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Field of the Invention
This inventicn relates to improvements in blow-molcéed
plastic containers, and more particulariy tTo preforms and
containers having muitilayer transparent sicewslls including
& homopolymer blené or ccpolymer of pelyethylene naghthaiste
(PEN) for erhanced thermal and barrier properties, ané ore or
nmore additional lsyers &ble tc withstand tke high orienzetlon
ati £ ZEN while

maintaining contairner transparency. The container is

tempersture and planar stretch -

sticularly usefvl as & refillaplis and/or hot-£iilabie

3ackgreund cf the Invention
The market for polyethyiene terepathalate (PET)
abie carbenated scfr drink (CSD) beztles has enjeved
sigaificant crowTh w dw-de. since its inT: duc:ion ia 19
"

>y Continentel PET Tec:no;ogi-s. These bottiss have been
cemmarcialized threughour much cif Euicne. Cen:t and South
america. and are new meving into the Far East market.

Refillable bortries recduce the existing lancdfiil and
recycle problems associated with disposable plastic beverzge
bottles. 1In addition, & refiilable Potrtie provides a seler,
lighter-weight plastic container in those markets, currenzly
dominated by glass, where legislation prohiibits use of
nonreturnable packages. The goal is to procuce a refillable
bottle having the necessary paysical characteristics to
withstand numerous refill cycles, while being economical to
'nrcduce _

Generally, e refillable plastic bottle must maintain it
functiornal and aesthetic characteristics over & minimum of 106
ané preferably 20 cycies or ioops o be econcmically



'significant groﬁﬁh wor | dwi de, since its introduction in 1987 by Conti nent al
PET Technol ogies. These bottles have been commercialized throughout nuch
of Europe, Central and South Anerica and are now noving into the Far East

mar ket . Refillable bottles reduce the existing landfill and recycle
probl ens associ ated with di sposable plastjc beverage bottles. |In addition,
arefillable bottle provides a safer, |ighier-weight plastic container in

those narkets, currently dom nated by glass, where |egislation prohibits
having the reRule by Eviee hatugrerredi it Bl nde.a8nRERL Yus ot i 1|
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(1) an enpt wHilesEAS gnd WatR41( 2oc ISR Dl 3 gReehage, (Rsboanagand/ or
after wash) ity 'storage by the consuper, followed by eventual return to
‘the bottler.

Refillable containers must fulfill several key
performance criteria in order to achieve commercial

viability, including:

1. high clarity (transparency); to permit visual
on-lire inspeCtioh:

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

3. resistance to caustic wash induced stress cracking

and leakage.

A commercially successful PET refillable CSD container
is presently being distribuzed by The Coca-Cola Company in
Europe (hereinafter “"the prior art CSD container”). Th}s
container is formed of a singie layer of = polyethylene
terephthalate (PET) copelymer, with 3-5% comonomer such as
1,4-cyclohexanedimethanol (CHDM) or isophthalic acid (IPA).
The preform, from which this bottle is stretch blow molded.
has a2 sidewall thickness on the order of 5-7 mm. or about
2-2.5 times that of a preform for a disposable one-way
bottle. This provides a greater average bottle sidewall
thickness (i.e., 0.5-0.7 mm) required for abuse resistance
and dimensional stability. based on a planar stretch ratio of -
about 10:1. The average crystallinity in the panel

| (cylindrical sidewall section beneath the label) is about
15-20%. The high copelymer 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.



filling/capping, (3) warehouse stdrage, (4) distribution to whol esal e and

retail locations and (5) purchase, use and enpty storage by the consuner,
foll owed by eventual return to the bottler. Refill abl e containers nust
fulfill several key performance criteria in order to achieve comercia
viability, including: 1. high clar+3y (transparency) to permt visual
on-1line inspection; 2. di nensi onal stability over the |[ife of the
cont ai ner; and 3. resi stance to caustic wash induced stress cracking
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vi sual (e.g.., root beer) migrate into the bottle sidewall and
subsequently permeate into a second product {(e.g., club soda)
on a later £ill cycle, thus influencing the taste of the
second product. An increase in wash temperature may also 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.
Polyethylene naphthalate (PEN) is another potential
polyester for use in blow-molded containers. PEN has a
desirable oxygen barrier capability —- abour five times that
of PET, and a higher heat stability temperature —- about
250°F (120°C) compared to about 175°F (80°C) for PET. These
properties would be useful in containers for oxygen-sensitive
products (e.g.., food or cosmetics) and/or containers
subjected to high temperatures (e.g., refill or hot-fill
containers). However, PEN is,substéntially more expensive
than PET and has different processing requirements such that
PEN has not been successfully used in a commercial
blow-molded beverage container. '

Summary of the Invention.
A preform and container are provided, and methods of

making the same, wherein the preform and container include at
least one layer of a first polymer including polyethylene
naphthalate (PEN) for enhanced barrier properties and/or
thermal resistance. The first polymer is a homopolymer,

Ay
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on-line inspection required of -commercial refill containers.

3 Various aspects of this prior art container are described in
Conti nental PET Technology's U.S. Patent Nos. 4,725,464, 4,755, 404,

5, 066, 528 and 5, 198, 248. The prior art CSD contai ner
denonstrated field viability in excess of, 20 refill trips at
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product with PEN if such contact is to be avoided.
In a8 first high-PEN embodiment, the container

includes inner and outer (exterior) layers of a
strain-hardened high-PEN copolymer or blend, conta

for PET. These

BYB®product s

hlagepeadsar es
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sidewall

ining on

the order of B80-100% PEN and 0-20% PET by total weight of the
layer, and an interior core layer ofga non-strain-hardenable
polyester. such as PETG. PEIC is a copolymer of polyethylene
terephthalate (PET) with on the crder 30% cyclohexane
dimethanol (CHDM). Alternatively. the core layer may be a
blend of PEN/PETG. PEN is provided at the surface (exterior
layers) for enhanced performance., including increased

resistance to oxygen penetration and good physical
properties, i.e., high~impact strength, pressure r

eésistance.

stress crack resistance, low produCtiflavor carryover and
thermal stability. The PETG layer is substantially
noncrystallizable and can be stretchgd at the orientation
temperature and optimum area stretch: ratios for the exterior
high-PEN layers. In addition, PETG will adhere to the
high-PEN layers and will not delaminate in the expanded
container. Still further, the core PETG layer provides the
necessary wall thickness for overall package stiffness and
rigidity, at a reduced cost compared to PEN. By way of
specific example, a refillable carbonated beverage container
may have a substantially transparent multilayer sidewall with
inner and outer layers of on the order of 90% PEN/10% PET by

This Sheet Has Been R]ilaced

AT




such that PEN has not been successfully used in a comrercial bl ow nol ded
beverage contai ner. Summary of the Invention
A preformand contai ner are provided, and nethods of making the sane
wherein the preformand container have a substantially transparent

mul tilayer sidewall, including form ng at™3an el evated tenperature a preform
havi ng a substantially anor phous and transparent nultil ayer
sidewal | -form ng_portion including a first layer of a first polyneric

mat eri al andtet8décwadighnyef bhealmchqﬁolay#@ﬂfedﬁﬁ@ér@ﬁl?y&boli\“ﬁb and
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characterized in that t st . pol ynerlc material is a
strai n-cryst FYPEﬁbPEehBﬂDEB?yﬂﬁf ™ 28r bl end of pol yet hyl ene

Zaphthalgte ( PEN) At abHes8€chigh-PEN c?3$eﬂ$zat1ons. PE% homopolymer could
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the first potemperatuneeis ahuck cvwary uhsanpmmsnemget@wmetgnmature
transition tengegat UﬁﬁNO{x at hg rﬂiﬁﬁﬁm@@rﬁ% a%zHEt EehBbr 266k d Mo dpbieati ng

of the first and”second |ayers_1s perforne In the orjentation
tenperature PEABE of £6@°F; (137 Vol yhased SR 8 BARSS shERBSITION expanding of

the preform tempetdouredon tihe rodder @f @35aF ¢28e0per aAtirthese

temperatures, PET homopolymer would begin to crystallize and
no longer undergo strain hardening (orientation), and the
resulting container would be opague and have insufficient
strength. In contrast. PETG is substantially
nenerystallizablie ang can be stretched at the crientation
teTperaTure the optimum area stretch ratio
PEN, i.e.. oo <he o:d r ¢ 18-20:1. _

in a seconé low-PIN embodiment, the centsinsr sidewall
includes irner and outer lavers cf strain-hardened Zow-FIX
copolyme:r cr blend including on the order of 1-20% PEN and
80-99% PET by total weight of the iayer, and ar intericy cors
layer of strain-hardened polyester such as PET. At these low
levels of PEN, an acceptable match of orientation temperature
snd stretch rastios can be achieved for the strain-hardened
lcw-PEN inner and outer layers and the strain-hardened core
PET layer. In a specific exampie, a hot-£fill contairner
having a transparent sidewall includes inner and outer layers
cf on the order of 10% PIN/$0% PET, and s core layer of lcw
ccpolymer PET, and wherein the thickness ratio for the
inner:core:outer layers is on the order of 30:40:30. The ic¥w
copolymer PET may have up to on the crder of 10% copolymer o7
tetal weight of the copolymer. and more preferably orn the
order of 0-2%. This embodiment provides a good balance
betweer the enhanced physical properties of PEN (at the
surface) vs. the increased cost and processing requiremente
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range of the first polyneric material to forma container having a
substantially transparent nultilayer sidewall with a strain-crystallized
first polyneric material |ayer. The at | east one | ayer of first

pol ymer may be an exterior or an interior layer. Providing PEN at the
exterior layer enhances thermal resistancg and reduces flavor carryover.
However, providing PEN at the interior |ayer also inproves the thermal

resi stance and avoi ds contact of the product with PEN if such contact is to

be avoi ded. In Rkl b abbal ERbETIAM, Tebe, chliasher & Tesusi Lieval |
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These and other features of the sinvention will be more
particularly described by the following detailed description
and drawings of select embodiments.

Brief Description of the Drawings

Fig. 1 is a schematic elevational and partially
broken-away view of a refillable 1.5 liter carbonated
beverage bottle according to one embodiment of this invention;

Fig. 2 is an enlarged fragmentary view taken along the
section line 2-2 of Fig. 1, showing more specifically
exterior (inner and outer) layers of PEN and an interior
(core) layer of a second polymer:

Fig. 3 is a schematic illustration show;ng a typical
cycle or loop through which a refxllgble container must pass:;

Fig. 4 is a schematic sectional view taken through an
injection meld cavity suitable for making a multilayer
preform in accordance with this invention;

Fig. 5 is an enlarged fragmentary view of the bottom of
the mold cavity of Fig. 4, showing a quantity of PEN being
injected and the cooling upon contact with the mold wall
surfaces to form the exterior (imner and outer) layers of the
preform;



total weight of the layer, and a core |layer of PETG and wherein the

rel ative wall thicknesses of the inner:core:outer |ayers are on the order
of 25:50: 25. At these high-PEN concentrations, PET honopol ymer could
not be used as the core |ayer because its orientation tenperature is nuch
| ower than PEN s orientation tenperature =7-.g., PEN has a m ni num
orientation tenperature on the order of 260[err]F (127[err]C), based on a
glass transition tenperature on the order of 255[err]F (123[err]C). At

t hese tenperature§figRE® Asnmepoentergeduf rhdmeritaryovieyssahilae todfig.

| P ¢ pobybex i
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t he order of 15'29&%‘ .In_a second, | ow- REN enbodi nept %he q&ftainer
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copol yrmer or rilgddayec| pdefigronof hehig dirverft ibn20% PEN and 80- 99% PET by
total weight of t | agek d | ré 0 | g?@{d
pol yester such as_gl‘iD T 8 %\? t e%gf?%%fefvﬁ%r&% N, fé.‘l% %%%%%t?%glgaérm ch of
ori entati on S8RF4PRt the BaSesPf c2 ePntaingr medepfromnthe preform
strain-hardey&@,lqwaEN i nner and outer |ayers and the strain-hardened core

