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1. A resin composition comprising 95 to 20 parts by
weight of a saponified product of ethylene-vinyl acetate
topolymer (A), containing ethylene units in zn amount of 20
to §& mole percent, and4having a degree of saponification of
Lhe vinyl acetate component of at least 90 mole percent, and
5 to 70 parts Sy weight of a saponified product of modified
ethylene~vinyl acetate copolymer (B) containing pyrzslidone
ring containing units in an amount of 0.1 to 10 mole per-
cent, and ethylene units in an amount 20 to 55 mole percent,
at.d having a degree of saponificatien of the vinyl acetate

component of at least 90 mole percent.
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4, A mult;layered structure comprising a layer of
the resin composition comprising of 95 to 30 parts by weight
of a saponified product of ethylene-vinyl acetate copolymer
(A) containing ethylene units in an amount of 20 to 55 mole
percent, and having a degree of saponification of the vinyl
component of at least. 90 mole percent, and 5 to 70 parts
by weight of a saponified product of modified ethylene-vinyl
acetate copolymer (B) containing pyrrolidone ring-containing
units in an amount of 0,1 to 10 mole percent, and ethylene
units in an amount of 20 to 55 mole percent, and having a
degrers of saponification of the vinyl acetate component of
at least 90 mole pircent, and at least one layer of thermo-
plastic resin on the layer of the above mentioned resin

composition.
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ABSTRACT OF THE DISCLOSURE

There is described a resin composition containing :
a saponified product of modified ethylene-vinyl acetate |
copolymer containing 0.1 to 10 mole percent of pyrrolidone
ring containing units, and a formed arpicle made of this
composition especially a multilayered structure formed by
having excellent uniform gas

a high speed theremodrawing,

barrier properties without pinholes, cracks, and localized

uneven stretching.
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TITLE OF THE INVENTION _
RESIN COMPOSITION AND MULTILAYERED STRUCTURE
BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a éapdnif1ed product of ethylene-vinyl
acetate copolymer (referred to as EVOH hereinafter)'composition;_which is
superior in thermodrawabilify without_pinholes,'cracks; ldcalized uneveﬁ
stretching and the like, ahd in gas barrier properties, and a multilayered

structure'utiliz1ng this resin compoSition.'especially thermodrawn, more

_ particularly'high speed thermodrawn multilayered : v, ucture.

2. Description of the Prior Art

- EVOH resin is well noted for its effectiveness in the area of food
packagidg film, especially for the food requiring oxygen barrier packaging

and other articles requiring aromaproofness. EVOH single lay-r film is poor

- 1a -



in toughness and has insufficient barrier properties to
moisture and water.
For the improvement of these disadvantages, EVOH is
‘often used in combination with thermoplastic resins such
as polypropylene, polystyrene and the like, and heat
sealing layers such as ionomer, ¢ leng—vinyl acetate
copolymer and the like in the forp of multilayered lami-
nate structure,
When fabricated products such as containers and the
S like made of multilayered structures produced by various
methods (films, sheets, parisons and the like), especially
drawn formed uvander the melting point of EVOH, EVOH layer
severely suffers in small voids, cracks, and localized un-
even stretching, so that the oxygen barrier properties of
the formecd containers are greatly deteriorated. As the
result, the formed containers cannot be used as packaging
° for food because of the poor appearance.
There have been proriosed several methods for prevert-
'ing pinholes, c¢racks and the like at the thermodrawing.
20 , Accroding to Japanese Fatent Laid-open Nos. 88,067/1978
and 20345/1984, varigus plasticizers are added to EVOH,
et and according to Japanese Patent Laid-open Nos. 141,785/
1977, 154,755/1983 and 36,412/1983, EVOH resin is blended
with polyamide resin, but the problems remain undissolved

satisfactorily in the following points. That is, in the

P
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case of addition of plasticizers containiﬁg hydroxyl

group, aromatic sulfonamides and the like, this method
cannot be put practical use because the addition of
plasticizers in the desired range of 10 to 20 wz2ight per-
cent to EVOH greatly sacrifices the gas.barrier-prOpertiés,
and also décreases the adhesive streﬁgn between EVOH :ayer

and other plastic resin layers_presumably'because of the

bleed of plasticizer.

