- 1 - 'METHOD OF FORM NG CONTAI NER W TH HI G+ CRYSTALLI NI TY SI DEWALL AND
LOW CRYSTALLI NI TY BASE Rel ated Applications Thi 53% gv o@@?ﬁat I on-in-part
of copendi ng and commonly owned U.S. Serial No. 3 , 988 titled

REFI LLABLE H GH PERFORMANCE PRESSURE CONTAI NER AND METHOD OF FORM NG SAME,
filed July-7, 1992 by WCollette, S Krishnakumar and C.Lin. Field of The

I nvention This+invention relates to new and useful inprovenents in
containers, .and nore particularly to a nethod of form ng a contai ner having
enhanced sidewall crystallinity and | ow base crystallinity. The contai ner
is particularly adapted for use as a refillable carbonated beverage
container able t.0 withstand higher cgustic wash tenperatures and exhibit
reduced produtt flavor carryover, or as a hot fill container. Background of
the Invention The market for PET refill able carbonated soft drink (CSD)
bottl es has enjoyed significant growh worldw de since its introduction in
1987 by Continental PET Technol ogi es. These bottl es have been

comerci al i zed t hroughout much of Eurogg, Central and South America, and

are now noving into t heMEIHOR,OF FORMING CONTAINER WITH
) HIGH-CRYBTALLINITY SIDEWALL AND

LOW-CRYSTALLINITY BASE

lated Applications

This is a continuation-in-part of copending and
commonly owned U.S, Serial No. 07/909.988 entitled
REFILLABLE HIGH-PERFORMANCE PRESSURE CONTALINER AND
METHOD OF FORMING SAME, filed July 7, 1992 by
W.Collette, S.Krishnakumar and C.Lin.

Field of The Invention

This invention relates to new and useful
improvements in containers, and more particularly to a
method of forming a container having enhanced sidewall
crystallinity and low base crystallinity. The container
is particularly adapted for use as a refillable
carbonated beverage containet able to withstand higher
caustic wash temperatures and exhibit reduced product
£lavor carryover, or as a hot £ill comtainer.

Background of the Invention
The market for PET refillable carbonated soft

drink (CSD) bottles has enjoyed significant growth
worldwide since its introduction in 1987 by Continental
PET Technologies. These bottles have been:commercialized
throughout much of Europe, Central and South America,

and are now moving into the Far East market.



Refillable bottles reduce the existing landfill and recycle probl ens
associated wth di sposable plastic beverage bottles. In addition, a
refillable bottle provides a safer, lighter-weight plastic container in
those markets, currently dom nated by gl ass, where |legislation prohibits
use of non-returnable packages. The goal is to produce a refillable bottle
havi ng the necéssary physical characteristics to withstand numerous refil
cycles, and which is still econom cal to produce. Cenerally, a refillable
plastic bottle nust maintain its functional and aesthetic features over a
m ni rum of 10 and preferably over 20 cycles or |oops to be considered
economcally feasible. Aloop.is conprised ef (1) an enpty hot caustic wash
fol l owed by (2) contami nant inspection and product filling/capping, (3)
war ehouse storage, (4) distribution to wholesale and retail |ocations and
(5) purchase, use and enpty storage by the consuner followed by eventual
return tlo the bottler. Réf 5lIabsle botildsiteducal the xistiind nland£ill

hash, | Ref | 11 oA e e RARIGN A{RRERd E@%‘%ﬁ% BIFeERES (G
achi é¥e commerhevesragahottlesi ndudiddttion, i gedldihle othlearency) to
permi t on- | | Nyidtifes |0 9Erds O Nichter UdRiY YRlstia idntaigyerahne life
of the contai er,; nd 3. resistance to caustic _was I hduc stress
cracking and |th@8fdmarkets, currently dominated by glass, where
legislation prohibits use of non-returnable packages.
The goal is to produce z refillable bottle having the
necessary physical cha:acteriﬁtics to withstand numerous
refill cycles, and which is still economical to produce.

Generilly, a refillable plastic bottle must
maintain its functional and sesthetic features over a
minimum of 10 and preferably over 20 cycles or loops to
be considered economically feasible. A loop is
compriéed of (1) an empty hot caustic wash followed by
{2) contaminant inspection and product f£illing/capping,
(3) warehouse storage, (4) distribution to wholesale and
retail locations and (5) purchase, use and empty storage
by the consumer followed by eventual return to the
bottler. This cycle is illustrated in FIG. 1. In an
alternative cycle, the contaminant inspection occurs
prior to the caustie wash.

Refillable containers must meet several Rey
performance criteria to achieve commercial wviability,
including:

1. high elarity (transparency) to permit on-line
visual inspection;

2. dimenslonal stability over the life of the
container; and £

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



-3- A comercially successful PET refillable CSD container is presently
being distributed by The Coca-Col a Conpany in Europe (hereinafter "the
prior art container"). This container is fornmed of a single |ayer of a

pol yet hyl ene terephthal ate (PET) copol ynmer having 3-5% conononer, such as
1, 4- cycl ohexanedi net hanol (CHDM or isophthalic acid (I PA). The preform
fromwhich this bottle is stretch bl ow nol ded, has a sidewall thickness on
the order of 5-7 nm or about 2-2.5 tinmes that of a preformfor a

di sposabl e one-way bottle. This provides a greater average bottle sidewall
thickness (i.e., 0.5-0.7 mm) required for abuse resistance and di nensi ona
stability, based on a planar stretch ratio of about 10:1. The average
crystallinity in the panel (cylindrical sidewall section beneath the | abel)
i s about 15-20% The high copolynmer content prevents visual
crystallization, i.e., haze, fromformng in the preformduring injection
nol di ng. Preform haze is undesirable becauseg t produces bottle haze which
hi nders the visual on-line inspection required of commercial refil
containers. various aspects of this prior art container are described in
Continental PET Technology's U S. Patent Nos. 4,725,464, 4,755, 404,

5,066,528 and 5,198, 248. a commercially successful PET refillable

' CSD container is presently being distributed by The
Coca-Cola Company in Europe (hereinafter “the prior
art container"). This container is formed of a
single layer of a polyethylene terephthalate (PET)
copolymer having 3-5% comonomer, such as
1,4~cyclohexanedimethanol (CHDM) or isophthalic-acid
(IPA). The preform, from which this bottle is
stretch blow molded, has a sidewall thickness on the
order of 5-7 mm, or about 2-2.5 times that of &
preform for a disposable one-way bottle. This
provides a greater average bottle sidewall thickness
(i.e., 0.5-0.7 mm) regquired for abuse resistance and
dimensional stability, based on a planar stretch
ratio of about 10:1. The average crystallinity in
the panel (cylindrical sidewall section beneath the
label) is about 15-20%. The high copolymer content
prevents visual crystallization, i.e., haze, from
forming in the preform during injection molding.
Preform haze is undesirable because it produces
bottle haze which hinders the visual on-line
inspection required of commercial refill containers.
Various aspects of this prior art container are
described in Continental PET Technology‘s U.S. Patent
Nos. 4,725,464, 4,755,404, 5,066,528 and 5,198,248,



-4- The prior art container has a denonstrated field viability in excess of
20 refill trips at caustic wash tenperatures of up to 60[err]C Although
successful, there exists a commercial need for an inproved contai ner that
permts an increase in wash tenperature of greater than 60[err]C, along
with a reduction in product flavor carryover. The latter- occurs when
flavor ingredients froma first product (e.g., root beer) magrate into the
bottle sidewall and subsequently perneate into a second product (e.g., club
soda) on a later fill cycle, thus influencing the taste of the second
product. An increase in wash tenperature may al so be desirable in order to
I ncrease the effectiveness and/or reduce the tinme of the caustic wash, and
may be required with certain food products such as juice or mlk. Thus, it
woul d be desirable to increase the caustic wash tenperature above 60[err]C

for a returnable bottle having a lifetinme of at |east 10 refill trips, and
preferably 20 refill trips, and to reduce the product flavor carryover.
These and ot her objects are achieved by the present invention as set forth
bel ow. - 5- - 4 -

The prior art container has a demonstrated
field viability in excess of 20 refill trips at
caustic wash temperatures of up to 60°C. Although
successful, there exists a commercial need for an
improved container that permits an increase in wash
temperature of greater than 60°C, along with a
reduction in produét flavor carryover. The latter-
occurs when flavor ingredients from a first product
(e.g., root beer) migrate into the bottle sidewall
and subsequently permeate into a second product’
(e.g., club soda) on a later f£ill cycle, thus
influencing the taste of the second product. An
intrease in wash temperature may alsoc be desirable
in order to increase the effectiveness and/or reduce
the time of the caustic wash, and may be required
with certain food products such as juice or milk.

Thus, it would be desirable to increase the
caustic wash temperature above 60°C for a returnable
bottle having a lifetime of at least 10 refill
trips, and prefersbly 20 refill trips, and to reduce 2
the product flavor carryover. These and other
objects are achieved by the present invention as set
forth below.



Summary of the Invention In accordance with this invention, a nethod of
formng a container is provided having an enhanced | evel of sidewall
crystallinity and a | ow | evel of base crystallinity. The contai ner has

| nproved resistance to caustic stress cracking, while maintaining a high

‘I evel of transparency (clarity) and dinensional stability, and thus is
particularly suitable for refill able beverage bottles. The contai ner has a
lifetime of at least 10 refill cycles and nore preferably at |east 20
refill cycles, at caustic washing tenperatures of above 60[err]C The
cont ai ner exhi bit's a reduction in flavor carryover of at |east 20% over the
previously described refillable csb prior art container. The nethod of
form ng the container includes a first expansion step in which a
substantial l y anorphous pol yester prefornis at |east partially expanded
into an internediate article, followed by=-asSheat treating step in which the
internmediate article is at |east partially heated to contract and
crystallize the sanme, and then a second expansion step in which the
contracted internediate article is reexpanded to formthe final container.

-6- In a first nmethod enbodi negtummdry hef the Invention

In accordance with this invention, a method
of forming a container is provided having an
enhanced level of sidewall crystallinity and a low
level of base crystallinity. The container has
improved resistance to caustic stress cracking,

‘while maintaining a high level of transparency
(clarity) and dimensional stability, and thus is
particularly suitable for refillable beverage
bottles. The container has a lifetime of at least
10 refill cycles and more preferably at least 20
refill cycles, at caustic washing temperatures of
above 60°C. The container exhibits a reduction in
flavor carryover of at least 20% over the previously
described refillable CSD prior art container.

The method of forming the container
includes a first expansion step in which a
substantially amorphous polyester preform is at
least partially expanded into an intermediate
article, followed by a heat treating step in which

" the intermediate article is at least partially heated

to contract and crystallize the same, and then a g
second expansion step in which the contracted '
intermediate article is reexpanded to form the final
container.



I nvention, a base-formng section of the preformis not expanded during the
first expansion step, is not heated and remai ns substantially unchanged in
crystallinity during the heat treating step, and is expanded wi t hout
significant crystallinity change during the second expansion step. In
contrast, a sidewall-formng section of the preformis expanded during the
first expansion step to dinensions substantially equal to or greater than
t he di nensions of the final container sidewall, heated to crystallize and
contract the sane bel ow the di nmensions of the final container during the
heat treating step, and reexpanded during the second expansion step to the
final dinensions of the container sidewall. The relatively thinner
cont ai ner sidewall thus achieves a substantially higher percent
crystallinity than the thicker base, which provides enhanced resistance to
caustic stress cracking in both the sidewat|é and base. In a second net hod
enbodi nent, the base-form ng section of the,preformis expanded during the
first expansion step, but is not heated during the heat treating step so
that it maintains a low |l evel of crystallinity conpared to the container
sidewal | . Again, the sidelnl k- fbrstnmethodi embodiment poffthen i s expanded

during the first;gyBaRsbR) a bade-forming.section of the preform is
not expanded during the first expansion step, is not
heated and remains substantially unchanged in
crystallinity during the heat treating step, and is
expanded without significant crystallinity change
during the second expansion step. In contrast, a
sidewall-forming section of the preform is expanded
during the first eipansion step to dimensions |
substantially equal to or greater than the
dimensions of the final container sidewall, heated
to crystallize and contract the same below the
dimensions of the final container during the heat
treating step, and. reexpanded during the second
expansion step to the final dimensions of the
container sidewall. The relatively thinner
container sidewall thus achieves a substantially
higher pe:cen% crystallinity than the thicker base,
which provides enhanced resistance to caustic stress
cracking in both the sidewall and base.

In a second method embodiment, the
base-forming section of the preform is expanded g
during the first expansion step, but is not heated '
during the heat treating step so that it maintains a
low level of crystallinity compared to the container
sidewall. Again, the sidewall-forming section of
the preform is expanded during the first expansion



step to forman internedi ate expanded sidewall w th di nensions
substantially equal to or greater than the dinensions of the final

contai ner sidewall, the expanded internediate sidewall is then heated to
crystallize and contract the same bel ow t he di nensions of the final
container sidewall, and then the contracted internmedi ate sidewall is
expanded during the second expansion step to the final dinensions of the
contai ner sidewall. The thinner container sidewall thus achieves a

substantially higher percent crystallinity than the thicker base, which
provi des enhanced resistance to caustic stress cracking in both the
sidewal | and base. The base-form ng section of the preformis generally
substantially thicker than the sidewall- form ng section and thus nore
resistant to heating (and resultant- crystallization) during the heat
treating step. In addition, it is preferr§d7t6 | ocalize or confine the
heat treatnment to the internediate sidewall, while the base-form ng section
(or base) is shielded to prevent heating thereof. In one preferred heat

ow of heati ng o KR EC KRR FR| RHGFRRLHASE SRARRed SidRrEL e & 0)
to protect the badimedsioansgssbstimtif{lly el 2o ior grestemveligiy Wi th
the contracting sigeVidhendioffldls Oe Ainal container sidewall, the
expanded intermedlste sidewall is then heated to
crystallize and contract the same below the
dimensions of the final container sidewall, and then
the contracted intermediate sidewall is expanded
during the second expansion step to the final
dimensions of the container sidewall. The thinner
container sidewall thus achieves a substantially
higher percent crystallinity than the thicker base,
which provides enhanced resistance to caustic stress
cracking in both the sidewall and base.