PET layer. In amggeci%ic exappl e, a hot-fill coaqtainer gaviﬂgla .
transparent sidewAFB-i ActEdRsITIRENTARY FRCEI ORaY Y 1881 °0% 2R L TRTRAt 1¥e 10%
PEN 90% PET, paeficamcemboffiyent pfhdvimg a third injection of PEN which

displaces the second polymer in a central portion of the
base-forming section; and

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

Detailed Description
Referring to the drawings, Fig. 1 shows a 1.5 liter
refillable carbonated beverage bottle which comprises one
embodiment of the present invention. The bottle 10 is a
unitary expanded plastic preform container having a
substantially transparent multilayer sidewall, and is made
from the multilayer preform of Fig.:7. The container body
has an open top end with a small-diameter neck finish 12 with
" external screw threads for receiving a screw-on cap (not
shown}, and a closed bortom end or base 18. Between the nheck
finish 12 and base 18 is a substantially vertically-disposed
sidewall 15 (defined by vertical axis or centerline CL of the
" bottle), including an upper tapered shoulder portion 14 and a
substantially cylindrical panel portion 16. The base 18 is a
thickened champagne style base with 3 thickened central gate
portion 20 and, moving radially outwardly toward the
sidewall, an outwardly concave dome 22, an inwardly concave
chime 24, and a radially increasing and arcuate outer base
portion 26 for a smooth transition to the sidewall panel 16.




copol ymer PET, and wherein the thickness ratio for the inner:core:outer

| ayers is on the order of 30:40:30. The | ow copolyner PET may have up to
on the order of 0% copol ynmer by total weight of the copolynmer, and nore
preferably on the order of 0-2% This enbodi nent provides a good bal ance
bet ween t he enhanced physical properties-8+ PEN (at the surface) vs. the
I ncreased cost and processing requirenents of PEN. In a

third m d- PEN enbodi nent, the container sidewall includes inner and outer
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thi ckness ra&éqtﬁg 4ﬂ§5ﬂéé§geﬁé§§ ortion, and increasing in orientation
up to its junction with the sidewall. The thinner outer base
portion 26 provides improved impact resistance.

The multilayer sidewall of bottle 10 is not specifically
illustrated in Fig. 1 due to the small scale of the drawing.
However, Fig. 2 shows in cross section the panel portion 16
having exterior (inner and outer) PEN layers 32 and 34, and
an interior (core) layer 30 of a second polymer. In this
erbodiment the seconé polymer is a substantially
noncrystallizable high copolymer PET, known as PETG, or a
blend of PETG and PEN. The panel core layer 30 is about
0.0093 inches (0.24mm) thick and the panel inner and outer
layers 32 and 34 are each about 0.0047 inches (0.12mm)
thick. The shoulder 14 and base 18 are stretched less and
therefore are thicker and less oriented than the panel 16.
The container is about 13.2 inches (335mm) in height and
about 3.6 inches (92mm) in (widest) diameter.

A preform for making the container of Fig. 1 is shown in
Fig. 7. The preform 110 has a panel-forming section 116 with
a wall thickness of about 0.280 inches (7mm), including a
preform core layer 130 about 0.140 inches (3.5mm) thick, and
inner and outer layers 132 and 134 each about 0.070 inches
(1.8mm) thick. The container panel 16 is stretched at an
average planar stretch ratio of about 15:1. The planar-
stretch ratio is the ratio of the average thickness of the
preform panel-forming portion 116 to the average thickness of
the container panel 16, wherein the “average” is taken along
the length of the respective preform or container portion.
For refillable carbonated beverage bcttles of about 0.5 to
2.0 liters/ volume and about 0.5 tc . 0.8 mm in panel wall



| ayers of on the order of 15:70:15. The PET core |ayer wll strain-harden
to control material distribution during bl ow nol ding. These and ot her
features of the invention will be nore particularly described by the
foll owi ng detail ed description and draw%¥gs of sel ect enbodi nents.

"Brief Description of the Draw ngs 1 is a schematic el evational
and partially broken-away view of a reflllable 1 5 liter carbonated
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proceﬁszng characrerzstzcs (as determined for example, by the

intrinsic viscosity) of the particular materials employed.

Polyethylene naphthalate (PEN), which may form all or

part of a particular layer, is a polyester produced when

dimethyl 2,6-nephthalene dicarboxylate (NDC) is reacted with

ethylene glycel. The PEN polymer comprises repeating units

of ethylene 2,6 naphthalate of the formula:

O

. ll .{-
(/,\\f/f\\r’ T }

O

-OL\(ET—YLEN" 2,6-NAPETHALATE)  (PEN) .

PEN resin is avsilable having an inherent viscosity cf
0.67dL/g and a molecular weight of about 20,000 from Amoco
Chemical Company. Chicago, Illinois. PEN has a glass
transition temperature Tg of about 123‘c, and a melting
temperature T of about 267°C.
Polythelene terephthalate (PET), which forms all or part
- of various layers., is a polyester produced by polymerizing
terephthalic acid or its ester—forming derivative with
ethylene. The PET homopolymer comprises repeating units of
ethylene terephthalate of the formula:

This Sheet Has Been R



-7- Fig. 6 is an enlarged fragnentary view simlar to Fig. 5,
showi ng a quantity of second polyner being injected to formthe interior
(core) layer and the tunnel flow of both PEN and second polyner to formthe
mul tilayer preform Fig. 7 is an enlarged sectional view of the
resulting multilayer preformof this i nvé iion; Fig. 8 is an enl arged
fragnentary view show ng in cross section the base of a container made from
the preformof Fig. 7; Fig. 9 is a fragnentary sectional view of an
alternative preform enbodi nggt, having @ third injection of PEN which

di spl aces the second pol yner{jin ntrgl portion of {he base-formng
section; and Fig. T"i £ Q%ﬁﬂﬁ@y‘)‘i-ew showi ng in cross
section the base of a container fromthe preformof Fig. 9.

Det ai | ed Description d hows a 1.5
liter refill able carbonat &%Zégf%eéﬁgt %%E&érl seipgﬂ' enbodi ment
of the present invention. The bottle 10 is a unitary expanded plastic

preform contai ner having a substantially transparent jultil ayer sidewall,
and is made fromthe nultilayer preformof Fig. 7. The container body has

an open tOD?Q&dh%éﬁo?ﬁé‘P'l‘xaé’ié‘rﬁegt St WB0loel 730EMadd #iEh of abour
253°C.

In one embodiment. the present invention contemplates
the use of high copolymers of PET which are substantially
noncrystallizable at the orientation temperature of PEN,
e.q., PETG. The high copolymer PETG fs PET with about 30% by
tctal weight of the comonomer 1,4 cyclohexane~dimethanol
(CHDM). PETG is commercially avsilable from Eastman Chemical
in Kingspert, Tennessee as KODAR® PETG Copolyester 6763.

Tre ccmonomer (e.g., CHDM as s replacement for the glycol
moiety) disrupts the PET polymer backbone (i.e., alterrating
tnits of acid ané gylcol) to decresse. The molecular
crystasllizaticn rate. The comonomer zs most effective -4f it
fcrms part of the backbone, »ut it may also form a branched
copolymer. Another suitable high copolymer PET includes a
nigh level of isophthalic acid (IPA) to render the polymer
substantially non-crystal-lizable and amorphous.

An alternative embodiment contemplates the use of a
b]end of PEN and PET. For example, a blend of PEN/PETG in a
weight ratio of 25:75 can be prepared by melt blending the
two polymers. A core layer of PEN/PETG blend in the
multilayer would be expected to provide even higher thermal
and barrier properties and even greater layer compatibility,
than a core of PETG. The similar chemical structure of (and
or hydrogen bonding between) PEN, PET, and other polyesters,
provides the necessary melt compatibility'and layer
achesion. As a further alternative, the PEN can be blended
or copolymerized vith a homopolymer or lovw copolymer of PET.
A low-level PEN copoclymer or biend would have up tc on the



external screw threads for receiving a screwon cap (not shown), and a

cl osed bottom end or base 18. Between the neck finish 12 and base 18 is a
substantially vertically-disposed sidewall 15 (defined by vertical axis or
centerline CL of the bottle), including ajjupper tapered shoul der portion
14 and a substantially cylindrical panel portion 16. The base 18 is a

t hi ckened chanpagne style base with a thickened central gate portion 20

and, moving raeiel | A gRLd bhS, siflevald. téﬁ\@ﬁﬁb&"%ﬂbifhé?ﬁcaw

done 22, an i %ﬁédl conca and | ncreaspn
arcuate outerP %s‘}p/ﬁﬁ't ﬁ}PFhZ@sf FET,hoReBe hymem i% tc|°<5’ﬁ YBeEhe §Yde§\’EF‘I panel
16. copdhgmexts NTH 4§ meansubnéaﬁﬁmmédqﬁdmayoadahiabaeeuoatee ar ound

a standing r| t ests; the vely thick to
resi st stress cracklng%n¥ﬁh33%%§ gﬁaﬁcﬂfrﬁPf?ﬂwﬁﬂ% %ﬁdgieﬁgd§B§ S£fportlon
whi ch is aboufeishtx tans tuyndicadsy up tbeopaid or@erAbbvE%sthefchth®Tthere is
a thinner oulmndis Pr.ld On 186pRtnabeutactl (AHhie chBhekBgafieo! the

hh{ﬁkfﬂgdsr)gm rt&ﬁ?& t(an |pcr8§?é:12 &ger |ger11’tc%t|o up to its junction
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 about 1.04, and
more particularly from about 0.65 to 0.85. Intrimsic
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 point 0°C).
respectively, at 30°C. Intrinsic viscosity (I.V.) is given
by the following formula:
IV = (1n(Vs°1n./Vs°1_))/C

where:

Y

is the viscosity of the solution in any units;
is the viscosity of the solvent in the same

vSoln.

vSol.
units: and

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

The blown container should be subsrantzally
transparent. One measure ¢of transparency is the percent haze
for transmitted light through the wall (HT) which is given
by the following formula:

= LY (YY) 1 x 100

where Yd is the diffuse light transmitted by the specimen,
and ¥ is the specular light transmitted by the specimen.
The diffuse and specular light transmission values are
measured in accordance with ASTM Method D 1003, using any
standard color difference meter sucﬁ as model D25D3P
manufacturéed by Hunterlab, Inc. The refill container of this



portion 26 provides inproved inpact resistance. The mul til ayer

sidewal | of bottle 10 is not specifically illustrated in Fig. 1 due to the
smal|l scale of the drawi ng. However, Fig. 2 shows in cross section the
panel portion 16 having exterior (inner and outer) PEN | ayers 32 and 34,
and an interior (core) layer 30 of a secd?t polyner. In this enbodinent the
second polyner is a substantially noncrystallizable high copolyner PET,
known as PETG or a blend of PETG and PEN. The panel core_ l|layer 30 is _about
0. 0093 i ncheinventinnmshailek have ehpepaent haazer(throught dhel ppRed ¥8ldld 34

h ab ' 2 bk . | 8
are each abo |i<}"s£sp§§‘dd’?ﬁ‘2’?§‘rt( Qol,wg},atiﬂbﬁé prafit sp1gulides thanndbbate 1

are stretche ore are thicker and |l esS oriented than the
panel 16. Thetcontai ner is about 13.2 inches (335m) in height and about

3. 6ti nches ]g92mnrnm_;(wfdﬂﬁ b_h@iug_ﬁew$0 I_T_e suﬂ%t]gzmﬁan?yf mramrianr@mthfe _
container o I.S..S | | . r I S a = f=0r m n
section 116 Q/{‘j{%ﬁ%mq:ﬁ%@kﬁg&agroﬁﬁoﬁggd?ﬁo%%eg‘o?%r)t,ﬁa?nc%ﬁ? |tgg a °

pr ef or m cor et ¢ty andl b preferabdyi nchweré Xmnnabowtc®%¥.and i nner and
outer |ayers 132 4l coiftQaeh 2R0Pig)- D701 NNRR WhriRy Lovels bF
cont ai ner panel 1§:IS stretche a n_average pl anar,”st cq r%tlo f about
15:1. The PiERfndncueed cayssail if*ﬁﬁrh&%’%fe”cﬁi&?e%%e BXCERNESs of
the pref or mvarigus @osing oper alonglifet heldier i ruge bokitdlenésomofthishe
Fespect i ve BIETLARPIE o, MRop2sar { PRReSf P VA JuRY” srRB R de i, 20,
bottl es of atkong che totle. | Thespevceunecrystalddnity ®ayob® 8 mMmin panel
wal | determined according to ASTM 1505 as follows:
$ crystallinity = [(ds ~ da)/(dc - da)] X 100
where ds = sample density in g/cm3. da = density of an
amorphous film of zero percent crystallinity., and dc =
density of the crystal calculated from unit cell parameters.
The panel portion 16 of the container is stretched the
greatest and preferably has an average percent crystallinizy
of at least about 15%, and more preferably at least about
20%. A 15-25% crystallinity range is useful in refill and
hot-£ill applications. |
Further increases in crystallinity can be achieved by
heat setting to provide a combination of strain-induced and
thermal-induced crystallization. Thermal-induced
crystallinity is achieved at lov temperatures to preserve
transparency. e.9., holding the container in contact with the
blow mold. In some applications, a high level of
crystallinity at the surface of the sidewall alone is
sufficient.
Fig. 3 shows 2 typical refill cycle for a commercial
refillable container. A test procedure for simulating such a
cycle would be as follows. As used in this specification and
claims, the ability to withstand a designated number of
refill cycles without crack failure and/or with a maximum
volume change is determined according to the following test

procedure.



