as a refillable carbonated beverage
container able to withstand nuwerous zefill cycles while
maintaining aesthetic and fuynctional features. A test
procedure for simulating such 8 cycle without crack failure
and with a + 1,5% maximum volume change is as follows.

Each container is subjected to a typical commercial
caustic wash solution preapared with 3.5% sodium hydroxide by
- welight and tap water. The wash solution ig maintained at the
desired wash temperature, e.g., 60°C, 65°C, eto., The bottles
are submerged uncapped in the wash for 15 nminutes to simulate
the time/temperature conditions of a commercial kottle wash
system. After removal from the wash solution, the hottles
are rinsed in tap water and then f£illed with a garbonated
water solution at 4.0 4 0.2 atmospheres (to simulate the
pressure of & carbonated soft drink container), capped and
placed in a 38°C convection oven at 50% relative humidity for
24 hours. This elevated oven temperature is selected to
gimulate 1onger_commerdial gtorage periods at lowver ambient
temperatures. Upon removal from the oven, the containers are
emptied and again subjected to the same refill cycle, umntil
failure. .

A failure is defined asg any crack propogating through
the bottle wall which results in leakage and pressure loss.
The volume change is determined by comparing the volume of

R
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liquid the container will hold at room temperxature, both
before and after each refill cycle.

The container can preferably withstand at least 10
refill cycles, and preferably 20 refill cycles at a wash
temperature of at least 60*C without failure, and with no
more than about + 1.5% volume change in total.

For use as a refillable bottle, the bottle preferably
has a relatively thick champagne base made in accordance with
the prior art refill containers described in Continental PET
Technologies, Inc.'s U.8. Patent Nos. 4,725,464 and
5,066,528, which are hereby incorporated by reference in
their entirety. The dome and chime form a thickened base
portion having about 3-4 times the thickness of the
cylindrical sidewall, and having an aversage crystallinity of
no greater than about 10%., Radially outwerdly of the chime,
there is a thinner outer base porvion of about 50~70% of the
thiokness of the thickened base portion and inoreasing in
crystalliinity up to its junction with the sidewall. The
thinner outer base wall provides improved impact resistance.
The thickened dome and chime provide improved resistance to
caustic cracking.

A preferred planar stretch ratio is 8-12:1 for.a
cylindrical sidewall of a polyester refill beverage bottle of
about 0.5 to 2.0 liters/volume, and more preferably about
9~11:1. The hoop stretch is preferably 3-3.6:1 and the axial
stretch 2.4-3:0. -

This produces a container sidewall with the desired
abuse resistance, and a preform sidewall with the desired
vigual transparency. The sidewall thickness and stretch
ratio selected depend on the dimensions of the specific
bottle, the internal pressure (e.g., 2 atm for bheer, 4 atm
for soft drinks) and the processing characteristics of the
particular material (as determined for example, by the
intrinsic viscosity).
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The cylindrical sidewall portion of the container which
ig blewn to the greatest extent has ithe highest average
percent crystallinity, preferably sbout 25-35%. The tapered
shoulder, which iz also expanded substantially more than the
base, preferably has an average percent crystallinity of
20-30%. In contrast, the substantially thickened aand lesser
blown base has a crystallinity of about 0-10% in the dome and
chime, and increases in crystallinity in the outer base
moving upwardly towards the sidewall.

The neck finish is not expanded and remains
substantially amorphous at 0-2% crystallinity.

Varioug levels of crystallinity can be achieved by &
combination of expansion (strain-induced) and heat~setting
(thermal-induced).

As previously discussed, the base has & low
crystallinicy because it is not stretched. Providing a
thicker base and/or cooling the lowsr mold 18 are methods of
reducing the base stretech and thus maintaining a low base
erystallinity.

The preform and bdlown containers should be substantially
transparent. A measure of transparency is the percent haze
for transmivted light through the wall (Hg) which is given
by the following formula: -

Hy = [¥y [Yd + ¥.)1 x 100

where Y, is the diffuse light transmitted by the speciman,
and ¥ is the specular light transmitted by the speciman.