The base-forming section of the preform is
generally substantially thicker than the sidewall-
forming section and thus more resistant to heating
(and resultant crystallization) during the heat
treating step. In addition,:it is preferred to
localize or confine the heat: treatment to the
intermediate sidewsll, while the base-forming
section (or base) is shielded to prevent heating
thereof. In one preferred heat treating step, the
intermediate container is heated by passing through
a rov of heating elements and shielding elements
move (or increase in size) to protect the base-
forming section (or base) as it moves upwardly with
the contracting sidewall. In addition, a



contracting centering rod is positioned wthin the contracting internediate
article, and the internal pressure within the internediate article is
controlled, to pronote uniformand controlled contraction thereof. In

anot her preferred heat treating step, a cooling nmechani smsuch as a novabl e
wat er - cool ed base cup remains.in contact wwth the base-form ng section (or
base) to prevent heating thereof. Alternatively, a cooling nmechanism
directs a cooling fluid (such as cold air) against the base-form ng section
(or base) of the contracting article to prevent heating of the base. In
addition, the relatively thicker neck and shoul der sections may be shi el ded
to prevent heating thereof. The resulting container has a highly oriented,
relatively thin and highly crystalline sidewall panel portion having at

| east 25% average crystallinity, and nore.pgeferably about 30 to 35%
average crystallinity. The contai ner base includes a thickened base portion
of low orientation and crystallinity, i.e., no greater than about 10%
average crystallinity. The mall thickness of the thickened base portion is

generally al | catindricdity #o/ 1308Kk i 21bRed WL BAERORENE panel
It evels |% the

H gher crystallini anel al .o eratures,
elg 65[grr] ok elGﬁQéFYbrogﬁgsFﬁg ?P%ﬁggeﬁo Eeat and

cool pressure within the intermediate article is
controlled, to promote uniform and controlled
contraction thereof. 1In another prefer:eé heat
treating step, a cooling mechanism such as a movable
water-cooled base cup remains in contact with the -
base-forming section (or base) to prevent hesting
thereof. Alternatively, a cooling mechanism directs
a2 cooling fluld (such as cold air) against the
base-forming section (or base) of the contracting
article to prevent heating of the base. In addition,
the relatively thicker neck and shoulder sections
may be shielded to prevent heating thereof.

The resulting container has a highly
oriented, relatively thin and highly crystalline
sidewall panel portion having at least 25% average
crystallinity, and more preferably about 30 to 35%
average crystallinity. The container base includes
a thickened base portion of low orientation and
crystallinity, i.e.., no greater than about 10%
average crystallinity. The wall thickness of the
thickened base portion is generally at least 3X, and
more typically about 3 to 4X that of the panel.
Higher crystallinity levels in the panel allow
higher wash temperatures, ¢.g., 65° or 70°C, but
require longer processing times (to heat and cool



-9- the sidewall). A very high crystallinity |evel of 50% has been

achi eved, By "average" crystallinity is neant an average taken over the
entire area of the respective container part, i.e., panel or thickened base
portion. In one enbodinment, the container is a one-piece refillable
pressurized beverage container with a free-standi ng base. The sidewall (in
particul ar the panel) has a wall thickness of about 0.5 to about 0.8mm and
during the first expanding step the'sidewall-form ng section of the preform
is stretched at a, planar stretch ratio of about 10-16:1 (i.e., the

t hi ckness reduction ratio of the expanded internediate sidewall to the
preform sidewal | ), and during the second expansi on step the contracted
intermedi ate sidewall is stretched at a planar stretch ratio of about
7-15:1, and nore preferably 9-11:1 (i.e., the thickness reduction ratio of
the final sidewall to the preformsidewal 9.2 Fhe contai ner has a chanpagne
base with an upwardly radially increasing arcuate outer base wall, a

| ower nost chine, and a recessed central done, the chine preferably having
an average percent crystallinity of no greater than about 10% and nore
preferably about thesmidemalile canwezy High prystalbinityvlievelnofiver age

“crystallinity of sp@ Nase bedd a2hdgired’0 ﬁ?d"ﬂgéfaﬁéeféffwiyiffnf@ﬁe t han

e

about 2% .
is meant an average taken over the entire area of

the respective container part, i.e., panel or
thickened base portion.

In one embodiment, the container is a-
one-piece refillable pressurized beverage container
with a free-standing base. The sidewall (in
particular the panel) has a wall thickness of about
0.5 to about 0.8mm, and during the first expanding
step the sidewall-forming section of the preform is
stretched at a planar stretch ratio of about 10-16:1
(i.e., the thickness reduction ratic of the expanded
intermediate sidewall to the preform sidewall), and
during the second expansion step the centracted
intermediate sidewall is stretched at a planar
stretch ratio of about 7-15:1, and more preferably
9-~11:1 (i.e., the thickness reduction ratio of the
final sidewall to the preform sidewall). The
container has a champagne base with an upwardly
radially increasing arcuate outer base wall, a
lowermost chime, and a recessed central dome, the iy
chime preferably having an average percent '
crystallinity of no greater than about 10%, and more
preferably about 2-8%, and the central dome
preferably having an average crystallinity of no
more than about 8%, and more preferably no more than
about 2%.



- 10 - Alternatively, the contai ner may have a substantially thinner
"footed" base including a hem spherical bottomwall w th downwardly
extending | egs which termnate in | owernost supporting feet. The

hem spherical bottomwall includes radial ribs between the legs. A
relatively thin outer portion of the base (including the ribs, |egs and
feet) preferably has an average crystallinity of at |east about 10% and
nore preferably about 15-20% and a substantially thicker central portion
of the bottomwall (w thout |egs) has an average crystallinity of no nore
t han about 8% and preferably no nore than about 2% In still another
enbodi nent, the inproved resistance to stress cracking and di nensi onal
changes at el evated tenperatures nmakes the container of this invention

particularly suitable as a hot-fill container. These and ot her features of
the invention will be nore particularly desggibed by the follow ng detail ed
description and draw ngs of certain specific enbodi ments. Bri ef
Description of the Drawings FIG 1 is a schematic illustration show ng

Alternatively, the container may have a
substantially thinner “footed" base including a
hemispherical bottom wall with downwardly extending
legs which terminate in lowermost supporting feet.
The hemispherical bottom wall includes radial ribs
between the legs. A relatively thin outer portion
of the base (including the ribs, legs and feet)
preferably has an average crystallinity of at least
about 10%, and more preferably about 15-20%, and a
substantially thicker central portion of the bottom
wall (without legs) has an average crystallinity of
no more than about 8%, and preferably no more than
about 2%.

In still another embodiment, the improved
resistance to stress cracking and dimensional
changes at elevated temperatures makes the container
of this invention particularily suitable as a
hot-£ill container.

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



a typical cycle or loop through which a refill able container nust pass;
FIG 2 is a schematic elevational view of a PET refillable 1.5-1iter
carbonat ed beverage bottle of this invention with a chanpagne base,
partially broken away, and showi ng the varying wall thickness and average
percent crystallinity at various positions along the bottle; FIG 3 is a
schematic el evational view of a PET refillable 1.5-1iter carbonated
beverage bottle of this invention with a footed base, partially broken
away, and showi ng the varying wall thickness and percent crystallinity at
vari ous positiong along the bottle; FIGS. 4-7 are schematic illustrations
of a first nethod enbodi nent of the invention wherein the base-formng
section of the preformis not expanded during the first expansion step,
with FIG 4 showing the preformpositioned in a blow nold, FIG 5 show ng
the first expansion step, FIG 6 show ng £hpj heat treatnent by infrared
(IR heating el ements and shielding el enents around the base-form ng
section, and FIG 7 showi ng the second expansion step to froma final
contai ner with a chanpagne base; - 12 - FIGS. 8-11 are schematic
illustrations of a second i d 1O ' i offf thBeDy gon wherein

FIG. 1 is a schematic illustration showing
a typical cycle or loop through which a refillable
container must pass;

FIG. 2 is a schematic elevational view of a
PET refillable '1.5-1iter carbonated beverage bottle
of this invention with a champagne base, partially
broken away, and showing the varying wall thickness
and average percent crystallinity at various
positions along the bottle; '

FIG. 3 is a schematic elevational view of a
PET refillable 1.5-liter carbonated beverage bottle
of this invention with a footed base, partially
broken away, and showing the varying wall thickness
and percent crystallinity at various positions along
the bottle; o
FIGS. 4~7 are schematic illustrations of a
first method embodiment of the invention wherein the
base-forming section of the preform is not expanded
during the first expansion step, with FIG. & showing
the preform positioned in 8 blow mold, FIG. 5
showing the ‘first expansion step, FIG. 6 showing the
heat treatment by infrared (IR) heating elements and
shielding elements around the base-forming section,
and FIG. 7 showing the second expansion step to from
a final container with a champagne base;



the base-formng section is expanded during the first expansion step, with
FIG 8 showing the preformpositioned in a blow nold, FIG 9 show ng the
first expansion step which includes expansion of the base, FIG 10 show ng
the heat treating step in which the base is shielded, and FIG 11 show ng

t he second expansion step to forma final container with a chanpagne base;
FIGS. 12-13 are schematic profiles of the containers of Figs. 4-11 during
the sequential nethod steps, with FIG 12 showi ng the sequential profiles
for the first method enbodi nent of FIGS. 4-7 (base not blown during first
expansi on step), and FIG 13 showi ng the sequential profiles for the second
nmet hod enbodi ment of FIGS. 8-11 (base bl own during first expansion step);

FI GS. 14-15 are schematic profiles of two alternative footed containers,
made according to the two previously defined nethod enbodi mrents, with FIG
14 showi ng sequential profiles for the firstl®2ethod enbodi nent in which the
base-form ng section is not expanded during the first expansion step, and
FI'G 15 showi ng the sequential profiles for the second nethod enbodi nent in
whi ch the outer base is partially expanded during the first expansion step;
-13- FIG 16 is an enl ar ge®IeShe8alilcagé schematic illustrations of a

second method embodiment of the invention wherein
the base~forming section is expanded during the
first expansion step, with FIG. 8 showing the
preform positioned in a blow mold, FIG. 9 showing
the first expansion step which includes expansion of
the base, FIG. 10 showing the heat treating step in
which the base is shielded, and FIG. 11 showing the
second expansion step to form a final container with
a champagne base;

F1GS. 12-13 are schematic profiles of the
containers of Figs. 4-11 during the seguential method
steps, with FIG. 12 showing the sequential profiles
for the first method embodiment of F1GS. 4-7 (base
not blown during first expansion step), and FIG. 13
showing the sequential profiles for the second
method embodiment of FIGS. 8-11 (base blown during
first expansion step);

FIGS. 14-15 are schematic profiles of two
alternative footed containers, made according to the
two previously defined method embodiments, with
FIG. 14 showing sequential profiles for the.first y
method embodiment in which the base-forming section '
is not expanded during the first expansion step, and
FIG. 15 showing the sequential profiles for the
second method embodiment in which the outer base is
partially expanded during the first expansion step;



alternative apparatus for heat treating in which the internediate article

I s exposed to hot air froma pair of blowers; the container shown has a
chanpagne base and is made according to the first nmethod enbodi ment of the
invention; FIG 17 is an enlarged schemati c showi ng an alternative
apparatus for heat treating which includes, in addition to hot air blowers,
a water- cool ed base cup to prevent heating of the base; the container
shown has a chanpagne base and is nade according to the second net hod
enbodi nent of the invention; FIG 18 is an enlarged schemati c show ng an
alternative appardtus for heat treating which includes, in addition to
infrared heating elenents directed at the sidewall and novable shields for
the base, a tube for directing cold air at the base to prevent heating

t hereof; the contai ner shown has 'a footed base and is nade according to the
second met hod enbodi nent of the invention;=-ad8 #£IG 19 is an enl arged
schemati ¢ showi ng an alternative apparatus for heat treating, wherein radio
frequency (RF) el ectrodes of variable length are provided to sel ectively
heat the sidewall of a container with a chanpagne base made according to
the first method enbodi mren®I¢. 1l6e isnwanendarged schdmatic of an

alternative apparatus for hest treating in which the
intermediate article is exposed to hot air from a
pair of blowers; the container shown has a'champagne
base and is made according to the first method
embodiment of the invention;

F1G. 17 is an enlarged schematic showing an
alternative apparatus for heat treating which
includes, in addition to hot air blowers, a water-
cooled base cup to prevent heating of the base; the
container shown has a champagne base and is made
according to the second method embodiment of the
invention;

FIG. 18 is an enlarged schematic showing an
alternative apparatus for heat treating which
includes, in addition to infrared heating elements
directed at the sidewall and.movable shields for the
base, a tube for directing cold air at the base to
prevent heating thereof; the container shown has a
footed base and is made according to the second
method embodiment of the invention: and

FIG. 19 is an enlarged schematic showing an
alternative apparatus for heat treating, wherein
radio freguency (RF) electrodes of variable length
are provided to selectively heat the sidewall of a
container with a champagne base made according to
the first method embodiment of the invention.



Det ai |l ed Description Referring nowto the drawi ngs, and in particular FIG
1, a comercial refillable container nmust withstand nunerous refill cycles
while maintaining its aesthetic and functional features. A test procedure
for simulating such a cycle would be as follows. As used in the
specification and clains, the ability to withstand a desi gnated nunber of
refill cycles wthout crack failure and/or with a maxi nrum vol une change is
determ ned according to the follow ng test procedure. Each container is
subjected to a typical commercial caustic wash solution prepared with 3.5%
sodi um hydroxi de by wei ght and tap water. The wash solution is maintained
at the designated wash tenperature, i.e., 60[err]C or nore, in accordance
with this invention. The bottles are subnerged uncapped in the wash for 15
mnutes to sinulate the tinme/ tenperature, conditions of a comrercial bottle
wash system After renoval fromthe wast4oT ution, the bottles are rinsed
in tap water and then filled with a carbonated water solution at 4.0 [err]
0.2 atnospheres (to simulate the pressure in a carbonated soft drink
container), capped and placed in a, 38[err]C,cqonvection oven at .50%relative
hum dity for 24 hours. This el BF28BE S LRROIRTROD ure is selected to

sinul ate | onger comrer cRefestingosowets e Arawdngs ,aaiidein

particular FIG. 1, & commercial refillable container
must withstand numerous refill cycles while
maintaining its aesthetic and functional features.

