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MULTILAYER PREFORM AND CONTAINER WITH 
POLYETHYLENE NAPffTHALAT.E (PEN) , AND 

METHOD OF FOR.Jil1ING SAME 

Field of the Inven~ion . 
This invention rela~es to imp=ovements in b!ow-molced 

plas~ic containers, and more pa:~icularly ~o preiorr.s ar.c 
containers having mul~ilayer ~=ansparen~ sice~alls i~cludir.; 
a homopolymer blenc o: ccpolymer of polyethylene narh~hala':e 
(P!N) ~or enhanced t~ermal and barrier prope:~ies, and. or-e or 
~ore ade!tional layers 

-n~ ~'-~9W s-~e-c~ c ... \i.I. :7• o •• G. -.... ~ •• :-a"C.ios cf ?E.S- ~hile 
. . . 

::lGl~":al::!~g co~~air.er ~=ans~arer.c~. - . ~~e con:air.er !s 
........ ..;..: -~·· a-rl•• uso~,.­zG- ~-~~. - ~ --~- as a refi:labl: a~d/or ho~-!illi~le 

3ackc·round cf 1:he !r.ven-:ion 
~~e rnarke~ !or polye~hylene terephthala~e (PET) 

re!i!la!>le cc.r!:>cr..atec sof-: dr~nk {CSD) bo-:'Cles has enjcyec 
. d . ln-:::o ':J.Ct!O~ :.:i 1987 

~y C~nti~en'Cal ~ET Tec~~oloqies. Th,se bo~~iss have bee~ 
cc~.:nerc!alized 'th:cugr.c~~ ~uc~ cf ~~rope, Cen~:al ar.d Sou~h 

;~~e:'ica. a~d are r.ow mc•.:inq !r.-:o 'the Far East: marke't. 

~et'illa..ble bo't'tles =ecuce ~he e:-c::.s'Cing landfill a::e 
recycle problems associated wi~h disposable plas~ic beve~age 
bottles. !::l acdi"tion, a ?:efillable bo't"t~e provides a sa!er, 
lighter-weiqh't plas~ic container in "those markets, curren~ly 
domina~ed hy qlass, where leqislat:ion prohibi'ts use of 
nonretu:nable packages. The goal is ~o produce a refillable 
bottle havins the necessary physical charac~eristics ~o 
wi~hs~and nu.~erous refill cycles, while being economical to 
produce. 

Genera;1y. a ref!llable p;astic bot~le mus~ mai~~ain i~s 
func'tior.al and aes'the-.:ic cha:-ac-:eristics over e. minimu.~ o: 10 
ar.e pref erab!y 20 cycles or loops ~o ~e eco~c~ically 
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feasible. A cycle (illustrated in Fig. 3) is generally 

comprised of (l) an empty hot caustic wash, (2) contaminant 

inspection (before and/or after wash) and product 

filling/capping, (3) warehouse storage, (4) distribu~ion to 

wholesale and retail locations and (5) purchase, use and 

empty storage by the conswper, followed by eventual return to 

the bo~tler. 
Refillable containers must fulfill several key 

performance criteria in order to achieve commercial 

viability, including: 
1. high clarity (transparency).:_~ to permit visual 

on-lir.e inspection; 
2. dimensional stability over the life of the 

container; and 

3. resistance to caustic wash induced stress cracking 

a.r.d leakage. 
A commercially s~ccessful PET refillable CSD container 

is presenely beinq distribu~ed by The Coca-Cola Company in 

Europe (hereinafter '"t:he prior art C$D con~ainer"}. This 

coni:ainer is formed of a single layer of a polyethylene"· 

tereph~halate (PET) copolymer, with ~-5% comonomer such as 

l, 4-cyclohexanedimethanol C CHDM) or ·isopht:halic acid (IPA) . 

The preform, from vhich this bottle "is stretch blow molded. 

has a sidewall thickness on the order of 5-7 mm. or about 

2-2.s times that of a preform for a disposable one~way 

bottle. This provides a greater average bottle sidewall 

thickness (i.e., o. s-o. 7. mm) required for abuse resistance· 

and dimensional stability, based on a planar stretch ratio of 

about lO:l. T~e average crystallin~ty in the panel 

(cylindrical sidevall section beneath the label) is about 

lS-20%. The· high copolymer contenti,_prevents visual 

crystallization, i.e., haze., from forminq 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 con~ainers. 
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Various aspects of this prior art container are described in 

Continental PET Xechnoloqy's u.s. Patent Nos. 4,725,464, 

4,755,404, S,066,528 and 5,198,248. 

The prior art CSD container has a demonstrated field 

viability in excess of 20 refill trips at caustic wash 

temperatures of up to 60°C: Although successful, there 

exists a commercial need for an improved container that 

permits an increase in wash temperature of greater than 60°C, 

along with a reduction in produc~ flavor carryover. The 

.latter occurs when flavor ingredients from a first product 

(e.g .• root beer} migrate into the bottle sidewall and 

subsequen~ly permeate into a second produc~ (e.q .• club soda) 

on a later fill cycle, ~hu~ influencing the taste of ~he 

second product. An increase in wash tempera'ture may also be 

desirable in order to increase the ef'.fectiveness and/or 

reduce "the "Cime of .the caus'tic wash, and may be required wi"th 

certain food products such as juice or milk. 