9-———%hftkn65§“§"ﬁFE—erred planar "stretch ratio is about 12-20:1, and
nore prefer ﬁ edl5-20: 1. The hoop stretch is preferably about 6- 7X
and t s about 3-4X. This produces a contai ner panel with the
desire “ nce, and a preformsidewall with the desired visual
transp cific panel thickness and stretch ratio sel ected

depend on the di nensi ons of the bottle *t°he internal pressure (e.g., 2.02 X
10[err] Nnferr] (2 atm for beer, 4.05 X 10[err] Nnerr] (4 atnm) for soft

criks) 200 ¢ Do PSRN ASBS L SH £ 0 SRELT Rafofetsgta o by
Pol yet hy| ercaustitt haisht soQBENpn pheparedywitr @.83 sodipar hydtoxigder bycul ar
(S 15" 23%%%?%‘%% e PHERE - ' 3fle Wi Benftsenl 3R madpeatngacat 0 B0
units of etd8s t?°6“ﬁ§bhsﬁapatétb¥etrﬁag{Hrﬁﬂ%Q Thpepthles are
submerged uncapped in the wash for 15 minutes to simulate the
time/temperature conditions of a commercial bottle wash
system. After removal from'thé wash solution, the bottles
are rinsed in tap watertﬁgd.gben filled wlth a carbonated
water solution at 4.0 * 0.2 atmospﬁeres\(fo simulate the
pressure in a carbonated soft drink container), capped and
placed in a 38°C convection oven at 50% relative humidity for
24 hours. This elevated oven temperature is selected to
simulate longer commercial storage periods at lower ambient
temperazures. Upon removal from the oven, the containers are
emprtied and again subjected to the same refill cycle, until
failure.

A failure is defined as any crack propagating through
the botrtle wall which results in leakage and pressure loss.
Volume change is determined by comparing the volume of licuid
the container will hold at room temperature, dboth before and
cfter each refill cycle.

The refillable container 10 of thzs invention can
preferably withstand at least 20 refill cycles at a wash
temperature of 60°C without failure, and with no more than
about 1.5% volume change after 20 cycles. The container also
preferably 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.

Figs. 4-6 illustrate a metered, sequential coinjection
apparatus for making a multilayer preform of this invention.
This apparatus is substantially described in U.S. Patent No.
4,710,118 to Krishnakumar et al. granted December 1, 1987,
which is hereby incorporated by reference in its entirety.

As shown in Fig. 4, an injection mold unit 40 includes
an outer mold cavity 42, a neck ring 44 vhich defines the
neck finish, and a core 46. The neck ring 44 in ccnjunction




OLY( ETHYLENE 2, 6- NAPHTHALATE) (PEN). PEN resin is avail abl e having an
I nherent viscosity of 0.67dL/g and a nol ecul ar wei ght of about 20,000 from

Anoco Chem cal Conpany, Chicago, Illinois. PEN has a glass transition
tenperature T[err] of about 123[err]C, and a nelting tenperature T[err] of
about 267[err]C Pol yt hel ene terephthal ate (PET), which forns all or

part of various |ayers, is a pol yester-psaeduced by pol yneri zi ng
terephthalic acid or its ester-formng derivative with ethylene. The PET
honopol ymer conprises repeating units of ethylene terephthal ate of the
fornula: with the cofer#f closes the upper end of the mold cavity 42

while the lower end is provided with an opening 48 which
receives in sealed relation a nozzle-like end 50 of a rotary
valve member 52 of the extruder. The;valve member 52 is
mounted in sealed relation within a valve block 54 which has
formed therein a first passage 56 which receives a
conventional nozzle 60 of a plasticizer or injection head.
The passage 56 opens radially toward the rotary valve member
52, and the latter has a through passage 62 which at one end
terminates in a generally radial passage €4 which can be
aligned with the passage 56. There is also associated with
the valve block S4 a second material dispenser 66 which
includes a dispensing piston 68 and a flow passage 70 exiting
therefrom toward the valve block 54. The valve block 54 nas
& radial passage 72 which is axially éligned with and in
communication with the passage 70. The valve member 52 has a
further passage 74 extending generally radially from the
passage 62 and so circumferentially spaced from the passage
64 such that when the passage 64 is aligned with the passage
56. the passage 74 is spaced from the passage 72. By -
rotating the valve member 52, the passage 64 may be moved out
of communicstion with the passage 56 and the passage 74 moved
into communication with the passage 72. Thus, materiai may
be selectively supplied from either the first supply device
{injection head) 60 or from-ihe'seconé supply device €6.

In accordance with this embodiment, the first supply
device 60 delivers PEN for the inner and outer layers. The
second supply device 66 delivers PETG (or a PEN/PETG blend)
for the core layer.

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



POLY( ETHYLENE TEREPHTHLATE) = (PET) PET honopol ymer has a T[err] of.
about 73[err]C and a T[err] of about 253[err]C I n one enbodi nent, the
present invention contenplates the use of high copolyners of PET which are
substantially noncrystallizable at the orientation tenperature of PEN,

e.g., PETG The high copolynmer PETG is_REI wi th about 30% by total .weight
of the conmononer 1,4 cycl ohexane-di net hanol (CHDM. PETGis commercially
avai l abl e from East man Chemi cal in Kingsport, Tennessee as KODAR[ err] PETG

Copol yester 67635,The E@ﬁgﬁgggeaigégﬂb%@;% /P feep'tﬁseasesné%e&bﬁ geycol

moi ety) disrupts the P e’ alternatlng uni t acid
and gyl col ) iSon@&sr é§§§C‘Fﬁé mt@cm%erl@s?taaﬂlltleat I&nwialeb TﬁﬁeEoﬁBﬁBrrer

i s nost efoﬁbl%@cbﬁdlEe%?ﬁ”ﬁspﬁiilcﬁa4é“%l%ﬂﬂﬂ@qnQ&obuthtbugBYtan0 forma

b hed I t t PET d kgh
Cevel of | SERNLRE PEERRPY PePAPR Fherenand yoPPrendsahobal: FAR, £1A8
non- cryst al wil2ab8wanod aherptﬁn&busly injeodedemagerieletbodi Bhat

Cons S csat ool SybLGH, Pabily i L5T0ung AR s et

PEN PETG i n a wel preépar t he
t wo poIyner§°nAP€6rEh?a9@¢1€ﬁ mm;deailaﬂ<hqwawerp beﬁﬁPF?IEEErcﬁbﬁld be

expected tolpyeyi gie eusetamgﬁeil  hedritaty éﬁﬁiﬂ@&hbﬂ@r Qt0?€§15€§ nagisgen
greater |ayer co Lbl| a core of PET Igg Iar cheni ca
Bisa N

structure of (an ﬁ&f%ﬁn§ma§ °5§ 8n8®ot her

polyesters;prevzously descr:bed. which includes a PETG core layer 130
and PEN inner and outer layers 132, 134 which are continuous
except for a portion of the core material 130 which extends
through the outer layer 132 at the gate 120. The preform 110
includes an upper neck finish 112, a tapered shoulder-forming
section 114 which increases in thlckness from top to bottom,
z panel-forming secticn 116 having a {niform wall thickness.
and a base-forming section 118. Base section 118 includes an
upper cylindrical thickened portion 121 of greater thickness
than the panel section 116 and which forms a thickened chime
in the container base, and a2 tapering lower portion 119 of
reduced thickness for forming the recessed dome of the
container. A preform having a preferred cross-section for
refill applications 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. The core
layer 130 of the panel section 116 is roughly twice the
thickness of each of the inner and outer layers 132 and 134,
when forming the preferred 1.5 liter bpottle prev:ously
described. ;

The blown container, as shown in Fig. 8, has a
champagne-type base section 150 including a center gate
portion 152, central recessed dome 154, chime 156, and outer
'base portion 158. The core layer 160 and inner and outer
layers 162 and 164, respectively. vary in thickness along the
base depending upon the relative amount of stretch the



BN .

provi des the necessary nelt conpatibility and | ayer adhesion. As a further
alternative, the PEN can be bl ended or copolynerized with a honopol yner or

| ow copol ymer of PET. A |ow Il evel PEN copol yner or blend would have up to
on the order of 10% by wei ght of PEN, and the remai nder anot her
pol yester, such as PET honopol ymer or cQpglyner. By "PET copolyners” it is
nmeant the commercially avail able bottle grade PET copol yners with up to on
the order of 10% by weight, and typically up to on the order of 5% of

ot her nnnone : lic el heorta HearRal1l
(CHDV) déé?% igcngdﬁse‘)%gﬁo h%%hqn&éfé% nsi )c&\kﬁ)scom t 9 effects
t he processa‘ﬁﬂqltwestﬁ 9ssiepe Progreesiviely pohide AR éz;;\#r\))*al &
having an i nggdmsite \Yax@disy, of about 0.8 is widely used in the CSD

about 104, and M oo 2N # IEPRREDYR: SEb OB st BASATI c.

vi scosity nEsssg-daminqarecaida adcorwhegein ahuﬁmd)m;rne is IRgRAUSD857,
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o- chloropheno ting 0|n respectively, at %; inéss lover

Intrinsic V|sﬁﬁﬁaqqﬁ(andvquﬂ§r gn nto the reduced wall thic
base portion 219 which cools more rapidly and is not as
susceptible to hazing. Portion 236 displaces the core
material 230 and preferably is of the same material as the
inner and outer layers 232, 234, so that in the coinjection
process previously described the nozzle is cleared of the
core resin before the next preform is started to avoid
injecting any core resin in the inner and outer layers of the
next preform. As shown in Fig. 10. a champagne-type
container base 250 blown from the preform of Fig. 9, includes
a gate portion 252, dome 254, chime 256, and outer base 258.
Across the wall, the base includes inner and outer lavers 262
and 264, respectively. and core layer 260. The core layer
260 is displaced at ieast in part by section 266 across the
gate and recess areas.

Other factors important in the manufacture of refillable
polyester beverage bottles are described in U.S. Patent .
4,334,627 to Xrishnakumar 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 their
entirety.