A test procedure for simulating such &8 cycle would
be as follows, As uged in the specification and
claims, the ability to withstand a8 designated number
of refill cycles without crack failure and/or with a
maximum volume change is determined according to the
following test procedure. :

Each container is subjected to a typical
commercial caustic wash solution prepared with 3.S5%
sodium hydroxide by weight and tap water. The wash
solution is maintained at the designated wash
temperature, l.e,, 60°C or more, in accordance with
this invention. The dottles are submerged uncapped
in the wash for 15 minutes to simulate the time/
temperature conditions of a commercial bottle wash
system. After removal from the wash .solution, the
bottles are rinsed in tap water:and then filled with
a carbonated water solution at 4.0 + 0.2 atmospheres
{to simulate the pressure in a ca;bonated soft drink
container), capped and placed in a 38°C convection
oven at S0% relative humidity for 24 hours. This
elevated oven temperature is selected to simulate
longer commercial storage periods at lower ambient




- 15 - tenperatures. Upon renoval fromthe oven, the containers are
enptied and again subjected to the sane refill cycle, until failure. A
failure is defined as any crack propagating through the bottle wall which
results in | eakage and pressure |oss. Volume change is deternined by
conparing the volume of liquid the container will hold at room tenperature,
both before and after each refill cycle. The container of Fig. 2, described
bel ow, can withstand at |east 20 refill cycles at a wash tenperature of
greater than 6Q[err]C without failure, and with no nore than about 1.5%

vol une change after 20 cycles. The container also exhibits at |east a 20%
reduction in product flavor carryover (conpared to the prior art CSD
bottle) as determ ned by gas chromat ography nmass spectroneter neasurenents.
FIG 2 shows a PET refillable 1.5 liter carbonated beverage bottle having a
relatively thick chanpagne base, nade in 48cOrdance with this invention

The bottle 10 is a unitary bl ow nol ded, biaxially-oriented holl ow body
having an open upper end 12, with external screw threads on neck finish 14
for receiving a screw-on cap (not shown), and a | ower closed base 16.

Bet ween t he neSRMPEXRAENXR8d b Enl§°E°¥ﬁgsf£ﬂW|%ﬂ¢3PYRﬂ¢|§k§ly di'sposed

sidewal | 18 ingbntadte?d dWeRchmpeRedcindhaghile’sulsiddted Xo the
same refill eycle, until failure.

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

The container of Fig. 2, described below,
can withstand at least 20 refill cycles at a wash
temperature of greater than 60°C without failure,
and with no more than about 1.5% volume change after
20 cycles. The container also exhibits at least a
20% reduction in product flavor carryover (compared
to the prior art CSD bottle) as determined by gas
chromatography mass spectrometer measurements.

FIG. 2 shows a PET refillable 1.5 liter
carbonated beverage bottle having & relatively thick
champagne base, made in accordance with this
invention. The bottle 10 is a unitary blow-molded,
biaxially-criented hollow body having an open upper
end 12, with external screw threads on neck finish
14 for receiving a screw-on cap (not shown), and a
lover closed base 16. Between the neck finish and
base is a substantially vertically-disposed sidewall
18 including an upper tapered shoulder portion 20,



- 16 - and a substantially cylindrical panel portion 22 (defined by
vertical axis or centerline CL of the bottle). The chanpagne base 16 has a
central outwardly-concave dome with a center gate portion 24, an inwardly
concave chinme area 28 including a standing ring on which the bottle rests,
and a radially increasing and arcuate outer base portion 30 for a snooth
transition to the sidewall 18. The chine is a substantially toroidal-shaped
area around the standing ring which is thickened to resist stress cracking.
The done and chime forma thickened base portion, which is about 3-4X the

t hi ckness of the panel 22, and having an average crystallinity of no
greater than about 10% Preferably, the gate 24 has no nore than about 2%
average crystallinity and the chime no nore than 8% average crystallinity.
The thickened base portion resists heating (and thus crystallinization)
during the heat treating step, as conparedgt e the thinner sidewall panel
22. Above the chine, there is a thinner outer base portion of about 50-70%
of the thickness of the thickened base portion and increasing in
crystallinity up to its junction with the sidewall. The thinner outer base

wal | provi des 'idRY Qv efLBsE@Nid 19y Yydiedrical paRel portion 22°
(defined by vertical axis or centerline CL of the
bottle). The champagne base.ls'has a central
outwardly-concave dome with a center gate portion
24, an inwardly concave chime area 28 including a
standing ring on which the bottle rests, and a
radially increasing and arcuate outer base portion
30 for a smooth transition to the sidewall 18. The
chime is s substantially toroidal-shaped area around
the standing ring which is thickened to resist
stress cracking. The'gome and chime form a thickened
base portion, which is about 3-4X the thickness of
the panel 22, and having an average crystallinity of
no greater than about 10%. Preferably, the gate 24
has no more than about 2% average crystallinity and
the chime no more than 8% average crystallinity.
The thickened base portion resists heating (and thus
crystallinization) duzing the heat treating step, as
compared to the thinner sidewall panel 22. Above
the chime, there is a thinner outer base portion of
about 50-70% of the thickness of the thickened base
portion and increasing in crystazllinity up to its
junction with the sidewall. The thinner outer base
wall provides improved impact registance.



The 1.5 liter container of Fig. 2 is about 13.2 inch (335 mm in height and
about 3.6 inch (92 mm in (w dest) dianeter. The varying wall thickness
along the bottle fromthe neck finish to the base is listed (in M) in FIG
2. along with the correspondi ng average percent crystallinity. The varying
crystallinity |evels correspond to the conbined extent to which the bottle
wal | portion is stretched (strain-induced crystallization) and heated
(thermal -i nduced crystallization). To naintain transparency, any

t hermal -i nduced crystallinity should be froml| owtenperature i nduced heat
setting, e.g.,"in contact with a nold at nold tenperatures of 110-140[err]C
for PET. The percent crystallinity is determ ned according to ASTM 1505 as
follows: %crystallinity = [ds - da)/(dc - da)] X 100 where ds = sanple
density in g/cnferr], da = density of an annrphous filmof zero percent
crystallinity (for PET 1.333 g/cnferr] )1 afnd dc = density of the crystal
calculated fromunit cell paraneters (for PET 1. 455 g/cnferr]). A
preformfor making the container of Fig. 2 has a sidewall thickness of

about 0.24 in (6.1 mm and the_sidewall panel 22 is strefched at an average
pl anar stretch ratio oﬂﬁEb&uﬁ igtfz e?ﬁﬁ‘%?ﬂﬁa?£§?#$tdﬁ 38:2BO¥E the ratio

of the averagqst,i? dinedsY335 mm) in-height and about 3.6 inch (92
mm) in (widest) dismeter. The varying wall
thickness along the bottle from the neck finish to
the base is listed (in mm) in FIG. 2, along with the
corresponding average percent crystallinity. The
varying crystallinity levels correspond to the
combined extent to which the bottle wall portion is
stretched (strain-induced crystallization) and
heated (thermal-induced crystallization). To
maintain transparency, any thermal-induced
crystallinity shoyld be from low-temperature induced
heat setting, e.¢., in contact with a mold at mold
temperatures of 110-140°C for PET. The percent
crystallinity is determined according to ASTM 1505
as follows: .

% crystallinity = [(ds - da)/{dc -~ da)] X 100
where ds = sample density in g/ems. da = density
of an amorphous film of -2¢ro percent crystallinity
(for PET 1.333 g/cma). and dc = .density of the
crystal calculated from unit cell parameters (for
PET 1.455 g/ems).



of the panel-form ng portion of the preformto the average thickness of the
panel in the bottle. A preferred planar stretch ratio for polyester refil
beverage bottles of about 0.5 to 2.0 liters/volume is about 7-14:1, and
nore preferably about 8-13:1. The hoop stretch is preferably 3-3,6:1 and
the axial stretch 2-3:1. This produces a container sidewall panel with the
desired abuse resistance, and a preformsidewall with the desired visual
transparency. The sidewall thickness and stretch ratio sel ected depends on
t he di nensions of the specific bottle, the internal pressure (e.g., 2 atm
for beer, 4 atmfor soft drinks), and the processing characteristics of the
particular material (as determ ned for exanple, by the intrinsic
viscosity). As illustrated in FIG 2, the panel portion 22 of the container
which is blown to the greatest extent has. tyg Ji ghest average percent
crystallinity of 25-35% The tapered shoul der 20, which is al so expanded
substantially nore than the base 16, has an average percent crystallinity
of 20-30% In contrast, the substantially thicker and | esser bl own -19 -

base 16 has 0-2% crystal IA ﬂ/féﬂ%tgﬁne éﬁﬁ?%%‘%’&%"?f‘#& chi ne

28, and ranges therebetmee 1Nt out er

crystallinity r s $IeYahd thicinessof sheyt Qs t19 46odt M- 30%

and the sidewall panel 22 is stretehed at an average
planar stretch ratio of about 10:1. The planar
stretch ratio is the ratio of the average thickness
of the panel-forming portion of the preform to the
average thickness of the panel in the bottle. a
preferred planar stretch ratio for polyester refill
beverage bottles of about 0.5 to 2.0 liters/volume
is about 7-14:1, and more preferably about 8-13:1.
The hoop stretch is preferably 3-3.6:1 and the axial
stretch 2-3:1. This produces a.container sidewall
panel with the desired abuse resistance, and a
preform sidewall with. .the desired visual transparency.
The sidewall thickness and stretch ratio selected
depends on the dimensions of the specific bottle,
the internal pressure (e.g., 2 atm for beer, 4 atm
for soft drinks), and the processing characteristics
of the particular material (as determined for
example, by the intrinsic viscosity).

Az illustrated in FIG. 2, the panel portion
22 of the container which is blown to the greatest
extent has the highest average percent crystallinity
of 25-35%. The tapered shoulder 20, which is also
expanded substantially more than the base 16, has an
average percent crystallinity of 20-30%. In
contrast, the substantially thicker and lesser blown



where the outer base neets the cylindrical panel 22. The neck finish 14 is
not expanded and remai ns substantially anorphous at 0-2%crystallinity.
Varying |l evels of crystallinity can be achieved by a conbinati on of
expansion (strain- induced) and heat-setting (thermal-induced). Generally,
strain-induced crystallinity tends to be substantially uniform across the
t hi ckness of the particular layer, while thermal induced crystallinity may
exhibit a gradieht across the wall. In this invention, a high |evel of
crystallinity at the inner and outer surfaces of the sidewall alone is
sufficient for inproved stress crack resistance. However, typically a
substantially constant average |evel of crystallinity is achieved across
the sidewal|l. The bl own container shoul d hetS&ubstantial |y transparent based
on the percent crystaliinity as previously defined. Another neasure of
transparency is t-he percent haze for transmtted |ight through the wail
(Herr]) which is given by the follow ng formula: [err] - 20 - where
Yierr] is the dibas@elfibds Ir2hanyatalinite igpshensentaad se] is the
specular |ight tzgnsziggeih byné eh e @9Eand tande’s’ therdbetenulisy |ight

the dome 26. The outer base 30 crystallinity ranges

from that in the chime 28 (2-8%) to about 20-30% -

vhere the outer base meets the cylindrical panel 22.

The neck finish 14 1s not expanded and remains

substantially amorphous at 0-2% crystallinity,

Varying levels of crystallinity can be

schieved by & combination of expansion (strain-

induced) and heat-setting (thermal-induced).

Generally, stresin-induced crystallinity tends to be

substantially uniform across the thickness of the

particular layer, while thermal~induced crystallinity

may exhibit a gradient across the wall. In this

invention, a high level of crystallinity at the

inner and outer surfaces of the sidewall alone is

sufficient for improved stress crack resistance.

However, typically a substantially constant average

level of crystallinity is achieved across the

gidewall. r
The blown conitainer should be substantially
transparent based on the percent crystallinity as
previously defined. Another measure of transparency
is the percent haze for transmitted light through
the wall (HT) vhich is given by the following

formula:

Hp = [Yde-(yd-;-ys)] X 100



transm ssi on val ues are neasured in accordance with ASTM Met hod D 1003,
using any standard col or difference neter such as nodel D25D3P manuf act ured
by Hunterlab, Inc. The container of this invention should have a percent
haze (through the wall) of |ess than about 15% preferably |ess than about
10% and nore preferably | ess than about 5% The follow ng test was
conducted which showed a reduction in flavor carry-over for a 1.5-liter
container of Fig. 2 having an average crystallinity level in the panel of
30-35% (container 1), and the previously des@% bed prior art bottle of the
sanme size and shape having an average crystallinity level in the panel of
15-20% (container 11). A nodel beverage sinulant was prepared conprising
the follow ng four materials (conmon to beverage products) mixed in

dei oni zed wat er atwheredf); ris mhs diffuse tld-gi‘é\/éirra@@ﬂﬁmw th® material

A is a cycl ohexan 1(1 tmtt;@&;lsaﬁt@éds an
et hyl conpound m%%é%%?'ze? ¥%cufar ralférfql % i%x (d)
material Dis a sibplEheapecimenn Ihe ?ﬁG Lo AHOBE e ght
range. The nodel bevgiaetssion | vilues are weakured in accordance with

ASTM Method D 1003, using any standard color
difference meter such as model D25D3P manufactured
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 preferably less than about 5%.

The following test was conducted which
showed a reduction in flavor carry-over for a
1.5-1liter container of Fig. 2 having an average
crystallinity level ip the panel of 30-35%
(container I), and the previously described prior
art bottle of the same size and shape having an
average crystallinity level in the panel of 15-20%
. (container II).