Polyethylene naphthalate (PEN) i.:s another potential 

polyes'ter for use in blow-molded containers. PEN has a 

desirable o:h-y9en barrier capability -- about: five 'times .. tha't 

of PET, and a higher hea~ sta~ility ~empera~ure -- abou~ 

2S0°F (l20°C) compared to abou't 175°F (80°C) for PET. These 

proper"ties would be useful in containers for oxygen-sensitive 

products (e.g., food or cosmetics) and/or containers 

subjec:i:ed 'to high 'temperatures (e.9., refill or hot-fill 

containers). However .. PEN is substantially more expensive 

'than PET and has different processing requirements such that 

PEN has not been successfully used ip 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 CPEN) fot enhanced barrier properties and/or 

~hermal resis~ance. The first polymer is a homopolyme~. 
~~~~~~~~~-

imiiiiii1r 
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copolymer, or blend of PEN. The PEN is provided in a 

multilayer structure in Vhich the other polymer layer (or 

layers) can be processed, and specifically blow molded, at 

the temperatures and stretch ra~ios r'qUired for enhancing 

the physical properties of PEN by strain orientation and 

crystallization. 
The at least one layer of first polymer may be an 

exterior or an interior layer. Providing PEN at ~he exterior 

layer enhances thermal resistance and reduces flavor 

carryover. However, providing PEN at the interior layer also 

improves the t:.her.mal resistance and avoids contact of the 

produc't with PEN if such contact is to :be avoided. 

In a first high-PEN embodiment, the container sidewall 

includes inner and outer (exterior) l.ayers of a · 

s~rain-harcened high-PEN copolymer or blend, con~aining on 

~he orde= of 80-100\ PEN and 0-20% PET by ~otal wei9h~ of the 

layer, and an interior core layer of :~a non-strain-hardenable 

polyester. such as PETG. P:ETG is a copolymer of polyethylene 

terephthala~e (PE~) with on the crder 30% cyclohexane 

dimethanol CCHDM). Alt:ernatively. the core layer may be a · 

blend of PEN/PETG. PEN is.provided at the surface (ex~erior 

layers) for enhanced performance. includinq increased 

resis~anee to oxygen penetration and good physical 

proper~ies, i.e., high-impact streng~h, pressure resistance, 

stress crack resist:ance, low product flavor carryover and 

t:hermal stability. The PETG layer is substantially 

noncrystallizable and can be stretch~d a~ the orientation 

temperature and optimum area stretch~ ratios for the exterior 

high-PEN layers. In addition. PETG will adhere to ~he 

high-PEN layers and will not delaminate in the expanded 

container. Still further,- the core PETG layer provides 'the 

necessary wall thickness for overall packaqe stiffness and 

rigidity, at a reduced cos~ compared to PEN. By way of 

specific example, a refillable carbonated beverage con~ainer 

may have a substantially transparen~ multilayer sidewall with 

inner and ou~er layers Qf en the order of 90% PEN/10% PET by 
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total weigh~ of the layer, and a core layer of PETG, and 
wherein the relative wall ~hicltnesses of ~he inner:core:outer 
layers are on the order of 25:50:25. 

At ~hese high-PEN concentrations, PET bomopolymer could 
no~ be used as the core layer because i~s orientation 
tempera~ure is much lower than PEN's orientation temperature 
- e.q., PEN has a minimum orientation tempera~ure on ~he 
order of 260°F Cl27°C), based on a qlass transi~ion 
temperature on the order of 25S°F (123°C). At these 
temperatures. PET homopolymer would beqin to crystallize and 
no longer undergo strain hardening (orientation), and the 
resulting container would be opaque and have insufficient 

&~=ength. I~ contrast. P!TG is substantially 
~c~crys~a!l!~a=.le anc can be s~te~ched a~ the c:ier.~atior. 
te~pera~~~~ of ?.!N and a~ ~~e optimU&~ area stre~ch ra~ios ..... ._ ---
?=:N, :. . e. . o:-: ~~e. o:d9r cf l s-20: l. 

!n a se-ccnc low-?::N- exr.bcdimen::. -~­., .. .., sidewa.:.:. 

i~c:·..:ces ir.ne: a~d outer l.ayer.s of S't:ai:i-!'!ar:.eneC. :c;.;-:?!S 

copo!y:ne: er ~lend including on ~~e order of l-20\ PEN an~ 
80-99% ?ET by to'tal lo.1ei9h't of i:.he layer, and ar.. interic:- c.:.:·=-:­

layer of s~rain-hardened polyester such as PET. A't these lo~ 
levels of PEN, an acceptable match of orienta:tion tempera:tt.:!'e 

and si:retch ratios can be achieved f!or the strain-ha.rdenec 

lc-.-PEN ir.ner and ou'ter :!ayers and ~he strain-hardened co:e 
?£T layer. In a ·specific example, a hot-fill con'tair.er 
having a transparen~ sidewall includes inner and outer layers 
cf on t:he order of 10% PZN/90\ PET, and a core laye:- of le~ 
.ccpolymer PET, and wherein i:he th,ic:kness r.a~io !or 'the 
i~ner:co~e:oute:- layers is on ~he order of 30:40:30. The le~ 
copolymer P:;'I' ma.y have up to on the,, order of 10% copolyme= by 

total veight of the copolymer# and more preferably or. the 
o~der of 0-2%. This embodi~ent provides a good balance 
be~ween the enhanced physical properties of PEN (at ~he 
s~rface) vs. the increased cos't and' processing requireme!"!-:s: 

& --... .,. 0.1. .:.:. .. .._; • 
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In a third mid-PEN embodiment, 'the container sidewall 
inclu~es inner and outer layers of substant~ally amorphous 

PEN copolymers or blends containing on 'the order of 20-80\ 

PEN and 80-20\ of another polyester such as PET. and a 
strain-hardened interior core layer of polyester such as 
PET. In a specific example. a refillable carbonated beverage 

container may have inner and ou~er layers of on the order of 

SO\ PEN/SO\ PET by ~otal weight of th~ layer, and a core 