Expansion of the preform should be carried out at 2
temperature in the molecular orientation temperature range
for the PEN 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 meit



by the follow ng fornula: ' I,V = (In(Merr]/Vierr]))/C where:

V[err] is the viscosity of the solution in any units; V[err] is the
viscosity of the solvent in the same units; and Cis the concentration
in grans of polyner per 100 mls of sol ution. The bl own cont ai ner

shoul d be substantially transparent. Oneyuyeasure of transparency is the
percent haze for transmtted light through the wall (Herr]) which is given
by the follow ng fornul a: Herr] =[Y[err]+(Y[err]+Y[err])] x 100
where Y[ err]témpédexulid fofsehlel pbllyneANSMAS t £dpdactitals paivern, thed Y[err]

| Tght 1 anert SRAHAI, oo 3 PR placoN eat R B okt Rkl ARTR BRBRSATD"

1003, usi ng BaRrasem dempesaturedrahge erknovietas the modechdad D25D3P

??29faCtUFE“bﬂEédﬂﬂH¥3H tempbRetutBerifdd! | BRI Gs What when 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
processability 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 process is adversely affected by
spherulite growth. For substantially; amorphous polyester
material, the molecular orientation ﬁange'is typically from
about 20 to 63°F (11 tc 36°C), and more preferably azout 30
to 40°F (17 to 22¢°C), sbove the glass transition
temperature. Typical amorphous PEN polymer, which has a
glass transition temperature of about 255°F (123°C),
cenerally has & minimum crientation temperature of arccuz
260°F (127°C), and a preferred orientation range of about
270-295°F (132-146°C). -

In the preferred reheat stretch blow process, the hot
injected preferm is quenched to room.temperature before use
and then the preform is reheated to within the orientation
temperature range before the expansion step. The reheated
preform is positioned in a stretch blow assembly wherein a
stretch rod is moved into the open end of the preform and
extended to draw the preform end against a base of an
internal cavity blow mold, thereby axially stretching the
preform sidewall, and simultaneously or sequentially a
blowing medium is admitted into the interior of the preform
through openings in or around the rod to radially stretch the
preform outwardly to conform to the .inner surface of the
mold. The extent of stretching_canqbe varied depending on .
the desired shape and wall thickness of the blown container
and is controlled by 2ffixing the relative dimensions of the
initial preform and the finished container. '
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I nvention should haVé a-pércent haze (through the panel wall) of I|ess thén'

about 10% and nore preferably | ess than about 5% The preform should
.al so be substantially transparent, having a percent haze across the wall of
‘no nore than about 10% and nore preferably no nore than about 5% The

icontainer of Fig. 1 will have varying | eygds of strain-induced
‘crystallinity in the exterior PEN | ayers at various positions along the
hei ght of the bottle fromthe neck finish to the base, based on the varying

stretch ratios al ﬂ?gar} gglAg%\#fggﬁTg?tggﬁ,ﬁg&g ﬁfgéé@% | i $hd \ndBYirPRected

determ ned accordi ng, ] ocrysrallinity = [(ds -
‘da)/ (dc - daPresoumolsuRIttislly smeschedcant: 311ovwes 4R SFYLLiPFistRnsity
of a{l Flﬁvrf)h@ilshl i:hh;h@foifé_r&a{ﬁlrol@;e&fen@étﬁtﬁkéi Pahye pﬁbl xdc:t@_eie;vm'sv;mf t he
crystal ca ed. fr Init ce araneter e
container is ﬁe&%%%#&iﬁweaﬂreﬁméﬁggér §§§?g€${/gﬂé}g 2 %#e%ggéé ;%lcge"hnt
crystal | ini t3oothat presiousiqutdest¥ibedd nore preferably at |east about

20% A 15-25%cry: i L\l Q@g&% i ' [ ﬁggb' fiy Ith
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crystal | i ni tyeewclenPELs fpast-afonsumesi 8EEal etal orBhese additianal layersg.
3 shows a typigaleqiffid leiey/ Use ¥ 2AnEQIVEE ChatuEsH Ith@Plfydantay ner. A
test procedure for~sinmulating such_a i .

prevent delamination. Recycled PET may be particularly
useful as the core layer, where it is out of contact with the
rroduct. Different base structures may be used, such as a
footed base having a substantially hemispherical botrtom wall
with a plurality of downwardly-extending legs terminating in
lowermost supporting feetr, and with radiating ribs (which are
rart of the bottom wall) between the :legs. The materials,
wall thicknesses., preform and bottle contours., and processing
techniques may all be va:iéd for a specific en p:oducrj
while still incorporating the substance of this invention.
The container mayv be for other pressurized or unpressuvrized
beverages, such as beer, juice or milk, or for other
nonbeverage progducts.

The benefits of the invention, for example the
resistance to hazing and improved stress crack resistance at
elevated temperatures, may be particularly suited for a
hot-£fill container, such as described in U.S. Patent No.
4,863,046 to Collette et al. granted September 5, 1989, which
is hereby incorporated by reference in its entirety.

Hot-£ill containers typically must withstand elevated
temperatures on the order of 180~1855F (the product £illing
temperature) and positive internal pressures on the order of
2-5psi (the £illing line pressure) without substantial
deformation (i.e., volume change of no greater than about
1%). The benefits of the invéntion_are particularly suited
for a combined refillable and hot~fillable container.



cycle would be as follows. As used in this specification and clains, the

ability to withstand a desi gnated nunber of refill cycles w thout crack
failure and/or-with a maxi mum vol une change is determ ned according to the
foll owi ng test procedure. - 13-

Each container is subjected to a typi calLjgamercial caustic wash sol ution
prepared with 3.5% sodi um hydroxi de by weight and tap water. The wash
solution is nmaintained at a designated wash tenperature, e.g., 60[err]C

~The bottles are &%bEEFE%Sh!éECSREﬁ 16D 448 washed Qowl3evIUPEN tO sinul ate
the tinme/tenperature con

g bﬁlo S Q comrerci al .bottl e, wash sxst?n11§%ter
removal frofOBPIYRSER S3) BAEBAS RTHREFLRY 10T JAYRIS (P18t apSRat &r 2]Rd
then filledby WeightaPEN)ames pabeidsct (59ORraredsesiX 16peTemperatuoe X
10[err] Nnfegrrl, (44 2 ) ' a hgoPr ggsggeci,n a
car bonat ed gé?%'dr%%ﬁkgéﬁkagﬁe??ﬁggggggﬁﬂgﬁa &IgéggEFnESO%BEgr ?% E? ¢
convection ®¥edngresss inl heevEibhlntemperawre fresus3’ Tai 8 eFivaVbalﬁven

tenper at ur e grevidlingt 80 heghi FEl@ée {0 me YFEntrdksed performance
vs. cost. '

Thus, although several embodiments of this invention
have been specifically illustrated and described herein, it
is to be understood that variations may be made in the
materials, the preform construction, the container
constructicn and the methods of forming the preform and
container without departing from the spirit and scope of the
invention as cdefined by the appended claims.

What is claimed is:



st orage ﬁer%odsqm;Jinmz~%?Pjent tenperatures. Upon renoval fromthe oven,
t he cant ai s are enptied and again subjected to the sane refill cycle,
until- fail ,mm,m,ﬂ m’.ure i s defined as any crack propagating through
t he bottl H ts in | eakage and pressure | oss. Vol une change
S detern1ned by coﬁpaﬁlng the vol ume of_j4g.quid the container will hold at
roomtenperature, both before and after each refill cycle. The
refillable container 10 of this invention can preferably withstand at | east
20, refill cycles at a wash tenmperature &fafgd err]C wi thout failure, and

with no nore than about 1.5%volune change after 20 cycles. The contai ner
al so preferably exhi bi® fuktilayer §°EG§§P§EUE?WEﬁF§%F€éroduct f1 avor

Chr oMl 00 Py M T et o i atral e a
su |

net er ed, ’ E‘il-é?ﬁ u@'@ﬁ?‘ &ﬁn&?aéﬁﬁﬁrﬁ‘?gggiﬁyeﬁaﬁqﬁg glrfult?ﬂ §}§ \%ﬁl orm

of this i nvemahxdmﬁua; zipqasmam layeubef aat f it ¢ty phdymerbddalnddng aPat ent

No. 4,710, 13&0 wr%’lxﬁrerakr i8Rk e gﬁ‘&ﬁ‘myﬂe&el%%htmu@%égs s

her eby inco ce-in i s entir

an injectiort§ 3R9ﬁhﬁ5lGG@?raﬁfoét§¢°9ﬁﬁcPQ%XWQSy IPOrgine The i ng 44
whi ch defi n%ddna Igmlsmfelrn irehaingdstbgeant 1611y heraiyparignty af4ern being

ConjunCt'onstretched at a temperature above the orientation temperature
of the first polymer.

2. The multilayer container of claim 1, wherein the at
least one layer of first polymer is an exterior layer, and
the layer of second polymer is an interior layer.

3. The meltilayer container of claim 2, including
strain-hardened inner and outer exterior layers of a high-PE=N
first polymer, wherein the first polymer comprises on the
order of 80-100% PEN and 0-20% PET by total weight of the
layer, and the second polymer of the interior core layeE is a
substantially nonstrain hardenable polyethylene tererhthalate

(PET).

4. The multilayer container of claim 3, wherein the
second polymer is a) PETG:; or b) a copolymer or blend of PEN
and PETG.

5. The multilayer container of claim 3, wherein the
second polymer is a copolymer or blend of PEN and PET
copolymer, and the PET copolymer comprises on the order of
0-10% copolymer.

6. The multilayer container of claim 3, wherein the
inner and outer layers each comprise on the order of 90% PEN
and 10% PET., the second polymer comprises PETG, and the
thickness ratio of the inner:core:outer layers is on the

T m [l




-14- with the core 46 closes the upper end of the nold cavity 42 while .
the lower end is provided with an openi ng 48 which recei ' INTM '
.relation a nozzle-like end 50 of a rotary val ve nmenber ngllmm(l it MMIII

‘ The val ve nenber 52 is nounted in sealed relation within a vdl vé bFock 5%

| whi ch has forned therein a first passage~®b5-which receives a conventi onal
nozzl e 60 of a plasticizer or injection head. The passage 56 opens radially

- toward the rotary valve nenmber. 52, and the latter has a through passage 62
whi ch at one end Ter mTMemlﬂbamm@tlayneadoﬁlcbama@e B nding can be

al igned W t hgtPgs PARLAERES- u;'im?f E‘adé a%t%.e gasaciat eﬂa})‘\ééé‘ df1es VEdw.epE ock

54 a second nmmteri al_dispenser i ncl uges a %E)enm%ﬂ |ston 68 and
a flow passafery® E‘R*Y‘P% t%@’r‘brﬁ%\ﬁdﬁétt RalYRex £ iR al ve

bl ock 54 hasocpdefdbal 1%@ Tzhavg o oiss PEX BY | YoBdl oreive tdf agigk i n

Th b h
bassage 74 cAPURH G Fe8Pnd Rogimpr By, Fof o nieaty, oy € Adder "
ci rcunf erent¢G@hl>l;f1$@cedsuhmnm1dzyssa:geiﬁAhsndeneme&ET/\/rﬂsnw tcmpqiasme 64

is aligned with the passage 56. the passage 74 is spaced fromthe passage

72. By rotating the valve nmenber 52, the passage 64 nmay be noved og; of
comuni cat i on wi t& t hé B REdd By er, Fonss 1p8s saf c REM e FHEREGFD T

comrlunl ga]E | ofnner faztdlebmf Ay et emscoﬁpw?eadnfﬂ}e b Geed emGlom )E;EN
supplie r up e t or from
t he second s%’)b% {lé]ﬁe?# Bé%éstth qpcr#a%g% ééﬁcita#\ﬁg é?% esgef%odl ment, the
first suppl ycopelymer of PET having 0-2% copolymer, and wherein the ,
thickness ratio of the inner:core:outer layers is on the
orcder of 30:40:30.

9. The multilayer container of claim 2, incluéing
substantially amorphous inner and outer exterior lavers cf 3
Mmig-PEN first polymer, wherein the first pclymer comprises on
the order of 20-80% PEN and 80-20% PET by totral weicht of the
layer, ané the second polymer of the interior core layer is &

stbstantislly strain~hardened PET low ccpolymer.

10. The multilayer container of claim 9, wherein the
inner and outer layers each comprise on the order of 50% PEN
and 50% PET, and the core layer comprises a PET low-copolymer
having on the order of 0-2% copolymer.