The diffuse and specular light transmission values are
measured in acoordance with ASTM method D1003, using any
standard color difference meter such as model D25D3P
menufactured by Hunterlab, Inc. The container of this
invention should have a percent haze (through the wall) of
less than about 15%, preferably less than about 10%, and more
preferahly less than sbout 5%,
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In an alternative embodiment, the container may have a
substantially thinner footed base (as compared to the thicker
champagne base). The footed base, which is integral with the
sidewall, consists of a substantially hemispherical bottom
wall with a plurality of downwardly extending legs and
lowermost supporting feet on which the container rests.
Radiating ribs extend between the legs and form part of the
hemispherical bottom wall., A central dome portion of the
hemispherical bottom wall., which does not include any legs
and is relatively thicker, forms a thickened central base
portion. - A thinner outer base portion includes the legs,
feet, and ribs. _

The thicker central base portion may have from 0-10%
average .crystallinity, while the thinner outer base portion
has an average crystallinity of 10-20%.

Several polyester polymers provide the desired clarity
and physical properties neéessary to produce refillable
plastic containers. These polymers include polyethylene
terephthalate (PET). polyethylene naphthalate (PEN),
acrylonitrile, polyscrylate, and polycarbonate. Of the
polymers commercially available, at present PET offers the
best balance of properties and cost/performance ratios.. PEN
is produced by reacting dimethyl 2, é~naphthalate with
ethylene glycol, and provices a higher Te and improved
barrier properties over PET.

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

- ? %
Q== CHy~CH1= 0L C—~

As used herein "PET" means PET homopolymer and PET
copolymers of the “bottle grades” suitable for making
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containers, which are well-known in the art. Thus, the PET
copolymers may include a minor proportion, for example up to
about 10% by weight, of monomer units which are compatible
with the ethylene terephthalate units. For example, the
glycol moiety may be replaced by an aliphatic or aliaylic
glycol such as cyclohexane dimethanol (CHDM). The
diuarboxylic acid moiety may be substituted by an aromatic

¢ dicarboxylzc acid such as isophthalic acid (1IPA).

The intrinsic viscosity (IV) affeocts the processabuity
of the polyester resin. Polyethylene terephthalate having an
intrinsic viscosity of about 0.8 iz widely used in the
carbonated soft drink industry. Resins for various
applications may range from about 0.55 to sbout 1.04, and
more particularly from about 0.65 to about 0.85. Intrinsic
viscosity measurements may be made according to the procedure
of ABTM D-2B57, by employing 0.06050 + 0.0002g/ml of the
polymer in a solvent comprising o—chlorophenol (melting point
0°C), respectively, 30°C,. Intrinsic -viscosity is given by
the f£following formula!

IV = ( ln(vSOIno /Vsol . ))/C

where: .
SOIn is the viscosity of the solution in any wiits;

Véol. is the viscosity of the solvent in the. same
units; and ) .

C is the concentration in grams of polymer per 100 mls
of solution.

The substantially amorphous preform should have a
percent haze of no more than about 20%, preferably no more
than about 10%, and more preferably no more than about 5%.
The preform may be single layer or multilayer and made in
accordance with the well-known injection mold processes. such
as described in U.8. Patent No. 4,710,118 granted December 1,
1987 to Krisghnakumar et al., which is hereby incorporated by
reference in its entirety.
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For example, a multilayer preform may have one or more
barrier layers for O, and/or CO, retention, or include
layers of recycled or post-consumer PET to reduce the cost.
The bartier layer may beé ethylene vinyl alcohol (EVOH) or
polyethylene naphthalate (PEN).

Another wmultilayer preform which may be used in this
invention for providing enhanced sidewall crystallinity is
described in copending and commonly owned U.S. Serial Ne.
07/909,961 filed July 7, 1992 by Collette et al. entitled
“Multilayer Refillable Container, Preform and Method Of
Forming Same,." and U.S. Serial No. 08/082,171 filed June 30,
1993 by Collette et al. entitled “Method of Forming
Multi-Layer Preform And Container with Low Crystallizing
interior Layer," which are hereby incorporated by reference
in their entirety. as described therein, the preform hazs a
core layer of a first copolymer polyester and inner and outex
layers of a second polyester, wherein the second polyester
has relatively less copolymer and a rate of crystallization
at least about 20% higher than the first polyester. For
example, the first polyeéter may have from about 4-6%
copolymer, and the second polyester ne more than about 2%
copolymer. The core layer results thermal induced haze
during the injection molding process, and the inner and ocuter
layers of the container provide an enhanced level of
crystallinity. .