layer of low copolymer PET, and wherein the thickness ratio 
of 1:he inner:core:outer layers is on the order of 30:40:30. 
In a second example, a hoi:-fill container sidewall of the 
sarn.e materials has a thickness ratio of inner:core:outer 
layers of on the order of 15:70:15. The PET core layer will 

s~rain-harden to control material distribution during blow 
moldinq. 

These and other fea~ures of 'the jnvention will be more 
par~icularly described by the following detailed description 

and drawings of select embodimen'ts. ~' 

Brief Description of 'the Drawings 
.. 

Fig. l is a schematic eleva'tional and partially 

broken-avay view of a refillable 1.5 liter carbonated 
beverage bottle according to one embodiment of this inven'tion; 

Fig. 2 is an enlar.9ed fraqmen'ta:ry view taken alor.q 'the 
sec'tion 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 showing a typical 

cycle or loop through which a refill~le container mus~ pass; 
Fig. 4 is a schematic sectional .. view taken throuqh an 

injection mold cavi~y suitable for makins a multilayer 
preform in accordance with this invention; 

Fig. s is an enlarged fragmentary view of the bottom of 

the mold cavity of Fig. 4, showing a quantity of PEN being 
injected and ~he cooling upon eon'tact with the mold wall 

surfaces 'to form the exterior ( inne::::. and outer) layers of 'the 
pref or.m; 
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Fig. 6 is an enlarged fragmentary view similar to Fiq. 
s~ showing a quantity of second polymer being injected ~o 
form the interior (core) layer and the tunnel flow of both 
PEN and second ~olymer to form the multilayer preform; 

Fig. 7 is an enlarqed sectional view of the resultinq 
multilayer preform of this invention;. 

Fig. 8 is an enlarged fragmentary view showing in cross 
section the base of a container made from ~he preform of 
Fig. 7; 

Fig. 9 is a fraqmentary sectional view of an alternative 
preform embodiment, having a third injection of PEN which 
displaces ~he second polymer in a central portion of ~he 
base-forming section; and 

Fig. 10 is an enlarged fragmen~~ry view showing in cross 
section ~he base of a container made from the preform of 
Fig. 9. 

Detailed Description 
Referring t:o ~he drawings, Fig. l shows a 1.5 liter 

refillable carbonated beverage bottle which comprises o~e 
embodiment of the present inven'tion. The bo~tle lO is a 
unitary expanded plas~ic preform container having a 
substan~ially transparent multilayer sidewall, and is made 
from t::he multilayer preform of Fig. =~:7. The container body 

has an open t:op end wi.th a ~mall-diameter neck finish 12 with 
external screw threads for receiving. a screw-on cap (not 
shown), and a closed bo~tom end or base 18. Between the neck 
finish 12 and base 18 is a substantially ver~ically-disposed 
sidewall 15 (defined by vertical axis or centerline CL of the 
bo~tle), including an upper tapered shoulder portion 14 and a 
substantially cylindrical panel portion 16. The base 18 is a 
thickened champagne style base ·with a thickened central gate 
portion 20 and, moving radially ou~wardly ~oward ~he 
sidewall, an ou~wardly 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. 
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The chime 24 is a substantially toroidal-shaped area around a 

standing ring on which the bottle rests; the chime is 
relatively thick to resist stress cracking. The dome and 

chime form a thickened base portion, which is about 3-4X ~he 

thickness of the panel 16~ Above the chime there is a 

thinner outer base portion.26 of about 50-70\ the thickness 
of the thickened base por~ion, and increasinq in orientation 

up ~o its junction with the sidewall. The thinner outer base 

portion 26 provides improved impact resistance. 
The mult:ilayer side\oTall of bottle 10 is not specifically 

illustrated in Fig. l due to the small scale of the drawing. 

However, Fig. 2 shows in cross section the panel portion 16 

havin9 exterior (inner and outer) PEN layers 32 and 34, and 

an interior (core) layer 30 of a second polymer. In ~his 

e~bodiment 'the second polymer is a subs~antially 
noncryst.allizable high copolymer PET_;- known as PETG. or a 

blend of PETG and PEN. The panel core layer 30 is abou't 

0.0093 inches (0.24IM\) ~hick and the panel inner and outer 
layers 32 and 3, are each about o.oo,; inches (O.l2mm} 

~hick. The shoulder 14 and base 18 a~e stretched less and 
~herefore are 'thicker and less oriented ~han ~he panel 16. 

The container is abou't 13.2 inches (33Smm) in height and 

about 3.6 inches (92mm) in (widest) diameter. 
A preform for making 'the contai-ner of Fig. l is shown in 

Fig. 7. The preform 110 has a panel-forming section 116 with 

a wall thickness of about C.280 inches (7mm), including a 

preform core layer 130 about 0.140 inches (3.Smm) thick, and 

inner and outer layers 132 and 134 each abou~ 0.010 inches 

(l.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-f orminq portion 116 to the averase thickness of 

'the cont:ainer panel 16, wherein the "average" is 'taken along 

the length of the respective preform or container portion. 

For refillable carbonated beverage bo~Lles of about o.s to 
2.0 liters/ volume and abou~ 0.5 to,0.8 mm in panel wall 
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thickness. a prefe~red planar stre~ch ratio is about 12-20:1. 

and more preferably about lS-20:1. The hoop stretch is 

preferably about 6-7X and the axial stretch about 3-4X. This 

produces a container panel wi'th the desired abuse resistance, 
and a preform sidewall wi~h the desireq visual ~ransparency. 