11. The multilayer container of claim 9, wherein the
thickness ratio of the inner:core:outer layers is in a range
on the order of 30:40:30 and 15:70:15.

12. The multilayer container of claim 1, wherein the
sidewall has been expanded at a planar stretch ratio on the
order of 12~-20:1.

13. The multilayer container of claim 2, wherein the
exterior layer has an average crystallinity at least on the
order of 15%.
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devi ce 63@@” vVers PEN for the I nner and outer |ayers. The second supply

device 6 r' mmm a PEN PETG bl end) for the core |ayer.
"Referrin || be seen that a presel ected amount of first
resin 76 will be |nJected into the bottomof the nold cavity 42 and as it

flows through the nold cavity, due to th&a-elatively cool tenperature of

the nold unit 40 including the core 46, there will be solidification of the
resin 76 to define exterior inner and outer layers 78, 80 of the first
material . 14. The mMtila zebeeahtsﬁéy éflcwa;lnn 1F| @he@einhg¢heecond

resin 86 i s next |n ected 'Q}% t ggcavg% #ﬁ} e s n_that the
second resi IF¥E T 2R Y ﬁﬁBS BFonfEft %FF? WL Sd8fi Red bet ween
the |ayers ‘A&uét(icamsat telnperanarei of abdut a&h/mloaﬁﬂwtpceab3u£a§tlhnpect ed
mat eri al 76. euLt t%r h%%i&%ev??{zﬁ\%' éﬁaﬁggli rggoemsl O\M %3 because it does

e

not contactaqmecoo oweve cause rhe core layer is
substantially noncrystalllzable It resists hazing. In Fig. 7 there is

shown a preform 350 mMee AG1RATHyEHSEInEEHLE: RO cinF | Vhle@sh BNBETC

core layer 130
y container is a free—standing.pressurlzed beverage container.

16. The multilayer container of claim 1, wherein the
container is a hot-£fill container.

17. The multilayer container of claim 1, wherein the
second polymer includes recycled or post—consumer PET.

18. The multilayer container of claim 2, whereirn the
first zolymer is a iow-PEN copolymer or blend comzprising cn
the order of 1-20% PEN and 80-99% PETG, and the core laver is
& high~FEN seconcé polymer comprising on the order of 80-100%
PEN and 0-20% PET by total weight of the layer.

19. The multilayer container of claim 2, wherein the
first polymer is s low-PEN copolymer or blend comprising on
the order of 1-20% PEN and B80-99% PETG. and the ccre layer is
a2 mid~-PEN second polymer comprising on the order of 20-80%
PEN and 20-80% PET by total weight of the layer.

20. The multilaver container of claim 2, wherein the
first polymer is a high-PEN copolymer or blend comprising on
the order of 80-100% PEN and 0-20% PET, and the core layer is
a2 high~PEN second polymer comprising on the order of 80-100%
PEN and 0-20% PET low copolymer by total weight of the layer.

21. The multilayer container of claim 1, wherein the at
least one layer of first polymer is an interior layer.

\
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and PEN inﬁek—aﬁd—aﬂ%e+—+ayé+s 132[ 134 which are continuous except for a

rtion of th na erial 130 which extends through the outer |ayer 132
at t he gat jLIIﬂ “M 110 i ncludes an upper neck finish 112, a
t apered sh tion 114 mhlgh i ncreases in thickness fromtop
'to bottom a panel forn1ng section 116 ving a uniformwall thickness, and
a base-formng section 118. Base section 118 includes an upper cylindrical

whi ch Tor o a t AickenBy BRIREIFhet | ESPERTIRY, o sadir"3a ARERafag Toner
portion 119.neTr Gdhdc oy tei ekne:sotolaj'ersnoﬁg a IRET doesscopodymer of antiea

cont ai ner v efe o]
appllcatloﬁerF£QE§§§PF§ gQ?eE Bg s Iéent SQ§§E&§§U%?&éE E:gﬁ.‘ﬁloﬁlsb

1991 to Kr “&fnQFGEEr oft 15203, RENhand Qﬂﬂ%ﬁﬁ/EEHEGWpréﬁéd"SQQFEfﬁfeﬁéﬁ in
Its entireflayethe core | ayer 130 of the panel section 116 is roughly tw ce
the thickness of each of the inner and outer layers 132 and 134, when
-forming the preferred 1.5 liter bottle previously described. The bl own
cont ai ner, as sBdwn TheFmyltilayes ennﬂnﬂnmagméltypémbaie §pcluding50

I ncl udi ng t gglieepO 3 v C a 156,
and outer %g&%@g%&?lah EP é*#ﬁel%gre | a ﬁ 1€b andiﬁﬁnggﬁgl é e%h ayers

162 and 16%°Tfe ﬁEEFP9EI}aY9§r?f|¢IW1# §§r§FoP$1?ﬁ8rbﬁg@Pﬁhiéﬁd?hg upon
the rel ati theaovder of 20+80%hPiNeand 80-20% PET by total weight of the

layer.

24. The multilayer container of claim 21, inciuding
inner and outer exterior layers of a PET high copolymer, and
a core interior layer of a lecw-PEN first polymer comprises on
the order of 1-20% PEN and 80-99% PET by total wezqht of the
layer.

25. The multilayer container of:claim 21, including
inner and ocuter exterior layers of a PET high copolymert ané
a core interior layer of a mid-PEN first polymer comprises on
the order of 20-80% PEN ané 80-20% PET by total weigh:r of the
layer. -

26. The multilayer container of claim 21, including
inner and outer exterior layers of a PET high copolymer, and
a core interior layer of a high-PEN first polymer comprises
on the order of 80-100% PEN and 0~20% PET by total weight of
the layer.

27. A multilayer preform for blow molding a container,
the preform including 2 multilayer sidewall-forming portion
with at least one layer of a first polymer including a
homopolymer, copolymer or blend of polyethylene naphthalate
(PEN) and another layer of a second polymer, wherein the

This Sheet Has Been Re m
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speci He—base—portion has undergone, but generally the wall thickness

decr eases mhile noving radially away fromthe gate 152.

Fig. \ak\ E‘H‘ﬂgi@m‘! i ve enbodi ment of a preform base-form ng section
218, sinis injected into at |least a central portion 236
of the base form ng section, and prefe+abty into the reduced wall thickness

| ower base portion 219 mhich cools nore rapidly and is not as susceptible
to hazing. Portion 236 displaces the core material 230 and preferably is of

t he sanf nmekebhdl pasyhée W£E$”r§¥3inﬂduﬁ%thhteh&1?32raﬁ§ghréutti&ﬁeﬁR t he
n [ r
Fesin bef oPEiPRCERERFERHATET f iidnatitre 4BqVET EhE PEATTEEER “cor e roqi n

in the i nnsempadatutrerof agke Sfixfstt Ipwlymex.preform As shown in Fig. 10. a
chanpagne-type contai ner base 250 bl own fromthe preformof Fig. 9,

i ncl udes a gate gortlon 252, done 254, chine 256, and outer base 258.
Across the wal | 28t heTBR B LI AR RIGSOIMaRE GAR4R £Aydrthergin

respecti Vekﬁasﬁndncoleyém’ﬁ e P Iteahaiﬁre%@riér di Syt echdat | east
in part by O her factors

i nport ant FﬁgC%%Q a%%%é) <ﬁ41¥§§ﬁ ﬁébﬁ@ bﬁf i?ﬁr ﬂ%@%?age bottles are

described in U S. Patent 4, 334, 627 to Krishnakumar et al. granted June 15.

1082, US. Palegy 4,770 A0 in ?@ Brfr 88t edakRbENA VR i %8R Ad U. S
Pat ent 5, 066, 528 tOIiTIS umar e A gnte a venber
least one layer of first po yme 1s an interior layer.

30. The multilayer preform of claim 28, including inner
and outer exterior layers of a high-PEN first polymer
including cn the order of 80-100% FEN and 20-0% PET by total
weight of the laver. ané the second polymer is polyeszer.

31. The multilayer preform of claim 28, including inner
and outer exterior layers of a low-PEN first polymer
inecluding on the order of 1~-20% PEN and 80-99% PET by total
weight c¢f the layer, and wherein the second polymer is a
low-copolvmer PET.

32. The multilayer preférm of claim 28, including inner
and outer exterior layers of a mid-PEN first polymer
including on the order of 20-80% PEN and 80-20% PET by total
we;ght of the layer, and wherein the second polymer is a

"low-copolymer PET.

33. A method of forming an article having a
substantially transparent multilayer sidewall comprising:

providing a first polymer including a homopolymer,
copolymer or blend of polyethylene naphthalate (PEN), and a
second polymer vhich remains substantially transparent when
stretched at a temperature above the orientation temperature
of the first polymer; and

This Sheet Has Been ||eﬂlaced




19 1991, WhT ch are'heréBy I ncorporated by reference in their entirety.

ornlshould be carried out at a tenperature in the
1['“& ilm il "m terrperature range for the PEN pol yester nmateri al
nera speaki ng, nol ecular orientation of an orientable
thernDpIastlc mat eri al occurs over a tem®@Perature range varying fromjust
above the glass transition tenperature (that tenperature or narrow
tenperature range bel ow which the polynmer is in a glassy state) up to just
bel ow the nelt forming at @angdexated oempe.eamwraeprefnsmahpwa@m gal

matter, thediviidial19f amokeRbad saat a L H1r8daglt i n a much

" narrower tenper nown as cular orientation te erature

rer
range. Theﬁﬁgﬁ?@h '§°FW&%9WREFtﬁﬁE Véﬁ%e?%llﬁ%?qf?“@O&aEFBSBftB thREFESS

transiti on godiymeratande anolthetttayet! of Scheosedond podymetetch in
conventional processing equi pnent. \Wen the tenperature is increased, the

processability inproves greatly but a practical upper limt is reached at
or near the tenpdratThe aethodchf| algimaddy ofgwreinother st deasteoneal | ed

spherulitesahRe Bet 2ik8kMpolymer is an exterior layer, and the layer of
second polymer is an interior layer.

35. The method of claim 33, wherein the at least one
layer of first polymer is an interior layer.

36. The method of claim 34, further comprising:

expanéing the preform at the orientation temperature of
the first polymer to form a container having a substantially
transparent muitilayer sidewall with a biaxisllyv-oriented
exterior layer.

37. The method of claim 36, wherein the expanding step
includes ferming a container sidewasll:with an average -
strain-induced crystallization of atx least sbout 15%.

38. The method of claim 34, wherein the preform
sidewall-forming portion has an interior core layer of the
second polymer which is on the crder of 50% of the sidewall
thickness., and exterior inner and outer layers of the first

polymer.

39. The method of claim 36, wherein the
sidewall-forming portion is expanded at an area stretch ratio

on the order_of 12-20:1.

