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Introduction

Noweadays, PET mono-layer bottles ere used wcrldwide for
carbonated beverages (soft drinks, dra‘* beer), because of the
usefulness of the excellent pressure-duradility and clarity of

PET resins.

However, in line with the increasing use of PET mono-
layer bottles, the COp gas barrier prcperty and oxygen g&s
barrier oroperty of these bottles have been Zfound to be
insufficient for this market by users. 2i PET mono-lavyer
bottles have a shelf-life of aoout 15 to 16 weeks, wnich means
that soft drinks in such bottles, 1f kept at room temperature
and 65% R.H., would lose 15% or more of their CO; gas (about 4
volumes of COj) in this period of time. Small-capacity PECET
mono-layer bottles (0.52 or less) have a sheli-life of 8 weeks
or less; 1t is generally held that PET mono-layer bottles
cannot be optimumly used for carbonated drinks.

As a promising field of application £for PET mono-laver
oottles, the preservation of wine anc beer nas been drawlng
attention. The taste of wine and beer 1s changed by oxvygen,
so theilr contailiners 1in particular &are recgulired to have an
excellent oxygen gas barrier property.l) PET mono-layer
bottles cannot satisfactorily be used for this market. The
currently available bottles are PET mono-layer bottles coated
with poly (vinylidenchloride) (PVDC) for improved oxygen gas
barrier property; data on their gas permeability are also
available.?2) tven these improved containers fezture a
short shelf-life, and there is a strong demand to dcuble 1it.

Thus, EVAUgl featuring the most superb properties as a
barrier resin, besides being easy to mold, has recently been
drawing & lot of attention from two different points of view:
CO, gas barrier and oxygen gas barrier, An increasing
number of reports on the manufacture of hich-barrier PE m/“VAF
bottles by joining PET and EVAL resins have been issued
worldwide.

vVvarious Dbottle manufacturing methods thus far developed
include PET/EVAL co-extrusicn sheet thermo-forming, PET/EVAL
co-extrusion gipe blewing, PET/EZVAL co-injection preiorn
blowing, PET/EVAL blend injection blowing, and EVAL coating,
among others.

In this report we should like to discuss the EV2AL cas
barrier properties needed for commercially designing PET/EVAL
high-barrier bottles and some examples of application of high-
bparrier PET/EVAL bottles.

Note: EVAL 1is the recgistered trademark of Kuraray Co., Ltd.
for ethylene-vinyl alcohol copolymer.



{I] EVAL's gas barrier property (COp; gas, Op gas)
[II) Shelf-1ife simulation

- Application to soft drinks and beer (CO, gas)

- Application to wine and beer (02 gas)

[I] CVAL's gas Dbarrier property

Experiment

The PET resins emploved 1in this test were commercial PET
and modified PET, which were used in combination with
ethylene vinyl alcohol (EVOH). The EZIVOH used was EVAL-E and
EVAL-F, both made by Kuraray.

The CC)p gas permeability coefficients were measured with
a Permatran C-IV carbon dioxlcde permeapllity instrument, wnile
an Oxtran 10/50 oxygen permeability 1instrument was used for

measuring the O3 gas permeability coefficients.

Both instruments are made by Modern Controls, Inc.Moisture
level was adjusted for Dboth the carrier uas and the test gas
furing the test process.

By using &z specizal attachment, it was possible to measure
in the bottle; the gas permeation rate under stable condition
was measured and evalueted in the bottle and film.

Results and Discussion

Gas ppermeation of plastic bottles includes sorption of
gas into plastic bottles, diffusion of the solved gas into the
hottle outer wall and desorption of gas from the bottle outer
wall. This means: P (gas permeability coefficient) = S (gas
solubility coefficient) x D (ges diffusion coefficient).



l) Gas barrier property of EVAL and PET (Po,, Pco,)

EVAL has much better gas barrier property than PET:

) Po,: 1/20 - 1/40 times
) Pcozz 1/20 times

N

2) Effects of solubility of O0,and CO, gas (So,, Sco,)

The solubility ratio :0f plastics (PET or EVAL):
EVAL or PET: SC02/SO2 = 50 - 100

As shown here, Sco, and So, differ greatly, 1i.e. CO,
is far more soluble into plastic resin than 0, (for PE?T
in particular). ror CO2 permeation, the solubility
factor into plastic resin should be taken into account.
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Table I Permeability Coefficients of PET, EVAL at 20%
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2) E

ffects of temperature

PCO2 (cc:20p/m’-day - atm)

rig.