On the other hand, a method which comprises.blending
polyamide reéins with EVOH to impar£ flexibility thereto
and impro?e fabricability is well known and many patent
épplications-have_beén filed._ (Japanese Patent Publication
Nos. 24,277/1969, 24,813/1985, and 38,897/1979, Japanese
Patent Laid—oﬁen Nos. 129,035/1983 and 36,412/1983.)
HoWever, the blend of the polyamides being capable of im-
proving high speed thermodrawability cannot be put to
préctical use because of forming a lot of gels in the formed
articles presumably by the high reactivity of the bolyamides
with EVOH, and tintering remarkably. The blend of=polyamide
with EVOH being less tintering is also known in patents and
gives good formed articles at a sight without apparent _
craks, pinholes. and localiied.un¢Ven stretching at low speed
thermodrawing, but gives big scattering of observed values
of gas barrier properties estimated very small unobservable

pinholes with the naked eye, presumabiy becasue of Jow
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compatibiiity with'EVOH.‘ Furthermore, the recent speed un
of thefmodrawing machine causes the increase of scattering
of 0bsérvéd Qalues ih gas barrier broperties and the
decrease of the reliability as gas barrier container.

The recent requirement for prolonged preservation
period of packaged food demands the higher performance of
packaging in gas barrier properties. The thickening of
EVOH layer to meet these requirements tends to produce
very small pinholcs, cracks, localized uneven stretching
and the like és compared with‘the case oY rather thin EVOH
layer in thermodrawing, increases the scattering of observed
values of gas barrier properties and dec:éases the reli-
ability as gas barrier container.

The tendency to blend scraps, such as trimings at the
formation, defect'cohtainers and the like to the thermoelas-
tic resins for cthe decrease of product cost. Iin this case,
the thermoplastic resin layer blehded witn the recovery
plastic'reéiné tends to have localized uneven stretching,
cracks and the like, And to become a poor appearance.

" The development.of\ﬁVOH'with'excellent forming

characteristics, giving superior gas barrier properties

"and highly réliable gas barrier containers (with less

scattered observed values in gas barrier properties)
without pinholes, cracks, localized uneven stretching and

the like at the nigh speed tlermodrawing.
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SUMMARY OF THE INVENTION

EVOH resin has many superior characteristics as
mentioned above, but also has some disadvantages liabie to
produce cracks, very small pinholes, localized \.even
stretching and the like at the processing of a laminate
structure with theromoplastic resin to container, which
deteriorates the gas barrier properties. In this case, the
appearance is also damaged and cannot be used as a food
packaging container.

As the results of extensive studies, the present
inventors accomplished this invention of EVOH new
conposition keeping the excellent gas barrier properties
of EVOH and being capable of processing into a high
barrier container of multilayered structu-e without
producing cracks, pinholes, localized uneven stretching
and the like.

It is an quect of the present invention to provide a .
resin composition comprising 95 to 55 weight percent of
saponified praoduct of etpylene—vinyl acetate copolymer
(referred to as EVOH(A) hereinafter) containing ethylene
units in an amount of 20 to 65 mole percent and having a
degree cof saponification of the vinyl acetate component of

at least 90 mole percent, and § to 45 weight percent of
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saponified prodict of modified ethylene-vinyl acetate copolymer (referred
to as EVOH(B) hereinafter) containing pyrrolidone ring containing units in
an amount of 0.1 to 10 mole percent, ethylene units in an amount of 20 to
55 mole percent and having a degree of saponification of the vinyl acetate
comnonent of at least 90 mole perceiit, and a multilayered structure
composed of & layer made of this resin composition with a thermoplastic
resin layer on at least one side, particularly that of thermodrawn, more
particularly that of high speed thermodrawn.