\
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because the orientation process is adversely affected by spherulite growh.
For substantial |y anmorphous polyester material, the nolecular orientation
range is typically fromabout 20 to 65[efrr]F (11 to 36[err]C), and nore
preferably about 30 to 40[err]F (17 to 22[err]C), above the gl ass
transition tenperature. Typical anorphous PEN pol yner, which has a gl ass
transition tenperature of about 255[err]F (123[err]C), generally has a
mnimumorientation tenperature of about. 260[err] F (127[err]C), and a
preferred orientation range of .abput 270-295[err] F(132-146C). > In the
preferred reheat stretch blow process,_tjge_hot injected preformis ‘quenched
to roomtenperature before use and then the preformis reheated to within
the orientation tenperature range before the expansion step. The reheated
preformis positioned in a stretch blxpgraasgenbly wherein a stretch rod is
noved into the open end of the preformand extended to draw the preform end

agai nst a base of aWE?ﬁéYE&IPREMMIWMNEd;WﬂHGP@%Tﬂﬁ%{E' y stretching
the preformsideval |, NAPHIHSLME  BEN)QUANY METHOE QECRORVMANG YoaRz0! oW ng medi um
is admtted into the interior of the preformthrough openings in or around

the rod to radi al ulzineyed phecormfaidcuiteandry bAACRBERSE 69 the inner
surface of (ftogﬁ‘ g’?g The ?xhent of tSt' eetchlogg \%%n be vail&(_i dependi ng on
the desire él HS FAMF -t ARERASSY 45F 0 YSBn?ﬁF BP9%d i s .
control | ed Holysthyieng thphtbhhate e(RENkEN grovifiet eBhancedadxygehor m and
the Tini shepr¢qRrabR¢ ormance and thermal stability. The PEN layer may

be a homopolymer, copolymer, or blend of PEN. In a first

high-PEN embodiment, the exterior layer contains on the order

of 80-100% PEN and 0-20% PET by total weight of the layer,

and a core layer of a nonstrain hardenable polyester such as

PETG. In a second low-PEN embodiment, the exterior layer

includes a strain hardenable low-PEN copolymer or blend

including on the order cf 1-20% PEN and 80-99% PET, and the

cecre layer is a strain-hardensble polyester such as a

low-copolvmer PET. 1In a trird mid-range PEN embodiment, the

exterior wall includes a substantially amorphous PEN

ccpolvmer or blenc containing on the order of 20-80% PEN anc

80-20% of another polyester such as PET, and a

strain-harcdened core laver of polyester such as a

lew-copolymer PET. To further enhance the oxygen barrier and

thermal stability properties. the core layer may further

include & copolymer or blené of PEN. Alternatively, PEN may

be provided in an interior layer oniy.

(Figure 1)



- 18- In an alternative integrated process, the hot injected preform
is partially quenched and allowed to,equilibriate within the orientation

t enperature range prior to expansi on by a sui‘t'abl e bl ow or conbi ned

- stretch/bl ow apparatus sinmilar to that previously described.

. Additional layers or additives may be provided in the nultilayer structure
for various purposes, such as additional |ayers of barrier materials (e.g.
for noisture, oxygen, carbon dioxide, or light), high thernmal stability
~materials, recycle PET, post-consuner R etc. These additional |ayers nmay
. require the use of adhesiveg between the Tayers to prevent del am nation.

. Recycl ed PET may be ‘gtﬁ#‘ﬁﬁ#¥ seful as the core layer, where it is out

. of contact with the] pro f ht base structyres may be used, such as

. a footed base havin hem spheri ttomwall wth a

| plurality of domnmardly ex{ending legs term nati i rmost supporting

| feet, and with radi chiare part o epottomwal |) between

- the Iegs The mat er| GONTARINANTI ¢knesses, pre arg#bottl e contours, and
processing techni ques INSPECOTIONe yar|ed for a gpeCi end product) while

still incorporatin EMINGJ@Qmm of [this iny@ntiom{ Th®& container may be
~for other pressuri i zpd beverges, stich aXbeer, juice or
m |k, or for other nonbevefage produ,ts. The hanefitsyof the

~invention, for exangd
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resi stance to hazing and inproved stress crack resistance at el evated
tenperatures, may be particularly suited for a hot-fill container, such as
.described in U S. Patent No. 4,863,046 to Collette et al. granted Septenber
5. 1989, which is hereby incorporated by reference in its entirety.
Hot-fill containers typically nmust withstand el evated tenperatures on the
order of 180-185[err]F (the product f?p)§ ng tenperature) angepositive

S

internal pressures on the order of 2- (the filling | ;urg%

wi t hout substantial deformation (i.e., volume change of gr epper— £fan
~about 1% . The benefits of the invention are particularl ul fqéea
"conbined refillable and hot-fillable container. [

-19- _As a %é her exanpl e, thed@se of |owlevel N co & or
~blends in the extjergor layers (i.e., tg210% by wei ght N) y provide a
- 5[err]C incre ' . i N caus Q
- tenperature f / | Y ho 1 t epef

from83[err] ' ' 4% p ed

per formance a¥erim

i nvention ' 44)

X ;\\
Y,
/ ' { 7\ 62 69 56 60
Y 6 48 5
Fig 4
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have been specifically illustrated and described herein, it is to be
understood that variations may be made in the nmaterials, the preform

- construction, the container construction and the nmethods of forming the
preform and contai ner without departing fromthe spirit and scope of the

I nvention as defined by the appended cl ai ns. What is clainmed is:

- CLAI M5 ' 20 1. A met hod of
form ng a contai ner having a substanﬂéﬂqy transparent nultil ayer sidewall,
~including formng at, an el evated tenperature a preform having a ,
substantial |y Ehorphpus /2 angparert—nuttTayer srdewatt—=10r i g _poryi on
including a fi N i
a second pol yrgs £

preformto fo wger. cy t hgghHi r st
pol ymeric mat ey 8N ai n-c@st al | i zabl e honopol yner, pol

bl end of pezEAYy! D72 at W :

i s one whicll 2¥s A
tenperature Wy NNt at i on
mat eri al ; N f$§
N N
N N
N N
N N
N N
N N
N N
59 N N
N N
5\! ;\’ 116
132 Q{ ;Qi N 218
s AN AN
NN oz
BIN N 2391
N | N a2
N N *
N N .
N N/ §:> '
N N 236 “N 2/9
N N
N N
N | N Fig. 9
N E\s g
N N
N N
:\: ’\s
N N
N N
N | N=
N N\
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cool i ng |mm§d—be4—ewl_he gl ass transition tenperatur-e-of..
pol yneric then reheating of the fi rst and Cntf

" perforned ’m&y’mnﬂ atlon t emperature range (}f
mat eri al ; |ng of the preformis peFfornmg 3
orlentatlon terrperature range of the first2gol yrrerlc n*at"eru%l toped
| container having a substantially transparent mult] lidyer:tis 4:devvagl leezdM, L -

strain-crystallized first polyneric material |ayer. 2. The net hod of
claim 1, wherei he reheati ng and expandi ng steps:are per}e;_: ¢~ at,
orientation téﬁé@iture on the order of at |east 427 efrf G -8im- 'i{ (A
nmet hod of any one of clainms 1-2, wherein the reheating and expandl ng steps

are perforned at an orientation tenperature on the order of at |east
132[err]C .3 TRethed 1ai Jerming arsentaier dTavinga substantially,frapsnarent aultilayer

si dewal | i ncl Hgé\ﬁalﬁ |ﬁ?:ﬁlb‘?r{g #BRhihh 2 aWe@QﬁH?eﬁnP@r%ﬂﬁ'@Q pibforin Ma@Rga ﬂb&@nﬁﬁ\y
ratio of at least 12:1. 5. The metho claim'4, whereinh the pane
portion is expanmbeusendiranspaeant muitiayensidewalfonning Rertion insludisg afirstleyer.of a 6.
The met hod of n%# 6{%?@% g{a@fgi, %1& D8R0k ¥ bl RBokd pdiyRER fdtell, RBodling A

stretch ratio 0o
then reheating and expanding the preform to form the container, characterized in that:

t«he _

LESL

the first polymeric material is a strain-crystallizable homopolymer, copblymer or
blend of polyethylene naphthalate (PEN), and the second polymeric material is one
which remains substantially transparent when stretched at a temperature within the
orientation temperature range of the first polymeric material;

cooling is performed below the glass transition temperature of the first polymeric
material and then reheating .of the first and secohd layers is performed within the
orientation temperature range of the first polymeric material; and | '

expanding of the preform is performed within t_he orientation temperature range
of the first polymeric material to form a container having a substantially transparent
multitayer sidewall with a strain-crystallized first polymeric .material layer.

2. The method of claim 1, wherein the reheating and expanding steps are
performed at an orientation temperature on the order of at least 127°C.

3. The method of any one of claims 1-2, wherein the reheating and expanding

steps are performed at an orientation temperature on the order of at least 132°C.

4, The method of any one of claims 1-3, wherein the sidewall includes a panel

portion which is expanded at a planar stretch ratio of at least 12:1.

5. The method of claim 4, wherein the panel portion is expanded at a planar stretch -
ratio on the order of 12-20:1. o

6. The méthod of claim 4, wherein the panel portion is expanded at a planar stretch
ratio of at least 15:1.
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7. - The nethod of claim4, wherei n the panel portion is expanded at a
pl anar j:' 5- 20 1. : The met hod of any one of clains
1-7, wh nmnmgmumlmmrt i on has an average strain-induced crystallinity
of at |edst “15% i M the first |ayer. 9. The met hod of claim 8, wherein
t he panel portion has an average strain-i @duced crystallinity of 15-25%in
the first |ayer. 10. The nmethod of claim8, wherein the panel portion

" has an averagE st I Themiethdd @f diaiti ¥ Skisdréin the parel pértion Bakpantitbat a gldrar ktréish
| ayer. é od of any one of clains 1-10, including a third
| ayer of the 'ia'?g 1%2 meric material and wherein the first and third
| ayers are exterior inner and outer |ayers, the second layer is an interior

core layer, and the preformis reheated fromthe exterior such that heat is
transferred a®rossTRh@etedofagy gpe of claims 1-7. whergip the,panst Pertign Aag an aypagei n

the first pO'étFQ?rf—in@u%@?étélhmtg%fﬁt IBhtN8oh themel iy’ of PEN and
pol yet hyl ene terephthal ate (PET).

9. The method of claim 8, wherein the panel portion has an average strain-induced
crystallinity of 15-25% in the first layer.

10. The method of claim 8, wherein the panel portion has an average strain-induced

crystallinity of at least 20% in the first layer.

1. The method of any one. of claims 1-10, including a third layer of the first
polymeric material and wherein the first and third layers are exterior inner and outer
layers, the second layer is an interior core layer, and the preform is reheated from the

exterior such that heat is transferred across the core layer.

12. The method of claim 11, wherein the first polymeric material is a blend or
copolymer of PEN and polyethylene terephthalate (PET).

13. The method of claim 11, wherein the second polymeric material is substantially

non-crystallizable polyester.

14. The method of claim 13, wherein the second polymeric material includes a PET

copolymer with 30% cyclohexane dimethanol (PETG).

15. The method of claim 13, wherein the second polymeric material includes a
copolymer or blend of PEN and PETG.

16. The method of claim 11, wherein the interior core layer comprises about 50% of
the sidewall thickness. |

17. The method of claim 11, wherein the sidewall has a panel portion having a wall

thickness of 0.5 to 0.8mm.
| AMENDED SHEET H
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13.- The nmethod of craimIl, wherein the second polyneric material is

subst antl | zabl e pol yester. 14. The nmethod of claim13,
wherein t !, “’Mﬂi” ic material includes a PET copolyner with 30%
I me

cycl ohexare TG . 15. The nethod of claim 13, wherein the
second polyneric material includes a copo?%rrer or blend of PEN and PETG
16. The nmethod of claim 11, wherein the interior core |ayer conprises

about 50% of the sidewall thickness. 17. The nmet hod of claim 11,

o g e He? e niRod bR HhaBIeTL NG RHeL e gty it e SHeRUTe Bher | ©
crystal | i ni t ynhahdeAdythatiemy-indused cystiamity.

19. The method of claim 11, wherein the sidewall further includes one or more layers
of barrier materials, high thermal stability materials, recycled PET, or post-consumer
PET.

20. The method of claim 11, wherein the first polymeric material comprises on the
order of 80-100% PEN and 0-20% PET by total weight of the layer, and the second

polymeric material is a substantially nonstrain-hardenable polyester.

21.  The method of claim 20, wherein the second polymeric material is a) PETG; or
b) a copolymer or blend of PEN and PETG.

22. The method of claim 20, wherein the second polymeric material is a copolymer
or blend of PEN and PET copolymer, and the PET copolymer comprises on the order of .

up to 10% copolymer.

23. The method of claim 20, wherein the first polymeric material comprises on the
order of 90% PEN and 10% PET, the second polymeric. material comprises PETG, and

. the thickness ratio of the inner.core:outer layers is on the order of 25:50:25.

24, The method of claim 11, wherein the first polymeric material comprises on the
order of 1-20% PEN and 80-99% PET by total weight of the layer, and the second
polymeric material comprises a strain-crystallizable PET copolymer, where the PET
copolymer comprises on the order of up to 10% copolymer.