The specific panel ~hickness and stretch ratio selecced . 
depend ~ ~he dimensions of the bottle~ the internal pressure 

~ .0:-,.q. i:'.'r, tJ p,• L _.. 4. 0 ':) 'J .. JJp • • · 
(e.g., 2 at~)for beer,~ a~m}for sott Qr1nks), and ~he 
proceGsin9 characteris~ics (as determined for example, by ~he 
~ntrinsic viscosity) of ~he particular materia~s employed. 

Polyethylene naphthalate CPEN), ~hich may form all or 

part of a par~icular layer, is a polyester procuced when 

dimethyl 2,6-naphthalene dicarboxylate (NDC) is react:ed wiLh. 

ethylene glycol. The PEN polymer comprises repeatinq uni'ts 

of ethylene 2.6 nat:hthala-:e o~ the f.or·-mula: r: 

0 
II - + ./".... ~ .... C 0 CH: C@~ 0 

JQigJ ' 
+~ . · .... 

0 

(PE~l) . 

::?~N resin is avc.ilable having an inhex:.en'C viscosity of 

0.67dL/9 and a molecular weight of about 20,000 fr~m Amoco 

Chemical Company, Chicago, Illinois. ,..PEN has a glass 

transition t.emperat:ure T
9 

of about i23,·0 c, and a melting 

temperature Tm of about 267°C. 
Polythelene t:erephthala'te (PET), which forms all or part 

of various layers. is a polyes"Cer produced by polymerizing 

terepht:halic acid or its ester-forming derivative with 

ethylene. The PET.homopolymer comprises repeating units of 

e'thylene tereph~hala~e of the formula: 
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fl u •. 0-@-0 . + C 0. COCH2 CH2 oj--
POLY(ETHYLENE T£REPHTHLATE) (PET) 

. 
?ET homopolymer has a T

9 
of about 73°C and a Tm of about 

253°C. 
In one emL?odiment. the present invention contempla~es 

the use of high copolymers of PET which are substantially 
noncrys'tallizable cat: the orien'tation -temperature of PEN. 
e.g .• PETG. The hiqh copolymer PETG is PET with abou~ 30% by 
~ctal weigh't of ~he co~onomer 1,4 cyclohexane-dime~hanol 
(CHDM). PE~G is commercially available from Eas~man Chemical 
in Kingsport. Tennessee as RODA...~© P£TG Copolyesi:e!' 6763. 

The comono:ner ce.c; .• CHDM as a :eplacernent for the glycol 
moie-cy} dis=upts the PET poly.:ie: backbone (i.e., alterr::a'ting 

cni~s o: acid a~d gylcol) to decrease ~he molecular 
·:_; 

crystallization rate. The cornonorner is mos't effeC'tive ·~·f it: 
fcrms pan: 

copolymer. 
high level 

of the backbone. b~~ it may also form a b~anchec 
Ano~her sui~able high copol}-mer PET includes a 

·, .. 
of isophthalic acid (IPA) ~o rende= ~he polymer 

substantially non-crystal-lizable and amorphous. 
;\n al~erna~ive embodiment con~emplates ~he use of ·a 

blend of P~N and PET. For example, a blend of PEN/PETG in a 
veiqht ra'Cio of 25:75 can be pt,epared by melt blending the 

t~o polymers. A core layer of PEN/PETG blend in the 
multilayer would be expected ~o provide even higher thermal 
and harrier properties and even greater layer compa~ibility, 

than a core of PETG. The similar chemical structure of (and 
or hydrogen bonding between) PEN, PE'l\ and othet: polyesters, 
provides ~he necessary melt compatibili~y and layer 
achesion. As a further al~ernative, the PEN can be blended 
or copolymerized wi~h a homopolymer or lo~ copolymer of PET. 
A low-level PE?J copolymer o= blend 1'70uld have up t:c on t:he 
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order of lO\ by weight of PEN, and the remainder another 
polyester, such as PET homopolymer or copolymer. By "PET 
copolymers" it is meant i:he commercially available bottle 
grade PET copolymers with up to on the order of 10% by 
weight. and typically up to on the order of 5\, of other 
monomers. i.e., isophthalic acid (IPA). cyclobexane 
dimethanol (CHDM}. or die'thylene qlycol. 

The intrinsic viscosity (I.V.) effec~s ~he 
processability of the polyester resins. Polyethylene 
terephthalate having an intrinsic viscosity of about o.8 is 
~idely used in the CSD industry. Resins for various 
applica~ions may range from abou~ 0.55 to about l.04, and 
more particularly from about 0.65 to o.ss. Intrinsic 
viscosi'ty measurements are made accor.~ing to 'the procedure of 
ASTM D-2857. by employing o.ooso:O.OQ02 g/ml of the polymer 
in a solvent: comprising o-chlorophenol <melting point 0°C). 
respectively, a~ 30°C. Intrinsic viscosity (I.V.) is given 
by ~he foll~win9 formula: 

I .. V. = ( ln(VSoln. /VSol. ))/C 
whet"e: 

.. 
VSoln. is the viscosity of ~he solution in any units; 
v501 . is the viscosity of the solvent in 'the same 

units; and 
C is the concentration in grams·;of polymer per 100 mls 

of solution. 
The blown container should be subs~antially 

transparent. One measure of transparency is the percent haze 
for transmitted liqht through the wall {HT} which is given 
by the following fo_rmula: 

HT • [Yd+(Yd+Y5 )] x 100 
where Yd is the diffuse li9ht transmitted by the specimen, 
and Ys is ~he specular light transm~~ted by the specimen. 
The diffuse and specular light transmission values are 
measured in accordance with ASTM Met,hod D 1003. using any 
standard color difference meter such as model D2SD3P 
manufac~ured by Hun~erlab. Inc. The refill con~ainer of this 
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invention should have a percent haze (through the panel wall) 

of less ~han about 10\, and more preferably less than about 
5\. 

The preform should also be substantially ~ransparent, 
having a percent haze across the wall of no more than about 
10\, and more preferably no more tnan about 5\. 

The container of Fig. l will have varying levels of 
s~rain-induced crysi:allinity in the ex1:erior PEN laye_rs at 
various positions along ~he height of the bottle from the 
neck finish to the base, based on the.varying stretch ratios 

along the bottle. The percent: crystallinity may be 
determined according ~o ASTM 1505 as /ollows: 