According to a first embodiment of this invention, there i¢ provided
a resin composition comprising 95 to 30 parts by weight of a saponified
product of ethylene-vinyl acetate copolymer (A), containing ethylene units
in an amount of 20 to 55 mole percent, and having a degree of
saponification of the vinyl acetate component of at least 90 mole percent,
and 5 to 70 parts by weight of a saponified product of modified
ethylene-vinyl acetate copclymer (B) containing pyrrolidone ring containing
units in an amount of 0.1 to 10 mole percent, and ethylene units in an
amount 20 to 55 mole percent, and having a degree of saponification of the
vinyl acetate component of at least 90 mole percent,

According to a second embodiment of this fnvention, there is provided
a multilayered structure comprising a layer of the resin composition
comprising of 95 to 30 parts by weight of a saponified product of
etiylene-vinyl acetate copolymer (A) containing ethylere units in an amount
of 20 to 55 mole percent, and having a degree of smsponification of the
vinyl component of at least 90 mole percent, and 5 to 70 parts by welght of
a saponified product of modified ethylene-vinyl acetate copolymer (B)
containing pyrrolidone ring-containing units in an amount of 0.1 to 10 mole
percent, and ethylene units in an amount of 20 to 55 mole percent, and
having a degree of saponification of the vinyl acetate component of at
teast 90 mole percent, and at least one layer of thermoplastic resin on the
layer of the above mentioned resin composition.

EVOH(A) and EVOH(B) used in thic {jvention contain ethylene units in
an amount of 20 to 55 mole percent, preferably 25 to 50 mole percent, and
have a degree of saponification of at least 90 mole percent, preferably at
least 96 mole percent. With less than 20 mole percent of ethylene units,
the formation of this resin becomes difficult because the formation
temperature approaches the decomposition temperature. With more than 55
mole percent of ethylene units, the gas barrier properties o formed
articles decreases and the muitiple layer structure container using this
formed article unpreferably suffers in inferior gas barrier properties.

\M1th less than 96 mole percent, aspecially less than 90 mole percent of

-6 -
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vinyl acetate units in the degree of saponification, EVOH

resin can be formed in containers with few or more of
cracks, pinholes and the like, but unpreferably suffers in

inferior gas barrier properties. Further EVOH(A) and

7 EVOH (B) have a melt index (observed by the method of ASTM-
D 1238-65T, at 120°C under a load of 2160 g) of 0.1 to 25

g/10 minutes, preferably 0.3 to 20 g/l10 minutes.

S

EVOH(B) should contain pyrrclidone ring-containing

T TN

units in anamount of 0.1 to 10 mole percent, preferably

C' o 0.1 to 5 mole percent. - With less than 0.1 mole percent cf

Y3

pyrrolidone ring-containing units, it does not provide good-
[4 ' looking formed articles free of cracks and localized uneven
stretching on account &f its insufficient improvement in

) drawability in the blending with EVOH(A). With more than

10 mole percent of pyrrclidone ring-containing units, it

is poor in thermal stablility and liable to gelation at

i . the time of melt forming. In addition, it is low in water

e resistance and mo{sture resistance, which lead to poor gas

J barrier propérties in a high humidity atmosphere. A

20 suitabie pyrrolidone ring~containiﬁg monomer {s N-vinyl-2-

i pyrrolidone or a derivative thereof, the former heing

A preferable. EVOH(B) is cbtained by the saponification of

-

the copelymer polymerized of ethylene, vinyl acetate and a
pyrrolidone ring-containing monomer.