Other factors important to the manufacture of refillable
polyester beverage bottles are described in U.8. Patent Nos.
4,334,627 to Krighnakumar et al. granted June 15, 1982,
4,725,464 to Collette granted February 16, 1988, and
5,066,528 to Krighnakumar et al. granted November 19, 1991,
which are hereby incorporated by reference in their
entirety.

The materials, wall thicknesses, preform and bottle
contours, may all be varied for a specific end produst while



still incorporating the substance of this invention. The
container may be for pressurized or unpressurized beverages,
including beer, juice and milk, or for non-beverage products.

The improved thermal resistance provided by this
invention mekes it particularly suitasble for hot-£fill
containers. Hot-fill containers typically must withstand
elevated temperatures on the order of 180-185°F (the product
£illing temperature) and positive internal pressures on the
order of 2-5psi (the £filling line pressure) without
subgtantial deformation, i.e.,, a volume change of no greater
than about # 1%. Other factors important in the manufacture
of hot-£ill containers are desoribed in U.8. Patent No.
4,863,045 to Collette et al. granted September S, 1989, which
is hereby incorporated by reference in its entirety.

Although severasl preferred embodiments of this imvention
have been specifically illustrated and descrihed herein, it
is to be understood that variations may be made to the method
of this invention without parting from the spirit and scope
of the invention as defined ip the appended claims.

What is claimed is:
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Claims

A method of making a container having an enhanced
thermal stability comprising the steps of:

providing a heated preform of an orientable and
crystallizable polymer at a temperature in the
orientation temperature range of the polymer, the
preform being substantially transparent and
amorphous, the preform having an elongated
body-forming portion and s base-forming portion;
performing at least one pulse~blow step in a cavity
of a blow mold to form a substantially transparent

" intermediate article, the pulse~blow step

comprising:

i)

ii)

1iy}

éxpanding at least the body-forming portion
axially and radially at a £irst high-strain
expansion rate to form crystal nucleation
sites in the expanded body-forming portion:
holding the expanded hody-forming portion
under pressure to allow crystalline growth and
relaxation of amorphous orientation, the
expanded bodybfaiming portion being smaller
than and spaced from the cavity of the blow
meld;:

reduolny the presgure and at least partially
deflating the expanded body-forming portien to
allow further relaxation of amorphous
orientation; and

performing a final expansion step to form a £inal
container having a substantially trangparent and
partially crystalline body with enhanced thermal
stability, the final expansion step comprising
expanding the at least partially deflated
body-forming portion to £ill the blow mold cavity
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at a second low-strain expansion rate to minimize the
amotphous orientation.

2. The method of claim 1, wherein the pulse-blow step
is repeated. :

3.. The method of elaim 2, wherein during the last
pulse-blow step prior to the final expansion step, the
pressure is not reduced prior to the final expansion step.

4. The method of elaim 1, wherein during the
pulse-blow step the amount of expanding the body-forming
portion is controlled by controlling the amount and rate of
fluid admitted to the blow mold.

5. The method of olaim 1, wherein an axial rod pushes
a closed bottom end of the base-forming portion into contact
with a bottom of the blow mold, and the base~forming portion
is not substantially expanded during the pulse-blow step.

6. The method of claim 1, wherein the polymer is
polyester.

. 7. The method of claim 6, wherein the polyester is
polyethylene terephthalate (FET) homopolymer or copolymer.

8. The method'of e¢laim 1, further comprising the step
of heat setting at least a portion of the body to further
increase the crystallinity.

9. A container produced according to the method of 1.

10. A container produced according to the methed of
claim 9, wherein the polymer is polyethylene terephthalate
(PET) homopolymer or gopolymer, the body includes a '
substantially cylindrical sidewall having an average
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erystallinity of at least about 25%, and the sidewall has a
percent haze of no greater than about 10%.
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11. A container produced according to the method of
claim 10, wherein the sidewall has an average crystallinity
of from about 25 to about 35%.