% crys~allinity • [Cds - da)/(dc- - da)] X 100 

where ds • sample densh:y in 9/cm3 , da = density of an 
amorphous film of zero percent crystallinity, and de = 
density of the crystal calcula~ed from uni~ cell parame~ers. 

The panel portion 16 of the container is stre~ched ~he 

greatest and preferably has an average percent c~ys~allinity 

of at least about 15\, and more preferably at least about 

20\. A 15-25% crys~allinity range is useful in refill and 

hot-fill applications. 
Further increases in crystallin~ty can be achieved by 

heat setting ~o provide a combination of s~rain-induced and 

thermal-induced crystallization. Thermal-induced 

crys~allinity is achieved at lov temperatures to preserve 

transparency, e.9., holding the container in contact wi~h the 

blow mold. In some applications, a high level of 
crys'tallinity at the surface of the sidewall alone is 
sufficient. 

Fig. 3 shows a typical refill cycle for a commercial 
refillable container. A test procedure for simulating such a 
cycle would be as follows. As used in ~his specification and 

claims, the ability ~o withstand a desiqnated number of 
refill cycles without crack. failure and/or with a maximum 

volume chanqe is determined according to ~he following tes~ 

procedure. 
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Each container is subjected t~ a typical commercial 
caustic w~sh solution prepared with 3 .. 5% sodium hydroxide .by 

weight and tap water. The wash solution is maintained at a 
designated wash 1:emperature, e.q., 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 
are rinsed in tap water and then filled with a carbonated 

~ 4'.o?t-10~ ! o.:a<., ii..,.?°' (-'r.-·'2-
water solution a~~.o ± 0.2 atmospneres) to simula~e ~he 
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 selec~ed to 
simulate longer commercial storage p~riods a't lower ambient 
cempera:ures. Upon removal from ~he oven. the containe~s are 
emptied and again subjected to the same refill cycle, until 
failure. 

A failure is defined as any crack propagatin9 through 
the bottle wall which results in .leaka9e and pressure loss. 
Volume change is determined by comparing the volume of liquid 
~he container will hold a~ room temperature. both before and 
af.-.:er each ref ill cycle. 

The refillable con~ainer 10 of :this invent:ion can 
preferably withstand at least 20 ref411 cycles at a wash 
temperature of 60°C without failure. and with no more ~han 
about 1.5\ voluzne change af~er 20 cycles. The container also 
preferably exhibits at leas~ a 20\ reduction in product 
flavor carryover {compared to the prior art CSD bottle} as 
determined by gas chromatography mass spectrometer 
measuremeni::s. 

Figs. 4-6 illustrate a metered~. sequential coinject:ion 
apparatus for making a multilayer preform of ~his inven~ion. 
This apparatus is substantially described in u.s. Patent No. 
4,710,118 to Krishnakumar et al. granted December l, 1987, 
which is hereby incorporated by reference in its entirety. 

As shown in Fig. 4, an injec~ion mold unit 40 includes 
an ou~er mold cavity 42, a neck ring 44 ~hich defines the 
neck finis~. and a core ,6. The neck ring 44 in ccnjunc~ion 

I· 

I 

., 
~: 

r-: 
l :: 

I 
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with the core 46 closes the upper end of the mold cavi~y 42 
while the lower end is provided with an opening 48 which 
receives in sealed rela~ion a nozzle-like end so of a rotary 
valve member 52 of 'the extruder. The .. valve member 52 is 
moun~ed in sealed relation within a valve block 54 which has 
formed therein a firs't 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 64 which can be 
a.li.gned with the passage 56. There is also associated wi"th 
the valve block 54 a second material 4ispenser 66 which 
includes a dispensing piston 68 and a flow passa9e 70 exiting 
therefro~ ~owarc the valve block 54. The valve block 54 ~as 

·:. 

a radial passage 72 which is axially ~ligned with and in 
co~.:nunication with the passage 70. ~he valve member 52 has a 
fur~hef passage 74 extending generally radially from the 
passase 62 and so circu.~ferentially spaced from the passage 
64 such ~ha~ when the passage 64 is aligned with the passa9e .. 
56. the passage 74 is spaced f~om the passage 72. By 
ro~a~in; the valve member 52, the passage 64 may be moved ou~ 
of .eo~.munication with the passage 56 and the passage 74 movec 
into communic·ation with the passage 72. Thus, mat:eria:l may 
be selectively supplied fr~m ~~ther ihe first supply _device 
(injec~ion head) 60 or from.the second, supply device 66. 

In accordance wi~h ~his embodiment. the first supply 
device 60 delivers PEN for ~he 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 f~rst resin 76 will be injected into the bottom of 
the mold cavity 42 and as it flovs th~ough the mold cavi~y. 
due to ~he relatively cool temperature of the mold unit 40 
including ~he core 46, there will be solidification of ~he 
resin 76 to define ex~erior inner and~outer layers 78. so of 
the firs~ material. 

•, 

\'. 
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As is schematically shown in Fig. 6, the second resin 86 
is next injected into the mold cavity. It will be seen that 
the second resin 86 will have a tunnel flow through the 
cavity defined between the layers 78, 80 and at ~he same time 
will advance the previously injected material 76. The 
interior core material cools more slo~ly because it does not 
cont:ac'C t:he cooler mold walls; however. because the core 
layer is substantially noncrystallizahle, it resists hazing. 

In Fig. 7 there is shown a preform 110 made as 