The ratio of mixutre of EVOH(A) and EVOH(B) (referred
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to as the ratio (A/B) hereinafter) is 95/5 to 80/70,
preferably 85/5 to 55/45. With more than the ratio (A/B)
of 95/5, it tends to broduce cracks, pinhbleé; and 1ocaiized
uneven stretdhihg at ﬁhe formation of container, and unpre-
ferably resulis in wide scattéring of observed Value.of gas
barrier pfoperties‘ .With less than the ratio (A/B) of
30/70, it becomes difficult to keep even thickness in film,
especially in coeXtrﬁded film, |
: _ s preferanle that

In this invention, EVOH(A) and EVOH(B) have ethylene
units of more than 5 mole percent differenée and peeferably

satisfy the following equations.

E' (B} £ 10° dyne/cm® (I

1.6 = E'(A)/E'(B) (II)

| SP(A) - SP(B) I = 0,1 (I )

0.05 = MI(A)/MI(B) = 20 | (IV)
wherein:

E' (A) is the dynamic viscoelasticity of EVOH(A) in
dyne/cm?® at ‘thermodrawing formation tempéraﬁuré.

E*'(B) is the dynamic viscoelasticity ¢f EVOH(B) in
dyne/cmz'at.thermodrawing-formatioh-témperature,-

SP(A) is the solubility paramster of EVOH(A) (by Small
method), o o

SP(B) is the solubility parameter of EVOH (B) {by Small

~method).

with léss:mhan 5 mole percent difference of EVOH(A)
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and EVOH(B) ethylene units, with more than 20 or less than
0.05 of the melt index ratio of EVOH(A) to EVOH(B)
MI(A) /MI(B), or with less than 0.1 of solubility parameter
difference of EVOH(A) and EVOH(B) [ SP(A) - SP(B) |, it
tends to produce cracks and pinhoales at the formation of
container, and results in wide scattering of observed
value of gas barrier properties, presumably because of
uneven dispersion of blending of EVOH(A) and EVOH(B).
With mobe than 10° dyne/cm? of dynamic viscoelasticity

of EVOH(B) at thermodrawing rformation temperature E' (B),
or with less than 1.0 of the ratio of dynamic visco-=
elasticity of EVOH(A) to EVOH(B) at thermodrawing format-
ion temperature E' (A)/E'(B), it tends to become uneven
drawing at container format‘on.

The blendiné process of EVOH(A) with EVOH(B) is not
specifically limited but preferable examples include dry
blending of EVOH(A) with EVOH(B), pelletizing and drying
it by a bunbury mixer, single-screw or twin-screw extruder
and the like.
When the blend is heterogeneous or gel and hard spots occuy
or cornitaminate upon the blending operation, it is highly
likely that breakage of the EVOH blend layer and unevenness
might oftea occur upon thermo drawing. Therefore, it is
desired that an extruder having a high kneading degree be
used, the opening of a hopper be sealed with I and the
extrusion be performed at low temperatures, upon blending

with heating uging an extruder.

- 9 -
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Add}tives such as resins, anti-oxidants, plasticizers,
and colorants may be added in the range of nol disturbing
the effect of the inve:tion. Preferably heat stabilizers
such as hydrotalcites, hindered phenols, hindered amines
and the like are added in the range of 0.01 to 1 weight
percent.

Although the EVOH composition of this invention can be
formed in a film, sheet, tube, bottle and the like by a
well known melt forming and ¢ompression forming, this
composition can exnibit its features most effectively when
used as ane layer of the multilayered structure, The
further details will be described in the following.

The thermoplastic resin to be used in the multilayered
structure of this invention which can be formed under
drawing in the following temperature range includes poly-
propylene, saturated polyester, polystyrene, polyamide,
polyvinyl chloride. Preferable among them ars oolypropylene
(homo polypropylene, ethylene-propylene blog. =apo ynmer,
ethylene-propylene random copolymer and the like), poly-
styrene (homo styrene, high impact resistant grade poly-

styrene and the like) and saturated polyester.