A model beverage simulant was prepared
comprising the following four materials (common to
beverage products) mixzed in deionized wvater at
concentrations normal to beverage products:

(a) material A is a cyclohexane;
(b) material B is an aldehyde;
(c) material C is an ethyl compound in the

195-205 molecular weight range; and



the sanple bottles and held for six weeks at 110[err]F. The sanple bottles
were then enptied out and subjected to a sinmulated commercial wash at
60[err]C and 15 mnutes in a 2% sodi um hydroxi de sol ution. The bottles were
then filled with a weak acetic acid solution and held at 110[err]F for
anot her six weeks. Note that thi's wash procedure is specific to this
carryover test and not intended to nodify the previously defined refil
cycle sinmul ated test procedure. At the end of the second six-week hol di ng
period, the solutlon was decanted into well sealed glass bottles and
refrigerated®until tested. Testing was performed using a Hew ett- Packard
gas chromat ogr apher 5890A. The sanple bottles contained the follow ng
avgrage renmanents of materials A-D as shown below in mcrogranms per liter

Cont ai ner | Container Il (Fig. 2) 1 - (prior art) Material A
92 155 Material B 56D 962 Material C
0. 13 0.25 Material D, 0. 57 1.2 - 22 - The

contai ner of this invention (container I) generally showed about half the
flavor carry-ovepaq theekBQinnCRIME" Sib1d WpdfocsiBA" 8L En I

the 130-140 molecular weight range.

The model beverage simulant was poured into
the sample bottles and held for six weeks at 110°F.

The sample bottles were then emptied out
and subjected to a simulated commercial wash at 60°C
and 15 minutes in a 2% sodium hydroxide solution.
The bottles were then filled with a weak acetic acid
solution and held at 110°F for another six weeks.
Note that this wash procedure is specific to this
carryover test and not intended to modify the
previously defined refill cycle~simu1ated test
procedure. o

At the end of the second six-week holding
period, the solution was decanted into well sealed
glass bottles and refrigerated until tested.
Testing was performed using a Hewlett-Packard gas
chromatographer 5890A. The sample bottles contained
the following average remanents of materials A-D as
shown below in micrograms per liter:

Container I Container II

Fig, ! -{prior art) i
Material A 92 158
Material B 580 962
Material C 0.13. . 0.28

Material D 0.57 1.2



according to this invention with even higher levels of crystallinity
exhibited still larger reductions in flavor carry-over. The follow ng test

was conducted and showed an inprovenent in dinmensional stability at

el evat ed wash tenperatures of the above-described container of this

i nvention (container 1), as conpared to the previously described prior art
container (container I1). Again, this specific test is for illustrative
pur poses and not nmeant to nodify the previously defined refill cycle

simul ated test ptocedure. Generally, a comercially viable refillable PET
bottl e should have a vol une change of no nore than 1.5%in 20 |l oops in up
to five years. The shrinkage potential of such a comrercial five-year

20-1 oop cycle in noderate clinmates was sinulated by using a five-hour
emersion in a 2% sodi um hydroxi de sol uti 5n2&t —t he bel ow desi gnat ed wash
tenperatures. At each of the three wash tenperatures, the container of this

I nvention (container | with 30-35% average crystallizion in the panel)
e conpared to the prior art container

Ccontainer 11)  Hhe loastannss; oTc khia. ATECRALOB N 6RRREALREFE) casl ng wash
tenperature; togenerdllynshoweddabouthRa3fBheafLevbai 8gtryibles Heoher
crystallinity mgpeP§ndRe’ comndre122 B8t e > "Bontainers made

according to this invention with even higher levels

of crystallinity exhibited still larger reductions

in flavor carry-over.

The following test was conducted and showed
an improvement in dimensional stability at elevated
wash temperatures of the above-described container
of this invention (container I), as compared to the
previously described §:io: art container (container
I1). Again, this specific test:is for illustrative
purposes and not meant to modify the previously
defined refill cycle simulated test procedure,

Generally, a commercially viable refillable
PET bottle should have a volume change of no more
than 1.5% in 20 loops in up to five years., The
shrinkage potential of such a commercial five-year
20-loop cycle in moderate climates was simulated by
using a five-hour emersion in a 2% sodium hydroxide -
solution at the below designated wash temperatures.
At each of the three wash temperatures, the container
of this invention (container I with 30-35% average
crystallizion in the panel) showed significantly
less volume change compared to the prior art
container (container II). An increase in shrinkage
was shown with increasing wash temperature; to

-



General ly, a higher crystallinity level increases the processing cost,
I ncluding the time of heat treating, so that the bottle is nore expensive

to produce. WASH CONTAI NER | CONTAINER i| TEMP ([err] ©
(Fig. 2) ' (Prior Art) 60.0 0. 6% 1.1%
62.5 0. 9% 1.8%65.0 1. 7%

4.2% An alternative PET refillable 1.5 liter carbonated beverage bottle
made in accordance with this invention is showm in FIG 3, but having a
substantially thinner footed base. The bottle 110 is a unitary bl ow nol ded,
bi axi al | y-oriented hol | ow body having an open upper end 112, wth external
screw threads on neck finish 114 for receiving a screwon cap (not shown),
and a cl osed | ower base 116. Between the neck finish and base is a
substantially vertically-di sposed sidewal I23L18 including an upper tapered
shoul der portion 120, and a substantially cylindrical panel portion 122
(defined by vertical axis or center line CL of the -24 - bottle). The

i ntegral base 116 is a substantially hem spherical bottomwall 129 with

downwar dly ext ejildtimd®iEe 1ette Gt N idthta i Wit & Wiftés ng foot 128
on which the contai ne{ {ests. .
crystallinity may be used, i.e., above 30-35%.
Generally, a higher crystallinity level increases
the processing cost, including the time of heat

treating, so t@a;.tho bottle is more expensive to

produce.
WASH CONTAINER I CONTAINER Il
TEMP (°C (Fig. 2) (Prior art)
60.0 0.6% 1.1%
62\5 0.9% ‘ los%

65.0 1.7% } 4.2%

An alternative PET refillable 1.5 liter
carbonated beverage bottle made in accordance with
this invention is shown in F1G. 3, but having a
substantially thinner footed base. The bottle 110
is a unitary blow-molded, biaxially-ocriented hollow
bedy having an open upper end 112, with external
screv threads on neck finish 114 for receiving a
screw-on cap (not shown), and a closed lower base
116. Between the neck finish and base is a
substantially vertically-disposed sidewall 118
including an upper.tapéred shoulder portion 120, and
a substantially cylindrical panel portion 122
(defined by vertical axis or center line CL of the



Radi ating ribs 130 extend between the legs 125 and form part of the

hem spherical bottomwall 129. A central donme portion 124 of the

hem spherical bottomwall, which does not include any legs and is
relatively thick, fornms a thickened central base portion. A thinner outer
base portion 131 includes the legs 125, feet 128 and ribs 130. The | egs,

whi ch are blown further than the hem spherical bottomwall and thus tend to
be relatively thinner than the ribs, include an inner |leg portion 126

adj acent the donme and an outer |leg portion 127 between the foot and
sidewal | of the container. As shown in FIG 3, the average percent
crystallinity in the container sidewall varies according to the anount the
bottle portion is blown and heated. The panel portion 122 which is blown to
the greatest extent, has the highest average crystallinity of 25-35% The

t apered shoul der 120 has the next hi ghest24werage crystallinity of 20-30%
The unexpanded neck finish 114 is substantially anorphous at 0-2% average
crystallinity. The base 116, which is bl own substantially |less than the
sidewal | 118, has 0-2% average crystallinity in the -25 - central done
124, 15-18% avpootted.ysThel intéegrah bagefds 19% sibdtaéntialige

crystallinity fgni BEnblP8al Botb6h 6ET1 155 GO adivePary? aver age
extending legs 125 each having a lowermost
supporting foot 128 on which the container rests.
Radiating ribs 130 extend between the legs 125 and
form part of the hemispherical bottom wall 129. A
central dome portion 124 of the hemispherical bottom
wall, which does not include any legs and is
relatively thick, forms a thickened central base
portion. A thinner outer base pertiocn 131 includes
the legs 125, feet 128 and ribs 130. The legs,
vhich are blown further than the hemispherical
bottom wall and thus tend to be relatively thinner
-than the ribs, 1nc1ude an innetileg portion 126
adjacent the dome and an outer leg portion 127
between the foot and sidewall of the container.

Az shown in FIG, 3, the average percent
crystallinity in the container sidewall varies
according to the amount the bottle portion is blown
and heated. The panel portion 122 which is blown to
the greatest extent, has the highest average
crystallinity of i5~-35%. The tapered shoulder 120
has the next highest average crystallinity of 20-30%.
The unexpanded neck finish 114 is substantially
amorphous at 0-2% average crystallinity. The base
116, which is blown substantially less than the
sidewall 118, has 0-2% average crystallinity in the



crystallinity adjacent the junction with the sidewall. The crystallinity of
the inner leg portion 126 would vary between that of the done 124 (0-2%
and the foot 128 (15-18% . The crystallinity of the outer |leg portion 127
woul d |i kewi se vary between that of the foot 128 (15-18% and the upper
base (20-30% . The substantially higher sidewall panel crystallinity in the
containers of FIGS. 2 and 3, along with the substantially | ower base
crystallinity, provides the enhanced | evel of resistance to caustic wash

i nduced stress cracking in both the sidewall and base. In addition, it

provi des a reduction in flavor carryover when the container is filled with
di fferent beverages on subsequent refill cycles. The contrasting |evels of
sidewal | and base crystallinity can be achi eved by the follow ng two
preferred nmethods of making the contalngg. A first nethod enbodi nent of the
invention is shown in FIGS. 4-7. In thi 4% rst enbodi nent, the base-fornng
section of the preformis not expanded during the first expansion step, and
t he base-form ng section remai ns substantially unchanged -26- in

dirensi ons (and TSl 10) 141Uk L0S-356°00ySERITRRR g W1 e e

the foot 128, 10-15% average crystallinity in the
ribs 130 (between the legs), and 20-30% average
crystallinity adjacent the junction with the
sidewall. The crystallinity of the inner leg portion
126 would vary between that of the dome 124 (0-2%)
.and the foot 128 (15-18%). The crystallinity of the
outer leg portion 127 would likewlse vary between
that of the foot 128 (15-18%) and the upper base
(20-30%).

The substantially higher sidewall panel
crystallinity in the containers of FIGS. 2 and 3,
along with the substantially lower base
crystallinity, provides the enhanced level of
resistance to caustic wash induced stress cracking
in both the sidewall and base. In addition, it
provides a reduction in flavor carryover when the
container is £illed with different beverages on
subsequent refill cycles. The contrasting levels of
gidewall and base crystallinity can be achieved by
the following two prefe:red methods of msking the
container.

A first method embodimeat of the invention
ig shown in FIGS. 4~7. In this first embodiment,
the base-forming section of the preform is not
expanded during the first expansion step, and the
base-forming section remains substantially unchanged



for making a container with a chanpagne base, it can simlarly be used to
make a container wwth a footed base (see Fig. 14). As shown in FIG 4, a
preform 50 is suspended froma rotating collet assenbly 200 and positioned
ina first nold unit 214. The collet assenbly includes a collet 202 which
engages a neck finish 54 of the preformand an internal bore 204 for
supplying fluid to the interior of the preform The collet assenbly further
i ncludes a pressure relief valve 206 for controlling the fluid pressure
within the preformduring the various expansion and contraction steps, and
a novabl e strbtch rod 208 whi ch enhances uniform expansi on and contraction
of the preform The nold unit 214 includes a neck plate 216 whi ch engages a
flange just bel ow the neck finish 54 on the preform an upper nold body 218
having an inner surface 219 for formrua#érasidemall of the internediate
container, and a |ower nold body 220 havihg an inner surface 221 for
engagi ng a base-form ng section of the preform (which is not expanded
during the first expansion step). The nold portions 216, 218 and 220 are

el udes a o b AR O (oA M IRA D S gdognd P DT 0

section 56. ®Expansiomistep. While the process is illustrated
for making a container with a champagne base, it can
similarly be used to make a container with a footed
base (see Fig. 14). '

As shown in F1G. 4, a preform S0 is
suspended from a rotating collet asseﬁbly 200 and
positioned in a first mold unit 214. The ceollet
assembly includes a collet 202 which engages a neck
finish 54 of the preform and an internal bore 204
for supplying £luid to the interior of the preform.
The collet assembly further incliudes a pressure
relief valve 206 for éontrolling the fluid pressure
within the preform during the various expansion and
contraction steps, and a movabl& stretch rod 208
which enhances uniform expansion and contraction of
the preform. The mold unit 214 includes a neck
plate 216 which engages a flange just below the neck
finish 54 on the preform, an upper mold body 218
having an inner surface 219 for forming the sidewall

" of the intermediate container., and a lower mold body
220 having an inner surface 221 for engaging a
base~forming section of the preform (which is not
expanded during the f£irst expansion step). The mold
portions 216, 218 and 220 are kept at various
temperatures for reasons described below. The
preform 50, includes a sidewall-forming section 58



form ng section 58 includes an upper tapered shoul der-form ng section 60
and cylindrical panel- form ng section 62. The base-form ng portion 56 nmay
i nclude a thickened upper portion 64 and thinner |ower portion 66. A
preferred preformfor making a refill container is described in U S. Patent
5, 066, 528 grant ed Novenber 19 1991 to Krishnakumar et al., which is hereby
i ncorporated by reference in "its entirety. As shown in FIG 5, during the
first expansion step the preform50 is stretch blown (via rod 208 and a
pressurized fluid) to forma first internediate article 70 having an
expanded upper; shoul der portion 72, expanded cylindrical panel portion 74,
and unexpanded base-form ng portion 76. Thus, the unexpanded base-form ng
portion 76 is substantially identical in dinmensions and crystallinity to
the preform base-form ng section 56 (section 56 may be slightly smaller in
diameter to facilitate insertion’ ‘into thgylewer nold 220). The preformis
hot, e.g., 200[err]F (except for the neck finish) when it enters the nold.
The preforn1 is cooled as it expands in the nold and the nold sections 216,
218 and 220 are kept at different tenperatures to control the crystallinity

in different gadtaolowet blse-foeming sectioni séc. The sidewdbl-
forming section 58 includes an upper tapered
shoulder-forming section 60 and cylindrical panel-
forming section 62. The base~forming bortion 56 may
include a thickened upper portion 64 and thinner
lower portion 66. A preferred preform for making a
refill container is described in U.S. Patent
5,066,528 granted November 19, 1991 to Krishnakumar
et al., which is hereby incorporated by reference in
its entirety.