25. The method of claim 24, wherein the first polymeric material comprises on the
order of 10% PEN and 90% PET, and the second polymeric material comprises a
copolymer of PET having up to 2% copolymer, and wherein the thickness ratio of the

inner:core:outer layers is on the order of 30:40:30.

26. The method of claim 11, wherein the first polymeric material comprises on the
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-
enhanced by thermally-induced crystallinity. 19. The nethod of claim
11, wh lﬂuﬂml further includes one or nore |layers of barrier

mat er| mnu % stability materials, recycled PET, or post-consumer
PET. "refhod of claim 11, wherein the first polynmeric materi al

conpri ses on the order of 80-100% PEN and 4B 20% PET by total weight of the
| ayer, and the second polyneric material is a substantially

nonst & ai nI har gesenbt €-20% E’Eﬂtaﬁnﬂ soﬁggﬁ PETG[ lafd i Mnofpowh@hmgl%@er?m?hgﬂgﬁst hg
second po yITEI’I c mat el’l 0 end o an
PETG. 22. offne ‘?Fﬂ?"kfg 0011‘005‘? %15 go W&EET%V I%%é%ﬁa%ﬁ(ﬁ%rl c material

~is a copolynmer or blend of PEN and PET copol yrrer and t he PET copol yner
conprises on the order of up to 10% copoly The_ nmet hod of claim

20, wherein tRBé fimhe ”ﬁh%@fr clainhal e‘?’h%fﬁ’"dﬂ?rﬁfs? §€|¥m6ﬁ° materisy gepPrrgesomiheEN
- and 10% PET, bRy ?F‘F 909, PEN%@(PQQWW'%H QBPEERARS polyiteric %Hi'eﬁé’%omp%soesZS

t hi ckness ratio of the I nner core:outer \éers Is on the order of

24, The net Ratheodrden ofi2@r80% PMIZQ‘&QD/QP T oy ttotglovsight of theraesr i al
conprises on the order of 1-20% PEN and 80-99% PET by total weight of the

| ayer, and the second polyneric material conprises a strain-crystallizable
PET copol yner 28wheiThe tnhethdEdf cleipoll §,rehereinrtpe ifisst polymetit nateriak cormoprisgs arothe0%

copol yner. order of 80-100% PEN and 0-20% PET, and the second polymeric material comprises
on the order of 80-100% PEN and 0-20% PET copolymer by total weight of the layer,
wherein PET copolymer comprises on the order of up to 10% copolymer.

29. The method of claim 1, wherein the first polymeric material comprises on the
order 80-100% PEN and 0-20% PET by total weight of the layer.

30. The method of claim 1, wherein the first polymeric material comprises on the
order of 1-20% PEN and 80-99% PET by total weight of the layer.

31. The method of claim 1, wherein reheating and expanding steps are performed at
an orientation temperature on the order of 11 to 36°C above the glass transition

temperature of the first polymeric material.

32. The method of claim 1, wherein reheating and expanding steps are performed at
an orientation temperature on the order of 17 to 22°C above the glass transition

temperature of the first polymeric material.

33. A unitary expanded multilayer container having inner and outer exterior layers of
a first polymeric material including a strain-crystallizable homopolymer, copolymer or
biend of polyethylene naphthalate (PEN), and an interior core layer of a second
polymeric material including a homopolymer, copolymer or blend of polyethylene
terephthalate (PET), characterized in that the rate of thermal crystallization of the
second polymeric material is substantially less than that of the first polymeric material
within the orientation temperature range for strain-crystallization of the first polymeric

material, and wherein the exterior layers are strain-crystallized and the container is -
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N 24, wherein the first polynmeric materi al
corrprl s Il l“ﬂ 10% PEN and 90% PET, and the second pol yneric
npricsea ascopol ymer of PET having up to 2% copol yner, and
whereln the thlckness ratlo of the inner:core:outer layers is on the order
of 30:40:30.  26. The nmet hod of claim 2%, wherein the first polyneric
mat eri al conprises on the or der of 1-20% PEN and 80-99% PETG,

and the secongpgRhiidftiapspaestt i al conprises on the order of 80-100% PEN and
0-20% PET by total weight of the |ayer. 27. The nethod of claim 11,

wherein the first polymeric naterial conprises on the order of 1- 20%PEN

and 80-99% P afih EotRaiR&CAhiIMaY Whekdin tHatdohtailer hasRIpamebpaition Bepandder
of 20-80% PEN and 20-80% PET by tota\e/ll wei ght of the Iayepf p28 ﬂzl’he

met hod of cl adtra planaratretchiration ofd5r2% Lt pol yneric material conprises on the
order of 80-100% PEN and 0-20% PET, and the second polyneric materi al
conpri ses

35. The container of claim 33, wherein the first polymeric material comprises on the

order of 80-100% PEN and 0-20% PET by total weight of the layer, and the second
polymeric material is a substantially noncrystallizable polyethylene terephthalate (PET).

36. The container of claim 35, wherein the second polymeric material is a) PETG; or
b) a copolymer or blend of PEN and PETG.

37. The container of claim 35, wherein the second polymeric material is a copolymer
or blend of PEN and PET copolymer, and the PET copolymer comprises on the order of

up to 10% copolymer.

38. The container of claim 35, wherein the first polymeric material comprises on the
order of 90% PEN and 10% PET, the second polymeric material comprises PETG, and
the thickness ratio of the inner:core:outer layers is on the order of 25:50:25.

39. The container of claim 35, wherein the first polymeric material comprises on the -
order of 1-20% PEN and 80-99% PET by total weight of the layer, and the second
polymeric material comprises a strain-crystallizable PET copolymer, where the PET

copolymer comprises on the order of up to 10% copolymer.

40. The container of claim 39, wherein the first polymeric material comprises on the
order of 10% PEN and 90% PET, and the second polymeric material comprises a
copolymer of PET having up to 2% copolymer, and wherein the thickness ratio of the

inner:core:outer layers is on the order of 30:40:30.

41. The container of claim 33, wherein the first polymeric material comprises on the
order of 1-20% PEN and 80-99% PETG, and the second polymeric material comprises
on the order of 80-100% PEN and 0-20% PET by total weight of the layer.

AT
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on-the order of 80-100% and 0-20% PET copol yner by total weight of the

| ayer, wzﬂmmugm r conprises on the order of up to 10% copol yner.
29: Th ”m!? 1, wherein the first polynmeric material conprises
on the order ¢80 100%s and 0-20% PET by total weight of the layer.  30.
The method of claim 1, wherein the first polyneric material conprises on
the order of 1-20% PEN and 80-99% PET by total weight of the |ayer. 31.

- The net hod of 42| ai Whé conthinerofrclaimiSawhegirathe fiest palydieng nedteniat camprigesrdrotheed

G acs ranai « PO phiRBAL PN angHbdele PRIET apd e secbRd pRUERNE atHBl Sompisas
met hod of cl abmthk, ordéresf@0rB0%: PERIanER0809 PED by thitalgveight pthanayeper f or ned at

:an orientation tenperature on the order of 17 to 22[err] C above the gl ass
" transition tenperature of the first polyneric material. 33. A unitary

expanded mul t i ayerhe eoitainBE6f dhai 3B wheri theTiistPélyRieri@rRérp comphigisSorPthed
first polyneric materi i ncl u strain-crystallizabl e honopol yner,

| | ud |
copol yner or Bidengf %‘P‘@%‘?’V&M?Pé%@&ﬁﬁﬁhaﬂ%@ saoeRg polymgrie matefiak FerPrises: e

| ayer of a se . SN iostok HET O Bo! i or
bl end of pol ygﬁﬁsel gﬁgytaﬁgggﬂ%aﬁw gh((j I(D)Eﬁl'@)/uI char agpgiré?zgé&iaﬁﬁ’? g‘?ﬁﬁh%%{’e

of thermal crybe® the PhiTicopolymer eampyises an theoerderaf up to#@%copplymer.
substantially |l ess than that of the first polynmeric material within the
orientation tenperature range for strain-crystallization of the first

pol yneri c nat 4. al Thacdntainer ef ¢laimha3, ashersin the firstypolymesic enaterial icomprisest erl thezed

and the cont ah%F 01i 80-100% PEN and 0-20% PET by total weight of the layer.

45, The container of claim 33, wherein the first polymeric material comprises on the
order of 1-20% PEN and 80-99% PET by total weight of the layer.

46. A method of forming a container having a substantially transparent multilayer
sidewall, including forming at an elevated tempefature a preform having a substantially
amorphous and transparent multilayer sidewall-forming portion including a first layer of a
first polymeric material and a second layer of a second polymeric material, cooling and
then reheating and expanding the preform to form the container, characterized in that:

the first polymeric material is a substantially non-crystallizable copolymer or
blend of polyethylene naphthalate (PEN) and polyethylene terephthalate (PET), and the
second polymeric material is one which can be strained-hardened and remain
substantially transparent when stretched at a temperature within the orientation
temperature range-of the first polymeric material;

cooling is performed below the glass transition temperature of the first polymeric
material and then reheating of the first and second layers is performed within the
orientation temperature range of the first polymeric material which is on the order of 11
to 36°C above the glass transition temperature of the first polymeric material; and

expanding of the preform is performed within the orientation temperature range
of the first polymeric material to form a container having a substantially transparent
multilayer sidewall with a substantially amorphous first polymeric material layer and a

strain-hardened second polymeric material layer.
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24. substantiall y transparent. 34. The contai ner of claim 33, wherein
the cont g portion expanded at a planar stretch ratio of
15-25: 1. a”lm” ﬂﬂm‘ | ner of claim 33, wherein the first polyneric
materi al conpri sesnonsthe order of 80-100% PEN and 0-20% PET by t ot al

wei ght of the layer, and the second polym&& c material is a substantially

noncrystal lizabl e pol yet hyl ene terephthal ate (PET). 36. The cont ai ner
of claim 35, sheretre Trﬂi&hé‘cﬁ@ﬂﬁﬁuﬁ@bymﬂieﬁ ioRiding &l thirs laypr BETHS fiet polynteric

copol ymer or blend of PEN and PETG ai ne f cI i.m 35,

wherern t he. sBEGAA 5 YHRERA R SRR & 3 e arg et e B 9pf B Biera
PET copol ym?randifh@ prefrmmbd reRRd/FEH 6 BREHSSSRICR thdtRaP stfdnsftimedadréss g0
copol yner. : The container of claim35, wherein the first polyneric

mat eri al corrpfﬁquéﬁlebn t he

48. The method of any one of claims 4647, wherein the first polymeric material
comprises on the order of 20-80% PEN and 80-20% PET.

49, The method of any one of claims 46-48, wherein the second polymeric material
is a PET copolymer, and the PET copolymer comprises on the order of up to 10%

copolymer.

50. The method of any one of claims 46-49, wherein the sidewall includes a panel
portion which is expanded at a planar stretch ratio of at least 12:1.

51.  The method of claim 50, wherein the panel portion is expanded at a planar

stretch ratio of at least 15:1.

52. The method of claim 51, wherein the panel portion is expanded at a planar
stretch ratio of 15-20:1.

53. The method of any one of claims 46-52, wherein the panel portion has an
average strain-induced crystallinity of at least 15% in the second layer.

54. The method of claim 53, wherein the panel portion has an average strain-
induced crystallinity of 15-25% in the second layer.

55. The method of claim 51, wherein the first polymeric material is on the order of
50% PEN and 50% PET by total weight of the layer.