·previously described, which includes a PETG ~ore layer 130 
and PEN inner and outer layers 132. 134 which are con~inuous 
except for a portion of the core material 130 which extends 
through ~he outer layer 132 at the gate 120. The preform 110 
includes an U?per neck finish 112, a 'Capered shoulder-forming 
sec:~ion 114 which increases in thickness fro:n 'top to bott:om, 
a panel-for~inc; section 116 bavir.g a uniform wall thickness. 
and a base-forming section· 118. Base section 118 includes ar. 
upper cylindrical thickened portion 12.l of greater thickness 
than the panel section 116 and which forms a thickened chime 
in t:he container base, and a tapering lower port:io~ 119 •. of 
reduced 'thickness for forming the recessed dome of 'the 
con~ainer. A preform havins a preferred cross-section for 
refill applica'Cions is described in U.S. Patent 5,066,528 
<;ranted November 19, 199 l to Kris_hnakumar et al.. vhich 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 forminq the preferred l.5 liter pottle previously 
described. ~ 

The blown container, as shown in Fi9. 8, has a 
champa9ne-'Cype base sec~ion 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 ou~er 
layers 162 and 164, respec"Cively, vary in 'thickness along the 
base depending upon the relative amount of stre~ch the 
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specific base portion has underqone, hut generally the wall 

thickness decreases progressively.while moving radially away 

from the qate 152. 
Fig. 9 shows an alterna~ive embodiment of a preform 

base-forming section 218, wherein a third resin is injec~ed 

in~o at least a central portion 236 of the base-forming 

section, and preferably into the reduced wall thickness lower 

base portion 219 which cools more rapidly and is not as 

susceptible to hazing. Por~ion 236 displaces the core 

material 230 and preferably is of ~he same material as ~he 

inner and ou'ter layers 232, 234, so t}lat in the coinjection 

process previously described the noz~le is cleared of ~he 

core resin before the next preform is started to avoid 

ir.jec~ing any core resin in the inner ar.d ou~er layers of ~he 

nex~ preform. As shown in Fig. 10. a ehampaqne-~ype 

container base 250 blown from ~he preform of Fig. 9, inc!udes 

a gate portion 252, dome 254, chime 256. and ou~er base 258. 

Across the wall, the ~ase includes inner a~d outer layers 262 

and 264, respectively. and core lay&~ 260. The core layer 

260 is displaced at least in par~ by section 266 across·~he 

ga~e and recess areas. 
Other !actors import:ant in 'the ,~anufact:ure of refillable 

polyes~er beverage bot~les are described in U.S. Patent 

4.334,627 to Krishnakumar et al. qranted June 15. 1982. U.S. 

Patent 4, 725, 464 to Col·lette gran'ted February 16. _1988, and 

U.S. Patent 5,066,52.8 to Krishnakumar et al. gran'ted November 

19, 1991, ~hich are hereby incorporated by reference in their 

entire'ty. 
Expansion of the preform should. be carried out at a 

~emperature in the molecular orientation ~emperature range 

for ~he PEN polyester material being employed. Generally 

speaking, molecular orientation of an orientable 

~hermoplas~ic material occurs over a temperature range 

varying from just above the glass transition temperature 

(~ha~ tempera~ure or narrow tempera~ure ranqe below which the 

polymer is in a glassy state) up to jus~ below the mel~ 
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temperature of the polymer. As a praetical matter, the 
formation of oriented containers is c~rried out in a much 
narrower temperature ranqe, kno"7n as the molecular 
orientation temperature range. The reason is thaL vhen the 
temperature is too close to the glass transition temperature, 
the material is too stiff to stre-cch in conventional 
processing equipment. When the temperature is increased, the 
processability improves qreatly but a practical upper limit 
is reached at or near ~he temperature at which lar9e 
aggregates of crystalli~es called spherulites begin 'Co form. 
because the orientation process is adversely affected by 

spherulite grow'th. For substantially? amorphous polyes'Cer 
ma~erial, the molecular orientation ~ange ·is ty;>ically from 
a~ou~ 20 ~o 6S°F (11 to 36°C), and more preferably about 30 

to 40°F (17 to 22°c>, above the qlass ~ransition 
te~pe=a~~re. Typical amorphous PEN polymer,. vhich has a 
9laSS ~:ansition temperature Of about 255°F (l23°C), 
generally has a minimum crienta'tion 'temperature of abcu-: 
260°F (127°C}. and a preferred orientation range of about 
270-295°F (l32-l46°C). 

.. 
In i:he preferred r.eheat: stretch blow process, the hol: 

injected preform is quenched to roomjternperature before use 
anc ~hen the preform is reheated to ~ithin the orien~ation 
temperature range before the expansion step. The reheai:ed 
prefo~m is positioned in a s~retch blow assembly whe~ein a 
stretch rod is moved into the open end of the preform and 
ex~ended to draw the preform end against a base of an 
internal cavit:y blow mold, thereby axially stretching ~he 
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 ~nner surf ace of the 
mold. The extent of stretching can .. be varied depending on 
the desired shape and wall thickness of the blown container 
and is controlled by affixing t:he relative dimensions of t:he 
initial preform and t:he finished container. 
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In an alternative inte9rated pro~ess, the hot injected 

preform is partially quenched and allowed to equilibriate 

within the orientation temperature range prio~ to expansion 
by a suitable blow or combined stretch/blow apparatus similar 