As shown in FIG. 5, during the first
expansion step the preform 50 is stretch blown (via
rod 208 and a preasurized fluid) to form a first
intermediate article 70 having &n expanded upper
shoulder portion 72, expanded cylindrical panel
portion 74, and unexpanded base-forming portion 76.
Thus, the unexpanded base-forming portion 7€ is
substantially identical in dimensions and
crystallinity to the preform base-forming section 56
(section 56 may be slightly smaller in diameter to
facilitate insertion into the lower mold 220). The
preform is hot, e.g., 200°F {(except for the neck i
£inish) when it enters the mold. The preform is '
cooled as it expands in the moldzand the mold
sections 216, 218 and 220 are kept at different
temperatures to control the crystallinity in
different portions of the intermediate article. The



neck plate 216 (engagi ng the neck finish) is kept cold (e.g., 40-70[err]F),
t he upper nold body 218 (fornming the sidewall) is kept hot (180-210[err]F),
and the | ower nold body (engaging the base-form ng section) is kept warm
(e.g., 150-180[err]F). Thus, the neck finish is kept anorphous, and the
base is kept warm (for |ater expansion)' and with very low (if any)
crystallinity. As showmn in FIG 6, the first internediate article 70
remains on the rotating collet 202 for the heat treating step and the
article 70 is¥nserted into a heat treating unit 228 which includes an
outer enclosure 230 with an upper heat shield 232 to protect the anorphous
neck finish. The enclosure 230 is an el ongated chanber through which the
intermediate article 70 passes and t he shoul der and panel portions 72, 74
are exposed to heat (arrows 235) from se28s of infrared (IR) heating

el ements 234 which cause the sidewall to contract and crystallize as it
noves through the chanber to form contracted shoul der portion 82 and
contracted panel portion 84 of a second internediate article 80. The heat

treating tenpaeckupdatey 216 i(engagingngheoneéRO£3ndsh)r iis. Kepsk base portion
e con ST GAEL ShY ol pide BT o unher oLy
base- (forming the sidewall) is kept hot (180-210°F), an

the lower mold body (engaging the base~forming

section) is Rept warm (e.q., 150-130'?). Thus, the

neck finish is kept amorphous, and the base is kept

warm (for later expansion) and with very low (if

any) crystallinity.

As shown in FIG. 6, the first intermediate

article 70 remains on the rotating collet 202 for

the heat treating step and the article 70 is

inserted into a heat treating unit 228 which

includes an outer enclosure 230 with an upper heat

shield 232 to protect the amorphous neck finish.

The enclosure 230 is an elongated chamber through

which the intermediate article 70 passes and the

shoulder and panel portions 72, 74 are exposed to

heat (arrows 235) from series of infrared (IR)

heating elements 234 which cause the sidewall to

contract and crystallisze as it moves through the

chamber to form contracted shoulder portion 82 and

contracted panel portion 84 of a-second intermediate g

article 80. The heat treating temperature may be in '

the range of 400-500°F. The base portion 76 is

shielded from heat 235 by shielding elements 236

which move upwardly with the contracting article as

it passes through the chamber. Again, the base-



- 29 - formng portion 86 of the second internediate article remains
substantially unchanged in dinensions and crystallinity fromthe
base-form ng portion 76 of the fi'rst internediate article. To facilitate
uni form contraction of the first internediate article 70, the centering rod
208 shortens by neans of internal spring 209 and the increase in internal
pressure within article 70 (due to contraction) is relieved by a pressure
relief valve 206 so that the article 70 remains centered and contracts in a
controlled and uni form manner. As shown in FIG 7, during the second
expansi on step the contracted internediate article 80 is stretch blown to
formthe final container 10 (see FIG 2). The article 80 renmains on the
rotating collet 202 and is inserted into a second nold unit 240 which
includes a neck plate 242, upper nold body 244 and | ower nold body 246.
Pressurized air is injected through the collet into the article 80 to
expand t he shoul der, panel and base portions 82, 84 and 86 and formthe

" correspondi ng portions 20, 22, 16 of the container 10. The internediate
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242 ts kept cend crystallinity from the base-forming portion 76
of the first intermediate article. To facilitate
uniform contraction of the first intermediate
article 70, the centering rod 208 shortens by means
of internal spring 209 and the increase in internal
pressure within article 70 (due to contraction) is
relieved by a pressure relief valve 206 so that the
article 70 remains centered and contracts in a
controlled and uniform manner. ‘

As shown in F1G. 7, during the second

expansion step the contracted intermediate article
80 is stretch blown to form the final container 10
(see FIG. 2). The article 80 remains on the
rotating collet 202 and is inserted into a second
mold unit 240 which includes a neck plate 242, upper
mold body 244 and lower mold body 246. Pressurized
air is injected through the collet into the article
80 to expand the shoulder, panel and base portions
82, 84 and 86 and form the corresponding portions
20, 22, 16 of the container 10.. The intermediate
article 80 is cooled as it expands in the mold and
the mold sections 242, 244 and 246 are kept at
different temperatures to control the crystallinity
in different portions of the final container. For
example, the neck plate 242 is kept cold (e.qg..



-30 - 40-70[err]F), the upper nold body 244 is kept warmto relieve
residual stresses in the sidewall (e.g., 120-150[err]F) and the |ower nold
body 246 is kept cold to keep the base crystallinity low (e.g.,
40-70[err] F). The expanded shoul der and panel sections 20 and 22 thus
achieve a substantially higher crystallrnity |evel than the base 16 which
optim zes the caustic wash induced stress crack resistance of the
container. FIG, 6 12 shows a series of container profiles which correspond to
t he steps shown in FIGS. 4-7. Profile 1 shows the preform50 of FIG 4 wth
the base-formng section 56. Profile 2 shows the first internediate article
70 after the first expansion step of FIG 5, with the substantially
unexpanded base-form ng section 76. Profl%g 3 shows the second internediate
article 80 after the heat treating step of "FTG "6, with the substantially
unchanged base-form ng section 86. Profile 4 shows the final container 10
after the second expansion step of FIG 7, with the expanded but | ow
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to keep the base crystallinity low (e.g., 40-70°F).
The expanded shoulder and panel sections 20 and 22
thus achieve a substantially highe: crystallinity
level than the base 16 which optimizes the caustic
wash induced stress crack resistance of the
container.

FIG. 12 shows a series of container
profiles which correspond to the steps shown in
FIGS. 4-7. Profile 1 shows the preform 50 of FIG. 4
with the base-forming section S6. Profile 2 shows
the first intermediate article 70 after the first
expansion step of FIG, §, with the substantially
unexpanded base-forming section:76. Profile 3 shows
the second intermediate article 80 after the heat
treating step of FIG. &, with the substantially
unchanged base-forming section 86. Profile 4 shows
the f£inal container 10 after the second expansion
step of FIG. 7, with the expanded but low
crystallinity and relatively thick champagne base 16.
The profiles in FIG. 14 correspond

substantially to those in FIG. 12 but illustrate the
formation of a container 110 having a footed base
(see FIG. 3). The reference numbers in FIG. 14
correspond to siimilar elements in FIG. 12 with the

-
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-31- addition of "100". Thus, in FIG 14, profile 1 shows a preform 150 for
a footed contai ner having a base-form ng section 156. Profile 2 shows a
first internmediate article 170 after the first expansion step with a
substantially unchanged base-form ng section 176. Profile 3 shows a. second
internmediate article 180 after the heat treating step again having a
substanti ally unchanged base-form ng section 186. Profile 4 shows the final
contai ner 110,after the second expansion step having a footed base 116. The
footed container 110 can be nade in an apparatus simlar to that shown in
FIGS. 4-7 with correspondi ng adjustnents for the formation of a footed base
as opposed to a chanpagne base. FIGS. 8-11 are simlar to FIGS. 4-7 but
illustrate a second nmethod enbodi nent gfg§his invention wherein the
base-form ng section of the preformis expanded during the first expansion
step. FIGS. 8-11 illustrate the formation of a contai ner having a chanpagne
base, al though the process may al so be used for the formation of a

Cof\rbnce norpLEIBRORE - Eg02, (OB, Coifte. R4, EREOhEIE Y 10
addi tfon of aShpWSng' PRSEQFMoASO for a footed container aving a
base-forming section 156. Profile 2 shows a first
intermediate article 170 after the first expansion
step with a substantially unchanged base-forming
section 176. Profile 3 shows a.second intermediate
article 180 after the heat treating step again
having a substantially unchanged base-forming
section 186. Profile 4 shows the final container
110 after the second expansion step having a footed
base 116. The footed container 110 can be made in
an apparatus similar to that shown in FIGS. 4-7 with
corresponding adjustments for the formation of a
footed base as opposed to a champagne base.
FIGS. 8-11 are similar :to FIGS. 4-7 but
illustrate a second method embodiment of this
invention wherein the base~forming section of the
preform is expanded during the first expansion
step. FIGS. 8-11 illustrate the formation of a
container having a champagne base, although the
process may also be used for the formation of a
container having s footed base (see FIG. 15). For :
similar elements, the reference numbers in '
FIGS. 8-11 correspond to those in FIGS. 4-7 with the
addition of a "prime" notation.



-32- Thus, FIG 8 shows a preform50' on a rotating collet assenbly 200
and positioned within a first nold unit 214'. The el enents substantially
correspond to those shown in FIG 4 except for the |ower part of the nold
unit 214" wherein an expanded chanpagne base is to be fornmed by the | ower
nmold unit 220" during the first expansion step. FIG 9 illustrates the
expansi on of preform 50" into first internediate article 70" during the
first expansion step. Again, centering rod 208 axially draws the preform
50" and fluid [s injected into the center of the drawn preformto radially
expand the sane against the inner walls of the nold unit 214'. In this
second enbodi nent, the sidewall sections 72' and 74' are again expanded to
di rensi ons equal to or greater than the di nmensions of the correspondi ng
final container sidewall sections (20 qu 2in FIG 2). In addition, the
base-form ng section 56' is expanded to stantially the sanme di nensions
as the desired dinensions of the final container base (16 in FIG 2). Thus,
following the first expansion step the preform base-form ng section 56" has

heen expanded 1010/ SRS E3nt0 s Bbbetat B B 471 S P74l 0 7S

to the first artetingitcollat rasdentily @0076'ands poslitionegd withiro[err]F)

and the upper 3 firgt mold unit 214‘. The elements substantially
correspond to those gshown in F1G. 4 except for the
lower part of the mold unit 214° wherein an expanded
champagne base is to be formed by the lower mold
unit 220°' during the first expansion step.

FIG. 9 illugtrates the expansion of preform

50' into first intermediate article 70' during the
first expansion step. Again, centering rod 208'
axially draws the preform 50' and fluid is injected
into the center of the drawn preform to radially
expand the same against the inner walls of the mold
unit 214'., In this second embodiment, the sidewall
gsections 72' and 74' are again expanded to dimensions
egqual to or greater than the dimensions of the
corresponding final container sidewall sections (20
and 22 in FIG. 2). In addition, the base-forming
section 5€' is expanded to substantially the same
dimensions as the desired dimensions of the final
container bese (16 in FIG. 2). Thus, following the
first expansion step the preform base-forming
section 856' has been expanded to form a champagne
base 76' with a central gate portion 75', a concave
recess 77', a chime 78' and an outer base portioen.
79’. Similar to the first embodiment, the neck
plate 216' is cold (e.g., 40-70°F) and the upper



-33- nold body is hot (e.g., 180-210[err]F). However, because the base 76
has now been expanded during the first expansion step, the | ower nold 220
is cold (e.g., 40-70[err]F) to prevent crystallization of the expanded
base. FIG 10 illustrates the heat treating step in which the first
internediate article 70° is contracted to formthe second internediate
article 80'. Again, article 70" is disposed on rotating collet 202" and
inserted within a heat treating unit 228" which includes an outer enclosure
230", an upper heat shield 232", and a series of infrared heating el enents
234" which appky heat 235" (e.g., 400-500[err]F) to the article 70" as it
noves al ong the el ongated heat treating chanber. Again, novabl e shields
236" protect the base of the article. Following the heat treating step, the
shoul der and panel sections 72', 74" have been contracted to form shoul der .
and panel portions 82', 84' of second iwt3nmediate article 80", and the
expanded base 76' remains substantially unchanged in di nensions and
crystallinity to becone base 86'. FIG 11 shows the second expansi on step
in which contracted internediate article 80" is expanded to formthe final
contai ner 10' reddebedychnsthove(eld. i NFI<R1IMIF) AgHowevmrssurized air is

Inserted via cgLlghsgO¢he! BagEPFEY BL¥ S BédH Yhpanded during
the first expansion step, the lower mold 220' is
cold (e.g., 40-70°F) to prevent crystallization of

" the expanded base. - .