When the melting point of EVOH and the temperature of the
thermoplastic resin upon thermo drawing are designated X°C and
Y°C respectively, the following equation muat bLe satisfied:

X -1:0°CayaX=-1ll0C

-10=
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In the case of Y is higher than (#-10)°C, EVOH can be
formed without any partigular additives because EVOH
softens and melts at a temperature of this range. On the
other hand, in the case 0Of Y is lower than (X-110)°C, the
glasswtransition .emperature (Tg) of the thermoplastic
resin being under room temperature makes difficult the
formed articles being in practical use because of the
shape and dimension unstability in room temperature.

The process to get the multilayered structure of
this invention compris+: making the laminate of this EVOH
composition and thermoplastic resin through adhesive resin
by extrusion lamination, dry Jamination, coextrusion lami-
nation, coextrusion sheet formation (feed block or
multiple manifold method), coextrusion pipe formation,
coinjection, solutions coating method and the like, and
stretching the heated laminate under the melting point of
the thermoplastic resin with vatuum air-pressure deep draw
former, biaxial stretch blow molder or th¢ 1ike (SPPF
formation), thermodrawing the laminate (sheet cor f£ilm) with
biaxial stretchér, and coinJectioﬂ biaxial stretching of
EVOH composition with thermoplastic resin and the like.

As for the thickness construction of multilayered
structure, the tensile force ratio of EVOH layer to
thermonlastic resin layer is 5§ or less, preferably 1 or

less. With more than 5 of tensile force ratio of EVOH

-11=
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layer to thermoplastic resin layer, this EVOH composition is

liable to produce unfavorable cracks and localized uneven
stretching. The tensile force of thermoplastic resin layer in
multilayered structure herein described is observed at 50 mm per
minute of tensile rate, being 50 mm of chuck distance, at 100%
elongation, at thermodraw formation temperature. The tensile
force of EVOH is that of EVOH(A) EVOH(B) blended layer observed
as described above.

In case the tensile force of each layer is measured from
& drawn multilayered structure, first the state of the draw of
the drawn multilayered structure is turned back to the state of
before drawing by hot-pressing a drawn multilayered structure,
second the structure is separated into each layer and last the
tensile force of each layer can be observed as described above.

The laminate may have the following structure., Thermo-
plastic resin layer/ EVOH composition layer/ thermoplastic
resin layer, EVOH composition layer/ adhesive resin layer/
thermoplastic resin layer, thermoplastic resin layer/ adhesive
resin layer/ EVOH composition layer/ adhesive resin layer/
thermoplastic resin layer are representatives. In the case of
using thermoplastic resin layer on the both outer sides, they
may be the same or different resin. The adhesive resin hezein
described is that can be drawn under the melting point of EVOH
resin and be capable of adhering between EVOH composition layer
and thermoplastic resin layer. The preferable examples are the

polyolefine (such as polyethylene, polypropylene)

- 12 =
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added or grafted ethylene unsaturated dicarboxylic acid or

its anhydride (such as maleic anhydride), ethylene-vinyl

acetate copolymer, ethylene-acrylate (such as methyl 3

ester, ethyl ester) copolymer,.

The thermodrawn multilayered structures herein de-
scribed are the articles prepared by thermodrawing, such
as containers containing cups, bottf.les and the like, sheet
film type goods. Heating herein desicribed means a method
to heat this multilayered structure uniformly by keeping
it at a satisfactory temperature for thermodrawing for
a determined pericd, Uniform ﬁeating can be carried out
preferably by various heaters at the stand point of
operation. Heating may be carried out at the same time or
before drawing. Drawing herein described means an
operation to form an uniformly heated multilayered
structure into a container, cup, sheet or film by chucks,
plugs, wvacuwn air-pressure, blow or the like. An uniaxial
or biaxial drawing (simultaneously or successive) can be
employed. Draw ratio and draw rate of this invention may
be selected appropriately for the purpose, but the high
speed drawing described in this invention means the
uniform formation of containers or film at the speed of
more than § x LO5 percent per minute and does not demanded
the formed article to be oriented.