The temperature dependence of Pop and Pcop in EVAL %s
slightly higher than in PET but is almost the same as 1in

pVvDC Latex. (Figs. 1, 2)

When the temperature becomes 20°C higner than roon
temperature, the Sco, of PET resins becomes 1/2, while
Dco, is increased 3 times, bringing Pcoj to 1.5 times.

In a similar way, the Sco, of EVAL resins becomes 1/3,
while Dcoj, is increased 12 times, bringing Pcojp to 4
times.

This shows that EVAL has greater temperature dependence
than PET; however, as shown below, EVAL's gas barrier
property 1is clearly far superior within the normal
application temperature range.
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4) Effects of relative numidity.

EVAL resin 1is a hydrophilic polymer; the moisture level in
EVAL varies depending on the external relative humidity.
(Figs. 3, 4) The gas permeability coefficlient of EVAL
varies depending on the moisture level,3) so it is
affected by relative humidity.

EVAL's moisture content remains almost stadble 1n the
normal storage temperature range of 10 - 50°C, as long as
the relative numidity 1s constant; this suggests that
relative numidity dependence gradient remains hardly
unchanged at the storage temperature of 10 - 50°C.

EVAL resins show larger gas permeability coefficients than
Saran at a relative humidity of 95% or more but since the
range of normal storage humidity is 80% or less, it
already possesses a practically effective gas barrier
property. The Pcop and Pop of EVAL resin are 1/2 of those

of Saran at 20°C 80%R.H. (Figs. 3, 4)
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5)

Effects of crystallinity

EVAL resin 1is a crystalline polymer; when the
crystallinity varies, the gas permeability coefficient
also changes. EVAL's crystallinity can be obtained by

measuring 1its density.

EVAL's crystallinity is related to moulding conditions;
as the crystallinity increasés, the gas permeabillity
decreases, with the effects of crystallinity especially
conspicuous under high humidity. (Fig. 5)
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Fig. 5 Crystallinity Dependence of EVAL-F PCO, at 20%



6)

Summary

The following items should pe taken into account when

using the gas barrier property of EVAL resin for PET/EVAL
multilayer bottles. (Table II)

(a)

(c)

As the storage temperature increases, both PET and EVAL
show greater gas permeability coefficients, but the gas
permeability coefficient of EVAL is still lower than that
of PET.

As storage humidity increases, gas permeablility increases
for EVAL. An improved gas barrier property might be
expected by reducing the relative humidity of the EVAL
layer (putting the EVAL layer more towards the bottle

outer wall).

By increasing crystallinity, EVAL's gas barrier property
can be used more effectively. For this purpose,
selecting the bottle blow temperature or applying heat
treatment to blown bottles may prove effective; attention
should also be paid to molding conditions and molding
processes.

Action PET EVAL Comparison
Temperature ] i 1 EVAL = PET
Humidity T No change i EVAL only
Crystallinity ) ! | EVAL > PET

Muitifayer Construction No change Outer EVAL| EVAL only

Humidity wwm~ Position of EVAL =m> Die design

Delamination

Crystallinity ®==3> Bottle makiny == Blow temperature

condition
Heat treatment

Table II Permeability Coefficient Behavier
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[11] Shelf-life Simulation

mhe authors have clarified several methods for dJdesigning
containers for soft drinks, beer and wine, based on
+he detailed permeation data shown 1In [I] above.

The effects on shelf life of EVAL layer thickness, EVAL
layer position, container size, etc., have been stucied
and thelr roles clarified. At the same time, shelf life
was computed for prototype containers under various
storage conditions from the standpoint of CO, gas
retentlion and 0, gas barrier property.

Simulation Method

Barrier property requirements

1. COp: when carbonated to 4.0 vol. of CO; - not more
than 15% loss

2. 07: not more than 5 ppm gain per bottle

Step II: Bottle design (Table III)

Cylinder shaped with the same surface area as
commercial PET mono-layer beottles.

Step II1: Computing the relative humidity of EVAL layer at

storage temperature & storage humidity (Fig. §)

Computing the water vapcr pressure of the EVAL layer by
equation (1) in Figure 6 and converting 1into
relative humidity.

Step IV: Find P, D & S values of EVAL and PET

igs. 1 -4) of
dence for

These may be read from the graphs (like Fi
temperature dependence and numidity depe
EVAL and PET.

3

Step V: Computer simulation (Fig. 7)

The simulation program was prepared by following
Henrry's law for gas solubility and Fick's law for
gas diffusion. Divide the PET layer and EVAL layer

into M number of segments by a thickness of ? and
compute the permeation rate at all segments by the
passage of time T. " At this stage, the actueal CO,
gas permeability may be approximated by subtracting the
volume of gas recduced either by solving or permeation
from the inner CO; gas volwne.
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