FIG. 10 illustrates the heat treating ste

in which the first intermediate article 70°' is
contracted to form the second intermediate article
80', Again, article 70' is disposed on rotating
collet 202’ and inserted within a heat treating unit
228' which includes an outer enclosure 230', an
upper heat shield 232', and 8 series of infrared
heating elements 234' which apply heat 235' (e.q.,
400~-500°F) to the article 70' as it moves along the
elongated heat treating chamber. Again, movable

~ shields 236' protect the base of the article.
Following the heat treating step, the shoulder and
panel sections 72', 74' have been contracted to form
shoulder and panel portions 82', 84‘ of second
intermediate article 80', .and the expanded base 76’
remains substantially unchanged in dimensions and
crystallinity to become base 86°'. y

FI@. 11 shows the second expansion step in |

which contracted intermediate article 80' is

. expanded to form the £inal container 10' (same as
container 10 in FIB. 2). Again,:pressurized air is
inserted via collet 202' to expand the contracted



- 34 - shoul der and panel sections 82',84' and formthe correspondi ng

shoul der and panel sections 20, 22 of the final container 10'. Again, neck
plate 242" is &old (e.g., 40-70[err]F) so the neck finish remains
substantial |y anmorphous, upper nold body 244" is warm (e.g., 120-150[err]F)
to relieve residual stresses in the shoulder and panel sections of the
container, and | ower nold body 246" is co 40-70[ err] F) so the base
16 remains substantially lowin crystalTi ty The cont ai ner base remains
substantially unchanged in di nensions and crystallinity during the second
expansion step. FIG 13 shows the container profiles corresponding to the

.second met hod ggpﬁghgg hnéFbEEEISSé% %ﬁéo§2c0g£al thgpd Chanpagne

base. Thus, E héV|n ase-tormng section
56'. Profil e eorresponddng; shourdesr amd. meebrse@tzeow 2Qi 122 @fe first
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in the shoulder and panel sections of the container,

and lower mold body 246' is cold (e.g., 40-70°F) so

the base 16 remains substantiallynlow in crystallinity.

The container base remains substantially unchanged

in dimensions and crystallinity during the second

expansion step.

FIG. 13 shows the container profiles

corresponding to the second method embodiment

(FIGS. 8-11) for a container having a champagne

base. Thus, profile 1 shows the preform 50' having

base-forming section 56'. Profile 2 shows the first

intermediate article 70' after the first expansion

step having an expanded base 76° Profile 3 shows

the second intermediate article 80' after the heat

treating step héving 8 substantially unchanged base

86'. Profile 4 shows the final container 10' having

a contracted sidewall but a substantially unchanged

base section 16°. -

s1milar1y, a footed base can be formed
according to the second method embodiment of
FIGS. 8~11, as shown by the contalner profiles of



FIGS. 8-11, as shown by the container profiles of - 35 - FIG 15.
However, in this case a central thickened portion 176" of the base renains
unchanged during the first expansion step while an upper base portion 177

i s expanded to form an upper hem spherical bottomwall during the first
expansion step. Profile 1 shows the preform 150' having a base- form ng
section 156'. Profile 2 shows the first internediate article 170" wth base
173" after the first expansion step, having an expanded outer base portion
177" but maintaining a substantially thicker unexpanded central
base-form ng séction 176'. Profile 3 shows a second internediate article
180" with base 183" after the heat treating step, wherein the central

t hi ckened base-form ng section 186" is substantially unchanged (conpared to
section 176'), but the expanded sidewall and expanded outer base portion
187" have contracted. Profile 4 shows the3$imal container 110' with base
116' having a thick central hem spherical bottomwall portion 124" (sane as
124 in FIG 3) of very low crystallinity (i.e., less than 29, and a

t hi nner expanded (al though | ess than the sidewall) section 131" (sanme as
131 in FIG 3)Elfecl d8i-ngHowgvericdn Bhis case masnteak ghickened hi gh

crystallinity poreionl@760 3@7&heabhieUséims DV undidhgd® dilyg! | panel

(i.e., 25% the first expansion step while an upper base portion
177' is expanded to form an upper hemigpherical
bottom wall during the first expansion step.
Profile 1 shows the preform 150‘' having a base-
forming section 156'. Profile:2 shows the first
intermediate article 170' with base 173' after the
£irst expansion step, having an expanded outer base
portion 177’ but maintaining a substantially thicker
unexpanded centrdl base-forming section 176°.
Profile 3 shows a second intermediate article 180°
with base 183' after the heat treating step, wherein
the central thickened base-forming section 186' is
substantially unchanged (compared to section 176'),
but the expanded sidewall and expanded outer base
portion 187' have contracted. Profile 4 shows the
final container 110' with base 116’ having a thick
central hemispherical. bottom wall portion 124°' (same
as 124 in FIG. 3) of very low crystallinity (i.e..
less than 2%), and a thinner expanded (although less
than the sidewall) section 131' (same as 131 in
FIG. 3) including legs, feet and ribs having a
relatively high crystallinity (i.e., 10 to 20%),
although lower than the sidewall panel (i.e., 25%
and above),



and above). - 36 - FIGS. 16-19 show alternative heat treating apparatus.
FIGS. 16 shows the sane rotating collet 202, centering rod 208 and second
internediate article 80 of FIG 6, with an alternative heat treating unit
256 including an outer enclosure 258 and bl owers 260 which emt hot air 261
for heating the first internediate article 70 to formthe second
internmediate article 80. The thickened base section 86 resists
t her mal - i nduced crystalllzatlon al t hough shiel'ding el ements may al so be
provi ded as shown'in FIG 6. FIG 17 illustrates the rotating collet 202
centering rod 208, and second internediate article 80 of FIG 10. A heat
treating unit 256 is provi ded which includes hot air blowers 260 for
heati ng the sidewall and a water-cool ed base gup 272 for engagi ng the base
section 76' as it noves upwardly with the CoRPracti ng sidewall and becones
base section 86" (of substantially the sane dinensions and crystallinity).
The wat er-cool ed base cup 272 is nDunted on a novable piston 273 so that it
remai ns in continuous cont ase s t he sidewall contr cts and
fl}%&%‘t

the base noves upwardly. T G§Up &Pua Vah Eﬁﬁﬂﬁt¥ﬂﬁ XTehiR
engages t he t hi ckeppdriatss.poFIGSn, 16nghows the same rotating collet

202, centering rod 208 and second intermediate
article 80 of FIG. 6, with an alternative heat
treating unit 256 including an outer enclosure 258
and blowers 260 which emit hot air 261 for heating
the first intermediate article 70 to form the second
intermediate article 80. The thickened base section
86 resists thermal-induced crystallization, although
shielding elements may also be pzovzded as shown in
FIG. 6.

FIG. 17 illustrates the rotating collet
202', centering rod Z08', and second intermediate
article 80' of FIG. 10. A heat treating unit 256 is
provided which includes hot air blowers 260 for
heating the sidewall and a water-cooled base cup 272
for engaging the base section 76 as it moves
upwardly with the contracting sidewall and becomes
base section 86' (of substantially the same
dimensions and crystallinity). The water-cooled
base cup 272 is mounted on a movable piston 273 so
that it remains in continuous contact with the base
as the sidewall contracts and the base moves
upwardly. The cup includes an upper surface 274
which engages the thickened base portion, and
further includes a channel 276 for water to remove
heat (arrow 277) from'the base cup.



further includes a channel 276 for water to renove heat (arrow 277) from

t he base cup. -37- FIG 18 shows rotating collet 202', centering rod
208" and a heat treating unit 228 including an outer enclosure 230", upper
shield 232" and inductance heating rods 234" which apply heat (arrow 235")
to the sidewall of internediate article 170", and noveabl e shields 236" for
protecting the base 176'. The first internediate article 170" is adapted to
forma footed container and after the first expansion step the thickened
central portion 176' remmins unchanged but the outer base portion 177" has
been expanded. (First article 170" contracts to form second internediate
article 180", but the central base portion 176' (and adjacent portions of
outer base 177') are cooled by a streamof cool air (arrow 283) provided by
pi pe 282 to prevent crystallization and contraction of the central base.
The resultant second article 180" has g bpse 183" including thickened
central portion 186' and thinner upper base portion 187'. FIG 19 shows
rotating collet 202, centering rod 208, and second internediate article 80
simlar to FIG 6, but with heat treating unit 266 including an outer

encl osure 267 and a serffé.oiargﬁgghffégggyﬂaléayibﬁey%yugodes 268 whi ch

shorten in
centering rod 208° and a heat treating unit 228°
including an outér enclosure 230', upper shield 232°
and inductance heating rods 234' which apply heat
(arrow 235') to the sidewall of intermediate article
170', and moveable shields 236' for protecting the
base 176'. The first intermediate article 170' is
adapted to form a footed container and after the
first expansion step the thickened central portion
176' remains unchanged but the outer base portion
177' has been expanded. First article 170’
contracts to form second intermediate article 180°,
but the centrzl base portion 176' (and adjacent
portions of outer base 177') are cocoled by a stream
of cool sir (arrow 283) provided by pipe 282 to
prevent crystallization and contraction of the
central base. The resultant second article 180’ has
a base 183' including thickened: central portion 186"
and thinner upper base portion 187°.

F1G. 19 shows rotating collet 202,
centering rod 208, and second intermediate article
80 similar to FIG. 6, but with heat treating unit ¥
266 including an outer enclosure 267 and a series of
radio frequency (RF) electrodes 268 which shorten in
length, as shown by arrows and phantom lines 269, as
the first intermediate article 70 moves slong the
chamber and contracts to form the second



| ength, as shown by arrows and phantom|lines 269, as the first internediate
article 70 noves al ong the chanber and contracts t.o formthe second - 38
- internmediate article 80. The RF el ectrodes 268 are supplied by RF power

i nput 271 and inductor 270. By supplyi.ng | ocalized heating only to the
sidewal | as the article contracts and noves through the heat treating
chanber, heating of the base section 76 (and 86) is elimnated or
substanti al | yi reduced. The thernopl astic polyester materials used in this

i nvention are preferably those based on pol yal kyl ene, and in parti cul ar,

pol yet hyl ene terephthal ate (PET). PET polyners are prepared by pol ynerizing
terephthalic acid or its ester-formng. derivative wth ethylene. The

pol ynmer conprises repeating units of etdylene terephthalate of the formila:
[err] The present invention contenplates the use of copol yners of

pol yet hyl ene terephthalate in which a mnor proportion, for exanple, up to
about 10% by wei ght, of the ethylene terephthalate units are replaced by

compat i bl e NERedLe aftiiE1e %o 5 ofhd ¥a°id) eckEbaeE® 248 BEE homopol yrer
and PET copol'y

supplied by RF power input 271 and inductor 270. By

supplying localized heating only to the sidewall as

the article contracts and moves through the heat

treating chamber, heating of the base section 76

(and 86) is eliminated or substantzally reduced.

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

formula:
[+
. « " 4? '
—O—CH;—C&;-'O-C—@'C- ‘e

Y

The present invention contemplates the use
of copolymers of polyethylene terephthalate in which
a minor proportion, for example, up to about 10% by
weight, of the ethylene terephthalate units are
replaced by compatible monomer units. Thus. as used
herein "PET" means PET homopolymer and PET copolymers



- 39 - of the grades suitable for making containers, which are well known
in the art. The glycol noiety of the nononer nay be replaced by aliphatic
or alicyclic glycols such as cycl ohexanedi net hanol (CHDM), trinethyl ene

gl ycol, polytetranethyl ene glycol, hexanethylene glycol, dodecanethyl ene
gl ycol, diethylene glycol, polyethylene glycol, polypropylene glycol,
propane-1, 3-diol, butane-1,4-diol, and neopentyl glycol, bisphenols, and
ot her aromatic diols such as hydroqui none and 2, 2-bi s(4'-B-hydr ox-

et hoxyphenyl ) pr opane. Exanpl es of dicarboxylic acid noieties which may be
substituted into*the nonomer unit include aromatic dicarboxylic acids such
as isophthalic acid (I1PA), phthalic acid, naphthal ene-dicarboxylic acid,

di phenyl di carboxyl i c acid, di phenoxyethanedi carboxylic acids, bibenzoic
acid, and aliphataic or allcycllc dlcarboxy##c acids such as adipic acid,
sebaC|c acid, azelaic acid, decanedicarboxyffc acid and
cyclohexanedlcarboxyllc aC|d In addition, various nultifunctional
conmpounds such as trinethyl ol propane, pentaerythritol trimellitic acid and

el P R RN R VR R R

conpati bl e addi t areswelld kngwadimnthewhrth drheclyeblmeedatyfdfcthehe

performance chargghghbst hGy Bb bBB18884%PL11pHidt @AM GRINie
glycols such as cyclohexanedimethancl (CHDM),
trimethylene glycol, polytetramethylene glycol,
hexamethylene glycol, dodecamethylene glycol,
diethylene glycol, polyethylene glycol, polypropylene
glycol, propane-1,3-diol, butane-l1,4-dicl, and
neopentyl glycol, bisphenols, and other aromatic
diols such as hydroquinone and 2,2-bis(4'-B-hydrox-
ethoxyphenyl) propane. Examples of dicarboxylic
acid moieties which may be substituted into the
monomer unit include sromatic dicarboxylic acids
such as isophthalic acid (IPa), phthalic acid,
naphthalene-dicarboxylic acid, diphenyldicarboxylic
acid, diphenoxyethanedicarboxylic acids, bibenzoic
acid, and aliphataic or slieyclic dicarboxylie acids
such as adipic acid, sebacic acid, azelaic acid,
decanedicarboxylic acid and cyclohexanedicarboxylic
acid. In additlon, various multifunctional compounds
such as trimethylolpropane, pentaerythritol,
trimellitic acid end trimesic acid can be
copolymerized with the polyethylene terephthalate
polymer.

The polyethylene teraphthalate polymers may
contain other compatible additives and ingredients
which do not adversely affect the performance
characteristics of the container, such as adversely
affecting the taste or other properties of products



affecting the taste or other properties of products - 40 - packaged
therein. Exanples of such ingredients include thermal stabilizers,

stabilizers,

dyes, pignents, plasticizers, fillers, antitoxidants,

[i ght

| ubricants, extrusion aids, residual nononer scavengers and the |like. The
intrinsic viscosity (1.V.) effects the processability of the polyester
resins. Polyethylene terephthalate having an intrinsic viscosity of about
0.8 is widely used in the CSD i ndustry. Resins for various applications my
range from about 0.55 to about 1.04, and nore particularly from about O0.65

to 0.85. Intrinsic viscosity neasurenents are made according to the

procedure of ASTM D- 2857, by enpl oyi ng 0.00500. 0002 g/m of the polynmer in
a solvent conprising o-chlorophenol (nelting point O[err]C), respectively,

at 30[err]C

Intrinsic viscosity (I.V.) is given by the follow ng f

or nul a:

1.V. = (In(Y[err]/V[err]))/C where: V[err$#dis the viscosity of the solution
V[err] is the viscosity of the solvent in the sane units; and
Cis the concentration in grans of polynmer per 100 nmls of solution.