The draw ratio based on area should be 70 times or

b e
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less, preferably 3 to 60 times. With more than 70 times

of draw ratio, the thermoplastic, resin cannot be stretched
uniformly, and the multilayered structure becomes poor.

The moisture content of EVOH composition layer, being
cne element of the multilayered structure, at the
thermodrawing is not particularly limiped, but preferably
in the range of 0.0l to 10 percent.

The recovery of the triming and scraps of defect
co:ttainers and the like is not particularly limited. The
scraps may b2 recovered by pulverizing, dr&ing when
moistured, and dryblending with thermoplastic resin of raw
material;, pelletizing and dryblending with thermoplastic
resin of raw material; pulverizing, dryblending with

thermoplastic resin, and pelletizing; and the like. As the

blend ratio of scrap to thermoplastic resin of raw material
localized uneven stretching,

is increased, nonuniformity,

cracks, haze and the like are liable to occur. Generally
a blend ratio in the range of about 2 to 100 percent is
acceptable, In this case plural additives such as maleic

anhydride modified polyclefins, metal soap, hydrotalcite
and the like are preferably added to improve the
digpersibility and thermal stability, and to prevent
unfavorable phenomena at the formation of container. Thus
obtained high speed thermodrawn mult¢layered structure,

having excellent gas barrier properties without pinholes,

- 14 -
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cracks, and localized uneven stretching, is suitable for
an uniform high quality packaging container for foods,
aromaproof container and the like.

The invention is now described in more detail with
reference to the following examples, which are not

intended to limit the scope of the invention.

EXAMPLES

Example 1

EVOH(A) ("EP-El01", a product of Kuraray Co., Ltd.)
containing ethylene units in an amount of 32 mole percent
having 99.6 mole percent of degree of saponification, and
1.8 g/lo0 minuteé of melt index (MI(A), at 190°C) was found
to have 0.6 of solubility parameter SP(A) and 7 x 109
dyne/cm? of dynamic viscoelasticity E'(A) (at 130°C, 110
Hz) observed by Vibron (manufactured by Toyo Bauldwin Co.,
Ltd.). EVOH(B) containing N-vinyl-2-pyrrolidone unit in
an amount of 2 mole percent and ethylene units in an amount
of 44 mole percent, having 5.5 g/10 minutes of melt index
(MI(B) at 180°C) was found to have 9,8 of solubility
parameter SP(B) and 6 x 106%® dyne/cm? of dynamic visco-

elasticity E'(B) (at 130°C). From these data, the



difference between SP (A) and SP(B) is 0.8, and the ratio
of E'(A) to E'(B) (E'(A)/E'(B)) is 13. The blend of

EVOH (A) and EVOH(B) containing 80 weight parts of EVOH (A)
and 20 weight parts of EVOH(B) was pelletized by
twin-screw type vented 40¢ extruder sealed the hopper
opening with nitrogen gas at 200°C. The obtained pellets
were dried at 80°C for 8 hours. The pellets were feeded
to feed block type coextruder forming § layers with 3
extrudates. The obtained sheet was constituted with 800u
of both outer layers made of polystyrene (PS) ("Idemitsu
Styrol ET-6l1", a product of Idemitsu Petrochemical Co.,
Ltd.,), 50u of adhesive layers made of maleic anhydride-
modified ethylene-vinyl acetate copolymer ("Merthene
M-5420", a product of Toyo Soda Mfg. Co., Ltd.), and SOu
of inter layer made of the above mentioned EVOH. The ten-

sile force of polystyrene (PS) layer of this sheet was 1.0

kg/15 mm width at 100% elongation at 130°C, and that of EVOH

layer (50ux ) was 0.3 kg/15 mm width at the same condition,
and the tensile force ratio of EVOH layer to PS layer,
EVOH/PS becomes 0. 3.
drawing at 130°C by vacuum air-pressure former (at 9 x 10
percent/minute of draw rate, 1 of draw ratio, 7 times of
stretch ratio).
in clarity and appearance without cracks and localized un-

every stretching. The gas barrier properties of this con-

- 16—

This sheet was thermoformed by thermo-

The obtained formed articles were excellent
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tainer at 20°C, 65% RH (measured by 10/50 type of Mocon
Co.,Ltd.) was excellent as 0.7 cc.20u /m? .24 hr.atm. and

R(maximum value - minimum value, when n=20) was 0.2.