to tha~ previously described. 

Additional layers or additives may be provided in the 

multilayer structure for various purposes, such as additional 
layers of barrier materials (e.q., for mois~ure, oxyqe~, 
carbon dioxide. or light), high thermal s~ability materials, 
recycle PET. post-consumer PET, etc. These additional layers 
may require the use of adhesives betw~en the layers to 
prevent delamination. Recycled PET may be .particularly 
useful as the core layer, where i~ is ou~ of contac~ with ~he 

~reduct. Differe~t base struc~ures may be used. such as a 
footed base having a subs~antially hemispherical bo~~o~ ~all 
~i~h a plurality of downwardly-exte~ding less ~e:::mina~ing in 

lowermost supporting feet, and with radiating ribs (which are 
~ar~ of the bot~om wall) between ~he ~egs. The ma~erials. 

wall ~hicknesses, preform. and bottle contours, and processing 

techniques may all be var~ed for a S?ecif ic e!'ld p:::oduc't·; 

while still incorpora'ting ~he subs'tan;ce of this invention . 
.... 

The container may be for other ~ressurizea or unpress~rized 
beverages, such as beer, juice or milk, or for o~her 
nonbeverage products. 

The benefits of the invention, for example the 
resistance ~o ha~ing 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 s, 1989, which 

is hereby incorporated by reference jn its en~ire~y. 
Ho't-f ill con~aine:s typically must w~thstand elevat:ed 
temperatures on the order of l80-185°F (the product tilling 
'temperature) and positive internal pressures on the order of 

2-Spsi (the filling line pressure) without subs~antial 

deformation Ci.~ .• volume chan9e of no greater than about 
1%). The benefi~s of the inven~ion are particularly suited 
!or a combined refillable and ho~-fillable container. 
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As a further example. the use of.low-level PEN 
copolymers or blends in the exterior layers (i.e., up to 10% 
by weight PEN) may provide a s•c increase in use temperature 

(i.e., increase in caustic wash temperature from 60° ~o 65°C, 

or increase in hot fill temperature from 83° to 88°C), while 
providing a "high value.. in terms of increased performance 
vs. cost. 

Thus, although several embodiments of ehis inven'tion 
have been specifically illustrated and described herein, it 

is to be understood that variations may be made in the 
ma~e~ials, the preform construction, the container 
constructicn and the methods of f ormin9 the preform and 
con:tainer wi~hout departing from the spirit and scope of the 
ir.ven~ion as cefined by ~he appended claims. 

What is clai~ed is: 

.. 
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CLAIMS 

l. A multilayer container comprising: 
a unitary expanded plastic preform container having a 

subs~antially transparent multilayer sidewall, .~he sidewali 
includinq at least one layer of a first polymer including a 
homopolymer, copolymer or blend .of polyethylene naphthalate 
(PEN), and another layer o~ a second polymer, wherein ~he 
second polymer remains substantially transparen~ af~er being 
stretched at a ~eoperature above the orientation temperature 
of the first polymer. 

2. The multilayer container of claim 1, wherein the a~ 
leas't one layer of first polymer is an exi:erior layer, and 
the layer of seco~d poly::ter is an in~erior layer. 

3. The m~ltilaye: container of claim 2, including 
strain-hardened inner and outer exte~ior laye:-s of a hiqh-Z>EN 
first polymer, wherein .~he first polymer comprises on ~~e 
order of 80-100% PEN and. 0-20% PET by total ~eight of ~he 
layer. and ~he second ?Olyrner of the interior core !aye= is a 
substantially nons~rain hardenable polye~hylene tereph~hala~e 
(PE':). 

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

s. The multilayer con~ainer of claim 3, wherein the 
second polymet is a copolymer or ble.nd 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\ P~T. ~he second polymer comprises PETG, and the 
thickness ra~io of the inner:core:ou~er layers is on ~he 
order cf 25:50:25. 
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7. The multilayer con~ainer of claim 2, including 
strain-hardened inner and outer ex~erior layers of a low-PEN 
first polymer, wherein the first polymer comprises on·~he 
order of 1-20% PEN and 80-99% ~ET by total weight of the 
layer, and the second polymer of the interior core layer 
comprises a substantially strain-hardened PET low copolymer. 

a. The multilayer con~ainer of claim 7. wherein the 
inner and outer layers each comprise on the order of 10% PEN 

·and 90\ PET, and the interior core layer com~rises a 
copolymer of PET having 0-2\ copolymer. and wherein the 
thickness :atio of the inner:core:-outer layers is on 'the 

orcer of 30:40!30. 

9. The multilayer container of claim 2, inclucing 
su~s~en~ia!ly a~orphous inner and o~ter ex~erior layers cf a 
rnid-PEN firs~ polymer, wherein ~he firs~ pclymer comprises o~ 
the o~de:: of 20-80% PEN and 80-20\ PET bv t;O'tal weic:ht o! t.he . -
layer, a~c ~he second polymer of the int;erior core layer is a 
s~bs~antially s~rain-bardened P!T lo~ ccpolymer. 

.. 

10. The multilayer container of claim 9. wherein i:he 
inner and· ou~er layers each comprise on t;he order of SO\ ?EN 
and 50\ P~T. and ~he 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 ra~io of ~he inner:core:outer layers is in a range 
on the order of 30:4:0:30 and 15:70:15. 

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

13. The multilayer_con~ainer of claim 2, wherein the 
ex~erior layer has an avera9e crys~allinity at leas~ on ~he 
o:der of 15%. 
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14. The multilayer container of claim 1, wherein the 