In any units;

packaged therein. Examples of such ingredients
include thermal stabilizers, light stabilizers,

dyes, pigments, plasticizers, fillers, antitoxidants,
lubricants, extrusion aids, residuzl monomer
scavengers and the like.

The intrinsic viscosity (I.V.) effects the
processability of the polyester resins. Polyethylene
terephthalate having an intrinsic viscosity of about
0.8 is widely used in the CSD industry. Resins for
various applications may range from about 0.55 to
sbout 1.04, and more particularly from about 0.65 to
0.85. Intrinsic viscosity measurements are made
according to the procedure of ASTM D-2857, by
employing 0.0050:0.0002 g/ml of the polymer in a
solvent comprising o-chlorophenol (melting peoint
0°C), respectively, at 30°C. 1Intrinsic viscosity
(I.V.) is given by the following formula: |

I.V. ='(1n(vs
where:

oln.”Vg01.2)/€

Veoln. is the viscosity of the solution in any

units;

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.



-41- The preformfor making the high-transparency refill bottle of this

I nvention should be substantially anorphous, which for PET neans up to
about 10%crystallinity, preferably no nore than about 5%crystallinity,
and nore preferably nd nore than about 2%crystallinity. The substantially
anor phous or transparent nature of the preformmay alternatively be defined
by a percent haze (Herr]) of no nore than about 20% preferably no nore

t han about 10% and nore preferably no-nore than about 5% The
substantial ly anmorphous preformmay be a single |layer or nmulti-layer (e.g.,
with barrier layers for O[err] resistance and/or CJerr] retention) preform
made accordi ng*to well-known injection processes, such as those descri bed
in US. Patent 4,710,118 granted Decenber 1, 1987 to Kirshnakumar et al.,
which is hereby incorporated by reference in its entirety. During injection
nmol di ng of the preform the hot injected preformmy be quenched to room
tenperature and then reheated to withii the “orientation tenperature range
before the distension step, i.e., reheat stretch bl ow process.
Alternatively, the hot injection nolded preformnmay be partially quenched

amlMImmdtoemngHaMBWtMntheoHﬁMaﬂontamaauuermyepﬂor
to distending, i.e., i RhgresefPin A% Mmaking the high-transparenc

refill bottle of this invention should be
substantially amorphous, which for PET means up to
about 10% crystallinity, preferably no more than
about 5% crystallinity, and more preferably no more
than about 2% crystallinity. The substantially
amorphotis or transparent nature of the preform may
alternatively be defined by a percent haze (HT) of
ho more than about 20%, preferably no more than-
about 10%, and more preferably no more than about 5%.
The substantially amorphous preform may be a single
layer or multi-layer.(e.g., with barrier layers for
o, resistance and/or CO, retention) preform made
according to well-known injection processes, such as
those described in U.S. Patent 4,710,118 granted
December 1, 1987 to Kirshnakumar et al., which is
heredby incorporated by reference in its entirety,
During injection molding of the preform,
the hot injected preform may be quenched to room
temperature and then reheated to withln the
orientation temperature range before the distension
step, i.e., reheat stretch blow process.
Alternatively, the hot injection molded preform may
be partially quenched and allowed to equilibriate
vithin the orientation temperature range prior to
distending, i.e.. integrated process. The
substantially amorphous preform is then expanded



substantially anorphous preformis then expanded -42- which produces
orientation and crystallization-in the sidewall of the container. The
extent of stretching can be varied depending on the desired shape and wal |
t hi ckness of the blown container and is controlled by affixing the relative
di rensions of the initial preformand the finished container. The

di stension step should be carried out in the nolecular orientation
tenperature range for the pol yester material being enployed. Generally
speaki ng, nol ecular orientation of an orientable thernoplastic materi al
occurs over a tenperature range varying fromjust above the gl ass
transition tenperature (that tenperature or narrow tenperature range bel ow
which the polynmer is in a glassy state) up to just below the nelt
tenperature of the polynmer. As a practical matter, the formation of
oriented containers is carried out in a much narrower tenperature range,
known as the nolecul ar orientation tenper&@uTe range. The reason for this
is that when the tenperature is too close to the glass transition
tenperature, the material is too stiff to stretch in conventiona
processi ng equi pnent. VWen the tenperature is.increased the processibility
i nproves gr eat WhichBupradpees: peientppion| and iergstablbiration okt near the

tenperature atghe sidewall of the container. The extent of
stretching can be varied depending on the desired
shape and wall thickness of the blown container and
is controlled by affixing the relative dimensions of
the initial preform and the finished container. . The
distension step should be carried out in the
molecular orientation temperature range for the
polyester material being employed. Generally
speaking, molecular orientation of an orientable
thermoplastic material occurs over a temperature
range varying from just above the glass transition
temperature (that temperature or narrow temperature
range below which the polymer is in a glassy state)
up to just below the melt temperature of the
polymer. As & practical matter, the formation of
oriented containers is carried out in a much
narrower temperature range, known as the molecular
orientation temperature range. The reason for this
is that vhen the temperature is too close to the
glass transition temperature, the material is too
stiff to stretch in conventional processing
equipment. When the temperature is increased the
processibility improves greatly, but a practical
upper limit is reached at or near the temperature at
which large aggregates of crystallites called
spherulites begin to form, because the orientation



whi ch | arge aggregates of crystallites called spherulites begin to form
because the orientation -43- process is adversely affected by spherulite
growt h. For substantially anorphous polyester material, the nol ecul ar
orientation range is typically fromabout 20 to 65[err]F (11 to 36[err]Q),
and nore preferably fromabout 30 to 40[err]F (17 to 22[err]C), above the
glass transition tenperature of the polyester material. Typical anorphous
PET pol yner, which has a glass transition tenperature of about 168[err]F
(76[err]C), generally has an orientation tenperature range of about
195[err] F (91[err]C3 to about 205[err]F (96[err]C). Oher factors inportant
in the manufactdre of refillable pol yester beverage bottles are descri bed
in US. Patent Nos. 4,334,627 to Kirshnakumar et al. granted June 15, 1982,
U S. Patent 4,725,464 to Collette granted February 16, 1988, and U.S.
Patent 5,066,528 to Krishnakumar et .al. granted Novenber 19, 1991, which
are hereby incorporated by reference inthtlr entirety. As a further
alternative, a nmultilayer preformdescribed in a commonly assigned and
copending Serial No. 07/909, 961 entitled "Multi-Layer Refillable

Cont i ner el QL0 es Yo e thn AN Ty, Attt d s O et
For substantially amorphous ' polyester material, the
molecular orientation range is typically from about
20 to 65°F (1l to 3€°C), and more preferably from
about 30 to 40°F (17 to 22°C), above the glass
transition temperature of the polyester material.
Typical amorphous PET polymer, which has a glass
transition temperature of about 168°F (76°C),
generally has an orientation-temperature range of
about 195°F (91°C) to about 205°F (9¢€°C),

Other factors important in the manufacture
of refiliable polyester beverage bottles are
described in U.S5. Patent Nos. 4,334,627 to
Kirshnakumar et al. granted June 15, 1982, U.S.
Patent 4,725,464 to Collette granted February 16,
1988, and U.S. Patent 5,066,528 to Krishnakumar et
al. granted November 19, 1991, which are hereby
incorporated by reference in theilr entirety.

As a further alternative, a multilayer
preform described in a commonly:assigned and

" copending Serial No. 07/909,961; entitled
"Multi-layer Refillsble Contsiner, Preform And
Method Of Forming Same," filed by inventors Collette
et al, on July 7, 1992, and a continuation-in-part
application thereof filed on the same date as this
spplication can be used in combination with the
process of this invention. In addition to use of a



application thereof filed on the sane date as this application can be used
I n conbination with the process of this invention. In addition to use of a
-44- hi gh-copol yner (4-6% core |ayer between | ow copol yner (0-2% inner
and outer layers, other nmultilayer containers may include barrier, high
thermal stability, recycle or post-consuner PET, or. other |ayers. As
previously described, the plastic container of this invention is preferably
made of pol yethel ene terephthal ate (PET). However, other thernoplastic
pol yester resins may be used. The materials, wall thicknesses, preform and
bottl e contours, and processing techniques may all be varied for a specific
end product, while still incorporating the substance of this invention. The
contai ner may be for other pressurized or unpressurized beverages (such as
beer, juice or mlk), or for non-beverage products. The benefits of the
I nvention, for exanple the inproved stress crack resistance at el evated
tenperatures, nmay be particularly suitablgs f<or use as a hot-fill contai ner
such as described in U S Patent No. 4,863,046 to Collette et al. granted
Sept enber 5, 1989, which is hereby incorporated by reference inits
entirety. Hot-fill containers typically nust

high-copolymer (4-6%) core layer between

low-copolymer (0-2%) imner and outer layers, other
multilayer containers may include barrier, high
thermal stability, recycle or post-consumer PET, or.
other layers.

As previously described, the plastic
container of this invention is preferably made of
polyethelene terephthalate (PET), However, other
thermoplastic polyester resins may be used. The
materials, wall thicknesses, preform and bottle
contours, and processing techniques may all be
varied for a specific end product, while still
incorporating the substance of this invention. The
container may be for other pressurized or
unpressurized beverages (such as beer, juice or
milk), or for non-beverage products. The benefits
of the invention, for example the improved stress
crack resistance at elevated temperatures, may be
particularly suitable for use as a hot-fill
container, such as described in-U. S. Patent No.
4,863,046 to Collette et al. granted September S,
1989, which is hereby incorporated by reference in
its entirety. Hot-£fill containers typically must
vithstand elevated temperatures on the order of
180-185°F (the product f£filling temperature) and
positive internal pressures on the order of 2-5 psi
(the £illing line pressure) without substantial
deformation (i.e., volume charge of no greater than
about 1%).



wi t hstand el evated tenperatures on the order of 180-185[err]F (the product
filling tenperatyure) and positive internal pressures on the order of 2-5
psi (the filling line pressure) w thout substantial deformation (i.e.,

vol une charge of no greater than about 19%. -45- Thus, al t hough several
preferred enbodi nents of this invention have been specifically illustrated
and descri bed herein, it is to be understogg &hat variations nmay be nade in
the preformconstruction, materials, the container construction and nethods
of form ng the container without departing fromthe spirit and scope of the
invention as defined by the appended clainms. Wat is clainmed is: Cl ai s

1. A method of meking shQent altRéudRVééderali SEpEerrédd base conprising
s dewat | 1 or nPRECAABERER° R tALE Covenf IRRCRERE i TreraficeRly "' "
" sidewal | -form njligstratedsandt describedrherein adr tisto deire range of the
. polyester; understood that variations may be made in the
_ preform construction, materials, the container
o construction and methods of forming the container

without departing from the spirit and scope of the

invention as defined by the appended claims.

What is claimed is:



expandi ng the sidewal | -form ng secti‘on to forman internediate article
havi ng an expanded internedi ate sidewall w th dinensions substantially
equal to or greater than the dinmensions of the final container sidewall,
whi | e t he-base-foermng section remains substantially unchanged in

di nensi ons; heatlﬁa’the expanded internedi ate sidewall to crystallize and

contract th 'zugm di mensi ons of 4 hyg f4 nal contai ner sidewall,
whi |l e the on renmi ns substantial ly anorphous and

substantially unchanged i n" di mensi ons; and.. expanding the contracted
I nternmedi ate sidewal |l and base- forn1ng section while in the orientation

tenperature range to the final. dinmensi qigias the container sidewall and
base. 2. The nethod of claim1l, wheréin auring the heating step the
base-form ng section is shielded to deter crystallization of the
base-form ng secti on 13. Themethdd b making e cohtainers havdngg 3 wherein

Whi chcont racts A W?hﬁﬁtef#oé‘n%r%'ﬁéh %!*P"%%eﬁ%e Bt i nor 4. The
methaod of claim 3, wherei rPERNIGIR AMePROShal pressure in
‘the internediate aft'ﬁ&f?éétéx”ﬁﬂé!dr%ﬂhh&ih@oﬁphﬁdewal1-£ormzng
section and a base-forming section, wherein the
sidevall-forming section is within the
orientation temperature range of the polyester;
expanding the sidewall-forming secticn to
form an intermediate article having an expanded
intermediate sidewall with dimensions
substantially equal to or greater than the
dimensions of the final container sidewall,
while the base-forming section remains
substantially -unchanged in dimensions;
heating the expanded intermediate sidewall
to crystallize and contract the same below the
dimensions of the final container sidewall,
while the base-forming section remains
substantially amorphous and gubstantially
unchanged in dimensions; and ..
expanding the contracted 1ntermediate
sidevall and base-forming section while in the
orientation temperature range to the final.
dimensions of the container sidewall and base.



uniformcontraction. 5. The nethod of claim11, wherein the first expandi ng
step is a blownolding into a first outer nold having an upper portion at a
first tenperature, for engaging the expanded internediate sidewall, and a

| ower portion. for engagi_ng the base-forming section at a second tenperature
| oner than the first tenmperature. 6. The method of claimb5, wherein the
second expan w nmol ding into a second outer nold having an
upper portloﬂmﬂlmml“ﬁmum rature for engﬁgl ng the sidewall of the
cont ai ner and *a Icower Pportion for engaging thé base at a fourth tenperature

equal to or | ower than the third tenperature to deter crystallization of
t he base. - 48 - 7. The nethod of claiml1l, whrein the sidewall forned

i ncl udes an upper tap red tant Y, pane
and wherein the heati gg angﬂg gﬁ%?% g% 5%%@ gh al\géeit é%’*%% ﬂ"ﬂl ty i n
the panel of at |bqst:zaqoatepw&e8bas¢héomiMdso¢tinmuh Bhielded nto he
base formed incl Ué&ée? &PyE{ESﬂfﬁzbéfé’np&fttﬂG H\K% ﬁi%%?é’éno 2 eat er

t hi cker than the pane havi ng an aver age crys
t han about 10% 9. The nethod of claim8, wherein the heati ng and

expandi ng provi de suf$ici ethevméthodi skneny, ome cof Adlaims 1 and 2,
wherein during the heating step a centering rod is
provided within the preform which contracts along
with the contracting intermediate container.