Comparative Example 1

In Comparative Example 1, the formed article was
produced in the same manner as Example 1 usihg EVOH (B)

containing ethylene units in an amount of 44 mole perCent

and having 99.4 mole percent of degree of saponification

instead. The obtained formed containers cannot be in
practical use in appearahce because of being a lot of

localized uneven stretching.

Example 2

The blend of EVOH(A) and EVOH(B) prepared in the same
manner as Example 1 was formed into the bottle of 3 layers
with_zvegtruqates, constructing polyester ([ n ]1=0.7)/
blend of EVOH(A) and EVOH(B)/ polyester ([ 7n 1=0.7) by a
coinjection costretch blow former manufactured by Nissei
ASB Machine Co., Ltd. ' The dynamic viscoelasticity of
EVOH(A), E'(A) at 100°C was 9 x 10° dyne/cw? , and that
of EVOH(B), E'(B) at 100°C was 9 x 108 dyne/cm? . The

tensile force of polyester layer of parison before

sy



thermodrawing at 100°C was 3 kg/l5 mm width, and thai of
EVOH layer was 0.4 kg/l1l5 mm width. The ratic of tensile
force of EVOH layer to polyester layer was 0.13. The gas
barrier properties of the obtained bottle was excellent as
0.5 cc.20x /m? . 24hr.atm. and R=Q.1 without longitudinal
stripes of localized uneven thickness, uneven stretching,

cracks and the like.

Comparative Example 2

oo
o
®0eo

oes0
o o o

ne 0 In Comparative Example 2, the formed bottle was
°:°:°O produced in the same manner as Example 2 using EVOH(A)
0%0%%, alone instead of the blend of EVOH(A) and EVOH(B). The

obtainesd bottle cannot be in practical use in appearance

a’e because of a lot of longitudinal stripes of uneven thigck-
° LR |
:::' ness and localized uneven stretching.
13 2
s
2
Example 3

EVOH (A) containing ethylene units in an amount of 32
mole percent and having 99,6% of degree of saponification,
and 1.5 g/10 minutes of melt index (MI(A), at 190°C) was
found to have 10.6 of solubility parameter SP(A) and

20 3 x 10° dyne/cm? of dynamic viscoelasticity E' (A) (at

150°C ). EVOH(B) containing M-vinyl-2-pyrrolidone units



S
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in an amount of 1 mole percent and ethyiene units in an
amount of 40%, and having 5.0 g/10 minutes of melt index
(MI(B), at 190C) was found to have 10.0 of solubility
parameter SP(B) and 1 x 10%® dyne/cm? of dynamic
viscoelasticity E'(B) (at 150°C). From these date, the
difference between SP(A) and SP(B) is 0:6, and the ratio
of E'(A) to E'(B) (E'(A)/E'(B)) is 30.

The blend of EVOH(A) and EVOH(B) containing 10 weight
parts of EVOH(A) and 80 weight pa;ts of EVOH(B) was
pelletized and formed in sheet as the same manner of
Example 1. The obtained sheet was constituted with 800u
of both outer layers made of polypropylene ("Mitsubishi
Noblen MA6", a product of Mitsubishi Petrochemical Co.,
Ltd,), S50u of adhesive layer made of maiteic znhydride
modified ethylene~vinyl acetate copolymer ("Admer QF500",
a product of Mitsui Petrochemical Co,, Lud.), and 50x of
inter layer made of the above mentioned EVOH.

The tensile force of polypropylene of this sheet was
1.6 kg/l5 mm width at 150 °C, therefore the tensile force
ratio of EVOH layef to polypropylene layer EVOH layer/
polypropylene layer becomes 0, 13.