container can withstand at leas~ 20 refill cycles at a 
caustic wash temperature of about 60°C without crack failure 
and with a maximum volume change of about ± 1.5%. 

lS. The multilayer. con~ainer of claim l, wherein the 
con~ainer is a free-standing pressurized beverage con~ainer. 

16. The multilayer con~ainer of claim 1, ~herein "the 
container is a ho~-fill container. 

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

18. The oultilayer container of claim 2. wherein ~he 
~i:st ?olymer is a iow-PEN copoly.ner or blend coreprisi~g c~ 
the otder of 1-20\ PEN and 80-99% PETG, and the core layer is 
a high-P~N seconc polymer comprisins on the o:der o! so-100\ 

PEN and 0-20% PET by total weight of the layer. .. 
19. The multilayer contai!'ler of claim 2, wherein 'the 

f irs't polymer is a low-PEN copolymer or blend comprising on 
'the order of 1-20% PEN and 80-99% PETG. and the ccre layer is 
a mid-PEN second polymer comprising on ~he order of 20-80% 
PEN and 20-80% PET by ~o~al ~ei9ht of the layer. 

20. The multilayer container of claim 2. wherein the 
firs~ polymer is a high-PEN copolymer or blend comprising on 
~he order of 80-100% PEN·and o-20% PET, and the core layer is 
a high-PEN second polymer comprising on the order of ao-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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22. The multilayer container of claim 21, including 
inner and outer exterior layers of a PET low copolymer, and a 
core interior layer of a low-PEN first polymer comprises on 
~he order of l-20% PEN and 80-99\ PET by total weight of the 
layer. 

23. The mul~ilayer container of. claim 21, including 
inner and ou~er exterior layers of a PET low ccpolyme~, and a 
core interior layer of a mid-PEN first polymer comprises on 
the order of 20-80% PEN and 80-20% PET by total weiqht of the 
layer. 

24. The multilayer container of claim 21, including 
inner and ou~er ex~erior layers of a PET high copoiymer, and 
a core interior layer of a low-~EN firs't polymer comprises on 
the order of 1-20\ PEN and 80-99\ PET by total weight.of the 
layer. 

25. The mul'Cilayer con'Cainer of·: claim 21, including 
inner and ou'ter exterior layers o! a .:?ET high copolymer': an<! 
a core i~terior layer of a ~id-PEN firs~ polymer comprises on 
~he order of 20-80\ PEN anc 80-20% PET by total weigh~ o: ~he 
layer. 

26. The multilayer containe: 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 a multilayer sidewall-forming portion 
with at least one layer of a first polymer including a 
homopolymer, copolymer or blend of polyethylene naphthalate 
CPEN) and another layer of a second polymer, wherein the 

i11ii11li1i1T 
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second polymer will remain substantially transparent after 
being stretched at a· temperature above the orien'tation 
~emperature of the first polymer. 

28. The multilayer preform of claim 27, wherein the at 
least one layer of first polymer is an exterior layer, and 
the layer of second polymer is an interior layer. 

29. The multilayer preform of claim 27, wherein the at 
least one layer of firs~ polymer is an interior layer. 

30. The multilayer preform of claim 28. including inner 
and outer exterior layers of a hiqh-PEN first polymer 
i:icludicq c:i t:!:e order of S0-100\ PEN and 20-0% PET by tot:al 
~eight of the layer, ar.d the second polymer is polyes~er. 

31. The multilayer preform of claim 28, including inner 
and ou~e: ex~erior layers of a low-PEN first polymer 
including on the order of l-20\ PEN and 80-99% PET by 'to'tal .. 
weight cf the layer, and wherein ~he second polymer is a 
low-copolymer PET. 

32. The mu_lt:ilayer preform of claim 28, including inner 
and outer exterior layers cf a mid~PEN first polymer 
including on 'the order of 20-sot PEN and so-20% PET t>y 'to-:al 
weight of the layer, and wherein the second polymer is a 
low-copolymer PET. 

33. A method of forming an article having a 
substantially tra.nsparen't multilayer sidewall comprising: 

providing a firs~ polymer including a homopolymer, 
copolymer or blend of polye~hylene naphthalate (PEN), and a 
second polymer which remains substantially 'transparent when 
stretched at a temperature above ~he orientation temperature 
of the firs~ polymer; and 
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forming at ih elevated temperature a preform having a 
substantially amorphous and transpar~nt multilayer 
sidewall-forming portion with at leas~ one layer of the firs~ 
polymer and another layer of the second polymer. 

34. The method.of claim 33. wherein the at least one . 
layer of first polymer is an exterior layer, and the layer of 
second polymer is an interior layer. 

35. The method of claim 33, wherein the a~ least one 
layer of first polymer is an in~erior layer. 

36. The method of claim 34, fur~her comprising: 
expancin9 'the preform at the orientation t.empera"t:ure of 

~he fi~st polymer ~o form a container having a su~s~an~ially 
~ransparen~ multilayer sidewall ~ith a hiaxially-orien~ed 
exterior layer. 

37. The method of claim 36, wherein ~he expandjng s~ep 
i:lcludes fc:-ming a con'tainer sidewall ;·with an average 
S'train-induced crys~allizati~n of a~ leas't about 15%. 

'· 

38. The method of claim 34, wherein ~he preform 
sidewall-forming portion has an.in'terior core layer of t:he 
second polymer which is on· the order of SO\ of the si.dewall 
thickness, and ex'terior inne~-and outer layers of the first: 
polymer. 

39. The method of claim 36, wherein the 
sidewall-forming portion is expanded ~t an area stretch rat:io 
on the order of 12-20:1. 

I 