4. The method of claim 3, wherein during the
heating step the internal pressure in the
intermediate article is controlled to promote
uniform contraction. A

5. The method of claim 1, wherein the first
expanding step is a blow molding into a first outer
mold having an upper portion at a first temperature
for engaging the expanded intermediate sidewall, and
a lower portion for engaging the base-forming
section at a second teﬁperature lower than the first
temperature.

6. The method of claim 5, wherein the secoand
expanding step is 2 blow molding into a second outer
mold having an upper portion at a third temperature
for engaging the sidewall of the contsiner and a
lower portion for engaging the base at a fourth
temperature equal to or lower than the third
temperature to deter crystallizatien of the base.



orientation and crystallinity to forma free-standi ng pressurizabl e
container. 10. The nmethod of claim9, wherein the heating and expandi ng
provi de sufficient wall thickness, biaxial orientation and crystallinity to
forma refilltable free-standing pressurlzable container. 11. The nethod of
claim 10, wherein the heating and expandi ng provide sufficient wall

t hi ckness, bi aﬂn’"mﬂum nd crystallinity to forma hot-fillable
cont ai ner. m"lmm:l ner produced by the nethod of claim1l. 13.
The container of cfai 12, swherein tie 48 dewal |~ formed includes an upper
tapered shoul der and a substantlally cylindrical panel, and the panel has
an average crystallinity of at |east about 25% 14. The container of claim

13, wherein at least a portion of the container base 13 forns a thickened
base portion having a wall thickness at |east about 3X greater than that of

tl ge _;I)_ﬁnel atnd haw; ng e am}gg:e o8 mtmt Ihzn,l Mhz;@‘m“&lﬂ! %a]gﬁwé%!arrﬁew 10%
e con ajm erejn ont.a or e a
chanpagne bﬁéﬁgﬁﬁa tqcf% &5 AR &n ai“ﬁg &é@’s&a@rﬁ’rﬁ} d central
done. 16. Treylindricsk pﬁne:l.alanquhamémemha heating snd expaimimes hyl ene

ver epht hal Ay dRICR -ant avel iy Wytltid1 191§/ ekl PRGSOl WhE 1east

about 25%.

8. The method of claim 7, wherein the base formed
includes a thickened base portion which is substantially
thicker than the panel and having an average crystallinity
of no greater than about 10%.

9. The method of claim 8, wherein the heating and
expanding provide sufficient wall thickness, biaxial
orientation and crystallinity to:form a free-standing
pressurizable container.

10. The method of claim 9, wherein the heating and
expanding provide sufficient wall thickness, biaxial
orientation and crystallinity to form a refillable
free~-standing pressurizable container.

11. The method of claim 10, wherein the heating and
expanding provide sufficient wall:thickness, biaxial
orientation and crystallinity to form & hot-fillable
container.



pol yester is a honopol yner or copol yner of PET. 18. The contai ner of claim
14, wherein_the shoutder—formed has an average crystallinity of about 20 to
30% the panel forned himﬂrﬂﬁverage crystallinity of about 25%to 35% and

the thi ckeneﬂmma“ 8 “ med has an average crystallinity of no
greater than The contai ner of claim18, wherein the panel

formed has an ’éverage crystallinity of about 30 to 35% 20. The contai ner
of claim 19, wherein the panel forned has a wall thickness of about 0.5 to
about 0.8mm 21. The container of clarmA22~ wherein the container formed

can withstand at least 10 refill cycles in a caustic wash at a tenperature
of greater than 60[err]C without crack failure. 22. The container of claim
12, wherein the container forned can withstand at | east 20 refill cycl es in

a caustic wash ad2a t Bngengsineroprgdugedr byhshecvpthpfcofi cdaim drack

failure. 23. The container of any one of clains 21 to 22, wherein the
cont ai ner formed hstand t he desi gn r ef ¢ cI s wi,th a Xi mum
vol ume change of 1§bou%ﬁef’?f‘ iiner QE Cgﬂg gﬁt’a?’ 5?"96 Ef‘&i F-E8VYakter ei n
t he cont ai nefotmededncdudesr'an- uppeti baperedi shbylder and a
& substantially cylindrical panel, and the panel has an

average crystallinity of at least about 25%.

14. The container of claim 13, wherein at least a
portion of the container base 13 forms a thickened base
portion having a wall thickness at least about 3X greater
than that of the panel and having an average crystallinity
of no greater than about 10%.

15. The container of claim 14, wherein the container
is formed with a champagne base,.and the thickened base
portion includes & chime and central dome.

16. The container of claim 12, wherein the polyester
is polyethylene terephthalate (PET).

17. The container of claim 16, wherein the
polyester is a homopolymer or copolymer of PET.

18. The container of claim 14, wherein the
shoulder formed has an average crystallinity of
about 20 to 30%, the panel formed has an average ¥t
crystallinity of about 25% to 35%, and the thickened
base portion formed has an average crysta111n1ty of
no greater than about 10%.



oriented pressurized PET container. 25. The-contai ner of claim13,

wherein the container is formed with a footed base having a substantially
hem spherical bottom wal wal |, the bhottomwall including a central thickened
base portionwhithis at |east about 3X the panel thickness and having an

average crystal, ﬂater t han about 10% and a thinner outer
base portion w mmﬁm““‘ M‘?E“ nd downwar dl y-extendi ng | egs which term nate
i n | ower nost s et | ng *26. The cort @%hé&r of ciaim25, wherein the

t hi nner outer base portion has an average crystallinity of from about
10-20% 27. A nethod of mmking a container having a sidewall and base
conprising the steps of: providing a substantially anorphous pol yester
preform body having a sidewal | -form ng section and a base-form ng section,
wherein the sidewal | -18and Tise codrtdingr o tdlaim a8 \«'Hdrie:lzi hshe)ri entation

e e e lied oS I e aver i, AR B, o

30 to 35%.

20. The container of claim 19, wherein the
panel formed has a wall thickness of about 0.5 to
about 0.8mm.

21. The container of claim 12, wherein the
container formed can withstand at least 10 refill
cycles in a caustic wash at a temperature of greater
than 60°C without crack failure.

22. The container of claim 12, wherein the
container formed can withstand at least 20 refill
cycles in a caustic wash at a temperature of greater
than 60°C without crack failure.

23. The container of any one of claims 21 to
22, wherein the container formed .can withstand the
designated refill eycles with s maximum volume
' change of about + 1.5%.

24. The container of claim 12, wherein the
container formed is a free-standing biaxially-
oriented pressurized PET container.



I nt er medi at e expanded sidewall wth di mensions substantially equal to or
greater than the di rrenS| ons of the final contarner sidewall, and expandi ng
t he base-formng seettom Up tc up to substantially the same dinensions as the
final container base t he expanded internedi ate sidewall to
crystallize MN‘B sanme bel ow t he di nensions of the final

cont ai ner SI e base substamti®l |-y maintains its di nensions
and percent cr"ysfal lfl nity; and expanding the contracted internedi.ate
sidewall while in the orientation tenperature range to the final dinensions
of the container sidewall, while the base substantially maintains its

di nensi ons and percent crystallinity. 28. The nmethod of claim 27, -wherein

during the heating stgg, tr?paé&éﬁm e dih qrjjerwﬂ%]ﬂipsg tially

maintain its di mansmns a cent cry I |n|t e nmethod of any
one of clains 27 SORE Wﬁ;e‘% dﬂ agehaviidh&e is cool ed

in order to substmbsﬂﬁtds@lyltlﬁemismﬂdmn&smnﬁmmqrQﬁi& bottom
25 e Db neat il R o e ot Ll P19
o which is at least about 3X the panel thickness and
having an average cry'stallinity of no greater than
about 10%, and a thinner outer base portion with
radial ribs and downwardly-extending legs which
terminate in lowermost supporting feet.

26. The container of claim-25, wherein the
thinner outer base portion has an average
erystallinity of from about 10~20%.

27. A method of making a container having a
gsidewall and base comprising the steps of:

providing a substantially amorphous
polyester preform bedy having a sidewall-forming
section and a base-forming section, wherein the
sidewall~ and base-forming sections are within
the orientation temperature range of the
polyester;



relieve any strain generated in the base during the first expandi ng step.
31. A container produced by the nethod of claim27. 32. A container
conprising a substantially transparent, biaxially-oriented, free-standing,
bl ow nol ded pol yester-—-body,—the -body having a sidewall with an upper
tapered shoul der and a substantially cylindrical panel, and a base having a

t hi ckened base po“ Jun”ﬂu t hi ckness at |east about 3X greater than
t he thickness of . nel having an average crystallinity of at
| east about 25% and the thickened base portion having an average
crystallinity of no greater than about 10982 33. The contai ner of claim 32,
wherein the base is a chanpagne base, and the thickened base portion
conprises a central donme and a chine. - 54 - 34. The container of claim

bot t om vl | and dowwer dFFPERESHE: T8 | ELACHRL ErEQRT A e OB R Mot
supporti ng f eet, . anﬂotheaﬁhiﬁtefmum PoEiche oring sas a cent ral porti on
o, e nem spner ol PahASLEL! ekhAREY shhitny Vrol ifgRbehRE o oo
substantially equal to or greater than the .
dimensions of the final container sidewsll, and
expanding the base~forming section up to
substantially the same dimensions as the final
container base;
heating the expanded intermediate sidewall
to crystallize and contract the same below the
dimensions of the final container sidewall,
vhile the base substantially maintains its
dimensions and percent crystallinity; and
expanding the contracted intermediate
sidewall while in the orientation temperature
range to the final dimensions of the container
sidewall, while the base substantially maintains
its dimensions and percent crystallinity.

28. The method of claim 27, wherein during the
heating step the base is shielded in order to
substantially maintain its dimensions and percent
crystallinity.

29. The method of any one of claims 27 and 28,
wherein during the heating step the base is cooled
in order to substantially maintain its dimensions
and percent crystallinity.



portion, conpared to the thickened base portion, including the |egs, feet
and ribs in the bottomwall between the Iegs,‘the t hi nner base portion
havi ng an average crystallinity of from about '10-20% 36. The contai ner of
claim 32, wherein the panel—has an average crystallinity of about 30-35%
37. The container of claim32 wherein the container can withstand at |east

10 refill cyc lumu jI[lfiwash at a tenperature of greater than
60[err]C with iﬁ‘ e 38. The container of claim32, wherein the

cont ai ner can ti thst'and at | east 20 refill cycles in a caustic wash at a
tenperature of greater than 60[err]C wi thout crack failure. - 55 - 39.
The container of any one of clains 37 to 38, wherein the contai ner can

wi t hstand the designated refill cycles with a nmaxi num vol unme change of
about [err] 1.5% 40. The contai ner of "cP i m32, wherein the polyester is
pol yet hyl ene terephthalate (PET). 41. The container of claim40, wherein

t he panel has an average wall thickness of about 0.50-0.80mm and an aver age
crystallinity of about 30-35% and the thickened base portion has an
average wal |l thickness of about 2.0-4.0nm and an average crystallinity of
no greater than aBout Th® method of claim 29, wherein the heating

step includes heating the base to at least partially
, relieve any strain generated in the base during the
o first expanding step.

31. A contaiher produced by the method of claim 27,

32. A container comprising a substantlally
transparent, biaxially-oriented, free-standing,
blow~molded polyester body, the body having a
sidewall with an upper tapered shoulder and a
substantially cylindrical panel, and a base having a
thickened base portion with a wall thickness at
least about 3X greater than the thickness of the
panel, the panel having an average crystallinity of
at least about 25% and the thickered base portion
having an average crystallinity of no greater than
about 10%.

33. The container of claim 32, wherein the base
is a champagne base, and the thickened base portion
comprises a central dome and a chime.



42. The container of claim 32, wherein the container is a free-standing

bi axially-oriented pressurized PET container. 43. The container of claim
32, wherein the container is a hot-fill container. 44. The container of
any one of claims—12," 31 and 32, wherein the polyester is bottle grade PET.

45. The contalne reln the container has a nmultil ayer
si dewal | i ncl udi &m‘w‘ ayer of a material selected fromthe group
consi sting of ba tshermal stabil+t$4 +#ecycle PET and

post - consuner PET

34. The container of claim 32, wherein the base
is a footed base having a substantially
hemispherical bottom wall and downwardly-extending

. legs which terminate in lowermost supporting feet,
i and the thickened base portion comprises a central
portion of the hemispperical bottom wall (without

legs).

35. The container of claim 34, wherein the base
further includes a substantially thinner base
portion, compared to the thickened base portion,
including the legs, feet and ribs in the bottom wall
between the legs, the thinner base portion having an
average crystallinity of from about 10-20%.

36. The container of claim 32, wherein the
panel has an average crystallinity of about 30-35%.

37. The contalner of claim 32, wherein the
container can withstand at least 10 refill cycles in
a caustic wash at a temperature of greater than GO‘C
without crack failure.

38. The container.of claim 32, wherein the
container can withstand at least 20 refill cycles in
a caustic wash at a temperature of greater than 60°C
without crack failure. :
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3%. The container of any one of claims 37 to 38,
vwherein the container can withstand the designated
refill cycles with a maximum volume change of about
z 1.5%.

40. The container of claim 32, wherein the
polyester is polyethylene terephthalate (PET).

41. The container of claim 40, wherein the
panel has an average wall thickness of about
0.50-0.80mm and an average crystallinity of about
30-35%, and the thickened base portion has an
average wall thickness of about 2.0-4.0mm and an
average crystallinity of no greater than about 10%.

42. The container of claim 32, wherein the
container is a free-standing biaxially-oriented
pressurized PET container.

43. The container of claim 32, wherein the
container is a hot-£fill container.

44. The container of any one‘of claims 12, 31
and 32, wherein the .polysster is bottle grade PET.

45. The container of claim 44 wherein the
container has a multilayer sidewall including at
least one layer of a material selected from the
group consisting of barrier, high thermal stability,
recycle PET and post—consumer PET.