This sheet was thermoformed by thermodrawing at 150°C
by vacuum air-pressure former (at 9 xl0 ° percent/minute of
draw rate, ) of draw ratio, 7 times of stretch ratio.)

The obtained formed articles were excellent in clarity and

- 19 -
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appearance without c¢racks and localized uneven stretching.

The gas barriexr properties of this‘container at. 20C,
65% RH was exellent as 0.6 cc.20u /m? .24hr.atm. and

R(when n=20) was 0. 2.

Example 4

In Example 4, the formed article was produced in the

‘same'manner as Example 3, using EVOH(A) containing
‘ethylene units in an amount of 36 mole percent and having

' 99.6 mole percent of degree of saponification, and 1.5

g/10 minutes of melt index (MI, at 190°C) instead.
EVOH(A) of this Example 4 was found to be 10,3 of
solubility parameter, and 2 x 10!°dyne/cm? of dynamic
viscoelasticity.

The obtained container can be in practical use with a

little nonuniformity.

Example 5

The trimings‘aﬂd scraps of‘multilayered structure
generated at the forming in EXamble 3 was pulverized and
pelletized. ‘The-obtained pellets was blended with poly-
prOpylene‘rESin (MA6} in an amount of 30 Weight percent,

and the obtained blended resin was formed in the same



manner as Example 3. The formed article was excellent
container without cracks, nonuniformity, even though the
recovered substances, such as trimings, scraps and the like
were blended in the polypropyiene layer. The tensile
force ratio of EVOH layer to polypropylene layer, EVOH
layer/ polypropylene layer was 0.15, The gas barrier
properties of this container was excellent as 0,7
ce.20p /m* ,24 hr.atm. of oxygen permeability and its R

was 0. l.
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What—is—elaimed—is The claims defining the invention are as follows:

l. A resin composition comprising 95 to 30 parts by
weight of a saponified product of ethylene-vinyl acetate
copolymer (A), containing ethylene units in an amount of 20
to 55 mole percent, and .having a degree of saponification of
the vinyl acetate component of at least 90 mole percent, and
5 to 70 parts I;y weight of a saponified product of modified
ethylene-vinyl acetate copolymer (B) containing pyrrolidone
ring containing units in an amount of 0.1 to 10 mole per-
cent, and ethylene units in an amount 20 to 55 mole percent,
and having a degree of saponification of the vinyl acetate
component of at least 90 mole percent.

2, A resin composition as described in Claim 1,
wherein the pyrrolidone ring containing unit is N-vinyl=-2-
pyrrolidone,

3. A resin composition as described in Claim ] er 2
wherein the difference of ethylene units of (A) and (B}
be%ﬁ%iat least 5 mole percent.

4, A multilayered structure comprising a layer of
the resin composition compriging of 95 to 30 parts by weight
of a saponified product of ethylene~winyl acetate copeolyder
(A) containing ethylene units in an amount of 20 to 66 nale
percent, and having a degree of saponification of the winyl
component of at least 90 mole percent, and § to 70 parts

by weight of a saponified product of modified ethylenc~winyl

-0 2 -



. acetate copolymer (B} comntaitiisg pyrrolidone ring-containing

units in an amount of 0.1 t& i¢ mols percent, and ethylene
units in an amount of 20 to §5 mole percent, and having a
degree of saponification of fhe wvinyl acetate component of
at least 90 mole percent, and it least one layer of thermo-
plastic resin on the layer of the above mentioned resin

composition.

S. A resin composition substantially as
hereinbefore described with reference to any one of the
Examples,

6. A multilayered structure substantially as
hereinbefore described with reference to any one of the

Examples,

DATED this EIGHTEENTH day of DECEMBER 1987

Kuraray Co., Ltd

Patent Attorneys for the Applicant
SPRUSON & FERGUSON

“ 28 -

S e S