12. A container produced aceording to the method of
claim 11, vherein the body further inciudes a shoulder
between a neck finish and sidewsll, and wherein the shoulder
increases in diameter towards the sidewall and has an average
percent crystallinity of at least about 20% and an average
yercent -haze of no greater than about 10%.

13. A gontainer praduced according to the method of
claim 12, vherein the bas# is a champagne-
type base having a thickened base portion., ineluding a
central dome and chime, and a thinner outer base wall, and
wherein the thickened bage portion has an average
crystallinity of no greater than about 10% and the base has
an average psrcent haze of no greater than about 10%.

14. A container preduced according to the method of
claim 10, wherein the bady includes a shoulder and
substantially oylindrical sidewall, the shoulder -ingreasing
in diameter f£rom a neck £inish to the sidewall, and the
shoulder, sidewall and bmse having an average percent haze of
no greater than about 10%, the shoulder having an average
crystallinity of at least about 20%, the sidewall having an
average crystallinity of at least about 25%, and the base is
a champagne~type base with a thickened portion, including a
central dome and chime, and the thickened base portion has an
average orystallinity of no greater than about 10%.

15. A container produced according to the method of
claim 9, wherein the container is a pressurized container.
: ‘ Urlace conta
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16. A container produced according to the method of
claim 9, wherein the container is a carhonated beverage
container.

17. A container produced according to the method of
claim 9, wherein the container is a hot-£ill container.

18. A container produced according to the method of
claim 17, wherein the hot-fill container is able to withstand
a product £illing temperature on the order of 180°-185°F and
a £illing line pressure on the order of 2-5 psi with a volume
change of no greater than about + 1%.

19. A container produced according to the method of
claim 9, wherein the container is a refillable carbonated
beverage container.

20. A container aaecording to the methed of claim 19,
wherein the container can withstand at least 10 refill oycles
in a caustic wash at a temperature of 60°C without craock
failure and with & maximum volume change of about + 1.5%.

21. A container produced according to the method of
olaim 20, wherein the container can withstand at least 20
refill oycles in a caustic wash at a temperature.of 60°C
without crack failure and with a maximum volume change of
about + 1l.5%. '

22. A container produced according to the method of
claim 19, wherein the body has a substantially eylindriocal
gidewall with an average wall thickness of about 0.5 to about
0.8mn.
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23. 2 container produced according to the method of
claim 19, wherein the body has a substantially cylindrical
sidewall with an average wall thickness of about 0.5-0.8mm
and an average orystallinity of about 25-35%, and the base
has a thickened base portion with an gverage wall thickness
of about 2.0~4.0mm and an average crystallinity of no greater
than aghout 10%.

24. A container produced according to the method of
claim 9, vherein the container is a free-standing,
pressurized PET container.

25. A container produced according to the method of
claim 9, wherein the container is formed with a footed base
having a substantially hemispherical bottom wall, the bottom
wall including a central thickened base portion of at least
three times the sidewall thickness and having an average
cerystallinity of no greater than ebout 10%, and a thinner
outer base portion with radial ribs and downwardly extending
legs which terminate in lowermost supporting feet.

26. The container wroduced according to the method of
claim 25, wherein the thinner outer base portion has an -
average crystallinity of from about 10-20%. )

27. A container produced according to the method of
claim 9, wherein the polymer is bottle grade PET.

28. A container produced according to the method of
claim 9, wherein the contaipner has a multilayer sidewall
inciuding at least one layer of a material selected from the
group consisting of barrier, recycle PET and post-consumer
PET.
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2%, An appaiétus for making a blow<iiclded container
comprising: '

& blow mold having a blowing cavity which receives
a preform and an aperture connected to the cavity for
receiving a fluid to expand the preform into contact
with the cavity teo form & comntainer; and

a fluid supply apparatus including a first source
having a metering chember and piston for supplying £luid
to the blowing cavity at a controlled amount and rate.

30. The apparatus of c¢laim 29, wherein the apparatus
further includes:
a second source for supplying fluid to the blowing
cavity at a second controlled rate; and
a valve for alternatively connecting the first
source and the second source to the aperture of the blow
mold,
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