56. The method of claim 51, wherein the sidewall has a panel portion having a wall
thickness of 0.5 to 0.8mm.

57. The method of claim 51, wherein the thickness ratio of the first:second:third
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order of 90% 10% PET, the second polyneric material conprises PETG
and the thi ck mﬂ%ﬂ H%M,I‘m" |nner core outer layers is on the order of
252 50: 25. of claim35, wherein the first polyneric
mat eri al corrprl ses on e order of 1-20% PEN and 80-99% PET by total weight
of the layer, and the second pol ymeric md¥erial conprises a
strain-crystallizable PET copol yner, where the PET copol yner conprises on
the order ofiayébs s@nthdoriepof 3040:30. 40. The contai ner of claim 39,
wherein .the first polyneric nmaterial conprises on the order of 10% PEN and
90% PET, and the second polyneric material conprises a copolyner of PET

havi ng up t gg2% Cméohﬁéfﬂ%ﬂ ofatEIerMBﬂﬁhékehh@netthIcRﬂfé@S@tlé Hfithe (fiFst*sE@oridFlﬁi?d
core:outer layers is on the order ‘of 30: 40: 30. The cont ai ner of

cl ai m 33, mge&ﬁqnﬁbeptdewftﬁ%%n c material corrprl ses on the order of

1- 20% PEN and 80-99% PETG and the second polyneric material conprises on
the order of 80-100% PEN and 0-20% PET by total weight of the |ayer.

25 42. THS. c onkhei method bf claim 46, Skereihthesidewah further inclugdes gnecor roonedayers al

conpri ses (r)rg}ftﬂ%?n erﬂg‘t@nﬁé ﬂ]gl?%rﬁlgl\lséﬂﬂty%%t%ﬁa/& PrEtiedPET U oSO umer

pol ymeric
PET.

60. The method of claim 46, wherein the orientation temperature range is on the
order of 17 to 22°C above the glass transition temperature of the first polymeric material.
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on the order of 20-80% PEN and 20- 80% PEWS#§5t ot al Weight': el
43. The container of claim33, wherein #fe first poliiefic mateei
conprises on the order of 80-100% PEN and 0-20% PET;! andit:He secend.
polynmeric material conprises on the order of 80-100% 2EMN:and 0-20% PEL
copol ymer by total weight of the |ayer, where the]PET copol ymer “conpri ses
on the order of up to 10% copol yner. 44, The gzonl,,?afix?nre,ri, of.claim %%(.‘EE
wherein the fjrst polyneri aterial conprises onkthe o der ol 80: LOQEPEN:
and 0- 20% PEYapgus &%%Pgﬁggopn?rhéﬂl Sg'ﬂ?'."e’ 3rg descrped B, Wg‘%t%'f ai m

33, wherein gge@w@'s D® PHEMNIERY 25645878544 55,006,508 and 8erosd4s] - 20%

PEN and 80-99% y total weight of the layer. 46. A nethod of

fornming a cont ai n@heipmior ag GSB ¢ostainer has Rydemansypteddield wigbility iapxeess efedfal | |

[ | udi f ] - at | t t { : |
substant al | §oHEPS ot SRuSIeVERE RS A Bp o BOFC < AT SHafbestil there o,
including a felishd a baMfterQhl ried foBan PRPrEvES eshtaiRécthabperitd an inereaselin washr  of

a second polyneric material, cooling and then reheating and expandi ng the
preformto fdemperature of gesaterthan 603G @land withia reduckien in product flavaecammyoyer.

I [ [ [ bstantial | y. z ' d
of ol yet hy! dRe taleRRdrsa e k) Mo pBin's ik DR G YaRL BEE) pilret® 2T
the second peityike bettBRidtwall aridSsubsequdhtly pefrsatedntota secund-pgreductried.,aiub
remai n substantially trangﬁarent when stretched at a_tenperat reaﬁnc%'hlﬁ{lnthe

or | ent at i on tsefipkeatailater fihgycler thuseinfluenning, they taste Of e éecend product.
pol yrer' ¢ gt Pae ihdae PrBarf Tneb i, bor e BBREIF g i b6

perf ormed wi tdffebtiviénes® Bheot pédues the tier ofttbe eausticoeasi, andanay be requotegnwith c

material which is on the order of 11 to 36[err]C above the glass transition
t enper at ur e ¢ertaindopd perdupts sueh@sduiegiPemilly| . and

Polyethylene naphthalate (PEN) is another potential polyester for use in blow-
molded containers. PEN has a desirable oxygen barrier capability — about five times
that of PET, and a higher heat stability temperature — about 250°F (120°C)
compared to about 175°F (80°C) for PET. These properties would be useful in

containers for oxygen-sensitive products (e.g., food or cosmetics) and/or containers

subjected to high temperatures (e.g., refill or hotfill containers). However, PEN is
substantially more expensive than PET and has different processing requirements
such that PEN has not been successfully used in a commercial blow-molded

beverage container.

mary of the Inventi

A preform and container are provided, and methods of making the same
wherein the preform and container have a substantially transparent multilayer
sidewall, including forming at an elevated temperature a preform having a
substantially amorphous and transparent multilayer sidewall-forming portion including
a first layer of a first polymeric material and a second layer of a second polymeric
material, cooling and then reheating and expanding the preform to form the

container, characterized in that the first polymeric material is a strain-crystallizable

homopolymer, copolymer or blend of polyethylene naphthalate (PEN), and the
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expandi ng of the preformis perforned within the orientation tenperature
range of the first polyneric material to forma container having a
substantially transparent nultilayer sidewall with a substantially
anorphous first polymeric material |ayer and a strain-hardened second
polymeric material |ayer. 47. 4 The nethod of claim46, further
including a third layer of the first polyneric material and wherein the

' . ' s d th
o erorm i 4 ok BTl ftondf e, Wi feriins Rilblly, BHERR RGN s

the core |lagteiched4dt a temperabid Withipf tHNvriemtaticH térhpératurd Gafide ofh@keefirdt t he
first polymeric nmaterial conprises on the order of 20-80% PEN and 80-20%

PET.  49.| polywerigdnaleralcoaling ivperfarme helavs theaylass transitioni tempreatrecs the
ol yneric ri ' - . C r.C rises. on

Ito heyor der g? }‘%S oﬁJgn %}? %@E%‘I éﬁ“@ﬁgx %F'aag%g?'ﬁg{%ﬁgégg&%@eﬁﬂgr%ff(’@%q s

46- 49, wheyr avithiri the cHedititioh ternpératife fFargelBE e first polymeric material; and

expanding of the preform is performed within the orientation temperature

range of the first polymeric material to form a container having a substantially

transparent multilayer sidewall with a strain-crystallized first polymeric material layer.

The at least one layer of first polymer may be an exterior or an interior layer.
Providing PEN at the exterior layer enhances thermal resistance and reduces flavor
carryover. However, providing PEN at the interior layer also improves the thermal
resistance and avoids contact of the product with PEN if such contact is to be
avoided.

In a first high-PEN embodiment, the container sidewall includes inner and
outer (exterior) layers of a strain-hardened high-PEN copolymer or blend, containing
on the order of 80-100% PEN and 0-20% PET by total weight of the layer, and an
interior core layer of a non-strain-hardenable polyester, such as PETG. PETG is a
copolymer of polyethylene terephthalate (PET) with on the order 30% cyclohexane
dimethanol (CHDM). Alternatively, the core layer may be a biend of PEN/PETG.
PEN is provided at the surface (exterior layers) for enhanced performance, including
increased resistance to oxygen penetration and good physical properties, i.e., high-
impact strength, pressure resistance, stress crack resistance, low product flavor
carryover and thermal stability. The PETG layer is substantially noncrystallizable
and can be stretched at the orientation temperature and optimum area stretch ratios
for the exterior high-PEN. layers. In addition, PETG will adhere to the high-PEN
layers and will not delaminate in the expanded container.  Stil further, the core
PETG layer provides the necessary wall thickness for overall package stiffness and
* rigidity, at a reduced cost compared to PEN. By way of specific example, a refillable
carbonated beverage container may have a substantially transparent multilayer

sidewall with inner and outer layers of on the order of 90% PEN/10% PET by

1YY
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portion which is expanded at a planar stretch ratio of at |east 12:1. 51.
The met hod of ¢l aim50, wherein the panel portion is expanded at a planar
stretch ratio of at least 1 5:1. 52. The nethod of claimb51, wherein
the panel portion is expanded at a planar stretch ratio of 15-20: 1. 53.
The nethod of any one of clains 46-52, wherein the panel portion has an
average strain-induced crystallinity aog_at |east 15%in the second | ayer.
54. The net hod of claimb53, wherein the panel portion has an average
strain- induced crystallinity of 15-25%in the second | ayer. 55. The

met hod of vghakMeds 1, a Wied@idt dah@1hhkst sBREYERN 6t 18t €51 @bouts BR-2d:he, or der
of 50% PEN and 50% PET by total weight of thg |ayer. 56, .The net hod of
clai m 51, 2RAPRER E?é%%ﬁ%ﬁ%&ﬂ4%°H§s13‘%8h£r pﬁPF?ﬁﬂ°3a§FFﬁf%kaﬁl t hi ckness
of 0.5 topReBerably Sdbout HrgXmaenldodhef agial nsbtetoheabout t3retX hi Aiviess
ratio of bQSdLEéétéségﬁgggﬁéy'ﬁ%nel with the desired abuse resistance,

and a preform sidewall with the desired visual transparency.

The specific panel thickness and stretch ratio selected

depend on the dimensions of the bottle, the internal pressure

(e.g., 2.02 X 10° Nm 2 (2 atm) for beer, 4.05 X 10°

Nm 2 (4 atm) for soft drinks), and the processing

Eﬂz}acteristics (as determined for example, by the intrinsic

viscosity) of the partiéular materials employed.

Polyethylene naphthalate (PEN), which may form all or

part of a particular layer, is a polyester produced when

dimethyl 2,6-naphthalene dicarboxylate (NDC) is reacted with

ethylene glycol. The PEN polymer comprises repeating units

of ethylene 2,6 naphthalate of the formula:

@
— [(;;\
7N
@i&d

Il
COCH, CH, O -+
POLY(ETHYLENE Z6-NAPHTHALATE)  (PEN)

Cz
1
O

PEN resin is available having an inherent viscosity of
0.67dL/g and a molecular weight of about 20,000 from Amoco
Chemical Company, Chicago, Illinois. PEN has a glass
transition temperature Tg of about 123°C, and a melting
temperature T of about 267°C. ) _
Polythelene terephthalate (PET), which forms all or part

of various layers,. is a polyester produced by polymerizing
terephtﬁalic acid or its ester-forming derivative with

. ethylene. The PET homopolymer comprises repeating units of
ethylene terephthalate of the formula:
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27 layers is on the order of 30:40: 30. 58. The met hod of cl aim 51,
wherein the thickness ratio of the first:second:third _[ayers is on the
order_ of 15:70: 15. 59. The met hod of claim 46, wherein the sidewall
further includes one or nore |layers of barrier materials, high thernma
stability materials, recycled PET, or post-consuner PET. 60. The

met hod of claim 46, wherein the orientdBron tenperature range is on the
order of 17 to 22[err]C above the glass transition tenperature of the first

polynmeric material .
Each container is subjected to a typical commercial

caustic wash solution prepared with 3.5% sodium hydroxide by
weight and tap water. The wash solution is maintained at a
designated wash temperature, e.g., 60°C. The bottles 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
dre rinsed 'in tap water and then filled with a carbonated
water solution at 4.05 X 10° + 0.203 X 10° Nm™2 (4.0 +

0.2 atmospheres) (to simulate the pressure in a carbonated

soft drink container), capped and placed in a 38°C convection

oven at 50% relative humidity for 24 hours. This elevated
oven temperature is selected to simulate longer commercial
storaée periods at lower ambient temperatures. Upon removal
from the oven, the containers are emptied and again subjected
to the same refill cycle, until failure.

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

The refillable container 10 of this invention can
preferably withstand at least 20 refill cycles at a wash
temperature of 60°C without failure, and with no more than
about 1.5% volume change after 20 cycles. The container also
preferably 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. '

Figs. 4-6 illustrate a metered, sequential coinjection
apparatus for making a multilayer preform of this invention.
This apparatus is substantially described in U.S. Patent No.
4,710,118 to Krishnakumar ét al. granted December 1, 1987,

. which is hereby incorporated by reference-in its entirety.

As shown in Fig. 4, an injection mold unit 40 1nc1udes
an outer mold cavity 42, a neck ring 44 which defines the
neck finish, and a ‘core 46. The neck ring 44 in conjunctlon
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